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Abstract
Type 2 diabetes appears a major epidemic of the 21st century. This is primarily connected with the highly calorific
diet and obesity of developing societies. This can lead to a rise in diabetic foot syndrome (DFS), i.e. infection,
ulceration, and/or destruction of deep tissues in connection with neurological disorders and diseases of local ves−
sels to various degrees in the lower limbs in the course of diabetes. Treatment depends on the degree of changes in
the patient’s foot. It should reduce or eliminate the factors which influence the development of diabetic foot syn−
drome. Appropriate actions include metabolic control of diabetes, treating lipid disorders, eliminating the smoking
of tobacco, body mass reduction, controlling blood pressure, eliminating limb swelling, and decreasing fibrinogen
and hematocrit levels. Special footwear with insoles relieving ulceration or a PTB device can contribute to healing
and also play essential roles in the prophylaxis of ulcer formation. There are also suitable plaster dressings which
can be used for several months and additional aids such as crutches or tripods. In a situation in which ulceration
has already appeared, relieving the damaged limb is usually recommended. For this one can use dressings of the
Soft Cast type. The main advantages of Soft Cast is that it allows a controlled and safe range of movement, there−
by assuring stabilization, and the possibility of removing the cast facilitates personal hygiene. Dressings of the Soft
Cast type also exert suitable pressure on the soft tissues of the limbs. The Soft Cast allows the patients to begin
rehabilitation almost immediately, and by varying the number of layers, individual selection of the degree of stiff−
ness and mobility for a correct course of treatment is possible (Adv Clin Exp Med 2009, 18, 5, 513–518).
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Streszczenie
Cukrzyca typu 2 wydaje się czołową plagą XXI wieku. Jest to związane przede wszystkim z nadmierną kalorycz−
nością diety i otyłością społeczeństw rozwijających się. Oprócz wielu dolegliwości, może prowadzić wtórnie do po−
wstania zespołu stopy cukrzycowej (z.s.c.). Mianem z.s.c. określa się infekcję, owrzodzenie i/lub zniszczenie tka−
nek głębokich w połączeniu z zaburzeniami neurologicznymi oraz chorobami naczyń obwodowych, w różnym stop−
niu zaawansowania, występującymi w kończynach dolnych w przebiegu cukrzycy. Postępowanie lecznicze jest
uzależnione od stopnia nasilenia zmian w obrębie stopy chorego. U każdego należy ograniczyć lub wyeliminować
czynniki, które mogą mieć wpływ na rozwój zespołu stopy cukrzycowej. Właściwe działania obejmują wyrównanie
metaboliczne cukrzycy, leczenie zaburzeń lipidowych, przerwanie palenia tytoniu, zmniejszenie masy ciała, kontro−
lę ciśnienia tętniczego, eliminację obrzęków kończyn, zmniejszenie dużego stężenia fibrynogenu i wysokiego he−
matokrytu. Specjalne obuwie z wkładką odciążającą owrzodzenia lub aparat typu PTB mogą przyczynić się do je−
go zagojenia, ale również odgrywać istotną rolę w profilaktyce powstawania owrzodzeń. Oprócz tego stosuje się od−
powiednie opatrunki gipsowe zakładane nawet na kilka miesięcy i pomoce dodatkowe, takie jak laski lub kule.
W sytuacji, w której pojawiło się już owrzodzenie, pacjentowi zwykle proponuje się, aby starał się odciążać uszko−
dzoną kończynę. W tym celu można wykorzystać opatrunki typu Soft Cast. Głównymi zaletami Soft Cast jest to, że
pozwala utrzymać kontrolowany i bezpieczny zakres ruchu, zapewniając przy tym stabilizację, a możliwość zdjęcia
ortezy ułatwia pacjentowi higienę osobistą. Opatrunek typu Soft Cast wywiera ponadto odpowiedni nacisk na tkan−
ki miękkie kończyny. Soft Cast pozwala pacjentom rozpocząć rehabilitację niemal zaraz po jej założeniu, a dzięki
różnicowaniu liczby warstw można indywidualnie dobrać stopień usztywnienia i ruchomości niezbędnych do pra−
widłowego przebiegu procesu leczenia (Adv Clin Exp Med 2009, 18, 5, 513–518).

