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Abstract: Diabetes mellitus is recognized as a major public health issue. The affection is associated with
microvascular and macrovascular complications. The diabetic foot syndrome is a major complication of diabetes with a
significant influence on quality of life due to the fact that can generate: lower mobility, higher dependence on others,
higher risk of amputation, depression and is one of the most costly complications of diabetes. Diabetic foot ulcer is
generated by a combination between neuropathy, peripheral vascular disease and high foot pressures. Alone high foot
pressures is not a direct cause of ulceration but is an important factor in the occurrence of this pathology. The plantar
pressure measurement is recognized by important entities from clinical practice and can be detected by platform
systems and in-shoe systems. Determination may allow the creation of orthopedic footwear for high-risk diabetic
patients. International guidelines suggest or recommend the use of therapeutic footwear in diabetic patients with high-

risk.

Key words: diabetes mellitus, high pressure areas, orthopaedic footwear

Introduction.

Diabetes mellitus is recognized as a major
public health issue. According to 8" edition
of diabetes atlas published by the
International Diabetes Federation in 2017
more than 425 million subjects are diagnosed
with diabetes [1]. Diabetes is associated with
microvascular and macrovascular
complications. Diabetic foot is a major
complication of diabetes, defined as "a group
of syndromes in which neuropathy, ischemia
and infection lead to tissue breakdown,
resulting in  morbidity and possible
amputation” [2]. In 2017 Zhang P and
collaborators have published a systematic
review and meta-analysis about the global
epidemiology of diabetic food ulceration.
The authors have analyzed the result of the
studies in the following databases: PubMed,
EMBASE, ISI Web of since and Cochrane
and concluded that the global diabetic food
prevalence was 6.3% which was higher in
males than in females and higher in type 2
diabetes patients than in type 1 diabetes
patients [3]. The diabetic food syndrome has
significant influence on quality of life due to
the fact that it can generate: lower mobility,
higher dependence on others, higher risk of
amputation, depression and is one of the most
costly complications of diabetes [4, 5, 6].

68

The management of diabetes consist of
lifestyle modification (nutrition therapy,
physical activity, smoking cessation, diabetes
self-management education and support,
psychosocial care) and pharmacologic
therapy. In 2019, American Diabetes
Association has published in Diabetes Care,
the standards of medical care in diabetes. The
association had the following
recommendations in regards of foot care:

1. providing the information about the foot
preventive self-care to all patients with
diabetes mellitus;

2. the annual foot evaluation to identify risk
factors for ulcer and amputations; for patients
with  evidence of diabetic peripheral
neuropathy or prior ulceration or amputation,
the foot examination it is required to be
performed at every visit;

3. the use of therapeutic footwear for diabetic
patients with high-risk (patients with severe
neuropathy, history of amputation or food
deformities) [7].

The role of high pressure areas in the
occurrence of diabetic ulceration foot.
Diabetic foot ulcer is generated by a
combination between neuropathy, peripheral
vascular disease and high foot pressures.
Alone high foot pressures is not a direct cause
of ulceration but predispose diabetic patients
with peripheral neuropathy to develop this
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pathology [8, 9]. Stokers and collaborators led
one of the first studies on plantar pressure in
diabetic patients; they have reported that the
highest maximum plantar pressure are present
at the site of ulceration [10]. Stress RM et al
in a study published in 1997 in Diabetes Care,
in which were included 97 diabetic patients
(34 patients without history of peripheral
neuropathy and foot ulceration, 14 patients
with neuropathy without history of foot
ulceration and 49 patients with history of
neuropathy and plantar ulceration) mention
that "neuropathic patients have an increase in
dynamic plantar foot pressures placing them
at risk for plantar ulceration” [11]. A meta-
analysis published in 2014 in PLoS One by
Fernando ME et al were compared the plantar
pressures in diabetic patients without
peripheral neuropathy and patients with
peripheral neuropathy and active or history of
foot ulceration. They concluded that plantar
pressures is significantly higher in patients
with diabetic peripheral neuropathy with a
history of foot ulceration compared to those
with diabetic neuropathy without a history of
ulceration [12].

The sites of maximum plantar pressure in
diabetic patients have been investigated in
several studies. Stress RM and collaborators
in the previously mentioned study reported
that in patients with history of neuropathy and
plantar ulceration the highest pressure is
present in the fourth and fifth metatarsal
heads. [11]. Qiu X et al investigated the
plantar pressure parameters from 10 foot
regions in 65 patients with type 2 diabetes.
The study revealed high plantar pressure
levels in the metatarsal heads [13]. Payne C et
al reported after analyzing the plantar
pressure in 50 diabetic patients that
neuropathy "played a key role in plantar
pressure levels in a diabetic foot, and
especially in the hallux, in the first metatarsal
head, and in the heel region” [13, 14].

