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Diabetic foot ulceration is a prominent and increasing global healthcare burden. Prediction of ulceration risk 
from plantar mechanical characteristics provides a promising means to reduce prevalence. Current clinical 
evaluation is limited to pressure measurement, neglecting shear stresses. To address this, this work reports the 
use of Digital Image Correlation (DIC) methods developed to determine plantar aspect strains for shod and 
unshod walking trials. Analysis of anatomical regions to assess strain distribution were conducted, revealing 
differing regional variations in shear and pressure characteristics warranting further research.  
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1. Introduction 

Diabetic foot ulceration is associated with significant 
healthcare costs and has a profound impact onto the 
individual including increased risk of amputation and 
mortality. With a globally growing diabetic population, 
up to 34% present with ulceration in their lifetimes [1], 
determining ulcer risk prevention is imperative. Clinical 
measures are limited to subjective examination or 
pressure measurement of the plantar aspect. Shear 
stresses are associated with ulcer formation [2] but are 
clinically unused in assessing risk due to lack of 
appropriate technology.  

2. Methods 

Our aim was to measure and analyse strain, as surrogate 
for a direct shear stress measurement, on the plantar foot 
in unshod and shod cases. Methods were developed 
based on DIC techniques and optimized to ensure reliable 
measures informed by case studies. 

2.1. Unshod Data Collection 

A low ink transference stamp method was used to apply 
a speckle pattern to the foot’s plantar aspect, see Fig1. A 
six-participant study captured right stance phase 
comparative to neutral standing using a purpose-built 
glass plated walkway and camera operating at 30fps. 

2.2. Shod Data Collection 

Speckle patterned plastically deformable inlays were 
created to fit standard neoprene construct shoes. A three-
participant study captured 10 right steps at a self-selected 
normal walking pace with pre and post inlay imaging. 

2.3. Data Analysis 

DIC was used to process the pre and post images of both 
methods (GOM Correlate, v2020). Strain data were 
exported for segmentation, visualisation and analysis of 
peak strains (MATLAB, R2021a). Quiver plots, 
heatmaps and peak strains per region were reported. 

2.4. Results  
Peak strains varied per region per participant and aligned 

with areas of known high ulceration risk. Unshod 

instantaneous strains highlighted participant peaks in 

heel contact and propulsive phases. Shod showed areas 

of repeated strain, with peaks aligned well with unshod 

trials, with regional variation in pressure and strain peaks.   

 
Figure 1: Processes of shod and unshod data collection 

and subsequent analysis.  

3. Discussion 

Both DIC methods allow for quick, accessible, low-cost 
inspection of strain, as surrogate for stress, on the plantar 
aspect. Unshod imaging provides a clear view of the 
strain patterns occurring throughout the phases of stance 
and negates third body interactions, such as socks, and 
potential moisture control issues seen in the shod 
environment. Shod studies whilst introducing third 
bodies, provides a more realistic representation of 
activities of daily living, showing an aggregate measure 
of 10 steps, rather than instantaneous strain, but shows 
similar pattern to unshod. The peak strain segmented 
analysis in ulcer prevalent locations will inform 
tribological testing into tissue damage profiles under 
loading, to support understanding of ulcer formation. 
Further trials will be conducted to assess translation of 
the methods to clinical practice. 
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