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Abstract

One of the most common and serious complications of
diabetes mellitus is ulceration of the foot. Among persons
with diabetes, 12%-25% will present to a healthcare
institution for a foot disorder during their lifespan. Despite
currently available medical and surgical treatments, these

WJEM | www.wjgnet.com

JRaishideng®

130

are still the most common diabetes-related cause of
hospitalization and of lower extremity amputations. Thus,
many adjunctive and complementary treatments have
been developed in an attempt to improve outcomes. We
herein review the available literature on the effectiveness
of several treatments, including superficial and deep
heaters, electro-therapy procedures, prophylactic methods,
exercise and shoe modifications, on diabetic foot wounds.
Overall, although physical therapy modalities seem to be
useful in the treatment of diabetic foot wounds, further
randomized clinical studies are required.

Key words: Diabetic foot; Ulcer; Treatment; Physical
therapy; Rehabilitation
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Core tip: People with diabetes are prone to frequent
and often have severe foot problems. Treatments for
diabetic foot ulcer (DFU) include surgical debridement
and drainage, antimicrobial therapy for infected wounds,
pressure off-loading methods and advanced wound
dressings. Thus, many clinicians and researchers have
made efforts to develop adjunctive or complementary
treatments to improve the outcome of DFUs. This paper
presents a review of the epidemiology, pathogenesis
and clinical manifestations of DFUs, and a discussion
of the data available on relevant physical therapies and
rehabilitation methods.
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INTRODUCTION

Diabetes mellitus is a growing problem worldwide and
now affects about 5%-15% of the entire population
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in many developed and developing countries™. While
diabetes can lead to complications in many organ
systems and ulceration of the foot is now among
the most common and serious complications™. An
estimated 12%-25% of persons with diabetes will
present to a healthcare institution for some type
of foot disorder during their lifetime®*®. Most often
these are ulcers that arise largely as a consequence
of peripheral neuropathy and, to a lesser degree,
peripheral arterial disease. Diabetic foot ulcers (DFUs)
often result in severely adverse outcomes, such as
serious infections, the need for hospitalization and
lower extremity amputations, that are associated with
a five-year mortality of about 50%"°*®.

Treatments for DFU include surgical debridement
and drainage, antimicrobial therapy for infected wounds,
pressure off-loading methods and advanced wound
dressings. Despite these treatments, lower extremity
amputations in diabetic patients occur at a rate 17 to
40-fold higher than in non-diabetic individuals®.. The
most frequent precipitating cause for non-traumatic
foot amputations worldwide is a DFU with secondary
infection™®*?!, Today, it is estimated that worldwide
a foot is lost due to complications of diabetes every
30 s, Thus, many clinicians and researchers have
made efforts to develop adjunctive or complementary
treatments to improve the outcome of DFUs. This paper
presents a review of the epidemiology, pathogenesis
and clinical manifestations of DFUs, and a discussion of
the data available on relevant physical therapies and
rehabilitation methods.

Epidemiology

While it is difficult to obtain firm data on the prevalence
and incidence of diabetic foot ulcers, published trials
suggest that approximately 15% of diabetic patients
will develop a foot ulcer complication during their
lifetime™. In one study in 37 primary care centers
in the United Kingdom 5.3% of 811 type 2 diabetic
patient were reported to have a diabetic ulcer at some
point in their life™!. In the United States, while the
rate of hospitalization for diabetic foot ulcer was 5.4
per 100 diabetic patients in 1980, this figure increased
to 6.9 in 2003™°,

The review of patients with diabetic foot ulcers
shows that there are more male patients than female
patients™”). One retrospective review from Turkey of
142 cases found that 65% were males!®. Diabetic foot
ulcers occur in both in the type 1 and type 2 forms of
diabetes, but there are far more people with type 2
disease. The average age of patients with a diabetic
foot ulcer is about 60 years. The development of
diabetic foot ulcer is more strongly associated with the
duration of the disease rather than the age at disease
onset™,

