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ABSTRACT

Ulceration of the foot in diabetes is most common and disabling frequently leads to amputation of the leg.
Mortality is high and healed ulcers often reoccur. The pathogenesis of diabetic foot ulceration is complex.
Management of diabetic foot ulcer (DFU) requires early expert assessment. Despite treatment, ulcers readily
become chronic wounds. There were two kinds of assessment used in diabetic foot ulcer which are risk assessment
and wound assessment. The treatments that frequently used in diabetic foot ulcer are systemic treatment and local
treatment. Diabetic foot ulcers have been neglected in health care research system, clinical practice is based more
on opinion than the scientific fact. Foot problems in diabetic patients remain a major public health issue and are the
most common reason for hospitalization of a diabetic patient. A foot complication is severe enough to require
hospitalization. Hence, the pathological processes are poorly understood and poorly taught and communication
between the many specialties involved is disjointed and insensitive. In this review, the epidemiology, pathogenesis,
treatment, management, and assessment of diabetic foot ulcers are described.
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INRODUCTION

Neuropathy, a serious complication of diabetes, can lead
to Charcot changes in the foot. These disrupt the joint
stability and the architecture of the foot. There is
increased pressure under the sole of the foot with
prominence of the metatarsal heads. This leads to
ulceration. There is progression from superficial
infection to deep and then abscess formation and
osteomyelitis.

Ulceration, infection, and gangrene of foot are the
leading causes of hospitalisation in patients with diabetes
mellitus.™”! Diabetic foot ulcers are a complex problem
that leads to foot infection, necrosis and most of the time
results in major amputation. Other most common
complications include boil, carbuncle, necrotizing
fasciitis and gangrene of the foot. Approximately 3-4%
of individuals with diabetes have foot ulcers or deep
infections and 15% develop foot ulcers during their
lifetime. The risk of lower extremity amputation
increases by a factor of 8 once an ulcer develops. At 2
years following transtibial amputation, mortality rate is
36%. Figure-1 shows a diabetic foot with spreading
gangrene and cellulites.

Although infection is rarely implicated in etiology of
diabetic foot ulcers, the ulcers are susceptible to infection
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once the wound is present. Many of the risk factors for
foot ulcer are also predisposing factors for amputation,
because ulcers are primary cause leading to
amputation.!?)

The emergence of DFU is the result of peripheral
neuropathy, ischemia, and neuro-ischemia. Loss of
protective sensation and loss of coordination of feet
muscle due to neuropathy impacts mechanical stresses
during ambulation (Davies, Brophy, Williams, & Taylor,
2006). In addition, decreased oxygen supply in lower
limb creates ischemia and it also can cause an actual
wound. DFU can be caused by the combination of
ischemia and neuropathy which worsen patient’s skin
integrity. DFU is a complication of DM that can be
healed.™!
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ETIOLOGY

The etiology for diabetic foot ulcer is multi factorial .The
common underlying causes are poor glycemic control
calluses, foot deformities, improper foot care, ill-fitting
footwear, underlying peripheral neuropathy and poor
circulation, dry skin, etc.[

RISK FACTORS

Peripheral neuropathy (sensory, motor, autonomic)
Foot deformity (hammer toe, bunion, Charcot, etc)
Trauma

Improperly fitted shoes

Peripheral arterial disease

Callus

History of prior ulcers/amputations

High plantar foot pressures

Limited joint mobility (cheiroarthropathy)
Uncontrolled hyperglycemia

Chronic renal insufficiency

Diabetes duration

e Blindness/partial sight
e Older age
e Poor knowledge of diabetes.™

EPIDEMIOLOGY

The lifetime risk that a diabetic patient will acquire foot
lesions (ulcers/gangrene) has been estimated at 15% to
25%, with an annual incidence of 1.0% to 4.1%.! The
incidence of these lesions appears similar in type 1 vs
type 2 diabetic patients, although type 2 diabetic patients
comprise approximately 90% of the total diabetic
population. In_15% of these patients, ulcers will
ultimately lead to amputation.!”)

