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Abstract 
Background: Diabetic foot ulcers (DFUs) represent a major complication of diabetes mellitus, associated with 
significant morbidity, mortality, and healthcare costs. The optimal management strategy—conservative versus 
surgical intervention—remains debated, particularly for moderate-severity ulcers where either approach may be 
appropriate. 
Methods: This prospective comparative study enrolled 186 patients with diabetic foot ulcers (Wagner grades 2-
4). Patients were categorized into conservative management group (n=92) receiving standard wound care, 
offloading, and antibiotics, and surgical management group (n=94) undergoing debridement with or without 
reconstructive procedures. Primary outcomes included complete wound healing rate and time to healing. 
Secondary outcomes included amputation rate, recurrence, and quality of life. 
Results: Complete wound healing was achieved in 67.4% of conservative group versus 81.9% of surgical group 
(p=0.021). Median time to healing was significantly shorter in surgical group (8.4 ± 3.2 weeks vs. 14.6 ± 5.8 
weeks, p<0.001). Major amputation rate was lower in surgical group (5.3% vs. 13.0%, p=0.048). Ulcer 
recurrence at 12 months was comparable between groups (18.5% vs. 15.9%, p=0.642). Multivariate analysis 
identified Wagner grade ≥3 (OR: 3.42, 95% CI: 1.68-6.94, p<0.001), peripheral arterial disease (OR: 2.86, 95% 
CI: 1.42-5.76, p=0.003), and HbA1c >9% (OR: 2.14, 95% CI: 1.12-4.08, p=0.021) as independent predictors of 
treatment failure. 
Conclusion: Surgical management demonstrates superior healing rates, shorter healing times, and reduced 
major amputation rates compared to conservative treatment in moderate-to-severe diabetic foot ulcers. Early 
surgical intervention should be considered for appropriately selected patients. 
Keywords: Diabetic Foot Ulcer, Surgical Debridement, Conservative Management, Wound Healing, 
Amputation, Diabetes Complications. 
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Introduction 

Diabetic foot ulcers (DFUs) constitute one of the 
most devastating complications of diabetes 
mellitus, affecting approximately 15-25% of 
diabetic patients during their lifetime [1]. The 
global prevalence of DFUs has risen substantially 
in parallel with the diabetes epidemic, with current 
estimates suggesting over 40 million individuals 
worldwide are affected annually [2]. These chronic 
wounds impose enormous burdens on healthcare 
systems, with treatment costs exceeding $9 billion 
annually in the United States alone [3]. 

The pathophysiology of diabetic foot ulceration is 
multifactorial, involving the interplay of peripheral 
neuropathy, peripheral arterial disease, structural 

foot deformities, and impaired wound healing 
mechanisms [4]. Sensory neuropathy results in loss 
of protective sensation, predisposing patients to 
repetitive trauma and unrecognized injuries. Motor 
neuropathy contributes to foot deformities and 
abnormal pressure distribution, while autonomic 
neuropathy causes decreased sweating and skin 
fissuring [5]. Concurrent peripheral arterial disease, 
present in approximately 50% of DFU patients, 
further compromises tissue perfusion and healing 
capacity [6]. 

The clinical significance of DFUs extends beyond 
local wound complications. Diabetic foot infections 
represent the most common diabetes-related cause 
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of hospitalization and the leading cause of non-
traumatic lower extremity amputation in developed 
countries [7]. Patients undergoing major 
amputation face substantially elevated mortality 
rates, with five-year survival following below-knee 
amputation approximating only 50% [8]. 
Furthermore, DFUs significantly impair quality of 
life, functional capacity, and psychological well-
being [9]. Management of diabetic foot ulcers 
encompasses a spectrum of approaches ranging 
from conservative wound care to extensive surgical 
reconstruction. Conservative management 
traditionally includes offloading, wound 
debridement, moisture management, infection 
control, and glycemic optimization [10]. Advanced 
wound care modalities including negative pressure 
wound therapy, bioengineered skin substitutes, and 
growth factor applications have expanded non-
surgical treatment options [11]. 

