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ABSTRACT

Background: Diabetic foot ulcer (DFU) is among the most severe and disabling complications of diabetes mellitus
and represents a major cause of hospitalization, morbidity, lower limb amputation, and mortality worldwide. The
incidence of diabetic foot complications is increasing rapidly in developing countries such as India due to rising
diabetes prevalence, poor glycemic control, delayed healthcare access, and lack of foot care awareness. Wagner’s
classification remains one of the most practical and widely accepted systems for evaluating diabetic foot ulcers and
guiding treatment strategies. Early diagnosis and stage-appropriate intervention are essential for reducing
complications and improving limb salvage rates.

Methods: This prospective observational study was conducted among 70 patients with diabetic foot ulcers admitted
to the Department of General Surgery in a tertiary care hospital in Northern India over a period of 18 months.
Detailed demographic data, duration of diabetes, associated comorbidities, glycaemic status, ulcer characteristics,
microbiological profile, and radiological findings were recorded. Ulcers were graded according to Wagner’s
classification system. Patients received medical and surgical management including glycaemic control, antibiotics,
debridement, incision and drainage, skin grafting, and amputations where indicated. Outcomes were evaluated in
terms of ulcer healing, duration of hospital stay, and amputation rates.

Results: The majority of patients were males (68.6%) with a mean age of 56.8+10.4 years. Wagner Grade II ulcers
were most common (34.3%), followed by Grade III ulcers (28.6%). Peripheral neuropathy was observed in 71.4% of
patients and poor glycemic control in 74.3%. Surgical intervention was required in 61.4% cases, with debridement
being the most commonly performed procedure. Major amputations were more common in Wagner Grade IV and V
ulcers. Increasing Wagner grade showed significant association with prolonged hospitalization and increased
amputation rates (p<0.05).

Conclusions: Wagner’s classification is an effective and reliable tool for assessing severity and guiding management
of diabetic foot ulcers. Early diagnosis, strict glycemic control, aggressive infection management, regular wound care,
and timely surgical intervention are essential to improve outcomes and reduce limb loss.

Keywords: Diabetic foot ulcer, Wagner classification, Diabetes mellitus, Amputation, Debridement, Peripheral
neuropathy, Tertiary care hospital

INTRODUCTION challenges of the twenty-first century. According to the

International diabetes federation, nearly 537 million
Diabetes mellitus is a chronic metabolic disorder adults were living with diabetes worldwide in 2021, and
characterized by persistent hyperglycaemia resulting this number is projected to rise substantially over the
from defects in insulin secretion, insulin action, or both. coming decades. India contributes significantly to this
It has emerged as one of the leading global public health burden and is often referred to as the “diabetes capital of

the world.”!2
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Among the various complications of diabetes mellitus,
Diabetic foot ulcer (DFU) is one of the most feared and
economically devastating complications because of its
association with prolonged hospitalization, recurrent
infections, disability, and lower limb amputations.
Approximately 15-25% of diabetic individuals develop a
foot ulcer during their lifetime, and every 20 seconds a
lower limb is amputated somewhere in the world due to
diabetes-related complications.>*

Diabetic foot is defined as infection, ulceration, or
destruction of deep tissues of the foot associated with
neuropathy and/or peripheral arterial disease in patients
with diabetes mellitus. The pathogenesis of diabetic foot
ulcers is multifactorial and involves peripheral sensory
neuropathy, autonomic dysfunction, motor neuropathy,
peripheral vascular disease, immunopathy, repetitive
trauma, foot deformities, and secondary infection.>$
Peripheral neuropathy plays a central role by causing loss
of protective sensation, leading to repeated unnoticed
trauma and pressure-related tissue breakdown. In
developing countries such as India, poor socioeconomic
conditions, barefoot walking, delayed medical
consultation, poor glycaemic control, and lack of
awareness regarding diabetic foot care contribute
significantly to disease progression and increased
amputation rates. Indian studies have reported diabetic
foot ulcer prevalence ranging from 4% to 10%, with a
substantially higher incidence of infection and gangrene
compared to Western populations.”®

The burden of diabetic foot disease is particularly severe
in Northern India due to limited healthcare accessibility
in rural areas and delayed referrals to tertiary care
centres. Many patients present at advanced stages with
deep ulcers, osteomyelitis, abscess formation, or
gangrene requiring major surgical intervention. Early
assessment and classification of ulcers are therefore
essential for selecting appropriate management strategies
and predicting outcomes.’

Several classification systems have been proposed for
diabetic  foot wulcers, including Wagner-Meggitt
classification, University of Texas classification, and
PEDIS classification. Among these, Wagner’s
classification remains one of the simplest and most
widely used grading systems in routine surgical practice
because of its clinical applicability and prognostic
significance.’