The risk for an initial foot ulcer is increased in patients
who have had diabetes for 10 years, are male, have poor
glycemic control, and already have other cardiovascular,
renal, or retinal comorbidities.® Foot ulcers occur in
different rates in different parts of the world and rates of
amputations differ as well, with the highest in Native

www.ejbps.com

191




Vemineni et al.

Americans and lowest in Madrid, Spain. Specifically in
North America, foot ulcers and amputations are more
common in ethnic minority groups, especially Hispanics
and African Americans, as well as in other groups of
patients who lack health insurance. As the number of
newly diagnosed diabetics is increasing nearly, the
incidence of diabetic foot ulcer is also bound to
increase.”” As the number of newly diagnosed diabetics
is increasing nearly, the incidence of diabetic foot ulcer
is also bound to increase.™”!

PATHOGENESIS

Ischemia, neuropathy, and infection are the three
pathologic components that lead to diabetic foot
complications, and they frequently occur together as an
etiologic triad. The most important principle in treating
foot ischemia in patients with diabetes is recognition that
the etiology of this ischemia is macro-vascular occlusion
of the leg arteries due to atherosclerosis. For many
decades, clinicians mistakenly ascribed to the theory of
“small vessel disease,” or micro-vascular occlusion of
arterioles, as the cause of ischemic complications. This
theory directly caused the widespread erroneous opinion
that patients with diabetes and ulcers would absolutely
need amputations because revascularization was not
possible. The idea originated from a single histologic
study of amputated limbs from diabetic patients,
whereby a material positive for periodic acid Schiff
occluded the arterioles. A subsequent prospective
study™! of amputation specimens however, refuted the
notion of an arteriolar occlusive lesion associated with
diabetes. It is now well-recognized that diabetic patients
typically have tibial and peroneal arterial occlusive
disease with relative sparing of the foot arteries, and
ischemia results from atherosclerotic macro-vascular
disease as well as from microcirculatory dysfunction.*?

Diabetic neuropathy has multiple manifestations in the
foot because it encompasses sensory, motor, and
autonomic fibers. The pathogenesis of diabetic
neuropathy is not fully understood. Possible explanations
are based on theories of alterations in the vaso nervorum
or abnormalities in metabolism. The vascular theory
relates to thickening of the nutrient vessels that may
occlude with progression, resulting in ischemic injury to
the nerve. A more popular theory is the increased activity
of the polyol (sorbitol) pathway.™ Accumulation of
sorbitol has been shown in aortic intima and media.
Excess sorbitol may produce toxic effects, resulting in
demyelination and impaired velocity of peripheral nerve
conduction. These pathologic findings have been
reported in human diabetic neuropathy.™! Sensory
neuropathy affects the small-diameter pain and
temperature fibers first, and susceptibility to injury is
increased because these patients are less sensitive to
pressure-related trauma or other minor skin injuries.
Motor neuropathy affects the longer fibers that innervate
the foot, affecting both the intrinsic foot muscles and leg
muscles. Autonomic neuropathy causes dry skin through
the loss of sweat and oil gland function.
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MANAGEMENT OF DIABETIC FOOT ULCER

Diabetic foot ulcers have a high number of morbidity and
until today they are still complex to manage. DFU have
rapid progress and they can develop many complications
that can threaten life and limb (Bentley & Foster, 2008).
It should take a proper assessment and management to
reduce further impacts of this disease. Management in
DFU consists of assessment and treatment. It covers both
general conditions and site of ulcers. General assessment
in patients with diabetes includes diabetes status,
previous history of DFU, previous amputation, risk
factor of DFU, symptoms of peripheral arterial disease
and medication used (Harries & Harding, 2015).
Moreover, treatments in DFU consist of general
treatment for diabetes status and in the site of wound.

Appropriate management in site ulceration and systemic
body metabolism become an important thing while
treating DFU. Strategies to increase wound healing and
prevent recurrence of DFU should be stressed on good
glycemic, foot care, diet and exercise (Vileikyte, 2001).
DFU has become a serious problem in world-wide and
its management needs a multi-disciplinary approach.
This review purposes to present current evidence-based
assessment, treatment strategies of DFU and this review
may be useful for nurse who involved in overall
management of diabetic foot ulcer.[*!

