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ABSTRACT

The risk of diabetic foot ulcers (DFUs) increases with tissue damage in the foot due to neuropathy, ischemia, or
infection. DFU prevention through early diabetic ulcer detection with digital innovation. The aim of this research
is to classify digital instrument innovations used in prevention of diabetic ulcer. Scoping review study design,
Scopus database data search, Web of Science, EBSCO CINAHL, Pubmed, ProQuest, with a combination of Boolean
words “diabetic foot ulcer” OR “diabetes mellitus” AND “prevention” AND “method” OR “Device” AND
“Technology” articles released between 2020-2025. We filtered articles that talk about smart technology usages in
the prevention of diabetic ulcers. Among smart technology usages in the prevention of diabetic ulcers, articles
used in our research, there are 25 of them. All articles used has Joanna Briggs Institute assessment score above
75%, which shows their eligibility. The instrument classification used in this research are smart socks, smart
insoles, medical applications, machine learning, and artificial intelligence. There are digital innovations
developed to help electrophysical therapy and vibration therapy that improve blood flow and increases sensitivity
of diabetes mellitus patients’ feet.
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INTRODUCTION

Diabetes mellitus is a chronic metabolic disease whose
prevalences increases significantly, both in developed and
developing countries [1]. In diabetes mellitus patients, one of
the most common serious complications is diabetic foot ulcers
(DFUs) [2, 3]. The risk of DFUs increases with tissue damage in
the feet due to neuropathy, ischemia, or infection. The World
Health Organization reported that around 15-25% of diabetic
patients are at risk of ulcers throughout their life [4]. The risk
significantly increases treatment cost, morbidity, and mortality
because untreated diabetic ulcers may develop serious
complications that requires intensive treatments or even
amputation. This condition also increases health facilities load
because of high treatment demands, length of treatments, and
high medical resource usages. Furthermore, DFUs has serious
negative impacts on patients’ life quality, which includes
limited mobility, increased pain, and disrupted daily activities
[5, 6].

DFUs are generally caused by neuropathy-induced sensory
sensitivity decrease. Delayed detection and wound treatment
are main factors of complications because diabetic ulcers are
repeatable, infected, and develops into chronic wounds [7].
Therefore, early detection of physiological changes in diabetic
patients’ feet is a very crucial aspect in the prevention of DFUs
[8]. On the other hand, wound management challenges faced

by nurses are solved with effective education and continuous
collaboration with patients’ families [9]. Family plays an
important role in preventing ulcers with their involvement in
daily treatments such as checking and maintaining foot
hygiene [10, 11].

Conventional DFU prevention has limitations that affect its
effectiveness in early detection and risk monitoring. Periodic
manual foot check are done by health workers, but they are
unable to observe dynamic physiological changes between
health facility visits, therefore pre-ulcer potential development
is rarely identified at the right time [12]. Furthermore, foot
treatment education effectivity still depends on patients’
compliance, while limited medical literacy, patients’ behavior
variation, and lack of monitoring cause daily treatment
practice to be inconsistent [13]. Conventional methods also
don’t show data such as pressure, temperature, or activity
pattern that contributes to ulcer risk [14]. On the other side,
early prevention potential is also affected by consistency of
follow-up visits and periodical physical examination that might
be prevented by service accessibility, waiting time, or health
workers’ workload. Those limitations and constraints show
there’s a need for technologies that are able to do objective
and continuous real-time observation to increases the
effectiveness of diabetic ulcer prevention.

Advances in medical technology has created several
development of smart devices designed to monitor the
condition of diabetic patients’ feet in real-time. Technologies
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such as smart sock, smart shoe soles, machine learning, and
Internet of things (loT)-based monitoring system enables
continuous measurement of temperature change, pressure,
humidity, and feet mass distribution that functions as indicator
of early detection of diabetic ulcer’s risk. Continuous
monitoring of those indicators is a very important tool for early
detection before clinical symptoms develops. It opens chance
of faster and efficient intervention of diabetic feet ulcer.

