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SUMMARY 

The aim of this study was to evaluate the accuracy of the 

vertical force curve of a pressure plate (PP) and the 

contribution of dynamic calibration with a force plate (FP) in 

this perspective. Six sound Warmblood horses were walked 

and trotted over a combined PP and FP system sampling at 

250 Hz. Five valid measurements of each forelimb were 

collected. The recalibration factor (RF), which is the ratio 

between the calibrated PP and the raw PP data, was evaluated 

in every time frame throughout the stance phase.  

 

The RF was considerably higher and more variable in the first 

5% of stance (i.e. impact phase) and during the final 20% of 

stance (i.e. the breakover phase), whereas between these 

phases, the RF was lower and remained remarkably constant. 

At the maximal vertical force, the RF at the walk was 

significantly lower than at the trot (1.25 ± 0.13 and 1.46 ± 0.13 

respectively; P < 0.05).  

 

Without dynamic calibration with a FP, the accuracy of the PP 

seemed suboptimal, especially at impact and breakover. 

However, its accuracy was relatively high and constant during 

the support phase; hence, higher loading was not associated 

with increasing deviation. Further optimising the calibration 

procedure may downsize systematic measuring errors. In a 

clinical situation, however, where a stand-alone pressure plate 

may be used to objectively quantify locomotor symmetry, 

such errors are easily eliminated by calculating left-right 

symmetry ratios. 

 

INTRODUCTION 
Recently, research has been devoted to the use of a pressure 

plate (PP) to perform quantitative evaluation of gait symmetry 

in horses [1]. In a study on the accuracy of this system [2], the 

maximal vertical force recorded by the PP was consistently 

lower and occurred slightly later in the stance phase than that 

of the force plate (FP). This was hypothesised to be 

attributable to a lower temporal resolution of the PP than the 

FP (250 versus 1000 Hz) or to a slower response of the 

multitude of resistor-based sensors of the PP compared to the 

4 piezoelectric quartz crystal sensors of the FP [2]. Because 

the discrepancies were most pronounced around the maximal 

vertical force and because they were larger at the trot than at 

the walk, it was speculated that increased loading would be 

associated with larger deviations [2]. 

  

When highly accurate force values are needed, PP 

measurements can be performed with the system mounted on 

top of a FP. In this dynamic calibration procedure, the raw 

vertical force data obtained by the PP are adapted to the 

vertical force component of the reference FP in every 

timeframe, using a so-called recalibration factor (RF). Hence, 

the RF is the ratio between the calibrated PP data and the raw 

PP vertical force data. 

 

It is not known whether the amplitude of the RF differs 

importantly throughout the stance phase, and whether or not it 

differs between the walk and the trot. Therefore, the objective 

of the present study was to evaluate the RF for every time 

frame throughout the stance phase, at the walk and trot. The 

hypothesis was tested that the recalibration factor would 

present larger deviations with increased loading. 

 

METHODS 

Six healthy and clinically sound Dutch Warmblood mares 

were included in this study (mean ± SD age 10.5 ± 3.7 years, 

body mass 585.5 ± 43.5 kg; height at the withers 1.62 ± 0.02 

m). The study was approved by the Ethical Committee of 

Utrecht University (DEC 2010.III.02.032).  

 

The horses were led over the measuring system by one 

experienced handler, first at walk and subsequently at trot. The 

measuring system consisted of a PP (Footscan 3D 1 m-system, 

RsScan International) mounted on top of a FP (Z4852C, 

Kistler), embedded in the middle of a 20 m long track, covered 

with a 5 mm rubber mat. Data were sampled at 250 Hz and 

recorded on a notebook computer with dedicated software 

(Footscan Scientific Gait 7, RsScan International). FP 

calibration was verified before and shortly after the entire 

study. Before each measuring session, the PP was calibrated in 

accordance with manufacturer’s specifications. The average 

velocity over the measuring area was computed using two 

pairs of photoelectric-sensors. A trial was considered valid if 

the horse moved at a constant pace, looking straight forward, 

while gait velocity was within a preset range of 0.8 – 1.4 m/s 

at the walk and 1.7 – 2.7 m/s at the trot and the hoof of at least 

one forelimb fully contacted the plate surface. Five valid 

measurements were collected for both forelimbs. For every 

valid trial, the vertical force curve of the FP was obtained, and 

the corresponding raw PP data were used to calculate the RF 

for every time frame throughout stance. Left and right limb 

data were averaged and pooled for subsequent statistical 



analysis. Data were collated and prepared for statistical 

analysis using spreadsheet software (Microsoft Office Excel 

2007). A paired samples t-test (SPSS 17.0; P < 0.05) was used 

to compare the RF at the maximal vertical force between the 

walk and trot. 

