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Diabetic foot wounds are a serious 
complication of diabetes. Patients with 
diabetes have a 15% to 20% lifetime risk of 
developing a diabetic foot ulcer (DFU), and 
these ulcerations lead to more than 80,000 
amputations per year in the United States.1-5 
The risk for amputation increases as the DFU 
worsens; nearly 84% of patients who undergo 
lower limb amputation due to diabetes also 
had a DFU present prior to the amputation.6 
Diabetic foot ulcerations develop from a variety 
of risk factors as denoted in Table 1, which is 
a partial list of the more common risk factors. 

CLASSIFICATION SYSTEMS FOR DIABETIC 
FOOT ULCERATIONS
There are several classification systems for 
diabetic foot ulcerations including the Wagner 
Classification System, the University of Texas 
Diabetic Wound Classification System, Site, 
Ischemia, Neuropathy, Bacterial Infection, 
and Depth (SINBAD) classification, Wound, 
Ischemia, and foot Infection (WIfI), and the 
International Working Group on the Diabetic 
Foot (IWGDF) Classification System. DFUs are 
typically classified by the depth of the wound 
and the presence of infection. Our center uses 
the Wagner Classification System for diabetic 
foot ulcerations (Table 2).

NEUROPATHY
Peripheral neuropathy is one of the major 
causes for the development of diabetic foot 
wounds.8  Peripheral neuropathy can manifest 
itself as sensory neuropathy, motor neuropathy, 
and autonomic neuropathy. With sensory loss 
the patient, many times, is unaware when 
skin breakdown is beginning to develop or 
has already occurred. Calluses can develop 
under bony prominences which can lead to a 
hemorrhagic keratosis and eventual ulceration 
(Figure 1).

Motor neuropathy affects the intrinsic muscles 
in the foot which can lead to deformity, 
including hammertoe deformities and 
prominent metatarsal heads, which in turn 
can cause diabetic foot ulceration. Autonomic 
neuropathy causes dry, cracked skin, as well 

as decreased sweating of the skin, making 
the patient vulnerable to skin breakdown and 
possibly infection.9 The neurologic status of 
patients with DFUs should be checked using 
the Semmes-Weinstein monofilament test to 
determine if the patient has lost their protective 
sensation.

PERIPHERAL ARTERIAL DISEASE
Peripheral arterial disease (PAD) is narrowing, 
stenosis, and/or occlusion of the lower limb 
arteries. PAD is a major contributing factor 
to the development of DFUs. Tissue loss can 
develop from ischemia because of large vessel 
disease or small vessel disease, especially the 
smaller arterial vessels below the knee.5,10 
Signs and symptoms of PAD include pain when 
walking or resting, tight, shiny skin, thickened 
and brittle toenails, lack of hair growth on the 
foot or leg, skin that feels cool to the touch, 
pallor on elevation, and dependent rubor. DFUs 
in the presence of PAD can lead to lower limb 
amputation, especially when significant tissue 
loss and infection has occurred (Figure 2). A 
non-invasive arterial duplex with ankle brachial 
index and toe pressures is recommended 
for patients with DFUs with non-palpable 
distal pulses, and/or in DFUs that fail to heal 
with conventional wound care. Patients with 
abnormal non-invasive arterial studies should 
be referred to a vascular surgeon for further 
evaluation and possible vascular intervention.

