Diabetic Foot Disease

 Introduction
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In New Zealand it is estimated that the number of people diagnosed with diabetes exceeds 200,000 (predominantly type 2); with at least 100,000 remaining undiagnosed (1).

 About 15% of this population will develop foot ulcers in their lifetime.  It is also estimated that 85% of all non-traumatic amputations are preceded by a foot ulcer (2).

Foot ulcers impact a person’s physical, emotional, and social wellbeing.  As a result, these issues contribute to economic loss creating a huge public health burden.

How is the foot affected in Diabetes?

Neuropathy

Neuropathy can affect the sensory, motor and autonomic nervous systems.

Peripheral sensory neuropathy is typically symmetrical, insidious, and initial symptoms often go unnoticed.

The patient often describes a burning, numb sensation or may at times also be stabbing or tingling. If pain is present this is often worse at night.

Despite these painful symptoms the feet may be paradoxically insensitive to minor thermal, chemical, mechanical or sharp trauma.

Damage to the large α-β nerve fibres leads to a loss of sensation, but it is the small C- fibre damage with peripheral and central sensitization that leads to neuropathic pain (3).

The pathogenesis of sensory neuropathy remains unclear but most authorities agree that it is likely to be a combination of metabolic and microvascular factors which are the main contributors (4).

Most diabetic foot ulcers are due to the interaction of undetected trauma/micro trauma from injury, poor fitting footwear or mechanical factors complicated by neuropathy.

Motor neuropathy causes intrinsic muscle wasting resulting in clawed toes prominent metatarsal heads and other foot deformities.

Corns and calluses often form at the tips of toes and under the metatarsal heads due to increased shearing stress. This unperceived microtrauma may lead to hemorrhagic callus (or pre-ulcerative callus) which will eventually progress to a full thickness ulcer in the absence of early intervention (5).  

Autonomic neuropathy causes reduced sweating, dry skin with fissuring and has been implicated in the pathogenesis of Charcot neuroarthropathy.  Sympathetic denervation causes increased local blood flow, resulting in osteopenia.

Charcot Joints   
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Charcot neuroarthropathy (CN) is a progressive condition affecting the foot architecture and is characterised by neuropathic fracture and subluxation/dislocation of joints; often resulting in instability and deformity.

In the developing world, it is mainly seen in patients with neuropathy and it is usually typical in the 4th or 5th decade of life.  CN is associated with a long duration of diabetes and peripheral neuropathy.

Any joint(s) in the foot may be involved with about 60-70% occurring in the midfoot (6).

In the acute phase symptoms include swelling, heat and sometimes pain.

Charcot joints are often misdiagnosed in the early stages as cellulitis, gout, deep vein thrombosis, or ankle sprain.

X-rays may be normal initially and MRI may help distinguish between osteomyelitis and Charcot joints.

Treatment in the acute phase involves immobilization by serial total contact casts or pre-fabricated walkers. In cases of instability or deformity causing chronic ulceration surgery may be necessary.

Infusion of a bisphosphonate in the acute phase has been shown to reduce osteoclastic activity and inflammation in a small study (7).

Useful link is www.epodiatry.com 

Peripheral Arterial Disease   
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People with diabetes are prone to peripheral arterial disease (PAD) which can complicate wound healing and in some cases lead to gangrene. Major amputation is at least 10 times more common in people with diabetes and tends to be more distal and diffuse (8).

An early symptom of PAD is intermittent claudication; however, sensory neuropathy may mask this. Pain from arterial disease is typically worse when the foot is elevated, particularly at night.  Relief is achieved by dependency of the affected limb.

A number of microvascular abnormalities exist in people with diabetes including structural changes and altered vasodilation/vasoconstriction. Although long considered to be important in the aetiology of foot ulceration and delayed healing; there have been no studies to support this view. Further studies are required to confirm if there are other microcirculatory factors which may contribute to delayed ulcer closure in the diabetic foot (9). 

Risk factors for foot ulceration

The presence of multiple risk factors has an accumulative effect for predicting foot ulceration and amputation.

These include:

· Neuropathy

· Peripheral arterial disease

· Previous amputation

· Structural foot deformity and other mechanical anomalies

· Pre-ulcerative callus

· Poor blood glucose control

· Other recognized associated risk factors include older age, male gender, ethnicity, duration of diabetes, poor vision, renal disease, smoking, socioeconomic factors including isolation, poor nutritional status, low education and poor footwear(10)

Screening for the “At Risk’ foot

Neuropathy

Signs and symptoms: numbness, pins and needles (especially at night), dry skin, clawing of toes, heavy callus over pressure points. Also a history of previous ulcer or amputation will be highly suspicious that neuropathy may exist.
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Tests  

The 10g Semmes-Weinstein monofilament is a validated instrument for detecting large fibre neuropathy.

The inability to perceive the 10g monofilament on at least 4 sites under the plantar surface of the foot is indicative of loss of protective sensation.

These sites are the great toe, head of first, third and fifth metatarsal. Whilst some authorities recommend testing 8-10 anatomic locations, testing the aforementioned 4 sites identifies 90% of patients with reduced sensitivity (11).

Certain brands of monofilaments are more accurate than others (‘Owen Mumford’ and ‘Bailey’s’ meet international standards) and they should not be used on more than 10 patients without a recovery period of 24 hours (12).

