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Offloading techniques for diabetic foot

Abstract

Diabetes Mellitus (DM), a serious chronic disease is known to have many complications.
Foot complications are one of the most distressing and affect around 15% of all diabetics.'
By 2008, around 314-382 million were people affected by DM. It has been predicted that
the number of diabetics will increase by a double in 2030. With this predicted increase
in prevalence of DM, the increase in the complications of DM is likely. Major causes
of morbidity and increased financial burden in a diabetic patient are foot ulcers and
amputations, which with early detection and management can delay or even prevent the
onset of adverse outcomes.” Hence, it is recommended that every diabetic patient should
have foot evaluation at yearly intervals for risk factors of foot ulcers and amputations
that include neuropathy, vasculopathy and deformities.’ Optimal management entails a
multidisciplinary approach for prevention, early evaluation and treatment strategies.

The cornerstone of the management are appropriate wound care (and debridement),
infection control and pressure reduction. The pathogenesis of neuropathic diabetic foot
ulcers involves mechanical trauma due to focal pressure and repetitive moderate stress.*
This pressure causes maximum damage at the edge of the area of pressure application
and has been termed as “edge effect”.’ Triad of peripheral neuropathy, foot deformity and
minor trauma have been found as risk factors in majority of cases of diabetic foot ulcers.®
Offloading the affected foot has been used as a useful management strategy as it allows
for the pressure to be spread over a wider area away from the affected part. A variety of
offloading techniques are in use including surgical offloading. The aim of the article is to
present the various novel offloading techniques at present and their pros and cons.
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Introduction
Pressure forces on the foot

The sole of the foot does not have equal distribution of pressure
while in stance or gait. The brunt of the weight falls over metatarsal
heads and the heel. In patients with DM the biomechanical changes in
the soft tissues of the foot lead to deformities and consequently high
pressure points.” Abnormally high foot pressures leads to development
of foot ulcers.®’ Furthermore as a result of the deformities, the gait is
altered. Both the forefoot and hind-foot pressures has been found be
increased in diabetic patients with peripheral neuropathy.'® In patients
at risk of foot ulceration, screening for loss of protective sensation and
evaluation of foot pressure is recommended.

Even when the ulcer develops, proper evaluation and regulation of
foot pressure may aid in faster healing. Foot pressure can be measured
as static pressure i.e. during standing or as dynamic pressure i.e.
during gait. Many devices are available to determine the distribution
of plantar pressure. They can be in shoe or out of shoe pressure
measurement. One of the in shoe pressure measurement system that
has been commonly used is the Pedar® system.!' Before we endeavour
to discuss various offloading techniques, one important aspect of
diabetic foot care needs to be considered, i.e. patient education.

Patient education
Maintain near-normal blood glucose concentration

Research has shown that maintaining normoglycemia in a diabetic
patient is effective in delaying the onset and progress of complications
of diabetes such as foot ulcers and neuropathy.'> UK Prospective
Diabetes Study (UKPDS) Group found that lower median glycated
haemoglobin (HbAlc) levels were associated with risk reductions
in developing diabetes-related complications.”* Thus it is of utmost
importance to control the glycaemic levels of a diabetic patient by any
means to avoid developing foot ulcers.

Reduction in body weight

An increase in body weight has been associated with increased
risk of developing foot ulcers. This is due to the increased foot
pressure in heavier patients.'* However, a study by Cavanagh et al.,”
suggested that it is the structural deformity in diabetic patients that has
a larger impact on the development of ulcers, rather than the gain in
body weight. Nevertheless, they agreed that an increased body mass
contributes in adding on to the total forces on the foot during walking.

Cessation of smoking

Some studies'®!"have found an association of smoking in diabetics
with the risk of development of ulcers and amputation, but other
studies' have denied the relationship. Nevertheless, it is better to
avoid smoking as it has been found that cessation of smoking reduces
the risk of vascular disease complications."” Same goes for alcohol
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consumption, even though the evidence to link alcohol consumption
and smoking with diabetic foot ulcers is weak.

Self-monitoring

Patient should adopt self-care practices of maintaining foot
hygiene and nail care. Feet should with wash gently with soap and
water followed by application of skin moisturizers. Comorbidities
like hypertension and hyperlipidemias should be properly treated to
as they may predispose to vascular occlusion. Patients should get their
feet examined for vibration testing on annual basis.?® Patients with
DFU should take every care prevents its recurrence.

Offloading

The main aim of off-loading, or pressure modulation, is to
redistribute plantar pressures so that there will be a resultant reduction
foot pressures, shock and shear.?! The various methods of offloading
include bed rest, wheelchair, crutches, total-contact casts, felted foam
dressings, half shoes, therapeutic shoes, padded socks, shoe inserts,
removable cast walkers. Surgical offloading is usually reserved for
chronic deformities or ulcers that are not amenable to conservative
means.

