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ABSTRACT

Background: Diabetic foot ulcers (DFU), a common complication of long-term diabetes, significantly reduce quality of life,
increase morbidity and mortality, and place a heavy burden on individuals and healthcare systems. It is require a multidisciplinary

approach to treatment.

Aim: To overview the standards in diabetic foot prevention and care.

Methods: We searched for materials for this work in the Pubmed and Google Scholar databases using the keywords: "Diabetic
foot", "diabetic wounds", "diabetic neuropathy"and analyzed the selected materials.

Results: DFU significantly reduce the quality of life and are a major burden for individuals and healthcare systems. Effective care
involves specialists across various fields to address the complex causes and improve outcomes.

Conclusion:There are currently many published standards for the care and examination of the feet of patients with diabetes,
which are presented in the following review. It is important to remember the cause of the pathophysiology of DFU and effectively
treat diabetes, maintaining the patient in normoglycemia, and also examine your feet and actively look for the first signs of diabetic

ulcers.
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INTRODUCTION

Diabetes is still a big social problem, with many associated
complications. According to the recent rise in incidence of
diabetes, the result of the Balance Scenario with Medium Level of
the data, its rate can reach up to 28% according to an
approximation to the year 2050'. The term diabetes-related foot
ulcer (DFU) is specified as an ulcer that occurs in the foot of a
person with diabetes which at least penetrates the epidermis and
some of the dermis® Diabetic foot ulcers- DFU are a frequent
complication of longstanding diabetes, and lifetime risk of
developing a diabetic foot ulcer is 19-34% among patients with
diabetes®. These symptoms significantly reduce quality of life, as
well as incur substantial costs to the individual. Diabetic foot ulcers
(DFU) have been shown to confer a significantly increased risk of
morbidity and mortality. In fact, diabetic patients with DFU are 2.5
times more likely to die within five years than their counterparts
without DFU*.

Moreover, it is a heavy burden for the person’s family,
health workers and health care facilities, and on society as a
whole. Development of an ulcer often coincides with other risk
factors in a single patient with diabetes, including diabetes-
associated peripheral neuropathy and/or PAD5 Because the
causes of diabetic foot ulcers are multifactorial, treatment requires
a multidisciplinary team. Diagnosis and management should take
place in a multidisciplinary foot care service, under the supervision
of a named healthcare professional including those who are
specialist in the areas such as diabetology, podiatry, diabetes
specialist nursing, vascular surgery, microbiology, orthopaedic
surgery, biomechanics and orthoses, interventional radiology,
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casting. Rehabilitation services, plastic surgery, psychological
services and nutritional services should also be available to
multidisciplinary foot care service®. For burn patients, the
multidisciplinary team should be led by the diabetologist as
diabetic foot ulcers are a complication of diabetes and the most
common underlying cause for chronic ulceration is chronic
hyperglycemia’.

Definition and Clinical Presentation

There are many wound grading systems, with varying degrees of
focus on the degree of tissue loss, ischemia, and infection. In the
research 37 classifications were identified. After a critical review 19
were included. The Wagner system was the first widely adopted
classification for ulcers but is poorly validated and does not
effectively differentiate between ulcer types for its primary
purposes. The University of Texas classification is better validated
but overlooks key factors like neuropathy and ulcer size. The
Infectious Diseases Society/International Working Group system
was initially for hospital admissions but later evaluated for
predicting amputations. The SINBAD system, the most validated,
is best for auditing outcomes, while for clinical management, the
WIfl system ranks highesta'g. These previous classification systems
were far from perfect and ignored determinants that are important
to the prognosis. In response, the Society for Vascular Surgery
developed a new classification system that will no longer use the
term “critical limb ischemia”. This classification is organized
according to three principal criteria: wound characteristics (W),
degree of ischemia (l) and foot infection’s presence and severity
(fi) SVS Wound, Ischemia, and foot Infection (WIfl) classification1
(Table 1)'°. This includes classification of degrees of tissue loss,
ischemia, and foot infection as none, mild, moderate, or severe. It
helps clinicians recognize and communicate the severity of
diabetic foot ulceration to channel urgent multidisciplinary clinical
intervention. The WIdI is shown in figure 1. Objectives WIfl score
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correlates with lower extremity amputation and morbidity;
Completed WIfl score can be used to assess need for
revascularization. One-year amputation rates were 0%, 8%, 11%
and 38% for WIfl scores of 1, 2, 3, and 4, respectively'®'".

