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Abstract

Despite the international popularity of horse racing, limited information exists on the
relative physical demands of flat national hunt (NH) racing or the typical physical
preparation strategies used by jockey’s in preparation for horse racing. The thesis
aimed to investigate race demands and preparation strategies of professional jockeys
whilst also developing a standardised physical fitness testing battery for the horse
racing industry.

Chapter Three reviews physiological monitoring tools for individual sport athletes.
Chapter Four explored the physical preparation strategies for racing in 85
professional jockeys using a specifically designed questionnaire. A physiological
inventory was designed for Chapter Five to monitor the absolute and relative
responses of 20 jockeys over short and long race distances for flat (short: 1,247.2 +
184.7 m; long: 2,313.4 + 142.2 m) and NH (short: 3,480.2 + 355.3 m; long: 4,546.4 +
194.3 m) racing while Chapter Six sought to explore the design and test-retest
reliability of the Jockey-Fit Testing Battery in a cohort of 20 trainee jockeys.

The results of Chapter Three revealed the monitoring of heart rate (HR) and blood
lactate concentration to be valid and reliable parameters to assess the physiological
demands of individual athlete sports. The findings of Chapter Four revealed that
jockeys work a large number of hours (34 + 14) in addition to completing multiple
races per week (6.9 = 6.4). There are low participation rates in strength and
conditioning (S&C) (42%) and only 33% of jockeys surveyed utilise high intensity
training. Chapter Five discovered that horse racing is a physically demanding sport
with peak blood lactate concentration reported as maximal (=8 mmol?) across 3
race types (long NH race, short flat race and long flat race). Mean HR in the long flat
race (151 + 19 b-mint) was significantly lower than the mean HR reported in the short
flat race (short: 171 + 15 b'mint) and NH races (short: 181 + 8 b-min’; long: 182 + 9
b'min) (p=0.000, ES=0.469). Chapter Six provided a valid and reliable fitness testing
battery for jockeys.

This thesis is the first to present and analyse the physical preparation strategies of
Irish jockeys. The present thesis reinforces and extends previous research which
suggests that horse racing is a physiologically demanding sport while providing novel
data over multiple distances in both flat and NH racing. While jockeys do not appear
to meet the high intensity nature of competitive racing while riding out, the Jockey-
Fit Testing Battery represents a feasible and scientifically rigorous platform to
monitor jockey fitness, assess fitness interventions, and provide normative
performance data for the horse racing industry. Further research is needed to assess
the implementation of S&C strategies using the Jockey-Fit Testing Battery on
performance and injury.
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Glossary of Terms

Amateur jockey: An amateur jockey does not receive a riding fee when participating
in professional races with most amateurs working as full time stable staff. Amateur

jockeys predominantly ride in point to point racing.

Apprentice jockey: A flat jockey who has not yet fully qualified by riding a set quota
of race wins. Apprentice jockeys receive a weight allowance, also sometimes known
as a claim to account for their lack of experience when racing against fully

professional jockeys.

Conditional jockey: A national hunt jockey who has not yet fully qualified by riding a
set quota of race wins. Conditional jockeys receive a weight allowance, also
sometimes known as a claim to account for their lack of experience when racing

against fully professional jockeys.
Delphi Method: A questionnaire validation method where opinion is gathered from

a group of experts over one or two iterative rounds of questioning and justification

of answers.

Flat racing: Racing over a course distance of 1-4km where no obstacles are present.
Jockeys are permitted to carry an allocated weight of 52.7-64kg dependant on their
experience and/or the horse they ride.

Going: The underfoot conditions at a race track.

Keen horse: A horse that wants to run forward with increasing speed in a race at a

time that is undesirable to do so.
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Making weight: The practice of achieving a desired body mass for an athlete to

compete in a certain weight category within a sport.

National hunt racing: Also known as jump racing; Racing over a course distance of
3.2-7.2km where hurdles or fences are present to jump, Jockeys are permitted to
carry an allocated weight of 62-76kg dependant on their experience and/or the horse

they ride.

Professional jockey: A professional jockey receives a set fee for riding in each race

and can claim a percentage of the prize money.

Quasi-isometric effect: Metabolic reaction to increase blood flow in areas of
increased muscular pressure which may increase heart rate.

Riding out: A non-racing activity sometimes referred to as ‘riding out’. Jockeys ride a
horse to train it in preparation for a race. The jockey will typically get the horse to
spend time in each riding gait. These consist of walk, trot, canter and gallop with an

increase in velocity expected during each respective riding gait.

Riding Gait: Form of locomotion identified by the patterns of a horse’s legs.

Schooling: A non-racing racing activity. Jockeys ride a horse over small obstacles to

train it in preparation for a national hunt race.

Tack: Tack is equipment or accessories equipped on horses.

Trainee jockey: A trainee jockey is 16 years or older and attends the Racing Academy
and Centre of Education in Co. Kildare to complete a foundational course in becoming

a jockey before applying for an amateur or professional licence.

Velocity: Speed in a given direction.

XVi



Chapter One: Introduction
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1.1 Background

Horse racing is a hugely popular sporting, cultural and social endeavour in Ireland. In
fact, it is second only to the GAA in terms of Irish sporting attendances and contributes
an estimated €1.84 billion annually to the Irish economy (Deloitte, 2017). Currently, in
Ireland, 146 professional jockey licenses are held by flat and national hunt (NH) jockeys
with NH jockeys also known as jump jockeys, with a further 298 qualified (amateur)
riders registered (IHRB and Irish National Hunt Steeplechase Committee, 2019). Jockeys
must chronically maintain a low body mass to obtain stipulated racing weights while also
maintaining sufficient physical conditioning to participate in multiple races per day,
several days each week (Cullen et al., 2015). Previous research has identified jockeys as
a population with low energy availability (Dolan et al., 2011), poor bone health
(Warrington et al., 2009), high occurrence of injury (O’Connor, Warrington, McGoldrick,
& Cullen, 2017) and a high prevalence of depressive symptoms (Losty et al., 2019),
however little is known in relation to training, the relative physiological demands of
professional racing in relation to distance or indeed athletic ability. This investigative
research proposes the first study of its kind to identify jockey’s physical preparation
strategies, evaluate the physiological demands of races with respect to race distance
while also providing a novel and reliable fitness testing Battery for the horse racing
industry. A knowledge of competitive racing demands would allow practitioners
establish appropriate strength and conditioning practices for jockeys to prepare for and
perform optimally in competitive races. For this body of work, ‘competition demands’
refers to the demands experienced by jockeys in professional flat or professional jump

racing while excluding riding work and point to point amateur races.

Strength and conditioning (S&C) and physical preparation strategies have been studied
extensively in professional team sports such as American football (Ebben & Blackard,
2001) and Rugby (Weakley et al., 2017) in addition to a multitude of individual sports
including swimming (Crowley, Harrison, & Lyons, 2018); tennis (Reid & Schneiker, 2008);

rowing (Gee, Olsen, Berger, Golby, & Thompson, 2011) and cycling (Yamamoto et al.,
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2010). S&C can be defined as “the specialist area encompassing the physical preparation
of athletes for performance in sport, while aiming to prevent or minimise the risk of
injury” (UKSCA, 2020). S&C is linked with a reduction in the incidence of injury (Case,
Knudson, & Downey, 2020; Hitchens et al., 2010) and is associated with improvements
in performance in aerobic capacity, time trial performance and maximal power
(Yamamoto et al., 2010). Additionally, combined aerobic and resistance training has
been shown to repeatedly improved measures of strength and endurance (Kubukeli,
Noakes & Dennis, 2002). Previous training strategies and associations with riding

performance has not been documented in the literature.

Unfortunately, little research exists in relation to S&C in jockeys, and whether this
population are optimally prepared for the demands of their sport. Furthermore, without
a physical testing battery it is not known if S&C practices would have a positive
correlation on a jockey’s performance. It has previously been established that ‘riding
out’, a practice commonly engaged in amongst jockeys as part of their training, which
frequently involves walking, trotting and cantering in horse racing yards does not meet
the previously reported intensities of race riding (Kiely et al., 2019a). Likewise, it is not
known whether jockeys participate in additional physical preparation to meet the
specific demands of racing. Hypothetically, an optimal level of physical preparation
would likely have a positive influence on riding performance and the ability to recover
between rides, yet this association has not been proven. Evidence does suggests low
levels of aerobic and anaerobic fitness are associated with a greater risk of falls and
associated injury (Hitchens, Blizzard, Jones, Day, & Fell, 2011). Moreover, with no
specified off-season in the congested horse racing calendar (Wilson, Hill, Martin,

Morton, & Close, 2020), jockeys must be capable of competing all year round.

Horse racing has been described as a sport where jockeys need to be aerobically and
anaerobically fit (Cullen et al., 2015; Trowbridge et al., 1995). Currently, only three
research studies exist in the scientific literature investigating the physiological demands
of racing, each with limitations in how the relative intensity and physical demands of

races were assessed. While mean and peak heart rate (HR) have been reported in both
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flat and NH racing (Cullen et al., 2015; O’Reilly, Cheng, & Poon, 2017; Trowbridge et al.,
1995), data were not presented relative to race distance which varies considerably (1 to
7.2 km) depending on the race type. Additionally, blood lactate concentration, a
metabolic indicator of exercise intensity, has only been reported in NH racing
(Trowbridge et al., 1995). The ability of the body to maintain optimal physiological
function is based on both the availability of energy sources and competing physiological
systems. The use of energy sources such as carbohydrates, fats or proteins are
proportionately dependant on the intensity and duration of physical efforts (Stanfield,
Germann, Niles, & Cannon, 2011). It is therefore imperative that the physiological
demands of racing are reported relative to distance and duration. This information
would enable practitioners to compare flat and NH races and design specific training
interventions to target the relevant intensity and energy systems utilised during race
riding. In turn, this would supplement riding related work which is understood not to

prepare jockeys for the high intensity demands of racing (Kiely et al., 2019a).

While there is a paucity of knowledge surrounding the physical preparation strategies of
jockeys and the relative demands of flat and NH racing, there is also no validated or
reliable physical fitness testing battery for jockeys. A reliable physical fitness testing
battery provides practitioners an opportunity to implement evidence based physical
preparation (Welk, 2017) which is a prerequisite across most sporting professions. A
protocol that allows practitioners to monitor and assess jockey performance can provide
the industry with normative fitness data on a national and international level and
provide a basis to assess future training interventions. A comprehensive understanding
of jockey’s physical preparation strategies, the specific intensity demands of racing in
addition to the formation of a reliable fitness testing battery will enable practitioners to
design, implement and assess training based interventions for jockey athletes for the

optimisation of performance.
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1.2 Thesis aim

The aim of this research was to investigate the specific race demands and preparation
strategies of professional jockeys as well as developing a physical testing battery for the

horse racing industry.

1.3 Thesis objectives

(i) To conduct a review of physiological monitoring tools that can be applied in a
competitive and individual sporting environment (Study One, Chapter Three).

(ii) To investigate the current physical preparation strategies of jockeys (Study Two,
Chapter Four).

(iii) To examine the physiological demands of flat and NH jockeys during competitive
racing over short and long races (Study Three, Chapter Five).

(iv) To develop a valid sport specific physical fitness assessment battery for jockeys
(Study Four, Chapter Six).

(v) To investigate the test-retest reliability of the physical fitness assessment battery

with trainee jockeys from RACE academy (Study Four, Chapter Six).
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1.4 Thesis structure

my  Chapter One
e|ntroduction

e Chapter Two

eReview of Literature

Chapter Three

oStudy 1: Physiological and Performance Monitoring in Competitive Sporting
Environments

ey Chapter Four
oStudy 2: Physical Preparation Strategies of Professional Jockeys

m  Chapter Five
oStudy 3: The Physiological Demands of Professional Flat and NH horse racing

= Chapter Six
oStudy 4: Design and Test-Retest Reliability of the Jockey-Fit Testing Battery

s Chapter Seven
eGeneral Discussion and Conclusion

Figure 1.1 Schematic overview of the thesis structure.

A schematic overview of the thesis can be seen in figure 1.1. The current chapter delivers
a brief introduction highlighting the background, aim, and objectives of the research in
addition to brief explanations and definitions of key terms within the research. Chapter
Two provides a critical synthesis of the available literature indicative of the thesis aim.
Initially, the review of literature provides a summary of the physiological demands of
racing and the current physical preparation strategies of professional jockeys. The
literature in this chapter provides a basis to interpret the findings in each empirical

chapter.

Chapter Three presents a narrative review of literature on the reliability and validity of
physiological monitoring tools appropriate for monitoring individual sport athletes.
While Chapter Two provided a general overview of horse racing and the environmental

demands placed on the jockey, Chapter Three identifies physical testing assessments
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and protocols that can be applied by practitioners in a horse racing environment. The
scientifically rigorous methods identified were considered for use for the physical data

collection in the empirical chapters with particular reference to Chapter Five.

Chapter Four, Five and Six contain empirical research and are presented in the format of
a journal article. A dearth of information in relation to training and S&C practices was
identified in the review of literature. Chapter Four provides an insight into the physical
preparatory strategies of jockeys while specifically investigating the background
information of jockeys, associated exercise habits with making weight and jockeys

current practices and perceptions of Strength & Conditioning (S&C).

While it was hypothesised that jockeys do not prepare to meet the demands of racing,
no physiological data was available for practitioners relative to race distance from both
flat and jump jockeys. Chapter Five investigates the physiological demands of flat and
NH racing and presents relative data concerning race distance for flat and NH jockeys.
The objectives of Chapter Four and Five are closely linked with an identification of the
physical preparation strategies of jockeys and secondly, research to establish whether
jockeys physical preparation is sufficient to meet the identified physiological demands

of racing in Chapter Five.

Chapter Six contains a test-retest reliability analysis of a physical assessment testing
battery for jockeys. Physical fitness tests were appraised for test-retest reliability
analysis based on the physical demands of horse racing identified in the review of
literature in Chapter Two and the physiological demands of horse racing identified in

Chapter Five.

Chapter Seven includes an in-depth discussion of the research presented in the thesis
and concludes the thesis findings from each empirical chapter. Future research

directions are presented in addition to practical applications of the research findings

23



from Chapter Three to Chapter Six. Published chapters have undergone minor

formatting and structural changes to aid the overall presentation and alignment of this

thesis. The published articles and journal of publication, research impact factor and

quartile can be found in the appendices as directed by table 1.1.

Table 1.1 Journal of Publication, ISI impact factor and quartile for each chapter presented in the

thesis

Chapter Journal Impact Factor Quartile
3 The Strength and 0.986 4
*Full article can be Conditioning Journal

viewed in Appendix G

4 The Journal of 3.017 1
Full article can be Strength and

viewed in Appendix H  Conditioning Research

5 The Journal of 3.017 1
Full article can be Strength and

viewed in Appendix Conditioning Research

Appendix J The Journal of Sports 1.302 2

medicine and Physical
Fitness
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Chapter Two: Review of Literature
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2.1 Preface

This chapter provides an overview of the existing literature while providing a framework
for the thesis based on identified gaps in the available research. A brief introduction to
horse racing in Ireland is followed by a description of the complex lifestyle of a Jockey.
The physiological demands of racing and associated equine sports are reviewed and
subsequently physiological monitoring tools to evaluate these demands are presented.
The chapter concludes with an investigation into fitness testing with a specific focus on
the formation, validity and reliability of a fitness testing battery. The rationale for
conducting this research study, as detailed in Chapter One, is well supported by the
review of literature which also serves to guide and provide a framework for the research

and content of subsequent chapters.

2.2 Introduction to Irish horse racing

Today, horse racing has become a major professional sport in Ireland and around the
world. There were 363 race meetings at 26 Irish racecourses across 2019, with total
prize money of over 66 million euro. A reported 1.3 million people were in attendance
at Irish racecourses (Horse Racing Ireland, 2019) with only the Gaelic Athletic Association
in Ireland attracting more attendees than horse racing per annum (Deloitte, 2017).
Financially, Irish horse racing contributes substantially to the Irish exchequer with
breeding, horse ownership, government betting taxes, racing and off course expenditure
by race attendees estimated to generate a total of €914 million while secondary business
from these core stakeholders produces approximately €927 million (Deloitte, 2017). A
byproduct of successful racing means Ireland is second only to the United States in
bloodstock sales with €438 million worth of sales by Irish vendors. Before 1969, Irish

breeding was amateur in approach, however Ireland is now a world leader in bloodstock,
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renowned for both their quality and quantity in the breeding industry producing nearly

half of all thoroughbreds in Europe yearly (Deloitte, 2017).

Professional horse racing in Ireland consists of Flat racing and NH racing, also known as
jump racing. Flat racing ranges from 1 km to 4.4 km and NH courses range from 3.2 km
up to 7.2 km involving several obstacles. Although there is no established off-season,
aided by the introduction of floodlit all-weather tracks (Wilson, Drust, Morton, & Close,
2014), flat racing predominantly occurs from March to November with NH racing

typically taking place between November and March (Dolan et al., 2011).

In 2019 there were 8,949 horses in training in Ireland with 3,246 stable staff which has
increased each year since 2015 (Horse Racing Ireland, 2019). Horses in flat racing can
begin their racing career at two years old while Horse Racing Ireland directives (Horse
Racing Ireland, 2020) ensure no NH horses are permitted to jump obstacles until they
are four years old. While Irish horses and jockeys had large scale success at home last
year, they also had success in the UK and internationally winning €15,353,171 and
€9,271,549 respectively (Horse Racing Ireland, 2019).

2.3 The jockey

2.3.1 Racing and licensing

Horse racing is a gender equal professional sport in which males and females compete
against each under the same rules (Gruender, 2007). Jockeys in professional horse racing
are universally classified as flat jockeys or NH jockeys. In 2019 there were a total of 107
flat and 117 NH jockeys (Horse Racing Ireland, 2019). A total of 2,663 races were run in
Ireland in 2019 providing jockeys with a total of 31,505 potential rides (Horse Racing
Ireland, 2019). Jockeys earn money from racing or from trainers by ‘riding ’ or schooling
over fences however financial security is attained only by a minority of jockeys who face

constant pressure to make weight under specific licensing regulations (Gruender, 2007).
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Flat jockeys earn €172.36 per ride while NH jockeys have a riding fee of €197.04 per ride
before tax (Horse Racing Ireland, 2020). Additionally, jockeys can win approximately 6%
of the race prize fund if successful. Minor deductions from these fees include VAT and
contribution to pensions and funds for injury support organisations, for jockeys who do
not have the capacity to work. A professional racing license can be gained at 16 years of
age or thereafter (Horse Racing Ireland, 2020). While the Irish Racing Academy and
Centre of Education (RACE) is in Co. Kildare, jockeys are not required to attend a racing
school to obtain a jockey license. It is however required that on application for a license
that individuals complete a two-day riding induction course following their sixteenth
birthday in addition to gaining experience as a rider in racing yards. Following the
completion of a medical and concussion screening, an interview then takes place with
the Irish Horse Racing Regulatory Board (IHRB) and Irish National Hunt Steeplechase

Committee.
2.3.2 Weight allocations and weight making strategies

Horse racing is a weight-regulated sport. Weight classifications are based on the horse’s
form in previous races with better horses receiving a heavier weight allocation. This
handicap system aims to improve the competitiveness of the sport. Weight
classifications for jockeys competing in flat racing range from 52.7 to 64kg while NH
racing weights range from 62-76kg (Horse Racing Ireland, 2020). Jockeys must align their
riding weight which is inclusive of the saddle, protective gear and clothing with the
weight allocation of their horse (Cullen et al., 2015). Less experienced flat and NH jockeys
known as apprentice and conditional jockeys respectively may ride at a lower body
weight depending on their “claim”. A claim is a weight allowance permitted to
inexperienced jockeys which ensures a competitive race and encourages trainers to hire
the more inexperienced jockey. Beginning at 4.5kg (10lbs) for apprentices and 3.2kg (71b)
for conditionals, the claim reduces gradually after a set number of race wins for each
jockey license. Once a conditional jockey has 50 race wins and an apprentice has 95 race
wins, no weight claim is received and a jockey must carry the horses’ full allocated weight

(IHRB and Irish National Hunt Steeplechase Committee, 2019).
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Unique to horse racing is the necessity for jockeys to maintain weight on a daily basis
unlike other weight category sports (Wilson, Drust, et al., 2014a). Jockeys must weigh
out for each race, often competing at different weights on the same day and additionally
they must weigh in if they finish in the first five race positions. Partially due to the
introduction all-weather racing facilities, jockeys must now ensure they maintain weight
all year round (Wilson et al., 2014a). On attainment of a professional license, jockeys
place in the lowest decile (5% for males and 10% females) per population in international
weight-for-age scales (Greene, Naughton, Jander, & Cullen, 2013). Weight management
strategies are varied; jockeys are principally reliant and influenced by past cultural
practices which may not be grounded in scientific rationale (Martin, Wilson, Morton,
Close, & Murphy, 2017; Warrington et al., 2009; Wilson et al., 2014a). It is well
documented that both acute and chronic fasting and dehydration techniques are utilised
by jockeys to make race specific weights (Dolan et al., 2011; Martin et al., 2017,
Warrington et al., 2009; Wilson, 2020). Acute strategies employed by jockeys include
thermal dehydration with both saunas and sweat suits in addition to abnormal eating
strategies including self-induced vomiting known as “flipping” (Dolan et al., 2011;
Labadarios, Kotze, Momberg, & Kotze, 1993; Leydon & Wall, 2002) with jockeys
frequently reporting a loss of up to 4% of body mass in 48 hours prior to racing (Dolan
et al., 2013). Chronic weight regulation strategies typically used by jockeys include
prolonged periods of an energy deficient state. Weight management strategies can have
negative connotations for jockeys and there is now increasing evidence to suggest that
the methods employed by jockeys are having negative effects on physical health (Leydon
& Wall, 2002; Warrington et al., 2009), mental health (Losty et al., 2019) and riding
performance (Wilson et al., 2014b). The jockey population have been previously
reported to have low energy availability when compared to relative criterion values for
age and demographics (Loucks, Kiens, & Wright, 2011; Wilson et al., 2014a). While
jockeys are reported to utilise archaic methods to manage body mass, which have
deleterious effects (Martin et al., 2017), it is unknown if jockeys adopt license-specific

weight management strategies or if approaches are common to all jockeys.
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2.3.3 Body composition and performance implications

Body composition and maintaining a low body fat percentage plays an important role
for a jockey with a continuous requirement to align their body mass with stipulated
racing weights (Wilson et al., 2020). There are also athletic considerations wherein body
composition profoundly affects performance in weight category sports (Ackland et al.,
2012). Dual energy X-ray absorptiometry (DXA) has been frequently used to report body
fat percentages with jockey populations (Dunne et al., 2020; Warrington et al., 2009;
Wilson et al., 2015) while jockey specific equations have recently been formulated to
estimate body fat percentage from 8 skin fold sites (Dunne et el., 2020). It is suggested
both the jockey specific equations and DXA can be used interchangeably with a high level
of precision between methods (Dunne et al., 2020) however both methods present
measurement error with monitoring lean athletes (Ackland et al.,, 2012). For
practitioners and athletes in weight category sports, it is suggested that to reduce
measurement error, standardised and discipline specific equations are formulated to
measure body fat percentages due to unique body types (Dunne et al., 2020). Despite
the need for jockeys to ride at their lightest racing weight relatively high amounts of
body fat have been reported (Warrington et al., 2009; Wilson et al., 2012; Wilson et al.,
2014). Warrington et al. (2009) reported mean percentage body fat for flat (8.99%) and
NH (10.42%) jockeys however recent evidence suggests that both flat (15%) and NH
(15.5%) body fat percentages are increasing (Dunne et al., 2020) having direct training
implications for S&C practitioners. Interim research by Dolan et al. (2012) confirms the
rising trends. While poor dietary habits are reported to contribute to body fat
percentages (Wilson et al., 2012), there is a paucity of research around jockeys training
habits which may assist athletic development interventions and effective body

composition maintenance.

Jockeys frequently employ weight loss strategies in Irish horse racing to make riding
weight on race day with a mean loss of 3.6 + 2.4% of body mass with a higher limit of
10.5% (Dolan, Cullen, McGoldrick, & Warrington, 2013). A loss of 4% body mass causes

jockeys to present in a dehydrated state when urine specific gravity (USG) is measured
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(Dolan et al., 2013). Dolan et al (2013), also identified that a loss of 4% body mass over
48-hour period reduced aerobic capacity using an incremental treadmill test while there
was no change to cognitive function recorded. It is difficult to draw accurate conclusions
from the results as weight loss strategies were not controlled and therefore jockeys
utilised a variety of means including active and passive dehydration to achieve the
desired weights. In a simulated racing environment however, a 2% loss in body mass
after a period of rapid weight loss of 40 minutes in a sweat suit reduced pushing
frequency on a horse racing simulator (Wilson et al., 2014). While the physical
performance metrics differ in both studies, the findings may prompt that the time frame
of weight loss may be an important factor for retention of performance with a chronic
method of body mass reduction favourable. Moreover, there is research to indicate safe
methods of intentional body mass loss and body mass maintenance for apprentice
jockeys (Wilson et al., 2015). Intermittent fasted exercise in addition to increased protein
in the diet can improve jockeys strength capacities (Wilson et al., 2015). Furthermore,
maintenance of increased dietary protein in addition to aerobic exercise will also reduce

body fat over time (Wilson et al., 2015).
2.3.4 Jockey lifestyle

Jockeys lead a physically (Wilson et al., 2013) and psychologically (Losty et al., 2019)
challenging lifestyle. A high prevalence of depressive symptoms and perceived stress
have been reported among amateur and professional jockeys (Losty et al., 2019), with
no significant difference reported between flat and NH jockeys. Injury, societal pressure
and high levels of perceived stress contributed towards symptom prevalence. These
findings are comparable to elite athletes in a multitude of sports from the United
Kingdom and Holland (King et al., 2020). While jockeys compete in race meetings
throughout the year (Wilson et al.,, 2015), unlike many other professional athletes,
jockeys also work a large number of hours outside of racing (Greene et al., 2013).
Australian apprentice jockeys work for a total of 24.6 + 6.9 hours per week in addition
to racing (Greene et al., 2013). A typical working day for a jockey can include ‘riding out’,

sport specific ‘work’ (fast paced riding) and ‘schooling’ (specific practice for races often
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involving jumping). Additional hours include walking, ‘mucking out’, brushing horses and
carrying buckets of feed and water to the horses (Wilson et al., 2013) however the
duration of these activities or total working hours was not detailed and warrants
investigation. Many jockeys also do freelance work often travelling long distances
between trainer’s yards and racecourses on a day to day basis to ride out and work.
While work commitments have been reported for Australian apprentice jockeys (Greene
et al., 2013), similar information is not available for the professional Irish cohort. An
understanding of work and racing commitments of Irish jockeys would allow
performance teams inclusive of nutritionists, sports psychologists and S&C coaches to
implement evidence based practices focused on the constraints and daily requirements

of working as a professional jockey in Ireland.

Excluding nutritional practices, there is a paucity of research on a jockey’s lifestyle
practices and physical activity outside of racing and working. Previous research has
reported exercise such as walking, running and swimming was prominent with South
African jockeys (Labadarios et al, 1993) however, exercise habits do not appear prevalent
for all jockeys. Jockeys in New Zealand reported a belief that additional exercise to riding
may increase muscle mass and lead to a gain in body mass (Leydon & Wall, 2002).
Despite evidence existing on the benefits of an exercise programme for jockeys weight
management (Wilson et al., 2014), exercise habits amongst Irish or British jockeys have
not been reported. Furthermore, the perceptions surrounding exercise and physical

preparation strategies remain unknown for jockeys in Ireland.

While the research shows some positive lifestyle habits occur, cultural barriers inhibit
the wholescale development of optimal high performance practices (Martin et al., 2017).
In this context, it is currently unknown if jockeys train to meet the demands of racing or
partake in any physical activity outside of equine duties. Cultural attitudes and
perceptions within the industry must be challenged while the athletic ability of a jockey
and link to performance should be investigated and promoted (Martin et al., 2017).

Additionally, there is a current dearth of information relating to hours spent working,
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riding and racing by jockeys, which would enable S&C practitioners to estimate and

prescribe appropriate training load with consideration to their riding commitments.
2.3.5 Jockey injuries and falls

Horse racing is classified as a dangerous and high-risk sport (Forero Rueda, Halley, &
Gilchrist, 2010; Hitchens, Blizzard, Jones, Day, & Fell, 2009). Traveling at velocities of up
to 65km/hr, while manoeuvring a thoroughbred animal weighing up to 500kg around a
course with obstacles (NH racing only), horse racing has a high occurrence of falls
(O’Connor et al., 2017; Forero Rueda et al., 2010; Hitchens et al., 2010). These falls are
both frequent and unpredictable with jockeys typically experiencing one fall every 20
rides in NH racing and one fall every 250 rides in flat racing (O’Connor et al., 2017).
Resulting injuries, which include fractures and concussions, are inevitable (Balendra et
al., 2008) and may lead to depressive symptoms with particular reference to long layoffs
(Losty et al., 2019). Falls while ‘riding out’ are not as frequent, however they tend to
cause serious injury and can negatively affect jockeys financially with an inability to ride
a race (O’ Connor et al., 2020). While many injuries require short rehabilitation time
frames such as commonly occurring fractures, some injuries are catastrophic which can
end racing careers or in extreme circumstances can cause death (Balendra et al., 2008).
With low levels of aerobic fitness associated with a higher risk of injury from falls in horse
racing (Hitchens et al., 2011a), there is a need for an investigation into injury prevention
strategies (O'Connor et al., 2017) but also physical preparation strategies. Jockey bone
health is and has been the focus of much research which has reported poor markers of
bone health for this athlete population (Dolan et al., 2011, 2012a; Waldron-Lynch et al.,
2010; Warrington et al., 2009). Jockeys with lower bone mineral density are at greater
risk of injury from impacts as a result of falls (Greene et al., 2013). Osteopenia is also
prevalent among some jockey populations (Leydon & Wall, 2002). S&C can form an
important intervention designed to increase the load bearing capabilities of bone and
reduce the risk of injury from falls (Greene et al., 2013). S&C interventions may benefit
jockey’s bone health. It is understood that increased bone mass and strength during

growth is the primary strategy for the prevention of osteoporosis in later life (Cumming
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et al., 1997). While the literature unequivocally supports the implementation of S&C and
vigorous physical activity, which provide a sufficient osteogenic stimulus to improve
bone health (Kohrt, Bloomfield, Little, Nelson, & Yingling, 2004; Layne & Nelson, 1999),
it is currently unclear if jockeys partake in S&C activities or indeed any external training

to riding which may increase bone health markers and the risk of injury from falls.

2.4 Physiological demands of equine sports

2.4.1 Physiological demands of horse racing

There has been limited published data on the physiological demands which race racing
imposes on a jockey. Athletes in other codes are commonly assessed using a variety of
physiological and performance monitoring methods to estimate appropriate training
load, screen for overtraining and to empower coaches to match training with the
physiological demands of the sport (Kraemer et al., 2009; Li et al., 2016; Taha & Thomas,
2003). It has been suggested that both aerobic and anaerobic energy systems are active
during racing (Cullen et al., 2015; Trowbridge et al., 1995), however it remains an area

which requires further study.

Skeletal muscle can exert force with oxygen using the aerobic system or without oxygen
using the anaerobic system (Cardinale et al., 2011). For very short periods, muscles can
contract using molecules within the muscle such as ATP, creatine phosphate, glycogen
and glucose combined with a few breaths of oxygen consumption (Brooks, 2020). For
activity of prolonged duration, such as professional horse racing, glycolsis and cell
respiration may be required to provide energy to sustain activity (Brooks, 2020; Stanfield
& Germann, 2011). The use of fuels is dependent on intensity and duration of activity
(Brooks, 2020). If a jockey begins riding at a low and gradual intensity, a greater
proportion of ATP is generated from aerobic metabolism (Stanfield & Germann, 2011).

Exhaustive high intensity exercise lasting several minutes requires energy from both the
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aerobic and anaerobic energy systems (Cardinale et al., 2011). Anaerobic metabolism is
deemed important for repeated short and high intensity efforts under approximately

300 seconds (Cardinale et al., 2011) which is common in racing.

Aerobic capacity can be measured using incremental tests to volitional exhaustion
(Foster et al., 2015) while anaerobic capacity is generally measured using invasive
measures such as blood lactate measurement or non-invasive methods such as exercise
tests of critical power (Cardinale 2011). Research obtained from maximal aerobic tests
shows jockeys to be physically fit individuals (57.54 + 4.71 ml'kg*'min!) comparable to
other professional athletes in sports such as soccer (O’Reilly et al., 2017). Previously
trainee and apprentice Irish jockeys have exhibited peak oxygen uptake (VOzpeak) values
of 57.1 + 4.7 mlkgmin? and 54.0 + 3.3 mlkg*min respectively (Cullen et al., 2015)
while to the best of the author’s knowledge, no normative data for field tests or
anaerobic tests exists in the literature. Whilst appreciating that jockeys must maintain a
sufficient level of physical conditioning to compete in several races each day, up to 7
days a week with no defined seasons (Dolan et al., 2011; Warrington et al., 2009), the
following section will discuss the known demands on fitness in respect to flat and NH

horse racing.

While horse racing is suggested to be a physiologically demanding sport (Cullen et al.,
2015; O'Reilly et al., 2017; Trowbridge, 1995), there is limited information in relation to
the specific physiological demands of both flat and NH racing, particularly comparing
race distances between and within the different racing licenses. In horse racing, the
jockey is perched 3m above the ground in a position of forward propulsion and executes
dynamic movements requiring great muscular strength, endurance and balance in order
to coordinate a dual partnership with the horse (Turner, McCrory, & Halley, 2002).
Jockeys must ensure they control their own performance while also regulating the
performance of the horse (Kang, Chaloupka, Mastrangelo, Biren, & Robertson, 2001;
Speed, 2007). O‘Reilly, Cheng & Poon (2017) detailed max HR values of 186 + 14 b-min~!
using a polar HR monitor in competition with 20 professional flat jockeys. The race data

closely mirrored mean maximal values attained from the same jockeys while completing
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a maximal treadmill test (185 + 8 b'min~!). Although the focus of this study was to
measure HR in hot and moderate climatic conditions over two race days, there was no
reference to racing distance or duration which may affect HR response. While there are
obvious limitations when comparing amateur and apprentice jockeys due to a difference
in riding experience, similar peak heart rates among 8 Irish apprentice jockeys in flat
races have been reported (189 *+ 5 b'min™). HR was reported from the Equivital
physiological monitoring system (EQ02; Hidalgo, Cambridge, United Kingdom) (Cullen et
al., 2015). Race distance ranged from 1200-1600m. In a simulated 1400m race with 18
trainee jockeys, a lower peak HR was reported (161 + 16 b'min~t). While the trainee
jockeys reported a higher aerobic capacity during maximal tests, a lower HR may be
explained by a simulated environment underestimating the physiological demands of
riding (llle et al., 2015). A maximal incremental cycle ergometer test allowed the
interpretation of relative maximal values for both the competitive and simulated race.
Higher relative HRpeak values were reported in the real environment (103 + 4 %HRpeak)
versus the simulated environment (86 + 7 %HRpeak). Similarly, the real race also recorded
higher relative mean HR values (98 + 4 % HRpeak) contrasted with the simulated race (77
+ 7 % HRpeak). A portable gas analyser was also used in the simulated trial reporting a
VO3 peak Of 42.7 £ 5.6 mlkgmin™ (75 + 11 % VOzpeak). While the use of a portable gas
analysis system for measuring VO, would not be permitted during race riding, it is
possible the physical characteristics required in a simulated environment may
underestimate that of a real race. While physiological comparisons are drawn in the
study, two different jockey cohorts were analysed which presented with significantly
different fitness levels (p < 0.05). Future comparative studies should look at using the
same population over repeated trials. In summary, further monitoring of jockeys in
competitive flat racing is required, particularly in the area of anaerobic responses

through lactate analysis which has not been investigated previously (Cullen et al., 2015).

Only one study currently exists monitoring jockeys in competitive NH racing (Trowbridge
et al., 1995). Seven male jockeys were measured over a variety of race distances that

lasted between 4 minutes and 6 minutes 50 seconds. The race distances were not
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specified. Peak HR values of 162-198 b-min! were reported during racing using a PE3000
Sport Tester monitor sampling every 5 seconds. While novel research, an update in the
literature is required with a greater focus on the physiological demands relative to race
distance. Peak post-race lactate levels ranging from 3.5 to 15 mmol-I* were also reported
within 15 minutes post-race (Trowbridge et al., 1995). Although a small sample of
jockeys (n=7) were monitored, it was concluded that jockeys performed close to their
maximum capacity during racing. While Wilson et al. (2013) reported the estimated
energy demands (43kcal) of nine NH jockeys on a simulator over an estimated 3.2km
race, however evaluating the physiological demands was not the aim of the study. While
neither HR or lactate responses were reported there was no significant difference
between the Polar RS400 heart rate monitor (Kempele, Finland) and the Actiheart
monitor (Cambridge, UK) for the calculation of energy expenditure (EE) during 30
minutes of exercise when compared with respiratory gas analysis (n=9). HR monitors
may therefore be used within an equine environment for the monitoring of HR and

aiding the calculation of EE during physical activity.

Wide ranges in physiological values may be explained by the variability in individual
responses from both jockey and horse (Devienne & Guezennec, 2000) however the
variance reported in lactate responses prevents practitioners from understanding which
energy systems are predominantly in play. There is a current paucity of research in NH
racing and a more in-depth investigation on the physiological demands placed on jockeys
is warranted. Physiological demands with respect to race distance and time may provide
data on the relative demands placed on jockeys. While it is understood that horses travel
at higher velocities in flat racing in comparison to NH racing we are unsure what
physiological effects, if any, this has for the jockey during competition. Furthermore, it
is not known if longer or shorter races expose the jockey to greater physiological
demands in either flat or NH racing. Relative demands would aid practitioners in specific
training plans to improve the capacity of the relevant energy systems. It is hypothesised
that shorter races may exhibit higher intensity responses than longer races where the

horse travels at a lower velocity.
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2.4.2 The physiological demands of non-racing equestrian activity

With a lack of information on the physiological demands of horse racing, other forms of
equestrian sport may provide a reference point for jockeys. Recreational riding,
dressage, show jumping and cross country have all been explored in relation to the
demands in addition to specific analysis of the demands in relation to specific riding gaits
(Devienne & Guezennec, 2000; Kang et al., 2001; Kiely et al., 2019a; Roberts, M.,
Shearman, J., & Marlin, 2009). Common to all events, there is a sequential rise in oxygen
consumption between walk, trot and canter (Devienne & Guezennec, 2000; Kiely et al.,
2019a). Relative mean VO, corresponded to 15 * 4%, 38 + 6%, 47 + 9% of VO2peak for
Irish trainee jockeys for each riding gait respectively while mean HR corresponded to 48
1+ 6%, 60 £ 6%, 71 + 7% of HRpeak respectively. While governing authorities prevent the
monitoring of oxygen consumption in competition, it is plausible that a rise in blood
lactate concentration may also occur from walk to canter as is also seen with mean HR
(Kiely et al., 2019a). During events that require faster riding gaits and jumping such as
cross-country, the rider adopts an un-seated position, similar to that of a jockey with
weight bearing through the legs of the rider in an isometric semi-squat position (Roberts
et al. 2010). Variances in body position in the equestrian modes are likely to require
changed movement patterns which require the activation and recruitment of position
specific and different muscle groups (Douglas, 2017). In the cross country phase of
eventing, high mean blood lactate concentrations (9.5+ 2.7 mmol-L'Y) and HR
(184 + 11 b-min~) were reported as riders manoeuvre and jump obstacles (Roberts,
Shearman & Marlin, 2009); the reported values similar to those previously described in
horse racing (Cullen et al., 2015; Trowbridge et al., 1995). While isometric bouts and
maintenance of balance have been attributed to an increase in blood lactate
concentration (Sainas et al., 2016), the literature proposes increasing reliance on the
anaerobic pathways as distance and frequency of jumps increase. It is evident that
eventing displays high physiological demands, however ‘riding out’ does not impose high
physiological stress or intensity on the rider when comparing mean HR while cantering

on the flat (135 * 15 b-min~?!) to the limited body of evidence currently available in
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professional flat (167 + 12 b-min™) (O’Reilly e al., 2017) and NH (136 to 188 b'min?)
(Trowbridge et al., 1995) racing. While the physiological requirements and energy
demands have been researched in equestrian sports, direct comparisons with horse
racing may not be accurate with horses moving at a higher velocity in racing and

variations in body positions reported.

