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Diabetic foot ulcers (DFU) are among the most complicated issues of diabetes mellitus. 
It can lead to suffering for diabetics because of the risk of amputation and the 
associated high rates of morbidity in severe cases. There have been significant 
developments in the use of both modern technology and complementary medicine for 
the treatment of DFUs. In this review, we will discuss the two recent approaches for the 
treatment of DFU- artificial intelligence (AI) and herbal therapies. With creation of more 
advanced ways to diagnose DFU and using AI to assist for early detection, the science of 
DFU management has changed. There are several different types of machine learning 
models, including convolutional neural networks (CNNs), which have proven to be 
effective for classifying DFU and predicting outcomes for individuals diagnosed with 
DFU and analyzing the outcomes for individuals suffering with DFU as determined by 
severity of ulceration. Additionally, AI based approaches allow for DFU detection 
through remote monitoring. Herbal therapies have become popular for enhancing 
wound healing because of phytochemical compounds found in Curcuma longa 
(turmeric), Allium sativum (garlic), and Calendula officinalis (calendula). Phytochemicals 
components of these herbs exhibit antimicrobial and anti-inflammatory as well as 
antioxidant properties, which can stimulate tissue repair and lower infection risks. In 
general, integrating AI with herbal therapy offers a comprehensive approach to DFU 
management due to both objectivity of AI and low costs of herbs. Although AI provides 
objective information for clinical decision, herbal remedies provide cost effective 
alternatives to patient. Future studies should focus on clinical trials that assess the 
effectiveness and safety of both methods to develop standard treatments. 
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1. Introduction 
 

 

Diabetic foot ulcers are complex skin wounds that 
adversely affected individuals, resulting to higher 
morbidity and mortality rates and reduced quality of 
life (Nawaz et al., 2024). These ulcers are recognized 

as a complication of diabetes mellitus, affecting 15-
20% of individuals with the condition accounting for 
over 85% of all non-traumatic limb amputations 
(Dawi et al., 2025).  Traditionally, the treatment of 
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DFUs has focused on wound cleaning and 
debridement, infection management, and offloading 
pressure from affected area. Simultaneously, 
innovative treatment methods of these wounds are 
being actively developed.  
 
2. Artificial Intelligence in DFU Management 

 
DFUs represent a significant complication linked to 
diabetes mellitus, contributing to higher morbidity, 
reduced quality of life and increased healthcare 
costs. The complexity and variability of DFUs pose 
significant challenges in diagnosis and treatment, 
motivating the exploration of Artificial intelligence 
(AI) as a new tool to improve patient outcomes. 
Application of AI in managing DFUs include 
diagnostic support, remote monitoring, and 
predictive analytics. Recent developments in this 
field have included the following: 
 
3. Image-Based Detection Systems: 
 
There have been considerable developments in the 
area of AI-assisted diagnosis and classification of 
DFUs using image methods. A multicenter proof-of- 
concept clinical studies conducted that an AI system 
integrated into smartphones is capable of producing 
highly accurate results of DFU detection in a variety 
of settings (Cassidy et al., 2023). Furthermore, the 
DFU_XAI framework has assisted to fill the gap in the 
interpretability of the deep learning models for 
better diagnostics to clinicians without losing 
accuracy (Rathore et al., 2025). Furthermore, CNNs 
have been used effectively in the classification and 
recognition, in real time of DFUs with the use of 
parallel hardware tools which process the image 
data with accuracy and speed. Thus, this helps in 
early diagnosis and better monitoring capabilities 
(Fadhel et al., 2024). AI systems have also been 
demonstrated to classify ulcers based on severity, 
wound attributes and healing potential, which makes 
personalized therapy possible. These studies show 
DFU management can be transformed with the use 
of AI-based imaging analysis through increased 
access to DFU information, improved interpretability 
of imaging and better clinical decision making in 
many different healthcare facilities (Alkhalefah et al., 
2025). 
 
