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ABSTRACT

Rationale: The rationale behind this study was to find out the training and
exercise progress using the Fine Equinity heart rate monitors and to see if any
difference in cardiovascular fitness in national hunt racehorses were achieved

over a period of time utilising four training sessions

Methods: Overall, group and independent measures was used due to testing
several variable heart rates using the Fine Equinity heart rate monitors attached
to the girth for each horse within the study. There was also a correlation test to
find out if official ratings corresponded to percentage of heart rate max each

horse achieved.

Results: A series of tests were run to find out any significance in percentage
of heart rate max across four training sessions, percentage of heart rate max,
percentage of heart rate max at the end of exercise, heart rate max recovery
after 60 seconds, and correlation of official ratings and heart rate max across
all horses. Individual tests were then run consisting of the same tests used
across all horses for the sample population (n=10). All tests run was non-
significant (P>0.05)

Conclusions: Cardiovascular fitness did not improve over the period of the
study. The study has suggested that trainers may not apply the principle of
individualisation to training. Furthermore, the study has shown that racehorse
trainers do not take a scientific approach to training and exercise and traditional
perception methods are used to gauge if a racehorse is improving their

cardiovascular fitness.



CHAPTER 1
1.0 INTRODUCTION

1.1 Heart rate monitoring systems and horseracing

Heart rate monitoring (HRM) systems are used with a separate unit that
measures electrical activity across the heart via electrodes placed on the skin,
that transmit the electrical activity through a wire which calculates the number
of pulses and converts it to a rate per minute (Bitschnau et al., 2010). There
has been recent interest in HRM within the horse racing industry to assist in
training and exercise for thoroughbred racehorses (Kingston et al., 2006) Their
use of new technologically advanced HRM systems which involve Global
Positioning System (GPS) and heart rate (HR) monitoring for racehorses. The
majority of research into HR analysis occurred before 2007 (Kingston et al.,
2006; Vermulen and Evans, 2006) and there is a lack of research into the use
of HRM in national hunt (NH) racehorses and how effectively these new
technological advances can improve training methods and competition
performance. HRM is often used to scientifically assess the health and
wellbeing of humans and many animals to either diagnose heart disease or
confirm an irregular heartbeat that may cause significant complications
therefore, it has the potential to be applied in these contexts to racing (Allen,
van Erck-Westergren and Franklin, 2015; Allen, Young and Franklin, 2015).

Eventing have recently used HR monitoring during training in the form of a HR
Velcro strip that straps onto the girth and a watch to receive the data (Serrano,
Evans and Hodgson, 2010). There has been speculation that some HR
devices are not accurate or consistent and do not give a continuous amount of
data to improve cardiovascular performance in equine athletes (Vermulen and
Evans, 2006) Commercial HRM systems mostly display HR every 5, 15 or 60
seconds which causes uncertainty of how accurate HRM systems are due to
the expense of high quality electrodes (Fonseca et al., 2010). Although new
advances in HRM technology for horses such as Fine Equinity has shown

higher accuracy and a receiving rate at low as two seconds to receive a more



accurate reading and therefore HRM is being used more frequently in sports

to assess fitness (Larsson, 2003; Mukai et al., 2003a).

Technology including HR analysis is becoming more mainstream but there is
limited baseline data to enable users to understand how technology should be
applied in training. HR data has been shown to be a reliable indicator of
workload in racehorses (Kingston et al., 2006). Quantitative assessment of
fitness levels (HR analysis) can formulate evidence based training regimens
which can monitor progress within training regimens to aid race selection and
facilitate adaptation of training regimens to optimise individual horse’s
performance (Ohmura et al., 2010; Tan, Wilson and Lowe, 2008; Kingston et
al., 2006; Vermulen and Evans, 2006). HR and GPS technology is available to
facilitate integration of physiological monitoring into NH racehorse training
regimens by creating individual horse profiles. Therefore, research is required
to show the performance benefits of integrating technology into training. By
clarifying racehorse fitness scientifically within the racing community,
racehorse trainers would have a better indication of a racehorse being fit
enough to race and potentially increase their chances of winning, and reduce
the risk of injuries and respiratory complications which would benefit public

perception and animal welfare concerns within the industry.

1.2 HR monitoring in human athletes

Elite human athletes use HR monitoring to improve training and performance
during exercise and is a vital part of improving cardiovascular and endurance
fitness (Larsson, 2003). By using high technologically advanced HR equipment
such as Polar HR devices, it enables athletes and coaches to assess fithess
for a specific purpose to gain in depth knowledge of an athletes’ cardiovascular
potential during training. Standard Exercise Testing (SET) is used frequently
within human studies due to their response of accepting and understanding a
standard exercise test, therefore research will be more accurate and persistent
(de Bruijin et al., 2016; Halson, 2014; Gur and Matur, 2013; Fonseca et al.,
2010). Due to the use of human athletes using HR monitoring devices,

racehorse trainers within the UK, Dubai, America and Australia are attempting



to replicate the use of HR monitoring during training to improve race results
(Gramkow and Evans, 2006, Leisson, Jaakma and Seene, 2008; Mukai et al.,
2003b). Current research has shown that there is no relevant base-line data
during competition due to ethical reasons and governing body restrictions
(Fonseca et al., 2010; Kingston et al., 2006; Vermulen and Evans, 2006). By
equine and human sports governing bodies allowing HR systems to be used
within competition but under the radar to the public, health and welfare
concerns can be addressed by monitoring heart rate and has the potential to
reduce injury, fatality and to create baseline data for researchers (Plews et al.,
2013). Overall, this shows a large gap within athletic and equine research with
regards to HR device accuracy and functionality during training and
competition. HRM systems by Fine Equinity consist of the electrodes sending
data to the receiver on the opposite side of the girth sleeve to ensure of the
highest signal output, whilst receiving stride length, stride frequency with the
use of a gyroscope and accelerometer to accurately judge speed as well as
altitude and can in real time be live streamed to your smart phone or other
device anywhere in the world with the use of GPS technology. Therefore, Fine
Equinity is a better approach to assisting in exercise and training and could

also be beneficial for human athleticism.

1.3 Muscle adaptation to exercise

Thoroughbreds have been regarded as the primary breed in racing for
hundreds of years (Harrison and Turrion-Gomez, 2006). Research indicates
due to their quick but efficient muscular adaptations the thoroughbred has
shown that their maximal oxygen uptake (VO2max) is higher than most other
breeds, therefore the breed can cope with more strenuous exercise (Yamano
et al., 2006). The thoroughbred has adapted physiologically such as its
anaerobic capacity of 60%, which is higher than other breeds (Evans, 2007).
The ability to increase red blood cells that are dispersed into the blood stream
from the spleen through splenic contraction which acts as a natural doping
method, which therefore increases glycogen stores within muscle fibre,
particularly type 11X muscle fibres. Type 11X fibres are primarally for very short-

duration, high intensity bursts of power such as near maximal exercise that are



needed for instance; jumping out of starting stalls (Cywinska et al., 2013).
Research by Hyytiainen et al., (2014); Leisson, Jaakma and Seene, (2000);
Rivero et al., (2006) and Essén-Gustavasson et al., (1989) suggests that
muscle biopsies from the middle gluteus are favoured due to its excessive role
in locomotion to indicate whether a thoroughbreds’ muscle is adapting through

training and exercise by analysing the percentage of different muscle fibre
types.

A study by Essén-Gustavasson et al., (1989) extracted muscle biopsies from
the left and right middle gluteus and the sternophalicus to compare locomotory
and non-locomotory muscles and found that glycogen levels within the muscle
decreased by 10-15% during two weeks of training indicating that training
regimens play a role in muscle adaptation. Within the middle gluteus it was
shown that capillary density and oxidisation increased over the time but was
maintained during de-training. The average number of type IIA fibres found
within the study showed that these type IlA fibres decreased after 5 weeks of
training due to exercise and adaptation of muscle. Essén-Gustavasson, (1989)
noted that muscle bulk in horses used in the study became large and more
defined, therefore visual perception of muscle cannot actively give an indicator
of musculoskeletal adaptation and fithess. The sample population was uneven
(4 mares, 1 gelding) which may indicate inaccuracy in data collection, as there
may have been correlation between sexes. By looking at muscle on a
microscopic level, biopsy samples can show a variation of different muscle
types due to their colour through a staining process (Eivers et al., 2009). Blood
lactate levels can also assist on an indication that a thoroughbred is adapting
physiologically and how well a thoroughbred can efficiently decrease their
lactate levels within the blood; a study seen by Cywinska et al., (2013). By
measuring lactate in the blood before and after exercise can be beneficial to
create baseline data to see whether a horse is becoming fitter and adapting to

training which can be a less invasive procedure.

1.3.1 Short Term Exercise Responses

There are short term effects to skeletal muscular adaptation such as a rise in



temperature of muscle, a lower pH will occur due to lactic acid build up and
changes in Kpa (Partial pressure of oxygen) which is called the Bohr Effect or
the Haemoglobin Disassociation curve (Mukai et al., 2010). Fig. 1 shows the
disassociation between haemoglobin and oxygen. The curve can shift to the
right, which means that the haemoglobin-binding curve is less affinitive to
oxygen (Crocker and Jones, 2013). The curve will shift to the left due to the
respiratory system; therefore, pH acidity will decrease due to exhaling carbon
dioxide (Crocker and Jones 2016). Inhalation of air will be cooler than body
temperature, which will indicate body temperature will decrease therefore the
horse, will have a low Kpa. Any type of aerobic or anaerobic exercise will adapt
musculature due to the principles of the Bohr effect (Stickland and Lovering,
2006).