Table 1. The classification system of Society for Vascular Surgery®

W- Wound 0 Uleer- No

Gangrene- No

1 Ulcer- Small or superficial on leg or foot

Gangrene- No

Uleer- Deep with exposed bone, joint, or tendon

Gangrene limited to digits

3 Ulcer- extensive ulcer involving forefoot and/or midfoot, calcaneal
involvement

Gangrene—Extensive

)

I- Ischemia ABI SBP of the ankle TP, TcPO2
0 >0.80 > 100 mmHg >60 mmHg
! 0.60.79 70-100 mmHg 40-59 mmHg
2 04-0.59 50-70 mmHg 30-39 mmHg
3 <039 <50 mmHg <30 mmHg

=3

Uninfected

Mild local infection, involving only the skin and subcutaneous tissue,
erythema > 0.5 to <2 cm

Moderate local infection, with erythema > 2 cm or involving deeper structures
3 Severe local infection with signs of SIRS

{l- foot Infection

o

Mechanism

Diabetic foot ulcers (DFU) usually have a multi-pathological origin
which vyiel... Neuropathy is present in most of the cases of DFU
(70%-90%), however, about 15%-20% of subjects with DFU has
simultaneous neuropathy and peripheral artery disease (PAD)27.
As such,multiple processes resulting in ulceration may be present
concurrently”. The key etiologies of diabetic foot are shown in
Figure 1.

The normal wound-healing process is generally divided into
four major phases: (a) the “hemostasis” stage, consisting of
vasoconstriction and platelet aggregation, followed by activation of
coagulation factors at the area of injury; the platelets also release
mediators including transforming growth factor-beta (TGF-B),
interleukin-1 (IL-1), and platelet-derived growth factor (PDGF) that
recruit and activate macrophages and fibroblasts. (b) the
“inflammation” phase is characterized by immune cell
accumulation and the release of inflammatory mediators, such as
matrix metalloproteinase (MMP)-9 from macrophages and
neutrophil extracellular traps (NETs) from neutrophils; (c) during
the “proliferation” phase, inflammation subsides, and skin cells
such as keratinocytes that produce epidermal growth factor (EGF)
proliferate and migrate towards the wound site; and (d) the
“remodeling” phase is identified by tissue restructuring and
deposition, driven by extracellular matrix formation and
neovascularization, with fibroblasts secreting fibroblast growth
factors (FGF) and vascular endothelial cells producing vascular
endothelial growth factor (VEGF)'.

In diabetic wounds, the disruption of these healing stages
occurs due to tissue ischemia condition, oxygen-poor sites, and
the hyperglycemic environment that dominate diabetes, suggesting
compromised wound healing and clinical complications. Diabetic
wounds show increased levels of pro-inflammatory cytokines like
tumor necrosis factor-alpha (TNF-a) and interleukin-1 beta (IL-1pB),
resulting in reduced granulation and reepithelialization“. In
diabetes, "cellular and cytokine functional capacity is diminished,
and migratory potential to the sites of injury is markedly reduced,"
along with the "potent activity of important growth and angiogenic
factors is greatly down regulated.

Furthermore, diabetic foot ulcers result from vascular
disease and diabetic sensory, motor and autonomic neuropathy.
Loss of protective sensation, coupled with foot deformities and
limited joint mobility, due to diabetic neuropathy, can result in

abnormal mechanical loading of the foot. So it most commonly
forms where the skin is under the heaviest load— for example, the
bottom of the foot under the metatarsal head, and the plantar
midfoot. This causes intense mechanical stress in certain areas
that is typically protected by the thickened skin (callus) The callus
continued then to overload the foot, often with subcutaneous
hemorrhage and ultimately skin ulceration. Diabetic foot ulcers
also arise from other mechanisms, such as sustained low
pressure, i.e., from tight shoes leading to necrosis of the
underlying tissue, and high pressure from sharp objects causing
acute mechanical®.

