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Abstract: Diabetic foot ulcers (DFUs) are a leading cause of morbidity and disability 

in patients with diabetes, often leading to infections, amputations, and impaired 

quality of life. While conservative management strategies such as wound care, 

offloading, and medical therapies are important, the surgical management of 

complex DFUs remains a crucial aspect of treatment for many patients. This review 

article explores the various surgical options available for the management of 

complex diabetic foot ulcers, their indications, benefits, challenges, and outcomes. 

Emphasis is placed on surgical techniques aimed at wound debridement, infection 

control, and reconstruction to prevent amputations and promote optimal healing. 

Introduction:Diabetic foot ulcers (DFUs) represent a major challenge in the 

management of diabetes, with complications ranging from infections to 

amputations. In recent years, significant advancements have been made in both 

surgical and medical management strategies, offering hope for better outcomes 

and quality of life for affected patients. This review explores the latest evidence 

on the surgical and medical approaches to treating complex diabetic foot ulcers, 

including innovative surgical techniques, emerging therapies, and cutting-edge 

medical technologies. With a focus on personalized treatment and 

multidisciplinary care, the article highlights the evolving landscape of DFU 

management and future trends in improving patient outcomes.Diabetic foot 

ulcers are a common and severe complication of diabetes mellitus, affecting 

approximately 15% of individuals with the disease during their lifetime. These 

ulcers often result from a combination of neuropathy, poor circulation, and 

impaired immune response, which predisposes patients to infection and delayed 

wound healing. While many cases can be managed with conservative treatment, 

complex ulcers—those that do not respond to conventional therapies—pose 
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significant challenges. In such cases, surgical intervention becomes essential to 

promote healing, control infection, and prevent further complications, including 

limb amputation. 

This article reviews the surgical strategies employed to manage complex 

diabetic foot ulcers, discussing the rationale behind these interventions, surgical 

techniques, and the outcomes associated with each approach. 

 

Methodology 

To prepare this review, we conducted a comprehensive literature search using 

medical databases such as PubMed, Google Scholar, and Scopus. Studies, 

articles, and systematic reviews published from 2010 to 2023 were included. 

Keywords used in the search included "diabetic foot ulcers," "surgical 

management," "debridement," "flap reconstruction," "limb salvage," "vascular 

intervention," "tissue engineering," "stem cell therapy," and "wound healing." We 

selected articles based on relevance, clinical importance, and scientific rigor. We 

also reviewed guidelines from major diabetic and wound care associations, 

including the American Diabetes Association (ADA) and the International 

Diabetes Federation (IDF), to inform evidence-based recommendations for DFU 

management. 

 

Results 

The following findings summarize the outcomes of recent advancements in both 

surgical and medical management for diabetic foot ulcers (DFUs), based on the 

reviewed literature. 

 

Surgical Advancements 

1. Laser-Assisted Debridement (LAD): This technique effectively removes 

necrotic tissue and bacterial biofilms, resulting in faster wound healing and 

reduced infection risk. Studies show that LAD enhances microbial control 

and promotes quicker tissue regeneration in chronic ulcers, especially 

those with significant necrotic tissue (Kavros et al., 2021)1. 

2. Ultrasound-Based Debridement: Low-frequency ultrasound has proven 

effective in disrupting bacterial biofilms and aiding in necrotic tissue 

removal. It improves granulation tissue formation and accelerates wound 

healing in non-healing chronic ulcers (Szczepanik et al., 2022)2. The 

technique also reduces inflammation, promoting faster recovery. 

3. Free Flap Reconstruction: This procedure is used to provide stable, well-

vascularized tissue coverage for large and complex DFUs. It improves 

functional outcomes and aesthetic results, making it especially beneficial 

for patients with significant tissue loss or extensive ulcers (Marais et al., 
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2023)3. Free flap reconstruction aids in long-term wound closure and 

reduces recurrence rates. 

4. Toe/Partial Foot Amputation: For severe DFUs with necrosis and no 

viable tissue, toe or partial foot amputations serve as effective limb salvage 

techniques. These procedures preserve foot function, reduce infection, 

and improve ambulation (Garg et al., 2022)6. 

Medical Advances 

1. Continuous Glucose Monitoring (CGM): The use of real-time CGM 

devices enables better glucose control in DFU patients, which has been 

shown to significantly improve wound healing and reduce infection rates. 

Tight glucose control is essential for preventing hyperglycemia, which can 

impair healing (Mellor et al., 2023)7. 

2. Targeted Antibiotic Therapy: Advances in molecular diagnostics, such as 

next-generation sequencing (NGS), enable precise identification of 

pathogens and antibiotic resistance patterns. This facilitates more 

effective, targeted antibiotic therapy, thereby reducing infection risk and 

enhancing treatment outcomes (Mayo et al., 2023)8. 

3. Negative Pressure Wound Therapy (NPWT): NPWT devices promote 

wound healing by reducing edema, improving blood flow, and stimulating 

tissue regeneration. The therapy has been shown to decrease wound size 

and accelerate healing in patients with chronic DFUs, often reducing the 

need for surgical interventions (Moriarty et al., 2023)9. 

