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Summary 
 
Introduction: In this study we used New Zealand Thoroughbred horses which are 
predisposed to a long toe-low heel conformation. Horses with a hoof conformation 
like this are said to land toe-first whereas other breeds land lateral asymmetrical. The 
process of breakover will take longer in horses with this hoof conformation and 
trimming of the feet will influence this process. 
Objectives: The aim of this study is to evaluate the difference in the way of landing of 
untrimmed and trimmed feet and the effect of trimming and shoeing on the movement 
of the CoP during breakover. 
Materials and methods: Two clinically sound Thoroughbreds were measured before 
and after trimming, one horse has been measured after shoeing with keg shoes. The 
horses had one day to adapt to the trimming of their feet, and the shod horse got three 
days to get used to her shoes. The horses were trotted by hand across a pressure plate 
and their velocity was measured using two infrared gates. 
Results: The preferred way of landing of trimmed front hooves is lateral 
asymmetrical. Untrimmed hooves showed no preference in way of landing. Trimming 
decreases the intra-individual left-right difference in maximum lateral displacement of 
the CoP during breakover.  
Conclusion:  Due to the low frequency of the measuring system and technical 
problems encountered during data collection, no definite conclusions can be drawn 
from the results obtained in the current study. Certain tendencies can be identified, 
however further research is needed on the subject.  
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Introduction 
 
Lameness in horses is often due to hoof-related problems. Therefore farriers trim and 
shoe horses to balance their feet and to prevent injuries due to imbalance. When the 
hooves have a conformation that maximizes the mechanical efficiency, they are 
balanced. (Eliashar, 2007) Veterinarians and farriers are interested in corrective 
shoeing and farriery techniques as a way to influence performance or to treat 
lameness. (Eliashar, 2007; Merriam, 2003; Heel van et al., 2004) Different parameters 
can be influenced by trimming and shoeing. Examples of these parameters are: the 
way of landing, the duration of the stance phase, breakover (Merriam, 2003; O’Grady 
and Poupard, 2003), hoof size and hoof shape (Kummer et al., 2006).  
 
Low heel-long toe conformation 
In this study we used New-Zealand Thoroughbred horses. From a historical point of 
view racehorses are often trimmed to generate a low heel-long toe conformation. The 
reason is that they can achieve a longer stride, which is useful in the racing industry. 
(Eliashar, 2007)  The trait may, in part, be hereditary to the Thoroughbred breed. 
(Kummer et al., 2006) The gallop training plays also a role in the low heel-long toe 
conformation. The horses we use for this study are retired and it is a known fact that 
the hoof angle increases as they stop the gallop training. Also environmental factors 
might be important in causing this conformation of the hooves. (Peel et al., 2006)  
Hoof growth and wear of the hooves are naturally balanced depending on the 
properties of the ground and the friction between ground and hoof. (Eliashar, 2007) 
Free ranging horses have a significantly lower hoof angle in winter than in summer, 
which could be related to moisture. (Peel et al., 2006) The horses in this study are 
held outside in the fields and are seldom stabled. They are exposed to all weather 
conditions and their hooves get trimmed only twice a year.   
Normally unshod sound horses that are kept on pasture have a three- or four-point 
load distribution pattern. When the horses are held on deformable surfaces the solar 
surface of the hooves carries the largest portion of the weight but when they move to a 
more abrasive surface the frog, bars and peripheral walls carry more weight. Friction 
is an important factor in maintaining balance in unshod hooves. When hooves get 
trimmed the weight-bearing pattern alters and the contact of the peripheral sole and 
the uniformity of the wall increases. Also the frog and bars have a larger area of 
contact with the ground surface. (Eliashar, 2007, Hood et al., 2001)  
 
Influence on breakover process 
Breakover is the process of rotation of the heels around the toe and is initiated by heel 
lift. Breakover duration will be longer in horses with a long toe. (Eliashar, 2007) Also 
the force to generate breakover has to be greater. A long toe seems to play an 
important role in the initiation of the long toe-underrun heel conformation, which 
causes a broken-back hoof-pastern axis. (O’Grady and Poupard, 2003). O’Grady and 
Poupard (2003) described the difference between a low heel and an underrun heel. 
The most important difference is that in the underrun heel the structure of the heel is 
damaged.  
Because of all the influences on hoof conformation and therefore on joints, ligaments 
and tendons horses often go a little lame after trimming. (Kummer et al., 2006) 
Kummer et al. (2006) found that the point of breakover was relative to the apex of the 
frog. This is in agreement with Eliashar et al. (2002) who found a breakover line 2.5-
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4.0 cm cranial to the apex of the frog. As the position of the apex of the frog depends 
on hoof condition and way of trimming this is not reliable.  
 