While a gap in the literature has been identified in horse racing, the physiological
demands required to control thoroughbred horses in showing jumping, dressage and
cross country have been extensively investigated (Devienne & Guezennec, 2000;
Douglas, 2017; Roberts, Shearman & Marlin, 2009). While there are nuances in riding
position and the rules of the aforementioned equestrian sports, the presented research
provides information on what a jockey may experience during riding gaits of walk, trot
and canter which are routinely experienced during ‘riding out’ for jockeys (Kiely et al.,

2019a).

2.5 Environmental influences on human physiology during racing

Internal and external influencing factors including the competitive environment,
physiological requirement of the sport and biological status of the athlete are associated
with performance outcomes in both team (Hoffman, 2008), individual sport (Abbiss et
al., 2010) and equine sport (Hitchens, Blizzard, Jones, Day, & Fell, 2011). In the following
section, internal and external factors which may affect the performance of the jockeys
will be investigated. External influencing factors will relate to variables that are outside
the control of the jockey. Internal influencing factors will explore variables which are
directly related to a jockey’s actions. Where research has not been conducted in an area

relating to jockeys, other equine and individual sports will be explored.
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2.5.1 External influencing factors on physiological responses
2.5.1.1 Riding gaits

Only one previous study (Kiely et al., 2019a) has investigated if a horse’s increasing
velocity increases the demands placed on the jockeys. While ‘riding out’ imposes only
light to moderate stress on the aerobic and anaerobic energy systems (Devienne &
Guezennec, 2000; Kiely et al., 2019a), it is understood that as a horse increases velocity,
the physiological demands for the rider increase. This is evident in riding out (Kiely et al.,
2019a), dressage (Devienne & Guezennec, 2000) and eventing (Douglas, 2017). Reports
of mean HR during the riding gaits of walk (91 + 9 b-min), trot (115 + 11 b-min~?) and
canter (135 + 15 b-min™?) expose jockeys to lower hearts rates in comparison to the
limited research available in racing (Kiely et al., 2019a). Additionally, walking and trotting
in English eventing riders only marginally involved anaerobic glycolysis, while cantering
induced a moderate but increased CO; excess production when compared to a maximal,
incremental exercise test on a cycle ergometer (Sainas et al., 2016). It can be concluded
that only cantering was able to considerably activate the glycolytic system (Sainas et al.,
2016). Future research is required to investigate the demands of galloping which was
not investigated by Kiely et al. (2019a) due to safety concerns using a portable gas

analysis system at high velocities.

Changes to the kinematics between horse and rider in addition to biomechanical
adaptions of the rider to the increasing velocity can result in higher levels of muscular
activity with particular reference to the trunk musculature. This increased activity is
reported to be for both stabilisation and co-coordination between horse and jockey
(Sainas et al., 2016). While an increase in velocity has been noted to increase the
metabolic cost of physical activity in riding gaits progressing from walk to canter (Kiely
et al., 2019a), velocity itself may not be a useful indicator of exercise intensity for sports
where surface, terrain or ambient temperature frequently change (Jeukendrup & Van
Diemen, 1998). This is relevant for practitioners to consider in sports such as cycling and

also horse racing where the athlete has little control over the terrain.
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2.5.1.2 Ground conditions & animal temperament

Ground conditions known in horse racing as ‘going’ can fluctuate greatly from ‘heavy to
firm’. Heavy conditions describe a ground state when the soil is saturated with water
from rainfall (Sheridan & Sweeney, 2001). Major flat races take part in the summer with
firm ground preferred while NH races which take place over obstacles with softer ground
conditions preferred. In the softer ground, the hoof of the horse could sink 10-15cm into
the soil. The resulting leg action can differ dependent on the ground and the horse’s
natural gait having implications for the economy of the jockey (Sheridan & Sweeney,
2001). Jockeys may need to restrain or encourage the horse in various ground conditions
or tactical scenarios while racing in which they can increase or decrease their own
physical effort. However, it is also reported true that a "keen” or “lazy” horse can directly

increase a rider’s exertion (Devienne & Guezennec, 2000).
2.5.1.3 Climatic Influences

Seasons and climatic conditions can vary for jockeys. Pioneering research investigating
HR responses and hydration status via USG in moderate (MOD) (17°C and 60% humidity)
and hot climatic (27°C and 90% humidity) conditions was undertaken with Hong Kong
Jockey Club. No significant difference was noted between race day HR recordings in both
conditions with jockeys operating at approximately 90% of HRpeak during each race
(O’Reilly et al., 2017). There was also no effect of moderate and hot temperatures on
hydration status (USG HOT: 1.025 + 0.006; MOD: 1.026 + 0.026 (O’Reilly et al., 2017).
The methodological approach adopted in this study does not however report the
duration of the races on both testing occasions and whether the same distance race was
utilised on both testing occasions. Consequently, the effect of exercise duration on mean

HR in the different conditions is not considered.

With only one known study on the effect of temperature on performance has been
completed in an equine domain, other individual sports may provide useful insights.
While jockeys are not seated, cyclists perform eccentric and concentric actions while in

a forward leaning position with flexion at the knee and hip similar to jockeys. An increase
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in temperature from 15°C, 25°C to 35°C was found to cause a gradual reduction in both
muscle activation and power output when the same perceived effort was observed
(Tucker, Rauch, Harley, & Noakes, 2004) when contrasted to cold conditions at 10°C
(Abbiss et al., 2010). A temperature at 10°C in moderate humidity of 65% was found to
have no negative effect on muscular recruitment or power output when compared to a
control group (Tucker et al., 2004). Furthermore, the rating of perceived exertion (RPE)
measured using the 15-point (6-20) Borg scale (Borg, 1982) is not thought to be
influenced by hypothermicinduced strain at 10°C (Abbiss et al., 2010). Fatigue responses
during high temperatures (30-35°C) are thought to be caused by a reduction in the
function of the central nervous system due to an increase in core temperature to 40°C
(Gonzalez-Alonso et al., 1999; Tucker et al., 2004). Exercise in the heat also causes
central fatigue in sports which is associated with reduced muscular recruitment with
prolonged isometric contractions (Tucker et al., 2004). While this study was completed
in cycling time trials with longer durations than exercise bouts in racing, it is feasible that
a similar effect can be found in jockey athletes who sustain a prolonged isometric
contraction. While once thought to play an active role, recent research has indicated
that cardiac output, substrate availability or an increase of lactate are not primary
contributors to performance reduction while performing exercise bouts in heat with a
reduction in skeletal muscle recruitment instead cited (Tatterson, Hahn, Martin,
Febbraio, & Movement, 2000; Tucker et al., 2004). Temperatures which encourage
optimal physiological function have been reported at 10°C and 11°C while higher
temperatures of 15°C are advantageous for explosive contractions (Nimmo, 2004;
Tucker et al., 2004). Other contributing factors to heat stress in jockeys may include the
heat radiated from the horse or indeed the jockey’s protective clothing. To the best of
the author’s knowledge, no research investigating thermoregulatory factors during race
riding has been completed. In summation, in the absence of these metabolic changes,
sufficient heat to cause a rise in core temperature can have a negative influence on the
central nervous system impacting cerebral blood flow, optimal brain activity and cause

reduced muscle activation (Cardinale et al., 2011).
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2.5.1.4 Influences of riding equipment

Safety regulations imposed by International governing authorities of horse racing
mandate that jockeys are required to wear protective clothing which includes a helmet
and protective vest in addition to racing colours (silks), breeches (trousers) and boots
(Wilson et al., 2014). Personal protective equipment which is counted against the
jockeys weight allowance can moderate heat or cold temperatures and act as a
protective mechanism against thermal stress (Gavin, 2003). In other sporting codes, it is
understood protective clothing can affect the dissipation of heat from the skin with
clothing which facilitates the least resistance to evaporation preferred (Gavin, 2003). In
warm temperatures, this can elevate temperature and HR (Armstrong et al., 2010; Gavin,
2003). Little research has investigated relationships between clothing and performance
or clothing and thermoregulation in racing but research on equestrian helmets have
proposed that cooling performance of riding helmets can be improved with design
features based on cycling helmets with air inlets and outlets specifically featured
(Bauwens, De Graaf, Vermeir, Mukunthan, & De Bruyne, 2019). With concussions
prevalent in racing (O’Connor et al., 2017; Piantella, McDonald, Maruff, & Wright, 2020)
safety features will however dominate the design. In addition to protective equipment,
sweat is the main form of heat transfer with the environment for a horse. While not
researched, it is plausible that a heat transfer can exist between horse and rider
(Douglas, 2017) having physiological implications for the jockey. Additional factors such
as a horse’s riding equipment known as ‘tack’ can also influence the performance of both
rider and horse (Peham et al., 2004). An inappropriately fitted saddle can disturb the
communication between horse and rider. The resulting unstable saddle can unbalance
the rider and the ability of the horse to move forward with a consistent running gait.
When the motion of the rider becomes too variable, the horse’s natural rhythmic
movements can be disturbed increasing the risk of falling or collision with obstructions

(Peham et al., 2004).

In summary, while a rider must focus on controlling the horse while applying tactical

maneuvers, external factors are at play which can directly influence the physiological
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function and performance of the athlete. Horse riding equipment and ground conditions
may have direct implications for a jockey’s physiological status and efforts should be
made by practitioners to replicate competition conditions to minimise any interruption

to both the jockeys and horses riding gait during competition.
2.5.2 Internal influencing factors on physiological responses
2.5.2.1 Within subject biological status

Within subject variation and variability must be deliberated in the collection and the
interpretation of findings. Variability in physiology and biological status can vary day to
day in athletes (Achten & Jeukendrup, 2003). The body tries to maintain constant
conditions in the internal environment, also known as homeostasis, which is a central
organising principle of physiology (Stanfield & Germann, 2011). Homeostasis in athletes
is threatened by physiological and psychological events often referred to as “stressors”
(De Kloet, Joel & Holsboer, 2005). If the stressor is recognised by the brain as stable
alertness, focused attention and cognitive processing can be potentiated. However, if
stressors are recognised by the brain as unstable they generate physiological responses
with activation of the sympathetic nervous system and a release of adrenaline and
noradrenaline. These can have direct physiological implications for jockeys such as
decreasing clearance of blood lactate from the working muscles (Hamann, Kelley, &
Gladden, 2001) while also increasing HR (adrenaline) and initiating vasorestriction of the
blood vessels (noradrenaline) which in turn increases blood pressure (Stanfield &

Germann, 2011).

Time dependent changes known as circadian rhythms can affect performance
parameters including strength, muscular power and HR response to exercise (Atkinson
& Reilly, 1996). While the differences in an individual’s rhythms are usually minor, they
can be significant (Atkinson & Reilly, 1996). Circadian rhythms and diurnal variation have
not been previously researched in a jockey population to the best of the author’s
knowledge. While it has been acknowledged in most research that certain biological

rhythms are present and varied (Dalton, McNaughton, & Davoren, 1997; Teo, Newton,
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& McGuigan, 2011),Dalton, McNaughton, & Davoren (1997) found no effect of circadian
rhythm on performance in cycling time trials of 15 minutes’ duration. The main body of
literature from sports outside of horse racing contradict this and would suggest that both
aerobic and anaerobic power in addition to strength improves throughout the day (Teo
et al., 2011). As jockeys ride out in the morning, no racing occurs at this time so circadian
rhythm may not have a negative effect during race times in Ireland. Special attention
may need to be given to jockeys who compete internationally and travel across time

zones.
2.5.2.2 Internal biological responses to training

Changes which result in increased function within specific physiological systems are
regulated by local metabolites, neural signals and hormonal signals (Stanfield &
Germann, 2011). Both respiratory and cardiac function increase immediately at the
onset of exercise (Stanfield & Germann, 2011). The cardiovascular system plays an
important role in maintaining homeostasis both at a cellular and global level during
exercise. While maximum heart rate is fixed, stroke volume is trainable with increases
observed both at maximal and submaximal intensities (Saltin, 1968). An increase in
stroke volume can contribute to an increase in V02max (Saltin, 1968). However, a recent
re analysis of the methods used by Saltin (1968) found that the enhanced VO2max was a
result of enhanced diffusional conductance of O, between mitochondria and the red
blood cells, rather than increased blood flow as the major contributor (Wagner 2015).
Although the mechanism is debated, it can be concluded that VOzmax will improve with a
relevant training stimulus to create a state of cardiovascular overload (Cardinale et al.,
2011). Adaptation to this overload can facilitate a jockey to increase cardiac output from
the left ventricle which increases blood volume, myocardial contractility and the
potential to carry oxygen through red blood cells to the working muscles (Cardinale et
al., 2011). The lungs provide a vital link between the atmosphere and the cardiovascular
system with its function closely reliant on the diffusion capacity of the pulmonary system

(Dempsey et al., 2006a). Aerobic training can result in a more efficient ventilatory system
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while increasing mitochondrial density (Cardinale et al., 2011) but has little or no effect

on the structure and function of the lungs (Dempsey et al., 2006b).

As a result of aerobic glycolysis, lactate production is a continuous process during rest
and exercise and is used as an energy source, a signaling molecule and the major
gluconeogenic precursor (Brooks, 2020). During exercise which requires short term high-
intensity efforts the production of lactate in the muscles is increased while lactate
clearance is slowed. The associated increase in blood lactate accumulation is related to
a multitude of interrelated physiological and biochemical reactions rather than oxygen
limited oxidative phosphorylation. This results in increased intramuscular lactate
concentration and also an increased net output of lactate into the blood (Gladden,
2004). During recovery, the resting or less stressed muscles uptake lactate from the

blood and oxidative muscle fibres can oxidate the substrate.

As homeostatic perturbations are likely to affect fatigue resistance, interventions which
ameliorate biological limiting factors should improve repeated high intensity efforts
(Cardinale et al., 2011). Practitioners can focus on recreating the competition
environment exposing the athletes to relevant stressors to facilitate adaptation and in
turn constructing efficient biological coping mechanisms (De Kloet, Joel & Holsboer,

2005).

2.5.2.3 Riding position considerations
Riding position has received little attention in the horse racing research. It is unknown
how changes to riding position can affect both muscular and/or biological demands.
While riding position may be considered an external variable, the focus of this section
will be the aspects of riding which is within the rider’s control and not those which are
not reactions to that of the horse. During unseated cantering and jumping in horse racing
a greater muscular drive is reported (Trowbridge et al., 1995). Jockeys can also adjust
their stirrup leather length to their preferred riding style (Wilson et al., 2013). While it is
common that flat jockeys ride with a short stirrup and NH jockeys ride with a longer

stirrup, jockeys have individual preferred riding lengths. The weight through both left
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and right stirrup is asymmetrical and can be significantly different while a horse gallops.
This may be caused by a jockey’s centre of mass displacing laterally away from the
horse’s lead leg (Walker et al., 2016a). A jockey’s ability to hold a stable pelvis and
minimise movement while riding is thought to enhance the dual performance of horse
and jockey (Walker et al., 2016a). The ability of a jockey to hold a stable position with
particular focus to musculature around the pelvic girdle should thus be a focus for
physical preparation professionals. While obtaining position relevant stress it provides

an opportunity for jockeys to be exposed to specific physiological stress.

Electromyography (EMG) research in the trot riding gait identified the importance of
muscular endurance as a physical attribute due to long periods spent with muscles in
tonic contraction to maintain posture (Terada et al. 2004). Conversely, a jockey’s posture
is not that of a seated position. Jockeys utilise their lower limbs to isolate their centre of
mass in an unseated position while minimizing movement and attaining a position as
close to the midline of the horse as possible (Walker et al., 2016b). While high peak heart
rates are presented in the research during racing (Cullen et al., 2015; O’Reilly et al., 2017,
Trowbridge et al., 1995), Spurway (2007) proposes that in sports such as sailing where
athletes sustain prolonged isometric contractions that a “quasi-isometric” effect may
elevate the HR above the oxygen cost which that exercise demands. This occurs at
approximately 40% of maximal voluntary contraction (Vangelakoudi, Vogiatzis, &
Geladas, 2007). Research typically suggests HR and VO have a well-founded linear
relationship in submaximal exercise (Achten & Jeukendrup, 2003) however there are
cases where we see a change in this dynamic. The quasi-isometric effect experienced by
sailors can equate to roughly 50% of the total metabolic demand (Spurway, 2007). A
guasi-isometric effect can minimise blood flow and reduce ‘hiking’ performance in
sailing as static stresses are imposed on the quadriceps and abdominals (Vogiatzis,
1996). While the blood flow is restricted, it is not fully occluded (Spurway, 2007) and a
resulting rise in HR occurs. While it is proposed that fitness training for sailors should
involve sustained quadriceps stress, research has found no statistically significant

association between hiking endurance and isometric strength of the quadriceps with
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sailors (Vangelakoudi et al., 2007). Furthermore, there was no significant difference
between sailors who sustain frequent isometric stressors and aerobic endurance
athletes when performing hiking activities. In relation to blood biomarkers no significant
association between EMG and blood lactate concentration levels were discovered
(Vangelakoudi et al., 2007) indicating that maybe only HR is directly affected by a quasi-

isometric effect.

It is not known if jockeys are affected by a quasi-isometric effect in flat or NH racing. It
is speculated that isometric muscle activity may affect a jockey’s physiology with a
decrease in blood flow and elevated HR response while riding. However, it is not known
what level of stress the isometric position entails for a jockey or indeed if a required
percentage of their maximal voluntary contraction is met for the quasi-isometric effect
to occur when riding. While trying to quantify the effect of the isometric contraction in
racing is outside of the scope of this thesis, future research may investigate the

percentage of maximal voluntary contraction jockeys are exposed to while racing.
2.5.2.4 Effect of making weight

Though not unique to horse racing, low energy availability has repercussions for both
male and female athletes relative to performance (Leydon & Wall, 2002; McGuire,
Warrington, & Doyle, 2020). Recently coined as RED-S (relative energy deficiency in
sport) (Statuta, Asif, & Drezner, 2017), low energy availability and in turn depleted
glycogen levels cause a reduction in the ability to produce high blood lactate
concentration levels (Moquin & Mazzeo, 2000). With respect to health, there are further
implications for female jockeys. While female jockeys are potentially lighter with less
lean mass than their male counterparts, chronic low energy availability remains
prevalent (Leydon & Wall, 2002). Implications for females include a potential negative
association between energy availability, energy demand and the female athlete triad
(Wilson et al., 2014a). While the athlete triad is a condition that has focused mainly on
female athletes, a systematic review of the literature suggests males, particularly in
weight category sports, may present with related symptoms (McGuire et al., 2020).
Intentional dehydration strategies are also frequently employed to reduce body mass
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before racing (Wilson et al., 2014a). Dehydration and associated heat stress have
previously been accentuated to cardiovascular drift and a resulting increase in HR
(Achten & Jeukendrup, 2003; Labadarios et al., 1993). This can have a profound effect
on the HR-VO; relationship (Achten & Jeukendrup, 2003). Supplementary evidence also
exists of a strong relationship between dehydration and increased levels of adrenaline

and noradrenaline concentration (Moquin & Mazzeo, 2000).

Initial research on thermal dehydration which is frequently employed by jockeys (Dolan
et al.,, 2011) details that a 5% body mass loss can alter the onset of blood lactate
accumulation (Jacobs, 1980) while evidence also exists of a shift in blood lactate
threshold with a 1.5% loss of body mass (Moquin & Mazzeo, 2000). High correlations
between lactate and adrenaline concentrations in athletes indicate that a shift in lactate
threshold may partly be attributed to an increase in epinephrine (Moquin & Mazzeo,
2000). This follows pioneering research which indicted that reduced blood lactate
concentrations are evident in both maximal and submaximal exercise when athletes
presented in a dehydrated state (Saltin, 1964). While some researchers in both field and
endurance sports indicate that mild levels of dehydration (<2% loss of body mass) can
reduce cognitive function, increase HR (Armstrong et al., 2012) accelerate fatigue
(Gonzalez-Alonso, Calbet, & Nielsen, 1999a) and reduce aerobic function (Cheuvront et
al., 2010), this is not evident in all sporting populations (Edwards & Noakes, 2009). It is
proposed this is due to disturbances to both metabolic and thermoregulatory pathways
caused by carbohydrate degradation and increased vascular resistance decreasing skin
blood flow (Cheuvront et al., 2010; Gonzalez-Alonso et al., 1999) and also due to reduced
heat dissipation due to lower blood volume, stroke volume and sweat production

(Armstrong et al., 2007).

It is proposed that dehydration is an element of a larger complex regulatory system and
a 2% loss in body mass as a specific threshold for performance decrements is not
accurate (Edwards & Noakes, 2009). The mode of weight loss and proximity to racing
may be important for practitioners to consider. Sport scientists and performance

practitioners must consider the role of both energy deficiency and dehydration on
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physiological outcomes. Associations between dehydration and performance outcomes,
both physiological and cognitive, are varied and this area requires further research given
the regularity of acute weight loss methods in horse racing (Dolan et al., 2011).
Specifically, agreed tests to assess cognitive and physiological function demands
attention. Additionally, there is a lack of data surrounding HR, blood markers and

dehydration in a competitive environment.

2.6 Physical fitness testing and testing battery formation

2.6.1 An Introduction to physical fitness testing

Physical fitness has been present in academia and industry for nearly two centuries
however, there is no widely accepted definition of the term (Shephard, 2018). Physical
fitness has been described as a combination of bodily functions that include
morphological, muscular, motor, metabolic and cardiorespiratory activity (Bouchard,
Shephard, & Stephens, 1994). While fitness commonly falls underneath two categories
of either health related physical fitness or performance related physical fitness, the
latter is the focus of this thesis section. Performance related fitness can be defined as
the component of fitness for sports performance or optimal work which primarily
consists of motor skills, power, speed, body composition, nutritional status and

motivation (Bouchard et al., 1994).

While sports science is continually advancing, practitioners must decide between
adopting new approaches with improved validity or remaining with protocols that have
proven reliability for assessment of performance capabilities (Reilly, 2001) and
facilitating the collection of longitudinal data sets. Performance can be measured
objectively in laboratory based environments however the use of laboratory based
equipment in field tests is limited due to time constraints, and the requirement of

sophisticated equipment and qualified technicians. Field based testing equipment
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provides an alternative platform for measuring performance with low costs, ease of
administration and the opportunity to assess multiple components of fitness in a short
period of time (Ruiz et al., 2011; Vanhelst, Béghin, Fardy, Ulmer, & Czaplicki, 2016). Field-
based testing batteries have specifically been designed for a range of professional sports
including basketball (Read et al., 2014), soccer (Turner et al.,, 2011) and Rugby union
(Dobbin, Hunwicks, Highton, & Twist, 2018); however there is a paucity of research
relating to a testing battery for individual sports with a particular requirement of a

physical performance testing battery in horse racing (Cullen et al., 2015).
2.6.2 Physical fitness testing in horse racing

To assess jockey fitness or determine the success of specific training interventions, a
fitness testing battery is of paramount importance for the industry. A physical testing
battery can facilitate the collection of normative data for an athlete cohort in addition
to providing a platform to assess the success of fitness programmes (Cullen et al., 2015;
Turner et al., 2011). The following section reviews the existing and limited fitness testing

related research with jockeys.

While a holistic testing battery is absent in jockey research, various performance
parameters have been measured but no battery is available which would facilitate data
collection and collaboration in the field on an international level. Laboratory based
aerobic capacity tests have been administered and show jockeys to be fit athletes while
demonstrating lower values than athletes such as male cross-country skiers (83.0 + 3.2
mlkgmin?) who rely heavily on their aerobic capacity (Losnegard & Hallén, 2014).
Similar VOzpeak data are reported across jockey license types as seen in Table 2.1 using
incremental maximal tests on both the treadmill and cycle ergometer. It is plausible that
athletes will be more economic at either running or cycling so caution should be
observed when comparing aerobic capacity values when attained using different
methods. Furthermore, we do not know if jockeys are frequent runners or cyclists
outside of riding related work where neither mode of activity is used. Relative VOzpeak
reported for trainee jockeys during a simulated 1400m race on a mechanical horse
equated to 75% of VOzpeak (Cullen et al., 2015) identifying submaximal riding intensity
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however evidence suggests simulators underestimate the demands of race riding
(Walker et al., 2016b) and therefore may not attain a true peak value. While it is logical
that physiological monitoring should be completed during real race riding, safety

guidelines by governing authorities in racing prohibit the use of such portable devices.

Table 2.1 Peak oxygen uptake (VO2peak) values reported for jockey license types.

Jockey License Type Mode of Test VO2zpeak (mlkgmin?) Reference
Mean + SD

Professional Flat (n=20) Treadmill 57.5+4.7 Reilly et al., 2016

Trainee (n=18) Cycle Ergometer 57.1+4.7 Cullen et al., 2015

Apprentice (n=8) Cycle Ergometer 54.0+3.3 Cullen et al., 2015

Field based tests have been used with the jockey population but no systematic protocol
or normative data has been provided. Isometric strength of the lower back and legs has
been measured with jockeys using a Concept 2 Dyno flywheel (Concept 2, Inc.,
Morrisville, VT, USA) (Wilson et al., 2014b) and a back/leg dynamometer (Gloria TTM
300 kg, Tokyo) (Hitchens et al., 2011a). Associations have also been instigated between
race falls and jockey balance (unilateral standing stork pose), flexibility (sit and reach),
power (CMJ) and handgrip strength (hand held dynamometer) (Hitchens et al., 2011a).
However, normative data on the test results were not provided. Furthermore, jockeys
neither jump nor require the need for unilateral balance while racing and therefore the
validity of these chosen tests and sample sized used (n=8) may be questioned. Future
research should be undertaken with a greater sample size to validate the findings of

Hitchens et al. (2011a) in addition to reliability analysis of the tests.

Distinct variation in physical and physiological assessment methods inhibits the
establishment of normative data (Read et al., 2014) and this is evident in horse racing. A
large scale study of the physiological attributes of jockeys is required (Hitchens et al.,

2011a). Establishing a reliable and valid physical fitness testing battery that can be
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applied nationally and internationally should be a primary objective for the governing

authorities.
2.6.3 Practical Considerations for Testing battery formation

Before the formation of a testing battery, a needs analysis is advised to determine the
sports biomechanical and physiological requirements (Turner et al., 2011), and therefore
ensuring that sport specific parameters are examined (Currell & Jeukendrup, 2008).
Research suggests that jockeys experience high physiological demands in both flat and
NH racing (Cullen et al., 2015; O’Reilly et al., 2017; Trowbridge et al., 1995) placing stress
on the alactic, lactic and aerobic energy systems (Gastin, 2001). The physical attributes
required to race have been described and indicate a requirement for strength (Wilson
et al., 2014b), strength endurance (Hitchens et al., 2011a), stability, flexibility, balance
(Walker et al., 2016a) and aerobic power (Cullen et al., 2015).

Research in horse racing has suggested that favour be given to transportable and robust
tests over tests that use extra sensitive equipment (Hitchens et al., 2011a) and that field
tests should be designed so that they can be implemented in the typical training
environment (Reilly, 2001). Reliable and valid testing batteries provide practitioners an
opportunity to implement evidence based practice (Welk, 2017). It is important that the
practitioner accounts for both test robustness and implementation of the test in the
horse racing industry. Considerations for the formation and implementation of a valid
and reliable physical testing battery will be outlined and critically appraised in the

following sections.
2.6.3.1 Optimal order for physical testing battery formation

The primary considerations for practitioners when designing and implementing testing
are validity and reliability of each test (Hopkins, 2000), however, the testing environment
and sequence of tests may also influence performance outcomes for participants
(Hopkins, 2000; Pescatello, Riebe, & Paul, 2014). Research has not identified an optimal
testing order for multiple components of fitness (Pescatello, Riebe, & Thompson, 2014)

however, the National Strength and Conditioning Association (NSCA) has proposed a
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testing battery structure that is outlined in figure 2.1. The proposed structure
commences with non-fatiguing tests and accounts for the optimal use of energy systems
and skill coordination (Miller, 2012) that maximises test reliability (Harmann, 2008).

Three minutes passive rest was implemented between tests (Pescatello et al., 2014).

Nonfatiguing tests
— (anthropometric
measurements)

Maximum power and
strength tests

— Sprint tests

— Muscular endurance tests

Test order
I

|| Fatiguing anaerobic tests

Aerobic capacity tests

Figure 2. 1 Optimal ordering of the components of fitness within a testing battery (Harman, 2008).

2.6.3.2 Communication considerations for physical testing battery formation

For those who have less frequent physical activity practices, such as jockeys, Pate (2013)
suggests that fitness tests must be administered in an sensitive fashion or they will likely
have negative consequences (Pate, Welk, & Mclver, 2013). Testing and the
communication of results in a sensitive fashion, can conversely play a supportive role in
promoting physical activity and fitness practices (Cale, Harris, & Chen, 2014; Silverman,
Keating, & Phillips, 2008; Welk, 2017). While jockeys are professional athletes, physical
activity and preparation strategies have not been reported in the literature and

therefore the method of communication ought to be considered.
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While the communication of fitness test results should be sensitive, the effect of
communication on outcomes during testing also requires practitioner attention.
Research in exercise and science has revealed feedback or knowledge of results can
enhance motivation having positive effects on self-efficacy and physiological arousal
(Schmidt & Lee, 2013). This is particularly evident in maximal aerobic tests where
athletes are tested on two or more occasions. During maximal running tests in both field
and laboratory settings, performance feedback to a non-athlete population on running
pace and test stage produced superior VOamax performance scores (Metsios, Flouris,
Koutedakis, & Theodorakis, 2006). In contrast, performance feedback in relation to
distance has negative outcomes on performance in endurance based cycling time trials
(Nikolopoulos, Arkinstall, & Hawley, 2001). This research shows when the distance
parameters were hidden from participants, there was a significant improvement in
cycling times. The population, while well trained, were small (n=6). Power output was
maintained for time trials of 34, 40 and 46 km when the distance of the trial was not
revealed. When a control group were informed of the longer distance cycle (46 km), the
power output decreased by 13 watts. It is therefore suggested that feedback may alter
an athlete’s perception of an event so that perceived distance and not actual distance

were responsible for changes in power output (Paterson & Marino, 2004).
2.6.4 Validity in a test battery

Three types of validity are commonly applied by researchers in human performance
(Currell & Jeukendrup, 2008). These are 1) logical validity that assesses whether a test
truly measures what it intends to; 2) construct validity refers to the ability of the measure
to distinguish between groups (i.e. novice and elite) and, 3) criterion validity relates to a
specific standard or criterion (Thomas, Nelson, & Silverman, 2015) and is broken into
two validity types; concurrent or predictive validity. Concurrent validity proposes that
the performance measure is correlated with competition performance or the gold
standard test for the measure of performance while predictive validity is the ability of a

test to predict sporting performance (Thomas et al., 2015).
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Tests should measure a sport specific variable linking to the physiological and
biomechanical aspects of the sport as previously described (Currell & Jeukendrup, 2008).
Researchers have developed riding protocols on mechanical riding simulators to test
maximum pushing frequency (Wilson et al.,, 2014b), EE (Wilson et al., 2013) and
respiratory metabolic responses (Cullen et al., 2015). Whilst the use of riding simulators
has been commonly employed and appears logically valid to report performance
parameters of race riding, the validity of the simulator is questioned. From a kinematic
viewpoint, jockeys are exposed to significantly greater dorso-ventral and medio-lateral
displacement while galloping with real horses versus the displacement a simulator
exhibits (Walker et al., 2016b). A comparison of the physiological demands of a riding
simulator compared to that of riding a real horse reported a significant difference with
respect to the work associated with each riding platform (llle et al., 2015). The simulated
version of riding a horse over obstacles produced a significantly lower peak HR (123 + 5
b'min~?) than that of a real horse over obstacles (175 + 3 b'min™t). Although potentially a
safer method of exercise than ‘riding out’ on a real horse, reduced HR and sympathetic
tone are reported on a simulator when compared to riding a horse (Cullen et al., 2015;
llle et al., 2015). It is therefore concluded that simulated riding can only partially
replicate the complex physical relationship between horse and rider (llle et al., 2015).
Alternative tests that measure sport specific parameters, as previously outlined, such as
strength, strength endurance, flexibility, stability and aerobic capacity should be
considered. In conclusion, based on the current evidence, a mechanical simulator does
not appear a valid measure of riding performance with no research to the author’s
knowledge published using manual (non-motorised) simulators. Instead, valid tests that
measure sport specific parameters of performance must be identified and implemented

within a larger testing battery design.
2.6.5 Reliability in a test battery

Reliability statistics are generally applied by researchers for one of two reasons; 1) an
estimation of the required sample for an experimental study or 2) to estimate the

magnitude of individual differences (Hopkins, 2000). Reliability refers to the
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reproducibility of testing results over two or more testing occasions and warrants
attention within sports medicine and exercise science (Boddington, Lambert, Gibson, &
Noakes, 2001; Hopkins, 2000). This magnitude of meaningful worthwhile change is often
so small in human performance, that the reliability and sensitivity of sport performance

measures are critical (Currell & Jeukendrup, 2008).

ICC is the most commonly cited reliability test and is unbiased for any sample size but it
has been encouraged that it should not be the only statistic employed (Atkinson & Nevill,
1998; Hopkins, 2000). Within subject variation is proposed by Hopkins (2000) as the most
important reliability measure. While numerous statistical tests can investigate types of
variation, the most important outcome measures are argued to be typical error and the
change in mean between trials (Hopkins, 2000). Typical error can come from various
sources but is frequently associated with biological status (Hopkins, 2000). When all
participants of a trial are homogeneous, displaying similar values, the typical error can
be taken as the same for all participants (Hopkins, 2000). In the context of forming a
physical testing battery, practical considerations to improve reliability are presented

below from both a biological and technical perspective.
2.6.5.1 Reliability and biological error

In test-retest study designs, measures of reliability often include a percentage coefficient
of variation and typical error. Typical error, also known as the standard error of
measurement, investigates the random variability of an individual’s score on repeat
measurements which can be due to variation in either or both biological and
psychological status of the athlete. The statistics employed for reliability studies with
two trials is straightforward; the typical error can be calculated from the standard
deviation of the difference between scores for each participant for two trials. For three
or more trials it is proposed that researchers should test consecutive pairs of trials to
detect if a learning effect has occurred (Hopkins, 2000). Typical error has been previously
used to determine true individual change in physical performance research with the
magnitude of those individual changes also reported (Astorino & Schubert, 2014;
Bonafiglia et al., 2016).
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Practical considerations to reduce biological error should be implemented. Firstly,
feedback should be consistent and common to all testing trials in repeated trial studies.
Both mental and physical state can induce biological error (Hopkins, 2000) and thus
motivation may affect testing scores. While some researchers provide encouragement
(Lubans et al., 2011), it is predominantly advised that no encouragement, feedback or
performance related data are communicated until all trials are completed (Currell &
Jeukendrup, 2008). Secondly, the timing of tests should be kept regular and consistent
across all testing occasions with adequate rest periods between trials and exercises. It
has previously been recommended that testing should not take place within two days of

competition to minimise the effect of fatigue on test outcomes (Turner et al., 2011).

Acknowledging that aerobic endurance, anaerobic power and strength can improve
throughout the day, a set time in the evening may be best for accurate reporting of
performance parameters while also accounting for variation in circadian rhythm
(Gondin, Guette, Ballay, & Martin, 2005; Teo et al., 2011). In summation, the testing
sequence, the testing environment and performance feedback can significantly
influence performance testing outcomes. With a population such as jockeys with little
perceived experience of performance testing, the simplicity of the testing battery should
be deliberated in the design phase of any testing battery while testing should be

completed where possible on a non-racing and working day.
2.6.5.2 Reliability and technical error

Researchers and practitioners should use the same testing equipment for test-retest
which may limit typical error to changes in biological or psychological state (Hopkins,
2000). When testing the reliability of a protocol both the standard error of measurement
(Copay, Subach, Glassman, Polly, & Schuler, 2007) and standard error of the mean have
been reported. The standard error of measurement is directly related to the reliability
of the test (Hopkins, 2000), whilst the standard error of the mean estimates how
repeated measures using the same testing instrument are distributed around the

individual’s true score. The standard error of the mean is related to the population and
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is utilised to calculate the standard deviation of error, of the sample mean, as an

estimate of the population mean (Copay et al., 2007).

It is important that practitioners implement a protocol that is both repeatable and
reliable and use devices where technical error is tested and accounted for. When
reporting the athlete’s results, the standard error of mean should be displayed if the

results are to be representative of a larger population.

2.6.6 Summary of validity and reliability

Tests which form part of a physical testing battery should be valid and reliable to
measure the related performance outcome, to a certain degree of accuracy (Currell &
Jeukendrup, 2008; Thomas et al., 2015). While validity is argued as the most important
consideration in fitness testing, an investigation of reliability to distinguish population
sample size and/or to explore the magnitude of individual mean differences over
repeated trials is warranted (Hopkins, 2000). Variables such as technology, testing
equipment and biological status can influence test reliability so the sensitivity of testing
to determine the magnitude of meaningful change is critical for researchers and

practitioners.

No reliable or valid testing battery is available for use by practitioners working in the
horse racing industry. While horse riding simulators may be deemed logically valid by
researchers, logical validity is reported to be difficult to assess (Thomas & Nelson, 1990)
and is used less frequently in research with more objective measures of validity
preferred (Thomas et al., 2015). In addition, research in horse racing has not displayed
criterion or construct validity concerning horse racing simulators to measure jockey
performance. While individual performance parameters including power, strength,
balance, flexibility and pushing frequency have been reported for jockeys (Hitchens et
al., 2011a; Wilson et al., 2014b) variation in test methodology, equipment and test

sequencing prevent the collection of normative data for the population. A reliable and
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valid physical testing battery, which outlines test sequencing, apparatus and
methodology is therefore required for the industry to reliably profile jockey fitness and
to monitor the success of fitness based interventions among the jockey athlete
population. In the formation, development and implementation of a testing battery,

attention should be paid to both validity and reliability.

2.7 Summary of literature review

The aim of the current review was twofold; firstly, to provide a summary of the
physiological demands of racing and the current physical preparation strategies of
jockeys. Secondly, the review aimed to provide a theoretical understanding around the
reliability and validity of both physiological monitoring tools and physical testing
assessments that could be applied by practitioners in a horse racing environment.
Despite its popularity as a sport, the review illustrates the complex nature of competing
as a professional jockey. While research is frequently assessing jockey health and injury,
the relative physiological demands of horse racing remain largely unknown, thereby
creating challenges when attempting to prescribe specific training guidelines in
preparation for competition. As outlined, alternating variables such as race length, horse
temperament and environmental factors have not been thoroughly investigated and
warrant consideration to fully establish the physiological demands of racing. To
investigate racing demands, the review highlights that HR monitoring, blood lactate
monitoring and rate of perceived exertion provide three reliable modalities to measure

the physiological demands in a competitive environment for professional jockeys.