4. Stem Cell Therapy: Mesenchymal stem cells (MSCs), particularly 

adipose-derived stem cells, have shown promising results in promoting 

tissue regeneration and enhancing healing in chronic DFUs. These stem 

cells stimulate angiogenesis, cellular proliferation, and collagen 

deposition, which are critical for wound closure and reduced infection 

rates (Zhang et al., 2022)10. 

 

Combined Approaches 

Recent research suggests that combining surgical interventions (such as 

debridement and flap reconstruction) with advanced medical therapies (like 

CGM, NPWT, and stem cell therapy) significantly improves healing outcomes. 

Studies have indicated that multimodal treatment strategies provide better 

results in preventing infection, accelerating tissue regeneration, and reducing 

recurrence rates. For instance, revascularization techniques combined with stem 

cell therapy have been found to enhance blood flow and tissue repair in ischemic 

DFUs (Sabatini et al., 2023)5. 
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Gene Therapy 

Gene therapy, particularly strategies aimed at promoting angiogenesis, is 

emerging as a promising treatment for DFUs. It has the potential to address issues 

of poor blood flow, which is often a barrier to wound healing in patients with 

diabetes and peripheral arterial disease (Pastore et al., 2022)4. 

Overall, the combination of advanced surgical techniques, personalized 

medical interventions, and regenerative therapies represents the most 

effective approach for managing complex diabetic foot ulcers. These treatments 

not only accelerate wound healing but also reduce the risk of complications such 

as infection and recurrence, ultimately improving the quality of life for patients. 

Table 1: Summary of Surgical and Medical Advancements in the 

Management of Complex Diabetic Foot Ulcers 

Category Technique/Therapy Key Findings Reference 

Surgical 

Advances 

Laser-Assisted 

Debridement 

Promotes faster wound healing 

by removing necrotic tissue 

and disrupting bacterial 

biofilms, reducing infection 

risk in chronic wounds. 

Kavros et al., 

20211 

 
Ultrasound-Based 

Debridement 

Enhances granulation tissue 

formation and reduces 

bioburden, improving wound 

healing outcomes for chronic 

DFUs. 

Szczepanik 

et al., 20222 

 
Free Flap 

Reconstruction 

Provides stable, well-

vascularized tissue coverage 

for complex DFUs, improving 

both aesthetic and functional 

outcomes, especially in larger 

ulcers. 

Marais et al., 

20233 

 
Tissue Engineering 

(Stem Cells, Growth 

Factors) 

Stem cells (especially adipose-

derived) and bioactive 

scaffolds accelerate tissue 

regeneration and improve 

healing in extensive DFUs. 

Pastore et 

al., 20224 

 
Revascularization 

Techniques 

Endovascular angioplasty and 

stenting restore blood flow, 

improving wound healing and 

reducing the need for major 

amputations in patients with 

poor circulation. 

Sabatini et 

al., 20235 
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Toe/Partial Foot 

Amputation 

Limb salvage techniques such 

as toe and partial foot 

amputations help preserve 

foot function, allowing for 

better ambulation and quality 

of life in patients with DFUs. 

Garg et al., 

20226 

Medical 

Advances 

Glycemic Control (CGM 

& Insulin Pumps) 

Tight glycemic control 

improves wound healing and 

reduces the risk of infection in 

DFU patients. Continuous 

glucose monitoring systems 

provide more precise control. 

Mellor et al., 

20237 

 

 

  

 
Targeted Antibiotic 

Therapy (NGS & 

Molecular Diagnostics) 

Molecular diagnostics improve 

pathogen identification and 

facilitate targeted antibiotic 

therapy, reducing the risk of 

antibiotic resistance. 

  

Mayo et al., 

20238 

 
Negative Pressure 

Wound Therapy (NPWT) 

NPWT accelerates wound 

healing by promoting blood 

flow and reducing edema, 

improving healing rates and 

reducing the need for surgical 

interventions. 

Moriarty et 

al., 20239 

 
Stem Cell Therapy 

(MSCs, Adipose-

Derived Stem Cells) 

Adipose-derived stem cells 

show promising results in 

accelerating DFU healing by 

enhancing angiogenesis, 

cellular proliferation, and 

collagen deposition. 

Zhang et al., 

202211 

 
Gene Therapy for 

Angiogenesis 

Gene therapy to promote the 

formation of new blood vessels 

in ischemic tissue may offer a 

solution for patients with 

peripheral arterial disease and 

poor blood flow. 

Pastore et 

al., 2022⁴ 
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Table 2: Surgical Techniques and Their Outcomes for Complex DFUs 

Surgical 

Technique 

Description Indication Outcomes Reference 

Laser-Assisted 

Debridement 

Use of laser to 

remove 

necrotic tissue 

and bacterial 

biofilm from 

wounds. 

Chronic 

ulcers with 

significant 

necrotic 

tissue. 

Accelerates 

wound healing, 

reduces 

infection risk, 

and enhances 

microbial 

control. 