ASSESSMENT

Nowadays, the number of complication in diabetes
involving DFU is high. However general practitioners
tend to ignore assess diabetic patient regarding its
complication. Less than 50% of diabetic patients
reported that they received proper assessment according
to DFU (Bowering, 2001). Based on literature there are
two kinds of assessment for DFU: risk assessment and
wound assessment.™*!

1. RISK ASSESSMENT
Several assessment tools have been developed to
measure risk factor of DFU regarding neuropathy.

a. Neuropathic assessment

Several articles mentioned that Neuropathy Symptom
Score (NSS) has proven valid and sensitive tool to assess
neuropathy (Asad, et al, 2009; Alexiadou & Doupis,
2012). NSS tool assess foot according to sensation,
whether both feet can determine burn, tingling, pain and
locate its location. It consists of seventeen items which
focus on sensory disturbances, muscle weakness, and
autonomic symptoms. However, NSS reported was too
complex to apply in daily general practices. One
comparative study tries to compare effectiveness NNS
with Diabetic Neuropathy Symptoms (DNS). DNS
consists of some following items which is simpler. DNS
score each item from O which represents absence of
neuropathy symptoms to maximum score 4 points which
represent severe neuropathy. This tool assesses about (1)
walking ability, (2) pain sensation or arching on feet, (3)
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prickling sensations, and (4) numbness in legs or feet
(Meijer, et al., 2002).

Although NSS was widely used and proven, DNS also
showed a significant correlation (Spearman r) with NSS.
Therefore, DNS also has high sensitivity and specificity
for evaluating neuropathy (Meijer, et al., 2002).

b. Circulatory assessment

Doppler ultra-sonography can be used to measure Ankle
Brachial Index (ABI) and it is widely used to determine
blood flow of peripheral artery. However, ABI might
result in false positive in diabetic patients, especially in
diabetic patient because artificial high systolic pressure
of ankle in diabetic patient is common due to
calcification of the media distal arteries and it causes
vessel relatively incompressible. However, the use of
ABI with Doppler ultra-sonography could use for early
detection and it might reduce limb complications (Ikem,
Ikem, Adebayo, & Soyoye, 2010).*!

2. WOUND ASSESSMENT

General practitioners including nurses have to monitor
DFU progress to evaluate whether specific intervention
is effective or is not. Some tools developed to measure
wound healing in DFU. PUSH tool (Pressure Ulcer Scale
for Healing). PUSH tool which developed by (NPUAP)
National Pressure Ulcer Advisory Panel actually creates
in purpose to monitor progress of wound healing in
pressure ulcer. Nowadays this tool has been validated
and used for monitoring pressure ulcer as well as venous
ulcer healing. However, current prospective study tries to
use PUSH tool to monitor DFU (Gardner, Hillis, &
Frantz, 2011).

PUSH tool consists of three domains: length x width,
exudate amount, and tissue type. Length X, width,
centimeter ruler used to measure length and width (side
to side). This tool also measures pus quantity with none,
light, mode-rate, or heavy during wound dressing.
Gardner, et al. (2011) examined whether PUSH tool
valid or not to predict healing in DFU. The result showed
PUSH tool score of 10 would be expected wound to be
healed in 8.8 weeks and PUSH score of 4 in 2.6 weeks.

The wound’s Size (Area and Depth), Sepsis,
Arteriopathy, and Denervation [SAD] of DFU
description. However, some author’s mention this tool
shows non-regular in structure so it makes harder to
remember (Abbas, et al., 2008). Wegner score. The
purpose of Wagner system is to assess the depth of ulcer
and the presence of gangrene or osteomyelitis. This tool
consist of 0-5 linear grading (grade O (pre-or post-
ulcerative lesion), grade 1 (partial/full thickness ulcer),
grade 2 (probing to tendon or capsule), grade 3 (deep
with osteitis), grade 4 (partial foot gangrene), and grade
5 (whole foot gangrene). Wagner is the most frequent
tool to measure the development of the wound because
this tool is easy to apply and reliable. One study showed
positive trend of Wegner score to predict increased
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number of amputation. Wegner score can be used as a
tool to monitor wound development (Karthikesalingam,
etal., 2010).