In patients with poorly controlled diabetes for a long period,
consistently elevated glucose concentrations induce damage to
nerve fibers via mechanisms like advanced glycation end product
(AGE) accumulation, protein kinase C activation, increased
reactive oxygen species (ROS) and nitric oxide (NO) activity, DNA
damage, and chronic inflammatory processes .

Figure 1. Mechanism of diabetic foot ulcers*

Diabetic Foot Ulcers

Vascular Disease

- Arterial ischemia
- Venous insufficiency
- Microvascular changes

Neuropathy

Diabetic neuropathy is a unique neurodegenerative disease of the
peripheral nervous system with a predominant involvement of
sensory and autonomic axons and only late and mild involvement
of motor axons. The gradual progression of the disease results in
the degeneration and "dying back" of the peripheral sensory axon
termini, while the cell bodies (perikarya) usually remain intact"”.
Although diabetes can impact all neural tissues, the most common
forms of diabetic neuropathy are distal symmetric polyneuropathy
and cardiovascular autonomic neuropathy, both of which are more
prevalent in individuals with type 2 diabetes'®. Besides these more
generalized forms, diabetes can also involve focal or multifocal
neuropathies, such as cranial, truncal, focal limb, or proximal motor
neuropathies (e.g., diabetic amyotrophy) as well as chronic
inflammatory demyelinating polyneuropathy.

The length of the disease is another factor that affects
diabetic neuropathy prevalence. In patients with type 2 diabetes
(T2DM), there was an increase in neuropathy from 8% at baseline
to 42% over a 10 year follow-up period*'®. Because of the variable
nature of the neuropathy in DFU, which can range from loss of
protective sensation to deep sensory neuropathy, three significant
concepts are present:

The initial, electric muscle neuroplasty causes muscular
weakness and atrophy, creating a muscular weakness imbalance
between the flexor and extensor muscles of the foot. This
imbalance causes the metatarsal heads to jutt out, and puts added
pressure on the skin overlying the toes, causing a “claw toe
appearance.”

Second is sensory neuropathy— loss of protective sensation
from minimal to deep pressure, temperature and vibration causes
repetitive trauma to the feet which precipitates ulcer formation.

The second feature is that as the function of the lower
extremities is diminished autonom mobiliring synthesis face to
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torrential draught, which makes drainage blanches easily under
rarefaction and repeated damage, forming arteriovenous fistulas
and trophic disorders. The combination of altered skin texture, foot
deformity, and repeated trauma makes patients more susceptible
to ulcers.

Screening tests must be fast, accurate and easy. Simple
sensory examination for diabetic neuropathy can be done with
several simple tests, for example, the 10 g monofilament test,
vibration testing using a 128 Hz tuning fork, vibration perception
threshold test, pinprick sensation and ankle reflexes the Michigan
Neuropathy Screening Instrument is a validated screening and
severity test for neuropathy using questionnaire and simple
examination and is also useful in screening and grading severity of
neuropathy®.

Vascular Disease

Recent studies indicate that both venous insufficiency and
microvascular affections are significant contributing factors in
diabetic foot disease.

Metabolic: Diabetes is a recognized risk factor for peripheral
artery disease (PAD). Diabetic microangiopathy. Microvascular
abnormalities appears early, with capillaries of reduced size and
basement membrane thickening in the early stage of diabetes,
along with arteriolar hyalinosis. 21 In patients with diabetes,
sustained hyperglycemia causes dysfunction of endothelium and
abnormalities in smooth muscles, resulting in vasoconstriction due
to diminished vasodilators®. Moreover, increased levels of the
vasoconstrictor and platelet aggregation agonist thromboxane A2
lead to hypercoagulability of plasma. These factors combine to
manifest into occlusive arterial disease leading to ischemia and
ulcers.

