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SUMMARY 

For prevention of non traumatic foot disorders, it would be 

very helpful if we could identify who will have a higher risk 

of developing foot complaints. In this study, long distance 

walking was used to provoke the development of foot 

complaints and in particular forefoot pain. We investigated if 

we could predict which feet will develop foot complaints 

during long distance walking.  

Plantar pressure measurements were assessed in 112 

participants prior to a walking event. Participants walked four 

consecutive days with a total distance of either 161.5 or 

199.8km.  Foot pain was assessed prior to the march and each 

day within half an hour after marching using a questionnaire. 

Plantar pressure measurements were preprocessed using a 

recently developed normalization method and principal 

component analyses. Subsequently, a neural network was used 

to discriminate between participants who developed forefoot 

pain and those who did not.  

Neural network correctly classified almost 80% of the feet 

with respect to developing forefoot pain or not. The 

reasonable performance in discrimination between 

participants, developing forefoot pain or not, indicates that 

plantar pressure measurements can be used to identify subjects 

with a higher risk of developing foot complaints. 

 

INTRODUCTION 

Non traumatic disorders of the foot, such as metatarsalgia, 

plantar fasciitis, or hallux rigidus are common in the elderly. 

Previous studies have reported a prevalence of self-reported 

foot problems in 10% of a random community sample, 

increasing with age to approximately 24% in individuals of 65 

years and older [1]. Risk factors for the development of foot 

complaints are difficult to indentify but are important for early 

diagnosis and prevention. Most studies concerning injuries 

and foot complaints are cross-sectional studies. However, 

subjects with foot complaints might alter their roll off to 

reduce pain and as a result differences found in the commonly 

measured plantar pressure might be due, not to the pathology 

but to the avoidance of pain A longitudinal study in which the 

plantar pressure measurements are assessed prior to any sign 

of foot complaint would be more appropriate. However, such 

studies are difficult to perform and time consuming. In a 

previous study, we have shown that many subjects will 

develop foot problems after long distance walking while not 

suffering from complaints prior to the march [2]. Therefore, 

long distance walking could be used as a simplified model to 

provoke the development of foot complaints. Subjects who 

develop foot complaints can be identified as subjects who 

have a higher risk to develop foot complaints. Plantar pressure 

measurements can be obtained prior to long distance walking 

when subjects do not suffer from any foot complaints. 

Furthermore, a recent developed method to spatially normalize 

plantar pressure allows us to use sophisticated classification 

techniques to differentiate between subjects who develop foot 

complaints and those who don‟t [3]. Hence, the purpose of this 

study is to investigate if we can predict which subjects will 

develop forefoot pain during a 4 day long distance walking 

event based on their plantar pressure prior to the event.   

 

METHODS 

112 participants of the International Four Day March 

Nijmegen (IFDM), which was held in July 2010, were 

included in this study. All subjects were between the age of 35 

and 55 years and they had no prior history of foot complaints 

and did not wear insoles. The women walked approximately 

40 km and the men 50 km a day for four consecutive days (a 

total distance of 161.5 km and 199.8 km respectively). 

Informed consent was obtained from all subjects. 

 

Plantar pressure measurements were performed during the 

three days prior to the event. Plantar pressure distribution was 

measured during barefoot walking over a pressure plate 

(RSscan International®, Olen, Belgium) with a sensor density 

of 2.6/cm
2 

This plate was mounted on top of a force plate 

(Kistler Instruments, Switzerland). Subjects walked at 

preferred speed. A total of 3 trials per foot were measured 

using a 3-step-protocol. Subjects walked 6 times, alternately 

starting with the left and right foot. The plantar pressure and 

force plate data were collected at 500 Hz. 

 

Foot pain was assessed prior to the march and each day within 

half an hour after the walk using a questionnaire. Subjects 

were requested to describe the type of foot pain experienced, if 

present, and to mark the location of the pain on 4 different 

drawings of the left and right foot respectively. The subjects 

were divided in two groups, subjects with and without forefoot 

pain. Forefoot pain was indicated as a VAS pain score of at 

least 2.5 for the metatarsal area for at least two days. 

 

Plantar pressure data were analyzed at a sensor level using the 

normalization method developed by Keijsers et al. [3]. This 

method firstly corrects for foot progression angle, and 
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subsequently, normalizes for foot size. As a result of this 

method, the plantar pressure pattern has to be interpolated 

between surrounding sensors. Because the interpolated 

pressure is not actually measured by a sensor, the term „pixels‟ 

will be used. For each pixel, 6 parameters were calculated, and 

the resulting figures are referred to as “plantar pressure 

images” (see Fig.1). The following  pressure parameters were 

used: the pressure-time integral (PTI), mean pressure (MP), 

peak pressure (PP), the difference in time between first contact 

of each pixel and initial heel contact (referred to as pixel-on), 

the difference between last contact of each pixel and initial 

heel contact (referred to as pixel-off), and the difference 

between pixel-off and pixel-on which indicated the contact 

time of each pixel (referred to as pixel-contact). In addition, 

the centre of pressure was calculated and normalized to stance 

duration and foot size. 

 

 
Figure 1: The mean pressure of the measurement (left panel) 

and the pressure image of the mean pressure after 

normalization (right panel). 

 

To reduce the number of important input parameters, the 

pressure images and the centre of pressure values were 

preprocessed using principal component analysis. Only the 

principal components with explained variance of at least 0.5% 

were used as input parameter. In total 236 input parameters to 

the neural network remained. 

 

Finally, the classification of forefoot pain was carried out with 

an artificial neural network. A forward selection method of the 

remaining 236 parameters as input was used to build the 

optimal neural network. The output of the neural network was 

a value between -1 and +1, which reflects forefoot pain (1) or 

no forefoot pain (-1). The neural network was trained using 

backpropagation and was trained and tested with the leave-

one-subject out method. The performance of the network was 

evaluated using the percentage correctly classified feet as 

outcome. The optimal neural network was the network that 

gave the best performance on the test set. 

 

RESULTS AND DISCUSSION 

Forefoot pain was reported in 53% of the 224 feet. As shown 

in figure 2, the percentage correctly classified feet increases 

when the number of input parameters increases during the 

forward selection method. The neural network with 7 input 

parameters gave the best performance on the test set and 

correctly classified 79.5% on the training-set and 75.9% on the 

test set.  

From the seven important parameters, 6 parameters were 

principal components of the temporal pressure images (3 pixel 

off, 2 pixel-on, and 1 pixel contact) and 1 parameter of the 

principal component of the peak pressure image. This finding 

suggests that the highest risk factor for developing forefoot 

pain is related to when certain areas of the foot are loaded and 

unloaded. The absolute pressure under certain areas seems to 

be less important. Our previous study supports the importance 

of the way the foot is loaded; 93% of the subjects who shifted 

their centre of pressure medially, developed foot complaints 

which were mainly forefoot pain [2].   

 
Figure 2:  Percentage correctly classified feet on the training 

set and test set 

 

 

CONCLUSIONS 

The reasonably high performance (almost 80% in 

discrimination between participants who did and those who 

did not develop forefoot pain during long distance walking) 

indicates that plantar pressure measurements can be used to 

identify subjects with a higher risk of developing foot 

complaints. 
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