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ABSTRACT
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PHYSICAL DEVELOPMERNTAILORS WITHINEBRITISH SAILING BEQ{ h|[ , at L
PATHWAY
ByTimothy John Jones

Elite sailing is a complex sport that requires the combination of many factors (Sjegaard
al., 2015).In particular physical characteristics have become more impor@astecent
format changesin elite sailing haveresulted in a more competitive and physically
demanding environment (Bojsera f feS Kl 2014). Considering the increased
competitiveness of elite senior sport (DeBossckeral, 2007 maintaining a constan
stream of athletes capable of elite success must be achiéseduccesgVaeyenset al.,

2009). Thisthesisaimed toimprove the understanding of physical developmdrgiow

hf @ YLIAO fS@St G2 2LIWAYAAS GKS . NAGAaAK { I

The first experimental chapteidentified components of fitness and anthropometrical
characteristics of successful elite development in sailing using-senatured interviews

with a sample of experienced elite coaclasltop world ranked sailorsncluding multiple
Olympians. Commonality was observed across the majority of physical characteristics,
revealing a high level of agreemercreases in physical demands tednsition points
emerged as a key aspedihe second experimental chaptervestgated the reliability,
validity and intefrelationships of upper body strength assessmeiatsinclusion in the
Olympic pathway physical testing batteBressup and Supine pulests were shown to be
reliable (ICC = 0.98) awndlid when correlated to 1RBI(r = 0.92to 0.98). This combined

with the time-conscious environment of mass field testinghin the Olympic pathway,
resulted in these tests chosen agper bodystrength testing methodsvithin the physical
testing battery. The third experimental chdpr explored methods used to predict Peak
Adult Height (PAH), establishing the approach of Khamis and Roche (1995) to best predict
PAH and estimate maturation status in Olympic pathway sailors. Confidence in these
methods enable greater individuality in e monitoring of sailor progression. Using the
physical profiling testing battery, the next chapter identified the physical characteristics of
elite Junior and Youth sailors, filling the gdpinderstanding below Olympic level. The final
experimental chafer identified the intra and interindividual variation of physical
development in pathway sailors relative to biological agerivedbenchmarks

This thesis provides a detailed understanding of the physical development of elite sailors
within the Britik {FAfAy3 ¢SIFYQa hfe&YLAO LI GKgl &
successful elite development and a saHspgecific physical testing battery to enable
assessment of a broad set of physical competencies required to meet the changeable
Olympic class emanment. Application of this physical testing battery has generated a
novel crosssectional analysis of pathway sailing classes in males and females, providing the
first insight into physical requirements of sailors below Olympic level. The individual
variation in physical development though the Olympic pathway has been highlighted,
reflecting the need for longitudinal monitoring of sailors relative to biological age.
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Chapter 1  Generalintroduction



1.1 Stimulation forthe thesis

Qreating a successfpathwaythat is able to systematically identify and develop a constant

stream of athletes capable of producing elite medals will increase the probability of future

success (Abernathy, 2008; Vaeyensal., 2009). Once identified as having potential for

future suaess, resources may be focused to enhance the possibility of progression, such

as provision of coaching, sports science support or funding (Vaeyets2009).There is

currently no research that investigates the developrmaprocessof Olympic sailorsElite

sailing is a complex sport that requires the combination of many factors including decision

making, cognitive function, tactics and physical skills (Begsent &t 8N2007; Sjggaard

et al., 2014). Further complicationis added bythe unpredictable and ever changing
environmentalconditions on the wateti K I & | NB 2 dzi 2. ForthiKrBasanl A f 2 NRa O
the British Sailing Tearhave previously focused on a mission ofd O2 Yy i N2 f €t Ay3 (KS
O2y iNRTf f I 6f $ApE5) Gne ddiBrdlgbe areathat has becomeparticularly

relevant is sailor physical preparationas inrecent Olympic cycles there have been

advances in ractormat andboat design that havenade elite sailing a more competitive

and physically demanding sport (Bojsen f &t 8I\2D14).

Therefore 1 is the aim of this thesis tturther the current understandng ofthe physical
development of elite sailorthrough building an objectiveevidencebasal manuscriptto
help inform the Olympicpathway. This willinclude a review of currénperspectives in
talent researchthe physical requirements of elite sailirghdconfirmingand profilingkey
characteristics of successful eligailingdevelopment, investigating the progression of

these characteristswithin sailors on the Olympigathwaysince 2012.

1.2 History of Sailing

Sailing as a method of transportation and recreation has existed for thousands of years,
dating back as early as 2,600 BC in Egyptian times. It existed primarily as a means for travel
over long distances or for trangging heavy loads using the wind as a power source where

it would have been impossible to use human muscular power alone {Jatoston, 1990).

The earliest reference to competitive sailing racing also referred to as sport sailing or yacht
racing appeat RdzNAYy 3 (GKS wmcnnQa Ay GKS bSIOKSNIFyRaod
to British shores ¢.1660 ingCharles Il (Knefohnston, 1990). Many different forms of

sailing racing exist, ranging from the high budget big boat team events such as the long



distance Volvo Ocean Racedd YSNA O Q& O dzhdublebaddedidinghd &n8 |
boardsailing classes sailed in Olympic sailliings tlesis will focus othe context of Olympic
sailing, in particulait KS RS @St 2 LIY SpathiwayQ URP @cfnpeltinid KU W

1.3 Technical baseof sailing

Sailinguses the wind for forward propulsion. The way this is achieved is different relating
to the direction of movement relative to the wind, in its most simple terms comprising of

upwind (against the wind) and dowsind (with the wind).

1.3.1 Sailing upwind

It is not possible to sail directly into the wind, therefore sailboats and boards sail at an angle
so that the wind isable to fill the saibnd create a difference in air pressure on either side
which causes liftRigurel.1). The lift that is created causes sideways motion as well as
forwards, the sideways motion is countered by a board or fin positioned centrally on the
underside of the boat/board. Without thig would be impossible to sail in a straight line
without drifting (RYA, 2016)Sailors are able to sail as close as 40° to the direction of the
wind which gives performance benefit as less distance is needed to be covered as+they zig
zag upwind. While inay be preferential to sail as close to the wind as possible to minimise
the total distance covered, however some faster boats amtsurf boardsan besaied

at greater angle$o the windso that they are able to travel faster and reduce the amount
ofidzNya I ONR&aa GUKS gAyR OFfftSR WilOlAy3aQ

stopping in some class¢&vans, 2009)
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Figurel.l Forcevectordiagram of vessel in the water from abowote spacingfovind on

either side of sail which creates pressure differential and therefore lift force

As sideways motion results in sailing greater distances due to drifting, it is the aim that in
the majority of classes that the boat/board is kept as flat as passibthe water so that

the centreboard or fin is able to exert greater force. When wind speed increasdsiite
exerted by the sakxceeds the force of the centrebahfin, therefore the sailor(s) must
contribute to keep the boat/board flavhich willresult in greater boat spee@vans, 2009)
When observing the rotational forces acting on a bdagqrel.2) it is evident that the
sailor (s) mustreate a righting moment to counter thieeeling moment of the salby

extending the body outside of the side of the boat.



Figurel.2 Forcevectordiagram of asinglehandeddinghy in the watesailing upwindrom
behind Note D- Force, GF gravitational force, Bbuoyancy force, @ distance, a air, s-

sailor, b- boat, w¢ water. Adaptedfrom Tanet al. (2006).

Hiking is generally accepted as the most physically demanding movement in sailboat racing
(Spurway, 2007). The body is extended out of the side of the boat, anchored with the fronts
of the ankles against a strap that runs along teatreline of the boat and the hamstrings
against the side of the boat. This is combined with repeatedly pulling on the rope that
O2y iNRfa GKS L}R2¢SNI 27T (AK\SindY¥deddyhcréases therelisuiNy
greater demand exerted on the sailto harness the power of the sails and keep the boat
flat resulting in greater boat speg@lackieet al., 1999) Some doubldanded positions

use a different method to counteract the heeling moment called trapeezing, where the
whole body is extended outdm the side of the boat with the use of harness which is
attached to the mast{Besierand Sanders, 1999)ntensity is increased greatly as sailors
hoist and drop the largepinnaker sail (Bagnd Larsson, 2013) anare able to pump the

sail using their Wwole body which fans # sail and increases boat speed (Besiad
Sanders, 1999 his actions ofiiking and trapeezig in sailboat racing are shovimFigure

13.



Figure1l.3 Images of Hikindleft) and Trapeezing(right). Note: Trapeezing sailor is the

closest sailoon the right image.

Boardsailings competed on Windsurf boardgigurel.4) and aregoverned by the same
forces displayed ifrigurel.2, however to add speed sailors pump the sail which increases
the physiological loading (Bojsen f &t&IN2014). This movement becomes crucial in
lower wind ranges, as due to the low weight of the rig and board combined relative to the

sailor, this becomes the ma driver of forward propulsion.

Figurel.4 Image ofboardsailingpumping

1.3.2 Sailing downwind

Sailing downwindn general is understood to be lesgenuousas the heeling moment of

the sailis reduced which reduces the physical cf3eVitoet al, 1996) The sail ideld
further from the centreline to harness more wind from behind. The boat becomes more
unstable whichconfirms the requiremenfor agility and balancéBojsena f £tS&iINJ
2014) as the risks of capsizirage increased, especialljuring manoeuvresvhen crossing

the line of the wind(gybing. Intensity is increased when sailing downwind as sailors are

able to use their body to rock and steer the baaid pump the sato increase boat speed

The other major component of forward propulsion which needs to be considered is drag
which when the shape and mass of the boats/boards and equipment are equal is related
to the body mass of the sailor (s) on board. If there is greater mass, the boat/kokrd
displace more water which increases drag and slows it down, therefore there is adifade

6



between having greater mass to increase righting moment upwind versus being heavier
and displacing more water especially downwigievans, 2009)n all sailingclasses the
effect of body mass can have dramatic effects on boat speed and therefore performance

in racing the impact isclass and positiospecific(Bojsena  f &t 8I.N2014).

1.4 Olympic siling

Sailing has been a planned part of thedern Olympic Gamesince its inception in 1896,
although it was not staged in 1986 or 1904 due to inclement weather and the lack of an
appropriate setting respectively. Women have competed alongside men since 1900, with
the introduction of specific singisex classes for fealesin the 470 class at the Seoul
Games in 1988. Olympic sailing consisted of sailbagttp 1980whereit was decided to
introduce aBoardsailingevent which has been present since 1984. Sailing at the Olympic
Games hasaried fromthree to 14 eventgInternational Olympic Committee, 2011), with

ten events competed in the most recent edition in Rio in 2(8&eTablel.1).

Tablel.1 Sailing events irhie Rio 2016 Olympics.

Class Type of vessel Gender
a) Laser Radial Dinghy Female
b) Laser Dinghy Male
¢) RS:X 9.5m b Windsurf board Male
d) RS:X 8.5m Jb Windsurf board Female
e) Finn Heavyweightdinghy Male
f) 470 (2) Dinghy Male/Female
g) 49er FX (2)  Skiff Female
h) 49er (2) Skiff Male
i) Nacral7 (2) Catamaran Mixed

Note: (2) Denotes doubknanded class, (ljoardsailingclass.

Letter prefix relates to pictures iRigurel.5



Figurel.5 Sailing classes in Rio 20Q&/mpics irmast heightorder. Note: a - Laser Radial,

b - Laser, ¢ RS:X 815, d- RS:X 91/, e- Finn, f- 470, g- 49er FX, h49er, i¢ Nacral?

At the Rio2016 Olympic Gamesine classesvere raced, with the 470 raced with a male
and female crew separatelyhich brings the total up tten events. This comprised of three
singlehanded, two boardsailing,and four doublehanded classes. At this levelf
competitionall the classes have at least a moderate level of physigafitio the RS:X 9.5m

and Finn classes that are the hardest physjcallthe sport(Bojsera f &t &INA014),

with boardsailingoeing compared to the demands of other Olympic sports such as cycling
or rowing (Vaiatzis and De Vito, 2014). Class hulls and boards at the Olympic level are
designed to maximise speed whiaitieases the physical demand, plus the greater salil
areas result in greater effort for theailors to keep the boatflat through hiking and

trapeezing and for théoardsailos to pumpwhich will make them go faster.

The classes sailed in the Olympic Games not fixed, therefore it is possible for new
classes to be brought in for each foeyear cycle. From London 2012 to Rio 2016 Games,
there were two changes, with the Elliot 6m and Star being replaced by faster and more
agile boats (49er FX and Nadra). At the time of completion of this thesis the exact classes
that will be sailed in Tokyo at the 2020 Games is unkn@wsrcan be seen fRigurel.6 the
movements involved itlasses have changeBojsena f &t 813014 categorised the
Olympic sailing classes into movements that are used and tracked these in Olympic Games
from 1968 b 2016 Which evidenced the trend of sailing clasbesoming faster requiring
more physicality demonstratedy the reduction irside-hiking and increase itrapeezing.
Additional to the trend for higher intensity boats, is the development of shorter rtas
involve more manoeuvres and reduced rest periods between radesatiie-style racing
especially for medal races is being phasedhich brings sailing closer to the shore which
makes it more aagssible than in previous Game¢houghit makes sailig conditions more

difficult to judge due to the effect of topography and buildings on the land.
8
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Figurel.6 Changes to classes sailed at the Olympic Gdroes 1968 to 201&ategorised
by Bojsera f &t &.N2019 into Hikers SideHikers, Trapeze and Boaallors. Note the

shift from 2008 with Trapeze and Hiking classes.

1.5 Sailing racing

Sailing racing takes part in a regatta or racing series, where-dgteemined number of
races are completed on an ared water identified using inflatable buoys and selected
vessels where a race committee would stand. A racing series is won by the sailor with the
lowest total cumulative score after the last race. Points are awarded as foll6vpdade =

1 point, 29 place = 2 points,'8place = 3 points and san. The time it takes to complete

the course is not key to winning as this is purely related to finishing positions, which can
make racing extremely tactical. After a set number of races, depending on publahed s
instructions, sailors are able to discard their worst score. In Olympic class racing it is
common place for a series to end with a doshl@® A yGa WYSRIf N#&nOSQ>
finishers race one final time where all scoring points are doubledp®tential for change

in positions is therefore increased witivo to 20 points on offer, therefore it is imperative

for sailors to reach the medal race in good physical and mental condition.

Racing takes place within a guideline range of wind strengtims fike to 30 knots (5.75 to

34.52 mileghour?) to ensure a good quality of racing and sailor safety, with the risk of
capsize increasing in higher winds. Sailors must complete the set course racing around
marks (buoys) in particular order. All races s&rtoss an imaginary start line between a

committee boat and a buoy which is set as perpendicular to the wind direction as possible.

9



Course lengths are judged by the race committee and calculated usirgdepgamined
charts based on upwind, downwind andagh boat speeds in different wind strengths per
class. Depending on class and level, sailors can expect to completdayy 02560 min
races a dapnd be on the water for around threzeighthours including getting to the race

course and back from thghore.

A representative diagram oftgpicalLaser sailing a typical course is shown beloRiguire

1.7. As a relatively slow boat, the Laser will tend to sail as straight a line as possible while

WNMXzy yAYy3IQ R26YS6AYR (2 SyadaNB G§KS& alAf GKS aKz
sail further distances as their sail agt enables them to increase bogieed with greater

y3fSaz GKSNBF2NBE AlG Yl e 2271 za0d™BEn. aA YAL | NI (2

2. Across Wind
(Reaching)

4. Upwind

3. & 5. Down

Wind 1. Upwind

[Beating) (Beating)

(Running)

Figurel.7 A dagram of a Laser sailingypical Trapezoid Outer loop course

1.6 Pathwaysailing

At Juniorlevel there are sixecognised classes within the Olympathway. three single
handed, oneboardsailingand two doublehanded Saling atJuniorlevel is typically not
greatly physically demanding due to the power created by the smaller sail aarda
hull/board design limits speed. The exception may be the Laser 4.7 which is seen as a more
demanding class than the Optimist and Topper (Calleweteal., 2014b), the Bic Techno

293 Windsurf boardsn comparison to the dinghies and skiffs are hypotbed to the
hardest class to sail physicallyJamniorlevel due to fact that sailors need to use their body
mass to pump the sail in light to moderate winds similar to the comparison of hiking and

trapeezing classes versbsardsailingat Olympic level (&sena { Bt&IN2015. The

10
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strategy, sailing knowledge and feel.

When sailors make the transition from JuniorYouth classeghe level of physicadlemand
increases (Bojsea f €t 8.\2D07; Callewaertt al.,2014b) Sailing kasses are desigd

for higher performance and have greater sail areas to harness the power of the wind and
therefore go faster. Youth level sailing consists of: two sthgleded,oneboardsailingand

three dowle-handed classes. AbMth level females begin to sail the same siAgeded
classes that are raced at Olympic level (Laser RadihRS: X 8.5m), male singianded
Youth sailors begin with sailing the same class as émeales though progress on to the
male Olympic class when they become physically,atdtéch usually occurs around 1B

years old. These classes become physically challenging where larger amounts of strengtt
and aerobic fitness are required to sail fastlan maintain performance through a whole
regatta that may consist of 125 races over# days (Bojsea f €t 8.\2D14). The 29er

and Spitfie are the fastest boats in theodth programme only surpassed by the RS:X 8.5m,
the Youth boardsailingclass which is the same as the female Olympic evedlympic

pathway classes are summarisedlablel.2.

Tablel.2 Sailing classes in the Olympi&thwaybelow Olympic level

Class Level ofpathway  Type of vessel Gender

a) Optimist Junior Dinghy Male/Female

b) Topper Junior Dinghy Male/Female

c) Laser 4.7 Junior Dinghy Male/Female

d) Bic Techno 29: Junior Windsurf board Male/Female

e) Cadet (2) Junior Dinghy Male/Female/Mixed
f) RS Feva (2) Junior Dinghy Male/Female/Mixed
g) Laser Radial Youth Dinghy Male/Female

h) Laser Youth Dinghy Male

i) RS:X 8.5m )b Youth Windsurf board Male/Female

J) 29er (2) Youth Skiff Male/Female

k) 420 (2) Youth Dinghy Male/Female

[) Spitfire (2) Youth Catamaran Male/Female/Mixed

Note: (2) denotes doubldanded class, (joardsailingclass, letter prefix relates to
pictures displayed ifigure 1.8.