Słowa kluczowe: zespół stopy cukrzycowej, zaopatrzenie ortopedyczne, cukrzyca typu 2, opatrunek Soft Cast.



Diabetic foot syndrome (DFS) refers to dia−
betes−related infection, ulcer, and/or destruction of
deep tissue along with neurological disorders and
peripheral vascular disease of various degrees
affecting the lower extremities. The pathology
affects 0.6–2% of patients with type 1 diabetes and
12–18% of patients with type 2 diabetes [13]. Type
2 diabetes is an epidemic of the 21st century as diets
are too high in calories and obesity is ripe in devel−
oping societies [1]. The basic risk factors connect−
ed with diabetic foot syndrome are diabetic neu−
ropathy and blood flow disorders. In about 25% of
the afflicted, the main problem is macroangiopathy,
in 45% sensomotor and autonomic neuropathy, and
in 30% the combined effect of vascular and neuro−
logical disorders. In 5% of patients, symptoms of
macroangiopathy in lower extremities occur after
ten years of the disease process. After 20 years the
rate is 20%. After 15 years, peripheral neuropathy
can be detected in 50% of patients [8]. It should be
remembered that diabetes promotes infections by
microorganisms. As the patient experiences no
pain, the injury may spread unnoticed into deep tis−
sue. Apart from visiting a physician, the patient
should observe the foot for temperature hypoesthe−
sia, partial loss of the sensation of vibration, and
the Achilles’ tendon reflex [1]. 

Diabetic peripheral neuropathy involves all
types of nerve fibers: sensory, motor, and
autonomous. Sensory neuropathy results in loss of
pain sensation, tactile sensation, cold and warm
sensation, and loss of deep pain. Motor neuropathy
leads to intrinsic muscle atrophy or muscle weak−
ening of the foot, which is characterized by typical
“hammer toes”. Autonomic neuropathy leads to
hypohidrosis, dryness, and cracked skin. There is
increased blood flow through the arteriovenous
junction, resulting in higher skin temperature. As
a consequence of reduced glycation of collagen
protein in the joints and soft elements, there is
a restricted mobility range in the joints. This leads
to deformation of the foot, impairment of the
foot’s biomechanics, and consequently increased
load on the foot. The foot is susceptible to calluses
and corns. Due to the loss of the sense of pain, the
patient may not notice recurrent injuries [5, 15].

Diabetes−related vascular changes usually
involve the artery below the knee and the small
arteries of the foot. They are multisectional, devel−
op at a young age, and progress quickly. Therefore
even a small injury (for instance following nail
clipping) or pressure (by footwear) and local over−
heating may lead to ulcers, which develop into
necrosis. If the necrotic tissue does not get infect−
ed, it shrinks and becomes mummified. Spon−
taneous amputation sometimes occurs, for exam−
ple of a toe [16, 17].

The Wagner grading system for diabetic foot
changes is applied to determine changes in the dia−
betic patient’s foot: 

grade 0 – intact skin, risk factors for diabetic
foot syndrome are present,

grade 1 – superficial ulcer of skin,
grade 2a – deep ulcer without infection,
grade 2b – deep ulcer with infection,
grade 3 – abscess of the foot and

osteomyelitis,
grade 4 – dry or moist gangrene,
grade 5 – severe changes making conservative

therapy impossible [2, 12].
When examining a patient’s foot, notice

should be taken of claw−like hallux, skin dryness,
dilated venous vessels on the dorsal surface of the
foot, warmth, presence of calluses, coloring,
trophic changes of the skin, cracks, and ulcers. The
patient’s footwear should also be examined.
Surface feeling, sense of pain, temperature, and
vibration on the feet should be examined [11]. The
Semmes−Weinstein monofilament gauging test, 10 g
in weight in screening and 1 g otherwise, is the
most useful in determining the risk of foot ulcer.
Pressure syndrome should be excluded by testing
for Tinel’s sign (tapping over the examined nerve
area causes a sensation of pain along its distribu−
tion and innervation). Neurotips (a tool consisting
of a blunt−end needle and plastic cylinder) can be
used to gauge the sense of pain. The sense of cold
and warm is examined in an analogous way with
a termotip (made of two cylinders, metal and plas−
tic). A tuning fork of 128 Hz is useful in gauging
the vibration sensation. It is applied to the top of
the hallux, less frequently to the root, to the root of
the 2nd toe, or lateral or medial ankle. The exami−
nation helps to measure the vibration sensation
threshold [16]. 