Pathophysiology
Several factors are involved in the development of DFUs
but the two main causes can be divided into primary
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and secondary pathologies. Primary etiologies involve
peripheral neuropathy and vasculopathy, while secondary
causes relate to complications from hyperglycemia!*®’.
Diabetic foot ulcers may be completely neuropathic
(35%), completely ischemic (15%) or a mixed neuro-
ischemic (50%)™. Injury to neural cells related to poorly
controlled blood sugar levels cause motor, sensory and
autonomic neuropathy, leading to altered foot anatomy
(such as claw toe and hammer toe deformity), impaired
sensory perception and formation of skin cracks™***%,
Microvascular dysfunction and macrovascular (ather-
osclerotic) disease leads to ischemia through impaired
blood supply to the feet (Figure 1). Ulcers usually occur
in the feet due to physical, thermal or chemical trauma.

Musculoskeletal complications involving the foot,
most commonly seen in patients with a longstanding
history of diabetes, put patients at risk for developing
ulcers. Major underlying causes include increased
glycosylation of collagen in the skin and periarticular
tissue (tendon, ligaments and the joint capsule), decreased
collagen degradation, and diabetic microangiopathy'*..
Alterations in the structure of the foot, including loss
of flexibility and limited joint mobility, impair the
ability of the foot to absorb and redistribute forces
related to impact with the ground while walking. The
development of foot deformities is a major factor
in creasing plantar pedal pressure. Among the foot
joints, the metatarsophalangeal and subtalar joints are
exposed to the highest level of pressure™, which lead
to the development of foot ulceration™., The factors
discussed in this section are summarized in Table 1'%,

CLINICAL PRESENTATION

Classification

When assessing a patient with a diabetic foot wound,
formulating a treatment approach requires understanding
how to characterize any foot infection present as well as
the patient’s overall status. While there are now many
schemes for assessment of diabetic foot pathology, the
most commonly used classifications include those by
Wagner, the University of Texas, and the International
Working Group on the Diabetic Foot PEDIS system (the
“infection” part of which is very similar to that proposed
by the Infectious Diseases Society of America)®*?®. While
the Wagner scheme can predict clinical outcome, it is
mainly useful for vascular and surgical classification and
not for assessing infection®®”. The University of Texas
classification is now more widely used, but it classifies
infection only as present (which it does not define) or
absent. On the other hand, the PEDIS classification is
a research tool for assessing for circulatory impairment
(perfusion), the extent and depth of the ulcer and
neuropathy (sensation) as well as for the presence and
severity of infection™.

Assessment of the foot
Evaluating a patient with a diabetic foot wound requires
assessing the dermatologic, vascular, neurologic and
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Figure 1 Diabetic foot pathogenesis.

Table 1 Causes and effects of the factors that lead to the diabetic foot infection pathogenesis

[10]

Risk factor

Cause/effect of the risk factor

Peripheral motor neuropathy

Abnormal foot anatomy and bio-mechanics, manifesting with paw feet, high foot arch, subluxed

metatarsophalangeal joints, increased foot pressure and callus formation

Peripheral sensory neuropathy
Ppain sensation
Peripheral autonomic neuropathy
Neuroosteoarthropodic deformities
region)
Vascular failure
Uncontrolled blood sugar and other
metabolic imbalances
Patient characteristics
Incompliant patient attitude
weight gain, efc.)
Inadequacy of the healthcare system

Minor chronic injuries secondary to heat, mechanical or high pressure as a result of deficiency of protective

Cracks on the dry skin due to reduced moisture
Abnormal foot anatomy and bio-mechanics secondary to increased foot pressure (particularly in the midplantar

Reduced neutrophil migration, loss of the tissue viability and delayed wound healing
Deficient immune system (particularly in the neutrophil functions), wound healing and collagen production

Loss of vision, limited motion, previous amputation(s)
incompliance with the hygiene rules, foot care, prophylactic measures and healthcare principles (excessive