11



Junior Youth
Figurel.8 Sailing classes in Olympic pathway below Olympic IBlage: a- Optimist, b-
Topper, ¢ Laser 4.7, dBic Techno 293, €Cadet, + RS Feva, g_aser Radial, hLaser, i
RS:X 8.5,-29er, k- 420, |- Spitfire.

1.7 Olympicpathway

The ultimate aim of the Olympjgathwayis to constantly deliver sailors to win medals at
Olympic GamesThepathwaythat asailor may travel is shown Figurel.9 which highlights
the possibility of a 12 20 year journey from taking up the sport to winning Olympic gold.
A number of UKun squads exist with sailors as youngiyears oldwith the purpose of
delivering sailors up the Olymppmathway arming them with the skills and behaviours
required of achievig success at the highest level. For more detail on pattsadingclasses

seeAppendix 1¢ Olympicpathwaysailing classes
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Figure 1.9 Structured path of development through the British Sailing Team Olympic
pathway(RY APathwayto Podium Handbook, 2014)

The trajectory of sailors through the Olympiathwaycan be complexHigurel.10) where

a number of different classes wlilé sailed at various levels. TR Asupports participation

and competition in a set number of classes at specific levels that are typicaityageed,
although there is the ability to move outside of age due to physical or technical
development. It icommon for sailors to participate and compete in a number of different

classes at the same time outside of the-tuid squads, or to drop in and out of tipathway.

All classes within the Olymppathwayrequire different skills and physical abilitigs sall
(Bojsena f €t@INJ007; Bojsera f €t &INA014), ranging from slow singthanded
dinghies to fast/agile doubleanded skiffs, catamarans ansindsurf boards Therefore

with the possibility of sailing different classes through thethway that have different
demands, added to the potential change in Olympic classesy four yearst is key that
sailors are developed with that aim in mird.the recent lead up to the RRD16 Olympic
Games a number ofreat Britishsailors changed classes frohiking to trapeezing
movements, highlighting the need for high levels of ability across a range of physical

competencies.
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Figure1.10 Theoretical @velopmental paths through the Britiskailing Team Olympic
pathwayclassesNote: Darkblue lines denote most likely trajectory i.e. sailors remaining
in single or doubldanded classes, red lines denote other possible trajectgesiously

witnessed notablychanges observedt Podium level

1.8 Aim ofthesis

The variationevidentin sailing add a unique complexy to the developmental journey
consisting of a range of demands acratasses and positis, with different potential
trajectories within theseclassegowards achangeableset of Olympic classes once sailors
reach senior level. This thesis will focus minysical developmentvhich is relevant as
Olympic sailing is observed as becoming more competitive and physically demanding in
recent cyclesBojsenMoller et al,, 2014).Providing sailingspecific physical data through
development adds objectivity to the subjective skill assessment of coaches, and results
which may be influenced by environmental conditionEhe relative importance of
attainment in all aspects within a profilenay not be equalconsistently through
development(Williamset al., 2008), though sailors will need to develop physically to meet
the demands of any class they sail, suggesting a minimum level of competency to be
required to optimise development/performare as put forward by Vaeyens and colleagues

(2008).
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The creation of the dual resear@pplied post of the lead researchbetweenthe British
SailingTeamandthe University of Chichestavas to develop on current practice withiine
physical preparation fosailors and to improve the robustnes®f the profiling process
within the Olympigathway. This would be achieved bwitiating a longtudinal processof
monitoring sailorsspanning further than the time course of the PhD resedaocfurther
understandthe transition to elite senior succesBue to the dearth of research ivouth
sailing, this thesis will aim tomprove the understanding of Olympipathway sailing,
confirmingthe key physical characteristics of development aedelop therobustness of
the physical profilingorocess It is proposed thaphysical profilingassessed relative to
sailingspecificbenchmarks would be of optimal use for monitoridgvelopmentand

supporting the progression ahilorswithin the Olympigoathway:.
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2.1 Introduction

The purpose of this chapter is teviewcumrent perspectives in talent researctmderstand

the relationship of physical characteristicsand talent development and present the
literature to date reporting thghysical requirements @ddlympic and elitdunior and Youth
sailing Throughout this thesis athletes and sports players of different performance level
and age will be described by the following classification using the terminology from Rees
et al.(2016):elite to nonelite to refers to the boundary of athletes competing at or below
national levelJunior, Youth and ®nior refers to athletes who are under 16 years, between
16 and 18 years and over 18 years old respectively. Slteris reserved to athlets who

are serial Gold medallists at World and/or Olympic level.

2.2 Talent

Hite international sportis becoming more competitivewith more countries winning an
increasingshare of Olympic and World Championship medals, alongside this increase in
competitiveness, countries are increasing investment towards the acquisition of more
medals (DeBosschet al, 2007;Reest al, 2016;Vaeyenst al,, 2009). Various examples

are evident in recent history to support the notion that increased spending results in
greater success, Hogan and Norton (2000) and DeBosstlar(2013b) identified strong
correlations (r > 0.®) between success and the amount of expenditure on sporting
programmes. Hogan and Norton (2000) measured the exact cost of success in the period
from the 1976 and 1996 Olympics at AUS$37 million per gold medal and AUS$8 million per
medal, with an increase in funding from AUS$1.2 million in 1976 to AUS$106 million in
1997/8, within this time frame Australia went from B%lace winning no gold medals t

4™ place winning 16 in Sydney 2000lympic.org, n.d.)Similarly Great Britain went
through a process of increased funding alongside a redistribution of National Lottery
funding, and went fronone gold and 15 medals in total in Atlanta 1996 Olympios]l1

golds and a total of 28 medals in Sydney 2000 Olympics. This trajectory of increased succes
and funding for Great Britain has continued with £88 million-ptkens 2004, to £235
million in Beijing 2008, £261 million for London 2012, and £355 mfthoRio 2016 (Rees

et al.,2016).

It is clear that Sporting National Governing Bodies (NG8sgexample British Cycling or
British Sailindpenefit from sporting success with increased funding, and this continues to

the athletes. A notable example is Sir Chris Hoy, ugh@stimated to haveearned
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approximately £24,000 a yednefore the Beijing 2008 Olympicérom funding and

sponsorship. & aresult of his triple gold medal haul in Beijihg attracted a number of

higher profile sponsors including&é 2 33 Q&> | I NN R adintatgdRvedIttRA Rl a2 | Y F

of over £2 million hdependent, 2012).Using role models such as Sir Chris Hoy,
governmentsattempt to justify the great amount of public money invested into elite sport

through a number of benefits including an increase in the health of the nation from
resultant mass sporting participation and physical activity, improved national identity and

pride and international kudos in world political stagthis increase in sporting investment

KFra 06SSy GSNXYSR | w3t 20l fetad2027NdeBogsahetahNya NI OSQ

2013b; Houlihan and Green, 2008; Wickeal., 2012).

As a result of thd increased competitiveness and financial pressure to obtain medals, NGBs
are investing into maintaining a steady stream of athletes who are able to produce success
at the highest level (Vaeyers al., 2009). Their aim is to establish a framework thatgsav
apathwayto international success that systematically identifies and develops exceptionally
gifted young athletesso that resources are focused on athletes with the greatest potential
(Abernathy, 2008). Examples of these resources include: more cdiopétaining
opportunities, access to performance lifestyle and other support services, a higher level of
coaching and funding (Vaeyesisal.,2009). There is an assumption that provision of these
resources will increase the probability of success, gioit must be noted that there are a
number ofinterlinking factors that affect the progression of future international sports
medallists includng intrinsic (anthropometry, rate of maturation, adaptation to training,
coachability, motivation and other gshological skills) and extrinsic factors (family, coach,
access and opportunity and education) (Bergeebral., 2015). This has led to a difference

of opinion n to the effectiveness of sudialent pathways which will be discussed later in

this thesis.
OyS 2F GKS RAFTFAOdA GASaA 6KSy Al 02YSa G2 GKS
when it comes to defining talent, with the term being used to define both the start and the

end of a development process (Gagné, 2004). The Colllmedictionarystates that talent

~

C

Ad aly AYYyFaGS FoAftAdes I+ LI EalidgRnd waidkImpliesd dzt G & X+ 6 2 1

that talent is genetically endowed, which has been questioned by a number of researchers
(Ericssoret al.,1993;Gagné, 2004Howeet al., 1998; Tucker and Collins, 2012). Hate

al. (1998) listed characteristics of talent:
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1. Originates in genetics and is partially innate

2. The full extent may not be witnessed in the early stages though there will be

indicators
3. These indicators may be usedabase for predicting future success
4. Talent is restricted to a small percentage of a population
5. Talents are specific to the domain in which it is measured

| 26S yR O2tftSI3dzSaQ OKIF NI OGSNRAGAOA LINE ¢
with it being more complex than an ovemmglistic dictionary definitionDefining talent

may involve viewing the concept from a social perspective, as talent can be confirmed
relative to the value that is placed on it via the subculture in which it exists (RKleaand
Cushion, 2006). Gagné (2004) differentiated the terminology of being talented from being
WIAFTOESRQ YR a2daAK{i (G2 Odzi GKNRBdJzZIK GKS
individual placing in the top 10% of aatipeers of a similar age frooutstanding mastery

of systematically developed skiland knowledgeThis definition moves away from the
dictionary definition and does not account for a nlamear trajectory of talent
development as an athlete falling out of the top 10% would cease toegarded as
talented, discounting the natural variability in the progress of developing elite athletes
(Gulbinet al.,2013;Ree<et al.,2016;Vaeyenst al.,2009;). One of the main criticisms of
DF3ySQa Y2RSt A& GKFG AG ethgwhiehSigherentlyS R

different from developing sporting success.

While the definition of talent remains debated, the process of pa¢ghwayto elite success
is more accepted. Williams and Reilly (2000) presented a framework from their earlier work
(Williams and Franks, 1998) with distinct stages of Detection, Identification, Development

and Selectiorfp.659)and these definitions will be used in the thesis:

A LA = 7

¢FfSyd 5SG§SOGA2YY G5Aa020SNE 2F LRISYOGAl
spori Ay ljdzSadAz2yé

f SYylid LRSYUGAFAOFIGAZ2YY atNROSaa 2F NBO2:=
2Y 8

A A

StA0S LIXIFeSNA wlikKfSiSa

w

06SO

19



¢FfSyld 5S@St2LIYSyidyYy atfl@SNAR wliGKfSiSae | NB LIN
G2 NBFfAAS GKSANI LROSYOGAl ¢

¢t Syl { Sftg8ngilpkogeysYof idemtifying players at various stages who
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Figure2.1 Stages within the development of tale{iVilliamsand Franks, 1998redrawn
from Williamsand Reilly, 2000)

It is clear that the concept of talent is compléss the research in this thedisvestigates
the development of sailors within the Olympmathway who have already been identified
Fa WailFrfSYydiSRQ: GKAA fAGSNY GdzNBE NBQJatbe oAttt T20

Development and Selection.

2.3 Talent Identification

2 AffAlFYAa YR CNJI y6lid Ghe drewidug yséctionR iSctuded dledtA 2 y
identification (TID), which describélae ability of a process to identify participants with the

potential to progress tdoe elite adult athletes. fiis has beerthe focus of a number of

Y6EOGA2Yy Lt F20SNYAYy3I 02RASE | yRognieieBaFE®a3i A2yt (St
The majority of TIDpathwaya a St SOG4 Wil ft SYGiSRQ |GKfSGSa oF as
results, most likely due to pressure on resources and financial costs (Vastya@n2009).

¢KS o6lFlasSa 27F Wi NI pathwasdodis dn the asiRpfidnsithaettie eliel € Sy
athlete journey is linear involving singlesport participation, earlier success and

participation willincrease the likelihood of success into adulthpadd that success is more

probable from increased training andropetition (Gullichand Emrich, 2006) linked closely

with the now challenged models of early specialisation and deliberate practice (Eretsson

al. (1993).
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The process of predicting elite adult participation/success, especially at younger ages, has
beenchallenged by a number of researchefdblott and Collins, 2004; MacNamaend
Collins, 2011 Pearsoret al.,2006; Suppialet al.,2015;Vaeyenst al, 2008; Vaeyenst

al., 2009). Vaeyen®t al. (2009) stated that there waso empirical support forthe
traditional approach to TIDWhen investigating the literature on the prediction of elite
adult participation from eliteJuniorand/or Youth participation the results are varied, with

the majority stating eliteJuniorand Youth athletes have odds signifintly less than the flip

of a coin of reaching elite adult stat{Bable2.1). Resource and financially driven models

will ultimately have to decreasehé amount of numbers within higher levels of
performance as the requirement for support will increase, producing a natural drop off in
Wil f SYGSRQ FGKESGSa gKAOK YIFeé LI NIOAFEEe&
et al.,2002). Though it is iportant to note thatthe measure of success withapathway

varies, for example in gymnastics success would be characterised by productiorntwbjust
world class athletes a year (Piehal., 2016) so the question to ask is whether talent drop

off isa significant issue in all sports?
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Table2.1 Summary of prediction percentage in athletes progresfiom Juniorto Adult Elite participation

Sudy Sport Age Sample % prediction Level Attained
Robertsoret  Australian Football N = 3,846 (Applied for National stat
uis _ _ 6% Drafted to Professional AFL
al. (2014) (AFL) championships teams)
Schumacheet _ N = 4,432 (Participants dunior Elite adult cyclist,
Cycling u1s _ _ 29.4 | 34.6% _ _
al. (2006) World Championships) (retrospective/ prospective)
Barreiroset al. Football, Volleyball, . _ S
o Ul4qUl6 N = 289 (National level athletes)  34.6% Elite adult participatin
(2014) Swimmingand Judo
Till et al. Super League Professional/
Rugby League Ul4qUl6 N = 580 (Talent ID group) 12 /57%
(2014) Academy
LeGalkt al. N = 161 (Pr@pprentice at National _ _
Football Ul4qU16 _ 10/ 35% International/ Professional
(2010) Institute)
Ostojicet al. _ o Participating in top Europear
Football ul4 N = 48 (Serbian Top Division) 33% _
(2014) leagues/ International
Pionet al. _ _ Maintained elite status 5
Gymnastics us N = 243 (Top national athletes) 14%
(2016) years later
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A number of studies have investigatadange ofsports that challenge the conception of
successful athletes following elite linear singf@ort journeys to elite adult level (Gulbét

al., 2013; GulliclandEmrich, 2012; GullikndEmrich, 2014). Gulbiand colleagues (2013)
analysedhe patterns of performance development of 256 elite athletes acjassorand
senior competitive experience in a mixture of spastisich theycategorised as cgs (results
measured in centimetres, grams or seconds) and-cgmsports. Less than 7% of athletes
SELISNASYOSR | WLIzNEWRior foASshidrl piidoriade 2vBtd 835968
experiencing either mixed ascent or decent trajectories containing concurrent experience
or multiple crossovers of playing ldv@8he g@es of first competitive experiencearied
widely between athletes fromapproximately 9.1 years old (78.1% of athletes), to
approximatelyl4.3 years (17%) arapproximatelymy p ®c &SI NRA on ®oz 0 P
0of 22 YSNAQ thd S NdnmPeSitRe egerience within their main sportat
approximately20.7 years, these athletes were noted specifically for their participation in
other sports in preelite or elite level (52%). Giiliegmd9 YNRA OKQ& O HAMHUO & (
the career paths of 4,686 successful senior athletes through elite support programmes in
Germany. Interestingly early entry into a p&thwaywas very strongly correlated to early

exit (r = 0.92), higher levels of squstdtus was related to a later age of first selection with
mean age of And B hidh performance squad member$9q.2 + 2.7 yea)s Annual squad
turnover was 44%, successful elite adult athletgpically experienced multiple de
selection and reselections a the pathwayto success, with the majority of Olympians
experiencing discontinuation in squads in the four years prior to the Games (57%). In
conclusion there was no single trajectory experienced by successful elite adult athletes.
Gray and Plucker (2018)ate that athletes who survive this process otsidection and
selection, and therefore learn to cope with disappointment and how to overcome these
traumas will likely grow stronger intrinsic motivation and grit aiding the ability to progress

successfuly.

The ability of TID to predict future elite adult succesdifécult, ashighlighted by Suppiah

et al. (2015) who state that anticipating future success is a science and an art, based on a
variety of intrinsic and extrinsic factors which are ofteniudbual, immeasurable and
impossible to recreatelt is therefore aisk of using mondalisciplinary models of TID that
discount the multifactorial interactions and compensations that athletes may experience
(MacNamarandCollins, 2011). Vaeyesstal.(2008) cite a range of factors for the reason

behind failure to accurately predict future success: the lack of scientific grounding, elite
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gualities may only evolve at later ages, similar factors are considered importantth
athletes as in elite adulithletes, the individual nature of maturation. A main challenge to
TID models is the lack of a longitudinal approach, typically usingfhis@apshots of ability
which increases the risk of missing key attributes of developing elites that are yet t@ evolv
(AbbottandCollins, 2004).

2.3.1 Predicting elite progression based on physical characteristics

Ly y FGaSYLW G2 3JFAYy Y2NB dzy RSNEGIYRAYy3 2F @2
sport programmes and professional teams have included the assessmemiuohlzer of

characteristics including physical, psychological and sociological @tiabr 2009). This

thesis focuses on physical characteristics of physiological (e.g. aerobic fitness, strength and

speed), motor (e.g. balance,-codination, and agilityand anthropometrical (height, body

mass and body composition). Measuring physical characteristics may aid the prediction of

elite adult succesby adding a battery of tests that provides objective scientific data to

work alongside the subjective coach essment of current ability and/or potential (Abbott

et al.,2002). Bompand Haff(2009) state the benefits of using scientific criteria in TID are

the following: reduces the time to reach elite level by selecting those gifted in the sport,

reduces the wdkload of the coach so they can focus on training superior athletes, increases
competitiveness and promotes a more stronger group of athletes, knowledge of enhanced

oAt AGASa AYyONBlIaSa |y GaKftSisSQa O2yFARSyOS:

accekrate development.