The easiest way to assess the vascular system
is physical examination of the pulse in the periph−
eral vessels. It should be noted, however, that
a positive result does not exclude distal ischemic
changes that can be caused, for example, by
microembolism. Radiological examination of the
foot bone often shows osteoarthropathy or, in
more advanced cases, osteolysis of bones. Joint
destruction and spontaneous painless bone frac−
tures are usually observed in more advanced cases
of neuropathy, called Charcot’s syndrome.
Auxiliary examinations include Doppler ultra−
sonography, measuring the ankle−arm index, laser
Doppler, classic angiography, bacteriological test,
scintiscanning, magnetic resonance imaging, as
well as bone and marrow biopsy [16].

During the examination of the foot the physi−
cian collects information about the disease syn−
drome. Physical examination and imaging can
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help in choosing appropriate treatment. The inten−
sity and efficacy of the treatment of diabetes
depends on the symptoms and complications. 

Self−tested blood glucose levels should be in
the range 70–90 mg/dl fasting and 90–135 mg/dl 
2 hours after a meal. Good and stable blood glu−
cose levels and proper management of diabetes
significantly lower the risk of severe complica−
tions of primary disease and improve prognosis as
far as DFS is concerned. Glycated hemoglobin
(HBA1C) levels, which corresponds to glucose lev−
els during 120 days, is a practiced diabetes control
and management tool. A level of ≤ 6.5% to ≤ 6.1%
of HBA1C is desired [3, 15]. Control of lipid metab−
olism though adherence to a low−fat diet and hypo−
glycemic treatment (statins, fibrates) are essential.
A cholesterol level of < 175 mg/dl, concentration
of the LDL fraction of cholesterol of < 100 mg/dl
(with concomitant ischemic heart disease: < 70 mg/
/dl), triglyceride concentration of < 150 mg/dl, and
an HDL cholesterol fraction of > 50 mg/dl in men
and > 40 mg/dl in women indicate a controlled
condition [1, 3]. 

Treatment also depends on the degree of
changes in the feet. In each case, factors contribut−
ing to diabetic foot syndrome occurrence have to
be eliminated. Management should include meta−
bolic control of diabetes, treatment of lipid disor−
ders, the patient should stop smoking, lose weight,
control arterial blood pressure, eliminate limb
swelling, and reduce the high levels of fibrinogen
and hematocrit. Custom−made shoes with diabetic
insoles offloading the ulcerated area or a PTB
(patella−tendon−bearing) device can help the feet to
heal, but can also serve as a prophylaxis against
ulcer occurrence. Apart from that, plaster casts
worn even for a few months or walking sticks and
crutches can be helpful. Patient immobilization and
a wheelchair are occasionally required. If ischemia
is diagnosed, revascularization with percutaneous
angioplasty or vascular grafts are needed.

In general, surface ulcers should be cleaned of
dead tissue. The basic regimen should include reg−
ular cleaning, change of dressing, and ulcer
offloading. Careful mechanical cleaning of the
wound should be performed with a scalpel, spoon,
and scraper until the wound bleeds, which will
facilitate the healing process and the growth of
granulation tissue. The foot should then be
offloaded. The reduction of pressure will improve
the blood supply to the tissue and prevent further
deterioration of the wound. The patient should lie
in bed and use a wheelchair or elbow−high crutch−
es, if possible [9, 16]. 

The identification of infection etiology is
essential if appropriate antibiotic therapy is to be
selected, test results properly interpreted, and

proper treatment chosen. The contents of the cavi−
ty of an abscess and surgically removed section of
deep soft tissue or bones are the best material for
bacteriological studies. In most cases there is
a broad−spectrum of bacteria isolated from diabet−
ic foot ulceration. Quite often, the foot is infected
by both aerobic and anaerobic bacteria. The odor
of decay and gas in tissue indicates a mixed bacte−
rial flora. As the ulcer deteriorates, osteomyelitis
and marrow infection can occur. This can also
occur in patients with puncture wounds that may
be a result of implantation of bacteria into bone
tissue. Osteomyelitis is often present where there
is suppurating ulcer, especially one that deteriorat−
ed in the process of neuropathy [4, 11]. 

