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ABSTRACT

Diabetic foot ulcers lead to substantial morbidity and impair quality of life with high treatment costs and enormous
economic losses. Diabetic foot ulcers readily become chronic; all too often these wounds do not heal primarily.
Treatment of chronic wounds should be essentially directed against the main etiologic factors responsible for the
wound. There are different treatment approaches for wound healing in diabetic foot ulcers. If treatment is based on the
pathological cause, it may give better results and it must be cost effective too. Hydrogel dressing, platelet rich plasma,
placenta extract gel, vacuum dressing are newer modalities in diabetic foot management.
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INTRODUCTION

The diabetic foot ulcer is a very severe and common
complication in patients with diabetes mellitus with a
cumulative lifetime incidence of up to 25 percent.! As
diabetes is a very common disease in many parts of the
world makes diabetic foot ulcers a major and increasing
public-health problem. Foot ulcers lead to substantial
morbidity and impair quality of life with high treatment
costs and enormous economic losses.? Diabetic foot
ulcers readily become chronic; all too often these wounds
do not heal primarily. Treatment of chronic wounds
should be essentially directed against the main etiologic
factors responsible for the wound.3#

Diabetic foot ulcers are an injury to all layers of skin,
necrosis or gangrene that usually occur on the soles of the
feet, as a result of peripheral neuropathy or peripheral
arterial disease in diabetes mellitus (DM) patients.>”’

Once an ulcer has developed and became chronic, there is
an increased risk of wound progression that may
ultimately lead to amputation; diabetic ulceration has
been shown to precede amputation in up to 85% of cases.
At least 40% of amputations in diabetic patients can be
prevented with a team approach to wound care.®® There
are different treatment approaches for wound healing in
diabetic foot ulcers. If treatment is based on the
pathological cause it may give better results and it must
be cost effective also.

Causes and pathogenesis of diabetic ulceration

The major underlying causes are noted to be peripheral
neuropathy and ischemia from peripheral vascular
disease. More than 60% of diabetic foot ulcers are the
result of underlying neuropathy.'®! As neuropathy
increases, the foot loses its natural ability to moisturize
the overlying skin and becomes dry and increasingly
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susceptible to tears and the subsequent development of
infection. The loss of sensation as a part of peripheral
neuropathy exacerbates the development of ulcerations.®

Peripheral arterial disease (PAD) is a contributing factor
to the development of foot ulcers in up to 50% of
cases.'?1® Endothelial cell dysfunction and smooth cell
abnormalities develop in peripheral arteries as a
consequence of the persistent hyperglycaemic state.l4

There is a resultant decrease in endothelium-derived
vasodilators leading to constriction.

Diabetic ulcer is a chronic wound healing process. The
physiological process of wound healing is traditionally
divided into four phases: haemostasis, inflammation,
proliferation and maturation or remodelling. These
phases are orchestrated by a subtle interplay of cellular
and humoral factors.®
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Figure 1: Wound healing disorders in diabetes.”

Haemostasis occurs within an hour after injury and is
characterized by vasoconstriction and clotting. Platelets
not only initiate the clotting cascade but also secrete
growth factors and cytokines which initiate healing.
Haemostasis occurs within an hour after injury and is
characterized by vasoconstriction and clotting. Platelets
not only initiate the clotting cascade but also secrete
growth factors and cytokines which initiate healing. The
subsequent inflammation phase takes up to seven days
and is mediated through neutrophil granulocytes which
prevent bacterial contamination and cleanse the wound
from cell debris. The proliferation phase is initiated at
day 2 after injury and takes up to 20 days. This phase is
primarily characterized by tissue granulation and
formation of new blood vessels (angiogenesis). The
angiogenic process involves growth factors such as
platelet-derived growth factor (PDGF), macrophage
angiogenesis factor, and angiotensin. Concomitant
epithelialisation is then initiated to cover the granulation
tissue with a cellular barrier. The last phase involving
extensive tissue remodelling lasts from one week to six
months after injury. During that phase the provisional
wound matrix is replaced with proteoglycan and collagen

molecules which readily become organised into thicker
bundles resulting in stronger but more rigid scar tissue.*