The current review revealed a paucity of information concerning the physical
preparation strategies of jockeys which limits the potential for scientific and race specific
performance interventions. Due to the dearth of scientific research relating to jockey’s
physical preparation strategies it remains to be determined if jockeys participate in
additional physical exercise to improve physical conditioning and enhancing riding

performance. Additionally, there is no reliable testing battery in existence nationally or
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internationally to evaluate jockey fitness. An understanding of the preparation strategies
and a physical performance testing battery will enable practitioners to design, plan and
evaluate sport specific training interventions. Considering the findings of this review and
the presented gaps in the literature, the overall aim of the thesis was to investigate the
demands and preparation strategies of professional jockeys while developing a physical

testing battery for the horse racing industry.
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Chapter Three: Physiological and performance monitoring in competitive
sporting environments: A review for elite individual sports

This chapter is published in the ‘Strength & Conditioning Journal’:

Kiely, M., Warrington, G., McGoldrick, A., & Cullen, S. (2019). Physiological and
performance monitoring in competitive sporting environments: A review for elite
individual sports. Strength & Conditioning Journal, 41(6), 62-74 (see appendix G).
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3.1 Preface

Chapter Two reviewed the available literature in horse racing and the complexity of a
jockey’s lifestyle. In greater detail the physiological demands and environmental factors
which may affect the physiological responses of the jockeys were presented. A paucity
of data on the demands placed on jockeys over specific race distances were identified.
While it has been suggested that both the aerobic and anaerobic energy systems
contribute to the energy demand of race riding (Cullen et al., 2015; Trowbridge, 1995),
there is a dearth of data on blood lactate concentration post racing. Athletes are
commonly assessed using a variety of physiological monitoring methods to estimate
appropriate training load, screen for overtraining and to empower coaches to match
training with the physiological demands of the sport (Kraemer et al., 2009; Li et al., 2016;
Taha & Thomas, 2003). The current chapter reviews a variety of objective and subjective
physiological monitoring tools. Furthermore, this chapter identifies valid and reliable
monitoring devices which can be implemented in elite and competitive sport settings for
individual athletes and therefore fulfilling objective one of the thesis. The findings
formulated in this chapter provided information on robust physiological monitoring

tools which were utilised for data collection in Chapter Five.
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3.2 Abstract

There is a great appreciation for the application of physiological monitoring within
competition for individual sports. Physiological monitoring allows feedback on exercise
dose-response, exercise intensity, and exercise performance. Both subjective and
objective parameters are commonly measured in the field sports, but research
investigating the accuracy and applicability of monitoring tools in a competitive
environment for individual athletes is limited. This narrative review highlights the
strengths and weaknesses of individual devices to measure a variety of parameters,
including physiological performance, and biochemical and subjective parameters. Based
on an analysis of the existing scientific literature, practical applications are provided for

coaches.
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3.3 Introduction

Athletes are commonly assessed using a variety of physiological and performance
monitoring methods to estimate appropriate training load, screen for overtraining and
to empower coaches to match training with the physiological demands of the sport
(Kraemer et al., 2009; Li et al., 2016; Taha & Thomas, 2003). Individuals can respond
differently to the same training or competition stress despite similarities in age, race, sex
and current level of fitness (Borresen & Lambert, 2009; Skinner et al., 2001). Excessive
physical stress induced during training and competition can result in disturbances of
peripheral and central responses such as muscle soreness, mood state, biochemical
markers and neural response times (Lehmann et al., 1993). Thus, individual monitoring
of training and competition dose response is paramount for jockeys in competitive races.
The monitoring of athlete activity and training load can provide essential information as
to whether an individual is meeting or exceeding optimal functional levels of stress
during training and competition (Scott, Lockie, Knight, Clark, & De Jonge, 2013a).
Monitoring can also inform athletes, coaches and support staff on how best to alter

training practices to meet competition demands (Li et al., 2016).

Several modalities to assess physiological and performance characteristics exist
including external and internal values (Scott et al., 2013a). Internal values require
guantification of the physiological stress placed on the athlete with the most common
methods to measure exercise intensity by way of HR various blood biomarkers and a
rating of perceived exertion (RPE) (Currell & Jeukendrup, 2008; Scott et al., 2013a).
External values of training and competition utilise metrics such as power output via jump
performance or distance covered (meters) (Wallace, Slattery, & Coutts, 2014).
Physiological (Li et al., 2016), biochemical (Vangelakoudi et al., 2007), subjective
measures (Scott, Black, Quinn, & Coutts, 2013b) and jump performance (Suzuki et al.,
2006) are all potential parameters for individual athlete monitoring however their use

in competition remains unclear and sparsely researched.
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Difficulties arise when monitoring sports performance during competition due to a
variety of constraining factors including rules and regulations, environmental conditions
and individuality of dose response mechanisms within athletes. Sports such as horse
racing and combative sports have strict weight restrictions imposed (Dolan et al., 2011;
Leydon & Wall, 2002; Tsai, Ko, Chang, Chou, & Fang, 2011) which may prohibit the use
of monitoring devices which add additional weight. Environmental conditions including
the perceived importance of the competition in which athletes perform may also have
an influential physical, motivational or physiological effect (Hopkins, 1991). Although
physiological load in high intensity sports has proven difficult to quantify (Foster et al.,
2001), technological advances in equipment design have facilitated tracking activity
profiles in sport common practice (Aughey, 2011; Aughey & Falloon, 2010; Bangsbo,
Mohr, & Krustrup, 2006). Functional tools that incorporate physiological feedback are
required to guide training programme design by determining both dose response and
intensity of effort during competition (Li et al., 2016). Obtaining physiological data has
become more attainable with the introduction of modern technology such as lightweight
HR monitors, accelerometers, GPS units and integrated technology which has enabled
sports scientists to take physiological performance testing from the laboratory to the
field (Larsson, 2003; Li et al., 2016). The following section will present and analyse a

variety of tools to monitor exercise performance in competition.

3.4 Heart rate monitoring

While HR has been monitored extensively among individual athletes in competition
(Rincon, Turco, Martinez, & Vaque, 1992; Schwaberger, 1987; Sperlich et al., 2012) there
is a paucity of scientific literature relating to the monitoring of other physiological
parameters in competition. HR monitors are an accessible and non-invasive tool
(Sperlich et al., 2012), primarily used to record mean and peak HR (Hernando,

Garatachea, Almeida, Casajus, & Bailon, 2016). While some individual sports show a
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large degree of HR variability between and within competition, real time monitoring is
important to estimate the acute physiological load of the event imposed on the
participant (Padilla et al., 2001). HR is commonly used to measure exercise intensity by
way of a strap fitted in line with the sternum (Jeukendrup & Van Diemen, 1998).
Electrodes placed on the chest show a mean bias and variability of less than one beat
per minute (Léger & Thivierge, 1988). HR devices have been validated to measure low
and high intensity exercise (Hernando et al., 2016). Of the most common and most
accurate brands, Polar has been reported as a reliable tool to report mean HR (Hernando

et al., 2016; Laukkanen & Virtanen, 1998).

Several studies have utilised HR data in competitive and individual sporting
environments. On and off road competitive cycling (Sperlich et al., 2012; Viru & Viru,
2000); horse racing (O’Reilly et al., 2017; Trowbridge et al., 1995); Olympic horse riding
(Rincon et al., 1992); competitive sailing and motorsport (Collins, Reilly, & Morton, 2014;
Schwaberger, 1987) are just some of the individual athlete sports that have used HR as
a measure of intensity in competition (Table 3.1). While external environmental factors
such as temperature and altitude can affect HR (Hamilton et al., 1991), competition
stress must also be considered. Increased secretion of epinephrine during periods of
high concentration and technical precision is evident among professional badminton
players (Cabello Manrique & Gonzalez-Badillo, 2003). This increased hormonal reaction
may instigate an elevated HR response, more than what is required by the actual physical
effort. Although specific consideration must be given to competition requirements and
environmental factors as aforementioned, HR monitors are perceived user-friendly,

reliable and valid to measure exercise intensity response.
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3.5 Accelerometers

The use of accelerometer based devices has seen a positive advancement in research
(Dellaserra, CL, Gao, and Ransdell, 2013) with sampling frequencies up to 100 Hz
available from devices (Troiano, McClain, Brychta, & Chen, 2014). Accelerometers
measure movement of direction in uniaxial and tri-axial planes to indicate frequency,
duration and intensity of activity (Butte, Ekelund, & Westerterp, 2012; Chen & Bassett,
2005). Significantly improved estimations of energy expenditure (EE) have now also been
developed with raw acceleration data preferred over counts data (Troiano et al., 2014)
which tracks the number of times an activity reaches the desired activity threshold. The
application of accelerometers has been used in individual sport to estimate EE (Wilson
et al., 2013), exercise intensity and the analysis of skill in sports such as swimming
(counts data) (Davey, Anderson, & James, 2008) and tennis (raw acceleration data)

(Ahmadi, Rowlands, & James, 2009).

Accelerometers have been reported to be a valuable tool for activity measurement in
many individual sports including equine (Wilson et al., 2013), swimming (Callaway, Cobb,
& Jones, 2009; Davey et al., 2008), and tennis (Ahmadi et al., 2009). Validity studies in
physical activity have indicated moderate to strong correlations between oxygen
consumption and accelerometer counts (r = 0.45-93) (Trost, Mciver, & Pate, 2005).
However, counts data fails to distinguish between types of activity with particular
problems identified in activities such as cycling and weightlifting where the intensities
reported do not match the movement context of the activity (Matthews, 2005). Raw

acceleration data for sports is thus preferred.

The application of accelerometers for the calculation of exercise intensity and EE
includes a number of limitations accompanied by analytical challenges (Troiano et al.,
2014). Comparability of data collected from sensors worn on different parts of the body
is a concern due to weak correlations for exercise intensity and EE (Swartz et al., 2000;
Troiano et al., 2014). There is also a greater cost and time requirement for the analysis

of data when using wrist worn accelerometers due to the regression equations required
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to explain the variance of metabolic cost when recording activity intensity from other
body sites (Swartz et al., 2000). Further inadequacies exist with varying thresholds and
algorithms used in the calculation of intensity by each manufacturer (Troiano et al.,
2014). Accelerometers are a valid tool to measure low intensity exercise however,
limitations exist with regard to high intensity movements and EE calculations for high
intensity sports. With high intensity efforts reported in horse racing (Cullen et al., 2015;

Trowbridge et al., 1995), accelerometers may not be a reliable tool.

3.6 Integrated technology

The Equivital life monitor EQ02 (EQO2; Hidalgo, Cambridge, United Kingdom) is a
combination of sensors worn on a chest strap that reports HR, thermal status,
respiratory rate via chest expansions and motion through a tri-axial accelerometer. The
lightweight device is novel and is capable of storing and transmitting real time
physiological and psychophysiological data for up to 50 days (Liu, Zhu, Wang, Ye, & Li,
2013). The Equivital has been reported as a valid and reliable tool for the ambulatory
monitoring of physiological responses (Liu et al., 2013). Liu et al. (2013) presented strong
correlations between HR, respiratory rate, skin temperature and core temperature using
the Equivital tool while EE calculations can also be estimated. The Equivital has been
utilised in individual competitive sporting environments to monitor jockeys (Cullen et al.,
2015); however to measure EE with this device requires a pre-examination step test
which may not be suitable for elite athletes. Research cost is an additional limitation of
this device as neither the dermal patch or Jonah pill, an ingestible capsule, are reusable
and therefore make the Equivital an expensive research tool (Liu et al.,, 2013). In
conclusion the Equivital is a reliable and valid tool for the recording of low intensity

activities (Akintola, van de Pol, Bimmel, Maan, & van Heemst, 2016).
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The Actiheart monitor (Actiheart, Cambridge Neurotechnology Ltd, Cambridge, UK)
measures EE via combined HR and motion analysis and can record physical activity data
for up to 21 days. The Actiheart device weighs 10g and with an internal rechargeable
battery, it provides a light weight device to measure physical activity and EE (Chen &
Bassett, 2005). The device is generally worn on the chest using ECG pads (Brage, Brage,
Franks, Ekelund, & Wareham, 2005). Although HR can be utilised to indicate EE,
combining HR and motion analysis may improve the accuracy of EE calculations (Brage
et al., 2003; Spierer, Hagins, Rundle, & Pappas, 2011). The Actiheart is deemed a valid
and reliable tool to measure EE when walking and jogging (Brage et al., 2005). Although
it has been utilised among individual athletes (Wilson et al., 2013), it was deemed
inaccurate when measuring higher intensity sport as found with both male and female

basketball players (Santos et al., 2014).

To improve the accuracy of data analysis, Spierer et al. (2011) proposed that devices are
individually calibrated. The accurate measurement of HR and motion analysis is critical
to investigate dose response relationships of exercise in competition. As with other
devices, the placement of accelerometers may affect the reliability of data obtained. It
has been presented that the Actiheart accelerometer underperforms in comparison to
other accelerometer devices placed around the hip area with particular reference to
higher intensity activity such as level jogging (Spierer et al., 2011). To limit error, the
device is best placed underneath the sternum like Polar devices (Brage et al., 2003)
where less contact may also be experienced in individual sports of a contact nature. A
valid and reliable device for low intensity activities, further validation is required with
elite athletes in high intensity sport and it is proposed that it would not be suitable in

horse racing.

The Sense Wear Pro 3 armband (Body Media, USA) is a multi-functioning device worn on
the upper arm that can measure heat production, biaxial acceleration and EE (Sperlich,
Koehler, Holmberg, Zinner, & Mester, 2011). The multi-sensor device consists of a heat
flux sensor, galvanic skin response sensor, a skin temperature sensor and a near body

ambient temperature sensor (Liden et al., 2002). Using a 1-minute epoch, the device is
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capable of collecting and storing physiological data up to 5.5 days (Chen & Bassett,
2005). Previous studies has validated the arm band to estimate EE in low to moderate
free living activities (Drenowatz & Eisenmann, 2011; Fruin & Rankin, 2004; Liden et al.,
2002), however, it was recently found that the arm band underestimates EE when
stepping, walking and jogging (Jakicic et al., 2004; Sperlich et al., 2012). The arm band
design makes it light weight and suitable to be worn in many sporting environments,
however, prior to data collection, it is suggested by the manufacturer that participants
remain in a seated position for a 15 minute familiarization period (Jakicic et al., 2004).
This would not be possible in many competitive sporting environments where warm-ups
are prescribed before the main event including horse racing. It is unknown if the device
would be reliable outside of the laboratory in environments which require high intensity

exercise (Jakicic et al., 2004; Powell, Carson, Dowd, & Donnelly, 2016).

In summary, the literature surrounding HR, accelerometers and integrated technology is
dominated by two domains; low intensity physical activity research in normal
populations and elite male athletes in various football codes (Cummins et al., 2013).

Much research is therefore required in high intensity activities and individual sports.
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Table 3.1 Summary table of physiological monitoring tools reported from competition in elite Individual sports.

Parameter measured  Device Research reported from Advantages Disadvantages
Heart Rate HR Road cycling, Validated to measure low & Temperature and hydration status may affect
monitor Off Road cycling, high intensity exercise. readings.
Horse racing, Commonly used in competition Prolonged isometric efforts can elevate HR.
Olympic horse riding, & individual sporting
Competitive sailing, environments.
Motor sport
Frequency & magnitude Accelerom  Equine, Validated to measure low A number of algorithms exist which make
of movement eter Swimming, intensity exercise. comparability of data difficult.
Tennis Have been utilised to assess Unable to distinguish between different types of
sports skills such as tennis and activity.
swimming strokes. Not suitable for high intensity activities.
HR, respiratory rate, skin  Equivital Horse racing Reports data for up to 50 days. Has not been validated in sporting environments.
temperature and core Light weight device. Elements of the device are not reusable which may
temperature elevate research costs.
The device is fitted with a generic sized belt.
EE via combined HR and Actiheart No research is available from  Valid & reliable tool for Individual components of the device must be
motion analysis data competition with Individual activities of low intensity. calibrated individually.
sport athletes. Lightweight device. Not suitable for high intensity activities.
Contains a rechargeable
battery.
Heat production, biaxial Sensewear Table tennis Can store data for up to 5 days. Not suitable for high intensity activities and a 15-
acceleration and EE Pro 3 arm Lightweight device. minute familiarization period is required with the
band athlete prior to the event.
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3.7 Blood lactate concentration

Blood lactate concentration values have been previously recorded as an indicator of
metabolic fatigue in individual sports in elite and sub-elite categories (Faude,
Kindermann, & Meyer, 2009; Urhausen, Gabriel, & Kindermann, 2002; Vangelakoudi
et al., 2007). In addition to monitoring fatigue, blood lactate has been used to analyse
longitudinal fluctuations in aerobic and anaerobic fitness (Faude et al., 2009). The
Lactate PRO (Akray, Japan) is a device which has outperformed a large number of
analysers when compared to the criterion enzymatic method (Baldari et al., 2009;

Goodwin et al., 2007; Pyne, Boston, Martin, & Logan, 2000).

The sites from which blood is measured (ear lobe, fingertips, venous) as well as the
device and blood sample, can affect the test results (Faude et al., 2009). The Lactate
PRO does not require pipetting of blood, which reduces the chance of experimental
error, while only a small blood sample of 5ul is required on the reagent strip for
analysis. In terms of accuracy of site samples, samples taken from the earlobe have
consistently shown lower blood lactate concentration than samples taken from the
fingertip (Faude et al., 2009). However sufficient concentrations at both sites deem
the lactate PRO and the newer lactate plus, a valid and reliable tool to measure
lactate concentration in all sporting disciplines (Pyne et al., 2000; Tanner, Fuller, &
Ross, 2010). As many sports require frequent use of the hands with some athletes
required to wear gloves, lactate samples taken from capillary blood by a
hyperaemised ear lobe is a common field approach (Collins, Doherty, & Talbot, 1993;
Hopkins, 1991; Pyne et al., 2000). While lactate can rise progressively during an
incremental test to volitional exhaustion or an exercise bout, peak lactate values are
generally seen between 3-8 minutes post event (Goodwin et al., 2007). As with other
physiological tools external and internal environmental factors need to be
considered (Borresen & Lambert, 2009). Furthermore, practitioners must note that
if comparing sports, the mode of exercise can affect lactate accumulation due to
alterations of muscle mass (Svedahl & Maclntosh, 2003) as would be seen between
running and cycling. If comparing individual athletes within the same sport, training

status and training load have both been proposed to affect maximal and submaximal
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lactate concentrations (Jeukendrup & Hesselink, 1994; Urhausen, Gabriel, Weiler, &

Kindermann, 1998) and therefore must be considered during data collection.

3.8 Subjective monitoring

The most widely accepted subjective tool for the assessment of physiological
responses to training and competition is RPE using the Borg (6-20) scale (Borg, 1982).
Foster et al (2001) developed an extension of the RPE method which was entitled the
session RPE (sRPE) method (RPE score of a session (1-10) x duration in minutes). The
SRPE approach is now considered a common standard method of calculating
perceived effort and load (Day, McGuigan, Brice, & Foster, 2004). It is proposed that
this modification of the Borg ratio 10 scale (CR10) (Borg, 1982) may be a more
effective method to calculate exercise intensity and the subjective physiological load
of an event. However recent evidence suggest both scales, while providing different
absolute numbers can be used interchangeably with very strong relationship
presented for incremental (R?=0.89) and interval exercise (R?>=0.89) (Arney et al.,

2019).

SRPE is an accurate tool to minimise undesired training effects and is a proven
subjective approach to quantify exercise intensity (Day et al., 2004; Herman, Foster,
Maher, Mikat, & Porcari, 2006). For both endurance and high intensity intermittent
sports, the sRPE method of calculating training load and training intensity is
considered a valid and reliable measure (Foster et al., 2001; Lupo, Tessitore, Gasperi,
& Gomez, 2017) with an intraclass correlation coefficient (ICC) of 0.88 when
investigating high, moderate and low intensity sessions (Day et al., 2004; Herman et
al., 2006). Additionally sRPE is a sensitive tool which can detected accumulated
fatigue over time (Fusco et al., 2020b). sRPE correlates closely with internal measures
of training load (Cormack, Newton, & McGuigan, 2008; Foster et al., 2001) along with
objective measures of training intensity including HR and blood lactate concentration

(Herman et al., 2006; Serrano, Salvador, Gonzalez-Bono, Carlos, & Ferran, 2001).
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The sRPE method of calculating training intensity has been a proven methodological
approach in a training environment with individual athletes for some time. Recent
research has validated its use in a competition environment with professional cyclists
(Van Erp, Foster, & Koning, 2019). There are few limitations presented in the research
but Wallace, Slattery, & Coutts (2014) and Scott et al. (2013b) recently reported a
high measurement error when reporting with a 0-10 RPE scale for long and short
bouts of running with a large coefficient of variation in comparison to HR data. It is
also known that duration can effect perceived exertion despite internal and external
load measures (Fusco et al.,, 2020a). Further research of the sRPE method in
competitive environments is warranted to determine its validity in reporting
competition related stress in athletes. From a practical perspective, athletes should
submit RPE scores in isolation to avoid any selection bias based on other athlete’s
scores. Furthermore, athletes should submit their RPE score after acute fatigue has
dissipated, as the score may be reflective of the last exertion rather than a score
reflective of the session intensity as a whole. Between 10 and 30 minutes is
recommend after exercise for reporting RPE scores (Sweet, Foster, McGuigan, &

Brice, 2004).

While sRPE or RPE has not previously been used in horse racing, research proposes
that the reporting method is reliable to measure both steady state and high intensity
efforts (Foster et al., 2001). Jockeys may not be accustomed to reporting perceived
exertion with no previous research undertaken with the athlete population, however
research shows familiarity with the scale does not affect scores (Chen, Chen, Hsia, &

Lin, 2013).

3.9 Summary of monitoring devices

While many monitoring devices provide informative data, the practitioner must
consider their applicability in a chosen environment. For devices to be effective in an
elite setting, the monitoring tool must be user friendly and time efficient while also

ensuring it does not negatively affect the athlete’s pre-performance routine. If the
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device is to be worn during completion, the coach should ensure the device is
comfortable for the athlete and it is permitted to be worn by the regulatory
authorities. Devices which provide the practitioner with pre-and post-event
measures such as those discussed under the heart rate, biochemical and subjective
monitoring sections and can provide the coach with valid data. A knowledge of the
competition requirements should, however, underpin physiological and
performance monitoring to ensure practitioners collect data, which is consistent over
multiple time points in a competition setting. It is advisable that coaches document
the exact protocols that they will use in each testing session to ensure a standardised
and comparable monitoring environment is created. This is also applicable to

subjective measures such as sRPE.

Practitioners must also be cognisant of implications involving the individuality of an
athlete particularly regarding variations in exercise dose response. It is important
that coaches are aware of these variations when performing data analyses and data
comparisons on a number of individual athletes. Internal and external factors such
as hydration status, nutritional and medicinal intake, climate and psychological
status should be noted both in preparation for and during the competition to provide
background information on the data. Such an approach will ensure that results from
one monitoring session may be compared with subsequent or previous data to assess

if any meaningful worthwhile change has ensued.
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Chapter Four: Physical Preparation Strategies of Professional Jockeys

This chapter has been published in the ‘The Journal of Strength and Conditioning
Research’:

Kiely, M., Warrington, G., McGoldrick, A., & Cullen, S. (2020). Physical preparation
strategies of professional jockeys. The Journal of Strength and Conditioning

Research (see appendix H).
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4.1 Preface

The previous chapters offered a review of the literature and narrative review with
evidence presented of unhealthy weight making practices in addition to a paucity in
the literature surrounding physical activity and physical preparation strategies of
jockeys. While it is understood jockeys have riding and work duties in addition to
racing (Labadarios et al., 1993), training activities or strength and conditioning
practices are not established in the literature. Chapter four contains the first
empirical research study. The research study was framed in the context of
exploratory research rather than a prominent hypothesis and investigated the
physical preparation strategies of 85 professional jockeys. The research is divided
into four sections detailing background information, body mass loss and exercise
habits associated with making weight, current physical activity habits and jockey’s
perceptions and practices of S&C. Daily ‘riding out’ performed by jockeys is described
as having a steady state aerobic demand and is suggested to be insufficient to meet
the demands of racing (Kiely et al., 2019a). This highlights the importance of
performing additional high intensity training (Kiely et al., 2019a). Aligned with the
aim and second objective of this thesis, the chapter illustrates both physical activity
levels and preparation strategies of professional jockeys. The detailed findings on
physical preparation strategies and exercise habits address a gap in the current
literature and additionally a gap between theory and best practice for professional
athletes in meeting the physiological requirements of their sport. The findings also
propose that jockeys may not be equipped to meet the demands of racing identified
in the current literature. A greater understanding of these demands relative to race

distance will be presented in Chapter Five.
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4.2 Abstract

Professional horse racing is a physically demanding sport. The aim of the study was
to examine the physical preparation strategies of jockeys for racing. A questionnaire
was developed and validated which comprised of 4 sections: (a) background
information, (b) making weight and current associated exercise habits, (c) current
physical activity practices, and (d) jockey perceptions of strength and conditioning
(S&C) and current practices. Eighty-five jockeys (n=38 professional flat, n=47
professional NH) completed the questionnaire in race course weighing rooms
representing 80% of the professional athlete population. In total 77.6% of jockeys
participate in physical activity outside of riding. Jockeys that participated in S&C
(42.4%) reported their most frequent type of S&C practice; cardio (52.8%), high
intensity interval training (33.3%), flexibility & mobility training (8.3%), resistance
training (5.6%). There was no significant difference in S&C participation between
total flat and total NH licenses (p=0.530; [PHI] =0.068). Difficulty making weight was
reported by 55.3% of jockeys. Exercise alone was utilised by 29.4% of jockeys to
rapidly reduce weight. There was no significant difference (p=0.201, [PHI] =0.357)
between the frequency of rapid weight loss per month for total flat (1.7 + 1.7) and
total NH jockeys (1.6 + 0.5). This study represents the only published data on the
physical preparation strategies of jockeys. Jockeys do not partake in physical activity,
which mimics the repeated high intensity demands of racing, nor do they frequently
participate in S&C practices. Future research is required to examine the effects of

specific S&C interventions on riding performance.
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4.3 Introduction

Horse racing has been identified as a physically demanding sport (Cullen et al., 2015;
Trowbridge et al., 1995). Jockeys partake in either flat racing or NH racing, which take
place over jumps. Each license type consists of two sub categories; professional flat
license or apprentice flat license (less experienced) and professional NH license or
conditional NH license (less experienced). Flat racing is held over course distances of
1,000-3,000 m with pre-race weight requirements of 52.7 to 64.0 kg. National hunt
racing also known as NH racing takes place in course distances ranging from 3,200 up
to 7,000 m. Jockeys can afford to be heavier in this category with the weight
requirement ranging from 62 to 76 kg (Cullen et al., 2015). As jockeys must exercise
close to their physiological capacity (Cullen et al., 2015; Trowbridge et al., 1995),
while maintaining low body mass, high levels of aerobic and anaerobic power are
required to be successful (Cullen et al., 2015). Currently, licenced jockeys may be
required to compete multiple times a day, up to 7 days a week, with no specific off-
season (Dolan et al., 2011). In preparing jockeys to meet the demands of racing, it
would be expected that jockeys experience faster recovery rates by reducing fatigue
between races. In addition, a greater aerobic capacity may reduce the risk of falls and
resulting injury (Hitchens et al., 2010; Wilson et al., 2015). Daily ‘riding out’ has
previously been suggested to be insufficient to meet the physiological demands of
racing, highlighting the importance of performing additional training (Kiely et al.,

2019a).

Several studies have investigated strength and conditioning (S&C) training practices,
across a range of sports including swimming (Bishop et al., 2013); American football
(Ebben & Blackard, 2001); baseball (Ebben, Hintz, & Simenz, 2005); rowing (Gee et
al., 2011); and Rugby union (Jones, Smith, MacNaughton, & French, 2016; Weakley
et al., 2017). These studies provide a comprehensive overview and insight of current
S&C practices in addition to providing a reference point for applied practitioners
(Jones et al., 2016). In addition to sports performance benefits, there are positive
effects of resistance training on health-related measures including body

composition, bone health and a reduction in sports related injuries (Faigenbaum et
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al., 2009). Despite the associated benefits, it is unknown if jockeys complete basic
and less complex weight training or indeed complete any S&C practices in addition

to their daily ‘riding out’.

Gaining an understanding of jockey’s current physical preparation strategies for
racing will allow coaches and governing authorities to facilitate specific training
modalities with appropriate physiological demands to optimally prepare jockeys for
racing. Subsequently, quantifying typical jockey physical training practices will allow
coaches and jockeys alike to plan for optimal performance and individualise training
regimes (Foster et al., 2001; Scott et al., 2013b). Therefore, the aim of the study was
to investigate the current physical preparation strategies of jockeys during the racing

season.

4.4 Methods

4.4.1 Experimental Approach to the Problem

A questionnaire was devised to explore the training habits and preparation strategies
of professional jockeys. The questionnaire was broken into 4 sections comprising a
total of 27 questions and was circulated to professional jockeys in person at various
racecourse-weighing rooms. Prior approval for the study was granted by the Irish
Horse Racing Regulatory Board, the regulatory authority for Irish horse racing. Ethical
approval for the study was obtained from the third level institutions review board of
research compliance and all procedures were in accordance with the Declaration of

Helsinki.
4.4.2 Participants

Eighty-five professional jockeys participated in the study (n=3 female, n=82 male).
Participants included 38 professional flat jockeys (professional n=16; apprentice
n=22) and 47 professional NH jockeys (professional n=27; conditional n=20). A priori
power analysis indicated that a total of 52 participants would be needed to have 80%

power for detecting a large sized effect (d=0.8) (Faul, Erdfelder, Lang, & Buchner,
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2007). All participants were informed that their participation in the study was
voluntary. Informed consent documents were signed and gathered for all

participants prior to completion of the questionnaire (see appendix C).
4.4.3 Procedures

The questionnaire was circulated to jockeys at race courses along with an
introductory letter explaining the aims and objectives of the proposed research
study. Race meetings were attended and questionnaires were filled out using a semi-
structured interview style by the same researcher for consistency and to clarify any
ambiguities. This questionnaire was completed in the jockey weighing room before
and between races at the jockey’s convenience. At the time of completing the
guestionnaire, NH jockeys were at the end of their season while flat jockeys were at

the beginning of their season.

Questionnaire. The questionnaire entitled, “The physical preparation strategies of
professional jockeys”, template was developed by the research team through a
commercially available online questionnaire generator (Survey Monkey Inc., San
Mateo, California, USA) and included 27 questions incorporating open and closed

ended questions. The self-designed questionnaire was divided into 4 sections:

1) Background information; this section detailed information on personal
demographics, individual licensing, racing and working commitments.

2) Making weight and current associated exercise habits; the aim of this section
was to identify the prevalence and magnitude of rapid weight loss which was
defined as weight lost over a period equal to or less than 24 hours. In addition,
the utilization of exercise as a weight loss tool was investigated.

3) Current physical activity habits; the objective of this section was to quantify
and describe jockeys exercise patterns outside of riding related work.
Perceptual load of each exercise session was calculated using the Session
“Rate of Perceived Exertion” (sRPE) Method. These sessions referred to
exercise sessions outside of riding related activity that jockeys recalled as a
weekly occurrence throughout the racing season. sRPE was calculated by
multiplying the intensity of the sessions (Borg CR-10 scale) by the session
duration in minutes to form arbitrary units (AU).
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4) Practice and perceptions of S&C; the aim of this section was to gain an
understanding of jockey’s knowledge, practice and preferences surrounding
S&C in addition to S&C services they would like provided. For the purpose of
data collection and analysis, S&C was defined as any specific physical training
that was utilised to improve riding performance outside of riding related
work. Physical activity was defined as any exercise completed where the aim

was not improving riding performance.

To validate the questionnaire, a two round iterative Delphi consensus method was
administered (see appendix A) (Stewart et al., 1999). The questionnaire was
circulated via email to 14 individuals with an introductory letter explaining the aims
and objectives of the proposed research study and Delphi method. These individuals
were selected based upon previous academic publications in the area of jockey
health and performance, qualitative research or both. Eleven individuals responded
and they were asked to review and score each question on its relevance to the study
aim using a 0-10 point (0 = no relevance; 10 = highly relevant) Likert scale (Benhamou
et al., 2013). Following analysis of the audit from all individuals, questions were
accepted for the final questionnaire with an average of 70% acceptance or greater in
line with previous research (Stewart et al., 2017). Questions were rejected from the
questionnaire if they averaged 30% or below. Comments from the review panel were
welcomed to improve the questions in relation to appropriateness to the study aim.
A reoccurring suggestion from two or more of the panel to the wording or format of
qguestions were applied. All questions were accepted following analysis of round one
scores and it was not necessary for the questionnaire to enter round two. The experts
were sent the accepted questionnaire after this point for final confirmation and

approval.

4.4.4 Statistical Analysis

Data were analysed using SPSS (Statistical Package for the Social Sciences V22.0, SPSS
Inc, Chicago, Illinois, USA). Descriptive analysis was the primary form of quantitative
analysis which was conducted on closed ended questions while thematic analysis was

applied to open ended questions. Data were assessed for normality using a Shapiro-
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Wilk test and descriptive data were presented as mean and standard deviation (mean
+ SD) with a 95% confidence interval (95% Cl). A Mann-Whitney U test was
administered to research differences between total flat and total NH jockeys for non-
parametric data while independent t-tests were administered for parametric data.
Effect size (ES) for between group differences were calculated using Cohen’s d with
d=0.2 considered a 'small' ES, 0.5 represents a 'medium' ES and 0.8 a 'large' ES
(Cohen, 1988). A one-way anova and tukey post hoc test were administered to
investigate if any difference existed between sub categories of the jockey license
(flat, apprentice, NH and conditional). A Kruskall-Wallis with pairwise comparisons
was used to examine if any difference existed between groups where data were not
normally distributed. In this instance, Eta squared was used to quantify ES. To explore
if any relationship existed between activity parameters and background information,
a Pearson product moment correlation was administered. In the case of two nominal
variables, a Pearson Chi squared test of association was administered. A phi
coefficient ([PHI]) was used to interpret the strength of association. Statistical
significance was accepted at an alpha level of p <0.05. Thematic analysis was applied
to the open ended questions, following the guidelines set out by Braun and Clarke
(2006) which includes six phases: (1) familiarization with the data, (2) generating
codes, (3) searching for themes, (4) reviewing themes, (5) defining and naming

themes and, (6) producing the report.

4.5 Results

4.5.1 Background Information

Background information for flat and NH jockeys in addition to a breakdown of license
sub categories are reported in Table 4.1. Jockeys were working 34 + 14 hours weekly
in addition to race riding. Professional flat jockeys held their license for greater years
and experienced a significantly higher number of winners than other jockeys (p <

0.05).

84



Table 4.1 Background data of flat and NH jockeys with a breakdown of license sub categories (n=85).

Flat Total NH Total Professional Flat  Apprentice Flat Professional NH Conditional NH Total
(n=38) (n=47) (n=16) (n=22) (n=27) (n=20) (n=85)

Age (years)
Mean + SD 246+9.2 26.0+5.1 ©31.4+106 ¥19.6+2.9 27.6 £5.7 ¥23.9+34 254+7.2
Years licence held
Mean = SD 8.2+9.6 80 +54 ®154+11.1 ¥#30+2.0 #10.4+5.8 ¥47+2.7 81+7.5
Number of races
per week 9.4+84 6.916.3 *16.3 £ 8.7 ¥59+2.9 ¥5.4+3.0 ¥35+1.8 6.9+6.4
Mean = SD (6.73,12.07) (5.1, 8.7) (12.0, 20.6) (4.7,7.1) (3.2,5.7) (2.7,4.3) (5.5, 8.3)
95%Cl
Hours worked per
week 29.7+12.4 34.0+14.0 827.7+16 31.2+13.3 35.2+27.0 ¥40.6 £+ 13.2 34.0+14.0
Mean = SD (25.8, 33.6) (30.0, 38.0) (19.9, 35.6) (25.6, 36.8) (25.0, 45.4) (34.8,46.4) (31.0, 37.0)
95%Cl
Number of winners
Median 214.1+335.1 102.5+174.9 *460 .0 ¥7.5 ¥95.0 ¥14.0 49.0
IQR (107.6, 320.7) (52.5,152.5) (157.5, 675.0) (2.0, 36.0) (64.5, 185.0) (7.5, 33.5) (8, 150)

The data are expressed as Mean + SD 95% confidence intervals (95%Cl) or median and interquartile ranges (IQR).*p < 0.05 significantly different from all sub groups. ¥p < 0.05
significantly different from professional flat group. *p < 0.05 significantly different from professional NH group. *p < 0.05 significantly different from apprentice group. 2p < 0.05
significantly different from conditional group. The number of races per week represents in season figures while hours worked represents yard and ‘riding out’ completed
independent of racing commitments. The hours worked per week represents riding horses, mucking out stables and yard duties. The number of winners is positively skewed data
and the median with interquartile range are presented.
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4.5.2 Making Weight and Associated Exercise Habits

Difficulty surrounding weight management was reported by 55.3% (n=47) of jockeys.
The typical amount of weight loss (kg) of jockeys prior to racing was significantly
different among total flat (1.4 + 0.6kg, 95% Cl; 1.2, 1.7) and total NH jockeys (2.0
0.1 kg, 95% Cl; 1.7, 2.3) (p=0.007, ES=1.39 {large}). The differences in license sub
categories were located between apprentice (1.3 + 0.6 kg, 95% CI; 1.1, 1.6) and
conditional licenses (2.0 + 0.7 kg, 95% Cl; 1.6, 2.3) (p=0.01, ES=1.07 {large}) and
apprentice-professional NH licenses (2.0 £ 0.8 kg, 95% Cl; 1.5, 2.4) (p=0.02, ES=0.98
{large}). No relationships existed between age and weight loss amount (r = 0.141;

p=0.306).

Sixty-seven percent of jockeys reported that they rapidly lose weight (24-48 hours
prior to racing) at least once a month to race. There was no significant difference
(p=0.201, [PHI] =0.357) between the frequency of weight loss per month for total flat
(1.7 £ 1.7, 95% ClI; 1.1, 2.3) and total NH jockeys (1.6 + 0.5, 95% CI; 1.4, 1.9). A
significant association was located between professional flat and professional NH sub
licenses (p=0.018, [PHI] =0.710). Mean rapid weight loss frequency for each sub
category were; professional flat (1.0 £ 0.5, 95% Cl; 0.8, 1.3), professional NH (1.6 +
0.8, 95% Cl; 1.2, 2.1), apprentice (2.2 + 2.2, 95% Cl; 1.1, 3.2), conditional (1.4 + 0.5,
95% Cl; 1.3, 1.8).

There was a significant relationship between jockeys who experience difficulty
making weight and those who reported that they partake in physical activity outside
of riding (p=0.001, [PHI] =0.370). Jockeys reported the use of exercise as a method
to rapidly reduce body weight; 29.4% (n=25) utilised exercise alone, 32.9% (n=28)
utilised a sweat suit while exercising, 4.7% (n=4) reported always using a sweat suit

while exercising and 2.4% (n=2) did not use exercise for weight loss.

4.5.3 Current Physical Activity Habits

The jockeys were asked to report their current physical activity levels outside of
riding related work. Sixty-six jockeys (77.6 %) reported they partake in other physical
activity while 22.4% (n=19) of jockeys reported no physical activity outside of riding

related work. There was no significant association between total flat (44.7%) and
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total NH licenses (55.3%) (p=0.067, [PHI] =0.198) or between licensed sub categories
(p=0.052, [PHI] =0.302). The jockeys were asked to detail the physical activities they
partake in using self-recall. Five common themes emerged: (1) cardio, (2) gym-based
training, (3) golf, (4) boxing and (5) field-based games. The participation percentage
and frequency of participation in physical activity per week in addition to a weekly
SRPE (rated perceived exertion x time (minutes)) of these activities are represented
in Table 4.2. There was a non-significant relationship between both weekly sRPE and

age (r =-0.138; p=0.476), and weekly sRPE and jockey license (r = -0.279; p=0.142).

Table 4.2 Physical activity levels of active jockeys (n=66).

Activity Percentage Frequency per SRPE (AU)
Participation (%) week Mean + SD

Mean £ SD (95% ClI)
(95% Cl)

1. Cardio 48.2 (n=32) 3.4+ 1.6 272.9 +134.8
(2.9, 3.9) (238.7,321.2)

2. Gym based Training 10.6 (n=7) 21+1.2 315.4 +115.1
(1.3, 2.9) (240.2, 390.6)

3. Golf 1.2 (n=1) 10 860 + 28.2
(1.0, 1.0) (804.7,915.3)

4. Boxing 2.4 (n=2) 310 630 + 127.3
(3.0, 3.0) (453.6, 806.4)

5. Field based games 14.2 (n=9) 1.3+0.6 431.6 +76.4
(0.9,1.7) (388.3, 474.8)

*SRPE = Session rated perceived exertion (session intensity x session duration in minutes).