Mild infections of the skin and subcutaneous
tissue without bone involvement are treated on
average for 1–2 weeks with a possible 2−week−long
follow−up. No hospitalization is usually required;
nevertheless, daily changes of dressing and close
observation of the disease and infection are
required. Antibiotics are administered by mouth or
parenterally. In moderate and severe infections,
patients should be hospitalized for at least 2–4
weeks. When bones and marrow are involved,
antibiotic therapy should last 4–6 weeks when
infected bone was removed and up to 3 months
when the bone was left. In such infections, medica−
tion should be administered parenterally [4].

The best effect is achieved when the therapy is
interdisciplinary. A surgically processed wound,
carefully chosen antibiotic therapy, and modifica−
tion of individual factors (hyperglycemia, arterial
insufficiency) guarantee successful outcome [11].

When the pharmacological treatment is insuf−
ficient, partial amputations are performed, consist−
ing of the removal of necrotic fragments of the
foot, for instance a toe or forefoot with a margin of
healthy tissue. Partial amputations leave the
patient less scarred and the foot’s supporting func−
tion is preserved. They are recommended in
patients with good peripheral blood supply. Large
amputations are performed when there are massive
infections with a significant risk of sepsis. They
are often combined with reconstructive operations
which increase the chances of the stump’s healing
properly and of good outcome. Infections of a dia−
betic foot pose a risk to the limb and account for
25–50% of amputations in diabetic patients. When
there is infected moist gangrene, the procedure is
often required [4, 6]. 

Another, albeit controversial, method of treat−
ing infections is sterilized pseudoplasters with
maggots of Phaenicia sericata (green bottle fly).
Secreting proteolytic enzymes, the maggots clean
ulcers of necrotic tissue (the process is far more
rapid than with traditional methods and is highly
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selective). What is more, the maggots secrete
antibacterial anti−Gram−positive agent which is
effective against multidrug−resistant pathogens of,
for instance, Staphylococcus aureus (MRSA) and
the secreted amount is directly proportional to the
severity of infection. At the same time, the mag−
gots eliminate the unpleasant odor that accompa−
nies infections. Patients often do not accept this
method of treatment. Nevertheless, it is an alterna−
tive to surgical procedures. There is a risk of infec−
tion with tetanus, gas gangrene, or botulinum toxin
by non−sterile larva [7]. 

Proper hygiene and foot observations are
essential if ulcers are to be prevented. The routine
should involve: foot observations, allowing for
early detection of abrasions, cracks, and injuries
and helping to prevent complications; patient edu−
cation about foot hygiene. Feet should be washed
in warm water and carefully dried between the
toes; nails have to be properly clipped (straight
and not too short) to prevent ingrown nails; skin
that is prone to dryness and cracking should be
moisturized; socks made of natural material (cot−
ton) should be worn (with no pressure points);
proper footwear should be selected if the treatment
outcome is to be positive. Shoes should be loose
enough not to put pressure on the foot (this is
important in patients with limited feeling in the
foot), soft enough not to cause sores, with a low
heel and wide sole to prevent foot deformation
while walking. Shoes and slippers should be
checked for small stones or other objects before
being put on. When there is a cut, no strong steril−
izing agents should be used or a plaster put direct−
ly on the cut. The injured place should be careful−
ly washed with soap and water and a sterile dress−
ing should be put on. In case of any doubt, the
patient should consult his doctor [15, 19]; the
patient should quit smoking (nicotine has a vaso−
constrictive effect which further reduces oxygen
supply to the tissue) and take up controlled physi−
cal activity to improve general efficiency [10]. 

When an ulcer develops, the patient should
offload the foot. Epoxy resin can be used. Made of
fiberglass impregnated with resin, it contains
water−soluble surfactant. It reacts with water or
moisture, allowing for shape consolidation. It will
be flexible but will preserve the original shape.
Soft Cast allows a controlled and safe mobility
range, guaranteeing stability. The cast can be taken
off, making the hygienic routine easier.
Furthermore, dressings of Soft Cast type put an
adequate amount of pressure on the soft tissue of
a limb and work as sucking pumps during move−
ment. As the foot is not totally immobilized,
allowing for “micro−movements”, they prevent
muscle atrophy or contractures. Thereby a Soft