Besides hardware developments, artificial intelligence (Al)
applications and machine learning algorithm has been used to
analyze feet physiological data and predict ulcer risk at even
more personal level. This technology is able to create early
warning system that helps health workers to prevent ulcer
more accurately. Al-based analytical system device integration
is an innovative approach to decrease DFU incidence [15].
Along with this advancement, more studies start to evaluate
various digital innovation usages in prevention of DFU. This
shows there’s a shift to a more proactive and precise
technology-based monitoring strategies.

Despite the abundance of studies that develop various
digital technologies to prevent DFU, available proofs are still
scattered and unorganized. Many studies only evaluate
technical aspects or preliminary tests, with large variation in
technological types, research methods, and reported results;
therefore, it’s hard to draw a comprehensive conclusion [16].
Also, specialized reviews that study how those technologies are
used in prevention, including in the context of application,
work mechanism, and challenges in implementation for
medical services, are still scarce [17]. This situation shows that
there’s a knowledge gap that needs to be filled through a more
structured and comprehensive evidence mapping.

The concept of prevention in public health divides
prevention into three levels: primary prevention, secondary
prevention, and tertiary prevention [18]. In the context of DFU
prevention, prevention is not limited to efforts before an ulcer
occurs but also includes early detection and efforts to prevent
progression, recurrence, and further complications. Therefore,
a preventive approach to chronic diseases such as diabetes is
continuous and integrated with clinical management [19].

Based on this background, a comprehensive scientific
study is needed to analyze various technological innovation in
preventing DFU. This study’s purpose is to map available tools
and scientific evidence regarding smart technology developed
in prevention of DFUs as well as to answer what digital
technology that have been used. This include characteristics,
function, and mechanism to detect and prevent wound risk. We
hope that the result of this study will be able to contribute to
the development of technology-based DFU prevention strategy
that’s more effective and continuous.

METHODS

Study Design

This study use scoping review to identify, evaluate, and
synthesize available scientific evidences regarding smart
technologies in DFU prevention. This study seeks to answer
several questions such as types of device or technology that’s
been developed and wused in DFU prevention; their
characteristics, their function, and their mechanism. This study
is currently in the official protocol registration process in the
open science  framework  (OSF) platform, no.

10.17605/0SF.10/237K4. Detailed information can be accessed
through official OSF website https://archive.org/details/osf-
registrations-237k4-v1

Search Strategy

Scoping review search was conducted in electronic
databases such as PubMed, Scopus, EBSCO CINAHL, Web of
Science, and ProQuest using a combination of keywords
“Diabetic foot ulcer” OR “diabetic foot wound” AND
“prevention” AND “diabetes mellitus” AND “method” OR “tool”
AND “Technology”. The year range was limited to between
2020 and 2025 to ensure the relevance and recency of the data.
The article screening process in this study used Rayyan.Al.

Variable Definition, Inclusion Criteria, and Exclusion
Criteria

This review’s research concept draws on the public health
prevention model, which divides prevention efforts into three
levels: primary, secondary, and tertiary prevention. Primary
prevention focuses on promotive and preventive efforts to
prevent disease onset; secondary prevention emphasizes early
detection and early treatment to prevent disease progression,
while tertiary prevention aims to reduce complications and
disability and improve quality of life through rehabilitation and
ongoing care. This framework was used in the review to
identify, categorize, and analyze various forms of relevant
prevention interventions.

The inclusion and exclusion criteria in this study were
determined based on the population-concept-contexts (PCC)
framework. The included population was studies involving
adult patients with diabetes mellitus; the primary concept
focused on intelligent digital technologies contributing to DFU
prevention; and they were conducted in various contexts such
as clinical services, home-based monitoring, remote
monitoring, mobile health, or Al-based systems. Articles
excluded in this study were those with the use of conventional
instruments, with children and toddlers as the target
population, studies were animal or laboratory tests, we also
excluded articles in the form of editorials, opinion pieces,
review articles, or incomplete articles.

Data Analysis and Extractions

In this study, data extraction process included information
about references, main author, year, study design, instrument
population, and main results of the study. Extracted data for
this study are presented in tabular form. Data were analyzed
using narrative synthesis due to heterogeneity in the types of
interventions and reported outcomes. Narrative synthesis was
performed by grouping the results based on the type of smart
technology used and its effectiveness in preventing DFU.

