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Abstract

Foot problems are common and significant complications in patients with diabetes. Chronic hyperglycemia
associated with diabetes can lead to various systemic complications, and the feet are particularly vulnerable owing
to their complex anatomy and dependence on proper blood circulation and nerve function. This abstract aims to
provide an overview of foot problems in patients with diabetes, highlighting their prevalence, etiology, clinical
presentation, and management strategies. Peripheral neuropathy, characterized by nerve damage, is a key contributor
to foot problems in individuals with diabetes. Sensory neuropathy diminishes the ability to detect pain, temperature,
and pressure, making patients susceptible to unnoticed injuries, whereas autonomic neuropathy causes reduced
sweating and dryness, leading to skin fissures and ulcers. Peripheral arterial disease, a common comorbidity, restricts
blood flow to the lower extremities, impairs wound healing, and increases the risk of infection. Foot problems
commonly observed in patients with diabetes include foot ulcers, infections, Charcot arthropathy, and peripheral
arterial disease. Foot ulcers, often triggered by minor trauma, can become chronic and difficult to heal, necessitating
comprehensive wound care, offloading techniques, and infection control. Infections, primarily caused by bacteria,
can progress rapidly, leading to cellulitis, osteomyelitis, or even gangrene, demanding prompt diagnosis and
aggressive treatment with antibiotics or surgical interventions. Charcot arthropathy is a condition characterized by
bone and joint deformities, resulting from repetitive micro trauma and neuropathy. Early detection and
immobilization are crucial to prevent severe deformities and fractures. Peripheral arterial disease contributes to
ischemia and tissue damage, necessitating management strategies, such as revascularization procedures or
amputation in severe cases. Preventive measures and regular foot care are of paramount importance in the
management of foot problems in diabetic patients. Education regarding self-examination, appropriate footwear, and
meticulous hygiene practices can significantly reduce the risk of complications. Multidisciplinary teams involving
podiatrists, endocrinologists, and wound care specialists play vital roles in comprehensive foot care and management.
In conclusion, foot problems pose a substantial burden on patients with diabetes, significantly impacting their quality
of life and requiring a multi-dimensional approach t prevention and management. Early detection, patient education,
and effective interventions are crucial to reduce the incidence of foot complications and improve outcomes in this
vulnerable population.

Keywords: foot problems; hyperglycemia; peripheral neuropathy; sensory neuropathy; autonomic neuropathy;
peripheral arterial disease; foot ulcers; regular foot care; infection; charcot arthropathy

Introduction
this was the first time that any major non - specialist journal had focused on

the disease. Mediocre doctors treat the disease before it becomes evident. this worldwide problem; however, major challenges remain in getting across

Inferior doctors treat full-blown diseases. " [Huang Dee, China, 2600 BC]
The Chinese proverb suggests that inferior doctors treat full-blown disease,
and until recently, this was sadly the case with diabetic foot disease.
Realizing the global importance of diabetic foot disease, the International
Diabetes Federation (IDF) focused on the diabetic foot throughout the year
2005, during which there was a worldwide campaign to " put feet first" and
highlight the all-common problem of amputation among patients with
diabetes worldwide. To coincide with World Diabetes Day in 2005, The
Lancet launched an issue almost exclusively dedicated to the diabetic foot:

Important messages related to diabetic foot

1 Foot ulceration is common, affecting up to 25% of patients with diabetes
during their lifetime [1]. 2 Over 85% of lower limb amputations are preceded
by foot Ulcers and diabetes remain the most common causes of non-
traumatic amputation in Western countries [2]. 3 Prevention is the first step
towards solving diabetic foot problems. Although it was estimated that a leg
is lost to diabetes, somewhere in the world every 30 seconds, a more
important fact Is that up to 85% of all amputations in patients with diabetes
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should be? preventable [2].4 Reductions in amputations will only be
achieved if healthcare professionals from all specialties realize that, as Brand
once stated, "Pain is God's greatest gift to mankind ": it is the loss of pain
that permits patients with neuropathy to develop ulcers and continue walking
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despite  the presence of an overwhelming infection [3].
5 Strategies aimed at preventing foot ulcers are cost-effective and can even
be cost-saving if increased education and effort are focused on those patients
with recognized risk factors for the Development of foot problems [4].

Table 44.1 Epdemichgy of oot ulkration and amputation
Authors [Red] Country Year N Prevakence (%) Incidence (%) Risk factors for
Ulcers Amputation boot wicers (W
Seeanw 49 Germany 4778 ( 6 - - w30
A-Matwoos & Al-Roomi {10] Bahar 1477 5 - 5
L 9710 >%0
Groece an 4 >S50
Netherlands 665 1 ) &
ay el [14) USA 8% 55 09" -
Vorar et ol |15 Yo 20 5 09 06 )6

Kumat et al |16 X

Moss &t &, |17 USA 1992 2900

* hoidence figuss over 3 years

' Incidence figures over 4 years

6 Diabetes is now the most common cause of Charcot neuroarthropathy in
Western countries, another condition that should be generally preventable

(31

Much progress has been made in our understanding of the pathogenesis and
management of diabetic foot over the last quarter-century. This has been
matched by an increasing number of publications published in peer-reviewed
journals. Taken as a percentage of all PubMed-listed articles on diabetes,
those on the diabetic foot increased from 0.7% in the 19801988 period to
more than 2.7% in the years 1998-2004 [3]. Before 1980, little progress had
been made in the previous 100 years, even though the association between
gangrene and diabetes was recognized in the mid-19th century [5]. For the
first 100 years following these descriptions, diabetic foot problems were
considered predominantly vascular and complicated by infection. It was not
until the Second World War that McKeown performed the first ray excision
in a patient with diabetes and osteomyelitis, but a good blood supply, which
was performed under the encouragement of Lawrence, who had diabetes
himself and became a co-founder of the British Diabetic Association, now
Diabetes UK [6]. Over the last few years, many primary countrywide and
worldwide societies have been shaped, including diabetic foot examination
businesses, and the | pressure from operating groups international on diabetic
foot was mounted in 1991. New editions of the main international textbooks
on diabetic foot have been published in recent years [7,8]. and numerous
collaborative studies agencies are tackling brilliant problems concerning the
pathogenesis and management of diabetic foot diseases.