Inadequate patient training on foot care, blood sugar control efc.; insufficient treatment centers that provide

one-to-one patient care and/or insufficient bed counts; deficiency of a multi-disciplinary approach

musculoskeletal findings'™. Important findings include
any redness, swelling, increased warmth, pain or
tenderness, numbness, skin breaks, blisters, peeling,
ingrown toenails or other nail deformity, callus, or skin
dryness®. The clinician should examine the dorsal,
plantar, medial, lateral and posterior surfaces of the
feet, along with the nails, comparing them to the
upper extremity®®. Assessment for peripheral vascular
disease includes palpating the dorsalis pedis, tibialis
posterior, popliteal and superficial femoral arteries
checking the skin for paleness and coolness compared
to more proximal regions of the lower extremity™®,
While the probability of having peripheral neuropathy
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is 30%-40% in patients with a 10-year diabetes history,
and up to 60%-70% of those with a diabetes over 25
years, the rate is over 80% in those with a foot ulcer'**.,
The neuropathy is a distal, symmetrical, sensorimotor
type that may be asymptomatic or manifest with
pain, allodynia, numbness or a burning sensation.
Because the small diameter fibers are involved early,
pain and heat sensation disappear first. Subsequently,
with large-diameter motor neuron damage there is
a reduction in deep tendon reflexes, vibration and
pressure sensation'”. The vibration sensation can
most easily be measured with a tuning fork, with the
normal time of vibration perception approximately 20 s.
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Table 2 Physical therapy modalities potentially beneficial for

wound healing

Heating agents Electrotherapy methods

Superficial heaters: Infrared treatment, Electrical stimulation
global heat treatment

Deep heaters: Ultrasound treatment ~ Shock wave therapy (ESWT)
Laser treatment

Magnetic field treatment

Galvanic current treatment

ESWT: Extracorporeal shock wave therapy.

Superficial sensation can be examined by touching with
cotton, two point discrimination by using the blunted
end of a compass placed on the dorsal foot. The most
commonly used and well-validated test is checking for
presence of pressure sensation with a monofilament.
Absence of the ability to feel a 5.07-size monofilament
at selected sites on the foot means the patient lacks
protective sensation, which greatly increasing the risk
of a diabetic foot ulcer'®. Foot deformities related
to motor neuropathy include pes cavus, pes planus,
hallux valgus, hallux malleus, claw toe, and Charcot’s
arthropathy™. This impairs the architecture of the foot
leads to loading excessive pressure onto certain points,
increasing the risk of ulceration.

PHYSICAL THERAPY AND
REHABILITATION METHODS

Outcomes have consistently been shown to be better
when patients with a diabetic foot ulcer are cared
for a multi- (or, more accurately, inter-) disciplinary
approach. Disciplines involved should optimally include
a diabetologist, infectious diseases/microbiology
expert, plastic, orthopedic or podiatric surgeon,
angiologist or vascular surgeon, physical therapist,
wound care nurse, orthotist and rehabilitation expert.
The treatment plan should be established by joint
council, optimally with as many team members in the
same room with the patient as possible.

Diabetic foot ulcers prolong the duration of hos-
pitalization to a greater extent than almost all other
diabetes-related complications®™. And, despite great
advances in the treatment of diabetic foot ulcers,
a substantial minority of patients still undergoes a
lower extremity amputation. In fact, complications of
diabetes are the leading cause of non-traumatic lower
leg amputations worldwide. These amputations are
associated with major morbidity, worsening of quality of
life and financial costs, but perhaps most importantly,
the five year post-amputation patient survival is only
50%. Therefore, every means possible should be used
to try to heal a diabetic foot ulcer, including exercise
therapy, footwear modifications physical therapy
and rehabilitation methods. Currently, there is some
published literature on the value of physical therapy
and rehabilitation methods for diabetic foot ulcers, but
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no Cochrane Database of Systematic Reviews, National
Guidelines or consensus declarations.

Physical therapy modalities

The physical treatment modalities used in diabetic
polyneuropathy and diabetic foot ulcers are summarized
in Table 2.