Study Selection and Data Processing

Data selection was done through several systematic steps.
Duplicate identification and deletion were performed by
Rayyan.Al platform, so that identical articles detected and
eliminated automatically. Next, screening was performed
based on the title and abstract to evaluate initial compliance
with the inclusion criteria. Eligible articles then underwent full-
text review in order to ensure their relevance and
completeness, according to the PCC framework. The overall
results of the process are presented in a PRISMA diagram as an
overview of the identification flow, screening, and selection
process.
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Figure 1. PRISMA flow chart (created by the authors based on the PRISMA 2020 statement [20])
Critical Appraisal Tests Table 1. JBI critical appraisal of experimental studies
The quality of articles in this review was assessed usingthe S QL Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total
Joanna Briggs Institute (JBI) critical appraisal tool, which  [22] . . . . . . . . . 8
consists of nine items covering aspects of research 23 @ @ © © ©® © © ©® O s
methodology, appropriateness of study design, sample [24] s
selection, instrument validity and reliability, data analysis, and oy : : : : : : : : : s
clarity of research findings. Although JBI does not establish a (251
standard numerical threshold, this study used a pragmatic (26! 0 0000 06 06 0 :
threshold of = 75% (= 7 of 9 items) as the minimumincusion 1271 @ @ ® ® ® ® ® ® ® s
criterion. Previous studies generally use a score of 2 50% for g . . . . . . . . . 9
articlg eligibility, with stu<EJies scoring < 50% excluded [21]. [29] . . . . . . . . . 9
Each item in the JBI checklist was scored 1 for “yes” and 0 for 30 . . . . . . . . . .
“no,” “unclear,” or “not applicable,” and then summed and (30]
combined into a percentage. Bl]: : : : : : : : : 9
[32] 8
[33] 9
- 000066000
006606 06 06
. 351 @ 7
Selection Process
A total of 6,976 d identified fi ltipl [36]......... !
otal of 6, records were identified from multiple
databases, including PubMed, Scopus, EBSCO CINAHL, Web of [37] . . . . . . . . . !
Science, and ProQuest. After removing 4,333 records prior to [38] . . . . . . . . . 8
screening (1,347 duplicates and 2,986 for other reasons), 2,643 [39] . . . . . . . . . 9
records remained for screening. Of these, 473 records were  [40] . . . . . . . . . 9
excluded based on title and abstract screening, resulting in ~ [41] @) . ®© ® ® ® 0 0 0 =
2,170 reports sought for retrieval. However, 2,015 reports were
not retrieved, leaving 163 full-text articles assessed for 421 . : . . . . . . . k
eligibility. Subsequently, 128 articles were excluded due to 43] . . . . . . . . !
reasons such as use of manual instruments, focus on diabetes (44 . . . . . . . . . 9
management, review study design, and non-diabeticpatient 451 @ @ © ©® ®© @ © @ ©® -
populations. Finally, 25 studies were included in the review  [4] . . . . . . . . . 9
(Figure 1). Note. S: Study

Critical Appraisal Tests

All articles in this study used an experimental research
design. Therefore, we used the JBI feasibility assessment of

experimental research articles. The results of the feasibility
assessment of experimental research designs are shown in
Table 1.
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Table 2. Characteristics of included studies