Wagner classification grades 0 to 5

Wagner grade 0 denotes an intact high-risk foot, while
grade V represents extensive gangrene involving the
whole foot. Increasing Wagner grades correlate strongly
with deeper tissue involvement, severe infection,
osteomyelitis, higher amputation rates, and poor
prognosis.!H12

Management of diabetic foot ulcers requires a
multidisciplinary approach involving strict glycaemic
control, antibiotic therapy, wound debridement, pressure
off-loading, vascular assessment, infection control, and
reconstructive or ablative surgical procedures wherever
indicated. Timely intervention can significantly reduce
morbidity and improve limb salvage rates.!*!4

Despite advances in diabetic care, diabetic foot ulcer
remains a major healthcare burden in India, particularly
in tertiary care hospitals managing advanced complicated
cases. Therefore, the present study was undertaken to
evaluate the clinical presentation, management strategies,
and outcomes of DFU according to Wagner’s
classification among 70 patients admitted to a tertiary
care hospital in Northern India.

METHODS

This prospective observational study was conducted in
the Department of General Surgery at a tertiary care
teaching hospital in Northern India over a period of 18
months after obtaining approval from the Institutional
Ethics Committee.

Table 1: Classification of ulcers according to
Wagner’s grading system.

Wagner

Description
orades
Grade 0 Intact skin with high-risk foot
Grade I Superficial ulcer
Grade I1 Deep ulcer reaching tendon or joint
Grade 111 Deep ulcer with abscess or osteomyelitis
Grade IV Localized gangrene
Grade V Extensive gangrene of foot

A total of 70 patients diagnosed clinically with diabetic
foot ulcers were included in the study after obtaining
informed written consent. Patients were selected
irrespective  of gender, duration of diabetes, or
socioeconomic status.

Inclusion criteria

The study included patients aged above 18 years who
were diagnosed with either type 1 or type 2 diabetes
mellitus and had the presence of a diabetic foot ulcer.

Exclusion criteria

The study excluded patients with non-diabetic foot ulcers,
venous ulcers, malignant ulcers, and traumatic ulcers
unrelated to diabetes, as well as patients who were
unwilling to participate in the study. Detailed history
regarding age, gender, occupation, duration of diabetes,
smoking history, alcohol intake, barefoot walking habits,
trauma, previous ulcer history, and associated
comorbidities was recorded. Complete general physical
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examination and detailed local examination of the
affected foot were performed.

All patients underwent detailed laboratory and
radiological investigations, including a complete blood
count, random blood sugar and fasting blood sugar
estimation, HbAlc estimation, renal function tests, urine
routine examination, pus culture and sensitivity testing,
and X-ray examination of the affected foot. A doppler
ultrasound study was performed in patients where
clinically indicated. Peripheral neuropathy was assessed
clinically using monofilament testing and vibration
perception. Peripheral vascular disease was evaluated by
palpation of peripheral pulses and doppler assessment.

Patients were managed according to ulcer severity.
Glycemic control was achieved using insulin therapy
wherever  necessary.  Empirical ~ broad-spectrum
antibiotics were initiated initially and later modified
according to culture sensitivity reports. Daily wound
dressing, pressure off-loading, and nutritional support
were provided. The surgical interventions performed
included debridement, incision and drainage, fasciotomy,
skin grafting, minor amputation, and major amputation.

Patients were followed during hospitalization and
outcomes were assessed in terms of ulcer healing, need
for amputation, complications, and duration of hospital
stay. Statistical analysis was performed using SPSS
software version 26. Continuous variables were
expressed as meantstandard deviation and categorical
variables as percentages. Chi-square test was applied to
determine statistical significance. A p value <0.05 was
considered statistically significant.

RESULTS

A total of 70 patients with diabetic foot ulcers were
included in the present study. Detailed demographic

evaluation, ulcer grading according to Wagner’s
classification, associated risk factors, treatment
modalities, and clinical outcomes were analysed
systematically.

Table 2: Age distribution of patients.

Age groups  Number of Percentage

(%args . _patients(N) (% * Pvalue
31-40 8 11.4

41-50 16 22.9

51-60 24 343 0.032
61-70 15 21.4 S)
>70 7 10.0

Total 70 100

complications. Wagner grade II and III ulcers were the
most commonly encountered lesions at the time of
admission. A significant proportion of patients required
surgical intervention, and the risk of amputation
increased progressively with higher Wagner grades.

Table 3: Gender distribution.

Number of  Percentage
Genders patients (N) (%) . P value |
Male 48 68.6 |
Female 22 31.4 ?é()”g |
Total 70 100 |

Table 4: Duration of diabetes mellitus.