Thermotherapy: Heat, a form of energy, is a commonly
used physical treatment agent. When a hot substance
contacts a cold one, it transfers of heat. During superficial
heat treatment the heated therapeutic agents transfer
heat to the body™.,

Heat treatment increases blood flow to the area as
a result of inducing vasodilatation, which is thought
to contributes to wound healing™". There is, however,
only one study evaluating the benefits of this treatment
for chronic wounds in persons®?. In this study, patients
who had previously received electrical stimulation were
treated with either global heat treatment or local heat
treatment. Global heat treatment was administered by
keeping the patients in rooms at 32 ‘C of temperature
for 20 min after establishing a heater and a fan system
in @ room. Local therapy was administered using an
infrared heat lamp heated to 37 C that was directed
on the wound site for 20 min. The control subjects only
received treatment with electric stimulation, which was
administered at 30-Hz frequency and 20-mA ampere
with 2-cm x 2-cm-diameter carbonized electrodes.
Wound healing was calculated by measuring the length
of the wound with a digital machine, the depth with
a metric ruler and the blood flow with laser Doppler
ultrasound. Wound healing rates were significantly
higher (by 20%) with global heat treatment compared
to the local heat therapy. With local heat therapy the
blood flow measured by laser Doppler ultrasound
had increased, but it was relatively lower than that in
global heat treatment. Wound healing in the control
(electric stimulation) group was less than in the two
heat treated groups®. Although local heat therapy
is more practical to administer, global heat treatment
was superior for improving wound healing.

Sound waves turn into heat energy while passing
through a homogenous environment. Ultrasound
involves sound waves with a frequency higher than
what the human can hear. Deep-heating agents such
as ultrasound can effectively heat the skin as deep
as > 1 cm. The sound frequencies used in ultrasound
therapy are typically 1.0 to 3.0 MHz (1 MHz = 1 million
cycles per second) at amplitude densities of 0.1 to 3
w/cm?™¥ (see Figure 2). The presumed modes of action
of ultrasound include causing vasodilatation, increasing
cell metabolism, enhancing cell permeability, inducing
fibroblast proliferation, releasing vascular endothelial
growth factor, increasing collagen’s flexibility, and
reducing edema by increasing the interstitial fluid flow.
The result of all these effects is to improve wound
healing"**..

Contraindications to ultrasound treatment include
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Figure 2 Ultrasound treatments administered following diabetic foot ulcer
formation.

directing acoustic energy over a malignant lesion,
pregnant abdomen, or a plastic or metal implant.
Additionally, this therapeutic mode should not be used
in patients with decompensated cardiac failure, cardiac
pacemaker, acute infection, hemorrhagic diathesis®™.
Ultrasound treatments are categorized by their
frequency, intensity, pulsed or continuous administration,
and tissue-contact or contact-free administration®.
When ultrasound is used for debridement it creates
cavitation effects in the tissue; at high doses this may
result in a level of cavitation that is not stable. Low-
frequency contact, or contact-free ultrasound treatment,
activates the cell membrane and induction of fibroblast
proliferation with DNA synthesis, elicitation of vascular
endothelial growth factor (VEGF) and interleukin-8
(IL-8) in osteoblasts'®. When ultrasound therapy is
used in musculoskeletal diseases at low frequencies
(such as 20-40 kHz) its thermal effect is reduced and
the debridement effect becomes more prominent;
concomitant bactericidal and wound healing effects have
also been observed™.

Ennis et al® conducted a multicenter, double-
blind randomized controlled trial that compared active
40-Khz ultrasound treatment to sham ultrasound
treatment in 3 sessions per week for 12 wk in patients
with a chronic diabetic foot ulcer. In both groups the
rates of wound healing were increased after treatment
compared to pre-treatment rates. In neither group
was there any statistically significant improvement in
wound exudation or wound closure.