Year Study design Population SS Group
[22] 2020 Experimental study Diabetes mellitus patients 4 Single group
[23] 2024 Experimental study Elderly patient with DFU history 138 Single group
[24] 2022 Experimental study Diabetes mellitus patients 10 Single group
[25] 2023 Experimental study Diabetes mellitus patients 13 Single group
[26] 2024 Experimental study Diabetes mellitus patients 4 Single group
[27] 2024 Experimental study DFU patients 200 Single group
[28] 2024 Experimental study Diabetes mellitus patients with DFU risk 20 Single group
[29] 2024 Experimental study Diabetes mellitus patients and healthy patients 150 Control group: 75 & intervention group: 75
[30] 2024 Experimental study Diabetes mellitus patients and healthy patients 200 Single group
[31] 2025 Experimental study Diabetes mellitus patients 107 Single group
[32] 2023 Experimental study DFU patients 20 Single group
[33] 2021 Experimental study Diabetes mellitus patients 93  Control group: 49 & intervention group: 44
[34] 2024 Experimental study Diabetic neuropathy patients 22 Single group
[35] 2024 Experimental study Diabetes mellitus patients 62 Single group
[36] 2023 Experimental study Diabetes mellitus patients 6 Single group
[37] 2022 Experimental study Patients with DFU history 197 Single group
[38] 2023 Experimental study Elderly type 2 diabetes mellitus patients 100 Control group: 50 & intervention group: 50
[39] 2023 Experimental study Elderly diabetes mellitus patients 120 Control group: 60 & intervention group: 60
[40] 2023 Experimental study DFU patients and diabetic neuropathy patients 80 Control group: 40 & intervention group: 40
[41] 2021 Experimental study Diabetes mellitus patients 6 Single group
[42] 2021 Experimental study Adult patients with diabetes melitus 12 Single group
[43] 2022 Experimental study Diabetes mellitus patients 22 Single group
[44] 2023 Experimental study Diabetes mellitus patients 64  Control group: 32 & intervention group: 32
[45] 2025 Experimentalstudy Health workers wound care specialty in diabetes mellitus 106 Single group
[46] 2024 Experimental study Diabetic neuropathy patients 29 Single group
Note. S. Study & SS: Sample size
Characteristics of Included Studies Smart soles

As many as 25 articles included in this study discussed
usage of smart technology in preventing DFU. Various
technology included in the review were mobile apps, wearable
device, smart sensor, and remote monitoring system focused
on early risk detection, foot condition monitoring, patient
education, and self-care reminder. Description of study result
is shown in Table 2.

Technology Classification

Various digital instruments such as smart sock, smart
insole, and plantar pressure sensor have been used in research
on DFU prevention. These instruments can be classified based
on their function: biomechanical monitoring devices,
physiological monitoring devices, digital-based applications,
and therapeutic devices. This classification presents the results
of grouping articles based on the type of instrument used in
DFU prevention as shown in Table 3.

Smart socks

Research conducted in [28, 33] used smart socks that utilize
digital technology for early detection of DFU. Digital
technology usage includes the development of smart socks by
implementing a device system that can detect pressure and
temperature in the feet of diabetic patients such as the study
conducted in [28], which implemented a compression sensor
system to detect pressure and temperature that indicate the
risk of DFU. Research in [33], used smart shocks that
implemented an infrared system to detect temperature
changes in the feet. Both innovations demonstrate that the
development of digital systems can be used to routinely
monitor foot temperature and pressure in diabetic patients to
prevent DFU.

Smart insoles equipped with plantar pressure and
temperature sensors can classify healthy feet from those at risk
of developing DFU [31]. This innovation also implements an loT
system to connect with other devices for ease of use and enable
real-time data transfer [25]. Based on our findings, there are
smart insoles that implement a blood oxygenation level
measurement system (Sp02) so that they can identify
disorders in peripheral circulation [32].

Research on smart insoles made from PORON Medical 4708
has been shown to produce lower mean peak pressure and
pressure-time integral compared to rigid insoles such as
LunaLight Afresh and Pe-Lite. This shows that the choice of
insole material also affects the usefulness of the smart insole.
The use of soft materials has been shown to be effective in
reducing plantar pressure and reducing the risk of DFU [42].
Smart insoles that integrate machine learning can identify
areas with excessive load or abnormal plantar pressure so that
they can identify tissue damage that leads to the risk of DFU
[29, 38, 41, 47]. Apart from being an instrument for detecting
early neuropathy, there is an innovation in smart insoles for
therapy for 30 minutes every day for 1 month which increases
sensitivity in the feet of diabetes mellitus patients [34].

Remote temperature monitoring

Remote foot temperature monitoring instruments utilize
the latest technology, such as infrared, to identify the patient’s
foot temperature and connect to a device that can display the
results in real time. Infrared thermography can identify
significant changes in plantar temperature in the foot to detect
abnormalities that indicate the risk of DFU. Patients can
perform remote temperature monitoring without having to
visit a healthcare facility. This technology is useful for early
detection of DFU, saves time, and minimizes the cost of foot
care for patients with diabetes mellitus [22, 25, 26].
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Table 3. Technology classification

