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ABSTRACT

BACK GROUND

Diabetes mellitus presents a significant challettgglobal healthcare systems, with
diabetic ulcers being a major complication. Despitltvances in wound care, these
ulcers often resist conventional treatments, laatiinprolonged patient suffering and
substantial healthcare costs. Recent interestpitdbinsulin therapy stems from its
potential to improve wound healing outcomes by asdsing underlying
pathophysiological mechanisms disrupted by chromigperglycemia. While
preclinical studies suggest efficacy, clinical @nde remains limited and
inconclusive due to methodological shortcomingggarRius, well-designed clinical
trials are needed to evaluate the true effectivers@stopical insulin therapy in

managing diabetic ulcers and filling current knaige gaps.

OBJECTIVE

e To assess the effectiveness of the topical insafiplication in diabetic
patients and To Compare the effectiveness of tbpitaulin application

versus normal Saline dressings in diabetic patients

METHODS

Seventy patients with diabetic ulcers were evenhddd into two groups for a trial.
Group A received insulin dressing, and Group B irezEnormal saline dressing. The
trial evaluated outcomes such as reduction in wosind, presence of granulation

tissue, and wound preparation time as key metrics.

viii



RESULTS

Group A exhibited a significant 50.1% decrease oumd size throughout the study,
whereas Group B showed a more modest reduction6®&9%. This disparity in
wound size reduction between the groups strongljcates that insulin dressing is

more effective in enhancing the healing of diabelers.

CONCLUSION

Research findings indicate that using insulin sirgg topically notably enhances the
healing of diabetic ulcers compared to normal satinessing, mainly supported by

substantial reductions in wound size.
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I ntroduction

INTRODUCTION

Diabetes mellitus poses a significant challenge to healthcare systems globally,
with diabetic ulcers representing a major complication associated with the condition
[1]. Despite advances in wound care, diabetic ulcers often resist conventional
treatments, leading to prolonged suffering for patients and substantial healthcare costs
[1,2]. In recent years, interest has grown in the potential of topical insulin therapy to

enhance wound healing outcomes in diabetic ulcers[3].

The rationale behind topical insulin therapy lies in its ability to address the
underlying pathophysiological mechanisms that impair wound healing in diabetes [4].
Chronic hyperglycaemia disrupts multiple aspects of the wound healing process,
including inflammation, angiogenesis, and collagen synthesis [4]. Topical insulin
administration offers a targeted approach to deliver exogenous insulin directly to the

wound site, circumventing systemic insulin resistance and promoting tissue repair [2].

Although preclinical research has shown that topical insulin is effective in
accelerating wound healing [2,3], clinical evidence supporting its use remains limited
and inconclusive [5]. Existing studies suffer from methodological limitations,
including small sample sizes, heterogeneity in patient populations, and variations in
treatment protocols [6]. Consequently, there is a need for well-designed clinical trias
to rigorously evaluate the effectiveness of topical insulin therapy in diabetic ulcer

management[6].

In order to close this knowledge gap, a prospective, randomized controlled
trial evaluating the impact of topical insulin on the healing of diabetic ulcersis being

proposed[6]. By comparing outcomes between patients receiving topical insulin
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therapy and those receiving standard wound care, the study seeks to elucidate the
potential benefits of topical insulin in improving wound healing rates, reducing

wound size, and preventing complications[2].

Key outcome measures will include wound size reduction, time to healing, and
incidence of complicationg3][5]. These measures will be assessed using standardized
techniques and will be compared between the case and control groups [3].
Additionally, this study will explore potential mechanisms underlying the therapeutic
effects of topical insulin, such as its impact on wound microcirculation, growth factor

expression, and tissue remodelling [4] [5][6].
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Objectives

OBJECTIVE OF THE STUDY

e To assess the effectiveness of the topical insulin application in diabetic

patients

* To Compare the effectiveness of topical insulin application versus normal

Saline dressings in diabetic patients
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Review Of Literature

REVIEW OF LITERATURE

Introduction to Diabetes Mellitus

Diabetes mellitus (DM) is a chronic metabolic dier characterized by

elevated blood glucose levels, often referred thyaperglycaemia.

This chapter provides an overview of diabetes moalli including its

definition, types, epidemiology, risk factors, agtiblogy.

1.1 Definition- Diabetes mellitus is a group of diseases chatiaetd by high blood

sugar levels over a prolonged period. The conditidees due to defects in insulin
secretion, insulin action, or both, leading to imn@a glucose metabolism.
Hyperglycaemia, the hallmark of diabetes, can caas®mus complications affecting

multiple organ systems[7].

1.2 Types of Diabetes Mellitus

There are several types of diabetes mellitus, atthdistinct etiologies and clinical

presentations:

- Type 1 Diabetes Mellitus (T1DM): An autoimmune dise characterized by
the destruction of pancreatic beta cells, resulitmpsulin deficiency. TIDM

typically presents in childhood or adolescence[8].

- Type 2 Diabetes Mellitus (T2DM): The most commomif diabetes, often
associated with insulin resistance and relativaulinsdeficiency. T2DM
primarily affects adults but is increasingly diagad in children and

adolescents|[9].
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- Gestational Diabetes Mellitus (GDM): Diabetes diaggd during pregnancy,
typically resolving after childbirth. GDM increasése risk of maternal and

fetal complications[10].

— Other Types: This category includes specific forafisdiabetes caused by
genetic mutations, pancreatic disease, drug-inddaetbrs, and endocrine

disorders[11].

1.3Epidemiology of Diabetes Mellitus

Diabetes mellitus has reached epidemic proportighsbally, with a
significant impact on public health. Aging poputais, sedentary lifestyles, poor
diets, and obesity are among the factors that baea linked to a steady increase in
the prevalence of diabetes[12]. Both developeddewkloping countries are affected
by the diabetes burden, with substantial variationsevalence rates among different

populations[13].

G

Lote
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China -
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Image 1 - Epidemioloqy of Diabetes Mellitus
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1.4 1t is more likely to develop diabetes mellitus if ertain risk factors are

present, such as

- Genetic Predisposition: Diabetes may be more likelylevelop in families

where the disease has a history of diabetes[14].

- Obesity: A major risk factor for insulin resistaremed type 2 diabetes is excess

body weight, especially in the case of central asiiy[15].

- Sedentary Lifestyle: Physical inactivity increaies risk of type 2 diabetes by

causing obesity and insulin resistance[16].

- Unhealthy Diet: A diet heavy in sugars, refinedbodrydrates, and saturated
fats, with little consumption of fruits, vegetableand fiber, is linked to a

higher risk of developing diabetes[17].

Image 2 - risk factors of diabetes mellitus
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1.5Etiology

Diabetes mellitus has a complex etiology that im@sl interactions between
genetic, environmental, and lifestyle factors. T2DM primarily influenced by
lifestyle factors such as diet, physical activignd obesity[18], whereas genetic
predisposition plays a significant role in TLDM[1%ther factors, including viral
infections, autoimmune reactions, and gestationfiiences, also contribute to the

development of Diabetes mellitus[20].
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Pathophysiology - Diabetes Mellitus

Diabetes Mellitus (DM) is characterized by dysregion of glucose
metabolism, resulting in elevated blood glucoseelevThis chapter delves into the
underlying pathophysiology of diabetes mellitusic&dating the normal mechanisms
of glucose metabolism, insulin secretion, and imswction, as well as the

disturbances that occur in diabetes.

2.1 Normal Glucose Metabolism

Glucose, the primary source of energy for cellsdemgoes metabolism
through a series of biochemical pathways. Afteestgpn of carbohydrates, glucose is
absorbed into the bloodstream from the gastroimistract. Insulin, a hormone
essential for peripheral tissues to absorb andglussse, is secreted by pancreatic
beta cells in response to elevated blood glucoselde Insulin facilitates the
conversion of glucose to glycogen for storage @ insglycolysis to produce energy

by promoting the uptake of glucose into cells, ipatarly muscle and adipose tissue

[21].
Glucose enters
Insulin enters bloodstream from Healthy balance of
bloodstream digestive system glucose and insulin
from pancreas and liver circulate in bloodstream

.;' )

/$ e

Insulin leaves In response to

bloodstream Cell insulin, cell takes
and binds to cell 8 up glucose, which
is used as a fuel
Normal use 3,;‘;

of glucose Cell nucleus

Image 4 — Normal glucose metabolism
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2.2Mechanisms of Insulin Secretion

Insulin secretion is tightly regulated by complexeahanisms involving
glucose sensing and signalling pathways within peatec beta cells. Glucose is
transported into beta cells by glucose transpo(8t$JT2), where it is metabolized
and produces more ATP. The depolarization of tHensembrane, closure of ATP-
sensitive potassium channels, and subsequent ioflgalcium ions are all caused by
elevated ATP levels. Insulin-containing vesicles arocytosed when calcium enters

the bloodstream, releasing the insulin into theutation[22].

o Pancrcallc — S;’ﬂ“l"'m
% nsulin
Type | - cells Tyvpe 2
d")bp:l'" secretion Impaired dyt[:t
"’”_ S Destruction of B-Cells Insulin "‘”. o
mellitus 1 Which causes insulin deficiency ln\uhn secretion mellitus

o . ‘\Ndnu.
Reduction of glucose utilization «

'

]

AAAL H l
\\ yperglycemia
pce ' iver ]

Kldncy

Adipose tissue Diabetic
E nhunccd protein
- . . ” ) SIS
Enhanced lipolysis - Ketoacidosis

- : catabolism- amino acids | :
free fatty acids Ketonuria &

i' / Diabetic Coma Glycosu’riu
v
: ] t |

Insulin Deficiency Volume depletion+—— Polyuria

v |
'

Image 5 — Mechanism of Insulin secretion
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2.3 Disruption of Glucose Homeostasis in Diabetes

In diabetes mellitus, defects in insulin secretiosulin action, or both disrupt
glucose homeostasis, leading to hyperglycemia. thloeprimary forms of Diabetes

Mellitus, type 1 and type 2, exhibit distinct pgbhgsiological mechanisms:

- Type 1 Diabetes Mellitus (T1DM): T1DM is defined kige autoimmune
destruction of beta cells in the pancreas, whiclvde the patient completely
insulin deficient. Autoimmune reactions, possibtiggered by genetic and
environmental factors, lead to the production dbaatibodies targeting beta
cell antigens[23]. Progressive beta cell destractrapairs insulin secretion,
leading to uncontrolled hyperglycemia [24].

- Type 2 Diabetes Mellitus (T2DM): T2DM is primarilgttributed to insulin
resistance, whereby target tissues exhibit reduesgonsiveness to insulin
action. Initially, compensatory hyperinsulinemia imains normoglycemia;
however, over time, beta cell dysfunction and imsweficiency develop,
exacerbating hyperglycemia [25]. Additionally, dygulated hepatic glucose
production and impaired incretin hormone signalcantribute to glucose

dysregulation in T2DM[26].

Clinical Presentation and Diagnosis

Diabetes mellitus (DM) manifests clinically in adei range of ways, from
minor symptoms to serious consequences. This ahaptknes the typical signs and
symptoms of diabetes, along with the diagnostiteda and approaches used to

confirm the diagnosis.
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3.1 Symptoms of Diabetes Mellitus

The type, duration, and severity of the diseaseafitct how diabetes mellitus

manifests clinically. Common signs and symptomsuithe:

Polyuria: Osmotic diuresis caused by high bloodcgée levels that leads to
excessive urination[27].

Polydipsia: Increased thirst, often accompaniediyymouth, as a response to
polyuria and dehydration[27].

Polyphagia: Excessive hunger and increased foakentdriven by cellular
starvation despite high blood glucose levels[27].

Weight Loss: Some people lose weight unintentignaspecially those with
type 1 diabetes or poorly controlled type 2 diakf€].

Fatigue: Persistent tiredness and lack of energgsiply due to cellular
energy depletion and metabolic imbalances[27].

Blurred Vision: Temporary visual disruptions mayuk from variations in
blood glucose levels impacting the lens's refractivaracteristics[27].

Slow Wound Healing: Impaired wound healing and resnt infections may

occur due to compromised immune function and mascular damage[27].

3.2 Diagnostic Criteria for Diabetes Mellitus

Diagnosis of diabetes mellitus is established basedaboratory tests and

clinical criteria. The following diagnostic criterare commonly used:
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- Fasting Plasma Glucose (FPG): Diabetes mellitumdgcated by a fasting
plasma glucose level 0£126 mg/dL (7.0 mmol/L) on two different
occasions[28].

— Oral Glucose Tolerance Test (OGTT): Two hours af@mmsuming 75 grams
of glucose, a plasma glucose leveb@D0 mg/dL (11.1 mmol/L) indicates the
presence of diabetes mellitus[28].

- Haemoglobin Alc (HbAlc): An HbAlc leve6.5% (48 mmol/mol) indicates
diabetes mellitus[28]. HbAlc is less affected bgiden swings and represents
average blood glucose levels over the past threghsf28].

- Random Plasma Glucose: Diabetes mellitus is coefirtmy a random blood
glucose level 0200 mg/dL (11.1 mmol/L) in the presence of chandstie

hyperglycaemia symptoms|[28].

HbA1C >6.5
Fasting Blood sugar >126mg/dl
2 hour plasma glucose > 200 mg/dl
> 200 mg/dI
Random plasma glucose
with symptoms of hyperglycemia

Table 1 - Criteria for diagnosis of diabetes métus
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3.3Screening and Diagnostic Approaches

For asymptomatic people with risk factors like atyesa family history of
diabetes, or gestational diabetes in prior pregeanscreening for diabetes mellitus
is advised[29]. Screening tests may include FasBrasma Glucose (FPG), Oral
Glucose Tolerance Test (OGTT), or Haemoglobin AdbA1c) measurements[29].
Furthermore, continuous glucose monitoring (CGM)ickes or glucometers for point-

of-care testing may help in the diagnosis and mamagt of diabetes mellitus[30].