University of Texas wound classification systems (UT
system). The purpose of UT system is to measures the
depth of ulcer, presence of wound infection, and
presence of symptoms of lower-extremity ischemia. UT
system consists of 0-3 linear grading. Grade O pre or
post-ulcerative that healed, grade 1 only showed
superficial ulcer, grade 2 ulcer penetrate to tendon and
grade 3 ulcer penetrate to bone and joint. Moreover there
are four stages within each wound grade: stage A is
cleans wound, stage B is infected wounds but still non-
ischemic, stage C is already developed ischemic but
wounds still non-infected, stage D is infected and
ischemic wounds.™™!

TREATMENT

1. Systemic Treatment

The important treatment of patients with DFU is to
control diabetes systematically. Nutritional management
and blood sugar control are very influential for the
patient's recovery.

a. Blood Sugar Control

Historically, inadequate blood sugar control can induce
foot ulcer due to limb neuropathy. Currently, no studies
developed in human to determine whether blood sugar
control have benefit for foot ulcer. How-ever, studies in
animal showed hyperglycemia impairs wound healing.
So, keeps blood sugar in reasonable level can improve
healing.[*®

b. Nutrition to Promote Wound Healing

Chronic wound needs a lot of resources in daily routines
to promote wound healing including nutritional support.
Nutritional support is essential in DFU; it is due to
during wound healing process tissue demand more
energy. Energy and protein usually become main
resources for building a new cell. Therefore,
undernourished and malnourished patients can be very
challenging to take concern (Wild, et al., 2010). Patients
is unique and different with each other, therefore clinical
significant of nutrition and wound healing also
individually different. However, general practitioners
must decide what, when and how nutritional
supplementation needs. A systematic review by Wild et
al (2010) described macro and micronutrients that can
improve wound healing.

There are 5 main nutrients which can improve wound
healing: (1) protein supply is necessary because it relate
with synthesis collagen the production of fibroblast, (2)
fatty acids are substrate of eicosanoid synthesis and one
of cell membranes components which promotes
inflammatory phase, (3) vitamin C is important for
optimizing immune response, cell mitosis and monocyte
migration to wound tissue that changed into
macrophages during inflammatory process, (4) zinc
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becomes cofactor for some enzyme and it is involved
RNA, DNA and proteins synthesis, (5) iron becomes
cofactor some enzymes which are important for synthesis
of collagen (Wild et.al., 2010).1**!

2. Local treatment

a. Dressing

There are lots of types of dressing which used in DFU.
However, dressings usually tend to apply by general
practitioners based on professional experiences or
preference more than based on evidence-based studies.
Therefore the study developed in UK tries to compare
the effectiveness of three common dressing used in UK.
This study compared the efficacy of fibrous-hydrocolloid
(aquacel)  dressing, iodine-impregnated  dressing
(Inadine), non adherent dressing, viscose filament gauze
(N-A). Involved 317 participants, this RCT studies
selected respondents by inclusion and exclusion criteria
and divided into three groups.

All of groups have same treatment except the dressing.
Dressing changed applies daily or 3 times a week used
current guidelines for practice including debridement and
offloading. The result showed that, after 12 weeks N-A
25.5%, Aquacel 28.2%, and Inadine 29.6% of patients
present healing. So for this result Inadine which is
iodine-impregnated dressing proved become dressing
product that most improved DFU healing (Jeffcoate et
al.,, 2009). Not only modern dressing, alternatives
dressing used natural product also found effective to
improve wound healing. A Prospective RCT, double-

Table 1: Classification of Advanced Wound Dressings Used for Diabetic Foot Ulcers Healing.
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blinded study used Manuka honey-impregnated dressing
in the treatment of neuropathic diabetic foot ulcers.
Thirty-two participants in treatment group treated by
MHID (Medihoney Tulle Dressing) and another thirty-
one treated with conventional dressing.

Preparation and wound care were applied by staff nurses
in a daily basis. Participants follow 16 weeks
intervention whether treatment group and control group.
The result showed that mean healing time significantly
differences between 2 groups (p< 0.05). Moreover, 78%
participants in treatment group presented sterile ulcers in
1st week of follow up and in control group only showed
35% participants showed sterile wound in 1st week of
follow up (Kamaratos, et al., and 2014). Therefore,
Manuka honey-impregnated dressing is safe and proved
to improve wound healing time. Moreover, it keeps the
wound in sterile condition longer than conventional
dressing. One study in Iran by Mohajeri, et al. (2014)
conducted study about effectiveness pure extract kiwi
fruit dressing to improve DFU healing.