A newly discovered ultrasound modality called
contact-free low-frequency ultrasound is thought to
improve wound healing by inducing fibroblast proliferation
and releasing VEGF and IL-8, thereby reducing growth
of bacterial in chronic wounds®”. In a study performed
by Yao et al*”, 12 patients were grouped into those who
received: (1) contact-free low-frequency ultrasound at 40
kHz three times a week; (2) contact-free low-frequency
ultrasound at 40 kHz once a week, both in addition to
standard treatment; and (3) only standard treatment for
4 wk. The group receiving contact-free low-frequency
ultrasound three times a week had significantly higher
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rates of reduction in the size of the wound than the two
other groups, while there was no significant difference
between the second and the third groups. Thus, contact-
free low-frequency ultrasound administered three times a
week appeared to be most effective in reducing the area
of the wound®”.

Voight et a*" conducted a systematic review and
meta-analysis to examine studies of low-frequency
(20-30 kHz) ultrasound delivered at either low or high
intensity. They found 8 randomized controlled trials, in
five of which both groups received standard treatment
modalities (debridement, wound healing) but only one
group also received active to low-intensity contact-
free ultrasound, while the control group received sham
ultrasound therapy. In the other three trials either
low-frequency or high-intensity contact therapeutic
ultrasound treatment was administered. The results of
these trials demonstrated that early healing (at < 5
mo) in patients with diabetic foot ulcers was favorably
influenced by both high- and low- intensity ultrasound
delivered at a low frequency, either via contact or
noncontact techniques. The authors concluded that
low-frequency, low-intensity, noncontact ultrasound
is more effective at producing complete healing than
standard wound care®®".

Electrotherapy methods: Electrical stimulation
is normally used in physical therapy to strengthen
paralytic muscles, but there are also clinical trials
that suggest it is beneficial in treating diabetic foot
ulcers. Electrical stimulation wound therapy produces
short pulse electrical stimuli intended to mimic the
body’s natural electrical system and stimulate wound
repair®. The mechanism of action appears to involve
an effect on calcium channels in the cell membrane
that increases the intra-cellular calcium permeability,
which stimulates the production of nitric oxide (NO)
by increasing the nitric oxide synthase (NOS). NO, a
strong vasodilator enhances the blood flow, thereby
potentially accelerating wound healing. It also can
change form to create peroxynitrate which has strong
bactericidal effects. In addition, NO enhances the
transfer of glucose into cells and increases epithelization
and collagen storage™. Electrical stimulation may also
stimulate the migration of various wound-modifying
cells including keratinocytes, fibroblasts, macrophages,
and neutrophils via various signaling mechanisms™”.
Electrical stimulation is typically administered at 30-Hz
frequency, at a pulse every 250 microseconds, and
20-milliampere current, using 5 cm x 5 cm disposable
carbonized electrodes, for 30 min three times weekly™"!.
This treatment modality should not be used in patients
with a cardiac pacemaker*®”.,

Decreased local tissue perfusion and the subsequent
tissue hypoxia contribute to the occurrence, and failure
to heal, of a foot ulcer in many diabetic patients®.
Some clinical trials suggest that the tissue perfusion
in chronic ulcers is increased following electrical
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stimulation and this is associated with wound healing™*?..

One evaluation following electrical stimulation, using
laser Doppler flowmetry, demonstrated a significant
increase in tissue perfusion achieved in patients with
diabetes and peripheral vascular disease'*?. In another
trial, the transcutaneous oxygen pressure levels were
significantly increased within the first 5 min following
electrical stimulation in diabetic patients with peripheral
vascular disease™".

Studies in the literature used different protocols
of electrical stimulation for diabetic foot ulcers since.
In two, treatment with electrical stimulation was
compared to sham treatment**®! while in another
two studies electrical stimulation was compared to
infrared heat lamp™**'!. Another study compared
electrical stimulation to two different control groups,
one receiving electrical current at a very low dose
(4-mA intensity) and the other not receiving electrical
stimulation!”], While all these studies investigated
the effect of electrical stimulation the authors did not
provide any data on calculation of the sample size
and streaming™*>*® and the electrical current was
administered as symmetrical biphasic, monophasic or
square wave current. In all 5 trials the rates of healing,
measured by the diameter of the wound, were the
main result; in 4 the rates of healing were significantly
higher in the study group compared to the control
groupP****¥1 - Another randomized study by Peters
et al* enrolled a total of 40 patients with diabetic
foot ulcer. Twenty patients were randomized into each
of the control group and the study group. The study
group received electrical current via a micro-computer
each night for 8 h, while the control group received
no current. The patients were followed up for 12 wk,
or until at least one patient achieved healing, and the
healing rates were not significantly different for the
two groups.