Total Contact Cast (TCC)

TCC is considered the “gold standard” in treating diabetic foot
ulcers. Although some places, very few specialists use this “gold
standard” for treating majority of diabetic foot ulcers.”? TCC is a
method where a non-removable cast is fitted around and is in contact
with the foot and part of the leg.”® The cast is commonly applied to
a patient lying in prone position with a flexed knee and the ankles
in neutral position to allow for full access to the sole of the foot.*
Another advantage of this position is that it allows the gastrosoleus
complex to shift proximally, resulting in better fit of the cast.>® After
applying a thin dressing to the ulcer, foam padding is applied to the
bony prominences, Achilles tendon and anterior region of shin to
avoid formation of pressure ulcers. Next, an adhesive tape is applied
covering the area from the tibial tuberosity to the dorsum of foot
followed by a layer of stockinet from the toes to just below the knee.
Plaster of Paris rolls are then applied and moulded carefully according
to the contours of the foot. Fibre-glass or specialised soles can be used
to reinforce the cast with to avoid the pressures that may be caused by
weight bearing.?¢-2

A study compared the effectiveness of using TCC compared to
traditional dressing treatment and concluded that the use of TCC
resulted in significantly more ulcer healing and less infection.”
Another study showed that the use of fibre-glass material in TCC
reduced the chances of neuropathic plantar ulcers and had a higher
patient acceptance compared with using a cloth shoe with rigid soles
with unloading alkaform insoles. Also, it recommended the use of
fibre-glass bandage of variable rigidity in the treatment of diabetic
foot ulcers.*” A randomised control trial, compared the effectiveness
of TCCs, removable cast-walkers (RCWs), and half shoes in the
treatment of diabetic foot ulcers and concluded that TCCs heal
foot ulcers in a shorter duration compared to the other methods of
treatment used.’' Furthermore it has been shown that the average cost
of treatment of foot ulcer is halved by using TCCs.*

The main aim of TCC is to increase the weight-bearing surface
area so the pressure is distributed more evenly in the sole of the
foot.? Pressure is the amount of force acting perpendicularly per
unit area. As the surface area increases with TCC, the force acting
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perpendicularly reduces, thereby reducing the pressure produced
at the prominent parts on the sole of the foot and results in a more
evenly distributed pressure.** The reduction and redistribution of
pressure is believed to result in the formed ulcer healing quickly
and completely.*® The decreased local pressure also plays a role in
preventing the development of new plantar ulcers.*

However, there are factors that hinder the use of the “gold
standard” TCCs in the care and management of diabetic foot ulcers
in every patient. The application of TCCs is time-consuming® and
is often directly proportional with the amount of time spent by a
healthcare professional in learning the correct methods of applying
the cast. In addition, application of TCCs prevents the daily
assessment of foot or wound by the patient or healthcare providers.*’
Patient may encounter difficulties in conducting activities of daily
living, for example bathing, thus reducing compliance. TCCs would
also exacerbate postural instability.*® TCC, if poorly fitted, can cause
irritation to the underlying skin and promote the formation of new
ulcers, thus becoming counterproductive.” The application of TCCs
are contraindicated in acute infection, ischaemia (>grade 3 ulcer)
or severe vascular disease (Doppler pressure <0.4),* deep ulcers,
draining wounds and wounds in the posterior heel.*’ In such cases, an
alternative treatment for the foot ulcers should be sought.

Charcot Restraint Orthotic Walker (CROW)/

Neuropathic walker

CROW is arigid full foot enclosure ankle-foot orthosis where any
residual deformity in the device can be accommodated with custom
insoles and orthotics.*'*> The main aim of CROW is to uniformly
distribute the pressure over the foot as a measure to protect the joints
and skin, preventing deformity.* It is used as means to protect the foot
after removal of a cast used for treatment of a foot ulcer.* The device
is internally lined with soft foam, which may aid in the redistribution
of pressure and absorbs shock when the patient is walking.**¢ The
CROW boots are custom made according to each patient’s limb.*’

The mechanism of action of this device is similar with the TCC,
i.e. redistribution of pressure is more evenly in the sole of the foot by
increasing the surface area which comes in contact with the ground
when walking, thus relatively redirecting pressure away from the
ulcer site.*® The device helps in immobilisation of the affected limb
and protects it to allow sufficient time for ulcer to heal.* The CROW
is constructed with two shells, anterior and posterior. After applying
stockinet to the limb, the posterior shell is slid into the limb, keeping
heel in contact with the bottom of the footplate. Then the anterior shell
is applied overlapping with the posterior shell followed by fastening
the straps on the device. After 10-15 minutes of application the skin
should be examined for induration. Presence of significant red marks,
bruises or blisters requires the scrutiny by an orthotist.*5? Other
modifications to the CROW such as flaring, adding pads and trimming
can be done subsequently to accommodate the foot of the patient.>

The advantages of CROW include Patients being able to: bear full
weight and ambulate,** remove the equipment for inspection of the
ulcers, and apply dressings or topical medication. In addition, CROW
also effectively controls oedema of the limb.% Furthermore, its usage
has good patient satisfaction.”® However, patients with CROW have
the ability to remove their device and ambulate without protection,
thus leading to an increased risk of trauma and development of
ulcers. The device is also heavy and is not suitable for use in a frail
individual. In addition, there is a likelihood of irritation to the skin and
breakdown, requiring a support stocking to be used with this device.*
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Prefabricated walking brace

These devices, in contrast to the TCCs, are relatively easy to use,
cost effective and are removable, allowing access to the wound for
certain procedures such as dressing, application of topical medication
and bathing, which may improve patient compliance.”” They have
been shown to reduce forefoot pressure as effective as or more
effective than TCCs.>® They act in the same principle as TCCs, where
redistribution of pressure over the sole is the main objective. However,
as with the CROW, there is a potential for patient’s non compliance.