54 respondents were assigned into two group, 17
respondents in study group and 37 in control group. Both
of study group and control group received same standard
treatments (regular sterile dressing with normal saline,
surgical debridement, oral antibiotic and blood sugar
control). The result showed study group can improve
wound healing in terms of ulcer size and wound closure.
Study group showed significant differences with the
control group in both ulcer size and wound closure.!*!

[16]

Type Example Explanation Advantages Disadvantages
Dressings usually
composed
of a hydrocolloid matrix Concerns
bonded onto a vapor about use for
permeable film or foam | Absorbent; can infected

Duoderm . . )

. backing. When in be left for wounds; may
Hydrocolloids Granuflex .

Comfeel contact St_everal days_, cause
with the wound surface, | aids autolysis maceration;
this matrix forms a gel unpleasant
to odor
provide a moist
Environment.

These dressings consist

of

cross-linked insoluble Concerns
polymers (i.e., starch or about use for
carboxy infected

Aquaf_orm methylcellulose) Absorbent: wounds; may

Intrasite And up to 96% water. L cause

Hydrogels donate liquid,; .

Gel They aid autolysis maceration;

Aquaflo are designed to absorb using for
wound exudate or highly
rehydrate a wound, exudative
depending on the wound wounds
Moisture levels. They
are
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supplied in flat sheets,
an
amorphous hydrogel, or
as
beads
These dressings Highly
normally .
- . absorbent and Occasional
contain hydrophilic I PR
Allevyn protective; dermatitis with
. polyurethane foam and : o
E Cavicare manipulate adhesive;
oams o are L )
Biatain desianed to absorb easily; can be bulky; may
Tegaderm wou?] q leftupto 7 cause
- days; thermal maceration
exudate and maintain a : .
. insulation
moist wound surface
Film dressings often May need
form .
. wetting before
part of the construction )
L removal; not
of Cheap; easily -
. . ? suitable for
other dressings, such as | manipulated; :
. infected
hydrocolloids, foams, permeable to )
. Tegaderm wounds;
Films - hydrogel sheets, and water vapor )
Opsite . . nonabsorbent;
composite dressings, and oxygen but . ;
. if fluid collects
which not to water R
. . under film it
are made of several microorganisms .
X e must be drained or
materials with film L
. the film is replaced
being
used as outer layer
The alginate forms a gel
when in contact with the
Calcium alginate wound surface, which . .
. . . Highly absorbent;
dressing can be lifted off with 4 . .
: . bacteriostatic May need wetting
Alginates Kaltostat dressing removal or . .
. . - hemostatic useful in | before removal
Sorblgon rinsed with sterile cavities
Medihoney saline; bonding to a
secondary viscose pad
increases the absorbency
Antiseptic,
These dressing are used 232?Jrrbier:t;rg?e%ce
Acticoat to treat infected wounds, . P
. . . . pain-related .
Silver impregnate Urgosorb as silver ions are : High cost
: symptoms; decrease
Silver thought to have ;
9 . . wound exudates;
antimicrobial properties. ;
prolonged dressing
wear time.

Source: Yazdanpanah L, Nasiri M, Adarvishi S. Literature review on the management and evaluation on diabetic foot

ulcer. World J Diabetes. 2015; 6(1): 37-53.

b. Ischemic Preconditioning (IPC)

Performing IPC in healthy patients proved to
demonstrate augmentation potential of blood endothelial
progenitor cells. Moreover, IPC showed mobilized stem
cell which improved number of peripheral blood stem
cells. RCT conducted in Israel revealed that IPC became
effective to improve wound healing.

Forty participants followed this study and they were
divided into 2 group: IPC group and sham group. All
participants receive standard wound care delivered by
staff of clinic. Pressure cuffs applied in both arms and
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inflated and deflated 3 cycles of 5 minutes each. The
pressure was different between both groups. In IPC
group cuffs inflated 200 mmHg, in another hand, the
sham procedure only gave 10 mmHg.