3.4 Differential Diagnosis

Several conditions may mimic the clinical presdotatof diabetes mellitus,

necessitating a thorough differential diagnosissehconditions include:

- Other Endocrine Disorders: Disorders affectingtthgoid, adrenal glands, or
pituitary gland may present with symptoms simiadiabetes mellitus[31].

- Renal Disorders: Chronic kidney disease can legmblguria, polydipsia, and
electrolyte imbalances, mimicking diabetes mel[Ba$.

- Medications: Certain medications, such as corteroads, diuretics, and
antipsychotics, can induce hyperglycemia and mirtie symptoms of

diabetes mellitus[33].

Complications of Diabetes Mellitus

Complications of diabetes mellitus can affect vasicorgan systems and
significantly impact the quality of life and overhkalth outcomes of individuals with
the condition. The microvascular and macrovascttanplications, along with other

potential consequences connected to diabetespaeeel in this chapter[34].
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Image 6 — Complications of diabetes mellitus

4.1 Microvascular Complications

- Small blood vessels are the main target of micromias complications, which
include:
— Diabetic retinopathy: Impairment of vision and blitess due to damage to the

blood vessels in the retina[35].
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Diabetic nephropathy: Proteinuria, hypertensiond adtimately end-stage
renal disease are the outcomes of kidney destnj8th

Diabetic neuropathy: Damage to the nerves resultingensory, motor, and
autonomic dysfunction; this can cause gastroimtakgproblems, foot ulcers,

and neuropathic pain[37].

4.2 Macrovascular Complications

Macrovascular complications are linked to cardioudar disease and entail massive

blood vessels, including:

Coronary Artery Disease (CAD): Coronary artery oaing or blockage,
which can result in angina, heart failure, and nayd@l infarction[38].
Cerebrovascular Accident: Transient ischemic attaaike to impaired blood
flow to the brain[39].

Peripheral Arterial Disease: Reduced blood flowthe extremities, resulting

in claudication, non-healing ulcers, and limb isoied40].

4.3 Other Complications

Other complications associated with diabetes roslinnclude:

Diabetic Foot Complications: Foot ulcers, infeciprand gangrene due to
peripheral neuropathy, poor circulation, and imgawound healing[41].

Skin Complications: Increased susceptibility tonskiafections, necrobiosis
lipoidica, and diabetic dermopathy[42].

Oral Health Complications: Periodontal disease, talecaries, and oral

candidiasis due to impaired immune function andaksd glucose levels[43].
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Introduction to Diabetic Ulcers

Diabetic ulcers are a significant complication o&b#tes mellitus, posing
serious health risks and challenges to affectetvichehls. This chapter provides an
overview of diabetic ulcers, including their defian, types, prevalence, risk factors,

and the impact they have on quality of life andltheare systems.

5.1 Definition and Types of Diabetic Ulcers

Diabetic ulcers refer to open sores or wounds tieatelop on the skin of
individuals with diabetes, most commonly on thet.fe® number of conditions,
including peripheral neuropathy, peripheral vascdisease, and poor wound healing,
contribute to the development of these ulcers. &tae several types of diabetic
ulcers, including neuropathic ulcers, ischemic rdcand neuroischemic ulcers, each

with distinct pathophysiological mechanisms andichl characteristics[44].

5.2 Epidemiology and Prevalence

A typical side effect of diabetes mellitus is diabeilcers, especially in those
with the condition for a long time or poorly mandgége, length of diabetes, the
existence of comorbidities, and access to heakhea® some of the variables that
affect the prevalence of diabetic ulcers. It isneated that up to 25% of diabetics will
develop a foot ulcer at some point in their liv@kis has serious consequences for

healthcare expenses, morbidity, and mortality[45].
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5.3 Risk Factors for Diabetic Ulcers

Several factors increase the risk of developingetia ulcers, including:

Peripheral Neuropathy: Damage to peripheral neredsices sensation and

increases the likelihood of trauma and injury[46].

- Peripheral Vascular Disease: Impaired blood flovih® extremities hampers
wound healing and tissue repair[47].

- Foot deformities: Pressure points and skin detatimn result from structural
anomalies such as bunions, hammertoes, and Claatateformities[48].

- Poor glycemic Control: Increased blood sugar lewesaken the body's

defenses against infection and hinder wound hgdjg

5.4 Impact on Quality of Life and Healthcare Burden

Diabetic ulcers can have profound effects on thgsigal, emotional, and
socioeconomic well-being of affected individualdir@nic ulcers are associated with
pain, reduced mobility, decreased productivity, amdeased risk of infection and
amputation. The management of diabetic ulcers plagesignificant burden on
healthcare systems, requiring specialized woune, eaultidisciplinary interventions,

and long-term follow-up to prevent complicationslamprove outcomes [50].

5.5 Pathophysiology of Diabetic Ulcers

Impairment of immunological function, peripheral un@pathy, peripheral
vascular disease, aberrant wound healing mechanismd other complicated
interactions between many physiological and patjiod variables are the root
causes of diabetic ulcers. The basic processeadéie emergence and advancement

of diabetic ulcers are examined in this chapter.
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Image 7— Pathophysiology of diabetic ulcers

Peripheral Neuropathy

Diabetic ulcer development is mostly influencedg®ripheral neuropathy, a
common consequence of diabetes mellitus. Autonomatpr, and sensory disorders
are caused by injury to the peripheral nerves.9%lThe loss of sensation to pain,
pressure, and temperature due to sensory neuropetkgs people more vulnerable to
undiscovered injuries and trauma. Affected gaitgvas and foot abnormalities are
partly caused by motor neuropathy, which also causeiscular weakness and
imbalance. [55-61] Autonomic neuropathy affects awgtand function, skin moisture
regulation, and blood flow regulation, exacerbatsign dryness, ischemia, and

susceptibility to injury
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Peripheral Vascular Disease (PVD)

Peripheral vascular disease is another key comtribto diabetic ulcer
formation. It encompasses a spectrum of vasculapratalities, including arterial
insufficiency, venous stasis, and microvascular fudygion. [62-65] Arterial
insufficiency diminishes blood flow to the lowertesmities, impairing oxygen and
nutrient delivery to tissues and compromising wobedling . Venous stasis leads to
edema, inflammation, and impaired venous returmcerbating tissue damage and
delaying ulcer healing. [66,67] Microvascular dysftion affects capillary
permeability and angiogenesis, disrupting the negiccolation and exacerbating

tissue hypoxia and ischemia .

Impaired Immune Function

Individuals with diabetes mellitus often exhibit paired immune function,
predisposing them to infections and delayed wowralihg . Hyperglycemia impairs
the function of immune cells, including neutrophitsacrophages, and lymphocytes,
compromising their ability to phagocytose pathoggmeduce cytokines, and mount
an effective immune response . Chronic inflamnmgtioxidative stress, and tissue
damage further disrupt the wound healing process perpetuate a protracted

inflammatory state, hindering tissue repair aneégnegation. [66-69]

Abnormal Wound Healing Processes

The wound healing process in diabetic ulcers isadtarized by aberrations in
the normal sequence of events, including inflamomatproliferation, and remodeling
. Chronic inflammation and impaired leukocyte rérnent prolong the inflammatory

phase, exacerbating tissue damage and delayindgrahsition to the proliferative
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phase. Deficient angiogenesis, fibroblast functiemmg extracellular matrix synthesis
impair tissue granulation and wound closure, pewigétg ulcer chronicity and
susceptibility to complications . Dysregulated gtiowfactor signaling, which
encompasses TGF-and VEGF (vascular endothelial growth factor) aghathers,

can worsen tissue repair processes and obstructdamealing. [67-71]

5.6 Clinical Presentation and Diagnosis of Diabetitlcers

Diabetic ulcers present with a variety of clinicahnifestations, ranging from
superficial wounds to deep, necrotic lesions. Eselyognition and prompt diagnosis

are essential for initiating appropriate managemedtpreventing complications.

Signs and Symptoms

Depending on the wound's location, intensity, amadgth of time, diabetic

ulcers might show differently clinically. A few tigal indications and symptoms are:

— Skin Breakdown: Ulcers typically manifest as open wounds or saneshe

feet, particularly over pressure points and aréaspetitive trauma [72].

— Tissue Necrosis Advanced ulcers may exhibit necrotic tissue, agsclor
gangrenous changes, indicating compromised blamd &#nd tissue viability

[73].

- Drainage and Exudate Ulcers may produce serous, purulent, or malodorou
drainage, reflecting the presence of infectionamimation, or necrotic tissue

[74].
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- Surrounding Tissue Changes Periwound skin may appear erythematous,
edematous, or macerated, indicating inflammatiorfiection, or moisture-

related damage [75].

— Pain or Discomfort: Some ulcers may be associated with pain, burrong,

discomfort, particularly if neuropathy is less sever absent [76].

Differential Diagnosis

The differential diagnosis of diabetic ulcers ird#g various other skin lesions

and wounds, such as:

Traumatic Ulcers: Wounds resulting from mechanical trauma, frictiam

pressure, including blisters, abrasions, and ldicexs[77].

- Venous Ulcers Ulcers secondary to chronic venous insufficiengypically
located around the ankles and characterized by siderin deposition and

venous stasis changes [78].

- Arterial Ulcers: Ischemic ulcers resulting from peripheral artedesease,
often located on the distal extremities and assediaith pallor, coolness, and

diminished pulses [79].

- Neuropathic Ulcers Ulcers related to peripheral neuropathy, commonly
found on weight-bearing areas of the feet and #s®at with loss of

protective sensation [80].
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Diagnostic Evaluation

The diagnostic evaluation of diabetic ulcers inesha comprehensive assessment of

the wound and surrounding tissues, including:

History and Physical Examination Detailed history-taking, including
diabetes duration, glycaemic control, and previglgsr history, coupled with
a thorough physical examination, aids in identifypotential risk factors and

guiding further evaluation [81].

Wound Measurement and Documentation Accurate measurement of ulcer
size, depth, and extent, along with photographicudwentation, provides

baseline data for monitoring wound progressiontasatment efficacy [82].

Wound Culture and Sensitivity Testing Collection of wound swabs or
tissue biopsies for microbiological analysis heligentify the causative

pathogens and guide antibiotic selection in inféctieers [83].

Vascular AssessmentEvaluation of peripheral pulses, ankle-brachmaleix
(ABI), and vascular imaging tools, such as Dopplatrasound or
angiography, aids in determining ischemia ulcemnidieation and vascular

perfusion assessment [84].

Neuropathic Assessment Assessment of sensory perception, vibration
sensation, and proprioception using standardizstd,tsuch as monofilament
testing and tuning fork examination, aids in detgciperipheral neuropathy

and assessing ulcer risk [72].
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5.7 Complications of Diabetic Ulcers

Untreated or improperly managed diabetic ulcers result in a number of
consequences that significantly impact patient @uis and quality of life. This
chapter examines the potential complications aasettiwith diabetic ulcers and the

implications for patient care and prognosis.

Infection

One of the most concerning complications of diabeticers is infection,
which can occur due to the compromised immune respand impaired wound
healing associated with diabetes mellitus. Badter@athogens, such as
Staphylococcus aureus, Streptococcus species, sedd®monas aeruginosa, can
colonize and proliferate within the ulcer bed, legdto local tissue invasion,
cellulitis, and systemic spread. Infected diabetoers may exhibit purulent drainage,
increased erythema, warmth, and tenderness, atehsgssigns of infection, such as
fever and leukocytosis. Delayed recognition anddésmate treatment of infected
ulcers can result in abscess formation, sepsis, liamotthreatening complications

necessitating urgent intervention [73].

Delayed Wound Healing

One typical consequence of diabetic ulcers is inggawound healing, which
can be caused by peripheral neuropathy, periplesadular disease, and changes in
growth factor signaling and extracellular matrix pdsition brought on by
hyperglycemia. Chronic inflammation, oxidative sgeand tissue hypoxia further
hinder the wound healing process, prolonging tlikanmmatory phase and inhibiting

tissue granulation and epithelialization. Delayeslnd healing increases the risk of
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secondary infections, exacerbates ulcer chronieityd heightens the likelihood of

complications, such as tissue necrosis and ampntgtd].

Tissue Necrosis and Gangrene

Severe diabetic ulcers may progress to tissue siscrand gangrene,
particularly in the setting of ischemia and infeati Necrotic tissue, including eschar
and slough, impedes wound healing, serves as & rimubacterial growth, and
contributes to local tissue damage and inflammaftidny gangrene, characterized by
dry, blackened tissue due to arterial occlusiony mecur in ischemic ulcers, while
wet gangrene, characterized by moist, malodor@sui¢i due to bacterial infection,
may develop in infected ulcers. Gangrenous chasggsfy critical limb ischemia
and necessitate urgent vascular assessment amdemtien to prevent irreversible

tissue loss and limb amputation [75].

Osteomyelitis

Diabetic ulcers that penetrate deep into the ssties may lead to contiguous
spread of infection to the underlying bone, resgltiin osteomyelitis. Bone
involvement in diabetic foot ulcers is associatedhwpersistent infection, poor
healing of wounds and increased risk of limb IdgShnical features suggestive of
osteomyelitis include localized bone tendernesghema, and swelling, sinus tract
formation, and non-healing ulcers despite appropri@ound care. Diagnosis of
osteomyelitis requires imaging studies, such as p&diography, magnetic resonance
imaging (MRI), or radionuclide bone scanning, ceablwith microbiological

sampling of bone tissue to confirm the presendgaoterial pathogens [76].