% saturation of

haemogliobin
]00 E o
80 B
haemoglobin at
80 + normal temperature
40 + at higher temperature
20T
+ + »
2 4 6 8 10 122 14

partial pressure
of oxygen (Kpa

Figure 1: The disassociation curve (Bohr Effect) (Oxford Journals, 2016)

1.3.2 Metabolic Pathways

The horse requires a large amount of energy for strenuous exercise. Energy
is transformed through metabolic pathways from chemical to kinetic energy;
which is needed for muscle contraction. Kinetic energy is the form of ATP

(Adenosine Triphosphate) (Derave et al.,, 2010). Muscles have a limited



capacity for storing ATP. Muscle utilises fuel stores using aerobic and
anaerobic metabolism. Anaerobic metabolism does not need oxygen to break
down fuel stores, therefore provides a rapid means of producing a limited
supply of energy (Votion et al., 2007). In the absense of oxygen, only
carbohydrates are metabolised for ATP production. The end products of
anaerobic metabolism are lactate and heat which are produced within the
muscles of the horse (Kitaoka et al., 2009). Aerobic metabolism is needed to
metabolise the pyruvate to regenerate ATP in the presence of oxygen due to
aerobic exercise. Mitochondria play an important role as mitochondria can
generate ATP more efficiently than glycolysis (Derave et al., 2010). The end
products of aerobic metabolism are water and carbon dioxide, therefore does
not contribute to fatigue within the muscles. Aerobic exercise can be sustained
for much longer than anaerobic exercise due to these end products (Votion et
al., 2007).

1.4 Training workload and cardiovascular responses

It is known that gradually increasing workload decreases HR max and
therefore increases fitness levels (Gabbett et al., 2016). Research has shown
in many human sports that a gradual increase in workload improves
cardiovascular fitness (Carey et al., 2016; Clarke et al., 2013; Lovell et al.,
2013; Parshuram, 2004). Whilst exercise is taking place the heart pumps blood
through the body to deliver the right amount of blood to working muscles and
the lungs must be able to fill blood with enough oxygenated blood to assist in
muscle contraction. The muscles must extract fuels such as fatty acids, oxygen
and glucose from the blood and transfer them for metabolic by-products
(carbon dioxide, lactic acid and heat) that may cause the body to fatigue if it is
not exchanged efficiently enough (Bassett, 2000). VO2 max measures the
efficiency of the cardiovascular, muscular and respiratory systems and
therefore a higher VO2 max in a horse indicated they are more able to cope

with demands of a given exercise (Evans and Rose, 1988).

VO2 max the most important adaptations and indicators that occur within

training. Studies by Betros et al., (2002) has shown that VO2 max improvement



has appeared within the first 2-3 weeks of training. It was founded that
racehorses had a 9% increase in VO2 max after 10 days of moderate intensity
training. Although when training for a longer period it was shown that VO2 max
increase was only seen within the first 6-8 weeks. Consequently, increases in
VO2 max will confer a higher marked increase in overall work capacity
therefore, a longer period before the horse begins to fatigue (Borresen and lan
Lambert, 2009; Blomqgvist and Saltin, 1983).

Intensity of exercise during the first few weeks of training is shown to be an
inaccurate determinant of change in VO2 max as a study by van Erck et al.,
(2007) has shown that there was no significant difference in VO2 max during
training using two groups of horses that trained at either 40% VO2max which
would indicate trotting or 80% VO2 max cantering (Devienne and Guezennec,
2000). Furthermore, workload may not be an important indicator for increasing
VO2 max as workload is more important for adaptation of skeletal muscle
(Younges et al., 2016.

1.5 Variations in current literature

Several studies agree that SET is difficult to undertake when attempting to
assess training and exercise with the use of HRM systems due to the horses’
inconsistent speed with variables including different tack, saddle, riding style,
surface, terrain and weight during field testing (Fonseca, 2010; Vincent et al.,
2006, Vermulen and Evans, 2006). Vermeulen and Evans (2006) states that
no SET protocol was used for their research which suggests that there is
minimal scientific evaluation of racehorse training programmes being carried
out; such a statement can also be supported by Kingston et al., (2006).
Kingston et al., (2006) found that only 88% of overall HR data was obtained in
the study, the limitations of the device have shown that the antenna was poorly
placed onto the riders’ skull cap, which meant the receiver had to reach from
the device in a pocket just below the saddle to the riders’ head whilst in the
jockey position which would be as far as the horse’s neck. This reinforces the
lack in functionality of the device and the reliability of its technology and design.

No research to date has evaluated optimal recovery times with the use of HRM



systems or have identified similarity to a professional racehorse trainers’
perception of fitness that have been compared to HR data. Current research
has shown that different HRM systems are being used to gain results because
improper signal from an antenna to device is restricting sufficient data results
during testing, variables such as environment, terrain, weather and altitude can
affect the way a HR monitor responds to the receiving device and cannot
always show consistent data (Kingston et al., 2006, Vermulen and Evans,
2006, Vincent et al., 2006).

1.6 Rationale, aims and objectives
This study was to assess how efficient a racehorse responds to training and
exercise using heart rate monitoring equipment within national hunt racing and

to evaluate cardiovascular responses within frequent interval training.

Hypothesis: ‘when a national hunt racehorse taking part of a training program

of interval training, cardiovascular fitness will increase’.

Null hypothesis: ‘when a national hunt racehorse taking part of a training

program of interval training, cardiovascular fitness will stay the same’.

This will enhance the racehorse trainers’ perception of fithess and give a
broader in-depth knowledge of how well a horse responds to their training
methods. The overall aim of this study was to apply high tech Fine Equinity
HRM systems to aid in scientific evaluation of NH racehorse fitness and to
inform and assist the trainer. The objectives were to find out how NH
racehorses adapted to interval training, and to distinguish optimal recovery

times and peak HR for individual NH racehorses and as a group.



CHAPTER 2
2.0 METHODOLOGY

2.1 Data Collection

Data collection was established at a National Hunt racing yard between
January to March 2016 with on-site permission being utilised using Fine
Equinity HR monitors to collect relevant data (Appendix D). Thoroughbreds
(n=10) were involved in the study and were assessed every Monday for 12
weeks during their normal training programmes. Two three furlong gallops
were utilised at a mean speed of 20mph (9m/s) using an all-weather gallop

which contained a mix of sand, rubber and wax with a depth of eight inches.

2.2 Sample Population

The study was approved by The Hartpury College Research Ethics Committee
in 2015. A total of 10 thoroughbreds utilised from one National Hunt racing
yard in Naunton, Cheltenham, UK trained by the same trainer with 25 years’
experience were assessed during the British National Hunt Season between
January to March 2016. Horses that participated within the study were
physically fit and healthy and was excluded If the horse was injured, became
lame, or was a host of any disease or disorder. The normal training regime for

the horses remained throughout data collection

2.3 Training Protocol

All horses (n=10) were trained every Monday for 12 weeks’ dependent on the
condition and health of the horses within the study. Fine Equinity supplied
technologically advanced heart rate monitoring equipment capable to collect
speed, stride length, stride frequency and altitude with live streaming and GPS
tracking from their website or smartphone (Appendix D). The HR monitoring
girth sleeves were placed on the horses during tacking up with half tree racing
saddles, bridle, saddle pad and felt pad within their own stable and regular

work rider and were withdrawn when distressed with the presence of fresh



water, straw bedding and morning, lunch and evening food intervals. The
electrodes and receiver pocket were placed on the left portion of the barrel
behind the left elbow. The horses warmed up by walking to the gallop (1000m)
and cooled down by walking back to their stables (1000m). Each horse had
their own specific training programme and completed between gallops (n= 3)

of three furlongs and repetitions (n=3).

2.4 Experimental Protocol

Live streaming using the Fine Equinity app found on the Apple App Store was
used to assess accuracy and know real-time data wherever their location.

1. Horses were tacked up in the stable, the HR girth sleeve was placed

over the girth that secures the saddle.

Plate 1: Girth sleeve 1

2. The electrode side was sponged with water and was placed onto the

left side of the horse behind the elbow for a better connection.

Plate 2: Girth sleeve 2

10



3. The receiver was switched on and secured into the pouch on the girth

sleeve.

Plate 3: HR receiver and girth sleeve

4. After data was collected the horses walked back to the yard to cool
down (1000m). The rider dismounted the horse and un-tacked and
placed their equipment in the stable and then proceeded to wash the
horses down, rugged them and made sure the horses had plenty of
water. Once the electrodes were released from the barrel of the horse
the system automatically stopped data and recorded the data for the
horse taking part.

5. The girth was then placed on the next horse within the study using the
same work rider and tack.

11



6. The devices were then uploaded onto a secured windows computer
using Fine Equinity software and allocated each data piece to the
horses being used on that day.

2.5 Data Processing and Analysis

2.5.1 Racing history profiles

Racing history was taken for each horse and created a basic profile of: age,
official ratings from the British Horseracing Authority (BHA), races undertaken
under rules and winnings achieved in GBP (see table 1). Racing history was
used to build up profiles for each individual horse to show their experience

within British NH horseracing to date.

2.5.2 Group horse analysis

Data were assumed non-parametric due to small sample size (Field, 2014).
Kruskal Wallis was used to assess the difference between meanHR expressed
as %HRmax and 4 training sessions, end%HRmax as %HRmaxend and
%HRmMax, %oHRmax and %HRend 60 seconds. Post hoc independent samples
t-test was then used to assess significance for all horses training sessions.

Bonferroni correction was used P<0.02= P<0.05/5).

2.5.3 Individual horse analysis

All data was analysed using IBM (Statistical Package for The Social Sciences)
SPSS (Version 24). Assumptions of normality were not violated. A series of
Friedman’s non-parametric ANOVA analyses were used on an individual basis
to define within subjects’ differences across training progress for three gallop
runs and average work done for meanHR expressed as %HRmax to facilitate
comparison across horses and end HR% as %HRmax and HRR-60s as
%HRmax in HR max mean, Significance was set at P<0.05. where sig diffs
were found, subsequent post hoc, Wilcoxon matched pairs analyses

established where between runs differences existed. A Bonferroni correction

12



to control for type 1 errors was applied to post hoc and significance was
adjusted from P<0.05 to P<0.02 (= P<0.05/3) (Field, 2014).

2.5.4 Correlations of official ratings vs Percentage HR max mean

Spearman’s was run to test for correlation between official ratings and %HR
max to see if there was any significance between the two variables for all
horses (n=10) (Field, 2014).

13



CHAPTER 3
3.0 RESULTS
3.1 NH racing profiles

Age, racing experience and performance rating of the horses was variable
(Appendix L) (Table 1).

Table 1: Racing history of sample population

Races
Official Undertaken Winnings

Horses Age (Years) | Rating (BHA) | (Under rules) (GBP)

H1 11 126 50 72,103
H2 9 134 14 18,947
H3 11 131 30 43,439
H4 8 122 10 11,338
H5 5 131 12 25,795
H6 9 116 24 16,895
H7 8 132 21 18,781
H8 11 115 35 23,560
H9 9 125 26 56,386
H10 10 140 31 60,502
Minimum 5 115 10 11338
Maximum 11 140 50 72103
Mean 9.1 127.2 25.3 34774.6
Standard

Dev 1.85 7.95 12.10 21548.64

14



3.2 Descriptive group statistics

3.2.1 HR max percentage across training

No significant differences in %HR max was found for individual horses across
the training period evaluated. However, these differences were found to be

non-significant (P>0.05 Appendix E) (Figure 2,3).
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3.2.2 Percentage HR Max vs End Percentage HR Max

HR max percentage and HR max percentage at the end of exercise across
training was observed in all horses. However again the variability was non-

significant (P<0.05; Appendix F).
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Figure 4: HR max percentage vs End %HR Max

3.2.3 Percentage HR Max vs End Percentage HR Max recovery

Mean %HR max and end %HR max recovery (-60 seconds) was tested
across training sessions. Findings were non-significant (P>0.05; Appendix
G).
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Figure 5: Mean %HR max vs End %HR Max —

3.2.4 Official Ratings and percentage HR Mean

The correlation between official ratings and HR max percentage Across the
period was investigated, no relationship was observed between horses’ OR

and the mean HR max percentage they were working at (P>0.05 Appendix H)

Heart Rate + Official Rating No.
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Figure 6: HR and OR training session 1
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Heart Rate + Official Rating No.
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Figure 7: HR and OR training session
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Figure 8: HR and OR training session 3
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Figure 9: HR and OR training session 4

3.2.5 Percentage HR Max across training

Kruskal Wallis was run to define the difference between the ten horses and

four training sessions. Findings were non-significant (P>0.05).

3.2.6 Percentage HR max vs End Percentage HR max

Kruskal Wallis was run to define the difference between HR max and end %HR
max. Due to result being (P>0.05) a Mann Whitney U and Bonferroni
Correction was not needed as the data was not applicable for pairwise
comparison analysis (Field, 2014).

3.2.7 Percentage HR Max vs End percentage HR Max recovery

Kruskal Wallis was again applied to define differences between %HR max and
end %HR max post 60 seconds of exercise. Findings were non-significant
(P>0.05).

3.2.8 Official ratings and HR max mean
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Spearman’s was run to test for correlation between official ratings and %HR
max Official ratings (see table 1) was compared with HR max mean for across
horses to assess significance between the 2 variables. This was to show if
there was similarity between the official rating (OR) that the horses earned and
the HR max mean the horses achieved during the study (see figures 4-7).

Findings were non-significant (P> 0.05).

3.3 Descriptive individual statistics

3.3.1 Individual analysis

The Friedmans two-way ANOVA was used in all individual tests between

variables to quantify any significance (Appendix I, J, K).

3.3.2 Percentage HR Max Mean

Individual HR max percentage was analysed (see figure 2,3). Findings for all

10 were non-significant (P>0.05) (table 2).

Table 2: P values for %HR max mean across training sessions

Horses P values
Horse 1 P>0.272
Horse 2 P>0.209
Horse 3 P>0.165
Horse 4 P>0.17

Horse 5 P>0.392
Horse 6 P>0.960
Horse 7 P>0.308
Horse 8 P>0.051
Horse 9 P>0.17

Horse 10 P>0.444

3.3.3 Percentage HR Max End

Individual HR max percentage at the end of exercise was analysed (figure 4).

Findings for all 10 horses were non-significant (P>0.05) (table 3).
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Table 3: P values for %HR end across training sessions

Horses P values
Horse 1 P>0.019
Horse 2 P>0.145
Horse 3 P>0.217
Horse 4 P>0.008
Horse 5 P>0.50
Horse 6 P>0.19
Horse 7 P>0.58
Horse 8 P>0.187
Horse 9 P>0.39
Horse 10 P>0.555

3.3.4 Percentage HR Max Recovery

Individual HR max percentage 60 seconds’ post exercise was analysed (figure

5). Findings for all 10 horses were non-significant (P>0.05) (table 4).

Table 4: P values for %HR max end -60 across training sessions

Horses P values
Horse 1 P>0.212
Horse 2 P>0.13

Horse 3 P>0.112
Horse 4 P>0.022
Horse 5 P>0.306
Horse 6 P>0.101
Horse 7 P>0.026
Horse 8 P>0.077
Horse 9 P>0.013
Horse 10 P>0.212
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CHAPTER 4
4.0DISCUSSION

4.1 Percentage HR max mean and training sessions

The main findings of the present study suggested that HR was consistent
across the training sessions, although there was a persistent increase and
decrease of HR over time (P>0.724) (figure 2,3). When exercising a racehorse
or any athlete, an individual's HR Max should decrease over time when
subjected to a regular, progressive training programme (Gur and Matur, 2013;
Gramkow and Evans, 2006; Howley, 2001). HR across training sessions from
the sample population (n=10) suggests that consistency shows that the
racehorse trainer was not applying training programmes individually for each
horse and therefore indicates that there was a wide range of fitness levels
between the ten horses (Bitschnau et al., 2010). Although only horse five and
horse ten during the four training sessions consisting of 12 gallops in total
showed a gradual decrease in %HR Max which suggests that over time, these
horses were becoming gradually fitter (Borresen and lan Lambert, 2009)
(figure 2,3). It could also indicate that the horses had become more adapted
to the training sessions due to repetitive bouts of exercise. The non-significant
changes in HR across training sessions from the sample population (n=10)
suggests that the racehorse trainer was not applying the principle of
individualisation to training. It was likely that there was a wide range of fithess
levels between the ten horses although due to data collection taking place on
a Monday after a day of rest, the horses had an average speed of 20 mph
(9m/s) which could explain why the results did not change as the horses were

averaging the same speed (Bitschnau et al., 2010) (Appendix L).

Due to the nature and traditional methods of training racehorses, a racehorse
trainer can only perceive a horses’ fithess through breeding, gender, age,
medical history, previous injury, official rating, respiration rate, visual fatigue
and perspiration (Kingston et al., 2006). Due to several variables, it is difficult
to scientifically evaluate a horses’ fitness accurately without the use of HRM

equipment (de Bruijin et al., 2016). By combining a professional racehorse
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trainer’s experience with the use of HRM equipment in training programmes it
allows a better in depth knowledge of how fit an individual horse is. Using HRM
equipment allows the trainer to take a scientific approach to training and
exercise and keep accurate track of his or her horses’ fithess and any changes
that are needed to be added to their training programmes to improve their
fitness levels (Vermulen and Evans, 2006). Furthermore, time can also be a
significant factor; therefore, racehorse trainers set training sessions which can
contain a large amount of horses exercising up a track at the same time in
concession and could suggest that the trainer cannot always gauge how fit an
individual horse is. Consequently, HRM is quick and sufficient making fithess

monitoring more accurate.