Surgical management encompasses various 
interventions from sharp debridement and drainage 
of abscesses to revascularization procedures, 
reconstructive surgery, and when necessary, 
amputation [12]. Proponents of early surgical 
intervention argue that aggressive debridement of 
nonviable tissue, elimination of infection sources, 
and optimization of wound bed conditions 
accelerate healing and reduce amputation risk [13]. 
Conversely, advocates for conservative approaches 
emphasize the potential for spontaneous healing 
with appropriate wound care and the avoidance of 
surgical morbidity in patients with significant 
comorbidities [14]. The International Working 
Group on the Diabetic Foot (IWGDF) guidelines 
recommend individualized treatment approaches 
based on ulcer characteristics, infection severity, 
vascular status, and patient factors [15]. However, 
specific recommendations regarding the threshold 
for surgical intervention and comparative 
effectiveness of treatment strategies remain limited 
by insufficient high-quality evidence [16]. Recent 
systematic reviews have highlighted the paucity of 
well-designed comparative studies examining 
conservative versus surgical management outcomes 
in DFUs [17]. Most available evidence derives 
from retrospective analyses or studies focused on 
specific subpopulations, limiting generalizability 
and clinical applicability. 

The present study aimed to prospectively compare 
clinical outcomes between conservative and 
surgical management approaches in patients 
presenting with moderate-to-severe diabetic foot 
ulcers at a tertiary care center. 

Materials and Methods 

Study Design and Setting: This prospective 
comparative study was conducted at the 
Department of General Surgery and Diabetic Foot 
Clinic of a tertiary care teaching hospital.  

Study Population: Consecutive patients presenting 
with diabetic foot ulcers were screened for 
eligibility. Sample size was calculated based on 
anticipated healing rate difference of 15% between 
groups (75% surgical vs. 60% conservative), with 
80% power and 5% significance level, requiring 84 
patients per group. Accounting for 10% dropout, 
186 patients were enrolled. 

Inclusion Criteria 

• Age ≥18 years 
• Confirmed diagnosis of type 1 or type 2 

diabetes mellitus 
• Presence of foot ulcer classified as Wagner 

grade 2, 3, or 4 
• Ulcer duration ≥2 weeks prior to presentation 
• Ankle-brachial index (ABI) ≥0.5 or adequate 

tissue perfusion confirmed by transcutaneous 
oxygen measurement (TcPO2 ≥30 mmHg) 

Exclusion Criteria 

• Wagner grade 1 (superficial ulcers) or grade 5 
(extensive gangrene requiring major 
amputation) 

• Severe peripheral arterial disease with ABI 
<0.5 without revascularization potential 

• Active osteomyelitis requiring primary 
amputation 

• End-stage renal disease on dialysis 
• Immunosuppressive therapy or active 

malignancy 
• Inability to comply with follow-up 

requirements 
• Previous major amputation on the affected 

limb 

Treatment Group Assignment: Treatment 
allocation was determined by a multidisciplinary 
team comprising vascular surgeons, 
endocrinologists, and wound care specialists based 
on clinical assessment, patient preferences, and 
treatment feasibility. Patients were assigned to: 

Conservative Management Group 
(n=92): Standard wound care protocol including: 

• Sharp wound debridement at bedside (without 
anesthesia) 

• Appropriate wound dressings based on wound 
characteristics 

• Offloading with total contact casting, 
removable cast walkers, or therapeutic 
footwear 

• Systemic antibiotics for infected ulcers based 
on culture sensitivity 

• Optimization of glycemic control with target 
HbA1c <8% 

• Advanced therapies (negative pressure wound 
therapy, bioengineered skin substitutes) as 
indicated 
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Surgical Management Group (n=94): Operative 
intervention including: 

• Surgical debridement under regional or general 
anesthesia 

• Excision of necrotic tissue, infected bone, and 
non-viable structures 

• Incision and drainage of abscesses and deep 
space infections 

• Minor amputations (toe or ray amputation) 
when necessary 

• Reconstructive procedures (skin grafting, local 
flaps) as indicated 

• Postoperative wound care following 
standardized protocols 

Baseline Assessment: Comprehensive baseline 
evaluation included: 

Clinical Assessment: 

• Complete medical history and physical 
examination 

• Ulcer characteristics: location, size (measured 
by digital planimetry), depth, presence of 
undermining or tunnelling 