Page 24



Review Of Literature

Amputation

Perhaps the most devastating complication of diabatcers is lower
extremity amputation, which may be necessitatedsbyere infection, ischemia,
gangrene, or failed wound healing despite aggresseatment. Major lower limb
amputations, including below-knee and above-kneputations, are associated with
significant physical and psychological morbidityngaired mobility, and reduced
quality of life. Prevention of amputation requirearly recognition and aggressive
management of diabetic ulcers, including optimmatof glycemic control, wound
debridement, infection control, and revascular@atwhen indicated, in addition to
multidisciplinary foot care and patient educatialmgrams aimed at reducing ulcer

recurrence and minimizing limb loss [77].

Wound Healing Process in Diabetic Ulcers

Wound healing in diabetic ulcers is intricate aftém disrupted by underlying
pathophysiological factors associated with diabeteallitus. Understanding the
phases of wound healing and the factors that intleetissue repair is essential for
devising effective management strategies for diahdters. This chapter elucidates
the stages of diabetic ulcer wound healing andfadhat contribute to aberrations in

this process.

6.1 Phases of Wound Healing

Wound healing typically progresses through theofeihg sequential phases:

1. Inflammatory Phase The initial response to tissue injury involves
hemostasis, inflammation, and the recruitment fiummatory cells to the site

of the wound. In diabetic ulcers, chronic inflamimat may occur due to
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persistent tissue damage, impaired leukocyte fanctiand dysregulated
cytokine signalling, prolonging the inflammatory gde and delaying

subsequent stages of wound healing [78].

. Proliferative Phase During this phase, fibroblasts, endothelial celsd

keratinocytes migrate to the wound bed, leadinggtanulation tissue
formation, angiogenesis, and epithelialization. téec such as impaired
angiogenesis, deficient growth factor signallingd alysfunctional fibroblast
activity in diabetic ulcers can compromise tissuanglation and hinder

wound closure, resulting in chronic ulceration [79]

. Remodelling Phase In the final phase of wound healing, the extriutat

matrix undergoes remodelling, collagen synthesid degradation reach
equilibrium, and wound contraction occurs. Abeoas in collagen
deposition, cross-linking, and matrix metalloprotsie activity in diabetic
ulcers may lead to excessive scarring, fibrosisd ampaired tissue
remodelling, perpetuating ulcer chronicity and sypibility to recurrence

[80].
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Image 8 — Phases of wound healing

PHASE Cellular and Bio-physiologic events

Haemostasis e \asoconstriction

e Platelet plug and thrombus formatior]

Inflammation e Infiltration of Neutrophil’monocyte

(to Macrophage) lymphocyte

Proliferation Proliferation of epitheliocyte

e Neoangiogenesis
e Laying down of ECM and Collagen

fibres (Type III)

Remodelling e Type Il Type | collagen

e Fibroblast maturation and scar

regression

Table 2 — Phasesmafund healing
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6.2 Factors Affecting Healing in Diabetic Ulcers

Several intrinsic and extrinsic factors influenbe twvound healing process in diabetic

ulcers, including:

Peripheral Neuropathy: Loss of sensation and proprioception impairs
protective mechanisms and predisposes to traumanamg, delaying wound

detection and intervention [85].

Peripheral Vascular Disease Reduced blood flow and oxygen delivery
impair cellular metabolism, nutrient transport, andaste removal,

compromising tissue viability and wound healing][86

Glycaemic Control: Hyperglycaemia disrupts cellular metabolism, axike
stress, and inflammatory pathways, impeding leutedynction, growth
factor signalling, and collagen synthesis, therébydering wound healing

[87].

Infection: Bacterial colonization and biofilm formation exabate tissue
damage, inflammation, and delayed wound healingesstating aggressive

antimicrobial therapy and wound debridement [88].

Nutrition :  Malnutrition, micronutrient deficiencies, and mbtlic
abnormalities compromise cellular proliferationotein synthesis, and tissue

repair, impairing wound healing and recovery [89].

Pressure and ShearExcessive pressure and friction on weight-beasireas
contribute to tissue ischemia, necrosis, and ulicegranecessitating offloading

and pressure redistribution strategies to promeéditing [90].
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Management Strategies for Diabetic Ulcers

A multidisciplinary strategy is needed for the effee care of diabetic ulcers
in order to address the underlying pathophysiollgiauses, promote wound healing,
avoid complications, and improve patient outcomBss chapter outlines the key
components of management strategies for diabetersyl including wound care

techniques, offloading, and adjunctive therapids99].

7.1 Wound Debridement Techniques

Because it removes necrotic tissue, biofilm, anbdrideand promotes the
growth of healthy granulation tissue, wound dehridat is essential to the healing

process of wounds. Various debridement techniquesba employed, including:

- Sharp Debridement Surgical removal of devitalized tissue using gesl
scissors, or curette, performed by trained healthgaoviders in a sterile

setting [96].

- Mechanical Debridement Non-invasive removal of necrotic tissue through
irrigation, scrubbing, or wet-to-dry dressings, migito mechanically dislodge

debris and promote wound cleansing [97].

- Enzymatic Debridement Application of topical enzymes, such as
collagenase or papain-urea, to enzymatically digestrotic tissue and
promote autolytic debridement, particularly in noable or infected wounds

[98].
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- Biological Debridement Use of sterile maggots (larval therapy) to sélety
digest necrotic tissue while sparing healthy tissoiering a natural and

effective debridement option for complex or nonidmgaulcers [99].

7.2 Dressing Selection and Wound Care

Appropriate wound dressings play a crucial rolecieating a conducive
environment for wound healing, managing exudat@, mpreventing infection. Key

considerations in dressing selection include:

- Moisture Balance Maintaining an optimal moisture balance in theund
bed to promote granulation tissue formation andthepalization, while

preventing maceration or desiccation of the surdountissues [100].

— Absorption Capacity: Selecting dressings with appropriate absorbent
properties to manage exudate levels, minimize batteontamination, and

prevent leakage or maceration of periwound skii]10

- Antimicrobial Properties: Antimicrobial compounds like silver, iodine, or
honey can be added to dressings to help lower Hutebal load, stop
infections, and speed up wound healing—especiallyhe case of infected

ulcers [102].

- Protection and Offloading: Utilizing dressings with protective properties to
cushion and protect vulnerable areas of the fdfipam pressure points, and

prevent friction and trauma that may exacerbateraton [103-104].
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Refer hospital as soon as possible if :
« there is fever or sepsis present with ulcer
e deep tissue infection or bone infection
r * gangrene
e ulceration with limb ischemia

« Antibiotic treatment is Advice s given about : e Antibiotic is reviewed
started as soon as * Adverse effects of the and changed if necessary
symptoms appear antibiotics once  microbiological
* Microbiological testing e * If symptoms worsen or =———3 results are available.
samples are taken to dont imporve in 1 to 2
begin with antibiotic days, medical help
treatment should be seeked.

i

Condition is reassesed if the symptoms worsen and there is no improvement in 1 to 2 days . Take account of :
* The diagnoses which are possible
* Signs or symptoms of a more serious problem
* Previous antibiotic use

Image 9 — Management of diabetic ulcers

Offloading and Pressure Redistribution

Offloading is essential in reducing mechanicalssrand pressure on diabetic
foot ulcers, promoting tissue perfusion, and featilng wound healing. Offloading

techniques may include:

- Total Contact Casting (TCC): Application of a fiberglass or plaster cast to
the entire foot and lower leg, distributing weidigaring forces evenly and
offloading pressure from the ulcer site, while ntaiming mobility and

functionality [105].

- Removable Cast BootsPrefabricated or custom-made removable cast boots
that provide offloading of the affected foot whddowing for regular wound

assessment, dressing changes, and patient cod6it |
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Pressure-Relieving Devices Utilization of specialized footwear, orthotic
devices, or customized insoles with pressure-riglgevproperties to
redistribute weight, reduce shear forces, and mptevecurrence of ulcers

[107].

7.3 Adjunctive Therapies

In addition to standard wound care and offloadingasures, adjunctive

therapies may be employed to enhance wound heatidgddress specific aspects of

ulcer management, including:

Topical Growth Factors: Application of Platelet-Derived Growth Factor
(PDGF) or Recombinant Human Epidermal Growth FaditEGF), to
promote angiogenesis, collagen synthesis, andedilization in chronic or

non-healing ulcers [108].

Negative Pressure Wound Therapy (NPWT): Application of negative
pressure to the wound bed using specialized digssind vacuum-assisted
devices, promoting wound contraction, reducing emerand enhancing

granulation tissue formation [109].

Hyperbaric Oxygen Therapy (HBOT): 100 percent oxygen is administered
in a hyperbaric chamber at high pressures, enhanakygen delivery to
hypoxic tissues, stimulating angiogenesis, and ptorg tissue repair in

ischemic or infected ulcers [110].
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7.4 Surgical Interventions for Diabetic Ulcers

In cases where conservative management fails tmqie healing or when
complications such as infection, ischemia, or n&sroare present, surgical
interventions may be necessary to address diab&ters effectively. This chapter
discusses various surgical options available fonagang diabetic ulcers and their

respective indications, techniques, and outcomes.

Debridement and Wound Excision

Surgical debridement involves the selective remaovValecrotic tissue, foreign
material, and non-viable structures from the ulmed to promote wound healing and
prevent infection. Techniques may include sharpridelment using scalpels or
scissors, mechanical debridement with curettescorbbing devices, or enzymatic
debridement with topical agents. Surgical woundisean may be indicated for deep
or extensive ulcers involving underlying structyregch as tendons, bones, or joints,

to achieve complete wound closure and prevent doatjns [111].

Skin Grafts and Flaps

Skin grafting and flap procedures may be employedptovide durable
coverage and promote wound healing in diabeticrsicefractory to conservative

measures. Options include:

- Split-Thickness Skin Grafts Harvesting of epidermal and dermal layers
from a donor site and grafting onto the ulcer bedptovide temporary

coverage and facilitate re-epithelialization [112].
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- Full-Thickness Skin Grafts. Harvesting of full-thickness skin from a donor
site, including epidermis and dermis, for graftiogto deep or large ulcers,

offering better cosmetic and functional outcomeis3|1

- Local Flaps Transfer of adjacent healthy tissue with intalctod supply to
cover defects and promote wound healing, utiliziagous flap designs, such

as advancement, rotation, or transposition flapg][1

- Free Flaps Microsurgical transfer of tissue from distant dosites, such as
the abdomen or thigh, to reconstruct complex defantl provide vascularized
tissue for optimal wound healing, particularly imses of extensive tissue loss

or vascular compromise [105].

Amputation and Limb Salvage

In severe or advanced cases of diabetic ulcers licatgd by infection,
ischemia, or necrosis, partial or complete limb atapon may be necessary to
prevent further tissue damage, systemic spreadifettion, or mortality. Options

include:

- Toe or Ray Amputation. Removal of affected digits or metatarsal heads to
eliminate infection, relieve pressure, and presdéwtional integrity of the

foot [106].

- Transmetatarsal Amputation (TMA): Removal of the forefoot and
metatarsal bones to achieve a stable plantigraoteféo weight-bearing and

ambulation, while preserving as much limb lengtipassible [107].
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- Below-Knee Amputation (BKA): Removal of the foot and distal tibia and
fibula to achieve a functional residual limb foogthetic fitting and mobility,

while preserving knee function and ambulatory céapdt08].

- Above-Knee Amputation (AKA): Removal of the entire lower limb above
the knee joint, typically reserved for extensigstie loss, gangrene, or failed
attempts at limb salvage, with consideration fdratalitation and prosthetic

use [109].

7.5 Revascularization Procedures

In cases of diabetic ulcers complicated by critlcab ischemia and impaired
perfusion, revascularization procedures may becatdd to restore blood flow and

promote wound healing. Options include:

- Endovascular Interventions Percutaneous angioplasty and stenting of
arterial stenoses or occlusions to improve blood tnd limb perfusion, often
performed under fluoroscopic guidance with minimwatisions and short

recovery times [110].

- Surgical Bypass Grafting Creation of new blood flow pathways using
autologous or synthetic grafts to bypass diseasedcoluded arteries and
restore distal perfusion to the affected limb, ¢glly performed using open

surgical techniques [111].
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Complications and Preventive Measures for Diabetit)lcers

The therapy of diabetic ulcers has advanced, buip&ioations related to the
condition still exist. These consequences can laan&jor negative influence on the
quality of life and outcomes for patients.. Addiadly, preventive measures are
essential to mitigate the risk of ulcer developmant recurrence. This chapter
examines common complications of diabetic ulceis autlines preventive measures

aimed at reducing morbidity and improving long-tevaicomes.

8.1 Complications of Diabetic Ulcers

Diabetic ulcers are prone to several complicatiorguding:

— Diabetic ulcers are prone to several complicatiorduding:

- Infection: Persistent or untreated ulcers can become idedeading to
cellulitis, abscess formation, osteomyelitis, agsteamic spread of infection,

with the potential for limb loss and mortality []12

- Delayed Healing Factors like hyperglycaemia, malnutrition, pegpdl
neuropathy, and peripheral vascular disease caedenphe wound healing
process, prolonging ulcer chronicity and increadimg risk of complications

[113].