Aircast pneumatic walker

This walker is a type of prefabricated walking brace. It is a
removable semi-rigid plastic off-loading device with internal air
cells, a rocker sole for improved ambulation and off-loading and a
dual-density insole.* It also reduces oedema and shearing forces by
virtue of its air cells.® It reduces the peak plantar pressures to an equal
or greater degree compared with TCCs in the forefoot, midfoot and
hindfoot as well.*! This device can be considered as a valid alternative
to TCCs in view of its good healing rate and low rate of developing
complications.®?

Bledsoe conformer boots

This device consists of auto-mould (‘memory’) foam and dual-
density mid-sole that promotes off-loading and prevents movement that
causes breakdown of skin. It also has an aluminium boot shell which
is adjustable to accommodate most leg sizes. This conformer comes
with an additional pneumatic option, if required.®® The components of
this device include a bootie and a boot. After applying the stockinet,
the patient’s foot is slid into the bootie with the foot centred on the
white insole. Then, foam wrap is applied over the forefoot and around
the leg. The bootie is then positioned in the walking boot. The white
innersole fits inside the black midsole. Patient is made to stand upright
for half a minute for the initiation of auto-moulding process. While
the patient is standing, the plastic covers are removed from the arms,
to make the hook material engage with the pile surface. Finally all
the straps on the conformer boot are fastened.®*> Unlike TCCs,
the Bledsoe conformer boots can be removed for daily dressing,
application of topical medications and washing. The auto-mould foam
in the innersole with dual-density midsole helps in excellent loading.

The inner soles of the boots are replaceable in case of wear and
tear.® A study by Pollo FE et al., concluded that they performed as
well as TCCs in reducing plantar pressures.®® Unlike the pneumatic
walker, this device is not custom made as it can be moulded to
the shape of an individual’s foot.” It comes in various sizes and
specifically for left and right side for more appropriate fit. However
in severe foot deformities, where the deformed foot does not fit into
the confines of the conformer boots, this device is ineffective.®® Being
a removable device, there is potential for patient’s non-compliance.*’
Patients may find it heavy and bulky to wear.

Half-shoes

This shoe is designed with 10° dorsiflexion with an elevated heel
to avoid contact with the ground. A study by Chantelau et al.,” found
that the usage of half-shoes in the standard treatment of neuropathic
forefoot ulcers reduces the overall ulcer healing time compared to
using standard treatment only. However, the pressure reduction is
consistently less (64-66% from baseline) than that produced by TCCs
(76-85% from baseline).® This device is however inexpensive and
has a high rate of patient compliance due to its convenient usage.
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Furthermore as stated by Wu et al.,”> “patients are usually more
tolerant if slight modifications were made to the footwear they are
familiar with, compared to introducing them new and complicated
devices”. The primary mechanism behind this shoe is similar with
the other off-loading devices mentioned, that is, to redistribute the
pressure on the sole and thereby promote ulcer healing. However,
this device may increase postural instability in patients with DFUs.
Moreover, it cannot be used in patients with ankle equinus or bilateral
ulcers.”!

The half-shoes usually allow for ankle plantar flexion during push-
off, thus concentrating pressure on the forefoot. Other off-loading
devices include felted foam dressings and post-op shoes. Felted foam
dressings are multiple-layer foam with a cut-out area for the ulcer, and
placed on the ulcer with the help of adhesive and secondary dressings.
They are used along with a post operative shoe. The contraindications
to its use include skin disorders, frail skin or allergy to a adhesives.”
The advantages of post-op shoes include that they are readily available
in various sizes and are modifiable.

The disadvantages are lack of biomechanical support and poor
potential for healing of forefoot plantar ulcers.”” Due to the bulky and
heavy nature of TCC and CROW, the use of other devices like below
knee walking boot, or controlled ankle motion walker (CAM) has been
advocated.” To overcome the compliance issue of removable cast
walkers, it has been advised to wrap them with plater or fiberglass and
converting them to so called ‘iTCC’ (instant total contact cast).” Other
alternatives to TCC include Ransart boot and Vacuum Stabilisation
Boot. Multifaceted approach using interdisciplinary help is required
to tackle the foot problems in patients with DM. Due consideration
should be given before choosing an appropriate off-loading device.
If the ulcer size is not halved after four weeks of treatment, re-
investigate to assess the limb vascular status, any infection of the ulcer
or the offloading device, or patient compliance. Surgical offloading
is usually reserved for failed conservative treatment especially for
Charcot foot with rocker bottom feet or difficult to treat mid foot
ulcers.
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