Duration of

. Number of Percentage

diabetes . A P value
(years) patients (N) (%)

<5 10 14.3

5-10 24 343

11-15 20 28.6 ?é(;%
>15 16 22.9

Total 70 100

Table 5: Distribution according to Wagner’s

classification.
Wagner Number of Percentage P
grades patients (N) (%) value
Grade I 12 17.1
Grade II 24 343
Grade III 20 28.6 0.001
Grade IV 10 14.3 (S)
Grade V 4 5.7
Total 70 100

Table 6: Associated risk factors.

Number
. of Percentage
Risk factors s (08) P value
(N)
O L 50 71.4 0.001(S)
neuropathy
Peripheral 21 30.0 0.041(S)
vascular disease
Smoking 28 40.0 0.027(S)
Poor glycaemic
control (HbAle 52 74.3 0.0001(S)
>8%)
Previousfoot ¢ 25.7 0.049(S)
ulcer

The mean age of the study population was 56.8+10.4
years. Male patients constituted the majority of cases.
Most patients presented with long-standing uncontrolled
diabetes  mellitus and  associated  neuropathic

The majority of patients belonged to the 51-60 years age
group accounting for 24 patients (34.3%), followed by
the 41-50 years age group comprising 16 patients
(22.9%). Patients aged 61-70 years constituted 21.4% of
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the study population. Only 8 patients (11.4%) were below
40 years of age, while 7 patients (10.0%) were older than
70 years. The association between advancing age and
occurrence of diabetic foot ulcer was found to be
statistically significant (p=0.032) (Table 2).

Table 7: Microbiological profile.

. Number of
Organisms . Percentage
e patients (o5

N) _

Staphylococcus 24 343
aureus
Pseudeonas 16 2.9
aeruginosa
Klebsiella 12 17.1 0.021(S)
species
Esc'herlchla 10 143
coli
Mixed growth 8 11.4
Total 70 100

Table 8: Treatment modalities.

Number
Treatment . Percentage
- of patients P value
modality (%)
)
Conservative 27 38.6
management
Debridement 30 42.9
IllCl‘SIOIl and ] 114
drainage
Skin grafting 5 7.1 0.003(S)
Minor 12 17.1
amputation
Major 8 11.4
amputation
Total 70 100

Out of 70 patients, 48 (68.6%) were males and 22
(31.4%) were females, demonstrating clear male
predominance. Statistical analysis revealed significant
association between male gender and diabetic foot ulcer
occurrence (p=0.018) (Table 3).

Most patients had diabetes mellitus for prolonged
duration. Twenty-four patients (34.3%) had diabetes for
5-10 years, while 20 patients (28.6%) had diabetes for
11-15 years. Sixteen patients (22.9%) had diabetes
duration greater than 15 years. Long-standing diabetes
mellitus significantly increases the risk of diabetic foot
ulcer development due to chronic neuropathy,
vasculopathy, and impaired immunity. The relationship
between longer duration of diabetes and diabetic foot
ulcer formation was statistically significant (p=0.006).
(Table 4) Wagner grade II ulcers were most common and
accounted for 24 patients (34.3%), followed by grade III
ulcers in 20 patients (28.6%). Grade IV and grade V
ulcers together constituted 20% of total cases, indicating

advanced disease at presentation. Statistical analysis
demonstrated a highly significant association between
higher Wagner grades and poor clinical outcomes
(p=0.001) (Table 5). Peripheral neuropathy was present
in 50 patients (71.4%) and poor glycaemic control was
observed in 52 patients (74.3%). Smoking history was
identified in 28 patients (40%), while peripheral vascular
disease was present in 21 patients (30%). Poor glycaemic
control and peripheral neuropathy showed highly
significant association with diabetic foot ulcer severity
(p<0.001) (Table 6). Staphylococcus aureus was the most
commonly isolated pathogen accounting for 34.3% of
infections, followed by Pseudomonas aeruginosa in
22.9% of cases. Mixed bacterial infections were observed
in 11.4% patients. The microbiological distribution
showed statistically significant association with ulcer
severity and wound infection (p=0.021) (Table 7).

Debridement was the most commonly performed
procedure and was required in 42.9% of patients.
Conservative treatment was sufficient in 38.6% of cases.
Minor amputations were performed in 17.1% patients,
whereas major amputations were required in 11.4%. The
association between advanced ulcer grades and need for
surgical intervention was statistically significant
(p=0.003) (Table 8).

Table 9: Outcome according to Wagner grade.

