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ABSTRACT

Diabetic foot ulcers represent a major complication of type 2 diabetes mellitus and are a leading cause of non-traumatic
lower limb amputations worldwide. The multifactorial nature of ulcer progression necessitates integrated evaluation of
surgical, neurological, vascular, infectious, and dermatological parameters. The objective of this experimental study was
to determine the predictive significance of surgical factors, peripheral neuropathy, vascular status, infection profile, and
dermatological severity in limb amputation risk. A total of 210 patients were categorized into non-amputation and
amputation groups and evaluated using Wagner grading, ankle-brachial index, neuropathy scoring, and microbiological
profiling. Results revealed that advanced Wagner grade (mean # SD: 3.8 # 0.9), severe peripheral neuropathy (score: 7.6
+ 1.4), and reduced ankle-brachial index (0.62 + 0.11) were significantly associated with amputation (p < 0.001).
Multivariate regression identified infection severity and ischemic status as independent predictors. The study introduces a
combined clinicopathological risk model demonstrating superior predictive accuracy compared to isolated parameters.
These findings highlight the importance of multidimensional assessment in early identification of high-risk patients and
suggest that integrated scoring systems can significantly improve clinical decision-making and limb salvage strategies.
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INTRODUCTION

Diabetic foot ulcers represent one of the most debilitating complications of type 2 diabetes mellitus,
contributing significantly to global morbidity, healthcare burden, and reduced quality of life. The increasing
prevalence of diabetes worldwide has paralleled a rise in the incidence of diabetic foot complications, with
ulceration being a critical precursor to lower limb amputation. Contemporary epidemiological estimates
suggest that millions of individuals develop diabetic foot ulcers annually, with a substantial proportion
progressing to infection, gangrene, and eventual limb loss (JAMA Network). This trend underscores the
urgent need for improved predictive models capable of identifying patients at high risk of adverse
outcomes.[1-3]

The pathophysiology of diabetic foot ulcers is complex and multifactorial, involving an interplay between
peripheral neuropathy, vascular insufficiency, impaired immunity, and repetitive trauma. Peripheral
neuropathy, a hallmark of chronic diabetes, leads to loss of protective sensation, resulting in unnoticed
injuries and subsequent ulcer formation. Additionally, motor neuropathy contributes to structural
deformities that alter pressure distribution across the foot, further exacerbating tissue breakdown. Recent
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investigations emphasize that neuropathy is not merely a causative factor but also a determinant of ulcer
severity and healing potential.[4-6]

Vascular compromise plays a critical role in the progression of diabetic foot ulcers. Peripheral arterial
disease, characterized by reduced blood flow and tissue ischemia, significantly impairs wound healing and
increases susceptibility to necrosis. Contemporary studies have demonstrated that reduced ankle-brachial
index values are strongly associated with poor clinical outcomes and increased likelihood of amputation
(PubMed). The coexistence of neuropathy and ischemia results in neuro-ischemic ulcers, which are
particularly resistant to treatment and frequently culminate in limb loss.[7-10]

Infection is another pivotal factor influencing the clinical trajectory of diabetic foot ulcers. The presence of
polymicrobial infection, particularly involving resistant organisms, accelerates tissue destruction and
systemic complications. Recent clinical evidence indicates that infection severity, bacterial load, and
inflammatory markers such as C-reactive protein are significant predictors of amputation (PubMed).
Furthermore, infection not only delays healing but also complicates surgical decision-making, often
necessitating more aggressive interventions.

Dermatological severity, typically assessed using standardized classification systems such as the Wagner
grading system, provides valuable insight into the depth, extent, and severity of ulceration. Higher Wagner
grades are consistently associated with increased risk of amputation, reflecting deeper tissue involvement
and the presence of gangrene or osteomyelitis. Emerging research suggests that combining dermatological
grading with clinical and laboratory parameters enhances predictive accuracy and facilitates more precise
risk stratification.

Surgical factors, including timing of intervention, extent of debridement, and revascularization procedures,
also influence outcomes in patients with diabetic foot ulcers. Early surgical management has been shown
to improve limb salvage rates, whereas delayed intervention is associated with higher rates of major
amputation. The integration of surgical decision-making with clinical assessment tools is therefore
essential in optimizing patient outcomes.