In this study, the global period of " diabetic foot " might be used to talk about
a variety of pathological conditions that could affect the feet of people with
diabetes. First, the epidemiology and economic impact of diabetic foot
ailments are mentioned, observed through the contributory elements that
bring about diabetic foot ulceration. The potential for prevention of these late
sequelae of neuropathy and vascular sickness is discussed, followed by a
phase in the management of foot ulcers. The bankruptcy closes with a brief
description of the pathogenesis and management of Charcot
neuroarthropathy, a quit-level worry of diabetic neuropathy. during this,
pass-referencing may be supplied to other studies that also cowl factors of
diabetic foot disease, specifically the ones on diabetic neuropathy, peripheral
vascular disease, bone and rheumatic disorders in diabetes.
Epidemiology and economic aspects of d diabetic foot disease
as foot ulceration and amputation are closely interrelated in diabetes [2]. they
are considered together in this section. A selection of epidemiologic data for
foot ulceration and amputation, originating from studies from numerous
nations [9-17]. is provided in Desk 44.1. Globally, diabetic foot
complications remain the primary clinical, social, and monetary problems
that might be seen in all types of diabetes, and every U.S.A [18].however,
the pronounced frequencies of amputation and ulceration vary considerably,
thus of different diagnostic standards used as well as nearby differences [19].
Diabetes remains a first-rate reason for non-disturbing amputation across the
world with quotes being as much as 15 instances higher than inside the non-

diabetic population. although the research referred to and listed in Table 44.1
were nicely performed, and methodologic troubles remain which make it
tough to carry out direct comparisons among studies and/or countries. First,
definitions of what constitutes a foot ulcer vary, and second, surveys forever
include the most effective patients with previously identified diabetes, while
with type 2 diabetes, foot troubles can be the offering function. In one study
in the UK, for example, 15% of patients undergoing amputation had been
first diagnosed with diabetes on that sanatorium admission [20]. 0.33,
suggested foot ulcers aren't constantly shown by way of direct examination
using the investigators concerned within the examination. finally, as may be
visible from the desk, in those studies that determine the proportion of the
population that had dangerous elements for foot ulcerations, 40-70% of
patients fell into that category. Such observations indicate the need for all
diabetes offerings to have an everyday screening application to identify such
high-risk individuals.

4 Health economics of diabetic foot disease

In addition to causing substantial morbidity and mortality, foot lesions in
patients with diabetes have substantial economic consequences. Diabetic
foot ulceration and amputations were estimated to cost US healthcare payers
$10.9 billion in 2001 [21,22]. Corresponding estimates from the UK based
upon similar methodology suggested that the total annual costs of diabetes-
related foot complications was £ 252 million [23]. however, similar problems
to those noted with epidemiology exist when comparing data on the costs of
diabetic foot lesions relating to methodology and whether direct or indirect
costs were included. Moreover, few studies have estimated the costs of long-
term follow-up of patients with foot ulcers or amputations [2]. The most
recent data from the USA suggest that in 2007 $18.9 billion was spent on the
care of diabetic foot ulcers, and $11.7 billion on lower extremity amputations
[24]. Having estimated the total cost of diabetic foot disease to be $30.6
billion in 2007, the authors went on to estimate the potential savings based
upon realistic reductions in ulceration and amputation, to be as high as $21.8
billion. Such strong economic arguments may help drive improvements in
preventative foot care, which could potentially lead to significant savings for
healthcare systems.

5 Etiopathogenesis of diabetic foot lesions

" Coming events cast their shadows earlier. " [Thomas Campbell]
If we are to be successful in reducing the high incidence of foot ulcers and
ultimately amputation, a thorough understanding of the pathways that result
in ulcer development is increasingly important. The words of the Scottish
poet Thomas Campbell can be applied to the breakdown of diabetic foot.
Ulceration does not occur spontaneously: rather, it is combination of
causative factors that result in the development of a lesion. Many warning
signs or " shadows " can identify those at risk before the occurrence of an
ulcer. It is not an inevitable consequence of having diabetes that ulcers
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Occurrence:

Ulcers invariably result from an interaction between specific pathologies in
the lower limb and environmental hazards. The breakdown of the diabetic
foot traditionally has been considered to result from an interaction between
peripheral vascular disease (PVD), peripheral neuropathy, and some form of
trauma. Other causes are briefly described.

5.1 Peripheral vascular disease

A brief mention of the role of PVD in the development of foot ulcers must
be made here. PVD tends to occur at a younger age in patients with diabetes
and is more likely to involve distal vessels. Reports from the USA and
Finland have confirmed that PVD is a major contributory factor in the
pathogenesis of foot ulceration and subsequent major amputations [25,26].
In the pathogenesis of ulceration, PVD itself rarely causes ulceration, and as
will be discussed for neuropathy, it is a combination of risk factors with
minor trauma that inevitably leads to ulceration (Figure 44.1). Thus, minor
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injury and subsequent infection increase the demand for blood supply
beyond the circulatory capacity, and ischemic ulceration and the risk of
amputation ensue. In recent years, neuro ischemineuro ulcers in which a
combination of neuropathy and PVD exists in the same patient, together with
some form of trauma, are becoming increasingly common in diabetic foot
clinics.

5.2 Diabetic neuropathy

Diabetic neuropathies represent the most common form of long-term
complication of diabetes, affect different parts of the nervous system, and
may present with diverse clinical manifestations [27]. The most common
neuropathies are chronic sensorimotor distal symmetrical polyneuropathy
and autonomic neuropathy. It is the common sensorimotor neuropathy
together with peripheral Autonomic sympathetic neuropathy plays an
important role in ulceration pathogenesis.
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Figure 44.1 Pathways to foot ulceration in diabetes. Reproduced from Boulton et al. [7], with permission.