13Kavros et 

al., 20211 

Ultrasound-

Based 

Debridement 

Low-frequency 

ultrasound 

disrupts 

biofilms and 

assists in 

necrotic tissue 

removal. 

Non-healing 

chronic 

ulcers and 

infected 

wounds. 

Improves 

granulation 

tissue formation, 

reduces 

inflammation, 

and accelerates 

healing. 

Szczepanik 

et al., 20222 

Flap 

Reconstruction 

(Free/Local) 

Use of local or 

free flaps for 

soft tissue 

coverage. 

Large 

ulcers, 

tissue loss, 

or non-

healing 

wounds. 

Provides stable, 

well-

vascularized 

tissue for wound 

closure and 

functional 

restoration. 

Marais et 

al., 20233 

Toe/Partial 

Foot 

Amputation 

Surgical 

removal of 

affected toe or 

part of the foot 

to save limb 

function. 

Severe 

ulcers with 

necrosis and 

no viable 

tissue. 

Preserves 

function and 

improves 

ambulation; 

reduces pain 

and infection. 

Garg et al., 

20226 

 

Table 3: Medical Advances in Managing Complex DFUs 

Medical 

Intervention 

Description Key 

Mechanism 

Impact on DFU 

Healing 

Reference 

Continuous 

Glucose 

Monitoring 

(CGM) 

Devices that 

monitor blood 

glucose levels 

in real-time. 

Ensures optimal 

glucose control, 

preventing 

hyperglycemia 

and promoting 

healing. 

Improves 

glycemic 

control, which 

in turn 

enhances 

wound healing 

and reduces 

Mellor et 

al., 20237 
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infection rates. 

Targeted 

Antibiotic 

Therapy 

Use of 

molecular 

diagnostics to 

tailor antibiotic 

treatment. 

Identifies 

specific 

pathogens and 

antibiotic 

resistance. 

Reduces 

infection risk 

and improves 

effectiveness of 

treatment. 

Mayo et 

al., 20238 

Negative 

Pressure 

Wound 

Therapy 

(NPWT) 

Use of vacuum-

assisted 

devices to 

promote 

wound 

healing. 

Reduces edema, 

improves blood 

flow, and 

accelerates 

tissue growth. 

Decreases 

wound size, 

promotes faster 

healing, and 

reduces need 

for surgical 

interventions. 

Moriarty et 

al., 20239 

Stem Cell 

Therapy 

(MSCs) 

Use of 

mesenchymal 

stem cells to 

regenerate 

damaged 

tissue. 

Promotes tissue 

regeneration, 

angiogenesis, 

and collagen 

production. 

Accelerates 

healing of 

chronic DFUs 

and reduces 

infection rates. 

Zhang et 

al., 202210 

 

Table 4 :Key Findings from studies on Diabetic Foot Ulcer Management 

Study Key Focus Key Findings Reference 

Armstron

g DG, 

Boulton 

AJ, Bus 

SA. 

Recurrence 

of Diabetic 

Foot Ulcers 

(DFUs) 

DFUs have a high recurrence rate, 

with recurrent ulcers significantly 

increasing the risk of amputations. 

Management must focus on 

prevention of recurrence, regular 

monitoring, and early intervention 

to reduce complications. 

13 N Engl J Med. 

2023;369(16):152

9-1537. 

doi:10.1056/NEJ

Mra1307594 

Zhang L, 

Zhang X, 

Li J, et al. 

Stem Cell 

Therapy and 

Bioactive 

Scaffolds 

Stem cell therapies, particularly 

mesenchymal stem cells (MSCs), 

show promise in promoting tissue 

regeneration. Bioactive scaffolds 

enhance stem cell functionality, 

providing a conducive 

environment for wound healing in 

DFUs. 

14 Wound Repair 

Regen. 

2023;31(2):143-

157. 

doi:10.1111/wrr.

13099 

Mahato 

NK, Lee 

S, Wu Q, 

et al. 

Mesenchym

al Stem 

Cells for 

DFUs 

MSCs promote wound healing by 

enhancing angiogenesis, cellular 

proliferation, and collagen 

deposition. Clinical trials show that 

15 Diabetes Res 

ClinPract. 

2022;185:109812. 

doi:10.1016/j.dia
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MSC-based therapies significantly 

improve DFU healing outcomes, 

reducing infection and recurrence. 

bres.2022.10981

2 

Alvarado 

M, 

Guitierrez 

F, Montes 

J, et al. 

Gene 

Therapy for 

DFUs 

Gene therapy approaches 

targeting angiogenesis (VEGF) 

and tissue regeneration show 

potential in improving healing of 

DFUs, especially in patients with 

poor blood supply. Current studies 

suggest promising results in pre-

clinical trials. 

16 Gene Ther. 

2023;30(5):326-

335. 

doi:10.1038/s414

34-023-00185-z 

Patel S, 

Srivastava 

V, Kapoor 

S, et al. 

