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A new tool to detect the effects of ankle joint impairments on diabetic foot loading. 
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Foot loading during gait is commonly studied in terms of plantar pressure distribution, ground reaction force (GRF) and center of pressure pattern (COP). A further meaningful parameter is peak pressure curve (PPC), namely the linear interpolation of the successive maximum values of pressure during the whole stance phase. This study focused on the analysis of eventual relationships between modifications of PPC shape and functional impairments of the foot-ankle complex in presence of diabetic neuropathy. The study was conducted on 50 patients and 22 healthy volunteeers. 3 effects were considered of the overall functional impairment: limited joint mobility of the foot-ankle complex (LJM), muscular weakness of ankle plantar and dorsal flexors (MW), and increased plantar peak pressures (IPP). On the basis of a functional classification, patients were divided into 5 groups, which included: A) the most impaired patients, with IPP, LJM and MW; B) patients with LJM and MW only; C) patients with IPP only; D) patients without significant motor impairments; E) all those patients affected by previously ulcerated, contra-lateral feet and/or other pathologies. In order to obtain a shape-based classification, a K-means algorithm was applied to all patient PPC curves together, to classify them on the only basis of their amplitude and shape. 3 clusters were identified, well separate one from the others. A very good agreement was finally found between functional and shape-based classification, and the shape of the PPCs seemed to be strongly related to functional impairments. Cluster 1 (sensitivity 1.0, specificity 0.58) included those patients who had not yet developed high plantar pressures even though LJM and MW might already be present; cluster 3 (sensitivity 1.0, specificity 0.92) well identified all patients who were seriously impaired as for LJM, MW and IPP under the metatarsals (6 out of 11 ulcerated few months after the test); cluster 2 (sensitivity 0.75, specificity 0.97) well identified all those patients who developed abnormal loading patterns because of serious concurrent diseases like orthopaedic pathologies, visual or acoustic impairments, or even previous plantar ulcers at the contra-lateral foot. Once correctly quantified in terms of peak timing and values, and curve integrals, PPC could be used as a reliable and effective parameter for the early detection of risk of ulceration in diabetic patients.