IC S Primary category Technology Ulcer prevention role
[28] Early detection sensitivities Smart compression sock (pressure and Detect high-ris pressure and temperature
Smart sock temperature)
[33] Early detection sensitivities  Smart sock with an infrared sensor Detect localized temperature increase
[29] Early detection sensitivities ~ Smart insole + machine learning Predicts ulcer risk early
[30] Early detection sensitivities Graphene smart insole for plantar Monitor plantar temperature chances
temperature
Smartinsole [31] Early detection sensitivities  Temperature-sensing insole Identifies plantar thermal patterns
[32] Early detection sensitivities ~ Smart oximeter insole Monitors tissue oxygenation
[34] Early detection sensitivities  Vibration insole Improves sensory function and circulation
[43] Early detection sensitivities ~ Pedar Insole Sensor System Assesses plantar pressure distribution
[36] Early detection sensitivities  Insole pressure Detect high-ris plantar pressure
[41] Early detection sensitivities ~ smartinsole Monitors pressure and temperature
In-shoe pressure - - -
sensor [42] Early detection sensitivities Weara.ble plantar pr?ssu re sensor Tracks pressure continuously
[46] Foot therapy 3D.—pr|.nte<‘j rocker midsoles and self- Redistributes plantar pressure
adjusting insoles
[22] Early detection sensitivities ~ Remote temperature monitoring device  Tracks temperature remotely
Remote [25] Early detection sensitivities  Infrared thermography Detect thermal assessment
temperature [26] Early detection sensitivities ~ Smart shoes (IoT) Provides real-time pressure monitoring
monitoring [41] Early detection sensitivities ~ Smart insoles Detection abnormal pressure loading
[45] Early detection sensitivities ~ Thermography imaging protocol Thermal assessment
Digital [35] Foot therapy Web exercise program Enhances circulation and mobility
applications/ [37] Education mHealth App: wqund photos, Supports monitoring and self-care
mHealth temperature, digital forms
[38] Education and monitoring Digital foot management app Improves self-care adherence
Machine [23] Early detection sensitivities ~ Machine learning algorithm Identifies risk patterns
learning/Al [27] Early detection sensitivities  Deep learning Improves risk prediction accuracy
Electrophysical [39] Foot therapy Electrgphy5|.calthe.rapy medule Enhances blood flow
therapy (electrical stimulation device)
Vibration therapy [40] Foot therapy Vibration therapy Stimulates nerves and circulation

5/10

Note. IC: Instrumental category & S: Study

Digital applications and m-health

Currently, there are many digital applications being
developed, including self-monitoring and remote intervention
for DFU. Based on research conducted in [37], there is an
mHealth application with features for taking pictures of foot
wounds, monitoring foot temperature, and filling out
questionnaire forms in 1 application. In addition, this mHealth
application is useful for improving communication between
patients and health workers through automatic data
transmission [6. In addition to monitoring applications, there
are also applications used to educate diabetes mellitus
patients in order to prevent increasingly severe complications,
the contents of this education include foot care methods and
daily reminders [33]. Latest innovations in web-based foot
exercise interventions that have been developed include
remote monitoring and can be carried out independently by
patients so that time and costs are more efficient [35].

Machine learning and artificial intelligence

Machine learning is used to prevent DFU by utilizing
physiological data to identify plantar temperature. The data in
this instrument includes various aspects such as DFU history,
plantar pressure data, and plantar temperature. Early
detection of DFU risk can significantly reduce diagnostic delays
and increases patient motivation to seek treatment tailored to
each individual’s condition [27, 48-50]. The use of Alembedded
in wearable devices is equipped with an early warning system
regarding ulcer risk test result [26].

Preventive therapy for diabetic foot ulcer

Electrophysical therapy and vibration therapy are potential
supportive interventions in the prevention of DFU.

Electrophysical therapy was performed by attaching
electrodes to the feet for 20-30 minutes per day for
approximately 4 weeks. This procedure increases peripheral
blood flow and prevents ischemia. There is also vibration
therapy (RelaWave), which applies vibrations at a frequency of
47 Hz to the feet area. This therapy is beneficial to increases
foot sensitivity in patients with diabetes mellitus [40].