Extracorporeal shock wave therapy (ESWT) is a
non-invasive method of treating certain soft tissue
injuries. It focuses strong sound waves on affected site
using an ellipsoid-shaped steel probe. This device can
administer an amount of energy 10-fold higher than
delivered by ultrasonic devices within 1 microsecond.
While ESWT is non-invasive, it delivers high-amplitude,
short, single, pulsatile, acoustic waves that distribute
their mechanical energy into the environment while
passing from the soft tissue to the bone. If the delivery
is < 0.1 mJ/mm?’ it is classified as low-energy, if 0.1-0.2
ml/mm? it is middle-energy and if > 0.2 ml/mm? it
is high-energy. Recommendations for the treatment
of diabetic foot ulcer are generally administration at
an energy level of 0.03 mjoul/mm? twice weekly for a
total of 6 applications, to achieve 100 pulses/cm?. The
treatment may take up to 30 min per foot™*®,

ESWT has been extensively studied over the
past 20 years and been found to be effective for the
treatment of various musculoskeletal diseases (plantar
fasciitis, calcific tendonitis of the shoulder, tennis
elbow, pseudo-arthrosis and patellar tendinitis). The
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mechanism of action involves the stimulation of tissue
healing, reduction of calcifications and inhibition of
the pain receptors*®. It appears to induce the early
expression of angiogenesis-associated growth factors,
endothelial NO synthetase and vascular endothelial
growth factors, thus increasing cell proliferation and
accelerating tissue regeneration and healing®®”. Our
literature search identified two clinical trials investigating
ESWT for foot ulcers. One enrolled 30 patients with
diabetic foot ulcer, all of whom received standard
treatment (wound debridement, infection treatment,
adequate pressure transfer), but the study group also
received ESWT. They found significantly better results
in complete wound closure, healing time, and re-
epithelization indices following a 20 wk of treatment
in the ESWT group™®. In another trial, 32 wound in
30 patients who were unresponsive to conservative
or advanced dressing treatment received ESWT,
while control group of 10 patients received standard
treatment (wound debridement, infection treatment and
adequate pressure transfer). Complete wound closure
was achieved after 6 sessions of ESWT in 16 patients
the study group. In wounds with incomplete healing
exudate was reduced, granulation tissue increased and
the size of the wound decreased significantly after 4-6
sessions of ESWT. The study group also had a significant
reduction in pain and a significant increase in wound
healing compared to the control group™". These limited
results suggest that ESWT may be beneficial and safe
in the treatment of diabetic foot ulcers. This modality
is contraindicated in patients with previous cardiac
bypass operation, active pregnancy, major cancer or
coagulation disorder.

There are three types of laser treatment, based
on their potency (see Table 3)P%, At physical or
occupational therapy units low level lasers (typically
between 5 mW to 500 mW of output power) are
typically used in treatment. Low-level laser light has
been reported to be effective in the treatment of
impaired microcirculation (thought to be a relatively
common problem in patients with a diabetic foot ulcer),
wound healing and pain syndromes. The mechanism of
action is thought to involve enhancement of the blood
circulation and stimulation of the neo-angiogenesis
through an increase in skin heat™?.