- Tissue Necrosis and GangreneSevere ulcers may progress to tissue necrosis
and gangrene, particularly in the setting of isciaenmfection, or delayed

treatment, necessitating aggressive interventiopsdvent limb loss [114].
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Amputation: Non-healing or advanced ulcers may require dastisomplete
limb amputation to prevent further tissue damaggsis, or mortality, with
significant physical and psychological consequerfoesaffected individuals

[105].

8.2 Preventive Measures

Preventing diabetic ulcers and minimizing the risk recurrence are

paramount goals of diabetic foot care. Key prewentneasures include:

Glycaemic Control: Maintaining optimal blood glucose levels throudjlet,
exercise, medication adherence, and regular mamjtaeduces the risk of
neuropathy, vascular disease, and impaired wourdingeassociated with

diabetes mellitus [106].

Foot Care Education: Educating patients about proper foot hygiene, nail
care, footwear selection, and daily foot inspeciempowers individuals to
recognize early signs of ulceration, prevent trauaral seek timely medical

attention [107].

Pressure Offloading Offloading high-pressure areas of the foot using
orthotic devices, specialized footwear, or totahteot casting redistributes
weight and reduces the risk of pressure ulcersicp&arly in individuals with

neuropathy or deformities [108].
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TYPE

KEY POINTS

REMOVABLE CAST

Similar pressure decrease to TCCs

WALKERS More acceptable, easy to remove
Can be used on infected and ischemic wounds
Reduced healing rate compared with TCCs
SCOTCHCAST Lighter, padded cast covering foot to ankle
BOOTS

Can be made non-removable

HEALING SANDALS

-Designed to limit dorsiflexion 0
metatarsophalangeal joints -Reusable, Light wei
stable.

Increases falls in patients with impaired balance

f
Jhta

CRUTCHES,
WALKERS,

WHEELCHAIRS

-off loads foot in entirety

-Patients need good upper body strength

Table 3 -Types of pressure off loading degs

Image 11- Types of Pressure Off loading Devices
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- Regular Foot Examinations Performing comprehensive foot examinations
during routine healthcare visits enables early atete of foot problems,
ulceration, or changes in sensation, facilitatingpngpt intervention and

preventive measures [109].

- Vascular AssessmentScreening for peripheral arterial disease usimgea
brachial index (ABI) measurements, Doppler ultrashuor arterial imaging
helps identify vascular insufficiency and guideemventions to improve limb

perfusion and wound healing [110].

- Multidisciplinary Foot Care : Collaborative care involving podiatrists, wound
care specialists, vascular surgeons, endocrinagggend other healthcare
providers optimizes ulcer management, addressesrbidities, and promotes

holistic approaches to foot care [111].

The Science Behind Topical Insulin

Diabetic ulcers present a multifaceted challengeénnd management, often
characterized by impaired healing processes due unadlerlying metabolic
dysregulation and microvascular complications. égent years, the application of
topical insulin has garnered attention as a pakrttierapeutic intervention to
facilitate wound healing. This chapter delves itfite intricate mechanisms by which
insulin influences the healing cascade and eluegdtte scientific rationale behind its

efficacy in diabetic ulcer management.
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9.1 Insulin Signalling Pathways in Wound Healing

Insulin, beyond its well-known role in glucose ni®ihsm, exerts profound

effects on various cellular processes crucial foumd repair and regeneration. Key

signalling pathways implicated in insulin-mediatedund healing include:

PI3K/Akt Pathway: Phosphoinositide 3-kinase (PI3K) is activated by
insulin attaching to its receptor, which causes RiiAe phosphorylated and
PKA to be activated (Akt). In order for tissue egenerate in the wound bed,

Akt signalling supports cell migration, proliferati, and survival [115].

MAPK/ERK Pathway : Insulin stimulation triggers the cascade of Méog

Activated Protein Kinase (MAPK), ultimately causiitxtracellular Signal-
Regulated Kinase (ERK) to become activated. ERKalmg regulates gene
expression, cell proliferation, and matrix remoigl] contributing to wound

closure and scar formation [116].

MmTOR Pathway: Insulin activates the mammalian Target Of Rapamyc
(mTOR) complex, promoting protein synthesis, angmesis, and

epithelialization during the proliferative phasensdund healing [117].

Whnt/p-Catenin Pathway. Insulin modulates Wnt signalling, promotirfly
catenin stabilization and nuclear translocatipitatenin activation regulates
cell fate determination, stem cell proliferatiomdatissue regeneration in

response to injury [118].
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9.2 Angiogenic and Anti-inflammatory Effects of Ingulin:

In addition to its direct actions on wound cellssulin exerts angiogenic and
anti-inflammatory effects that contribute to animatl microenvironment for tissue

repair:

- Angiogenesis Insulin enhances endothelial cell proliferatiomgration, and
tube formation, promoting neovascularization angrioning tissue perfusion

in ischemic wounds [119].

- Anti-inflammatory Effects: Insulin increases the release of anti-
inflammatory cytokines like Interleukin-10 (IL-10yyhile it suppresses the
synthesis of pro-inflammatory cytokines like Tuniecrosis Factor - alpha
(TNF-a) and Interleukin - 1 beta (ILB). This anti-inflammatory environment
minimizes tissue damage, reduces inflammation,sgpeeéds up the resolution

stage of wound healing [120].

9.3 Modulation of Extracellular Matrix Remodelling

Insulin plays a crucial role in regulating extrdeklr matrix (ECM)

remodelling, a dynamic process essential for watlasure and scar maturation:

- Collagen SynthesisInsulin stimulates collagen production by fibrasts and
myofibroblasts, promoting the deposition of new EGMmponents and

enhancing wound tensile strength [121].

- Matrix Metalloproteinases (MMPs) Regulationt Insulin modulates MMP

activity, balancing ECM degradation and syntheBlgs controlled proteolytic
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activity is crucial for ECM remodelling and scar tovation during the late

stages of wound healing [122].

9.4 Formulation and Delivery of Topical Insulin

The successful application of topical insulin iralsietic ulcer management

relies on the development of suitable formulatiand effective delivery systems.

Formulation Considerations

Formulating insulin for topical application requsreareful consideration of
several factors, including stability, permeabilitygioavailability, and patient

acceptability. Common formulation approaches inelud

- Creams and Ointments Insulin can be incorporated into topical creams o
ointments for easy application to the wound siteeSe formulations provide a
protective barrier, enhance moisture retention, fawilitate absorption of

insulin into the skin [123].

- Hydrogels: Hydrogel-based formulations offer a versatile tiolan for
delivering insulin to diabetic ulcers. Hydrogelpde a moist environment
conducive to wound healing, allow sustained releafsensulin, and can be

tailored to control drug release kinetics [124]

- Sprays and Aerosolsinsulin solutions can be aerosolized or spray#d the
wound surface using specialized devices. Sprayer affnvenience, uniform
coverage, and rapid absorption, making them swtédol large or irregularly

shaped wounds [125].
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Nanoparticle Systems Nanotechnology-based delivery systems, such as
liposomes, nanoparticles, and nanoemulsions, enalgeted and controlled
release of insulin to the wound site. Nanopartigestect insulin from
enzymatic degradation, enhance penetration thrabghskin barrier, and

improve therapeutic efficacy [126].

9.5 Delivery Systems

Optimal delivery of topical insulin depends on tiselection of appropriate

administration techniques and devices. Key conataars include:

Application Techniques Healthcare providers must ensure thorough
cleansing and debridement of the wound before amplyopical insulin.
Uniform distribution of the formulation over thecer surface is essential to

maximize contact with wound tissue [127].

Dressings and Bandagedn order to keep the topical insulin formulation
contact with the wound, dressings are essentiah-&ttherent dressings,
hydrocolloids, or foam dressings are preferred tevent adherence and

promote wound healing [128].

Frequency and Duration The frequency and duration of topical insulin
application vary depending on the formulation, wabseverity, and individual
patient factors. Healthcare providers should emstabilear dosing regimens

and monitor response to treatment to optimize on&n[129].
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9.6 Practical Considerations

Successful implementation of topical insulin thgragquires attention to

practical considerations, including storage, siigbibatient education, and adherence:

Storage Conditions Insulin formulations should be stored accordimg t
manufacturer recommendations to maintain stabiliagnd potency.
Refrigeration may be required for certain formwas, while others can be

stored at room temperature [130].

Patient Education Patients should receive thorough instructions toa
proper application technique, frequency of admiatgin, and expected
outcomes of topical insulin therapy. Clear commatian and ongoing

support are essential to ensure patient adherencersgagement [131].

Monitoring and Evaluation: Healthcare providers should closely monitor
wound progress, glycemic control, and potentialeas effects associated
with topical insulin therapy. Regular wound asse=#$ and adjustments to

treatment regimens may be necessary to optimizomes [132].

9.7 Clinical Applications of Topical Insulin

In clinical practice, the use of topical insulinshahown promise as an

adjunctive therapy for diabetic ulcers. Patientesgbn criteria, integration into

wound care protocols, and clinical outcomes aredagsiderations:
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Patient Selection Criteria

Effective utilization of topical insulin requiresueful consideration of patient

characteristics, wound characteristics, and thetapgoals. Patient selection criteria

may include:

Ulcer Characteristics Topical insulin may be most beneficial for chmmni
non-healing ulcers with evidence of impaired wolnedling despite standard
care. Factors such as ulcer size, depth, locatiad, presence of infection

should be evaluated [133].

Glycaemic Control: Adequate glycaemic control is essential for opting
wound healing outcomes. Patients with poorly cdlgdodiabetes may benefit
from topical insulin therapy to mitigate the adweedfects of hyperglycaemia

on wound healing [134].

Comorbidities: Concurrent medical conditions such as peripheasicular
disease, neuropathy, and renal insufficiency oughbe considered when
evaluating the applicability of insulin therapy &pd topically. Close
monitoring and multidisciplinary collaboration mag necessary for optimal

management [135].

Integration into Wound Care Protocols

Topical insulin can be integrated into comprehemsiwund care protocols as

either an adjunctive therapy or a primary treatmeoidality. Key considerations

include:
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- Multimodal Approach: When combined with other wound care techniques
like debridement, unloading, infection managemerdnd vascular
optimization, topical insulin is most successful. Multimodal approach
addresses the multifactorial nature of diabeticerdc and maximizes

therapeutic efficacy [136].

- Individualized Treatment Plans. Tailoring treatment plans to individual
patient needs is crucial for optimizing outcomesakhcare providers should
assess response to therapy regularly and adjastieat regimens accordingly

based on wound progress, glycaemic control, andmgagireferences [137].

- Wound Assessment and Documentation Accurate and thorough
documentation of wound characteristics, treatmetgrventions, and clinical
outcomes is essential for monitoring progress, uatalg response to therapy,

and facilitating communication among healthcarenteaembers [138].

Bhettani et al. aimed to assess how well topicallin heals diabetic foot
ulcers in comparison to traditional povidone iodéressings. This experimental study
involved 110 patients divided into two groups, teebeither with a solution of insulin
or normal saline. Assessments of the wounds wemenoa days 7, 14, and 21. In
contrast to the control group, results demonstratesignificant reduction in wound
size with topical insulin. The study found that opy topical insulin considerably

hastens the healing of diabetic foot ulcers [139].

Edek et al. aimed to assess topical insulin's afficas a supplemental
treatment for a leg ulcer that is resistant to jmewv treatments. The case study

involved a 64-year-old male with a chronic leg uldele to venous stasis. Topical
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insulin was applied daily, resulting in a signifitaeduction in ulcer size over four
weeks. The study concluded that topical insulin rbaya promising treatment for

non-healing ulcers by accelerating the wound hggimocess [140].

Meena et al. intended to evaluate how well topicslilin dressings worked to
treat diabetic foot ulcers. The quasi-experimestatly included 30 diabetic patients
who received insulin dressings. Wound measurenveerts taken before and after one
week of treatment. Results indicated significanpriovement in wound healing with
insulin dressing, evidenced by a decrease in waizeland depth. According to the
study's findings, insulin dressings help diabetitignts' wounds heal more quickly

[141].

Thakur et al. aimed to investigate at a tertiarglived facility how well topical
insulin heals diabetic ulcers. The cross-sectiahadly included 60 patients, divided
into groups receiving either topical insulin orisalapplications. Statistical analysis
showed significantly faster granulation tissue fation and reduced wound size and
depth in the insulin group. The study found thaplgipg topical insulin to diabetic

ulcers greatly accelerates wound healing [142].

Gautam et al. aimed to evaluate if topical insidieffective in curing diabetic
foot ulcers. This prospective observational studyoived 100 patients divided into
two groups: one receiving topical insulin and théheo receiving conventional
treatment. When compared to the control group,irkalin group's wound size and
length of stay were significantly smaller. The stucbncluded insulin positively

impacts wound healing and can be beneficial foragarg diabetic foot ulcers [143].
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Rao et al. sought to compare the effects of loogulin against topical
phenytoin in the management of diabetic foot ulckrshis prospective, randomized,
open-label trial, ninety patients were enrolled aihdded into three groups: insulin,
phenytoin, and traditional wound care. In comparismthe other groups, the insulin
group's wound size and depth were significantlyiced, according to the results. The
study found that when treating diabetic foot ulcdegal insulin application works

better than phenytoin and traditional wound dregsii44].

Patel et al. aimed to assess if topical insulibdgaeficial in treating diabetic
foot ulcers. Fifty diabetic foot ulcer patients wedlivided into two groups for this
study; one group received normal care, while theeotgroup received insulin
dressings. The insulin group outperformed the @bngroup in terms of wound
healing rate and ulcer size reduction. Accordingthte study's findings, applying

topical insulin helps diabetic foot ulcers heal enquickly [145].