Obtaining physical data from TID athletes may provide programmes and sports with
relevant information of athletic potential, not just of developing technical sporting talent
(Williams and Reilly, 2000). The aly of an individual to display physical skills and
physiological attributes opposed to current level of attainment may add a level of aptitude
to help inform the TID process (Abbat al.,2002). Once this data has been collected it
will help support sté establish normative values for athletes, help inform training
prescription and monitor progress (Lidetral., 2009). The ability of physical characteristics
to impact future performance is varied across different sports which is not surprising due
to the fact sports require different contributions from physical attributalket al.,2004;
LeGalkt al.,2010; Robertsort al.,2014).
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Table2.2 Physical Testing and future elite progress{pn<0.05 unless otherwise stated

Study Sport Age Sample Future Level Selected Test Items Main results
N = 3,846 Professional Anthropometry, Lower A height and Speed t influential ¢62%
Robertson Australian (Applied for AFL/ National bod Prz)wer /Z i Serol’l ell\g/l dan p(fefe mf)s |r]1c u:-n ,Ialc )
et al. Football U18 National state  State s ei q Aero,big 4 ﬂ. rr;)a tOdI\T grat(i eftect S|ze_oo|c2) 383|70f measure
(2014) (AFL) championships Champs/ CZ ac;t |n. .roan ational vs. statec.(— 26 0.71)
teams) State pacity 1 Trivial to small of Pro to National € 0.05¢ 0.4)
Anthropometry
. Ul4 N =580 Professional/ (including Bod L
Tiletal.  Rugby rofessional/ (including Body TENE  !'Y 2y . 2 RandSPed LIS
(2014) Leaque (Talent ID Academy/ composition), LB 1 No diff bet 1 Pro and Acad
g Ulé group) Amateur Power, Speed, Agility, O dift betwee oa ca
Aerobic capacity
Anthropometry U14 No dift
N =580 , _ ; ! t NP LY, d, Adlify,8er®
. ui4, Professional/ (including Body ﬂ', MP o Speed, Adllify her
Tilletal.  Rugby (Talent ID group . (2=0.16)
(2016)  League X spiitintouta, cademy/ composition), LB T mMc t NP | Y asdy 3 A 22R 8.50F
g uie " ' Amateur Power,Speed, Agility, q b 2P

U15 and U16)

Aerobic capacity
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LeGalkt

Football
al. (2010)

Gonaus
and
Mdaller
(2012)

Football

Falket al. Water
(2004) Polo

ul4

Ul6

Uls5

uUl8

U13

C
uils

N =161
(Preapprentice
at National
Institute)

N =1,365
(National
Academy)

N =24
(Selection for
national team)

International
/
Professional/
Amateur

International
uligu21/
Non
international

Youth
National/
Non-Youth
National

Anthropometry, LB
Power, Speed, LB
Strength, Aerobic
capacity, Anaerobic
power

LBandUB Power,
Speed, Agility,
Flexibility, Repeated
Sprint, Aerobic
capacity, Caprdination

Swim sprint, Swim
endurance, LB Power

Tt NE m !'Y 2yd=03Re& YI aa
fintandt N2 rn ! Y dk ¢.85@R SOA0F)&nd
Anaerobic powerd = 0.79,P <0.01)

fLYd m 'Y Ay [ andSprasi@NJ o
0.50)

b2 RAFTTFT Lyd @a tNB o dz

i AY Lyid ot 2 g ©ONBFAerp)LISSR

T U15 UB Power + RSA + Agility = 63.4%

fUl16andU17 UB Power + RSA + Aero = GAd
63.6%

U18 UB Power + RSA +@al =66.2%

fw{ 12=0.07cn ®n p0 = 25 0.04%& H6.65), VB
t 2 ¢ S2NJ0.65¢ 0.11)

T AY tKe&aAolt G SaiarmationslN.
teamtwo years later with 8/11 going on to Senior
national team

Note: Aero = Aerobic capacity, LB/UB = Lower/Upper Body, Body comp = Body Composition, RSA = Repeated Sprint Ability,ilkiexGoBlekb Ceo
Ordination, Pro ®Professiongl' 2¢ effect size(small effect 0.01, medium 0.06, large 0,14 | S R 3 S ( &ize(Srifalf 3féxt 0.2, medium 0.frge 0.8)
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The studies covered iMable 2.2 found that physical characteristics were able to
differentiate between future elite versus amateur participation levels, although the
majority revealed less than moderate effect sizes and fewer differences were observed
between elite and sulelite level (eg. Professional vs. Academy). It is important to note
that the effect sizesstated above do not imply that physical characteristics predict future
performance, as thg@athwayto elite adult success is based on the contributions of many
factors @bbott et al., 2002; MacNamaraand Collins, 2011; Suppiadt al.,2015; Vaeyens

et al.,2008) although improved physical attributes may support progression (kidalr,
2009). The lack of a stronger effect has been hypothesised to be partly due to the discrete
nature of physical testing within open skilled sports as they are far too removed from real
sporting situations. This is compounded as physical testing is performed in a rested state
typically on artificial or indoor surfaces that may not iepte the actuakkills requiredn

performance (Lidoet al.,2009; Suppialet al., 2015).

2.3.2 Relationship between physical characteristics and sports performance

To further understand the TID process various authors have attempted to identify the
physical characteristichat distinguish the performance level of young athletes (Pearson
et al.,2006). Matthys and colleagues (2013a) tracked elite andeib@ handballplayers

in two different age goups (U14U16 and U16U18) for threeyears across a number of
physical charderistics, with elites in both groups scoring higher in aerobic capacity, speed,
repeated sprint ability (RSA) and-oalination. The most discriminating facto were

F SNRPOAO OF LIR5Pkd.01)0amd ce2MNRMK 3 | (i Atd ¥4.8%,R,<0y08).cp
However no differences were a&erved in improvement over the thregears between
performance levels or in any anthropometrical measurements after accounting for
maturation status.Different anthropometrical characteristiagere observed in togelite,

elite and nonelite groups of U17 female handball playéMosset al., 2015) Top elite
players were found to be taller and heavier than elite and 4etite (~11cm and 11kg
respectively), this coupled with increased lean body mass led researchers to conclude that
top elite players had more functional (muscle) mass. This is reflected in the top elite players
alsohaving greater lower body power, speed, RSA and aerobic itgRc<0.05). Both
authors cited the link between the key physical characteristics with linking to successful
completion of the specific demands of the sport, this was also evident in another team
invasion sport by Reillgt al. (2000) who found elite UL football players outscored nen

elites in 8/10 physical tests. Elite players were found to be leghédata in parentheses
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displayed as meat S.D. unless reported otherwisgl.3 + 2.1 vs. 13.9 + 3.886dy fat P
<0.01), less endomorphi@(l + 0.5 8. 2.9 + 1.0P <0.05), had greatetfomax(59.0 + 1.7
vs. 55.5 3.8 mlxkglanin?) and greater lowerbody powermeasured by Standing Vertical
Jump(55.80 = 5.82 vs. 50.21 + 7.681, bothP <0.05). The most discriminating factors
werespeed at 15m (24++ 0.07 vs. 2.56 + 0.52c, standard coefficient-2.35)and agility
(7.78 £ 0.18 vs. 9.53 + 0.88c, bothP <0.01) which were felt as key demands of match
play. Mohamecet al. (2009) also found key differencesphysicalcharacteristics related
to match play in handball as RSA and height were found to discriminate 87.2% of elite vs.
non-elite U16 players, after accounting for maturatistatuselites also had improved body
composition and arm to height ratio. Elite U16 playalsopossessed greatdower body
power measured by standing long jump (SLJ) (218.7 + 12.3 vs. 194.2 £n2).8rip
strength(46.4 £ 6.6 vs. 35.6 = 11k@), trunk endurancesit-ups) (28.5 + 4.2 vs. 25.5+ 2.7
reps)andendurance shuttle run (10.3 £ 1.2 vs. 9.2 +rhid) (all P <0.01to 0.05).

Not all studies have found physical characteristics to differentiate performance levels,
Frankset al. (1999) revealed no differences between U17 football players who were/were
not drafted into professional contracts in anthropometryhody composition,
aerobic/anaerobic capacity or speed. Both groups of players exhibited high levels of aerobic
and anaerobic capacity, and differences were observed between playing positions. A
similar result was found in UldU15 male and female hockeYagers (ElferilGemseret
al.,2004) no difference was observed in anthropometry, body composition, speed, RSA or
aerobic capacity between performance levels, however elite players outscoreélites

in technical, tactical and psychological charactarss The authors warned against the use

of sport skilbased tests for TID that favour athletes who have experienced greater time in
sport-specific training, as this may be representative of current ability/experience rather
than potential br future progession. From theséwo studies it appears that physical
testing may not be sensitive enough to discriminate between groups that differ in
LISNF2NXYI yOS tS@St GKIdG KIFI@S 0SSy |t NBIRe

A similar finding was exhibited in Vaeyeantsl. (2006) investigation of U13 to U16 football

LI I @S NB ¢K2 ¢ SNR toNvd RANGIASERA 21yaa YBSH AVIBSIOR R Q@ f
0§ KANR | yR ¥F2dzNIK XRBi&al anmagyf playsfultifle/NANCOVAS

were performed with maturatiorstatus as the covariate revealindite playerscould be
discriminated against non-elites in speed, strength, flexibility, aerobic capacity and
anaerobic power across all age grougdowever when compared with sudlites
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differences were less apparemlifferences were foun@nlyat U15/U16 levein endurance
shuttle run (0.8 £ 1.2 vs. 9.4 £ 1.4 and 11.2 + 1.6 vs. 9.8 mihQespectively)U15 in
300m shuttle tempo run test adinaerobic capacity69.6 + 3.5 vs. 73.3 £ 6.2 seahdall
speedrelatedtestsat U16 levek 30msprintand shuttle sprint (3.9 £ 0.2 vs. 4.0 + 8¢z,
13.6+ 10 vs.14.2 + 07 sec) suggesting that differences in these groups become greater
as players enter late adolescend#de most discriminatinfactors between elite and nen
elite players were running speed at U13 and (44! + 0.2 vs. 4.7 +Dsec and 4.3 £ 0.2
vs. 4.5 £ 0.3ex respectively)and aerobic capacity at U15 and Uégel (10.8 £ 2 minvs.
8.7+ 1.7 and 11.2 + 1.6 vs. 9.3 & thin respectively) Large intefindividual differences
were found in this study, this combined with the significant effect of maturastatus
highlights the variability of adolescent athletes and the miattorial compensations in
that may account for imilar performance atJuniorand Youth level (MacNamarand
Collins, 2011).

The previous section revealed thatysical characteristics have been shown to be able to
discriminate players of elite vs. naglite status of similar age groups in some, but ath
studies and with varying magnitude. When investigators have analysed groups of different
ages it appears that the discriminatingysical attributes diffebetween age groupdi{llet

al., 2013; Vaeyenset al., 2006). The following section will ingtgate howage or

development level affectevels ofphysicalattributes in elite athletes:

Lawton and colleague42012) investigated physical characteristics and 2,000m rowing
ergometer performance inYouth (U18) vs. senior (18+ years) male and female elite
heavyweight rowers. No anthropometrical difference was observed between groups for
males, though after correcting for body composition and height senior females were
heavier ad had greater sitting heigh? = 0.01 &0.04). Youth rowers were found to be
shorter and lighter than previous data on Olympic champions (m#&lesmand -9 kg
females-6 cmand -6 kg revealing that both genders of youths in this study may not
currently possess the characteristiosquired for top elite success. Faster 2,000m rowing
ergometer performancémale senior vslunior 366 + 9.3 vs. 382 +(bse¢ female 411 +
6.3 vs. 442 + 8.se@ wasexplained by greater strength and endurance in both genders
with effect sizes ranginffom moderate to very large (081.9). The mos differentiating
physical performance factors were stated to be upper body pull strength and endurance
measured using 5 and 120 repetition maximum (RM) tests using a Concept Il dynamometer
(5RM/120RM maleemior vs.Junior 617 £ 95 vs. 469 £ 60 J/ 339 + 66 vs. 257 + 28 J, female:
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342 + 54 vs. 267 £ 41 J/ 204 + 46 vs. 153 + 16@PezPlazeet al.(2016) observed positive
relationships between anthropometry, upper and lower body power, flexibility ardiac
capacity P <0.01¢ 0.05) with elite sprint kayak and canoe athletes of an average age of
13.7 years. When analysed furtheage and maturation status were found to be the
strongest predictors of omvater performance for canoe and kayak respecgivalVhen
maturity was accounted for all anthropometrical factors, apart from body composition,

only flexibility and upper body powgdifferentiated the early and ta maturers.

The effect of maturation status on physical characteristics was also establistaegroup

of elite U16 and U17 football players (Vandendriessethal.,2012). The two groups were

of similar age and then grouped further by maturation status confirmed using a prediction
for age at peak height velocity (APHV) (Mirnnetl@l.,2002),earlier maturing players were
taller and heavier® <0.001) in both groups. U16 early maturers outscored their peers in
the majority of fitness tests: grip strength, lower body power, agility and speed, though not
in flexibility or starting speed (B spint), similar improved scores in the more mature
group were observed in the U17 group apart from agility and starting speedgprint).

No difference was observed in motor-ocodination tests, using the Képerkoordinationstest
fur Kinder (KTK) (Kiphaathd Schilling, 2007). When accounting for APHV fewer differences
emerged from the groups: UI6BMI, grip strength, lower body power, agility and speed
(F=9.66P <n ® n A mE®928), UL body mass, BMI and 30mexgd (F = 5.03= 0.002,

' 2=0.878) The authors cite the possibility of the interaction of training volume to explain
fitness differences between groups, and propose that testing should include multiple
factors that are affected and netffected by maturatiorstatusto obtain a better pictue

of development. This is supported as age and maturation status assessed by pubic hair
growth have been found to vary in contribution to elite football players skill levels between
U13 and U15 age groups (Maliegal., 2005). Age, maturation status, ysaf experience

and body size were all significant contributors although minimallyZ8%) tofour out of
sixfootball skill tests, which leaves other factors to explain the majority of expertise at this

stage.

Lloydand colleague$2015c) studied the lsange in physical performance and functional
movementskill scoresn a sample of football players between 11 and 16 years old. The U16
group were superior in all physical tesi €0.05, effect sizes 1.263.40) in lower body
power, reactive lower bodgtrength index and agility, however no difference was observed
between the U1l and U13 groups in physical performance although the U13 were more
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mature P <0.05). A number ofundamental movement skitlests were correlated with
physical performance™(<0.05), once maturity was accounted for only reactive lower body
strength index remained significant between U13 and UA80.05). It was concluded that
maturity affected tests that require more physical prowess, &mtlamental movement

skill scores (idine lunge in particular) affects dynamic skill tests involving unilateral
stabilisation, although maturity will still impact scores if there is a strength and
physiological component. The lack of difference between U1l and U13 in comparison to
U13 to Ul6reveals the nodinear trajectory of physical development of young athletes,

which must be accounted for in TID to ensure accurate assessment of ability.

Previous research has shown that the intraseasonal and long term stability of
anthropometrical and phsical data is highly variable, especially through adolescence
(Buchheitand MendezVillanueva, 2013; Francioet al., 2016). Further adding to the
limitations of using purely physical characteristics for selection in young athletes, however
physical meases have been shown to have good absolute reliability and high to very high
relative reliability irrespectively of age and/or maturation status whemw sets of tests
were performed over a period of a month (Buchlemid MendezVillanueva, 2013). Due to

the individual variation and the instability of physical characteristics through periods of
varying growth, regular testing is advised to be able to cater fezeason fluctuations
(Francionget al.,2016)

2.4 Talent Development

Consideringhe limitations and poor predictive qualities of TID in elite sport, there has been
a move away from attempting to predict future performance to focusing on providing the
best environment and opportunities to maximise potentiédbpottet al.,2002; Abbottand
Collins, 2004; Martindalet al., 2005; Vaeyenset al., 2008) commonly termed Talent
Development (TDE). This corresponds with how TDHEessibed by Williams and Franks
(1998) whereathletesare providedwith an environment to allow fosuitable learning to
achieve their potential Vaeyengt al.(2008) adviseeélite talent programmes to more fully
understand the skills and factors thateaevident in successful elite seniathletes, and
therefore apply resourcesawards enhancing youregl G Kt SGSaQ oAt AlG@
towards what it takes at the highest level. Tladhletes are profiledongitudinally and not
just assessed on onaff snapshots of performance, so support may be given based on

strength and weaknesses based on depetental needs, and importantly that maturation
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status is accounted for in athlete development alongside the natural variation in physical
performance. Focus must be towards characteristics that indicate the potential to
successfully progress into elite dtparticipation (Abbottand Collins, 2004)Burgess and
Naughton(2010) concluded that programmes should be more inclusive and not use these

factors as criteria for inclusion, but to more effectively support the athlete.

Talent Developmentis an unpredictable process contaimg potentially confounding
variables such asnaturation status/maturity timing sociocultural and political and
economic factors. Programmebauld be holistic, embrace multiisciplinary factors and

take individuality and th nonlinear trajectory of development into accou(Bergeronet

al., 2015; Gulbinet al., 2013). Athletes are far too often put under competition and
performance pressure at an early age (Burgess and Naughton, 2010) which increases the
likelihood of earlyexit from talent programmes and burnout (Gulliand Emrich, 2012).
Martindale et al. (2005)were in agreement and statefive generic features of effective
TDE:to have long term targets and plans, involve a wide range of support, emphasise
development mwt early success, track individual development and integrate the many

factors of developing elites within a systematic process.

2.4.1 Models of TalenDevelopment

There have been a number ofuthors who have attempted to characterise the
aforementioned unpredi@ble processof talent development: Participation Model of
Sport DevelopmentBailey and Collins, 2013), Developmental Model of Sport Participation
(Coétéet al., 2009) Differentiated Model of Giftedness and Tale@agné 2004) that
incorporate key thedes of development such as Deliberate Practice (Ericssah 1993)

and Stages of Learning (Bloom, 1985). Within these models however are limitations of
simplicity versus complexity, and the amount of empirical evidence to support them. The
following secton will assess two of these modeDifferentiated Model of Giftedness and
Talent Gagne 2004 and theDevelopmental Model of Sport Participatigotéet al.,
2009)to provide the reader with their respective strengths, but alse limitations of he

use of models within th& DEenvironment.

2.4.1.1 Differentiated Model of Giftedness and Talent (DMGT)

Due to disagreementwith the use of terminology around defining talent and the
development process;agn€g2004) sought to clarify the terms of giftedness aalént. In

this model natural abilities, or gifts, are translated into systematically developed skills, or
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talents via developmental processes that are affected both positively and negatively by a

combination of intrapersonal and environmental catalystsl @hance.

