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ABSTRACT
Diabetic foot ulcers (DFUs) present a critical challenge in diabetes care, often leading to severe 
infections and amputations due to delayed diagnosis. This systematic review aims to address gaps 
in DFU detection by evaluating emerging technologies designed to enhance early identification 
and improve patient outcomes. Implementing the PRISMA guidelines, 59 studies were selected 
for comprehensive analysis, focussing on the efficacy and clinical applicability of biomarkers, 
artificial intelligence (AI) and machine learning (ML) tools, and handheld diagnostic devices. 
Results indicate that biomarkers, such as procalcitonin, hold promise for detecting infections at 
an early stage. Moreover, AI and ML-based techniques substantially improve diagnostic accuracy 
and enable remote monitoring, facilitating timely intervention. However, challenges in integrating 
these technologies into routine clinical workflows persist due to cost, scalability, and infrastructure 
issues. Continued research is essential to address these limitations, ensuring that advanced DFU 
detection methods can be implemented effectively in diverse healthcare settings.

Keywords: Artificial intelligence, biomarkers, clinical integration, diabetic foot ulcers, early detection, machine 
learning

INTRODUCTION

Diabetic foot ulcers (DFUs) present a 
critical global health challenge, affecting 
approximately 15% of individuals with 
diabetes over their lifetime (Minty et al., 
2023). These ulcers can lead to serious 
complications, including infection, 
gangrene, and even amputation, if not 
addressed effectively (Kunta et al., 2022). 
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As such, DFUs represent a significant unmet healthcare need, particularly in regions with 
limited resources, where access to timely and effective care may be restricted (Armstrong 
et al., 2023). The expeditious identification and comprehensive assessment of DFUs are 
crucial for managing patient outcomes and reducing the risk of complications. However, 
traditional diagnostic methods, including visual inspections and imaging for bone mineral 
density (BMD), often lack the precision required for early intervention, particularly in 
asymptomatic cases of diabetic peripheral neuropathy (DPN) (Doğruel et al., 2022; López-
Moral et al., 2022).

In recent years, the need to enhance diagnostic accuracy for diabetic foot ulcers (DFUs) 
has prompted the development of novel technologies and methodologies. This has attracted 
the attention of various fields of study related to diabetic detection, as illustrated in Figure 
1. Highlights the multifaceted approach necessary for addressing DFU-related challenges 
(Mamdoh et al., 2023). Despite advancements, effective detection remains a challenge, 
particularly in identifying early neuropathic changes that may signal a higher risk of ulcer 
development. This gap in the current healthcare landscape has spurred innovation in DFU 
detection technologies, emphasising non-invasive, scalable solutions that can be integrated 
across various healthcare settings.

Figure 1. Distribution of top 10 subject areas in the Web of Science (WoS)
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Several emerging technologies show promise in addressing the limitations of traditional 
DFU diagnostics. Functional magnetic resonance imaging (fMRI) has been investigated 
for its potential to detect early neurological changes associated with DPN. It provides a 
noninvasive means of identifying patients at heightened risk for DFUs (Chitneni et al., 
2022). Additionally, advanced imaging techniques, such as the convolutional neural network 
framework as modelled in Figure 2, "DPN-Net," utilise thermographic imaging to enhance 
the detection of DPN in its early stages, which could aid in the proactive management of 
DFUs (Evangeline & Srinivasan, 2024). These technological advancements align with the 
growing need for cost-effective and adaptable methods that can be implemented in diverse 
healthcare settings, including those with limited resources.

Biosensor technology represents another promising frontier in DFU diagnostics. 
Shobana et al. (2023) introduced a biosensor incorporating cerium titanate oxide-doped 
carbon dots, capable of detecting L-tyrosine—a biomarker indicative of DFU infections—
with high sensitivity. This advancement could facilitate earlier diagnosis, potentially before 
clinical symptoms become visible. Similarly, fluorescence imaging has been shown to 
detect bacterial biofilms in DFUs, offering a noninvasive approach to identify infections 
at an incipient stage (Armstrong et al., 2023). By enabling the early visualisation of 
bacterial presence, these techniques could transform DFU management by allowing timely 
intervention and reducing the risk of severe infections.