4.5.4 Practice and Perceptions of Strength and Conditioning

4.5.4.1 Warm-up.
Forty-six jockeys (54.1%) reported that they performed a warm-up routine before
racing. Of those jockeys, there was no significant difference between total flat and
total NH jockeys (p=0.530, [PHI] =0.068) or between licensed sub-categories
(p=0.129, [PHI] =0.258). Participating jockeys reported they most commonly
completed static stretching (42.4%), light aerobic activity (16.5%), dynamic stretching

(8.2%), muscular activation exercises (7.1%), foam rolling (4.7%) and other (2.4%).
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The most frequent time reported for warm-up duration was 1-5 minutes (24.7%) with

8.7% of jockeys warming up for 20 minutes or greater.

4.5.4.2 Strength and conditioning (S&C)

Forty-two percent of Jockeys that participated in S&C (n=36) reported their most
frequent type of S&C practice was; cardio (52.8%), high intensity interval training
(33.3%), flexibility & mobility training (8.3%), resistance training (5.6%). Of those that
did not participate in S&C, reasons for this included: “l don’t have time” (42%), “l am
too tired following riding work” (14%), “I am fit enough from riding work” (14%), “I
don’t enjoy it” (8%), “I don’t want to gain weight” (8%), “I am not aware of S&C
classes close to my work place” (6%), “l don’t want to change current habits” (4%), “I
don’t have access to specialist S&C information” (4%). There was no significant
association in S&C participation between total flat and total NH licenses (p=0.085,
[PHI] =0.187) or between license sub categories (p=0.237, [PHI] =0.190). Table 4.3
represents the type of S&C class that would most appeal to jockeys in addition to the
reason for that selection. Boxing classes were the most popular type of S&C class
requested by jockeys with an improvement in riding fitness the most common

justification for this class type.
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Table 4.3 Jockeys preferences for future S&C class types (n=85).

S&C Class Resistance  Cardio based Boxing HIT Flexibility Injury Other Total Percentage

type. training classes Classes Training Prevention %
classes Classes

Rationale for choice.

| enjoy it 0 3 2 1 0 0 0 6 7.0

It would be fun 1 1 10 0 0 0 1 13 15.3

Increase core strength 2 1 1 0 0 0 0 4 4.7

Improve riding fitness 0 7 11 8 0 0 0 26 30.6

Helps weight management 0 6 2 2 0 0 0 10 11.8

Increase overall strength 5 0 0 1 0 0 0 6 7.0

To prolong riding career 0 0 0 0 0 1 0 1.2

To improve riding 2 1 0 1 7 1 0 12 14.1

performance

Prevent injuries 0 0 0 0 0 0 5.9

Improves overall well being 1 1 0 0 2.4

Total 11 20 26 13 85

Percentage (%) 12.9 23.6 30.6 15.3 8.2 8.2 1.2 100%

*HIIT = high intensity interval training
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4.5.4.3 Jockeys perceptions of S&C and sources of S&C information

The sources jockeys used to obtain S&C information were described by the
respondents and found to be varied and included; the Irish jockey pathway (15.3%),
other jockeys (15.3%), S&C coach (14.1%), internet (9.4%), and other (5.7%), while
40% reported that they do not source information on S&C or physical preparation
strategies. Seventy-six percent of the jockey population reported that they would like
more information on S&C and physical preparation strategies. Jockeys preferred
method to receive this information was; email (25.9%), a jockey specific training app
(24.7%), S&C classes (11.8%), online videos (5.9%), one to one consultation with an
S&C coach (4.7%), social media (2.4%), fact sheet (1.2%). Jockeys perceptions of the
benefits of S&C can be seen in Table 4.4. Although a high percentage of jockeys
reported knowledge surrounding the benefits of S&C for various parameters,
uncertainty among the population existed around the benefit of S&C on weight

management and the effect of S&C on the speed of movement.

Table 4.4 S&C perceptions among jockeys (n=85).

| agree I neither agree or
Statement (%) disagree (%) | disagree (%)
S&C can improve your riding performance 88.2 10.6 1.2
S&C can reduce the risk of injury 84.7 0 15.3
S&C can slow your movement down 9.4 29.4 61.2
S&C can help you manage your riding weight 77.6 12.9 9.4
S&C can negatively affect your riding weight 8.2 38.8 52.9
S&C can improve your bone health 70.6 27.1 2.4
S&C can improve your balance and coordination 88.2 0 11.8
S&C can improve your general and specific
endurance 94.1 24 35
S&C can improve your general and specific
strength 91.8 4.7 3.5
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4.6 Discussion

This is the first study to investigate the physical preparation strategies of jockeys. The
findings of this study highlight that S&C practices are highly variable and inconsistent.
Both the sample size and 100% response rate (n=85) was higher than other S&C
related studies; Rugby 83% (Jones et al., 2016), major league baseball 70% (Ebben et
al., 2005), rowing 54% (Gee et al., 2011), American football 86% (Ebben & Blackard,
2001). The higher response rate may highlight the elite athletes’, in this case
professional jockeys, receptiveness to sharing training habits and knowledge or the
potential benefit of face-to-face interaction when collecting data over electronic

methods as used in the aforementioned studies.

The results of this study reveal that the license category of a jockey is directly related
to the number of race wins. The license type is also related to the amount of
opportunities that jockeys receive with flat jockeys receiving more races on average
per week than any other jockey license category (16.3 + 8.7). These racing demands
in addition to jockey working hours must be considered when writing physical
preparation programmes. Data collection took part at the beginning of the flat
season and end of the NH racing season which may have influenced the number of
races available to jockeys. Additional hours of work is not usual practice for
professional athletes where a large emphasis is placed on balancing the stressors of
the sport with appropriate recovery to maximise performance in addition to
minimizing injury risk (Kellmann, 2010). Jockeys work a large amount of weekly hours
(34 +14) in addition to completing weekly races (7 £ 6). It is not surprising that fatigue
is prevalent among the jockey population (Dolan et al, 2011) considering total riding
commitments and ubiquitous difficultly with weight management reported by 55.3%

of jockeys.

Jockeys are unique in comparison to other weight restricted sports in that they make
weight daily (Wilson et al., 2015). Boxers habitually lose weight by restricting fluid
and food intake in the week leading to competition (Hall & Lane, 2001) and this was
also more common than exercise for rapid weight loss with jockeys (Dolan et al.,

2013; Wilson et al., 2015). Sixty-seven percent of jockeys reported that they must
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rapidly lose weight at least once a month. Exercise alone is used by only 29.4% of
jockeys to achieve their required weight which is lower than previous research
reported at 48% (Dolan et al., 2013). Jockeys also employ poor dietary habits with
the consumption of convenience food quite common (Dolan et al., 2011). In
conjunction with low participation rates in additional physical preparation strategies
outside of riding, it is not surprising that NH jockeys exhibit higher body fat
percentages (13.84 + 6.02) than other weight restricted sports such as boxing (9.76
+ 4.14) (Dolan et al., 2012b).

Approximately a quarter of jockeys (22.4%) reported no physical activity outside of
riding related activity. Although ‘riding out’ is physically demanding (Kiely et al.,
2019a) and jockeys work a large amount of hours, ‘riding out’ does not match the
physiological demands of race riding and thus does not expose jockeys to the
intensity of race riding. Of those that participate in physical activity outside of riding,
cardio activity was the most popular and although this is used as a useful weight
making tool, high intensity interval training (HIIT) may expose the jockey to exercise
similar to the intensity of race riding. To quantify additional activity, acute arbitrary
SRPE units were calculated. Although this is the first time exercise has been
guantified in horse racing, sRPE has been validated as a measure of global internal
training load (Rogalski et al., 2013). Cardio exhibited the lowest sRPE, and this may
be due to the low intensity nature of the cardio activity. Acute load has been
previously reported using arbitrary sRPE units in professional team games (Cross,
Williams, Trewartha, Kemp, & Stokes, 2016; Malone, Roe, Doran, Gabbett, & Collins,
2017; Rogalski, Dawson, Heasman, & Gabbett, 2013), however normative data in
weight restricted sports are absent. While these sports quantified physical training
practice, only a limited number of jockeys partook in additional physical activity.
Although gym-based training, golf, boxing and field based games were reported only
boxing reached comparable levels with training in team sport ( >1750 arbitrary units)
(Rogalski et al., 2013). The low number of participants (n=2) that reported boxing
activity in this study does not allow for translational comparisons. It is plausible that
longer duration activities such as golf may have skewed the data with duration

disproportionately impacting the relatively low intensity of the reported sessions.
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Research has shown that an adequate warm-up can provide positive performance
increments in both aerobic and anaerobic events with little evidence of detrimental
effects (Fradkin, Zazryn, & Smoliga, 2010). The elite jockeys in this study reported
that just over half the athlete population warm-up before racing (54.1%) with static
stretching the most commonly utilised warm-up practice. Although further research
is required on individual components of a warm-up, it is understood that static
stretching may not be the optimal preparation strategy for events which require
maximal exertion due to negative decrements in power (Shrier, 2004; Young & Behm,

2002).

S&C practices have been widely documented in elite athletes; however, no previous
study has examined the physical preparation of jockeys in this regard. It is
unsurprising that cardio is completed by over 50% of jockeys with its prominence as
a weight making strategy also portrayed from the compiled data. Resistance training
was the least commonly reported S&C modality utilised. This is in contrast with sports
such as rowing, American football, Rugby union and swimming where resistance
training is consistently practiced and the specifics of programming are also detailed
(Crowley et al.,, 2018). Resistance training is known to have positive effects on
performance in addition to health benefits through the maintenance and prevention
of osteoporosis and sarcopenia (Winett & Carpinelli, 2001). With NH jockeys in
particular exposed to regular falls (50.9/1000 rides) (Forero Rueda et al., 2010) in
addition to the prevalence of osteopenia among the jockey population (Warrington,
Dolan, & McGoldrick, 2009) resistance training must be advocated to all jockey
licenses. Jockey’s perceptions of the benefits of S&C and their most common sources
of S&C information were reported. Of note is that 76% of jockeys reported interest
in receiving further S&C information. Practitioners such as the Irish Jockey Pathway
(a suite of professional performance services) and other related international
organisations should consider that email, a jockey specific training application and
S&C classes were the three most requested means to receive S&C related

information.
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4.7 Conclusion

This study provides a comprehensive insight into the physical preparation strategies
typically used by professional jockeys. Jockeys work a high number of hours in
addition to competing in multiple races per week. Only those jockeys participating in
team sports in addition to riding reached a comparable training load to other
professional athletes. A large percentage of jockeys believe S&C can improve riding
performance, however participation rates in S&C are less than 50% with few
performing resistance training. A greater understanding of jockey’s knowledge of
physical performance and education services available to jockeys is warranted. It is
also understood that jockeys do not partake in exercise which mimics the repeated
high intensity demands of racing, however, there is a desire among jockeys to receive
further support in the area. Outmoded cultural methods have been reported for
making weight in horse racing (Warrington et al., 2009; Wilson et al., 2015) and this
may also be true in physical preparation for many of the jockey athletes. A detailed
analysis of the specific physiological demands of both flat and NH racing is required
to inform both jockeys and coaches in terms of the implementation of optimal
training practices. Future research is required to examine the effects of specific S&C
interventions on riding performance and educational interventions on physical

preparation habits.

4.8 Practical applications

The data and information presented in the study in relation to weight making
strategies illustrate the need for educational and dietary interventions and specific
individualised exercise programmes within this population. HIIT may be a useful
training modality in bridging the gap between the physiological demands of ‘riding
out’ and racing. Further educational information on the benefits and practice of S&C
should be provided by professional support services in horse racing. S&C coaches can

utilise the data reported in this study to inform current and future S&C practices in
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addition to how best to deliver S&C information to jockeys. Future questionnaires
should look at the specific breakdown of S&C programmes for jockeys in relation to

exercise type and prescribed load.
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Chapter Five: Physiological Demands of Professional Flat and National
Hunt Horse Racing

This chapter has been published in the ‘The Journal of Strength and Conditioning
Research’:

Kiely, M., Warrington, G., McGoldrick, A., Pugh, J and Cullen, S. (2020). The
physiological demands of professional flat and jump horse racing. The Journal of

Strength and Conditioning Research (see appendix I).
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5.1 Preface

Building on the findings presented in Chapter Four, the primary objective of this
chapter was to investigate the relative physiological demands of flat and NH racing
over short and long course distances. Findings from the review on physiological
monitoring tools in Chapter Three informed the data collection methods utilised in
this chapter. Evidence in Chapter Four indicated that many jockeys do not partake in
S&C with only a small percentage of the population receiving exposure to high
intensity training. This chapter monitored the intensities of various race distances for
flat and jump jockeys. Three studies have previously investigated the physiological
demands of racing with jockeys (Cullen et al., 2015; O’Reilly et al., 2017; Trowbridge
et al., 1995) however, neither O’ Reilly et al. (2017) or Trowbridge et al. (1995)
referenced the demands relative to race distance. Cullen et al. (2015) investigated
heart rate responses in flat racing from 1200 m to 1600m. While Cullen et al. (2015)
summated that that both aerobic and anaerobic power were required in flat racing,
no blood lactate concentration data was reported leading to ambiguity around the
energy contribution of the anaerobic system in racing. It is thought that intensity and
duration are important considerations for all training programmes impacting both
the magnitude of the stress response and the time required for recovery (Seiler,
Haugen & Kuffel, 2007). While limited data exists, a comprehensive understanding of
the relative physiological demands would allow practitioners to establish sport
specific training interventions. The demands relative to race duration and intensity
were investigated over short and long races for flat and NH racing. The findings of
this chapter, in addition to the conclusions drawn from Chapter Four, indicate that
jockeys do not train to meet the high physiological demands of racing which has

aerobic and anaerobic requirements.
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5.2 Abstract

Limited information is currently available on the effect of race distance on the
physiological demands of jockeys. This study aimed to quantify the respective
demands of short and long flat and NH race distances. 20 professional jockeys (10
flat, 10 NH) participated in the study. The participants initially performed a graded
incremental exercise test to volitional exhaustion on a treadmill to determine peak
HR and blood lactate concentrations. Two competitive races (short and long) were
then monitored on two separate occasions for each jockey type to obtain hydration,
HR, blood lactate, and rating of perceived exertion data. Mean distances for the four
races were; 1247.2 + 184.7 m (short flat race), 2313.4 + 142.2 m (long flat race),
3480.2 + 355.3 m (short NH race), 4546.4 £ 194.3 m (long NH race). Mean HR for the
long flat race was 151 + 19 b'min't (79 + 11% of HRyeak) Which was significantly lower
than all other race distances (p=0.000, ES=0.469). A longer NH race resulted in a
significantly higher reported rate of perceived exertion (14 + 2.8) than the short NH
race (11.0 + 1.5) (p=0.009, ES=0.271) while no significant difference was revealed
between peak HR responses or blood lactate concentration when comparing other
race distances (P < 0.05). The findings of the present study support previous limited
research which suggests that horse racing is a high intensity sport, while rate of
perceived exertion and mean HR fluctuate according to race distance. Future studies
should look at developing a relevant physical testing protocol that would determine

if a jockey is fit to meet the demands of racing.
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5.3 Introduction

Horse racing is one of the oldest organised sports, yet there is a dearth of scientific
research and application for jockeys. Horse racing is divided into two distinct
categories; flat and NH racing. Traveling at velocities of up to 65km/hr, flat racing has
no obstacles and takes place on a shorter course distance (1,000 m to 3,200 m). NH
racing encompasses manoeuvring a thoroughbred racehorse weighing up to 500kg
over obstacles with distances ranging from 3,200-7,200 m. Jockeys frequently ride
over a range of course distances within their discipline. Flat racing jockeys are
required to weigh between 52.7 and 64 kg while NH jockeys must weigh in between
62 and 76 kg. These weights are inclusive of the horse saddle and full riding gear
(Cullen et al., 2015; Dolan et al., 2011). While maintaining the stipulated chronic low
body mass, a sufficient level of conditioning is required to ride several races per day,

multiple days per week with no established off-season (Cullen et al., 2015).

Individual athletes in sports such as running, cycling and eventing commonly
differentiate between events within the sport and the relative physiological demands
that the athlete is exposed to (Duffield, Dawson, & Goodman, 2005; Roberts,
Shearman, & Marlin, 2009; Rodriguez-Marroyo, Garcia-Lépez, Juneau, & Villa, 2009).
Despite the popularity of horse racing, few studies have investigated the
physiological demands of racing (Cullen et al., 2015; O’Reilly et al., 2017; Trowbridge
et al., 1995), and no study has evaluated the demands placed on jockeys relative to
the race distance in flat and NH racing. Physiological demands can represent internal
values that measure biological status or exercise intensity with the parameters of HR,
blood biomarkers and ratings of perceived exertion commonly examined (Kiely et al.,
2019b). In order to optimise jockey performance, it is important that researchers
endeavour to provide information to S&C coaches and support staff in relation to the
specific demands of both flat and NH racing in addition to specific distance related
measurements of intensity. Across sports, such information is deemed valuable to
facilitate optimal training load and competition preparation (Gabbett, 2010).

Furthermore, it may be argued that for jockeys of equal skill, their fitness level ought
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to enhance performance as is evident in a multitude of other sporting codes (Bangsbo

et al., 2006; Hitchens et al., 2011a; Sleivert & Rowlands, 1996).

Jockeys will typically maintain a position of forward propulsion, racing with the
centre of mass acting through the jockey’s foot while balanced on a thin strip of metal
known as the stirrup (Figure 5.1). An increase in effort with higher intensity maximal
pushing activity is then required in the final stages of a race (Wilson et al., 2013).
From an initial quasi-isometric squat position, jockeys will lower their centre of
gravity adopting a position of increased flexion at the knee and hip. At this stage
jockeys aim to minimise movement of the lower body, squeezing the horse firmly
with the inside of the lower leg, to encourage increased forward momentum. To
lengthen the horses stride jockeys will then use their shoulders and arms to push out
the horse vigorously at the neck with up to 2.5 pushes per second (Wilson et al.,
2013). Maintaining balance and rhythm throughout each action in alignment with

the horse’s movement is imperative.

Figure 5.1 Riding position of jockey in the initial stages of a race.

Time and distance ranges have been reported in the literature for NH and flat racing
respectively (Cullen et al., 2015; Trowbridge et al., 1995), however mean time for
specific race distances has not previously been described in either race type, nor have

they been compared. Only two studies have previously investigated the demands of

100



flat racing with both studies denoting a high peak HR of 189 + 5 b'min! (Cullen et al.,
2015) and 186 + 14 b-min! respectively (O’Reilly et al., 2017). Mean HR for flat racing
has been previously reported at 180 + 6 b-min™ (Cullen et al., 2015) and 167 + 12
b'mint (O’Reilly et al., 2017). As the latter study included 30 seconds ‘pre- and post-
race’ in the analysis, it is probable that the mean HR was underestimated. Neither
study provided information on blood lactate concentration responses, indicating the
necessity of this research to compare events. Peak HR has been reported in NH racing
as 184 b'min! with a mean range of 136 to 188 b'min!, while peak lactate values
were reported at 7.1 mmoll?, confirming the high physiological demands

(Trowbridge et al., 1995).

While high physiological demands in racing have been previously reported, specific
information on effective preparation strategies designed to enhance racing
performance need to be improved. However, ‘riding out’, a daily work activity for
jockeys, involves taking the horse through walking, trotting and cantering. The
physiological demands of these gaits do not meet that of the demands the same
athletes face in competition (Kiely et al., 2019a). Previous research has found that
only 42% of jockeys participate in S&C practice (Kiely et al., 2020a) therefore, further
sport specific training which includes relative competition demands is warranted
among the jockey population. With great disparity between race distance and
duration jockeys compete over, a greater understanding of relative physiological
responses will assist in the development of specific race based conditioning
programmes. The aim of the study was therefore to profile and compare the
physiological demands of short and long race distances in flat and NH racing with

respect to HR, blood lactate concentration, perceived exertion and hydration status.
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5.4 Methods

5.4.1 Experimental approach to the problem

A testing protocol was devised to explore the physiological demands of professional
jockeys. The research was broken into two stages consisting of an initial maximal
treadmill test to obtain peak physiological data and the subsequent physiological
monitoring of jockeys during competitive professional racing. The research was
framed with a research question rather than a prominent hypothesis. Prior approval
for the study was granted by the Irish Horse Racing Regulatory Board, the regulatory
authority for Irish horse racing. The study was approved by the Waterford Institute

of Technology research ethics committee in the spirit of the Helsinki Declaration.

5.4.2 Participants

20 professionally licenced jockeys participated in the study. The participants
comprised of 10 flat jockeys and 10 NH jockeys. Both flat and NH jockeys were tested
at separate times during their respective in-season. Participation in the study was
voluntary with all jockeys receiving information on the risks and benefits of
participation before providing informed consent. Informed consent documents (see
appendix D) were signed and gathered for all participants prior to testing

commencement.

5.4.3 Procedures

5.4.3.1 Anthropometrics and physiological baseline testing

On a non-racing day, height was measured to the nearest centimetre (cm) using a
stadiometer (Seca, Leicester Height Measure). Body mass (kg) was recorded in
minimal clothing using a portable digital scales (Salter, Germany). Participants were
then asked to remain in a seated position for five minutes to obtain resting blood
lactate (Lactate Pro, Akray, Kyoto-shi Kyoto-fu, Japan) from the earlobe and HR
values (Polar H10 Electro, Kempele Finland). Participants completed a treadmill test
to volitional exhaustion to determine peak HR and blood lactate concentration

values.
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The incremental running test to volitional exhaustion was completed on a motorised
treadmill (Taurus, Germany) with an incline of 1 degree. Following a five-minute
warm-up on the treadmill at 8 km-hr, a ramp protocol was employed with an initial
velocity increase of 1 km-hr! each minute. A rate of perceived exertion (RPE) score
(6-20) was collected at each speed and gradient change (Borg, 1982). When the
participant reported an RPE of 14 arbitrary units, velocity was maintained and the
gradient was thereafter increased by 1 degree each minute. The test was ceased once

volitional exhaustion was achieved.

Maximal tests necessitate participants to exercise to the point of volitional
exhaustion (Pescatello et al., 2014). The test was considered a maximal test if three
of the following ACSM criteria were met: (1) A final HR of within 5 beats of the age-
predicted maximum (220 b'min? — age); (2) A RPE of 19 or greater to establish
volitional exhaustion; and (3) A final blood lactate value of 8 mmol'l or more. These
criteria were met with each subject. Peak HR was noted at the completion of the test
from the ‘Polar Beat’ application. Blood lactate concentration was measured at
minutes 1,3,5,7 and 9 post tests. When a decline in lactate was noted the previous

score was taken as the peak concentration value.

5.4.3.2 Race data collection

Race data for flat and NH jockeys were collected within 4 weeks of the laboratory
tests at various racecourses over short and long course distances on a turf track.
Mean distances for the four races were; 1247.2 + 184.7 m (short flat race), 2313.4 +
142.2 m (long flat race), 3480.2 + 355.3 m (short NH race), 4546.4 + 194.3 m (long
NH race). Air temperature and humidity were reported at the start of each race from
the national weather forecasting application (Met Eireann, Dublin, Ireland).
Following the completion of a pre-test medical screening form, USG was measured
using a RS pro refractometer (RS PRO, Dublin, Ireland). USG values of <1.020 were
considered indicative of euhydration, and values >1.020 indicative of hypohydration

(Oppliger & Bartok, 2002).
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A minimum of 60 minutes of no riding was required prior to each race to ensure blood
lactate concentrations were at resting levels (< 2 mmoll?). Pre-race blood lactate
concentration was taken within 15 minutes before the race start. The Polar H10
monitor was also fitted at this time to gather in race HR data. If blood lactate
concentration levels were above resting values, the race was not monitored for the

jockey and jockeys were tested on another racing day where they met the criteria.

Following the race, the jockeys finishing position was recorded. The raw HR data
were automatically downloaded to the polar beat application (Polar H10 Electro,
Kempele Finland). It was later time stamped and synchronised with the race start
time to retrieve mean and peak HR values. Blood lactate concentration and RPE
values were recorded between 5 and 7 minutes’ post-race on return of the jockey to

the weighing room.

5.4.4 Statistical analysis

Data were analysed using SPSS (Statistical Package for the Social Sciences V22.0, SPSS
Inc, Chicago, lllinois, USA). Data were assessed for normality using a Shapiro-Wilk test
while descriptive data were presented as mean and standard deviation (mean + SD)
with a 95% confidence interval (95% Cl). To investigate if any differences existed
between group means for the four race types (short flat race, long flat race, short NH
race and long NH race), a one-way analysis of variance (ANOVA) was administered. A
Tukey HSD post-hoc comparison was applied to determine the location of the
differences between the four groups. Statistical significance was set at p < 0.05 level.
Effect sizes (ES) for between group differences were calculated using Eta Squared

with 0.2 considered a 'small' ES, 0.5 a 'medium' ES and 0.8 a 'large' ES (Cohen, 1988).
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5.5 Results

5.5.1 Anthropometrics

Mean anthropometric data for both flat and NH jockeys are reported in Table 5.1.
Mean values for peak HR and peak lactate concentration are also reported for both

jockey groups from the volitional exhaustion test.

Table 5. 1 Anthropometrics, peak HR and peak blood lactate concentrations (n=20).

Flat Racing (n=10) NH Racing (n=10)

Variables Mean + SD Mean + SD
Age (y) 26+ 6.0 25+4.0
Height (cm) 168.0+£ 5.0 174.0t£5.0
Weight (kg) 57.6+2.4 65.0 +3.3
Peak HR (b'min™?) 192.0+£ 8.0 194.0£9.0
Peak blood lactate concentration (mmol?) 10.0+2.5 11.1+2.7

5.5.2 Climatic conditions and hydration levels

The mean temperature (°C), humidity (%) and USG (g-mL™?) for each race type are
reported in Table 5.2. There was no significant difference between temperature or
humidity when comparing the short and long flat races or the short and long NH
races. However, the temperature and humidity were significantly higher during both

flat races in comparison to the NH data collection period (p=0.000, ES=0.735).
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Table 5.2 Internal and external variables for each race (n=20).

Flat Racing (n=10) NH Racing(n=10)
Variables Mean + SD Mean + SD
Short Race Long Race Short Race Long Race
Temperature (°C) 189+ 1.4% 17.6+1.8% 9.8 +3.5% 10.3 + 3.0%
Humidity (%) 63.4+7.4% 60.7 +7.7% 77.0+5.1% 77.2 +5.6%
USG (g:mL™Y) 1.018 £ 0.010 1.018 £ 0.010 1.023 £ 0.005 1.020 £ 0.008

*p < 0.05 significantly different from the short NH race group. ¥p < 0.05 significantly different from the
long NH race group. *p < 0.05 significantly different from the short flat race group. 2p < 0.05

significantly different from the long flat race group.

5.5.3 Race characteristics and physiological responses

The race characteristics and physiological responses can be seen in Table 5.3. In NH
racing, a longer race distance resulted in a significantly higher reported RPE than the
short race (p=0.009, ES=0.271) while no significant difference was revealed between
peak HR responses or blood lactate concentration when comparing other race
distances. Mean HR in the long flat race (151 + 19 b-min!) was significantly lower
than the mean HR reported in all other race distances (p=0.000, ES=0.469). No
significant difference was noted between the flat race distances when comparing

other race distances for peak HR, RPE or blood lactate concentrations (P < 0.05).
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Table 5. 3 Race characteristics and physiological responses of jockeys (n=20).

Variables

Flat Racing (n=10)

Mean * SD

NH Racing(n=10)

Mean * SD

Distance (m)

Time (s)

Finishing position

Mean HR (b'min?)

Peak HR (b'mint)

RPE

Peak blood lactate

concentration (mmolI?)

Short Race

1247.2 £184.7

78+12.2.0

4+20

172.0+15.0%

(89 + 6% of Lab HRpeak)

190.0+ 12.0

(99 £ 4 % of Lab HRpeak )

13.0+2.1

8625
(86 + 14 % of Lab [La]peak)

Long Race

2313.4+142.2

157 +10.4.0
5+20
151.0 £ 19.0*
(79 £ 11% of Lab HRpeak)
186.0+ 14.0

(97+ 4% of Lab HRpeak )

140+1.3

82+15
(82 + 16% of Lab [La]peak)

Short Race

3480.2 +355.3

263 +£33.0
5+3.0
181.0+ 8.02
(93 + 3% of Lab HRpeak)
192.0+ 6

(99 £ 3% of Lab HRpeak)

11.0+ 1.5%

7.4+2.2
(50 + 2% of Lab [La]peak)

Long Race

4546.4 +194.3

355+18.0

5+3.0

182.0+9.0%

(94 + 3% of Lab HRpeak)

195.0+9.0

(101 £ 3% of Lab HRpeak)

14.0+2.8*

9.6+3.2
(92 +40% of Lab [La]peak)

*Significantly different from all sub groups. *p < 0.05 significantly different from the short NH race group.

0.05 significantly different from the long flat race group.

¥p < 0.05 significantly different from the long NH race group. 2p <
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5.6 Discussion

While only three studies have investigated the physiological demands of horse racing
previously, this study is the first to evaluate the demands of short and long race
distances for either flat or NH racing. In that case, this current study has revealed
differences in both HR and RPE between various race distances. It is envisaged, given
the dearth of research, that these quantitative data sets will aid S&C coaches and
sports medical staff in both the conditioning and rehabilitation of jockeys to meet

racing demands.

In alignment with previous research (Cullen et al., 2015; O’Reilly et al., 2017;
Trowbridge et al., 1995), peak HR measurements reported in this study indicate that
a jockey has regular exposure to high intensity activity while racing. Mean and peak
HR compare closely to the physiological strain experienced by both individual and
team sport athletes. In competition, elite downhill mountain bike cyclists have
exhibited mean and peak HR of 183 + 6 b-mintand 194 + 8 b-min™! (Sperlich et al.,
2012). In team sport, peak HR in both Gaelic football (201 + 16 b'min'') and soccer
(193 + 3.3 b'min!) report similar peak HR values as experienced by jockeys (Reilly,
Akubat, Lyons, & Collins, 2015; Santos et al., 2014) albeit for longer game durations.
The recording of mean and peak HR provides a useful index of overall physiological
strain during competitive races with the polar H10 monitor providing a gold standard
device for assessments during intense activities (Gilgen-Ammann, Schweizer, &

Wyss, 2019).

The peak blood lactate concentration reported across 3 race types (long NH race,
short flat race and long flat race) appeared maximal in nature (=8 mmollt) while the
mean values of all races were higher than previously reported racing values
(Trowbridge et al., 1995). With higher blood lactate concentrations reporting after
racing when compared with pre-racing resting values (< 2 mmoll?), it may be

assumed that energy is mainly derived from anaerobic lactic and aerobic pathways
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(Sperlich et al., 2012). Blood lactate concentration is frequently used as an indicator
of energy production from anaerobic glycolytic processes. Although no blood lactate
accumulation data are available from jockeys ‘riding out’ practitioners should ensure
jockeys experience anaerobic activity to enhance lactate clearance (Gastin, 2001) and

aid recovery between races.

NH jockeys reported a significantly higher RPE in the long race (14.0 £ 2.8) when
compared to the short NH race, however there was no significant difference for HR
or blood lactate concentration between the short and long NH races. The increased
RPE may be linked to the longer duration of the event (355 + 18 s). It is understood
that RPE is a proven methodological approach to monitoring training intensity with
an ICC of 0.88 when investigating high, moderate and low intensity sessions (Day et
al., 2004; Herman et al., 2006). With jockeys reporting higher exertion levels over
longer distance races, RPE may provide a valuable metric to replicate racing intensity

with gym based exercises.

While no significant difference was noted in hydration status between the four races,
flat jockeys reported to be in a state of hypohydration (USG >1.020). While no
association was evident with HR or RPE in this study, body mass loss through
dehydration can elevate HR and perceived exertion among athletes (Murray, 2007).
There was a significant difference between temperature and humidity values when
comparing the flat and NH racing seasons. The varied weather conditions are aligned
with expected seasonal differences between the respective flat and NH racing
seasons. While significantly higher humidity and temperature occurred during the
flat data collection period, mean HR was lower for both flat race distances. An
increase in air temperature is frequently associated with homeostatic disturbances.
Adequate hydration strategies during competition is essential to minimise changes

to homeostasis (Sleivert & Rowlands, 1996).

There are several limitations to the current study. The sample size was small so
climatic conditions, ground conditions, the use of different horses and the fitness of

the participants may have influenced the findings. Although hydration levels were
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reported with no significant difference between races, energy intake was not
accounted for with each jockey. In addition, the HR reported may be elevated beyond
the normal HR-VO; relationship due to prolonged isometric contractions during
riding, climatic conditions or emotional stress. Governing authorities in horse racing
do not permit the measurement of VO, during competition so alternative metrics as
used in this study should be utilised to attain physiological feedback. In addition to
relative HR and blood lactate values reported in this study, future studies should
provide a relative level of fitness for each jockey group to investigate if there is an

association between jockey fitness and the physiological responses during racing.

5.7 Conclusion

This was the first study to profile the physiological demands of flat and NH racing
over two distances. There are significant differences in humidity and temperature for
the flat and NH racing seasons in line with expected seasonal differences. Little
variation however, was observed in hydration status or blood lactate concentration
between jockey licence types. RPE reports produced a novel finding with jockeys
perceiving longer races to require greater levels of exertion. In summary, this
research specifies that both flat and NH jockeys experience significant physiological
demands during racing with near maximal HR and blood lactate concentrations
identified across all race types. Energy contributions appear to be from both the
aerobic and anaerobic energy systems as previously suggested in the literature.
These high demands in addition to the relevant health risks associated with making
weight suggest horse racing is far more demanding than is currently recognised.
Future research should look at developing a relevant physical testing protocol that

would determine if a jockey is fit to meet the demands of racing.
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5.8 Practical applications

As jockeys do not experience high physiological strain while ‘riding out,” they should
be encouraged to perform periods of high intensity efforts that mimic and exceed
the HR demand and blood lactate concentration experienced in racing. These high
intensity efforts while similar to all jockey licence types should focus on the body
positions and movements that will be used in the subsequent performance. With
both aerobic and anaerobic pathways systematically contributing to energy
production in racing, HIIT training can be used to improve fitness and enhance both
energy systems (Foster et al., 2015). Particular attention should be given to
prolonged isometric squatting positions with flexion of the hip and knee and
culminating short high intensity pushing activities. While similar intensities can be
prescribed by S&C coaches to flat and NH jockeys and jockeys can ride over multiple
race distances during a race meeting, exercise duration can be tailored to specific
race distances. With jockeys reporting higher RPE values in longer distance races,
jockeys should be exposed to relevant duration and intensities for these distances.
The current findings provide a reference point for coaches to address the
physiological development of the jockey with relative race duration and intensity

ranges provided for flat and NH racing.
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Chapter Six: Test-Retest Reliability of the Jockey-Fit Testing Battery

Kiely, M., Warrington, G., McGoldrick, A., Pugh, J., Hague, D., Middleton, W and
Cullen, S. (2020). Design and test-retest reliability of the Jockey-Fit Testing
Battery.
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6.1 Preface

The previous chapter detailed the physiological demands of racing for flat and NH
jockeys. The findings align with previous research in horse racing (Cullen et al., 2015;
O’Reilly et al., 2017; Trowbridge et al., 1995) displaying high intensity and near
maximal physiological responses in both flat and NH racing. The high intensity nature
of horse racing accompanied by poor physical preparation strategies employed by
the jockeys, as outlined in Chapter Four, indicate that the jockeys may not be
prepared to meet the demands of their sport. The demands of professional racing
convey that jockeys must have high fitness levels however no scientifically robust
testing battery is available to practitioners to test jockey fitness. Chapter six proposes
and investigates the test retest reliability of a fitness testing battery for the industry.
As outlined in the previous chapters, specific training interventions are required for
the jockey population. However, there is currently no reliable fitness testing battery
for jockeys in horse racing. A fitness testing battery can assess jockey fitness, the
success of relative fitness interventions in addition to providing a physical profile of
professional jockeys both nationally and internationally. The focus of the current
chapter was to choose valid and sport specific fitness tests to form a testing battery
for the horse racing industry and investigate the test-retest reliability of the battery
with jockeys. This chapter concludes the empirical research within the thesis.
Conclusions and practical applications will then be drawn in Chapter Seven from the

relative findings in this and former thesis chapters.
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6.2 Abstract

The purpose of the study was to test the reliability of a sport specific physical testing
battery for professional jockeys. Tests were included in the study based upon; (1) an
extensive review and appraisal of the existing literature on the reliability of the test,
(2) assessment of the logical validity of the test to measure a variable relative to the
specific demands of the sport and (3) feasibility of the test to be readily implemented
within the horse racing industry. Tests of flexibility (sit and reach), isometric strength
(IMTB), strength endurance (revised push up test), torso stability (McGill torso
endurance tests) and aerobic power (3-minute Wattbike test) were chosen as the
fitness parameters to test. To establish the reliability of the fitness testing battery,
20 trainee jockeys performed 6 physical tests on two occasions, 7 days apart. Of the
6 tests, the sit and reach test, isometric mid-thigh pull (IMTP), torso side bridge tests,
revised push up test and Wattbike 3-minute test (VOamax & mean minute power)
achieved the minimum acceptable reliability (ICC>0.7). All tests, with exception to
the torso extensor test (ICC=0.50), demonstrated good to excellent relative reliability
(ICC 0.83-0.98). The IMTP, despite displaying good reliability (ICC=0.83 (0.57-0.93))
displayed a significant difference between each individual’s score from test one to
test two (t19=-2.964, p=0.008, ES=0.36). The Jockey-Fit Testing Battery was found to
reliably rank participants across the identified physical fitness parameters while also
displaying an appropriate level of sensitivity to detect small changes in athlete
performance for flexibility, muscular endurance, torso stability, MMP and estimated
VOamax. Future research should investigate criterion validity of the tests within the

Jockey-Fit Testing Battery.
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6.3 Introduction

Physical fitness testing batteries are utilised widely by sports science practitioners,
coaches and academics to assess athletes due to increased awareness of the
importance of adopting a scientific approach to physical preparation. Physical fitness
tests that take place outside laboratory conditions offer sports scientists, athletes
and coaches sport specific modalities to assess relevant fithess components of the
sport (Boddington et al., 2001), yet there is no evidence of valid and reliable fitness

tests for evaluating fitness with jockeys.

Horse racing is unique to other sports in that male and female jockeys compete
against each other in multiple races per day, several days per week, with no specified
off-season (Dolan et al., 2011; Kiely et al., 2020a; Leydon & Wall, 2002). It is proposed
that professional jockeys must have a strong metabolic drive to meet the high
physiological demands of racing (Trowbridge et al., 1995). High peak HR values have
been observed in flat racing by Cullen et al. (2015) (189 b'min~!) and O’Reilly et al.
(2017) (186 b'min~t) and NH racing (162-198 b'min™!) (Trowbridge et al., 1995) racing.
Original research in NH racing reported post-race blood lactate values ranging from
3.5 to 15 mmol-L? indicating that a high metabolic intensity is required in racing
(Trowbridge et al., 1995). Recent evidence by Kiely et al. (2020) affirms a high
metabolic demand in both flat and jump racing with contributions from both the

aerobic and anaerobic energy pathways.