Surgical 

Flap 

Techniques 

for DFUs 

Advances in free and local flap 

techniques have improved 

outcomes in reconstructing larger 

ulcers. Flap surgery offers durable, 

well-vascularized coverage, 

essential for complex DFUs. 

17 J Wound Care. 

2023;32(7):406-

413. 

doi:10.12968/jow

c.2023.32.7.406 

Zhang Z, 

Li L, Yang 

H, et al. 

Bioactive 

Dressings 

for DFUs 

Bioactive dressings, including 

silver-infused, hydrocolloid, and 

hydrogel dressings, significantly 

improve healing outcomes by 

providing an antimicrobial barrier, 

reducing infection, and 

maintaining moisture. 

18 J Tissue 

Viability. 

2022;31(4):293-

303. 

doi:10.1016/j.jtv.

2022.09.001 

Moreno S, 

Montero 

A, García 

G, et al. 

Continuous 

Glucose 

Monitoring 

(CGM) in 

DFUs 

CGM systems enhance glycemic 

control and improve DFU healing 

outcomes. Tight glycemic control 

through real-time monitoring 

reduces infection risk and 

promotes wound healing in 

patients with diabetes. 

19 Diabetes 

TechnolTher. 

2023;25(8):593-

601. 

doi:10.1089/dia.

2023.0049 

Nair A, 

Yalavarth

yR, Ciufo 

S, et al. 

Infection 

Managemen

t and Biofilm 

Disruption 

Antimicrobial peptides and biofilm 

disruption therapies are emerging 

as effective strategies for treating 

chronic infections in DFUs. These 

therapies target bacterial biofilms, 

improving antibiotic efficacy. 

20 Int J 

Antimicrob 

Agents. 

2023;61(2):167-

177. 

doi:10.1016/j.ija

ntimicag.2022.10

6670 

Schwab 

G, 

Penman 

Exosome-

based 

Therapies 

Exosome-based therapies hold 

promise in DFU treatment by 

promoting cell signaling, 

21 J Cell Biochem. 

2022;123(6):876-

886. 
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R, Braun 

M, et al. 

for DFUs angiogenesis, and wound healing. 

These therapies may offer a novel 

approach to treating chronic 

wounds. 

doi:10.1002/jcb.

30000 

Davis N, 

Varney A, 

Nelson L, 

et al. 

Targeted 

Antibiotic 

Therapy 

Molecular diagnostics and 

targeted antibiotic therapies are 

revolutionizing DFU infection 

management. Next-generation 

sequencing (NGS) enables 

accurate pathogen identification, 

improving infection control and 

reducing antibiotic misuse. 

22 Infect Dis Rep. 

2023;15(4):115-

121. 

doi:10.3390/idr1

5040115 

Table 5 : Future Directions and Emerging Therapies in DFU Management 

Emerging 

Therapy/Technolog

y 

Description Mechanism 

of Action 

Potential 

Impact 

Referenc

e 

Gene Therapy for 

Angiogenesis 

Use of gene 

therapy to 

promote the 

formation of 

new blood 

vessels in 

ischemic 

tissue. 

Stimulates 

angiogenesis 

and 

improves 

blood flow to 

the affected 

area. 

Can improve 

healing in 

patients with 

peripheral 

arterial 

disease and 

inadequate 

blood supply. 

Pastore et 

al., 2022⁴ 

Artificial 

Intelligence (AI) in 

Diagnosis 

AI-driven 

tools to 

assess DFU 

severity, 

predict 

healing 

outcomes, 

and guide 

treatment 

decisions. 

Uses 

machine 

learning 

algorithms to 

analyze 

wound 

images and 

other patient 

data. 

Offers 

personalized 

treatment 

plans and 

early 

detection of 

high-risk 

ulcers. 

Leung et 

al., 2023¹² 

Biomarker-Driven 

Treatment Protocols 

Use of 

biomarkers 

to predict 

infection, 

inflammation

, and healing 

in DFUs. 

Targets 

biomarkers 

for specific 

conditions 

such as 

infection or 

poor healing. 

Enables more 

individualize

d treatment 

plans and 

better 

management 

of chronic 

Pastore et 

al., 2022⁴ 
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wounds. 

Regenerative 

Medicine (Stem 

Cells & Growth 

Factors) 

Use of stem 

cells, 

bioactive 

scaffolds, 

and growth 

factors to 

regenerate 

tissue. 

Enhances 

cellular 

proliferation, 

collagen 

deposition, 

and 

angiogenesis

. 

Accelerates 

healing of 

complex 

DFUs and 

reduces risk 

of 

recurrence. 

Zhang et 

al., 2022¹⁰ 

 

Discussion: 

The management of complex diabetic foot ulcers (DFUs) continues to evolve, with 

numerous advancements in both surgical and medical interventions aimed at 

improving healing, preventing infection, and avoiding limb amputation. Recent 

research highlights the importance of a multidisciplinary approach, combining 

cutting-edge surgical techniques with innovative medical therapies to achieve 

the best outcomes for patients. 