Hoof balance 
There are several interpretations about the term hoof balance. O’Grady and Poupard 
(2003) en Hood et al. (2001) described geometric balance, dynamic balance and 
natural balance. They concluded that balance must be achieved in 
dorsopalmar/dorsoplantar direction and in mediolateral direction.  
The shape and size of the hooves play a very important role in the hoof-pastern axis 
and mediolateral balance and can be influenced by trimming. (Kummer et al, 2006) A 
mediolateral balance is necessary for an equal medial and lateral loading pattern. 
(Kummer et al., 2006) Horses with mediolateral imbalance present themselves with 
sheared heels, which are brought about by uneven forces that act on the bulbs of the 
heels. This also affects more proximal structures of the limb. (Eliashar, 2007; 
O’Grady and Poupard, 2003) Horses with poor dorsal palmar/plantar balance are 
predisposed to develop the long toe-underrun heel conformation. (O’Grady and 
Poupard, 2003)  
 
If horses are shod the wear in the heel region is greater than the wear in the toe region, 
thus resulting in a longer toe. (Eliashar, 2007) This is why the interval between 
trimming- and shoeing sessions normally is six to ten weeks. (Kummer et al., 2006) If 
one applies a trimming-interval of 8-10 weeks the length of the dorsal wall is 
shortened with about 1.0 cm and this can have significant effects on the position of 
the 3rd phalanx in relation to the hoof capsule. The reduction in footlength is only 5-6 
mm. (Kummer et al., 2006) 
 
The way of landing 
70 % of the Dutch warmblood horses in the study of Kummer et al. (2006) have to 
deal with uneven feet, with the left foot being larger than the right foot. The larger 
foot is often also flatter and grows faster in the toe region whereas the smaller foot 
grows faster in the heel region.  
The way of landing is found to be lateral asymmetrical in Warmblood horses (Heel 
van et al., 2004) and Irish Draught horses (Eliashar et al.) and couldn’t be influenced 
by trimming. In other breeds the landing might differ from these breeds because in 
previous studies it has been stated that a balanced hoof should land flat or 
symmetrical. (Heel van et al., 2004) Horses with a long toe-low heel conformation 
like the Thoroughbred horses are said to land toe-first. (Eliashar, 2007)  
 
The stance phase can be divided into four moments: initial contact (IC), midstance 
(MS), heel lift (HL) and toe-off (TO). During the stance phase of a stride the limb is 
subjected to the ground reaction force (GRF). The magnitude of the GRF depends on 
several factors, for example the weight of the horse and the velocity. The GRF is 
defined as a single point under the hoof, the centre of pressure (CoP). The CoP moves 
towards the toe as the stance phase ends. (Eliashar, 2007) Hood et al. (2001) 
concluded that the location of the CoP isn’t influenced by trimming and shoeing 
during stance. The weight of a standard shoe won’t alter the location of the CoP 
during stance, but it can influence the CoP in such a way that it will deviate less from 
the central foot axis. Supplying the hoove with a shoe can also alter the gait of the 
horse and the grip of the hoove on the ground. (Eliashar, 2007) 
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The aim of this study and hypotheses 
The aim of this study is to evaluate the difference in the way of landing of untrimmed 
and trimmed feet and the effect of trimming and shoeing on the movement of the CoP 
during breakover. 
The hypotheses we want to test are: 

• Comparing the trimmed with the untrimmed foot: the lateral asymmetrical 
landing will not be influenced by trimming and the intra-individual difference 
between lateral deviation of the CoP during breakover in left and right feet 
will be smaller after trimming of the hooves. 

• Comparing the trimmed with the shod foot: the intra-individual difference 
between lateral deviation of the CoP during breakover in left and right feet 
will not differ between trimmed and shod hooves and the maximal ground 
reaction force (GRFmax) will be higher in the shod hooves. 
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Materials and Methods 
 
Horses 
Originally the aim of the current study was to collect data of six clinically sound adult 
Thoroughbreds. Due to technical problems however this objective has not been met. 
 
Two clinically sound Thoroughbred horses were used in this study. The horses have 
been trained for racing, but are now retired. One horse was seven years old and the 
other nine years old. Weight of the horses was estimated at 540 kilograms and 500 
kilograms respectively and height at the withers was estimated at 1.65 meters for both 
horses.  
 
Trimming procedure 
An experienced farrier was involved in our research project. He was instructed to trim 
the hooves towards a straight hoof axis (seen from the front). The horses were trotted 
across the pressure plate before the trimming-procedure and one day afterwards.  
We would also like to measure the hoof angle of the horses’ front feet before and after 
trimming. Because we didn’t have the possibility of taking radiographs to measure the 
angle of the dorsal aspect of the pedal bone, we measured the hoof angle using a hoof 
gauge. It is important that the horses stand on a very flat surface and the 
measurements are taken by one experienced person using a Dallmer gauge. (Moleman 
et al.,2005) 
 
Shoeing procedure 
The same farrier was asked to shoe the front feet of the horses. Three horses have 
been shod with the Equi-librium® shoe first and three horses have been shod with the 
keg-shoe. This took place in a random order. Our aim was to give the horses two days 
to get used to the shoes. After the first session the horses were shod with the other 
shoe and again had two days to get used to this. Time between two shoeing-sessions 
was short so that the same nail holes could be used.  
 
Data collection 
The horses were trotted by hand across a pressure-measuring system after cleaning of 
the feet. The Rsfootscan is a plate that contains small pressure sensitive polymer 
sensors (5mm* 7mm). This allows accurate analysis of pressure deviations under all 
regions of the hooves. We have used a two-meter plate. The consequence of using a 
two-meter plate is that the recording frequency is less (256Hz) than the maximum 
frequency (500Hz). The threshold level of the plate was 3N/cm2. Pressures above 
threshold level were recorded and were given a colour, blue for minimum pressure 
and red for maximum pressure.  
The Rsfootscan plate is embedded in an aluminium plate and covered by two rubber 
mats of approximately 2 to 5 mm. thick to form a continuing flat surface. A 
measurement was defined as valid when the horses trotted over the plate with a 
constant velocity, in a straight line and hit the measurement system with at least one 
forelimb. The session was completed when three valid measurements had been 
collected from both forelimbs.  
The horses were filmed using a digital videocamera (Panasonic NV-GS15). The 
camera was placed halfway alongside the Rsfootscan plate, thus capturing the entire 
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plate in one view. The recorded images were used tot determine which front hoove 
came into contact with the pressure plate first. These findings were then compared to 
the findings concerning way of landing listed during data collection. 
 
Data analysis 
The software we used to analyse our data is the Rsscan version 7.0. The centre of 
force line was exported to Microsoft-excel. 
  
The stance phase can be divided into four moments: initial contact (IC), midstance 
(MS), heel lift (HL) and toe-off (TO).  
The moment of IC is defined as the first contact with the Rsfootscan plate. MS is the 
moment when the vertical component of the ground reaction force (GRF) is maximal. 
HL is defined as the moment when the shift of the centre of pressure (CoP) in two 
consecutive frames in dorso-palmar direction is the largest. TO is the moment of last 
contact with the Rsfootscan plate (end_x and end_y). (Heel van et al., 2005) 
 
The way of landing is determined by the first quadrant which comes into contact with 
the ground during initial contact. Thus, the way of landing can be described as lateral 
asymmetrical (lateral heel or lateral toe), symmetrical (toe, flat or both heels) and 
medial asymmetrical (medial heel or medial toe). (Heel van et al., 2004)  
 
To describe hoof-unrollment pattern, the CoP will be followed from MS till TO. The 
x- and y- values of MS are placed in the origin of an x- and y- axis and then the 
pattern of hoof-unrollment can be calculated. To compare the left and right foot, the 
x-axis-values of the left foot have to be mirrored. (Heel van et al., 2004) 
To compare the intra-individual difference between lateral deviation of the CoP 
during breakover in left and right feet, the maximum x-values are needed.  
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Results 
 
The way of landing of the untrimmed hooves is in 54,17% of the cases lateral 
asymmetrical and in 45,83% of the cases symmetrical (fig.1). This shows that there is 
no obvious preference in way of landing.   
For the trimmed hooves however we can conclude that the preferred way of landing is 
lateral asymmetrical (75%). 
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Figuur 1. The way of landing in the trimmed and untrimmed front hooves of Thoroughbreds. 
 
The hoof-unrollment patterns (HUP) of left and right foot of one horse are visible in 
figures 2-5. 
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Figuur 2. HUP of untrimmed right front foot   Figuur 3. HUP of untrimmed left front foot 
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Figuur 4. HUP of trimmed right front foot     Figuur 5. HUP of trimmed left front foot 

 
The graphs above show that there is a lot of variance in hoof-unrollment pattern 
within a horse between measurements. It is obvious that the variance is greater in 
untrimmed feet than in trimmed feet (especially in the left front foot). 
 

 Average  
GRFmax 

Average ∆max  
x-value  
left foot (mm) 

Average ∆max  
x-value  
right foot (mm) 

Left-right  
difference (mm) 

Untrimmed 2585 N 47,52 42,43 5,09 
Trimmed 3320 N 46,15 42,08 4,07 

Tabel 1.  Intra-individual difference between lateral deviation of the CoP during breakover 
 
The average ∆max x-value is the average of all measurements for the maximum 
lateral deviation of the central foot axis. The left-right difference of the untrimmed 
feet is larger than the left-right difference of the trimmed feet of this horse (table 1). 
This means that the maximum lateral deviation after trimming for left and right foot 
are more equal. This indicates that trimming of the hooves result in more equal 
hooves. 
 
Comparing trimmed and shod hooves of one horse was not possible because of lack of 
useful measurements of the shod hooves of horses used in this study. Therefore, data 
of two different horses have been compared for the trimmed and shod front hooves.   
 

 GRFmax (N) ∆max x-value  
left foot (mm) 

∆max x-value  
right foot (mm) 

Left-right  
Difference (mm) 

Shod hooves 806 
676 
541 
711 
820 

29,15 
64,27 

42,44 
34,95 
18,69 
 
 

 

Averages 711 46,71 32,03 14,68 
Tabel 2.  Data of shod front hooves of the CoP during breakover 
 
The GRFmax of the shod hooves is much lower than the GRF max of the trimmed hooves 
and the left-right difference of the shod hooves is much greater than the left-right 
difference of the trimmed hooves (table 2). 
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Discussion 
 
The aim of the current study was to evaluate the difference in the way of landing of 
untrimmed and trimmed feet and the effect of trimming and shoeing on the movement 
of the CoP during breakover of front feet in Thoroughbreds, using a pressure plate for 
data collection.  
 
The pressure plate has previously been used to asses the way of landing in sound 
ponies at the walk and trot. Data collected during this study appeared to be highly 
repeatable, thus making the pressure plate a promising tool to asses loading patterns in 
horses. (Oosterlinck et al., 2009) 
In the current study the pressure plate has been used to asses loading patterns of the 
front feet in trotting Thoroughbreds. However, the pressure plate has not been 
calibrated using a known weight or a force plate. Therefore the ground reaction forces 
measured in this study might not be highly reliable.  
The way of landing however, being lateral asymmetrical, symmetrical or medial 
asymmetrical, can be assessed by solely using the pressure plate. In the present study 
the way of landing can therefore be assessed for the untrimmed and trimmed feet.  
 
The resolution at which data are collected is related to the length of the pressure plate. 
In the current study a two meter plate has been used, which has a maximal resolution 
of 256 Hertz or 256 frames per second. By using a one meter plate, which measures at 
a frequency of 500 Hertz, more accurate data can be obtained due to the reduced 
period between measurements. Thus, more data can be collected for each footprint.  
The way of landing of the horses investigated was sometimes difficult to establish. 
Because of the little amount of frames the moment of first contact with the plate was 
sometimes visible a large part of the hoof with a lot of colours in that part. We 
assumed the way of landing to be that part of the hoof that experienced the highest 
pressure. 
 
The hoof unrollment patterns in the current study vary considerably between different 
runs. This might be due to the horse not trotting across the plate in a straight line or 
stumbling of the horse as it trots across the plate.  
Due to technical problems encountered during data- collection, the x- and y- graphs as 
they are normally depicted by the Rsscan software were lost. Hence it was not 
possible to compare graphs of the x- and y- values acquired in the current study to 
those collected in previous studies. The x- and y- values depicted in the table and 
graphs above are therefore most likely not very accurate and no definite conclusions 
can be drawn from them. 
The hoof-unrollment patterns of the horses used in this study appear to be not highly 
accurate. In contrast to a previous study conducted by Heel van et al. (2004), the 
end_x and maximum x- values are generally equal to each other, whereas in the study 
by Heel van et al.(2004) the end_x values were considerably lower than the maximum 
x- values. This might be due to the measuring frequency used in the current study.  
 
In this study it appeared that trimming influenced the way of landing. This is in 
contrast to Heel van et al., 2004, who found no effect of trimming on the way of 
landing. This can be explained by the horses used in the current study being trimmed 
only twice a year, and therefore their hooves were not in balance. The effect of 
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trimming in way of landing in this study can be clarified by balancing of the hooves 
during the trimming procedure. 
This can also clarify the difference between untrimmed and trimmed feet in the left to 
right foot difference. Previous research by Heel van et al., 2004 showed that trimming 
did not affect the hoof-unrollment pattern itself, but enhanced the intra-individual left-
right symmetry, described by a decrease in delta-x-max. The results in this study seem 
to agree with the results found in the study of Heel van et al., 2004. 
 