FOOT DEFORMITY
Motor neuropathy causes atrophy of the 
intrinsic foot muscles and muscle imbalance. 
Common deformities seen in the diabetic 
foot include hammertoe deformities, claw 
toe deformities, prominent metatarsal heads, 
plantar fat pad atrophy, pes cavus (high 
arch), Charcot foot deformity, and equinus 
(limited upward bending motion of the ankle 
joint).11-13 These structural deformities can 
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Table 1. Risk factors for diabetic foot 
ulcerations

Peripheral neuropathy

History of previous foot ulceration

Peripheral arterial disease

Foot deformity

Mechanical abnormalities

Poorly controlled diabetes

Smoking

Impaired immune response

Table 2. Wagner Ulcer Classification 
System7 

Grade 1 Superficial diabetic ulcer

Grade 2 Ulcer extension involving ligament,  
 tendon, joint capsule, or fascia  
 without abscess or osteomyelitis

Grade 3 Deep ulcer with abscess or 
 osteomyelitis

Grade 4 Extensive gangrene of the foot

Grade 5 Gangrene of the whole foot

Figure 1. Images of hemorrhagic callus (A) and a diabetic foot ulcer 
under the hemorrhagic callus (B); photo courtesy of Robert J. Klein, 
DPM, FACFAS, CWS.
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lead to abnormal mechanical pressures and 
skin breakdown. Typical areas where DFUs 
develop include the plantar aspect of the 
forefoot underneath the metatarsal heads, 
the dorsal proximal interphalangeal and distal 
interphalangeal joints of the toes, and the 
plantar midfoot (Figure 3).

POORLY CONTROLLED DIABETES MELLITUS 
AND IMPAIRED HEALING
Hyperglycemia leads to poor wound healing 
potential. High blood glucose levels impair 
white blood cell function. White blood cells 
play a critical role in the immune system; thus, 
when white blood cells are not functioning 
correctly in the presence of poorly controlled 
diabetes, the patient is more prone to 
infection and the inability to heal wounds. 
Impaired wound healing can lead to additional 
complications from DFUs including cellulitis 
and osteomyelitis.14,15

OSTEOMYELITIS
The longer a DFU remains open, the higher the 
risk for the patient to develop osteomyelitis. 
Osteomyelitis can be a devastating 
complication that can lead to debridement 
of bone and/or amputation. Clinicians should 
have a high suspicion for osteomyelitis in 
DFUs that probe to bone (Figure 4). Tests to 
aid in the diagnosis of osteomyelitis include 
plain film x-rays, computerized tomography 
(CT), nuclear medicine, magnetic resonance 
imaging (MRI), and inflammatory markers 
including erythrocyte sedimentation rate 
(ESR) and C-reactive protein (CRP). The author 
recommends a baseline x-ray in patients that 
present with a DFU, and advanced imaging as 
needed for those wounds that fail to respond to 
conventional wound care or extend to deeper 
structures, including a positive probe to bone.

REAL WORLD APPROACH TO MANAGING 
DIABETIC FOOT ULCERATIONS
The primary goal in the management of DFUs 
is to close the wound as quickly as possible 
and to prevent amputation. Wound care should 
include debridement, offloading, treating any 
underlying infection and/or inflammation, 
management of wound exudate, and promoting 
the advancement of wound edges.16,17 

Debridement of the wound may entail autolytic, 
enzymatic, and/or surgical debridement.18 
Offloading is an essential component to the 

management of DFUs and total contact casting 
remains the gold standard. Controlled ankle 
motion (CAM) walkers should be considered 
in patients where total contact casting is not 
an option, as well as the use of wheelchairs, 
walkers, and modified shoes.19 

Advanced wound care dressings can aid in 
wound healing. The use of PROMOGRAN 
PRISMA™ Matrix Wound Dressing (Systagenix 
Wound Management Ltd., Gargrave, UK) has 
been shown to be very effective in managing 
diabetic foot ulcerations (Figure 5a).20 The use 
of negative pressure wound therapy (NPWT, 
V.A.C.® Therapy or SNAP™ Therapy System, 
depending on wound size, Figure 5b and 5c) 
may promote wound healing by managing 
excess wound exudate.21

CONCLUSION
Diabetic foot wounds are a serious 
complication of diabetes that can lead 
to amputation. The causes of DFUs are 
multifactorial and understanding the 
pathophysiology and etiology of diabetic foot 
wounds is essential to treating these complex 
wounds.
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