Singh et al. aimed to determine the benefits aigisppical insulin's effect on
diabetic foot ulcer wound healing. The study wasduwted with 40 patients, half of
whom received insulin dressings while the othef fedeived conventional treatment.
The insulin-treated group showed a faster rateafr closure and improved healing
in contrast to the controls. According to the stadyndings, topical insulin helps

diabetic patients' wounds heal more quickly [146].
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MATERIALSAND METHODS:

Sour ce of Data:

The source of data will be patients with diabeficets admitted in general
surgery wards at KAHER'’S Dr. Prabhakar Kore ChatéaHospital and Medical
Research Centre, Nehru Nagar, Belagavi and KLESPRabhakar Kore Hospital
and Medical Research Centre
Study Design:

Study design: Randomized control trial

Using SPSS program
Study Period:

1 year, from September 2022 to August 2023
Sample Size:

formula:

The two-proportion formula for the minimal sampieesis
N= Za/2? PQ/L?

N= (1.96x4.54x95.46+5x5

N= 67

Za/2=1.96 AT 5% LEVEL OF SIGNIFICANCE
P=454

L=5

Q = 100-p

whereP1 an®2 -proportions of the two groups.
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_P1+P2

p and d=p;-p;

The test's power and significance level are reltiefl and 8, respectively.
At the 5% significance levelpz= 1.96 and g = 0.84 correspond to 85% test power.

The parameter considered in the calculation ip#reentage of cases having decrease

in wound area by 10c¢m
There would be two groups with a size of 70.
Sampling technique:

Computer generated random numbers by SPSS progeansed to assign the
type of intervention chosen for the patient thatgsoup A (Insulin dressing) and

group B (Normal saline dressing)
Inclusion Criteria:

« Patient in the age group of 18-75 years (botese
« Patient with a diabetic ulcer of > 2 weeks duration

e Ulcer size should be less than 100cm2
Exclusion Criteria:

« Patients suffering from cardiovascular disease woramticoagulant
therapy.

« Patients having wounds with exposure of tendorooeb

« Patient with any immunosuppressive disease or on

immunosuppressant therapy.
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« Patient with history of hypersensitivity to insulin
* Pregnancy
* Uncontrolled diabetes HBA1C >9 %

+ Renal failure serum creatinine > 3 mg/dl

Study protocol

A thorough clinical assessment was performed. iddals who met the
eligibility requirements were prospectively allatteto 2 groups, Group A and Group

B.

70 patients with diabetic ulcers can be taken. tBiséing group of 35 will be
given Insulin Dressings (GROUP A) and the controdup of 35 will continue
treatment with conventional moist dressings (GRCOB)P Insulin dressing will be
administered to Group A, while normal saline dmegsiithout insulin will be
administered to Group B. With the right antidiabetiedication, all diabetic patients
will achieve glycemic control. All ulcers will hava culture and sensitivity swab
taken before patients are enrolled in the study, the ulcers will be cleaned with
regular saline. Anaesthesia will be used duringsivical debridement of unclean
wounds. The ulcers will then be incorporated it® tesearch. The duration required
for ulcer preparation from the time of admissiorilustudy enrollment is known as
the wound preparation time. When determining howglgatients would stay in
hospitals, this wound preparation period was n&ernainto consideration. After
cleaning the ulcers with normal saline, Group Al wiigate each 10 cm2 of wound
with 4 units (0.1 ml) of human soluble insulin (Aapid) in 1 ml of normal saline
(0.9%). Twice a day, an insulin syringe will be dide spray the prepared solution

onto the ulcer's surface. After that, the ulced é given time to dry before sterile
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cotton gauze is applied.

In Group B, sterile gauze will be used to coverwcafter they have been

cleaned with regular saline without insulin.

Calculation of wound area:

The dimensions of the ulcer - length, width andaanéll be measured by
outlining the ulcer over a sterile transparent fptaced over it. This was followed
by placing the film over graph paper and countihg humber of squares also

referred to as ‘grid tracing’. The length of theadi®@st square is 1mm
The measurement of ulcer dimensions
on day O (x) - initial wound area
day 42 (y) - final wound area.

To calculate the area reduction and percentageeef 2duction, apply the

formula below:
wound area reduction = x-y
% wound area reduction x-{y)/x * 100
Data collection procedure:
One-year randomized control trial
An informed consent will be obtained from the pai$e

In patient individuals with diabetic foot ulcerlitne identified
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Detailed history and examination would be done.

History including age, sex, history of smokingstbry of diabetes, history of

hypertension treatment, on treatment with drugs $itatin or aspirin?

Examination including = SBP / DBP, local examinatioculture and

sensitivity, fbs, Hbalc, viral markers, dopplerdoterial and venous flow of limb

DATA ANALYSIS

Microsoft excel and the statistical program R 446 used for data analysis.

Frequency tables are used to present categoridables.

Presenting continuous variables as Mean = Standaxhtion (SD)/ Median
(Minimum, Maximum). chi square test is used to earif groups and categorical
variables are related. The QQ plot and the Shapiiie test are used to determine
whether a variable is normal. Parametric tests lvélapplied if the data has a normal

distribution. If not, tests that are not parametvilt be employed.

The means of the variables across groups are ceahpaing the two sample t
test. Mann -Whitney Use the U test to compare theable distributions between

groups. P-value - 0.05 or less indicates statissigaificance.
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RESULTS:

70 subjects total, split into two groups of 35 eanle measured in the data.

The comparison of demographic information acrossugs is shown in the

following table.

Variables Sub Category Case Control Total p-value
Mean + SD
54.31+11.71] 56.4+13.1 | 55.36 +12.38
Age (years) Median (Minimum, 0.4849
52 (29, 75) 55 (22, 87) 54 (22, 87)
Maximum)
Female 10 (28.57% 10 (28.57%) 20 (28.57%)
Sex 1¢
Male 25 (71.43%)| 25 (71.43% 50 (71.43%)

Table 4: demogr aphic infor mation acr 0ss gr oups is compar ed.

The case group's mean age is 54.31 = 11.71 yeadsitamedian age is 52
years (range: 29 to 75).The age range of the dogroop is 22—-87 years, with a mean
age of 56.4 + 13.1 years and a median age of 5& rd@sults of the two sample t test

show that the mean age across groups does nat siff@ficantly.

In terms of sex distribution, both groups have dentical composition: 10
(28.57%) females and 25 (71.43%) males. The Charegtest results show that there

is no discernible variation in the distributions#fx among the groups.
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Graph 1: Mean plot of age between groups.
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Graph 2 : Sex distribution among the gr oups.

The comparison of medical information across grougpsshown in the

following table.
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Table5: A comparison of medical infor mation between gr oups.

Variables Sub Category Case Control Total p-value
Mean + SD
Duration of | N 7.89x7.19| 12.77+£7.84| 10.29£7.85 0.0030MW
DM Median (Minimum,| 5, o8 30y 13 (0.08, 32)| 10 (0.08,32)| *
Maximum)
34 0 0 c
Smoking Nonsmoker (97.14%) 32(91.43%) | 66 (94.29%) 0.615
status
Smoker 1 (2.86%) 3 (8.57%) 4 (5.71%
Mean£SD | €.93£123 5934113 | 693117 -
HbAlc . . 0.461
Median (Minimum,| 6.8 (5.5,
Maximum) 10.4) 6.8 (5.4, 12.1) 6.8 (5.4, 12.1)
E. coli 0 1 (2.86%) 1 (1.43%)
Klebsiella 0 1 (2.86%) 1 (1.43%)
0, 0,
Culture& Pseudomonas 0 2 (5.71%) 2 (2.86% .
o 0.1704"
Sensitivity
Staphylococeus | (5 794 0 2 (2.86%)
aureus
No organisms 33 31 (88.57%) 64 (91.43%
(94.29%) ' '
Hbsag+ 1 (2.86%) 0 1 (1.43%)
Viral 0.99994(:
Markers 34
1 0, 0,
Negative (97.14%) 35 (100%) 69 (98.57%)
Colour Normalstudy | 35(100%)  35(100%) 70 (100%)  © 1
doppler
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The duration of the case group is 7.89 £+ 7.19 yeaith a 5 year median
(range: 0.08 to 30 years). In contrast, the dunadiothe control group is greater, with
a mean of 12.77 + 7.84 years and a median of 18yeanging from 0.08 to 32
years.The distribution of the duration of DM acrag®ups differs significantly,

according to the M W test (p-value - 0.0030).

Regarding smoking status, the majority of both gsoare nonsmokers, with
97.14% in the group under case study and 91.43%ergroup under control. The
distribution of smoking status across groups diffsignificantly, depending on the

Chi square test results (p-value = 0.6157).

The HbAlc levels are identical in both groups, vdtinean of 6.93 + 1.23 in
cases and 6.93 + 1.13 in controls. There is ncedisiole variation in the distribution

of HbAlc levels across group’s, according to the N8at (p-value = 0.4614

For culture and sensitivity, the majority of bottogps show no organisms (In
the group A, 94.29%, while in the group B, 88.57% few cases of bacterial
growth are observed, including Staphylococcus auneuhe case group and E. coli,
Klebsiella, and Pseudomonas in the group B. Thereoi statistically significant
difference between the group A and group B cultsgeres, according to the Chi

square test results ( p value = 0.1704).

Regarding viral markers, all participants in thetcol group tested negative
for Hbsag, whereas one member of the case grotgdtpssitive (2.86%). According
to the Chi square test, there is no substantitdrdiice between the groupA and group

B viral indicators (p-value = 0.1704).
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Finally, all participants in both groups showed mal results in colour

Doppler studies, with no significant differencev@ue = 1).

15.0
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Graph 3: Mean DM duration plotted across groups.
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Graph 4 : Smoking status distribution among the groups.
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Graph 6: Distribution of culture and sensitivity over cases and controls
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Graph 7 : Distribution of viral marker s between cases and controls.

The comparison of wound details across groups @svshin the following

table.
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Table 6: Comparison of wound details between gr oups.

Variables Sub Category Case Control Total p-value
Wound Mean + SD 12213 + 1392236 + 13;3,2 +
. . . . . W
prepa(;atlon time Median (Min, 0.389%
(days) Max) 12 (7,30) | 11 (5,60) | 12 (5, 60)
Mean £ SD 501+ | 1299% | S50%
Reduction in 26.77 ' ' <
wound size (%)| Median (Min, 0.001MW+
13.3 (1.3, | 23.3(1.3,
Max) 52 (8, 92) 70() 92()
G";‘irs‘g'uaet'on Present 35 (100%) 35 (100%) 70 (100%) °© 1

* indicates statistical significance.

The preparation time for the case group varies ffotm 30 days, with a mean

of 13.29 £+ 5.14 days and a median of 12 days.F@wctntrol group, the preparation

time ranges from 5 to 60 days, with a median oflags and an average of 13.23 +

9.26 days. According to the M W U test, there isstatistically significant difference

in the groupA and group B wound preparation tingesglue = 0.3893).

The case group exhibits a mean reduction of 5@6.#7% with a median of

52% (range: 8% to 92%). The control group, howegbgws a much lower mean

reduction of 16.99 + 14.52% with a median of 13.@&nge: 1.3% to 70%). The case

group experienced a much larger reduction in wosizé than the control group,

according to the M W U test results, which alsoidate a significant difference (p-

value < 0.001) in the degree of wound size redudbietween the groups.
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In terms of granulation tissue, all participantsbwth groups had granulation
tissue present (100% in both groups), resultingarsignificant difference (p-value =

1).

Wound Preparation Time (days)

101 —

Case Control
Groups

Graph 8 : Mean plot of wound prepar ation time over gr oups.

60 pr— —

40

301

Reduction in Wound Size (%)

201

Case Control
Groups

Graph 9: Mean plot of Reduction in Wound Size over groups.
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In summary, the study indicates that the case gfmgulin dressing group)
experienced significantly more effective wound hegin comparison to the diabetic

ulcer control group (standard saline dressing).
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DISCUSSION

One of the most common non-communicable diseasalsetés is becoming
more and more common in India as well as throughwivorld. Diabetic foot ulcers
are one of the most serious side effects of diabetiéecting 15 to 25 percent of the

population.

Diabetes mellitus-related foot ulcers present aiS@ant challenge to the
treating surgeon due to their intricate pathopHggip and the existence of numerous
interrelated variables that impede the healing ggsc Achieving a balance between
the local wound environment and the patient's ghjicecondition is crucial for

optimal wound healing outcomes.

Numerous more recent developments have been matkee itocal wound
treatment of diabetic foot ulcers over the yealer€ has always been a search for an
all-around modality that could be therapeuticaffgetive, affordable, accessible, and
have little to no side effects because of the msentibiotic resistance and the

potential for negative effects with existing treatrhalternatives.

Numerous elements, both internal and external ® platient, interact
intricately to facilitate the healing of diabetigot ulcers.The best chance of an ulcer
healing is only possible if all of these factors—dwrapathy, vasculopathy, local
infection, and immunity—are properly addressedc§itihe outset, managing diabetic
wounds has involved local dressing, antibactehakapy, and appropriate glucose

control in addition to anti-diabetes medicine.
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Many studies have shown how insulin helps the welemling process, and it
is generally acknowledged that insulin plays a ialuole in accelerating this healing
process.Ilt was discovered through in vivo experisighat Insulin Like Growth
Factor- (IGF), which genetically resembles insulppromotes the growth and
migration of keratinocytes,fibroblasts and enda#tietells.Additionally, it promotes
the production of extracellular matrix and helpsargiation tissue advance. In
addition to promoting wound healing, granulationsstie formation, re-
epithelialization, and collagen synthesis, insalifects the activity of human growth
hormone receptors in the skin. Furthermore, inspliomotes human keratinocyte
migration and multiplication, which promotes celtogth and improves wound
healing. Attempts were made in the 20th centunysi® topical insulin formulations to
treat localized peripheral tissue hyperglycemiabs®qguent studies, however, have

turned their attention to topical insulin admirgdiion in connection to IGF.