 

Surgical Advances in DFU Management 

Recent advancements in surgical techniques have focused on precision and the 

goal of limb preservation. Debridement remains a cornerstone of DFU 

management, but the use of adjunctive technologies such as laser-assisted 

debridement and ultrasound-based debridement has become increasingly 

common. Studies suggest that laser therapy not only aids in the removal of 

necrotic tissue but also disrupts bacterial biofilms, thus reducing the risk of 

infection in chronic wounds (Kavros et al., 2021). Similarly, ultrasound-based 

debridement has been shown to enhance wound healing by promoting 

granulation tissue formation and reducing wound bioburden (Szczepanik et al., 

2022). 

 

Reconstructive surgery for DFUs has also seen improvements, with free and local 

flaps being utilized to reconstruct larger ulcers and improve functional outcomes. 

In a recent systematic review, free flaps were shown to be particularly beneficial 

in providing stable and well-vascularized tissue coverage for complex DFUs that 

fail to heal with conservative management (Marais et al., 2023). Furthermore, 

tissue engineering approaches using stem cells and bioactive scaffolds are on the 

horizon, offering exciting potential for regenerating skin, muscle, and bone in 

diabetic patients with extensive tissue loss (Pastore et al., 2022). 

 

In cases where amputation is inevitable, advances in vascular surgery such as 

endovascular revascularization and angioplasty have significantly reduced the 

need for major limb amputation. By restoring blood flow, these techniques 

enable improved wound healing and greater potential for limb salvage (Sabatini 
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et al., 2023). Toe and partial foot amputations have become more common, 

allowing for the preservation of foot function and improved quality of life for 

diabetic patients (Garg et al., 2022). 

 

Surgical Management of Complex Diabetic Foot Ulcers 

Surgical intervention is often required when DFUs fail to heal with conservative 

approaches, particularly in cases of deep infection, significant tissue loss, or 

complications such as osteomyelitis. Recent advancements in surgical 

management focus on precision, tissue preservation, and minimizing the risk of 

amputation. 

 

a. Advanced Debridement Techniques 

While sharp debridement remains the gold standard for removing necrotic 

tissue, recent innovations have focused on enhancing the precision and 

effectiveness of debridement. These include: 

• Laser-Assisted Debridement: Laser therapy is increasingly being used as 

an adjunct to traditional debridement. It allows for targeted removal of 

necrotic tissue and biofilm, which is critical in chronic, infected wounds. 

Laser debridement has been shown to promote faster wound healing and 

reduce microbial load. It is increasingly used in DFU management due to 

its ability to precisely remove necrotic tissue and disrupt bacterial 

biofilms. Studies have shown that laser-assisted debridement can enhance 

wound healing and reduce microbial load, leading to fewer infections 1. 

• Ultrasound-Based Debridement: Devices that use low-frequency 

ultrasound for wound debridement have emerged as a minimally invasive 

alternative to traditional methods. These systems are effective at disrupting 

bacterial biofilms, reducing inflammation, and promoting granulation 

tissue formation2. 

•  

b. Reconstructive Surgery and Tissue Engineering 

Reconstructive surgery has become increasingly sophisticated, with advances 

aimed at preserving or restoring function. Key developments include: 

• Flap Reconstruction: Innovations in local and free flap surgeries have 

enabled better soft tissue coverage with improved aesthetic and functional 

outcomes. For instance, the use of perforator flaps (which use a perforating 

artery as the primary blood supply) has expanded the possibilities for 

reconstructing diabetic foot wounds, especially in areas with compromised 

vasculature 3. 

• Tissue Engineering and Regenerative Medicine: Advances in tissue 

engineering, such as stem cell therapy and bioactive dressings, are 
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paving the way for more effective soft tissue and bone healing.Stem cell 

therapy, bioactive scaffolds, and growth factors are being explored to 

regenerate tissue in diabetic patients with extensive tissue loss. Studies 

suggest that stem cells, particularly those derived from adipose tissue, can 

enhance wound healing by promoting cellular proliferation and 

angiogenesis 4. 

• Platelet-rich plasma (PRP) and growth factors are also being utilized to 

stimulate tissue regeneration and accelerate wound healing. 

• Negative Pressure Wound Therapy (NPWT): Although not a new 

concept, recent innovations in NPWT devices, such as portable or wireless 

systems, have allowed for more flexible and patient-friendly management 

of large or complex DFUs. NPWT improves blood flow, reduces edema, 

and enhances cellular proliferation, all of which contribute to wound 

closure. 

• Bioactive Dressings: New-generation wound dressings, such as those 

incorporating silver, alginates, hydrogels, and hydrocolloids, offer 

advanced moisture management and antimicrobial protection. These 

dressings provide a conducive environment for healing and can protect 

the wound from infection, particularly in diabetic patients who are prone to 

chronic infections. 

• Hydrocolloid and Hydrofiber Dressings: These modern dressings are 

particularly effective for DFUs as they offer superior moisture balance, 

which is crucial for accelerating the healing process. They help in 

maintaining a moist environment while also absorbing exudate, which can 

prevent maceration and promote faster healing. 

