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SUMMARY 
The objective of this preliminary study was to compare the 
GRF, hoof deceleration and velocity at impact of the fore 
(F) and hind (H) limbs in 2 horses at canter, to raise 
insights into the mechanisms of injuries. The horses right 
fore and hind hooves were equipped with a 3D 
dynamometric horseshoe and an accelerometer, and 
reflective markers. Each horse cantering at 30 km/h on a 
synthetic sand track was filmed with two high-speed 
cameras. All measurements were synchronized.  
Trailing F and H had a major propulsive action, whereas 
leading limbs were predominantly breaking. Whereas 
maximal vertical force (18% higher in the F vs. H) was 
significantly higher in the trailing vs. leading F, it was the 
opposite in H. Horizontal hoof velocity was significantly 
higher in H vs. F, and in trailing vs. leading limbs. The 
differences were opposite for vertical velocity (higher in F 
vs. H, and leading vs. trailing). The vertical impact shock 
was also significantly higher in the leading vs. trailing 
limbs, but not significantly different between F and H. 
This result enhances the major role of maximal vertical 
forces at mid-stance (vs. impact shock) in the occurrence 
of injuries (more frequent in the distal F) in athletic horses. 
 
INTRODUCTION  
Injuries of the distal forelimbs are the main cause of 
lameness or even fatal accidents in race and sport horses. 
Together with the impact shock (deceleration) and 
kinematic parameters such as the velocity of the hoof at 
contact [1,2], the ground reaction force (GRF) can give 
important insights into the mechanisms of musculoskeletal 
injuries. However the GRF distribution among the limbs 
has never been studied from direct measurements under 
racing or even training conditions. Indeed, measurement of 
the forces exerted on the equine limbs during the stance 
phase at high speed has been limited so far as force plates 
sealed into the ground are not adapted for this purpose. A 
three-dimensional dynamometric horseshoe (3D-DHS) is 
the ideal equipment as it allows measurement of the entire 
GRF over a large number of strides on various surfaces. 
However to date the two described prototypes have only 
been applied on forelimbs [3,4]. 
As canter is a 3-beat asymmetric gait (1. trailing hind limb, 
2. diagonal leading hind limb and trailing forelimb 
together, 3. leading forelimb), the objective of this 
preliminary study was to compare the GRF, as well as the 
deceleration and velocity of the hoof at impact, of the 
trailing vs. leading, and fore vs. hind limbs, in 2 horses at 
the canter. 
 
METHODS 
Two saddle horse geldings (15 ± 6 year old, 561 ± 1 kg 
body mass) were used (5 to come). After trimming, their 
right fore and hind hooves were equipped with the 3D-
DHS composed of 4 triaxial piezoelectric force sensors 

(Kistler 9251A) sandwiched between two aluminium 
plates [5] and a triaxial accelerometer (PCB 356B20). A 
non-instrumented horseshoe with matching height and 
weight was attached to the left fore and hind hooves. The 
wires were secured to the limb and connected to charge 
amplifiers (Kistler 5073A411,) then to an analogue-to-
digital converter (NI-USB 6218) plugged in a mini-
computer (Sony Vaio VGN-P11Z). A wifi-connection 
enabled to remote-control the data acquisition. The total 
data acquisition system was placed behind the saddle in 
saddle-bags sewed on the saddle-cloth. Data acquisition 
was performed at 7.8 kHz. Two set squares fitted with 3 
reflective markers were screwed on both right fore and 
hind hooves. The horses’ speed was measured and 
recorded by a Global Positioning System (Racelogic 
RLVBSS100) glued on the horse’s croup. During the tests 
each horse was filmed with two high-speed cameras (1000 
Hz, Phantom v5.1, Vision Research) placed side by side at 
7 m from each other, filming the right side of the horse at a 
distance of about 10 m from the middle of the track. The 
resolution of each camera was 1024×512 pixels and its 
field of view about 7 m long. The films were synchronized 
with the DHSs, accelerometers and speed data using the 
lighting of a LED placed on the right saddle-bag, the 
signal (voltage) of which was digitized by the same 
acquisition card as the other devices.  
A linear track of synthetic sand (“all weather waxed”) 14 
m long was delimited on the Deauville-La Touques 
racetrack (France), using two parallel series (2.9 m apart) 
of markers placed by pair face to face every meter. 
Recordings were repeated 5 times at each lead (left vs. 
right). The expected speed was 30 km/h (about 8.3 m/s).  
Knowing the angle made by each of the right fore and hind 
hooves with respect to the ground surface during stance 
(angle calculated using the two upper markers of each hoof 
set square, and those placed along the track), the GRF was 
calculated from the DHSs’ recordings. To delimit the 
stance phase, the threshold was set to 200 N of vertical 
force. Custom software (using Matlab) was used to 
calculate peak forces, impulses (integral of force over 
time) and temporal parameters of each force peak. 
Horizontal and vertical velocities of both right fore and 
hind hooves at impact were calculated from the horizontal 
and vertical image coordinates of the lowest hoof marker. 
To express these velocities in m/s, a scale was calculated 
for each stride knowing the distances separating 
carpus/tarsus and metacarpophalangeal joints markers. 
Velocities were computed between the 2 images obtained 
before the first contact on the ground detected by the hoof 
accelerometer. GRF, accelerometric and kinematic data 
were measured for 15 strides for each horse and per lead (3 
strides per trial, 5 trials per lead). 
Data were analysed by the General Linear Model 
procedure in SAS (SAS v.9.2). The models included speed 
as a covariate. Least square means differences were used 
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for pair wise comparisons between limbs and leads. 
Significance was set at p <0.05. 
 
RESULTS AND DISCUSSION 
This study confirms the general GRF pattern described at a 
lower speed in Dutch warmblood horses using a force plate 
[6]: trailing fore and hind limbs have a predominantly 
propulsive action on the horse’s body, whereas leading 
limbs have a predominant breaking action (Figure 1). 
Differences in maximal vertical force (18% higher in the 
fore vs. hind limbs in average) between leading and 
trailing limbs were significant and opposite in the 
forelimbs (trailing: 13.9 ± 0.6 N/kg vs. leading: 12.1 ± 0.7 
N/kg) compared to the hind limbs (trailing: 10.1 ± 1.1 
N/kg vs. leading: 11.8 ± 0.8 N/kg). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Mean (n = 15 strides) of the horizontal and 
vertical components of the ground reaction force measured 
by means of a 3D dynamometric horseshoe during the 
stance phase in a saddle horse gelding (562 kg body mass) 
cantering at about 8.3 m.s-1 on a synthetic track. Both right 
fore (A) and hind (B) hooves being equipped 
simultaneously, the corresponding limbs are the trailing 
limbs at left lead canter (black lines), and the leading limbs 
at right lead canter (grey lines). Time is expressed in % of 
stance duration. 
 
Horizontal hoof velocity was significantly higher (2.9 
times in average) in the hind limbs compared to the 
forelimbs, and higher (2.0 times) in the trailing than in the 
leading limbs (Figure 2). The differences were lighter 
(though significant) for vertical hoof velocity, which 
revealed higher (1.5 times in average) in the forelimbs 
compared to the hind limbs, and also higher (1.3 times) in 
the leading vs. trailing limbs. 

This result could be correlated with the vertical impact 
shock, as measured by the accelerometer, which was also 
significantly higher in the leading vs. trailing limbs. 
However, although no significant difference was observed 
between the fore and hind limbs, the vertical impact shock 
tended to be higher in the hind limbs, which is likely 
related with their higher resultant (total) velocity. This 
finding does not confirm the common belief that the 
impact shock is the major factor of injury occurrence in the 
horse.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Horizontal (A) and vertical (B) velocities of 
both right fore and hind hooves at impact. Mean (± SD) of 
the two horses (n=30). TF: trailing forelimb; LF: leading 
forelimb; TH: trailing hind limb; LH: leading hind limb. 
 
CONCLUSIONS 
Despite a relatively high vertical impact shock, the much 
higher horizontal velocity of the hind limb hoof at impact, 
likely accompanied by an increased penetration into the 
ground surface, increases the energy dissipation at the 
onset of the stance phase. Given the much higher 
frequency of lesions observed in the distal forelimbs, the 
present results suggest that the vertical loading of the limb 
(which can be only measured by a DHS) is the major 
factor of injury occurrence in race and sport horses, and 
that the trailing forelimb undergoes the highest risk. 
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