The GRFmax is generally higher in shod hooves than in trimmed hooves in horses 
trotting at a constant speed, due to the addition of the weight of the shoe. Tables 1 and  
2 show us that the GRFmax is much lower for the shod hooves than for the trimmed 
hooves. However because we did not use the same horse, the pressure plate was not 
calibrated and we do not know the trotting velocity of the horses during data 
collection no conclusions can be drawn from the values obtained in this study. 
The data obtained for the shod horse are not very reliable as there is much variance in 
the data collected. (table 2) We expected the left-right difference of the shod hooves 
to be almost the same as the left-right difference of the trimmed hooves, but in this 
study the left-right difference of the shod hooves is much higher than the left-right 
difference of the trimmed hooves. Also, as stated previously, the data are not 
comparable because we used two different horses. However, the magnitude of the 
different values obtained in the current study appears to be too high to be solemnly 
explained by the horse- difference.  
 
The horses used in the setup of the current study were all adult Thoroughbreds, with 
an age ranging from approximately six to twelve. The horses had been trained for and/ 
or used in racing at a younger age, but had all been retired from this and were kept on 
pasture during the entire year. The horses were kept bare-foot and the feet of the 
horses were trimmed only twice a year.  
As mentioned before, the long toe – low heel conformation is not just a hereditary 
trait of Thoroughbreds, but is also influenced by gallop- training and trimming. (Peel 
et al., 2006; Balch et al., 2001) Therefore, the hoof conformation investigated in the 
current study might be more obvious in younger horses, which are actively in training.  
Data collected in this study might also have been influenced by hidden orthopaedic 
ailments, of which the prevalence might be higher in older horses than in young ones.  
The horses used in the setup were not used to being shod and were not trimmed 
regularly. Therefore, it might have taken these horses longer to get used to the keg 
and EquiLibrium shoes than the three days the researchers had aimed for.  
Taking the reasons mentioned above into consideration, using younger horses which 
are being trained and/ or raced at the moment of data collection would be more 
representative of the Thoroughbred population and hoof conformation.  
 
To determine the hoof angle of the horses being used in the current study a hoof- 
angle measurement device can be used.  Because the aim of the study was to 
determine the loading pattern in Thoroughbreds, which are predisposed to a long toe- 
low heel conformation (Kane et al., 1998; Balch et al., 2001), hoof angle- 
measurements are only aimed at confirming the aforementioned hoof conformation. 
Thus, taking latero- medial radiographs of the front feet, which is deemed the golden 
standard, does not appear to be necessary in the current setup. By using a Dallmer 
hoof gauge, the long toe- low heel conformation can be identified. The horses should 
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stand squarely on a flat ground surface, and all measurements should be taken by one 
person. (Molemen et al., 2005) 
 
In the current study the assumption has been made that horses trotted by hand tend to 
spontaneously repeat their trotting speed. Thus, the trotting velocity during data 
collection has not been registered. (Galisteo et al., 1998) However, as the magnitude 
of the ground reaction force depends on the weight of the horse and the trotting 
velocity, and the weight does not vary between measurements, the differences in 
peak-GRF between measurements in one horse seem to be caused by the horse 
trotting at different velocities.  
In previous studies (Heel van et al., 2004) the velocity has been calculated using an 
infrared system, in which two infrared gates are placed at the beginning and end of the 
track, which will be six meters in length if the two meter pressure plate is being used.  
Thus, time measurement is initiated by the horse trotting past the infrared gate at the 
beginning of the track and ended by the horse crossing the one at the end of the track. 
By dividing the length of the track, six meters, by the time registered during each 
measurement the trotting velocity can be calculated.  
The benefit of using the infrared system is that, during data collection, one can asses 
if the trotting velocity of a horse is constant between different measurements.  
 
In order to acquire more accurate results than the ones that have been collected in the 
current study, further research is needed. Recapitulating the above, it would be 
advisable to use a calibrated one meter pressure plate to acquire more accurate data; 
young Thoroughbreds which are still in race- training to obtain a more representative 
study group; a Dallmer hoof gauge to measure the hoof angle of the front feet to 
identify the conformation investigated; and the infrared system to calculate the 
trotting velocities of the horses.   
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