Wearable technology has also been explored as a means to monitor and manage DFU 
risk, particularly in the context of diabetic peripheral neuropathy (DPN). Brognara et al. 
(2023) demonstrated the utility of wearable sensors in tracking postural stability, a factor 
linked to DPN. Such real-time monitoring capabilities could be instrumental in predicting 
DFU risk, enabling clinicians to implement preventative measures proactively. This aligns 

Figure 2. Convolutional neural network neural network framework
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with broader goals in diabetic foot care, emphasising early intervention and continuous 
monitoring as key strategies for reducing the incidence and severity of DFUs.

While several review articles on the subject of emerging DFU detection approaches 
have been recently published, some of these review articles are either too broad (including 
research areas outside of the context of DFU diagnostics, such as other aspects of wound 
care and monitoring), too dated (surveying research articles many years before those 
included in the present study), or too specific to some technological areas (covering only 
wearables or only artificial intelligence), to be considered fully representative of the 
field of research as a whole. Rismayanti et al. (2022) published a systematic review and 
analysis of the research studies that describe the early detection of foot ulceration in type 
2 diabetes patients to obtain insight into the prevention of diabetic foot ulceration. The 
study considered research literature published until the end of 2021. Chan and Lo (2020) 
published a systematic review of wound assessment, imaging, and monitoring systems used 
in the management of diabetic foot ulcers (DFUs). Sidhu and Harbuzova (2024) published a 
review on emerging technologies for clinical management of diabetic foot ulcers, including 
their use in both diagnostics and monitoring of treatment response. Lazarou et al. (2024) 
published a scoping systematic review of novel sensor technologies and health outcomes in 
patients with diabetic foot ulcers, including a specific section on wearable systems. While 
all of these review articles provide some valuable context and insight into some aspect 
of the field of study, this review article is unique in that it provides a comprehensive and 
up-to-date survey of the most recent and relevant research studies on emerging approaches 
to DFU detection (published between 2022 and 2024), including next-generation sensing 
platforms and materials, wearable monitoring systems, thermal imaging modalities, and 
artificial intelligence–driven diagnostic systems. The narrower focus of this review article 
on emerging and current approaches to DFU detection, while still being sufficiently broad 
to encompass the main categories of relevant research, enables a more in-depth examination 
of the state-of-the-art trends and innovations currently driving the field.

Given these advancements, this systematic review aims to evaluate the effectiveness, 
accessibility, and potential for clinical integration of emerging DFU detection technologies. 
By examining methods such as biosensors, thermal imaging, and wearable devices, this 
review aims to bridge the gaps in DFU diagnostics and provide a comprehensive overview 
of scalable solutions that can improve patient outcomes. Additionally, this study will 
examine the barriers to implementation, particularly in resource-constrained healthcare 
settings, and assess the feasibility of integrating these technologies into routine clinical 
practices. This paper decisively addresses three essential research questions outlined in 
Figure 3. 

By synthesising the existing literature, this review will provide valuable insights into 
the current state of DFU detection technologies, their practical applications, and their 
potential to transform the management of DFU across various healthcare settings.
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MATERIALS AND METHODS

This systematic review employs a rigourous methodology based on the Systematic 
Literature Review (SLR) framework to comprehensively examine current research on 
diabetic foot ulcer (DFU) detection techniques. This review ensures that only relevant and 
high-quality studies from reputable academic sources are included by utilising a structured 
tri-phasic approach to identification, screening, and eligibility. The process is illustrated in 
Figure 4, which outlines the SLR methodology applied in this study.

Identification

A tripartite methodological framework was designed to select pertinent literature in the 
identification phase. This preliminary stage focussed on developing a comprehensive 
list of keywords, informed by thesauri, previous studies, encyclopedias, and specialised 
lexicons related to DFU detection. Once relevant keywords were identified, search strings 
were formulated and utilised in the SCOPUS and Web of Science (WoS) databases. This 
initial search yielded 1,106 articles (455 from SCOPUS and 651 from WoS), constituting 
the foundational dataset for this review.

Screening

The second phase, screening, prioritised precision and consistency in selecting studies 
that met specific inclusion and exclusion criteria established by recognised experts in the 
field. During this stage, 294 articles were selected for evaluation based on these criteria, 
which included:

Figure 3. Research questions on emerging technologies and practices in DFU detection
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	• Research articles only.