• Wagner classification and University of Texas 
wound classification 

• Neurological assessment using 10-g 
monofilament and 128-Hz tuning fork 

• Infection assessment using IDSA/IWGDF 
criteria 

Laboratory Investigations: 

• Fasting blood glucose and HbA1c 
• Complete blood count, renal function tests, 

liver function tests 
• Inflammatory markers (C-reactive protein, 

erythrocyte sedimentation rate) 
• Wound culture and sensitivity 

Vascular Assessment: 

• Ankle-brachial index measurement 
• Toe pressures where applicable 
• Arterial duplex ultrasonography 
• CT angiography for patients with suspected 

significant arterial disease 

Radiological Evaluation: 

• Plain radiographs of the affected foot 
• MRI for suspected osteomyelitis or deep space 

infection 

Outcome Measures 

Primary Outcomes: 

• Complete wound healing: defined as complete 
epithelialization without drainage 

• Time to complete healing: measured in weeks 
from treatment initiation 

Secondary Outcomes: 

• Major amputation rate: amputation above the 
ankle 

• Minor amputation rate: amputation at or distal 
to the ankle 

• Ulcer recurrence: new ulcer at the same or 
adjacent site within 12 months 

• Infection-related complications 
• Hospital readmission rate 
• Quality of life assessed using the Diabetic Foot 

Ulcer Scale (DFS) at baseline and 6 months 

Follow-up Protocol: Patients were followed at 
weekly intervals during active wound healing, then 
monthly until wound closure, and subsequently at 
3-month intervals for 12 months. At each visit, 
wound measurements, photographs, and clinical 
assessments were documented. 

Statistical Analysis: Data were analyzed using 
SPSS version 26.0 (IBM Corporation, Armonk, 
NY). Continuous variables were expressed as mean 
± standard deviation or median with interquartile 
range based on distribution. Categorical variables 
were presented as frequencies and percentages. 
Chi-square or Fisher's exact test was used for 
categorical comparisons. Independent samples t-
test or Mann-Whitney U test was employed for 
continuous variables. Kaplan-Meier survival 
analysis with log-rank test was used for time-to-
healing analysis. Multivariate logistic regression 
identified independent predictors of treatment 
outcomes. Statistical significance was defined as 
p<0.05. 

Results 

Baseline Characteristics: A total of 186 patients 
were enrolled, with 92 patients in the conservative 
management group and 94 patients in the surgical 
management group. Baseline demographic and 
clinical characteristics were comparable between 
groups (Table 1). Mean age was 57.4 ± 11.2 years 
in the conservative group versus 58.8 ± 10.6 years 
in the surgical group (p=0.382). Male patients 
predominated in both groups (67.4% vs. 69.1%, 
p=0.796).  

Mean diabetes duration was 14.2 ± 7.8 years in the 
conservative group and 15.6 ± 8.4 years in the 
surgical group (p=0.236). Mean HbA1c was 
elevated in both groups (9.2 ± 1.8% vs. 9.4 ± 1.6%, 
p=0.418). Peripheral neuropathy was present in 
84.8% and 87.2% of patients respectively. 
Peripheral arterial disease was documented in 
38.0% of conservative group and 41.5% of surgical 
group patients (p=0.624). 
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Table 1: Baseline Demographic and Clinical Characteristics 
Characteristic Conservative Group (n=92) Surgical Group (n=94) p-value 
Age (years), mean ± SD 57.4 ± 11.2 58.8 ± 10.6 0.382 
Male sex, n (%) 62 (67.4) 65 (69.1) 0.796 
BMI (kg/m²), mean ± SD 28.4 ± 4.6 27.8 ± 4.2 0.348 
Diabetes type, n (%) 

  
0.842 

Type 1 8 (8.7) 9 (9.6) 
 

Type 2 84 (91.3) 85 (90.4) 
 