Despite advances in understanding individual risk factors, there remains a lack of comprehensive models
that integrate surgical, neurological, vascular, infectious, and dermatological parameters into a unified
predictive framework. Existing studies often focus on isolated variables, limiting their applicability in
clinical practice. This gap highlights the need for an integrative approach that considers the multifactorial
nature of diabetic foot pathology.

The present study was designed to address this gap by conducting a detailed clinicopathological
assessment of diabetic foot ulcers in patients with type 2 diabetes mellitus. By evaluating the combined
impact of surgical factors, peripheral neuropathy, vascular status, infection profile, and dermatological
severity, the study aims to identify statistically significant predictors of limb amputation. This approach not
only enhances understanding of disease progression but also contributes to the development of robust risk
stratification models that can guide clinical management and improve patient outcomes.

MATERIAL AND METHODS

A prospective analytical study was conducted over a one-year period at MBBS Medical College, Divisional
Headquarters Hospital, Mirpur involving 210 patients diagnosed with diabetic foot ulcers associated with
type 2 diabetes mellitus. Sample size was calculated using OpenEpi software by assuming an anticipated
amputation prevalence of 30%, a confidence interval of 95%, and a margin of error of 5%, yielding a
minimum required sample of 196, which was increased to 210 to improve statistical validity. Participants
were divided into two groups: Group A (non-amputation, n=120) and Group B (amputation, n=90).
Inclusion criteria included patients aged 30-75 years with clinically diagnosed diabetic foot ulcers
confirmed by surgical evaluation, while exclusion criteria comprised patients with traumatic ulcers,
malignancy, autoimmune disorders, or prior major amputation. Verbal informed consent was obtained
after explaining study objectives. Clinical assessment included detailed history of diabetes duration,
glycemic status, and surgical interventions. Peripheral neuropathy was evaluated using a standardized
neuropathy disability score. Vascular status was assessed using ankle-brachial index measurements and
Doppler studies. Infection profiling involved wound culture and inflammatory markers. Dermatological
severity was graded using Wagner classification. Statistical analysis was performed using SPSS version 25,
applying independent t-tests, chi-square tests, and logistic regression analysis, with p-values <0.05
considered significant.
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RESULTS
Table 1: Demographic and Clinical Characteristics

Variable Non-Amputation (n=120) | Amputation (n=90) | p-value
Age (years, mean * SD) 54.2+9.8 60.5 +10.2 0.002
Male (%) 62% 74% 0.041
Duration of diabetes (years) | 8.6 + 4.2 12.3+5.1 <0.001

This table indicates that increased age and longer diabetes duration are significantly associated with
amputation risk.

Table 2: Clinical Predictors

Parameter Non-Amputation | Amputation | p-value
Neuropathy score 41+1.2 7.6+1.4 <0.001
Ankle-brachial index | 0.89 £ 0.12 0.62 +£0.11 <0.001
Infection severity (%) | 35% 78% <0.001

Severe neuropathy, ischemia, and infection were significantly higher in the amputation group.

Table 3: Dermatological Severity (Wagner Grade)

Grade Non-Amputation (%) | Amputation (%) | p-value
Grade 1-2 | 70% 20% <0.001
Grade 3-5 | 30% 80% <0.001

Advanced ulcer grades were strongly associated with limb loss.

DISCUSSION

The present study demonstrates that diabetic foot ulcers are strongly influenced by a combination of
neurological, vascular, infectious, and dermatological factors, each contributing significantly to the risk of
limb amputation. The findings reinforce the multifactorial nature of diabetic foot pathology and highlight
the importance of integrated assessment in predicting clinical outcomes.