In a double-blind, placebo-controlled clinical trial
in patients with diabetic microangiopathy, 15 received
low-level laser therapy at a dose of 30 J/cm?, while
15 patients received a sham beam™. The results
revealed a significant increase in the skin heat 15 min,
following laser treatment compared to the control
group. Presumably this was related to the increased
skin blood circulation and contributed to improved
healing™®. In another randomized controlled trial of
patients with a diabetic foot ulcer, 13 received low-
level laser therapy and 10 patients were in a placebo
group®*. Wound size was significantly reduced at week
4 in the low-level laser therapy compared with the
placebo group, and at week 20 eight patients in the
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Table 3 Laser types used in the clinical practice and their

contents

Low-level lasers (cold laser) ~ Helium and neon

Moderate-level lasers Gallium, aluminum-arsenide

Potent lasers Argon-CO-Yttrium aluminum oxide

treatment group and only three in the placebo group
achieved complete wound healing. The mean duration
until complete wound healing was not statistically
significant: week 11 in the treatment group compared
to week 14 in the control group™. These limited data
suggest there may be a role for low-level laser therapy
in accelerating healing of diabetic foot ulcers wound.

Magnetic field treatment use magnets or magnetism.
Magnetotherapy is believed to have positive impact on
immunological condition of the patient and causes dilation
of blood vessels secondary to changes in autonomic
nervous system, thereby removing toxins causing
pain. Additionally, it is may increase the permeability
of neuronal membranes and promoting release of
hormones with analgesic action such as endorphin®.

For the treatment of a diabetic foot ulcer, magnetic
field treatment is generally administered for one hour
daily for 10 d, at low intensity (30 Gauss). Using this
magnetic field device, the foot is placed in a solenoid
coil. During the procedure magnetic field depth of
penetration is 20 mm©®.

Another trial investigating the efficacy of magnetic
field treatment randomized 375 diabetic patients with
symptomatic polyneuropathy to either wearing 450
G magnetic insoles (study group) or non-magnetic
insoles (control group) for 4 mo. The study group had
a greater reduction than the control group in pain,
numbness and burning and this improvement was
maintained for 4 mo™®,

The limited published data suggest that magnetic
field treatment may be effective modality in reducing
symptoms of diabetic polyneuropathy. This physical
therapy modality is contraindicated in patients with
pregnancy, implanted inner ear haring device and
other small metallic implants®..

Galvanic (direct) current treatment uses zero-
frequency electrical current. The current flows in one
direction and has polarity current. Through stimulation
of the myelin-free pain fibers, this current achieves
paresthesia of both the superficial and the deep skin
layers™”). It is administered by carbon silicon surface
electrodes with a current intensity of 1 Ma for duration
of 20 min®”in the treatment of a diabetic foot ulcer
(Figure 3).

To our knowledge, there is only one published
study in the literature that investigated the efficacy
of treatment of diabetic ulcer wounds with galvanic
stimulation. In this study 11 diabetic patients with
impaired peripheral perfusion pressure (transcutaneous
oxygen tension of < 40 mmHg) received galvanic
stimulation treatment for 60 min on each of 2 d.
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Figure 3 Galvanic current administered following diabetic foot ulcer
formation.

Measurements were then performed of transcutaneous
oxygen in the dorsum of both feet via and of skin
blood flow via laser Doppler flowmetry. The authors
reported a significant increase in perfusion in the
patients who received galvanic stimulation within the
first 5 min, compared to the control group™, This
modality is contraindicated in pregnant women and in

patients with cardiac pacemaker®™".

Exercise treatment: Recent studies suggested that
exercise, may be an effective therapeutic modality
for patients with a diabetic foot ulcer. Range of joint
motion, stretching exercises, Buerger-Allen exercise,
and proprioception and balance exercises may be
helpful in patients with, or predisposition to, a diabetic
foot ulcer™®*®%, Exercises involving range of joint
motion or stretching in all directions may increase
the blood flow to the feet. Proprioception exercises
increase the sensory input in patients with diabetic
polyneuropathy, thereby enhancing their perception
capacity and ability to protect the extremity. These
exercises may lead to a reduced risk of falling related
to improved balance and coordination. In addition,
as well as these exercises, balance and coordination
exercises may lead to a reduced risk of falling related
to improved.