4. Remote Monitoring and Telemedicine 
 
Remote monitoring using AI is providing to be a 
transformative approach in the treatment of DFU 
with advancements in technology, including the 
emergence of wearable sensors such as continuous 

glucose monitors (CGMs), smart insoles, and 
temperature sensors, continuous health data can be 
acquired and used in conjugation with telemedicine 
to remotely monitor wounds progression and overall 
health without requiring frequent hospital visits 
(Ardelean et al., 2025).  In turn, this allows for the 
development of personalized and optimal 
treatments for patients who do not have access to 
health facilities since their data will already have 
been analyzed using machine learning and AI 
algorithms. Smartphone based monitoring tools 
enable patients to take photos of their wounds and 
submit them for analysis. Recent research indicates 
that such as app allows for the automated 
processing of the submitted pictures and offers an 
evaluation of the condition and a recommendation 
on how to proceed with the treatment based on this 
information (Alkhalefah et al., 2025). Recent studies 
have demonstrated the effectiveness of these types 
of applications, since they have proven to have to 
have potential for the success rate of given therapies 
by the use of machine learning algorithms and large 
datasets of treatment outcomes (Guan et al., 2024). 
Digital health metrics are used in combination with 
sophisticated software algorithms to improve the 
risk analysis, so that clinicians and their patients can 
know the approximate timeline for healing and what 
steps can be taken to speed-up the healing process 
(Cay et al., 2024). This combination of advanced 
technologies help improve access and continuity of 
care through the use of self-management tools for 
patients, which should improve clinical outcomes 
and reduce health disparities in DFU care. 
 
5. Predictive Modeling 
 
AI-driven predictive modelling helps in transforming 
the prevention and treatment planning of DFUs by 
facilitating early risk detection, healing and efficient 
patient classification (Ardelean et al., 2025). With the 
use of predictive models, healthcare providers can 
track the progress of the patients DFU and make 
changes as per requirement (Guan et al. 2024). In 
addition, AI will classify patients based on risk levels, 
which help the healthcare provider to prioritize the 
patient care levels, allocate resources more 
effectively and customize treatment guidelines 
which are based on the individual patient. Recent 
researches emphasize on the need to combine 
wearable sensor data to further improve risk 
assessment and to provide a framework for the 
patient to manage their conditions. This predictive 
approach enhances clinical decision-making, 
promotes preventive care, and supports long-term 
monitoring, ultimately improving patient outcomes 
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and reducing the burden of diabetic foot 
complications in patients with diabetes. 
 
6. Herbal Therapies in DFU Treatment 
 
Allicin sativum (garlic) have been demonstrated to 
have antibacterial qualities, enhance blood flow and 
provide antioxidant protection. Further, preclinical 
research suggests that garlic can help cure wounds, 
but there are only some clinical studies which 
particularly address the use of garlic for FFUs 
(Narzary et al, 2023, Fuloria et al., 2022). 
Randomized controlled trials showing that Plantago 
major (plantain) enhances the healing process by 
providing safe, low-cost and effective ways to heal 

wounds. Plantago major has also demonstrated the 
capability of epithelializing, showing antioxidative 
properties and reducing inflammation through the 
presence of aucubin and chlorogenic acid. Further, 
its efficacy is seen through researches representing 
synergistic effect between Platago major and Aloe 
vera (Fuloria et al., 2022). There are several ongoing 
researches which aim to determine and improve the 
mechanism for therapeutic response and carry out 
more trials at larger scale. However, based on 
current researches, close monitoring, use of 
standardized formulations and the use of 
conventional treatment methods are important to 
improve the overall efficacy.

Table 1: Herbal Agents and Their Active Compounds in Wound Healing 

Herb Active Compounds Mechanism of Action References 

Curcuma 
longa 

Curcumin, 
demethoxycurcumin, 
bisdemethoxycurcumin 

Anti-inflammatory, antioxidant, 
Promotes wound healing, anti-
microbial 

Fuloria et 
al.,2022 

Allium 
sativum 

Allicin, flavonoids 
Antimicrobial, collagen synthesis, Anti-
inflammation 

Sasi et 
al.,2021 

Aloe Vera 
Acemannan, aloin, aloesin, 
Vitamins A, C, E 

Anti-inflammation, anti-microbial, 
promotes angiogenesis, enhances 
collagen synthesis 