DISCUSSION AND CONCLUSIONS

Elderly patients, those with decreased kidney function, and
long-standing diabetic patients are at high risk of developing
chronic complications, one of which is cardiovascular
autonomic neuropathy [51, 52]. This condition is usually
accompanied by peripheral neuropathy, microcirculatory
disorders, and decreased sensory function, which increases
vulnerability to trauma and worsens the wound healing
process in the lower extremities [53]. This combination of
factors directly contributes to the increases of the risk of DFU,
supporting the urgency of the implementation of smart
technologies such as pressure sensors, skin temperature
monitoring, and blood flow detection systems for early
detection and prevention of complications in high-risk diabetic
patients’ feet [54].

Based on the review of articles included in this study, the
concept of prevention is not limited to conditions before the
disease occurs but also encompasses early detection, risk
factor control, progression prevention, and recurrence
prevention. The prevention approach classifies prevention into
three levels: primary, secondary, and tertiary. Within this
framework, prevention is not limited to conditions before the
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disease occurs but also encompasses early detection, risk
control, and prevention of progression and recurrence.
Primary prevention includes interventions to reduce risk
factors before an ulcer occurs. Interventions at this stage focus
on increasing patient knowledge, behavioral change, and self-
management skills. The technology used at this stage typically
takes the form of digital-based education and self-monitoring
tools, such as mobile diabetes self-management apps with
features including foot care education and daily reminders.
Additionally, wearable devices such as smart insoles can be
used to connect foot pressure in diabetic patients and monitor
physical activity.

Secondary prevention focuses on early detection of early
signs of diabetic foot complications before they develop into
ulcer. At this stage, technology is designed to identify
physiological changes quickly and objectively. Examples of
currently widely used devices include vibration-based
neuropathy screening devices or sensor-based vibration
devices to detect decreased sensation, infrared-based foot
temperature sensors, and mobile applications with machine
learning-based image analysis features to detect changes in
skin color and structure.

Tertiary prevention encompasses efforts to prevent wound
progression, recurrence (re-ulceration), and further
complications in patients who have already experienced ulcer.
Technology plays a role in ongoing monitoring and remote
management. Devices used in this prevention process include
digital wound monitoring systems utilizing machine learning
(digital wounds imaging) for regular wound monitoring and
remote monitoring by healthcare professionals. Based on
these three prevention classifications, the integration of
various technologies at each level of prevention demonstrates
thata digital-based approach not only supports early detection
but also strengthens continuity of care and patient
empowerment.

Early detection of decreased sensitivity in the feet is key to
preventing diabetic ulcer. Early detection can identify and
categorize patients into high-risk categories before irreversible
tissue damage occurs. Through routine screening, patients and
healthcare providers can identify gradual decreased sensation
and thus determine further interventions for early prevention.
Early detection plays a crucial role in slowing the progression
of neuropathy through regular monitoring and tailoring
interventions. Early detection serves not only as a diagnostic
tool but also as a preventive component to reduce the
incidence of diabetic ulcer [55].

Integrating early detection and physiological intervention
is a crucial strategy in preventing complications of diabetic
ulcer. Sensory stimuli, such as vibration therapy, play a crucial
role in preventive interventions. Rhythmic mechanical
stimulation can improve peripheral circulation through
vascular vasodilation and increased microvascular blood flow,
which can improve oxygen supply and nourish nerve tissue
[32]. Vibration therapy works through mechanoreceptors,
namely Pacinian corpuscles, which are sensitive to high-
frequency vibration stimulation. This can activate receptors,
triggering afferent impulses to the central nervous system and
enhancing peripheral neuromuscular responses [56].
Mechanical stimulation can also increases nitric oxide, which
plays a role in vasodilation and improving endothelial function
[40]. In the digital era, various digital innovations are currently
available for diabetic ulcer prevention.

This study systematically reviewed various smart
technology innovations used in the prevention of DFU. Based
on the 25 articles analyzed, the feasibility assessment showed
that all articles met the criteria, evaluated with the JBI
experimental study checklist with a score higher than 75%. The
results shows that usage of smart technology-based devices
plays a crucial role in the early detection and monitoring of
diabetic foot conditions. Currently, available technology to
monitor DFU allows routine monitoring and faster healing [16].