The goal of the study was to find out how well tadiinsulin worked at a
tertiary healthcare facility to heal diabetic ukefhe 70 participants were split into
two groups for the analysis: the Case group, whieteived a Topical Insulin
Dressing(Group A) and the Control group(Group Bhjoli received a standard Saline
Dressing. The analysis included information abbetgubjects' demographics, health,

and wounds.

Demographic characteristics such as age and swbdisn were comparable
between the case (54.31 + 11.71 years and 10 fejnaiel control groups (56.4 +
13.1 years and 10 females), indicating no signifiadifferences that could confound

the results.
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Similarly, medical details such as smoking stap#0(6157), HbAlc levels (p
= 0.4614), culture results (p = 0.1704), viral nesk(p = 0.9999), and colour Doppler
studies (p = 1) showed no significant variationswieen the groups, ensuring a

relatively homogeneous sample.

However, notable differences were observed Betwlerases group (median
- 5) and the controls group (median -13), the ag@eeip's diabetes mellitus (DM)
duration was noticeably shorter, suggesting thaepis with a shorter duration of
DM might respond more favorably to topical insutimerapy. Additionally, while
most participants were nonsmokers in both groupsyredlher, there was no
discernible variation in the distribution.of smo&ewhich could potentially influence

wound healing outcomes.

It's interesting to note that the case group's méa8D = 50.1 + 26.77 wound
size reduction was considerably higher (p = <0.@Baj the control’'s group mean +/-
SD = 16.99 = 14.52 wound size reduction, suggestuag topical insulin dressings
are more effective at accelerating wound healirtgs Tinding suggests that topical
insulin may have a substantial impact on accelagatiound closure in diabetic ulcers

compared to conventional saline dressing.

Dr. Pandey Sanjay et al., conducted a hospital doasedy on assessing
effectiveness of normal saline dressing versuscéphsulin dressings for diabetic
ulcers. In this research, they excluded casesosktipatients who had wagner grade 5

ulcers and patients on immunosuppressive agentssimour study.

In this study, Topical insulin dressing was admigred to patients in group A,

while regular saline dressing was given to patiengroup B.The patients were then
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followed up to 12 days. On the 12th day, it waseddhat the ulcer surface area mean
difference in group A was 3.2 =/- 0.7 cm2, wher@agroup B it was 2.9 +/- 0.8 cm2.
Thus, it was determined that group A's wound redacis noticeably superior to

group B's. These outcomes were consistent witistindy[147]

In a clinical study by Soujanya et al.,In orderdetermine which is more
effective for healing chronic diabetic ulcers, tmdi insulin or topical phenytoin
application was compared. In this study, ulcer sizgroup A showed a reduction of
42 % from day 0 to day 30 and 31 % in group B frday O to day 30. Twenty-six
patients in group A had a good ulcer bed with ggaahulation tissue and negative
culture growth, while twenty-three patients in ggoB had a good ulcer bed with

negative culture growth[148].
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LIMITATIONS

Despite the promising results several limitatiom®adh to be addressed. The
fact that the study was limited to a single teytiaealthcare facility made its findings

less broadly applicable.

A further factor that could impact the analyssatistical power is the sample
size, which was somewhat small. Moreover, comotieisliand nutritional status are

two other potential factors impacting wound healingt were not investigated in this

study.
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CONCLUSION

The results of our investigation demonstrate that, in diabetic foot ulcers,
topical insulin treatment differed significantly from saline dressing in terms of the

percentage of ulcer size reduction and the rate at which granulation tissue formed.

In conclusion, the study provides evidence supporting the topical insulin

application helps in promoting the healing of diabetic ulcers.

To confirm these results and clarify the underlying mechanisms of action,
more investigation including bigger sample sizes and multicentre investigations is
necessary. Additionally, investigating long-term outcomes and cost-effectiveness of

topical insulin therapy would be valuable for clinical practice
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SUMMARY

The study titled STUDY OF EFFECTIVENESS OF TOPICAL INSULIN ON
HEALING OF DIABETIC ULCERS AT TERTIARY HEALTH CARE
CENTER” is a randomized controlled trial study conducted KAHER'S Dr.
Prabhakar Kore Charitable Hospital and Medical Rede Centre, Nehru Nagar,

Belagavi conducted from

e The study conducted a Randomized Controlled TR&T) over one year to
evaluate the efficacy of topical insulin dressirmmpared to normal saline

dressing in treating diabetic ulcers.

e 70 patients with diabetic ulcers, evenly distritutento two groups ,
participated in the trial. Group A received insutiressing while Group B
received normal saline dressing. Key outcome measuacluded wound size

reduction, presence of granulation tissue, and Wquaparation time.

e Data analysis was performed using SPSS, employimgquare tests and

Mann-Whitney U tests to assess statistical sigmifoe.

e Demographic analysis revealed no significant d#fees in age or sex
distribution between Group A and Group B, ensutiageline comparability.
However, Group A exhibited a significantly shortéuration of diabetes
mellitus compared to Group B, which could potefhtiahfluence wound

healing outcomes.

e In terms of wound details, Group A demonstratedudstantial 50.1%

reduction in wound size over the study period, wherGroup B showed a
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modest reduction of 16.99%. This difference in wabsgize reduction between
the groups strongly suggests the superior efficatyinsulin dressing in

promoting diabetic ulcer healing.

The discussion focused on elucidating the bioldgioachanisms through
which insulin enhances wound healing, referencimgvipus literature to
support the findings. Insulin is known to stimulatell proliferation and

collagen synthesis, crucial processes in woundmepa

The study acknowledged limitations such as thetively small sample size
and single-center design, which may affect the geizability of the results.
Future research recommendations included largemplgsasizes, multicenter
trials, and longer follow-up periods to further idaltte the efficacy of insulin

dressing and explore its broader clinical implicas.

In conclusion, the study demonstrated that topi@adulin dressing
significantly improves diabetic ulcer healing comgzh to normal saline

dressing, primarily evidenced by substantial reidastin wound size.

These findings underscore the potential of insatira therapeutic intervention
in diabetic wound care. The study advocates foapsmg research efforts to
include larger and more diverse patient populatiacioss multiple centers,

with extended follow-up to corroborate and expapdruthese initial findings

Page 71



Bibliography

BIBLIOGRAPHY

Fonder MA, Lazarus GS, Cowan DA, Aronson-Cook BhK&R, Mamelak
AJ. Treating the chronic wound: A practical apptoao the care of
nonhealing wounds and wound care dressings. J Arad Abermatol.
2008;58(2):185-206.

Lima MHM, Caricilli AM, de Abreu LL, Araujo EP, Pegrinelli FF, Thirone
ACP, Tsukumo DM, Pessoa AF, dos Santos MF, de Mavik, Carvalheira
JBC, Velloso LA, Saad MJA, Gontijo JAR. Topical uie accelerates
wound healing in diabetes by enhancing the AKT &RK pathways: A
double-blind placebo-controlled clinical trial. PR®ne. 2009;7(5):e36974.
Galiano RD, Tepper OM, Pelo CR, Bhatt KA, Callaghdn Bastidas N,
Kleinman ME, Capla JM, Gurtner GC, Levine JP. Tapiwascular
endothelial growth factor accelerates diabetic vdoumealing through
increased angiogenesis and by mobilizing and recguibone marrow-
derived cells. Am J Pathol. 2004;164(6):1935-47.

Blakytny R, Jude E. The molecular biology of chmniounds and delayed
healing in diabetes. Diabet Med. 2006;23(6):594-608

Richard J-L, Parer-Richard C, Daures J-P, Clousta®nereau D, Bringer J,
Rodier M, Jacob MP, Comte-Bardonnet M. Effect opital insulin on
second-degree burns in diabetic patients. Diab@tes. 1995;18(10):1282—
7.

Akbari M, Khoshneviszadeh M. Perspectives on the aefstopical insulin
therapy for diabetic ulcers: A review of the recemidence. J Diabetes Res.

2020;2020:6539293.

Page 72



10.

11.

12.

13.

14.

15.

Bibliography

American Diabetes Association. Classification andgnosis of Diabetes:
Standards of Medical Care in Diabetes-2020. Diab€re. 2020;43(Suppl
1):S14-S31.

Atkinson MA, Eisenbarth GS, Michels AW. Type 1 dids. Lancet.

2014;383(9911):69-82.

Kahn SE, Cooper ME, Del Prato S. Pathophysiology teeatment of type 2
diabetes: perspectives on the past, present, artdrefu Lancet.

2014;383(9922):1068-83.

Coustan DR, Lowe LP, Metzger BE, Dyer AR. The Hgbgremia and

Adverse Pregnancy Outcome (HAPO) Study: paving wey for new

diagnostic criteria for gestational diabetes madlitAm J Obstet Gynecol.
2010;202(6):654.e1-654.€6.

Pearson ER. Type 2 diabetes: a multifaceted diseBsabetologia.

2019;62(7):1107-1112.

Hu FB. Globalization of Diabetes: The role of diétestyle, and genes.
Diabetes Care. 2011;34(6):1249-1257.

Zimmet P, Alberti KGMM, Magliano DJ, Bennett PH. dbietes mellitus
statistics on prevalence and mortality: Facts aatladies. Nat Rev
Endocrinol. 2016;12(10):616-622.

Florez JC, Hirschhorn J, Altshuler D. The inheritbdsis of diabetes
mellitus: Implications for the genetic diagnosistioé disease. Diabetologia.
2003;46(10):1438-1458.

Haffner SM. Epidemiology of insulin resistance atdrelation to coronary

artery disease. Am J Cardiol. 1999;84(1):11J-14J.

Page 73



16.

17.

18.

19.

20.

21.

22.

23.

24,

Bibliography

Hu FB, Li TY, Colditz GA, Willett WC, Manson JE. Tevision watching
and other sedentary behaviors in relation to ri§koloesity and type 2
diabetes mellitus in women. JAMA. 2003;289(14):1-2891.

Schulze MB, Hu FB. Primary prevention of diabet@#at can be done and
how much can be prevented? Annu Rev Public He2lt®5;26:445-467.

Hu FB, Manson JE, Stampfer MJ, Colditz G, Liu S|ogwmn CG, Willett
WC. Diet, lifestyle, and the risk of type 2 dialet@mellitus in women. N
Engl J Med. 2001;345(11):790-797.

Pociot F, Lernmark A. Genetic risk factors for typediabetes. Lancet.
2016;387(10035):2331-2339.

Knip M, Veijola R, Virtanen SM, Hyo6ty H, Vaarala AAkerblom HK.
Environmental triggers and determinants of type idbetes. Diabetes.
2005;54(Suppl 2):S125-S136.

Newsholme P, Leech AR. Biochemistry for the Medi&diences: An
Integrated Approach. John Wiley & Sons; 2019. Chapb, Energy
Metabolism; p. 75-90.

Henquin JC. Regulation of insulin secretion: a evattf phase control and
amplitude modulation. Diabetologia. 2009;52(5): 773

Atkinson MA, Eisenbarth GS, Michels AW. Type 1 dids. Lancet.
2014;383(9911):69-82.

Katsarou A, Gudbjornsdottir S, Rawshani A, Dabel2a Bonifacio E,
Anderson BJ, Jacobsen LM, Schatz DA, Lernmark ApeTyL diabetes

mellitus. Nat Rev Dis Primers. 2017;3:17016.

Page 74



25.

26.

27.

28.

29.

30.

31.

32.

33.

Bibliography

DeFronzo RA, Ferrannini E, Groop L, Henry RR, HennveH, Holst JJ, Hu
FB, Kahn CR, Raz I, Shulman GI, Simonson DC, Té4tg Weiss R. Type
2 diabetes mellitus. Nat Rev Dis Primers. 2015;0186

Kahn SE, Cooper ME, Del Prato S. Pathophysiology teeatment of type 2
diabetes: perspectives on the past, present, artdrefu Lancet.
2014;383(9922):1068-83.

American Diabetes Association. Diagnosis and diaasion of diabetes
mellitus. Diabetes Care. 2010;33(Suppl 1):S62-S69.

American Diabetes Association. Standards of Medicafte in Diabetes—
2020. Diabetes Care. 2020;43(Suppl 1):S14-S31.

American Diabetes Association. Standards of Medicate in Diabetes—
2020. Diabetes Care. 2020;43(Suppl 1):S14-S31.

Klonoff DC, Buckingham B, Christiansen JS, MontafM, Tamborlane
WV, Vigersky RA, Wolpert H. Continuous glucose moning: An
Endocrine Society clinical practice guideline. JnCEndocrinol Metab.
2011;96(10):2968-2979.

Samuels MH. Psychiatric and cognitive manifestatiof hypothyroidism.
Curr Opin Endocrinol Diabetes Obes. 2014;21(5):383-

Ortiz A, Covic A, Fliser D, Fouque D, Goldsmith Ranbay M, Mallamaci
F, Massy ZA, Rossignol P, Vanholder R, Wiecek A¢c@ali C, London GM.
Epidemiology, contributors to, and clinical triaé mortality risk in chronic
kidney failure. Lancet. 2014;383(9931):1831-1843.

Falciglia M, Freyberg RW, Almenoff PL, D'Alessio DARender ML.
Hyperglycemia-related mortality in critically ill gtients varies with

admission diagnosis. Crit Care Med. 2009;37(12)138009.

