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Summary

The aim of this pilot- study was to compare the@&l of the standard racing shoe, i.e.
the keg shoe, and the Equilibritirehoe on the loading pattern of the front hoovesiof
Thoroughbreds using a pressure measuring systescdRs

Due to technical problems the objective of usinglsirses has not been met. Therefore
only three adult Thoroughbreds were trotted by hiana straight line across a pressure
measuring system. The horses were randomly shddeithier the Equilibrium or the
keg shoe, after which they were given three daygdb used to them. After data
collection the horses were shod with the other tyjpghoe. Three valid measurements of
each front hoof for both types of shoes were obthin

Certain tendencies could be identified using tha dallected in the current study. When
comparing the Equilibriuth shoe to the keg shoe it appears that the maxinuaing
reaction force is higher, the duration of landisgshorter, and the centre of pressure
remains in closer proximity to the sagittal hooisaduring break- over.

Due to technical problems encountered during dateeation and the development of
forelimb lameness in two of the horses, only theadd one horse could be used in the
current study. Therefore no conclusions can be wrédwm the current results, and
further research is needed on this subject.



Introduction

Hoof conformation

Different parameters are used to describe the conafiton of the equine hoof. One of the
most commonly used parameters is the hoof angéeatigle between the dorsal hoof
wall and the ground surface or solar surface ofnibaf wall. The hoof angle influences
the way a horse distributes its weight betweendibrsal and palmar parts of the hoof
during ground contact.

A lot of discrepancy exists between authors athéorntormal angle of the equine front
hoof. Originally a standard hoof angle was defibgtashak as an angle between dorsal
hoof wall and ground surface of 4% 5. A low hoof angle is thus defined as an angle
of 45 or less, a large angle as an angle ovér 50

Another parameter describing hoof conformatiorhis angle between the caudal part of
the hoof, i.e. the heels, and the ground surfac®lar surface of the hoof wall. From the
two aforementioned parameters a third one can fieede the toe- heel angle difference.
A term used to describe hoof conformation usingthimel parameter is the term underrun
heels, which is defined as a toe- heel angle diffee of 8. (Marks, 2000; Kanet al,
1998)

Rolandet al (2003) also examined the medio- lateral variation several parameters
describing the conformation of front feet in Thogbbreds. They found a medio- lateral
asymmetry in width of the solar surface of the haad of the hoof- wall angle, in which
the solar surface was larger on the lateral sidkthe hoof wall of the medial side was
steeper. Horses that had sustained musculoskehgtigles during racing appeared to
have a lesser degree of asymmetry, which might ban&ibuted to the development of
the injuries. This theory is supported by Katel

Horses with a low hoof angle will bear more weightthe caudal parts of the hoof, i.e.
the heels, in comparison to horses with a normatamdard hoof angle. Structures in the
weight- bearing part of the hoof will be compressedich will cause the horn tubules in
the caudal part of the hoof to grow more slowlyistHeading to a vicious circle of
underrun heels and a long toe.(Dyson and Marks3;20@neet al, 1998)

Hoof angles of less than %#&nd underrun heels are associated with lesiottsegbalmar
structures of the lower limb, again caused by treatgr load placed on the caudal or
palmar part of the limb. The strain on the deep sungkrficial digital flexor tendons is
larger, as is the pressure on the distal phaladxfaa navicular bone and bursa. (Marks,
2000; Eliasharet al, 2004; Ovniceket al, 2003) The long toe- underrun heel
conformation also causes the pastern to move fokviaus creating a broken- back hoof-
pastern axis. This may subsequently contributéotoexample, joint effusion. (O’Grady
and Poupard, 2003)

Previous studies on the association between hoofoooation of Thoroughbred
racehorses and the prevalence of musculoskelgtaiei; have shown that lower toe and
heel angles increase the risk of racehorses susjaimusculoskeletal injury.
Additionally, Balchet al. concluded that the severity of underrun heels ssgaificant
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risk factor in the development of lesions of thdt dtssues of the lower limb in
racehorses. (Kanet al, 1998; Balctet al, 2001 )