4.2 Percentage HR max and percentage HR end of exercise

It was founded that all horses had shown either the same %HR max during
and at the end of exercise or it had slightly decreased. No significant
differences were observed between %HR max and %HR at the end of exercise
(Appendix F). This may have been due to the nature of the training session
layout; horses were trotted down the gallop to proceed their exercise up the
gallop. As three gallops were completed per training session, the horses did
not have sufficient time to recover between gallops due to trotting back down
the same distance that the horses galloped up (n=3). This could suggest that
the horses are not being progressively overloaded enough to elicit a change
in fitness, although it has been suggested that active rests such as trotting after
galloping have been shown to be beneficial for improving fitness (Fonseca et
al., 2010)

4.3 Percentage HR max and percentage HR max recovery

Percentage HR max was compared to %HR max recovery after 60 seconds’
post end of exercise to see how quickly the horses returned to resting HR. No
significant differences were found (P>0.517 Appendix G). When the horses
had finished each training session, the riders would walk them back (1000m)

to the yard to untack and move onto the next horse. The result has shown that
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the time of recovery the horses were subjected to suggests it was not enough
and indicates that the horse’s anaerobic fitness needs to improve (de Bruijin
et al., 2016).

4.4 Official ratings and percentage HR max

Official ratings and %HR max was tested to see if there was any correlation
between the variables, the findings were non-significant (p>0.804) (r=-.845).
Official ratings are used to judge how well a horse is doing within the racing

calendar and can be an indication of fithess to racegoers.

4.5 Individual tests

Individual tests were run for all 10 horses to see if there was any improvement
on an individual scale across the training sessions, the findings were non-
significant due to time being a factor, if more data from training sessions were
collected, results would have been significantly different (table 2,3,4). Only
horse five and horse ten showed a gradual decrease in %HR Max during the
4 training sessions (consisting of 12 gallops in total) which suggests that over

time, these horses were becoming gradually fitter (Appendix I, L).

4.6 Recommendations for HR analysis in NH training

Recent upcoming companies such as Fine Equinity does not only provide a
means for a trainer to solely use HRM equipment but also their online website
can be used to allocate and create training programmes and to depict speed,
stride length and stride frequency profiles to compare with the same horse
across the NH season. Therefore, it would provide more detailed feedback to

trainers.

4.7 Limitations

Potential limitations within the current study are mainly the duration and the

low sample population in comparison to similar studies (Kingston et al., 2006).
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Due to this limitation, the results were effected as every test that was carried
out was non-significant although visually the results suggested a difference
had occurred due to the peaks and troughs of %HR max over the period of
four training sessions (Figure 2,3). Data was collected on a non-work day
which meant the horses galloped at an average of 20mph (9m/s) due to having
a day off every Sunday and therefore several horses within the study were
mainly working in an aerobic state (Appendix L). Due to this factor, high
intensity training (HIT) needed to be more intense and therefore needs longer

time to recover during low intensity training (LIT) (Gibala et al., 2012).

Only three sets of HRM systems were loaned to collect the data, therefore only
three horses for each training session could be collected which caused some
horses not to be collected due to the horses being in the same training session.
Also, only four training sessions were used as the batteries within the HR
monitor in the girth sleeve became dead, therefore the system only measured
speed, stride length, stride frequency and altitude. Data was collected mid-
season near the Cheltenham Festival and therefore it was not an accurate
indicator of fitness progression because fitness would already be peaking for
competition, therefore the trainers goal may have been to maintain fithess
levels and not fatigue the horses before competition. Consequently, future
studies should look at training sessions at the start of the season in late

August.

It was attempted in the current study to apply HRM equipment on horses to
jump over hurdles and fences to evaluate the stride length between jumps and
over hurdles and fences. This would have been an interesting result to find out
as no research to date has observed the effectiveness for HRM systems when
jumping. Mapping of the gallops by the company was laid out before data
collection started; to assess how long the gallop was through GPS. Due to this;
data could not be collected as there was a separate field laid out with hurdles
and fences and were not positioned on the track so mapping of the field could

not be applied at the time.
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4.8 Further research

Further research is needed to evaluate new HRM systems and how trainers
can use them to their full potential. By using HRM within a major under rules
race it will allow researchers to set baseline data and evaluate training
sessions vs competition. To date no research has evaluated HR, speed, stride
length or stride frequency within a race with the use of HRM systems due to
confidential issues by the BHA and how such study may damage the racing

industry’s reputation.

HRM also has not yet been used to detect talent and ability over hurdles and
fences, research in this area would not only benefit accuracy of measuring
fitness parameters in horses, but could potentially detect horses that may not
benefit within NH due to small stride lengths and could reduce risk of injury

due to this factor.

Due to advances in new HRM equipment, it would be beneficial to the industry
if a large amount of sample population was used over the course of the NH
racing season to properly observe the horses throughout a whole season. This
would also be a good indicator for racehorse trainers if a horse is progressing

through the season.
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CHAPTER 5
5.0 CONCLUSION

The results of the current study adds value to research regarding the use of
new HRM systems being used in everyday training and exercise within the
horseracing industry. Due to the sample size and duration of the study findings
were non-significant. Although due to new HRM systems being introduced into
regular training in horseracing it allows a more scientific approach to training
and gives a racehorse trainer the ability to learn more about an individual horse

within their yard.

The use of HRM systems and equipment has shown that a trainer can easily
implicate such equipment within their training programmes which would also
be beneficial for veterinary surgeons to assess cardiovascular health, jockeys
to identify fitness ability, stable staff that regularly exercise the horses and

racehorse owners to check up on their horses’ fitness.
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APPENDICES

APPENDIX A — Signed proposal and ethics form

DISSERTATION PROJECT PROPOSAL AND ETHICS FORM 2015-16

Personal and project information:
Name: Kieran Scoft Kenworthy

Programme of study: ESe (Hons) Equine Science

Potential Supervisor: Dr. Jane Williams

To evaluate how core physiological (cardiovascular) parameters
respond lo a programme of interval training in Mational Hunt (MH)
Project title: racehorses.

Which type of Project are you proposing (please tick)

Research Article

X

Vocationally Relevant Inguiry

Critical Review of Literature

Background and rationale: Give a briaf background and rationale for the
project. This should include a review of previous research on the topic and a
justification of why this project is unique and of scientific importance, This must be
supported by appropriate references.
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Aims and objectives: List the overall aim of your project and provide several
| achievable objectives that you hope to complete through your study.

Objectives

To establish if relationships exist between core cardiovascular parameters and
BHA official ratings (OR) in NH racehorses

To determine If training regimens used in NH racehorses support the
physiological demands of racing (fitness: time spent in aerobic vs. anaerobic
performance / would need BHA permission to obtain race data)

To explore the potential of standard exercise testing (SET) to measure progress
in NH training regimens

To discover if a relationship exists between heart rate (HR), stride length (SL)
and speed (with aim to extrapolate useful HR / fitness data from allowed race
day data collection)

 Experimental design and methods: Summarise the methods you will use to

| achieve the aims and objectives of the project. Depending on the nature of your

| project, this might include information such as study site, study species, sample

' size, equipment and resources needed, sampling and recording methods
' and media and statistical analysis. The methods must be supported by

| appropriate references.
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Methodology

To undertake HR analysis of NH racehorses (n=20) during their normal training
regimen for 6 months within a single NH yard, using the Fine Equinity HR
rmonitoring system utilising the following protocol:

Initial physiclogical assessment: SET

Trainer to use HR monitor within training for selected horses (ideally continually
but If not targeted sessions, gallop and jump schooling, agreed with trainer) -
Monitor training progress via selecled exercise vanable (outlined below)

3 or 4 week assessment of fitness via SET

ldeally to complement with race day data

Data Collection:

Record horse demographic [ performance variables:

Age

Haight

Weight: horse and work rider

Previous history: health, injury, performance

Previous flat career

Sales price

Time in training

Time in training with current trainer

Days since last race

Incidents (training) which could impact performance: scopes, bloods, virus,
lameness ete.

OR: Start, end, SET weeks, record any changes (after races), meangSD
Trainer rating of horse's fitness level: star, end, SET, prior to races (0 not fit ->
10% race fit)

Traner rating of horse’s performance level: start, end, SET prior to races (1-
=10, very poor o excellent

Training data: gallop times / speeds, furlong splits

Race performance and travel time

Horse bodyweight: start, end, pre-race, pror to SET
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Record Management Data:

+ Diet

= Exercise bouts: type, distance, gallop used (if more than one), surface,
duration, gait, jump schooling, treadmill etc

» Stable management: stabled vs turnout

Record physiological variables (adapted from Williams and Flander 2014; Lamperd
and Williams, 2013; Poliock et al,, 2009; Kingston et al., 2006; Vincent et al., 2009:

« HR: Baseline (prior to exercise), minimum, maximum, mean duration of
exercise, at standardised intervals within exercise (furlong splits)

HR variability:

Percentage time spent in HR zones: duration / furlongs within exercise
Percentage time spent in anaerobic vs. aerobic HR; duration / furlongs
Speed: entire distance, furlongs

Stride length: entire distance, furlongs

Stride frequency: entire distance, furlongs

HR recovery: Monitor 10 min intervals for an hour post training
Percentage of HR maximum: mean for entire distance, furlongs

V150 / V200: Calculate velocity at which HRs of 150 and 200bpm (formula:
Pollock et al., 2009)

« Distance and speed travelled to attain defined HR (e.g. to 150bpm

Standard exercise test (SET)

Set vary between previous studies (average 800m / 4 furlong gallop, speeds
between 8- 17m/s to: actual test to be agreed with trainer to ensure participation
(length of ‘normal’ gallop and sub maximal gallop speed ~13m/s). Two approaches
can be used:

1. SET = Set distance at a defined speed-> assess HR, expect reduction in HR as
fitness increases (use for SET training sessions)

2. Velocityw= = measure distance travelled / time taken to achieve a defined HR
value e.g. 100bpm and 150bpm (use to assess progress during normal training)

Data Analysis

A combination of descriptive statistical analysis will be undertaken for individual
horses and comparing performance across the cohort (all, split by OR categories,
experience, age):

» Descriptive meantSD; plot descriptive ‘journey’: variables progress over time
« Statistical:

oTests of difference in key physiological variables between SET
sessions

oCorrelation between HR and trainer assigned fitness level, HR and
performance measures (OR, trainer performance level), HR and fitness defined by
HRmax% horse is working at for defined time periods
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oUnivariable logistic regression between physiological variables
performance measures to identify if causal relationships exist

oMultivariable logistic regression model: all variables to OR rating
to explore inter-relationships

Please note that whilst Hartpury equipment and existing resources are
available for utilisation by students, funds are not available to cover project
costs (e.g. equipment purchase, travel, accommodation).

Ethical considerations: Please list the ethical concerns that you believe are
inherent in this project and explain how you plan to address them. This may not be
relevant for a literature review or handling secondary data but is likely to be
important for most projects.This could be through such methods as storing data
appropriately and adhering to the data protection act, considering the 3Rs and
limiting suffering.This must be supported by appropriate references.

Please note that whilst if ethical concerns are fully addressed the supervisor

is able to sign off paperwork, where ethical concerns remain the paperwork
will need to be submitted for ethical review. This may take up to 3 weeks.
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Equine welfare is paramount for this research article. Possible ethical
considerations when collecting data from (NH) national hunt racehorses will be
first; making sure the horse's taking part are in a secure, safe environment and is
comfortable mentally and physically. It is important that any serious strenuous
exercise will not be tolerated in order to receive data collection. Any horse that
participates will be healthy and will not be accepted for data collection if injured,
lame, a host of any disease or disorder. The normal training regime for racehorse
thoroughbreds will remain throughout data collection. The data protection act 1998
will be upheld to the upmost security with laptop passwords. Riders must be
insured under the yard in order to participate riding horse’s that are involved in data
collection.

Documents enclosed with this proposal and ethics form (put a X in the
appropriate boxes). These documents MUST be completed before you can be
signed off by your supervisor to begin data collection.

Completed questionnaire (if you are completing a
questionnaire based project this MUST be enclosed)

Risk assessment (this MUST be enclosed for all
experimental research)

Site permission form (this MUST be enclosed where
the research is conducted off-site)

Placement approval certificate (if applicable)
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Participant permissien form (this MUST be enclosed
unless your project does not have any human / animal
participants)

Other (please specify)

Signature of

student Date
Signature of

Supervisor Date
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APPENDIX B — Site permission form

3
U
HARTPURY
LNMIWVERSITY CENMTRE
Name
Number

Email (use Hartpury/UWE email address)

Site permission form:

Note: this MUST be completed where the research is conducted off-site.

This must be completed by the student and then read and signed off by
the manager/owner of the facility/location where the off-site research is
being conducted.

Please note that completion of this Site Permission form ONLY grants
permission to conduct research at the site. |n.order.to gain permission
to utilise animals located/housed at the site, a separate participant
permission form MUST be completed by the animal(s)’ owner/trainer.

To whom it may concern,

I [insert name of manager/owner] in my capacity as manager/owner [delete
as appropriate] of [insert facility/location] grant permission for [insert
student name] to conduct research looking at [insert title of dissertation
project] at my establishment from [insert date] to [insert date].

I understand that the project involves [briefly outline method] and will
facilitate work which will be presented as a dissertation, with aims to publish in

an appropriate journal. | also understand that a paper and electronic copy will
be kept at Hartpury College.

Yours sincerely,

Signature of manager/owner

Location/facility

Please print name/s:

Date:
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APPENDIX C — Participant form

HARTPURY

Participant Consent Form
|
Study Title:

Participant Name/s:
Address:

Contact number/s:
Email address:

I/ We in the capacity as the individual(s) listed/Owner/representatives of the
Owners [insert name]/Trainer [delete as appropriate], hereby give my / our
permission for [student] and associates to undertake [brief outline method]
for the subjects detailed below in respect of the above study.

In addition to granting consent for participation in this research, If We also
grant consent for the data obtained from this to be used and analysed over
the course of the research study.

Subjects to be included in the research: please identify

I/ We understand that data collected will be coded to ensure anonymity and
that examinations will be performed accompanied by a member of allocated
staff to enable any individuals to be removed from the study at my / our
request. | / We are aged over 18 years and are the official keeper/s of the
animals identified [include if relevant].

Signature:

Please print name/s:

Date:

Please tick the box below identifying if you wish your participation to be
publicly acknowledged.

YES, acknowledge me NO, please do not acknowledge me
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APPENDIX D — Copy of the Fine Equinity Brochure

equiniTy =

INTELLIGENT TRAINING

Watch and listen to your horse’s speed,
heart rate and stride length in REAL TIME

The ultimate in horse welfare
and fitness monitoring
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“Easy availability of reliable heart rate and speed data over time for an
individual horse provides the best method of monitoring its overall health."

Dr Lesley E Young BVSc DVA DVC DipECEIM PhD MRCVS
RCVS Recognised Specialist in Veterinary Cardiclogy

What is equiniTy?

equiniTy is a leading-edge, web-based horse welfare, training and yard management tool.
It was developed “in the yard" in response to racehorse trainers' desire to assess and monitor
their horses' welfare and fitness using an intuitive, non-invasive and cost-effective system.

Ninning features

©

O Koy measures such as
astance, spin imes,

siides per furtong, strice

ength, speed, location

and slutude gve rainers

more information 1o
optimise the training

schedule for their horses

O GPS and Stride
Monitoring technclogies,

oxperty Integrated o
provide scentific
Information ang reports
o complement the
rainer's expert
horsemanship

Monitonng gives an aary
ndcation of improving
fitness or potentiad hoalth
detorioration, and also
Getermines the heart rate
recovery time
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O Contnuous Heart Rate O Real-ime Streaming

aflows galiop-side
monitoring for rainers
and owners from a smart
phone or tablet



A professional perspective...

“I'm a trainer who sirives 10 constantly innovate and
infroduce now ideas into the yard 1o provide o
_ compalitive adge and Increase the
.&‘ weliboing of cur horses. Having boen
. Irvolved from the outset in the
,.‘i develcpment of equiniTy, it has
bacome an invaluable ool in helping us
0 achieve our bes! rosults in recant
seasons both by numbers and qualty of
winners. equiniTy's evolution 1o provide
siride data in addition 10 heart rados and GPS
information gives us 8n ingight inlo the horses welfane
which wouki ctherwise be impossible 10 achiove.”

Brian Ellison, Malton, UK

“equiniTy is an extra pair of pyes and ears on My horses
By collecting data each day | can bulld up a profile for
my horses based on scientific fact as well
85 my own assessment. This acts as a
Up off if & horse has worked poorly, or
1o confem & horse is ready 10 rece

My Bily Egyptian Symbol had a siight

tamperature aftor chaldog up har
\ - socond win In a row. Afler an oasy wook

she had o good galiop on the Tuesday and

wais not only visually impressive but the data indicated
she was back 10 har old soll. The horse is now 3 from 3
and right on treck for the $10m Jeep Magic Milions
Raceday in January,*

Bjorn Baker, New South Wales, Austraila

© Secure and confidential © Easy access 10 reports
website is used to store and traireng cata from
the downloaded data anywhere in the world via
the internet

*I was thrlled with Mubtaahil's win in the UAE Derby on
Dubai Wordd Cup night. We used the new oquiniTy
davice on him in the bulld up 10 he Derby,
’ A\ which was a great holp. Not only did he
. look amazing physically, but his dats
backed up exaclly what | was seeng in
front of rme. His work showed that he
COUd oruise af 3 high speed with a long
\ p siride Jongth afiowing him 10 conserve
onorgy and thus quickan off a sirong pace,
which is exactly what he did on the big night "

Mike de Kock, Gauteng, South Africa

“Heart rate moniions and GPS devicas are now commonly
used In all branches of professional and amatowr sport 10
Indhvidualise and oplimise atetes’ traiing
nesuiting In improvements in perfomnance
at every lovol. Easy avalabiity of relable
heart rato and speed data over tme for
an individual horse providos tho best
mwthod of moniioning Its overnl hoalth.
This information is sways the starting point
for he rvestigation of any subsequent poor
podormance and from 1o penspective of a spociainl
oquine cardiclogist who Is reguiary tasked with evalualing
these cases, | really look forward (o a Sme whon $is kind
of data s avalable routinely and not rarely *

Dr Lesloy E Young BVSc DVA DVC DipECEIM
PhD MRCVS

RCVS Recognised Specialist in Veterinary Cardiology

O Inteligent analysis of the  © No additonal equipment

data produces hghly Is introduced into the
informative, user-friendly, yard

graphical performance

reports
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Rich in content

A

O Visuafise horse tracking information in 8 graphical map view, allowng
drill-down 10 specific data points and animation - bringing each of
pece of work "o life!”