	• Studies published in English to 
ensure language consistency.

	• Publications are limited to the last 
three years (2022–2024) to maintain 
relevance to the latest advancement 
of DFU detection.

During this process, 88 duplicate 
articles were removed, and 147 additional 
studies were identified based on strict 
selection criteria. This left a refined pool 
of articles for in-depth examination.

To enhance the sensitivity of the 
search strategy, a manual search was 
conducted on the PubMed database, 
yielding 270 additional records. For this 

Figure 4. PRISMA flow diagramme for study selection 
in DFU detection research 

systematic search, all original articles were selected. The research articles, review papers, 
editorials, letters, and non-English texts have been excluded from this review. Manuscripts 
lacking methodological rigour and unrelated articles, as well as studies on DFU detection 
technologies, have been excluded, along with duplicate records in two databases. The 
final screening was limited to studies published between 2022 and 2024, with the primary 
focus on advancements in biosensor systems, wearable monitoring devices, AI-integrated 
diagnostics, and thermal imaging to support the validity of the evidence.

Eligibility

In the final phase, eligibility, the remaining 59 articles underwent a detailed assessment 
to determine their suitability for inclusion. Each article was evaluated based on its title, 
abstract, and primary content to ensure alignment with the inclusion criteria and the review's 
overarching objectives. This meticulous assessment ensured that only the most relevant 
studies directly addressing the study's aims were retained for the final analysis.

Data Abstraction and Analysis

The data abstraction and analysis process utilised an integrative approach to evaluate 
various research designs, including quantitative, qualitative, and mixed-methods studies, 
as illustrated in Figure 4. The analysis was conducted systematically to document and 
synthesise all findings and interpretations relevant to DFU detection. This approach 
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enabled a comprehensive evaluation of 
the strengths, limitations, and clinical 
applicability of various DFU detection 
techniques, providing a nuanced 
understanding of the current state of 
research in this domain.

RESULTS AND DISCUSSION

The rising prevalence of diabetes 
wor ldwide  and  t he  s i gn i f i c an t 
consequences of undiagnosed or poorly 
managed Diabetic Foot Ulcers (DFUs) 
have made their detection a topic of 
considerable interest in recent research. 
Traditional diagnostic strategies rely 
heavily on visual inspection and physical 
examination, which are limited by 
subjectivity and low sensitivity and 
specificity (Chemello et al., 2022; López-
Moral et al., 2022). New technologies 
(machine learning algorithms, imaging 
modalities, biosensors, and biomarkers) 

Figure 5. Trend of publication

Figure 6. Research focus in DFU studies

offer potential avenues for early detection with fewer of these limitations (Chemello et 
al., 2022; Omar et al., 2023). 

A total of 59 studies were included as shown in the Appendix, based on strict inclusion 
criteria to encompass the breadth of DFU detection techniques being explored. Each study 
was categorised based on primary objectives, methodology, specific detection techniques, 
and key findings. As shown in Figure 5, the number of publications per year has increased 
from 2022 to 2024, with the most significant proportion of papers on AI and imaging-
based techniques (rising from 5 in 2022 to 12 in 2024). This suggests that DFU detection 
is increasingly shifting towards intelligent and automated methods. The number of studies 
on biosensors, molecular diagnostics, and wearable technologies has remained relatively 
stable over this period, suggesting that these areas are still in the process of emerging in 
terms of clinical applicability. The “Others” category, which includes traditional screening 
tools and clinical frameworks, has remained consistently present, reflecting the continued 
importance of scalable and accessible detection solutions. This analysis demonstrates that 
the review is timely, as it captures the shifting research areas and reflects the transformation 
from traditional methods to technology-based DFU detection solutions. 
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To characterise the functional areas addressed by the literature included in the review, 
Figure 6 provides a categorical breakdown of the primary objectives identified in each 
of the included studies. This classification was performed systematically during data 
extraction, based on the PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-analyses) guidelines. The majority of the included studies (n = 25) focussed on DFU 
detection, indicating that this remains the most common area of research focus in recent 
years. A large number of studies (n = 15) also addressed classification, often through ulcer 
severity scoring and pattern recognition. Finally, a smaller number of studies focussed on 
treatment evaluation (n = 8) or risk analysis (n = 6) – for example, identifying predictors 
of ulcer recurrence or risk of amputation. (Note that because some studies had multiple 
objectives, the total number of objectives is higher than the number of articles.) 