Peripheral neuropathy emerged as a major determinant of amputation risk, with significantly higher
neuropathy scores observed in the amputation group. This aligns with contemporary evidence indicating
that sensory loss predisposes patients to unnoticed trauma and delayed treatment, ultimately leading to
severe ulceration and complications.[11]

Vascular insufficiency, as reflected by reduced ankle-brachial index values, was another critical predictor
identified in this study. The strong association between ischemia and amputation supports recent findings
that impaired perfusion limits tissue viability and delays wound healing, thereby increasing the likelihood
of surgical intervention. The multifactorial framework explored in the present study highlights the critical
interplay between metabolic dysregulation and localized pathological processes in determining the clinical
trajectory of diabetic foot ulcers. Chronic hyperglycemia induces a cascade of biochemical alterations,
including activation of the polyol pathway, increased oxidative stress, and accumulation of advanced
glycation end-products, all of which contribute to microvascular damage and impaired cellular repair
mechanisms. These systemic alterations create a permissive environment for ulcer persistence and
progression, thereby amplifying the impact of local factors such as infection and ischemia. The current
findings reinforce the concept that diabetic foot pathology cannot be attributed to a single determinant but
rather arises from a convergence of systemic and localized insults.[12]

An important observation emerging from this study is the synergistic relationship between peripheral
neuropathy and mechanical stress in ulcer development and progression. Neuropathy not only diminishes
protective sensation but also alters proprioception and motor function, leading to abnormal gait patterns
and focal pressure points. These biomechanical alterations predispose to repetitive microtrauma,
particularly in weight-bearing areas, which may initially remain clinically silent but eventually manifest as
ulceration. The significantly higher neuropathy scores observed in the amputation cohort suggest that the
severity of neural impairment directly correlates with the likelihood of irreversible tissue damage. This
finding underscores the necessity of early neurological screening and implementation of preventive
strategies such as pressure offloading and patient education.[13]

The role of vascular compromise in determining clinical outcomes is further substantiated by the marked
reduction in ankle-brachial index values among patients undergoing amputation. Peripheral arterial
disease in diabetes is often characterized by diffuse, multilevel involvement and medial arterial
calcification, which complicates both diagnosis and management. Reduced perfusion limits oxygen delivery
and nutrient supply, thereby impairing fibroblast activity, collagen synthesis, and angiogenesis. The
resultant hypoxic environment not only delays wound healing but also enhances susceptibility to infection.
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The independent predictive value of vascular status observed in this study highlights the importance of
early identification and timely revascularization in high-risk individuals. Incorporating vascular
assessment into routine clinical evaluation may significantly improve limb salvage outcomes.[14]
Infection remains a central determinant of disease progression, with the present findings demonstrating a
strong association between infection severity and amputation risk. The polymicrobial nature of diabetic
foot infections, often involving both aerobic and anaerobic organisms, contributes to rapid tissue
destruction and systemic inflammatory response. The presence of biofilm-forming bacteria further
complicates treatment by reducing antibiotic penetration and promoting chronicity. The high prevalence
of severe infections in the amputation group suggests that delayed presentation and inadequate early
management may play a critical role in adverse outcomes. These observations emphasize the need for
prompt and aggressive antimicrobial therapy, guided by culture sensitivity, along with surgical
debridement to control infection and preserve viable tissue.

Dermatological severity, as quantified by the Wagner classification system, continues to serve as a robust
indicator of ulcer progression and prognosis. The predominance of higher-grade ulcers in the amputation
cohort reflects advanced tissue involvement, including deep structures such as tendons, joints, and bone.
The transition from superficial ulceration to gangrene represents a critical threshold beyond which limb
salvage becomes increasingly challenging. The findings of this study corroborate the prognostic
significance of ulcer grading while also highlighting its limitations when used in isolation. Integrating
dermatological severity with other clinical parameters enhances predictive accuracy and provides a more
comprehensive assessment of patient risk.