 

c. Surgical Amputation and Limb Salvage 

Despite the best efforts to conserve limbs, some DFU cases inevitably progress to 

amputation. However, recent techniques in limb salvage and amputation 

surgery are aimed at preserving as much of the limb as possible while still 

addressing the infection and deformity: 

• Toe or Partial Foot Amputation: When amputation becomes necessary, 

toe and partial foot amputations are preferred over more extensive 

procedures, as they allow for better functional outcomes and maintain a 

degree of ambulation.These procedures aim to remove only the necrotic 

tissue while preserving the maximum amount of functional foot structure. 

• Ankle Arthrodesis: For patients with significant foot deformities and 

neuropathy, ankle fusion can help improve the alignment of the foot and 

reduce pressure on ulcerated areas, preventing recurrence. 

• Vascular Interventions: Advances in revascularization techniques, such 

as endovascular angioplasty and stenting, have reduced the need for 

major amputation by restoring blood flow to ischemic limbs, thus 

improving wound healing5. For patients with advanced arterial disease, 
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these techniques allow for the preservation of the foot and toes, 

significantly enhancing quality of life 6. 

• Revascularization Procedures: In cases where arterial insufficiency is a 

major factor, revascularization (e.g., angioplasty, stenting, or bypass 

surgery) may be performed to improve blood flow, enabling better wound 

healing and reducing the need for amputation. 

 

Medical Advances and Multidisciplinary Care 

On the medical side, glycemic control continues to be a central factor in 

managing DFUs. Recent studies have reaffirmed that maintaining tight glycemic 

control improves wound healing and reduces the risk of infection in DFU patients. 

The advent of continuous glucose monitoring (CGM) and insulin pumps has 

allowed for more precise glucose control, leading to improved outcomes (Mellor 

et al., 2023). Targeted antibiotic therapy has also made significant strides, with 

advancements in molecular diagnostics and next-generation sequencing (NGS) 

allowing clinicians to better identify pathogens and tailor antibiotic treatments 

(Mayo et al., 2023). 

 

The use of negative pressure wound therapy (NPWT) has been extensively 

studied and continues to be a critical part of the treatment arsenal for DFUs. 

Recent innovations in portable NPWT systems have provided greater flexibility 

for patients, enhancing compliance and reducing hospital readmissions (Moriarty 

et al., 2023). Similarly, bioactive dressings and growth factors such as platelet-

derived growth factors (PDGF) are increasingly used to promote healing in 

chronic diabetic ulcers (Kaufman et al., 2021). Clinical evidence suggests that 

growth factors can stimulate collagen production, angiogenesis, and the 

formation of granulation tissue, all essential for wound closure (He et al., 2022). 

 

Another promising area of research is the application of stem cell therapy in DFU 

treatment. Several studies have demonstrated that mesenchymal stem cells 

(MSCs), whether derived from bone marrow or adipose tissue, can enhance 

wound healing by promoting cellular proliferation, angiogenesis, and collagen 

deposition (Maddula et al., 2021). Adipose-derived stem cells have shown 

particularly promising results in clinical trials, with improved wound closure and 

reduced risk of infection (Zhang et al., 2022). 

 

Medical Management of Complex Diabetic Foot Ulcers 

Medical management remains foundational to treating DFUs, focusing on 

controlling infection, optimizing healing, and addressing underlying conditions 

such as diabetes and peripheral artery disease. 
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a. Glycemic Control 

Tight glycemic control has been shown to be essential for the healing of DFUs. 

The ADA guidelines emphasize the importance of maintaining an HbA1c level 

below 7% for optimal wound healing outcomes. In recent years, the role of 

continuous glucose monitoring (CGM) and insulin pumps in achieving 

precise control has become more prominent 7. 

b. Infection Control and Antibiotic Therapy 

Infection remains one of the most critical concerns in DFU management. Recent 

strategies include: 

• Targeted Antibiotic Therapy: Advances in microbiological techniques, 

including next-generation sequencing (NGS) and molecular 

diagnostics, allow for more precise identification of pathogens, enabling 

targeted antibiotic therapy. The use of biofilm-disrupting agents and 

topical antimicrobials is also increasing to combat chronic infections 8. 

• Systemic Antibiotics and IV Therapy: For severe infections, particularly 

osteomyelitis, recent studies have explored the use of long-acting 

antibiotics (such as long-acting liposomal formulations) that allow for less 

frequent dosing and better patient compliance 9. 

c. Vascular Interventions 

Peripheral artery disease (PAD) often complicates the healing of DFUs. Recent 

advancements in endovascular techniques have revolutionized vascular 

intervention for diabetic patients. Minimally invasive procedures such as 

angioplasty, stenting, and bypass surgery can restore blood flow to the 

affected limb, providing a crucial boost for wound healing. 

d. Dressings and Topical Therapies 

Recent advancements in wound care dressings include bioactive and 

antimicrobial dressings, such as hydrocolloids, hydrogels, and silver-

infused products. These innovations offer enhanced moisture management, 

antimicrobial protection, and improved healing environments for the ulcer. 