O Heart Rate vs Speed Is displayed In a variety of aifferent ways,
ncluding the abiity 10 view performance within predefined
“raining zones™

© Split Times and recovery times are sutomaticaly calculated and can
be dispiayed in 8 range of differant formats

© Compare Multiple Pleces of Work from the same or ditferent horses.
allowing you 10 review performance over a period of time and trend a
variety of different faciors

O Heart Rate vs Altltude provides analysis of the relatonship between
Gfferent gatiops and horse performance

O Powerful Charting Capablity allows the abdity %o zoom in, focus on
and expiore speciic data

O Work Summary generates a single screen overview of a work item,
aliowing notes 10 De added by the lrainer and also automatcally
asplays the respecive weather condtons at the tme ang location
of the work

© RaceFinder, usng Weatherbys' real-ime database, makas it very easy
10 find races for all horses in your yard, ausiomatically using ratings,
best trps and other attnbules 10 optimise the searching process

© Yard Management features providing work schaduling and high
quality reporting to save time and effort

—"‘-.—‘L'-—-—-‘
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The next generation

of equiniTy employs
mobile communication
and GPS technology to
create a real-time view
of horse training data,
including dynamic
stride calculation.
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APPENDIX E — %HR max and training sessions across all horses

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision
The distribution of HRMAX is the g’;‘?:pﬁ;;dem' Retain the
1 same across categories of K FI:: I-Walli 724 null
TrainingSessions. T;g? bl hypothesis.

Asymptotic significances are displayed. The significance level is .05.

APPENDIX F - %HR max and end %HR max across all horses

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision

The distribution of ENDHRMAX  (10ependent- Retain the
1 is the same across categories of Kruskal-Wallis 975 null

TRAININGSESSION. Test ! hypothesis.
The distribution of Independent- :
PERCENTAGEHRMAX is the same Samples 972 ﬁgha'" the
across categories of Kruskal-Wallis hwvnothesis
TRAININGSESSION. Test yp :

Asymptotic significances are displayed. The significance level is .05.

APPENDIX G - %HR max and end %HR recovery (-60)

Hypothesis Test Summary

Mull Hypothesis Test Sig. Decision
The distribution of Independent- )

1 PERCENTAGEHRMAX is the same Samples el
across categories of Kruskal-Wallis hypothesis
TRAININGSESSIONS. Test Y :
The distribution of HREND60 is  {naependent- Retain the

2 the same across categories of " pk I-Walli 517 null
TRAININGSESSIONS. T;‘;f al=wvatlis hypothesis.

Asymptotic significances are displayed. The significance level is .05.
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APPENDIX H — Official ratings and %HR max correlations

Correlations

HorseMeasur
e E.rc-upa
Spearman's rho  HorseMeasure  Correlation Coefficient 1.000 032
Sig. (2 -tailed) . .845
N 40 40
Croups Correlation Coefficient 032 1.000
Sig. (2 -tailed) 845 .
N 40 40
Hypothesis Test Summary
Null Hypothesis Test Decision
The distribution of lsnac'i:pleér;dent- Retain the
1 HorseMeasure is the same ~ pZHBSS null
across categories of Groups. Test : hypothesis.
Asymptotic significances are displayed. The significance level is .05.
APPENDIX | — Individual tests %HR mean
Horse 1
Hypothesis Test Summary
Null Hypothesis Test Decision
Related-
Samples
The distributions of Gallopl, Friedman's Retain the
1 Gallop2, Gallop3 and Mean are Two-Way null
the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 2
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Hypothesis Test Summary

Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's Retain the

1 Gallop2, Gallop3 and Mean are Two-Way 209 null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 3
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's Retain the

1 Gallop2, Gallop3 and Mean are Two-Way 165 null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 4
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision

Related-
Samples yin

The distributions of Gallopl, Friedman's Rﬂectthe

1 Gallop2, Gallop3 and Gallop4 Two-Way .017  null

are the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 5
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Hypothesis

Test Summary

Null Hypothesis

Test Sig.

Decision

The distributions of Gallopl,
1 Gallop2, Gallop3 and Mean are
the same.

Related-
Samples
Friedman's
Two-Way
Analysis of
Variance by
Ranks

392

Retain the
null
hypothesis.

Asymptotic significances are displayed. The significance level is .05.

Horse 6
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallop1, Friedman's Retain the

1 Gallop2, Gallop3 and Mean are Two-Way 960 null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 7

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's Retain the

1 Gallop2, Gallop3 and Mean are Two-Way 308 null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 8
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Hypothesis Test Summary

Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's Retain the

1 Gallop2, Gallop3 and Mean are Two-Way 051 null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 9

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's Re‘ect»the

1 Gallop2, Gallop3 and Mean are Two-Way 017 null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .0S.

Horse 10

Hypothesis Test Summary

MNull Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's Retain the

1 Gallop2, Gallop3 and Mean are Two-Way 444 null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

APPENDIX J — Individual tests end %HR
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Horse 1

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's qutctthe

1 Gallop2, Gallop3 and Mean are Two-Way 019 | null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 2

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's Retain the

1 Gallop2, Gallop3 and Mean are Two-Way .145  null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 3
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's Retain the

1 Gallop2, Gallop3 and Mean are Two-Way 217 null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.
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Horse 4

Hypothesis Test Summary

. Null Hypothesis Test Sig.
Related-
Samples
The distributions of Gallopl, Friedman's
1 Gallop2, Gallop3 and Mean are Two-Way .008
the same. Analysis of
Variance by
Ranks
Asymptotic significances are displayed. The significance level is .05.
Horse 5
Hypothesis Test Summary
I Null Hypothesis Test Sig. Decision
Related-
Samples
The distributions of Gallopl, Friedman's Retain the
1 Gallop2, Gallop3 and Mean are Two-Way .050 null
the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 6
Hypothesis Test Summary 7
Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's

1 Gallop2, Gallop3 and Mean are Two-Way .019

the same. Analysis of
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.
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Horse 7

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision
Related-
Samples
The distributions of Gallopl, Friedman's Ite{tcttl'lt
1 Gallop2, Gallop3 and Mean are Two-Way .026  null
the same. Analysis of hypothesis.
Variance by
Ranks
Asymptotic significances are displayed. The significance level is .05.
Horse 8
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
Related-
Samples
The distributions of Gallopl, Friedman's Retain the
1 Gallop2, Gallop3 and Mean are Two-Way 187  null
the same. Analysis of hypothesis.
Variance by
Ranks
Asymptotic significances are displayed. The significance level is .05.
Horse 9
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
Related-
Samples
The distributions of gallopl, Friedman's _
1 g;llopz. gallop3 and Mean are Two-Way .039  null
the same. Analysis of is.
Variance by
Ranks
Asymptotic significances are displayed. The significance level is .05.
Horse 10
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
Related-
Samples
The distributions of Gallopl, Friedman's Retain the
1 Gallop2, Gallop3 and Mean are Two-Way 555 null
the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.
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APPENDIX K — Individual tests %HR Recovery (-60)

Horse 1
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's Retain the

1 Gallop2, Gallop3 and Mean are Two-Way 212 null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 2
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
Related-
Samples
The distributions of Gallopl, Friedman's un:t the
1 Gallop2, Gallop3 and Mean are Two-Way .013 " null
the same. Analysis of hypothesis.
Variance by
Ranks
Asymptotic significances are displayed. The significance level is .05.
Horse 3
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
Related-
Samples
The distributions of Gallopl, Friedman's Retain the
1 Gallop2, Gallop3 and Mean are Two-Way 112 null
the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 4
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's

1 Gallop2, Gallop3 and Mean are Two-Way 022  null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.
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Horse 5

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's Retain the

1 Gallop2, Gallop3 and Mean are Two-Way .306 null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 6

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's Retain the

1 Gallop2, Gallop3 and Mean are Two-Way 01 null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 7
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision

Related-
Samples ,

The distributions of Gallopl, Friedman's ect the

1 Gallop2, Gallop3 and Mean are Two-Way .026 null

the same. Analysis of wypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.