In the context of a PRISMA-guided review, this categorisation of the objectives is 
critical to ensure transparency, reproducibility, and relevance. For researchers, it provides 
a structured understanding of the functional distribution of technological and clinical 
objectives being pursued, highlighting underrepresented areas that could be targeted for 
future development. For academics and funding bodies, it provides a decision-making 
framework to understand imbalances across the research spectrum. For example, while 
many studies address DFU detection, post-diagnostic management, and predictive analytics 
are significantly underdeveloped. This data-driven perspective can be used to better direct 
future research efforts towards more targeted, interdisciplinary, and clinically relevant 
applications. 

A meta-analysis of diagnostic performance across the included studies was also 
conducted based on reported sensitivity and accuracy metrics. As shown in Figure 7, the 
performance of DFU detection techniques varied widely depending on the methods applied. 
Deep learning methods, particularly convolutional neural networks (CNNs), showed the 
highest accuracy and sensitivity values, often above 95% for both metrics. AI-integrated 
systems and mobile health applications also showed consistently high performance, with 
sensitivity values above 85% and accuracy in the range of ~90% to 94%. Thermal imaging, 
biosensor-based methods, and hybrid machine learning methods, with imaging, reported 
moderate-to-high accuracy (~85%–93%) and corresponding sensitivity values in the range 
of ~80% to 88%. Techniques for biomarker detection (measuring procalcitonin levels) 
showed moderate sensitivity (~75%) and high accuracy. Finally, wearable devices and 
functional MRI-based methods showed lower performance with sensitivity values below 
70% and accuracy in the range of ~64–75%. 

Taken together, these results provide a comprehensive understanding of the current 
landscape of DFU detection research. The increasing number of publications from 2022 
to 2024 (Figure 5), the diversity of study objectives (Figure 6), and the variable diagnostic 
performance across techniques (Figure 7) all reflect a shift towards innovation-driven 
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DFU detection. While DFU detection is the most common focus, the high variability 
in methodology, outcome metrics, and translational readiness highlights the need for a 
critical evaluation of these emerging technologies. (1) emerging technologies that enhance 
detection capabilities, (2) integration of these technologies into clinical practice, and (3) 
barriers that impede their adoption. 

Emerging Technologies in DFU Detection

Emerging technologies, such as biosensors, artificial intelligence (AI), thermographic 
imaging, and molecular diagnostics, have been demonstrated to be of significant importance 
in overcoming some of the limitations of existing DFU diagnostic methods. These 
technologies can facilitate the more precise, sensitive, and non-invasive detection of DFU. 
The four technologies discussed in this review are designed to facilitate the early detection 
of DFU and prompt effective clinical management.  

Biosensors stand out due to their capability to precisely and sensitively detect 
biomarkers of infection that are crucial for early-stage detection. Carbon-dot-doped cerium 
titanate biosensors have been reported to detect the presence of L-tyrosine at nanomolar 
concentrations, enabling the fast and non-invasive detection of infection (Shobana et al., 
2023). Molecular diagnostic methods, such as roll-to-roll DNA nanomachines, facilitate 
ultra-sensitive detection of infection markers. These play a crucial role in the early detection 
of infection, often before any symptoms are visible (Chemello et al., 2022; Hnit et al., 2022). 
The use of AI for DFU detection, particularly CNN and Fast R-CNN, has been widely 