• Growth Factor Application: Recombinant growth factors (such as 

epidermal growth factor (EGF) and platelet-derived growth factor 

(PDGF)) are increasingly being used to promote wound healing in DFUs 

by stimulating cellular activity, collagen deposition, and angiogenesis. 

• Negative Pressure Wound Therapy (NPWT): NPWT is a widely utilized 

medical approach that has been shown to accelerate wound healing, 

reduce infection rates, and lower the need for surgical interventions. 
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Recent developments in portable NPWT devices have improved patient 

compliance and comfort10. 

 

e. Stem Cell Therapy 

Stem cell-based therapies are emerging as an innovative option in the treatment 

of chronic wounds. Studies have explored the use of mesenchymal stem cells 

(MSCs), adipose-derived stem cells, and platelet-rich plasma (PRP) to 

promote tissue regeneration and accelerate healing. Although more research is 

needed to validate their long-term efficacy, early clinical trials show promising 

results in terms of wound closure and tissue repair 11. 

 

f. Gene Therapy 

Cutting-edge studies have explored the potential for gene therapy to promote 

angiogenesis (formation of new blood vessels) in ischemic tissue. While still in 

the experimental phase, these approaches may one day offer a non-invasive 

solution for patients with poor vascular supply 12 . 

 

Challenges and Future Directions 

While there have been significant advancements, challenges remain in managing 

complex DFUs, particularly in high-risk populations with comorbidities such as 

peripheral arterial disease (PAD), chronic kidney disease, and infection. Despite 

advances in vascular interventions like angioplasty and stenting, a substantial 

proportion of patients with DFUs still face poor blood supply, complicating wound 

healing efforts (Sabatini et al., 2023)5. Moreover, the high recurrence rate of DFUs 

remains a critical concern, even after surgical and medical interventions, 

underscoring the need for continued research in preventive strategies and long-

term management. 

 

The future of DFU management lies in personalized care that integrates both 

surgical and medical advances. Key areas of focus for future research include: 

• Biomarker-driven treatment protocols: Utilizing biomarkers to guide 

treatment decisions, particularly in terms of infection control and wound healing, 

will allow for more tailored interventions. 

• Artificial Intelligence (AI) in Diagnosis: AI-based diagnostic tools, such 

as those using machine learning algorithms to assess wound images, are already 

showing promise in providing early identification of high-risk ulcers and 

optimizing treatment plans. 

• Telemedicine and Remote Monitoring: With the growing prevalence of 

diabetes, remote monitoring tools and telemedicine consultations will become 

essential in providing timely care and preventing complications. 

Looking ahead, biomarker-driven treatments and artificial intelligence (AI) in 

wound care offer exciting possibilities. AI algorithms are already being 
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employed to assess wound images, predict healing outcomes, and provide 

personalized treatment plans based on individual patient characteristics (Leung 

et al., 2023). Additionally, the growing field of regenerative medicine, including 

gene therapy and organ-on-chip models, promises to further revolutionize DFU 

treatment by addressing the underlying pathophysiological mechanisms of 

chronic wounds (Pastore et al., 2022)4. 

Conclusion: 

Recent advancements in both surgical and medical management have 

transformed the treatment landscape for complex diabetic foot ulcers. Through a 

combination of innovative surgical techniques, such as advanced flap 

reconstructions and revascularization procedures, along with cutting-edge 

medical therapies like stem cell treatments and bioactive wound dressings, 

patients with DFUs now have more treatment options than ever before. However, 

the complexity of managing these ulcers in diabetic patients necessitates 

continued research, multidisciplinary care, and individualized treatment plans to 

optimize outcomes and prevent the devastating consequences of limb 

amputation. 

The management of complex diabetic foot ulcers has seen significant advances in 

both surgical and medical approaches. New technologies, surgical techniques, 

and medical therapies are offering more effective solutions for DFU patients, 

reducing the need for amputation and improving healing outcomes. As research 

continues to uncover better ways to address the multifactorial causes of DFUs, a 

more personalized, patient-centered approach will likely emerge, leading to 

improved care and better quality of life for individuals living with diabetes. 

References 

1. Kavros SJ, Haller JR, Bechara CF. Laser-assisted debridement of diabetic foot 

ulcers: a review. Wound Repair Regen. 2021;29(2):135-142. 

2. Szczepanik M, Kowalska-Kuśnierz B, Ślusarczyk S. Ultrasound-based 

debridement in chronic diabetic wounds: a novel approach for wound 

healing. J Diabetes Sci Technol. 2022;16(4):871-878. 

3. Marais C, Osorio M, Saitis D, et al. Free flap reconstruction in diabetic foot 

ulcers: A systematic review. J PlastReconstr Aesthetic Surg. 2023;76(6):1167-

1175. 

4. Pastore M, Angiò S, Petraroli A, et al. Stem cell-based therapies in the 

treatment of diabetic foot ulcers: A systematic review. Stem Cells Int. 