5.21 Sensorimotor neuropathy

This type of neuropathy is very common, and it has been estimated that up
to 50% of older patients with type 2 diabetes have evidence of sensory loss
on clinical examination, and therefore must be considered at risk of
insensitive foot injury [27]. This type of neuropathy commonly results in a
Sensory loss confirmed on examination by a deficit in the stocking
distribution to all sensory modalities: Evidence of motor dysfunction in the
form of small muscle wasting is also often present. While some patients may
give a history (past or present) of typical neuropathic symptoms such as
burning pain, stabbing pain, and paresthesia with nocturnal exacerbation,
others may develop sensory loss with no history of symptoms. Other patients
may have the " painful - painless " leg with spontaneous discomfort
secondary to neuropathic symptoms but who on examination the have both
small and large fiber sensory deficits: Such patients are at great risk of
painless injury to their feet. From the above, it should be clear that a spectrum
of symptomatic severity may be present with some patients experiencing
severe pain, and at the other end of the spectrum, patients who had no
spontaneous symptoms, but both groups may have experienced significant
sensory loss. The most challenging patients are those who develop sensory
loss with no symptoms because it is often difficult to convince them that they
are at risk of foot ulceration because they feel no discomfort, and the
motivation to perform regular foot self-care is difficult. The important
message is that neuropathic

symptoms correlate poorly with sensory loss, and their absence must never
be equated to a lack of foot ulcer risk. Thus, assessment of foot ulcer risk

must always include a careful foot examination after the removal of shoes
and socks, whatever the neuropathic history [27].

5.22 The patient with sensory loss

A reduction in neuropathic foot problems will only be achieved if we
remember that those patients with insensitive feet have lost their warning
signal—pain-that ordinarily brings patients to their doctors. Thus, the care of
patients with sensory loss is a new challenge for which we have no training.
It is difficult for us to understand, for example, that an intelligent patient
would buy and wear a pair of shoes of three sizes that are too small to come
to the clinic with extensive shoe-induced ulceration. The explanation is
simple: with reduced sensation, a very tight fit stimulates the remaining
pressure nerve endings and is thus interpreted as a normal fit — hence the
common complaint when we provide patients with custom-designed shoes
that " these shoes are too loose "'. We can learn much about the management
of such patients from the treatment of patients with leprosy [28]. Although
the cause of sensory loss is very different from that in diabetes, the result is
the same; thus, work on leprosy has been very applicable to our knowledge
of the pathogenesis of diabetic foot lesions. It became Logo (1914 — 2003),
who labored as a physician and a missionary in South India, who defined the
ache as "God's the greatest present to mankind’ [29]. He emphasized the
electricity of medical remarks to his students, and one statement of his
became very relevant to diabetic foot ulceration was that any affected person
with a plantar ulcer who walked into the hospital without a limp had
neuropathy. The brand additionally taught us that if we're to prevail, we have
to realize that with the loss of pain, there may also be dwindled motivation
within the recuperation of, and prevention of, damage. 5.23Peripheral
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sympathetic and autonomic neuropathy Sympathetic autonomic disorder of
the decreased limbs leads to reduced sweating and effects in dry skin that is
prone to cracking and fissures and booms blood drift (in the absence of large
vessel obstructive PVD) with arteriovenous shunting mainly to the nice and
cozy foot. The complicated interactions of the neuropathies and different
contributory factors to the causation of foot ulcers are summarized in
determining the value of 44. 1.

5.3 Other risk factors

Of all of the different hazard factors for ulceration (table 44.2) one of the
maximum essential is a history of similar issues. in lots of series, this has
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been associated with an annual threat of - ulceration of as much as 50%. 5.4
other long-term complications in patients with other overdue headaches,
especially nephropathy, have been shown to increase the risk of foot ulcers.
Those most at risk are patients who have commenced dialysis as a treatment
for end-stage renal disease [30]. It should also be remembered that those
patients with renal transplants and greater currently combined pancreas/renal
transplants are usually in excessive danger of ulceration even though
normoglycemia is a result of the pancreas transplant.

Table 44.2 Fadors increasing risk of diabetic foot ulceration. More common

confributory factors shown in bold.

Peripheral neuropathy
» Somatic
* Autonomic

Peripheral vascular disease

Past history of foot ulcers

Other long-term complication
* End-stage renal disease
» Visual loss

Plantar callus

Foot deformity
Edema

Ethnic background
Poor social background

6 Plantar callus

Callus bureaucracy beneath weight-bearing regions because of dry pores and
skin (autonomic dysfunction), insensitivity, and repetitive moderate pressure
from a high foot strain. It acts as a foreign body and reasons ulceration [31].
The presence of a callus in an insensate foot need to alert the doctor that this
affected person is at a high risk of ulceration, and the callus should be
eliminated through the podiatrist or a different trained fitness care
professional. Elevated foot pressures Several studies have confirmed the
contributory function of abnormal plantar pressure in the pathogenesis of
foot ulcers [3-32].

7 Foot deformity

A mixture of motor neuropathy, neuroarthropathy, and altered gait styles is
thought to result in the " excessive danger " of the new allopathic foot, with
clawing of the ft, prominent metatarsal heads, high arch, and small muscle
loss (figure 44.2).

8 Ethnicity and Gender

Male intercourse has been associated with a 1.6 - fold increase in ulcers [11].
With appreciation to the ethnic starting place, facts from the pass-sectional
studies in Europe suggest that foot ulceration is extra, not unusual in Europid
topics than other racial groups: for instance, the North-West Diabetes Foot
Care examination within the United Kingdom confirmed that the age-
adjusted occurrence of diabetic foot ulcers (past or gift) for Europeans, South
Asians, and African - Caribbeans became 5.5%, 1.8% and 2.7%, respectively
[33]. reasons for these ethnic variations without a doubt warrant additional
investigation. In contrast, in southern America, ulceration becomes plentiful,
not unusual in Latino people and native individuals compared to White
humans of Northern ecu ancestry [34]. however, the latest statistics
confirmed this increased risk in Latinos, despite the foot pressures being
lower in this group [35].