Current evidence suggests ‘riding out’ does not replicate the high physical demands
of competitive racing with both HR and cardiorespiratory demand of ‘riding out’
reported to be lower (Kiely et al, 2019a). Additionally, less than half of the Irish jockey
population participate in S&C or adopt physical preparation strategies which meet
the intensity experienced in racing (Kiely et al., 2020b). The lack of a valid and reliable
physical testing battery for jockeys has hindered specific research into jockey
performance. A physical fitness testing battery would allow the evaluation of sport
specific training interventions (Cullen et al., 2015), the ranking of jockey athletes in
addition to facilitating the collection of normative data for jockeys on a national and

international level.
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For a performance testing battery to be valid, it must measure sport specific
performance parameters (Currell & Jeukendrup, 2008). Although sporting
performance can be argued to be a construct (Currell & Jeukendrup, 2008), logical
validity should be applied in the selections of tests to form the testing battery
(Thomas & Nelson, 1990). In terms of specific racing technique, jockeys typically
maintain an isometric position with the centre of mass acting through the ball of the
foot (figure 6.1a). In this position of forward momentum, the hands hold the reigns
to control the speed of the horse. This action can take the form of a sustained quasi-
isometric hold or pull if the horse is keen to run forward. In the final furlongs of a
race an increase in intensity is required with greater physical efforts (Cullen et al.,
2015; O’Reilly et al., 2017; Trowbridge et al., 1995; Wilson et al., 2013). Jockeys lower
their centre of gravity adopting a position of increased flexion at the knee and hip
(figure 6.1b). Known as the ‘drive position’, jockeys aim to restrict the movement of
the lower body, squeezing the horse firmly with the inside of the lower leg, to
encourage increased forward momentum. In an attempt to lengthen the horses
stride, jockeys will then use their shoulders and arms to push out the horse vigorously
at the neck with up to 2.5 pushes per second (Wilson et al., 2013). While simulator
based fitness tests (Cullen et al., 2015; Wilson et al., 2013) and tests of flexibility and
isometric strength (Hitchens et al., 2011a) have previously been tested with jockeys,

no reliability research with a jockey cohort has been performed.
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Figure 6.1b’

Figure 6.1a The quasi-isometric position in the initial stages of a race. Figure 6.1b Jockeys in the
“drive position” in the final stages of a race while pushing out the horse.

Prior to the interpretation of results from a testing battery, it is pertinent that the
individual tests are reliable (Lubans et al., 2011). Intra-class correlation (ICC) is the
most commonly cited reliability test but it has been encouraged that it should not be
the only statistic employed (Atkinson & Nevill, 1998; Hopkins, 2000). Standard error
of measurement can account for the variability of an individual’s values on repeated
testing occasions (Drinkwater, Pyne, & McKenna, 2008) while magnitude-based
inferences can provide more meaningful interpretations of fitness tests results from
a statistical perspective (Drinkwater et al., 2008). While coaches may have developed
their own fitness tests, no scientifically designed or tested fitness testing battery
exists for professional jockeys despite horse racing’s long history as a sport. In
addition to providing a database for jockey profiling the battery will provide a
platform to assess physical training interventions with the jockey population. The aim
of this study was twofold: (1) form a testing battery that was logically and
scientifically valid for the horse racing industry and, (2) to investigate the test-retest

reliability of the physical testing battery with trainee jockeys.
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6.4 Methods

6.4.1 Participants

Participants comprised of 20 (8 females and 12 males) trainee jockeys from the racing
academy and centre of education (RACE). Age and anthropometrics (mean % SD) for
the participants were; age (17.3 £ 1.3 years), height (165.5 £ 6.2 cm) and body mass
(56.1 + 7.7 kg). Study approval was sought and obtained from Waterford Institute of
Technology ethics committee in the spirit of the Helsinki Declaration. Participation in
the study was voluntary with all participants receiving information on the risks and
benefits of participation. Informed consent (see appendix E) was obtained from all

participants while parental consent was received for those under 18 years of age.

6.4.2 Measures

Tests were chosen for inclusion in the reliability study based upon three criteria: (1)
an existing body of literature on the reliability of the particular test, (2) logical validity
of the test to measure a variable relative to the sport and, (3) feasibility and
portability to implement the test as part of a larger battery within the horse racing
industry. Following a review of the literature and observational analysis of the
jockeys riding gait the subsequent components of fitness were assessed; flexibility,
isometric pulling strength, upper body muscular endurance in the form of a push,
torso stabilisation and aerobic fitness. All assessments were completed at RACE on
two occasions, seven days apart (test one and test two). Identical protocols were
followed on each testing day with test sequencing following ACSM guidelines
(Harmann, 2008) to optimise energy systems and skill coordination (Miller, 2012).
Flexibility, muscular strength, muscular endurance and aerobic fitness were assessed
following a standardised RAMP warm-up protocol (Jeffreys, 2007)(see appendix F).
Three minutes passive rest was implemented between tests (Pescatello et al., 2014).
The protocol was completed in 70 minutes for each participant which was inclusive
of a warm-up (12 minutes). Participants were asked to replicate their fluid and food
intake on the day of testing while avoiding strenuous exercise for 48 hours before
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testing. No test-specific feedback was provided for either testing day, however
general encouragement was offered by the tester in the form of “well done or “keep
cycling” which was common to both trials. All testing was performed at the same
time of day to minimise the effect of circadian rhythms. The testing room was set at

17 degrees on both days with humidity less than 60%.

6.4.2.1 Flexibility
Jockeys hinge forward at the hips while riding elongating the hamstring muscles. The
sit and reach test is reliable and valid to measure the extensibility of the hamstring
muscles (ICC=0.67) but not for measuring lumbar extensibility (Mayorga-Vega,
Merino-Marban, & Viciana, 2014). Shoes were removed and participants were asked
to sit with legs extended in front of the sit and reach box (Cartwright Fitness, United
Kingdom). Feet were placed slightly apart with toes pointing up and the soles of the
feet against the base of the step. Knees were instructed to be pushed against the
ground. Each participant placed one hand on top of the other and reached slowly
forward. The furthest point a participant could reach and hold for three seconds was

recorded in centimetres (cm) with the mean of three trials recorded.

6.4.2.2 Isometric Strength
An isometric semi-squat position (Roberts et al., 2009) is performed by jockeys while
also retaining an isometric pull to restrain the horse (Wilson et al., 2013). An
isometric mid-thigh pull dynamometer (IMTP) (Takei, Japan) was used to assess
isometric strength. Participants were asked to stand upright on the base of the
dynamometer. A goniometer was used to ensure participants stood in a position of
flexion at the hips (125 degrees) and knees (140 degrees) with arms straight. Several
postures are reliable when investigating both within and between session reliability
(Comfort, Jones, McMahon, & Newton, 2015) and although underestimating peak
force, it is a valid field measure (ICC=0.91) to assess isometric strength (Till et al.,
2017). Participants were asked to pull with maximum force for 3 seconds following a
3 second countdown (Beckham et al., 2013). Three trials were completed with three
minutes’ rest between trials. Both test set up and reporting of mean force output

(newton) were aligned with previous reliability research (Comfort et al., 2015).
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6.4.2.3 Muscular Endurance
The revised push up test is a reliable test with interscorer objectivity and criterion
validity (ICC=0.80) when compared to bench press performance (Baumgartner, Oh,
Hyuk, & Hales, 2002) and was used as an upper body muscular endurance test with
pushing frequency deemed an important racing attribute (Wilson et al., 2014b).
Participants were asked to position themselves face down on the floor with the hands
placed directly under the shoulder on the tape line with fingers pointed forward.
From the starting position, participants lowered their body until all of the body from
chest to thigh made contact with the floor. Elbows were kept along the sides of the
body for both upward and downward motions with full extension of the elbow at the
top position. Female participants followed the same protocol while positioned on the
top of the knees. In alighment with other tests results repetitions were presented as
a group mean. Participants continued until no more push-ups could be performed
with the correct form. Resting by the participant or alterations to body position as

set out by Baumgartner et al (2002) resulted in test termination.

6.4.2.4 Torso endurance side bridge test
Jockeys aim to minimise movement while racing (Walker et al., 2016a) and specific
isometric training can induce immediate changes in core stiffness (Lee & McGill,
2017). The McGill side bridge test challenges the quadratus lumborum and
abdominal wall to enhance spine stability (McGill, Juker & Kropf, 1996). It was
performed to measure stiffness and torso stability previously demonstrating a
reliability coefficient of 0.99 (McGill, Childs, & Liebenson, 1999). The starting position
for the side bridge test required the participant to be on their side with both legs
extended on the ground. The participant’s lower arm was positioned under the body
and the upper hand placed on the opposite shoulder keeping both legs extended and
the side of the feet on the floor. The timer was started when hips were extended off
the ground. The torso was supported only by the participant’s feet, the elbow and
forearm. When the hips dropped or touched the ground the test ended and time in
seconds was reported. A three-minute rest period was implemented between testing

the left and right sides respectively.
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6.4.2.5 Torso endurance extensor test
The forward leaning position a jockey adopts while riding extends the muscles of the
lower back. The McGill back extension test was performed to measure the endurance
of the torso and lower back having previously exhibited a reliability coefficient of 0.97
(McGill et al., 1999). The participant was instructed to be prone with the iliac crest
positioned over the table’s edge. With arms supported initially, the participant’s
lower legs were anchored to the table by a tester. The aim of the test was to hold a
horizontal, prone position for as long as possible. The timer was started when the
participant placed their arms across the chest. Once the participant broke the

horizontal body position, the test was terminated and time in seconds was reported.

6.4.2.6 WattBike 3-Minute Test
Aerobic power is a desired physical attribute to be a successful jockey (Cullen et al.,
2015). A standardised three-minute peak aerobic test was performed on a Wattbike
(WattBike, Nottingham) to determine estimated aerobic power (VOzpeak) and mean
minute power (mmp) per kilogram (kg). It has been previously reported that the 3-
minute all out test was highly repeatable there was no significant difference (p=0.75)
in VOzpeak When compared with a ramp protocol (Burnley, Doust, & Vanhatalo, 2006)
and is a valid and reliable tool for performance assessments (Wainwright, Cooke, &
O’Hara, 2017; Hanson et al., 2019). The participant’s age and body mass were
entered into the bikes computer prior to test commencement. The bike saddle was
placed at the height of the bony protrusion of the hip for each participant. Air
resistance was set at three while magnetic resistance was set at zero. The data screen
was blocked from the participant’s view on both testing days. Participants performed
a three-minute warm-up at 80-90 RPM. The participants were then instructed that
they were to “pedal as fast as possible for three minutes”. On completion of the test,
VOzpeak and Mean minute power (MMP) were recorded from the presented values

on the Wattbike screen.
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6.4.3 Statistical Analysis

Data were analysed using SPSS (Statistical Package for the Social Sciences V22.0, SPSS
Inc, Chicago, lllinois, USA). Data were assessed for normality using a Shapiro-Wilk test
while descriptive data were presented as mean and standard deviation (mean + SD).
An ICC with a 95% confidence interval (95%Cl) was used to investigate relative
agreement between test one and test two. Based on a 95% CI of the ICC estimate,
values less than 0.5, between 0.5 and 0.75, between 0.75 and 0.9, and greater than
0.9 were considered indicative of poor, moderate, good, and excellent reliability (Koo
& Li, 2016). A minimum acceptable reliability level was determined with an ICC >0.7
(Baumgartner & Chung, 2001). A paired sample t-test (p < 0.05) was also
administered to investigate if any difference existed between mean scores on test
day one and test day two, enabling clarification of absolute reliability for tests with
ES calculated using Cohens’ d. Standard error of measurement (SEM) was computed
to quantify the extent to which the results of a repeated measure with the same

testing tool are distributed around the participants ‘true score’ (Ali et al., 2007). The

formula used to calculate SEM values was: SDpooled * V1 — ICC.

6.5 Results

An initial literature review revealed that the physical parameters of flexibility
(Westerling, 1983), strength (Hitchens et al., 2011a), stability (Sainas et al., 2016),
strength endurance (Wilson, 2014b) and aerobic power (Cullen et al., 2015) were
attributed to jockey performance. A further extensive investigation of the literature
identified valid, reliable and portable methods to assess each parameter. The sit and
reach test (flexibility), IMTP (strength), MgGill torso endurance tests (stability),
revised push up test (strength endurance) and Wattbike 3-minute test (aerobic
power) were included in the study design for reliability analysis with the jockey
cohort. Descriptive statistics, ICC, p-value and SEM are presented in Table 6.1 for between
session results. Good to excellent between-session reliability was observed for all tests with

exception to the torso extensor test. The sit and reach test, IMTP, torso side bridge tests (left

& right), revised push up test and Wattbike 3-minute test (VOzmax & MMP) achieved the
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minimum acceptable reliability criteria (ICC > 0.7). A significant but small difference was
present between mean scores for IMTP for test one and test two (p < 0.05, ES = 0.36)

however no significant difference (p < 0.05) was detected between other tests.
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Table 6.1 Between session reliability of physical testing variables.

Testing day one

Testing day two

Variable Mean Mean p-value ES Icc SEM
+SD +SD (95%Cl)

Sit and Reach Test (cm) 31.66 31.86 0.66 0.03 0.98 0.91
+6.99 +6.60 (0.94-0.99)

Isometric Mid-thigh pull (N) 64.15 72.98 0.01* 0.36 0.83 7.13
+16.11 +18.60 (0.57-0.93)

Torso Extensor Test (s) 165.90 161.00 0.60 0.15 0.50 26.28
+36.40 +37.90 (0.25-0.80)

Torso left side bridge Test (s) 104.15 98.15 0.14 0.13 0.93 9.37
+39.68 +30.75 (0.83-0.97)

Torso right side bridge Test (s) 106.55 103.50 0.60 0.08 0.89 13.65
+43.87 +38.45 (0.73-0.96)

Revised Push Up Test (reps) 20.60 20.20 0.69 0.09 0.84 2.36
16.41 +5.34 (0.60-0.94)

WattBike 3-Minute Test (MMP) 174.60 168.85 0.36 0.13 0.87 14.33
+41.52 +37.92 (0.66-0.95)

WattBike 3-Minute Test ( VOZmax) 45.87 43.83 0.95 0.60 0.93 2.78
+10.19 +10.82 (0.82-0.97)

Key: SD = Standard Deviation; ES = Effect size; ICC = Intraclass Correlation Coefficient; Cl = Confidence Interval; SEM =

Standard Error of Measurement; * significant difference in mean between test day one and test day two.
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6.6 Discussion

The purpose of this study was to investigate the test-retest reliability of a physical
testing battery for jockeys. The feasibility and practicality of field based tests for
administrators is a primary concern, however practitioners also need to be assured
that tests are reliable and valid to measure a relevant and specific fitness variable.
Currently, no reliable fitness testing battery exists in horse racing and this has major
implications for practitioners. Jockeys are not preparing to meet the high
physiological demands of racing (Kiely et al., 2020b) and the development of a sport
specific testing battery for jockeys would optimise the monitoring of physical fitness
strategies to enhance jockey performance and also health and safety within the

horse racing industry (Cullen et al., 2015).

The administration of tests by practitioners within the horse racing industry was a
primary consideration during the design phase of the testing battery. The Jockey-Fit
Testing Battery was formed based on physical fitness attributes identified in the
literature for riding and racing. While jockeys attain a forward leaning, semi squat
position, it is possible that lower limb isometric strength is associated with
performance as is the case with sailing (Vangelakoudi et al., 2007). However, no field
based test was identified in the literature that provided a reliable and portable
measure of isometric endurance in a relevant riding position. All chosen tests were
both portable and easily administered for practitioners in the horse racing industry.
Gold standard methods exist but were not employed for the measurement of
isometric strength and aerobic power. IMTP using force plates is reliable for the
measurement of peak force, rate of force development and impulse (Dos’Santos et
al., 2018; Keogh, Collins, Warrington, & Comyns, 2020). While there are now portable
racks for the measurement of IMTP (Dos Santos et al., 2018; Keogh et al., 2020), force
plates are an expensive measurement tool for large scale implementation within a
sporting industry and require calibration for each use. Additionally, an incremental
ramp protocol is generally considered a criterion method to evaluate aerobic power
using blood lactate concentration and gas exchange criteria (Burnley et al., 2006).
The lab based tests although demonstrating concurrent validity to a gold standard
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criterion would not be ecologically valid for implementation within the industry. It is
plausible that a simulator based fitness test may provide a test of criterion validity
for jockeys however reduced sympathetic tone and HR have been reported on horse
riding simulators when compared to riding a horse (Cullen et al., 2015; llle et al.,

2015).

All tests with exception to the torso extensor test, demonstrated good to excellent
relative reliability. The torso extensor test, while deemed a sport specific test, was
not found to be scientifically robust from test one to test two and was therefore
excluded from the Jockey-Fit Testing Battery. The p-values and confidence intervals
presented suggest there can be significant within subject variation for individual tests
despite relative agreement between group means. This is evident for the IMTP which
displays good relative reliability (ICC = 0.83 (0.57-0.93)) but a significant difference
between each individual’s score from test one to test two (t19 = -2.964, p=0.008, ES
= 0.36). With a small but significant increase observed from test one to test two for
IMTP, prohibiting absolute agreement on the tests reliability, it is plausible that a
learning effect has occurred (Hopkins, 2000). In this case practitioners should
implement a familiarisation trial prior to testing to improve the precision of the IMTP
test outcome. Researchers recommend the use of SEM and ICC to identify absolute
reliability with low levels of standard error indicating high levels of score accuracy
(Atkinson & Nevill, 1998; Weir, 2005). The seven-day test-retest period used in this
study is aligned with other sport science reliability trials (Boddington et al., 2001;
Comfort et al., 2015; Lubans et al., 2011).

Limitations of this study exist. While it is suggested a familiarisation session can
improve the reliability for the IMTP (Dos’Santos et al., 2018), one did not occur in this
study. It is envisaged that a jockey population who work an average of 34 hours a
week in addition to racing multiple times per week (Kiely et al., 2020a) will not have
availability for familiarisation trials. A larger sample size and the inclusion of an
additional third trial would enhance the exactness of the reliability estimates (Lubans
et al., 2011). A further limitation of the testing battery is that it does not measure a

jockey’s fitness in a relevant riding position. It is proposed that jockeys experience a
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guasi-isometric effect while riding but the seated position of the Wattbike test does
not expose a jockey to aforementioned physiological stress. Furthermore, while
aerobic capacity can be accurately estimated, the Wattbike test does not provide a
measure of anaerobic capacity which is difficult to quantify using exercise tests
(Gastin, 2001). Finally, the placement of the Jockey-Fit Testing Battery in a jockeys
racing season is an important consideration for practitioners. Acute exposure to
intense training or competition (Drinkwater et al., 2008) or rapid weight loss as

occurs frequently (Dolan et al., 2013) can negatively affect testing performance.

6.7 Conclusion

When investigating test-retest reliability of the Jockey-Fit Testing Battery, absolute
agreement was achieved for the sit and reach test, the torso side bridge tests (left
and right), the revised push up test and the WattBike 3-minute test (MMP and
estimated VO02max). The aforementioned tests can therefore reliably detect change
in athlete performance over two testing time points. Relative agreement was
achieved for the IMTP. The IMTP has the ability to rank jockeys in the same position
over two testing time points but a familiarisation session with jockey athletes is
recommended before the inclusion of the IMTP as an increase in test scores was
observed from test one to test two indicating a potential learning effect. While
relatively reliable, minimising this learning effect may achieve absolute reliability.
Tests included in the Jockey-Fit Testing Battery are both statistically and logically valid
to test jockey specific fitness attributes. In conclusion, the Jockey-Fit Testing Battery
is valid and can reliably rank order participants, across two testing time points while
it also displays the sensitivity to detect small changes in individual athlete
performance for flexibility, muscular endurance, torso stability, MMP and estimated
VOamax. With little research in performance related metrics for jockeys in horse
racing, future studies should investigate criterion validity of the tests within the
Jockey-Fit Testing Battery and associations with key performance indicators in horse

racing.
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6.8 Practical applications

While the focus of S&C programming for jockeys should be on improving riding
performance and not just specific fitness testing scores, the Jockey-Fit Testing Battery
can be used to evaluate the effectiveness of implemented training strategies in the
industry. Furthermore, it can facilitate the collection of normative data for
professional jockeys across all racing nations and licence types for comparative
purposes. Finally, the Jockey-Fit Testing battery can be applied by medical teams in
horse racing to assess jockey fitness and compare results to baseline measures,
before a jockey returns to racing following injury. Future research may investigate
the development of a pioneering horse racing simulator which exposes jockeys to the
relevant physiological demands of professional racing as recently updated by Kiely et
al (2020b). This may provide a mechanism to design an ecologically valid test of

aerobic and anaerobic fitness in addition to the proposed field tests.
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Chapter Seven: General Discussion and Conclusi
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7.1 Preface

The thesis aimed to investigate the race demands and preparation strategies of
professional jockeys to inform the development of a physical testing battery for the
horse racing industry. To address the primary aim, the thesis was divided into four
distinct but interrelated sections; The review of literature (Chapter Two) provided a
synthesis of jockey research spanning 27 years to initial work by Labadarios et al.
(1993). The following chapter (Chapter Three) included a narrative review on the
application of physiological monitoring tools in a competitive and individual sporting
environments. The first empirical study (Chapter Four) surveyed the physical
preparation strategies of jockeys. The second research study examined the
physiological demands of flat and NH racing over short and long race distances
(Chapter Five). Finally, the third empirical study (Chapter Six) investigated the test-
retest reliability of the Jockey-Fit Testing Battery. The three empirical chapters
provide a complex and multifaceted account of the lifestyle and demands of a
professional jockey while providing scientific evidence and resources to enable
practitioners in the industry to advance the performance and recovery strategies of
jockeys. The findings of this thesis are unique. To the best of the author’s knowledge
study two and four (Chapters Four and Six) are the first studies in their respective
areas while study three (Chapter Five) builds on previous research but provides
specific and novel physiological data for race distance and type. Key findings,
practical applications and future recommendations from the three empirical

research chapters are now presented.
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7.2 Key findings

Chapter Two to Chapter Six provided a multifaceted account of physiological
monitoring tools and known physiological demands of racing in addition to physical
preparation strategies and physical fitness testing for jockeys. The synthesis of
available literature in Chapter Two presented an extensive summation of the athlete,
physiological variables in racing and information which aided research design and
analyses. Highlighted in the review was the potentially important but understudied
relationship between physical preparation and the physiological demands of the

sport.

Given the dearth of information on the performance monitoring of jockeys presented
in Chapter Two, Chapter Three provided a focused review on physiological
monitoring tools which could be applied in the field. There was a dearth of published
research in relation to the application of physiological monitoring tools in
competition with individual sport athletes. A number of monitoring tools including
HR, biochemical monitoring and subjective responses were identified reliable and
valid data for experimental purposes including exercise dose responses, exercise
intensity and exercise performance. Practical application by the practitioner in the
elite environment requires attention. The monitoring tool should be user friendly and
time efficient while also ensuring it does not negatively affect the athlete’s pre-
performance routine. If the device is to be worn during completion, it should be
comfortable for the athlete and be permitted to be worn by the regulatory
authorities. The selection of monitoring devices for data collection in Chapter Five

were informed by these findings.

Chapter Four investigated the physical preparation strategies of professional jockeys
using a purpose designed questionnaire. The questionnaire explored physical
preparation strategies under four headings: a) background information; b) making
weight and currently associated exercise habits; c) current physical activity habits;
and d) the practice and perceptions of S&C. The main findings of the study revealed
that jockeys time is invariably limited, with long working hours (34 + 14 hours) in

addition to time spent racing each week. Over half of the surveyed population (55%)
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were experiencing difficulty making weight, a finding that is commonly reported in
the previous literature (Waldron-Lynch et al., 2010; Warrington et al., 2009; Wilson
et al., 2014b). NH jockeys reported losing significant greater body mass (2.0 £ 0.1 kg)
than their flat racing counterparts. As regard exercise habits, over three quarters of
jockeys reported partaking in exercise in addition to ‘riding out’ in which
cardiovascular training was the most commonly reported method to manage body
mass, which is in agreement with previous research (Labadarios et al., 1993). Further
analysis of exercise habits is warranted with specific reference to recreational
exercise versus exercise for performance and weight loss. Of the 42% of jockeys that
reported participation in S&C, 33% (n=12) use HIT training. In contrast to low
reported participation rates in S&C, 76% of the surveyed jockeys conveyed that they
would welcome S&C support. It is imperative to ascertain the physiological demands
of racing for both flat and NH jockeys in order to implement appropriate S&C
interventions. With an evident paucity of performance orientated research, Chapter

Five investigated the physiological demands of racing for both flat and NH jockeys.

It is 25 years since Trowbridge et al. (1995) highlighted the lack of appropriate
literature on the physiological demands of professional jockeys. Only two studies
have since been published detailing the physiological demands in flat racing (Cullen
et al., 2015; O’Reilly et al., 2017). No study has since been published concerning
professional NH jockeys. Given the evident gap in the literature, we sought to
investigate the physiological demands of flat and NH racing over two course distance
short and long race distances (Chapter Four). Additionally, the study also investigated
hydration status and perceived exertion. There was no significant difference between
the hydration status of each jockey recorded before flat and NH racing which is a
novel finding for the literature and unexpected given the lighter racing weights of flat
jockeys. The temperature and humidity were significantly higher during the flat
racing data collection in line with expected seasonal differences although these did
not appear to alter jockey’s physiological responses. While NH jockeys reported
significantly greater body mass losses prior to racing (Chapter Four), it did not appear
to manifest itself in hydration status. The main finding of study three found no

significant difference (p < 0.05) between flat and NH racing or any race distance
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when analysing peak HR or peak blood lactate concentration. However, longer races
were associated with greater perceived exertion with a significantly higher RPE
reported for the long NH races. The mean HR in the long NH race (151 + 19 b'min?)
was significantly lower than the mean HR reported in all other race distances for
professional jockeys. High physiological output was reported across all race distances
with peak HR found to be similar to previously reported values in flat racing (Cullen
et al., 2015; O’Reilly et al., 2017) and NH racing (Trowbridge et al., 1995). Results of
the studies suggest jockeys experience high metabolic demands in racing with
contribution required from both the aerobic and anaerobic systems but this is not
accompanied by participation in exercise or training activities that replicate the
demands of racing. While the steady state nature of ‘riding out’” may improve a
jockeys aerobic capacity, it does not prepare jockeys for the demands of racing. HIIT
elicits a superior response for both VO, and HR (Astorino & Schubert, 2014) in
comparison to steady-state endurance training undertaken during ‘riding out’ (Kiely
et al.,, 2019a; Scharhag-Rosenberger, Walitzek, Kindermann, & Meyer, 2012).
Additionally, HIIT training will improve both aerobic and anaerobic capacities (Facey
et al., 2013; Foster et al., 2015). Suggestions to prescribe a HIIT intervention with
jockeys is in alignment with previous research in the area (Cullen et al., 2015). Tests
to examine the effectiveness of relevant training interventions are also called for
(Cullen et al., 2015). Study four (Chapter Six) focused on the development and test-

retest reliability of the Jockey-Fit Testing Battery.

A novel step in the development phase of this thesis was the formation of the testing
battery for jockeys. Currently no field test battery exits for professionals to assess
jockey fitness or evaluate specific training interventions. Simulator based tests
(Cullen et al., 2015; Wilson et al., 2013) and laboratory based maximal aerobic tests
(Cullen et al., 2015; O’Reilly et al., 2017) have been utilised while field tests of
flexibility, isometric strength and balance (Hitchens et al., 2011a) have also been
investigated with jockeys. However, the validity and feasibility of some tests for a
jockey cohort were questioned with regard to specificity and relevance of tests with
regard a jockeys riding position. Furthermore, no reliability analysis on a physical test

or a battery of tests with a jockey cohort has been provided in the literature. In the
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absence of appropriate, reliable and sensitive tests to ascertain jockey specific
conditioning and fitness, the Jockey-Fit Testing Battery was developed. Flexibility,
isometric strength, upper body muscular endurance, torso stabilisation and aerobic
fitness were identified important physical parameters for racing following an
extensive review of the literature however there is scope to investigate the criterion
validity of these parameters to racing. Tests were chosen for inclusion in the
reliability study based upon an existing body of literature on the reliability of the test,
the validity of the test to measure a variable relative to horse racing and feasibility
and robustness of the test to be implemented as part of a larger battery within the
horse racing industry. Tests that achieved the pre-determined minimum acceptable
reliability criteria (ICC > 0.7) were the sit and reach test, IMTP, torso side bridge tests
(left & right), revised push up test and Wattbike 3-minute test (VO2max& MMP). While
IMTP was reliable to rank the jockey population over two testing days, it is suggested
that practitioners run a familiarisation trial to minimise any potential learning effect
which is common in fitness test reliability research (Lubans et al., 2011). This may aid
the achievement of absolute reliability for the IMTP. All other included tests
demonstrated absolute reliability to detect change in performance between tests.
The Jockey-Fit Testing Battery is a reliable field testing battery for jockey athletes and
can be used in the horse racing industry to assess jockey fitness, monitor the success
of specific fitness interventions and profile physical fitness parameters on a national
and international basis. Future research is encouraged in the development of an

ecologically valid simulator based fitness test.

7.3 Practical applications

The main findings of this thesis have important practical applications for practitioners

working with jockey athletes. These applications can be summarised as followed:

A large majority of jockeys (88%) agree that S&C can improve riding performance yet
less than 50% of jockeys partake in S&C. Educational interventions on the benefits of

S&C for both riding performance and making weight should be provided by the
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governing authorities. The major reason cited for non-participation in S&C was
insufficient time. Consequently, when programming, practitioners should apply a
multi-faceted approach which accounts for the jockey’s lifestyle, work and racing
commitments when deciding upon exercise loading strategies.

S&C coaches should consider and provide training stimulus which exceeds the
minimum reported values for blood lactate concentration and mean HR values
witnessed in both flat (blood lactate > 8.2 mmol-L?, HR > 79% of lab HRpeak) and NH
(> 7.4 mmol-L'Y, HR > 93% of lab HReak) racing. All jockeys can be exposed to similar
intensities of additional training outside of riding related work. While all races expose
jockeys to near maximal intensities in HR and blood lactate concentration, particular
attention should also be given to the duration of races with subjective reports
indicating increased exertion in longer races.

HIIT training has been proposed as advantageous to improve jockey performance
which reinforces previous recommendations in horse racing (Cullen et al., 2015).
Thirty percent of jockeys indicated that they would have a preference for boxing type
classes. High intensity boxing intervals may be utilised as an alternate form of training
to expose jockeys to the required high intensities of racing.

Prolonged isometric squatting positions for relevant durations culminating with short
high-intensity pushing activities may contribute to the high HR and metabolic drive
observed in racing. Over 50% of the physiological demand in dingy sailing has been
cited to be from a quasi-isometric response to the isometric sailing position
(Spurway, 2007). While the quasi-isometric response hasn’t been quantified in horse
racing, it is hypothesised to be present and therefore isometric training should be
practiced.

The Jockey-Fit Testing Battery can be used to profile jockey fitness with both Irish
and international jockeys. Additionally, it can provide an assessment tool to monitor
jockey specific fitness interventions. There is scope for medical teams in horse racing
to utilise the Jockey-Fit Testing battery to determine an athlete’s fitness against
baseline measures following injury. This objective assessment can aid decision

making by medical staff as part of the existing return to ride protocols.
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7.4 Limitations

This thesis was completed following a systematic four step plan including a narrative
review and 3 empirical research studies. While specific limitations have been
declared in each empirical chapter (Chapter Four, Five, Six), further limitations should

be noted when interpreting the results of this research:

Study two (Chapter Four) utilised a questionnaire (see appendix B) to report the
physical preparation strategies of jockeys. While steps were implemented to
enhance the validity (Delphi method - appendix A) and reliability (semi-structured
interview style) of the questionnaire, data were not verified a second time to ensure
the accuracy of a jockey’s recall. A form of qualitative research such as interviews
may provide more in-depth information on the physical preparation strategies of
jockeys with particular reference to a jockey’s rationale for adopting additional
exercise strategies.

The aim of study four (Chapter Six) was to provide a valid and reliable physical fitness
testing battery for the horse racing industry. Tests were deliberately restricted to
those that could be administered with robustly constructed and transportable
equipment. As a consequence, sensitive pieces of equipment that may be more
accurate were not used in this research study such as force plates for the
measurement of IMTP and lab based gas exchange systems for the measurement of
aerobic power. A Watt Bike was used to assess aerobic power. A horse racing
simulator would provide a more ecologically valid method to assess this, however
current simulators do not expose jockeys to relevant physical stresses or provide
physiological feedback without the addition of expensive gas exchange systems.
The sample in study four (Chapter Six) (n=20) was small, had a narrow age range (17.3
+ 1.3 years) and were in an early career stage (trainee jockeys) when compared to
professional jockeys. A larger sample size would facilitate greater reliability with
further precision and statistical power. Trainee jockeys have previously been
reported to be significantly younger with a greater aerobic capacity than apprentice

jockeys who compete in professional races (Cullen et el., 2015). Results, therefore
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cannot be generalised to accurately form a representation of professional flat or NH

jockeys.

The reliability study in Chapter Six was administered by four trained testing assistants
with a minimum of an undergraduate qualification in a sport science related field.
Protocols as described were followed exactly. It is plausible that if future
administrational procedures by practitioners are altered, it may reduce the test-
retest reliability of the Jockey-Fit Testing Battery. While the revised push up test has
demonstrated inter-rater objectivity (Baumgartner et al., 2002), inter-rater reliability

was not investigated in the included tests.

7.5 Future recommendations

The current literature on the physical performance of professional jockeys is limited
and the scope for further research is vast. Determining the physiological demands of
riding requires a mixed approach of field and laboratory testing (Flood, 2018). The
following suggestions for future research directions are linked to limitations in both

research and practice that have been identified throughout the thesis.

Jockeys often partake in cultural and archaic methods to prepare for racing
(Warrington et al., 2009; Wilson et al., 2015). There is scope to investigate the effect
of culture and tradition on the preparatory strategies and performance related habits
of current jockeys.

Educational interventions for jockeys regarding physical preparation methods are
warranted. Follow up research should investigate the effectiveness of these
educational interventions on the physical preparation strategies of jockeys and
adherence to S&C.

While S&C practices have been widely investigated for most individual and team
sports, specific research is required to establish the current practices of S&C coaches

working with jockeys.
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Jockeys reported working a high number of hours (34 + 14) in addition to completing
numerous races per week (6.9 + 6.4) with no specific off season. Future research
should investigate the feasibility of jockeys accessing S&C services and implementing
S&C into their working and racing schedule in conjunction with sport nutrition and
sport psychology support services.

The influence of a quasi-isometric is proposed to account for half the metabolic
demand of dingy sailing (Spurway, 2007). Comparatively jockeys sustain a prolonged
isometric contraction while adopting a semi-squat riding position. In addition, high
peak HR and blood lactate concentrations have now been identified in flat and NH
racing however, the contribution of a prolonged isometric contraction to the
physiological outcomes experienced by jockeys is not well understood and warrants
investigation.

A longitudinal study design should be implemented to identify the effectiveness of a
jockey specific training intervention on physical performance outcomes using the
Jockey-Fit Testing battery.

Despite positive steps with the formation of the Jockey-Fit Testing Battery, future
studies should look to establish criterion validity of the tests within the battery. To
advance the Jockey-Fit Testing Battery, an ecologically valid fitness test using a
specifically designed horse racing simulator should be explored. Validity of the
simulator based test should be assessed against the relevant physiological demands
of racing as denoted in this thesis.

Research may look to associations between physical testing scores and an objective
measure of race riding success. A follow up randomised control trial could then be
administered to investigate the outcome of a specific intervention on variables

where an association was identified.

7.6 Conclusion

The thesis has contributed several original findings to academia and practice in an
area that has been largely ignored. It has been determined that jockeys are exposed

to high mean and peak HR values in both flat and NH racing over short and long
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course distances. The duration and intensity of racing indicate that both the aerobic
and anaerobic energy systems contribute to the overall energy demand (Cullen et al.,
2015; Trowbridge, 1995). This knowledge is now strengthened with this research and
the addition of high post-race blood lactate concentration values for professional flat
and NH races which was consistent to all race distances. It is plausible that similar
training intensities can be employed with both flat & NH jockeys for specific race
durations. Furthermore, this body of work suggests that jockeys are not sufficiently
prepared to meet the demands of racing with limited exposure to high intensity
training in ‘riding out’ or S&C. Given the specific high intensity demands denoted,
HIIT training may be advantageous to jockeys in addition to the steady state aerobic
work experienced while ‘riding out’. The Jockey-Fit Testing Battery is a valid and
reliable platform to assess future training interventions to assess jockey’s fitness
while also facilitating fitness profiling on a national and international level.
Collectively the results of this thesis have important messages for physical
performance practitioners and governing authorities in horse racing. Jockeys are
required to exhibit high intensity efforts multiple times a day, several days a week
but are not preparing to meet these demands outside of racing. It is plausible that
with specific training interventions at advised intensities that jockeys can enhance
both their aerobic and anaerobic capacities leading to an improvement in
performance and reduction in injury as a result of falls. The thesis comprises the first
peer-reviewed research that concurrently investigated the relative racing demands
for professional jockeys and jockey’s physical preparation strategies for professional

racing.
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Appendix A. Delphi method and expert scoring rubric for questionnaire validation in Chapter Three.

Delphi Method & Scoring

Study Title:

The goal of this process is to establish 2 valid guestionnaire using the Delphi technique. You have been chosen as anexpert in the field to physical preparation behaviors of Jockeys
audit cur questionnaire. You are asked to review and score each question on its relevance to the relevant section aim(s) using the 0-10 Study Aims:
point Likert sc3le balow.

Scoring Round 1 The &im of this survey is to investigate the current exercise practices of jockeys in addition to the current knowledge of jo ckeys surrounding strength & Conditioning.
*Following analysis of the udit from all exparts, quastions will be acoepted for the final questionnaire with an average of 70% acceptance SEELIA RIS

or greater. Form descriptive background profiles that may inform exercise trends.
*Questions will be rejected from the questionnaire if they sverage 30% or below.

= W ask that if you score & question &, 5 or 6 out of ten that you plezse provide an alternative question or an amendment yo u would Is;:lt‘:fnv ;?:?::rl::mc must lose weight rapidly consider exarcise 35 a mods to do 50,

make to the current question to improve its strength in relation to the section aim. This can be done inthe comment box on t he right ¥ BN FapIcly .

hand side of the Likert scale. Comments will be used as a basis to update the relevant questions. Only updated versions of t hese section 3 Objectives:

T e T i ST S S T b i A ldentify jockey exercise practices while quantifying weekly load using an sRPE model. B} Identify ressons that some jockey s may not exercize C) Gain an understanding of jockey warm up practices
Scoring Round 2

Section 4 Objectives:
» amended quastions will be sent out to experts for round two of the Delphi process. Only questions that receive 2 70% averag e or higher e === e e
will be accepted for the final questionnaire. All other questions will bz rejected at this point and the final questionnaire will be formed . N
with the indp:xsian DfBCEEp‘IE: guestions from round fand z : = : EERTLI IR =
. Increzse an understanding around what strength & conditioning services jockeys would ke made available in addition to how b est these services are deliversd.

Comment box
Section 1 Cluestion 1 Cluestion 1
Cuestion 2 Cuestion 2
Guestion 3 Cuestion 3
Cluestion 4 Cluestion 4
Cluestion 3 Cluestion 5
Cuestion B Cluestion &
Cuestion 7 Cuestion 7
Cuestion 8 Cuestion &
Cuestion 3 Cuestion 3
Cuestion 10 Cuestion 10
Huestion 11 Ouestion 11
Section 2 Cluestion 12 Cluestion 12
Cuestion 13 Cuestion 13
Qusstion 14 Cuastion 14
Section 3 Cluestion 15 Cluestion 15
Cuestion 16 Cuestion 16
Guestion 17 Cuestion 17
Guestion 15 Cuestion 15
Question 13 Guestion 13
Section 4 Cluestion 20 Cluestion 20
Cuestion 21 Cluestion 21
Cluestion 22 Cluestion 22
Ouestion 23 Cluestion 23
Section 4B | Question 24 Cluestion 24
Cuestion 25 Cuestion 25
Cuestion 26 Cuestion 26
Cuestion 27 Cluestion 27
Cluestion 28 Cluestion 28
0 1 2 3 4 5 [ 7 g El 0]




Appendix B. Questionnaire for Chapter Three.

Subject information sheet

Thank you for your interest in this research

The aim of this survey s to Investigate the current training practices of professional jockeys in addition 10 the current knowledge of
Jockeys g strength & Ct 1ing. There are 28 questions in the survey, which Inciude both open and ciosed ended
questions. These questions are broken into five sections; 1) Background information, 2) Making weight, 3) Current exercise habits, 4)
Knowledge & practice of gth & Ci g, 5) gth & C g services. Please try and answer each queston
thoroughly and honestly. This data will have a positive impact on future jockey prep and the to

you. All resuits will be coded and made anonymeous when used for publication or presentation.

As a partcipant in the survey you have;
1) The nght to non-participation and the right 1o leave the study at any tme.
2) The right to anonymity meaning your name will not be used for any part of the study,

3)  The right 1o confidentialty with only the researcher and his supervisor (Dr. Sarahjane Culien) having access to study Information
and data.

4) The nght 1o expect that the pnmary 5

and well g In all of his actons.

if participants have concems about this study and wesh 10 contact an independent person, please contact:
Kely, of the Ethics at Instinste of ®)

¥
Kind regaras,
Michael Kiely

Turf Club Ph.D. Researcher,

Waterford Insstute of Technoiogy.

Phone: 0876136407

Email: Mikeyioely@hotmail.com Twitter: @mikeykiely_

Informed Consent

Dear pamicpant,

Piease ensure e following Stalements are correct.

@ 1 have read and understood the subject information sheet.

@ | understand what the project is about, and what the results will be used for.

@ | currently hold a professional jockey licence

@ 1 know that my particpation s voluntary and that | can withdraw from the project at any stage without giving any reason.

@ | am aware that my results wil be kept confidential.

Subject's name:

Subject's signature:

Parent's signature (i under 18)

Researcher's signature:
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8. What county do you currenty live in?

9. How long do you typically spend commuting to work on a NON racing day (minutes)?

1. Background Information

1. Are you
[] mate || |
D Female

10. During the racing season how many hours per week on average do you typically spend completing
riding and yard work?
2. What age are you in years? " |

H |

3. What category of licence do you race under mostly?

D Professional Flat licence

[“] Professional Jump licence

4. What are you claiming off?

] ot
HELS
] sts
[] 7w
[] 1oms

5. How many years have you held your racing licence?

I !

6. How many winners have you had?

| |

7. During the season how many races do you typically have per week?

15

£-10

1115

16-20

214
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2. Making weight

11. Do you ever have difficulty making weight?
If you answer no please skip to section 3.

() Yes
No

(_ Other (piease specty)

12. How much weight (Ibs) do you typically lose to achieve your common racing weight?

13. How often must you rapidly reduce weight to make weight?

Dally
(7 2-3times a week
[ Once aweek
2 -3 nmes a month
once a month

less than once a month

14. Do you exercise to help with rapid weight loss for racing?
No
Yes with sweat suit

Yes without sweatsuit

3. Current Exercise Habits

15. Do you exercise outside of riding?
If you answered yes please skip to question 17.

Yes

No

16. Why do you not exercise outside of riding ? Please tick the most relevant answer for you. Once
answered please skip to question 18.

( 1 don't have time
(, 1am woa tired following work
| am not aware of classes/ finess trainers in my locality
( 1am ftenough from rding out
| can't afford It
(7 Exercise will lead me 1o put on weight'muscie mass

Other (piease specty)

1

17. Please list any exercise activities or sports you participate in weekly during the season?

Please also include the sRPE of this activity as shown on the RPE chart and typically how many times a
week you compiete this activity.

Exercisel SRPE/ Times
per week completed " I

Exercise/ SRPE/ Times

Exercise/ SRPE/ Times
Ptk coniond | |
Exercisel sRPE/ Times

Exercisel SRPE/ Times
per wesk completed II I
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18. Do you wam up before a race?

If you answered no, please move to question 20.
Yes

No

19. Please tick any of type of activity you complete as part of a warm up before racing? Please also

indicate the time you spend at this activity.

0-5mins &-10mins
Light aerabic
exsrcse (2.9 Joggng)
Statkc Stretching
(e.g Hamstring stretch g )
for 10-30 secs)
Dynamic Stretching (e.g
Walking lunge held for
1-3 seconds)
Foam Roiling ( D]
Glue activaton

BXEfCISes using
resistance hands

Massage/Physiotherapy )

Other (please also specify time)

L

4. Knowledge and practice of Strength & Conditioning

20. According to the English Institute of Sport, Strength and Conditioning (S&C) is more than just lifting
weights" Have you previously heard of the term or engaged in ‘Strength & Conditioning*?

If you answered no, the questionnaire has now ended and we would like to thank you for your time.

Yes

21. Strength & Conditioning can:

| agree | neither agree or disgree | disagree

Improve your nding
performance

Reduce the risk of injury

Slow your movement
dawn

Help you positvely
manage your weight

Improve your bone
health

Make you 100 heavy

Improve your balance ~
and overall coordination

Improve your rding
posture

Improve your general
and spacific strength

Improve your general
and specific endurance




22, Why do you NOT engage in Strength & Conditioning more regularly ? Please tick the most relevant
answer for you.

(| panake in Strength & Conditioning reguiarly (once a week or greater)
| don't have time
( | am too tired following work
| am not aware of classes! filmess trainers in my locality
1am ft encugh from riding out
| can't afford it

| don't have access to strength & C

[ Other (piease specty)

23, If you engage in Strength & Conditioning regularly which of the following do you engage in most
frequently? If you don't engage once a weak or greater please skip to question 24.

(7 Weights training (e.g squatsiench press)
High intensity interval training (e.g body weight circuit)
Cardic training (e.g jogaing)

[ Flexbllity training (e.g stretchingftoam ralling)

(7 Oftner (piease specty)

24,

25.

What type of Strength & Conditioning class would most appeal to you?
Strength based classes (e.g Ifing weights)

Cardio based classes (.0 spin)

Boxing classes (e.g spamng)

Circult classes (e.g high intensity body weight exercise)

Flexibllity classes (e.g stretching)

Injury pr ! (eg g exercises that reduce njury)

Falls training classes

Other (pisase specty)

Why would this type of class appeal to you?

26.

27.

Where do you source information about Strength & Conditioning practices?
| don't sowrce Information about strength & conditioning

Books

Intemet

Personal Traner! Strength & Condtioning Coach

Friends

Other Jockeys

The Jockey Pathway (Horse Racing Ireland)

Other (piease specty)

Would you like more information made available to you about strength & conditioning?
Yes

No
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ZB.1f you answered yes, how would you most Tike to receive this information?

Emaill

S&C classes

Online wideos

Fact sheet

A jockey specific training app

Lectures or seminars

One on one consultation with a strength & conditioning coach
Infographics

Other (please specty)
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Appendix C. Participant information sheet and informed consent
forms for chapter Three.

(, Waterford Institute of Technology
AN g INSTITIUID TEICNEOLAIOCHTA PHORT LAIRGE

L

EEE
“Physical preparation Strategies of Jockeys”
Participant Information Sheet

Primary Researcher: Michael Kiely (MSc.)

The aim of this questionnaire is to investigate the current training practices of jockeys
in addition to knowledge surrounding strength & Conditioning. There are 28
guestions in the questionnaire, which include both open and closed ended questions.
These questions are broken into four sections; 1) Background information, 2) Making
weight, 3) Current exercise habits, 4) Knowledge & practice of strength &
conditioning. Please try and answer each question thoroughly and honestly. This data
will have a positive impact on future jockey preparation strategies and the resources
available to you. All results will be coded and made anonymous when used for
publication or presentation.

As a participant in the survey you have;

The right to non-participation and the right to leave the study at any time.

The right to anonymity meaning your name will not be used for any part of the study.
The right to confidentiality with only the researcher and his supervisor (Dr. Sarahjane
Cullen) having access to study information and data.

The right to expect that the primary researcher is responsible and well-meaning in all
of his actions.

Benefits of participation

The benefits to you of participating in this study are receiving personal feedback
physical preparation strategies for racing. This information can inform your daily
training regimes to improve your fitness over multiple rides in competitive meetings.
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Potential risks to participants from involvement in the research study

All information gathered during this data collection period will be confidential. There
are no physical requirements which may cause harm or injury.

Further Information:

As a participant in this study you have the right to withdraw from the study at any
time. The findings of this study may be published but your name will not be used in
any publication or presentation. You will be supplied with a full copy of your results
following analysis. If you have any concerns about this study and wish to contact
someone independent from the study, you may contact:

Suzanne Kiely,

Secretary to the Ethics Committee,
Cork Road,

Waterford Institute of Technology,
Co. Waterford.
mailto:skiely@wit.ie
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Waterford Institute of Technology
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Informed Consent Form

Investigators involved: Dr SJ Cullen & Dr Giles Warrington (Jockey Research Project
Coordinators), Michael Kiely (IHRB Research Fellow), Dr Adrian McGoldrick (Chief Medical
Officer IHRB).

“Physical preparation Strategies of Jockeys”

Without knowing the physiological preparation strategies of flat and national hunt
horse racing, difficulty arises when suggesting training practices for jockeys. Your
participation in filling in a questionnaire as detailed above. The information will be

used to inform the physical preparatory strategies of current and future jockeys.

| have read and understood the subject information sheet.

| understand what the project is about, and what the results will be used for.

| understand | must currently hold a professional jockey licence

| have completed the pre-test screening form.

| know that my participation is voluntary and that | can withdraw from the project at
any stage without giving any reason.

| am aware that my results are confidential.

Subject’s name:

Subject’s signature:

Parental Signature (if under 18
years)

Date:

Experimenter’s signature:
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Appendix D. Participant information sheet, and informed consent
forms for chapter Four.

Waterford Institute of Technology

e 7z INSTITIUID TEICNEOLAIOCHTA PHORT LAIRGE

“Physiological demands of professional Flat and National Hunt Horse Racing”

Participant Information Sheet

Primary Researcher: Michael Kiely (MSc.)

The aim of this study is to investigate the physical demands that are placed on a
jockey over a short and long race. Testing involves a preliminary test and the physical
monitoring of two races;

Participant requirements:

You will be required to attend RACE on one occasion before race day to perform a
maximal treadmill running test (30 minutes in total). From this we will record your
maximal HR and maximal lactate values. On race day, a urine sample will be provided
to measure your hydration status and your blood lactate will be measured via a small
blood sample from a pin prick to the ear lobe. This will take a maximum of 5 minutes
before each race. During racing your heart rate will be measured with a lightweight
strap positioned around your chest. Post-racing tests include lactate measurement
and you will be asked to provide a perceived exertion score from the race. Again this
will take a maximum of 5 minutes after each race.

Participant Responsibilities

Your health status or previous experiences of heart-related symptoms with physical
effort may affect the safety of your exercise test and must be reported by you to the
chief investigator. The quick reporting of these and any other unusual feelings with
effort during the exercise test itself is of great importance. You are responsible for
fully disclosing your medical history, as well as symptoms that may occur during the
test and any medication you are currently taking
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Benefits of participation

The benefits to you of participating in this study are receiving personal feedback on
your hydration status before racing in addition to feedback on your physiological
performance measures during racing. This information can inform your daily training
regimes to improve your fitness over multiple rides in competitive meetings.

Potential risks to participants from involvement in the research study

All procedures involved in this study are standard practice when working with
healthy male athletes. In the unlikely event of an injury, first aid will be administered
and emergency services will be contacted if necessary. Muscle soreness may be
experienced following the maximal test running protocol.

Further Information:

Any questions about the procedures in this study are encouraged. Information, which
you possess, about personal health status or previous unusual feelings surrounding
physical effort may affect the safety and value of your participation. Your prompt
reporting of such feelings are of great important to us. As such you are fully
responsible to disclose such health related information to the testing staff.

As a participant in this study you have the right to withdraw from the study at any
time. The findings of this study may be published but your name will not be used in
any publication or presentation. You will be supplied with a full copy of your results
following analysis. If you have any concerns about this study and wish to contact
someone independent from the study, you may contact:

Suzanne Kiely,

Secretary to the Ethics Committee,
Cork Road,

Waterford Institute of Technology,
Co. Waterford.
mailto:skiely@wit.ie
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Informed Consent Form

Investigators involved: Dr SJ Cullen & Dr Giles Warrington (Jockey Research Project
Coordinators), Michael Kiely (IHRB Research Fellow), Dr Adrian McGoldrick (Medical Officer
IHRB), Dr Jennifer Pugh (Chief Medical Officer IHRB).

“Physiological demands of professional Flat and National Hunt Horse Racing”

Without knowing the physiological demands of flat and national hunt horse racing,
difficulty arises when suggesting training practices for jockeys. Your participation in
this study involves preforming an initial maximal running test. On race day your urine,
heart rate and blood lactate concentration will be monitored during a short and long
race for your discipline. The information will be used to inform the physical

preparatory strategies of current and future jockeys.

| have read and understood the subject information sheet.

| understand what the project is about, and what the results will be used for.

| understand | must currently hold a professional jockey licence

| have completed the pre-test screening form.

| know that my participation is voluntary and that | can withdraw from the project at
any stage without giving any reason.

| am aware that my results are confidential.

Subject’s name:

Subject’s signature:

Parental Signature (if under 18
years)

Date:

Experimenter’s signature:
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Pre Test Screening Form
“Physiological demands of professional Flat and National Hunt Horse Racing”
Any information obtained from you will be treated as confidential

Please tick appropriate box

Yes No

Has the test procedure been fully explained to you?

Has your doctor ever said that you have a heart condition and that

you are unable to do certain activities

Do you feel pain in your chest when you do physical activity or

when at rest?

Do you have a bone, joint or muscle injury that could be made

worse by a maximal exertion of effort?

Is your doctor currently prescribing drugs for your blood pressure

or heart condition?

Do you know of any other reasons why you should not undergo

physical activity? This might include severe asthma, diabetes, a

recent sports injury, or serious illness.

If you have answered NO to all questions then you can be reasonably sure that you can take part in

the physical activity requirement of the test procedure

I declare that the above information is correct at the time of

completing this questionnaire

Please Note: If your health changes so that you can then answer YES to any of the above questions,
tell the experimenter/laboratory supervisor. Consult with IHRB doctor regarding the level of

physical activity you can conduct

Signature of Experimenter........cccoecveeevevereeeceenns Date ....../....f ..



Appendix E. Participant information sheet, and informed consent
forms for Chapter Five.

Waterford Institute of Technology
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“Design and Test-Retest Reliability of the Jockey-Fit Testing Battery.”

Participant Information Sheet

Primary Researcher: Michael Kiely (MSc.)

The aim of this study is to investigate the test-retest reliability of a physical testing
protocol for jockeys. Each participant is required to perform the same physical testing
battery on two separate occasions separated by one week. Each testing day will be
approximately 90 minutes in duration. On testing day, height and weight will be first
recorded. Your flexibility will be measured using a sit and reach test. Your strength
will be measured using a push up test and a mid-thigh pull with a dynamometer while
you core endurance will be monitored with the McGill torso test. Finally, your fitness

level will be measured with a 3-minute watt bike test.

The benefits to you of participating in this study are receiving personal feedback on
your physical performance. This information can inform your daily training regimes
to improve your fitness for riding. In addition, your participation will help form a
testing protocol which will provide professional jockeys with feedback on their

physical performance metrics.

All procedures involved in this study are standard practice when working with
healthy athletes. In the unlikely event of an injury, first aid will be administered and

emergency services will be contacted if necessary.
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Further Information:

Any questions about the procedures in this study are encouraged. Information, which
you possess, about personal health status or previous unusual feelings surrounding
physical effort may affect the safety and value of your participation. Your prompt
reporting of such feelings are of great important to us. As such you are fully

responsible to disclose such health related information to the testing staff.

As a participant in this study you have the right to withdraw from the study at any
time. The findings of this study may be published but your name will not be used in
any publication or presentation. You will be supplied with a full copy of your results
following analysis. If you have any concerns about this study and wish to contact

someone independent from the study, you may contact:

Suzanne Kiely,

Secretary to the Ethics Committee,
Cork Road,

Waterford Institute of Technology,
Co. Waterford.
mailto:skiely@wit.ie

183


mailto:skiely@wit.ie

Waterford Institute of Technology

[ & INSTITIUID TEICNEOLAIOCHTA PHORT LAIRGE

“Design and Test-Retest Reliability of the Jockey-Fit Testing Battery.”
Informed Consent Form
| have read and understood the subject information sheet.
| understand what the project is about, and what the results will be used for.
| understand | must currently be a trainee jockey at RACE academy

| have completed the pre-test screening form.

| know that my participation is voluntary and that | can withdraw from the project at any
stage without giving any reason.

| am aware that my results will be kept confidential.

Subject’s name:
Subject’s signature:

Parental Signature (if under 18
years)

Date:

Experimenter’s signature:
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“Design and Test-Retest Reliability of the Jockey-Fit Testing Battery.”

Pre Test Screening form

Any information contained obtained from you will be treated as confidential

Please tick appropriate box

Yes

No

Has the test procedure been fully explained to you?

Has your doctor ever said that you have a heart condition and that

you are unable to do certain activities

Do you feel pain in your chest when you do physical activity or

when at rest?

Do you have a bone, joint or muscle injury that could be made

worse by a maximal exertion of effort?

Is your doctor currently prescribing drugs for your blood pressure

or heart condition?

Do you know of any other reasons why you should not undergo
physical activity? This might include severe asthma, diabetes, a

recent sports injury, or serious illness.

If you have answered NO to all questions, then you can be reasonably sure that you
can take part in the physical activity requirement of the test procedure

IR declare that the above information is correct at the time of

completing this questionnaire

Date .../ .

Please Note: If your health changes so that you can then answer YES to any of the above

questions, tell the experimenter/laboratory supervisor. Consult with IHRB doctor

regarding the level of physical activity you can conduct.

Signature of Experimenter........cccoceeevveeecveveveenne.. Date .../ o/ ...
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Appendix F. RAMP Warm-up protocol for the Jockey-Fit Testing
Battery

RAMP Warm-up Protocol (Jeffreys, 2007)

Warm-up for the Jockey-Fit Testing Battery

Raise body temperature and increase heart rate

* 5 minute steady jog

Activate Activate key muscle groups

« Owerhead squat {x10 repetitions (reps)}
« Bilateral glute bridge (2x15 second hold)

Mobility and stability focus

* Hip hinge with hands on hips {x10 reps}
« Calf pulse {x10 reps each leg)

* Groin rotations (x10 each leg)

» Chest expansions (x10 reps each arm)

Potentiate Post activation potentiation

« Single leg glute bridge raise (x5 reps each leg)
* Squat jumps {x3 reps)
* Power press up (x3 reps)
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Appendix G. Journal Article: Physiological and performance

monitoring in competitive sporting environments.

Kiely, M., Warrington, G., McGoldrick, A., & Cullen, S. (2019). Physiological and
performance monitoring in competitive sporting environments: A review for elite
individual sports. Strength & Conditioning Journal, 41(6), 62-74.

Physiological and

Performance Monitoring
in Competitive Sporting
Environments: A Review
for Elite Individual Sports

Michael Kiely, MSc,' Giles Warrington, PhD,” Adrian McGoldrick, GMS,? and SarahJane Cullen, PhD'

'Department of Sport and Exercise Sciences, Waterford Institute of Technology, Waterford, Ireland; *Physical
Education and Sports Sciences Depatment, University of Limerick, Limerick, Ireland; and ®Irish Horse Racing
Regulatory Board (IHRB), Kildare Co., Kildare, Ireland

ABSTRACT

THERE IS A GREAT APPRECIATION
FOR THE APPUCATION OF PHY S}
OLOGICAL MONITORING WITHIN
COMPETITION FOR INDIVIDUAL
SPORTS. PHYSIOLOGICAL MONI-
TORING ALLOWS FEEDBACK ON
EXERCISE DOSE-RESPONSE,
EXERCISE INTENSITY, AND EXER:
CISE PERFORMANCE BOTH SUB-
JECTIVE AND OBIECTIVE
PARAMETERS ARE COMMONLY
MEASURED IN THE RELD SPORTS,
BUT RESEARCH INVESTIGATING
THE ACCURACY AND APPLICABIL-
ITY OF MONITORING TOOLS IN A
COMPETITIVE ENVIRONMENT FOR
INDIVIDUAL ATHLETES IS UMITED.
THIS NARRATIVE REVIEW HIGH-
LIGHTS THE STRENGTHS AND
WEAKNESSES OF INDIVIDUAL DE
VICES TO MEASURE A VARIETY OF
PARAMETERS, INCLUDING PHY St
OLOGICAL PERFORMANCE, AND
BIOCHEMICAL AND SUBJECTIVE
PARAMETERS. BASED ON AN
ANALYSIS OF THE EXISTING SCI

Addres correspondence to Dr. Michael Kidy,
Mikeykie yithotmadcom.

ENTIRC UTERATURE, PRACTICAL
APPUCATIONS ARE PROVIDED
FOR COACHES.

INTRODUCTION

thletes are commonly assessed

using a variety of physiological

and performance maonitoring
methods to estimate appropriate train-
ing load, screen for overtraming, and
empower coaches to match training
with the physiological demands of
the sport (64,72,110). Individuals can
respond differently to the same training
or competition stress despite similari-
ties in age, race, sex, and current level
of fitness (12,101). Thus, individual
monitoring of training and competition
dose-response is paramount. Excessive
physical stress induced during training
and competition can result in distur-
bances of peripheral and central re-
sponses, such as muscle soreness,
mood state, biochemical markers, and
neural response times (70). The moni-
toring of athlete activity and training
load can provide essential information
as to whether an individual is meeting
or exceeding optimal functional levels
of stress during training and competi-
tion (98). Monitoring can also inform
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athletes, coaches, and support staff on
how best to alter training practices to
meet competition demands (72).
Internal values require quantification of
the physiological stress placed on the
athlete with the most common meth-
ods to measure exercise ntensity by
the way of heart rate (HR), various
hlood biomarkers, and a rating of per-
ceived exertion (RPE) (30,98). External
values of training and competition use
metrics such as power output via jump
performance or distance covered (in
meters) (124). Physiological (72), bio-
chemical (120), and subjective meas-
ures (99) and jump performance (107)
arcall potential parameters for individ-
ual athlete monitoring; however, their
use n competitive sporting environ-
ments remains unclear and sparsely
rescarched.

Dithculties  arise when monitoring
sports performance during competi-
tion as a result of a vanety of factors,
ncluding ruks  and  regulations,

KEY WORDS:
physiological menitoring: biochemical
jump performance monitoring



environmental conditions, and mdivid-
ualty of dose-response mechansms
within athletes. Sports, such as horse
racing and combative sports, have
strict  weight restrictions  imposed
(35,71,116), which may prohibit the
use of monitoring devices that add
additional weight Environmental con-
ditions ncluding the perceived impor-
tance of the competition may evoke an
anticipatory response for the athlete,
which can have an mfluential physical
motivational, or physiclogical effect
(57). Furthermore, climatic factors,
such as an increase in wind and tem-
perature, can modify mean HR while
monitoring athletes n  competition
(57). Although physiological load 1n
high-intensity sports has proven diffi-
cult to quantify (41), technological ad-
vances in equipment design have made
HR and gobal postioning systems
(GPS) popular methods of tracking
activity profiles in sport (568)
Although HR has been monitored
extensively among individual athletes
in competition (9597,102), there 1s
a paucity of scientific literature relating
to the monitoring of other physiclogi-
cal parameters in competition. As not
all esponses to exervise are physiolog-
ical, the aim of the review was to inves-
tigate common methods used for the
assessment of physiological, perfor-
mance, biochemical, and subjective pa-
rameters  within - & competitive
individual  sporting  environment.
These parameters have been presented
and applied through a multitude of
individual sports assessed in 2 compet-
itive environment: combat sports,
cycling, equine sports, motorsports,
racket sports, water sports, track and
ficld, and weightlifting.

PHYSIOLOGICAL MONITORS

Functional tools that incorporate
physiological feedback are required to
guide traming program design by
determining both dose-response and
intensity of effort during competition
(72). Obtaining physiological data has
become more attainable with the intro-
duction of HR monitors, accelerome-
ters, GPS units, and integrated
technology (IT), which has enabled

sports scientists to take physiological
performance testing from the labora-
tory to the field (66,72). However, pro-
fling physiological and performance
demands within competition can often
prove challenging to quantify because
of the constraints imposed by govern-
ing bodies.

HEART RATE MONITORING

HR monitors are an accessble and
noninvasive tool (102), pimarily used
to record mean and peak HR (35).
Although some individual sports show
a hrge degree of HR varubilty
between and  within - competition,
reaHtime monitoring & important to
estimate the acute physiological load
of the event imposed on the participant
{85). HR is commonly used to measure
exercise intensity by the way of a strap
fitted in line with the sternum (63).
Electrodes placed on the chest show
a mean bias and varibility of less than
1.0 beat per minute (69). HR devices
have heen validated to measure low-
and high-intensity exercises (55). Of
the most common and most accurate
brands, Polar has been reported as
a relisble tool to report mean
HR (55,68).

Several studies have used HR data in
competitive and individual sporting
environments, On and off road com-
petitive cycling (102,122), horse rac-
ing (84,115), Olympic horse riding
{95), competitive sailing, and motor-
sport (25,97) are just some of theindi-
vidual athlete sports that have used
HR as a measure of intensity in com-
petition (Table 1). Although external
environmental factors, such as tem-
perature (51), altitude (28), and over-
training, can affect HR, competition
stress must also be considered.
Increased secretion of cpinephrine
during penods of high concentration
and technical precision is evident
among professional badminton play-
ers (19). This increased hormonal
reaction may instigate an clevated
HR response, more than what is
required by the actual physical effort.
Competing in a dchydrated state,
particularly common in  weight-
restricted sports (27,125127), may
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also influence HR values as a result
of cardiac drift (51). A quasi-sometric
cffect, which is viewed as @ metabolc
reaction to mereased blood flow through
areas of enhanced muscular pressure,
may alo clevate HR (105). This can
ocaur in dingy saling and horse riding
where prolonged isometric stress is
placed on the quadriceps, and an
inaease in HR disproportionate to oxy-
gen consumption i evident Although
specific consideration must be given to
compaition requirements and environ-
mental factors, HR monitors are per-
ceived user fiendly, rdisbke, and valid
to measure exervise intensity response.

GLOBAL POSITIONING SYSTEMS
First establshed for milttary purposes
(29), GPS now offers quantitative data
on the postioning, displacament, and
speed of movement of athldes (38)
the air-, sea-, and land-based environ-
ments  (29). Deferentid  units  with
ground-based reference points were -
tially usad for sporting purposes (29):
however, m modern times, nondeferen-
tial, sadlite-hased devices are proferned
because of reduced device waght and
cost (33).

Validity studies in cycling have found
GPS to be acairate at both mnstant
and varying speed m linesr and nonlin-
car murses (58,130}, dthough GPS has
also been shown to be a valid tool for
measuring total distance I activiies,
such as walking and jogging (33). It is
understood that as nonlinear mnning
and the speed of locomotion increases,
the validity of the masurements
decrease.  Therefore, for  endurance
sports such as long distance munning,
which produce low-velocity  linear
movements, the vaidity of measure-
ments reported can be conadered
acceptable (37,50,61,88,89).

Manuficturers now  produce  devices
that sample position data at 15 Hz; how-
ever, in addition to the sampling fre-
quency, the accuracy of nondeforential
GPS units is alo langely dependent on
satellite signd strength. Highly popu-
lated and partially enclosed arenas have
bem recognized to weaken the GPS sig-
nal to the recaver (533). This may affect



Table 1
Summary table of physiological monitoring took reported from competition in elite individual sports

Parameter measured Devike Research reported from Advantages Disadvantages
Heart rate Heart ate  Road cycling, off road cycling, Validated to measure low-  Temperature and
monitor horse racing, Olympic horse  and high-intensity hydration status may
riding, competitive sailing, exerdse affect readings
motorsport Commonly used in Prolonged isometric
: competition and efforts can elevate
“individual sporting heart rate
environments
Positioning, Global No research & available from  Compact lightweight Not refiable to measure
displacement and positioning  competition with individual  device high-velocity
speed system sport athletes Validity increases over nonlinear movements
longer distances Signal strength
weakens in highly
populated or enclosed
areas
Frequency and Accelerometer Equine; swimming, tennis Validated to measure low- A number of algorithms
magnitude of intensity exarcise exist that make
movement Have been wsedtoassess  comparability of data

sports skills, such as difficult
tennis and swimming Unable to distinguish

strokes between different
types of activity
Not suitable for high-
intensity activities
Heart rate, respiratory  Equivital Horse racing Reports data for up to 50d  Has not been validated
rate, skin Light weight device in sporting
temperature, and environments
core temperature Elements of the device
are not reusable,
which may elevate
research costs
The device is fitted
with a generic szed
belt
Energy expenditure  Actiheart No research is available from  Valid and reliable tool for Individual components
via combined heart competition with individual  activities of low intensity  of the device must be
rate and motion sport athletes Lightweight device calibrated individually
analysis data Contains a rechargeable  Not suitable for high-
battery intensity activities
Heat production, SenseWear  Table tennis Can store data forup to 5d  Not suitable for high-
biaxial acceleration,  Pro3arm Lightweight device intensity activities
and energy band A 15-min
expenditure familiarization period
is required with the
athlete before the
event
(continued)
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Table 1
{continued)

magnitude of
movement
sports such as show jumping, water polo,

and some motorsports. Weakenad sig-
nals can result n miscaloubations in dis-
tance and dsplacement  calculations
within the device (33). To the authors'
knowledge, there is no published GPS
data or results for ndoor ports, whereas
the majority of GPS research investigates
movemants in clite field sports with male
populations. Nondeferential units haye
providad incondusve findings in the
spead and displicement of athletes (33)
with particular rference to sports, which
require @ regular change of vdocity and

direction.

ACCELEROMETERS

The use of aceclerometer-hased devi-
ces has seen a positive advancement in
rescarch (33) with sampling frequen-
cies up to 100 Hz avaiksble from devi-
ces (113). Accelerometers measure
movement of direction in uniaxial
and triaxial planes to indicate fre-
quency, duration, and mtensity of
activity (17,22). Significantly mproved
estimations of energy expenditure (EE)
have now also been developed with
raw acceleration data preferred over
counts data (113), which tracks the
number of times an activity reaches
the desired activity threshold. The
application of accelerometers has been
used in mdividual sport to estimate EE
(128), exercise intensity, and the anal-
ysts of skill in sports such as swimming
(counts data) (31) and tennis (raw
acceleration data) (1).

Accelerometers have been reported to
be a valuable tool for activity measure-
ment in many individual sports,

No research & awibble from  Most common tool

Not vafidated to

Mmmmm reported in the literature mm

outside of individual
mm | mh
Lightweight device ammgn
‘gaters:nplng - loadnm:s
mmmy

ncluding equine (128), swimming  exercise; however, lmitations exist

(20,31), and tennis (1). Validity studies
in physical activity have indicated
moderateto-strong correlations
between  oxygen  consumption and
accclerometer counts (r = 045-93)
(114). However, counts data fail to dis-
tinguish between the types of activity
with particular problems identified in
activities such as cycling and weightlift-
mng where the intensities reported do
not match the movement context of
the activity (78). Raw acceleration data
for sports are thus preferred. Acceler-
ometers have been found to be reliable
for measuring physical activity
between, but not within, devices during
Australian rules games (13); however,
such studies in individual sporting
competitions remain shsent.

The application of accelerometers for
the calculation of exercise intensity
and EE includes a number of lmita-
tions accompanied by analytical chal-
lenges (113). Comparshility of data
collected from sensors worn on differ-
ent pats of the body s & concem
becanse of weak correlations for exer-
cise intensity and EE (109,113). There
i5 also a greater cost and time require-
ment for the analysis of data when
uwsing wrist worn accelerometers
because of the regression equations
required to explain the vanance of met-
abolic cost when recording activity
intensity from other body sites (109).
Further inadequacies exist with varying
thresholds and algorithms used in the
calcdation of intensity by each manu-
facturer (113). Accekmometers are
a valid tool to measure Jow-intensity
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with regard to high-intensity move-
ments and EE calculations for high-
intensity  sports.  Therefore, practi-
tioners should consider the intensity
demands of the sport if considering
the use of sccelerometry.

INTEGRATED TECHNOLOGY

Equivital life monitor. The Equivi-
tal life monitor EQ(2 (EQ02; Hidalgo,
Cambridge, United Kingdom) 15 a com-
bination of sensors worn on a chest
strap that reports HR, themal status,
respiratory rate via chest expansions,
and motion through a trimdal acoeler-
ometer. The lightweight device is
novel and capable of storing and trans-
mitting real-time physiological and
psychophysiological data for up to 50
days (76).

The Equvital has been reported as
a valid and relisble tool for the ambuls
tory monitoring of physidogical -
sponses (76). Liu et al (76) presented
strong correlations between HR, respirs-
tory mte skin temperature, and core
tamperawre usng the Equivital tod,
but EE calculstions can abko be est-
mated. The Equivital has been used in
individual competitive sporting environ-
ments to monitor jockeys (28); however,
to measure EE with this device requires
a preexamination step test, which may
not be sutable for lite athletes.

The wirekss device, which consists of
a textile electrode on a universally
sized belt, is prone to motion-related
disturbances, and this can mhibit R-
wave detection during HR monttoring



(81), which is especially problematicin
a dynamic sporting environment.
Although textile electrodes are used,
it is anticipated that greater comfort
for the wearer can be experienced with
other integrated devices (76). Research
cost is an additional limitation of this
device because neither the dermal
patch nor Jonzh pill, an ingestible cap-
sule, & reusable and therefore makes
the Equivital an expensive research
tool (76). In conclusion, the Equivital
is @ relishle and valid tool for the
recording of low-intensity - activities
(3); however, cheaper altematives
may be avaiable.

Actiheart. The Actheat monitor
(Actiheart; Cambndge Newotechnol
ogy, Ltd, Cambridge, United King-
dom) meassures EE via comhined HR
and mation analysis and can record
physical activity data for up to 21 days.
The Adtheart device weighs 10 g, and
with an mtemal rechargeable battery, it
provides a light weight device to mes
sure physical activity and EE (22). The
device i generally wom on the chest
using clearoardiogram (ECG) pads
and can monitor HR and EE (14).

Although HR can be used to indicate
EE, combining HR and motion analy-
sts may improve the accuracy of EE
cakulations (15,104). The Actiheart is
deemed a valid and reliable tool to
measure EE when walking and jogging
(14). Although it has been used among
individual athletes (129), it was deemed
inaccurate when measuring  higher-
intensity sport as found with both male
and female baskethall players (96).

To improve the accuracy of data anak
ysis, Spicrer et al (104) proposed that
devices are individually calibrated. The
acarate measuement of HR and
motion analysisis critical to myestigate
dose-response relationships of exercise
in competition. As with other devices,
the plcement of accelcrometers may
affect the reliability of data obtained. It
has been presented that the Acthheart
accckrometer underperforms in com-
parison to other accelerometer devices
placed around the hip area with partic-
ular reference  to  higher-intensity

activity, such as level jogging (104).
Tolimit error, the device is best placed
underneath the sternum like Polar de-
vices (15), where less contact may also
be experienced i individual sports of
a contact nature. It is a valid and rebi-
able device for low-intensity activitics,
but further validation & required with
clite athletes in high-intensity sport

SenseWear Pro 3 armband. The
SenseWear Pro 3 armband (Body
Media, Pittsburgh, Pennsylvania) is
a multfunctioning device worn on
the upper arm that can measure heat
production, biaxial acceleration, and
EE (103). The muktisensor device con-
sists of 2 heat flux sensor, galvanic skin
responsc scnsor, @ skin temperature
sensor, and & near-body ambient tem-
perature sensor (74). Using @ 1-minute
epoch, the device is capable of collect-
ing and storing physiological dstaup to
5.5 days (22).

The literature surrounding the device
has validated the arm band to estimate
EE in low-to-moderate free-living
activities (36,43,74); however, it was
recently found that the arm band
underestimates EE when  stepping
walking, and jogging (59,102). In addi-
tion, it is advised that the device is used
to measurce activitics at an itensity
below 10 metabolic  equvalents
(METS) (36). Although exercise-
specific algorithms may improve the
accuracy of the device (59) and the
device has been previously used in
competitive table tennis (103), further
rescarch is required in sports that aver-
age greater than 10 METS. Using the
compendium of physical activity (2),
the practitioner can identify sports that
hold a value of 10 METS or greater
such as track and field, mline skating,
The @m band design makes it light
weight and suitable to be wom in many
sporting environments; however, before
data colkection, it is auggested by the
manufacturer that participants remain
in a scated position for 3 15-minute
familarzation period (59). This would
not be possbke m many competitive
sporting envimnments  where warm-
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ups are prescribed before the mam event.
Consisting of multiple sensors, the deviee
overcomes limitations assocated with
the alculation of EE in singlesensor
monitors (43), but there is a requiranent
br further development of exercise mon-
ttoring models (22). It & unknown if the
device would be relsble outside of the
kiboratory n environments that requine
high-intensity exercise (59.90).

Catapuit Minimax devices.
Although definitions vary, Dellisera
ctal. (33) have defined IT as the inclu-
sion of a GPS unit, HR monitor, and an
accelerometer in @ singular device.
Manufacturers also claim to accurately
report impact forces wsing accelerom-
cter data via g-foree (106). Catapult In-
novations have designed compact,
lightweight, and dursble devices for
impact sports using frequencies up to
15 Hz The MinmaxX series are the
most common tool used in training
and cited in the literature (33).
Catapult has validated ther devices
working with individuals in team
games for long distance, low-intensity
movements (33); however, no such
studies have been published i individ-
ul sports withn competition. It 1
understood that 5 Hz ofier greater
accuracy and reliability when quantify-
ng higher-velocity movements than 1
Hz units (60), but it is not clear
whether the 10 Hz MinimaxX V4.0
device improves accuracy in nonlinear
high-velocity movements in compari-
son to the 5 Hz V2.0 units, both of
which weigh approximately 67 g
{121). When monitoring high-velocity
sprint efforts, it must be considered
that when using IT devices, each cle-
ment of the device must be calbrated
m tangent and on the same timing or
their relisbility and validity may bhe
reduced (633). With regard to collision
parameters, integrated GPS technol-
ogy does not allow for the precise
quantification of mpact forces (106).
For practitioners, there are barriers to
collecting reliable data. Currently, cer-
tzin governing bodies in swimming,
tennis, and certain soccer organiza-
tions prohibit device usage m



competition (33). Even though some of
the soccer-related research is collected
from a competitive environment, there
is @ need for consensus among team-
hased researchers for intensity and
workload markers, which may aid vali-
dation of the tools for all sports (29). In
summary, the ltemture surrounding
HR, GPS, accelerometers, and IT is
dommated by 2 domans: low-
intensity physical activity research in
normal populations and elite male ath-
letes in various soccer codes (29). Much
rescarch is therefore required n high-
intensity activities and individual sports.

BIOCHEMICAL MONITORING

BLOOD LACTATE

Blood lactate concentration [La ], val-
ucs have been previowsly recorded as
an ndicator of metsholic fatigue in

ndividual sports in elite and subclite
categorics (Table 2) (39,118,120). In
addition to monitoring fatigue, blood
lactate has been used to analyze longi-
tudinal fluctuations in acmbic and
anacrobic finess (39). The Lactate
PRO (Akray, Nakagyo-kn, Kyoto-shi,

Japan) is a device that has outper-

formed @ large number of znalyzers
when compared with the criterion
enzymatic method (748.91).

The sites from which blood 15 mea-
sured (car lobe, fingertips), as well as
the device and blood sample, can affect
the test results (39). The Lactate PRO
does not require pipetting of blood,
which reduces the chance of experi-
mental error, whereas only a small
blood sample of 5 pL is required on
the reagent strip for analysis. In terms
of accuracy of site samples, samples

taken from the carlobe have consis-
tently shown lower blood lactate con-
centration than those taken from the
fingertip (39). However, sufficient con-
centrations at both sites deem the bce-
tate PRO and the newer lactate plus,
a valid and reliable tool to measure
lactate concentration in all sporting
disciplines (91,111).