2022;2022:3849261. 

5. Sabatini L, Donelli G, Mazzone A, et al. Endovascular revascularization in 

diabetic foot ulcers: impact on limb salvage. Diabetes Res ClinPract. 

2023;178:109045. 



 Innovations, Number 79 December 2024 

888 www.journal-innovations.com 
 

 

6. Garg N, Gannon M, Hahnel J. Toe and partial foot amputation for diabetic foot 

ulcers: A review of outcomes and current trends. J Foot Ankle Surg. 

2022;61(5):914-920. 

7. Mellor KE, Cairns SM, McHugh SM, et al. Continuous glucose monitoring 

systems in diabetic foot ulcer healing: A meta-analysis of randomized 

controlled trials. Diabet Med. 2023;40(5):758-766. 

8. Mayo PH, Fulop R, Rabinovici R, et al. Molecular diagnostics and next-

generation sequencing in chronic diabetic foot infections. J ClinMicrobiol. 

2023;61(2). 

9. Moriarty PF, Huguet J, Jenkins S, et al. Advances in negative pressure wound 

therapy: improving patient comfort and compliance in chronic diabetic foot 

ulcers. Wounds. 2023;35(7):174-182. 

10. Zhang L, Xie C, Liang J, et al. Adipose-derived stem cells in diabetic foot 

ulcers: A randomized clinical trial. Diabetologia. 2022;65(10):1913-1922. 

11. Leung YK, Choi KF, Lee G, et al. Artificial intelligence-based predictive model 

for assessing diabetic foot ulcer severity. J Diabetes Sci Technol. 

2023;17(1):134-140. 

12. Pastore M, Petraroli A, Angiò S, et al. Gene therapy and its potential 

application for diabetic foot ulcers: A review. Biomedicines. 2022;10(5):1003. 

13. Armstrong DG, Boulton AJ, Bus SA. Diabetic foot ulcers and their recurrence. 

N Engl J Med. 2023;369(16):1529-1537. 

14. Zhang L, Zhang X, Li J, et al. Advances in regenerative medicine for diabetic 

foot ulcers: Stem cell therapy and bioactive scaffolds. Wound Repair Regen. 

2023;31(2):143-157.. 

15. Mahato NK, Lee S, Wu Q, et al. Application of mesenchymal stem cells for 

wound healing in diabetic foot ulcers: A review of clinical trials and 

mechanisms. Diabetes Res ClinPract. 2022;185:109812.  

16. Alvarado M, Guitierrez F, Montes J, et al. Emerging trends in the use of gene 

therapy for treating diabetic foot ulcers. Gene Ther. 2023;30(5):326-335. 

17. Patel S, Srivastava V, Kapoor S, et al. Advances in surgical approaches for 

diabetic foot ulcers: Review of flap techniques and outcomes. J Wound Care. 

2023;32(7):406-413.  

18. Zhang Z, Li L, Yang H, et al. Advances in bioactive dressings for diabetic foot 

ulcers: Current evidence and future prospects. J Tissue Viability. 

2022;31(4):293-303.  

19. Moreno S, Montero A, García G, et al. Role of continuous glucose monitoring 

systems in improving outcomes in diabetic foot ulcer patients: A systematic 

review. Diabetes TechnolTher. 2023;25(8):593-601.  

20. Nair A, Yalavarthy R, Ciufo S, et al. Advanced therapies for infection 

management in diabetic foot ulcers: Antimicrobial peptides and biofilm 

disruption. Int J Antimicrob Agents. 2023;61(2):167-177.  



 Innovations, Number 79 December 2024 

889 www.journal-innovations.com 
 

 

21. Schwab G, Penman R, Braun M, et al. The role of exosome-based therapies in 

the treatment of diabetic foot ulcers: Current status and future perspectives. J 

Cell Biochem. 2022;123(6):876-886. 

22. Davis N, Varney A, Nelson L, et al. Recent developments in targeted antibiotic 

therapy for chronic diabetic foot infections using molecular diagnostics. 

Infect Dis Rep. 2023;15(4):115-121.  

 


	Methodology
	Results
	Surgical Advancements
	Medical Advances
	Combined Approaches
	Gene Therapy

	Table 1: Summary of Surgical and Medical Advancements in the Management of Complex Diabetic Foot Ulcers
	Table 2: Surgical Techniques and Their Outcomes for Complex DFUs
	Table 3: Medical Advances in Managing Complex DFUs
	Table 4 :Key Findings from studies on Diabetic Foot Ulcer Management
	Table 5 : Future Directions and Emerging Therapies in DFU Management
	Surgical Management of Complex Diabetic Foot Ulcers
	a. Advanced Debridement Techniques
	b. Reconstructive Surgery and Tissue Engineering
	c. Surgical Amputation and Limb Salvage

	Medical Management of Complex Diabetic Foot Ulcers
	a. Glycemic Control
	b. Infection Control and Antibiotic Therapy
	c. Vascular Interventions
	d. Dressings and Topical Therapies
	e. Stem Cell Therapy

	Conclusion:

