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SUMMARY 

The purpose of this study was to evaluate therapeutic footwear 

offloading efficacy based on in-shoe plantar pressure analysis 

in high-risk neuropathic diabetic patients with foot deformity. 

One-hundred nineteen neuropathic diabetic patients, 

contributing 236 feet, underwent dynamic in-shoe plantar 

pressure assessment while wearing therapeutic footwear. 

Regions of interest (ROI) were selected based on where 

deformities would normally have its largest pressure effect. 

Comparisons were made between feet with deformity and a 

control group of feet without deformity. Peak pressure 

<200kPa was considered to show good footwear efficacy. 

Significantly higher peak pressures were found at the ROI for 

feet with hallux valgus, Charcot arthropathy, and pes planus 

when compared to control feet, but no significant differences 

with controls for feet with hammer/claw toes, prominent 

metatarsal heads, limited joint mobility, or toe amputations 

were found. Good footwear efficacy was found in 55% of feet 

with forefoot deformity and in 82% of feet with midfoot 

deformity, however, large inter-individual differences in peak 

pressures were found. This suggests the need for an increased 

focus in footwear design and evaluation on offloading the 

forefoot in high-risk diabetic patients. Plantar pressure 

analysis as guidance tool may be helpful in this respect. 

 

 

INTRODUCTION 
Diabetic foot ulcers are a leading cause of non-traumatic lower 

limb amputation in diabetic patients [1]. Foot abnormalities, 

including foot deformity, amputations and limited joint 

mobility (LJM), are common in patients with diabetes and 

neuropathy and have been associated with elevated plantar 

pressure and the development of plantar foot ulcers [2]. After 

an episode of ulceration, patients with these structural 

abnormalities are commonly prescribed with therapeutic 

footwear to redistribute and reduce plantar pressures. It is not 

well known, however, to what extent ‘at-risk’ plantar foot 

regions in deformed feet are successfully offloaded with 

therapeutic shoes [3]. The purpose of this study was to 

evaluate therapeutic footwear offloading efficacy using in-

shoe plantar pressure analysis in high-risk neuropathic diabetic 

patients with foot deformity. 

 

 

METHODS 

Ninety-six male and 23 female diabetic patients with a mean  

 
 

Figure 1: A: Anatomical division of a dynamic in-shoe plantar 

peak pressure plot in 10 regions. This process was done 

manually for every foot; B: The figure represents a subject 

with hallux valgus deformity. Based on current knowledge in 

the literature, high ISPP was expected in the first metatarsal 

region and therefore this region was defined as ROI.  

 

 

(SD) age of 63 (10) years, contributing 236 feet in total, were 

included. All patients had peripheral neuropathy and a history 

of plantar foot ulceration. Feet were evaluated clinically for 

the presence of foot deformities. Range of motion (ROM) of 

the first metatarsophalangeal joint was assessed using 

goniometry. Due to the lack of a clear threshold to define 

LJM, for this study the group of patients showing the smallest 

ROM (mean ROM – 1SD) were selected for analysis.  

All patients underwent dynamic in-shoe plantar pressure 

assessment using the Novel Pedar-X system while walking 

along a 10m walkway at a self-chosen comfortable speed. All 

patients wore newly-prescribed fully customized footwear 

(N=108) or custom inserts in extra-depth shoes (N=11). Masks 

were developed to divide the foot into 10 anatomical regions 

(Figure 1A). The area of the foot in which a deformity would 

normally increase pressure according to the literature was 

defined as region-of-interest (ROI) (see Figure 1B for 

example). In-shoe peak pressure (ISPP) was analysed for each 

ROI and compared between feet with a foot deformity and feet 

without any deformity (control feet). Because hammer/claw 

toes affect the same ROI as prominent MTH and often coexist, 
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these deformities were analysed both separately and 

combined. Comparisons between groups were done using 

independent t-tests (P<0.05). Furthermore, peak pressures 

were compared between groups of deformity (forefoot or 

midfoot). An ISPP <200kPa was considered to show good 

footwear efficacy, based on a previous footwear study on 

healed ulcer patients [4].  

 

 

RESULTS AND DISCUSSION 

Presence of foot abnormalities and ISPP data are summarized 

in Table 1. The most common deformities present were hallux 

valgus and hammer/claw toes, which is congruent with the 

existing literature. Significantly higher ISPP were found at the 

first metatarsal head in feet with hallux valgus than in control 

feet. Significant higher ISPP than in control feet were also 

found in the medial midfoot for feet with pes planus or 

Charcot arthropathy. However, ISPP were low. Feet with 

hammer/claw toes, prominent MTH, pes cavus, LJM, or toe 

amputations did not show peak pressure differences at the ROI 

when compared with control feet. Good footwear efficacy was 

found in 55% of feet with forefoot deformity and in 82% of 

feet with midfoot deformity. The large standard deviations per 

group of deformity and in the control feet show the significant 

inter-individual differences in footwear efficacy.  

The lack of difference found with control feet for several 

deformities, mainly in the forefoot, may indicate that these 

deformities are taken into account during the design of 

footwear for these high-risk patients. Nevertheless, the 

relatively large percentage of feet for which good footwear 

efficacy was not found as well as the large inter-individual 

peak pressures suggest that a further focus in footwear design 

and evaluation is needed in these feet  

 

 

CONCLUSIONS 

Low ISPP were found in feet with midfoot deformities 

showing good footwear efficacy for these abnormalities. 

Despite a lack of significant difference in ISPP shown 

between some deformities and control feet, footwear efficacy 

was sub-optimal in a large portion of feet with forefoot 

deformity according to a previously defined potential pressure 

threshold for foot ulceration [4]. Together with the large inter-

individual differences in ISPP found, this suggests that a 

further focus on offloading the forefoot in these high-risk 

patients with forefoot deformity should be made in footwear 

design and evaluation. For this purpose, both barefoot and in-

shoe plantar pressure analysis may be helpful to optimize the 

biomechanical properties of therapeutic footwear for this 

patient group. [5,6]. 
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Table 1: In-shoe peak pressure per foot deformity compared with a group of control feet without deformity.  

 

Deformity Presence ROI In-shoe peak pressure (kPa (SD)) P value 

   deformity control (N=38)  

Hammer/clawtoes N=63 MTH 2,3 196 (76) 201 (65) 0.367 

Prominent MTH N=26 MTH 2,3 232 (75) 201 (65) 0.086 

Hammer/clawtoes + prominent MTH N=45 MTH 2,3 235 (111) 201 (65) 0.091 

Hallux Valgus N=79 MTH 1 217 (87) 182 (55) 0.010* 

Pes Planus N=40 Medial midfoot 122 (40) 98 (31) 0.005* 

Pes Cavus N=13 MTH 1 181 (70) 182 (55) 0.941 

Charcot  N=23 Medial midfoot 154 (67) 98 (31) 0.001* 

Limited joint mobility N=29 Hallux 161 (81) 197 (85) 0.085 

Amputation toes N=14 Proximal MT region 140 (88) 175 (41) 0.168 

 Significantly different at * p<0.05 