Figure 44.2 The high-risk neuropathic diabetic foot demonstrating high arch, prominent metatarsal heads, clawing of toes and callus under first
metatarsal h
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9 Pathway to ulceration

It is a combination of two or more risk factors that ultimately result in
diabetic foot ulceration (Figure 44.1). Both Pecoraro et al. [25]. and later
Reiber et al. [36] have taken the Rothman model for causation and applied
this to amputation and foot ulceration in diabetes. This model is based on the
concept that a component cause (e.g., neuropathy) is not sufficient in itself
to lead adopted to ulceration, but when the component causes act together,
they result in a sufficient cause, which will inevitably result in ulceration.
Applying this model to foot ulceration, a small number of causal pathways
were identified: the most common triad of component causes, present in
nearly two out of three incident foot ulcer cases were neuropathy, deformity,
and trauma. Edema and ischemia were also common component causes.
Other simple examples of two-component cause of ulceration include loss of
sensation and mechanical trauma, such as standing on a nail, wearing shoes
that are too small, or neuropathy and thermal trauma (e.g., walking on hot
surfaces or burning feet in the bath), and neuropathy and chemical trauma
may result in ulceration from inappropriate use, for example, of chemical "
corn cures. " Similarly, this model can be applied to neuro ischemic ulcers,
in which the three components cause ischemia, trauma, and neuropathy are
often seen.

10 Prevention of diabetic foot ulcers

Table 843 oy vl ol e
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10.1 Screening

It is estimated that the vast majority of foot ulcers are potentially preventable,
and the first step in prevention is the identification of the "at-risk" population.
Many countries have now adopted the principle of the " annual review " for
patients with diabetes, whereby every patient is screened at least annually for
evidence of diabetic complications. Such a review can be carried out either
in primary care centers or hospital clinics. A task force of the American
Diabetes Association recently addressed the question of what should be
included in the annual review of the " comprehensive diabetic foot
examination (CDFE) " [37]. The task force addressed and concisely
summarized the recent literature in this area and recommended, where
possible using evidence-based medicine, which should be included in the
CDFE for adult patients with diabetes. While a brief history was regarded as
important, a careful examination of the foot, including an assessment of its
neurologic and vascular status, was regarded as essential. There is strong
evidence to support the use of simple clinical tests as predictors of foot ulcers
[11-37]. A summary of the key components of CDFE is provided in Table
44.3. Although each potential simple neurologic clinical test has advantages
and disadvantages, it was felt that the 10 g mono filament had much evidence
to support its use; hence, the recommendation that the assessment of
neuropathy should comprise the use of a 10 g mono filament plus one other
test. In addition to the simple tests listed in Table 44.3, one possible test for
neuropathy is the assessment of the vibration perception threshold.
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Although this is a semi-quantitative test of sensation, it was included in many
centers in both Europe and North America. As can be seen from Table 44.3,
this is not regarded as essential, but strong evidence supports the use of the
vibration perception threshold as an excellent predictor of foot ulceration
[38,39].

Concerning vasculature, the ankle-brachial index was recommended,
although it was realized that many centers in primary care may not be able
to perform this in day-to-day clinical practice.

10.2 Intervention for high - risk patients

Any abnormality in the above screening test would put the patient at a higher
risk of foot ulceration. Potential interventions are discussed in several
headings, the most important of which is education.

10.3Education

Previous studies have suggested that patients with foot ulcer risk lack
knowledge and skills and are consequently unable to provide appropriate
foot self-care [40]. Patients need to be informed of the risk of having
insensate feet, the need for regular self-inspection, foot hygiene, and
chiropody/podiatry treatment as required, and they must be told what action
to take in the event of an injury or discovery of a foot ulcer. Recent studies
summarized by Vileikyte et al. [41,42] suggest that patients often have

distorted beliefs about neuropathy, thinking that this is a circulatory and
linking neuropathy directly to amputation. Thus, an education program that
focuses on reducing foot ulcers will be doomed to failure if patients do not
believe that foot ulcers precede amputations. Much work is required in this
area if appropriate education is to succeed in reducing foot ulcers and
subsequent amputation. The potential for education and self-care at various
points in the pathway of neuropathic ulceration is shown in Figure 44.3.
There have been a small number of reports that assess educational
interventions, but these have mostly been small single-center studies. In the
most recently published study, even though the foot care education program
was followed by improved foot care behavior, there is no evidence that such
targeted education was associated with a reduced incidence of recurrent foot
ulcers [43]. It has been suggested that patients find the concept of neuropathy
difficult to understand; they are reassured because they have no discomfort
or pain in their feet. It may be that using Visual aids (which can also be used
for diagnosis of the at-risk foot) may help patients understand that there is
something different about their feet compared with their partner's, for
example. This might include the use of the administered indicator plaster
(Neuro pad): when applied to the foot this changes color from blue to pink if
there is normal sweating [44]. The absence of sweating, such as in high-risk
feet, results in no color change, enabling patients to see that there is
something different about their feet. A similar visual aid is the Pressure Stat
(Podotrack) (Figure 44.4) [45]. This is a simple, inexpensive, and semi-



Clinical Trials and Clinical Research

quantitative footprint mat that can identify high plantar pressures. The The
higher the pressure, the darker the color of the footprint. Similarly, this can
be used as an educational aid and might help the patient realize that specific
areas under their feet are at particular risk of ulceration.

In summary, foot care education is believed to be crucial for the prevention
of ulceration, although there is little support from randomized controlled
trials. Further studies in this area are Therefore, this is an urgent requirement.

10.4 Podiatry/chiropody

Even though no longer available in each use of normal nails and pores,
skincare from a podiatrist/chiropodist is essential in excessive-threat
neuropathic foot. attempted self-care has been mentioned in numerous cases
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to cause ulceration, and the self-care of calluses should be discouraged.
Chiropodists and podiatrists have to be connected to the foot care group if to
be had and also can educate the patient at the same time as treating the feet.