Diabetes duration (years), mean ± SD 14.2 ± 7.8 15.6 ± 8.4 0.236 
HbA1c (%), mean ± SD 9.2 ± 1.8 9.4 ± 1.6 0.418 
Hypertension, n (%) 58 (63.0) 62 (66.0) 0.682 
Chronic kidney disease, n (%) 22 (23.9) 26 (27.7) 0.564 
Coronary artery disease, n (%) 18 (19.6) 21 (22.3) 0.634 
Peripheral neuropathy, n (%) 78 (84.8) 82 (87.2) 0.628 
Peripheral arterial disease, n (%) 35 (38.0) 39 (41.5) 0.624 
Current smoking, n (%) 24 (26.1) 28 (29.8) 0.572 
Previous foot ulcer, n (%) 32 (34.8) 38 (40.4) 0.426 
Previous amputation, n (%) 14 (15.2) 18 (19.1) 0.476 
 
Ulcer Characteristics: Ulcer characteristics at 
baseline are presented in Table 2. Wagner grade 
distribution was similar between groups (p=0.284). 
Grade 2 ulcers comprised 37.0% and 31.9%, grade 
3 ulcers 44.6% and 46.8%, and grade 4 ulcers 
18.5% and 21.3% in conservative and surgical 
groups respectively. Mean ulcer size was 8.4 ± 6.2 
cm² in the conservative group versus 9.2 ± 7.4 cm² 

in the surgical group (p=0.416). Ulcer duration 
prior to presentation was similar (6.8 ± 4.2 weeks 
vs. 7.4 ± 5.1 weeks, p=0.382).  

Clinical infection was present in 72.8% and 78.7% 
of patients respectively (p=0.348). Osteomyelitis 
was diagnosed in 28.3% of conservative group and 
34.0% of surgical group patients (p=0.398). 

 
Table 2: Ulcer Characteristics at Baseline 

Characteristic Conservative Group (n=92) Surgical Group (n=94) p-value 
Wagner grade, n (%) 

  
0.284 

Grade 2 34 (37.0) 30 (31.9) 
 

Grade 3 41 (44.6) 44 (46.8) 
 

Grade 4 17 (18.5) 20 (21.3) 
 

Ulcer location, n (%) 
  

0.642 
Forefoot/toes 52 (56.5) 56 (59.6) 

 

Midfoot 24 (26.1) 22 (23.4) 
 

Hindfoot/heel 16 (17.4) 16 (17.0) 
 

Ulcer size (cm²), mean ± SD 8.4 ± 6.2 9.2 ± 7.4 0.416 
Ulcer depth, n (%) 

  
0.526 

Superficial 38 (41.3) 34 (36.2) 
 

Deep (muscle/tendon) 36 (39.1) 38 (40.4) 
 

Bone involvement 18 (19.6) 22 (23.4) 
 

Ulcer duration (weeks), mean ± SD 6.8 ± 4.2 7.4 ± 5.1 0.382 
Clinical infection, n (%) 67 (72.8) 74 (78.7) 0.348 
Infection severity (IDSA), n (%) 

  
0.412 

Mild 22 (32.8) 20 (27.0) 
 

Moderate 32 (47.8) 36 (48.6) 
 

Severe 13 (19.4) 18 (24.3) 
 

Osteomyelitis, n (%) 26 (28.3) 32 (34.0) 0.398 
ABI, mean ± SD 0.92 ± 0.18 0.88 ± 0.21 0.166 
 

Treatment Outcomes: Clinical outcomes are 
summarized in Table 3. Complete wound healing 
was achieved in 62 patients (67.4%) in the 
conservative group compared to 77 patients 
(81.9%) in the surgical group (p=0.021). Time to 
complete healing was significantly shorter in the 

surgical group (8.4 ± 3.2 weeks vs. 14.6 ± 5.8 
weeks, p<0.001). 

Major amputation was required in 12 patients 
(13.0%) in the conservative group versus 5 patients 
(5.3%) in the surgical group (p=0.048). Minor 
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amputation rates were similar between groups 
(21.7% vs. 25.5%, p=0.542).  

Overall limb salvage rate was 87.0% in the 
conservative group versus 94.7% in the surgical 
group (p=0.048).Hospital readmission within 12 
months occurred in 28 patients (30.4%) in the 
conservative group compared to 18 patients 
(19.1%) in the surgical group (p=0.074). Ulcer 
recurrence at 12 months was similar between 
groups (18.5% vs. 15.9%, p=0.642). Mean hospital 

stay was 12.4 ± 8.6 days in the conservative group 
versus 16.8 ± 7.2 days in the surgical group 
(p<0.001). Total treatment cost was higher in the 
surgical group ($8,420 ± 4,280 vs. $6,840 ± 3,960, 
p=0.008).  