As many sports require frequent use of
the hands with some athletes required
to wear gloves, lactate samples taken
from capillary blood by a hyperemized
car lobe is a common field approach
(245791). Although lactate can rise
progressively during an incremental
test to volitional exhaustion oran exer-
cise bout, peak lactate values are gen-
crally seen between 3 and 8 minutes
post event (48). As with other physio-
logical tools, external and internal

Table 2
Summary table of biochemical monRoring took reported from competition in elite individual sports

Parameters measured  Device  Research reported from Advantages W
: PRO oxlists mwedimmylevds m:smayaﬁectreadhgs
Does not require pipetting  Comparability of data between
of blood providing quick  sports is compromised
and easily accessible because of alazmous in
Cortisol Human Tae Kwon Do, downhill Valid and reliable toal Serum levels are not consistent
Elisa Kits©  mountain biking, Simple and noninvasive throughout the day
swimming method Rapid weight change can
Provides significantly alter cortisol
a psychophysiological serum levels
response Food, caffeine, estrogens, and
antiinflammatory medication
may affect the accuracy of
readings
Immunoglobufin A BN ProSpec Swimming, Paralympic  Reliable biomarker for the  Eating and drinking can dilute
' analyzer swmng'raexwm detection of infection sample concentration
May indicate periods of  Large variability reported
overtraining or inadequate  between and within subjeats.
recovery High-intensity exercise and
‘anxiety may cuse a reduction
in flow rate
Alpha-amylase Soma Paralympic swimming, Strongly comelated with Acute studies dominate the
Science Tae Kwon Do Hood lactate and fiterature
oral fluid immunoglobulin A The presence of cortisol can
collector concentrations decrease the production of
kits Has potentialto beusedas alphaamylase

an indicator of

competition stress
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environmental factors need to be con-
sidered; ambient temperatre  and
hydration status may affect the inter-
pretation of lactate concentration data
(12). Dehydration causing a body mass
reduction of 3.9% has resulted in a sub-
sequent increase in skeletal muscle lac-
tate concentration (47). Furthermore,
practiioners must note that f compar-
ing sports, the mode of exercise can
affect lactate accumulation because of
alterations of muscle mass (108) as
would be seen between running and
cycling. If comparing individual ath-
letes within the same sport, training
status and traming load have both been
proposed to affect maximal and sub-
maxmal  lactate  concentrations
(62,119) and therefore must be consid-
ered during data collection.

SALIVARY BIOMARKERS

Conrtisol. Salivary cortisol (an mmu-
nosuppressive hormone) is thought to
be the main protein for catabolic pro-
cesses in skeletal muscle becanse it de-
creases protein synthesis (123). The
homone has been used to monitor ste-
roid, peptide, and immune markers in
sport (87). It has been measured as
a psychophysiological response in
a multitnde of indvidual disciplines
including equine, motorsports, and
swimming (95,100,102). Selivary corti-
sol can be used to determine psycho-
physiological response i single and
repeated exercise bouts (102); how-
ever, the literature suggests that no sin-
gle hormone can specify overtraining
syndrome (119).

Cortsol (in nanogram per mililiter)
has commonly been measured in the
rescarch using commercially available
Elisa kits (ELISA SLV-2930; DRG In-
struments GmbH, Marburg Ger-
many). A variety of individual sports
have used the kit for the analysis of
cortisol via swab, including Tac Kwon
Do (116), downhill mountsin bking
(102), swimming (46), and Paralympic
swimming (100). Furthermore, signifi-
cant corrclations have been found
between salivary cortisol levels and
bleod concentration levels, proving
the tool to be an accurate method of

measurement (75.87). In addition to
using @ swab, “individual profiling”
and “passive drool” point-of-care
modalities for salivary sampling are
valid and reliable (40).

The assay of salivary cartisol nvolves
a simple and noninvasive protocd in
determining  the physiological re-
sponses of elite athletes in competition
(116). Akin to other physiological var-
1zhles, individual athletes of & well-
trained or clite standard can display
large thythmic changes in a 24-hour
period  (34,126). Cortisol secretion
peaks in the early morning after waking
and seum levels decrease after this
time. It is therefore advisable that in
repeated clinical and field trials that
consistent data collection time points
are considered to avoid msnterpreta-
tion of results (65,126). Other limitu-
tions and confounding factors must
also be considered. For example, Tsai
et al. (116) discovered that rapid
weight change for combative athletes
in addition to high-ntensity training
significantly decreased cortisol in the
4 wecks before competition. The qual-
ity of sample collected in both clinical
and sports settings are largely depen-
dent on the protocol used, and it is
advised that no smoking, eating or
drinking fluids, which contain fruit jui-
ces or caffeine, are consumed 30 mi-
nutes before testing to avoid sample
contamination (65). At 2 biochemical
level, estrogens, oral contraceptives,
and the menstrual cycle are also known
to affect the binding of cortisol (53).
Corticosteroids found in antiinflamma-
tory medications to treat conditions,
such as asthma, back pam, or inflam-
mation, may also have the potential to
cross-react with antibodies in immuno-
assays used to assess salivary cortisol
(49). From a practical perspective, it
is therefore important that pract-
tioners have an understanding of ath-
lete's medicinal and dictary intake
before data collection to avoid a skewed
depiction of results.

Alpha-amylase. Salivary c-amylase
is the ovemiding enzyme in saliva. Like
cortisol, a-amylase has been used as
a biomarker of physical stress response
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to exercise and sympathetic nervous
system activity (10). Collected using
an oral fluid collector kat (100), c-amy-
kase is thought to be a more sensitive
biomarker than cortsol because it is
produced in the salivary glands rather
than heing transported from blood to
saliva as in the case of cortisol. The
protein has been monitored  during
competition in individual sport within
a competition environment (100).
Alphaamylase correlates  strongly
with amaercbic threshold while run-
ning in @ noncompetiive environment
(21), although a strong correlation was
also found between blood lactate val-
ues and a-amylase during competition
for Tac Kwon Do athletes (23). This
may indicate its potential use as un
mtensity marker in training  and
competition.

Alphaamylase has been used acutely
within competition for individual ath-
letes. However, its shility as a bio-
marker of fatigue, illness, or
performance in a chronic capacity fol-
lowing competition requires further
mvestigation (87). It is also understood
that increases in salivary cortisol are
associated with decreases in the pro-
duction and concentration of salivary
mmunoglobuin = A (IgA)  (52).
Although the presented biochemical
markers can detect immunosuppres-
sant hormones, which may cause
a reduction in performance (92), very
few studies actually link exercise-
induced mmune depression  and
mereased incidence of confrmed ill-
ness in athletes (45).

Immunoglobulin A. Sccreted
saliva, [gA actsin defense against infec-
tion of the upper respiratory tract with
prior rescarch reporting an inverse
relationship between salivary IgA kev-
els and incidence of dlness in athletes
(45). Changes in salivary IgA levels
may also indicate periods of insufhcient
recovery or excessive training (73,87).
Reporting of salivary IgA levels can be
m terms of shsolute concentrations or
secretion rate (87).

Measured in competition during indi-
vidual sports (73), IgA has been found



to be a relable hiomarker for identify-
ing risk of infection in elite athletes,
analyzed by a BN ProSpec analyzer
(82). Lamge between- and  within-
subject variahility is evident with par-
ticular reference to basal values (82).
Furthermore, within-subject variability
has also been shown to be greater in
clite populations in contrast to recrea-
tionally and sedentary populations
(42). As basal IgA values are specific
to the individual, a relatively large
number of samples are required to
estahlish reliable baseline values (82).
The most significant method of collect-
ing data scems to be salivary IgA secre-
tion rate because it takes nto account
flow rate and represents the accurate
quantity of salivary IgA avaiable n the
saliva (87).

Although generally not lower than
normal populations, elite athletes can
experience lower salivary IgA levels
during intense and heavy tmining peri-
ods (44). It isadvised that in addition to
measuring lgA, a subjective monitoring
questionnaire may provide further
information into the fatigue status of
the athlete (82).

JUMP PERFORMANCE
MONITORING

Pre- and postevent jump height may
provide valuble dats in relaton to
exercise intensity and athlete neuro-
muscular fatigue (77,79). Immediate
postexercise  performance  reductions
are associated with maximal exertions
in indwidual sports, which include
repeated vertical jumps and also non-
weight hearing sports such as cycling
(18). It is thought that fatigue is char-
acterzed by a loss of foree and muscle
contraction speed (9.83), and in addi-
tion, countermevement jump (CM])
tests are understood to be sensitive to
small alterations in leg-extensor force-
generating capacity caused by neuro-
muscular and muscular fatigue (94).
High test-retest reliahility scores for
CM] have been reported (77,93.94)
with Markovic et al (77) reporting
a relihility score of 098 (P < 0.01).
CM] also has a high relishility score
compared with other ump tests and

is the most valid test for the approxi-
mation of explosive power of the lower
limbs (77). The commonly wsed squat
and depth pmp from a 30-cm height
both scored lower in relishility than
CM] (26,77). Although force plates
provide a gold stindard method to
measure flight time and the Optojump
photoclectric cells also provide valid
and relable measurements (4), the
Chronoump-Bosco  system  (Chron-
jump-Bosco system; Chronoump, Bar-
celoma, Spain) jump mat is @ valid tool
and a cheaper alternative for coaches at
all level. Used for recordng ump
heights in both male and female ath-
letes, the Chronojump-Bosco system
has a relative moderate relishility for
testing CM] in male subjects, although
a high relative reliability for female sub-
Jects was reported (86).

Although test-retest reliability to mes-
sure jump height & high, it is debated
whether CM] is an accurate monitor-
ng tool for the detection of fatigue
post event (18). With this in mind,
tests, which measure rate of force
development, may provide an alterna-
five to monitor newromuscular fatigue
pre and postcompetitive event. The
effectiveness of jump performance to
measure rate of force development
debated within the literature (80). Ver-
tical stiffness may provide an alterna-
five  pammeter to  measwre
newromuscular fatigue with particular
reference to sports that require vertical
movements (16). Furthermore, it may
be important for athletes who run in
their respective sports to retain vertical
stiffness to wse stored clastic energy
(16). The measurement of vertical stff-
ness, as shown by Butler etal. (16), may
have a roke to play in monitoring per-
formance; the method proposed using
aforce plate and dividing the peak ver-
tical ground reaction force by the max-
imal vertical displacementof the center
of mass during ground contact. No
drect melationship 15 associated
between vertical stiffness and injury
but decrements in performance from
a baseline measure may indicate fatigue
and reduced rmnning economy (67).
Although this is a valid measure of
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vertical stiffness (16), the use of a force
plate and the related calculus may
prove time consuming for the practi-
tioner during competition.

In a competitive environment, Hoff-
man et al. (56) found that fatigue could
not be detected immediately post the
exercise bout as power output is main-
tained. This may be because of the
shsence of acute muscke soreness (18)
or as suggested by Tillm and Bishop
(112), the potential that fatigue sub-
sides at a faster rate than postactivation
potentiation following high-intensity
activity. However, in lower-intensity
activity, it was found that ump height
in triathletes significantly decreased
post race (107), indicating that sensitiv-
ity exists between high- and low-
intensity sporting codes. CM] mea-
sured via the Chronojump system is
a reliable tool to measure jump height;
nevertheless, it is advised that a com-
mon landing strategy s adopted (77).
The validity of the CM]J to measure
post event fatigue is debated in the lit-
erature with particular reference to
high-intensity sport, so further research
is required for its use in fatigue detec-
tion. From a practical perspective,
jump tests, which monitor perfor-
mance or fatigue, are casily admins-
tered and induce relatively minor
fatigue to the athlete (117),

SUBJECTIVE MONITORING

The most widely accepted subjective
tool for the assessment of physiologi-
cal responses to training and competi-
tion is RPE using the Borg scake (11).
Foster et al. (41) developed an exten-
sion of the RPE method, which was
entitled the session RPE (sRPE)
method (RPE score of a session [1-
10] ¥ duration in minutes). This mod-
ification of the Borg category ratio 10
scake (CRI10) (11) may be amore effec-
tive method to calculate exercise inten-
sity and the subjective physiological
load of an event. Although other Likert
scales exist such as the original 6-20
rating Borg scale RPE scake (11), the
sRPE approach is now considered
a common standard method of calow-
lating perceved effort and load (32).



sRPE 5 an accurate tool to minimize
undesired training effects by manipulat-
ing training loads in response to ratings
and is a proven subjective approach to
quantify exercise intensity (32,54). For
both endurance and high-intensity
intermittent sports, the sRPE method
of calculating traning load and traming
intensity s considered a vaid measure
(41) with an intraclass comelation coef-
ficient of 0.88 when nvestigating high-,
moderate-, and low-intensity sessions
(32,54). Additionally, sRPE comelates
closcly with mtarnal measures of train-
ing load (2641) along with objective
measures of training intensity (54).

The sRPE method of cakulating train-
ing intensity is 2 proven methoddogicd
approach in a tmining environment;
however, it has not been vdidated in
a competition environment with indi-
vidual athletes. There are few mitations
presented in the research, but Walksce
et al (124) and Scott et d. (99) recently
reported @ high measurement error
when reporting with a 0-10 RPE scale
for long and short bouts of unning. Cur-
rent research 15 based upon populations
from endurance-basad sports. Further
research of the sRPE method in com-
petitive environments is warmnted to
determine its validity in reporting
competition-related stress in athletes.
From a practical perspective, athletes
should submit RPE scores in solation
to avaid any sdection bus based on
other athletes' scores. Rarthermare, ath-
letes should submit their RPE, score sfter
acute fatigue has dissipated, as the score
may be reflective of the last exertion
rather than a score eflective of the ses-
sion intenstty as a whole. Baween 10
and 30 mimtes is recommend after exer-
cise for reporting RPE scores (109).

PRACTICAL APPLICATIONS

Although many monitoring devices pro-
vide informative dats, the practitioner
must consider their applicahility in ther
chosen environment. For devices to be
effective in an elite setting, the monitor-
ing tool must be user fiendy and time
cffident while also ensuring it does not
negatively affect the athlete’s preperfor-
mance routine. fthe device is to be worn

during completion, the coach should
enswre that the device is: comfortable
for the athlete, and it is permitted to
be warn by the regulatory authonties
Devices tha provide the practiioner
with pre- and postevent measures, such
as those discused under biochemical
and jump performance sections, can pro-
vide the coach with valid data A knowl-
edge of the competition requirements
should, however, underpin physiological
and performance monitaring to ensure
that practiioners collect data, which is
consistent over multiple time points in
2 competition setting. It is advisable that
coaches document the eact pratomls
that they will use in each testing sesson
to ensure that a standardzed and com-
parable monitoring envimnment s cre-
ated. Thisis akso applicable to subjective
measures such as sRPE.

Practitioners must ako be cognizant of
mplicaions invalving the mdwidudity
of an athlae particularly with regard to
vanations n exercise dose-response It is
mportant that coaches are aware of
these variations when performing data
analyses and data comparisons on @ num-
ber of individuadl athletes Internal and
extemal factors, such as hydration status,
nutritional and medicinal intake, climate
and psychological status, should be noted
both in prepamstion for and dunng the
completion to pmvide background infor-
mation on the data Such an approach
will ensure that results from one moni-
toring sesson can he compared with sub-
sequent or previous data to assess 1f any
worthwhile change has ensued.

SUMMARY

A number of monitoring took (ie., HR,
GPs, IT, biochemical jump perfor-
mance, subjective responses) may po-
vide reliable and wvalid daa for
experimental purposes, inchiding exer-
cise dose-response, exervise intensity,
and exercise performance. Although it
is clear that further research is required
in both individual and competitive
sporting environments, othar informa-
tive developments have emerged from
this review: (a) Further validation and
rescarch of devies for sports that
exhibit high-intensity and nonlinear
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movement patterns are necessary. (b)
Practical considerations in the design
of devices for competitive environ-
ments, such as device weight, comfort,
and the plcement of devices demand
attention. (c) Future studies that mea-
swre the specificity of competition de-
mands and known physology ar
required to enhance our ability to guide
athletic training in individual sports.
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Abstract

Kialy, M, Warington, G, McGaidrick, A, and Cullen, 8. Physical praparation strategies of professional jookays. J&mgh(kmdhes
XX{X): 000-000, 2019—Professicnalhorsa racing is a physically demanding sport. Theaim of the studywas to examine the physical
praparation stratagies of jockays for racing. Ammmmmmwmnwwotcm @
background information, (b) making waight and curant assodatad exarcisa habits, (¢) cumant mysulaamyprawces and (&)
jockey perceptions of strength and conditioning {S&C) and current practices. Bighty-five jockeys () = 38 professional fiat, n = 47
professional Jump) compieted the questionnaire in race course waighing rooms represanting 80% of the professional athists
population, in total, 77.6% of jockeys participate in physical actiity outside of fiding. dockeys that partidipaled in S&C {42.4%)
raportad thair most frequent typa of SAC practice; cardio (52.8%), high-intensity intenal training 32.3%), fexitiity and mobiity
training {8.3%), rasitanca training (5.6%). Thaewesnodgﬂﬁmldﬁmh&cmw betweantotal fatand total jump
Sicanses jp = 0.530; [PHI] = 0.088). unmyma(mwagnwaszepmadbysaa% kays. Exercisa alne was used by 29.4%
of jockays 1o rapidly reduce waight. There was no sgnificant differenca {p = 0201, FF ! = 0.357) betwesn the frequancy of rapid
weight bes parmonth fortotalfiat (1.7 = 1.7) and total ump jockeys (1.6 = 0.5}, This study reprasants the only published data on
the physical preparation strategios of jockeys. .bcl@ysdomlmmhpm&cdacmly,wﬁchmmcsmmaedmhmw

demands of racng. Future research is required 10 examing the effects of speclic SEC intarventions on riding parformance.
Key Words: horsa rmacing, making weidht, strength am!omdlbdig, aitaspon

Introduction

Horse mcing has been identified as a physically demanding sport
(7,30). Jockeys partake in either flar racing or natiomal hunt
racing, which take place over jumps. Each license type consists of
2 subcategories; professional flat license or apprentice flat license
(less experienced) and professional jump license or conditional
jump license (less experienced). Flat racing is held over course
distances of 1,000-3,000 m with prerace weight requirements of
52.7-64 kg. National hunt racing also known as jump racing
takes place in course distances ranging from 3,200 up to 7,000 m,
Jockeys can afford to be heavier in this caregory with the weight
requirement ranging from 62 to 76 kg (7). Because jockeys must
exerase close to their physiological capacity (7,30), while main-
taining low body mass, high levels of aerobic and amerobic
power are required to be successful (7). Currently, licensed
jockeys may be required to compete multiple times a day, up to 7
days a week, withnospedfic off-season(10). In preparing jockeys
to meet the demands of radng, it can be expected that jockeys
experience faster recovery mtesby reducing fatigue between races
and in addirion, a greater aerobic capacity may reduce the risk of
falls and resulting injury (20,33). Daily riding work of jockeys has
heen suggested as insufficient to meet the physiological demands
of racing, highlighting the importance of performing additional
training (23),
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Several smdies have investigated swength and conditioning
(S&C) training practices, across a range of sports incluiding
swimming {2), American football (12, baseball (11), rowing (18)
and Rogby union (21,32). These studies provide a camprehensive
overview of current S&C practices in addition to providing
a reference point for applied practiioners (21). In addition to
sports performance benefits, there are positive effects of resistance
training on health-related measures incduding body compasition,
bone health, and a reduction in sports-related injuries (13). De-
spite the associated benefits, it is unknown whether jockeys
complete basic and less complex weight training or indeed com-
plete any S&C practices in addition to their daily riding work.

Gaining an understanding of jockeys’ current physical
preparation straregies for racing will allow coaches and gov-
erning authorities to facilitate specific training modalities with
appropriate physiological demands to opamally prepare
jockeys for racing. Subsequently, quantifying typical jockey
physical raining practices will allow coaches and jockeys alike
to plan for optimal performance and individualize training
regimes (16,26). Therefore, the aim of the study was to in-
vestigate the current physical preparation strategies of jockeys
during the racing season,

Methods

Experimental Approach to the Problem

A questionnaire was devised to explore the training habits and
preparation strategies of professional jockeys. The research was

196



Trainng Stateges of Professional Jodkeys (2019) 00:00

framed in the context of a research question rather than a prom-
inent hypothesis The questionnaire was broken into 4 sections
comprising a total of 27 questions and was drenlated to pro-
fessional jockeys in person at various racecourse-weighing rooms,
Prioc approval for the smdy was granted by the Irsh Horse
Racing Regulatory Board, the regulatory authority for frish horse
racing.

Subjects

Eighty-five professional jockeys participated in the stdy (n =3
women, # = 82 men). Subjects included 38 professional flac
jockeys (professional n = 16; apprentice n = 22 and 47 pro-
fessional jump jockeys (professional s = 27; conditional » = 20),
A priori power analysis indicated that a total of 52 subjects would
be needed to have 80% power for detecting a large-sized effect
(d = 0.8) (14). Ethical approval for the sudy was obrained from
the review board of research compliance at the Waterford [n-
stitute of Technology and all procedures were in accordance with
the Dedlaration of Helsinki. All subjects were informed that their
partcipation in the study was voluntary, Written informed con-
sent documents were signed and gathered for all subjects before
completion of the questionnaire.

Procedures

The questionnaire was circulated to jockeys at race courses with
an introductory letter explaining the aims and objectives of the
proposed research study in paper format. Race meetings were
attended and questionnaires were filled out nsing a semi-
structured interview style by the same researcher to clarify any
ambiguities. This was completed in the jockey weighing room
before and between races at the jockey’s convenience. At the time
of completing the questionnaires, jump jockeys wereat the end of
their season, whereas flat jockeys were at the beginning of their
53501,

Questionnaire. The questionnaire entitled, “The physical
preparation strategies of professional jockeys,” remplate was
developed through a commercially available online question-
naire generator (Survey Mankey, Inc., San Mateo, CA) and
included 27 questions incorporating open- and closed-ended
questions, The questionnaire was divided into 4 sections: (a)
Background information; this section detailed information on
personal demographics, individual licensing, and racing &
working commitments, (b) Making weight and current asso-
ciated exercise habits; the aimof this section was to identify the
prevalence and magnitude of rapid weight loss which was de-
finedas weight lostover a period equal toor less than 24 hours.
In addition, the use of exercise as a weight loss tool was in-
vestigated, (c) Carrent physical activity habits; the objective of
this section was to quantify and describe jockeys exercise
patterns outside of riding-related work. Perceptal load of
each exercise session was calculated using the Session *Rate of
Perceived Exertion” (sRPE) Method. These sessions referred to
exercise sessions outside of riding-related actvity that jockeys
recalled as a weekly occurrence throughout the racing season,
Session rate of perceived exertion of a session is calculated by
multiplying the intensity of the sessions (Borg CR-10 scale) by
the session duration in minutes, and (d) Practice & perceptions
of S&C; the aim of this section was togain anunderstanding of
jockeys knowledge, practice and preferences surrounding S&C

i e s Coodoning R

in addition to S&C services they would like provided. For the
purpose of data collection and analysis, S$&C was defined as
any spedfic physical training that was wsed to improve riding
performance outside of riding-related work. Physical actvity
was defined as any exercise completed where the aim was not
improving riding performance,

To validate the questionnaire, a 2-round iterative Delphi
consensus method was administered (29). The questionnaire
wascirculated via email to 14 individuals with an introductory
letrer explaining the aims and objectives of the proposed re-
search study and Delphi method. These individuals were se-
lected based on previous academic publications in the area of
jockey health and performance, qualitative research or both.
Eleven individuals responded and they were asked to review
and score each question on its relevance to the srudy aim psing
a 0-10 point (0 = no relevance; 10 = highly relevant) Likert
scale (1). Following analysis of the andit from all individuals,
questions were accepted for the final questionnaire with an
average of 70% acceptance or greater in line with previous
research (28), Questions were rejected from the questionnaire
if they averaged 30% or below. Comments from the review
panel were welcomed to improve the questions in relation to
appropriateness to the study aim. A reoccurring suggestion
from 2 or more of the panel to the wording or format of
questions were applied. All questions were accepted following
analysis of round one scores and it was not necessary for the
questionnaire to enter round 2. The experts were sent the ac-
cepted questionnaire after this point.

Statistical Analyses

Data were analyzed using SPSS (Statstical Package for the
Sodial Sciences V22.0; SPSS, Inc, Chicago, IL). Descriptive
analysis was the primary form of quantitative analysis which
was conducted on closedended questions while thematic
analysis was applied to open-ended questions. Data were
assessed for normality using a Shapiro-Wilk test and de-
scriptive data were presented as mean and standard deviation
(mean = SD) with a 95% confidence interval (95% CI). A
Mann-Whimey U test was administered to research differ-
ences between total flat and total jump jockeys for non-
parametric data, whereas independent T-Tests were
administered for parametric data, Effect sizes (ESs) for
betweengroup differences were calculated using Cohen’s
d with d = 0.2 considered a “small™ ES, 0.5 represents
a "mediom” ES and 0.8 a “large™ ES (4). A one-way analysis
of variance and tukey post-hoc test were administered to in-
vestigate whether any difference existed between sub-
categories of the jockey license (flay, apprentice, jump, and
conditional). A kruskall-wallis with pairwise comparisons
was used to examine whether any difference existed between
groups where dara were not normally distribured. In this in-
stance, Era squared was used to quantify ESs. To explore
whether any relationship existed between activity parameters
and background information, a Pearson product moment
correlation was administered. In the case of 2 nominal vari-
ables, a Pearson chi squared test of assodation was adminis-
tered. A phi coefficient (PHI) was used to interpret the
strength of association. Statistical significance was accepted
atanalphalevel ofp = 0.05. Thematic analysis was applied to
the open-ended questions, following the guidelines set out by
Braun and Clarke (3) which include 6 phases; (a)
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familiarizadon with the data, (b) generating codes, (¢
searching for themes, (d) reviewing themes, (¢} defining and
naming themes, and (f) producing the report.

Results

Background Information

Background information for flar and jump jockeys in addition
to a breakdown of license subcategories are reported in
Table 1. Jockeys were working average weekly hours of 34 =
14 in addition to race riding. Professional flat jockeys held
their license for greater years and experienced a significantly
higher number of winners than other jockeys (p = 0.05) as
reported in Table 1,

Making Weight and Associated Exercise Habits

Difficulty surrounding weight management was reported by
55.3% (n = 47) of jockeys. The typical amount of weight loss
(kg) of jockeys before racing was significantly different among
total flat (1.4 = 0.6 kg, 95% CI 1.2-1.7) and total jump
jockeys (2.0 = 0.1 kg, 95% CL 1.7-2.3) (p = 0,007, ES = 1.39
[large]). The associations in license subcategories were located
between apprentice (1.3 = 0.6 kg, 95% ClI; 1.1-1.6) and
conditional licenses (2.0 = 0.7 kg, 95% CL 1.6-2.3) (p = 0.01,
ES = 1,07 [large]) and apprentice-professional jump licenses
(2.0 % 0.8 kg, 95% Ck 1.5-2.4) (p = 0,02, ES = 0,98 [large]).
No relationships existed between age and weight loss amount
(r=0.141; p = 0.306).

Sixty-seven percent of jockeys reported that they rapidly
lose weight at least once a month to race. There was no sig-
nificant association (p = 0.201, [PHI] = 0.357) between the
frequency of weight loss per month for toral flat (1.7 = 1.7,
95% CI; 1.1-2.3) and total jump jockeys (1.6:% 0.3, 95% Cl;
1.4-1.9). A significant association was locared between

Josamalof Sirength and Condisoning Research” | woow.nscacom

professional flat and professional jump sublicenses (p = 0.018,
[PHI] = 0.710). Mean rapid weight loss frequency for each
subcategory were; professional flat (1.0 = 0.5, 95% Cl;
0.8-1.3), professional jump (1.6 = 0.8, 95% CL 1.2-2.1),
apprentice (2.2 = 2.2, 95% CI; 1.1-3.2), and conditional (1.4
= 0.5, 95% CL; 1.3-1.8),

There was a significant relatonship between jockeys who
experience difficulty making weight and those who reported
that they partake in physical activity outside of riding (p =
0.001, [PHI] = 0.370). Jockeys reported the use of exercise as
a method to rapidly reduce body weight; 29.4% (1 = 25) nsed
exercise alone, 32.9% (n = 28) used a sweatsuit while exer-
cising, 4.7% (1 = 4) reported al ways using a sweat suit while
exercising, and 2.4% (n = 2) did not use exercise for weight
loss.

Current Physical Activity Habits

The jockeys were asked w report their current physical activity
levels outsideof riding related work. Sixty-six jockeys (77.6%)
reported they partake in other physical activity, whereas
22.4% (n= 19)jockeys reported no physical activity outside of
riding-related work, There was no significant association be-
tween total flat (44.7%) and total jump licenses (35.3%) (p =
0.067, [PHI] = 0.198) or between licensed subcategories (p =
0,052, [PHI} = 0.302). The jockeys were asked to detil the
physical activities they partake in using self-recall. Five com-
mon themes emerged: (a) cardio, (b) gym-based waining, (c)
golf, (d) boxing, and (e) field-based games. The participation
percentage and frequency of participation in physical acavity
per week in addition to a weekly sRPE (rated perceived exer-
tion X time [m}) of these activities are represented in Table 2.
There was a nonsignificant relationship between both weekly
sRPE and age (r = —0.138; p = 0.476), and weekly sRPE and
jockey license (r = —0.279; p = 0,142),

Background data of flat and jump jockeys with a breakdown of license subcategories.t

Flat total Jumptota  Professional fiat  Apprentice fat  Professionaljump  Conditional jump Total
(n=3§ (n=47) (n = 16) (n=22) (n=27) (n=20) (n =85
hgey)
Maan = 5D 26+ 92 260 = 51 1421086 §9196 =29 Q16 =57 §239 =34 24272
Years loancs heid
Men = 8D 82+96 80 =54 W54 =111 §B0=20 qe104 =538 847 =27 81275
No. of racee par wk
Men = SO 94 =84 69 =63 1163 =87 §59+29 §54 =30 R5=18 69+64
90 6.73-1207 51-87 120-206 47-71 32467 2743 5543
Hours worked par wk
Maan = S0 207 =124 302140 77 =160 312=133 352+270 §406=132 340 =140
L) 258-336 PN0-3B0 198356 26-%48 250-454 348464 310-370
No. of winnas
Meden 2141 2331 1R5=1749 14600 §5 8350 §140 490
R 10763207 251525 157 56750 20-3%0 64 5-1850 75-335 &150

‘The (it s expressadas mei and stncad deiaion (Min = S0 and OF% confidencs Renak B5% Q) o madian and ndeguarte ranges JOR).
FThe nember of s per week tecr st 1 oae0n g while Dours worked ey essits v ¢ and ddog work compleBd infependint of rachg aommBments Tha fuus worked par week rprenis dng
bors;, muching out stibies and yand dtes The rumber of Winars & poslively sewed Gl and Be nalan Wi Maguate mige a8 (yaerel

£p = 006 sigrifanty dlfacd fum al sulgrogs

§p = 0.06 sigrificanty dfeat kom prodesiond &t gap
1p= 0.06 sguficanty dferart fom profassonl jump gaie
90 = 0.05 sigrifitly (@sos fom agpostios gup.

#p = (U056 sigrificanty dlfecsnt fom condfional group.

198



Trainng Stateges of Professional Jodkeya (2019) 00:00

Journalof Seength and Coodlisioning Research”

Physical activity levels of active jockeys |n = 66).*

Actviy Percentags parfcipation Fraquancy per wk, maan = SD 5% C) SRPE, mean = S0 (%% Cl)
1.Cardo 48.2%(n =32 34=156029-89 2729 = 1348 (387-3212)
2. Gym hased ining 106% (0 =7) 21=12{13-29 3154 = 115.1 2402-3906)
3. 6o 1 2% (7 =1) 120(1.0-10) 860 = 282 (804.7-915.3
4. Batng 2% (=2 3+0{0-30) 830 = 1273 (453 6-806.4)
5. Feidhased gamee 14 2% (-9 13=0609-1.7 4316 = 764 3883748

“PPE = Seion radad pereied @i (sassion bealy X season dueaton in minte) O codfidecce ol

Practice and Perceptions of Strength and Conditioning

Warm up. Forty-six jockeys (54.1%) reported that they per-
formed a warm-up routine before racing. There was no sig-
nificant difference between total flat (%) and total jump
jockeys (%) (p = 0.530, [PHI] = 0.068) or between licensed
subcategories (p = 0.129, [PHI] = 0.258). Participating
jockeys reported they most commonly completed static
strerching (42.4%), light aerobic activity (16.5%), dynamic
strerching (8.2% ), muscular activation exercises (7.1% ), foam
rolling (4.7%), and other (2.4%). The most frequent time
reported for warm-up duration was 1-5 minutes (24.7% ) with
8.7% of jockeys warming up for 20 minutes or greater,

Strength and Conditionmg (S&C). Forty-two percent of jockeys
that participated in S&C (n = 36) reported their most frequent
type of S&C practice; cardio (52.8%), high-intensity interval
training (HII'T) (33.3% ), flexability and mobility raining (8.3%),
and resistance training ( 3.6 %). Of those thatdid not participatein
S&C, reasons chosen included: “I don't have time™ (42% ), “lam
too tired following riding work™ (14%), “I am fit enongh from
riding work™ (14%), “I don’t enjoy it™ (8%), “I don't want o
gain weight” (8%), “I am not aware of S&C chiswes close tomy
work place™ (6% ), “I don’t want to change current habits® (4% ),
“I don’t have access to spedialist S&C information™ (4% ). There
was no significant association in S&C participation between total
flatand total jump licenses(p = 0,085, [PHI] = 0.187) or between
license subcategories (p = 0.237, [PHI] = 0.190). Table 3 rep-
resents the type of S&C class thatwould most appeal to jockeys in
addition to the reason for that selection. Boxing classes were the
most popular type of S&C class requested by jockeys with an
improvement i riding fimess the most common justification for
this class type.

Jockeys Perceptions of S&C and Sources of S&C Information,
The sources jockeys nsed to obtain S&C information were de-
scribed by the respondents and found to be varied and included;
the Irish jockey pathway (15.3%), other jockeys (15.3%), S&C
coach (14,1%), internet (9.4%), and other (5.7% ), whereas 40%
reparted that they do notsource information on S&C or physical
preparation strategies. Seventy-six percent of the jockey pop-
ulation reported that they would like more information on S&C
and physical preparation strategies. Jockeys preferred method to
receive this information was email (25.9% ), a jockey-spedific
training app (24.7%), S&C dasses (11.8%), online videos
(5.9%), one to one consultation with an S&C coach (4.7%),
social media (2.4% ), and fact sheet (1.2%). Jockeys perceptions
of the benefits of S&C can be seen in Table 4. Although a high
percentage of jockeys reported knowledge surrounding the ben-
efits of S&C for varions parameters, nncertainty among the
population existed around the benefit of S&C on weight man-
agement and the effect of S&C on the speed of movement,

Discussion

This is the first study 1o investigate the physical preparation
strategies of jockeys. The knowledge and practice of S&C
among jockeys were investigated to gain an understanding of
the complex relationship between the athlete’s preparation,
weight restrictions, and the physical demands of the sport. The
findings of this srdy highlight that $&C practices are highly
variable and inconsistent. Both the sample size and 100% re-
sponse rate (n = 85) was higher than other S&C-related
studies; Rogby 83% (21), major league baseball 70% (11),
rowing 34 % {18), and American foothall 86% (12). The higher
response rate may highlight the elite athletes’, in this case
professional jockeys, receptveness to sharing training habits
and knowledge or the potential benefit of face-to-face in-
teraction when collecting data over electronic methods as used
in the aforementioned studies.

The results of this smdy reveal that the license category of
a jockey is directly related to the number of race wins. The
license type is also related to the amount of oppormnities that
jockeys receive with flar jockeys receiving more races on av-
erage per week than any other jockey license category (16,3 =
8.7). Data collection took part at the beginning of the flat
season and end of the jump racing season, which may have
influenced the number of races available tojockeys. Additional
hours of work is not usual pracrice for professional athletes
where a large emphasis is placed on balancing the stressors of
the sport with appropriate recovery to maximize performance
in addition to minimizing injury risk (22}, Jockeys work a large
amount of weekly hours (34 = 14) in addition to completing
weekly races (7 = 6). It is not surprising that fatigue is preva-
lent among the jockey population (10) considering total riding
commitments and ubiquitous difficuldy with weight manage-
ment reported by 55.3% of jockeys.

Jockeys are unique in comparison to other weight restricred
sports in that they make weight daily (33). Boxers habitually lose
weight by restricting fluid and food intake in the week leading to
competition (19) and this was ako more common than exercise
for rapid weight loss with jockeys (8,33). Sixty-seven percent of
jockeys reported that they must rapidly lose weight at least once
a month, Exercise alone s used by only 29.4% of jockeys to
achieve their required weight which is lower than previous re-
search reported at 48% (8). Jockeys also use poor dietary habits
with the consumption of convenience food quite common (10), In
conjunction with low partcipation rates in additional physical
acuvity outside of riding, it is not surprising that jockeys exhibit
higher body far measurements than other weight-restricted
sports (9).

Approximately a quarter of jockeys (22.4%) reported no
physical activity outside of riding-related activity. Although
riding work is physically demanding (23) and jockeys work
a large amount of hours, riding work does not match the
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Table 3
Jockeys preferences for future S&C class types.”
Resistance fraining Cardio based Boxing Faxibl ity Injury prevention Parcentage
S&C class type classes classes classes  HIT training classes Other Total %
Ratonae for chocs
| ey 1t 0 3 2 1 0 0 0 6 70
it woedd b & 1 1 10 0 0 0 1 13 153
Increass com gmngth 2 1 1 0 0 0 0 4 a7
Impmre ading fmess 0 7 1 8 0 0 0 % 06
Helps weight managament 0 (] 2 2 0 0 0 10 1ns
Incregss oversll stength 5 0 0 1 0 0 0 (] 70
To peobng Adng career 0 0 0 0 0 1 0 1 12
To improwe ridng 2 1 0 1 7 1 =g 141
proenane
Prevert inpures 0 0 0 0 0 5 0 5 59
Impmones overall well being 1 1 0 0 0 0 0 2 24
Total " 20 26 13 7 7 k. &
Pamantage % 128 286 A6 15.3 82 82 12 100%

HIT = ligh-baensdy paval Taning

physiological demands of race riding and thus does notexpose
jockeys to theintensity of race riding. Ofthose thatpartidpare
in physical activity outside of riding, cardio activity was the
most popular and althongh this is used as a useful weight-
making tool, HIIT may expose the jockey to exercise similar ro
the intensity of race riding. To quantity additonal activity,
acutearbitrary sRPE units werecalculated. Although this is the
first ime exercise has beenquantified in horse racing, sSRPEhas
been validated as a measure of global internal training load
(25). Cardio exhibited the lowest sRPE, and this may be dueto
the low-intensity nature of the cardio activity. Acure load has
been previously reported using arbitrary sRPE units in pro-
fessional team games (5,24,25); however, normative data in
weight-restricted sports are absent. Although these sports
quantified physical training practice, only a limited number of
jockeys partook in additional physical acavity. Although gym
based training, golf, boxing and field based games were
reported only boxing reached comparable levels with training
in team sport (=>1750 arbitrary units) (25). The low number of
subjects (n = 2) thatreported boxing activity in this study does
not allow for translational comparisons,

Research has shown thatan adequate warm up can provide
positive performance increments in both aerabic and anaero-
bic events with little evidence of dewrimental effects (17). The
elite jockeys in thisstudy reported thatjust over half the athlete
population warm up before racing (354.1%) with smarc
stretching the most commonly used warm-up pracrice. Al-
though further research is required on individnal components

of a warm up, it isunderstood thatstatic stretching may not be
the optimal preparation strategy for events which require
maximal exertion due to negative decrements in power
(27.35).

S&C practices have been widely documented in elite ath-
letes; however, no previous study has examined the physical
preparation of jockeys in this regard. It is unsurprising that
cardio is complered by over 50% of jockeys with its promi-
nence as a weight-making strategy also portrayed from the
compiled data, Resistance training was the least commonly
reported S&C modality used. This is in contrast with sports
sach as rowing, American football, Rugby union, and swim-
ming where resistance training is consistently practicedand the
specifics of programming are also dewiled (6). Resistance
training is known to have positive effects on performance in
addition to health benefits through the maintenance and pre-
vention of osteoporosis and sarcopenia (34), With jump
jockeys in particular exposed to regular falls (50.9/1,000 rides)
(15) in addition to the prevalence of osteopenia among the
jockey population (31), resistance training must be advocated
to all jockey licenses. Jockey's perceptions of the benefits of
S&C and their most common sources of S&C information
were reported. Of note is that 76% of jockeys reported interest
in receiving further S&Cinformation. Practtioners such as the
Irish Jockey Pathway, a suite of professional performance
services and other related international organizations should
consider that email, a jockey-specific raining application and

Table 4

S&C perceptions among jockeys.