Giftedness was defined as the possession and use of untrained and spontaneously
expressed natural abilities in at least one activity domain to a degree that places them in
the top 10% of age peers, within the core domains of intellectual, oreasocieaffective

and sensorimotor ability. Talent defined the outstanding mastery of systematically
developed abilities, skills and/or knowledge in at least one field of human activity i.e.
sport/music, to a degree that places them in the top 10% efgers who are or who have
been active in that fieldgagné 2004).Gagnéised the top 10% threshold within giftedness
and talent as being outstanding from estimates of 1Q, with higher thresholds included
labelled as mildly to extremely constituting athier 10% of the previous level ending with
extremely characterised as being better than 1:100,000 in the general population. A
fAYAGLIOA2Y 2F dzaAy3d adzOK FNDBAGNI NBE (KNBA
allow for natural variation in perfonance along thgathwayto elite sport participation,
asdifferent acceleration in physical growth another significant eventouldmean a child

falls out of the top 10% and therefore is suddenly not labelled as being talented anymore.
Gagné(2004) howeer stated in the education field that students who are talented
maintained their talented status throughout development, though this is challenged in a
sport setting as previous research has shown there is not a standard linear progression
through elite @rticipation in top level athletes (Gulbgt al.,2013) and being labelled as
talented atYouth level does not imply future elite success (Abbesitil, 2002). Possibly a
reason for the lack of uptake of this model in sport research is its educatiomahfion

and background and therefore perceived limited application to talent development

pathways in sport (Lloyet al.,2015a).

Gagn®a RSOSt2LIVYSYy Gt LINRPOSaasSa 20 aefoRmsS |y
Practice and development of expertise (Ericsset al., 1993) with the inclusion of
significant amounts of time and effort in formal institutionalised and +estitutionalised
learning as central to the translation of gifts to talents. Alongside these processes are
informal learning, similar to ddlerate play activities (Cétét al., 2003) and physical
maturation or growth of all physical and physiological processes. These processes are
affected positively and negatively by catalysts located intrapersonally such as physical or
psychological charactistics or environmental effects whether geographically in relation

to resources or interactions with other key stakeholders e.g. family, coaches, and other
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athletes. Alongside chance from genetics, birthplace and socioeconomic status, this model
embraceghe multidimensional and complex structure of talent development, and includes

space for nature and nurte in achievement of expertise.
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Figure2.2 Differentiated model of giftedness and talent (Gagné, 2004)

2.4.1.2 Developmental Model of Sport Participation (DMSP)

Central to the DMSP are the two different types of environment that occur in early youth
years that may lead to future elite performance: Sampland specialisation. Sampling
involves firstly participating in a number of sports allowing children to learn a variety of
skills from a range of scenarios and environments with a mixture of physical and psycho
social demands (C6#t al.,2009). Secondrto sampling includes engaging in deliberate
play, an informal activity based on a structure that allows sport to be played emphasising
enjoyment (Cotéet al.,2003). Specialisation is characterised by a high volurdelisferate
practice which iscompketed to improve performanceand requires effor{ but is not
inherently enjoyable (Ericssat al.,1993). C6té and colleagues developed the four stages
of the DMSP from the previous work of Bloom (1985) who formulated different phases of

learning from inteviews with elite Australian and Canadian athletes:
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1. Sampling Years (6 to 13 years): The focus at this stage is fun with activity consisting
of play and multisport participation. Fundamental movemenkiis are developing
during this time which act as adndation for future participation

2. Specialising Years (13 to 15 years): Greater importance is placed on fewer sports,
deliberate play is still evidenbut reduced with an increase deliberate practiceand
sport-specific skill development.

3. Investment Yea (15 to 18 years): Commitment to a single sport with large
increases in the volume afeliberate practiceand sportspecific strategy, skill and
competitive experience.

4. Maintenance Years (18+ years): Time is spent perfecting and maintaining talent.

It isagreed that expert performance must include practice and play in a deliberate form or
otherwise, this accumulation of time must include a significant volumeladiberate
practice (Reeset al., 2016; Suppiahet al., 2015). What is debated is the amount of
deliberate practicehat must be completed to achieve success at the elite level. Ericsson
FyR O2ftfSI3dzSaQ omdppos ASYAYLFf LI LISNI LINE I
thought to be predisposed by innate talent were actually the culminatibapproximately
ten@ S NE 2F a0 NHZOGdZNBR GNIAYyAy3dd ¢KAA f SR
FT2NJ SELISNI LISNF2NXYIFyOS 6KAOK 9NAOaazy NB«
of their research as he accepted that there will be idlral variation (Ericsson, 2013). In
fact the duration of time and amount of hours to achieve expert performance have been
shown to be significantly less with 7.5 years to achieve elite national participation from
novice (Reeet al., 2016) and as low as4lmonths to progress from novice to Winter
Olympian in Skeleton (Bullo&k al., 2009). Olympic field hockey players took as low as
4,400 hours of sporspecific practice to win Olympic gold, and 4,500 hours from novice to
German national football team sadtion (Horniget al.,2014). Evidence of rapid succeds
Talent transfer projects may beartially explained from the understanding in team ball
sports that practice hours accumulated in other sports may contribute/replace the hours
conducted in the current sport (Baket al.,2003). The difficulty of using training hours to
distinguish success in sport is that firstly, hours of training may not be classed with the
same effect, as spogpecific training may include a number of difat modes of training

e.g. strength training or tactical training. Secondly this range of training stimulus may be
performed with various amounts of fatigue/intent that would be extremely difficult to

quantify (TuckeandCollins, 2012).
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In support of tle DMSP, the International Journal of Sport Psychology (ISSP) produced a
position stand on Specialisation versus sampling (€6t&él, 2009) which was later re
visited by Co6té and colleagues who used the GRADE system to quantify the quality and
confidenceof its evidence base (Co6tét al., 2014). Thereview highlighted that the
development environment will need to vary based on different athletes at different ages,
that prolonged participation and later success is based around early sport diversification
and deliberate play initially followed by a greater volume d#liberate practiceand
eventually specialisation. The differences between sports in terms of the need for early
specialisation was acknowledged, however this framework will ultimately be motb cos

as will involve more athletes for a longer period of time, without necessarily a greater

chance of success (C&éal.,, 2014).

A strength of the DMSP is the inclusion of choice within development. Alongside each of
the four stages presented above awhat were termed the Recreation Years, where a
participant may choose to drop out and continue to progress with sporting involvement for
leisure benefits. This provides participants with a route to move back towards talent
focused involvement at a later tg allowing for a more individual progression to elite
sport. A major discussion point on the simplicity of the model exists as the DMSP is based
around achieving elite status from 18 years of age, which may not be representative of the
age at which athles reach the elite level across all sports and especially when considering
the termed Early specialisation sports such as artistic/rhythmic gymnastics, figure skating
and platform diving, where expert performance is typically observed before full maturity
(Reeset al., 2016).Challeng to this modelalsocomes from the lack of consideration of
physical development and maturati@tatusand the lack of training prescription (Llogtl
al.,2015). As the model is more focused on psychological and skill égpatevelopment

i.e. a runner may have developed exceptional technjghet does not have the
physiological development to match and therefore may not achieve their poteftisd.

following section will consider the physical aspect of talent development.

2.4.2 Talent DevelopmenandPhysical characteristics

Numerous studies have demonstrated that proficiency in sgp#cific skills are able to
differentiate between elite and nowlite athletes throughout the TDE process (Elferink
Gemseret al., 2004; Falket a., 2004; Vaeyen®t al., 2006). Many of these skills are

complex, and are underpinned by the developmehtundamental skills progressirfigpm
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an early age (Abbotet al., 2002; Gagné 2004). In sport, athletes with potential are
understood to display a wide range of these fundamental skills such as running, hopping,
jumping and throwing, increasing the probability of successful progression to participation
in higher skill levels of parmance (Jesand Collins, 2003). Absence of these foundation
aiAftta vYlrLe FFSOG +y FGKESGSQa FoAftAdGe O
compete in future elite sport (Faigenbawehal.,2013).

Early specialisation does not favour the development of fundamental skills in elite athletes,
sampling different sports in late childhood and early adolescence acts as a foundation of
mental and physical skills (Ericsson, 1998). Proposing an advantageeraags necessity,

to develop a sound grounding in fundamental skills in order to become successful in sport
(Abbott et al., 2002). Young athletes who had not specialised at an early age scored higher
in tests of motor ceordination (Fransenet al., 2012) This provides supporfor
fundamental movement skillas a critical inclusion at younger staggwogressing into

more complex sport specific skills and more generalised physical characteristics such as
balance, ceordination, strength, speed, agility drpower (Bergeromt al.,2015). This skill
transition creates the foundations, athletic motor skill competencies (AMSC) (Maady

2013) Figure2.3) or building blocks (Abbotet al., 2002) to future longerm athletic
development, and increases the chances of acquiring physical capacities and skills that may
transfer to other sports or disciplines (Gulbin, 2008) and enable athletes to overcome a
range of challenging athletic situations and to perform proficiently with confidence and

optimal technique (Bergeroat al.,2015).
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Figure2.3 Athletic Motor Skill Competencies (AMSC) (Moetwl., 2013)

It has been previously documented that to achieve elite performance across a range of
sports training must include a large amoundediberate practica’olume (Reest al.,2016;
Suppiahet al.,2015) and that the exact amount is difficult to quantify asining may be
performed with varying environmental constraints (Tuc&ad Collins, 2012). One of these
constraints is the amount of fatigue experienced, as physical fatigue has been shown to
affect skill levels in gareased simulation (Russeit al.,2011). This adds weight to the
concept that it is not just about the volume deliberate practicebut the intensity and
quality of the training, including making sure that the athlete has the necessary physical
requirements (Klieget al., 1989). Elferik-Gemseret al. (2010) conclude that successful
elite athletes have the capability to develop faster from thensaamount of hours, partially

through an enhanced physical capacity.

Sampling different sports and activities should be supported with matbaiged physical
training interventions (Faigenbauret al., 2013; Lloydet al., 2015a) as muksport
participation alone has been shown to be inadequate to complete the recommended
exercise guidelines of 60 mins per day of moderate to vigorous physicatya(iteelet al.,

2011). Early engagement with physical training, in particular individually constructed
38



Strength and Conditioning &&) training created to address areas of physical deficiency
has been advised by thaternational Olympic Committeén a Youthspecific edition
(Mountoy et al., 2008). It is important to acknowledge that children have specific training
needs that makes them different from adults and should not be treated as such
(Faigenbaunet al.,2013). McGuigast al.(2012) reviewed th@mpact of strength training

in sporting performance, and found it to be an integral part of athletic preparation. The
transfer into sporting activity across different sports varies, and needs to be better
understood. Similar tonkternational Olympic Comnige guidelines, for maximum impact
training should be individualised and varied specific to the goals of the athlete (McGuigan
et al.,2012).

Early development of a broad range of physical characteristics can improve performance
and reduce the risk of infjy (Myeret al.,2013). Although sport may account for up to 30%

of injuries in youth (Emery, 2013), engaging in strength training can hpusitive effect

on injury prevention in both acute and overuse injury (reduction of approximately a third
and a h# respectively), interestingly stretching had no effect on injury prevention
(Lauersenet al., 2014. Previous research indicates that child and adolescent athletes
without the exposure of systematic&E and injury prevention training will require
additional support to correct movement disfunctions/imbalances or during rehabilitation
from injury (Emenet al.,2007; Emenget al.,2010). Once specialisation occurs in a sport,
the volume of repetitive movements increases which predisposes the athlete teadegr
chance of injury. Therefore it is crucial that athletes are conditioned to perform a variety
of movements with competency in a range of environments to develop physical robustness
with the necessary ability to produce and attenuate force to preparetlie demands of

high volume sporspecific training and competition (Lloyd al.,2015b). It is important to

limit injury risk that this transition is not rushed to allow progressive adaptation to the new
demands (DiFirioet al.,2014)

In addition tothe benefitsof injury prevention, skill development and performance, the
development offundamental movement skillend general physical characteristics can
enhance selesteem, leading to more social interaction, sporting and physical activity
participaion and wellbeing in general (LIogd al.,2012). Physical training has also been
linked to decrease risk of health conditions such as obesity and cardiovascular disease

(Faigenbaunet al.,2013).
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2.4.3 Models ofTalentDevelopment(Physical)

Put succinctly thdnternational Olympic Committeeeleased a consensus statement on

youth athletic developmenta ¢ KS 321t Aa Of SIN¥Y 5S@St2L) KSIfi

young athletes, while attaining widespread, inclusive, sustainable and enjoyable
LI NOAOALI GA2Y YR &adzO0S&aa F2NJ It fethdSt a
2015 p.1)). The follaving section willexplain the progression imodels created to
characterise physical aspect ®DE moving along continua of focused to holistic, and

observation to empirical research foundations.

2.4.3.1 LongTerm Athlete Developmer(LTAD)nodel

The main aim®f the LTAD model are to increase the number of athletes who can be
successful at the elite adult level, and provide a platform for coaches and athletes to realise
their potential and maintain their participation in sport (Stafford, 2005). The model
comprises of five main stagd&igure2.4) beginning with developing the FUNdamentals
involving multisport and activity participation with the aim of enhancifigndamental
movementskills and techniques, learning to train, training to train, training to compete and
training to win Additional to these stages is retirement and retainment where athletes are
hopefully retained in the sport past competitive involvement, possiblycoaching or

officiating (Bayland Hamilton, 2004).

Central to the LTAD concept is the lelegm commitment to training in line with the
previous work of Ericssaet al.(1993), and demphasising the importance of competitive
results during childhoodnd adolescence, @2 A RAy 3 ¢KI G KIF & 0SSy
C N\ Rappeogch where shosterm performances are prioritised over long term
development (BaylndHamilton, 2004). The LTAD model seeks to address the balance of
'y AYRA @A Rdzl dofgetition MNhdAbgdsed/ ah matyfalion status rather than
chronological age (Fort al.,2011). The model prescribes an increase in the percentage
of competition and competitiorspecific training as athletes development through the
stages, with a ratio o70:30 in favour of training at the Learn to Train stage to 75:25 in
favour of competitionspecific training/competing at the Train to Win stage (Bayl
Hamilton, 2004). Bayli (2013) states that these percentages may change between sports

andvarybetw€ Y AYRAGARdzZI f Q& &ALISOATAO ySSRao

The most controversial aspect of the LTAD surroundsatimdows ofopportunity that are
designated around key steps in maturation, such as around the timing of peak height
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velocity (PHV), where it is possible to accelerdtggical development (Viret al., 1999),

and the notion that if these windows are missed that the athlete will not realise their full
athletic potential and have &y (G SN SR | & f&f Yhe htllete AB&yladNS | |
Hamilton, 2004). Recent reviews of the LTAD have cited a lack of empirical evidence behind
these windows of opportunity (Bailest al, 2010; Foreet al.,2011; Lloycet al.,2015), in

fact Bayliand Hamilton (2004) themselves claim the model to be basedempirical
observationg | YR GKSNBF2NBE (KS Y 2RGI00jackhawkdg® (i dz
the barriers of a lack of wetlontrolled longitudinal data in youth research though state
that there is no evidence to the lack of exploitation oésle windows resulting in any ceiling
effect. In fact limiting aerobic training to certain stages is inappropriate and the trainability
of these factors and the stimulergsponse relationship, especially within these windows in
unclear. Bailewt al. (2010)contend that optimising training through these windows may
accelerate athletes towards their ceilifigut absence of this would not limit the physical

potential of the athlete.

Even though the 10,000 hour rule and windows of opportunity concepts have been
OKItftSyaSR IyR gAGK I f101 2F 'y SYLANRO
awareness and understanding of maturation and development (Ldbwdl,2015) and has

been among the most influential models adopted by national sporting programmes t
inform policy (Baileet al.,2010). The model acknowledges early and-tecialisation
sports and mentions mentadognitive/emotional developmentbut is constrained by
physiological measures and biological processes and is predominantly based aalphys
development and therefore would be more suitable for talent development if it embraced

more of a holistic approach (Foed al.,2011).
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Figure2.4 Longterm athlete develpment (LTAD)nodel (Bayland Hamilton, 2004)
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2.4.3.2 Youth Physical Development (YPD) model

The YPDnodelis considered a strategy for the physical development across childhood and
adolescence (Lloyet al., 2015a) but improves upon the LTAModel from being
constructed from an empirical evidence base (Llayd Oliver, 2012). Th& PDmodel is

not just aimed at the pursuit of the pinnacles of sport and athletigibnt also the
development and maintenance of wdlking and participation. Lloyd and Oliver (2012)
assert that the majority, if not all, components of fithess are trainable at all times during
development although there are times where certain components may be prioritised. The
mechanisms and magnitude oflaptation will differ based omaturation statusand the
timing will vary due to individual variation (Llogidd Oliver, 2012). The model displays the
average matuty trajectory of boys and girls, however there is a great need to acknowledge

individualisaion of exercise prescription for all youths (Llagtdal.,2015a).

Similar to the LTAD model the YPD model inclutiesdamental movement skillsport
specificskills, speed, strength and endurance, and adds: agility, power, hypertrophy and
metabolic couwlitioning as fithess components of athletic development. The key fitness
components of the YPD model are strength and movement competedoydand Oliver
OHnmHO &l § Shoildbe aipyiority at alllsfBggsbiidkvelopment for both males
and fmaleg (p.64) Although all relationships have not been validated in youth
populations, greater strength and movement competency have been shown to decrease
injury rates, increase performance, increase health factors andhvegllg plus increase

sportingparticipation (Lloydand Oliver, 2012).

The YPD modebrovides evidence the challenge to the windows of opportunity concept
which is central to LTAD modeb Uise strength as agxample, previously the LTAmodel
considered the window of opportunity to b&2 ¢ 18 months posfHV in boys and
immediately postPHV or at onset of menarche in girls (Bagll Hamilton, 2004) partially
from increases in circulating androgens and development of the structure of
musculotendon units (Myeet al.,2011). Lloyc&nd Oliver (2012) agree with the benefits of
training strength where there are improvements in testosteranduced muscle mass and
mechanical/ceordination factors, however due to the levels of neural plasticity during pre
adolescence (Borms, 1986) there isiy rationale to train for improvements in strength
(and other factors) outside of the previously acknowledged stages of development.