It has been postulated that hyperglycaemia itself has a
deleterious effect on wound healing through the
formation of advanced glycation end-products (AGES)
which induce the production of inflammatory molecules
(TNF-0, IL-1) and interfere with collagen synthesis.!
Furthermore, Spravchikov et al showed that exposure to
high glucose was associated with changes in cellular
morphology, decreased proliferation and abnormal
differentiation of keratinocytes, thus revealing another
mechanism by which hyperglycaemia may affect wound
healing in diabetes.*”

In DM, there is a decreasing in peripheral soft tissue
healing ability that leads to ulcers. In diabetes, especially
in the advanced stage where the structure of skin tissue,
nerves, blood vessels and other support tissues have been
damaged, so the control of blood glucose is no longer
enough to fix them. Slow wound healing in DM will
increase the risk of wound complications that will further
slow wound healing. These complications include
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infections  (including  cellulitis,  abscesses  and
osteomyelitis), gangrene and septicemia.'81®

DISCUSSION
Types of diabetic foot ulcers?®

According to Edmon diabetic foot ulcers are divided into
2 groups.

Neuropathic ulcers: Feet is warm, perfusion is still good
with pulsation still palpable, perspiration is reduced, skin
dry and cracked.

Neuroischemic ulcers: Feet is colder, not palpable
pulsation, thin skin, smooth and without hair,
subcutaneous tissue atrophy, intermittent claudication and
rest pain may not be present due to neuropathy.

Classification of diabetic foot ulcer

There are several classifications of diabetic foot ulcers
known today such as Wagner classification, University of
Texas wound classification system (UT) and PEDIS.
Criteria for diagnosis of infection in diabetic foot ulcers if
there are 2 or more of the following signs: Swelling,
induration, erythema around the lesion, local pain,
palpable local warmth and presence of pus.”?* Infection is
divided into mild infections (superficial, inner and limited
in size), moderate (deeper and wider), severe
(accompanied by systemic signs or metabolic
disorders).?

Physical examination of diabetic foot ulcer®

Examination of ulcers and general circumstances of the
extremities

Diabetic ulcers have a tendency to occur in some of the
areas that become the largest loads of heels such as the
heel, the area of the metatarsal head on the palm, the
prominent fingertips. Other abnormalities found in the
physical examiner include: hypertrophic callus, brittle or
broken nail, hammer toes and fissure.

Assessment of possible vascular insufficiency

Physical examination shows the disappearance or
decrease of the peripheral pulse below a certain level.
bruits on the iliac and femoral arteries, skin atrophy, hair
loss in the legs, cyanosis of the toes, ulceration and
ischemic necrosis, both pale feet when the foot is raised
as high as the heart for 1-2 minute.

Assessment of possible peripheral neuropathy
Peripheral neuropathy signs include loss of sensation of

vibration and position, loss of deep tendon reflex, tropical
ulceration, foot drop, muscle atrophy and hypertrophic

callus formation especially in the pressure areas, on the
heel.

Table 1: Wagner classification.®

1. Superficial diabetic ulcer
Ulcer extension involving ligament, tendon,
2. joint capsule, or fascia with no abscess or
osteomyelitis
3. Deep ulcer with abscess or osteomyelitis
4. Gangrene to portion of forefoot
5. Extensive gangrene of foot

Laboratory examination®
Blood tests

Leukocytosis may indicate an abscess or other infection
of the foot.

Metabolic profile

Measurement of blood glucose, glychemhemlobin and
serum creatinine helps to determine the adequacy of
glucose regulation and renal function.

Radiological examination

It includes computed tomographic (CT) scan and
magnetic resonance imaging (MRI) may be used to help
diagnose an abscess if the physical examination is
unclear.