Page 75



34.

35.

36.

37.

38.

39.

40.

Bibliography

Forbes JM, Cooper ME. Mechanisms of diabetic coragibns. Physiol Rev.
2013;93(1):137-188.

American Diabetes Association. Microvascular Cowgilons and Foot
Care. Diabetes Care. 2020;43(Suppl 1):S135-S151.

Tuttle KR, Bakris GL, Bilous RW, Chiang JL, de Bdét, Goldstein-Fuchs
J, Hirsch IB, Kalantar-Zadeh K, Narva AS, NavanaatlsD, Neumiller JJ,
Patel UD, Ratner RE, Whaley-Connell AT, Molitch MBiabetic kidney
disease: a report from an ADA Consensus Conferebiabetes Care.
2014;37(10):2864-2883.

Pop-Busui R, Boulton AJM, Feldman EL, Bril V, FreemR, Malik RA,
Sosenko JM, Ziegler D. Diabetic Neuropathy: A RogritStatement by the
American Diabetes Association. Diabetes Care. 2Zl(T):136-154.

Buse JB, Ginsberg HN, Bakris GL, Clark NG, Cost&€kel R, Fonseca V,
Gerstein HC, Grundy S, Nesto RW, Pignone MP, Piutdk Porte D,
Redberg R, Stitzel KF, Stone NJ. Primary preventadncardiovascular
diseases in people with diabetes mellitus: a sfierdtatement from the
American Heart Association and the American Diabe#essociation.
Diabetes Care. 2007;30(1):162-172.

Kissela BM, Khoury J, Kleindorfer D, Woo D, SchneidA, Alwell K,
Miller R, Ewing |, Moomaw CJ, Szaflarski JP, GeBelShaffer L, Sekar P,
Broderick JP. Age at stroke: Temporal trends ink&rincidence in a large,
biracial population. Neurology. 2012;79(17):1781B17

Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Hark#\, Fowkes FG.
Inter-Society Consensus for the Management of Rerg Arterial Disease

(TASC II). J Vasc Surg. 2007;45(Suppl S):S5-67.

Page 76



41.

42.

43.

44,

45.

46.

47.

48.

Bibliography

Lavery LA, Armstrong DG, Wunderlich RP, Tredwell Bpulton AJM.
Diabetic foot syndrome: evaluating the prevalenod @cidence of foot
pathology in Mexican Americans and non-Hispanictedifrom a diabetes
disease management cohort. Diabetes Care. 200RP&35-1438.
Yosipovitch G, DeVore A, Dawn A. Obesity and thenskskin physiology
and skin manifestations of obesity. J Am Acad Deaina@007;56(6):901-
916.

Lalla RV, D'Ambrosio JA. Dental and oral complicats of diabetes. Clin
Diabetes Endocrinol. 2017;3:1.

Jeffcoate WJ, Harding KG. Diabetic foot wulcers. tein
2003;361(9368):1545-1551.

Armstrong DG, Boulton AJM, Bus SA. Diabetic footcats and their
recurrence. N Engl J Med. 2017;376(24):2367-2375.

Boulton AJM, Vileikyte L, Ragnarson-Tennvall G, Ageist J. The global
burden of diabetic foot disease. Lancet. 2005;388§91719-1724.
Prompers L, Huijberts M, Apelqgvist J, Jude E, Pe&gigA, Bakker K,
Edmonds M, Holstein P, Jirkovska A, Mauricio D, Ragson Tennvall G,
Reike H, Spraul M, Van Acker K, Van Baal J, Van ke F, Uccioli L,
Urbancic V, Van Acker K, Van Schie C. High prevalenof ischemia,
infection and serious comorbidity in patients witlabetic foot disease in
Europe. Baseline results from the Eurodiale studyiabetologia.
2007;50(1):18-25.

Reiber GE, Vileikyte L, Boyko EJ, del Aguila M, SimiDG, Lavery LA,
Boulton AJM. Causal pathways for incident lowerfentity ulcers in

patients with diabetes from two settings. Diab&age. 1999;22(1):157-162.

Page 77



49.

50.

51.

52.

53.

54.

55.

56.

S7.

58.

Bibliography

Lazzarini PA, Hurn SE, Fernando ME, Jen SD, Kuys is8np MC, Reed
LF. Prevalence and associations of low foot araghten 2,630 older adults:
a clinical measure of flatfoot? A cross-sectionaldg. BMC Geriatr.
2017;17(1):192.

Ramsey SD, Newton K, Blough D, McCulloch DK, Sand¥uReiber GE,
Wagner EH. Incidence, outcomes, and cost of fooérslin patients with
diabetes. Diabetes Care. 1999;22(3):382-387

Boulton, A. J. M., et al. "The global burden of lolic foot disease.” The
Lancet 366.9498 (2005): 1719-1724.

Reiber, G. E., et al. "Causal pathways for incidemter-extremity ulcers in
patients with diabetes from two settings.” DiabeBese 22.1 (1999): 157-
162.

Singh, N., et al. "Preventing foot ulcers in patsewith diabetes." JAMA
293.2 (2005): 217-228.

Armstrong, D. G., et al. "Diabetic foot ulcers atiekir recurrence." New
England Journal of Medicine 376.24 (2017): 2367837

Veves, A, et al. "The diabetic foot: a global vieWlumana Press, 2012.
Tesfaye, S., et al. "Diabetic neuropathies: upadetelefinitions, diagnostic
criteria, estimation of severity, and treatmenBigdbetes Care 33.10 (2010):
2285-2293.

Vinik, A. I., et al. "Diabetic neuropathies." Diabéogia 53.10 (2010): 2272-
2282.

Boulton, A. J. "Management of diabetic peripheralumpathy." Clinical

Diabetes 23.1 (2005): 9-15.

Page 78



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Bibliography

Apelgvist, J., et al. "Wound healing in diabeticofoulcers.” Clinical
Infectious Diseases 39.S2 (2004): S94-S107.

Edmonds, M. E., et al. "Pathways to ulcerationiopethogenesis." The foot
in diabetes (2006): 49-70.

Jeffcoate, W. J., et al. "Pathogenesis of dialdetit ulcers." Diabetes 55.S2
(2006): S46-S49.

Jude, E. B., et al. "Peripheral arterial diseasaiabetic and nondiabetic
patients: A comparison of severity and outcomeatBies Care 24.8 (2001):
1433-1437.

Jeffcoate, W. J., et al. "Management of diabetiot falcers: a clinical
practice guideline." Diabetes Metab Res Rev 202004): S84-S92.

Brem, H., et al. "Cellular and molecular basis @iwvd healing in diabetes."
Journal of Clinical Investigation 117.5 (2007): 921222.

Maruyama, K., et al. "The role of vascular endatiegrowth factor in
angiogenesis and diabetic wound healing." Amerigamrnal of Pathology
170.6 (2007): 2006-2017.

Guo, S., et al. "Factors affecting wound healidgtrnal of Dental Research
89.3 (2010): 219-229.

Brownlee, M. "Biochemistry and molecular cell bigjo of diabetic
complications." Nature 414.6865 (2001): 813-820.

Lerman, O. Z., et al. "Diabetes and impaired wotlne@ling: the role of
angiogenesis and vasculogenesis." American Jowhdbathology 172.3
(2008): 787-795.

Harding, K. G., et al. "Clinical challenges and ramic impact of chronic

wounds." Advances in Skin & Wound Care 15.1 (2082)2.

Page 79



70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

Bibliography

Wetzler, C., et al. "Oxidative stress and matrixatieproteinases in diabetic
wound healing." Physiological Research 49.4 (20623-534.

Wild, S., et al. "Global prevalence of diabetegdinestes for the year 2000
and projections for 2030." Diabetes Care 27.5 (200847-1053.

Frykberg RG, Zgonis T, Armstrong DG, Driver VR, @ni JM, Kravitz SR,
et al. Diabetic foot disorders: a clinical practgédeline. J Foot Ankle Surg.
2006;45(5):S1-S66.

Boulton AJ, Meneses P, Ennis WJ. Diabetic foot rdc@ framework for
prevention and care. Wound Repair Regen. 19997#(H:

Reiber GE, Lipsky BA, Gibbons GW. The burden ofogiic foot ulcers. Am
J Surg. 1998;176(2A):5S-10S.

Armstrong DG, Lavery LA, Harkless LB. Validation af diabetic wound
classification system. Diabetes Care. 1998;21(5)®85

Lavery LA, Armstrong DG, Wunderlich RP, Mohler M@#endel CS, Lipsky
BA. Risk factors for foot infections in individualsith diabetes. Diabetes
Care. 2006;29(6):1288-93.

Lipsky BA, Berendt AR, Cornia PB, Pile JC, Peteds Ermstrong DG, et al.
2012 Infectious Diseases Society of America clinactice guideline for
the diagnosis and treatment of diabetic foot inbet. Clin Infect Dis.
2012;54(12):e132-e173.

Apelqvist J, Larsson J. What is the most effectiry to reduce incidence of
amputation in the diabetic foot?. Diabetes Metab Rev. 2000;16(S1):S75-
83.

Gibbons GW, Eliopoulos GM. Infection of the dialoetbot. In: Kozak GP,

Campbell DR, Frykberg RG, Habershaw GM, editors.ndpgement of

Page 80



80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Bibliography

diabetic foot problems. 2nd ed. Philadelphia: WSAunders; 1995. p. 121-
42.

Jeffcoate WJ, Harding KG. Diabetic foot wulcers. tain
2003;361(9368):1545-51.

Boulton AJ, Armstrong DG, Albert SF, Frykberg RGellhan R, Kirkman
MS, et al. Comprehensive foot examination and askessment. Diabetes
Care. 2008;31(8):1679-85.

Peters EJ, Lavery LA. Effectiveness of the diabétiut risk classification
system of the International Working Group on thaligitic Foot. Diabetes
Care. 2001;24(8):1442-7.

Levin ME, O'Neal LW, Bowker JH, Pfeifer MA. The atic Foot. St.
Louis: Mosby; 2001.

Singh N, Armstrong DG, Lipsky BA. Preventing fodters in patients with
diabetes. JAMA. 2005;293(2):217-28.

Pecoraro RE, Reiber GE, Burgess EM. Pathways tdet@ limb
amputation: basis for prevention. Diabetes Car8013B(5):513-21.

Boulton AJ. The pathway to ulceration: aetiopathaggés. In: The Foot in
Diabetes. Wiley; 2006. p. 49-66.

Brownlee M. The pathobiology of diabetic complica$: a unifying
mechanism. Diabetes. 2005;54(6):1615-25.

Lipsky BA, Hoey C. Topical antimicrobial therapyrfareating chronic
wounds. Clin Infect Dis. 2009;49(10):1541-9.

Stechmiller JK. Understanding the role of nutriteamd wound healing. Nutr

Clin Pract. 2010;25(1):61-8.

Page 81



90.

91.

92.

93.

94.

95.

96.

97.

98.

Bibliography

Armstrong DG, Lavery LA. Diabetic foot ulcers: pention, diagnosis and
classification. Am Fam Physician. 1998;57(6):1325-3

Lavery LA, Peters EJ, Armstrong DG. What are thesimeffective

interventions in preventing diabetic foot ulcerstat Wound J.

2008;5(3):425-33.

Fife CE, Carter MJ. Wound care outcomes and adsociaost among
patients treated in US outpatient wound centera dfam the US Wound
Registry. Wounds. 2012;24(1):10-7.

Driver VR, Fabbi M, Lavery LA, Gibbons G. The costisdiabetic foot: the
economic case for the limb salvage team. J Vasay.S@010;52(3

Suppl):17S-22S.

Margolis DJ, Kantor J, Berlin JA. Healing of diaiseteuropathic foot ulcers
receiving standard treatment. Diabetes Care. 12¢8)2592-5.

Game FL, Hinchliffe RJ, Apelgvist J, Armstrong DBakker K, Hartemann
A, et al. A systematic review of interventions tohance the healing of
chronic ulcers of the foot in diabetes. DiabetestdfleRes Rev. 2012;28
Suppl 1:119-1.

Steed DL, Donohoe D, Webster MW, Lindsley L. Effeaft extensive

debridement and treatment on the healing of dialietit ulcers. J Am Coll
Surg. 1996;183(1):61-4.

Cardinal M, Eisenbud DE, Phillips T, Harding K. Bahealing rates and
wound area measurements are reliable predictotatef complete wound
closure. Wound Repair Regen. 2008;16(1):19-22.

Ramundo J, Gray M. Enzymatic wound debridement. duhd Ostomy

Continence Nurs. 2008;35(3):273-80.

Page 82



99.

100.

101.

102.

103.

104.

105.

106.

107.

Bibliography

Sherman RA. Maggot therapy for treating diabetiot folcers unresponsive
to conventional therapy. Diabetes Care. 2003;244B)51.

Thomas S. Alginate dressings in surgery and wouadagement—Part 1. J
Wound Care. 2000;9(2):56-60.

Ovington LG. Hanging wet-to-dry dressings out to/.dHome Healthc
Nurse. 2001;19(8):477-83.

Percival SL, Bowler PG, Russell D. Bacterial resise to silver in wound
care. J Hosp Infect. 2005;60(1):1-7.

Armstrong DG, Lavery LA, Nixon BP, Boulton AJ. It®t what you put on,
but what you take off: techniques for debriding affdloading the diabetic
foot wound. Clin Infect Dis. 2004;39(Supplement SBR-9.