10.5 shoes/othoses/hosiery

Besides-the-point shoes are not unusual motives for foot ulceration in
insensitive feet, whereas proper footwear can reduce ulcer occurrence [40].
This announcement is supported by randomized managed trials [46]. There
is evidence from the literature to aid the use of professional hosiery, which
might lessen foot pressure and provide all-spherical protection to excessive-
threat neuropathic feet [47,48].
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Figure 44.3 The potential for education and self - care in prevention of neuropathic foot ulcers. t °, temperature. Courtesy of L. Vileikyte MD, PhD.

10.6 Self-monitoring of skin temperature

It has been known for some time that prior to skin breakdown and ulceration,
the involved area of the foot tends to warm up as a consequence of local
inflammation. In an appropriately designed randomized controlled trial,
Lavery et al. [49]. Randomized patients with a history of neuropathic foot
ulceration in too one of three groups, the main intervention being self-
monitoring of skin temperature of both fee, and patients who received this
skin temperature thermometer were advised to rest or contact their foot clinic
should have maintained a difference in temperature between the two feet.
This study clearly showed that patients who monitored their skin temperature
and followed the advice had a markedly reduced incidence of recurrent
ulceration (8% vs. 30%). Thus, infrared temperature home monitoring might
help to identify the " pre - ulcerative " foot and permit intervention before
actual skin breakdown. A more recent study has provided further support for
this notion [50].

10.7 Injected liquid silicone

Injected liquid silicone under high-pressure areas of the diabetic foot has
been used for some years in the USA and is supported by a randomized
controlled trial [51]. which confirmed that those Patients receiving active
agents had reduced foot pressure and increased subcutaneous tissue under
the high-pressure areas of the forefoot. This therapy is now available in
certain European countries, and a follow-up study [52]. confirmed that the
effect of this " injectable orthosis "lasts for up to 2 years, although booster
injections may be required occasionally.

11 Foot ulcers: diagnosis and management
11.1Foot ulcer classification

Despite increasing efforts in the early identification and preventative foot
care education of high-risk patients, foot ulcers continue to be a major issue

in diabetes management and may indeed be presenting features of type 2
diabetes. The principles of management depend on a careful assessment of
the causative factors, presence or absence of infection, and degree of
neuropathy and/or ischemia in the foot. Before discussing the management
of specific types of ulcers, it is important to consider the classification of foot
lesions. Numerous classification systems for diabetic foot ulcers have been
proposed [53]. but only a few have been described.

The most widely used foot ulcer classification system worldwide at the time
of writing is the Meggitt — Wagner grading system, as shown in Table 44.4.
Despite its wide use, this system does lack specific city, and does not refer
to the neuropathic, ischemic, or infective status of the ulcers. The newer
University of Texas (UT) wound classification system is currently widely
used (Table 44.5) [54]. This is based on the Meggitt — Wagner system, but
with the addition of grades of ulcers and stages, each grade for the presence
or absence of infection and ischemia. In a comparative study of these two
systems, the UT system was shown to be a useful predictor of outcomes,
although the Meggitt — Wagner system was still confirmed to be useful [55].
A high-risk foot with pre - ulcerative lesions (Wagner grade 0, UT1A) are
shown in Figure 44.5. The two more recently described classification
systems, S(AD) SAD system, (size (area, depth), sepsis, arteriopathy, and
denervation) and the Perfusion, extent, depth, infection, and sensation
(PEDIS) systems appear to have some advantages over earlier systems but
are not widely used [53]. Thus, the UT system will be used to describes the
ulcer classification.

11.2 Wound healing in the diabetic foot

Wound healing is a tissue response to injury and passes through the phases
of inflammation, chemotaxis, cellular proliferation, extracellular matrix
deposition, and finally wound remodeling and scarring. Diabetes may
influence foot wound healing in several ways, including impairment of
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peripheral circulation, altered leukocyte function, disturbed balance of
cytokines and proteases, and chronic hyperglycemia itself [3-56].

Thus, foot wulcers in patients with diabetes are as follows:
recalcitrant to healing owing to many cellular and molecular aberrations.
When compared with normal acute wound healing, chronic foot ulcers are
often stalled in the chronic inflammatory phase, with impaired granulation
tissue formation. A key question is, therefore, whether there is a fundamental
impairment of wound healing in diabetes, and if so, what are the molecular
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and cellular impairments that are specific to chronic wounds? Several studies
have reported abnormalities in cytokines and growth factors in tissues of
chronic diabetic foot ulcers [57 — 59]. Most recently, it has been suggested
that the levels of matrix metalloproteinases (MMP) are important for
predicting the likelihood of wound healing, and a high level of MMP - 1 is
essential for wound healing [59]. Another contributory factor to impaired
wound healing in diabetes appears to be the repetitive pressure on the wound.
The pivotal role of offloading is therefore considered in the next section. -

4 4 -0-¢ 94—

.........

Figure 44.4 A black and white pressure distribution of one footstep using Pressure Stat: the darkest areas represent highest pressures, in this case under

metatarsal heads 1 and 3 and the hallux.

Table 44.4 Meqgqitt—Wagner dassification. Modified from Oyibo ef al. [55].

Grade 0 No ulcer, but high risk foot (deformity, callus, etc)
Grade 1 Superficial ulcer

Grade 2 Deep ulcer, may imwolve tendons but not bone
Grade 3 Deep ulcer with bone involvement, osteomyelitis
Grade 4 Localized gangrene (e.g. toes)

Grade 5 Gangrene of whole foot
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Stage Grade
L] 1 1 3
A High risk food: no wlcer Superdicial ulcer Deep wloer 1o tendon/cagaule Wound penetrating bonefoint
B +Inifection +nfecion Hnfemon +nlecion
C +lschemia Hseremia Hachemia +schemia
D +Inilection and ischemia +inlection and Bchemia +infection and Bchemia +inlection and ischemia

Figure 44.5 Wagner grade | ulcer, UT1A foot ulcer, showing a rim of callus and a punched out neuropathic ulcer in the metatarsal head region with no
evidence of infection.