Developing strength in childhood is not counfmoductive to development and holds
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minimal risks when safe and effectippogramme design and implementation is delivered

by appropriately qualified personnel (Llogdd Oliver, 2012).
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Figure2.5 Youth Physical developmeYPD)model in males (blue) and females (pink)
(Lloydand Oliver, 2012)Note: FM&; fundamental movement skills, S§Sport specific

skills, MQ; metabolic conditioning

Although not displayed on the model diagram, the authors highlight the importance of

training ageq defined by the numbers of years panipating in formalised training.
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in addition to their training age to design a safe and effective programme (atwy@liver,
2012). The studies withinChapter 6to Chapter 8assessmaturation in further depth,
includingthe impact it has on TDE.

The addition of an empirical evidence base for the YPD model makes it a more valid
framework for youth athletic development and to provide a structure of physical training
(Lloydet al.,2015), however itis limited as a model for talent development in the same

way as the LTAD model in that the basis is purely physical.

2.4.3.3 Composite Youth Developme(@YD)nodel

To progress the YPD model, Lloyd and colleagues (20i&ajed the areas of youth
athletic develpment andTDEand put forward a holistimodelof youth development. The
CYD model uses the framework of the YPD model (Alog®@liver, 2012) and integrates it
with an adapted version of the DMSP (Cét&l.,2007) and the mental training guidelines
of Visek and colleague@013) to provide the talent and psycisocial elements of

development.

The CYD model includes the same nomenclature as the DMSP including the investment
years, sampling years and specialising yedmst the authors have adapted the
characteristics of these stages. Early childhood is termed as the investment years as
children invest time in learning and exploring a broad range of fundamental movement
skills and activities/sports with a focus on fbased learning and encouraging social
interaction. When moving from middle childhood to early adolescence participants begin
sampling a variety of sports and activities while training all fithess characteristits
focusing on fundamental movement skills and strength. At this point in ydenielopment

there is an increase in the weight placed on enhancing feelings oeivedti and sel
esteem as pier comparison becomes more commonplace (éisak, 2013). Individuals
should to be empowered with their own development, to take responsybibt their own
progress at this stage and when transitioning into the specialising years, where individuals
choose to specialise in a sport for competition or recreation. The two reasons to participate
may display a transitional nature where externalrdernal factors result in drojut which

may only be temporary. Training in this stage is highly structured and tailored to the

individual and sport, with key areas being strength and sport specific skills.
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COMPOSITE YOUTH DEVELOPMENT (CYD) MODEL FOR MALES

CHRONOLOGICAL AGE
(YEARS) 2 3 4,56 7 89|10/ 11 /12|13 14|15 | 16 ‘ 17 | 18 (19| 20 21+
AGE PERIODS CHIEL?)‘:lIgOD MIDDLE CHILDHOOD ADOLESCENCE ADULTHOOD
MAT;JTRAAT'::;)NAL YEARS PRE-PHV e PHY sy YEARS POST-PHV
TALENT Investment g YeatE ________RecreationYears |
DEVELOPMENT Years Specializing Years
Exploration and Peer relationships, Self-worth, self confidence
PSYCHO-SOCIAL  |IEaclalinteractian i emiDow et Ts it actaam T e s ot s i |
VELOAMENT social interaction empowennent,- self-esteem ' sport-specific psychological skills
€~ Motivation for lifetime engagement in sports and physical GctivVity —e————
FMS FMS FMS FMS
sss sss SSS SSS
Mobility Mobility Mobility
Agility Agility Agility
PHYSICAL
e T Speed Speed Speed
Power Power Power
Strength Strength Strength
Hypertrophy Hypertrophy
A Endurance & MC Endurance & MC Endurance & MC

COMPOSITE YOUTH DEVELOPMENT (CYD) MODEL FOR FEMALES

CHRONOLOGICAL AGE

(VEARS) 2 (3|/4|5|6|7 8|9/|10{11/12|13 |14 |15|16|17 18 19 20 21+
AGE PERIODS CHiotaop | MIDDLE CHILDHOOD ADOLESCENCE ADULTHOOD
MAT:T:A,SSNM YEARS PRE-PHV € PHV 3 YEARS POST-PHV
Al [ SampiigYears o mmmnEn RecreatonYears
ears Specializing Years
Exploration and Peer relationships, _ Self:uorth, self-confidence
Developmeny | Socilinteraction  empowerment,selfesteem sport-specific psychological skils |
€~ Motivation for lifetime engagement in sports and physical activity —ee———
FMS FMS FMS FMS
sss ssS SSS SSS
Mobility Mobility Mobility
Agility Agility Agility
i s Speed Speed Speed
Power Power Power
Strength Strength Strength
Hypertrophy Hypertrophy
Endurance & MC Endurance & MC Endurance & MC

B
Figure2.6 Composite Youth development model (CYD) for males (A) and females (B) (Lloyd
et al, 2015a)

It is important to note that aymodel of TDE should not be viewed as a blueprintizzess,
I YR &K2dzf RyfiRell di@@ives dvishid R talknd programme. Generic guidelines

taken from models should be individually tailored to fit the unique trajectory that an
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athlete is on, making sure that practice, delivery and support are age and stage appropriate
(Lloydet al.,2015a). For xample an athlete with a low training age/experience should not
engage in high volume sport specific skill work before developing a sound foundation of
fundamental movement skills (Faigenbaeitral.,2013). Further research is required to be
completed andmplemented in talent programmes so that guidelines can be given from a

strong empirical background where possible (Lleydl.,2015a).

2.4.4 Benchmarkg development

A key aspect of a TDE programme is having a pkghamwayof progression to elite senior
spoi Ay3a adz00Saad ! arayd GKS LINRPOSaa a&dnsto Sy
the development of the most successful senior ataetelative to their maturatiostatus,

TDE programmes would be able to identify and monitor athletes who are on atgjao

elite success and therefore providepport and resources to maximise potent{@llenet

al., 2014 Vaeyenst al.,2008. There have been examples of different sports producing
performance trajectories in predominantly closed skill sports ofrswing (Allenet al.,
2014), cycling (Schumachetral.,2006) and skeleton (Bulloekad Hopkins 2009). Alleret

al. (2014) used individual quadratic trajectories of swimmers at the Olympic level
swimming the fastest times between 2008 and 2012 Olympics. The authors found large
variability of performance between individuals and that the model was not sensitive
enough bebw 16 years old in boys and under 14 years old in girls, this could be due to the
instability of the impact of maturationduring adolescenceB{chheit and Mendez
Villanueva, 2013Francioniet al.,2016) or from the multiple factors that interact towards
performance during youth athletes transition to adult age (Vaeyenal.,2008). A mean
value for performance was plotted against chronological age with 90% reference values in
all events(Figure2.7) with different trajectories identified between events and gender
(Allenet al.,2014). Maturation status was not accounted for in performance trajectories
which is a limitation of this studysuggesting theneed to track physical and

anthropometrical characteristics alongside performancegin a full picture oTDE.
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Figure2.7 Mean performance time difference (%) and 90% reference range between age
related predicted performance time and 2012 Olympic gold medal fionemale and
male middledistance (200 m) swimmer@llenet al., 2014) Male and female Olympic

swimmer trajetories are displayed

Vaeyent al. (2008) stated that a minimum competence in components of performance
should be required to achieve success at the elite level. Perhaps the TDE programme should
identify what the key characteristics are of successful tgpment and benchmark these
against successful elite athletes, it is important to note that performance outcomes may
change over time so this would need lte updated regularly to remaiaccurate(Lawton

et al.,2012). For this to be a more robust procéEBE programmes must take into account
the individual nodinear pathway of physcal development through maturifybut also
variation imposed from noihysiological factors such as skill acquisition and psychology
(Malina, 2004). If physical testing is dse this process, the use of simple tasks without a
high skill (or sporspecific skill) component should be employed so that an extra advantage
is not gained from greater years of training within a sport or just purely from an increased

length of time ina TDE programme (Lidet al., 2009). Physical factors should not be

viewed as predictors of successdzii (12 KSf LJ adzllll2 NI GKS FGKE SGSac
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curve, where focusing on annual development rate could be an important factor in
potential (Lawbn et al., 2012). Talent Developmenprogrammes must be aware that
athletes will typicallyprogress at different ratethat could stillultimately end in success
andthat strengths in some areas may compensate for weaknesses in others (Walains
Ericsen, 2005) 1t is for thesereasors that tracking athletes longitudinally in an inclusive
TDE programme is essential (Elferfa&mseret al., 2010), and the information not to be
used for deselection (Burgess and Naughton, 2010). The sports that have generally
employed trajectories towards elite senior success have been closed sports, therefore if
this process is attempted in more open spostech as team sports or sailing the relative
contribution of factors must be viewed in context of the number of factors that affect

performance and development (Reiéy al.,2000).

To be effective in assessing and monitoring the physical characterigtideveloping
sailors, it must be clear what the requirements are of competing at the senior Olympic level
and what the current understanding is of physical characteristigsatttway level. The

following section evaluates the current research base of glaysequirements in sailing.

2.5 Physical requirementsf saiing

2.5.1 Olympic sailing

The majority of studies determining the physical requirements of Olympic sailing were
published over 15 years ago. The overwhelming majority of research has focused on hiking
saiors, in particular the Laser class. In light of this and the recent evolution of Olympic
sailing highlighted irfrigurel.6, there is a need for advamg research into the physical
profiles of Olympic sailors of all classes, especially in light of the fact thasigolyt of 15

sailing positions at the Rio 2016 Olympic Games involved hiking. Bojseh ét &.K2D14)

review grouped sailors into distct categories relating to the movements performed
termed Hikers, Side A { SNRA X ¢ NI LISST S yR . 2 NRAFIAKTIX

from the 2016 Olympics, this can now be simplified into: Hike, Trapeeze and Board sailors.
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Table2.3 Categories of sailing positions in the Olynmmathway

Category Level Class/Position

Hike Youth Optimist, Topper, RS Feva helm/crew, Cadet helm/chirror
helm/crew,Laser 4.7, Laser Radial, Laser, 42thh29er helm
Olympic Laser Radial, Laser, Finn, 470 helm
Trapeeze Youth 420 crew, 29er crew, Spitfire helm/crew
Olympic 49er helm/crew, 49er FX helm/crew, 470 crew, Natva
helm/crew
Board Youth Bic Techno 293, RS:X 8.5m
Olympic RS:X 8.5m, R®X6m

The following sections will review the sailing literature within the main areas of physical
requirements of strength, strengtkrendurance, aerobic fitness and other physical
characteristicswithin the different groups (in order of: Hiker§rapeezesailors and

Boardsailorsyvithin elite Senior, Juniorand Youthsailing.

2.5.1.1 Hikers

As briefly mentioned in thehesisintroduction and supported by Bojsem f ®tSNJ
(2014) review on physical requirements of Olympic sailing, the majority of research has
focused on hikers and hiking performance. Even though the number of sailing positions
that involve hiking has decreased in the Olympic Games, hiking still features afi the

ten events when including male and female classes therefore the researghostititially

KFa I 3aINBFG AYLI OG 2y (KS adz00Saa 2F | 0O2dzy i NEC

Understanding of the physical requirements of hiking has evolved over the past 40 years,
early work focused on hiking being an isometric activite@fhg the knee extensors and
anterior trunk muscles (Niinimaet al.,1977; Plylewt al.,1985). More recent research has

Of  AAAFASR UKS-AU2FSYISIK D¢ dp{lasuabsth Bpier bodyn T
movements of sheeting and trimming the sadembined with the shifting of load between

legs and other muscle groups to cope with the discomfort of ischaemia from reduced blood
flow (Blackburn, 1994; Vogiatasal.,2011) and overcoming the varying forces created by
environmental conditions of wiohgusts and waves. The exact demands of hiking however
are debated (CastagrandBrisswalter, 2007; CunninghandHale, 2007). With omvater
measurements of the physical demands being difficult, a number -¢diodh hiking benches

and simulators using théull of the boat have been designed to mimic the demands
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(Aagaardet al., 1998; Blackburn, 1994; Callewaett al., 2013b; Cunninghamand Hale,
2007; Larssoet al.,1996; Maisettiet al.,2006; Vangelakoudit al.,2007).

2.5.1.2 Maximal Strength

It is known thatcompetitive sailing produces significant mental and physical demands,
under light conditions complex psychological factors and experience are indicated to be
characteristics of success (Niinimataal., 1977). However as wind speed increases these
mental demands are challenged by the physical requirements of counterbalancing the
force from the sail and maintaining tension in the ropes (Plglegl., 1985). It is in higher

wind conditions where maximal strength becomes more important as hikers will fiayss la
forces across a number of muscle groups including the legs, trunk and upper body pulling

muscles (Mackiet al.,1999).

Hiking predominantly loads the knee extensors (quadriceps) with values of between 70 and
109% MVC in maximal isometric hiking posis at 150 to 180° hip extension (Seketic
al.,2006). Hikers in particular require high levels of isometric quadriceps strength, and this
has been associated with hiking performance (Blackburn, 1994; Niinghaé, 1977).
Niinimaaet al. (1977) was ne of the earliest studies to highlight the high maximal
quadriceps force of elite sailors using a sample of Canadian national team members.
Isometric force measured seated at 135° knee extension using a Clarke cable tensiometer
in sailors was 106.4 + 24kg compared with 75.kg in oarsmen and 78 kgin swimmers.
Vangelakoudet al.(2007) supported this finding as when comparing 16 national and club
level Greek Laser sailors, national ranked sailors produced greater isometric knee extension
torque at 1%6° of knee extension (166 + 25 vs. 141 + 30 Nm) than thelelab sailors. The
particular knee angle was chosen as it most replicated the hiking position on the boat
(Mackie et al., 1999). Blackburn (1994) investigated 10 of the top 30 Laser sailors in
Australia, and found higher isometric quadriceps torque to the sailors in Vangelagbudi

al. (2007) study of 270 £ 42 Nm (range 28104), this difference may be due to limb set

up as sailors were positioned at 104° and 129° at the hip and knee respgcthis was
calculated from how sailors performed hiking in races filmed prior to the study. Maximal
isometric torque in this study was found to be moderately correlated to hiking performance
(r = 0.66,P <0.05). A recent study by Bourgasal. (2015) analysed the components of

the physical profile required for Laser sailors using an upwind saitimgationdeveloped

by Callewaeret al. (2013a) based on previous literature and-water data from hiking.
Investigators measured a number of valed during hiking including assessing
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neuromuscular fatigue via surface electromyography (SEMG), measuring mean power
frequency (MPF) and root mean square of the SEMG signal (RMS) that indicate motor unit
firing frequency and fibre recruitment respectivelgailors were ranked by their coaches

for ability, and this was predicted through stepwise regression by 46.5% through exhibiting
lower magnitude of MPF decrease. This lower decrease shown in neuromuscular fatigue
was mainly predicted by maximal isometggadriceps strength (57.8%) performed at 120°

at the hip and knee (280 + 49 Nm), highlighting the importance of maximal isometric

strength to limiting fatigue in hiking.

Aagaardet al. (1998) measured maximal isometric and isokinetic quadriceps stremgth a

its relationship with hiking performance in an elite sample of male and female sailors
training for the Barcelona 1992 Olympics compared to a-tkaithed control group. These
researchers found modest differences in maximal isometric strength betweatrsand
controls (323 vs. 308 Nm), though differences were more pronounced in maximal eccentric
strength at low and moderate velocities (347 + 70 vs. 294 + 80 Nm &e88°350 + 70 vs.

291 + 68 Nm at 12@ec’; 341 + 81 vs. 284 + 49 at 1&¥ch). It was interesting to note

that the group of female sailors did not differ significantly to the control group in maximal
eccentric quadriceps torque (P > 0.05), revealing that female sailors display a particularly
high level of strength. It is clear frommgwvious research that maximal isometric strength is
related to hiking performance, though due to the quasimetric nature of hiking, it seems
logical that a high degree of eccentric force is required to control the-elwanging forces

of the boat whichare corrected using smadimplitude dynamic movements (Aagaast

al., 1998). The exceptionally high values of maximal eccentric quadriceps strength in male
and female sailors in this study are proposed by the authors to be from a ssjléific
adaptaton although they do not discount the possible interaction of strength training.
Bojsena f €t&IN2007) report that due to the training history of elite sailors in their
study that it is likely that the high values of peak quadriceps moment, calcutatative

to body mass (eccentric/isometric/concentric: male: 3.66 + 0.68/ 3.97 + 0.66/ 1.82 + 0.34),
female: 3.84 + 0.71/ 3.81 + 0.58/ 1.60 + 0.28&uyd) were from the high physical demand

of sailing volume. Sailors in this study were members of thadba@lympicXailing Team

and when the group was reduced to purely hikers, levels of strength measured were

comparable to elite athletes in explosive sports (gajleyball).

Conversely in Bojsem f &t &IN2007) maximal knee flexion (hamstring) stréngvas
lower, exhibiting a potential hamstring to quadriceps (H/Q ratio) deficit for hikers. This has
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potential implications for injury prevention around stabilising the knee joint, although
Aagaarckt al.(1998) found greater eccentric hamstring torqueelite sailors compared to
controls, and therefore a greater capacity for stability around the knee joint from
antagonist cecontraction, although the sample contained nbikers which may explain

the difference. Few studies have measured maximal isomieamestring strength, Aagaard

et al.(1998) found no difference in sailors compared to controls (130 vs. 131 Nm), possibly
highlighting the importance of dynamic over static strength to support knee stabilisation

during hiking.

The importance of trunk stregth for sailing was highlighted by Niinimaa al. (1977)
remarking that sailing can be hard physical work and uses vigorous sustained contraction
of the thigh and abdominals especially in hiking, however since then very few studies have
investigated propdies of trunk strength and even less measuring maximal trunk strength
in elite sailors. Sekuliet al. (2006) measured the muscular activity of various muscles in
elite hikers, including the trunk, during isometric holdshaee fixed hiking positionsyém
seated inside the boat (9% 120° hip extension) to full (150 180° hip extension). After

the quadriceps, the abdominals were the second most loaded muscle (up to 60% MVC) at
the full hiking position. Aagaardt al. (1998) recorded the most idepth analysis of
maximal trunk strength in elite sailors. Using a-€&om dynamometer measured maximal
isometric and concentric torque (15 and 5@9.®f the trunk flexors and extensors. Elite
sailors were stronger than controls in maximal trunk extensio® %1 vs. 330 £ 61 Nm

at 0°.®ecl; 352 + 62 vs. 288 + 54 Nm at &st'; 318 + 65 vs. 266 + 46 Nm at &@t?).
Maximal trunk extension values were similar between elite female sailors and male
controls (P > 0.05) again displaying the high strengtheofafe sailors. Maximal trunk
flexion was not found to be different between groups. The higher values observed in trunk
extension within the elite sailors was thought to be due to stabilisation of the low back and
spine during hiking. Few correlations wemind between maximal trunk strength and
static and dynamic hiking performance on a hiking bench, with peak concentric trunk

extension being moderately correlated in male hikers (r = @@167,P <0.05).

Few studies have investigated maximal upper badgength in elite hikers, even
considering that the loading on the mainsheet in Laser sailing upwind-20 I&ots of
wind can average at 35% MVC with peak values of 90% MVC (Madkiegg, 1999). Early
studies focused on maximal grip strength using a Stoelting dynamometer. Niieinza
(1977) recorded values of 62.2 #%g which was commented as being higher than most
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classes of sportsmeilyleyet al. (1985) found similar vais (558 + 82 N, approximately
56.9 kg) which were higher than badminton players and swimmers (55.5 and 46.6 kg
respectively) but lower than rowers (66.1 kg). Niinimaa al. (1977) also measured
maximal forearm flexion and extension (46.1 + 4.5 and 385114kg respectively), and
found these to be lower than swimmers and rowers, however greater values (49.9 and 47.2
kg) were witnessed when théive best team members for overall sailing ability were

aSLI NFGSR FNRY GKS YSIy moOftlFaarFASR o0& (SI+yYy OF

2.5.1.3 Strengthendurance

Castagnaand. NA aa ¢l €t GSNJ onvnnt0 &Gl 0SS aAYLIX &y @l LI NI
performance in dinghy sailing relates directly to the capacity to overcome the external
F2NDSa A YLR a®.B5) Bhy keyiviod indistyliote éscapacity, sailing regattas

at all levels of competition consist of multiple days of racing, with updoraces per day.

Racing at elite level generally consists of¢34b minraces. A high degree of strength is

required in hikers, especiglivhen wind strength increases (MackiedLegg, 1999) though

once past a critical threshold strength to cope with the sailing forces (unknown at this time)

it is more important to sustain performance over time to be successful. To put this physical

demandinto context Mackieet al. (1999) measured average forces produced in the lower

and upper body in hiking classes to bec(737% and 2% 35% MVC respectively with peak

force exceeding 100% in lower body and reaching 50% in upper body. At a potentiat of ov

two hours per day fofive R @& Ay | NRBg¢g> (GKAa o0S0O02YSa | aArdy.
accountedfor in sailing research is that in most regattas, sailors are required to sail to and

from the race course which can take over an hour each way dependitaration While

thisA ay Qi &l Af SR [, dn dags vitthh higtdzavind4 tiigia8dg a sighifcant strain

to the overall physical demand.

There have been a few studies using #vking strengthendurance tasks that have
focused on the knee extensoasd trunk when comparing between sailors and other sports
people (Niinimaat al.,1977; Plyleyet al.,1985), level of sailing ability (Vangelakoedi
al., 2007) and sailors and nesailing controls (Larssagt al., 1996). When investigating
lower bodyendurance, Vangelakouei al. (2007) found elite Laser sailors sustained an
isometric knee extension for ~40% longer than club level sailors of the same class (elite 160
+ 50 ®¢, club 101 + 29ex). Both groups worked at a similar target % of MVC (dlte
4%, club 46 £ 9%). Plyleyal. (1985) measured the drop off in force over 50 repetitions of
knee extension at 50% MVC in members of the Canadaional Sailing Team, and the
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fatigue witnessed was lower than found in elite badminton players. Nagiet al. (1977)

found no difference in endurance times at 50% or 75% MVC in elite sailors compared to
Wy 2 Npdrticipahts however when analysing the tdive team members according to a
OFLIFAYQa NIYlAy3 F3IFAyald (K&hdgre@&NBRIS S
83.7 ®0 signifying the importance of endurance at this level of intensity in elite sailors.
Nonspecific trunk enduranceeported in earlier research used the number of-gjis
completed in 60 s, and when compared to the generald@en population (2€80 year

olds) of 25to 30 repetitions, sailors have consistently outperformed this: Niiniregal.
(1977) found an average of 42.6 repetitions and Plglesl. (1985) observed a range of 42

to 62 repetitions, suggesting elite sailors have a high level of trunk endurance in a dynamic
non-hiking specific task. Larssen al. (1996) examined isometric endurance of anterior,
posterior and lateral trunk muscles in elite male and female sailors coedp® well-
trained male control in horizontal positions with support at the iliac crest, pelvis and legs.
No differences were found between groups, however the hikers within the male sailing
group tended to score better reaching significance in the lieli¢ ®nly P <0.05), possibly

highlighting the specificity of hiking in the strengghdurance of the trunk musculature.

The majority of strengtfendurance research in hikers have utilised tasks using hiking
benches or specifically designed boat simulatbed are more representative of the sailing
demands in terms of positioning and muscle action (Larstoal., (1996). As may be
expected, hikers typically outperform controls and Aaiking sailors in these tasks. Larsson
et al.(1996) constructed a hikg bench Figure2.8) with the toe strap connected to a strain
gauge transducer accurate to £ 5 N, and conducted an isometric trial at 75% hiking MVC,
and a dynamic trial with the same lodulit with participants performing hiking movements
within 35¢ 60° of flexion at the hip at a rate of 60 per minute to exhaustion. In both trials
elite male hikers recordedreatertime to exhaustion to elite male mshikers and male
controls Nonrhikers and controls were similar, and interestingly female sailors tended to
be better than both of these groups (isometric: hikers 218 + 38,-mkars 98 + 12,
controls, 107 £ 16, female sailors 153 + 21 sec; dynamic:shlléér + 26, noimikers 83 * 8,

controls 80 + 10, female sailors 106 = 19 sec).
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Figure2.8 Body positioning during a hikirgpecific task using a hiking bench (taken from
Larssoret al., 1996)

Vangelakoudet al. (2007) investigated the hiking strengédmdurance of national and club

level Laser sailors using an ergometer where sailors hiked on a platform counterbalanced
with free weights on the opposite side to maintain a horizontal position, sailors were
required to hike forthree minute bouts withfive secrest intervals to relieve discomfort,
0KS (dSad sra GSNYAYIFGSR 6KSy (GKS alAf2N O2dz Ry
ranked Laser sailors maintained the horizontal position for approximaedyand a half

times longer than the club level sailors (1381 vs. 56, during the trial both groups
worked at similar intensities (elite 45 + 4, club 47 £ 10 % MVC) and terminated the trial at
similar cardiovascular responses in heart rate (elite129, club 149 + 21 beaisin™) and

mean arterial blood pressure (elite 129 + 16, club 120 + 21 mmHg) the authors suggest that
the adaptation in the higher ability sailors may be peripheral in that highly trained hikers
are able to cycle recruitment of mscle groups more efficiently thus enhancing endurance

time.

In support of the suggestions of Vangelakoetdal. (2007), the neuromuscular responses

of hiking have been investigated which identified a difference in the neural distribution of
synergistic mscle groups in hikers compared to nbikers and controls (Maisetét al.,

2005). In this study participants performed a hiking trial to exhaustion on a simulator
designed to replicate moderate wind strength hiking based on the work of Blackburn
(1994), positioning setup was 110° and 140° at the hip and knee. A hiking MVC was
performed on the simulator at the joint angles described above, the endurance trial was
conducted at 50% of MVC. Electrical activity of the hiking musculature was measured using
SEMS attached to abdominals, quadriceps and ankle dorsiflexor muscles, RMS and MPF
were analysed to determine muscular contributions and the degree of fatigue. MVC was

not different between groups matched for height and body mass, the hikers were able to
56



hold the position for approximately 45% longer than other groups (hikers 344 + 37, non
hikers 236 * 23, controls 238 + 14 s). The abdominals exhibited twice the level of fatigue
across all groups evidenced through a greater shift in MPF, indicating the impertd
abdominal fatigue resistance in moderate wind hiking. The authors speculate that the
increase endurance times in hikers was due to adopting a more efficient altelewte
pattern of force (improved technique) and a delayed recruitment of additiomator units
compared to the other groups. Hikers also differed in the synergistic pattern of
recruitment, favouring the quadriceps possibly to minimise the use of the more fatigable
trunk flexors, signifying the specific adaptations of hikers to prolomyieance in the hiking

position.

Upper body endurance was measured during simulated hiking on a hiking bench by Larsson
et al.(1996) using an arm ergometer which consisted of a mainsheet attached to a flywheel
using wind resistance. Participants performé@seconds of maximal repeated elbow
flexion movements in the hiking position to simulate the upper body demands of hiking,
work output was recorded as the greatest number of flywheel revolutiress) Elite
sailors (consisting of hikers and nhikers)performed better than controls on the left arm

(737 + 20 vs. 679 % 20 revs), and hikers produced greater work thahikers on both

arms (left arm 756 = 20 vs. 716 + 28, right arm 788 + 20 vs. 717 £ 20 revs), possibly
highlighting the increased upper bp@&ndurance in a sailing population and the specificity

of the task towards hiking sailors.

2.5.1.4 Aerobic fitness
Measurements of the maximahte of 2835/ dizd 1S GHh2may Of elite hikers have varied
considerably over the past 30 years. Early research froennthdm py n Qa ¥ 2 dzy
moderate values, however more recent studies have expressed higher markers of aerobic
fitness [Table2.4). Bojsera f EBt&IN2014) cite the increased level of competition in
sailing in recent years as a contributing fadimithe increased aerobic demandnd that
historically itwas possible to achieve a high level of sailing without a great level of physical
capacity. In spport of this statement, when classifying participants in the methods section
of Niinimaaet al.(1977) studyeightout of theten were reported as lifetime nosmokers,
with one elite sailor reporting smoking 20 cigarettes a.daynust be acknowledgethat
there are different levels of physical demand across different hiking classes (Bojsént S NJ
et al.,2007), hiking claes only are displayed irable2.4 apart from Larssoet al.(1996).
It is evident from the studies present&aTable2.4 that the aerdic fitness of hiking sailors
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is comparable with team sport players, though is considerably less than endurance athletes
which is supported by Bojsem f &t §1.X&007) who go on to conclude that once a good
level of aerobic fitness is achieved then ntaimance should be the focus, allowing more

time to focus on other parameters of performance.

Table2.4 Maximalrate of oxygen uptake of sailors in studies from 1982015

Maximaloxygen uptake

Study Class of sailors (mLkgtamin?)
Plyleyet al. Predicted48.2
Finn, 470, Flying Dutchman, Star
(1985) (range 46.0;51.3)
Blackburn (1994) Laser 62.3+8.2
Vogiatziset al.
Laser 52.0+6.0
(1995)

Males: Finn, Star, Laser, 4M@rnado*,
I o 63.8 £ 1.7 (males)

Larssoret al. Flying Dutchman
1 F les: E 470, Lech
(1996) emales: Europe, 470, Lechner 50.1 + 1.4 (females)
Sailboard*
_ . Male Static: Finn, Star 47.6¢63.3
Bojsena f €&tS _
Male Dynamic: Laser 58.3¢60.4
al. (2007)
Female Dynamic: Europe 47.3¢51.7
Cunninghanand 55.7+4.0
Laser
Hale (2007) (range 50.Xk 60.3)
Bourgoiset al.
Laser 57.1+4.2
(2015)

Note: Plyleyet aldévdyp0daSR| adaY | BY |- BGS (Bl (R LBERGI+h ;max.*Norrhiking classes

The aerobic demand of hiking has been contested inftfed SNJ G dzZNBSZ A GK | NI y 3
2T 2635/ @yadY LRy Gth2) being measured in ofand and oawater studies. There is

agreement that hiking involves a degree of guasmetric and dynamic action, although

the relative contributions of these actions aséll debated. Spurway (2007) published a

review on the physiology of hiking and concluded that the predominant loading was from
quastisometric action and this comprised approximately half of the overall metabolic cost,

this was supported by the ewater study of Vogiatzist al.(1995) who investigated Laser

sailors from the Scottish National squad using CosdddE NI 6 € S I+ & Fy Il £ @ aSNA
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KB RdyR+h - values of 22 mkglamin? ¢ KXK Sjdz{Ba® | LOIBREY | (&8 ne(z +homax.
Blackburn (1994) d&/f 2 LISR | aAYdzZ F G2 Nbloh ESIR[ 12FS MIA RIS
| daN#ty & A2NT YR BdyR (K- (i th, @ dS3 NOER J0MBESR o7fz +h.max. Further
evidence to the greater presence of the low to moderate aerobic cost and predominantly
quastisometrict @Ry RIKSRELINE A KS: NiNUS | yR+h » measured in these studies. This

is displayed ifrigure2.9 from the work of Vogiatzist al.(1995).&i A& SELISOG SR i
ReylIYAO SESNDOA&aS:E &adzOK & OeodftAay3ds GKIG
GKSNBEF2NB KA{Ay3d OlFlyy2id 06S Lldz2NEBfteé LINBR2Y
203533 NS (BNBEI (5 KS NINWISA (R +h » is typical of the physiological response to
isometric work, as a disproportional creation of metabolites to oxygen need increases

central drive to muscles that are inadequately perfused and under great intramuscular

pressure.
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Figure2.9 Heart rate andtfp, measured at different wind speeds during-amter hiking

(taken from Vogiatzist al.,1995)

Contrary to these findings are dataof studies byCunninghamand Hale (2007) and
Castagnaand . N | iENGHUTEKSES A0 Y S R KAVI+h RS Y Yy Ra 2 F
pydiz ['yRcyz +h.max respectively, summarising that elite level hiking requires a much
higher dynamic component than firstdknght and therefore a greater aerobic requirement.
Reasons for this discrepancy put forward by CunningaadHale (2007) include: the use

of nonelite sailors and data collected from training rather than racing (Vogiatz#.,
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1995) and orand simulations being too static in nature and more representative of lower
wind strength (Blackburn, 1994). It has been previously stated in this chapter that higher
sailing ability level results in improvements in hiking time to exhaustath, differences

in technique and cycling of muscle activity being cited as main determinants (Maisetti
al.,2006). This added dynamic element is necessary for increasing boat speed as hikers use
additional wholebody movements to move more efficientigrough waves and can result

in producing a greater aerobic demand, supported by Spumtay. (2000) who reported

higher femoral vein lactate production when added dynamic movements were added to
isometric knee extension bouts tiiree minutes (seeFigure2.10). Cunninghanand! | f S
GHNANTO R2 y2G NHzA S 2dzi GKS O2yiNRodziAzy 27
B/l Ry GtB)O205SR N KAV H(ipyz thopeak wa comparable to 97.2% during the

cycle ergometer trial, which agrees with the thoughts of Spurway (2007) and Voegiatzis

al. (1995) on a disproportionate central drive above oxygen requirement.

FEMORAL VEIN LACTATE, 3min isometric FEMORAL VEIN LACTATE, 3min countermovement
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Figure2.10 Femoral vein lactate production in two knee extension trials at 25%.MWE
left graph is isometric, the right includes dynamic movements of + 0.17 radians (taken from
Spurwayet al., 2000) Note: Ba ¢ blood lactateconcentration, [Lac]g femoral vein lactate

concentration, [Lacpa ¢ arterio-venous difference

CastagnandBrisswalter (2007) cite the duration of hiking as another potential reason for

the low aerobic cost reported in previous studies, as aften minutes of hiking

(comparable to duration of Vogiatzes al.,1995) they measured similar values (42.5% vs.

39.0: thomax), at 30 minutes greater demand was observed plus an increase was seen in

higher level and potentially more dynamic sailors (high skB@®5 +1.726:> f 2¢ a1 Aff SR
pMBAdE MDY 2 £homax). As races at elite level can comprise6@5minutes with at least

75% of this time (3@ 45 mins) hiking upwind, a longer duration witnessed in this study is

more ecologically valid therefore it appeatsetaerobic requirement in hiking is greater

than first thought.
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2.5.1.5 Otherphysical characteristics

It is clearfrom an increase in forces observed in the toe strap and mainste¢thigher

wind speeds result in greater physical demand in hiking classes i@tcél., 1999), in
these conditions there is a correlation between wind strength and the anaerobic capacity
of the sailor (Niinimaat al.,1977). A number of studies have shown relationships between
the performance level of the sailor and anaerobic aapa (Niinimaaet al., 1977,
Vangelakoudet al., 2007) which is proposed to be due to the ability to produce high
amounts of force for short periods to increase boat speed by optimising boat pitch in gusty
and wavy conditions (Mackiet al., 1999).TheVangelakoudiet al. (2007) study had elite

and club level Laser sailors perform Wingate tests to establish indices of anaerobic power.
The authors found no difference between the two groups in peak power and mean power,
but found a strongqiegativecorrelation between these markers and national ranking ¢r =
0.71,-0.83). Mean power (8.& 0.63 Wkg?) in Laser sailors was found to be comparable
to team sport players (8.2 +1).and long distance runners (8t 0.1 Wkg?'), peak power
recorded (11.0t 0.2 Wkg?) was similar to swimmers (11.1 + 1.0&kg?!) and middle
distance runners (10.5 + 0.1a4¢%). The elite group though had an improved fatigue index

calculated as end power as a percentage of peak power (42®ws 5490 + 6.0 %).