Metabolism

Moreover, poor glycaemic control is a major factor that
predisposes patient to develop DFU. Wound; hypertension; in one
Diabetic patients, the high blood sugar causes the proteins to
break down into amino acids catabolic state which is sending part
of its protein to make sugar instead of human body repair, by
gluconeogenesis high blood sugar and fasting in torn injuries, the
decrease of collagen synthesis, increase the release of proteinase
activity, reduce the synthesis of the ECM non- collagen protein,
reduce fibroblast proliferation. In fact, hyperglycemia is reported to
compromise the barrier function in skin, exampled in diabetic mice
with impaired keratinocyte proliferation and differentiation. As a
result, hyperglycemia generates unfavorable conditions for
ransitional factors of healing use and generation Moreover,
hyperglycemia has numerous adverse immunological outcomes
that promote the initiation and maintenance of DFU. It causes
stage of chronic inflammatory and antitumor immunity by
modulating neutrophil and macrophage activity.

Studies have shown that hyperglycemia can alter the
cytokine profile of the inflammatory cascade involved in wound
healing. Collectively, these findings suggest that hyperglycemia
alters both immune function and immune response to injury in a
way that may accelerate DFU tissue pathology.

Foot ulcer prevention

The presence of other professionals working closely with the
diabetologist in the diabetic unit (the core of the multidisciplinary
team) is crucial. This includes the podiatrist, who helps prevent
and treat diabetic foot lesions, and the nurse, who provides
education and reassurance. Prevention is fundamental, and patient
education is key. Essential measures include identifying at-risk
feet, regular inspections, wearing appropriate footwear, and
treating pre-ulcerative signs.Foot self-care empowers patients,
who are central to the multidisciplinary team, to recognize early
signs of ulceration. This proactive approach is one of the greatest
benefits of a multidisciplinary team, as it enables the early
identification of foot problems. Early detection can prevent the
onset of ulcerations and the progression to more severe
complications, such as infection, gangrene, and ultimately,
amputation or death.”The The most important steps in preventing
ulcers and detecting them early are shown in Table 2.

The screening

A major component in ulcer prevention is screening. There is
increasing focus on how community podiatry services can enable
diabetic foot care. This appears to correlate with declining hospital
admissions and changing patterns referring to avoidable
amputations. Gibson et al. Apart from providing changes in
behaviour after receiving podiatry services, the study by T * also
estimated that individuals receiving podiatric care in the year
before a diabetic foot ulcer were at lower risk of lower limb
amputation, and had a lower rate of hospital admission?. The
researchers observed that patients treated by both a podiatrist and
a lower-extremity-care specialist for ulcerations had a 36% lower
risk of having to undergo lower limb amputation than those treated
only by other physicians®.

The National Institute for Clinical Excellence has proposed a
useful stratification strategy to facilitate stratification of the
individual patient’s risk of either developing diabetic foot problems
or requiring amputation (2023 Diabetic foot problems: prevention
and management). Undress all items during the foot examination,
including the shoe, socks, bandages and dressings, and check
each foot for the following risk factors: neuropathy, limb ulceration,
callus infection or inflammation deformities gangrene Charcot
arthropathy
e Assessment of sensation in the foot by 10/g monofilament or

by vibration (in the absence of 10/g monofilament,

assessment can be performed by lightly touching the toes of

the patient with index finger for 2-3 s)

. Foot pulse palpation

e  Assessment of foot deformity and shoe wear

. Routine podiatric treatments (debridement of callosities and
hyperkeratosis)

e Evaluation of current footwear and deformities, and education
on ulceration risk

. Educating patients and their families/caregivers about the
principles of ulceration prevention, with an emphasis on
appropriate footwear choice

. Management/elimination of other risk factors: smoking,
overweight, hypertension, lipid disorders, glycemic control of
diabetes,

e  Walking training can only be used in patients without plantar
foot ulcers with appropriately selected shoes®.

Use the risk stratification (Table 2) to assess the person's

current risk of developing a diabetic foot problem or requiring

an amputation.

Table 2. The risk stratification table

The risk level | Describtion ‘What to do

Continue to carry out foot assessments at
their annual diabetes review
Advise about the risk and foot care

Low risk no risk factors present except callus alone.