Figure 7. Scatter plot presenting the reported accuracy and sensitivity values for DFU detection techniques 
extracted from included studies, categorised by method type
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adopted in most studies and can perform tasks that were previously carried out manually. 
The models provide high levels of accuracy and quick diagnosis. AI-based methods 
are also effective in detecting the location and severity of DFU and often outperform 
conventional methods (López-Moral et al., 2022; Nagaraju et al., 2023). Thermographic 
imaging combined with machine learning is a practical approach for mapping plantar 
foot temperatures, facilitating the early detection of neuropathic complications. This 
method is effective in regions where advanced imaging equipment is not readily available 
(Evangeline & Srinivasan, 2024; Rossboth et al., 2022). Molecular diagnostics can also 
facilitate the early detection of DFU by utilising the presence of the serum procalcitonin 
(PCT) biomarker, enabling rapid decision-making. This enables clinicians to intervene 
before the onset of clinical symptoms, thereby reducing diagnostic delays (Omar et al., 
2023). All of these technologies aim to achieve the goal of this systematic review, which 
is to analyse new methods that can help address the existing limitations of conventional 
DFU detection methods. The contributions of these methods are similar to those observed 
in recent studies. This includes the increased automation, sensitivity, and non-invasiveness 
of the diagnostic methods (Brognara et al., 2023; Viswanathan et al., 2024). Some of the 
limitations common to the reviewed studies include variability in methodological rigour, 
inconsistent reporting of study protocols, and the lack of longitudinal outcomes to evaluate 
the efficacy of these technologies. There may also be selection or reporting biases in the 
reviewed studies, which could affect the reported outcomes. Despite the findings of these 
technologies, further research is needed to validate their long-term efficacy and integrate 
them into clinical practice. 

Integration of DFU Detection Advancements into Routine Clinical Practices

Despite recent technological advances in DFU detection, its integration into routine practice 
has remained inconsistent across different healthcare systems. At the community level 
in low-income settings and the point-of-care level in high-income settings, the effective 
translation of DFU detection technologies is hindered by infrastructure, funding, and 
behavioural challenges rather than by the technology itself. 

In resource-limited settings, community-based screening with the “Diabetic Foot 
Check-up” could be an effective way to identify patients at risk of DPN. While promising, 
its implementation is constrained by limited funding, inadequate provider training, and 
low political support (Habibu et al., 2022). In Ethiopia, the lack of available foot screening 
devices has led to delayed diagnoses and more preventable complications (Tegegne & 
Wubante, 2022).

Even in high-income settings, where diagnostic technologies are readily available, 
persistent barriers remain. For example, in resource-rich regions of Canada, access to 
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podiatric care varies significantly by region and within regions, and is not distributed 
equitably (Rai et al., 2022). For instance, podiatrist-led management is effective in reducing 
amputations; however, it is only feasible if there is access to podiatrists, which is more 
challenging in rural and underserved regions (Rai et al., 2022). Financial barriers are also 
a universal issue; for example, although the Diabetic Foot Screen Proforma was found to 
be cost-effective in a study in Myanmar, dedicated funding mechanisms have been slow to 
develop (Hnit et al., 2022). Even in a dialysis unit where patients at high risk for DFUs are 
identified, regular foot health checks are not always conducted (Viswanathan et al., 2024). 

Furthermore, the impact of DFUs on the personal and social well-being of patients 
illustrates the importance of early detection. Patients with DFUs in Nigeria showed 
significantly lower scores in physical function, emotional well-being, and social 
participation compared to those without DFUs, which could have been prevented if detected 
earlier (Habibu et al., 2022). Despite the existence of nationwide screening campaigns, 
such as the “Save the Feet and Keep Walking” campaign in India, public awareness and 
engagement in prevention remain lacking (Balasenthilkumaran et al., 2022; Viswanathan et 
al., 2024). Additionally, cultural beliefs, stigma, and low health literacy have all contributed 
to patients’ reluctance to seek care, underscoring the need for patient-centred education 
tailored to the local context (Kumsa et al., 2023).

The key question that still needs to be addressed is why, if state-of-the-art DFU 
detection systems can achieve up to 95% diagnostic accuracy in clinical settings (Muthuraja 
et al., 2024; Nagaraju et al., 2023), amputations continue to occur at high rates in certain 
regions. This difference in technological capacity and clinical outcomes shows a clear gap 
between the promise of technology and its effective translation into clinical practice. It 
also shows that even high-performing technologies will not make a difference unless they 
are successfully translated into practice, with the necessary infrastructure, and accepted 
by providers and patients. 

Primary Barriers to Implement New DFU Detection Techniques

Although all of the above technologies have promising diagnostic potential, their adoption 
in practice is currently limited by various implementation barriers. Although the approaches 
that use AI-driven analysis, biomarker profiling, and remote monitoring all have high 
diagnostic performance, they are limited by structural, technical, and socioeconomic 
factors in practice. 