11.3 Offloading

A normal individual with a foot wound will limp: it has been known for some
time that neuropathic plantar foot wounds will heal satisfactorily when
offloaded in a Total Contact Cast (TCC) [3]. The principle of TCC
management is that the pressure is mitigated; however, the device is
irremovable, thus enforcing compliance with therapy. Several randomized
controlled trials have compared the TCC with other removable offloading
devices in plantar diabetic foot ulcers and invariably, healing is most rapid
in those randomized to TCC treatment [3-60]. As it is known that Removable
Cast Walkers (RCW) similarly redistribute pressure to the TCC, the question
remains as to why the TCC usually demonstrates superiority in terms of
speed of wound closure. The most likely explanation is the offloading device
in the management of neuro ischemic ulcer ulcers, but only if they may not
be clinically infected (UT 1C, 2C) [65].

For the one's sufferers handled with irremovable forged walkers, it is
advocated that the forged be eliminated, to begin with on a weekly
foundation for wound assessment, d é abridgment, and cleansing.
recuperation can commonly be carried out in a duration of 6 — 12 weeks in a

cast: it's far strongly advocated that when the plantar wound has healed, the
cast should be worn for similarly four weeks to permit the scar tissue to firm
up. Thereafter, the affected person may be progressively transferred to the
appropriate footwear, which may additionally want extra depth or, in the case
of extreme deformity, custom-molded.

11.4 Dressings

The danger of dressings and bandages is that some healthcare professionals
may draw a false sense of security from them, believing that by dressing an
ulcer, they are curing it. Nothing could be further from the truth regarding
neuropathic ulcers. The three most important factors in the healing of foot
ulcer are freedom from pressure, freedom from infection, and good
Vascularity. The purpose of dressings is to protect the wound from local
trauma, minimize the risk of infection, and optimize the wound environment,
which should be moist in most cases. The evidence bases to support the
choice of any particular dressing is woefully inadequate, with a few trials
generally hampered by small numbers, inappropriate comparator, and poor
study design [66,67]. There is little evidence that any specific dressing has a
major effect on the rate of wound healing.
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11.5 Management of infection

One of the first steps in the management of a foot ulcer is to determine
whether the infection is present or not: remember that all foot ulcers are
colonized with potentially pathogenic organisms It is generally accepted by
the international working group on diabetic foot that the diagnosis of
infection in diabetic foot ulcers remains a clinical one [68]. Thus, the
presence of signs such as purulent discharge, erythema, local warmth, and
swelling suggest an infection requiring appropriate treatment.

11.6 Clinically on - infected ulcers

where ulcers aren't inflamed and predominantly neuropathic (UT grades 1A,
2A), the usage of antibiotics can be withheld as Chantelau et al. [69]. have
shown that with appropriate wound control, patients performed similarly
with or without systemic antibiotics in a randomized controlled trial.
However, frequent assessment, de abridgment, and callus elimination
collectively with offloading is a crucial part of the control of neuropathic foot
ulcers, and must signs and symptoms of contamination develop, and
antibiotics may be needed. For the ones with ulcers with an ischemic factor
that do now not have gross symptoms of contamination (UT 1C, 2C)
antibiotics need to Probably, in most instances, the aggregate of infection
and ischemia in the diabetic foot is not an unusual purpose of closing lower
extremity amputation.

11.7 Clinically it infected ulcers

non-limb-threatening inflamed ulcers (UT 1 B, 1D, 2 B, and 2nd) can
normally be treated on an outpatient basis, and oral wide-spectrum
antibiotics must be used until the effects of touchyties are acquired. As
reviewed by Lipsky, international pointers have been published in recent
years [68-71]. One critical thing of these recent guidelines has been the
development of standards by which to classify the severity of diabetic foot
contamination. generally, slight infections are highly superficial and
constrained, moderate infections involve deeper tissues, and severe
Infections are observed using systematic signs, symptoms, or symptoms of
infection or metabolic disturbances [68]. Any ulcer with clinical evidence of
contamination must have tissue taken and despatched for lifestyle and
sensitivity in the microbiological branch. Although great-facial swabs are
normally taken, deep (preferably tissue) specimens are optimal in terms of
diagnostic accuracy [68]. The most infective ulcers are poly microbial,
regularly with a combination of anaerobes and aerobes. A systematic
evaluation of antimicrobial treatments for diabetic foot ulcers revealed that
few of them should be designed. Randomized controlled research has been
carried out, and it is difficult to present precise guidelines on antibiotic
regimens for particular infective organisms [72]. however, if there is any
suspicion of osteomyelitis (signs that include a sausage-shaped toe or the
ability to probe to the bone may advocate this prognosis) have to have a
radiograph taken of the inflamed foot and probable in addition investigations
(see under and Chapter 50). Then. methicillin-resistant methicillin-resistant
Staphylococcus aureus (MRSA). In most cases, MRSA is isolated as an
opportunistic colonizing organism following treatment with inappropriate
long-duration broad-spectrum antibiotics. If MRSA is felt to be an infecting
organism, there are useful new agents, such as linezolid [68]. which can be
administered parenterally or orally and are effective against such organisms.
There is a suggestion that larval therapy [74]. might be useful in eradicating
MRSA that contaminates diabetic foot wounds.