 Najafian et 
al.,2019 

Honey 
Glucose oxidase, hydrogen 
peroxide, phenolic 
compounds, and amino acids 

Anti-inflammation, anti-microbial, 
promotes granulation tissue formation, 
wound debridement 

 Bezerra et 
al.,2023 

Plantago 
major 
(Plantain) 

Flavonoids, terpenoids, 
iridoid glycosides, phenolic 
glycosides, polysaccharides 

Wound healing, Anti-inflammation, 
anti-microbial, antiviral, promotes 
fibroblast proliferation, collagen 
deposition, angiogenesis, re-
epithelialization 

Zhakipbekov 
et al.,2023 

 
7. Integrating AI and Herbal Therapies 
 
Artificial intelligence (AI), particularly generative AI 
methods. DFU classification, prediction, 
segmentation, detection nd classification through 
smartphone AI system has been clinically validated 
for direct DFU detection (Alkhalefah et al., 2025). 
Further, macine learning technologies have been 
employed to improve the assessment of wounds and 
approximate healing time. Continuous monitoring of 
wounds using AI and wearable technology also helps 
to address the issue of data availability through 
generative AI (Ardelean et al., 2025). Multiple 
researches have demonstrated various herbal 
treatments for DFU management, many natural 
products such as eugenol, thymol, carvocrol, 

curcumin and aloe vera carry antimicrobial 
properties and inhibit biofilm formation (Nazari et 
al., 2025, Kumar et al., 2023). Other supported 
treatment methods include naringin at therapeutic 
dosages, which demonstrated significant healing 
properties by increasing the levels of several 
important growth factors (e.g. VEGF-c, TGF-β, IGF-1) 
and Plantago major ointment which decreases the 
time requirement for healing the wound in 
comparison to other forms of treatment. (Narzary et 
al, 2023, Miraj et al., 2023). There are many 
researches but some limitations still prevail in 
potential synergies between AI and herbal therapies 
include AI-guided slection of herbal treatments 
based on characteristics of wounds (Narzary et al, 
2023, Kumar et al., 2023). 

 
8. Challenges and Future Directions 
 

In spite of promising numbers, several obstacles 
block the expansion of AI and herbal therapies for 
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treating DFUs (diabetic foot ulcers). More research is 
needed to prove how well both of these methods 
work together as treatment options on a large scale 
in multi-center trials. In addition, when adding AI 
tools into clinical practice there are many significant 
things that must be confronted such as issues around 
data privacy, data sharing between systems, training 
of clinicians who will use these tools, etc. Regulations 
for herbal products vary based on regionally. Thus, 
having clear procedures for ensuring better quality 
of all the products that are utilized by patients is 
important, for the safe use of all the appropriate 
regulations. Collaboration among manufacturers, 
researchers and the regulatory agency is required to 
create an evidence-based policy for the use of herbal 
products combined with AI technologies as 

treatment options. Patient education is a crucial part 
for helping them obtain optimal results from using 
herbal products combined with AI in the treatment 
plan. This can also help understand all the 
advantages and disadvantages of using AI technology 
and herbal medicine together. The combined use of 
both also provides a unique and innovative method 
for patient care, as AI’s ability to enhance 
diagnostically accurate diagnosis, remotely monitor 
patients and develop predictive analysis for speeding 
the wound healing process. Future studies evaluating 
the overall effectiveness of these treatment models 
should be established, protocols standardized and 
any other barriers related to documenting evidence 
related to effectiveness of the models need to be 
addressed through regulations and education. 

References 
 
Agharazi M, Gazerani S, Huntington MK. 2022. 