Other physical requements of hikers include balance, which was found to be correlated
G2 LISNF2NXIyYyOS Ay KAIK gAYyRaEA ONT nodoov |
the study of Niinima&t al.(1977)(r = 0.72)and agility (Bojsera  f ét &.D14)(r = 0.66

I f 6K2dz3K (GKA&a KlIa y24 0SSy Ay@SaidAidalrisSR

2.5.1.6 Trapeeze sailors

Purely static odand simulations of trapeezing have revealed only moderate physical
demand (Marchettiet al,Mmcpy n 0  F f § K2 dzZ3 K { K higl onRaeSsayin@ & N
(Besierand Sanders, 1999). Trapeeze sailors wear a harness that is attached to the mast,
which offloads some of the gravitational loading on the spine while being in a horizontally
extended position for long periods. Trapeezing sailme required to perform a number of
body movements, fore and aft (lateral) movements to enable effective sailing through
waves or explosive anterigposterior movements for propulsion or more subtle control
while adjusting for gusts and lulls in windestgth. The masphysical of these movements
inthe 470 classi8 SNY SR W62 Re& LJzYLIAY3IQ HKSNBE (GKS 2
the spine while pushing with the legs and pulling with the arms to maximise speed upwind,

when sailing downwind within theules the 470 crew crouches on the side of the boat and
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fans the larger spinnaker sail using repetitive powerful upper body pulling movements. The
most physically demanding action for trapeeze sailors in the higher performance 49er skiff
and Nacral7 catanaran is hoisting and dropping the large spinnaker sail downwind, due
to high tension loading on the rope and the need to completing this as fast as possible to
maximise accelerations and reducing deceleration around the race course. This is
performed in aquarter squat by powerfully pulling the rope up in repeated single arm

movements from ankle height to above head level.

Very few studies exigin the physical requirements of trapeeze sailors, even fewer using
an elite cohort. There are also difficultiesthvusing the norhikers in research, unless
trapeeze sailors are specifically identified, as the group frequently contains a mixture of
trapeeze and board sailors plus side hikers that are supported with a strong harness, all
these sailing positions hawsfferent physical and anthropometrical requirements (Bojsen

a f €t8l.ND07) and therefore cannot be compared.

When investigating the strength and strengghdurance in elite trapeeze sailors early
research identified similar maximal handgrip stredm@ifrapeeze 53 kg hikers 58 kg and

trunk endurance, measured by number of-gfis in 60 seconds (trapeeze 459, hikers

42 ¢ 62 repetitions), than in hikers (Niinimas al., 1977). It must be acknowledged that

this was in a very small sample oapeeze sailors (n = 4). Maisetti al. (2006) recorded
maximal hiking contraction in elite hikers and 49er crew (trapeeze) sailors, although
insignificant 49er crew sailors produced greater maximal force at 1520 + 7 Nm vs. 1340 £ 8
Nm (S.E.), though whes0% MVC was performed to exhaustion the trapeeze sailors had
significantly poorer times (236 + 23 vs. 344 + 37 sec). During trapeezing sailors are
supported by a harness which decreases the muscular load on the trunk (Marehaiti

1980) which may explain the decreased strengtidurance performance in a hiking trial
where the abdominals fatigue at twice the rate of the quadriceps (Maigetsl., 2006).
Besierand Sanders (1999) however state that trunk flexors and extensors aysiqaily

taxed in light winds (3% 40% MVC) where crews are crouched inside the boat and the
harness does not support their weight. Even during supported trapeezing trunk and knee
extensor activation may increase above 45% MVC depending on the degrgearhid
movement and technique adopted (e.g. holding one arm above head to increase righting
moment). Besieand Sanders (1999) summarise that trapeeze sailing, especially during the
dynamic action of body pumping produces significant anterior/posterior eotdtional
stresses to the musculoskeletal system, mainly through the rapid accelerations and
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eccentric contractions of the trunk, which may increase risk of injury through fatigue when

completing multiple races.

Maximal aerobic fitness in elite trapeesailors have followed a similar trend to the elite
hikers, with earlier research findings demonstrating a lower requirement in comparison to
sailors (Olympic catamaran class from 18¥8008) of 38.5 to 41.2 ndkg*amin, but much
higher in 470 crews (54.7 rig'anin?). In more recent research Bojsen f &tSNJ
(2007) reportedtf 2peakin the range of 57.3 + 3.7 to 64.4 + 3.7&g anin in trapeezing
crews, and 55.3 + 4.0 and 49.5 + 2.5&gtamint in trapeezing helms and female crews.
This suggests a greater aerobic requirement in more contemporary trapeeze sailing, the
authors suggest the constant adjustment in body position and pumping are main
determinants for the increased aerobic demand, accompanied with the recovery from high

intensity bursts of hoisting and dropping (Bayd Larsson, 2013).

Bojsena f &t 81.X2014) cite the unpublished thesis data of Batyd Larsson (2013) that
reported the heavy aerobic and anaerobic demands in elite 49er crews from developing a
aAYdzE I G2N) 61 ASR 2y NBLBGEEBRQAKE QX Yy RIZNA i &
movements of trapeezing, hoisting and dropping the spimmaind trimming the main sail

plus tacking and gybing. Three consecutiixee minute races were completed which
consisted of six maximal hoists/drops using a counterbalancedvwemght system. Peak
power output predominantly created from the upper body saulature was recorded at 8
W&g? (absolute 580 W), with mean power output of approximately &&V¥ over a 10
second average. A 26 reduction in peak power was observeder the course of the
protocol Figure2.11) displaying the fatigue encountered in racing and the resultant need

for highly developed aerobic and anaerobic systems.
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Figure2.11 Decreasein peak power output (26%) in simulated spinnaker hoists/drops
during 3 x 5 minute races interspersed by 5 minute reco{®ayandLarsson, 2013) taken
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Bojsena f &t 81.X8007) summarised that trapeeze sailors experience a lower isometric
loading when compared to hiking, but a significant agility and moverhased demand

that must be supported by a wedleveloped aerobic system. Allend DeJong (2006)
emphasise that ma focus should be placed on upper body strength and endurance, agility
and aerobic fitness. These statements combined with the lack of research and the relative
importance of trapeezing in Olympic sailing evidenced by the increase in trapeeze positions
induded within the Olympic GaméBigurel.6) points towards the need for more studies

investigating the physical requirements of these sailing positions.

2.5.1.7 Boardsailors

Boardsailing has gone through two significant changes in the last 20 years that have
increased the physical demands. In the early 1990s Olympic boardsailing was contested on
the Mistral One Design (MOD) racing board, in 1993 unlimited pumping of the &sil w
introduced within the rules governed By/orld Sailing, the International governing body

for sailing Before this boardsailing was considered a moderately intense sport. Pumping
involves using the whole body to rhythmically push and pull the sail usengdom, which
effectively creates a fanning motion that provides forwards propulsion. Pumping is
effective in increasing speed while sailing in wind speeds of up to approximately 15 knots,
at higher wind speed the additional jump in physical demand wowglidbalance against

the minimal speed advantage to continue to pump around the race course, although
pumping is still used off the start line to gain tactical advantage and to accelerate the board

out of manoeuvres where speed has reduced greatly (Vogiatzi DeVito, 2014). In 2006
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the Mistral One design was replaced as the international racing class by the Neil Pryde RS:X
this increased the sail area from 7.5tn 8.5n? for females and to 9.5/for males (termed

in this thesis as RS:X 8.5m and RS:X)9.bnis significantly increased the amount of wind
power to be harnessed, and therefore the physical demand required to propel the board
increased (Castagret al.,2007). A diagram presenting the most effective upwind pumping
(UWP) technique of the RSsXshown irFigure2.12.

Step 1 Step 2 Step 3 Step 4

Figure2.12 Pumping technique in the Neil Pryde RS:X racing bigakdn from Castagna et
al., 2007)Note: Green arrows = sail movement, yellow arrows = body movement: Step 1
arms close to body with legs extended, Stepkhees bend as body drops away from salil,
arms are extended as sail comes away from the bodypsS3 to 4: sailor pulls violently on
the boom combined with explosive hip and knee extension returning to the starting

position.

Research into the strength and muscular requirements of Olympic boardsailing has focused
on the MOD race board, early work froDysonet al. (1996) and Buchanaet al. (1996)
measured EMG activity during avater and simulated boardsailing witkix national or
international boardsailorstliree male andthree female). Dysoret al. (1996) reported
different timings and magnitudesf anuscular activity between participants, possibly due

to differences in technique and emater conditions. Muscle groups that were highlighted

as more active were: flexor and extensor carpi ulnaris, trapezius, biceps brachii, tibialis
anterior and gluteusnaximus. Buchanagt al.(1996) found increased upper body physical
demands in pumpingdout specifically in downwind pumping (DWP) (upper body 72 + 6 vs.
62 £ 6%, lower body 27 £ 3 vs. 25 + 3% MEVC). During DWP the sailor adopts a more centr

position onthe board and needs to physically push the sail away to the windward side of
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the board before initiating the pulling/extending movement (Buchaegal.,1996; Dyson
et al., 1996). Specifically muscles involved in gripping and pulling the boom typically

revealed greater levels of activity in mddeardsailos (Table2.5).

Table2.5 Activity of grip and plihg musculature in boardsailing pumpir{galues
displayed are mean %MEVC = S.E.) (Buchetreln 1996).

Sailing direction ECR BB LD
Male UWP 83+12 90 +5 50+9
DWP 1051 94 + 3 87+9
Female UWP 81+5 74 +13 31+4
DWP 84 +7 68 + 14 47 +7

Note: ECR; Extensor Carpi Radialis, BBiceps Brachii, LOLatissimus Dorsi, UMPUpwind
Pumping, DWR Downwind Pumping

Mean heart rates measured during pumping on the MOD boardsailing simulator in the
study of Buchanamt al. (1996) of 113 + 9 and25 + 9 leatsmin™ in UWP and DWP
respectively, were lower than ewater MOD pumping in the findings of Dysetral.(1996)

with mean values ranging from 145 + 4 to 173 keétsanin?, or Vogiatzist al. (2002)
recording 163 + 12 beadwin™. This highights the potential limitations of using simulators

to recreate onwater performance, however Buchanan and colleagues cite the lack of
psychological stress/demand as a potential factor to explain the difference. It should also
be noted that the MOD haslass stiff sail and rig accompanied with a 28% smaller sail area
than the current Olympic RS:X board therefore a greater level of physicality should be
expected. This is supported in more recent studies that state RS:X pumping technique
involves vigorous rad explosive whole body movement that involves a great amount of
muscular activity, and that the physical demands require upper and lower body strength

training to improve performance (Castagetal.,2008; Vogiatzis and De Vito, 2014).

Olympic boardsaifi3 KIF & oSSy RSAONAROGSR |a dal @SNE RS
activityXcan be considered as a higitensity endurance type of sport that is comparable

G2 20KSNJ FSNRBOAO OGADAGASE &quidkd |13 INGR & ASYEREE 30 +2
thomax areobserved in elite level boardsailing from: 63 + 6.2 (Vogiavial, 2002;

Vogiatziset al., 2005), 63.7 + 4.2 (Castagea al., 2007) to 65.1 + 5.9 nadg'anin?

(Castagnat al.,2008). Aerobic demands of boardsailing in the MOD and RS:X race boards

are displayed imable2.6, note the lower values recorded when boardsailing upwind in 17
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21 knots of wind speed as pumping only consists of 37.5 + 8% of time in comparison to
approximately 65/0% during upwind boardgeng in 48 knots or downwind boardsailing

in both conditions (Castagret al.,2007).

Table2.6 Aerobic demands of Olympic boardsailing in MOD and RS:X race boards

Author(s) / Sailing [La]
Wind strength Board  direction 7z thomax % HRax (mmol.LY)
Vogiatziset al. UwWP 77+8 87+8 3.7
MOD
(2005) DWP 81+9 89+ 11 4.5
Castagnaet al.
UwpP 83+3 892 9.7+28
(2008) RS:X
DWP 872 934 10.2+£15
4to 8 knots
Castagnaet al.
Uuwp 62+9 67+8 50+£2.7
(2008) RS:X
DWP 855 91+3 9.6+23

17to 21 knots

Note: UWP¢ Upwind Pumping, DW@Downwind Pumping.

During conditions when pumping does not provide added speed benefit, the intensity and
physical demand reduces as the board is propelled forwards using a gjoalsiisometric

action to hiking (Van Gheluwet al., 1988; Vogiatzisind DeVito, 2014). SimilNJ (2 KA ]
KS NINWIS NoY' |- Ava R BRL 2Ny (88 KIEKSNKIY +h 2 during norpumping boardsailing

(56 + 5% HR«Zdon k&> +h.max; Vogiatziet al.,2002) reflecting an inability of oxygen
perfusion at the muscle. The board sailor attaches themsetvése boom using a harness
worn around the waist and involves maximising the righting moment by leaning away from
the sail, using the forearms, trunk and legs forcefully to maintain this distance against the
power of the rig while surfing over waves andnstantly adjusting for changes in wind
strength (Castagnet al., 2008).

2.5.1.8 Anthropometry

As can be seen te selfreported sailor information frm the Rio 2016 Olympic data feed
(Figure2.13), there is a great range in anthropometriaddaracteristicsn Olympic sailing,
females range fronapproximately56 kgand 18 cmto 70 kgand 16 cm males from
approximately65 kgand 174 cmto 97 kgand 12 cm This is predominantly explained by

the differences in positional and class demands relative to the boat/board, and double
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handed boat crew positions looking to maximise their righting potential to optimise boat

speed and performance (Bojsen

An example of maximising righting moment is the dotiideded female 470 class where

t &t §1N2007).

the helm height/body mass is approximately3l&m56 kg the crew 1% cn70 kg In this

class the helm hikes and the crew trapezes, to maximise righting moment ednsidering

the amount of the body that is able to be utilised out of the side of the boat in trapeezing

versus hiking (whole body versus upper body respectively) it would be beneficial to

maximise body mass and height in the crew, while keeping thg baaks as low as possible

¢ KA a

Ay GKS KStYo

STFSOGA@STt &

Sy &dzNB &

G20 f

the boat down by displacing more water. A photo of the 470 can be seen in the middle

image inFigurel.3 with the helm hiking and crew trapeezing.
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Figure2.13Mean Height (cm) and body mass (kgRin 20180lympic classg®©lympic.org,

Radiah70 F FX 470 F FX NacraRS:XLaser Finn 470 49er Nacra 470 49er RS:X

Helm Helm Crew Crew Crew 8.5m

M HelmHelm M Crew9.5m

Helm

Crew

Sailing Class

n.d.2).Note: Heights represented d&mrs body mass asircles, K, female, M- male

The other main explanation for differences across classes is due to the physical

requirements in sailing the boat/board, Maclgeal.(1999) found that greatest hikingne

sheeting forces were evident in the Finn class compared to Laser and 470. It is clear from

the heeling moment relationship with sail area that more force will be generated from

larger sails therefore requiring more righting moment from the sailor (¥etep the boat

flat, which mainly consists of a greater requirement in body mass and physicality (Bojsen

a

f ét 81.2D14).
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2.5.2 Pathwaysailing

Very few studies have investigated elite sailing below adult Olympic level, no research has
involved doublehanded boats or board sailors with the focus being placed on the hiking
positions in the Laser, Laser Radial, Byte and Optimist classes. As has been presented earli
in this thesis, the number of hiking positions in Olympic sailing has reduced in recent years
and constitutedsix out of 15 positions in the Rio Olympics (Bojsen f &t %&IN2014),
therefore the lack of trapeeze and boardsailing researckyanth sailing is a concern.
Conversely other sports have received plenty of research attentioioath level, in
particularfootball (Gonaus and Miiller, 2012; Malieaal.,2005; Philippaertgt al.,2006;
Reillyet al., 2000; Vaeyenst al., 2006;), handball (Matthyst al.,2013a; Matthyset al.,

2013b) and swimming (Allest al.,2014). This section wible split into sailingspecific and

non-specific physical attributes of elitduth sailors

2.5.2.1 Sailingspecific physical attributes

One of the earliest studies investigated indicators of performance in natiemal Laser

and Laser Radiafouth sailors compehg in the Singapore National Intschool Laser
Championships (Taet al.,2006). Twenty boys and fifteen girls (mean age + S.D. (range)
17.7 £ 0.6 (16.00 18.5) vs. 17.9 + 0.7 (16tF 19.3) years; mean sailing experience + S.D.
(range) 3.5+ 2.2 (110 8.0) vs. 3.6 £ 2.7 (110 10.0) years) participated in sailisgecific
strength and strengtkendurance tests. This included the maximal hiking moment over
three mins (HMgo) performed on a specifically designed hiking bench affixed to a force
platform ¢ this test has been used in more receYduth sailing research (Burnedt al.,
2012). In male Laser sailors, Hywas strongly correlated to finishing position in the
championships (r =0.62, P <0.01), knee extension 3RM and quadriceps endurance
(measured by repetitions to failure using 40% of knee extension 3RM) were found to be
moderately correlated to sailing performance (k647 and-0.51 respectivelyP <0.05).

No relationships existed between female sailors and performance, the reason higtlig

by the authors was due to sailing conditions1@ knots) not taxing hiking enough in the
smaller Laser Radial boat. On dry land however knee extension 3RM and an isometric knee
extension MVC were found to be correlated with bperformance (r = 0.B and 0.87

respectivelyP <0.05).

Burnett et al. (2012) examined if the HMo could discriminate between sailing

performance level and gender between the Singaporean National Byte squad against a
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lower level highparticipation group (boys 14.1 + 0.7,lgid4.3 = 1.0 years), groups were
not statistically different apart from body mass being higher in the national squad gPoup (
<0.05) and the national squad had >1 year sailing experience with a greater training volume
(8 sessions week and a minimunmsefmonths resistance training vihiree sailing sessions

a week with no structured resistance traininghe HMigoperformance was higher in the
national squad group and in boys versus giAs<Q.05) highlighting the importance of
hiking-specific trainingyolume/experience tishould be noted however that body mass was
greater in the national squad group which was correlated toigdiderformance (r = 0.95

to 0.97,P <0.01; Taret al.,2006). The authors conclude th#uth sailors should engage

in strengh and conditioning exercises of the knee extensors and trunk to enhance hiking

performance.

Knee extensor strengtBndurance has been measured inJanior and Youth sailing

population using the Bucket test (Callewaettal.,2014b; Taret al., 2006) in wich the

participant sits off the edge of a bench with knees extended and a bucket with progressively

heavier loads placed around the ankles. The exact protocol has been modified for younger

sailors from the original test described by Blackburn (2000), avittduced starting load

15 kg(0 kgin the bucket) though both protocols increment the load%%geach minute

dzy GAf GKS LI NIGAOALI yG OFyy2iG Ylehaf @014y I 1Yy SS
investigated the indicators of different levels duth sailing performance in two groups

of Flemish dinghy sailors: Optimist (12.3 +yledrs) I YR WRey Il YA0Q KA1 SNE 6K
Laser 4.7, Laser Radial and Europe boats (16.5 £ 1.6 years). Performance in the Bucket test
differentiated between elite and noelite sailors in Optimist (301.3 + 67.7 vs. 409.4 +51.1

sec,Pl ndnnHL | KRy ckdRes y4BOY3A G4 v&K 600.1 + 40.9Ped).050)

YR | O002dzy i SR F2NJ ydiz 2F LISNF2NXI YOS Ay WReylY
multivariate analysis of covariance and discriminate analysisefah(2006) reported a

moderate correlaibn between Bucket test performance and kHyin males (r = 0.53F <

0.01) but not with females or ofwater performance. With the limited amount of research

it is difficult to ascertain the relationship between Bucket test performanceJamdorand

Youth sailing performance, however the preliminary findings support this link in the

majority.