Cast band allows quick recovery and enables
almost immediate rehabilitation. The number of
layers can be customized, which means that the
band’s stiffness and mobility range can be individ−
ually adjusted, enabling proper treatment. Other
advantages include: it guarantees appropriate
immobilization; a controlled and safe mobility
range; does not cause muscle atrophy and prevents
joint constructions, allowing for immediate reha−
bilitation; the band is thin, so no need for looser
clothes; requires a one−layered base (for instance
a stocking of 3M™ Stockinet™ type), reducing
the dressing’s circumference, thus making it more
comfortable; soft seams that can be cut with ordi−
nary scissors; the cast can be taken off and put
back on with an elastic band; it can be used soon
after trauma even if there is a risk of limb swelling;
the layers can be gradually taken off, which allows
for the regulation of immobility; the small number
of layers (reducing thickness) and physical proper−
ties mean that 3M™ ColdHot™ Pack cold dress−
ings can be used to prevent swelling; the patient
can wet the band [18].

Contraindications for Soft Cast use are: ulcer−
ations that are more extensive in depth than in
length, extensive oozing from the wound, skin
hypersensitivity, extensive swelling.

Total contact casting (TCC) is a technique
used in diabetic foot syndrome therapy. In a plas−
ter cast, the whole foot bears the weight. The cast
fits the foot closely to imitate its shape. It off−loads
the ulcerated area, allowing successful treatment.
The dressing actively adjusts to the foot’s shape
and outline, from the heels to the metatarsus and to
the toes. When excessive pressure is put on bony
points, it is distributed on the whole plantar sur−
face to counteract the mechanism underlying ulcer
occurrence. In Charcot’s syndrome, synthetic
dressing is employed when there is a fracture or
foot swelling. It is used to control the foot’s mobil−
ity and preserve its shape. The patient is not
allowed to load the foot. The first cast is taken off
after 10 days or earlier if swelling has retreated. In
patients requiring draining, the cast is changed
more frequently than once in three weeks to pre−
vent wound maceration. Similarly, patients leading
an active life require more frequent cast changes.
The cast is worn until the resolution of ulceration
and in Charcot’s foot, until the fracture heals.

There are different variations of the cast: Total
Cast I, Total Cast II, Total Contact Cast ABP, and
Total Contact Cast. Total Contact Cast I is easy to
use, it is time and cost efficient (patients can cut
therapy by a few weeks), and there is no need for
repeated use. It consists of stockings, splint, and
a wet bandage covering the whole plaster. It can be
opened to inspect the healing process and skin
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condition. After the inspection, the old plaster is
completely closed using one role of Soft Cast; in
this case, no wet bandage is used. In this way it is
easy to unwrap the freshly put layer. During each
subsequent visit, only the last layer is unwrapped
to open the plaster. Ulceration and skin control is
easy and safe. A new stocking is put on and the
plaster is closed each time. The plaster cast shoe
makes walking functional and comfortable. Total
Contact Cast II is a Soft Cast in combination with
Primacast. The structure and method are the same
as described above. The splint is a U−shaped sup−
port of the back. 3M Transpor Tape is additionally
used. The whole dressing is finished with a Soft
Cast. It should be wrapped around the whole limb.
The position has to be maintained until the plaster
sets. The Total Contact Cast (geisha shoe) can be
worn with a sock after appropriate molding.
Stockings, layered splint, rolls of Soft Cast, and
wet elastic bandage are needed. On cutting the
back seam, the shoe becomes completely flat and

there are no seams with which toes could be in
contact. In this form it is very useful for an unsta−
ble person. A sock can be worn over the geisha
shoe and a larger−sized shoe. When the shoe laces
are tied, the plaster is fully functional. 

The least expensive treatment method is dia−
betic foot prevention. Apart from diabetes control,
prophylactic measures include foot hygiene, con−
trol, injury prevention by proper footwear, and
proper stockings and socks available on the mar−
ket. In advanced diabetes, diabetes has to be con−
trolled with intensive insulin therapy. The foot has
to be off−loaded, but muscle atrophy has to be pre−
vented. This is why Soft Cast dressings are sug−
gested as they reduce loading where ulceration
occurs, but enable mobility. 

Diabetic foot syndrome treatment and prophy−
lactics are undoubtedly an interdisciplinary sub−
ject. The team of caregivers should include a dia−
betologist, surgeon, orthopedist, nurses making
dressings, physiotherapist, and dietician [2, 14].
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