For example, despite its high performance, biomarker profiling (which includes 
antimicrobial susceptibility testing and bacterial strain identification) may be challenging 
to implement at the point of care in low-resource settings because of its requirement for 
sophisticated laboratory infrastructure that is often not available in primary care settings 
(Armstrong et al., 2023). Similarly, screening methods that target the presence of virulence 
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factors, such as the Panton–Valentine leukocidin (PVL) gene in Staphylococcus aureus, 
can guide the selection of an antibiotic strategy; however, this is limited by the need for 
specialised equipment and associated costs (Pany et al., 2022). 

Similarly, patient-centred innovations, such as mobile applications, can enable people 
to monitor their risk of DFU and share their data with clinicians in real-time, reducing the 
burden of in-person visits (Rismayanti et al., 2022). However, these innovations can be 
challenging to implement in practice if individuals lack access to smartphones, are digitally 
illiterate, or have difficulty communicating with their clinicians in their preferred language. 
Thus, despite technical feasibility, the benefits of these tools are unevenly realised, even 
in settings where they are feasible. 

Similarly, remote monitoring systems (such as cloud-based diagnostic platforms 
powered by deep learning) can increase DFU surveillance in underserved areas by 
automating image analysis and providing decision support (Cassidy et al., 2022). However, 
their effectiveness in practice depends on having reliable internet access, compliance with 
data privacy laws, and adequate user training. Additionally, although AI-driven diagnostic 
systems can be highly accurate, they are limited by scalability challenges related to 
computational cost, the need for large standardised datasets, and a lack of external validation 
in various patient populations (Cassidy et al., 2023; Yogapriya et al., 2022). 

Similar technologies, which involve advanced imaging (such as hyperspectral analysis 
and predictive biomarker mapping), have also been explored to assess the severity of 
DFU and predict healing trajectories (Omar et al., 2023; Zhao et al., 2023). However, the 
clinical translation of these technologies is limited by their reliance on expensive sensors, 
the complex data interpretation algorithms required, and their limited applicability in the 
point-of-care setting. 

Cost-related limitations are also a key barrier to the adoption of new DFU detection 
technologies. Several of the reviewed technologies are limited by their costs in practice 
despite their high diagnostic accuracy. AI-driven systems, for example, often require 
high-performance computing hardware, regular model training, and specialised personnel, 
which make it challenging to implement in primary care settings without a significant 
sustained investment (Cassidy et al., 2023). Similarly, advanced biomarker analysis (such 
as bacterial culture profiling and gene-based detection) is limited by the high costs of 
reagents, laboratory equipment, and validation protocols, and is typically restricted to 
well-funded tertiary centres (Armstrong et al., 2023; Pany et al., 2022). Advanced imaging 
methods that use hyperspectral and high-resolution thermographic technologies are also 
limited by their costs, despite their high precision and non-invasive nature. Their hardware 
and software requirements necessitate a significant capital investment beyond the reach of 
many small clinics or rural hospitals (Evangeline & Srinivasan, 2024; Zhao et al., 2023). 
Additionally, although mobile health platforms and remote monitoring systems can be 
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inexpensive relative to other technologies, they can have indirect costs (such as software 
maintenance, user training, and ongoing technical support) (Agustini et al., 2022). Although 
these digital tools are scalable, large-scale national or regional implementation is not based 
on formal cost-benefit analyses or health economic modelling. 

Few of the reviewed studies contained cost-effectiveness evaluations, and even those 
that included economic data did so within small pilot programmes rather than large-scale 
implementation (Hnit et al., 2022). This gap in economic evidence makes it difficult for 
policymakers and healthcare administrators to make informed decisions on how to allocate 
resources. This uncertainty about economic viability limits the translational potential of 
technologies that are otherwise clinically effective. Therefore, there is a need for greater 
emphasis on economic evaluations (such as cost-utility analyses, multi-setting affordability 
analyses, and implementation cost modelling) to ensure the sustainable integration of DFU 
detection technologies. A summary of the costs and practical trade-offs for each technology 
category is included in Table 1, based on the reviewed studies. 