11.71 Osteomyelitis

The diagnosis of osteomyelitis is controversial and several diagnostic tests
have been recommended. Amongst these, " probing to bone " has been shown
to have a relatively high predictive value, whereas plain radiographs are
insensitive to the natural history of osteomyelitis. In most clinical cases,
however, the diagnosis is ultimately made by Plain radiograph of the foot
(Figure 44.7). Magnetic resonance imaging (MRI) has an increasing role in
diagnosis owing to its high sensitivity [75]. The combination of an ulcer area
> 2 x 2 cm, a positive probe-to-bone test, an elevated sedimentation rate, and
an abnormal radiograph is most helpful in diagnosing the presence of
osteomyelitis in the diabetic foot, whereas a negative MRI makes a diagnosis
much less likely [76]. The most recent review on this topic suggests that a
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combination of clinical and laboratory findings can significantly improve the
diagnostic accuracy for osteomyelitis in the diabetic foot, and the specific
combination of ulcer depth and serum inflammatory markers appears to be
particularly sensitive [77]. Contrary to traditional teaching, it is increasingly
recognized that some cases of localized osteomyelitis can be managed by
long-term (10 — 12 weeks) antibiotic therapy [78]. however, localized bony
resection after appropriate antibiotic therapy is a common treatment
approach. Cases with osteomyelitis confined to one bone without the
involvement of a joint are most likely to respond to antibiotic therapy,
particularly in the absence of peripheral vascular disease. It must be pointed
out that data to inform treatment choices in osteomyelitis of the diabetic foot
for randomized controlled trials is limited, and further research is urgently
required [79].

11.72 Adjunctive therapies

Several new approaches to promote more rapid healing in diabetic feet have
been described over the last two decades. Some of those are mentioned below
but many were also recently reviewed by the International Working Group
on Diabetic Foot [80].

11.73 Growth factors

Several growth factors and other agents designed to modify abnormalities in
the biochemistry of the wound bed or surrounding tissues have been
described, but there is still no consensus on their use in day-to-day clinical
practice [80]. One such example is platelet-derived growth factor (PDGF),
which is available for clinical use in several countries. Although there is
some support for their use in randomized clinical studies [81]. their expense,
together with the fact that most neuropathic ulcers can be healed with
appropriate offloading, has limited their use. Unfortunately, PDGF, together
with other topically applied agents, such as epidermal growth factor, do not
have sufficient robust data to support their day-to-day use in routine clinical
practice.

12 Hyperbaric oxygen

Hyperbaric oxygen (HBO) has been widely used for the management of non-
healing diabetic foot ulcers, particularly in the USA, for several years. Many
of the reported studies have been poorly designed or anecdotal and have
given rise to serious concerns about the widespread use of this treatment [82].
however, there have been several small well - designed randomized
controlled trials to assess the efficacy of HBO in ischemic diabetic foot
wounds [83]. Whereas the systematic review of the International Working
Group that considered HBO accepted that there was some evidence to
support its use, it is clear that more data are required from larger controlled
trials not only to confirm the efficacy but also to clarify which wounds might
best benefit from this expensive treatment [80-84].

13 Negative pressure wound therapy

Over the past several years, negative pressure wound therapy (NPWT) using
vacuum-assisted closure has emerged as a commonly employed option in the
treatment of complex wounds in diabetic foot [85]. Previous work has
suggested that the application of negative pressure optimizes blood flow,
decreases local tissue edema, and removes excessive fluid and pro-
inflammatory Exudate from the wound bed. There is now controlled trial
evidence for the use of NPWT in both local postoperative wounds in diabetic
foot [86] and, more recently, in the management of complex but non-surgical
diabetic foot ulcers [87]. It is clear that this treatment helps promote the
formation of granulation tissue, but its cost will limit its use to those complex
diabetic foot wounds that did not respond to standard therapies.

14 Bioengineered skin substitutes

Similar to other treatments in this group of adjunctive therapies although
there is some evidence to support the use of bio-engineered skin substitutes
in non-infected neuropathic ulcers, its use is somewhat restricted by cost
[80]. A systematic review of this topic concluded that the trials assessed were
of questionable quality, and until high-quality studies were performed,
recommendations for the use of these skin substitutes could not be made [88].
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15 Charcot neuroarthropathy

Charcot neuroarthropathy (CN) is a non-infective arthropathy that takes
place in a properly perfused insensate foot. even though the precise
mechanism underlying the improvement of CN remains uncertain,
development has been made in our statistics on the retinopathy genesis of
this disorder in the remaining decade. it's far clear that the conventional non
traumatic and neurotrophic theories for the pathogenesis of acute CN in
diabetes do not cope with high-quality key competencies of the disorders
[89]. If the preceding principle has been correct, CN is probably a bargain
greater common and ought to be symmetrical: in assessment, acute CN is
rather unusual amongst patients with neuropathy and is commonly
asymmetrical, even though there is an extended hazard of a growing CN in
the contralateral foot some years later.

CN occurs in a properly perfused, insensate foot. Generally, a patient’s gift
with warmness, swollen foot, and opposite to a number of earlier texts, can
be accompanied by pain or as a minimum pain within the affected limb. The
affected individual tends to be slightly extra younger than is every day for
the affected person furnished with a diabetic foot ulcer and normally gives
with a heat swollen foot which may additionally or won't be painful. even
though a history of trauma may be a gift, the trauma is rarely of enough
severity to account for the abnormalities positioned on clinical exam
(determine 44.7). even though CN is characterized by increased close-by
bone resorption, the correct mobile mechanisms contributing to this case stay
unresolved. lately, receptor activators of the nuclear factor kB ligand
(RANKL) have been recognized as an important mediator for osteoclasts
formation and activation. It has been hypothesized that the
RANKUL/osteoprotegerin (OPG) pathway also plays a vital role in the
development of acute CN [89]. It has been shown that peripheral blood
monocytes removed from sufferers with CN and cultured inside the presence
of macrophages, a colony-stimulating factor, added approximately an
improved osteoclasts formation when compared to healthy and diabetic-
controlled monocytes [90]. The observations of one study suggested that
RANKL-mediated osteoclastic resorption occurs in acute CN.

As a result, the RANKL-primarily based pathway is essential for the
pathogenesis of acute CN, suggesting that inhibition of RANKL might be
useful as a control in the future.