Quality of life improved significantly in both 
groups at 6 months, with greater improvement 
observed in the surgical group (DFS score change: 
+18.4 ± 12.6 vs. +12.8 ± 10.4, p=0.001). 

 
Table 3: Clinical Outcomes Comparison 

Outcome Conservative Group (n=92) Surgical Group (n=94) p-value 
Complete wound healing, n (%) 62 (67.4) 77 (81.9) 0.021 
Time to healing (weeks), mean ± SD 14.6 ± 5.8 8.4 ± 3.2 <0.001 
Healing at 12 weeks, n (%) 38 (41.3) 64 (68.1) <0.001 
Healing at 24 weeks, n (%) 58 (63.0) 74 (78.7) 0.018 
Major amputation, n (%) 12 (13.0) 5 (5.3) 0.048 
Minor amputation, n (%) 20 (21.7) 24 (25.5) 0.542 
Limb salvage rate, n (%) 80 (87.0) 89 (94.7) 0.048 
Mortality, n (%) 4 (4.3) 3 (3.2) 0.718 
Ulcer recurrence at 12 months, n (%) 17 (18.5) 15 (15.9) 0.642 
Hospital readmission, n (%) 28 (30.4) 18 (19.1) 0.074 
Hospital stay (days), mean ± SD 12.4 ± 8.6 16.8 ± 7.2 <0.001 
Treatment cost ($), mean ± SD 6,840 ± 3,960 8,420 ± 4,280 0.008 
DFS score change at 6 months, mean ± SD +12.8 ± 10.4 +18.4 ± 12.6 0.001 
Complication rate, n (%) 34 (37.0) 32 (34.0) 0.678 
 
Predictors of Treatment Failure: Multivariate 
logistic regression analysis identified independent 
predictors of treatment failure (non-healing or 
major amputation). Wagner grade ≥3 (OR: 3.42, 
95% CI: 1.68-6.94, p<0.001), peripheral arterial 
disease (OR: 2.86, 95% CI: 1.42-5.76, p=0.003), 
HbA1c >9% (OR: 2.14, 95% CI: 1.12-4.08, 
p=0.021), ulcer size >10 cm² (OR: 1.92, 95% CI: 
1.04-3.54, p=0.038), and osteomyelitis (OR: 2.68, 
95% CI: 1.34-5.36, p=0.005) were significantly 
associated with treatment failure. 

Kaplan-Meier survival analysis demonstrated 
significantly faster time to healing in the surgical 
group (log-rank p<0.001), with median healing 
time of 7.8 weeks (95% CI: 6.8-8.8) versus 13.2 
weeks (95% CI: 11.4-15.0) in the conservative 
group. 

Discussion 

This prospective comparative study demonstrates 
that surgical management of diabetic foot ulcers is 
associated with superior healing outcomes, shorter 
time to wound closure, and reduced major 
amputation rates compared to conservative 
treatment. These findings have important 
implications for clinical decision-making and 
resource allocation in diabetic foot care. 

The complete healing rate of 81.9% observed in 
our surgical group compares favorably with 
published literature. A meta-analysis by Liu and 

colleagues examining outcomes of surgical 
debridement in DFUs reported pooled healing rates 
of 75-85% across included studies [18]. The 
improved healing rate in surgically managed 
patients likely reflects several mechanisms 
including removal of necrotic tissue burden, 
elimination of bacterial biofilms, exposure of 
viable wound bed tissue, and promotion of 
granulation tissue formation [19]. The substantially 
shorter time to healing (8.4 weeks vs. 14.6 weeks) 
in the surgical group represents a clinically 
meaningful difference with implications for patient 
quality of life, functional status, and healthcare 
resource utilization. Prompers et al., in their 
EURODIALE study analysis, identified prolonged 
healing time as a significant predictor of 
subsequent complications and amputation [20]. 
Accelerated healing reduces the window of 
vulnerability for wound deterioration and 
secondary infection. 