Lipsky BA, Berendt AR, Cornia PB, Pile JC, Peteds Brmstrong DG, et al.
2012 Infectious Diseases Society of America clinmactice guideline for
the diagnosis and treatment of diabetic foot infet. Clin Infect Dis.
2012;54(12):e132-73.

Armstrong DG, Lavery LA, Nixon BP, Boulton AJ. It®t what you put on,
but what you take off: techniques for debriding arfidloading the diabetic
foot wound. Clin Infect Dis. 2004;39(Supplement SBR-9.

Boulton AJ, Armstrong DG, Albert SF, Frykberg RGellhan R, Kirkman
MS, et al. Comprehensive foot examination and askessment. Diabetes
Care. 2008;31(8):1679-85.

Driver VR, Fabbi M, Lavery LA, Gibbons G. The cosffsdiabetic foot: the
economic case for the limb salvage team. J Vasay.S2010;52(3

Suppl):17S-22S.

Page 83



108.

109.

110.

111.

112.

113.

114.

115.

116.

Bibliography

Fife CE, Carter MJ. Wound care outcomes and adsociaost among
patients treated in US outpatient wound centerga éfam the US Wound
Registry. Wounds. 2012;24(1):10-7.

Apelgvist J, Larsson J. What is the most effectisagy to reduce incidence of
amputation in the diabetic foot?. Diabetes Metab Rev. 2000;16(S1):S75-
83.

Thomas S. Alginate dressings in surgery and wouadagement—Part 1. J
Wound Care. 2000;9(2):56-60.

Margolis DJ, Kantor J, Berlin JA. Healing of diaiseteuropathic foot ulcers
receiving standard treatment. Diabetes Care. 12¢8592-5.

Ovington LG. Hanging wet-to-dry dressings out to/.dHome Healthc
Nurse. 2001;19(8):477-83.

Sherman RA. Maggot therapy for treating diabetiat folcers unresponsive
to conventional therapy. Diabetes Care. 2003;2648)51.

Steed DL, Donohoe D, Webster MW, Lindsley L. Effeuft extensive
debridement and treatment on the healing of dialfett ulcers. J Am Coll
Surg. 1996;183(1):61-4.The Science Behind Topiesililin

Boulton AJ, Armstrong DG, Albert SF, Frykberg RGellhan R, Kirkman
MS, et al. Comprehensive foot examination and askessment. Diabetes
Care. 2008;31(8):1679-85.

Driver VR, Fabbi M, Lavery LA, Gibbons G. The costisdiabetic foot: the
economic case for the limb salvage team. J Vasagy.S@010;52(3

Suppl):17S-22S.

Page 84



117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Bibliography

Fife CE, Carter MJ. Wound care outcomes and adsociaost among
patients treated in US outpatient wound centerga éfam the US Wound
Registry. Wounds. 2012;24(1):10-7.

Apelgvist J, Larsson J. What is the most effectisagy to reduce incidence of
amputation in the diabetic foot?. Diabetes Metab Rev. 2000;16(S1):S75-
83.

Thomas S. Alginate dressings in surgery and wouadagement—Part 1. J
Wound Care. 2000;9(2):56-60.

Margolis DJ, Kantor J, Berlin JA. Healing of diaiseteuropathic foot ulcers
receiving standard treatment. Diabetes Care. 12¢8592-5.

Ovington LG. Hanging wet-to-dry dressings out to/.dHome Healthc
Nurse. 2001;19(8):477-83.

Sherman RA. Maggot therapy for treating diabetiat folcers unresponsive
to conventional therapy. Diabetes Care. 2003;2648)51.

Steed DL, Donohoe D, Webster MW, Lindsley L. Effeuft extensive
debridement and treatment on the healing of dialfett ulcers. J Am Coll
Surg. 1996;183(1):61-4.

Armstrong DG, Lavery LA, Nixon BP, Boulton AJ. It®t what you put on,
but what you take off: techniques for debriding affdloading the diabetic
foot wound. Clin Infect Dis. 2004;39(Supplement SBR-9.

Boulton AJ, Meneses P, Ennis WJ. Diabetic foot rdc@ framework for
prevention and care. Wound Repair Regen. 19997#(H:

Reiber GE, Lipsky BA, Gibbons GW. The burden ofodiic foot ulcers. Am

J Surg. 1998;176(2A):5S-10S.

Page 85



127.

128.

129.

130.

131.

132.

133.

134.

135.

Bibliography

Lipsky BA, Hoey C. Topical antimicrobial therapyrfareating chronic
wounds. Clin Infect Dis. 2009;49(10):1541-9.

Stechmiller JK. Understanding the role of nutriteamd wound healing. Nutr
Clin Pract. 2010;25(1):61-8.

Armstrong DG, Lavery LA. Diabetic foot ulcers: pemtion, diagnosis and
classification. Am Fam Physician. 1998;57(6):1325-3

Lavery LA, Peters EJ, Armstrong DG. What are thesimeffective
interventions in preventing diabetic foot ulcerstat Wound J.
2008;5(3):425-33.

Fife CE, Carter MJ. Wound care outcomes and adsociaost among
patients treated in US outpatient wound centerga éfam the US Wound
Registry. Wounds. 2012;24(1):10-7.

Driver VR, Fabbi M, Lavery LA, Gibbons G. The cosffsdiabetic foot: the
economic case for the limb salvage team. J Vasay.S2010;52(3
Suppl):17S-22S.

Boulton AJ, Armstrong DG, Albert SF, Frykberg RGellhan R, Kirkman
MS, et al. Comprehensive foot examination and askessment. Diabetes
Care. 2008;31(8):1679-85.

Driver VR, Fabbi M, Lavery LA, Gibbons G. The costfsdiabetic foot: the
economic case for the limb salvage team. J Vasagy.S@010;52(3
Suppl):17S-22S.

Fife CE, Carter MJ. Wound care outcomes and adsoCiaost among
patients treated in US outpatient wound centera dfam the US Wound

Registry. Wounds. 2012;24(1):10-7.

Page 86



136.

137.

138.

139.

140.

141.

142.

143.

144,

Bibliography

Apelgvist J, Larsson J. What is the most effectiiay to reduce incidence of
amputation in the diabetic foot?. Diabetes Metab Rev. 2000;16(S1):S75-
83.

Thomas S. Alginate dressings in surgery and wouadagement—Part 1. J
Wound Care. 2000;9(2):56-60.

Margolis DJ, Kantor J, Berlin JA. Healing of dialoeteuropathic foot ulcers
receiving standard treatment. Diabetes Care. 12¢8)2592-5.

Bhettani M, Basit A, Naeem N, Zahid M, et al. Effay of topical insulin in
the treatment of diabetic foot ulcer. Journal ofalidtes Research.
2017;2017:1-6.

Edek PO, Ugwuja El, Ezeani IU. Topical insulin inetmanagement of
chronic leg ulcers: a case report. Diabetes MetalnliSObes. 2019;12:789-
793.

Meena S, Agarwal P, Rathi R, et al. Efficacy ofitap insulin in healing
diabetic foot ulcers. International Journal of Detds in Developing
Countries. 2018;38(2):128-132.

Thakur R, Kumar A, Reddy R, et al. Clinical effigaof topical insulin in
wound healing among patients with diabetic footeulcDiabetes Metab
Syndr. 2018;12(4):527-532.

Gautam K, Bhattarai S, Sharma D, et al. Topicallinsfor diabetic foot
ulcer: a prospective observational study. Diabetdstab Syndr Obes.
2018;11:279-285.

Rao PR, Satyanarayana S, Rao NR, et al. Topicalinngs phenytoin in the
management of diabetic foot ulcers: a prospectimadomized, open-label

study. Diabetes Res Clin Pract. 2016;120:245-250.

Page 87



145.

146.

147.

148.

Bibliography

Patel S, Maheshwari R, Chandra A. Effectivenessopical insulin in
management of diabetic foot ulcers: a comparatiwgys Int Surg J.
2018;5(1):34-39.

Singh H, Bansal P, Singh J, et al. Evaluation efrible of topical insulin in
healing of chronic diabetic foot ulcers. Int Wouhd019;16(4):730-735.
Pandey S, Kansal S, Mangla V, Kansal S, Tyagi AtgGa Efficacy of
topical insulin dressings vs normal saline dressingliabetic foot ulcer - a
hospital-based study. Subharti Med J. 2023;6(13@5-

Soujanya M, Kruthi SR, Pratheek KC, Venkatesh Sni€dl study to
compare the effectiveness of topical insulin verdapical phenytoin
application in healing of chronic diabetic ulcePast Reconstr Surg Glob

Open. 2023;11(7):e4832.

Page 88



Annexures

ANNEXURE - | -

CONSENT FOR PARTICIPATION IN RESEARCH STUDY

INFORMED CONSENT FORM STUDY OF EFFECTIVENESS OF TOPICAL
INSULIN ON HEALING OF DIABETIC ULCERS AT TERTIARY H EALTH

CARE CENTER”
Name of Student/Principal Investigator:
Name of Guide/Co Investigators:
Objective:

e To assess the effectiveness of the topical insapiplication in diabetic

patients

« To Compare the effectiveness of topical insulin liggtion versus normal

Saline dressings in diabetic patients

Introduction : Chronic wounds or ulcers are the wounds that Halled to progress
through the orderly process that produces sat@faeinatomic and functional integrity
or that have proceeded through the repair procewowt producing an adequate
anatomic and functional result. The majority of wds that usually don’t heal in 3
months are considered as chronic.1,2 The uniquerteaf a chronic wound is their
inability to heal despite the best management wiiokld be undertaken, especially
the diabetic ulcer, pressure ulcers or bed soreget estimates indicate that nearly 6
million people suffer from chronic wounds worldwid&he prevalence of chronic

wounds in India has been reported as 4.5 per 10@0lation, whereas that of acute
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wounds is nearly double, at 10.5 per 1000 popuiafidtne poor hygienic condition in
some third world countries has been attributechasiain cause OUR STUDY AIMS
TO FIND OUT IF TOPICAL APPLICATION OF INSULIN AS ACOST-
EFFECTIVE MEANS OF DRESSING TO INCREASE EFFICACY QNOUND

HEALING.

Explanation of procedure Surgical debridement of dirty wounds will be damsder
anaesthesia. Then the ulcers will be included énstindy. Time required for preparing
the ulcers from the time of admission till enrolmanthe study is considered as wound
preparation time. While considering the hospital/ sif patients this wound preparation
time was not taken into account. In Group A, ulceilsbe cleaned with normal saline
and then irrigated with 4 units (0.1 ml) of humantuble insulin (Actrapid) in 1 ml
normal saline (0.9%) for each 10 cm2 of wound. Sbktion prepared will be sprayed
on the ulcer surface with an insulin syringe twitagly and ulcer left to dry and then
covered with sterile cotton gauzes. In Group Berdcwill be cleaned with normal
saline without insulin and covered with sterile gas1 Withdrawal from participation in
the study: Participation in this study is voluntavypu will be free to decide whether to
participate in this study or continue participatimmce enrolled. In case you decide to
withdraw your participation, you are free to do ddowever, please convey the

decision to the principal investigator.

Possible benefits from participating in the study You will/will not have nor get any
benefits by participating in this study. The datthgred will help the population at
large. Possible risks from participating in thedstuThere are no risks involved in

participating in this study.
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Privacy and confidentiality: The information collected from you will be coded,
prevent any person from identifying you. Your idgnwill never be revealed. The data
collected from you will be kept confidential andyprocessed or aggregated data will
be used for publication. Financial incentives: Ywill not receive any payment for

participating in this study.

Authorization for publication of aggregated data Results obtained after processing
of the aggregated data will be published for sdienpurposes and or presented to

scientific groups. However, your identity will nevee revealed.

Questions | If you have any question or complaints withaegjto your right as study
participant you may contact Dr. Harsha Hegde, Qeason, Ethical committee of

JNMC.

Legal rights: By signing this consent form, we are not waving af your legal rights.
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CONSENT STATEMENT

| am making a voluntary decision to participatetive study “STUDY OF
EFFECTIVENESS OF TOPICAL INSULIN ON HEALING OF DIABTIC ULCERS
AT TERTIARY HEALTH CARE CENTER”. My signature beloimdicates that | have
decided to participate and | have read the infoonatprovided above or the
information provided above has been read to mheridnguage that | understand best.
| was given the opportunity to ask questions arad they have been answered to my

satisfaction.

Name of the participant:

Signature or left thumb impression of the partioipa

Name of the withess:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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ANNEXURE - || - PROFORMA

PROFORMA / QUESTIONNAIRE TO BE USED FOR DATA COLLH®N The
proposed proforma / questionnaire to be used fta dallection for the study titled
“STUDY OF EFFECTIVENESS OF TOPICAL INSULIN ON HEALI NG OF

DIABETIC ULCERS AT TERTIARY HEALTH CARE CENTER” s as:

CASE NO:

NAME:

AGE/SEX:

IP NO.:

ADDRESS:

OCCUPATION:

COMPLAINTS AT PRESENTATION :

PAST HISTORY:

FAMILY HISTORY :

PAST HISTORY: H/0 DIABETES, HTN, SMOKER
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TREATMENT HISTORY:

ON GENERAL EXAMINATION

BLOOD PRESSURE

SYSTEMIC EXAMINATION :

R. S.:

C.V.S.:

C.N.S.:

P.A.

INVESTIGATIONS:

CULTURE AND SENSITIVITY

FBS

HBA1C

VIRAL MARKERS

: SYSTOLIC BLOOD PRESSURE DIASTOLIC
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ANNEXURE — [Il PHOTOGRAPHS

Insulin dressing
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Saline dressing

Day 0
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ANNEXURE IV MASTER CHART
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