Management and treatment modalities for diabetic
ulcers

The management of diabetic foot ulcers includes several
facets of care. The main goal in the management of
diabetic ulcers is the closure of the wound.?? Treatment of
DFU wound in DM patients is carried out constantly with
the type of action depending on the severity of the ulcer
and the presence or absence of ischemia. The basis of
DFU therapy is necrotomy/ debridement, reducing the
load/pressure on the area of the injury (offloading),
manage the infection by diagnosing the type of bacteria,
providing adequate antibiotics and ulcer treatment using
wound dressing clean and moist.?24

Debridement is an act of disposing of non-living
materials, foreign bodies and unhealthy tissues that are
difficult to recover from injury.?> Debridement should be
performed on all chronic wounds to remove necrotic
tissue and debris.?5%” The debridement of the wound will
include the removal of surrounding callus and will aid in
decreasing pressure points at callused sites on the foot.
Additionally, the removal of unhealthy tissue can aid in
removing colonizing bacteria in the wound. It will also
facilitate the collection of appropriate specimens for
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culture and permit examination for the involvement of
deep tissues in the ulceration.*

Offloading is a reduction in pressure on the ulcer,
becoming one of the components of diabetes ulcer
management. Ulceration usually occurs in the area of the
foot that gets high pressure. Bed rest is an ideal way to
reduce pressure but it is difficult to do total contact
casting (TCC) is the most effective offloading method.
TCC is made of specially formed casts to spread the
patient's burden out of the ulcer area.’

Management of infection

Because of the high incidence rate of infection in diabetic
ulcers, a systemic approach is required for a complete
assessment. The diagnosis of infection is primarily based
on clinical conditions such as erythema, edema, pain,
softness, warmth and discharge from pus.? If infection is
suspected in the wound, the selection of appropriate
treatments should be based on the results of a wound
culture. Tissue curettage from the base of the ulcer after
debridement will reveal more accurate results than a
superficial wound swab. In the case of deep tissue
infections, specimens obtained aseptically during surgery
provide optimal results.?®

Mild and moderate infections may be treated for
polyclinics by oral antibiotics, such as cephalexin,
amoxilin-clavulanic, moxifloxin or clindamycin.®®3! The
choice of intravenous antibiotics for severe infections
includes imipenem-cilastatin, B-lactam B-lactamase
(ampicillin-sulbactam and piperacilintazobactam) and
broad-spectrum cephalosporin.*°

The selection of appropriate antimicrobial therapy,
including the agent, route of administration and need for
inpatient or outpatient treatment will be determined in
part by the severity of the infection. Besides all these
conventional methods to manage diabetic ulcers,
acceleration of wound healing by using some surgical
dressings or topical application of some growth factors
may become an option.

The main purpose of a closed dressing is to provide a
humid healing environment to facilitate cell migration
and prevent dry sores. The choice of dressing depends on
the number and type of exudates present in the wound.
Hydrogel dressing, film, composite is well used for cuts
with a small amount of exudates. For wounds with
exudates amounts being used hydrocolloids and for
wounds with exudates amount widely used alginate and
foam.” Topical or local application of mixture of some
growth factors like platelet rich plasma (PRP) and extract
of amniotic or placental fluids can also accelerate rate of
wound healing. Additional current treatment methods in
persistent diabetic foot ulcers are autologous skin
transplantation, tissue-engineered human skin, another
very promising therapeutic option involves the use of
bone marrow-derived cells, and recent evidence indicates

that bone marrow contains stem cells with the potential
for differentiation into a variety of tissues. Other than
these sub-atmospheric pressure dressings like vacuum-
assisted closure device have been shown to be an
effective way in accelerating the healing of various
wounds.®

CONCLUSION

Diabetic foot management is inclusion of treatment of
diabetic control, improvement of blood circulation,
control of infection along with debridement and dressing.
There are many researches going on for newer modalities
for dressing for fastening wound healing. But long term
benefit and costing ratio is still awaited. More recently,
PRP and placenta extract helps in healing of diabetic
ulcer. Still comparative study between both the newer
modalities are not much documented in literature.
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