The observed major amputation rate of 5.3% in the 
surgical group versus 13.0% in the conservative 
group aligns with accumulating evidence 
supporting early surgical intervention. Lipsky and 
colleagues demonstrated that aggressive surgical 
debridement combined with appropriate 
antimicrobial therapy significantly reduced 
amputation rates in patients with moderate-to-
severe diabetic foot infections [21]. The 
preservation of limb function carries profound 
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implications for patient mobility, independence, 
and survival [22]. 

Our finding that peripheral arterial disease 
independently predicted treatment failure 
underscores the critical importance of vascular 
assessment in DFU management. The presence of 
ischemia compromises wound healing regardless of 
treatment approach and may indicate need for 
revascularization procedures prior to or concurrent 
with wound management [23]. The IWGDF 
guidelines emphasize the necessity of 
comprehensive vascular evaluation and 
consideration of revascularization in patients with 
evidence of peripheral arterial disease [24]. 

The association between elevated HbA1c and 
treatment failure highlights the fundamental role of 
glycemic control in wound healing. Hyperglycemia 
impairs multiple phases of wound repair including 
inflammatory cell function, angiogenesis, collagen 
synthesis, and epithelialization [25]. Intensive 
glycemic management should be considered an 
integral component of any DFU treatment strategy, 
regardless of whether conservative or surgical 
approaches are employed. 

Wagner grade emerged as a powerful predictor of 
outcomes in our analysis, consistent with its 
established role as a prognostic classification 
system. Higher Wagner grades indicate greater 
tissue loss and deeper infection, which logically 
predict worse outcomes [26]. However, our data 
suggest that early surgical intervention may 
partially mitigate the adverse prognostic impact of 
higher-grade ulcers by preventing progression and 
facilitating healing. 

The higher initial hospital stay and treatment costs 
in the surgical group require contextualization. 
While surgical patients incurred greater upfront 
costs, the improved healing rates and reduced 
major amputation rates translate to substantial 
downstream cost savings.  

Bus and colleagues demonstrated that costs 
associated with major amputation, including 
prosthetic fitting, rehabilitation, and long-term 
disability, far exceed those of limb-preserving 
treatments [27]. Economic analyses incorporating 
long-term outcomes consistently favor aggressive 
intervention strategies [28]. 

Ulcer recurrence rates were comparable between 
groups at 12-month follow-up, suggesting that 
treatment modality does not substantially influence 
recurrence risk. This observation emphasizes that 
recurrence prevention requires ongoing attention to 
predisposing factors including neuropathy, 
deformity, and pressure distribution regardless of 
initial treatment success [29]. Our study has several 
limitations. The non-randomized design introduces 
potential selection bias, as treatment allocation was 

influenced by clinical judgment and patient 
preferences. Although baseline characteristics were 
statistically similar, unmeasured confounders may 
have influenced outcomes. Additionally, the single-
center design may limit generalizability to settings 
with different resources or patient populations. 
Future randomized controlled trials would provide 
stronger evidence for treatment recommendations. 

Conclusion 

This comparative study demonstrates that surgical 
management of moderate-to-severe diabetic foot 
ulcers achieves superior outcomes compared to 
conservative treatment, including higher complete 
healing rates, significantly shorter healing times, 
and reduced major amputation rates. These benefits 
must be weighed against increased initial 
hospitalization and treatment costs, which are 
likely offset by improved long-term outcomes and 
preserved functional status. 

Clinical decision-making should incorporate 
comprehensive assessment of ulcer severity, 
vascular status, glycemic control, and patient 
factors. Early surgical intervention should be 
strongly considered for patients with Wagner grade 
3 or 4 ulcers, significant necrotic tissue burden, or 
inadequate response to initial conservative 
management. Multidisciplinary diabetic foot teams 
integrating surgical, medical, and wound care 
expertise are essential for optimizing patient 
outcomes. 

Glycemic control and management of peripheral 
arterial disease remain fundamental regardless of 
treatment approach. Future research should focus 
on identifying patient subgroups most likely to 
benefit from surgical intervention and developing 
evidence-based algorithms for treatment selection 
in diabetic foot ulcers. 
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