Topical turmeric ointment in the treatment of 
diabetic foot ulcers: A randomized, placebo-
controlled study. Int J Low Extrem Wounds. 
Advance online publication. 
https://doi.org/10.1177/15347346221143222  

Alkhalefah S, AlTuraiki I, Altwaijry N. 2025. Advancing 
diabetic foot ulcer care: AI and generative AI 
approaches for classification, prediction, 
segmentation, and detection. Healthcare, 
13(6), 648. 
https://doi.org/10.3390/healthcare13060648  

Ardelean A, Balta DF, Neamtu C, Neamtu AA, Rosu 
M, Totolici B. 2024. Personalized and 
predictive strategies for diabetic foot ulcer 
prevention and therapeutic management: 
Potential improvements through introducing 
artificial intelligence and wearable technology. 
Med Pharm Rep, 97(4), 419–428. 
https://doi.org/10.15386/mpr-3095  

Ardelean A, Balta DF, Neamtu C, Neamtu AA, Rosu 
M, Totolici B. 2024. Personalized and 
predictive strategies for diabetic foot ulcer 
prevention and therapeutic management: 
Potential improvements through introducing 
artificial intelligence and wearable technology. 
Med Pharm Rep, 97(4), 419–428. 
https://doi.org/10.15386/mpr-3095  

Bezerra A, Fonseca H, Rodrigues F, Delerue-Matos C, 
Gouvinhas I, Garcia J. 2023. Honey therapy in 
diabetic foot ulcers: A promising strategy for 
effective wound healing. Appl Sci, 13(23), 
12820. https://doi.org/10.3390/app132312820  

Cao M, Duan Z, Wang X, Gong P, Zhang L, Ruan B. 
2024. Curcumin promotes diabetic foot ulcer 
wound healing by inhibiting miR-152-3p and 

activating the FBN1/TGF-β pathway. Mol 
Biotechnol, 66(5), 1266–1278. 
https://doi.org/10.1007/s12033-023-00929-5  

Cassidy B, Yap MH, Pappachan JM, Ahmad N, 
Haycocks S, O'Shea C, Fernandez CJ, Chacko E, 
Jacob K, Reeves ND. 2023. Artificial intelligence 
for automated detection of diabetic foot 
ulcers: A real-world proof-of-concept clinical 
evaluation. Diabetes Res Clin Pract, 205, 
110951. 
https://doi.org/10.1016/j.diabres.2023.110951  

Cay G, Finco MG, Garcia J, McNitt-Gray JL, Armstrong 
DG, Najafi B. 2024. Towards a remote patient 
monitoring platform for comprehensive risk 
evaluations for people with diabetic foot 
ulcers. Sensors, 24(10), 2979. 
https://doi.org/10.3390/s24102979  

Dawi J, Tumanyan K, Tomas K, Misakyan Y, 
Gargaloyan A, Gonzalez E, Hammi M, Tomas S, 
Venketaraman V. 2025. Diabetic foot ulcers: 
Pathophysiology, immune dysregulation, and 
emerging therapeutic strategies. Biomed, 
13(5), 1076. 
https://doi.org/10.3390/biomedicines1305107
6 

Fadhel MA, Alzubaidi L, Gu Y, Santamaría J, Duan Y. 
2024. Real-time diabetic foot ulcer 
classification based on deep learning & parallel 
hardware computational tools. Multimed Tools 
Appl, 83(27), 70369–70394. 
https://doi.org/10.1007/s11042-024-18746-3  

Fuloria S, Mehta J, Chandel A, Sekar M, Rani NN, 
Begum MY, Subramaniyan V, Chidambaram K, 
Thangavelu L, Nordin R, Wu YS. 2022. A 
comprehensive review on the therapeutic 
potential of Curcuma longa Linn. in relation to 
its major active constituent curcumin. Front 
Pharmacol, 13, 820806. 



Research Article    

19  

e-ISSN: Awaited 

Vol 1, Issue 1, January-March 2026 

https://doi.org/10.3389/fphar.2022.820806  
Guan H, Wang Y, Niu P, Zhang Y, Zhang Y, Miao R, 

Fang X, Yin R, Zhao S, Liu J, Tian J. 2024. The 
role of machine learning in advancing diabetic 
foot: A review. Front Endocrinol, 15, 1325434. 
https://doi.org/10.3389/fendo.2024.1325434  

Irani PS, Ranjbar H, Mehdipour-Rabori R, Torkaman 
M, Amirsalari S, Alazmani-Noodeh F. 2024. The 
effect of aloe vera on the healing of diabetic 
foot ulcer: A randomized, double-blind clinical 
trial. Curr Drug Discov Technol, 21(3), 56–63.  