Horse 8

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision

Related-
Samples

The distributions of Gallopl, Friedman's Retain the

1 Gallop2, Gallop3 and Mean are Two-Way 077 null

the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.
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Horse 9

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision
Related-
Samples
The distributions of Gallopl, Friedman's Rq‘ect the
1 Gallop2, Gallop3 and Mean are Two-Way 013  null
the same. Analysis of hypothesis.
Variance by
Ranks
Asymptotic significances are displayed. The significance level is .05.
Horse 10
Hypothesis Test Summary
Null Hypothesis Test Sig. Decision
Related-
Samples
The distributions of Gallopl, Friedman's Retain the
1 Gallop2, Gallop3 and Mean are Two-Way JA12 null
the same. Analysis of hypothesis.
Variance by
Ranks

Asymptotic significances are displayed. The significance level is .05.
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APPENDIX L — Raw data profiles for each horse

Horse 1
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10 Percorage of HE mas {HAmean) 763 12 771 TS 0 417" BOE 5 7233 775" 768 EASE 475 6708 TLE
11 Percontage of HE ma (HRend] 733 12 7635 s s ms5" 80 3 @y man® e wman ms B 7
13 Percomage of HE man (HRe=d-€0s) 745 763 754 G0 579 2 557 508 7eT 6R75 e45E3” 0 TIOE S5 60 GA3
13 Percontage of tme: anisrshic L¥ 4E1 BMES O B03 B0 EL4 B2 BT 3 16 W6 o 0 39
14 Perconage of tme: serobic 388 519 7535 @ 17 31 176 918 E8a 91 B4 44 00 00 BEY
15
15
17 SPEED fmys)
18 Speed HE max &3 ES B4 53 109 109 104 B 63 93 BO?  ES 9 i0d 917
19 Speed mean & 85 B35 %2 94 10 953 B4 A7 A5 853 3 51 &8 B57
20
1 STRIDE DATA
13 Mewn siride frequency (strides/min] | 495 454 S0l 389 W1 M3 1 483 &4 48 479 478 4743 4842 479
T3 Miae sirie hength (m) 4 a1 405 56 57 G4 59 43 43 41 413 431 4M 415 43
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Horse 4

A B c o [ [ [ f | [ K [ Y] N o [ a
1 HORSE NAME: Hore 4 Training se-saion § Training sdaion 2 Training sextion 3 Training sikion 4
i Galieg | Qatmg? Oelen) Snsien Qe l Oslen? Ol ) Senee Jalep] Delopl  Defep] lmies Oelep] Oslen? Dbl Beees
3 MEART RATE {w]
4 HAstart W03 107 146 1&F 137 143 0 42 18 1M 1N 155 160 183 141 179 AGE
5 MR minbmm 103 107 146 1187 1% 143 142 13 154 171 155 060 183 141 179 1GE
6 HAmadmum 128 153 153 1803 1E3 152 150 1ES 201 @7 197 0@ W 23 M3 W
7 HAmean 40 152 153 1483 13 162 160 152 183 200 151 654 195 1891 159 A9E
E HRend 158 152 192 WAF 170 191 170 177 199 MM 194 199 199 217 02 206
9 HRend -60 158 146 137 1503 1% 149 139 139 173 152 163 163 185 156 142 161
10 Percentage of HR max (HAmean) 23 633 e38” G181 563 E75 BSET” GBS E) 2333 TesEa” Bl ERS2 8231 E1E
11 Percentage of HR max (HRend] 763 80 0" 7044 e a5 70Ba” 73m mrs g5 EnE33” E23 @2s2 o047 Ba7  ESE
17 Percentape of HR mas (HR end-60s) w e0B 571" E2s4 s3s ez srme® 579 71 &3 eert EPE TToE & 5837 67
13 Percentape ol lime: andensbic 15 12 7 BSE7 115 B2 T BS M43 853 &5 79 876 521 293 716
14 Percentage al time: aerobic EES 9.7 93 914 RES 017 93 911 257 147 35 351 134 478 T 214
15
16
17 EMEED ()
18 Seseed HALmax 07 181 10k 1008 105 04 98 08 11a 11 iS5 105 97 104 hx] b1
1% Speed mean B4 BE B BTEF ¥ B BT BTF Al a7 a1 & L1 L5 I I T
m
I1 STRIOL DATA
I} Maeanstride freguency (drideyimin| 478 457 448 8609 S67 482 4027 MR1 3BS  35TE AL66 400 ABIN 4583 4485 46D
1 Msean stride length [m) 421 431 45 4T 441 a3 45 448 45 51 441 AR a08 a4 45 AT
Horse 5

A B c o [ [ [ H i ] M N o [ a
1 HORSE MAME: Hore § Training seaion 1 Tradning se-iaion 2 Training seston 3 Training setton 4
2 Galop i Calme 7 Geleg §  Seekin Galee L Galee? Galen 8 Smeen  Jelop ] Dedop Galop ] Beiies  Gelop ]  Celon 7 Gelop B Beides
5 MIART RATE (WA}
4 A Eart 103 18 188 1F3 10 1aE EL AN ] axr 11z 113 110 143 167 140
5 WA minkmm 00 160 155 1FR3 105 148 109 13 a7 H@ 13 133 110 143 167 14D
G HAmaxmum o0 191 191 1984 1M 210 187 184 IS4 160 1BE  QE1 191 164 179 A7E
7 HAmean 171 187 185 181 131 303 180 171 1BE 128 179 UGS 1M 145 150 16D
B HRend 0 187 188 19LF 170 X7 185 1ET 197 158 177 1% 190 153 168 170,
9 HAend -60 155 176 174 1683 105 176 155 147 ITE 119 173 U57 156 143 145 148
10 Perentage of HR ma (HAmean) 713 118 771" 1542 ses B 75" 714 783 sam mase” EEE 725 G042 BEST  BES
11 Percentage of HR man (HRend] ;3 7o 73" rms ros ee3 e ra = oesmn s’ @1 ooy e m T
12 Percentage of HR man (HRA end-E0s) 646 733 725" a4 as4 733 ease” f13 ez s T2om” esa 55 5058 G042 BLT
13 Percentage of time: anderobic 51 1 4 1BET [ T o 32 443 ] o 148 1] a 0 333
14 Percentage ol time: serobic 49 99 95 E133 100 BRI 100 557 100 100 853 S0 100 DD 867
15
16
17 SPEED [mys)
18 | soeed HA max af B2 57 0467 BE G649 043 97 EE 85 07 96 % 15 &7
19 Speed mean B2 &7 &7 B533 B B3 BE BEl HE TE 7 a0 78 81 &1 B0
m
11 STRVOE DATA
1 MApan itride freguency (tridey/sin) &9 454 455 A6E2 47 461 4574 463 465 54TE6 SR04 51T 538 513 5413 53R
I3 Mwan itride leegts [m) A2 413 443 ART 404 400 441 4 433 36 AT A1 AM a8 ATE ATX
na
Horse 6

A B c o E F G M 1 1 [ L M N o P a
1 me:mt Training setsion 1 lliﬂhuzhz Training seiilon 3 llinqu:'l-aalhl
2 Galizal Galoo? Gelogd Sesion  Galog L Gelopl Gelopd  Semion Galp! Cafopl  Gafiop] Semion  Cafiop] Gelopl Galop]  Sesion
3 HEAAT RATE WA/
4 HRswt 150 157 168 1583 162 175 96 184 145 153 16 153 152 167 166 162
5 HA minkem 150 157 UGB 1583 162 175 05 144 145 K53 162 153 152 167 166 1D
6  HR manimum 18 0 180 182 M 309 187 30N LE} 205 179 LER  1BE M9 1ED 182
T HAmwan 179 00 76 1B 199 198 152 185 173 203 178 1BS 18} M 175 1BE
E HR#nd 179 MM 150 1TR7 MO 12 186 196 1B} 301 M5 ITE 172 150 143 189
O HA#nd 60 150 154 535 1493 163 154 180 143 1500 #50  134 L4 144 138 133 1M
10 Percantaps of HR max (HAmaan) ME #23 miTros Br9 &5 6057 FRE 7ri 84ss Me7” PEO TEA3 BRIS PRO2 TRS
11 Percentape af HR max (HRend) .6 B 257 M0 BRI B2 TR BLT 7SE 8RS 04177 TR TLE? TRSA SRS 704
13 Percentape af HIL max (HIL eed-604) 53 e1r 5537 6222 670 642 45837 M3 6RS 6635 sTsT A2 B0 SEET S0A3 S5R
13 Perentape af time: araercble o &nE @ i W5 T3 S M - N 0 IRi BE  BL3 iy
14 Perentape of time: serobic 100 1A 00 FLaa 94 .7 51 M4 W0 T L= R ar2 1.7 % 6TE
13
1%
17 | weee fmytsl
12 Speed HA max S03 1M B9 8807 92 7S a5 BT BS 0] 94 943 B% 894 HS B3
15 Speed mean 79 52 84 BS 75 TS BT 15 B Bs B2 BA3 B4 BS 5 BT7
m
I1 STRIDE DATA
12 Mean stride freguency (strides/min| 5.7 468 513 4976 54 511 4839 514 5R2 5023 53 518 5371 4523 34 521

Mean stride |ength (m) 393 43 388 407 373 387 417 3152 4 453 432 418 43 456 46 449
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Horse 7