Treatment of the foot in CN is based on the level at which the ailment is
identified. In the acute section, there is evidence that offloading the affected
foot by way of the use of plaster and solid is the most effective approach to
reducing disorder pastime and local inflammation. The use of the cast needs
to hold until the swelling and hyperemia have resolved and the skin
temperature differential is 1 °C or much less, at which point the generation
of custom-molded footwear with suitable insoles is indicated [91].
Bisphosphonates are strong inhibitors of osteoclasts activation and
intravenous pamidronate has been tested to be useful in decreasing disease
hobby in acute CN [92]. Large randomized controlled trials are required to
confirm these initial observations. The management of advanced CN with
bone deformity requiring reconstructive surgery is beyond the scope of this
chapter and the reader is said to modern-day evaluations [93].

16 Research Method:

To investigate foot problems in patients with diabetes, a commonplace study
approach could be a move-sectional examination involving a sample of
diabetic patients. Taking a look at this might involve gathering facts on the
prevalence and forms of foot troubles experienced by these patients.

17 Result:

The precise outcomes of the examination might depend on the sample length,
the characteristics of the individuals, and the methods used. However, studies
on foot problems in patients with diabetes have shown a high prevalence of
foot-associated headaches. These headaches can range from minor problems,
such as dry skin and calluses, to severe problems, including foot ulcers and
infections.

18 Discussion:
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The discussion of research outcomes might involve interpreting the findings
and discussing their implications. Some key points that may arise during the
discussion are as follows.

Incidence and risk factors: The discussion might also highlight the excessive
prevalence of foot problems in patients with diabetes and identify the factors
that contribute to their extended threat. Hazard elements may also encompass
negative glycemic manipulation, duration of diabetes, peripheral neuropathy
(nerve damage), peripheral vascular ailments (circulatory issues), foot
deformities, and insufficient foot care.

Impact on exceptional o existence: Foot problems in diabetic patients can
considerably impact their pleasant lifestyles. The discussion may
additionally focus on the physical soreness, aches, and barriers in mobility
that foot headaches can cause, leading to a discounted capability to perform
daily activities and an elevated chance of incapacity.

Development of headaches: Foot issues, if left untreated or poorly managed,
can progress to serious complications, including foot ulcers, infections, and
amputations. The discussion emphasizes the significance of early detection,
normal foot examinations, and proper foot care practices to prevent the
progression of problems.

Preventive measures: The dialogue may additionally address techniques for
preventing foot problems in diabetic patients. This will include patient
education on foot care, ordinary foot inspections, proper footwear choice,
controlling blood sugar levels, and promoting a wholesome way of life to
reduce the risk factors associated with foot headaches.

Multidisciplinary approach: Handling foot issues in diabetic patients
frequently requires a multidisciplinary method involving healthcare
professionals consisting of physicians, podiatrists, diabetes educators, and
wound care experts. The discussion may additionally underscore the
significance of collaboration among healthcare carriers in optimizing foot
care and enhancing affected-person effects.

Future study directions: The dialogue may additionally spotlight regions for
future studies, together with exploring novel interventions, developing
powerful instructional programs, or investigating the effect of unique risk
factors on foot problems in patients with diabetes. This can help in additional
studies and interventions to improve foot care in this population. Ordinarily,
the discussion might aim to offer comprehensive knowledge of foot issues in
patients with diabetes, their implications, and potential techniques to prevent
and control these problems efficiently.

19 Conclusions

There can be no doubt that despite our efforts in early identification,
prevention, and aggressive treatment of diabetic foot problems, the incidence
of diabetic foot disease is likely to increase in the next few decades, with a
global explosion in the prevalence of type 2 diabetes reviewed elsewhere in
this book. It is also clear that diabetic foot disease carries not only a
significantly higher risk but also mortality. [94]. pointed out that the outlook
for patients with diabetic foot disease is worse than that for patients with
many malignant diseases. There is increasing recognition of the
multifactorial nature of complications, which led Young et al. [95] .to review
the survival of patients with diabetic foot lesions over the past 13 years. They
reported that survival has improved

This has been accompanied by the adoption of an aggressive cardiovascular
risk management policy that should be encouraged in all patients with
diabetic foot disease. The ultimate prognosis for the limb with a diabetic foot
lesion depends upon the presence or absence of an ischemic component, it
has been shown that patients with higher Wagner or UT grading and severity
are more likely to result in minor or major amputations. Thus, neuropathic
foot lesions generally carry a good prognosis, whereas those with significant
ischaemic components are more likely to require the input of the vascular
surgeon.

20 The team approach

It should be clear that the spectrum of diabetic foot problems requires the
involvement of individuals from many specialties. The diabetic foot cannot
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be regarded as the sole responsibility of the Diabetologist, and several reports
over the last decade have promoted the benefits of a multidisciplinary
approach to diabetic foot care [96]. This started in the early 1990s when the
concept of the " annual review " was adopted by most national diabetes
societies. This requires that all patients with diabetes be screened on an
annual basis for evidence of long-term complications [97]. There is
increasing evidence from several long-term studies that the adoption of this
approach not only in hospitals but in community care, has been associated
with a reduced incidence of foot problems [98 — 101]. The improved
management of diabetic foot care in the district of Leverkusen, Germany
ultimately resulted in a 37% reduction in non-traumatic amputations in
patients with diabetes; however, this took more than 10 years after the
establishment of specialist foot care [98] . Two studies from the UK [99,100]
have reported reductions of up to 60% in diabetic amputations and both of
these followed either the introduction of multidisciplinary teamwork in the
community or the improved organization of general diabetes care. Finally, a
sustained reduction in major amputations has been reported in Sweden over
the last 20 years suggesting that a substantial decrease in diabetes-related
amputations can not only be achieved but maintained over a long period
[101]. The team approach involves Diabetologist working together with
surgeons (orthopedic and vascular), specialist nurses, podiatrists, orthotics,
and often many other health care professionals is therefore strongly
recommended in the management of complex lesions of the diabetic foot. It
should be remembered; however, it is the patient at risk of, or with foot
ulceration, who must be regarded as the most important in this team. Without
the patient's willing participation, there is little that the other team members
can achieve to improve the overall outlook for the diabetic foot in the 21st
century.
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