In recent years, development of DFU prevention tools has
shown a paradigm shift from conventional approaches to
digital technology approaches. Tools that previously relied on
manual evaluation are now developed in the form of devices,
digital applications, web-based systems, and smart
technologies integrated with electronic medical records. This
transformation’s purpose is to increases the accuracy of risk
identification, improve the efficiency of the monitoring
process, and support the care of diabetes patients [50]. Various
devices have been designed to measure physiological
parameters directly related to the risk of ulcer development,
namely skin surface temperature, pressure distribution over
the soles of the feet, humidity, and skin color characteristics
change. By monitoring these parameters, these devices
function as screeningtools capable of identifying early changes
before the ulcer becomes clinically obvious [57].

One of the device type that has been widely developed is a
temperature and pressure sensor that’s integrated into shoes
or smart insoles. Devices with such specifications can monitor
pressure patterns and local temperature increases in specific
areas of the foot, which are acknowledged as early indicators
of inflammation and high risk ulcer development. Data results
are objective and continuous, allowing health workers to
identify high-risk areas of the foot more accurately compared
to conventional methods [58].

Developments in imaging technology and optical sensors
have also been used in the development of devices for DFU
prevention. Some devices implement thermal cameras or
optical scanning technology to detect changes in tissue such as
temperature and blood flow in the feet of diabetic patients.
This approach is non-invasive and allows a more
comprehensive assessment of foot conditions, whether in
healthcare facilities or by patients themselves at home [26].

By integrating digital systems and mobile applications in
DFU prevention devices, their role as clinical tools are further
expanded. Data from these devices can be automatically
transmitted to health information systems or applications
used by patients and health workers. This integration supports
remote monitoring, early warning systems, and real-time data-
driven clinical decision-making, which enables faster and more
accurate preventive interventions [28].

Despite its big potential, the implementation of devices as
DFU prevention tools still faces numerous challenges. Factors
such as user comfort, device procurement cost, sensor
accuracy and stability, and patient acceptance are critical
aspects that affects the success of the implementation [58].
Comprehensive clinical validation and reliability assessment
are also necessary to ensure that the resulting data can be used
safely, and effectively as the basis for decision making in
medical and nursing practice.

Digital technology in DFU prevention plays a crucial role in
improving early detection of changes in foot condition that are
often missed during routine examinations. Clinically, the use of



Purwanti et al. / ELECTRON J GEN MED, 2026;23(4):em745

7/10

plantar temperature and foot pressure sensors allows
identification of at-risk areas before tissue damage occurs,
particularly in patients with peripheral neuropathy who
experience decreased protective sensation. Furthermore,
stimulation-based interventions, such as vibration therapy, are
beginning to show potential in improving sensory function.
Mechanical vibration works by stimulating mechanoreceptors
in the skin, specifically Pacinian and Meissner’s corpuscles,
which play a role in the perception of pressure and vibration.
This stimulation can improve peripheral nerve conduction
through the activation of A-beta nerve fibers and facilitate
neuroplasticity, contributing to increased sensory sensitivity
[56].

Based on a pathophysiological perspective, diabetic
neuropathy causes decreased perception of pain and pressure,
making patients unaware of repeated trauma to the foot,
ultimately leading to ulcer formation. Regular vibration
stimulation can raise the threshold of sensory perception,
enhance proprioception, and increases peripheral blood flow
through local vasodilation [59]. This increased tissue perfusion
contributes to better oxygen and nutrient supply, thus
supporting tissue integrity and reducing the risk of skin
damage. Thus, vibration-based interventions not only play a
role in improving sensory function but also have clinical
significance in breaking the chain of pathogenesis of DFU.

Overall, it’s crucial to increases the quality of device
development for diabetic foot ucer prevention strategies in
order to improve the quality of diabetic foot complication
prevention efforts. Devices capable of detecting risks early,
integrated with digital systems, and easy to use are potential
support to patient-safety oriented and technology-based
nursing practice. Therefore, development and implementation
of these devices must be done continuously, with clinical,
technological, and user aspects in mind.

Limitations

This scoping review has a major limitation related to the
limited number of studies available, given that digital
innovation in the prevention of DFU is a relatively new and
evolving field. This condition limits the breadth of evidence
that can be mapped, so that the variety of instruments and
findings collected cannot fully describe the overall potential of
the technology.
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