Kumar S, Bharali A, Sarma H, Kushari S, Gam S, 
Hazarika I, Prasad SK, Laloo D. 2023. 
Traditional complementary and alternative 
medicine (TCAM) for diabetic foot ulcer 
management: A systematic review. J Ayurveda 
Integr Med, 14(4), 100745. 
https://doi.org/10.1016/j.jaim.2023.100745  

Miraj SS, Kurian SJ, Rodrigues GS, Saravu K, Rao M, 
Raychaudhuri SP, Downs BW, Bagchi D. 2023. 
Phytotherapy in diabetic foot ulcers: A 
promising strategy for effective wound 
healing. J Am Nutr Assoc, 42(3), 295–310. 
https://doi.org/10.1080/07315724.2022.20314
08  

Mustafa HH, Marouf BH, Muhamad SA, Saeed DA, 
Ismaeel DO. 2025. Topically applied glycerol-
based turmeric extract formulation 
ameliorates diabetic foot ulcer: A case report. 
Al-Rafidain J Med Sci, 8(1), 62–65.  

Najafian Y, Khorasani ZM, Najafi MN, Hamedi SS, 
Mahjour M, Feyzabadi Z. 2019. Efficacy of aloe 
vera/Plantago major gel in diabetic foot ulcer: 
A randomized double-blind clinical trial. Curr 
Drug Discov Technol, 16(2), 223–231. 
https://doi.org/10.2174/157016381566618071
2112454  

Narzary I, Swarnakar A, Kalita M, Middha SK, Usha T, 
Babu D, Mochahary B, Brahma S, Basumatary J, 

Goyal AK. 2023. Acknowledging the use of 
botanicals to treat diabetic foot ulcer during 
the 21st century: A systematic review. World J 
Clin Cases, 11(17), 4035–4054. 
https://doi.org/10.12998/wjcc.v11.i17.4035  

Nawaz AD, Zaidi A, Elsayed B, Jemmieh K, Eledrisi M. 
2024. Perspective chapter: Epidemiology and 
risk factors of diabetic foot ulcer. In Diabetic 
foot ulcers-Pathogenesis, innovative 
treatments and AI applications. In: Diabetic 
Foot Ulcers Pathogenesis, Innovative 
Treatments and AI Applications, Eds. 
Chowdhury MEH, Zughaier SM, Hasan A, Alfkey 
R. InTech Open. London, UK, pp 25-38. DOI: 
10.5772/intechopen.1004009 

Nazari M, Shokoohizadeh L, Taheri M. 2025. Natural 
products in the treatment of diabetic foot 
infection. Eur J Med Res, 30(1), 8. 
https://doi.org/10.1186/s40001-024-02203-5  

Rathore PS, Kumar A, Nandal A, Dhaka A, Sharma AK. 
2025. A feature explainability-based deep 
learning technique for diabetic foot ulcer 
identification. Sci Rep, 15(1), 6758. 
https://doi.org/10.1038/s41598-025-86758-0  

Sasi M, Kumar S, Kumar M, Thapa S, Prajapati U, Tak 
Y, Changan S, Saurabh V, Kumari S, Kumar A, 
Hasan M. 2021. Garlic (Allium sativum L.) 
bioactives and its role in alleviating oral 
pathologies. Antioxidants, 10(11), 1847. 
https://doi.org/10.3390/antiox10111847  

Zhakipbekov K, Turgumbayeva A, Issayeva R, 
Kipchakbayeva A, Kadyrbayeva G, Tleubayeva 
M, Akhayeva T, Tastambek K, Sainova G, 
Serikbayeva E, Tolenova K. 2023. Antimicrobial 
and other biomedical properties of extracts 
from Plantago major, Plantaginaceae. 
Pharmaceuticals, 16(8), 1092. 
https://doi.org/10.3390/ph16081092

 
 