A B £ D E F & H | ] K L M N o P Q
1 HORSE KAMI: Hone T Training sevidon 1 Tradning setalon 2 Traning sexdon § Traning sesion 4
— = =
z Gaficg! Galma? Gelcal Gmmon Galmg! Gelool Gelon) Semon Gafiopd Golopl  Gafop]  lemie Gelop) | Gelogl Galopd  Samea
3 HEART RATE (WR)
4 MRt 156 172 1730 166 17 137 153 160 147 148 333 343 170 ISE 347 15E
5 HA minimem 1% 192 170 166 176 137 153 160 147 148 131 143 70 IS8 34T U5E
& MR maimum M0 W3 198 3003 M7 197 MG M3 305 M2 197 302 205 204 199 20
T HA =an 190 198 192 1933 21 1E4 19 14 106 192 iBs 191 worF 185 190 104
B HAend W« 8 1 W e 1M e oW e FRE] 15 7 0r A 193 06
0 HAend 60 159 150 145 158 153 148 155 151 156 162 irs 164 168 155 17 16S
15 Py ape af WL mac [HiL ] Fhd  ELS B" BOSE REA R BLEFT BOT ALY ] AT T RRoR Ai3S AT RO
11 Percentape of HR max (HAend] 808 TEE 80" TAMG MG TRA BLITT RIS & B0 1357 BI  BAaT BISD M0A2  H2S
17 Percentapeof MR max (HRenc-60s) G635 6M8" GSE3 63N 60 GSRT BR1 65 s Taor” sAs O GASH TLET GAE
11 Percentape of time: anaerobic 4L ENG HX 04T ASA AT @ M 80T Taa 3 884 LA ¥ T
14 Pementape of time: aerobic M3 124 18 245 143 83 21 327 193 15k 47 306 15 1 m 3
15
1%
17 SPEED fmys)
15 Speed HA max 99 92 %7 96 W 95 B 95 10 M2 A6 96 97 I3 105 03
19 Spesd mean 79 79 ®£3 BM3 BF B4 B9 BF 9 =31 86 BE} 86 85 9 &7
m
11 STRIDE DATA
11 Mhtanstride Fregueney [ridesimin) 514 SLE &4 4E99 400 407 4NIT 4B 476 4972 47D 4B4 470 4RO09 4707 ART
n _Hﬂﬂlﬂidﬂmfm:l B R0 40 4M 538 505 402 AR 42X 4d6 a¥ 4@ 4i% 40% 43 4R
Horse 8
A B C D E F G H i € L M N o P Q
1 HORSE NAME: Horse § Training session 1 Training session 2 Training session 3 Training sesion 4
] Gsipd Geed Gaes)  Baee Gelesl Geiep) Gale)  Gses fois] fekm) | deissl  Beuia Gubml | Gsed  Galmh fesa
3 HEART RATE (i)
4 HA iget wr 1M 14 W3 1T 1 i 1T 1% 151 ar a4 180 1583 140 144
5 HA minimom 07?13 1A 13 1M 1% im 1™ 1 151 142 14 160 151 140 e
6 HAmadmun W mWa M 208 197 M g oz 188 160 189 201 1FF 181 180
T HAmean 148 198 122 1ETT 1M 158 2 M 186 177 180 18 1BE  1TE 1" A1
B HAend 19 157 19 1983 1m 158 e B L 187 1B 1BE 198 180 181 190
9 HRend -0 U6 196 20 1773 19 19 159 197 192 162 Q73 1M 19r 16T 172 197
10 Perentage of HR max (HRAmean) s =3 ses” s s mrxs ws” g3 ms mn =7 754 7BI3 a7 Ta17  TRE
11 Percentage of HR max (HRend) 746 E.1 513" Bze4 =0 Ezs 292" BR1 Bzl TAER " 783 m2s a7 542 T
17 Perentapeof HR max (WA endE0s)  £53 ELF 507" 7389 B08 HZ9 E2or” BRI E0  &75 TaoEa” 732 B0 G9SE 7167 7R
13 Pementage ol iime: anaerchic 0D E3 85 577 507 100 0 52 542 BAS ] o @\ s 3 FI
14 Percentage of time: aerobic Wo 167 24 a033 83 0 B 57 311 @ W0 7@ 21 s W T
15
15
17 SPEED [m)
18 Spsred HA max 2 1k w3 0567 105 107 oF W3 13 Il 9% 3 Ty 3 0
1% Speed maan 81 &9 E1 LE BT 03 &R o1 116 083 L&) 6 &7 oy
n
1 STRIOD DATA
Il Mwean stride freguency (itridey'min) a6l 406 459 GAEG ST SLE ELS GRT a36  3GTI BRAG 095 44458 BGE2  alED a
1 Miean stride length [m) A37 AT 43R A48T A% 4B 482 A Ak 83T 51 541 A AT a1 SR
1
Horse 9
A ® t D P F G H [ i K L M N o F aQ
1 HEORSE MAME: Horse & Training sexaion 1 Training session 2 Traiming sexsion 3 Training session 4
r | Gelip] et Galep P Beids Dulip] Getep? Oelepl  Sheke Oalop] Delopd dalep ) ek Galep | Gelepd  Gelop ) Semskee
J  MEART RATE (rg)
4 MR gtant 125 168 148 14F 1T L4 147 135 1ar 117 136 143 Ml 16 15% 152
5 I_I-ﬂmhlrrl-urn 1 188 14 148 11T LG 47 138 18 130 18 142 bl A - S 1 R L
§  HE maximum 161 168 181 1708 a9 1% LT ] 197 19 Il LU T - R R
T HEmean 17 171 149 1887 9T 1% 163 165 194 186 1% 150 17E 167 1 1sa
B HEend LEL 157 148 12 IEF e 145 188 209 184 1 15 183 16T 1E 18
9 HRend 40 11 133 149 131 N7 140 147 135 143 156 168 186 157 1M 1M 189
10 Percentage of HE max (HAmean) 6131 L3 62 BABY AR &5 E701 B49 B TIS 0" M M7 7792 7708 Tea
11 Perceniage of HE max {HAend) 754 654 7" g78 73 Rm Troe” TR v ves7 7avst BOM mas 7rma maa TS
12 Percentage of HE man (HA end-60s] s04 513 e21"sasm ams sma gnzs” SRl seE B 0" B8 esaz 7233 725 Toa
13 Perceniage of tme: anaernbic 755 158 10 #8513 WE O 0 103 56 609 B ESE 0 o 4 133
14 Percentage of time: sevobic 43 BA1 0 MET E93 L0 100 ER7 556 392 1 7S 1K MW 96 SAT
15
1%
17 SPEED fmf)
15 Speed MR max 71 78 B 7633 3B 55 91 7B 92 95 w957 3 Bz 5 B73
15 Speed mean 98 ®1 10 9533 3B BE B4 BE7 85 57 81 A7 7 A7 BT B37
m
1 STRIGE DATA
11 Meanstrise frequency (rides/min] | 319 4L 366 IR0 445 441 454 447 474 465 454 864 44T 454 455 452
¥1 Miean siride length [m) S A7 &3 5067 45 45 44 447 43 44 44 431 4E A4 44 447
e
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Horse 10

A B = o E F L] H i i K L L] ] o P [+]
1 HORSE MAME: Horse 10 Traming seaion 1 Training edsiom 2 Traising setdion 3 Training sedaion 4
H Gt ] Guter ) Gebed  BeiS  Gebie] GeSes) el BhENR Gl Gaked Bk Geted | Gelmd v
3 HEART RATE fhik)
4 HRn 136 136 165 15T M1 1 1W 42 4@ 1 5 1n 1y W W s
5 HEmisimum 1B 155 163 15T 41 188 1R 142 4B 180 % 1M EEL T R I L
£ HE masimum LER 193 AT 18T 86 135 192 1M 199 168 W1 0 RS 1R I
T HEmesn PR 188 184 AT TP M 148 1T @0 I 1R s e im 1T e
& HEgnd LB 1% 180 185 MR 1@ 0 185 1A% AT 1 & 0 1M g 1M
¥ HEgnd £0 186 143 240 MEF  12E 1 152 136 14x 1 154 145 180 ) 1 0
10 Percentage of HE maa (HAmesn| 5 TEI TET" TESE 746 7RI " TR 75 TLET TLe6YT TRE 667 7167 TR0 7RIS
11 [mmummn‘m T TRE " ThOE TEE MRS 75T RS TES TIAD AT TED BT TRID B0 TR
13 Perceniagn of HE ma (HR eed-60x) €5 SR6 5837 GOT 521 543 63337 365 I 575 61677 603 3403 S0A7 515 53
13 Percintign of time: andercbic 0 45 a 1817 a 2% 1@ 48F 499 H 3 I T 48 4F B4
14 Percentage of time: serobic D0 536 00 BRAT 100 955 BE W5 511 ] 65 TO4 443 064 35 682
1
18
17 SMED (i)
18 Speed HE max 9% 102 &5 A53F %@ 102 4 09T &8 #7132 182 136 0% 1r5 118
1 Speed mean B 9 &5 BT &p 4 023 EA &6 108 94 1LT B 103 103
mn
1 STRIDE DATA
X1 Mesn piride frequency (irdeymin] 464 438 46F 4565 459 436 4551 45 4% 4507 OB4 406 M09 4498 344 35D
Il Masn giride length [m) 4.3 483 431 443 43K 461 444 L4R 4ad 43R 617 3 T4y a3 M3 637

T
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