 

RESULTS AND DISCUSSION 

The mean ± SD curve pattern of the RF throughout stance and 

of the vertical force of the PP after dynamic calibration with a 

FP were similar at the walk and trot (Fig. 1). After a sudden 

decrease after the first 5% of the stance duration, the RF 

remained remarkably stable but increases again in the final 

20% of stance duration. At the maximal vertical force of 6.62 

± 0.46 N/kg at the walk and 10.68 ± 0.74 N/kg at the trot, the 

RF at the walk was significantly lower than at the trot (1.25 ± 

0.13 and 1.46 ± 0.13 respectively; P < 0.05). 

 

 

 
Figure 1:  Mean ± SD curve of the recalibration factor 

throughout the stance phase (solid line) at the walk (a) and trot 

(b), with concurrent presentation of the mean ± SD vertical 

force curve of the PP after dynamic calibration (dashed line). 

 

The stance phase can be subdivided in different stages with 

distinct biomechanical characteristics [3]: 1) impact is the 

short period immediately following initial ground contact, 

when the hoof decelerates rapidly until vertical and 

subsequently horizontal velocity become zero, 2) support is 

the period when maximal limb loading occurs, 3) breakover is 

the terminal part of the stance phase from heel-off to toe-off. 

The higher and relatively stable pattern of the RF during the 

support phase provides evidence to reject the hypothesis of 

increasing deviations with higher loading.  

 

On the contrary, lower accuracy was demonstrated during 

impact and breakover. Several possible causes must be 

discussed. Firstly, the temporal resolution of the PP (250 Hz) 

may be too low for the rapid events at impact. However, our 

results confirm persisting differences before and after 

calibration, even when both PP and FP devices are measuring 

at the same sampling frequency (250 Hz). 

Secondly, it may be hypothesised that shear forces (i.e. forces 

applied parallel to the floor) may distort the PP measuring 

surface as it is designed to measure forces orthogonal to each 

sensor, thereby inadvertently activating neighbouring sensors. 

However, in this and the previous study [2], the vertical force 

component of the PP generally appeared lower than the 

reference FP data, whereas falsely activated sensors would 

theoretically result in a higher vertical signal of the PP. 

 

Finally, the accuracy of this PP with high spatial resolution 

(2.6 sensors/cm²) may suffer from the individual sensors’ 

threshold (i.e. below which load is not recorded). As a result 

of the continuous changes in the pressure distribution under 

the hoof throughout stance duration, a number of sensors (e.g. 

at the periphery of the contact area) may be insufficiently 

loaded for activation. The cumulative error over the total 

number of sensors involved may lead to a significant 

underestimation of the vertical load. During impact and 

breakover, there is a high frequency of sensor (de)activation; 

hence, the proportion of sensors being loaded below their 

threshold may be relatively high. Furthermore, the relative 

importance of this error is highest in the lower ranges of the 

curve. These phenomena are not encountered using a force 

platform with single force transducers at each of the 4 corners 

of the plate, in which after sensor activation, the hoof does not 

activate neighbouring sensors during stance duration. 

Nevertheless, we believe that the advantage of the high spatial 

resolution, e.g. the analysis of the hoof-track interface [4], 

outweighs the limitations inherent to a set sensor threshold. 

Possibly, this issue can even be overcome by including the 

rubber mat in the in-factory calibration process of the PP. 

 

CONCLUSIONS 

The accuracy of the vertical force curve of the PP was 

relatively high and constant during the support phase, hence 

higher loading was not associated with increasing deviation. 

However, considerably lower accuracy was observed during 

both the impact and breakover phases. This may be attributed 

to a critical number of sensors being loaded below their 

threshold. Based on the remarkably stable pattern of the RF 

during the support phase, it is essential to further optimise the 

calibration procedure, as this may downsize systematic 

measuring errors. In a clinical situation, however, where a 

stand-alone pressure plate may be used to objectively quantify 

locomotor symmetry, such errors are easily eliminated by 

calculating left-right symmetry ratios. 
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