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SUMMARY 

This study presents a portable pressure-sensitive insole 

measurement system, the Runalyser, tested on 47 amateur 

runners. Female and male runners showed significant 

differences regarding stride frequency and stride duration, 

while no significant differences were found in contact time 

or strike index. 

 

INTRODUCTION 

Recent studies have suggested that running style or foot 

strike pattern during running may be a risk factor of running-

related injury (RRI) [3]. Until now, the main method of 

analysing a runner’s strike pattern is using 2D or 3D motion 

analysis systems [1, 2, 4]. However, this method is complex, 

time consuming and generally confined to the analysis of a 

small number of steps [5]. When relating these types of 

measures with injury occurrence, it is necessary to be able to 

analyse a more representative number of steps, preferably in 

the runner’s natural environment.  

 

The Aim was to provide a first set of descriptive variables 

regarding running style, using a newly developed, portable 

pressure-sensitive insole measurement system, the Runalyser 

(TNO, Eindhoven, The Netherlands). 

 

METHODS 

This cross-sectional, observational study looked at 47 

amateur runners signed up for a seven-month marathon 

training programme. During a test, the Runalyser was 

inserted into the shoe of a runner. The insole was available 

in three sizes (small, medium and large) and was equipped 

with eight pressure sensors of varying size (between 15 and 

20 cm
2
), situated as follows: two in the heel, two in the mid-

foot region, three in the distal-metatarsal region and one 

under the big toe. This configuration allows for a forward 

sensitive pressure acquisition zone of 73.8% of the total 

insole length, with an offset of 12.5% from the tip of the heel 

and 13.7% from the tip of the toe. The pressure sensors were 

connected to a footpod unit clipped to the lateral aspect of 

each shoe. The footpod unit sampled each pressure sensor at 

a rate of 500Hz, and determined the centre of pressure 

(COP) coordinates 10 times during the contact phase of each 

step. The time between samples was estimated based on the 

preceding stride. The processed data was continuously sent 

to a wireless receiver connected to a PC within a range of 

100m. These data comprised step number and number of 

steps recorded, the time difference between consecutive 

measurements within each step, the COP coordinates in the 

lateral (x) and forward (y) direction, contact time and stride 

frequency. 

 

Once equipped, participants were instructed to run at a self-

selected speed on a course of 4x50m, up and down the 

straight part of a 200m indoor athletics track. The ends of the 

50m course were marked out with two cones at each end. 

After the tests were completed, the data were exported into 

an Excel spreadsheet for further analysis. Self-selected 

running speed was calculated by dividing the total distance 

run (0.2km) by the sum of the stride duration of all strides 

performed. COP determination was based only on the data 

corresponding to the straight parts run (thus discarding the 

turns). The latter were identified graphically, using the y-

coordinate of the first contact measurement plotted against 

step number. The turning points were identified by the 

elevated figures (abnormal strike pattern) and subsequently 

cut from the analysed data. Strike index was determined as 

the y-coordinate of the COP at initial foot contact and 

expressed as a percentage of the total length of the insole. 

All data are represented as means ± standard deviation and, 

if indicated, as range. Gender differences were analysed 

using a Student t test for independent samples. Significance 

was accepted at P=0.05. 

 

RESULTS AND DISCUSSION 

Twenty nine (61.7%) females and 18 (38.3%) males took 

part in the study. The average age (years) was 45 ± 9.6 for 

males and 42 ± 8.8 for females. Average self-selected 

running speed was 10.4 ± 1.6 km/h for males and 9.9 ± 1.2 

km/h for females. Stride frequency was averaged at 78 ± 4 

strides per minute, and a slight but significant difference was 

observed between males and females (77 ± 4 and 79 ± 4 

strides per minute, respectively; P=0.02). As a consequence, 

average stride duration yielded a significant difference 

between males and females (Table 1; P=0.01). The average 

strike index on the whole did not vary between male and 

female runners (P=0.86); however a large variance was 

observed in the overall cohort. The average strike index 

between the left and right foot was slightly different (Table 

1). The reason for this discrepancy remains to be established; 

however leg dominance could be implicated. When the 

average was calculated between both feet for each 

participant, none had a strike index above 41%. 

 

Figure 1 shows that the majority of runners have a strike 

index between 10 and 29%. This would qualify most 

participants as rearfoot strikers, although a clear definition of 
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running style in terms of strike index value still needs to be 

established. A study by Squadrone and co-workers [5] found 

a high strike index in experienced barefoot runners when 

running in the shod condition. It is believed that barefoot 

running encourages a forefoot strike pattern, in order to 

diminish resultant contact forces to the heel, said to be 

uncomfortable when running [3]. Although the methods used 

in that study are different to ours, the results are overall 

coherent. 

 

CONCLUSIONS 

The Runalyser is a robust, discrete and practical tool for 

measuring pressure at the foot-running shoe interface. It can 

be easily applied in a field setting, allowing for the 

measurement of multiple steps, and without influencing the 

running style of the subject. Further research is required to 

validate the Runalyser as a tool to assess foot strike pattern. 
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Table 1.  Variables measured using the Runalyser. 

 Left foot Right foot 
Both feet 

(average) 

Gender 

differences 

790 ± 46 783 ± 39 786 ± 41 

757 ± 33 766 ± 43 757 ± 33 

Average stride duration (ms)             male 

 female 

 all 770 ± 41 772 ± 42 769 ± 39 

t = -2.65 

P = 0.01 

259 ± 38 262 ± 37 261 ± 37 

248 ± 25 248 ± 26 248 ± 25 

Average contact time (ms)     male 
    female 

    all 252 ± 31 253 ± 31 253 ± 31 

t = -1.43 

P = 0.16 

33 ± 4.4 34 ± 4.2 33.1 ± 4.3 

33 ± 3.0 32 ± 3.2 32.7 ± 3.1 
Average contact time male 

(% of total stride)                          female 

 all 33 ± 3.6 33 ± 3.6 32.9 ± 3.6 

t = -0.42 

P = 0.68 

23 ± 5 [17-33] 24 ± 7 [17-45] 23 ± 6 [17-39] 
21 ± 6 [14-38] 25 ± 8 [15-51] 23 ± 7[14-41] 

Strike index (%) male 

 female 

all 22 ± 6 [14-38] 25 ± 8 [15-51] 23 ± 6 [14-41] 

t = -0.18 

P = 0.86 

Values are means ± SD, for the Strike Index the range is also specified between brackets. 
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Figure 1: Distribution of strike index in male and female runners (average values for both feet). 