Prevalence of underrun heels in Thoroughbred rasekois reported to exceed 97%,
which suggests that this hoof conformation mighthkeeditary to this breed. (Bal&t
al., 2001) Another study however has shown a poténimige effect of gallop training
on hoof angle as well. Horses at the gallop terana heel first, which causes the heels
to expand and lower towards the ground, thus cossprg the horn- producing structures
of the caudal part of the hoof. This will lead tslawer growth of the hoof wall in the
heel region, thus lowering the toe- heel angleed#fiice. The same study showed a
possible association between pasture and beddinditmms and hoof angle, in which
wet conditions also tent to lead to a decreased aogle. (Peekt al, 2006) It is also
common practice in the racehorse industry for éasrio trim the feet of Thoroughbreds
towards a lower heel and long toe, as this is ssggdo elongate the stride of the
horse.(Eliashar, 2007)

The stance phase

Studies on the weight bearing pattern of the umrad, unshod front feet of feral horses
maintained on pasture have shown that the soldacguof the hoof wall bears a large
proportion of the weight of the horse. In thesad®s it was concluded that the loading
pattern of the hoof wall comprises four main logdipoints: the heels in the caudal part
of the hoof and two points medial and lateral & tie dorsally. After trimming, the area
of contact between the hoof and ground surfaceniarged, and thus the four- point
loading pattern is lost. (Hoaet al, 2001; Ovnicek, 1995)

The stance phase of a stride can be divided into pases: initial contact (IC), mid-
stance (MS), heel- lift (HL) and toe-off (TO). Theoment of initial contact is defined as
the moment of first contact of the hoof with thegnd surface. In horses with underrun
heels, landing is usually toe- first, instead oélhdirst. During mid- stance the GRF is
maximal, and during heel lift the GRF shifts swiffrom a palmar to a dorsal position.
Toe- off is the moment the foot leaves the groufite process of break over can be
defined as the phase between heel- lift and toe-(ldeel et al, 2006; Clayton, 1990;
Parks, 2006) In horses with a long toe and undeheris, the break over process is
thought to be significantly delayed. (O’'Grady amabpard, 2003; Page and Hagen, 2002)
A line to describe the point of break over is fodreetween the 2 most cranial loading-
points, approximately 2,5 to 4 centimeters cratddhe point of the frog. (Eliashat al,
2002; Hoockt al, 2001; Ovnicelet al, 2003)Pageet al. however related the position of
the break over point of the hoof capsule to thedtphalanx. They defined the point of
break over as the most dorsal location of the sadaect of the hoof capsule to contact
the ground. (Page and Hagen, 2002)

The process of break over is initiated by tensiothe deep digital flexor tendon (DDFT)
and forces on the distal interphalangeal (DIP)tjdimus rotating the heels. As the DDFT
inserts on the navicular bone, forces on this l@eéerighest during start of break over.
The DIP joint is extended by the ground reactiortdo(GRF), the force applied to the
hoof by the ground. The dimension of the GRF idrined by the weight of the horse



and the speed of movement, and described by the pbizero moment (PZM) of the
centre of pressure (CoP). During the stance phiagestoide the PZM, and thus the GRF,
moves from the palmar part of the solar surfaceatdw the toe. During initial contact
and toe- off the GRF is low, and during mid- staitqeeaks. (Eliashaet al, 2002; Page
and Hagen, 2002; Hoaet al, 2001)

Trimming and shoeing

By shoeing the feet of horses the four- point logdpattern is lost, and instead the area
of contact between the ground and the hoof is gatirespecially along the hoof- wall.
(Hoodet al, 2001)

The process of hoof unroliment, and break ovebgigeved to be influenced not only by
speed of movement, hoof angle and pathological gémnbut also by trimming and
shoeing. (Heekt al, 2006; Clayton, 1990Lertain types of shoes, for example the
rocker-toe shoe and the rolled-toe shoe, and waysnoming are believed to ease the
process of break over. Pageal. have shown that a decrease in break over distHtere
trimming leads to an improvement in the alignmehthe second and third phalanx, a
proximal movement of the navicular bone and a de=wzré strain of the deep digital flexor
tendon on the navicular bone. (Page and Hagen,) l@&haret al. concluded that the
use of Natural Balance shoes, in which the toalileg back, reduces the moment arm of
the ground reaction force during break over. (Bigaet al, 2002)

Recently, the Equilibriufhishoe has been developed by MuStedof care. One of the
most distinct features of this shoe is the rountiex] designed to ease the process of
hoof-unrollment. Previous studies have shown thatEquilibriun? shoe has a positive
effect on the peak limb loading and the procesdrebk over in sound Warmblood
horses. The peak limb loading is lowered compavei standard shoe and the movement
during break over is better coordinated and marenfi. Consequently, the loading of the
joints and tendons in the equine digit will be labsupt and less hig{Heelet al, 2006)

Aim of the study and hypotheses

The aim of this study is to compare the effectshef standard racing shoe, i.e. the keg
shoe, and the Equilibriulmshoe on the loading pattern of the front hooveg efdult
Thoroughbreds. Loading patterns were acquired dayirig the horses across a pressure
plate, the RsFootscan

The hypotheses tested in the current study arenwbmparing the Equilibriumshoe to
the keg shoe, the duration of break over will bertr, the peak load during break over
will be lower, and the centre of pressure will remeoser to the central hoof axis during
break over.



Materials and M ethods

Horses

Originally the aim of the current study was to eotl data of six clinically sound adult
Thoroughbreds. Due to technical problems howe\usrabjective has not been met.

Three clinically sound adult Thoroughbred horsesewesed in this study. The horses
have been trained for racing, but are now reti®dight of the horses was estimated at
between 500 and 550 kilos. Height at the withers astimated at about 1.65 meters for
all three horses.

Shoeing procedure

An experienced farrier was involved in our resegnaject. He was instructed to trim the
hooves towards a straight hoof axis (seen fronfri).

Horses were shoed at random order. For exampleghmmber 1 was shod with the
Equilibrium® shoe first, horse number 2 with the keg shoe.rAfeeing, the horses were
given three days to get used to both types of shidésy data collection both horses were
shod with the other type of shoe, i.e. horse nuribgith the keg shoe and horse number
2 with Equilibriun® shoe.

The time between two shoeing-sessions was shattagaahe same nail holes could be
used. Also, as the hoof grows several parametdf<hange. In order to minimize the
variables involved the shoeing interval was reduaeduch as possible. (Eliashar, 2007)

Data collection

The horses were trotted by hand across a pressemeumng system, after cleaning the
solar surface of the feet using a hoof pick andra trush.

Galisteoet al. concluded that horses trotted by hand tend totapeously repeat their
trotting speed. Since several stride parameterkm@oa/n to be influenced by trotting-
velocity, it was important that the horses wereeatd trot at a speed which was
comfortable to them. (Galisteo, 1998)

The RsfootscaR is a pressure- plate that contains small pressarsitive polymer
sensors (5mm* 7mm). This allows accurate analy§ipressure deviations under all
regions of the hooves. We have used a two-metéz.plle consequence of using a two-
meter plate is that the recording frequency usetkess (256Hz) than the maximum
frequency (500Hz). The threshold level of the platas 3 N/crfi. Pressures above
threshold level were recorded and were given aucplolue for minimum pressure and
red for maximum pressure.

The RsfootscaR plate is embedded in an aluminium plate and cavésetwo rubber
mats of approximately 2 to 5 mm thick to form atoauning flat surface. In front, on both
sides and at the end of the plate wooden boards placed to stabilise the pressure plate
and to enlarge the track, so as to prevent horsgfiandlers to anticipate on the position



of the plate. At the start of the tract two woodieams were placed in a triangle shape to
guide the horses towards the track in which theeplaas embedded.

A measurement was defined as valid when the harsted across the plate in a straight
line and hit the measurement system with at leastforelimb. For each shoe type three
valid measurements were obtained for the rightelsag the left front hoof.

The horses were filmed using a digital video- can{®anasonic NV-GS15). The camera
was placed halfway alongside the RsfootScalate, thus capturing the entire plate in one
view. The recorded images were used to determiriehwihont hoof came into contact
with the pressure plate first. These findings wénen compared to the findings
concerning way of landing listed during data- ottilen.

For each of the horses the Rsstanogram requested the creation of a new accouint, i
which no weight over 400 kilos could be entereder€fore the weight of the horses has
been listed in the Rsscasoftware as being 400 kilos, instead of the eséchaveight.

Data analysis

The software we used to analyse our data is theaR$s/ersion 7.0 and Microsoft
Excel’. The centre of force line was transferred fromRsscafi software to Microsoft
Excel® to enable the researchers to process the data.

The stance phase can be divided into four momemitgal contact (IC), mid- stance
(MS), heel lift (HL) and toe-off (TO). The momerntI€ is defined as the moment of first
contact of the hoof with the Rsfootscan plate. MShie moment at which the vertical
component of the ground reaction force (GRF) isimak HL is defined as the moment
when the shift of the centre of pressure (CoPWim tonsecutive frames in dorso-palmar
direction is the largest. TO is the moment of asttact with the Rsfootscan plate (end_x
and end_y). (Heddt al, 2006)

The hoof- unrollment pattern is described usingshié in CoP from MS to TO. The x-
and y- values of MS are placed in the origin ofxamnd y- axis and thus the pattern of
hoof-unrollment can be calculated. To be able tmgare the left and right foot, the x-
axis-values of the right foot have to be mirror@gdeelet al, 2004)



Results

Hypotheses tested in the current study are: wherpadng the Equilibrium shoe to the
keg shoe, the duration of break over will be shpttee peak load during break over will
be lower, and the centre of pressure will remaoset to the central hoof axis during
break over.

Initially the aim was to collect data of three damly sound adult Thoroughbreds.
However, two of the horses have been excluded tfosstudy due to the development
of forelimb lameness during data collection.

Data obtained for horse number one are listadbie 1andfigure 1and2.

Keg RV EquiLibrium KegLV EquiLibrium
RV LV
GRF-max 806 829 711 934
during stance|676 820
phase 541
Max GRF 154 169 146 214
hoof- 119 161
unrollment 113
Timefrom HL |46,18 ms 22,84 ms 34,64 ms 22,85 ms
toTO 46,19 ms 34,45 ms
(duration of 34,64 ms
breakover)
End_x -38,67 6,04 -27,15 -20,39
-5,52 -57,52
14,36
End_ y 184,85 179,79 144,38 133,67
188,28 155,68
148,38

Table 1: Data collected for horse no 1
GRF: Ground Reaction Force in Newton ; BO: breake defined as the period between mid- stance and
toe- off ; HL: heel lift ; TO: toe off ; end_x amthd_y in millimeters
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Figure 2: Graph of x- and y- values collected forse no 1, right front hoof

Values of all parameters acquired during testingh@ current study differ between
measurements, as is shown in thble 1 andgraphs l1and 2. Therefore no concrete
conclusions can be drawn from the numbers anddglisted above. However, it may be

possible to identify certain tendencies using thieected data.

The maximal ground reaction force appears to bbemigor the Equilibriuffi shoe than

for the standard keg shoe during the stance plmabeth front hooves. However, when
comparing the GRF- values of the current studyaioes recorded in the co- study, the
values listed above are approximately 25% or lédhase found in the untrimmed and
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trimmed front feet of Thoroughbreds. Hence the esllisted irtable 1do not seem to be
highly representative of the forces placed uponstbiar surface of the hoof during the
stance phase of a stride.

The duration of break over, defined as the timgsl&rom heel lift to toe- off in
milliseconds, appears to be shorter for the Eqitiih® shoe than for the keg shoe in the
left front hoof as well as the right front hooélfle J).

The x_end and y_ end values generally appear tovier for the Equilibriurfi shoe than

for the keg shoe for the left front hoof as welltlas right front hoof. This could indicate
that movement of the centre of pressure duringkooe@r is in closer proximity to the
sagittal hoof axis in the Equilibridfrshoe than in the keg shoe, were it can be expected
to be in an ideal situation.
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Discussion

The aim of the current study was to evaluate tfecef of the keg shoe and Equilibritim
shoe on the loading pattern of front feet in Thgidareds, using a pressure plate to
collect data.

The pressure plate has previously been used ts #ssevay of landing in sound ponies
at the walk. Data collected during this study appeéato be highly repeatable, thus
making the pressure plate a promising tool to adsasling patterns in horses.
(Oosterlincket al, 2009)

In the current study the pressure plate has besth tosasses loading patterns of the front
feet in trotting Thoroughbreds. However, it has Ioe¢n calibrated using a known weight
or a force plate. By calibrating the pressure p&atenown weight is linked to a certain
pressure or force in Newton, thus creating a sigquioint for data- collection.

Because the pressure plate has not been calibtaeedround reaction forces measured
in this study might not be highly reliable.

The resolution at which data are collected is eeldb the length of the pressure plate. In
the current study a two meter plate has been wgadh has a maximal resolution of 256
Hertz or 256 frames per second. By using a one mutge, which measures at a
frequency of 500 Hertz, more accurate data canbb@red due to the reduced period
between frames and thus more frames can be callémteach footprint.