Within 6 to 8 weeks:

-Assess the feet.

-Give advice about, and provide, skin and
nail care of the feet.

-Assess the biomechanical status of the
feet, including the need to provide
specialist footwear and orthoses.

-Assess the vascular status of the lower
limbs.

Moderate risk | deformity or
neuropathy or
peripheral arterial disease.

High risk previous ulceration

previous amputation

on renal replacement therapy

neuropathy and peripheral arterial disease

Within 2 to 4 weeks

-Assess the feet.

-Give advice about, and provide, skin and
nail care of the feet.

together -Assess the biomechanical status of the
neuropathy in combination with callus and/or | feet, including the need to provide
deformity specialist footwear and orthoses.
peripheral arterial disease in combination with | -Assess the vascular status of the lower
callus and/or deformity. limbs.

Active ulceration or infection or

chronic limb-threatening ischaemia or
gangrene or suspicion of an acute Charcot
problem arthropathy, or an unexplained hot, swollen
foot with a change in colour, with or without
pain

diabetic  foot
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Metabolic control

According to the latest recommendations, maintaining optimal
control of glycemia, lipemia and blood pressure reduces the risk of
developing diabetic foot syndromezg. Intensive glycemic control
reduces the risk of kidney, retinal, and neurologic complications
whatsmore early intensive glycemic control decreases long-term
DFU risk, the most important antecedent in the causal pathway to
lower-extremity amputationsso. This trend is noticeable in short-
and long-term studies®*'. Good metabolic control in most cases of
diabetes complicated by diabetic foot syndrome requires the
initiation or intensification of insulin therapy. The use of oral
hypoglycemic drugs in clinically uninfected wounds is permissible if
this therapy ensuresproper metabolic control of diabetes.
Treatment

The key elements in the treatment of DFU are optimal glycemic
control®®. The preferred method of offloading is the use of non-
removable offloading, recommended and applied exclusively by
appropriately trained personnel. ldeally, this offloading should
extend up to the knee; however, if this is not possible, offloading
up to the ankle may be acceptable®*®. The systemic antibiotic
therapy in case of infection and vascular interventions in ischemic
foot, the adjuvant use of topical agents enhances the efficacy of
systemic antibiotics in the case of diabetic foot infection®**.-
Surgical procedures — debridement with debridement, drainage,
and incision; flexor tendon tenotomy, Achilles tendon lengthening,
and metatarsal head resection®. All endovascular and vascular
surgery procedures®®, hybrid procedures®. Traditional dressings
and therapy that maintain a moist wound environment — the option
of using dressings with TLC-NOSF technology should be
considered for non-infectious wounds of neuro-ischemic aetiology
(without signs of critical/significant ischemia) if they do not heal
with the best standard treatment®, hyperbaric chamber, negative
pressure therapy, low molecular weight heparin preparations,
acetylsalicylic acid, use of platelet-rich fibrin®**°.

CONCLUSION

Diabetic foot ulcers (DFUs) remain a critical and multifaceted
complication of diabetes, associated with substantial morbidity,
mortality, and healthcare burden. Effective prevention, early
detection, and appropriate management are crucial to reducing the
risk of severe outcomes. The pathogenesis of DFUs involves
complex interactions between neuropathy, peripheral arterial
disease  (PAD), vascular insufficiency, and metabolic
dysregulation. The use of comprehensive classification systems,
such as the WIfl model, offers a more nuanced approach to
assessing wound severity, ischemia, and infection, aiding clinicians
in decision-making and prioritizing care.Multidisciplinary team care
is essential for successful prevention and treatment of DFUs.
Screening measures, such as regular podiatric assessments and
the use of tools like the 10g monofilament, are vital for early
identification of at-risk feet.Optimal metabolic control remains the
cornerstone of DFU treatment, as well as offloading, systemic
antibiotic therapy, and surgical procedures. By adopting these
strategies, healthcare providers can significantly improve quality of
life for patients with diabetes and reduce the broader societal and
economic impact of this challenging condition.
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