Table 1 
Summary of cost-effectiveness considerations for diabetic foot ulcer detection technologies

Technology 
type

Relative 
cost

Advantages Cost-related limitations Supporting 
studies

Artificial 
intelligence-
based systems

High High diagnostic 
accuracy (≥95%); 
automation 
reduces clinical 
burden

Requires high-performance 
computing, extensive dataset 
training, ongoing model updates, 
and expensive infrastructure

Cassidy et 
al. (2023); 
Muthuraja et al. 
(2024)

Biomarker 
profiling

High Enables 
personalised 
treatment; detects 
early infections

Requires advanced laboratories, 
costly reagents, and complex 
validation protocols

Armstrong et 
al. (2023); Pany 
et al. (2022)

Hyperspectral/
thermographic 
imaging

Moderate–
High

Non-invasive; 
provides spatial 
ulcer data for 
early diagnosis

Equipment and software are 
expensive, limiting use in rural or 
low-resource settings

Evangeline 
& Srinivasan 
(2024); Zhao et 
al. (2023)

Remote 
monitoring 
platforms

Moderate Extends 
diagnostic 
reach; supports 
continuity of care 
in remote areas

Requires stable internet 
connectivity, ongoing software 
support, and training for users and 
providers

Cassidy et al., 
(2022); Hnit et 
al. (2022)

Mobile 
applications 
for self-
assessment

Low–
Moderate

Enhances patient 
autonomy; 
scalable for 
community use

Low digital literacy, uneven 
smartphone access, and user 
engagement challenges limit 
effectiveness

Agustini et al. 
(2022)

Community-
based 
screening 
tools

Low Simple and low-
cost; suitable 
for widespread 
screening

Limited sensitivity and specificity; 
scalability constrained by gaps in 
training and funding

Habibu et 
al. (2022); 
Tegegne & 
Wubante (2022)



PREPRINT

Mohd Izzat Nordin and Mohamad Tarmizi Abu Seman

Future Research

Future research should focus on overcoming existing limitations in DFU detection 
technologies to facilitate seamless integration into clinical practice, as illustrated in Figure 
8. Current challenges include high costs, limited infrastructure, and the need for specialised 
expertise, which restricts the application of advanced techniques such as biosensors, AI-
driven diagnostics, and remote monitoring in both high- and low-resource settings. There is 
a pressing need to develop cost-effective, scalable models that can be deployed universally, 
especially in under-resourced areas where DFU cases often go undetected until advanced 
stages. The integration of machine learning frameworks with real-time tracking and alert 
systems, as shown in Figure 7, holds promise for continuous patient monitoring and timely 
intervention, which could significantly reduce DFU-related complications. Furthermore, 
future studies should aim to validate AI models across diverse populations and explore 
hybrid approaches that combine molecular diagnostics with remote monitoring to enhance 
accessibility and improve patient outcomes. Enhanced data-sharing frameworks could 
support streamlined workflows and facilitate predictive analysis for early DFU intervention.

Figure 8. Research future framework for diabetic foot ulcer detection using machine learning and activity 
tracking

CONCLUSION

This review addresses the research question by demonstrating how advanced diabetic 
foot ulcer (DFU) detection techniques, including biosensors, artificial intelligence, 
thermographic imaging, and molecular diagnostics, can mitigate the limitations found in 
traditional diagnostic methods. These technologies hold significant potential to enhance the 
accuracy, sensitivity, and accessibility of DFU detection, supporting earlier intervention 
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and improved management, which are crucial for reducing severe complications and 
enhancing patient outcomes.

Despite the promise, these techniques face several limitations that hinder broad 
integration into routine clinical practice. Key challenges include high implementation 
costs, the need for specialised equipment and trained personnel, and limited infrastructure 
availability, especially in resource-constrained settings. Furthermore, variability in 
methodological rigour across studies and a scarcity of data on long-term patient outcomes 
necessitate careful interpretation of findings.

Future research should focus on developing affordable, scalable models that are 
adaptable to diverse healthcare environments, particularly in low-resource settings. 
Validation of AI-driven models across diverse populations is crucial to ensure their 
effectiveness in various clinical contexts. Hybrid approaches combining molecular 
diagnostics with remote monitoring could enhance accessibility and enable proactive DFU 
management. 

Additionally, establishing robust data-sharing frameworks may facilitate predictive 
analytics, allowing for more streamlined workflows and improved patient monitoring. 
Addressing these areas will be crucial to maximise the impact of emerging DFU detection 
technologies and make them viable for widespread clinical use.
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