Vibration sensation may be tested using a Biothesiometer. The vibration threshold increases with age and any patient unable to detect a vibratory stimulus of 25Volts is at risk of ulceration.

Peripheral Arterial Disease

Signs and Symptoms: Pale, cold, thin atrophic skin are classical features. There is often an absence of hair on the dorsum of the foot. Calf pain (intermittent claudication) when walking, night pain when the leg is elevated; relieved by dependency.  Pallor may be observed with elevation, and redness on dependency.

A history of smoking, slow healing ulceration, infection, gangrene or previous vascular surgery, may be suggestive of altered peripheral perfusion.

Tests

Palpation of the dorsalis pedis and posterior tibial pulses is the simplest test. If the pulses are impalpable due to peripheral oedema then it is useful to listen to the sounds using a hand held Doppler. 

The Ankle Brachial Index is a commonly used non-invasive test to detect peripheral perfusion. An ABI of 0.90 or less suggests some degree of peripheral arterial disease, while higher than 1.2 may represent a falsely elevated pressure due to arterial calcification (13).

Vascular calcification is uncommon in the digital arteries and therefore measurement of toe pressures may be used. A normal toe brachial pressure index is >0.7 while <0.64 would suggest some degree of arterial disease.

Comparison of arterial waveforms may be useful when combined with other clinical findings.

Mechanical Factors

Although diabetes is a metabolic disease, mechanical factors and injury often play a critical role in the aetiology of neuropathic ulceration. Many of the chronic neuropathic foot ulcers that fail to heal in a timely fashion do so due to the failure of the clinician to appreciate mechanical factors and provide adequate offloading. Chronic wounds that do not respond to conservative treatment should be referred for orthopaedic opinion. Surgical correction is sometimes the only successful option for an existing underlying mechanical anomaly or deformity.

It is this interaction of high foot pressures/shear and neuropathy, that causes callosities to act as foreign bodies that eventually lead to ulceration.

Dynamic plantar pressures are elevated in people with diabetes independent of body weight (14).

Causes of elevated shear/pressure stress on the diabetic foot include:

· Intrinsic foot muscle weakness causing clawing of toes and prominent metatarsal heads.

· Fat pad atrophy, stiffness and displacement.

· Limited joint mobility, resulting in a stiffening of the connective tissues and joint capsules.

· Lower extremity amputations causing transfer of loading and mechanical adaptations.

· Charcot joint deformity

· Excessive callus formation

· Decreased leg muscle strength

Hyperglycaemia

Elevated blood glucose levels increases blood viscosity, with subsequent increase in cell aggregation and decreased conformability of red blood cells.

There is an impaired immune response with decreased fibroblast proliferation. Collagen deposition is also impaired resulting in less wound tensile strength.

Direct evidence that hyperglycemia significantly reduces healing is lacking; however, the impairment of leukocyte function will increase the likelihood of infection (15).

Management of Foot Ulcers

Assessment 

Perform a thorough history, classify ulcer (University of Texas) neurovascular exam, observe gait, and check footwear, musculoskeletal assessment, metabolic control, be aware of medications which may interfere with healing.
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Probe ulcer to gauge dimensions, check for undermining walls, sinus tracts and foreign bodies, probe to bone test.

Infection Control 
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Treat any infection – if deep ulcer or probed to bone, x-ray to exclude osteomyelitis (MRI may occasionally be needed for confirmation). Fluctuation may indicate deep abscess formation.

Cultures of exudates and deep tissue are more helpful than swabs.

Soft tissue infections usually require 1-2 weeks of oral therapy, but osteomyelitis may need more than 6 weeks. Excision of involved bone with IV antibiotics is required if conservative measures fail (16).

Debridement
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Sharp debridement is paramount for removing necrotic, non-viable tissue and callous. This helps in infection control and assisting drainage. This can be performed as an office-based procedure but deeper wounds and more serious infections involving bone will require surgical debridement.

Regular (weekly) debridement has been associated (independently of other therapies) with more rapid healing and better outcomes than less frequent debridement (17).

Offloading      
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Efficient offloading is probably the most neglected intervention in the treatment of plantar neuropathic ulcers.

Offloading shear tress may be achieved by:

· Total contact cast ( Gold standard)

· Instant total contact cast

· Felt or Foam/felt combinations

· Prefabricated walker e.g. Moonboot, Air walker

· Bi-valved ankle-foot orthoses

· Wound Care Shoe System (Darco)

· Orthowedge and Heelwedge shoe

· Orthotics

Maori and Pacific Island People with Diabetic Foot Disease

Maori and Pacific Island people are at higher risk of developing foot ulcers that progress to amputation than other New Zealanders with diabetes. 

Type 2 diabetes in these populations occurs 10 -20 years earlier than in Europeans and the likelihood of developing diabetes-related complications are much higher. 

Caring attitude, empathy and cultural sensitiveness are important aspects in imparting knowledge and empowerment to them to achieve improved care. 

Shoes worn outdoors are generally not worn indoors therefore when issuing offloading devices it is advisable the patient has 2 pairs; one for indoor use and another for outdoor use.  

The whanau (family) should also be encouraged to attend appointments so that the importance of the management plans is shared. Where English is the second language the interpreting services should be utilized.
NZ Guidelines Group website is www.nzgg.org.nz
Compiled by Roger Grech (senior podiatrist) & Ajith Dissanayake (endocrinologist) from Counties Manukau District Health Board in collaboration with NZSSD Podiatry Special Interest Group.
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