Statement | agres %) | neither agree or disagree (%) | disagres (%)
S&C can Improve your ridng pedoemancs 882 106 12
S&C can reducs 9 ask o Injuy 847 0 153
S&C can slow yaur movement down 94 294 612
S&C can help you manage your rding weight 716 129 94
S&C can negatvely aflect your ridng weight 82 3848 529
S&C can improe your bone Ped® 706 271 24
S&C can improve your halancs and coordnaion 882 0 118
SEC can Improe your general and specfc endusnce 941 24 35
S&C can improve your general and specfic stengh 9138 47 35
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S&C dasses were the 3 most requested means to receive S&C-

related information,
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11. Ebben W, Hintz MJ, Simenz C}J. Strength and wnditoning practices of
major league baseball strength and anditioning coaches. | Stremgth Cond

Practical Applications

This sudy provides a comprehensive insight into the physical
preparation strategies typically used by professional jockeys.
The data andinformation presented in the study in relation to
weight-making strategies illustrates the need for both specific
individualized exercise and dietary interventions within ths
population, It 1s understood that jockeys do not partake in
physical activity which mimics the repeated high-intensity
demands of racing. High-intensity interval training may be
a useful training modality in bridging the gap between the
physiological demands of riding work and racing, Further-
more, a detailed analysis of the specific physiological demands
of both flat and jump racing is required to nform both jockeys
and coaches in the implementation of optimal waining prac-
tices, S&C coaches can use the data reported in this smdy to
inform current and furure S&C peactices in addition o how
best deliver S&C information 1o jockeys. Fumre ques-
tionnaires should look at the specific breakdown of S&C
programs for jockeys in relinion to exercse type and pre-
scribed load,
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Abstract

Kely, M, Wanington, GD, McGoldrick, A, Pugh, J, and Culian, S. Physiobgical damands of profassional fiat andjump horsaracing.
J Strength Cond Reas XX{X): 000-000, 2020—Noinformation scumwwmmmdmcemmmw
damands of jockeys. This study aimed 10 quantify the respactive damands of short and long fiat mdm racedstances. Twenty
profassional jockeys {10 flatand 10 jump) particpated in the study. The subjects nitially pardormeda graded incramental exercise
1est 10 voitional exhaustion ona treadmill todstaming the peak heart rate (HR) and biood adtatg concantrations, Two campalitive
races {short and long) wera then monitored on 2 separals occasions for sach jockay typs 10 obtain hydration, HR, blood lactate
concentration, and rating of parcehed axertion data. Mean distances for the 4 races were: 1,247.2 = 184.7 m (shon fal race),
23134 = 1422 m{jong fat race), 3,480.2 = 3553 m (short jump race), and 4, 546&*1943mmmra09117'emmm1a
the long It race was 151 = 19 b-min~ ' (78 = 11% of HR_...), which was significantly Jower than all other race distances (p =
0.000, effect size [ES] = 0.469). A longer jump race resutad in a significantly higher rapontad rale of percaived exartion (RPE) (14 =
28) than the short jump race (11.0 = 1.5} p = 0009, ES = 0271), whereas no significant differance was revaaled betwean peak
HR responses o blood lactate concantrations whan oormeuimdher raceduances(p < 005) The findiing of this study Supparts
previous imited research, which suggests that horse racing s a high-intensity sport, wheraas RPE and mean HR fluctuate

acoording 10 the race distance,
Key Words: jockays, physiology, physical demands, elita spor

Introduction

Horse racing is one of the oldest arganized sports, yet there is
a dearth of scentific research and application for jockeys. Harse
racing is divided into 2 distinct categories: flat and jump racing,
Traveling at speeds of up to 65 kmv'h, flar racing has no obstacles
and takes place on a shorter course distance (1.000-3,200 m),
Jump racing encompasses maneuvering a thoroughbred race
horse weighing up to 500 kg overobstacles with distances ranging
from 3,200-7200 m. Jockeys frequently ride over a range of
course distances within their discipline, Flat racing jockeys are
required to weigh berween 52.7 and 64 kg, whereas jump racing
jockeys are required to weigh between 62 and 76 kg. These
weights are inclusive of the horsesaddle and full riding gear (4.6).
Although maintaining the stipulated chronic low body mass,
a sufficient level of conditioning is required to ride several races
per day, for multiple days per week, with no established off sea-
son (4).

Individual athletes in sports sach as running, cycling, and
equine commonly differentiate between events within the sport
and the relative physiological demands that theathlete is exposed
1o (7.2122). Despite the popularity of horse racing, few studies
have investigated the physiological demands of racing, whereas
no study has evalnated the demands placed on jockeys relative to
the race distance. Physiological demands can represent internal
values that measure the biological status or exercise intensity with
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parameters of heart rate (HR), blood biomarkers, and ratings of
perceived exertion commonly examined (13). T'o optimize jockey
performance, researchers endeavor to provide nformation to
strength and conditioning coaches and supportstaff inrelatonto
the specific demands of both flar and jump racing in additon to
specific distance-related measurements of intensity., Across
sports, such information is deemed valnable to facilitate optimal
raining load and competition preparation (8). Furthermore, it
may beargued that for jockeys of equal skill, fiess may enhance
performance because it s evidentin a multtude of sporting codes
(1,12,24).

Horse racing has been previously described as a high-intensity
sport requiring maximal efforts (4,17 26). Jockeys will ty pically
maintain a position of forward propulsion, racing with the center
of mass acting through the jockey’s foot while balanced on a thin
strip of metal known as the strrup. An increase in efforr with
high-intensity activity is required in the final stages of a race (27).
From an nitial quasi-isometric squart paosition, jockeys will lower
their center of gravity adopting a position of increased flexion at
the knee and hip. At this stage, jockeys aim to minimize the
movement of the lower body, squeezing the horse firmly with the
ingde of the lower leg, to encourage increased forward momen-
mm. To lengthen the horse’s stride, jockeys will then use their
shoulders and arms to push out the horse vigoroudy at the neck
with up to 2.5 pushes per second (27). Maintaining balance and
rhythm throughout each action in alignment with the horse’s
movement is imperative.

Time and distance ranges have been reported in the literature
for jump and flat racing, respectively (4,26); however, the mean
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time for specific race distances has not been previously described
in either race types nor have they been compared. Only 2 smdies
have previously investigated the demands of flat racing with both
studies denoting a high peak HR of 189 = 5 brmin™" (4) and 186
+ 14 b'min ™", respectively (17), The mean HR for flat racing
has been previously reported at 180 = 6 bbmin™' (4) and 167 =
12 b'min™' (17). As the lanter study included 30 seconds
before and after race in the analysis, it is probable that
the mean HR was onderestimated. Neither study provided
information on blood lactate concentration responses,
indicating the necessity of this research to compare events,
The peak HR has been reported in jump racing as 184 b'min ™'
with a mean range of 136-188 b'min "', whereas peak lactate
values were reported at 7.1 mmol-L™ ' confirming high physio-
logical demands (26).

Although the physiological demands of race riding are high,
the specificity of preparation strategies needs to be improved.
Riding out, a daily work activity for jockeys involves taking the
horse throngh walking, trotting, and cantering, The physiological
demands of these gaits do not meet those of the demands the same
athletes face incomperition (15). Previous researchhas foundthat
only 42% of jockeys participate in strength and conditioning
practice (14); therefore, further sport-specific trainng which
includes relative competition demands is warranted among the
jockey athlete population. With grear disparity between race
distances and duration jockeys compete over, a greater un-
dersanding of relative physiological responses will assi in the
development of specific race-based conditioning programs. The
aim of the study is therefore to profile and compare the physio-
logical demands of short and long race distances in flat and jump
racing about HR, blood lactate concentration, perceived exer-
tion, and hydration status.

Methods

Experimental Approach to the Problem

A testing protocal was devised to explore the physiological
demands of professional jockeys. The research was broken into 2
stages corsisting of an initial maximal treadmill test to obtain
peak physiological data and the subsequent physiological moni-
taring of jockeys during competitive professional racing. The
research was framed with a research question rather than
a prominent hypothesss. Previous approval for the study was
granted by the Irish Horseracing Regulatory Board, the regub-
tocy authority for Irish horse racing.

Subjects

Twenty professionally licensed jockeys participated in the study.
The subjects camprised 10 flat racing jockeys and 10 jumpracing
jockeys. Both flat and jump racing jockeys were tested atseparate
times during their respective in-season. Participation in the smdy
was voluntary with all jockeys receiving information on the risks
and benefits of participation before providing informed consent.
The study was appeoved by the Waterford Instimute of Technol
ogy Research Ethics Committee in the spirit of the Helsinki
Dedaration. Informed consent documents were signed and
gathered for all subjects before commencement of testing. The
funding organization had no role in the collection of data, their
analysis, and their interpretation,

Joarmalof Ssength and Cooditioning Reseand™

Procedures

Anthropametrics and Physiological Baseline Testing. The height
was measured to the nearest centimeter (cm) using a stadiometer
(Seca, Leicester Height Measure ). The body mass was recorded in
minimal clothing using a portable digital scale (Salter, Germany),
Subjects were then asked to remain in a seated position for 3
minutes to obtain the resting blood lactate concentration (Lactate
Pro, Akray, Kyoto-shi Kyoto-fu, Japan) from the earlobe and HR
values (Polar H10 Electro, Kempele Finland), Subjects completed
a treadmill test to volitional exhaustion on a nonracing day to
determine peak HR values and blood lactate concentration
values,

The incremental running test to volitional exhauston was
completed on a motorized weadmill (Taurus, Germany ) with an
incline of 1°, After a 5-minute warm-up on the treadmill ar 8
kmhr ™', a ramp protocol was used with an initial velocity in-
crease of 1 kmhr™' each minute, A rate of perceived exertion
(RPE) score (6-20) was colleced at each speed and gradient
change (2). When the subject reported an RPE of 14 arbitrary
units, velocity was maintained, and the gradient was thereafter
increased by 1° each minute, The test was ceased once volitional
exhaostion was achieved,

Maximal tests necessitate subjects to exercise to the point of
volitional exhaustion (19). The test was considered 2 maximal test
if 3 of the following ACSM criteria were met: (a) A final HR of
within § beats of the age-predicted maximum (220 b-min ™ '—age};
(b) an RPE of 19 or greater to establish volitional exhaustion; and
(c) a final blood lactate concentration value of 8 mmol-L™" or
more. Thesecriteria were met witheach subject. The peak HR was
noted at the completion of the test from the “Polar Beat™ appli-
cation, The blood lactate concentration was measured at minutes
1,3, 5, 7, and 9 after tests, When a decline in the lactate concen-
tration was noted, the previous score was taken as the peak con-
centration vale,

Race Data Collection. Race data for flat racing and jump racing
jockeys were collected within 4 weeks of the laboratory tests at
various racecourses over shortand long course distances on a turf
track. Mean distances for the 4 races were 1,2472 = 1847 m
(short flat race), 23134 = 1422 m (long flat race), 3,480.2 =
3553 m (short jump race), and 4,546.4 = 194.3 m (long jump
race). Air temperature and humidity were reported at the start of
each race from the national weather forecasting application (Mer
Eireann, Dublin, Ireland). After the completion of a pretest
medical screening form, urine specific gravity (USG) was mea-
sured nsing an RS pro refractometer (RS PRO, Dublin, [reland).
Unne specific gravity values of <1.020 were considered in-
dicative of enhydraton and valves =1.020 indicative of hypo-
hydration (18).

‘The prerace blood lactate concentration was taken within 15
minutes before the race stars, The Polar H10 monitor was also
fited at this rime to gather in race HR data, A minimum of 60
minutes of no riding was required before each race toensure blood
lactate concentrations were ar resting levels (=2 mmokL™"). If
blood lactate concentration levels were above resting values, the
race was not monitored for the jockey.

After the race, the jockeys’ finishing position was recorded. The
raw HR data were automatically downloaded to the Polar Beat
application. It was later ime stamped and synchronized with the
race start time to retrieve mean and peak HR valuves. Blood lactate
concentration and RPE values were recorded between § and 7
minutes after race on remurn of the jockey to the weighing room.
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Mean = SD Anthropometrics, peak heart rate, and peak blood
lactate concentrations.

Jump (r=10), Rat (o= 10),
Variables maan = S maan = 80
hgs ) 26=4 %=*6
Height {am) 740250 1880 =50
Body mass fag) 650 =33 51624
Pesk heart rate fomin ") 1940290 1920 =80
Pesk bibod kactate concerttron mmald ™) 1M1=27 100 =25
Statistical Analyses

Data were analyzed using SPSS (Statistical Package for the
Sodal Sciences V22.0, SPSS Inc, Chicago, L), Data were
assessed for normality using a Shapiro-Wilk test, whereas de-
scriptive data were presented as mean and standard deviation
(mean = $D) with a 95% confidence interval To investigate
whether any differences existed between group means for the 4
race types (short flat race, long flat race, short jump race, and
long jump race), a 1-way analysis of variance was adminis-
tered. A Tukey HSD post hoc comparison was applied to de-
termine the location of the differences between the 4 groups.
The statistical significance was set atp = 0.05 level, Effectsizes
(ES) for between group differences were calenlated using eta-
squared with 0.2 considered a “small” ES, 0.5 2 “medium™ ES,
and 0.8 a “large” ES (3),

Results

Anthropometrics

The mean anthropometric data for both flat and jump racing
jockeysarereportedin Table 1. The meanvalues forpeak HR and
peak lactate concentration are also reported for both jockey
groups from the volitional exhanstion test.

Climatic Conditions and Hydration Levels

The mean temperature°C), humidity (% ), and USG {g:mL. ™) for
each race type are reported in Table 2, There was nosignificant
difference between temperature or humidity when comparing the
short and long flat races or the short and long jump races.
However, the temperature and humidity were significanty higher
during both flat races incomparison with the jump data collection
period (p = 0.000and ES = 0.735).
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Race Characteristics and Physiological Responses

The race characteristics and physiological responses can be seen
in Table 3. In jump racing, a longer race dstance resulted in
a significandy higher reported RPE than the short race (p =
0,009, ES = 0.271), whereas no significant difference was
revealed between peak HR responses or blood hictate concen-
trations when comparing other race distances. The mean HR in
thelong fAat race (151 = 19 bmin™ ') was significantly lower than
themeanHR reported in all other race distances (p = 0.000, ES =
0,469). No significant difference was noted between the flat race
digances when comparing other race distances for peak HR,
RPE, or blood lactate concentrations (p < 0.05),

Discussion

Although only 3 studies have previously investigated the physi-
ological demands of horse racing, thisstudy is the first to evaluate
the demands of short and long race distances for either flat or
jump racing. Our current study has revealed differences in both
HR and RPE between various race distances, It is envisaged, given
the dearth of current research, that these quantitative data sets
will aid coaches and sports medical staff in both the conditioning
and rehahilitation of jockeys to meet racing demands,

In alignment with previous research (4,17,26), peak HR
measarements reported in this study indicate that a jockey has
regular exposure to high-intensity acuvity whileracing, Mean HR
and peak HR compare closely to the physiological strain expe-
rienced by both individual and team sport athletes. In competi-
tion, elite downhill mountain hike cyclists have exhibited mean
and peak HRs 0f 183 = 6 b'min~" and 194 = 8 b'min ™" (25). In
team spart, peak HR in both Gaelic football 201 = 16 bmin™")
andsoccer (193 = 3.3 bmin ™"} reports similar peak HR values as
experienced by jockeys (20.23). The recording of mean and peak
HR provides a useful index of overall physiological strain during
competitive races with the polar H10 monitor providing a gold
standard device for assessments during intense activities (10).

The peak blood lactate concentration reported across 3 race
types (long jump race, short flat race, and long flat race) seemed
maximal in the nature (=8 mmol-L™?), whereas the mean values
of all races were higher than previously reported racing values
(26). With blood lactate concentrations reporting higher after
racng when compared with preracing resting values (=2
mmokL "), it may be assumed that energy is mainly derived from
anaerobic lactic and aerobic pathways (25). The blood lctate
concentration is frequently used as an indicator of energy pro-
duction from anaerobic glycolytic processes. Although no blood
lactate accumnlation data are available from jockeys riding our,

Mean (5D) temperature, humidity, and urine specific gravity for each race."

Jump racing (7 = 10), mean = & Aat racing(n = 10), mean = SO
Variables Short race Long race Short race Long race
Tempemars{Q 98 = 3514 103 £ 3019 189 = 141§ 176 181§
Fumidity (%) T0=5119 7.2 = 564 634 = 7.44§ 607~ 771§
Use L™ ") 1.023 = 0.005 1.020 = 0008 1018 = 0.010 1018 = 0010

USG = e spafic gavey.
£0 < 0.0 sigrifianty clent fom Be shod jmp rae g
§0 < 0.06 sigrificanty st fom De long Lap fos goue
10 0.05 sighlicady d¥erert fum Te shat 1 e goue
40 < 0.6 sigrificartly Bsost fom e lng Bt e goup.
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Mean (+£SD) race characteristics and physiological responses of jockeys.*

Jump racing (m = 10), mean = SO

Rat racing(n = 10), mean = SO

Variables Short race Long raca Short race Long race
Digtance fm) 34302 = 3553 45464 £ 1943 12472 = 1847 23134 = 122
Time (9 263=33 3% =18 78 +122 157 = 104
Finisting podton 523 523 422 522
Meen H8 pmin ™) 1810 = 809 1820 = 909 1720 = 1509 1510 = 190

33 = 3% of i2h Hpus) {94 = 3% of BY HRu) @9 = 6% of lab Hie) 79 % 1% of Iz2b Hipua)
Peak HR pmin~") 1920 =6 1950 =90 1900 =120 1860 = 140

199 = 3% of lzb Higs) {101 = 3% of e KR, ) (9 = 4% of lab Ry 07 = &% of B HRw)
RPE 1.0+ 15% 140 =285 130=21 140213
Peak Ba fmmatL ™) 74%22 96 =32 86 =25 82=15

(50 + 2% of 12b L)) (2 = 0% of k2 Ral) 86 1% of iz La),.) 82 = 16% of B Lal,.)
R = bt e PPE = rak of praceied s fon: Ba = biood Retge oocantdion.
TSgicnty diret ton disbgosm

£p < 0.05sigrifcandy dfcat kom M shod jump rae goup.
§p < 005 sgaificanty dffecant fom De g Lmp (a2 gop
90 < D5 speifcanty claomt fom De beg Sl o growge

practitioners should ensure jockeys experience the anaerobic ac-
tivity to enhance lactate clearance (9).

Jump racing jockeys reported a significantly higher RPE in the
long race (14.0 = 2.8) when comparing the 2 jump distances;
however, there was no significant difference for HR or blood
lactate concentrations between the short and long jump races.
The increased perceived exertion may be linked to the longer
duration of the event (355 = 18 seconds). It is understood that
RPE is a proven methodological approach inmonitoring training
intensity with an intraclass correlation coefficient of (.88 when
investigating high-, moderate-, and low-intensity sessions (5,11).
Withjockeys reporting higher exertion levels over longer distance
races, RPE may provide 2 valuable metric to replicate racing in-
tensity with gym-based exercises.

Although no significant difference was noted in the hydration
status between the 4 races, flar racing jockeys reported to be in
a state of hypohydration (USG =1.020). Although no assodation
was evident with the HR or RPE in this sdy, body mass loss
through dehydration can elevate HR and perceived exertion
among athletes (16). There was a significant difference between
temperature and humidity values when comparing the flat and
jump racing seasons, The varied weather conditions are aligned
with expected seasonal differences hetween the respective flatand
jump racing seasons, Although significantly higher humidity and
temperature occurred during the flat data collection period, the
mean HR was lower for bath flat race distances. Anincrease in air
temperature is frequently associated with homeostatc dis-
turbances. Adequate hydration strategies during competition are
essential to minimize changes to homeostasis (24).

There are several limitations to the current study. The sample
size was small, so dimatic conditions, ground conditions, the use
of different horses, and the fitness of the subjects may have some
influence on the findings. Although hydration levels were repor-
ted with no significant difference between races, energy intake
was not accounted for with each jockey. In addition, the HR
reported may be elevated beyond the normal HR-Vo; relation-
ship due 10 prolonged isometric contracrions during riding, cli-
matic conditions, or emotional stress, Governing authorities in
horse racing do not permit the measurement of Vo, during
competition, [n addition to reladve HR and blood lactate con-
centration values reported in this study, future smdies should
provide a relative level of fitness for each jockey group 1o

investigate whether there is an assodation between jockey fimess
and the physiological responses during racing.

In conclusion, this research specifies that both flat and jump
racing jockeys experience great physiological demands during
racing. These high demands in addition to the relevant danger
associated with the weight category sport suggest horse racing is
far more demanding than i cumently recognized. Future sudies
may look at developing a relevant physical testing protocol,
which would aid an investigation of association between the fit-
ness level of individual jockeys and the physiological demands of
racing,

- Practical Applications

This study provides evidence that horse racing is a high-
intensity sport. Because jockeys do not experience high
physiological strain while riding out, they should therefore be
encouraged to perform periods of high-intensity bouts, which
mimic and exceed the HR demand and the blood lactate
concentration experienced in racing. These high-intensity ac-
tivities should focus on the body positions and movements
that will be used in the subsequent performance. Particular
anention should be given to prolonged isomerric squaming
positions with flexion of the hip and knee and culminating
short high-intensity pushing activities. The corrent findings
can provide a reference point for coaches to address the
physiological development of the jockey with relative race
duration and intensity ranges provided for flar and jump
radng to assist in the achievement of peak athletic
performance.
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Was to datenmnine the
METHODS: Eleven rainee jockeys performed a maxdimal
(vo.g and heart rate ;
ic equivalent () were also estimated.
48=6%, 60=6%, 71=T% of
the lowest estimated EE of 2.2. <3
2.2 METS) and cantering at 7.10=1.8 kealmin- (P<0.001; 7.7 METS).

and ganeral conditioning, jockeys perform in preparztion for racng.
(Cire this article as- Kiely MA, Wamrmgton GD, McGoldnick A, O

K=y woros: Horses - Exarcise - Energy metabolism.

ABSTRACT
BACKGROUND: Jockeys should maintain a high level of physical fimess to meet the physical demands of horse racing. The aim of ts stady
physiological requirements of the nding gaits used r2 i
were recordad for the steady-state period during a walk, ot and canter, Energy expendinme (EE) and associated
RESULTS: Dunng a walk, trot and canter, relative mean VO, correspondad to 15=4%s, 38=6%, 47=0% of VO, _, and mean HR comresponded to

respectively. Mean VO, and mean HR were significansdy different amongst gaits; P<0.001. Walki regmnd
6 keal i (P<0.001; 24 MET::) and it was ngniﬁ:mgrlowermm trotang at 5.72=1.0 keal pun-! E'Pi .001;

(ONS: These riding activities are associated with relagvely low physiological demand and alternate modes of exercise are recom-
mended for trainee jockeys to ensure the demands of racing are met. Future research should investizate the physical raining. both riding-specific

\ "Loughlin G, Cullen S. Physiological demands of daily riding gaits in jockeys. J
Sports Med Phys Fimess 2019:5¢:394-8. DOL: 10.23736/50022-4707 18.08106-3)

ly in traiming. .
e Cycle erzometer test. Mean absoluze and relative oxygen uptake

Professional horseracing is a physically demanding
sport:? with professional jockeys partaking in both flat
(1-4 km) and national hunt racing races (3.2-7.2 km). It
has been suggested that jockeys are required to be aerobi-
cally and anaerobically fit in order to perform optimally.*
Jockeys may be asked to compete several times a day. up
to 7 days a week, with no specific off-season.* 5 In pre-
paring jockeys to meet the demands of racing, it can be
expected that jockeys expenience faster recovery rates, im-
proved decision making and a reduction in the likelihood
of falls 5%

To be successful in a race, it has been suggested that
jockeys must exercise close to their physiological capac-
ity.2 Trowbridge of al.2 reported a peak heart rate (HR) of
184 beatsmin! (range. 162-198 beatsmin!) in jockeys
competing in National Hunt Races and mean HR. above

80% of the measured maximal HR for the duration of the
races. Simularly, Cullen ef al.* also reported high average
HR in both simulated and competitive flat racing indicat-
ing the intense demands of the sport. Peak VO, among ap-
prentice jockeys in a simulated flat race was reported as
42.74£5.6 mLkg mun! (75£11% of VOyy,) ! In addition
a simulated 3200 m national hunt race is estimated to ex-
pend 43.02+7.17 kcal min-! of energy? while total energy
expenditure during a simulated flat race (1400 m) was es-
timated to be 22.1=4.49 keal min'! .

A typical working day for a jockey can include riding
out, sport specific “work™ (fast paced nding) and “school-
g™ (specific practice for races) while additional hours in-
cludes “mucking out.” brushing horses and carrying buck-
ets of feed and water? Many hours are often spent in the
typical riding gaits of a walk, trot and canter yet the physi-
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ological demands of these common gaits engaged in by
jockeys remain unknown. Therefore, the aim of this study
was to determune the physiological demands and estimated
energy requirements of a walk, trot and canter

Materials and methods
Subjects

Eleven male tramee jockeys were recruited through the
Racing Academy and Centre of Education (RACE) train-
ing school for young jockeys in Ireland Trainee jockeys
were used to allow ease of data collection in a controlled
environment. Written informed consent was obtained
before commencement of data collection while paren-
tal/guardian consent was gathered from those under 18
years of age. All participants were asked to abstain from
alcohol and unusual strenuous physical activity in the 24
hours pror to data collection. All protocols were designed
in line with the World Medical Assembly Declaration of
Helsinki. The Dublin City University Research Ethics
Committee, granted ethical approval for this research
study.

Procedures

Anthropometnic data was mutially collected Each par-
ticipant then performed a maximal incremental test on a
Wattbike cycle ergometer test (Wattbike Ltd, Nottingham,
UK) and on a separate occasion, an outdoor nding tral
mvolving three equine nding gaits of walk, trot and canter.
Physiological function was assessed through measurement
of respiratory metabolic measures and HR. with the mean
VO,, HR and EE recorded m all tests.

Anthropometric measurements

Stature was assessed to the nearest centimeter (cm) us-
ing a stadiometer (Seca, Leicester Height Measure). Body
mass was measured in minimal clothing using a portable
digital weighing scales (Salter, Germany). For the mea-
surements of body composition, a Harpenden skinfold
callipers (Cambridge, Scientific Industries, UK) was used
to measure double thickness subcutaneous adipose fissue
at seven sites; biceps. triceps. subscapular, supraspinale.
abdominal, mid-thigh and medial calf Mean scores were
reported from the right side of the body using a minimum
of three repeated measures. Percentage body fat was then
estimated using the sum of skinfold measurement meth-
od * An experienced ISAK level practitioner took all mea-
surements.

EELY

Maximal Incremental Test

Participants performed an incremental maximal cycle er-
gometer test to volitional exhaustion to determune peak HR
(HRpew) and peak VO, (VOypy). The test began with a
warm up at 60 watts for 5 minutes followed by three-min-
ute stages beginning at 60 watts and increasing by 25 watts
until volitional exhaustion Volitional exhaustion was de-
termined when each participant reported a score of twenty
using Borg’s rating of perceived exertion (RPE) Scale 10
The same mvestigator recorded all perceived exertion
scores to ensure participants understood the testing proto-
col and reached maximal volitional exhaustion. HR. was
measured continuously throughout the test using the Polar
HR monitor (Polar, Finland) while a portable gas analysis
system (Cosmed K4b2, Italy) was used to measure VOspeq.

Outdoor riding trial

Each participant completed an outdoor riding tnal, which
consisted of three gaits of walk. trot and canter which oc-
curred in succession. A minimum of three minutes of mean
physiological data were recorded, for each gait, via the
Cosmed and HR monitor fo estimate mean and peak VO, and
HR. Data were reported in relation to the peak values ascer-
tamed durmg maximal testing. An estimate of velocity was
reported during the steady state of each nding gait using a
wrist wom Global positioning System (GPS) (Garmin Fore-
runner 403). EE was estimated using the Weir equation.!
Data was recorded during the steady state period of each nd-
g gait. This was to ensure the demands of one nding gait
did not affect the accuracy of measurement of the following
gait. Different traming horses were used in RACE and while
these were all proposed by training staff as having similar
temperaments, this was not measured. The various nding
gaits in the study were also assigned a MET value; light (<3
METs). Moderate 3-6 METs, Vigorous (6-9 METs).12

Statistical analysis

Descnptive statistics with a Greenhouse-Geisser correc-
tion were calculated for each dependent variable for each
task, and results were presented as mean+standard devia-
tion (SD). Normality of data distnbution was tested us-
ing the Shapiro Wilks test. A repeated measures ANOVA
was administered to investigate any difference between
the physiological measures reported for each nding gait.
A pairwise companson identified the location of the sig-
nificant difference if present. The Bonferroni procedure
was used to calculate the acceptable level of significance.
Significance was accepted at P<0.03.
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TABLE I —Descriptive data for the mainee jockeys (N.=11).

PHYSIOLOGICAL DEMAND IN RIDING ACTIVITIES

TABLE I —Physioiogical data of riding gaits (N.=11).

Age (rs) 1621 Physiolopical variable assessed. ~ Walk Trat Canter
Starure () L§7=0.01 Mean velocity (km-) 46:07 73212 284510
Body mass (kg) 552261 Mean VO, (mLkz min-) 83521 217a33  268s50m0
BMIkgm* , 18518 Mean HR. (beats min-') 9150 11521l 135515
VO, (mLkg! min-’) 4433
HR,,,, (beats min-) 185£7.0 Dﬂl. i n;ﬂggg? Mean VO, and Mean FR were siguificantly
Data are presented as mean=SD. -ﬁaﬁ%nmmﬂ vsignificantly different than trot zait.
Results nificantly between nding gaits; walk to trot, trot to canter
O and walk to canter (F[1.443, 17.322] =65.197, P<0.001,
Mean anthropometric and peak physiological data for . oo diture
trainee jockeys are presented in Table I R
Mean velocity. VO, and HR recorded for the steady- Walking the lowest estimated EE with a value

state period in each riding gait are presented in Table I
A progressive significant increase in VO, and HR was ob-
served from walk to trot to canter.

Relative mean VO, throughout each gait are summa-
nized i Figure 1. A progressive significant increase in
VO, was observed between walk to trot to canter (walk;
1524% VO, trot 3826% VO, canter 45£9%
VO, .; P<0.001). A Greenhouse-Geisser correction de-
termuned that mean VO, differed significantly between the
riding gaits; walk to trot, trot fo canter and walk to canter
(F(1.599, 15.998) =109.975, P<0.001, 2 =0.917).

Relative mean HR throughout each gait are summarnzed
in Figure 2. A progressive significant increase was found
between riding gaits (walk: 48x6% , walk: 60=6%
HR . canter: 71x7% HRyu: P<0.001). A Greenhouse-
Geisser comrection determined that mean HR differed sig-

of 2.15£47 keal min! (2.4 METs; light intensity activ-
ity) and 1t was significantly lower than trotting at 3.72=1.0
keal mint (P=0.001; 6.2 METs; vigorous activity). and
cantering at 7.10=1.8 keal min! (P<0.001; 7.7 METs; vig-
orous activity). Estimated EE was also significantly dif-
ferent between the niding gaits of trot and canter (F[1.403,
14.052] = 86.863, P<0.001, 12 =0.897).

Discussion

The aim of the study was to determine the physiological
demands and energy requirements of common nding gaits
used In training of horse racing jockeys. This 1s the first
study of ifs kind to investigate the physiological demands
of niding gaits typically performed during daily nding in
jockeys. Results from this study show that there is a con-

Hod * 0 | * .
% | W
® %
¥+ N
i 1 , t
g 2 g o® t
% % l i ¥ Wy i
£ a ¢ } LT T
by 1 30
b} [ 20 |
10 .‘ 10
0 0!
Walk Trot Canter Wak Trot Canter
Flgmel—PercenngeofVO used durng each nding gait. Figure 2 —Percentage of used durmg each nding gate.
presemedasmun:SDussngmﬁcanﬂydlﬁerm ridmg  Data preseated as was found to be significantly different

gaits. The star symbol is P<0.001.

amongst gaits. The star symbol 15 P<0.001.
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siderable and progressive physiological load placed on the
nider during each gait phase from a walk to trot to canter,
however they are lower than the demands placed on riders
in a racing environment as previously reported by Cullen
gf al! and Trowbndge ef al? The results from this study
indicate the nding alone 15 msufficient to prepare jockeys
to meet the demands of racing. Additional exercise modes
that match or exceed the mtensity and demands placed on
jockeys while racing are encouraged.

In the cumrent study of 11 framee jockeys mean VO, pa
HR. were shown to be lﬂwerﬂmnpmmush found with rec-
reational nders, defined by Devienne ef ol 1 on subjects whe
rode for leisure on average 7 hours per week. An increase in
V0, consumption was also observed durng each gait tnal
in Dressage. 1% Stmlar to Devienme ef al 13 energy demand in
this study progressed as riding pace mcreased through walk,
trot and canter in trainee jockeys. Greater nding experience
and the amount of nding undertaken per week may aid m the
explanation m the difference between the results found m
this study and the higher physiological responses recorded
with recreational nders. It is thought that frequent exercise
induces adaptation of the autonomic nervous system.# In-
creased nding exposure may result in posttive physiological
adaptation among the frainee group and thus lower physi-
ological response through improved riding economy.

The MET values established dunng this research are
coherent with those values previously reported for horse
racing i the compendium of physical activities; namely
walking at 3.8 METs, trotting at 5.8 METs and canter at
7.3 METS.22 In the present study walking was classified
as light intensity exercise at 2.4 METs with this mtensity
comparable to mild sirefching. Trotting and cantermg were
recorded at 6.2 and 7.7 METs respectively deeming them
a Vigorous Infensifty exercise. In a sporting context, at the
reported levels, trottng is comparable to tennis doubles or
lessurely cycling at 16-19 kmb! according to the compen-
divm, while cantening 1s equivalent to singles tenms or lei-
surely cycling at 19-22 km .13 Such nding gmts would
be pﬂ'fmmed frequently for mummg traming m addition
to cleaning, ‘mucking out’, grooming and other labon-
ous tasks. The mtensity of tht reported MET values for
walk, trot and canter, although deemed vigorous activity
by the mmpendlum of phﬁlfal activity 12 are lower than
the equivalent MET mtensity of reported peak V0, values
in both national hunt and flat racing. -2

In relative terms, these repeated nding activities predis-
pose Jockeys to relatvely low physiological siress com-
pared to the peak physiological data collected. Research
in competitive flat racing has reported greater values; peak
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HR reached 18925 beatsmm 11 wlale m National Hunt
racing peak heart was reported at 184 beatsmin * (range
162-198 beatsmin 1).2 The findings of this research indi-
cate that physical exertion through the typical nding gaits
used in traming does not meet race intensity of either Flat
or National Hunt racing and thus does not provide an ap-
propriate traiming stimmlus. Although the majority of a race
15 performed in the “canter” position, daily riding does not
require an “all out” physical effort in the final stages as
described by Wilson ef al 3 where concentric and eccen-
i efforts are required at an elevated mtensify to “push
out” or speed up the horse. This study monitored moming
ndmg which included walk, trot and canter only, which
1s primarily used for the mamtenance of a horse’s fitness
level. The findings of the research convey the importance
of galloping and faster nding work to be meluded for a
jockey’s race preparation due to the absence of maximal
exertion in the researched gaifs.

[thas previously been suggested that National Hunt jock-
eys with a higher VO, max than their nding counterparts
may have reduced falls and thns reduced nsk of mjury
Mean VO, reported in the present study during walk, trot
and canter respectively (1324% VO, 38=6% VO,
4529% VO, ;) were subordinate to the peak de f
HatRac:mg reported by Cullen ef al ! These findings may
propose the use of altemnate traming strategies for jockeys
a5 the traming gaits do not meet the intensity of racmg. As
proposed by Cullen ef al ! ugh infensity mterval fraining
(HIIT) should be ncorporated to meet the demands placed
on jockeys m horseracmg. The benefits of improving the
fitness levels of jockeys mclude improving aerobic and
anaerobic function, which may aid postural positionmg!
while also enhancing recovery between nides.2 2

Limitations of the study

The present study has provided novel data; however, there
are 3 number of hmitations that exist whach may aid future
research; Although the horses used n this study were all of
2 similar lethargic temperament, horses that are lethargic
need to be encouraged which requires a higher metabolic
cost.1 In addiftion the physical demands can be also depen-
dent on the nder style,® wlile a relatvely small sample
size was recruited for this study due to limited availability
of jockeys at RACE.

Conclusions

The results of this study provide a greater msight and un-
derstanding of the physical demands of walk, trot and can-
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ter for horse racing jockeys. Evidence from this research
conveys a dispanty between the demands of competitive
racing and the demands placed on the jockey during the
relevant training gaits. It is of great significance that an un-
derstanding of jockey traiming best practice is advanced to
allow jockeys tram for optimal performance while main-
taming a low body mass. This can aid jockeys transifion
from traditional fraining strategies and adopt additional
forms of training with higher physiological demands such
as HIIT to optmuse racing performance while improving
aerobic and anaerobic fitness.!

References

é)Cdlm&O’ngbhnG \i;ngjl:de:,seSm;ﬁRm) G !}F:gmg.m
Demands Racing Jockeys. J Strength
CdeesﬁOl :29:3060-6.
2. Trow Cottenll JV. Crofts CE. The physical demands of!
in National EA’ntnJApplPh)mlOccmPk)s:d 1995; 706?3;
3 Wilson G, Spa:ksS.:&!DmstB Morton JP, CloseGLAsssm:;of
in race a
mngmmwmmn&\mb
“01:38415—“0

4. Dolan E, 0'Connor H. McGoldrick A, O'Loughlin G, Lyons D, War-

PHYSIOLOGICAL DEMAND IN RIDING ACTIVITIES

nngton G. Numitional, lifestyle, and weight control practices of profes-
sxoml )ockeys J Sports Sci 2011;20.791-9.

G, Dotan E, McGoldrick A, McEvoy J, Macmamus €, Gnif-
ﬁnMaa Chronic weight consrol inpeacts on function and
bone health m elite jockeys. T Sports Sa 2009;27:343-50.

0. lmx'[ompmvw&hp The effact of exercise-indnced arousal
1210110 34“’ e task performance: 3 mets-regression analysis. Bram Res

7. Mocre RD, Romine MW, O’connor PJ, Tomporowsks PD. The in-
ﬂsmeofummhcedﬁngmcncopm\'eﬁnmJSmSc
2012;30:841-50.

8. Hitchens P, Blizzard L Jones G, Day L, Fell J. Predictors of race-day
jockey falls in jumps racing in Australia. Accid Anal Prev 2011:43; 840-7.
9. Devienne MF, Guezennec CY. Energy expendinre of horse nding. Eur
T Appl Plyziol 2000:82:499-303.

10. Withers RT, Whittingham NO, Nerton KI, La Forgia J, Ellis MW,
Crockett A Relative body

sity of female athletes, mlmm mm
11. Borg G. Borg’s percieved exertion and pain scales. Med sa Sport Ex-
erc 1982:14:377-81.

12. Weir JB. New methods for metabolic rate with special
mewptmmohmlphyswl 1 100:1-0.

13. Aincworth BE, Hackell WL, Herrmann SD, Mackes N, Bassett DR Jr,
Tudor-Locke C, o7 al. 2011 Compendimm of Activities: a second
wpdate of codes and MET values. Med Sd Spors Exerc 2011;43:1575-81.
14. Tulppo MP, Makikallio TH, Seppinen T, Laukkanen RT, Hulmi
H\’Cm]ﬂ,araﬂ‘agalmmhumofhemmdmgmse ef-

and physical fimess and traiing load. J Pysiol Circ Physiol
'.’0122744"4-9

Confficts of interest —The authors cernfy that there 1s no condtict of meerest with any financial orzanization regarding the materia! discussed m the mamsenpt.
Funding—The Irish Turf Club funded this original research study, bowever the funder had no involven:ent in any part of the stady.
thmkdgmm&qm:namndmtmmninmcshwcommzds&mpmmdassimemmghmmismemhmjm

blishad onlme: March 27, 2018 - Manuscript accepted: March 9, 2018, - Manuscript revised: February 23, 2018. - Mamuscript received:

Sepmnbef“ 2017

210