All participant followed 6-week intervention and
examined every 2 weeks. The result showed significant
differences between 2 groups. A number of 41%
participants in IPC group reached complete healing in 6
weeks. On the other hand, there are no participants
reached complete healing in 6 weeks (Shaked, et al.,
2015).!
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c. Oxygen-ozone Treatments

Oxygenation is important for wound in order to improve
healing outcome. In DFU, tissue hypoxia due to lack of
peripheral oxygenation is noted in problem of wounds.
Ulcer tissue oxygenation is essential and might be
influenced healing out-come. RCT conducted in China
by Zhang, et al. (2014) showed that oxygen-ozone
treatment improved wound healing and increase collagen
fibers of the wound. The study group of this research
received standard treatment which same as control
group.

After debridement, respondents in study group received
noninvasive oxygen-ozone treatments 30 minutes for 20
days. The oxygen supplied by using the ozone generator
device with 52 pg/ml ozone in a special bag. After 20
days intervention, the study group showed significant
wound healing compare with control group. Moreover,
OXy-gen-ozone treatment also increased collagen fibers
in site of wound.™*!

d. Offloading

Lower limb neuropathies lead to development of foot
shear or broken skin. It is due to increased pressure in the
same site of the plantar foot and neglected by diabetic
patients. In concept of management of DFU, off-load
plantar foot from frequent pressure is important to
prevent foot shear.

Offloading nowadays is widely used because of some
study proved the efficacy of offloading help to promote
wound healing. A systematic review of management of
DFU mentioned that elevated pressure of plantar foot
significantly improved foot ulcer. Total Contact Cast
(TCC) was claimed to be the most effective method of
offloading currently (Alexiadou & Doupis, 2012).
Moreover, some study compared the effectiveness of
TCC compare with another method. One RCT examined
the efficacy of TCC, removable boot with a shear-
reducing footbed (SRB) and healing sandal (HSS).

Total 73 participants divided into three groups and
received treatment within 12 weeks. The result proved
that TCC became the most effective offloading method
according to proportion of wound healing and fastest
healing time (Lavery, et al., 2015).1*"

PREVENTION

Prevention of an initial or subsequent foot lesion is
crucial to avoiding amputation.!” *® 1% The best
approach is to make use of a team of multidisciplinary
professionals who are committed to limb salvage.Centers
that have instituted teams specifically for this purpose
have subsequently reported dramatic reductions in lower-
extremity amPutation and improved rates of primary-
ulcer healing.? 2 patient education has a central role in
treatment and should include instruction on foot hygiene,
daily inspection, proper footwear, and the necessity of

. [17, 18, 19]
prompt treatment of new lesions.
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Regular foot-care examinations, including debridement
of calluses and ingrown toenails, provide an opportunity
to reinforce appropriate self-care behaviors and allow for
early detection of new or impending foot problems.
Therapeutic shoes with pressure-relieving insoles are an
essential element of ulcer prevention and have been
associated with significant reductions in their
development.** 2 I Elective surgery to correct
structural deformities that cannot be accommodated by
therapeutic footwear can be performed as needed in
certain patients.”® 2 281 Common procedures include
hammertoe repair, metatarsal osteotomies, plantar
exostectomies, and Achilles tendon lengthening.?* %

In patients with neuropathy, these procedures can be
easily performed under local anesthesia. Working in
unison with a vascular surgeon, these foot-sparing
reconstructive procedures can even be performed after
revascularization in an ischemic patient who might
otherwise have needed amputation.!”)

CONCLUSION
Diabetes foot ulcer is one of serious complication in
diabetes and its incidence is rapidly increased.

Appropriate management of each factor believed can
reduce the incidence of foot ulcer. However, some
factors like age and duration of DM are not modifiable
so patients and nurses should be concerned about that
condition.™*

Not all diabetic foot complications can be prevented, but
it is possible to dramatically reduce their incidence
through appropriate  management and prevention
programs. The multidisciplinary team approach that
combines the expertise of many types of health care
providers for diabetic foot disorders has been
demonstrated as the optimal method to achieve favorable
rates of limb salvage in the high risk diabetic patient.”*®!
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