Using the Buerger-Allen exercises may enhance the
blood supply to the extremity, potentially leading to
formation of new vascular structures. While performing
this exercise the patient should lie in supine position
for 3 min, lifting his/her feet to a higher ground. Then,
he/she should sit and keep both feet in the following
positions for three minutes each: flexion, extension,
pronation and supination. The feet should turn pink
(related to improved blood flow) upon practicing these
movements; if they become blue or painful, the patient
should lift his/her feet to a higher ground again and
rest, as needed. At the end of the exercise, the patient
should lie in a supine position for 5 min, keeping the
feet warm by wrapping them up with a blanket.

In a study by Goldsmith et a/®! investigating
the efficacy of range-of-motion exercises in diabetic
foot patients, they asked the patients to draw letters
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of the alphabet with their feet and also practiced
passive and active dorsiflexion of the ankles and
metatarsophalangeal joints, plantar flexion, active
subtalar joint pronation and supination, stretching of
the gastrocnemius and soleus muscles. The authors
reported that these exercises resulted in a reduction
in the joint limitation and foot plantar pressure during
walking'®. In patients with a diabetic foot ulcer,
Flahr et al** assessed the effects of 10-repetition
foot exercises, consisting of the active inversion,
eversion, dorsiflexion and plantar flexion of the feet
and ankles, practiced twice daily. In this prospective,
quasi-experimental pilot study, following a 12-wk
exercise program the patients practicing the exercise
were reported to have faster ulcer healing compared
to those who did not participate in the exercises. The
mechanism of action of these foot exercise is believed
to involve increase of the blood supply to the region,
the resulting in improved wound healing™.

Shoe modification: Wearing inappropriate (i.e.,
poorly fitting) shoes may lead to formation of callus,
redness, blisters and eventually various deformities.
As diabetic patients, especially those with peripheral
neuropathy or foot deformity, are especially prone
to these problems they may need appropriate shoe
modifications to avoid foot ulcers. Such patients should
use specially manufactured shoes with large and high
finger toe box and rocker bars, made from soft and
flexible leather. Shoes with rocker bars reduce the
ground reaction force and facilitate the push-off phase
of walking. Rigid insoles should be avoided™!! Using
plastazote insoles may help ensure a homogenous
distribution of the load. The heels of the shoe should
be supported with a soft pad and made from at least
two materials of different densities, with a robust edge
and a capacity to absorb light shocks. The soles should
be renewed every 6 to 12 mo.

Prophylactic methods for preventing foot
ulcers development: After a foot ulcer, the rate of
recurrent ulceration has been reported to be 28%
in the first year, reaching up to 100% at 40 mo in
diabetic patients ulcer is the precursor in more than
85% of foot amputations®. Thus, it is crucial to apply
prophylactic methods to these high risk patients. Every
professional who treats patients with diabetes must
receive continuing professional education and clinicians
should provide regular foot examination for diabetic
patients. Patients should also be informed about their
disease, the potential related foot complications,
and the importance of foot inspection and care and
glycemic control. In addition to regular professional
foot examinations patients should be instructed to
check their feet every day (including with a mirror
to see the bottoms) for the presence of skin breaks,
redness, swelling, callus or other problems. The patient
should also be instructed to wash the feet with warm
water (checking the temperature with the hand, not
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the foot) and to dry them with a soft towel every day,
then apply an appropriate moisturizer. The nails should
be cut carefully with a good quality nipper, with a
straight border; this may need to be done by a medical
professional and patients should avoid pedicures. Many
patients view their own homes as “safe”, but they
should be advised that there, and elsewhere, they
should avoid walking on bare foot, or using flimsy or
poorly fitting sandals or slippers. It is best to alternate
footwear during the week to avoid excess pressure in
specific areas and to allow the perspiration in the shoes
and insoles to evaporate. The patients socks should be
made from cotton and be seam-free. They also should
be warned against smoking to avoid worsening blood
circulation!®,

CONCLUSION

In summary, the treatment of diabetic foot wounds
requires a multidisciplinary approach. It may include
physical therapy and rehabilitation methods. Un-
fortunately, studies on this topic were conducted with
moderate quality of evidence. It is required to be
supported by larger randomized trials.
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