Complete Minor Major

Wagner . . 5

rades healing amputation amputation value
& N(%) N (%) N (%)
Gradel 12(100) 0 0
ﬁ’”‘de 2091.7)  2(83) 0
Grade
o 14 (70.0) 4 (20.0) 2 (10.0) 0,00
fv”‘de 3(300) 4 (40.0) 3(30.0) 1)
S”‘de 0 1 (25.0) 3 (75.0)
Total — — —

All Wagner grade 1 ulcers healed completely. Healing
rates progressively declined with increasing Wagner
grade. Grade III ulcers showed increased rates of minor
and major amputations, while grade IV and V ulcers
demonstrated significantly poorer outcomes. Major
amputations were predominantly observed in grade IV
and grade V ulcers. Statistical analysis revealed a highly
significant association between increasing Wagner grade
and amputation rates (p<0.001) (Table 9).

DISCUSSION

DFU is one of the leading causes of hospitalization
among diabetic patients and represents a major cause of
non-traumatic lower limb amputation worldwide.!> The
present study evaluated the clinical profile, management,
and outcomes of diabetic foot ulcers according to
Wagner’s classification among 70 patients admitted to a
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tertiary care hospital in Northern India. The majority of
patients in the present study belonged to the age group of
51-60 years with male predominance. Similar findings
have been reported in previous Indian studies where
middle-aged and elderly males constituted the majority of
diabetic foot patients.16,17 Increased outdoor activity,
occupational trauma, smoking, and poor foot care
practices among males may explain this predominance.

Wagner Grade II ulcers were the most common ulcers
encountered in the present study. This finding is
consistent with studies conducted by Shahi et al and
Rastogi et al where deep ulcers involving tendon and
subcutaneous tissue were commonly observed at the time
of presentation.”!® Delayed healthcare seeking behaviour
and lack of awareness regarding foot care contribute
significantly to advanced ulcer grades in Indian
populations.

Peripheral neuropathy was present in 71.4% of patients
and emerged as the most important predisposing factor.
Neuropathy causes loss of protective sensation, altered
gait mechanics, dry skin, and increased plantar pressure
leading to ulcer formation.' Poor glycaemic control
observed in the majority of patients further impaired
wound healing and increased susceptibility to infection.

Infection remains a major determinant of morbidity in
diabetic foot wulcers. Deep tissue infection and
osteomyelitis were commonly associated with Wagner
grade III and IV ulcers. Prompt initiation of antibiotics
combined with surgical debridement is crucial for
infection control and limb preservation.?®?! Surgical
intervention was required in more than half of the
patients in the present study. Debridement was the most
commonly performed procedure, emphasizing the
importance of removal of necrotic tissue and reduction of
bacterial load for promoting healing. Minor and major
amputations were predominantly associated with Wagner
grade IV and V ulcers. Similar observations have been
documented in earlier Indian and international studies.??

A significant association was observed between higher
Wagner grades and increased amputation rates. Wagner
grade V ulcers demonstrated the poorest outcomes with
high rates of major amputation. These findings reaffirm
the prognostic significance of Wagner’s classification in
predicting treatment outcomes and guiding management
strategies.?® Early diagnosis, patient education, strict
glycaemic control, regular foot examination, smoking
cessation, and multidisciplinary diabetic foot care
programs can substantially reduce morbidity and
amputation rates.’* Recent advances including negative
pressure wound therapy, growth factor therapy, and
revascularization procedures have shown promising
results in selected patients.?

Clinical implications

The present study highlights the importance of early
diagnosis and prompt management of diabetic foot ulcers

to prevent severe complications and limb loss. Wagner’s
classification proved to be a simple and effective tool for
assessing ulcer severity, guiding treatment decisions, and
predicting prognosis. Early-stage ulcers responded well
to conservative treatment and debridement, whereas
advanced Wagner grades were associated with increased
infection, prolonged hospitalization, and higher
amputation rates.

The study emphasizes the need for regular foot
examination, strict glycaemic control, patient education,
early infection management, and multidisciplinary care to
reduce morbidity and improve limb salvage rates in
diabetic patients.

CONCLUSION

DFU remains a major complication of diabetes mellitus
associated with considerable morbidity, prolonged
hospitalization, and risk of lower limb amputation.
Wagner’s classification provides a simple, practical, and
reliable method for evaluating ulcer severity and planning
management. Early diagnosis, aggressive infection
management, strict glycaemic control, regular wound
care, and timely surgical intervention play a crucial role
in improving healing outcomes and reducing amputation
rates. Advanced Wagner grades are significantly
associated with poor prognosis and increased need for
major amputations. Implementation of structured diabetic
foot care programs, patient education initiatives, and
multidisciplinary management approaches are essential
for reducing the burden of diabetic foot disease in India.
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