Foot plantar pressure measurement

The plantar pressure measurement is
recognized by important entities from clinical
practice and can be determined by platform
systems or plantar sensors. Platform systems
"are constructed from a flat, rigid array of
pressure sensing elements arranged in a
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matrix configuration and embedded in the
floor to allow normal gait” [15]. They are
used for static and dynamic studies and are
restricted to research laboratories. Plantar
sensors are included in the shoes and measure
plantar pressure during activities and some
systems provides information to the patient
when above-threshold pressures occur [16].
The plantar pressure sensor requirement are:
linearity, hysteresis, sensing area size pressure
range and temperature sensitivity. There are
currently several pressure sensors: the most
common are capacitive, resistive,
piezoelectric and piezo-resistive sensor [15].
Determination of the plantar pressure allow
the creation of personalized orthopedic
footwear for high-risk diabetic patients.
Diabetic foot management

Diabetic foot education include daily self-
inspection, avoiding of trauma and contact the
physician if any new abnormality appear. In
some situations, diabetic patients fail to
identify changes that cause delayed treatment
[17] Authors of the guide on the management
and prevention of the diabetic foot 2011
mention that 5 elements are important in foot
management: regular inspection and
examination of the at risk foot, identification
of the at risk foot, education of patient and
family, appropriate footwear and treatment of
nonulcerative pathology [18]. In 2015 the
international working group on the diabetic
foot recommends in order to prevent recurrent
plantar foot ulcer in high-risk patient with
diabetes the use of orthopedic footwear [19].
The clinical practice guide published by
Society for Vascular Surgery in collaboration
with American Podiatric Medical Association
and the Society for Vascular Medicine,
published in 2016 recommends using "custom
therapeutic footwear in high-risk diabetic
patients, including those with significant
neuropathy, foot deformities, or previous
amputation. In patients with plantar diabetic
foot ulcer (DFU), we recommend off-loading
with a total contact cast or irremovable fixed
ankle walking boot" [20].

The results of the efficacy of custom diabetic
footwear with respect to prevention of
ulceration are controversial. In 2002 Reiber
GE and coworkers published in JAMA the
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results of a randomized controlled trial in
which were enrolled 400 diabetic patients
with history of foot ulcer that not require
shoes for foot deformity. 121 patients
received 3 pairs of therapeutic shoes and 3
pairs of customized medium-density cork
insets with neoprene closed-cell cover, 119
patients received 3 pairs of therapeutic shoes
and 3 pairs of prefabricated, tapered
polyurethane insertions and 160 patients
(control group) ordinary shoes. Two-year
cumulative re-ulceration incidence across the
three groups was low. The authors concluded
that therapeutic or customized medium-
density cork insets with neoprene shoes
conferred no significant ulcer reduction
compared with control footwear [21]. In
contrast Uccoli L and collaborators evaluated
the efficacy of manufactured shoes (specially
designed for diabetic patients) to prevent
relapses of foot ulceration in 69 diabetic
patients: 33 patients received therapeutic
shoes and 36 patients had usual footwear.
The number of ulcer relapses after 1-year
were significantly lover in patients that used
therapeutic shoes compared to usual footwear
[22]. A prospective cohort study by Busch K
and Chantelau E published in 2003 reported
the benefits of specialized footwear in
decreasing the relapses of foot ulceration [23].
The clinical practice guide published by
Society for Vascular Surgery in collaboration
with American Podiatric Medical Association
and the Society for Vascular Medicine
suggest that the routine prescription of
therapeutic footwear cannot be recommended
over a preventive foot care program in low-
risk diabetic patients but can be considered in
diabetic patients with high-risk [20]. The
Guidelines for the treatment of diabetic ulcers
published in 2006, recommends: "Protective
footwear should be prescribed in any patient
at risk for amputation (significant arterial
insufficiency, significant neuropathy, previous
amputation,  previous ulcer formation,
preulcerative callus, foot deformity, evidence
of callus formation"[24].

Conclusion.

Diabetic food education is important to
prevent ulcerations and amputations. High
foot pressures do not a direct cause of
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ulceration but predispose diabetic patients
with high-risk to develop this pathology.
Determination of the plantar pressure allow
the cration of orthopaedic footwear.
International  guidelines  suggests  or
recommends the use of therapeutic footwear
in diabetic patients with high-risk.
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