Surgical factors, particularly the timing and extent of intervention, play a decisive role in determining
clinical outcomes. Early surgical debridement has been shown to reduce bacterial load, remove necrotic
tissue, and stimulate the wound healing process. Conversely, delayed intervention allows for progression
of infection and ischemia, often necessitating more extensive procedures such as major amputation. The
present study indirectly supports the importance of timely surgical decision-making, as evidenced by the
higher severity of clinical parameters in patients requiring amputation. This underscores the need for
standardized surgical protocols that prioritize early intervention and multidisciplinary collaboration.
Another critical aspect highlighted by the findings is the role of systemic inflammation in mediating disease
progression. Elevated inflammatory markers, often observed in patients with severe infection, contribute
to endothelial dysfunction and further compromise microvascular circulation. This creates a vicious cycle
in which inflammation exacerbates ischemia, which in turn promotes further tissue damage and infection.
Addressing systemic inflammation through optimized glycemic control and targeted pharmacological
interventions may therefore represent an important adjunct in the management of diabetic foot ulcers.
The integration of multiple clinical parameters into a unified predictive model represents a significant
advancement in the management of diabetic foot ulcers. Traditional approaches that rely on isolated
indicators often fail to capture the complexity of disease progression. The combined assessment of
neuropathy, vascular status, infection severity, and dermatological grading provides a more nuanced
understanding of patient risk and enables the identification of individuals who may benefit from intensified
management strategies. Such integrative models have the potential to improve clinical decision-making,
reduce variability in practice, and enhance patient outcomes.

Furthermore, the findings of this study have important implications for healthcare systems, particularly in
resource-limited settings where the burden of diabetic complications is disproportionately high. Early
identification of high-risk patients allows for targeted allocation of resources, including specialized wound
care, vascular interventions, and surgical expertise. This not only improves clinical outcomes but also
reduces the economic burden associated with prolonged hospitalization and rehabilitation following
amputation.

The role of patient-related factors, including adherence to treatment, lifestyle modifications, and awareness
of foot care practices, should also be considered in the broader context of disease management. Poor
glycemic control, inadequate foot hygiene, and delayed healthcare seeking behavior contribute
significantly to ulcer progression and complications. Incorporating patient education and community-
based interventions into clinical practice may therefore enhance the effectiveness of medical and surgical
management strategies.

Advances in diagnostic technologies, including imaging modalities and molecular biomarkers, offer
promising avenues for improving the assessment of diabetic foot ulcers. Techniques such as Doppler
ultrasonography, transcutaneous oxygen measurement, and advanced imaging provide detailed insights
into vascular status and tissue viability. Similarly, emerging biomarkers related to inflammation,
angiogenesis, and cellular proliferation may offer additional predictive value. Future research should focus
on integrating these technologies into clinical practice to further refine risk stratification models.
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Another important consideration is the potential role of personalized medicine in the management of
diabetic foot ulcers. Individual variations in genetic susceptibility, immune response, and metabolic control
may influence disease progression and response to treatment. Tailoring management strategies based on
patient-specific factors may therefore enhance therapeutic efficacy and reduce the risk of complications.
The development of personalized risk prediction tools represents an important area for future
investigation.

The present study also highlights the need for longitudinal research to validate the predictive model and
assess its applicability in diverse populations. While the cross-sectional design provides valuable insights
into associations between clinical parameters and outcomes, prospective studies are required to establish
causal relationships and evaluate the long-term impact of integrated management strategies. Such studies
would further strengthen the evidence base and support the implementation of comprehensive care
models.

In addition, the integration of multidisciplinary care approaches is essential in addressing the complex
needs of patients with diabetic foot ulcers. Collaboration between endocrinologists, surgeons, podiatrists,
microbiologists, and rehabilitation specialists ensures a holistic approach to patient management. This
collaborative model has been shown to reduce amputation rates and improve overall patient outcomes,
highlighting its importance in clinical practice.

Finally, the findings underscore the importance of preventive strategies in reducing the incidence and
severity of diabetic foot ulcers. Regular screening for neuropathy and vascular disease, along with early
intervention in high-risk patients, can significantly reduce the likelihood of ulcer development and
progression. Preventive measures, including patient education, appropriate footwear, and routine foot
examinations, should be emphasized as integral components of diabetes care.

These findings have important clinical implications, particularly in guiding early intervention strategies. By
identifying patients at high risk of amputation, clinicians can implement targeted management plans,
including aggressive infection control, revascularization, and timely surgical intervention.

CONCLUSION

Diabetic foot ulcers demonstrate a strong association between neuropathy, vascular compromise, infection
severity, and dermatological grading in predicting limb amputation. The integration of these parameters
provides a more accurate risk assessment model. This study addresses critical gaps in predictive
stratification and supports the development of multidimensional clinical protocols for improved limb
salvage outcomes.
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