Due to the restriction in the amount of frameseaxikd of each front hoof, the moment of
heel lift and toe off used to calculate the duratod break over can not be defined very
accurately. Differences found between the Equilifi and keg shoe in duration of
break over might therefore not be as large as earohcluded frontable 1

A previous study on the effects of shoes with &tbtoe (Heekt al, 2006) has found no
effect of the rolled toe on the duration of breakm in contrast to the results found in the
current study. However, inclusion criteria for hesaused in that study did not include a
long toe- low heel conformation, in contrast to bmese used in the current one. It could
be postulated that the effects of the rolled tog bwlarger in horses with underrun heels
than in horses with a normal hoof conformationthils proves to be true by further
research, shoeing horses with an abnormal hoofocmation, i.e. a long toe and low
heel, might be a valuable tool in reducing thedeaice of orthopaedic injuries or in the
treatment of certain conditions.

In the current study x_end and y_end values fosdnaumber one differ considerably

between different measurements or runs. This isisho table 1as well agraphs land

2. This implies that the hoof unrollment patternigarconsiderably between different

runs, even for one horse. This might be due tchthree not trotting across the plate in a
straight line or stumbling of the horse as it tratsoss the plate.

Due to technical problems encountered during datdection, the x- and y- graphs as

they are normally depicted by the Rsstanftware were lost. Hence it was not possible
to compare graphs of the x- and y- values acquire¢de current study to those collected
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in previous studies. X- and y- values depictechmtable and graphs above are therefore
most likely not very accurate and no definite casmns can be drawn from them,
although there appears to be a tendency of theecehtpressure staying closer to the
sagittal hoof axis during break over in the Equilim® shoe.

The six horses used in the setup of the currenlysitere all adult Thoroughbreds, with
an age ranging from approximately six to twelvee Tiorses had been trained for and/ or
used in racing at a younger age, but had all be@red from this and were kept on
pasture during the entire year. The horses wertbae- foot and the feet of the horses
were trimmed only twice a year.

As mentioned before, the long toe — low heel canfiron is not just a hereditary trait of
Thoroughbreds, but is also influenced by gallogining and trimming. (Peett al,
2006; Balchet al, 2001) Therefore, the hoof conformation invesggdain the current
study might be more obvious in younger horses, whie actively in training.

Data collected in this study might also have bedituénced by hidden orthopaedic
ailments, of which the prevalence might be higheslder horses than in young ones.
The horses used in the setup were not used to beodyand were not trimmed regularly.
Therefore, it might have taken these horses lortgemet used to the keg and
Equilibrium® shoes than the three days the researchers had fime

Taking the reasons mentioned above into consideratising younger horses which are
being trained and/ or raced at the moment of daitaation would be more representative
of the Thoroughbred population and the Thoroughbieaf conformation.

To determine the hoof angle of the horses being usé¢he current study a hoof- angle
measurement device can be used. Because the dine study was to determine the
loading pattern in Thoroughbreds, which are premisd to a long toe- low heel
conformation (Kaneet al, 1998; Balchet al, 2001), hoof angle- measurements are only
aimed at confirming the aforementioned hoof confation. Thus, taking latero- medial
radiographs of the front feet, which is deemedgblelen standard, does not appear to be
necessary in the current setup. By using a Dallno&f gauge, the long toe- low heel
conformation can be identified. The horses shotdddssquarely on a flat ground surface
during collection of these data, and all measuresngimould be taken by one experienced
person. (Molemeet al.,2005)

In the current study the assumption has been ntatehbrses trotted by hand tend to
spontaneously repeat their trotting speed. Thus, ttiotting velocity during data
collection has not been registered. (Galisteal, 1998) However, as the magnitude of
the ground reaction force depends on the weighhefhorse and the trotting velocity,
and the weight does not vary between measuremt#msdifferences in peak- GRF
between measurements in one horse seem to be dayigled horse trotting at different
velocities.

In previous studies the velocity has been calcdlageng an infrared system. (Hetlal,
2004) This system consists of two infrared gatesqd at the beginning and end of the
track, which is six meters in length if the two erepressure plate is being used. Thus,
time measurement is initiated by the horse trotfiagt the infrared gate at the beginning
of the track and ended by the horse crossing tleeabthe end of the track. By dividing
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the length of the track, six meters, by the timgistered during each measurement the
trotting velocity can be calculated.

The benefit of using the infrared system is thatjr) data collection, one can asses if
the trotting velocity of a horse is constant betwdeferent measurements.

In order to acquire more accurate results thanoties that have been collected in the
current study, further research is needed. Redapitg the above, it would be advisable
to use a calibrated one meter pressure plate tairacgnore accurate data; young
Thoroughbreds which are still in race- trainingdiotain a more representative study
group; a Dallmer hoof gauge to measure the hooleaoiythe front feet to identify the
conformation investigated; and the infrared systeroalculate the trotting velocities of
the horses.
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