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Abstract

The development of standardised two dimensional motion analysis techniques to obtain
baseline measures would provide the equine industry with a consistent method for
analysing equine conformation and gait. The use of these methods to define breed
specific conformation and gait could be utilised by the industry for conformation and
gait assessment. This study focussed on validating and standardising such methods to
define normal conformation and gait for the Arabian horse. Validation involved
comparing the accuracy of two 2D motion analysis software programmes; Quintic® and
HU-M-AN™, Static and dynamic linear and angular validation was performed by
comparing known values to values calculated by the software programmes. Higher
variation was established for Quintic® measurements; the margin of error was up to
20mm for static measurements and 3.36° for angular measurements. When using
Quintic®, angles of different size were measured with varying amounts of accuracy;
these differences were significant (P<0.001). The pattern of these differences was
similar to a sine wave. It was concluded that Quintic® was not compatible with a normal
video camera recording at a 4.3 aspect ratio which may have related to calibration or
angle measurement algorithms. HU-M-AN™ was used for all further analysts due to the
smaller margin of error established duning validation. Intra-horse variation in
conformation and stride charactenstics (stride length and ROM) were measured in a
group of three horses over five consecutive days. Stnde length was consistently longer
on day one than subsequent days for all horses (P<0.001), and positively correlated to
velocity. Vanation in stride length between days vaned for each horse; some horses had
more stable gait characteristics than others. Little variation was established for ROM
data between days; few joints demonstrated ROM that was significantly different
between days for individual horses. Providing stance of the horse, marker placement
and velocity are closely regulated, baseline data can be obtained on one occasion. The
standardised method previously validated was used to define normal gait for Arabian
horses. Conformation and stride characteristics were assessed for a group of six
purebred Arabian horses (mean age 27+10.56 months). There was no significant
difference in ROM between any of the horses measured (P>0.05); the horses had breed-
specific gait patterns which allowed normal gait to be defined for a distinct breed. A
database of normal gait for the Arabian horse was created for use by Arab horse owners
or breeders in the UK.
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Chapter One: Literature Review

1.0 Introduction

The development of standardised two dimensional motion analysis techniques would
provide the equine industry with a consistent method for analysing equine conformation
and gait, which according to Colborme (2004) would enable equine practitioners to
quickly and simply obtain valuable biomechanical information. Currently there is a
paucity of information about the validity of such systems; research into equine
locomotion is often performed in laboratory conditions using three-dimensional
methods (Barrey, 1999). These systems have previously been established as accurate
and are recognised as the “gold standard” for gait analysis (Nankervis et al., 2009).
Accurate two dimensional methods of analysing equine gait “in-field” would be more
beneficial to the equine industry, as they would be accessible to equine practitioners,
including breed societies. Normal conformation and gait would have to be defined and
this information used in conjunction with standardised methods in order for these
systems to be utilised practically by the industry. This study focussed on validating and
standardising the methods in order to define normal conformation and gait for the

Arabian horse.

The offtcial breed society for the Arabian horse in the United Kingdom is the Arab
Horse Society. One of the aims of the Arab Horse Society is to ensure that good quality
animals remain within the breeding population, by promoting the breeding of these
animals through a Premium Scheme. Horses registered with the scheme must be
graded; this involves an evaluation of conformation and gait quality, and is currently
performed by judges. This grading is subjective, as the horses are scored in relation to a
perceived ideal. There is no quantitative data available on what constitutes normal
conformation or gait characteristics, for horses to be graded against. Defining normal
conformation and gait for Arabian horses (using a quantitative method such as two
dimensional motion analysis) would facilitate the creation of a database to aid the Arab

Horse Society 1n its grading and selection process.

Assessment of conformation is also an important factor to consider when defining
normal gait. Conformational studies frequently focus on Thoroughbreds (Anderson,
2004; Anderson et al., 2004; Mawdsley ez al., 1996; Weller et al., 2006a; Weller et al ,
2006b) and Warmbioods (Back ef al., 1996; Holmstrom ef al., 1990; Magnusson, 1985)

as these sports horse breeds are more commonly used in competition. These studies
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attempt to link conformation to performance or soundness rather than defining what
normal conformational traits are specific to that breed. The studies that have focused on
Arab conformation (Gharahveysi ef al., 2008; Sadek er al., 2006) attempt to define
normal Arab conformation, and use body measurements as an objective method to
measure conformation. These studies are a start in the implementation of databases of

normal conformation for Arabian horses; however gait has yet to be included.

1.1 Evaluating conformation

Equine conformation refers to the shape of the horse; the lengths of bone segments,
angles of joints and deviations of segments from the vertical or horizontal (Weller et al.,
2006b). Quantitative measurements of these bone segments and joint angles will not
change with training. Conformation therefore provides the foundation of how the horse
moves, and ultimately limits performance and the probability of the horse remaining
sound throughout 1ts competitive career. Evaluation of conformation is an essential

factor in any selection process.

The evaluation of conformation is assessed from the extemal appearance of the horse
(Weller et al., 2006b). Traditionally in the equine industry conformation 1s subjectively
assessed, evaluating the conformation of a horse in relation to a perceived ideal. This
subjective evaluation is dependent on the opinion and experience of the individual
performing the evaluation, and has been described as an “individual feeling” (Mawdsley
et al., 1996) for the overall appearance of the horse that seems to be more of an art than
a science (Rossdale and Butterfield, 2006}. It is possible the lack of objectivity in this
method of assessment will lead to poor consistency between conformation scores from
different assessors. It is still the most commonly used method of evaluating
conformation in the equine industry in the UK and is the method currently utilised by

the Arab Horse Society.

Evaluation techniques need to be standardised in order to provide breeders with reliable
and useable information. This can be done by using an objective and repeatable method
for assessing conformation. Attempts have been made to quantify the evaluation of
conformation using linear scoring systems. A linear scoring system was introduced in
the bovine industry by the American Holstein Cattle Association in the 1970s, called the

Linear Assessment Trait Evaluation Programme (Mawdsley ef al., 1996). This method
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aimed to score specific conformational traits on a scale between two biological
extremes, rather than defining good or poor conformation. This method has been
modified for use in the equine industry (Mawdsley et a/., 1996). Foot slope for
example, would be scored in relation to “upright” or “sloping” (Mawdsley et al., 1996).
This system quantified conformation by providing the animal with an overall

conformation score, supplying more accurate information to the breed society.

Linear scoring systems have been compared with traditional conformation scoring in
Irish Draught horses (Breen, 2009). A group of Irish Draught horses were assessed by a
panel of experienced Irish Draught or Irish Sports horse judges. The judges scored each
horse twice using the linear and traditional method. The strength of intra-judge
agreement for each horse was calculated for the traditional and linear methods using
intra-class correlation coefficients (ICCs). ICC values describe how closely correlated
conformation scores are for each individual judge. Consistency was poor for both
scoring methods. The ICC values for the traditional scoring method were low, ranging
from 0.020 to 0.243, with eight of the nine traits sconng below the (.20 cut off point.
The traits with the highest ICC values were “type” and “barrel and back”. The traits
with the lowest ICC values were “foreleg” and hind leg”. The linear scoring method
showed similar low consistency of scores between judges, with ICC values ranging
from 0.037 to 0.320. The traits with the highest ICC values were again, those relating to
the body of the horse; “barrel and back”, “scapula” and “type”, with traits of the distal

limb being significantly lower.

Traits that concemn scoring lengths and angles had the lowest ICC values. It could be
argued that it 1s difficult to accurately estimate lengths and angles by eye. This would
explain the low ICC values for traits that involved these types of assessments. Traits
that do not involve estimating lengths or angles, such as muscularity of the hindquarters
and muscularity of the neck showed higher ICC values, suggesting these traits are easier
to score accurately. Research has previously suggested that 1t is difficult to judge by
eye lengths and angles, leading to inaccuractes and inconsistencies in conformation

scores (Magnusson, 1985).

The low inter-judge consistency scores imply that the linear scoring method of
evaluating conformation is still affected by a degree of subjectivity. The linear method
does quantify conformation scores, however it is not a completely objective method of

assessing conformation as the horses still have to be scored by an individual. This

3
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means that the scores are subject to individual interpretation, decreasing the

reproducibility of the method.

Lack of experience of using the linear scoring method could contribute to the low
consistency between judges. The judges in study by Breen (2009) were experienced in
assessing conformation using the traditional method, rather than the linear scoring
method. Judges with more experience in using the linear scoring method might have
produced more consistent results. It has been suggested in previous studies that inter-
judge consistency would increase with experience and more detailed definitions of the
traits being scored (Magnusson, 1985). Standardisation of conformation assessment,
leading to a completely objective method would be expected to increase reproducibility
of conformation evaluation, making the information collected more beneficial to the
breed society. Information about how the conformational traits measured affect the
movement and consequently the performance of the horse will also provide beneficial

information to the Arab Horse Society.

1.1.1 Conformation and performance

Predicting performance using conformation 1s a long standing tradition in the equine
industry. Elite horses may not necessarily have “ideal” conformation (van Weeren and
Crevier-Denoix, 2006), therefore the traditional method of evaluating conformation will
not be entirely useful. Quantification of conformation, as well as investigating direct
links between particular traits and movement will provide essential information to
breeders. A reliable and repeatable method of evaluating conformation by measuring
traits will ultimately lead to a more in-depth understanding of how those traits affect

movement and subsequently performance.

The majonty of evidence supporting the relationship between conformation and
performance has been anecdotal until recently. Research has been conducted to
determine the effect different conformational traits have on movement, and how
conformation can be related to performance. Performance is not a quantifiable measure,
due to other parameters affecting overall performance (Weller er ai., 2006b), making
comparisons between conformation and performance difficult. Research has overcome
this by comparing conformation in elite and non-elite horses. Preliminary studies

showed that certain static measurements of conformation were either larger or smaller in

4
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better performing horses (van Weeren and Crevier-Denoix, 2006). This type of research
makes the assumption that all elite horses perform to a higher standard than non-elite
horses, whereas the non-elite horses may have the conformational potential to perform
but lack the opportunity (in terms of training or resources). These studies do however

show some interesting correlations between conformation and performance.

A long sloping femur; sloping scapula; long humerus and proximal phalanx length have
been linked to good performance in Swedish Warmblood horses (Holmstrom ef af,
1990). The mean inclination of the scapula in elite horses was 65.3° and 64.4° (for
dressage and show jumping respectively) compared to 66.3° for the non-elite horses. A
larger scapula inclination leads to a more sloping scapula, which is preferable as it
leads to a smoother more comfortable ride (Back ef al., 1996) and has also been linked
to a longer stride length (Weller e al., 2006b) which is desirable in most disciplines. It
has also been noted that a long radius, short third metacarpal and flat ilium are all

desirable traits for good movement (Holmstrom, 2000),

1.1.2 Conformation and soundness

Conformation evaluation is used to select horses with alow risk of developing lameness
(Back er al., 1996) as conformation can be a predisposing factor in the development of
musculoskeletal injuries. Studies have been conducted into correlations between
conformational measurements and soundness. An upright scapula (a larger inclination
of the scapula} has been linked to increased concussion of the distal limb in show
Jumpers (Back et g, 1996) and therefore an increased risk of developing lameness.
Upright proximal phalanxs have been correlated with a greater ROM of the
metacarpophalangeal joint (de Souza et al., 2004). Mean ROM in trot was 54.61° for
horses with normal forelimb conformation, compared with 60.72° for “camped under”
(upright proximal phalanxs) horses. Larger ROM of the metacarpophalangeal can put
more strain on the superficial flexor tendon or increased pressure on the navicular area
of the foot, leading to an increased chance of lameness (de Souza ef al, 2004). A small
tarsal joint angle has been correlated to increased flexion in this area, which in tum
minimises concussion on the joint. It could be argued therefore that a large tarsal angle
could lead to increased concussion on the hind limb and therefore predisposes for
lameness. A straight tarsus however has also been linked to a longer stride, increased
swing duration and range of motion within the joint, all of which are desirable in most
5



Literature Review

disciplines (Back et al., 1996). These studies confirm there is no “ideal” conformation
for horses to be rated against in traditional evaluation methods. Traits have both
negative and positive effects on performance and soundness. It is essential therefore to
quantify how conformation 1s measured and also to quantify how these measures affect
equine locomotion. One method of doing this would be to use two dimensional motion
analysis techniques, such as using videography combined with a software package that

will measure static conformational traits and dynamic movement,

1.2 Evaluating gait

Evaluation of equine locomotion has two main purposes; to assess gait quality and to
identify gait irregularities. Gait quality 1s traditionally subjectively assessed, in much
the same way as conformation with gait being scored in relation to an “ideal”. This
subjective evaluation relies on the experience or opinion of the judge doing the scoring.
It is also limited by the innate restrictions of the human eye in its ability to detect subtle
differences between individual horses or to register fast movement (Holmstrom et al.,
1990). Currently, identification of irregularities of equine gait uses linear scoring to
attempt to standardise the method as well as making it more objective (Back et al.,
2007). The linear scale used to determine the degree of lameness is a scale from 0-10
(Fuller et al., 2006) and is generic throughout the equine industry in the UK. Clinical
experience has been shown to have a significant effect on ability to identify gait
abnormalities accurately and the reliability of subjective assessments is poor when the
lameness 1s mild (Keegan, 2007). Research has also shown that while intra-assessor
consistency for detecting lameness is good (repeatability); inter-assessor consistency is
poor (reproducibility) for horses ranging from 0 (sound) to 10 {non-weight bearing) by
three veterinary surgeons (Fuller e al., 2006). Gait analysis systems could be used to
objectively evaluate gait, and also provide quantitative data that could be used for direct

COmpAarnsons.

1.2.1 Gait analysis technigues

One method of quantifying conformation and gait is to use motion analysis techniques.

These techniques have been used in research to evaluate lameness and the subsequent

effect of treatment (Back er al., 1993b); analyse performance (Leleu er al., 2005, Deuel
6
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and Park, 1990) and determine the predictive qualities of gait (Cano ef a/., 1999, Cano
etal 2001b, Back ef al , 1995a).

Some gait analysis systems consist of expensive and complicated equipment designed
specifically for laboratory environments. Data recorded from these systems may be
accurate however it is hard to extrapolate data recorded in a laboratory environment to
“real life” situations. There is a need to develop usable tools for objectively analysing
gait, and to prove they can provide reliable and accurate information to practitioners

quickly and inexpensively {Colborne, 2004).

Currently, the most popular technique for “in field” motion analysis is videography in
conjunction with two-dimensional (2D) motion analysis software. The method involves
attaching markers to anatomical landmarks on the horse, and filming the horse in
motion. The videos are downloaded and analysed using motion analysis software such
as Equinalysis®, Quintic® or HU-M-AN™. The video cameras used are portable and
can be taken to the site of the horse. The markers used are circular or sphencal and can
be attached to specific points on the body of the horse depending what is to be
measured. The markers can be tracked manually or semi-automatically to determine the
marker co-ordinates in space and time (Barrey, 1999). The video clips are analysed
frame by frame, so (depending on the speed of the video camera used) the stride can be
analysed in more detail than the capabilities of the human eye. Information such as
stride length; duration; frequency of the minimum and maximum flexion and extension
of the joints being measured, can be extrapolated from the video clips, as well as linear

and angular measurements of static conformation.

1.3. Two-dimensional motion analysis
1.3.1 Marker placement

The munimum number of markers needed to measure a specific joint is three
(Schamhardt er al, 1993) although more can be used (two markers on each limb
segment). Most two dimensional motion analysis techniques require markers to be
placed over the approximate centre of rotation of the joints being measured (Clayton
and Schamhardt, 2001) however some studies have placed markers at the proximal and
distal ends of limb segments {Galisteo ef a/., 1996). It is hard to estimate the
approximate centre of rotation of joints using palpation, which leads to potential errors
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in accurately calculating joint range of motion. Proximal and distal ends of limb
segments are easier to palpate, therefore placement of markers 1s more accurate. This
does not necessarily lead to more accurate data being recorded. Using two markers on
each limb segment allows for the calculation of the joint angle as it changes, however if
the markers are not aligned with the bone axes the joint angles calculated will be offset
(Schamhardt et a/., 1993). Providing the marker posttion is known in respect to the joint
segments or angles being measured; and the horse is standing square, the exact marker
set being used has little influence on the accuracy of the data obtained (Schambhardt er
al., 1993). It could be argued that a simple marker set will produce more reliable data
when repeated measures are being taken due to ease of application. It should also be
noted that a simple and easy to apply marker set is essential in the development of a

standardised method of gait analysis if it is to be utilised by the equine industry.

1.3.2 Soft tissue artefact

The purpose of using anatomical markers is to identify specific points of the skeleton on
the surface of the skin, by palpating the muscle and underlying tissue to feel the relevant
bony segments undemeath. Soft tissue artefact (STA) relates to the movement of the
anatomical markers placed on the skin, in relation to the underlying bone. It is one of
the main sources of error when it comes to motion analysis techniques that use
anatomical skin markers (Leardini et a/., 2005). The amount of STA is dependent on the
position of the markers; some joints will display more STA than others due to the
amount of underlying tissue or the way the joint moves. STA is a contributing factor to
distortion or “noise” that is visible when it comes to analysing the movement that has
been recorded. The nature of the STA is often similar to the actual movement of the

horse, therefore it is difficult to distingwish between the two (Schamhardt e a/., 1993).

Soft tissue artefact on the human carpus has been reported as up to 21mm distally and
23mm posteriorally (Leardini et al., 2005); up to 10mm on the human tibia (Leardini et
al., 2005). Equine studies have shown similar results, with the distal limb having
smaller deviations than more proximal locations. Measurements of 8mm were found for
the metacarpus compared to 142mm for the greater trochanter (van Weeren et al.,
1990a). These results are supported by further research (van Weeren er al.,, 1990b)
where deviations of 10 to 40mm were found for the scapula and 130mm to 170mm for
the greater trochanter. This difference could be accounted for by the difference in the
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amount of skin and underlying tissue in these areas. The distal limb has no underlying
muscle or adipose tissues (the distal limb contains only tendons and ligaments under the
skin} whereas more proximal locations, such as the femorotibial joint, have greater
amounts of tissue, including muscle and adipose tissue. STA can be corrected for using
different techniques. Van Weeren ar al. (1990ab) attempted to quantify the amount of
skin displacement caused by STA for different joints. The quantification of skin
displacement means that algorithms can be utilised to correct for errors caused by STA.
Schamhardt er al. (1993) suggested another method to overcome STA would be use to
choose anatomical sites to place markers where skin movement 1s negligible, therefore
not an issue. This is not an accurate or practical method of correcting for skin
displacement; it may be practical for distal imb markers where there is little STA, but
not for proximal markers. Some distortions from STA can be minimised using data
smoothing and filtering techniques applied after data is downloaded and digitised. This

is a quick and simple method therefore appropriate to be used in this study.

1.3.3 Repeated measures

Baseline measurements of stride charactenstics are obtained using repeated
measurements for each horse. Number of repeats recorded for each horse varies from
three (Drevemo ef al., 1980a) to twelve (Clayton ef al., 2002). Degueurce ef al. (1997)
used five repeats to measure stride characteristics to ensure precision when investigating
vanability of limb joint pattems. A study by Cano ef al. (1999) recorded a high number
of repeats for each horse, and then randomly selected five to analyse further. Research
by Drevemo et al. (1980a) recorded eight successive strides per horse and found very
little variance in individual horses. Based on these results it was estimated that three to
five stndes would be a sufficient number to record in order to determine baseline gait

characteristics for individual horses.

Further research (Drevemo et al, 1980b) recorded the same group of horses
immediately after the first recording, to test the reproducibility of equine gait on more
than one occasion. The overall means and standard deviations were very similar on both
occasions, however there were some small varations within individual horses.
Additional research (Degueurce ef al., 1997, Sloet van Oldruitenborgh-Qosterbaan et
al., 1996, van Weeren ef al., 1993, Back er al., 1994b, Leleu er al., 2004) has shown
similar results. Minor variations could be due to instrumental errors or soft tissue
9
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artefact, such as skin displacement (Chiari ef al., 2005; Leardini ef al., 2005), but results
suggest that horses have stable locomotion pattems, which would allow normal gait to

be quantified.

1.4 Variation in equine gait

Small intra-horse variation in gait is destrable as it means that baseline measures can be
obtained on a single occasion. Intra-horse variation in range of motion of specific joints
changes depending on what joint is being measured, as different joints move in different
ways. In French Saddle horses, vaniability of joint angles was shown to differ depending
which joint was being measured (Degueurce ef al., 1997). The coxofemoral joint ROM
had the lowest variability of 1°, the joints with the largest variability were the fore and
hind metacarpophalangeal and distal interphalangeal joints. The variability of these
Joints ranged from 3.2° to 3.5". The low intra-horse variability confirms other studies
that have concluded individual horses have stable locomotion pattems that are repeated
for each stride (Degueurce ef al., 1997, van Weeren et al., 1993, Back ef al 1994a).
The intra-horse variability was greater for joints of the distal limb, rather than the
proximal. Inter-horse vanability (IEV) was greater than intra-horse variability. The
inter-horse  variability ranged from 09° (coxofemoral) to 6.3° (fore distal
interphalangeal). There was greater variability in the distal joints compared to the
proximal joints. Galisteo et al. (1996) investigated the variability of angular joint
parameters in Andalusian horses. Intra and inter-individual variability were recorded.
The results indicate low variability in most of the joints measured (less than 10%),
however some joints showed a significantly higher variance. The intra-individual
variation in the scapulohumeral joint was 24.9%, and the inter-individual variation was
33.1%. The high vanation between repeats of the same horse, as well as between
different horses coutd be due to the way the scapulohumeral joint moves, or limitations
of the method for example soft tissue artefact. The scapula has a higher degree of
muscle or fat mass than bone segments in the distal limb (Holmstrom et al., 1990),
leading to increased soft tissue artefact (more movement of the skin and underlying
tissues over the bone). This could lead to an increased intra and inter-horse vanability in
the range of motion for the scapulohumeral joint.

A study by Drevemo e al. (1980a) analysed linear and temporal stride characteristics in
30 Standardbred trotters. Intra-individual variation within horses was considerably

smaller than inter-individual variation between horses. Intra-horse variation for stride
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length ranged from 8. 5cm to 10.8cm compared to 31.4cm to 32.1cm for the inter-horse
variation. Similar results were found for stride duration, with intra-horse variation
ranging from 7.2 mulliseconds to 9.3 mulliseconds, and inter-horse vanation ranging
from 23.3 milliseconds to 23.8 mulliseconds. The inter-horse variation was larger than
the intra-horse variation, which 1s to be expected as no two horses will display the same
stride charactenstics. The differences were surprisingly large however, considering the
horses used were all the same breed (Standardbred trotters). This suggests that
conformation could be a contnbuting factor to the inter-horse differences. It could be
possible that horses of the same breed vary considerably in conformation, therefore an

assessment of conformation should be included in any study into equine gait.

Drevemo et al. (1980b) published further work into the short and long term repeatability
of equine stnde characteristics. The same group of horses from the first study (Drevemo
et al., 1980a) were recorded again immediately after the first recording, then again four
years later. The most constant stride parameters were stride iength with a mean standard
deviation of 11.4cm on the first recording and 9.7cm on the second; swing (7.0msecs
compared to 7.3msecs); step (5.4msecs compared to 6.2msecs) and suspension duration
(7.3msecs compared to 6.8msecs). These results show that the short term reproducibility
of equine gait i1s good due to the stability of stride parameters. The long term study
indicated that the horses changed locomotion patterns between the two recordings (three
years later). The largest change was seen in stride duration, increasing from a mean of
460.6 milliseconds to 487.3 milliseconds. The swing phase also increased significantly
(from a mean of 352.3 milliseconds to 375.2 milliseconds), which could be the cause of
the increased stride duration. The decrease in long term reproducibility in equine gait

could be accounted for by age or training effects.
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1.5 Breed

Equine breeds exhibit distinct charactenistics, developed through selective breeding
performed over a number of generations {Galisteo ef af., 1997). There i1s a huge amount
of vanation between equine breeds, with horses being selected for different attnibutes
such as strength, speed or beauty (Cano ef al., 2001b). Conformation has a direct effect
on the locomotion of the horse (Holmstrom et al., 1990) and is inherently different
between breeds. It could be argued therefore that horses will exhibit breed-specific
patterns of locomotion. Few studies have focussed on exactly what these specific
patterns are related to different breeds, as most studies into locomotion and breed are
comparative, and sometimes contradictory (Cano ef al, 2001b, Galisteo et al., 1997,
Galisteo et al., 2001b). One study established Arabian horses had significantly larger
scapulohumeral range of motion (ROM) in walk compared to Andalusian horses; but
smaller than Anglo-Arab horses (Galisteo et al., 2001b). The Arabian horses had a
mean ROM of 17.6+3.4° compared to 15.7+2.5° and 19.0+4.3° for the Anglo-Arabians
and Andalusians respectively. A study by Cano er al. (2001b) contradicts these results
(table 1.0);, Arabians had the largest mean scapulohumeral ROM (25.3°) compared to
Anglo ~Arab (16.8°) and Andalusian (22.3°). The horses in this study were recorded in
trot, compared to the horses in the previous study (Galisteo er al., 2001b) that were
recorded in walk, The difference in gait could account for the difference in ROM. Both
studies established significant differences between breeds for all joints measures;
highlighting the possibility of defining breed-specific gait patterns. The Arabian horses
measured by Cano ef al. (2001b) had a significantly shorter stride length in trot;
demonstrated in table 1.0 (page 13). The standard deviation of the mean Arabian stride
length was the largest out of the three, suggesting Arab horses have more variable gait.
Varnability in gait of Arab horses could present some difficulties for the present study

when attempting to define normal gait for the breed.
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Table 1.0: Stride length (in trot) and range of motion reported for various breeds (adapted from Galisteo
et al., 1997, Cano et al., 2001b).

Trait/Breed Arab Anglo-Arab Andalusian Dutch Warmblood
Stride length {m) 26 2.6 2.7 31
Velocity (m/s) 48 3.7 3.9 4.0
Scapulohumeral ROM (%) 25.3 16.8 223 19.3
Humeroradial ROM{*) 58.4 60.1 67.1 578
Carpus ROM(") 83.2 95.2 108.0 98.5
Metacarpophalangeal 85.3 88.2 103.0 826
ROM(™
Coxofemoral ROM(™) 295 248 296 N/A
Tarsus ROM(®) 58.8 61.3 69.0 N/A
Metatarsophalangeal 99.1 102.6 122.5 N/A
ROM(")

1.6 Age

Selection of horses for breeding and performance is often performed at a young age,
therefore it is important to ascertain how locomotion develops as the horse grows.
Consequently there have been a range of studies investigating how locomotion changes
with age (Cano et al., 2001a, Back er al., 1993a, Back ef a/., 1994a, Cano ef al., 1999,
Back ef al., 1995a), providing some contradictory results. The studies by Cano ef al.
(2001a) and Cano et al. (1999) indicate that horses do not have inherent locomotion
pattems from birth, they change and evolve with age. These studies measured stride
characteristics of young and mature Andalusian horses using two dimensional motion
analysis techniques. The greatest amount of modification to locomotion was found to be
between 12 and 24 months, with some changes still occurring up to 36 months (Cano et
al., 2001a). Other studies, such as those by Back et al. (1994a; 1993a) indicate that
horses’ locomotion stabilises at a much younger age (four months) as no differences
were found in temporal and angular charactenstics in Dutch Warmblood horses aged
four to 26 months. The studies by Cano er al. (1999; 2001a) recorded the horses being
led in-hand on a track, whereas the studies by Back e al. (1993a; 1994a) recorded the
horses on a treadmill. It has been reported that treadmill stnde characteristics differ
from those over ground (Barrey er al, 1993; Buchner et al, 1994). Higher stride
frequency and longer stnide length, (Barrey ef al., 1993) as well as an increase in stance
duration (Buchner er al., 1994) were established in horses trotting on a treadmill

compared to over ground. The differences between gait using these two methods of data
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collection makes it difficult to formulate direct comparisons between gait analysed in

the Cano et al. and Back er al. studies.

1.7 Velocity

The quantification of equine gait requires stable locomotion patterns, with little intra-
horse vanation. Low intra-horse variation means that baseline data can easily be
obtained, therefore when collecting baseline locomotion data consideration of factors
affecting variability of gait must be considered. Velocity is one factor that can affect
locomotion patterns in horses. At faster velocities longer distances are covered in a
shorter space of time; stnde length increases and stnde duration decreases (Clayton er
al., 2002). A change in velocity has been shown to have a significant effect on stride
characteristics in foals (Back ef al., 1993b). As velocity increased, stance phase duration
decreased and flexion of the humeroradial, metacarpophalangeal and carpal joints
increased. The data in this study was collected using a treadmill, which has been shown
to have significant effects on equine locomotion (Sloet van Oldruitenborgh-Oosterbaan
and Clayton, 1999). Over ground, horses will select a speed at which they are most
comfortable (Peham et al,, 1998). This optimum speed has also been shown to be the
speed at which there is the least vanation between cycles of successive strides (Peham
et al, 1998). In this study, the smallest standard deviation between successive strides
was found when horses were travelling at their optimum speed on a treadmill, and as the
speed of the treadmill altered so did intra-horse variation between strides (with standard
deviations ranging from 0.6cm to 5.8cm for one horse studied). The study also showed
that each horse had different optimum speeds, ranging from 3.7 to 6.9m/s. Evidently
velocity does have a significant effect on the vanability of equine gait, efforts should be

made when measuring vanability to ensure all horses travel at similar speeds.

1.8 Validation

When using videography combined with motion analysis software as a method of

equine gait analysis, the size of the horse can present some difficulty due to the

ampiitude of movement (Degueurce ef al.,, 1996). A large subject, such as a horse

requires a large field of view in order to capture the full range of movement. Equine

stride length can range from 2.63m to 3.07m at trot (see table 1.0, page 12). Human

stride length has been reported as on average 1.4m (White and Lage, 1993; Dubost ef
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al., 2008). The video camera must be situated further from the subject than human
motion analysis studies. It is essential that the motion analysis techniques used are still
accurate and reliable at this distance to ensure they are a valuable tool for the equine
industry to use. In order to validate the accuracy of the software, standard reference
lengths or angles can be used (true values), accuracy is determined by the amount of
conformity between the true and measured values. Defining the limits of the system’s
accuracy will enable effective and accurate interpretations of the results (Deluzio et al.,
1993; Wilson et al., 1999).

Results of validation studies reported on one system will not generalise to other
systems, therefore the accuracy of each system requires definition (Klein, 1995). Results
of validation on some commercially available systems can be seen in table 1.1 (page
19). The majority of validation studies so far determine the accuracy of three-
dimensional motion analysis techniques, there appears to be very little validation
research using two-dimenstonal equivalents or the specific software programmes used
in this research (Quintic® and HU-M-AN™)_ There is currently no published research
into the validation of Quintic® or HU-M-AN™ in the use of measuring static and
dynamic values or the tracking of movement in horses. There has been research into the
reliability of Quintic® to measure tibial rotation in humans (Lovett, 2006). This study
used Quintic® in conjunction with a tibial pointer device to measure the amount of
rotation. The intra-class correlation coefficients (ICC) were calculated from two
separate digitisations of the same ten subjects. The ICC values were >0.7 in 70% of the
subjects, indicating a good reliability. This study used two measurement techniques
(Quintic® and the tibial pointer device) therefore it is hard to distinguish the reliability
of Quintic® alone from this study. HU-M-AN™ has been used in previous research to
validate the temporal accuracy of digital video-based motion capture systems (Teeple et
al., 2009). This study did not test the accuracy of the software alone, but the accuracy of
different camera systems (HU-M-AN™ was used to digitise the videos). The study
revealed that differences (up to 5% for angular position and up to 15% for angular
velocity) for different camera systems were caused by the method of compression used

{to download the video clips onto the computer), rather than the software.
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1.8. 1 Static linear validation

Static linear accuracy is applicable when analysing equine conformation; the assessment
of linear conformation traits involves the measurement of varying static lengths
(measuring the distance between two points on limb segments). Linear validation is
normally calculated using inter-marker distance measurements (Chiari ef al., 2005).
This is done by placing makers a set distance apart and comparing this true value to the
value measured by the software. It is a basic requirement of all motion analysis systems
yet despite this, very few studies have validated static linear measurements when
calculating the accuracy of motion analysis software. The majority of studies into linear
validation are regarding dynamic rather than static measurements. Two studies that
measured static linear accuracy were Klein and De Haven (1995) and Thomton ef al.,
(1998). The two motion analysis software packages (Ariel and Kinemetrix 3-D) were
considered accurate with a mean error of 500£1.3mm (Klein and De Haven, 1995), and
80+0.1mm (Thomton et al. 1998). The studies only tested one length respectively
(500mm and 80mm), rather than a range of lengths. It is possible that different lengths
could be measured to varying degrees of accuracy, therefore a range of different lengths

should be tested.

1.8.2 Static angular validation

Angular validation involves comparing true values to measured values (as with linear
validation). True angles are frequently taken from recording a goniometer; an
established tool to objectively measure individual joint movement in human patients
(Edgar et al., 2009) and in assessments of static conformation in horses, prior to the use
of photography or videography (Magnusson, 1985). Scholtz (1989) validated a motion
analysis software programme called WATSMART (Waterloo Spatial Motion Analysis
Recording Technique) using a goniometer. The goniometer had infrared light emitting
diodes attached to the axis and arms. Scholtz recorded the goniometer at 12 angles,
varying by 5°, from 45° to 100°, using a video camera, 10 times for each angle. The
vanation for each angle was less than 0.5° (P<0.05), however it was noted that if the
goniometer rotated out of plane the reliability and accuracy decreased. The software
will recognise the pixels comprising the marker and automatically calculate the centre
point. This automatic identification will be limited if distortions occur (if the camera or
marker 1s rotated out of plane). These inaccuracies due to out of plane rotations were
16
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also noted by Wilson ef al. (1999). Further research by Kiein and De Haven (1995) used
a similar method to calculate angular accuracy of the Ariel Performance Analysis
Systemn. The goniometer was manually positioned at each angle (from 10° to 180° in 10°
increments) and recorded using a video camera. This process was repeated ten times.
The average deviation was <0.03° (more accurate than WATSMART), and considered
to be within the normal error range and the software was deemed reliable at accurately
measuring static angles. Angular consistency was measured using the same process as
above but moving the goniometer through the field of view. Accuracy was consistent
for angles <120° however angles >120° there was increased variability between the
goniometer reading and the value shown using the software. The decrease in accuracy
for angles >120° is supported by further research by Linden (1992). This study used a
similar method (a goniometer with markers attached) and motion analysis software
(Motion Analysis™). The mean differences were smaller for angles <90° (0.5°)
compared to the mean differences for angles >90° (1°). The system demonstrated the
greatest error in calculating the 180° angle (between 1.5° and 2.4°). The system was less
accurate at calculating angles greater than 180°. The author suggests this could be due to
the algorithm the software uses to calculate the angles. The algorithm uses the cosine
rule to calculate the angle, and as the cosine approaches one, the software appears to be
limited when the opposite side becomes very small (Linden ef a/., 1992). None of these
studies validated angles >180°. When assessing equine conformation, some joints can
have angular values of over 180° for tarsal, proximal phalanx and carpus angles
(Anderson and Mcllwraith, 2004), therefore it 1s important that validation of the

software reflects these types of measurements.

1.8.3 Dynamic validation

Calculating the accuracy of dynamic measurements commonly uses a device of known
value (length) moving throughout a calibrated field of view. Linden ez al. (1992) used
two spherical markers attached to each end of a rigid wooden bar (178.5mm apart). The
wooden bar was moved randomly within the field of view, and recorded using a video
camera. The system calculated the distance between the markers from 174.1mm to
177.6 mm, giving an error value of between 0.9 mm and 4.4mm. This method was
repeated by Degueurce ef al. (1996) to evaluate the use of a three dimensional opto-

electronic system for capturing movement. The absolute and calculated distances were
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tested for variance, and showed no significant differences (P<0.05), with a mean error

of less than 5Smm for a reference length of 60.9cm.

Dynamic validation has also been performed using a pendulum test (Wilson ef al., 1997,
Chiari et al., 2005), although this is not as widely used. Markers were attached to either
end of a wooden bar, which was then oscillated. The linear distance was calculated for
the distance between the markers as the pendulum was in motion. The swing phase of
the equine distal limb is likened to an inverted pendulum (Back er al., 1993) as has the
human athlete (Chian er al.,, 2005), therefore 1t would seem appropriate to use a
pendulum to test the accuracy of motion analysis software that will be used for equine
locomotion analysis. This simple test could be developed to enable the accuracy of

linear and angular measurements, as well as velocity to be calculated.

A common method of validating dynamic accuracy of motion analysis systems is to
compare the system being tested to a “gold standard” system-one that has already been
validated as accurate and is widely used in research. One such system is the Qualisys
Oqus motion capture system. This is an optoelectronic system that uses both active and
passive markers to track moving objects. This system is accurate to within 1mm, and a
similar system (ProReflex) has been used in previous studies as the standard with which

to compare other systems to {Nankervis et al., 2009).

The study by Chian et al. (2005} also reported the results of validation tests of various
motion analysis systems that are commercially available. Accuracy was reported in a
typtcal gait analysis setting for marker distance estimates. The standard error and
standard deviation ranged from 0.!mm (standard deviation 0.53mm) to 5.3mm
(standard deviation 4.2mm). For most of the systems tested, the standard error was
greater than 1mm. There was vanation in errors reported for each system, which shows

the importance of testing the accuracy of each motion analysis system prior to use.
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Table 1.1: Results of validation tests performed on various commercially available systems (adapted from

Wilson ef al., 1999; Chiari et al., 2005).

Author (s) Software Type of True value (s) Margin of
validation error
Inter-marker
distance value
Kleinand De 1€l Static linear O 20°M 1 3mm
H (1995 Performance and ular Goniometer
aven ) Analysis System ang values from <0.03°
10° to 180° in
10° increments
inter-marker
Thomton et al. . - - distance value
(1998) Kinemetrix 3-1>  Static linear of 80mm 0.imm
WATSMART
(Waterloo Goniometer
Spatial Motion Static values from o
Scholz (1939) Analysis angular 4510 100" in 0.3
Recording 5% increments
Technique)
Goniometer
Linden et al. Motion Analysis  Static values from <0.4°
(1992) System angular 20°10 180" in ’
10° increments
. 12 angles at
Wilson et al. ‘;‘“el Dynamic four initial .
erformance 0.183
(1997 Analysis System (angular) angular
positions
Degueurce ef - Dynamic Inter-marker
al. (1996) 3D Vision (linear) distance value <5mm
' of 60.9cm
Linden e al. Motion Analvsis Dynamic :ll?tz-mar\zccir 44
(1992) i y (linear) istance value Amm

of 178.5cm

The provision of accurate quantitative data on normal conformation and stride
characteristics of Arabian horses, creating a unique baseline dataset would provide the
Arab Horse Society as well as Arab horse owners and breeders with interesting and
useful information. Accurate data cannot be obtained without a valid and standardised
method of data collecting. This research will form three separate but inter-linked
studies. Firstly, a comparison of two commercially available two-dimensional software

programmes will be undertaken to establish the accuracy and suitability of the
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programmes for use with equine gait analysis. Secondly, variability in equine gait wall
be measured to standardise how “normal” (baseline) gait characteristics are measured
using two-dimensional motion analysis techniques. These two studies will form the
basis of the final section of this research; to establish normal conformation and gait in a

group of purebred Arabian horses.

20



PARTI

Validation and comparison of Quintic® and HU-M-AN™ for use in two-dimensional

motion analysis.



Chapter Two: Aims and Objectives

2.0 Aim

The aim of this part of the study was to validate and compare the accuracy of Quintic®
and HU-M-AN™ as two-dimensional motion analysis software packages, for static
linear and angular measurements and dynamic linear and angular measurements and

velocity.

2.1 Objectives

i) Record a metre ruler and measure different distances with both software

packages. Compare the measured values to the known values (and to each other).

1) Record a goniometer and measure different angles with both software

packages. Compare the measured values to the known values (and to each other).

i1} Record dynamic length, angle (and velocity) using a pendulum to measure
length of arc, change in angle and velocity with both software packages. Compare these
values to measurements taken with a previously validated “gold standard™ system
(Oqus).

2.2 Hypothesis

1) There will be a significant difference between the known linear distances and

the measured linear distance with both software packages.

ii) There will be a significant difference between the known angle and the

measured angle with both software packages.

iii) There will be a significant difference between the standard values for

dynamic distance, angle or velocity with both software packages.
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Chapter Three: Methodology

3.0 Instrumentation

Manual digitising of the video clips used Quintic® Biomechanics 9.03 v14 and HU-M-
AN™ (2D) v6.0. In addition to this, hardware used included a Sony DV-tape digital
video camera (HDR-FX1000) recording at 50 hertz (25 frames per second, two fields
per frame), and a Fujitsu Siemens laptop for downloading the video clips. A purpose
built wooden cube (50cmx50cm) was used to provide a reference length and ratio for
calibrating the video clips. The majonty of validation tests use a standardised
measurement technique or a known value to compare the software against (Klein and
De Haven, 1995). The standards to be used in this study are a metre ruler (for static
linear measurements), goniometer (for static angular measurements) and a pendulum

(for dynamic measurements).

3.1 Data smoothing

The majonty of data obtained from motion analysis is low frequency (Chian er al.,
2005). This data is often smoothed to remove the high frequency noise associated with
data collected using two dimensional motion analysis techniques {Howarth and
Callaghan, 2009). HU-M-AN™ and Quintic® use a low pass, second order Butterworth
filter for data smoothing. This is an appropnate filter for analysis of low frequency data.
Cut off frequencies for the majonty of human movement data is between 4 and 8 Hertz
(Bartlett, 2007). There were only small amounts of distortion for the data for this
investigation (no noise from impact or STA) therefore a cut off frequency of 10 Hertz
was used. Data smoothing using this technique will remove any data above the cut off
frequency (removing high frequency data), therefore leaving the low frequency data that

represents the movement being measured, rather than the distortions.
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3.2 Linear accuracy

Static linear estimations tested the accuracy of the software to calculate linear distances
from a standard length. The method was developed from a similar method used by
Klein and De Haven (1995). The standard length used was a metre rule, clamped in a
retort stand. Circular markers (5Smm diameter) were attached to the meter rule at 10cm
intervals (giving ten known lengths from 10 to 100cm to calculate). The centre of the
marker was used to digitise. The linear estimations tested three positions of the metre
rule (figure 3.0) which was placed at different angles (against the vertical) i) 90 degrees
(horizontal) 11) O degrees (vertical) 111) 45 degrees (diagonal). A camera on a tripod was
positioned 4m away from the metre rule, and levelled using a spirit level. A calibration
cube (50x50cm) was used to ensure the camera was perpendicular to the equipment and
to calibrate the video clips. The calibration cube was recorded for three seconds, and
then removed from the field of view. The meter rule was recorded for three seconds,

three times for each position (in total nine clips were recorded).
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Figure 3.0: Test rig for estimation of linear accuracy: showing i} horizontal ii) vertical and iii) diagonal
orientations of the meter rule, Ten, Smm markers were placed at 10cm intervals on the metre rule (giving
ten known linear distances), which was clamped into a retort stand (the clamp is marked with an X).
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3.3 Angular accuracy

Static angular estimations tested the accuracy of the software to calculate static angles.
The standard used was a clinical goniometer clamped in a retort stand (figure 3.1).
Goniometers have previously been used as standards for angular validation studies
(Klein and De Haven, 1995; Linden, 1992). The test ng was set up and calibrated as
above. Three circular markers (Smm diameter) were attached to the centre pivot point,
and the end of each axis of the goniometer {250mm from the centre). The reference
angles used were between 10 and 360 degrees at 10 degree increments (based on the
same procedure as Linden ef al.,, 1992)). The goniometer was manually positioned into
each of the 36 reference points, in the vertical and horizontal plane, and recorded for

three seconds three times for each angle. A total of 216 references angles were recorded.

L 1

Figure 3.1: Estimation of static angles using a goniometer clamped to a retort stand. Circular markers
(5mm) were attached to the centre of the pivot and each axis (shown in grey). The angle was measured
between the three markers (angle shown in red). The goniometer was positioned into 36 different angles
(between 10 and 360°),
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3.4 Dynamic accuracy

To measure the accuracy of the software in measuring dynamic distances and angles, a
pendulum was used. This is not a widely used method but has been reported previously
as a technique to validating dynamic measurements (Chian et al., 2005). The pendulum
was constructed by hanging a mass from a retort stand using a wire cable (112cm).
Circular markers (20mm, in addition to this a Smm circular marker to identify the
centre) were attached to the pendulum at the centre of the mass, centre of the pivot and
base of the retort stand (figure 3.2). The pendulum mass was pulled back to starting
angles of 20°, 30° and 60° (measured from the retort stand) and set in motion, five times
for each angle. The pendulum was recorded simultaneously with two systems; the two
dimensional system used for the previous static validation (standard digital video
camera) and a three dimensional optoelectronic system (Oqus) that acted as the
standard. The Qqus system digitises automatically and has previously been validated to

3

be accurate to 1mm for dynamic measurements, and has been used as the “gold
standard” for other research validating new motion analysis techniques therefore an
appropriate system to compare Quintic® and HU-M-AN™ to, Once the clips were
downloaded and digitised, range of motion, length of arc (linear distance travelled by
the mass) and velocity (of the mass) were calculated using all three systems. The results
from Quintic® and HU-M-AN™ were compared to the standard results obtained from

Oqus.

Figure 3.2: Test rig to simulate a pendulum. A mass was suspended from a retort stand from a pivot (X).
Circular markers (5mm) shown in grey were atlached to the centre of the mass, centre of the pivot and
base of the stand (shown in grey). The angle measured is shown in red.
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3.5 Statistical analysis

Descriptive statistics were calculated for the data for each true value (distance and
angle) and onentation. Descriptive statistics included mean difference (the difference
between the true and measured value), standard error, variance (the distance of the data
from the mean value) and the coefficient of variation (the standard deviation as a

percentage of the mean, which allows data sets of different values to be compared).

Data for each true value and orentation were tested for normality using an Anderson-
Darling normality test. Data for the measured value, and the difference between true and
measured values were tested. Data that were established as parametric were analysed
further using a General Linear Model (GLM).
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4.0 Linear validation

4.0.1 Comparison of Quintic® and HU-M-AN™

Tables 4.0 to 4.2 and figures 4.0-4.2 illustrate the differences between the true linear

measurements taken from the software programmes in the horizontal, vertical and

diagonal planes. The amount of variation between repeated measurements using the

same programme has also been established. All data were parametric.

Table 4.0 Comparisons between Quintic® and HU-M-AN™ for static linear measurements in the
horizontal plane. The highest and lowest mean difference values for each software have been highlighted

in grey.
True value Mean difference SE Yariance % COV
(cm)
Quintic®  HU-M-AN™ Quintic®  HU-M-AN™ Quintic®  HU-M-AN™  Quintic®  HU-M-AN™
10 -0.33 o103 0.33 0.22 5.97 0.15 1.00 380
20 0100 0.07 0.00 0.08 0.00 0.02 0.00 0.72
30 0.67 0.18 0.33 0.08 1.88 0.02 1.00 0.46
40 0.67 0.30 0.33 0.38 1.42 0.44 1.00 1.64
50 0.67 0.24 0.33 0.38 1.14 0.44 1.00 1.32
60 1.00 0.53 0.58 0.22 1.64 0.15 2.00 0.64
70 1.00 0.23 0.58 0.09 1.41 0.02 2.00 0.21
80 2100 .7 0.00 0.15 0.00 0.07 0.00 0.33
90 1.67 0.22 0.33 0.16 0.63 0.08 1.00 0.31
100 0.33 0.25 0.33 0.29 0.58 0.25 1.00 0.50
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Figure 4.0: Mean difference (+SE) between true and measured distances with Quintic® and HU-M-ANT™

in the horizontal plane.
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Table 4.1: Comparisons between Quintic® and HU-M-AN™ for static linear measurements in the vertical
plane. The highest and lowest mean difference values for each software are highlighted in grey.

True value Mean difference SE Variance %COV
(cm)
Quintic®  HU-M-AN™ Quintic®  HU-M-AN™ Quintic®  HU-M-AN™  Quintic®  HU-M-AN™
10 0.00 0.00 0.00 0.15 5.97 0.07 1.00 2.65
20 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.01
30 0.00 0.28 0.00 0.08 0.00 0.02 0.00 0.44
40 0.00 0.27 0.33 013 1.43 0.05 1.00 0.57
50 0.33 0.47 0.33 0.23 1.14 0.16 1.00 0.78
60 1.00 0.56 0.00 0.15 0.00 0.07 0.00 0.44
70 1.00 0.71 0.00 .23 0.00 0.16 0.00 0.56
80 1.00 0.45 0.00 0.23 0.00 0.16 0.00 0.49
90 1.00 0.60 0.00 0.26 0.00 0.21 0.00 0.50
100 0.00 -0.46 0.00 0.13 0.00 0.05 0.00 0.23
1.2 -~
1
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1]
ET 06
cE "
2= 04
E%
a2 g2 W Quintic
23
S5 o B HU-M-AN
£
5 E -0.2
c
3 0.4
=
-0.6
-0.8 -

True length (cm)

Figure 4.1: Mean difference (+SE) between true and measured distances with Quintic® and HU-M-ANT™

in the vertical plane.
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Table 4.2: Comparisons between variation in Quintic® and HU-M-AN™ for static linear measurements in
the diagonal plane. The highest and lowest mean difference values for each software are highlighted in

30 40 50

60

70 80

90 100

grey.
True value Mean difference SE Variance % C0OV
(cm)
Quintic®  HU-M-AN™ Quintic”®  HU-M-AN™ Quintic®  HU-M-AN™  Quintic®  HU-M-AN™
10 0100 -0.06 0.00 0.12 0.00 0.04 0.00 2.05
20 0.00 .'-0.'04l 0.00 0.2% 0.00 Q.25 0.00 2.51
30 0.00 0.33 0.00 0.26 0.00 0.21 0.00 1.50
40 0.00 0.45 0.00 0.14 0.00 0.06 0.00 0.61
50 0.33 0.50 0.33 0.25 1.15 0.19 1.00 0.86
60 1800 0.46 0.00 0.19 0.00 0.11 0.00 0.56
70 1.00 0.46 0.00 0.06 0.00 0.01 0.00 .16
80 1.00 O.[58 0.00 0.05 0.00 0.01 0.00 0.1
90 1.00 0.58 0.00 0.05 0.00 0.01 0.00 0.09
100 0.00 0.04 0.00 0.06 0.00 0.01 0.00 0.10
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Figure 4.2: Mean difference (+SE) between true and measured distances with Quintic® and HU-M-AN™

in the diagonal plane.

Overall there appears to be higher vanance with the HU-M-AN™ data. It must be noted

however, that Quintic® measures linear distances to one decimal place, compared to
HU-M-AN™ that measures to three. A difference of below 1ecm with Quintic® will
therefore be measured as zero, whereas with HU-M-AN™ this difference could be
between 0.000 and 0.999cm. This needs to be taken into account when analysing the
data further.
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There does appear to be a trend in the mean difference values for the HU-M-AN™ data,
Values in the middle range (between 30cm and 90cm) tend to display higher mean
differences (figures 4.0-4.2). Values in the lower and upper ranges (10-20cm and

100cm) tend to display lower mean differences.

4.0.2 Effect of true distance, orientation and software

Table 4.3: Linear validation of Quintic® and HU-M-ANTM for the true distances of 10-100cm in three
orientations (horizontal, vertical and diagonal} for the measured values and difference between true and
measured values. Levels of significance are indicated by *P<0.05, **P<0.005; ***P<0.001; NS not
significant.

Yariables Measured value Absolute difference
Quintic HU-M-AN™ Quintic® HU-M-AN™

True Distance L 23 L2 2 Ex ] L2 L)
Orientation * NS * NS
True distance and orientation interaction NS NS NS NS
Repeat NS NS NS NS
Software . e

True distance and software interaction i bk

Table 4.3 demonstrates Quintic® and HU-M-AN™ measure varying lengths
consistently; repeat was not a significant factor for either software package (P>0.05).
Depending on which software was being used, the true values were measured
differently. Software was a significant influence on the measured value and the absolute
difference {P<0.001). Each software package will measure varying lengths to different
degrees of accuracy (true distance was a significant influence on absolute difference).
Quintic® is affected by the orientation of the lengths being measured (P<0.05), whereas
HU-M-AN™ is not (P>0.05), although there was no interaction between true length and

orientation for either software packages (P>0.05).
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4.1 Angular validation
4.1.1 Comparison between Quintic® and HU-M-ANT™

Tables 4.4 and 4.5 illustrate the variation between the true angular value and
measurements taken from the software programmes in the horizontal, vertical planes.
All data were parametric,

Table 4.4: Comparison of Quintic® and HU-M-AN™ for angular validation in the horizontal plane. The

highest and lowest mean differences have been highlighted in grey. The four lowest COV values are
highlighted in yellow. * = quadrant angle.

True Mean difference SE Variance COV (%)
angle
O
Quintic® HUMAN™ Quintic” HUMAN™ Quintic® HUMAN™ Quintic® HUMAN™
10 1.45 0.58 0.04 0.18 0.00 0.09 0.57 2.86
20 1.93 0.42 0.30 0.09 0.28 0.02 2.40 0.74
30 2.21 0.13 0.17 0.18 0.08 0.10 0.90 1.02
40 2.67 0.28 0.20 0.17 0.12 0.09 0.82 0.74
50 M3 0.43 0.28 0.12 0.23 0.04 0.90 0.41
60 3.36 0.63 0.31 0.17 0.29 0.09 0.85 0.48
70 2.50 0.52 0.30 0.23 0.27 0.16 0.71 0.56
80 1.94 0.56 0.10 0.17 0.03 0.09 0.21 0.36
*90 0.53 0.60 0.42 0.20 0.52 0.12 0.80 0.37
100 0.64 0.52 0.06 0.16 0.01 0.08 0.10 0.28
110 -0.19 0.63 0.30 0.26 0.27 0.20 0.47 0.40
120 -0.20 0.36 0.22 0.22 0.14 0.14 0.32 0.31
130 0.73 0.64 0.29 0.28 0.26 0.24 0.39 0.38
140 -0.68 %3 0.24 0.19 0.17 0.11 0.30 0.24
150 -1.20 0.35 0.26 0.13 0.20 0.05 0.30 0.15
160 -0.35 0.20 0.34 0.09 0.35 0.02 0.37 0.10
170 0.67 0.40 0.19 0.17 0.11 0.08 0.20 0.17
*180 -0.34 0.26 0.16 0.03 0.08 0.00 0.15 0.03
190 0.78 0.23 0.11 0.12 0.04 0.04 0.10 0.11
200 1.24 -0.07 0.32 037 0.30 0.41 027 0.32
210 2.19 oYl 0.36 0.41 0.38 0.51 0.29 0.34
220 2.70 0.23 0.06 0.20 0.01 0.12 0.05 0.16
230 1.68 -0.50 0.28 0.33 0.24 0.32 0.21 0.25
240 1.78 0.25 0.39 0.35 0.45 0.36 0.28 0.25
250 2.06 0.30 0.26 0.09 0.21 0.03 0.18 0.06
260 1.41 0.18 0.23 0.35 0.15 0.37 0.15 0.23
*270 1.07 0.15 0.20 0.22 0.11 0.15 0.12 0.14
280 07} 0.61 0.37 0.14 0.42 0.06 0.23 0.09
290 -0.29 0.23 0.22 0.08 0.14 0.02 0.13 0.05
300 -0.46 0.41 0.49 0.28 0.70 0.24 0.28 0.16
310 -0.96 0.51 0.28 0.05 0.23 0.01 0.15 0.03
320 -1.30 0.54 0.16 0.26 0.08 0.21 0.09 0.14
330 -1.01 0.32 0.15 0.18 0.07 0.09 0.08 0.09
340 -1.07 0.46 0.30 0.13 0.27 0.05 0.15 0.07
350 0.48 0.02 0.36 0.21 0.38 0.14 0.18 0.11
*360 -0.22 -0.10 0.11 0.25 0.04 0.19 0.05 0.12

31



Results

Table 4.5: Comparison of Quintic® and HU-M-AN™ for angular validation in the vertical plane. The
highest and lowest mean differences have been highlighted in grey. The four lowest %COV values are
highlighted in yellow. * = quadrant angle.

Truc Mean difference SE Variance COV(%)
angle
O
Quintic™ HUMAN™ Quintic™ HUMAN™ Quintic®  HUMAN™ Quintic® HUMAN™
10 -0.23 0.54 0.14 0.16 0.06 0.07 2.41 2.55
20 111 0.35 0.15 0.12 0.06 0.04 1.34 101
30 -1.24 0.60 0.05 0.12 0.01 0.04 0.32 0.67
40 -1.50 0.29 0.28 0.30 0.24 0.28 1.26 1.30
50 -1.33 0.54 0.16 0.20 0.07 0.13 0.55 0.70
60 -1.07 032 0.29 0.28 0.25 0.24 0.85 0.80
70 -0.86 0.24 0.15 0.16 0.07 0.07 0.37 0.38
80 -0.74 0.45 0.42 0.11 0.52 0.04 0.91 0.24
=90 ol 0.12 0.50 0.57 0.75 0.97 0.96 1.10
100 0.87 0.25 0.17 0.13 0.09 0.05 0.29 022
110 2.91 18R 0.12 0.36 0.05 0.40 0.19 0.57
120 2.28 0.47 0.41 0.10 0.52 0.03 0.59 0.14
130 1.81 0.29 0.62 0.52 1.14 0.80 0.81 0.69
140 .55 0.37 0.21 0.17 0.14 0.08 0.26 0.21
150 1.96 0.45 0.49 0.15 0.71 0.06 0.55 0.17
160 1.47 0.54 0.21 0.08 0.14 0.02 0.23 0.09
170 0.46 -0.02 0.21 0.34 0.13 0.35 0.21 0.35
*180 -0.35 -0.17 0.32 0.11 031 0.04 0.31 0.11
190 -0.53 0.13 0.09 0.10 0.02 0.03 0.08 0.09
200 -1.74 0.21 0.03 0.34 0.00 0.34 0.03 0.29
210 -2.38 -0.32 0.38 0.33 0.43 0.33 0.32 0.27
220 -2.26 -0.16 0.26 0.11 0.21 0.04 0.21 0.09
230 -2.35 0.06 0.32 0.20 0.30 0.12 0.24 0.15
240 -1.84 0.22 0.21 0.04 0.13 0.00 0.15 0.03
250 -1.62 0.17 0.20 0.25 0.12 0.19 0.14 0.18
260 -0.91 -0.53 0.13 0.05 0.05 0.01 0.08 0.04
270 0.21 0.19 0.38 0.22 0.43 0.15 0.24 0.14
280 0.67 0.15 0.15 0.10 0.07 0.03 0.09 0.06
290 1.76 OY0T 0.25 0.26 0.19 0.21 0.15 0.16
300 1.56 -0.22 0.17 0.10 0.09 0.03 0.10 0.06
310 1.63 -0.03 0.27 0.09 0.21 0.02 0.15 0.05
320 1.53 0.11 0.21 0.18 0.13 0.10 0.11 0.10
330 1.55 0.07 0.06 0.04 0.01 0.01 0:03 0.02
340 0.92 -0.01 0.13 0.24 0.05 0.18 0.07 0.12
350 0.71 -0.41 0.19 0.22 0.10 0.15 0.09 0.11
=360 -0.30 0.10 0.17 0.10 0.08 0.03 0.08 0.05

A companson of angular data in the horizontal and vertical plane for both software
packages established angles measured with Quintic® had the highest mean differences.
The Quintic® data appears to follow a trend for angles measured in both horizontal and
vertical planes. The lowest COV values are for the measurement of true angles that

correspond closely to the four quadrant angles (90°, 180°, 270°, 360°). It seems as the
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true angle approaches the quadrant angles the software becomes more accurate at
measuring them. Angles measured with HU-M-AN™ illustrated a different trend; larger
angles had the lower COV values compared.to smaller angles. Larger angles were more

accurately measured compared to smaller angles.

4.1.2 Effect of true angle, orientation and software

Table 4.6: Angular validation of Quintic® and HU-M-AN™ for all data. Levels of significance are
indicated by *P<0.05; **P<0.005; ***P<0.001; NS not significant.

Variables Measured value Absolute difference
Quintic® HU-M-AN™ Quintic® HU-M-AN™

True angle i b el NS
Orientation b i NS NS
True angle and orientation *a NS bk N§
interaction

Repeat NS NS NS NS
Software NS ok

True angle and software interaction NS g

Analysis of the measured value established true angle and orientation were significant
covariates (P<0.001) for both software packages. Software and repeat number were not
significant factors when analysing data for measured value (P>0.05). Analysis of the
absolute difference (the difference between the true and measured values) established
difference between true and angles measured using Quintic® varied significantly,
depending on the size of the angle being measured (P<0.001). Orientation was also
established as not significant (P>0.05) for either software, however there was an
interaction between true angle and orientation using Quintic® (P<0.001). Absolute
difference vaned significantly for angles measured in the horizontal and vertical planes,

depending on the size of the angle being measured.

Software was also established as significant when analysing the absolute difference
(P<0.001), the difference between true and measured angles were significantly different
when the same angle was measured with Quintic® and HU-M-AN™. Repeat number
was not significant (P>0.05), the true angles were consistently measured when repeated

measures were taken. Figures 4.3 and 4.4 illustrate the large variation between the two
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software packages being tested. Much less variation was displayed in the HU-M-AN™
results, and these results do not appear to follow a trend. Both figures appear to follow

the same trend for Quintic® but with a phase shift.
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Figure 4.3: A comparison of the mean difference between true and measured angles for Quintic® and
HU-M-ANT in the horizontal plane.

—— Cuintic

—HU-M-AN

Mean difference (°)
[y

0 r T\ T |
0 S0 1VO \/ 270 60

True angle {%)

Figure 4.4: A comparison of the mean difference between true and measured angles for Quintic® and
HU-M-AN™ in the vertical plane.
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4.1.3 Further analysis of Quintic®

Further analysis was performed on the angular results for Quintic®. The residuals, when
plotted against the true angular values, appear to follow the pattern of a sine wave.
Figure 4.5 (horizontal) is similar to a sine wave whereas figure 4.6 1s similar to a sine

wave with a positive phase shift (along the x axis).
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Figure 4.5: Difference between true and calculated angles measured in the horizontal plane using
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Figure 4.6: Difference between true and calculated angles measured in the vertical plane using Quintic®
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4.2 Dynamic validation

4.2. 1 Dynamic angular validation (Pendulum study)

Tables and figures 4.7-4.9 illustrate the amount of variation between the “gold standard”
Oqus system and Quintic® and HU-M-AN™. All data were established as parametric.

There was no difference between any of the software programmes for the measurement
of range of motion of a pendulum when released from position A (released from an
angle of 60° from the vertical). For release positions B and C (released from angles of
30° and 20° respectively) Quintic® measurements were significantly smaller than the
standard (Oqus). There was no difference between the ROM measured using HU-M-
AN™ and the standard.

Table 4.7. Comparison between variation in Quintic® and HU-M-AN™ for dynamic angular

measurement (ROM) of a pendulum released from three different positions. Values are in relation to
the “gold standard” Oqus system.

Release Mean difference SE Variance %% COV
Position
Quintic®  HU-M-AN™ Quintic®  HU-M-AN™ Quintic®  HU-M-AN™  Quintic®  HU-M-AN™
A 5.65 1.56 0.57 0.33 1.62 0.55 2.38 1.28
B 4.71 1.21 0.76 0.58 2.91 1.69 6.37 4.3
C 4.19 0.66 0.35 0.41 0.61 0.82 4.17 4.08
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Figure 4.7: Mean ROM of one pendulum swing from three different release positions (A, B, C),
comparing Quintic® and HU-M-AN™ (o the “gold standard” Oqus system. ("P<0.05; **P<0.005;
***+P<0.001 denotes a significant difference from the standard and level of significance),
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4.2.2 Dynamic linear validation

No significant differences were established between HU-M-AN™ and the standard
(P>0.05). In all three release positions, Quintic® measurements were significantly
shorter than the standard distance, with higher levels of significance for the longer
distances from the release positions A and B (P<0.001), compared to the shorter

distance from release position C (P<0.05).

Table 4.8: Comparison between variation in Quintic® and HU-M-AN™ for dynamic linear measurement
(cm) of a pendulum released from three different positions. Values are in relation to the “gold standard”
Oqus system.

Release Mean difference SE Variance %COV
Position

Quintic®  HU-M-AN™ Quinticc  HU-M-AN™ Quinticc.  HU-M-AN™  Quintic®  HU-M-AN™

A 13.06 0.46 1.14 0.59 6.50 1.75 2.41 112
B 5.98 3.45 0.98 1.05 4.80 5.55 3.88 3.58
C 5.62 3.30 0.93 0.46 4.30 1.04 5.26 211
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Figure 4.8: Mean distance travelled by the mass from one pendulum swing from three different release
positions (A, B, C), comparing Quintic® and HU-M-AN™ to the “gold standard” Oqus system, (*P<0.05;
**P<(.005; ***P<0.001 denotes a significant difference from the standard and level of significance).
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4.2.3 Velocity

No significant differences were established between HU-M-AN™ and the standard for
measurement of velocity. Small variations were demonstrated between Quintic®
measurements and the standard (table 4.9, figure 4.9), however these variations were
only significant when the pendulum was released from position B, When the pendulum
was released from position B, it was measured by Quintic® as being significantly faster
than the standard and HU-M-AN™ (P<0.05).

Table 4.9: Comparison between variation in Quintic® and HU-M-ANT for velocity (cm/s) of a pendulum
released from three different positions. Values are in relation to the “gold standard” Oqus system.

Release Mean difference SE Yariance %COV
Position
Quintic®  HU-M-AN™ Quintic®  HU-M-AN™ Quintic®  HU-M-AN™  Quintic®  HU-M-AN™
A 22.84 0.81 6.94 7.72 240.76 298.24 8.38 8.34
B 6.11 3.68 4.19 4.27 87.68 91.21 15.78 13.81
C 1.75 4.96 2.24 2.28 25.10 26.00 8.92 7.40
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Figure 4.9: Mean Velocny of the mass from one pendulum swing from three different release positions
(A, B, C), comparing Quintic® and HU-M-AN™ to the “gold standard” Oqus system. (*P<0.05;
**P<0.005; ***P<0.001 denotes a significant difference from the standard and level of significance).
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4.3 Summary

The main findings for this chapter are summarised in the table below. Table 4.10

illustrates the range in margin of error for static and dynamic validation of the two

software programmes.

Table 4.10: Range in margin of error values for static and dynamic validation of Quintic® and

HU-M-AN™,
Type of validation Standard measurement Error range
Quintic® HU-M-ANT™

Static Linear Inter-marker distance values 0.00mm- 0.00mm-
ranging from 10-100cm (three 20.00mm 7.00mm
orientations)

Static Angular Goniometer values ranging from 0.07°-3.36° 0.006°-0.88°
10-360° (two orientations)

Dynamic Linear Pendulum swing (distance 5.62-13 06cm 0.46-3 45cm
travelled by mass)

Dynamic Angular Pendulum swing {change in 4.19°-5,56° 0.66°-1.56°

Velocity

angle between mass and vertical)

Pendulum swing (speed travelled  6.11-22.84cm/s
by mass)

0.81-4.96cm/s
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Chapter Five: Discussion

5.0 Discussion

Static linear and angular accuracy is fundamental when analysing equine conformation;
the assessment of linear conformation traits involves the measurement of static lengths
(measuring the distance between two pomnts on limb segments), and angles of joints
(measuring the angle between three points on the horse). Dynamic accuracy is vital
when measuring gait characteristics, dynamic linear accuracy is applicable when
measuring stride length. Dynamic angular accuracy is important when measuring range
of motion of the equine joints throughout a stride cycle. It is also important to vahidate
how accurately veloctty is measured due to the importance of regulating velocity when
measuring stride charactenistics. The reproducibility of measurements obtained using
Quintic® and HU-M-AN™ of linear and angular values (dynamic and static) and
velocity established small variations between repeats, however repeat had no effect on
the measurement or difference between the true and measured values {(P>0.05). This
means both software packages were consistent at performing repeated measures of the
same value. Consistency is an important part of determiming how accurate and
appropriate the software s for equine biomechanics research; repeated measures have to
be taken to obtain baseline measurements due to the intninsic variability in equine gait
(Clayton and Schambhardt, 2001). Static linear validation established higher vaniation
between repeats using HU-M-AN™, %COV values ranged from between 0.01-3.80%,
whereas the majority of %COV values for Quintic® were 0%. The same video clips
were analysed with both software packages, therefore experimental set-up was
discounted as a source of error in the discrepancy between the two software packages.
Digitiser error may be a causal factor, due to the manual input required for digitising
each video clip. Digitiser error affects the accuracy and reliability (repeatability) of the
data obtained (Wilson er al., 1999). Digitiser error often occurs when manually aligning
the crosshairs over the marker in question; the cross hairs must be accurately positioned
to gain accurate results. Surprisingly, when comparing manual and automatic
digitisation, Wilson et af. (1999) demonstrated manually digitised clips were more
accurate than automatically digitised clips, with a mean error of 0.153° for the manually
digitised clips, compared to 0.223° for the automatically digitised clips, when
comparing dynamic angular values (Wilson er al., 1999). The authors suggest this could
be due to distortions in the spherical markers. The software will recognise the pixels
comprsing the marker and automatically calculate the centre point. This automatic
identification will be limited if distortions occur (if the camera or marker is rotated out

of plane), or due to varying light conditions making identification of the pixels
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inaccurate. Manual digitisers can ider;tify the centre of the marker regardiess of uneven
lighting (although distortions may still be a cause of error). This source of error was
also noted in research by Scholtz (1989). Conversely, automatically digitised clips
produced more reliable results; errors that did occur were more consistent compared to
manually digitised clips. The authors suggest this could be due to a systematic fault with
the software (although this was not tested), however it could also be due to inherent
inconsistencies when manual input is required for a repetitive task. This could also
explain the differences in the coefficient of variation between repeats when analysing
dynamic accuracy and static angular accuracy in the present study; differences were
much greater for the dynamic results compared to the static ones. It is possible the effect
of digitiser error was amplified due to the movement of the markers; as the camera
recorded at a relatively low frame rate (50 Hz) the markers were not as clear as they
would have been using a high speed camera. Quintic® measurements were significantly
smaller than the standard for all types of dynamic validation (P<0.001). HU-M-AN™
results were smaller but not significantly, (apart from dynamic length from release
position B) where HU-M-AN™ measurements were significantly longer than the
standard (P<0.05). The manual digitisation of clips requires the researcher to pinpoint
the start of movement of the pendulum (compared to Oqus where the start of motion is
automatically detected). It is feasible that the researcher could not detect the initial start
of movement as it was too subtle, therefore less frames were digitised leading to smaller

measurements,

Analysis of the %COV for Quintic® when measuring static angles, revealed the lowest
values correspond closely to quadrant angles (90°, 180° 270° 360°). When the true
angle approached values equivalent to quadrant angles, the angles were measured more
accurately; as angles deviated away from quadrant angles the angles were measured less
accurately; up to 3.36° for the true angle of 60° . It is possible that due to the manual
input required for digitisation, angles that are easily identifiable (quadrant angles) are
more accurately measured. This is only the case for Quintic® however, as %COV values
for angular validation in HU-M-AN™ do not follow the same trend. Manual input
required for motion analysis is a limitation of the method. This is one possible cause of
the difference in variation in dynamic accuracy between the standard (Oqus) and tested
softwares. Oqus automatically digitises, which as previously discussed produces more
consistent results compared to manual digitisation. Variation was less for linear, angular

and velocity measurements using Oqus compared to the other two software
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programmes. Manual input error was reduced for the present study as just one

researcher digitised all video clips.

Using mean difference as an mdicator of static linear accuracy, it was established that
both software packages were within an acceptable margin of error for use in equine
biomechanics research (<10mm) for linear measurements, and orientation had no effect
on accuracy (P>0.05). In clinical research an error of <3.5mm is considered acceptable
(Klein and De Haven, 1995). Dynamic linear validation established much larger
differences for both programmes, although there was only a significant difference
between Quintic® and Oqus (P<0.001). It can be stated that HU-M-AN™ ig
significantly more accurate than Quintic® in static and dynamic linear measurements;
when analysing the difference between true and measured distances there was a
significant difference between the two software packages (P<0.001). Static linear
validation of Quintic® established a mean margin of error of between Omm and 20mm
compared to HU-M-AN™_ where mean margin of error ranged from Omm to 7mm,
Errors that occurred were both positive and negative {the systems over estimated and
under estimated lengths on different occasions). The overall mean errors for each
software were 6mm for Quintice, and 3mm for HU-M-AN™_ These errors are
comparable to other software programmes, where reported errors range from 0.53mm
for the Elite Plus system, to 11.61mm for the Arel Performance Analysis System
(Chian ef al., 2005). The majority of systems had a reported mean margin of error of
between 2 and 8mm (within the range of error for HU-M-AN™ but not Quintic®). The
maximum errors reported on these systems were +28.23mm (Video Locus); -26.3mm
(Anel) and +24.07mm (Ariel Performance Analysis System). The maximum errors
reported for these systems are greater than the maximum errors reported for Quintic®
and HU-M-AN™.  True length had a sigmficant influence on accuracy for both
software packages (P<0.001); margin of error was dependent on the length being
measured as some length measurements were more accurate than others. Lengths that
demonstrated the most error were between 50cm and 90c¢m for both software packages.
Both packages were more accurate at measunng lengths of 10cm and 100cm, rather
than mid-range lengths. One difficulty is the accuracy to which Quintic® measures
linear distances. Quintic® only allows linear distances to be measured to one decimal
place (compared to HU-M-AN™ where distances can be measured to three decimal
places). This means that a difference of less than 10mm with Quintic® would be

measured as zero, whereas with HU-M-AN™ this difference could be between 0.000
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and 9.999mm. This has led to more true lengths having an error of zero when measured
with Quintic®, compared to HU-M-AN™, making direct comparisons between the two
software programmes difficult. The range in margin of etror for dynamic validation was
larger than previously reported values. Degueurce et al. (1996) reported a mean margin
of error of <5mm for the dynamic validation of a 3D motion analysis programme 3D
Vision); Linden et al. (1992) reported a mean margin of error of 4. 4mm for the Motion
Analysis programme. 3D motion analysis is fundamentally more accurate than 2D,
therefore it is hard to make direct comparisons between the two. Similarly for dynamic
angular validation, a greater margin of error was established for Quintic® compared to
HU-M-AN™; HU-M-AN™ error values were comparable to previously validated
dynamic angular accuracy of Ariel Performance Analysis System (Wilson ef al., 1997)

that had a mean error of 0.18°. Quintic® margin of error was much higher.

Static angular validation established more vanation in the absolute difference values in
Quintic®, compared to HU-M-AN™, there was a significant difference between the two
software packages when analysing the absolute differences (P<0.001). The mean
difference with Quintic® varied depending on the size of the angle being measured, true
angle was a significant factor when analysing absolute differences with Quintic®
(P<0.001), but not HU-M-AN™ (P>0.05), there was also an interaction between true
angle and orientation using Quintic®, but not HU-M-AN™. Quintic’° was more
accurate at measuring some angles compared to others; and this vanation depended on
the onentation of the goniometer. The error values calculated for HU-M-AN™ were
consistent with previous angular validation of motion analysis systems. Error values of
between 0.03° (Klein and De Haven, 1995) and 0.5° (Scholtz, 1989; Linden ef al., 1992)
were established, although these systems are 3-D rather than 2-D. The error values
calculated for Quintic® were much greater than the majority of previous validation
studies, except Linden er al. (1992) when measuring 180°. Angles <180° were measured
with a error of 0.5°, however the error for 180° angles was much greater, and similar to
the Quintic® error value (between 1.5° and 2.4°). Linden er al. (1992) suggested this was
due to the cosine algorithm used to calculate angles, and the software is more inaccurate
when calculating 180° angles as the cosine approaches one and the opposite side
becomes very small. There is however a problem wath this theory as the cosine of 180°
is actually minus one, and the opposite side of an 180° angle i1s very large (not small).
This would make more sense as a theory of why Quintic® has varying accuracy; as

Quintic® is actually more accurate when measuring quadrant angles (including 180°),
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not less accurate (as Motion Analysis™ was). There is however another problem with

the error values for Quintic®-they follow a specific pattern,

In addition, the residuals, when plotted against the true angular values follow the pattern
of a sine wave. This could be due to two factors; cosine algonithms and aspect ratio.
Motion analysis software uses mathematical algorithms to calculate angles, the cosine
rule is often used as an algorithm (Linden ef al., 1992). The cosine rule is used as it
allows angles within a triangle to be calculated providing the lengths of the sides are
known. There are no details available specifying what algorithms Quintic® software
uses, therefore it can only be suggested that the cosine rule is being used (due to the
pattern of the residuals). Angular measurement using motion analysis software requires
three markers (one at each corner of the triangle), the software will measure the lengths
of each side of the triangle and use the cosine algorithm to calculate the required angle,
It is possible that the software has a fault in the algorithm that it uses to calculate angles,
leading to a variation in accuracy when angles of different sizes are measured. Previous
research that has validated static angular accuracy has suggested the cosine algorithm to
be a cause of inaccuracies (Linden et al., 1992). This research however noted angles
became less accurately measured at 180° (whereas the current study noted better

accuracy for this angle).

Aspect ratio of the camera used to record the clips could also be contributing to the
angular inaccuracies. Aspect ratio is the image width divided by the height, most normal
digital video cameras record at an aspect ratio of 4:3. The video camera in this study
recorded at an aspect ratio of 4:3, therefore the image was 1.3 times wider than it was
high (in other words the image was stretched by 1.3). When calibrating the video clips
with HU-M-AN™_ aspect ratio is taken into account, however there is no option using
Quintic® to calibrate for the aspect ratio of the camera being used. It appeared to be less
of an issue when measuring linear lengths (lengths are measured only along one axis; x
or y). When calculating angles, lengths are measured along three sides, therefore any
distortions that may occur due to aspect ratio will be enhanced. This could be the reason
why there was a significant interaction between true angle and onentation when
analysing Quintic® results. An image recorded horizontally would be more “stretched”
than an image recorded vertically, due to the aspect ratio. Higher variation was
established in the horizontal compared to the vertical plane when analysing Quintic®
results. The aspect ratio can be accounted for by calibrating the video clips in the x and

y plane. If aspect ratio cannot be accounted for, or there is a fault with the method of
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calibration, the number of pixels comprising the length in either the x or y orientation
will be incorrect with respect to the 4:3 image size. The inaccuracies of angular
measurements in Quintic® can be reduced by minimising the sine effect of the residuals.
A correction formula has been developed (using the sine of the measured angle) and a

correction factor (calculated from the mean differences). The correction formula is;
corrected angle = 6+((5in62)2.21))

This correction formula was applied to all the angular data obtained from Quintic® and

the results re-analysed (figure 5.0 and 5.1).
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Figure 5.0: Quintic® angular measurements before and after sine correction was applied (horizontal).
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Figure 5.1: Quintic® angular measurements before and after sine correction was applied (vertical).
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Table 5.0: Validation of sine corrected data for angular validation of Quintic®. Levels of significance are
indicated by *P<0.05, **P<0.005; ***P<0.001; NS not significant.

Variables Measured value Absolute difference
True angle *u4 T
Orientation *aa TS

True angle and orientation 4% x4
interaction

Repeat NS NS
Software NS **

Figures 5.0 and 5.1 demonstrate the sine correction formula is more effective for angles
measured in the vertical plane. When analysing the corrected results (table 5.0), true
angle size was still a significant factor (Quintic® measures angles of difference sizes
more accurately than others), however orientation became a significant factor for the
absolute difference whereas previously it was not (table 4.6 in chapter four). This is
probably because due to the aspect ratio, there is less distortion wvertically than
horizontally. Software was still a significant factor when analysing the absolute

difference, therefore HU-M-AN™ was still significantly more accurate than Quintic®,

It was decided from the results of this validation study that HU-M-AN™ js a more
accurate and reliable software programme to be used for two-dimensional motion
analysis research. Bearing in mind the equipment available (normal digital video camera
recording at an aspect ratio of 4:3), HU-M-AN™ was used for analysing video clips for
the further two parts of this study.
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I
Standardisation of two dimensional motion analysis techniques to establish baseline

data.



Chapter Six: Aims and Objectives

6.0 Aim

The aim of part II of this study was to standardise a method to obtain baseline
conformation and gait parameters using two-dimensional motion analysis techniques,
by establishing intra-horse vanation (variation within individual horses over five

consecutive days).

6.1 Objectives

i) Obtain measurements for static conformation for the left and right side of three horses

for five consecutive days.

i1) Obtain measurements for stride length and range of motion for the left and right side

of three horses for five consecutive days.

111) Use statistical methods to determine intra-horse varation for the tral.

6.2 Hypothesis
1) There will be no intra-horse variation in conformation between sides
i1) There will be no intra-horse vanatton in conformation between days

111) There will be no intra-horse variation in stride characteristics (stride length or range

of motion) between sides.

1v) There will be no intra-horse vanation in stride characteristics (stride length or range

of motion) between days.
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7.0 Subjects '

The subjects consisted of three horses; two geldings and one mare of various breeds
(Thoroughbred, Anglo-Arab, Cob). Mean age 10+£3.46 years; mean height
154.43%1.02cm. The horses had a similar workload (medium work) and kept in the

same management routine throughout the trial.
7.1 Instrumentation

Video clips were downloaded using Quintic® Biomechanics 9.03 v14 (splitting each
frame into two fields) and digitised using HU-M-AN™ (2D) v6.0 (validated and
determined accurate in part I). In addition to this, hardware used included a Sony DV-
tape digital video camera (HDR-FX1000) recording at 50 hertz (25 frames per second),
and a Fujitsu Siemens laptop for downloading the wvideo clips. A wooden cube
(50cmx50cm) was used to provide a reference length and aspect ratio for calibrating the

video clips.
7.2 Anatomical markers
7.2.1 Dynamic and static marker sets

The majority of two dimensional motion analysis techniques use anatomical markers to
measure joint ROM, usually placed at the centre of rotation of the joint to be measured
(Clayton and Schamhardt, 2001). Anatomical markers used to assess conformation are
often placed on the distal and proximal ends of limb segments (Holmstrom er al., 1990)
as lengths of limb segments as well as angles of joints are being measured. Providing
the marker position is known with respect to joint angles, and in a well known position
on the horse, the exact marker site has no influence on the accuracy and value of final
kinematic data (Schamhardt ef a/., 1993). One marker set was adapted from Holmstrom
et al., (1990) and Degueurce et al.,, (1997) to allow static conformation and dynamic
ROM to be measured. The location of the anatomical markers can be seen in figure 4.0
and table 4.0. A marker was also located at the approximate centre of mass, to
determine velocity for each horse (adapted from Buchner er al., 2000). Intra-horse ROM
varies depending on which joints are being measured (Degueurce ef al., 1997); therefore
both proximal and distal limb joints were investigated. In total, eight joints were
analysed for ROM; four proximal joints of the fore and hind limb (scapulohumeral,
humeroradial, coxofemoral, femorotibial) and four distal joints of the fore and hind limb
(carpal, metacarpophalangeal , tarsal, metatarsophalangeal ). The marker set identified
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limb segments, rather than lengths of bones. This enabled one marker set to be used for
both static and dynamic measurements. This 1s an essential part of ensuring the
standardised method will be quick and easy to use by breed societies choosing to adopt

this method of assessment.

Figure 7.0: Location of anatomical markers (adapted from Holmstrom et al., 1990, Degueurce et al.,
1997) to measure static conformation and ROM of the scapulohumeral (3), humeroradial (4), carpal (5),
metacarpophalangeal (6), coxofemoral (10), femerotibial {11), tarsal (12) and metatarsophalangeal (13)
Joints, A marker is also located at the approximate centre of mass (8) to calculate velocity (Buchner et al.,
2000).

The anatomical markers used in this study were S0mm orange circular markers, with a
20mm black circular marker in the centre. The SOmm marker was solely used to provide
a contrast for the 20mm black markers (it was the black markers that were digitised).
The circular markers were self-adhesive and skin patch tests were performed on all

subjects prior to data collection.
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Table 7.0: Location of the anatomical markers in conjunction with figure 4.0, adapted from Holmstrom et
al. (1990), Degueurce et al, (1997).

Forelimb Hind limb
Cranial end of wing of atlas (1) Approximate centre of mass (8)
Proximal end of the spine of the scapula (2) Anterior part of the tuber coxae (9)
Caudal part of humeral head (3) Greater trochanter (10)
Proximal part of shaft of radius (4) Lateral epicondyle of the femur (11)
Centre of third and fourth metacarpal bones (5) Lateral side of the talus (12)
Distal end of third metacarpal bone (6) Distal end of the third metatarsal bone (13)
Distal end of the proximal phalanx (7) Distal end of the proximai phalanx (14)

7.3 Filming procedure

Filming took place in an outdoor arena (the surface consisted of sand and rubber fibre).
The -equipment was set up prior to horses entering the arena (see figure 7.2 for
expenimental set-up). Prior to any horses being filmed, a calibration video was filmed in
order to calibrate the videos after downloading, This involved filming a calibration cube
(50x50cm) that was positioned in the field of view (same position the horses would be
filmed), and in the centre of the video camera’s optical axis. The calibration cube served
three purposes; to ensure the equipment set up was perpendicular to the video camera;
as a measurement of scale for subsequent video analysis; as a measurement of aspect
ratio for subsequent video analysis. The calibration cube was recorded for three
seconds, then removed from the field of view before filming of the horses began.
Horses were led passed the equipment for ten minutes before recording took place. This
habituated horses to the video analysis equipment as well as warming the horses up
before recording. Filming took place at the same time each day (7-9am) and horses were

filmed in the same order each day.

7.3.1 Conformation assessment

Conformation was measured using a quantitative method adapted from Holmstrom er
al. (1990), based on the methods developed by Magnusson (1985). These authors used
measurements obtained from static photographs to measure traits (with direct
measurements for reference lengths). This method was developed to use a digital video
camera to record the horses, and two-dimensional motion analysis software to measure
the traits. A calibration cube was used for reference lengths. Horses were stood square
(equally weight bearing on all four limbs} in the calibrated field and held by a handler.

A rectangle (2x6m) was marked out in the arena surface (see figure 7.2) to ensure the
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horse was perpendicular to the video camera, and stood square. Each horse was
recorded for three seconds on the left and right side. This process was repeated on each
day of the tnal, giving a total of five repeats for each side. The linear and angular traits

measured can be seen in figure 6.1.
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Figure 7.1: How static conformation traits were measured (horse stood square and weight bearing) and
position of anatomical markers (adapted from Holmstrom ef al., 1990 and Degueurce ef al. 1997). Linear
traits measured; (A) neck; (B} scapula; (C) humerus, (D) radius; (E) metacarpal; (F) fore proximal
phalanx; (G) ilium; (H) femur; (I) tibia; (J) metatarsal; (K) hind proximal phalanx. Angular traits
measured; (1) neck; (2) scapulohumeral; (3) humercradial; (4) metacarpophalangeal; (5) coxofemoral;
(6) femorotibial; (7) tarsal; (8) metatarsophalangeal joints.

7.3.2 Stride length and range of motion assessment

Stnde length and ROM were assessed in trot only. Horses were led in hand (by the same
handler to maintain consistency) passed the video camera through the calibrated field of
view, at a distance of 7m from the video camera (see figure 7.2) in order to capture one
full stride (one full stride cycle was determined as mid-stance to mid-stance of the near
fore limb). A ground pole was placed at the back of the calibrated field of view to assist
the handler in leading the horse in a straight line.

Repeated measures were taken for each horse; ten repeats for each side (left and right)
over five consecutive days giving 20 repeats for each horse for each day (a totat of 100
repeats were recorded for each horse for the whole five day trial). Taking repeated

measures to obtain baseline measures 1s a standard procedure in equine biomechanics
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research, however number of repeats suggested as suitable varies. Figures of between
three repeats (Drevemo ef al., 1980a) and 12 repeats (Clayton ef al., 2002) have been
reported. Subjects in this investigation were recorded over five consecutive days,

therefore it was decided ten repeats (on each side) was a sufficient number.

I 2 W 0 7
2m '
o e el - - — - 1:————:————¢
7m :
* (T

Rectangle (2x6m) marked on the arena surface

Direction of horse
Q Jump pole on blocks (as barrier) and ground pole

Video camera and tripod

Distance from camera

I 3
A 4

Figure 7.2: Set up of filming equipment in the arena.

Horses were recorded in the same order each day (horse 1-3), however left and right
side could not be recorded simultaneously. This is because only one camera was
available that recorded at the required specification (50 hertz). Order in which the left
and right sides were recorded was altemated for each day. This was to minimise the

effect of repeat number on stride length or ROM.
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7.4 Analysis of videos

Video clips were downloaded using Quintic® Biomechanics 9.03 vi4. The videos were
downloaded (using a Belkin firewire 2.0 Expresscard™) and compressed using a
Microsoft MPEG-4 video codec (version 2). The video file compression splits each
frame into two fields (vertical and horizontal) and converts the file into an avi format.
Files were then imported into HU-M-AN™ (2D) v6.0 for analysis.

7.4.1 Scale and aspect ratio

Prior to digitisation video clips were calibrated for scale and aspect ratio. To calibrate
the scale, vertical and horizontal lines were drawn on the calibration cube and the true
length entered (50cm). The software calculates the scaling factor and this figure was
recorded. To calibrate aspect ratio, top left, top right, bottom left and bottom right
comers of the cube were digitised (in order), and the aspect ratio recorded. The figures

for scale and aspect ratio were entered for each video clip analysed in order to calibrate.

7.4.2 Digitisation

A trial subsequence for each clip was created (this included only the frames that were
being analysed). One full stride was determined from mid-stance to mid-stance (when
the limb was vertical and in contact with the ground), therefore frames before or after
the required frames were discarded. A trial was created to connect anatomical markers,
and define the angles being measured. This mvolved linking the required points and
defining from which points the ROM would be calculated. Manual digitisation of the
clips involved linking the markers for each frame (one full stride length consisted of 30-
40 frames). Fore and hind limb were digitised separately. Before SL and ROM could be
calculated, data smoothing was applied. To calculate linear velocity the centre of mass

marker was digitised separately for one full stride length.
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7.4.3 Data smoothing

The majority of data obtained from motion analysis is low frequency (Chiari er al.,
2005). This data is often smoothed to remove the high frequency noise associated with
data collected using two dimensional motion analysis techniques (Howarth and
Callaghan, 2009). HU-M-AN™ uses a low pass, second order Butterworth filter for
data smoothing, This is an appropriate filter for analysis of low frequency data. The
high frequency noise can be caused by impact (hoof strike) or distortions from soft
tissue artefact. The amount of noise will vary depending on which joint is being
analysed, therefore data for each joint was smoothed individually. Cut off frequencies
for the majority of human movement data is between 4 and 8 Hertz (Bartlett, 2007). The
cut-off frequency for this investigation was 10 Hertz due to the larger amplitude of
movement in equine compared to human subjects. Data smoothing using this technique
will remove any data above the cut off frequency (removing high frequency data)
therefore leaving the low frequency data that represents the movement of the horse,

rather than the distortions.

7.5 Statistical analysis

Descriptive statistics were calculated for the data for intra-horse variation and inter-
horse vanation. Descriptive statistics included mean difference (the difference between
the true and measured value), standard error, variance (the distance of the data from the
mean value) and the coefficient of variation (the standard deviation as a percentage of
the mean, which allows data sets of different values to be compared). All data were
tested for normality with an Anderson-Darling normality test. If data were established
as non-parametric, skew was determined with a histogram. If data were skewed, data
were transformed. For positively skewed data, the transformations Vx, log x, '/ were
used. For negatively skewed data the transformations x?, x> and antilog x were used.

Data were then re-tested for normality.

Intra-horse and inter-horse variation and intra-group variation were established for each
subject and all subjects for conformation, stride length and ROM. Parametric data was
tested using a GLM with day, repeat and side as covariates. Non parametric data was
tested with a Kruskal-Wallis. To determine where differences occurred, a post-hoc

Tukey compartson was used.
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Correlations were performed between stride length and ROM data with velocity to
determine if a significant relationship existed. Parametric data were tested with a
Pearson correlation, non parametric data were tested with a Spearman correlation (on
ranked data). Regression analysis was also performed to determine the strength of the

relationship.
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Chapter Eight: Results

8.0 Intra-horse variation

8.1 Variation in conformation

All data were established as parametric, tables 8.0-8.2 show results for subjects one-

three. For subject one (table 8.0), traits that measured linear distances (lengths of bones

segments) had lower SE values compared to traits that measured angular values (joint

angles). There was a large variation between SE values for al! conformational traits for

subject two (table 8.1), with no apparent pattern between linear or angular traits (unlike

subject one). Similarly to subject two, there was no obvious trend to the results for

linear and angular conformation traits for subject three (table 8.2).

Table 8.0: Intra-horsc variation for conformation for subject one for the five day trial. Traits with the
highest and lowest %COV values are highlighted in grey.

Trait

N Mean SE SD Variance % COV
Neck (cm) 10 79.44 2.10 6.64 44.07 B.36
Scapula (cm) 10 49.95 1.08 3.42 11.69 6.84
Humerus {cm) 10 28.82 1.02 324 10.47 11.23
Radius (cm) 10 51.13 1.32 4.18 17.49 818
Metacarpal (cm) 10 28.99 0.82 2.59 6.70 8.93
Proximal phalanx (cm) 10 f10d4 D51 162 761 14.64
Hium (cm} 10 32.60 041 1.28 1.64 3.93
Femur (cm) 10 40.17 0.74 2.35 5.50 5.84
Tibia (cm) 10 44 .41 1.71 5.42 29.34 12.20
Metatarsal (cm) 10 38.21 0.41 1.31 1.71 3.42
Poximal phalanx (cm) 10 11.90 0.19 0.61 0.37 5.13
Neck () 10 67.56 1.02 3.23 10.42 478
Scapulohumeral (*) 10 5L7] 0.50 .59 2.53 1.74
Humercradial (*) 10 124.60 0.91 2.88 8.28 2.31
Metacarpophalangeal (°) 10 13993 0.94 2.98 8.90 213
Coxofemoral (%) 10 10881 1.90 6.01 36.06 5.52
Femorotibial (%) 10 169.44 2.20 6.95 48.35 4.10
Tarsus () 10 168.96 1.45 4.59 21.05 2.72
Metatarsophalangesl (%) 10 14566 1.37 432 18.70 2.97
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Table 8.1: Intra-horse variation for conformation for subject two for the five day trial. Traits with the

highest and lowest %COV values are highlighted in grey.

Trait N Mean SE SD  Variance %COV
Neck (em) 10 76.39 1.67 5.29 27.98 6.93
Scapula (cm) 10 47.84  0.56 1.76 311 3.69
Humerus (cm) 10 2574 0.52 1.65 2.72 6.41
Radius (cm) 10 52.88 0.78 2.45 6.01 4.04
Metacarpal (cm) 10 2884 042 1.32 1.74 4.58
Proximal phalanx (cm) 10 1074 030 0.95 0.50 8.83
Ilium (cm} 10 38.34 0.1 1.93 3.7 5.03
Femur {cm) 10 3758 0.3 1.66 277 4.43
Tibia (cm) 10 44.63 0.94 2.98 8.88 6.68
Metatarsal {cm) 10 41.11 036 1.14 1.29 2.77
Proximal phalanx (cm) 10 1041 0.8 0.57 0.32 5.47
Neck () 10 63.15 1.15 3.62 13.13 5.74
Scapulohumeral (%) 10 86.13 1.77 5.58 31.18 6.48
Humeroradial () 10 116.31 1.0% 3.20 10.24 2.68
Metacarpophalangeal (%) 10 15423 107 3.39 11.50 2.20
Coxofemeral (°) 10 105.62 1.87 5.92 35.03 5.60
Femorotibial (°) 10 158.49 1.54 4.88 2385 3.08
Tarsus () 10 16476  0.93 2.94 8.61 1.78
Metatarsophalangeal (% 10  f50089 084 344 697 {78

Table 8.2: Intra-horse variation for conformation for subject three for the five day trial. Traits with the

highest and lowest %COV values are highlighted in grey.

Trait Mean SE SD Variance %CovV

Neck (cm) 10 62.97 1.53 4.83 23.32 7.67
Scapula (cm) 10 48.51 0.75 237 5.60 4.88
Humerus {cm) 10 26.24 0.46 1.44 2.07 5.48
Radius (cm) 10 50.39 1.21 3.83 14.64 7.59
Metacarpal (cm) 8 27.46 0.72 2.04 4.17 7.44
Proximal phalanx (cm) 8 10.38 0.40 1.14 1.29 10.96
Hium (cto} 1d 31.00 iL.08 341 1164
Femur (c¢m) 10 42.49 0.61 1.92 368 452
Tibia (¢m) 10 38.80 0.67 212 4.49 5.46
Metatarsal (cm) 8 37.35 0.53 1.49 2.23 4.00
Proximal phalanx (cm) 8 10.71 0.36 1.03 1.06 9.61
Neck () 10 76.97 1.92 6.07 36.82 7.88
Scapulohumeral (%) 10 81.85 1.28 4.06 16.49 4.96
Humeroradial (") 10 121.85 2.27 7.18 51.55 5.89
Metacarpophalangeal (%) 8 141.80 0.90 2.54 6.47 1,79
Coxofemoral (°) 10 119.66 0.78 2.46 6.05 2.06
Femorotibial () 10 156.97 1.51 4.77 22.70 3.04
Tarsus (3 8 164.56 046 130 L.63 073
Metatarsophalangeal (%) 8 142,50 0.74 2.09 4,37 1.47
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8.2 Investigating the effect of day and side on conformation

8.2.1 Subject One

Two traits were established as significantly different between days. Figure 8.0

demonstrates length of neck decreased from day one to three, then remained at a

constant length for the rest of the trial. Scapulohumeral angle increased from day one to

two and decreased on day three. The angle increased again on day four, before

decreasing on the final day. Length of neck vaned significantly between left and right

side, whereas scapulohumeral angle did not (table 8.3).

Table 8.3: Effect of day and side on conformatien for subject one. Levels of significance are indicated by

*P<0.05; **P<0.005; ***P<0.001, NS not significant,

Trait Day Side
P-Value P-Value
Neck (cm) LEL xx
Scapulohumeral (°) * NS
88 7 95
86 -
84 ELY
E 82 1 5
= 85
£ 80 - ®
c &
-_— 78 1 = N k
5 8o § —vNec
s 76 4 b —ea—S5capulohumeral
74 A 75
72
70 T T T T T 70
0 1 2 3 4 S
Day

Figure 8.0: Varialion in static conformation (neck length (cm) and scapulohumeral angle (°)) between

days for the left side for subject one.
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8 2.2 Subject Two

Six traits were established as significantly different between days for subject two all of
which were linear traits (table 8.4). Figure 8.1 demonstrates that length of neck and
scapula followed a similar pattem. Length did not vary between days one, two or three
but decreased stgnificantly on day four and five. Length of humerus and metacarpal
followed the same pattern; with almost identical measurements. The length of these
traits did not vary between days except for a decrease on day four. Figure 8.1
demonstrates small variation in length of radius between all days, however the only
significant variation was the decrease in length on day four. Length of tibia did not vary
between day one and two, but decreased significantly on day three. There was no

variation between day three and five for this trait.

Table 8.4: Effect of day and side on conformation for subject two. Levels of significance are indicated by
*P<0.05; **P<0.005; ***P<0.001; NS not significant.

Trait Day Side
P-Value P-Value
Neck (cm) * NS
Scapula {cm) * NS
Humerus {cm) * **
Radius (cm) ' * .
Metacarpal (cm) * *
Tibia (cm) * NS
Tarsus (") NS .
100 -‘
90 -
= *— -
g 80 \\‘
k]
=~ 70
I —@— Neck
% 60 ~ |
—&—>5capula
- 50
& 40 - —&8— Humerus
..E. 30 .N_‘ —~@— Radius
'E, 20 4 —~8— Metacarpal
4 0 —8—Tibia
0 T T T T T 1
0 1 2 3 4 5 &
Day

Figure 8.1: Variation in static conformation (length of neck, scapula, humerus, radius, metacarpal and

tibia (cm)) between days for left side for subject two,
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8.2.3 Subject Three

Angular traits were established as significantly different between days for subject three
(table 8.5). Figure 8.2 demonstrates that tarsal angle decreased significantly on day
three, but tarsus angle on day one and two were the same. Humeroradial angle did not
change between day one and two, but increased significantly between day two and four.
Humeroradial angle then decreased significantly on day five (although this angle was
the same as humeroradial angle on day three). Scapulohumeral angle did not vary

between day one to five consecutively, however days three and four scapulohumeral

angle were significantly larger than day one,

indicated

Table 8.5: Effect of day and side on conformation for subject three. Levels of significance are
by *P<0.05, **P<0.005; ***P<0.001; NS not significant.
Trait Day Side
P-Value P-Value
Femur (¢m) NS *
Scapululohumeral (°) * N§
Humeroradial (°) e NS
Femorotibial () NS s
Tarsus () * NS§
180 -
= .-—.—..__C'__‘
g 160 A
% 140
=)
e 120 - /._,/\.
£ 100 -
E 80 A .__‘__,_..__Q_' —&—S5Scapulohumeral
T 60 - —&—Humeroradial
% 40 - —&—Tarsus
g 2
5
0 ] T Il
0 2 4 6
Day

Figure 8.2: Variation in static conformation (scapulohumeral, humeroradial and tarsus angle (°)) between

days for left side for subject three.
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8.3 Variation in stride length and velocity over five consecutive days

Tables 8.6-8.8 illustrate intra-horse vanation in stride length and velocity over five

consecutive days. Data for stnde length and velocity showed considerably higher

vanance and %COV than conformation data for all subjects. Similarly for all subjects,
right side velocity had the highest SE value, and left forelimb stride length had the

lowest.

Table 8.6: Intra-horse vartation for stride length in trot and velocity for subject one for all days. Variables
with the highest and lowest %COV are highlighted in grey.

Variable N Mean SE SD Variance %COV  Parametric
Left FSL! 50 23204 1493 2.11 222.84 6.43 x
Right FSL 50 22365 21.88 3.09 478.79 9.78 x
Log right FSL 50 v
Left HSL 50 233.66 20.08 2.84 403.28 8.59 v
Right HSL 50 22301 28.34 4.01 803.14 12.71 *
Log right HSL 50 v
Left velocity 50 318.60 29.71 4.20 882.42 9.32 x
Log left velocity 50 v
Right velocity, 50 31488  31.21 724 262738 16.26 x
Log right 50 v
velocity

Table 8.7: Intra-horse vaniation for stride length in trot and velocity for subject two for all days. Variables
with the highest and lowest %COV are highlighted in grey.

Variable N Mean SE SD Variance %COV Parametric
Left FSI] 50 23693 2195  B10  B8L9Y 926 %
Right FSL 48 22044 23.97 3.46 574.72 10.88 x
Left HSL 50 22905 24.64 3.48 606.91 10.76 v
Right HSL 48 22032 33.69 4.86 1135.18 15.29 x
Left velocity 50 32408 38.34 5.42 1469.94 11.83 x
Right velocity, 4d 30533 o810 {33  2S8LIs 664 z
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Table 8.8: Intra-horse variation for stride length in trot and velocity for subject three for all days.
Variables with the highest and lowest %COV are highlighted in grey.

Variable N Mean SE SD Variance %COV  Parametric
Left FSL 50 23938 196] 277 38452 819 ¥
Log left FSL 50 v
Right FSL 50 220.78 22.87 323 523.15 10.36 x
Log right FSL 50 v
Left HSL 50 235.54 24 88 3.52 619.21 10.56 x
Right HSL 50 218.33 22.80 322 519.80 10.44 x
Left velocity 50 312.47 33.10 4.68 1095.42 10.59 x
Log left velocity 50 v
Right velocity 50 28860 3904 552 152308  13.53 x
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8.3. 1 Subject One

Stride length and velocity were consistent between repeats on each day (table 8.9).
Figure 83A demonstrates stride length decreased from day one to two (P<0.001);
increased on day three (P<0.001), then decreased again on day four (P<0.001). There
was no difference in stride length between days four and five, and stride length on these
days was also similar to day two (P>0.05). When analysing the difference between left
and right side, overall, left stde stride length was significantly longer than nght side
stride length (P<0.001).

Table 8.9: Effect of day, repeat and side on SI. and velocity for subject one. Levels of significance are
indicated by *P<0.05; **P<0.005; ***P<0.001, NS not significant.

Variables Stride length Velocity
Day LE L] LE 2 ]
Repeat NS NS
Side % ik * ¥
Day and repeat interaction NS NS

EEE *KkE

Day and side interaction

A B
300 - - 400 300
"Fﬁ' |
250 - c 350 250 4
E al % . [ 30 5 E e
£ 200 ad S & 200 T
= b b L 250 E ¢
% b R
§ 150 | L 200 zZ 5 150
£ 100 | F 10 2 8 100
= 100 > E
& I &
50 - - 50 -
0 . . . . 0 0 :
1 2 3 4 5 Left Right
Day Side
[J = stride length — =velocity

Figure 8.3: A) Mean stnde length (+SE) and velocity over five consecutive days for subject one. Bars
with the same letter illustrate no significant difference between days. Bars with different letters itlustrate
significant differences between days (P<0.001). B) Difference between left and right side stride length.
Significant difference between sides indicated by *P<0.05; **P<0.005; ***P<0.001.
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Results

8.3.2 Subject Two

Similarly to subject one, stnde length and velocity were consistent between repeats

{table 8.10). Figure 8. 4A demonstrates that stnide length decreased significantly from

day one to two (P<0.001) then rematned at a similar length for the rest of the tnal. There

were small vanations between days, but these were not significant. Side was a

significant mfluence when analysing data for each day individually (table 8.10) and

there was a small difference in left and right side overall, however this difference was

not significant (figure 8.4B). This is probably due to large standard error (illustrated in

figure 8.4B)

Table 8.10: Effect of day, repeat and side on SL and velocity for subject two. Levels of significance are
indicated by *P<0.05; **P<0.005; ***P<0.001; NS not significant.

Figure 8 4: A) Mean stnde length (SE) and velocity over five consecutive days for subject two. Bars
with the same letter iltustrate no significant difference between days. Bars with different letters illustrate

Variables Stride length Yelocity
Day LE L] k%
Repeat NS NS
Side %% L2 L]
Day and repeat interaction NS **
Day and side interaction b okn
A B
_ 450 250
rkx
i 4{ - 400 240 T
am™NL L 350 _
" - ] E3 L 300 E 2 230
i (20 & 2 a0
0 § 2 1
o @
i - 150 2 32 210
L ]
i 100 200
- 50
T T T r 0 190 T
1 2 3 4 5 Left Right
Day Side
(O = Stride Length — = Velocity

significant differences between days (P<0.001). B) Difference between left and right side stride length.

Significant difference between sides indicated by *P<0.05; **P<0.005; ***P<0.001.
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8.3.3. Subject Three

Stnde length and velocity were consistent between repeats, as with the previous two
subjects (table 8.11). Figure 8.5A demonstrates that stride length decreased from day
one to two, and two to three (P<0.001), then remained at the same length for the rest of
the trial (P>0.05). Overall, left side stride length was significantly longer than right side
stride length, as illustrated in figure 8.5B.

Table 8.11: Effect of day, repeat and side on SL and velocity for subject three. Levels of significance are
indicated by *P<0.05, **P<0.005; ***P<0.001; NS not significant.

Variables Stride length Yelocity
Day [T [T
Repeat NS NS
Side ¥k rwk
Day and repeat interactton NS NS
Day and side interaction NS NS
A
- 400 20, B
*kk
(3 s 350 — 240 - I
ey - - 300 = _;EL 93 ]. *E®
b —T F %0 £ o= 0 T
¢ ¢ €l t200 7 <€ 2201
L 150 3 % J_
2 3§ 210 -
- 100 > &
n 4
L 5o 200
T T T T O 190 T
1 2 3 4 5 Left Right
Day Side

(O = Stride Length — = Velocity

Figure 8.5: A) Mean stride length (SE) and velocity over five consecutive days for subject three. Bars
with the same letter illustrate no significant difference between days. Bars with different letters illustrate
significant differences between days (P<0.001). B) Difference between lefi and right side stride length.
Significant difference between sides indicated by *P<0.05;, **P<0.005; ***P<0.001,
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8.4 Correlation between stride length and velocity

Significant correlations were established for all subjects between stride length and
velocity. Right side had the strongest correlations compared to left, and subject one had
the greatest difference between left and right side correlations. This horse also had the
highest and lowest R? values (52.7% for the left and 92.7% for the right).

350 -
L ]

300 A
E
A
%
£ 250 -
o » Left stride length
-
& » Right stride length

200 -

150 T 1 T T T 1

200 250 300 350 400 450 500

Velocity (cm/s)

Figure 8.6: Regression analysis for stride length and velocity for left and right side for subject one
(R*°52.7%, 92.7%) showing a significant positive correlation (P<0.001).
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Figure 8.7: Regression analysis for stride length and velocity for left and right side for subject two
(R*=71.0%, 86.7%) showing a significant positive correlation (P<0.001).
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Figure 8.8: Regression analysis for stride length and velocity for left and right side for subject three
(R*=78.7%, 88.9%) showing a significant positive correlation (P<0.001).
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8.5 Variation in range of motion over five consecutive days

Scapulohumeral ROM had the highest variation between days for all subjects.
Metacarpophalangeal and carpus ROM had the lowest variation between days. Overall,
more proximal joints (such as the scapulohumeral) had higher variation in ROM
between days than distal joints (such as the metacarpophalangeal and carpus).

Table 8.12: Variation in ROM data for subject one for the five day trial. Joints with the highest and lowest
%COV are highlighted in grey.

Joint N Mean SE 5D Variance %% COV Parametric
Scapulochumeral 100 11.14 D.18 1.82 .30 16.30 vi
Humeroradial 100 48.50 0.32 3.23 10.41 6.65 v
Carpus 100 71.69 0.36 3.63 13.19 5.07 v
Metacarpophalangeal 100 51.92 0.44 233 473 v
Coxofemoral 100 24.94 0.29 2.87 8.23 11.50 v
Femorotibial 100 46.48 0.28 2.81 7.89 6.04 v
Tarsus 100 57.07 0.51 5.05 25.52 8.85 v
Mectatarsophalangeal 100 91.47 0.49 4.92 24.25 5.38 v

Table 8.13: Vartation in ROM data for subject two for the five day trial. Joints with the highest and
lowest %COV are highlighted in grey.

Joint N Mean SE SD Variance YaCOV Parametric
Scapulobumeral 98 1536 032 B2l Q028 2087 ¢
Humeroradial o8 52.86 0.42 4.12 16.96 7.79 v
Carpus 98 79.22 0.57 568 32.29 7.17 v
Metacarpophalangeal 98 105.12 0.79 7.84 61.42 7.46 v
Coxofemoral 98 30.47 0.64 6.32 39.91 20.74 x
A 98 v
Femorotibial 98 50.40 0.53 524 27.47 10.40 v
Tarsus 98 54.21 0.36 3.60 12.96 6.64 v
Metatarsophalangeal 98 53.09 0.50 9.9% 24.68 534 x

Table 8.14: Variation in ROM data for subject three for the five day trial. Joints with the highest and
lowest %COV are highlighted in grey.

Joint N Mecan SE SD Variance  %COV___ Parametric
Scapulohumeral 100 1804 047 IS5 22.55 26.33 X
Log x 100 v
Humeroradial 100 57.58 0.46 4.56 20.76 7.91 v
Carpus 80  B6S7 039 328 27.50 6.06 v
Metacarpophalangeal 80 109.23 0.85 7.64 58.40 7.00 v
Coxofemoral 100 24.17 032 3.21 10.33 13.29 v
Femoratibial 100 51.20 0.55 5.46 29.81 10.66 v
Tarsus 80 57.93 0.59 524 27.41 9.04 v
Metatarsophalangeal 80 97.59 1.65 14.80 219,23 15.17 v
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Results

8.6 Effect of day, repeat and side on range of motion
8.6.1 Subject One

Table 8.15: Effect of day, repeat and side on joint ROM for subject one. Levels of significance are
indicated by *P<0.03; **P<0.005; ***P<0.001; NS not significant.
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Day NS *** =*¥* NS NS NS * NS
Repeat NS NS NS N8 NS NS NS NS
Side NS N§ *** NS NS ** * NS

Day andrepeat NS NS NS NS NS NS NS NS

interaction
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Figure 8.9: Mean ROM humeroradial, carpus and tarsus joints (left side) over five days for subject one,
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ROM for each joint was consistent between repeats on each day (table 8.15); this
pattern is consistent with data for SL and velocity (table 8.9). Figure 8.9 demonstrates
that ROM for the scapulohumeral, metacarpophalangeal , coxofemoral, femorotibial and
metatarsophalangeal did not vary significantly day to day (P>0.05). ROM for the
humeroradial decreased from day one to two (P<0.001), did not vary between days two
to four, then increased on day five (P<0.001). Carpal ROM did not vary between days
one, two, four and five, however ROM decreased between day one and three, and
increased between day three and four and again between four and five (P<0.01). Tarsal
ROM did not vary between consecutive days, however tarsal angle on day five was

significantly larger than tarsal angle on day one.

8.6.2 Subject Two

Table 8.16: Effect of day, repeat and side on joint ROM for subject two. Levels of significance are
indicated by *P<0.05; **P<0.005; ***P<0.001; NS not significant.
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Figure 8.10: Mean ROM for scapulohumeral, carpus, metacarpophalangeal and femorotibial joints (left

side) over five days for subject two.

All joint ROM was consistent between repeats (table 8.16). Figure 8.10 demonstrates
ROM that changed significantly over the five day trial were for the scapulohumeral,
carpus, metacarpophalangeal and femorotibial. All joints followed the same pattemn of
variation between days. There was no variation between day one and two, or three to
five (all significant differences were established between day two and three).
Metacarpophalangeal and carpal ROM decreased between day two and three (P<0.001),
whereas femorotibial and scapulochumeral increased between day two and three
(P<0.001).

71



Results

8.6.3 Subject Three

Table 8.17: Effect of day, repeat and side on joint ROM for subject three. Levels of significance are
indicated by *P<0.05; **P<0.005; ***P<0.001; NS not significant.
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Figure 8.11: Mean ROM for the humeroradial, femorotibial, tarsus and metatarsophalangeal joints (left
side) over five days for subject three.

Similarly to subjects two and three, ROM was consistent between repeats (table 8.17).

Figure 8.11 demonstrates that humeroradial ROM did not change between day one and
72



Results

two (P>0.05), or from day two for the remainder of the trial. ROM on day one however,
was significantly smaller than days three, four and five (P<0.001). Femorotibial ROM
remained constant for most of the trial, decreasing significantly on day four (P<0.001).
ROM of the metatarsophalangeal increased significnatly beween day one and two
{P<0.001), but did not change between day two and three (P>0.05). Day three ROM
was significantly larger than day one ROM (P<0.001). There was missing data for the

hind distal limb joints (tarsus and metatarsophalangeal ) for days four and five.

8.7 Correlation between range of motion and velocity

Correlations were established between two joints’ ROM for subjects one and two
(scaputohumeral and humeroradial for subject one, carpus and tarsus for subject two).
Subject three demonstrated the most significant correlations between joint ROM and
velocity (five joints were correlated with velocity). More joints were established as
significantly different between days for this subject (compared to subject one).
Significant correlations had both positive and negative relationships, however the
regression values were not as strong as the regression between SL and velocity.

Table 8.18: Correlation between ROM data for each joint (left and right side) and velocity over the five

day trial for subject one. Levels of significance are indicated by *P<0.05;, **P<0.005, ***P<(.001; NS
not significant.

Joint P value CC value R* value (%)

Scapulohumeral NS -0.193 38
Humeroradial NS 0.182 33
Carpus *a 0.508 258
Metacarpophalangeal NS 0.191 36
Coxofemoral NS 0.093 0.9
Femorotibial NS 0.157 2.5
Tarsus * 0.212 4.5
Metatarsophalangeal NS 0.173 31

73



Results

Table 8.19: Corrclation between ROM data for each joint (left and right side) and velocity over the five

day trial for subject two. Levels of significance are indicated by *P<0.05;

not significant.

¥*P<0.005; ***P<0.001; NS

Joint P value CC value R* value (%)

Scapulohumeral * 0.250 6.3
Humeroradial NS 0.006 0.0
Carpus *hw 0.432 18.7
Metacarpophalangeal b -0.311 9.7
Coxofemoral NS -0.134 1.8
Femorotibial * 0.228 52
Tarsus NS 0.012 0.0
Metacarpophalangeal b -0.439 19.3

Table 8.20: Correlation between ROM data for each joint (left and right side) and velocity over the five
day trial for subject three. Levels of significance are indicated by *P<0.05, **P<0.005; ***P<0.001; NS

not significant.

Joint Significance CC value R’ value (%)

Scapulohumeral * -0.223 5.0
Humeroradial NS -0.092 0.3
Carpus . 0.248 6.1
Metacarpophalangeal NS -0.044 0.2
Coxofemoral NS 6.107 1.1
Femorotibial NS -0.062 0.4
Tarsus NS -0.075 0.6
Metatarsoophalangeal NS 0.117 1.4
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8.8 Summary

Intra-horse variation established significant variation in stride length between days for
all horses (P<0.001), and stnde length was positively correlated to velocity (velocity
was also established as significantly different between days). Less variation was
demonstrated for intra-horse range of motion for the trial, a maximum of four joints
(subjects two and three) were established as significantly different between days
(P<0.001). The majonty of joints measured did not vary significantly between days. A

summary of the main findings are presented in the table below.

Table 8.21: Summary of main results for conformation (how many traits were different between sides or
day), stride length (which days and sides were significantly different), ROM (how many traits were
different between side and day) for each subject.

Subject Conformation Stride Length Range of Motion
(number of traits) (day number) (number of joints)
Side Day Side Day Side Day
One 1 2 Right side  One and 3 3
>left side three >
two, four,
five
Two 4 6 No One>two- 4 4
difference five
Three 2 3 Left side One and 4 4
> right two >

side three-five
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Chapter Nine: Discussion

9.0 Discussion

The aim of part I was to obtain measurements for static conformation and stnde
characteristics for a group of horses over five consecutive days, to determine if baseline
measures can be obtained on a single occasion. It has previously been established that
traditional methods of assessing conformation can lead to inconsistencies between
assessors (Breen, 2009). Using a quantitative method like the one used in the present
study (based on Magnusson (1985) and Holmstrom ef a/., (1990)) should lead to more
consistent evaluations, providing the method is standardised. Unlike stride parameters,
when assessing conformation repeated measures are rarely taken; in theory there is less
variation when measuning static lengths and angles compared to dynamic ones. This
was evident in part 1 of this research, where static validation produced smaller margin of
error values than dynamic validation. The majority of conformation studies to date
investigate the effect of conformation on future performance {(Holmstrom er a/.,1990;
Back et al., 1996; Weller ef al., 2006b; Holmstrom, 2000) and soundness (Back ez al,
1996; de Souza ef al., 2004). In the present study, the purpose of establishing intra-
horse vanation in conformation was to determine the reproducibility of the method in
terms of consistency, as well as determining conformational differences between left
and right side, It was important that the method was standardised and highly repeatable
to make it accessible to the equine industry to use on a practical level. Limb segments
were defined and measured (rather than lengths of bone segments of the limb), for ease
of application. This was a preliminary investigation to determine the methodology for

part IIT that aimed to established normal conformation for a distinct breed of horse.

Variations in intra-horse conformational measurements can be an amalgamation of
inherent asymmetry between left and right side, changes in the stance, and errors in
marker placement due to soft tissue artefact. These limitations will vary horse-to-horse;
it is hard to distinguish between them to ascertain which limitations are causing
significant variations between sides or days. The horses in this study demonstrated
varying degrees of intra-horse vanation in conformation, due to methodological and
intrinsic limitations in the evaluation of conformation using two dimensional motion
analysis techniques. One of these limitations, and a main source of error according to
Weller er al. (2006a) is marker placement, however the actual marker set used could

also be a limitation.
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Markers used for dynamic analysis are usually placed at the centre of rotation of the
joint to be measured (Clayton and Schamhardt, 2001), whereas for evaluating static
conformation markers are often placed on the distal and proximal ends of limb segments
(Holmstrom et al., 1990). The current study developed a marker set that allowed
conformation and gait to be assessed from one marker set; limb segments rather than
actual lengths were measured. This is an essential part of ensuring the standardised
method will be adopted by the equine industry as it needs to be simple and quick to
obtain the data, as well as easy to process once downloaded (ease of digitising).
Providing the marker position is known with respect to joint angles, and in a well
known position on the horse, the exact marker site has no influence on the accuracy and
value of final kinematic data (Schamhardt er @/, 1993). The purpose of using
anatomical markers is to identify specific points of the skeleton on the surface of the
skin, by palpating the muscle and underlying tissue to feel the relevant bony segments
underneath. The accuracy of marker placement is dependent on the experience of the
person applying the markers and the amount of soft tissue artefact (STA); the amount of
tissue between the skin and bone. Soft tissue artefact is one of the main sources of error
in the use of anatomical skin markers (Leardini ef al., 2005), and this error will vary
depending on which joints are being measured. Joints with higher amounts of STA
(proximal joints) will be harder to palpate to locate the correct bony segment under the
skin compared to joints with smaller amounts of STA (distal joints). This has been
demonstrated in the present study where scapulohumeral ROM had the highest amount
of variation in all subjects, ranging from 16.30% to 26.33% (tables 8.12-8.14, page 68).
This theory has been tested by Weller ef al. (2006a), using hypodermic needles to locate
the end of segment lengths and centre of rotation for joints on a whole cadaver.
Radiographs were then used to determine the accuracy of the external location of the
anatomical point, in relation to the actual point on the skeleton. The results confirmed
that proximal locations were harder to palpate compared to distal locations; errors of
less than 0.5cm were reported for points distal to the humeroradial and femorotibial
joints. It was also suggested that size of the landmark may also be a factor in decreased
accuracy for marker location. The proximal locations such as the greater trochanter tend
to be larger areas, compared to the metacarpophalangeal for example. Taking repeated
measurements over a number of days means repeated marker placement; if bony
segments are hard to locate, inaccuracies could occur. This could be why it appears
some conformational traits change day to day. Accuracy of marker placement is also

very much dependent on the experience of the researcher doing the palpation. In other
77



Discussion

types of assessment, level of experience has been established as a significant factor in
consistency between assessors (Breen, 2009). In the present study, the same experienced
researcher applied all the anatomical markers following a specified palpation protocol.
This minimised chances of inconsistency in marker placement, however there was still a
risk that accuracy was decreased when applying markers in the same positions over
consecutive days. To reduce this risk further, small areas of hair could be clipped at the
site of the anatomical landmark, to provide a reference point for marker placement. This
method has been used in previous research where repeated measures have been taken
from the same horses (Rose er af., 2009), however could not be used in the present
study due to lack of consent from the owners of the horses used. The amount of STA
varies depending on individual horses, and this is strongly correlated to body condition.
Horses with higher condition scores (higher fat mass) will display more STA. Subject
one (Thoroughbred) had a lower body condition score compared to subjects two and
three. This could be a reason why there was less vanation in conformation data for
subject one, compared to three, as bony segments were more easily palpated on the
Thoroughbred horse. Subject one demonstrated two traits that varied significantly
between days (neck length and scapulohumeral angle), compared to subjects two and
three that demonstrated six and four traits respectively. Subjects two and three (Anglo-
Arab and Cob) had higher amounts of STA than subject one, a possible limitation in the
accuracy of marker placement. The specific marker model used could also account for
some of the vanation; the model aimed to enable the researcher to measure static
conformation as well as ROM from the same model. Previously, research has used
different marker sets depending on whether conformation or ROM is being measured.
Holmstrom et al. (1990) used a different marker set for measuring conformation to
Degueurce ef al. (1997) for measuring ROM vanability. The present study aimed to
combine both these marker models, however it may have been more accurate to use a

different one for measuring conformation and ROM.

In the present study, the difference between variability in linear or angular traits differed
depending on the horse. Subject two demonstrated the highest variability for linear
traits; six out of seven traits that were significantly different between days were linear.
Subject three demonstrated higher vanability for angular traits; four out of five traits
that were significantly different between days were angular traits, this subject also
demonstrated a significant difference between left and right side stride length
(P<0.005), which could be accounted for by the differences in conformation. It could be

78



Discussion

possible that intra-horse variation for subject two was mostly due to stance related
variability, compared to subject three. Conformational asymmetry has previously been
reported in National Hunt horses (Watson ef al., 2003; Weller et al., 2006¢). The study
by Watson ef al. (2003), measured skeletal asymmetry of the third metacarpal bone
using radiographs. The right metacarpal bone was longer in 76% of horses measured.
Lengths of bone segments is one factor attributing to overall conformation (Weller er
al., 2006b) therefore it can be assumed that asymmetry in bone lengths will lead to
asymmetry in the conformation for the corresponding limb segment. Weller et al.
(2006¢) used 3D motion analysis techniques to assess conformation for 106 National
Hunt horses. Results were similar to the present study where some but not all traits
demonstrated left and right side asymmetry; both linear and angular traits were
significantly different between sides. The authors suggested angular traits (joint angles)
were more dependent on the stance of the horse, and that variations may reflect the
asymmetrical stance of the horse rather than true asymmetry (Weller er al, 2006a).
Changes in stance could also affect measurement of conformation between days. Stance
related dependency of conformation assessment has previously been tested using 3D
motion analysis techniques by taking repeated measurements of the same horse, three
times for each side (Weller ef al., 2006b). Horses were led out of the calibrated field of
view, in again and repositioned between each data collection. Conformation traits varied
between each repeated data collection for each horse; dewviations of limb segments

proved to be the most stance dependent traits measured.

True asymmetry in conformation is difficult to assess without the use of radtographs or
three-dimensional analysis systems that can measure traits from both sides
simultaneously. The purpose of this study was to standardise a method of assessing
conformation that is not only accurate and reliable, but accessible to the equine industry.
In order for the equine industry to start using a quantitative method such as the one
described in this study, it needs to be practical and easily reproducible for equine
practitioners to use on a daily basis for “in field” evaluations. The method is not
without its limitations; which are difficult to overcome, particularly if this method is to
be utilised by equine practitioners. Accuracy of marker placement can be improved by
one experienced researcher applying the markers following a specific palpation method,
however for this method to be adopted by the industry, the method needs to be
accessible to everyone not just experienced researchers. Taking the time to ensure the

horse is stood square (evenly weight beaning) and perpendicular to the camera will limit
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stance related vanations and distortions due to out of plane rotation, this was done in the
present study by using an area marked on the surface of the school to ensure the horse
was perpendicular to the camera. Differences were established between sides and days
for some traits, and different traits were different on each day. This indicates the
variations established in this study were due to methodological discrepancies rather than
true asymmetry. Variation in conformation has been previously established for a group
of Thoroughbred horses (Weller et al., 2006c); therefore providing conformation is
reported as a range within which normal conformation should lie, small variations

should not be an issue.

Baseline measures are integral when analysing equine stride characteristics. Baseline
data is used in place of an independent variable, for evaluating treatment (Stergiou and
Scott, 2005) or in the present case, to define normal gait. Varability is inherent in
animals (Danion et a/., 2003; Fomer-Cordero er al., 2006), it appears impossible for
biological systems to repeat identical locomotion patterns on successive occasions.
Equine gait characteristics may not be identical between repeats but conclusions drawn
from previous studies on the variability of equine gait established small intra-horse
vanation (Drevemo ef al, 1980a; Drevemo er al., 1980b; Degueurce et al., 1997;
Galisteo et al. 1996). This is desirable for gait analysis studies as it means that baseline
measures can be obtained on a single occasion. It also means that “normal” gait for
individual horses can be quantified. In the present study the amount of intra-horse
variation in stride length varied depending on which subject was being analysed. Ten
repeats were taken for each side, and no significant differences between repeats were
established for stride length or velocity (P>0.05). Repeated measures were taken to
obtain a mean value, the number of repeats can vary from three (Drevemo ef al., 1980b)
to twelve (Clayton er al., 2002), but ten were used in the present study. The results of
the current study demonstrate that ten repeats are sufficient for obtaining baseline
measures; stride length data obtained on one occasion is consistent. This confirms
previous studies, where little variation was established between repeats of the same
horse recorded on one occasion (Drevemo ef al., 1980a; Degueurce ef al., 1997). Stride
length was significantly different between sides for some horses and stride length was
significantly different between some but not all days (P<0.001), so although stride
length was consistent between repeats on one day, there was less consistency between
days. Intra-horse vanation in stride length established differences on days one and three

for subject one; stride length was significantly longer on these days than other days in
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the trial (P<0.001). Subject two demonstrated significantly longer stride length on day
one (P<0.001) than all subsequent days; stride length did not vary between days from
day two to five. Similar results were illustrated for subject three; stride length was
significantly longer on day one and two than subsequent days (P<0.001). It is evident
from these results that stride length had good short term repeatability (between
successive repeats on the same day), but repeatability on different days was less
consistent. The level of consistency depended on the horse; stride stability is unique to
individual horses. This confirms previous studies that have established horses have
inherent locomotion patterns (Drevemo er al., 1980a; Drevemo er al., 1980b; Degueurce
et al., 1997, Galisteo ef al. 1996); some locomotion patterns may be more variable than
others. This vanability may be due to a number of factors, all of which are limitations of
the present study some of which could be accounted for to make stride characteristics

less variable for future studies.

Variation in stride characteristics between sides could be partly due to asymmetrical
conformation, asymmetrical conformation is a limitation that cannot be altered. Subject
two demonstrated no significant difference between left stride length and right stride
length overall (P>0.05); this horse also had the least asymmetry in conformation
between sides. Two traits were different between sides (femur length and femorotibial
angle), the small amount of conformational asymmetry is probably why there is less
asymmetry when analysing stride length; conformation has a direct effect on movement
(Holmstrom er al., 1990; Back er al., 1996, Weller ef al., 2006b). A horse with
symmetrical conformation will probably lead to more symmetrical gait. Evaluation of
conformation is an important part of any investigation into stride characteristics, due to
the relationship between conformation and locomotion. It could be suggested from the
present study that an assessment of conformation prior to gait analysis should provide
useful information on symmetry of the individual horse, allowing decisions to be made
on whether to analyse gait from one or two sides. Stride characteristics for the left and
right side were not recorded simultaneously for the present study; only one camera was
used therefore a comparison of left and right side was not a true comparison. Horses
were also recorded for ten repeats on each side, rather than capturing each side
sequentially. It could be possible that whichever side was recorded first demonstrated
significantly different stride length to the subsequent side. If two cameras were used,
and sides recorded simultaneously, it is possible that less variation would have been

established between sides.
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Correlations on the data established significant correlations between stride length and
velocity, and this has been well documented in other biomechanics research (Leach and
Drevemo, 1991; Peham et al.,, 1998; Clayton er al.,, 2001). The consistency of stride
length between days was also closely correlated to consistency of velocity. Where
differences between days in stride length was established, a significant different in
velocity was also established. This is more than likely due to the strong correlation
between stride length and velocity, and demonstrates how velocity-dependent stride
length is. The dependency of stride length on velocity demonstrates how important it is
to regulate velocity when aiming to obtain baseline measures in gait analysis. Velocity
in the present study was not consciously regulated; consistency was improved by using
the same handler to trot each horse. The variation in velocity demonstrates this is not
the most reliable method of regulating velocity of trotting horses. In future work, timing
gates could be utilised to ensure the horse is travelling within the same range of speed
(£5% of the mean velocity) for each repeat. The analysis of inter-horse variation (results
of inter-horse variation can be seen in Appendix C) established horse one had
consistently shorter stride length than horses two and three. Horse one had higher
variation in stride length than horse three. It i1s also possible that faster horses (longer
stride length) were more consistent; this has been established for human athletes
(Danion ef al., 2003}, and due to the correlation of velocity and stride length in equine

gait it 1s a plausible explanation for the increased variability seen in shorter strides.

The amount of variation in range of motion for the specific joints measured was less
than variation in stride length over the five day trial. ROM for eight joints were
measured, a maximum of four joints displayed variation that was established as
significant between days for all subjects. Subject one demonstrated a significant
reduction in carpus ROM between day one and three, but then an increase on days four
and five. Carpus ROM was significantly negatively correlated to velocity, and although
the correlation was not very strong (5%), ROM does follow the same pattern as change
in velocity over the five days. Humeroradial and tarsus ROM were also significantly
different between days; humeroradial ROM decreased between day one and two then
stayed consistent until day five when it increased. Tarsus ROM increased from day one
to five. Neither of these joints were significantly correlated to velocity therefore there

must be another factor involved in the varnation of joint ROM.

Galisteo et al. (1996) demonstrated similar results to the present study. Variability in the

majority of joints measured was less than 10%, however the scapulohumeral joint
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demonstrated the highest amount of vanation (mean of 24.9%) which is comparable to
the mean scapulohumeral COV value for the present study (21.2%). This study recorded
the horses at walk, leading to a much lower velocity (1.68+0.15m/s). The authors did
not take into account velocity due to the low SE value; they assumed velocity to be a
constant parameter therefore lacking significance on stride parameters. Velocity
however had the highest COV value compared to other stride parameters. It could be
argued that COV is a more reliable measure of the variability of the parameter measured
as it lets two sets of data to be compared that have different values as it shows the
variability as a percent of the onginal value. Standard error is not a proportionate
measure; a smaller value will have a smaller SE value, even though COV might be
higher. This could be why velocity had a small SE, but larger COV value.

Intra-horse variation in ROM differed for each joint; this vanation followed a pattern
that was similar for all subjects. ROM for proximal joints had higher COV values
compared to ROM for distal joints. Scapulohumeral ROM was the joint with the highest
COV value for all subjects. The joints with the lowest COV values were
metacarpophalangeal, metatarsophalangeal and carpus. It has previously been
established that different joints undergo a different amount of variability (Galisteo et al.,
1996; Degueurce ef al., 1997), with contradictory results. Intra-horse variation studied
by Degueurce ef al. (1997) indicated distal joints such as the distal interphalangeal,
carpus and tarsus joints displayed the lowest amount of individual variation between
repeats. These joints therefore were considered to be more representative of the
indivtdual horse, whereas in proximal joints that had higher amounts of intra-horse
variation, the range of motion was less characteristic of the individual horse. The study
by Galisteo et al. (1996) revealed results more similar to the current study; proximal
joints demonstrated higher amounts of variation compared to distal joints. The results
indicate distal joints are more representative of the individual, compared to proximal
joints (that undergo higher amounts of vanation between repeats). It is possible that
marker placement could be causing variation in proximal joint ROM, such as the
scapulohumeral. The analysis of scapulohumeral joint conformation indicated
scapulohumeral joint angle was significantly different between days for subject one and
three, and scapula length for subject two. Actual scapulohumeral conformation will not
have changed over the tnal, one possible cause of this variation could be marker
placement (as discussed earlier). Soft tissue artefact is another possible cause of the

higher variation in the proximal joints. The proximal joints (scapulohumeral,

83



Discussion

coxofemoral, femorotibial) displayed the highest COV values compared to distal joints
in the current study, this is likely to be due to the varying amount of STA in these joints.
Proximal joints have higher amounts of STA compared to distal joints (van Weeren et
al., 1990a). Variations of up to 8mm were established for distal joints, compared to
values of as much as 142mm for more proximal locattons. Deviations of up to 40mm
have been found for the scapula (van Weeren et al, 1990b), which when taking
repeated measures of the same horse could be an influence on the amount of vanation.
A simple and accessible method of accounting for some of the distortions caused by
STA is to use data smoothing and filtering techniques (Howarth and Callaghan, 2009).
The present study used a Butterworth filter, at a cut-off frequency of 10 hertz to smooth
all data. This technique will not account for large amounts of skin displacement, but is
an acceptable and widely used protocol making it ideal to use with a standardised

method aimed at equine practitioners.

The definition of gait is the “cyclic pattern of limb movements that occur during each
stride” (Nicodemus and Clayton, 2002), therefore by its’ very nature a stride cycle is an
accumulation of the range of motion of each joint making up that stride. This is one
reason why stride length data i1s more variable than ROM data, as it is in effect the
overall movement of the horse; the sum of minor vanations displayed for each joint will
lead to larger vanations in stride length. The aim of this chapter was to establish if gait
characteristics for individual horses were stable enough to allow for baseline data to be
collected on one occasion, rather than separate occasions over a number of days. It
could be argued that when measuring stride length alone, due to the higher intra-horse
variation baseline data should be obtained over more than one day. The amount of
variation in stride length did vary depending on the horse, indicating some horses have
more stable stride characteristics than others. It is possible this different amount of
variation 1s linked to age or training effects; the mean age was 10+3.5 years and each
horse has competed to different levels in different disciplines. Age and training have
both previously been established as factors contributing to changes in gait
characteristics (Barrey ef al., 1993; Buchner et al, 1994), and are often linked. To
minimise age and training effects, the sample of horses used should be of similar age
and have undergone the same level of training. One method to ensure this is to use un-
backed young horses. The horses in the present study all demonstrated significant
differences between day one and two, but not all for subsequent days. This suggests that
if baseline stride length data is needed, the first data collection should be discounted
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(possibly due to the novelty factor) but subsequent baseline data should be stable
enough to be collected on one occasion. Range of motion of specific joints
demonstrated different amounts of variability, this could cause difficulties when
suggesting how vanable gait is overall. The standardised method developed from this
research needs to be simple and accessible if it is to be utilised on a practical level by
the equine industry, as well as providing equine practitioners with accurate and useful
information. It can be concluded from this chapter, that although stride length is more
variable than ROM, providing measures are taken to control the methodology
(standardised marker placement, regulating velocity) then baseline measures to define
the range of normal locomotion of the horse can be collected on one occasion (as long
as stride length alone is not used as a measure of the horses gait). The results of this
study indicate horses do have unique locomotion patterns and that these patterns vary
between horses; it has yet to be seen if these patterns are not just unique to individual

horses but within distinct breeds as well.
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PART III

Defining normal gait in the Arabian Horse.



Chapter Ten: Aims and Objectives

100 Aim

The aim of part I of this study were to apply the methods and techniques from parts 1
and I in order to measure normal conformation and gait of Arabian horses; and from

these measurements develop a unique baseline dataset for the Arab horse.

10.1 Objectives

i) Use the standardised technique developed in part I and II to obtain measurements of

static conformation of a group of Arabian horses.

ii) Use the standardised technique to obtain measurements of stride length and range of

motion for a group of Arabian horses.

1) To provide a unique data set of baseline stnde and conformation data to the Arab

Horse Society and Arab stud/horse owners.

10.2 Hypothesis

1) Normal conformation (determined by the mean values obtained) will be normally

distributed.
ii) There will be no difference in stride length or range of motion between horses.

iii) There will be significant correlations between conformation and gait.
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Chapter Eleven: Methodology

11.0 Subjects

The subjects consisted of six purebred Arabian horses; four mares, one gelding and one
colt. Mean age 27+10.56 months. None of the horses were backed, therefore had not
received any training, but were capable of trotting in hand. Five of the horses shared
identical routines (lived out full time), one horse (the colt) was stabled at night. Horses
were selected based on horses available at the time of the study that fulfilled the

required critena of being purebred unbroken Arabian horses.

11.1 Instrumentation

Please see section 7.1 in chapter six, part I (page 49) for details of the equipment used.
11.2 Anatomical markers

Please see section 7.2 in chapter six, part Il (page 49) for details on the marker sets

used to measure conformation and gait.
11.3 Filming procedure

Filming procedure is explained in detail in section 7.3 in chapter six, part II (page 51).
Filming took place on location at the participating stud, on the yard which consisted of a
large, flat area most suitable for trotting horses in hand. Prior to filming taking place, a
calibration video was filmed using a 50 by 50cm calibration cube. Horses were led
passed the equipment in walk for ten minutes before recording took place, to habituate
the horses to the equipment and to warm the horses up prior to filming. Filming took

place over a period of two weeks, on three separate days from 10am to 2pm.
11.3.1 Conformation assessment

Procedure for assessing conformation is explained in detail in section 7.3, chapter six
(page 51). Horses were stood square (equally weight bearing on all four limbs) in the
calibrated field and held by a handler, ensuring the horse was perpendicular to the
camera. Horses were recorded for three seconds from the left side (traditionally the
side conformation is assessed from), on one occasion. The linear and angular traits

measured can be seen in figure 6.1 (chapter six).
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11.3.2 Stride length and range of motion assessment

Procedure for assessing stride length and range of motion 1s explained in detail in
chapter six. Stride length and ROM were assessed in trot only. Horses were led in hand
(by the same handler to maintain consistency) passed the video camera through the
calibrated field of view, at a distance of 7m from the video camera (see figure 7.2, page
52) in order to capture one full stnde (one full stride cycle was determined as mid-
stance to mid-stance of the near fore and hind limb). Horses were recorded from the left

side only, with five repeats being taken from each horse.
11.4 Analysis of videos

Video analysis and data smoothing techniques were carried out according 1o the

methodology described in section 7.4, chapter six (page 54).
11.5 Statistical analysis

Descriptive statistics were calculated for the data for intra-group vanation and inter-
horse vanation. Descriptive statistics included mean, standard error, variance (the
distance of the data from the mean value) and the coefficient of variation (the standard
deviation as a percentage of the mean, which allows data sets of different values to be
compared). All data were tested for normality with an Anderson-Darling normality test.
If data were established as non-parametric, skew was determined with a histogram. If
data were skewed, data were transformed. For positively skewed data, the
transformations vx, log x, '/ were used. For negatively skewed data the transformations

x%, x* and antilog x were used. Data were then re-tested for normality.

Inter-horse variation and intra-group vanation were established for each subject and all
subjects for conformation, SL and ROM. Parametric data was tested using a GLM. Non
parametric data was tested with a Kruskal-Wallis. To determine where differences

occurred, a post-hoc Tukey comparison was used.

Correlations were performed between SL and ROM data with velocity to determine if a
significant relationship existed. Parametric data were tested with a Pearson correlation,
non parametric data were tested with a Spearman correlation (on ranked data).

Regression analysis was also performed to determine the strength of the relationship.
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Chapter Twelve: Results

12.0 Conformation

12.0.1 Variation in conformation

Traits that measured linear distances (lengths of limb segments) overall had lower SE

values than traits that measured angular values (joint angles). When comparing COV

values, higher variance was established for linear traits, compared to angular traits.

These results followed similar pattems to the intra-horse variation in conformation seen

in part II. All data were established as parametric, therefore normally distributed within

the population.

Table 12.0: Variation in conformation of a group of purebred Arabian horses. Traits with the highest and
lowest %COV are highlighted in grey.

Trait N Mean SE SD Variance %COV
Neck (ecm) 6 54.14 6.16 252 37.98 11.38
Scapula (cm) 6 33.17 4.04 1.65 16.31 12.17
Humerus (cm) 6 2874 397 162 15.73 13.80
Radius (¢cm) 6 48.87 2.89 1.18 8.38 5.92
Metacarpal (cm) 6 30.75 3.04 1.48 13.22 11.83
Proximal phalanx (cm) 6 11.13 0.94 0.38 0.88 8.43
Pelvis (em) 6 28.63 3.32 1.35 11.00 11.58
Femur (cm) 6 37.86 4.56 1.86 20.80 12.05
Tibia {cm) 6 42.61 1.83 0.75 336 4.30
Metacarpal (cm) 6 38.78 3.39 1.38 11.48 8.74
Proximal phalanx (cm) 6 11.28 2.00 0.82 4.00 17.73
Neck () 6 97.82 5.56 2.27 30.93 5.69
Scapulohumeral ) 6 114.40 2.92 1.19 853 2.55
Humeroradial ") 6 152.03 8.85 3.61 78.34 5.82
Metacarpophalangeal (") 6 141.88 4.58 1.87 21.01 3.23
Coxofemoral () § 16.03 510 056 74l 5]
Femorotibial (") 6 162.78 10.99 4.49 120.75 6.75
Tarsus (") 6 164.30 3.49 1.42 12.17 212
Metatarsophalangeal () 6 148.62 8.89 3.63 78.96 5.98
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12.1 Stride length and velocity

12.1.1 Normal stride length in Arabian horses

Data for stride length and velocity demonstrated variance within a similar range to
conformation data. Velocity had the highest %COV value forelimb and hind limb SL
had similar %COV values. Data for hind limb SL and velocity were parametric (once
transformed), however forelimb SL was not; data were for this trait were not normally

distributed within the population.

12.1: Vanation in stride length in trot and velocity for a group of purebred Arabian horses,

Trait N Mean SD SE Variance %COV Parametric
Forelimb SL 30 206.38 13.24 242 175.25 641 ®
Hind limb 30 204 80 12.50 2.28 156.28 6.10 x

SL

Log hind v
limb

Velocity 30 318.49 3298 6.02 1087.60 10.35 x

Log velocity v

12.1.2 Inter-horse variation

There was no significant difference between fore and hind limb SL (P>0.05) therefore
for further analysis, forelimb SL and hind limb SL were analysed together as SL (these
data were established as parametric).

Table 12.2: Inter-horse variation of stride length in trot and velocity for a group of purebred Arabian
horses. Levels of significance are indicated by *P<0.05; **P<0.005; ***P<0.001; NS not significant.

Yariable Stride length Velocity

Significance Significance
Horse % LT
Repeat NS NS
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Figure 12.0: Mean stride length (+5E) and velocity for all horses. Different letters denote a significant
difference between horses P<0.001). Same letter denotes no significant difference between days.

Stride length and velocity were consistent between repeats (P>0.05), this was true of all
horses. There was no significant difference in SL between horses one, two or three
(P>0.05), or between horses four, five and six (P>0.05). Horses one to three had
significantly shorter stride length compared to horses four to six (P<0.001). A similar
pattern was established for velocity. Horses one to three demonstrated no significant
differences (P>0.05), horses three to six demonstrated no significant differences
(P>0.05). Horses four to six were significantly faster than horses one to three (P<0.001).
Horse three was faster than horses two and three, and slower than horses four to six,
however this small vanation was not significant. This horse also had the largest SE
value (331.15+14.44cm/s).
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12.1.3 Correlation between stride length and velocity

A significant positive correlation was established between mean stride length and
velocity (R?=76.2). This value is comparable to the intra-horse correlations

demonstrated in part IT.

Table 12.3: Correlation between fore and hind limb stride length and velocity showing, correlation
coefficient (CC value) and regression value (R* value). Levels of significance are indicated by *P<0.05;
**P<0.005; ***P<0.001

VYariable Significance CC Value R’ value (%)

Stride length s 0.873 76.2

250 -
240 -
230 -
220 +
210 -
200 -
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170 A
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200 250 300 330 400 450

Mean stride length (¢m)

Mean velocity {cm/s)

Figure 12.1: Regression analysis for stride length and velocity (76.2%) showing a significant positive
correlation (P<0.001).
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12.2 Range of motion
12.2.1 Normal range of motion in Arabian horses

Scapulohumeral joint ROM demonstrated the highest %COV (table 12.4), similarly to
intra-group variation for ROM in part [I. Vanation for this joint was less for the Arab
horses, compared to intra-group vanation for the same joint. Tarsus joint had the lowest
%COV similarly to intra-group variation. Variation was less for the Arabian horses
when comparing the data to intra-group vanation for the same joint. Unlike intra-horse
and intra-group variation, there was no trend to the data when comparing distal and

proximal limb joints.

Table 12.4: Variation in ROM for all subjects. Joints with the highest and lowest %COV are highlighted
in grey.,

Joint N Mean SD SE Variance %COV
Scapulohumeral 30 19.54 a4.71 0.86 22.20 24.12
Humeroradial 30 53.67 437 0.80 19.09 8.14
Carpus 30 72.29 7.11 1.30 50.59 9.84
Metacarpophalangeal 30 95.81 11.17 2.04 124.70 11.66
Coxofemoral 30 29.04 3.50 0.71 1521 13.43
Femorotibial 30 46.77 4.89 0.89 23.92 10.46
Metatarsophalangeal 30 104.2% 12.92 2.36 166.96 12.39
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12.2.2 Inter-horse variation in range of motion

Table 12.5 demonstrates that neither horse nor repeat had a significant effect on ROM

for any of the joints measured (P>0.05). There was no significant difference between

horses for each joint ROM measured (figure 12.2). Normal joint ROM for this group of

Arabian horses can therefore be established from the mean values for each joint ROM.

Table 12.5: Effect of horse and repeat on joint ROM for all subjects. Levels of significance are indicated
by *P<0.05; **P<0.005, ***P<(,001; NS not significant,
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Figure 12.2: Mean ROM for all joints and subjects showing no significant differences between horses

(P>0.05).
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12.3 Correlations between conformation and gait

Correlation between conformation and gait are illustrated in tables 12.6 and 12.7. The
majority of signtficant correlations between conformation traits and gait were
established for hind limb traits. The correlations that were significant were all positive
correlations; as the conformation trait increased in size so did the length of stride or
range of motion of the joint. The regression analysis for one of these correlations (tibia
length) 1s shown in figure 12.3. When analysing all traits together, hind limb traits could
be used to predict hind Itmb stride length more accurately than forelimb traits (table
12.8),

Table 12.6: Correlations between forelimb stride length in trot and ROM and conformation traits showing

correlation coefTicient value. Significance is indicated with (*), positive and negative correlations
indicated with (+) or ().

Trait Forelimb Scapulohumeral Humeroradial Carpus Metacarpophalangeal
Stride ROM ROM ROM ROM
length

Length of neck 0.298 0.055 0.462 0.167 0.107

Length of scapula 0.133 0.365 0.476 0.631 0.028

Length of humerus 037 0316 0116 0.171 0.146

Length of radius 0.187 0.494 0.004 0.365 0.465

Length of 0.615 0.555 0.726 0.129 0.077

metacarpal .

Length of proximal 0.649 0.316 0.527 0222 0.465

phalanx

Neck angie 0.069 0.678 0.070 0.521 0.637

Scapula angle 0.515 0.675 0.154 0328 0.072

Humeroradial angle 0.455 0.397 0.335 0.802 0.317

*(#)

Metacarpophalangeal 0.289 0.560 0.135 0.791 0.221

angle

(*) P<0.05

(**) P<0.005

(***) P<0.001
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Table 12.7: Correlations between hind limb stride length in trot and hind limb conformation traits
showing correlation coefficient. Significance is indicated with (*), positive and negative correlations

indicated with (+) or (-).

Trait Hind Tarsus Metatarsopophalangeal
limb Coxofemoral Femorotibial (ROM) (ROM)
Stride ROM ROM
length
Length of pelvis 0.020 0.365 0.026 0.080 0.116
Length of femur 0.347 0.368 0.053 0.630 0.115
Length of tibia 0.933 0.516 0.321 0.478 0.365
)
Length of 0.167 0.174 0.373 0.404 0.003
metatarsal
Length of proximal 0.252 0.361 0.417 0.217 0.318
phalanx
Coxofemoral angle 0.786 0.537 0.124 0.390 0.433
Femorotibial angle 0.075 0.823 0.645 0.190 0.136
)
Tarsal angle 0.246 0.456 0.535 0.252 0.093
Metatarsophalangeal  (0.904 0.099 0.136 0.018 0.530
angle *(+)
(*y P<0.05
(**) P<0.005
{(***} P<0.001
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Figure 12.3: Regression for tibia length and hind limb stride length showing a significant positive

correlation (P<0.005) with a regression value of 83.99%.

Table 12.8; Stepwise regression analysis of all hind limb conformation traits with hind limb stride length.
Levels of significance indicated by; * P<0.05; ** P<0.005; *** P<0.001; NS not significant.

Trait I 2 3 4
Length of tibia *x NS * b
Metatarsophalangeal

NS e L
angle
Length of proximal . -
phalanx
Femototibial angle NS
Regression value (%) 83.88 93.14 99.84 100.00
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Chapter Thirteen: Discussion

13.0 Discusston

The aim of this chapter was to define the normal range of conformation and stride
characteristics for a distinct breed of horse (the Arabian) to determine if a specific breed
has unique conformation and gait pattems. It has previously been established in part II
that individual horses have inherent locomotion pattemns; more so for range of motion
than stride length (small intra-horse variation), and this has also been documented
previously in research using horses of different breeds (Drevemo er al., 1980a; Drevemo
et al, 1980b; Degueurce er al., 1997). To date, no attempt has been made to define
normal conformation and gait in the Arabian horse, using a method that will be easily

reproducible for use by the equine industry.

Table 13.0: Nommal conformation and stride characteristics (in trot) for purebred Arabian horses (mean
age 27+10.56 months).

Conformation traits Mean value (F1SE)
Neck (em) 54.1426.16
Scapula (cm) 33.17+4.04
Humerus (cm) 28.74£3.97
Radius (cm) 48.87+2 89
Metatarsal (cm) 30.75+3.64
Proxtmal phalanx (cm) 11.13=0.94
Tlium (cm) 28.63+£3.32
Femur (cm) 37.86+4 56
Tibia (cm) 42.61£1.83
Metatarsal (cm) 38.78+3.39
Proximal phalanx (¢m) 11.28+2.00
Neck (%) 97.8245.56
Scapulohumerai (%) 114.40+2.92
Humeroradial (%) 152.03+8 .85
Metacarpophalangeal (%) 14]1.88+4.58
Coxofemoral () 116.13£2.10
Femorotibial (*) 162.78+10.99
Tarsus (") 164,30+3,49
Metatarsophalangeal (%) 148.62+8.86
Stride Parameters (in trot) Mean value (£15E)
Forelimb stride length (cm) 206.38+2.42
Hind limb stride length (cm) 204 80+2.28
Velocity (cm/s) 318.49£6.02
Scapulohumeral ROM (%) 19.54+0.86
Humeroradial ROM (%) 53.67+0.80
Carpus ROM (%) 72.29+13
Metacarpophalangeal ROM (%) 95.81+2.04
Coxofemoral ROM (%) 29.04+0.71
Femorotibial ROM (%) 46.77+0.89
Tarsus ROM (%) 60.44+0.85
Metatarsophalangeal ROM (%) 104.29+2 36
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The method used in this chapter was validated and standardised in the previous parts of
this research, and it was established that the two dimensional motion analysts software
used is accurate and reltable, and the method simple but accurate enough to be usedon a
day-to-day basis by equine practitioners. Inter-horse vanation was used to determine if
there were any significant differences between horses; mtra-group vanation used to

develop the baseline dataset (table 13.0).

Conformation data obtained from analysing the Arab horses used in this study were
parametric, the data were normally distributed within the population. In normally
distributed data, 68.26% of the data is within one standard deviation of the mean, and
nearly all the data (99.74%) within three standard deviations from the mean; the mean
value therefore is a reliable figure to represent the population. This 1s important in a
smaller sample size (six horses). It i1s almost impossible to measure all the individual
members of a population (Wheater and Cook, 2000), therefore samples were used as a
representation of the population being measured-in this case conformation of Arabian
horses. The null hypothesis was rejected as all data were parametric. Previous studies
into breed-spectfic conformation have also established quantitatively measured
conformation traits to be normally distributed when analysing variation in conformation
of a distinct breed (Weller et al., 2006c).

Cano er al. (2001b) compared Arab conformation to other breeds, using a similar
method to the present study. Angular conformation traits of seven Arab horses were
measured, all measurements for joint angles were smaller than the present study except
hind metacarpophalangeal angle that was larger. The standard deviations in the Cano et
al. (2001b) study were much higher than the ones in the present study, showing the data
was more spread out; there was higher variation between horses in the study by Cano et
al. (2001b) than the present study. This could be due to age effects. Horses in the Cano
ef al. (2001b) study were older, mean age was 6.1+4.0 years, and this led to a large
range in heights (which may be why there was a larger range in conformational
measurements compared to the present study where horses were of a similar age). The
large standard deviation shows there was also a greater range of ages compared to the
horses in the present study. Age has previously been linked to training; it is possible a
horse trained to a higher standard will have a different stance to a young horse that has
received no training (such as the horses in the present study). It has been discussed
previously how stance of the horse (when stood square for conformation assessment)

has a significant effect on the reliability of conformational measurements (Welier et al.,
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2006), and this could be why measurements were different between the two studies. The
effect of stance on conformational measurements is probably accentuated in Arab show
horses due to the specific training Arab horses are subjected to (particularly with in-
hand showing), to achieve a particular stance in the show nng. There was no
information on the type of Arabs used in the Cano et al. (2001b) study, or what
discipline (if any) they competed in.

The coefficient of vanation values for each trait follow the same pattern as with the
conformation data in part II. Linear traits were more vanable between horses than
angular traits. It was suggested in part I that intra-horse variation was partly due to
limitations of the method such as stance of the horse, marker placement and soft tissue
artefact, rather than inherent variation in conformation. This is probably true with the
current data, as it has previously been established that horses of a similar breed have
similar conformation (Holmstrom et af., 1990; Cano et al., 2001b). In contemplation of
this, the null hypothesis was there would be no significant differences in the quantitative
measurement of conformation between Arab horses in the study. The study aimed at
analysing the amount of variation between horses therefore measures of variance (COV
and SE values) are of more value than analysing differences. This method of reporting
variability of conformation within a population was used by Weller ef a/. (2006¢) when
analysing the vanation in conformation of Thoroughbred horses. Weller et al. (2006c¢)
used standard deviation as an indicator of the spread of conformation data within the
population. Companng the standard deviation from that study to the present study, the
range of values were very similar for angular and linear traits. The Arab conformation
data in the present study ranged from 0.38cm to 2.52¢m for linear measurements (length
of fore proximal phalanx and neck), and 2.92° to 10.99° (for scapula and femorotibial
angle respectively). The Thoroughbred conformation in the study by Weller er al.
(2006¢) ranged from 0.65cm to 8.04cm (carpal and horse length), and 3.08° to 10.02°
(for carpus and coxofemoral angle respectively). Similarly to part II, linear traits were
less variable than angular traits. The low variation within the sample reinforces the idea
that horses of similar breed have similar conformation. This suggests that due to the
strong link between conformation and locomotion, horses of the same breed will have

simular gait charactenstics.

Stride length (fore and hind limb) and velocity were not normally distributed; data were
non parametric, although hind limb stride length and velocity could be transformed. The

null hypothesis therefore can only partially be rejected. The coefficient of variation for
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stride length for the Arab horses was less than the intra-group vanation in stride length
established for the subjects in part Il. These results support the hypothesis that there is
less vanation in stride parameters in horses of the same, or similar breeds, and has
previously been established in various breeds such as Dutch Warmblood, Andalusian
{Galisteo et al., 1996); Standardbreds (Drevemo et al., 1980a; Drevemo ef al., 1980b).
There appears to be two separate groups within the data. Horses one, two and three were
not significantly different from each other for stride length or velocity, and the same
with horses four, five and six; although the second group had significantly longer stride
length and velocity to the first three horses. Horses were recorded over three days, but
these days do not correspond to the different groups. It was established in part 11 of this
study that day had a significant influence on stnde length (P<0.001), however can be
discounted as a factor in this study. Age of horse may be a factor fluencing the
variations in stride length. Horses one, two and three were all the same age (24 months),
which could explain why there was no significant difference between stride length and
velocity for this group. Horses four, five and six however were different ages. Horse
four was the eldest horse (48 months), horse five was the same age as horses one-three
(24 months), and horse six the youngest (18 months). There must be another factor
influencing velocity and stride length that would explain why the two groups are
different. Gender effects might be one explanation of this. Horses one-three were all
fillies; horses four to six included one mare (48 month old), one gelding (24 months)
and one colt (18 months). It has previously been reported that fillies have shorter stride
lengths than colts in racing Thoroughbreds (Seder er al.,, 2003) therefore it is possible
that gender is having the same effect in the present study.

A companson of stride characteristics of Arab horse from the present study, with horses
of various breeds from previous studies reveals some interesting differences. The
analysis of stride length data established the Arab horses in the present study had the
shortest stride length compared to Anglo-Arabs, Andalusian and Dutch Warmblood
horses (Galisteo et al., 1997; Cano ef al., 2001b). Analysis of range of motion data also
revealved some interesting comparisons. The majority of joints measured, the Arab
horses displayed the smallest ROM values, compared to other breeds. This would
explain the shorter stride length to a certain extent. Some of the joints measured were
similar to other breeds, namely ROM of the tarsus joint, where values only ranged from
24.8° (Anglo-Arab) to 29.6° {Andalusian). Two joints measured had greater ROM in the
Arabs than the other breeds (except Andalusian); the metacarpophalangeal and
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metatarsophalangeal. This could be accounted for by differences in age. Previous
research has established age affects the kinematics of the metacarpophalangeal joint
(Butcher and Ashley-Ross, 2002). Two year old Thoroughbreds had more
metacarpophalangeal joint flexion compared to five year old Thoroughbreds. Increased
flexion could lead to an increase in ROM, which would explain why the younger Arab
horses had larger ROM for the metacarpophalangeal joint, but generally smalter ROM
for other joints (and shorter stride length) compared to other breeds. These differences
between breeds could be due to not just age, but differences in velocity and

conformation between the different breeds as well.

Comparing the current data to previous studies that have measured Arab stride length at
trot (Cano ef al., 2001b), revealed the horses in the present study had slightly shorter
stride length (2.06+2.4m) compared to the horses in the Cano ef al. (2001b) study
(2.6m). The horses in the present study were also travelling slower, with a mean
velocity of 3.246.0m/s compared to 4.8+0.4m/s in the Cano et al. (2001b) study.
Velocity was regulated in the present study using a stop clock, however this was not a
very reliable method of regulating velocity as there were still high levels of variation
between horses (leading to increased variation in stride length). Velocity is positively
correlated to stride length (Back er al, 1993b; Clayton et al, 2002), as velocity
increases so does stride length. In the present study there was a significant positive
correlation between velocity and stride length (P<0.001). The differences in velocity
between the two studies could explain the variations in stride length. The discrepancy
could also be accounted for by the variation in age and size of the horses, as previously
mentioned when discussing differences in conformation. The direct link between
conformation and locomotion means that a difference in conformation will probably
lead to a difference in locomotion between the two groups. Regression between
conformational traits measured and stride characteristics determined exactly how

conformation affected gait characteristics for the Arab horses.

Correlations between conformation and gait characteristics revealed more significant
correlations for the hind limb compared to forelimb. The forelimb established only the
static humeroradial angle to be positively correlated to carpal ROM (P<0.05). Analysis
of the hind limb revealed length of tibia and metatarsophalangeal angle to be positively
correlated to stnide length (P<0.005; P<0.05), and femorotibial angle to be positively
correlated to coxofemoral ROM (P<0.05). The stepwise regression established when

using conformation traits (length of tibia, metatarsophalangeal angle, length of hind
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proximal phalanx and femorotibial angle) hind hmb stride length could be very
accurately predicted (regression value 100%). Hind limb stnde length, compared to
forelimb stride length was less variable, it is possible that stronger correlations were
established because the stride was more stable. Correlations between conformation and
gait have previously been established, particularly for scapula conformation and stride
length (Holmstrom ef al., 1990; Back ef al., 1996; Weller ef al., 2006b). It is surprising
therefore that no significant correlations were established between scapula conformation
and stride length in the current study. Differences in conformation may also account for
differences in stride length for Arab horses. The three horses with the longest stride
length also had the longest scapula length, however (possibly due to the small sample
size) this relationship was not significant. When analysing the traits that were
significantly correlated to stride length, inter-horse conformation was fairly similar.

This is reflected by the low standard deviation values for conformation data.

Intra-group variation (vanation within the sample as a group) for range of motion was
low, there were small vanations between horses but these vartations were not
significant. The analysis of inter-horse variation demonstrated repeat had no significant
effect on ROM (P>0.05) for each horse, which had been a consistent result throughout
the study. This reinforces the theory that horses have good short term repeatability in
stride characteristics, and five repeats is sufficient to obtain baseline measures of these
characteristics. Range of motion was not significantly different between horses
(P>0.05). This is an interesting result as it means that from the sample used (six horses),
all of them displayed similar gait characteristics in terms of range of motion. This
indicates normal gait can be defined for a distinct breed of horse. The ROM data in
table 13.0 for the horses in the present study are smaller than the ROM data presented in
table 1.0 (page 13), taken from Cano ef a/. (2001b). One joint produced similar ROM,
that was the coxofemoral, with ROM values of 29.04° (present study)} and 29.50° (Cano
et al., 2001b). This is interesting, as when comparing the conformation data between the
two studies, larger angles were reported by Cano ef al. study for the majority of joints,
compared to the present study. It has previously been established there is a relationship
between conformation and gait, for example larger scapulohumeral angles lead to longer
stride length (Weller et al.,, 2006b), although no correlations were established between
scapula conformation and stride length or ROM in the present study. Larger joint angles
measured for static conformation should lead to great ROM in that joint; a larger angle

gives the joint more potential for a larger ROM providing the full potential is used. It
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appears that perhaps the horses in -the present study were not using the full ROM
potential available to them hence why although joint angles were larger when assessing
static conformation but ROM was smaller. Velocity is one possible explanation for this.
The horses in the present study were over one meter per second slower (3.2m/s
compared to 4.8m/s). It was established in part I that some joint ROM were correlated
with velocity (table 8.24, page 78), and this accounted for the variability of horses gait
between days. It has been established previously that velocity does affect stride
parameters, Sloet van Oldruitenborgh-Oosterbaan and Clayton, (1999) found an
increase in joint ROM for the humeroradial, metacarpophalangeal and carpal joints with
an increase in velocity. In the present study the correlations were not particularly
strong, with regression values ranging from 1.8% to 33.4%; this implies other factors
influence range of motion. Cano ef a/. used a similar sample size to the present study
(seven horses), and a similar method; horses were trotted in hand along a track although
recorded their horses were recorded from the right side, instead of the left. The biggest
difference between the two studies is the age of the horses used (as previously
discussed). It does not state in the study by Cano ef al. whether the horses were backed
or un-backed, but it does state the horses were not involved in any specific training
programme. The study also mentions that although the horses conformed to the breed
standard in terms of conformation, the Arabian horses were relatively higher at the
withers than normal. Age, training and height at the withers could all be possible factors

to explain the discrepancies between the two data sets.

Age, height at the withers and training are all linked. Taller horses have longer stride
length, and larger ROM. It is questionable as to when horses’ gait patterns stop
developing. Some authors suggest it can be as late as 36 months, with the largest
amount of change being between 12 and 24 months (Cano ef a/., 2001a). Other authors
suggest 1t can be as young as four months (Back et al., 1993; 1994), although these
studies were performed in a treadmill therefore not comparable with the present study.
Increasing age may not necessarily lead to larger ROM; a study by Butcher and Ross
(2002) found that young racehorses {two year old Thoroughbreds) had more flexion in
their joints compared to five year old Thoroughbreds; possibly due to immaturity of the
suspensory ligaments in the distal limb allowing for more flexion. A study by Cano er
al. (1999) contradicts these results as greater ROM was established for adult (12.3+2.9
years old) compared to young (3.7+0.2 years old) Andalusian horses. ROM increased
from 17.2+5.5° to 22.844.9" for scapulohumeral ROM for example. A further study by
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Cano ef al. (2001a) produced similar results with humeroradial ROM increasing
from54.8+3.6° to 60.2+6.6° in horses aged 12 to 36 months. Bearing this in mind, the
horses in the present study may have produced smaller ROM values for the joints
measured compared to the previous study Cano ef al. (2001b) due to their age. It is also
possible that ROM may have increased as these horses got older. One of the reasons for
choosing young horses was to eliminate the possible effect training has on stride
parameters; amount or level of training could be another explanation why the results of
the two studies were different. There is plenty of evidence that training does influence
stride parameters (Drevemo et al., 1980b; Back et al., 1995; Cano et al., 2000; Ferran et
al., 2009), probably due to an increase in coordination (Back ef al., 1999). It is plausible
therefore that horses in the present study displayed smaller ROM (despite large joint
angles when analysing static conformation) compared to horses in the study by Cano et
al., 2001a) due to their age and lack of training. It would be interesting to reassess stride
parameters in the same group of horses after they had been backed to establish if there

was a significant difference in stride length or ROM.

The small inter-horse variation established for stride characteristics for a sample of Arab
horses used in this study illustrates that distinct breeds have specific gait patterns.
Conformation data were all established as parametnc, therefore the null hypothesis
(conformation data would not be normally distributed within the population) can be
rejected. The null hypothesis that there will be no difference between horses gait can
only be partially rejected; stride length was different between some (but not all horses)
but there was no significant differences in ROM between any horses. Likewise, the
hypothesis there would be no correlation between conformation and gait can only be
partially rejected; few traits were significantly correlated to gait (mostly hind limb
traits). Gait pattemns are correlated to conformation, which is inherently different
between breeds (Galisteo e a/. 1997), but may be affected by limitations such as age,
gender and velocity. This reinforces the idea that if normal gait for distinct breeds is to
be quantified by breed societies, the methods used to obtain these baseline measures

must be standardised across all breed societies.

106



Conclusion

14.0 Conclusion
14.1 Overview

This research involved three separate but interlinked studies with the overall aim of
developing an accurate method of defining normal gait in a distinct breed of horse. The
study has highlighted that it is essential to validate software prior to use and to know the
margin of error for the software before analysing results. The aim of the standardisation
study was to determine a method to obtain baseline conformation and gait parameters
using two-drmenstonal motion analysis techniques. This highlighted the importance of
accuracy in the methodology of using 2D motion analysis, specifically in marker
placement, which was noted as one of the biggest causes of error. These validated

methods were then used to define normal gait in a distinct breed of horse.
14.2 Limitations

Two dimensional motion analysis techniques are not without limitations, namely
distortions due to out of plane movements, when capturing three dimensional motion in
two dimensions, This is an inevitable limitation when using a 2D method to record 3D
movement. The use of 3D methods of gait analysis such as optoelectronic systems are
more accurate, but currently are not practical to be easily used “in field”. Other gait
analysis systems such as accelerometers using GPS based technology are suitable for
“In field” analysis, however to do not currently provide the same detailed information
that 2D analysis. Despite its limitations, because 2D gait analysis is designed to be
portable and simple to use, it stll remains the most practical solution for this type of

gait analysis.

The purpose of standardising a method of 2D motion analysis was to provide the equine
industry with a practical and reproducible method to assess gait and conformation. The
method therefore needed to be simple and quick to execute. It was evident however
from the intra-horse variation in conformation that there were still discrepancies in
marker placement, despite one researcher following the same specific protocol. In
research, the experience of the person applying the markers may outweigh the
limitations of the method, however if this method was to be adopted by the industry,
inconsistency between equine practitioners applying the markers would be a huge
limitation of the method. This could be addressed by developing a specific palpation

protocol to allow the anatomical landmarks to be identified. This protocol would need
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rigorous testing and validating to enable it to be deemed appropriate, a possible avenue

for future development of the current study.

A further limitation of the current study i1s regulating the stance of the horse when
assessing conformation. It is difficult to control the stance of the horse, therefore it is a
limitation of using this method to measure conformation. Stance does not have a large
effect on the reliability of the results, compared to marker placement, particularly if
repeated measures are taken. Stance 1s more repeatable if conformation is measured
when the horse 1s stood on a hard level surface and evenly weight bearing. Taking the
time to ensure the horse 1s stood square and perpendicular to the camera will limit
stance related vanations and distortions due to out of plane rotation. One possible
method of ensuring the horse is evenly weight bearing would be to use pressure mats.
This would be another opportunity for future research, to develop the current study to
attempt to improve the repeatability of measuring conformation using 2D motion

analysis techniques.

It i1s also very hard to regulate velocity when trotting horses in hand, even when using
the same handler and timing the repeated trials. Other research has accounted for
intrinsic vartations in velocity by using treadmills, but these have been shown to alter
gait charactenstics therefore it is difficult to extrapolate treadmill data to “real life”
situations. The use of timing gates would be a more accurate method of timing the
horses compared to a stop clock, a method which was tested in the present study then
disregarded due to the time taken to set up the equipment. To overcome this problem in
future research, an accelerometer could be used to measure the horses velocity for each
repeated trial. The accelerometer would have to transmit the data instantly to a
computer, to avoid delays between repeated measures but overall would be a more

accurate method of measuring velocity.

The manual input required for processing the data once downloaded is an additional
limitation; digitiser error can cause errors in accuracy and repeatability of
measurements. Errors can be reduced by using the same researcher to digitise all video
clips, as in the present study, however this method is not infallible. The improvement of
the automatic tracking features of the software would be a worthwhile addition to the
overall efficacy of the software, for both reliability whilst digitising and practicality for
use in the industry. Once developed, the accuracy of automatic tracking would need to

be validated. This would be a very valuable addition to the current research that
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validated the overall accuracy of the software and definitely a consideration for future

research.
14.3 Future research considerations

Additional considerations for future research would be to re-test the Quintic® software
using a high speed camera. This would establish to what extent the aspect ratio of the
camera was causing the inaccuracies (compared to the cosine algorithm), specifically in
angular measurements, and therefore if the software was suitable to use with a high

speed camera.

A further development would be to use the same protocol to define normal gait in more
than one breed, to allow the direct comparison between gart characteristics in different
breeds. If gait was measured over consecutive days (as with the standardisation study)
this would also provide interesting information about the day-to-day variability of stride

characteristics within different breeds.

14.4 Practical application

The purpose of this research was to inform the equine industry of the accuracy and
reliability of software and protocols used for “in field” gait analysis, as well as
providing information on normal gait of Arab horses. This research has direct
implications for the equine industry, as it is providing vital practical information that
can be used directly by equine practitioners using gait analysis. The practical
implications of defining normal gait will potentially provide the Arab Horse Society (or
further breed societies willing to adopt the protocol) with not only a standardised
method of measuring conformation and gait, but a baseline with which to compare other
horses to. This will be particularly beneficial for grading and judging performance, by
providing a quantitative measure with which to score horses against, ultimately

producing completely objective grading and judging systems.
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14.5 Conclusion

The normal conformation and gait for Arab horses that were quantified in part ITI of this
study tllustrate distinct breeds have specific gait pattemns. Range of motion was similar
for all joints and horses, therefore a reliable indicator of normal gait in Arab horses.
Gait patterns were correlated with conformation, which is inherently different between
breeds. This reinforces the proposal that if normal gait for distinct breeds is to be
quantified by breed societies, the methods used to obtain these baseline measures must
be standardised across all societies. If details of age and training are included as part of
a database of normal conformation and gait a better overall picture of breed
characteristics will develop. In effect, the database would have information on the
typical conformation and gait of a specific breed with the effects of age and training
included. The data from this study provides useful information for future equine gait
analysis research, in terms of accuracy of the software and protocols. It could also be
used to provide the Arab Horse Society with helpful information about normal gait

charactenstics for the breed, allowing Arab horses to be classified using gait analysis.

111



Chapter Fifteen: References

15.0. References

ANDERSON, T. & MCILWRAITH, C. (2004) Longitudinal development of equine
conformation from weanling to age 3 years in the Thoroughbred. £quine
Veterinary Journal, 36, 563-570.

ANDERSON, T., MCILWRAITH, C. & DOUAY, P. (2004) The role of conformation
in musculoskeletal problems in the racing Thoroughbred. Equine Veterinary
Journal, 36, 571-575.

BACK, W, VAN DEN BOGERT, A., VAN WEEREN, P, BRUIN, G. &
BARNEVELD, A. (1993a) Quantification of the locomotion of Dutch
Warmblood foals. Acta Anatomica, 146, 141-147.

BACK, W., BARNEVELD, A, VAN WEEREN, P. & VAN DEN BOGERT, A.
(1993b) Kinematic gait analysis in equine carpal lameness. Acta Anatoniica,
146,

BACK, W., BARNEVELD, A, BRUIN, G, SCHAMHARDT, H. & HARTMAN, W.
(1994a) Kinematic detection of superior gait quality in young trotting
warmbloods. The Veterinary Quarterly Supplement, 16, 91-96,

BACK, W, BARNEVELD, A, BRUIN, G., SCHAMHARDT, H. & HARTMAN, W.
(1994b) Longitudinal development of the kinematics of 4, 10, 18 and 26-month
old Dutch Warmblood horses. Equine Veterinary Journal Supplement, 17, 3-6.

BACK, W., SCHAMHARDT, H. C., HARTMAN, W., BRUIN, G. & BARNEVELD,
A. (1995a) Predictive value of foal kinematics for the locomotor performance of
adult horses. Research in Veterinary Science, 59, 64-69.

BACK, W, SCHAMHARDT, H., SAVELBERG, H., VAN DEN BOGERT, A,
BRUIN, G., HARTMAN, W. & BARNEVELD, A. (1995b) How the horse
moves: 1. Significance of graphical representations of equine forelimb
kinematics. Fquine Veterinary Journal, 27,31-38.

BACK, W., SCHAMHARDT, H. & BARNEVELD, A. (1996) The influence of
conformation on fore and hind limb kinematics of the trotting Dutch Warmblood
horse. Pferdeheilkunde, 12, 647-650.

BACK, W., MACALLISTER, C. G, VAN HEEL, M. C. V,, POLLMEIER, M. &
HANSON, P. D. (2007) Vertical Frontlimb Ground Reaction Forces of Sound
and Lame Warmbloods Differ From Those in Quarter Horses. Journal of Equine
Veterinary Science, 27,123-129,

BARREY, E. (1999) Methods, Applications and Limitations of Gait Analysis in Horses.
The Veterinary Journal, 157, 7-22,

110



References

BARTLETT, R. (2006) Introduction to sports biomechanics: Analysing human
movement patterns, London, Routledge.

BOWLING, A. & RUVINSKY, A. (2000) The genetic resources and their conservation.
The Genetics of the Horse. UK, CAB International

BREEN, E. (2009) A comparison of judging techniques and conformation traits in Irish
Draught horses. Unpublished Thesis, University of Limerick, Ireland

BUCHNER, F., KASTNER, J., GIRTLER, D. & KNEZEVIC, P. (1993) Quantification
of hind limb lameness in the horse. Acta Anatomica, 146, 196-199.

BUTCHER, M. T. & ASHLEY-ROSS, M. A. (2002) Metacarpophalangeal joint
kinematics differ with age in thoroughbred racehorses. Journal of Biomechanics,
35, 563-571.

CANOQO, M, MIRO, F., VIVO, J. & GALISTEO, A. (1999) Comparative biokinematic
study of young and adult Andalusian horses at the trot. Journal of Veterinary
Medical Association, 46, 91-101.

CANO, M. R, MIRO, F., MONTERDE, J., DIZ, A., MARTIN, J. & GALISTEO, A.
(2001a) Changes due to age in the kinematics of trotting Andalusian foals.
Equine Veterinary Journal Supplement, 33,116-121.

CANO, M.R,, VIVO, J., MIRO, F., MORALES, J. L. & GALISTEQ, A. M. (2001b)
Kinematic characteristics of Andalusian, Arabian and Anglo-Arabian horses; a
comparative study. Research in Veterinary Science, 71, 147-153.

CERVANTES, 1., MOLINA, A., GOYACHE, F., GUTIERREZ, J. P. & VALERA, M.
(2008) Population history and genetic vanability in the Spanish Arab Horse
assessed via pedigree analysis. Livestock Science, 113, 24-33,

CHIARI, L., CROCE, U. D,, LEARDINI, A. & CAPPOZZO, A. (2005) Human
movement analysis using stereophotogrammetry: Part 2: Instrumental errors.
Gait & Posture, 21, 197-211.

CLAYTON, H.,, HOYT, D., WICKLER, S., COGGER, E. & LANOVAZ, J. (2002)
Hindlimb net joint energies during swing phase as a function of trotting velocity.
Equine Veterinary Journal Supplement, 34, 363-367.

CLAYTON, H. & SCHAMHARDT, H. C. (2001) Measurement techniques for gait
analysis. IN BACK, W. & CLAYTON, H. (Eds.) Equine Locomotion. London,
W. B. Saunders.

COLBORNE, G. R. (2004) Gait analysis: technology looking for a place to happen?
The Veterinary Journal, 168, 112-113.

DANION, F., VARRAINE, E., BONNARD, M. & PAILHOUS, J. (2003) Stride

variabtlity in human gait: the effect of stride frequency and stride length. Gait
and Posture, 18, 69-77.

111



References

DEGUEURCE, C., DIETRICH, G, POURCELOT, P, DENOIX, J. & GEIGER, D.
{1996) Three dimensional kinematic technique for evaluation of horse
locomotion in outdoor conditions. Medical and Biological Engineering and
Comiputing, 34,249-252.

DEGUEURCE, C., POURCELOT, P., AUDIGIE, F., DENOIX, J. & GEIGER, D.
(1997) Vanability of the limb joint patterns of sound horses at trot. Equine
Veterinary Journal Supplement, 23, 89-92.

DELUZIO, K. J, WYSS, U. P, LL J. & COSTIGAN, P. A. (1993) A procedure to
validate three-dimensional motion assessment systems. Journal of
Biomechanics, 26,753-759.

DEUEL, N. & PARK, J. (1990) The gait patterns of Olympic dressage horses.
International Journal of Sport Biomechanics, 6, 198-226.

DE SOUZA, M. GALISTEO, A. MIRO, F. (2004) Influence of camped under
assoctated with upright proximal phalanxs in front conformation in the forelimb
movement of horses. Equine Veterinary Science, 24, 341-346,

DREVEMO, S., DALIN, G,, FREDRICSON, 1 & HJERTEN, G. (1980a) Equine
locomotion 1: The analysis of linear and temporal stride characteristics of
trotting Standardbreds. Equine Veterinary Journal, 12, 60-65.

DREVEMO, S, DALIN, G, FREDRICSON, I. & BJORNE, K. (1980b) Equine
locomotion 3: The reproducibility of gait in Standardbred trotters. Equine
Veterinary Journal 12, 71-73.

DUBOST, V., ANNWEILER, C., AMINIAN, K., NAJAFI, B., HERRMANN, F. R. &
BEAUCHET, O. (2008) Stnde-to-stride vartability while enumerating animal
names among healthy young adults: Result of stride velocity or effect of
attention-demanding task? Gair & Posture, 27, 138-143.

EDGAR, D,, FINLAY, V., WU, A. & WOQD, F. (2009) Goniometry and linear
assessments to monitor movement outcomes; Are they reliable tools in burn
survivors? Bumns, 35, 58-62.

FERRARI, M, PFAU, T., WILSON, A. & WELLER, R. (2009) The effect of training
on stride parameters on a cohort of National Hunt racing Thoroughbreds: A
preliminary study. Equine Veterinary Journal, 41, 493-497.

FULLER, C., BLADON, B., DRIVER, A. & BARR, A. (2006) The intra- and inter-
assessor reliability of measurement of functional cutcome by lameness scoring
in horses. The Veterinary Journal, 171,

GALISTEO, A., CANO, M,, MORALES, J,, VIVO, . & MIRO, F. (1998) The
influence of speed and height at the withers on the kinematics of sound horses at
the hand-led trot. Veterinary Research Communications, 22,415-423.

GALISTEO, A, CANO, M,, MORALES, J,, VIVO, J., MIRO, F. & AGUERA E.
112



References

(1997) Differences between breeds (Dutch Warmblood vs Andalusian Purebred)
in forelimb kinematics Journal of Equine Veterinary Science, 8, 43-47.

GALISTEQ, A., CANO, M., MORALES, J., VIVQ, J.,, MIRO, F. & AGUERA, E.
(2001) Inter-breed differences in equine forelimb kinematics at the walk.
Journal of Veterinary Medical Association, 48, 277-285.

GALISTEO, A. M,, CANO, M. R, MIRO, F,, VIVQ, ], MORALES, J. L. &
AGUERA, E. (1996) Angular joint parameters in the Andalusian horse at walk,
obtained by normal videography. Journal of Equine Veterinary Science, 16, 73-
77.

GHARAHVEYSI, S., KASHAN, N E. J., GERAMI, A & TORSHIZL, R. V. (2008}
Estimation of genetic parameters on conformation traits of the Iranian Arab
horses population. Pakistan Journal of Biological Science, 11,280-4.

GOMEZ-ALVAREZ, C., L'AMI, J., MOFFATT, D, BACK, W. & VAN WEEREN, P.
(2008) Effect of chiropractic manipulations on the kinematics of back and limbs
in horses with clinically diagnosed back problems. Equine Vererinary Journal,
40, 153-159.

HERRING, L., THOMPSON, K. N. & JARRET, S. {1992) Defining normal three-
dimensional kinematics of the lower forelimb in horses. Journal of Equine
Veterinary Science, 12, 172-176.

HOLMSTROM, M., MAGNUSSON, L. & PHILIPSSON, J. (1990) Variation in
conformation of Swedish Warmblood horses and conformational characteristics
of elite sports horses. Fquine Veterinary Journal, 22, 186-193.

HOLMSTROM, M., FREDRICSON, I. & DREVEMO, 8. (1993) Biokinematic analysis
of the Swedish Warmblood riding horse at trot. Equine Veterinary Journal, 26,
235-240,

HOLMSTROM, M. & DREVEMO, S. (1997) Effects of trot quality and collection on
the angular velocity in the hindlimbs of riding horses. Equine Veterinary
Journal Supplement, 23, 62-65.

HOLMSTROM, M. (2000} How do we recognise elite Show Jumpers? In Proceedings:
Conference on Equine Sports Medicine and Science: 2000. Sicily, Italy. 45-56.

HOWARTH, S. & CALLAGHAM, J. (2009) The rule of 1s for padding kinematic data
prior to digital filtering: Influence of sampling and filter cut-off frequencies.
Joumnal of Electromyography and Kinesiology, 19, 875-881.

KEEGAN, K. G. (2007) Evidence-Based Lameness Detection and Quantification.
Veterinary Clinics of North America: Equine Practice, 23, 403-423.

KHUMSAP, S., LANOVAZ, J. & CLAYTON, H. (2004) Verification of skin-based
markers for 3-dimensional kinematic analysis of the equine tarsal joint. Equine
Veterinary Journal, 36, 655-658.

KLEIN, P. & DE HAVEN, J. (1995) Accuracy of three-dimensional linear and angular
estimates obtained with the anel performance analysis system. Archives of

113



References

Physical Medicine and Rehabilitation 76, 183-189.

LEARDINI, A., CHIARL L., CROCE, U. D. & CAPPOZZO, A. (2005) Human
movement analysis using stereophotogrammetry: Part 3. Soft tissue artifact
assessment and compensation. Gait & Posture, 21, 212-225.

LELEU, C., BARILLER, F., COTREL, C. & BARREY, E. (2004) Reproducibility of a
locomotor test for trotter horses. The Veterinary Journal, 168, 160-166.

LELEU, C, COTREL, C. & BARREY, E. (2005) Relationships between biomechanical
variables and race performance in French Standardbred trotters. Livestock
Production Science, 92, 39-46.

LINDEN, D., CARLSON, S. & HUBBARD, R. (1992) Reproducibility and accuracy of
angle measurements obtained under static conditions with the motion analysis
video system. Physical Therapy, 72, 60-65.

LOVETT, B. (2006) An investigation into the reliability of Quintic biomechanics
software when used to measure transverse plane tibial rotation through the use
of a tibial pointer. Unpublished thesis. Cardiff, University of Wales.

MAGNUSSON, L. (1985) Studies on the conformation and related traits of
Standardbred trotters in Sweden thesis, Skara. Swedish University of
Agricultural Sciences, 194,

MAWDSLEY, A, KELLY, E., SMITH, F. & BROPHY, P. (1996) Linear assessment
of the Thoroughbred horse: an approach to conformation assessment. Equine
Veterinary Journal, 28, 461-467.

NANKERVIS, K. H,, D. MARLIN, D. (2008) Comparison between a sensor (3D
accelerometer) and ProReflex motion capture systems to measure stride

frequency of horses on a treadmill. Comparative Exercise Physiology, 5, 107-
109.

PEHAM, C,, LICKA, T., MAYR, A, SCHEIDL, M. & GIRTLER, D. (1998) Speed
dependency of motion pattern consistency. Journal of Biomechanics, 31, 769-
772,

ROSE, N, NORTHROP, A, BRIGDEN, C. & MARTIN, J. (2009) Effects of stretching
regime on stride length and range of motion in equine trot. The Veterinary
Journal, 181, 53-55.

ROSSDALE, P. & BUTTERFIELD, R. (2006) Conformation: a step along the pathway
to objective assessment Equine Veterinary Journal, 38, 588-590.

SADEK, M. H,, AL-ABOUD, A. Z. & ASHMAWY, A. A. (2006) Factor analysis of
body measurements in Arabian horses. Journal of Animal Breeding and
Genetics, 123,369-377.

SCHAMHARDT, H,, VAN DEN BOGERT, A. & HARTMAN, W. (1993)
Measurement techniques in animal locomotion analysis. Acta Anatomica, 146,
123-129.

114



References

SCHOLTZ, J. P. (1989) Reliability of the WAT-SMART three dimensional optoelectric
motion analysis system. Journal of Physical Therapy, 69, 679-689.

SEDER, J. & VICKERY, C. (2003) Temporal and kinematic gait variables of
Thoroughbred racehorses at or near racing speeds. Journal of Equine Vetennary
Science, 23, 5, 82-112.

SELFE, J. (1998) Validity and reliability of measurements taken by the Peak 5 motion
analysts system. Journal of Medical Engineering & Technology, 22, 220-225.

SLOET VAN OLDRUITENBORGH-OOSTERBAAN, M., BARNEVELD, A. &
SCHAMHARDT, H. (1996) Kinematics of unmounted and mounted horses at
walk before and after treadmill exercise. Pferdeheilkunde, 12, 651-655.

SLOET VAN OLDRUITENBORGH-OOSTERBAAN, M. & CLAYTON, H. (1999)
Advantages and disadvantages of track vs treadmill, Equine Veterinary Journal
Supplement, 30, 645-647.

STERGIOU, N. & SCOTT, M. M. (2005) Baseline measures are altered in
biomechanical studies. Journal of Biomechanics, 38, 175-178.

TEEPLE, T., CASTANETA, M,, DELUZIO, K. & BRYANT, T. (2009) Pendulum-
based method for determining the temporal accuracy of digital video-based
motion capture systems. Gait & Posture, 29, 349-353.

THORNTON, M., MORRISSEY, M. & COUTTS, F. (1998) Some effects of camera
placement on the accuracy of the Kinemetrix three-dimenstonal motion analysis
system. Clinical Biomechanics, 13,452-454,

VAN WEEREN, P. & CREVIER-DENOIX, N. (2006) Equine conformation: clues to
performance and soundness. Equine Veterinary Journal, 38, 591-603.

VAN WEEREN, P., VAN DEN BOGERT, A., BACK, W. B, G. & BARNEVELD, A.
(1993) Kinematics of the Standardbred trotter mesured at 6, 7, 8 and 9 m/s on a
treadmill before and after 5 months of prerace training. Acta Aratomica, 146,
154-161.

VAN WEEREN, P., VAN DEN BOGERT, A. & BARNEVELD, A. (1990a)
Quantification of skin displacement in the proximal parts of the limbs of the
walking horse. Equine Veterinary Journal Supplement, 9, 110-118.

VAN WEEREN, P., VAN DEN BOGERT, A. & BARNEVELD, A. (1990b) A
quantitative analysis of skin displacement in the trotting horse. Equine
Veterinary Journal Supplement, 9, 101-109.

WATSON, K. STITSON, D. & DAVIES H. (2003) Third metacarpal bone length and
skeletal asymmetry in the Thoroughbred racehorse. Equine Veterinary Journal,
35,7,712-714.

WELLER, R, PFAU, T.,, BABBAGE, D, BRITTIN, E., MAY, S. & WILSON, A.
(2006a) Reliability of conformational measurements in the horse using a three-
dimensional motion analysis system. Equine Veterinary Journal, 38, 610-615.

115



References

WELLER, R., PFAU, T., VERHEYEN, K., MAY, §. & WILSON, A. (2006b) The
effect of conformation on orthopaedic health and performance in a cohort of
National Hunt racehorses: preliminary results. Equine Veterinary Journal, 38,
622-627.

WELLER, R. PFAU,T. MAY,S. & WILSON, A. (2006¢) Variation in conformation in
a cohort of Nattonal Hunt Horses. Equine Veterinary Journal, 38. 7, 616-621.

WHEATER, P. & COOK, P. (2000) Using statistics to understand the environment,
London, Routledge.

WHITE, S. C. & LAGE, K. I. (1993) Changes in joint moments due to independent
changes in cadence and stride length during gait. Human Movement Science, 12,
461-474.

WILSON, A, SMITH, B. K, GIBSON, J. K., B, C., GABA, B. & VOELZ, J. (1999)
Accuracy of digitising using automated and manual methods. Physical Therapy,
79, 558-566.

WILSON, D. J., SMITH, B. K. & GIBSON, J. K. (1997) Accuracy of reconstructed
angular estimates obtained with the Ariel Performance Analysis System (TM).
Physical Therapy, 77, 1741-1746.

WITTE, T, HIRST, C. & WILSON, A. (2006) Effect of speed on stride parameters in

racehorses at gallop in field conditions. Journal of Experimental Biology, 209,
4380-4397.

116



Appendices



Appendix |

REFERENCE NO.
Charlotte Robin

FACULTY OF SCIENCE
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Title: Standardisation and validation of a two dimensional motion analysis technique to
develop a unique baseline data set for Arab horses.
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Name of researcher and co-workers:

|Charlotte Robin |Sarah Hobbs
[Charlotte Brigden [Jaime Martin
lJane Allot Mary Bloye
1. Aims and objectives of project:

Aims: The aims of the study are to develop and validate a standardised two-dimensional
motion capture technique for equine gait analysis; to use the technique to record and
analyse the static conformation of a group of Arab horses; to use the technique to record
and analyse the normal gait of a group of Arab horses; to develop a unique baseline data
set for Arab horses.

Objectives:
1. Standardisation and validation

-to validate a two-dimensional motion analysis capture technique using known static
and dynamic measurements

-to use statistical methods to test for significant differences between the values

-to obtain measurements for static conformation every day for five days and test for
variance

-to obtain measurements for stride length and range of motion every day for five days
and test for vanance

2. Obtaining the unique baseline data set

-to use the technique to obtain static conformation measurements for a group of Arab
horses

-to use the technique to obtain measurements for stride length and range of motion for a
group of Arab horses
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-to provide a unique data set of baseline stride and conformation data to the Arab Horse
Society and Arab stud/horse owners

2. Method

Pilot studies:

All pilot studies will take place on the yard at Myerscough College. A hard, flat surface
suitable for trotting horses in hand will be used. The same horse will be used for each
pilot study and will take place over two days.

1. Field of view

The field of view will be tested to determine the distance of the camera from the
subject. A test area will be set up using chalk to mark one meter intervals on the ground.
The horse will be trotted passed the camera three times at the set distances, to determine
the field of view capable to record one full stride.

2. Camera settings

Camera settings need to be tested to determine the optimum settings according to light
conditions. The settings will be tested on two days; day one (bright, clear conditions);
day two (dull, overcast). The horse will be trotted passed the camera three times (at the
pre-determined distance). The camera settings (shutter speed and exposure) will be
altered by the researcher for each repeat. The data will be downloaded onto a laptop and
analysed using a two dimensional motion analysis software package (Quintic™), and
the optimum camera settings that allow the markers to be best i1dentified (using the
semi-automatic tracking feature) will be utilised.

3. Calibration

No horses will be needed for the calibration test. Three different calibration methods
will be tested; a meter stick; half meter square and half meter right angle. A researcher
will hold each calibration device and the device will be recorded by a video camera. The
video clips will be downloaded onto a laptop and analysed using Quintic™. The
calibration device that can be best aligned with the optical axis of the camera, giving the
closet values to the physical measurements of the device will be used.
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4. Self-adhesive tape

Prior to any markers being attached to the horse, the self-adhesive tape will be tested in
a patch test. Three types of tape will be tested. A small piece of tape (10mm x 10mm)
will be used to attach three markers to the horses’ coat to outline the scapulohumeral
joint (the same tape will be used for each marker). The horse will then be trotted in hand
three times to determine if the markers remain attached securely. The horse will be
inspected at the end of the test for skin irritation or changes in the condition of the coat.
This will be repeated for each tape. The tape will only be used in the main study 1if no
irritation occurs.

5. Marker size

Four varying marker sizes will be tested (50mm; 30mm; 25mm; 19mm). One horse will
have three markers (same size) attached to outline the metacarpophalangeal joint. The
horse will be trotted passed a video camera (at the pre-determined distance). This will
be repeated for each marker size. The wideo clips will be downloaded onto a laptop and
analysed using Quintic™, using the semi-automatic tracking feature. The smallest
marker size that allows the markers to be best identified (using the semi-automatic
tracking feature) will be utilised.

6. Marker material

Two marker materials will be tested (white markers on black background; markers
covered in retroflective tape on black background). Three markers (of the pre-
determined size) will be attached to one horse to outline the metacarpophalangeal joint.
The horse will be trotted passed a video camera with 1) the white markers on black
background and 2) the retroflective markers on black background. The video clips wll
be downloaded onto a laptop and analysed using Quintic™, using the automatic
tracking feature. The markers that are most easily identifiable by Quintic™ will be
utilised.

Procedure:
1. Validation

No horses will be used in the validation study. The validation study will take place in a
laboratory vacuum cupboard. The validation study will verify how accurate Quintic® is.
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A test rig (see figure 1.0} will be constructed to mimic a pendulum. A bearing with a
low coefficient of friction will be attached to a known weight using a nylon cord
(fishing line). Spherical markers (shown in black on figure 1.0) will be attached using
self-adhesive tape to the centre of the pivot and on the pendulum mass. The pendulum
will be set in motion, and recorded using a video camera. Ten individual pendulum
swings will be recorded. The data will be downloaded onto a computer and analysed
using Quintic ©, The distance travelled by the mass (length of arc); angle between the
mass and the vertical; and velocity
will be calculated using Quintic™ L —&@ J
(using semi-automatic tracking) and
verified using pendulum equations.

2. Standardisation of the method

This study will take place on the yard .
at Myerscough College using a large,
Sfat non-slip area suitable for trotting L\ X
horses in hand. The study will take @ /S

place over five consecutive days.

Figure 1.0: Test rig to simulate pendutum showing; L (length of line);  (length of
arc); v (side of right triangle with hypotenuse L); /4 ¢height of the mass).

Three horses will be used in the standardisation study to take into account the effects of
inter-horse variation. Spherical markers will be attached to the horses using self-
adhesive tape. The markers will be attached to specific anatomical landmarks, by the
same researcher using a specific palpation method to locate the anatomical site. The
horses will be stood square on a level, hard non-slip surface and recorded from the left
and right (near and fore) side using two digital video cameras. The horses will be led
passed the video camera to habituate the horse to the equipment. This process will also
warm the horse up pror to data collection. The horses will then be trotted m hand (by
the same handler to attempt to regulate velocity) in front of the cameras (at the pre-
determined distance to capture one full stride) ten times for each horse. This procedure
will be repeated once a day for five days (capturing 50 repeats for each horse). When
the data has been downloaded, the following will be tested; vanation for marker
placement between days; variation for static conformation between the near and fore
side; vanation between stride characteristics between the near and for side; variation in
stride characteristics between repeats; variation in stride characteristics between days;
variation in velocity between repeats; variation in velocity between days.




Appendix |

3. Obtaining unique baseline data set (main study)

Data will be collected at the participating Arab studs, over a set period of time
(determined by the pilot study). The data will be collected on site at the participating
studs, which are all situated in the north west of the UK.

The exact method will depend on the results of the standardisation tests, however the
same basic protocol (as above) will be followed. All horses used will be familiarised to
the equipment (makers and video camera) prior to data collecting. The horses wiil be
familiarised to the markers by attaching the markers on low risk areas (neck or scapula)
before placing them on the distal limb. A patch test with the tape will also be performed
on each horse prior to data collection. Any horse that reacts to the tape will be removed
from the study. The horses will also be walked (with markers attached) passed the video
camera to familiarise them to the presence of the camera (and to warm the horse up
prior to data collection). The horse will be given ten minutes for the familianisation
process, if the horse appears to be stressed and is exhibiting abnormal behaviour after
this time it will not be used in the study.

The results of the pilot study will be used to work out the sample size needed for the
main study. It is estimated that a sample size of twenty will be adequate based on
previous studies. Studies by Drevemo et al., 1980a; Drevemo ef al., 1980b; Cano ef al.,
1999; Degueurce et al., 1997; Cano et al., 2001; Galisteo ef al., 1996 used sample sizes
ranging between 30 and 9 horses, giving a mean of 16.

Spherical markers will be attached to the horses using self-adhesive tape. The markers
will be attached to specific anatomical landmarks, by the same researcher using a
specific palpation method to locate the anatomical site. The horses will be stood square
on a level, hard non-slip surface and recorded (from the near or fore side depending on
the outcome of the pilot study) with a digital video camera. The horses will then be
trotted in hand in front of the camera by the same handler (at the pre-determined
settings to record one successive stride). The number of repeats will be determined by
the standardisation study.

The data will be downloaded onto a laptop and analysed for stride length and range of
motion using Quintic®. Inter and intra horse variation will be analysed using statistical
methods. The data will be used to develop a baseline data set for each individual horse
and to define normal gait characteristics for the group.

Vi
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Handler / owner consent:

The owner of the stud and/or horses will be required to complete and sign an informed
consent form prior to any data being collected. Handlers that will be trotting horses in
front of the video camera will also be required to complete and sign an informed
consent form and a physical readiness activity questionnaire (PAR-Q) form.

Confidentiality:

The horses used in the study will remain anonymous and will not be 1dentified on the
video clips or in the written report. The data will be analysed as part of a group, with no
individual horses being identified. The data will be stored on a password protected
computer owned by Myerscough College. Any horses or handlers of whom images are
included in the thesis will give written consent for this. It may be possible that the
results of this study will be published by the University or Myerscough College to peer
reviewed journals and/or conferences. The results may also be released to the Arab
Horse Society (written consent from the horse owner will be sought before this
happens).

The information from the informed consent and PAR-Q forms will be stored in a locked
filing cabinet at UCLan by the director of studies.

3a. How many, and which species of animals are intended to be used in the first
year?

Pilot studies

It is intended that three horses will be used in the pilot study, and the standardisation
and validation of the method. All horses will be owned and stabled at Myerscough
College.

Main study

It is intended that twenty horses will be used for obtaining the unique baseline data set.
All horses used in the main study will be purebred Arabs and will be owned and stabled
at the various participating Arab studs.

Vil
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4. What is the balance between the cost to the animals involved and the likely
benefits to be gained by the research?

The risk to the horses that may occur due to the adhesive in the tape will be mmimised
by performing the patch test prior to data collection. Stress to the horse will be
minimised prior to data being collected by familiarising the horse to the markers. This
will be done by attaching the markers to low risk areas (neck and scapula) before
attaching them to the distal limb. Horses will be habituated to the equipment (video
camera and barrier) by walking the horse passed before data is collected.

Equine motion analysis techniques have been used in both equine locomotion research
and the equine industry (Barrey, 1999, Clayton and Schamhardt, 2001). The horses used
will be familiar with the process of trotting in-hand, as it 1s widely used in the equine
industry for routine veterinary examinations and in-hand showing (Keegan, 2007).
Horses will be visually assessed by the owner/ yard staff before data collection. Any
horse that appears lame or exhibrts behaviour that deviates from the norm will be
removed from the study.

The study will provide the Arab Horse Society and Arab stud owners unique and
onginal baseline data set of conformation and stride characteristics that can be stored
and utilised at a later date.

5. Are there ways in which the procedures could be refined to reduce the cost
to animals without affecting the scientific validity of the project?

The initial study to standardise the methodology will refine the procedure to reduce the
cost to the animals involved. The number of repeats (how many times the horse trots
passed the camera) for the main study, will be determined using two horses from the
pilot study, prior to the main study taking place. This means the minimum number of
repeats will be utilised in the main study, while still ensuring scientific validity.

6. Indicate what scope exists for reduction in the number of animals used and
refinement in technique as the project progresses.

The method will be refined prior to data collection in the standardisation pilot studies.
The sample size will be calculated statistically using the results of the pilot study and
previous sample sizes from studies of a similar nature. It may be possible to reduce the
sample size of the main study if inter-horse variatton is minimal, without reducing the
scientific validity of the study. The sample size will be calculated using the statistical
power from the results of the pilot study.

Vil
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7. State any additional reasons that support this propesed use of animals to
obtain the specific objectives. Is the number of animals you propose to use
appropriate? — i.e. large enough to produce a satisfactory valid result and not
greater, in accordance with the principles of Reduction, Refinement and
Replacement.

An additional reason to justify the use of horses in this study is the benefit of the results
to the Arab Horse Society, its members and the welfare of the Arab horse. The results
will provide a unique baseline data set for conformation and stride characteristics of
Arab horses. This has never been done before and will be very useful for future work.
This data can then be utilised to monitor the effects of training, treatment or to justify
selection for breeding, ultimately improving the welfare of the Arab horse and the
quality of horses being bred and registered with the Arab horse society.

The costs to the horses are minimal, and the sample size will be calculated using the
statistical power from the pilot study.
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MYERSCOUGH COLLEGE

RISK ASSESSMENT TITLE PROGRAMME AREA ASSESSMENT UNDERTAKEN ASSESSMENT REVIEW
Pilot studies (Netherby Lodge, . Signed:_Charlotte Robin
Aughton) Equine Date:
Date: 183" May2009
HAZARD WHO IS AT RISK EXISTING CONTROLS

Working alone: travelling to and working at the
participating studs.

Working off site: risk of injury whilst not on Myerscough
campus.

Researcher
Research assistant

Researcher
Research assistant

No one involved in the study will be working alone. The
researcher will be accompanied by other members of staff,
All members of the research team should carry a mobile
phone on them while travelling between studs.
Researchers are required to inform other members of the
team of their destination and return time when travelling
to and from the yard.

A first aid kit should be stored in the vehicle used to travel
to the participating studs and should be available to all
participants. A first aider should be present at the yard
when data collection takes place.

Xl
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Insurance; risk of accidents.

Fire hazards

Loading, unloading and moving of equipment: muscle
strain or injury.

Safety of electrical equipment: risk of harm due to faulty
electrical equipment.

Wires and cables on the yard: risk of injury from tripping
over cables.

Camera positioning: camera could cause an obstruction to
participants or horse. Camera (and operator) could be
knocked over.

Researcher
Research assistants

Researcher
Research Assistant
Handler

Researcher
Research assistant

Researcher
Research assistant

Researcher
Research assistant
Handler

Researcher
Research assistant
Handler

The yard must have public liability insurance.

Check fire instructions in case of fire.

Follow the guidelines from the Myerscough College yard
induction; lead to be close to the body; feet apart; do not
jerk, twist or shove; straight back; use thigh muscles to
push; do not lift away from body; do not 1ift weight you
are not capable of.

Portable appliances arc required to be PAT tested
according to the Provision and Use of Work Equipment
Regulations (1998) and the Electricity at Work
Regulations (1989). If equipment needs to be connected to
the mains electricity supply a circuit breaker should be
used.

Wires or cables on the yard should be covered with rubber
mats to stop yard staff, students and horses walking over
them. Safety notices should be displayed for personnel on
the yard.

Camera must be positioned behind a suitable barrier such
as a jump wings/poles. All participants to be aware of the
camera positioning. Remove all calibration equipment
from the area before recording commences.

Xl
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Inappropriate clothing: for working outdoors.

Palpation of horse, positioning and removal of skin
markers: horse may be startled by procedure; horse may
bite, kick, stand on, or knock into handler.

Leading the horse in front of the camera: horse may be
startled by equipment; horse may bite, kick, stand on or
knock tnto handler.

Controiling the horse: horse may become strong when led.

Researcher
Research assistant
Handler

Researcher
Handler

Researcher
Research assistant
Handler

Researcher
Research assistant
Handler

Follow the guidelines from the Myerscough College yard
induction. Appropriate clothing must be worn at all limes,
waterprooffwarm  clothing (dependent on  weather
conditions) and suitable footwear (sturdy, with a small
heel). No jewellery and hair must be fastened back,

Positioning of the markers will take place in a stable, The
horse must be controlled by a handler during the palpation
procedure and during positioning and removal of markers,
A hat must be worn when placing markers on horses to
standard BS PAS 015 1998; BS EN 1384; ASTMF 1163
95 (recommended by the BHS). Researcher and handler to
stand on the same side of the horse. Stable door to be
closed at all times.

Horses will be familiarised to the markers by placing them
on low risk areas first (neck or scapula) before placing
them on the distal limb.

Gloves and a hat must be worn when leading horses to
standard BS PAS 015 1998; BS EN 1384; ASTMF 1163
95 (recommended by the BHS).

Horses will be allowed to become familiarised to the
equipment (video camera and triped) prior to data being
collected. This will be done by leading the horse passed
the camera to allow the horse to become accustomed to it.
Researcher and handler to wear standard hat at all times
during data collection.

Horses can be led in bridles if appropriate. Lunge lines
can be used for extra control when required (agreed by
yard manager/fowner).

X1
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Risk to the horse on the day: health, stress or injury.

Allergies: risk of participants becoming ill due to allergies
associated with horses.

Horse

Researcher
Research assistant
Handler

Horses will be visually assessed by the owner and
researcher prior to data collection. If the horse is lame or
appears to be displaying behaviour that deviates from the
norm, the horse will not be used in the study.

All participants will be required to disclose any known
allergies associated with horses prior to the study taking
place, and if so will not be allowed to continue with the
study.

XIv
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MYERSCOUGH COLLEGE
RISK ASSESSMENT TITLE PROGRAMME AREA ASSESSMENT UNDERTAKEN ASSESSMENT REVIEW

Main study Signed: Charlotte Robin

_ N Equine Date:

Bikngg Park, Kendal Date: 19% June 2009
LA8 ODY
015395 60621
(Liz Titterington)
HAZARD WHO IS AT RISK EXISTING CONTROLS
Werking alone: travelling to and working at the | Researcher Ne one involved in the study will be working alone. The

participating studs.

Working off site: risk of injury whilst not on Myerscough
campus.

Research assistant

Rescarcher
Research assistant

researcher will be accompanied by other members of stafT.
All members of the research team should carry a mobile
phone on them while travelling between studs.

A first aid kit should be stored in the vehicle used to travel
to the participating studs and should be available to all
participants. A first aider should be present at the yard
when data collection lakes place.

bAY
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Insurance: risk of accidents.

Fire hazards

Loading, unloading and moving of equipment: muscle
strain or injury.

Safety of electrical equipment: risk of harm due to faulty
electrical equipment.

Wires and cables on the yard: risk of injury from tripping
over cables.

Researcher
Research assistants

Researcher
Research Assistant
Handler

Researcher
Research assistant

Researcher
Research assistant

Researcher
Research assistant
Handler

The yard must have public liability insurance.

Check fire instructions in case of fire.

Follow the guidelines from the Myerscough College yard
induction; load to be close to the body, feet apart; do not
jerk, twist or shove; straight back; use thigh muscles to
push; do not lift away from body; do not lift weight you
are not capable of,

Portable appliances are required to be PAT tested
according to the Provision and Use of Work Equipment
Regulations (1998) and the Electricity at Work
Regulations (1989). If equipment needs to be connected to
the mains electricity supply a circuit breaker should be
used.

Wires or cables on the yard should be covered with rubber
mats to stop yard staff, students and horses walking over
them. Safety notices should be displayed for personnel on
the yard.

XVI
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Camera positioning: camera could cause an obstruction to
participants or horse. Camera (and operator) could be
knocked over.

Inappropriate clothing: for working outdoors.

Palpation of horse, positioning and removal of skin
markers: horse may be startled by procedure; horse may
bite, kick, stand on, or knock into handler.

Researcher
Research assistant
Handler

Researcher
Research assistant
Handler

Researcher
Handler

Camera must be positioned behind a suitable barrier such
as a jump wings/poles. All participants to be aware of the
camera positioning. Remove all calibration equipment
from the area before recording commences.

Follow the guidelines from the Myerscough College yard
induction, Appropriate clothing must be worn at all times,
waterproof/warm  clothing (dependent on weather
conditions) and suitable footwear (sturdy, with a small
heel). No jewellery and hair must be fastened back.

Positioning of the markers will take place in a stable. The
horse must be controlled by a handler during the palpation
procedure and during positioning and removal of markers,
A hat must be worn when placing markers on horses to
standard BS PAS 015 1998; BS EN 1384; ASTMF 1163
95 (recommended by the BHS). Researcher and handler to
stand on the same side of the horse. Stable door to be
closed at all times.

Horses will be familiarised to the markers by placing them
on low risk areas first {neck or scapula) beforc placing
them on the distal limb.

Xvii
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Leading the horse in fromt of the camera: horse may be
startled by equipment; horse may bite, kick, stand on or
kneck into handler.

Controlling the horse: horse may become strong when led.

Risk to the horse on the day: health, stress or injury.

Allergies: risk of participants becoming ill due to allergies
associated with horses.

Researcher
Research assistant
Handler

Researcher
Research assistant
Handler

Horse

Researcher
Research assistant
Handler

Gloves and a hat must be worn when leading horses to
standard BS PAS 015 1998; BS EN 1384; ASTMF 1163
95 (recommended by the BHS).

Horses will be allowed to become familiarised to the
equipment (video camera and tripod) prior to data being
collected. This will be done by leading the horse passed
the camera to allow the horse to become accustomed to it.
Researcher and handler to wear standard hat at all times
during data collection.

Horses should be led in bridles if possible, In hand bridles
can be used for horses that cannot wear bridles, Lunge
lines should be used to provide extra control,

Horses will be visually assessed by the owner and
researcher prior to data collection. If the horse is lame or
appears to be displaying behaviour that deviates from the
norm, the horse will not be used in the study.

All participants will be required to disclose any known
allergies associated with horses prior lo the study taking
place, and if so will not be allowed to continue with the
study. This information is on the informed consent form
that is required to be read and signed by all participants.
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Participant Information Sheet
Horse Owner

Dear,

You have been invited to participate in a piece of research which will aim to standardise
equine motion analysis techniques. This form provides basic information regarding the
testing and also asks for you to agree for your horses to be used in the testing. Such
information and agreement is referred to as informed consent. The following
information is designed to provide you with answers to questions you may have. Please
feel free to ask any other questions to enable you to feel happy to provide consent to
take part.

What will I have to do?

As the horse owner you will not be required to take part in the study, unless you request
to do so. If you do want to participate in the study (to hold or lead horses) you will be
required to complete a PAR-Q form (Physical Activity and You Questionnaire) which
will ensure your physical ability to take part.

All the horses involved in the study will undergo the same protocol. Firstly, horses will
have ctrcular markers attached to specific anatomical landmarks using self-adhesive
tape. This will be done by an experienced researcher through a set palpation method.
This process will be carried out in an enclosed environment (preferably a stable) with
the horse being held by a handler (either a member of your staff or the Myerscough
College research team).

A video camera (on a tripod) will be set up on the yard behind a suitable barrier (such as
a jump pole on a block). The horses will be led (in a bridle or head collar) passed the
camera a few times to accustom the horse to the cameras presence. This process will
also warm the horse up prior to data collection. The horse will be stood square and
recorded for a conformation shot. The horses will then be trotted passed the camera ten
ttmes by the handler. The handler will be either a member of the Myerscough College
research team, or yourself depending on personal preference. Once the data has been
recorded, the horse will be retummed to the stable and the markers will be carefully
removed.

N.B. All Myerscough College research staff have undergone a yard induction and will
be capable of trotting horses in hand.

What are the risks of taking part?

The nsks to the horses taking part in the study are minimal. The main risks would be the
attachment of the markers with adhesive tape which may cause irritation to the horses
skin (a patch test will be performed to minimise this risk). The horses may become
stressed during the procedure (either attaching the markers or trotting the horse passed
the camera), causing a risk to the horse or handler, in which case it will be removed
from the study. A full nsk assessment has been carried out by Myerscough College to
minimise potential nsks to the horses and handlers, which is available on request.
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Do you have to take part?
Participation is entirely voluntary. You are free to withdraw at any time from the study

during the testing phase. Once the testing phase is completed (for each horse) it is not
possible to withdraw results as they will be anonymous and will therefore not be
distinguishable from the group.

NB. Please inform the researcher if any you have allergies associated with horses prior
to the study taking place, as you will be asked to withdraw from the study.

What will happen to my data?

All data that is collected from your participation will be anonymous and it wili be stored
numerically so it cannot be traced back to you. The results from each horse from your
stud will go together with the rest of the group and they will be analysed and written up
as part of my thesis. The data will be stored on a password protected computer at
Myerscough College. It 1s also possible that the results of this study may be published
by the University or College to peer reviewed jourmnals and/or conferences. The
information you provide before the study takes place (and the information from the
PAR-Q) 1s to ensure the safety and eligibility of you and your staff. The information
will be stored in a locked filing cabinet by my director of studies at the University of
Central Lancashire. It will not be shared or given to any third parties.

Ethical Consent .

Ethical consent for the study *has been applied for to the School of Psychology Ethics
Committee, University of Central Lancashire and Myerscough College.

*N.B. This wiil be modified to ‘has been approved by’ when approval is granted

Please note that if you prefer your own yard staff to handle the horses (lead the horses in
front of the camera) they will be required to sign the form as they will be recorded by

the camera. The data will be stored on a password protected computer.

If you agree to undertake this testing please sign the section overleaf. It is a
requirement you provide a signature to reflect agreement to perform the research.
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Agreement to testing

I understand the risks associated with this study and that all the data produced will be
treated with confidentiality and individually. However the anonymous results may be
used n possible future publications. If I wish, the results produced will be available to

me.

I willingly agree to participate in the current study. I have read the above information
and understand that withdrawal from the study is possible until all data has been

collected.
Name of owner;

Print Name: ..

All eommunications should be made to;

Dr Sarah Jane Hobbs,

Senior Lecturer in Sport and Exercise,

Centre for Applied Sport and Exercise Sciences,
Universily of Central Lancashire,

Preston,

PR1 2HE

Tel: 01772 893328

Email: SJHobbs | @uclan.ac.uk
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Participant Information Sheet
Yard Owner

Dear

You have been invited to participate in a piece of research which will aim to define
normal conformation and gait characteristics in Arab horses. This form provides basic
information regarding the testing and also asks for you to agree for your horses to be
used in the testing. Such information and agreement is referred to as informed consent.
The following information is designed to provide you with answers to questions you
may have. Please feel free to ask any other questions to enable you to feel happy to
provide consent to take part.

What will I have to do?

As the stud/horse owner you will not be required to take part in the study, unless you
request to do so. If you do want to participate in the study (to hold or lead horses) you
will be required to complete a PAR-Q form (Physical Activity and You Questionnaire)
which will ensure your physical ability to take part.

All the horses involved in the study will undergo the same protocol. Firstly, horses will
have circular markers attached to specific anatomical landmarks. This will be done by
an expenienced researcher through a set palpation method. This process will be carried
out in an enclosed environment (preferably a stable) with the horse being held by a
handler (either a member of your staff or the Myerscough College research team).

A video camera (on a tripod) will be set up on the yard behind a suitable barrier (such as
a jump pole on a block). A large, flat non-slip area will be needed suitable for trotting
horses in hand. The horses will be led (in a bridle or head collar) onto the yard by the
handler and passed the camera a few times to accustom the horse to the cameras
presence. This process will also warm the horse up prior to data collection. The horse
will be stood square on the yard and recorded for a conformation shot. The horses will
then be trotted passed the camera five times (each side) by the handler. The handler will
be either a member of the Myerscough College research team, or your own yard staff
depending on personal preference. Once the data has been recorded, the horse will be
returned to the stable and the markers will be carefully removed. Rugs wilt be put back
on if appropriate. '

N.B. All Myerscough College research staff have undergone a yard induction and will
be capable of trotting horses in hand,

What are the risks of taking part?

The nisks to the horses taking part in the study are minimal. The main risks would be the
attachment of the markers which may cause irritation to the horses skin (a patch test will
be performed to minimise this risk). The horses may become stressed during the
procedure (either attaching the markers or trotting the horse passed the camera), causing
a risk to the horse or handler, in which case it will be removed from the study. A full
risk assessment has been carried out by Myerscough College to minimise potential risks
to the horses and handlers, which is available on request.
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Do you have to take part?

Participation is entirely voluntary. You are free to withdraw at any time from the study
during the testing phase. Once the testing phase is completed (for each horse) it is not
possible to withdraw results as they will be anonymous and will therefore not be
distinguishable from the group.

NB. Please inform the researcher if any you have allergies associated with horses prior
1o the study taking place, as you will be asked to withdraw from the study.

What will happen to my data?

All data that is collected from your participation will be anonymous and it will be stored
numerically so it cannot be traced back to you. The results from each horse from your
stud will go together with the rest of the group and they will be analysed and written up
as part of my thesis. The data will be stored on a password protected computer at
Myerscough College. It is also possible that the results of this study may be published
by the University or College to peer reviewed journals and/or conferences. The
information you provide before the study takes place (and the information from the
PAR-Q) is to ensure the safety and eligibility of you and your staff. The information
will be stored in a locked filing cabinet by my director of studies at the University of
Central Lancashire. It will not be shared or given to any third parties.

Ethical Consent

Ethical consent for the study *has been applied for to the School of Psychology Ethics
Committee, University of Central Lancashire and Myerscough College.

*N.B. This will be modified to ‘has been approved by’ when approval i1s granted

Please note that if you prefer your own yard staff to handle the horses (lead the horses in
front of the camera) they will be required to sign the form as they will be recorded by

the camera. The data will be stored on a password protected computer.

If you agree to undertake this testing please sign the section overleaf. It is a
requirement you provide a signature to reflect agreement to perform the research.
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Agreement to testing

1 understand the risks associated with this study and that all the data produced will be
treated with confidentiality and individually. However the anonymous results may be

used in possible future publications. If I wish, the results produced will be available to

me.

I willingly agree to participate in the current study. I have read the above information
and understand that withdrawal from the study is possible until all data has been

collected.

Name of stud owner,

Print Name: ...
STENALUNe: ...

Date: ......../.......[.............

Name of witness;
Print name:........... ... ...
Signature:... ...

Date: ............ {o . Lo

All communications should be made to;

Dr Sarah Jane Hobbs,

Senior Lecturer in Sport and Exercise,

Centre for Applied Sport and Exercise Sciences,
University of Central Lancashire,

Preston,

PR1 ZHE

Tel: 01772 893328

Email:SJHobbs 1 @uclan.ac. uk
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Participant Information Sheet
Yard Staff

Dear Sir/Madam,

You have been invited to participate in a piece of research which will aim to define
normal conformation and gait characteristics in Arab horses. This form provides basic
information regarding the testing and also asks for you to agree for you to take part.
Such information and agreement is referred to as informed consent. The following
information is designed to provide you with answers to questions you may have. Please
feel free to ask any other questions to enable you to feel happy to provide consent to
take part.

What will I have to do?

Yard staff may be required to participate in the study, to hold or lead horses. If you do
take part in the study, you will have to complete a Physical Activity and You
Questionnaire {PAR-Q) to ensure physical ability to take part.

All the horses involved in the study will undergo the same protocol. Firstly, horses will
have circular markers attached to specific anatomical landmarks. This will be done by
an experienced researcher through a set palpation method. This process will be carried
out in an enclosed environment (preferably a stable) with the horse being held by a
handler (either a member of your staff or the Myerscough College research team).

A video camera (on a tripod) will be set up on the yard behind a suitable barrier (such as
a jump pole on a block). A large, flat non-slip area will be needed suitable for trotting
horses tn hand. The horses will be led (in a bridle or head collar) onto the yard by the
handler and passed the camera a few times to accustom the horse to the cameras
presence. This process will also warm the horse up prior to data collection. The horse
wil] be stood square on the yard and recorded for a conformation shot. The horses will
then be trotted passed the camera five times (each side) by the handler. The handler will
be either a member of the Myerscough College research team, or your own yard staff
depending on personal preference. Once the data has been recorded, the horse will be
retumed to the stable and the markers will be carefully removed. Rugs will be put back
on if appropnate.

N.B. All Myerscough College research staff have undergone a yard induction and will
be capable of trotting horses in hand.

What are the risks of taking part?

The nsks to the horses taking part in the study are minimal. The main risks would be the
attachment of the markers which may cause irritation to the horses skin (a patch test will
be performed to mimumise this risk). The horses may become stressed during the
procedure {either attaching the markers or trotting the horse passed the camera), causing
a risk to the horse or handler, in which case it will be removed from the study. A full
nisk assessment has been carried out by Myerscough College to minimise potential risks
to the horses and handlers, which is available on request.
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Do you have to take part?

Participation is entirely voluntary. You are free to withdraw at any time from the study
dunng the testing phase. Once the testing phase is completed (for each horse) it is not
possible to withdraw results as they will be anonymous and will therefore not be
distinguishable from the group.

NB. Please inform the researcher if any you have allergies associated with horses prior
10 the study taking place, as you will be asked to withdraw from the study.

What will happen to my data?

All data that is collected from your participation will be anonymous and it will be stored
numerically so it cannot be traced back to you. The results from each horse from your
stud will go together with the rest of the group and they will be analysed and written up
as part of my thesis. The data will be stored on a password protected computer at
Myerscough College. 1t is also possible that the results of this study may be published
by the University or College to peer reviewed journals and/or conferences. The
information you provide before the study takes place (and the information from the
PAR-Q) is to ensure the safety and eligibility of you and your staff. The information
will be stored in a locked filing cabinet by my director of studies at the University of
Central Lancashire. It will not be shared or given to any third parties.

Ethical Consent

Ethical consent for the study *has been applied for to the School of Psychology Ethics
Committee, University of Central Lancashire and Myerscough College.

*N.B. This will be modified to ‘has been approved by’ when approval is granted

Please note that if you prefer your own yard staff to handle the horses (lead the horses in
front of the camera) they will be required to sign the form as they will be recorded by

the camera. The data will be stored on a password protected computer.

If you agree to undertake this testing please sign the section overleaf It is a
requirement you provide a signature to reflect agreement to perform the research.
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Agreement to testing

1 understand the risks associated with this study and that all the data produced will be
treated with confidentiality and individually. However the anonymous results may be
used in possible future publications. If I wish, the results produced will be available to

me.

I willingly agree to participate in the current study. I have read the above information
and understand that withdrawal from the study is possible until all data has been

collected.

Name of yard staff;

Date.......... fo o

Name of witness;

PN M AN, . o e e e e,

Date: ............ {o. fovei,

All communications should be made to;

Dr Sarah Jane Hobbs,

Senior Lecturer in Sport and Exercise,

Centre for Applied Sport and Exercise Sciences,
University of Central Lancashire,

Preston,

PR1 ZHE

Tel: 01772 893328

Email: SJHobbs | @uclan,ac.uk
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1.0 Inter -horse variation

Inter-horse variation measured the amount of variation between individual horses in the
study.

1.1 Conformation
The majonty of traits measured were established as significantly different between

horses (16 out of 19). The traits that did not demonstrate significant differences between

horses were length of radius and fore proximal phalanx and tarsal angle.

Table A4.0: Inter-horse variation in conformation traits. Levels of significance are indicated by *P<0.05;
**P<0.005;, ***P<0.001; NS not significant.

Trait Horse
Significance

Neck (¢m) b
Scapula (cm) *
Humerus (cm) ke
Radius (¢m) NS
Fore metacarpal (cm) h
Fore proximal phalanx (¢cm) NS
Pelvis (cm) il
Femur (cm) i
Tibia (cm) e
Hind metacarpal (cm) b
Hind proximal phalanx (¢cm) b
Neck (%) e
Humeroradial (°) *
Coxofemoral (°) b
Femorotibial (%) e
Hind metacarpophalangeal (%) *ar
Scapulohumeral angle il
Fore metacarpophalangeal angle b
Tarsal angle NS
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1.2 Stride length and velocity

Forelimb stride length was not significantly different between horses for the left or right

side (table A4.1). Hind limb stride length did vary significantly between horses, over

the tnal. Horse one SL was consistently shorter than horses two and three (P<0.001).

Small vanations were established between horse two and three, however these

variations were not significant (P>0.05) except on day four where horse two had

significantly longer SL than horse three.

A4 1: Inter-horse variation in stride length in trot and velocity for forelimb, hind {imb (for left and right
side). Levels of significance are indicated by *P<0.05, **P<0.005; ***P<0.001, NS not significant.

Variable Horse
Left forelimb stride length NS
Right forelimb stride length NS
Left hind limb stride length et
Right hind limb stride length *an
Velocity xux
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Figure Ad.(}: Inter-horse variation in hind limb stride length (*SE) for the lefi side over five consecutive
days. Levels of significance are indicated by *P<0.05; **P<0.003; ***P<0.001.
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1.3 Range of motion

All joint ROM was established as significantly different between horses (table Ad42).
Figure A4.1 demonstrates scapulohumeral ROM as an example of this. Horse one
scapulohumeral ROM was significantly smaller than horse two and three for all days
(P<0.001). Initially horse three had larger scapulohumeral ROM than horse two (on
days one and two), however on day three horse two had a larger scapulohumeral ROM
than horse three. On day four and five, the same pattern resumed, horse three had a

larger scapulohumeral ROM than horse two,

Table A4.2: Inter-horse variation in ROM for each joint measured. Levels of significance are indicated by
*P<0.05; Joint O) Horse **P<0.005;
***xP<0.001, n NS not significant,

Significance
Scapulehumeral A
Humeroradial i
Carpal ki
Fore metacarpophalangeal A
Coxofemoral bl
Femaorotibial ok
Tarsal whw
Hind metacarpophalangeal o
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21 1
19 4
17 -

15 4

13 —8—Horse 1
11 \O/'_\._" —8—Horse 2

9 + —O~—Horse 3

Mean shoulder ROM (°)

Day

Figure A4.1: Mean scapulohumeral ROM for subjects 1-3 for five consecutive days showing a significant
difference between horses (P<0.001).

1.4 Summary

Analysis of inter-horse variation illustrated the large amounts of variation between
individual horses. Most of the conformation traits measured were established as
different between horses, except for radius length, fore proximal phalanx length and
tarsal angle. Stride length for horse one was significantly shorter than horses two and

three on all days. Horse one also demonstrated the highest amounts of intra-horse
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vanation during the trial. Horses two and three had similar stride length that did not

vary except on day four. ROM for all joints measured were different between horses.

XXX