An upwind sailing ergometer was constructeglCallewaertet al. (2013a) to replicate the
conditions of upwind sailing, this ergometer was then used to investigatecardio
respiratory and muscular responses¥outh Optimist sailors to hiking (Callewaest al.,

70



2013b). The protocols employed consisted of twelve to seventeen bout8 eé€uast
isometric hiking separated byOlsecto simulate a tack, each09secbhout required
participants to hike at varying intensities (e.g. light hiking, hard hiking). Good overall
feedback was given on the similarity of the ergometer protocol tenaer sailing using a

1 to 5 Likerscale (1-very bad, 2- bad, 3- moderate, 4- good, 5- very good), hiking
position/intensity and loading in the rudder and mainsheet were all scored as good (4.0 £
0.8,4.0+0.8,4.3£0.8 and 4.6 £ 0.7 respectively), moderate scores were given for fatigue
and tacking (3.0 £ 0.5, and 2.5 + 1.0)l @bad results for boat tilt (1.7 £ 0.7) (Callewasdrt
al.,2013b). Internationa¥outh male Optimist sailors were tested over 12 bouts compared

to untrained males matched for age, height and body mass, knee extension MVC torque at
120° knee and hip angivas not different between groups (151 £ 43.9 vs. 153.3 £ 55.3 Nm)
however the international Optimist sailors were more fatigue resistant at the muscular
level displayed by a slower rate of increase in RMS and decrease in MPF plus a decrease
reduction inMPF at the last bout of the protocol (99.3 + 5.0 vs. 88.9 + 57%7%).001)
(Callewaertet al., 2013b). The authors contend that trained sailors are able to extract
greater levels obxygen atthe capillary leveldue to a greater amount of slow twitch
muscle fibresThis is pedominantly evidenced through increased levels of deoxygenated
haemoglobin and myoglobin (Deoxy [Hb+Mb]) (142.3 £ 18.5 vs. 124.4 #7<8%05), and

are able to recruit less additional more fatigable fast twitch fibres towaresethd of the

protocol although this was not significant.

2.5.2.2 Nonspecific physical attributes

Nonspecific physical attributes have been measured in elite andelioe Optimist and
WRaY Il YAOQ KA1 A yeBal,204b)t VEitNidthedptimistigrSupdo®s of Bailor
performance level was differentiated by motor -codination tests of sidestepping
(difference between performance levél = 0.008) and side jumpind® € 0.017). Elite
WREY I YAOQ KA1lAY3 al Jelitedyidip inzadimispdbtNTED.N39)SARD (1 K
20 m aerobic shuttle runR= 0.030). Callewaesdt al. (2014a) measured aerobic capacity
of ten elite Flemish Optimist sailors (age range 1B} years), mean score for boys and
girls were 57.0 = 3.1 and 47.3 + 1.8&egfanin? respectively, boys scores were comparable
to elite football players (59.2 + 3.2 @ly'anin’; Le Galkt al, 2010) and greater than elite
volleyball players (43 + 6.1 @lylanin’; Gabbettet al.,2007).

The EUROFIT testing battery (Council of Euro@8)Mas developed to assess the physical
development of schoehged children in Europe using simple and inexpensive (€stse
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2.7 and Table2.8), though the protocols can also be used in sporting or medical settings. A

number of studies have utilised aspects of the EUROFIT testing battery to profile fitness

parameters in schoathildren (Deforcheet al., 2003) andYouth athletes competing in

Handball (Matthyset al., 2013a) and Football (Vaeyers$ al., 2006). Callewaeret al.

(2014b) used the same testing battery to investigate indicatoduaforand Youth sailing

performance between performance level, the results of the EUROFIT battery of the studies

mentioned are presented beloWable2.7 and Table2.8). Elie Optimist sailors produced

lower handgrip force than agenatched handball players, lower aerobigpper body

endurance and similar lower body power compatedfootball players. Optimist sailors

outperformed a norobese school population iall the above mentioned testexcept
lower body power9 f AGS WReYIlIYAOQ KA{Ay3 alAf2NAR 6SNB Af
football players, but agenatched to the norathletic group Table2.80 @ ¢ KS St AGS WReyl
hiking sailors performed better than the neathletic group across all tests displayed, and

better andsimilar versus football players in the standing long jumpaer@biciupper body

endurance respectively.

The results of nomspecific fitness testing withirvouth sailing should be viewed with

caution, as the authors allude to the possibility that differeirc physical performance may

be due to participation in other sports and not predominantly sailing volume (Callewaert
etalbLHAMNoOd 9fAGS hLIIAYAAG YR WReylIYAOQ KAlAYS3
9.8 + 2.2 and 11.6 + 4.1 hours/week oflisgi practice, therefore it is likely that other

physical activity was being performed during the week.
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Table2.7 Non-specific physical attributes of elite maYeuth Optimist sailors compared to

age matched groups

Callewaeret Matthyset Vaeyenst Deforcheet al.

al. (2014b) al. (2013a) al. (2006) (2003)
Elite Optimist £l Elite Non-obese
ite
Sample (n, age sailors n &%, football school, n =
o handball
characteristics) 13.6+1.1 players,n = 444,12¢13
n=14,U14
years 32,U14 years
Handgrip MVC (kg) 31.4+40 41.3+11.5 27.2+7.0
Standing Long jump (m 1.76 £ 0.13 1.82+0.18 1.75+0.19
BentArm Hangseo) 27.9+16.9 30.3+18.2 17.6+12.4
20mSRTmin) 8.1+0.8 95+1.4 6.6+1.9

Table2.8 Nonspecific physical attributes of elite mafeuthWR& y I YA OQ KA1 A Y :

compared to age matched groups

Callewaertet al. Vaeyenst al. Deforcheet al.
(2014b) (2006) (2003)
9f AGS WF Elite football  Nonobese school,

Sample (n, age
hiking sailors n =9 players, n = 32, n =576, 1618

characteristics)

175+ 1.0 years Ul6 years
Handgrip MVC (kg) 54.6 +3.6 47.3+8.7
Standing Long jump (m 2.26+ 0.24 2.02+0.14 2.11 +0.22
BentArm Hangsec) 40.8+12.6 40.8+16.4 32.7+155
20mSRT (min) 111+1.4 11.2+1.6 82+21

To summarise, it appears that elite Youth sailors have higher levels of strength and fatigue
resistance in hiking muscles, predominantly the knee extensors, compared telit®n
sailors and are recommended to partake specifically in strength and conidijidraining

of these muscles (Burnegt al.,2012). Elite sailors possess rgpecific physical attributes

that exceed a noibese school population and are comparable to other youth sport
athletes in upper body endurance. At a younger age sailors waredf to have lesser
handgrip force than handball playetsut greater lower body power than football players,

although the football group were slightly younger. Caution however should be applied to
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these findings as participation in other sports was maasured, therefore fithess scores

may be in part explained from other nesailing training.

2.6 Nonphysiological/multidimensional aspects of TID/TDE

This thesis focuses on the physical characteristics relating to TDE, however it must be
acknowledged that dter factors contribute to TID and TDE in elite sport as Williams and
Ericsson (2005) stated success in most sports is irreducible tedeefaemined set of skills

and attributes, as deficiencies in one area can be compensated for strengths in another.
Other factors that have been studied include psychological (Van Yperen, 2009), coach skill
assessment (Wisemaat al.,2010; Pioret al.,2016), sporrelated motor skill performance

(Faberet al.,2016) and multdisciplinary designs (Reilty al.,2000; Wbodset al.,2016).

Psychological factors such as goal commitment, proHieeused coping behaviours and
social support seeking behaviours were able to differentiate 84.6% of successful male
academy football players (Van Yperen, 2009). A number of sthdies investigated the
accuracy of coach skill assessments in predicting performance level, inconsistency has been
found in youth hockey where a number of coaches identified key characteristics of
performance and then using these as guidelines a combinaficoaches and scouts were
unable to achieve consistency with 9 out of 13 players being grouped into the top and
bottom five positions (Wisemaret al.,2010), similar inconsistencies have lead Ribal.
(2016) to question the validity of subjective cbaassessment. Fabet al. (2016) found

table tennis related motor skills of sprinting, throwing a ball and speed while dribbling with
a ball as significant factors in predicting male and female elite progression respectively.
Unfortunately the predictiodacked accuracy highlighting the difficulty of predicting future

performance level at a young age.

A number of authors have investigated TID using a rdigt@iiplinary design in an attempt

to capture a more holistic profile. Reikg al. (2000) discoverethe most discriminating
factors of playing level in youth football players were agility, ego orientation, anticipation
and sprint time. In a recent study in Australian football the predictive accuracy of state or
non-state participation the next season wancreased from 889% using single measures

of physical or perceptugognitive factors, to discriminating 95.4% of state players as using

a combination of both (Woodst al.,2016).
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It is clear that there is no set combination of factors that indicatéecentiate elite senior
success or between elite and netfite athletes in all sports. Further investigation into a
number of factors was suggested by Rextsal. (2016) including: athlete birthplace,
recovery and sleep, psychological trauma and gritliesce, family soci@conomic status

and genetics (TuckemdCollins, 2012).

2.7 Literature Revievsummary

Chapter two has provided a review of the current literature pertinent to the development
of physical characteristics within a talgpathway, and specitally to the sport of sailing. It

is clear that sportingpathways are considered vital to maintain the steady stream of
athletes capable of winning medals s¢niorlevel. Talent, and its development is a very
complex process based on multiple factorsttheakes the prediction of future success very
difficult, especially from early adolescenaghich champions TDE over TFOnumber of
models exist in TDE, each with strengths and limitations that offer guidelmatsa
blueprint to succesdp aid supporiat a more individual level. The additional understanding
of physical characteristics to TDE adds objectivity to a subjective environmentgdus
been foundto underpin future athletic and skill development, decrease the likelihood of
injury, and promote wellbeing. Sportingpathways shouldconsiderLIN2 F At Ay 3 |
physical characteristics longitudingladding data tothe nonlineardevelopmentof talent,
paying specific attention tomter- and intra individual variation originating frorma number

of factors,includingmaturation and compensation effects.

Olympic sailing has been noted of becoming more competitive and physically demanding
in recent years, therefore the focus anK S WO 2 y (pNyBidalf ptegatat®is Rel
placed.The variationevident in sailing add a unique complexy to the developmental
journey; consisting of a range ghysicademands acrosslasses and positis reviewed in
Chapter2.5, with different potential trajectories towards an unknown set of Olympic

classes once sailors reach senior level

2.8 Thesis Format

The remainder of the thesis comprises of seven chapters, includingfopiricalstudies
working towardsthe aim of building an objective evidenbased manuscript to help
infformthe. NA G A & K { Olympidpsgitivayt S| Y Qa
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Chater three ¢ a novel evaluation othe key physical characteristics of transition to
successfuDlympic sailing through inductive camtt analysis céemistructuredinterviews

with a sample of experienced top elite coaches and Podium level sailors, including multiple
Olympic and World Champion$he aimof this study was taadd further context and
rationale tothe current physical testig battery to assess developing elite sailargd

provide grounding for developments in new tests.

Chapter fourg details thegeneralmethods that occur throughout the thesis, plus describes
the current physical testing battery, including newly recordeliat®lity data and context

of suitabilityfrom previous research where reliability testing was not possible. This chapter
introduces the requirement of a new lorigrm strength testreplacement, as the current
testing equipment became discontinueand theneed to confirm amethod for tracking

maturation statusand the prediction of peak adult height.

Chapter fiveg analyseghe reliability, validity and interrelationshiplsetween the current
upper bodystrength testng methods andield-basedbodyweight strengthtests with the
gold standard tests of oneepetition maximums and isometrfseakforce. With the aimto
identify the replacenent tests to continue the assessment of strength within the Olympic

pathway:.

Chapter sixg¢ the aim of this stugt was to choose the preferred methods wfaturity
assessment and predict peak adult height to add to the physical testing battery. Achieved
by compating the accuracy ofwo non-invasivemethods of matuity estimation that are

able to predict peak adult hght. This study usecktrospectiveelite sailordata,who were
measuredby trained anthropometristsafter attainment ofactual peak adult heighto

assess the accuracy of each predictioethod.

Chapter sevem using the complete physical testing battamgated through the previous
findings in earlier empirical chapters within the theséite pathwaysailors were profiled
twice per season ovea period offour years Leading to thecreation ofthe first cross
sectional analysis ophysical characteristic in Olympic pathway sailing classesising

adolescenfemales and males

Chapter eight¢ building on thenovel crosssectional analysis of chapter seven, an
individual case study design was used to longitudinally track two female and male sailors

who were estimated to be early or late maturerduring three seasons including the
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transition to elite Youth squads to display the inter and intraindividual variation
experienced compared to chronological and biological -mgéched elite population

benchmarks using-gcores.

Chapter nine¢ concludes the thesis with a final summary of the research findings and
provides recommendations for the British Sailing T@daatynpicpathway, including future
avenues of research that may work alongside the continuing physical profiling testing

process outlined in this thesis.
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Chapter 3  Key characteristics of developing elite sailors
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3.1 Introduction

An increased level of competitiveas has been observed in elite sport, with a more of
countries obtaining a greater markshare of medals at Olympic andovitl championship
level (DeBosschet al.,2007; Reest al.,2016). In recent times sports have seen a greater
return of medals fromncreased investment into the production of successful elite athletes
(DeBosscheet al., 2013b; Hoganand Norton, 2000). Examples of this have been the
Australian Institute of Sport (AIS) who went from $1.2million to $106million of funding
from 1976 to 2000 Olympic cyclesving from 329 place on the medal table with no gold
medals to finishing @ winning 1. In a similar fashion Great Britain, via funding from the
National Lottery went fronmone gold medal (15 total) to 11 golds (28 total) between 1996
and 2000, with continued increases in funding from £88million in 2004 to £355 f@0RE0
Games culminatng in 29 gold 65 total) medals in London 201@lympic Games and 27
gold (67 total) in Rio 2016 Olympic Games, a first for a nation to achieve more medals at

the end of the cycle following a home Games (Independent, 2016).

To enable success at elite senlievel, a steady stream of athletes capable of progressing
to that level must be maintained (Vaeyeasal.,2009). Sport talent programmes aim to
systematically identify and develop talented athletes so that the best resources and
funding can be directetb make the most impact (Abernathy, 2008yuch as higher level

coaching, equipment andccess to fagties and support services (Mamnset al.,2009).

Traditional talent programmes have not displayed a high predictive ability of Jeliter

and youth ghletes reaching the elite senior level in a range of sports including Australian
football (Robertsoret al.,2014), cycling (Schumachetral.,2006), rugby league (Tdt al.,
2014), gymnastics (Piat al.,2016) and football (LeGadt al.,2010; Ostgic et al.,2014)
revealing asuccessfupercentage of progression tetween 6 and 35%. In an attempt to
increase the accuracy pfedicting progression talent programmes have sought to identify
what the key characteristics are of athletes who have theeptal to progress into elite
senior sport and ultimately be successful on the highest stage (AbBhditollins, 2002)A
number of characteristics have been investigated to gain a greater understanding of
developing elites including psychological fastotechnical skills and muitisciplinary
batteries (Gouldet al., 2002;Greenleafet al.,2001;Pionet al.,2016; Reillyet al.,2000;
Wisemanret al.,2010; Woodst al.,2016;Van Yperen, 200however this study will focus

on the physical andnthropometrical factors.
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The addition of physical characteristics aims to provide an objective set of data to
compliment and add to the subjective assessment of playing ability from coaches (Abbott
et al.,2002) leading to a more focused support plan pgimise development (Bompand

Haff, 2009). The impact of adding physical characteristics is varied in predicting future elite
progression across different sports (Liébal.,2009), with a number of possible conflicting
factors such as maturation statudifferences in individual development rates, the use of
ageinappropriate measures and the later emergence of skills and attributes in different
athletes Suppiahet al., 2015; Vaeyenset al., 2008). It is important to note that the
interactions of physial characteristics and prediction of future elite status does not
automatically imply that these factors are essential, these characteristics develop at
different rates and individual athletes follow varied patterns of trajectories across a
number of impating attributes, also while considering that strengths in one area may

compensate for weaknesses in another (Willisans Ericsson, 2005).

Due to the difficulty in predicting future elite success there has been a shift towards
focusingresources on providg the best environment and opportunities to progress

(Abbottet al.,2002;AbbottandCollins, 2004Martindaleet al.,2005;Vaeyenst al.,2008).

Embracing the holistic, mutisciplinary individual nofinear trajectory of physical

development (Bergronet al.,2015; Gulbiret al.,2013). During thduniorand Youth stages

physical characteristics have been shown to distinguish between elite anekliten

athletes (idoret al.,2009;Pearsoret al.,2006), adding more information to the picture

of development at different stages of developmehttonet al.,2012; Matthys et al.,

2013b; Mohammecet al., 2009). Although it should be noted that a number of studies

found no differenceklferinkGemseret al.,2004;Frankset al.,1999) and others reported

distinguishing characteristics varying at different stages €fall.,2013; Vaeyenst al.,

2006). It is important that athletes are not purely assessed on -offesnap shots of

performance and a profiled longitudinally relative to maturation status while considering

the potential variation in performance throughout adolescent development (Vaegéns

abHnnyo® ¢KS f2y3IA0dzRAYFE GNFXOlAY3 2F | GKEf SGSQ:
elite success may enable talent programmes to identify athletes who are on trajectory

(Allenet al.,2014;Lawtonet al.,2012;Vaeyenst al.,2008). This would therefore aid the

GFfSyd LINRPINIYYS (2 RANBOUG 4&dzLJLJ2 Milal basgdR NB & 2 dzND ¢
on their individual needs (Allest al.,2014).
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Physical characteristics have been shown to be crucial to elite athéestecompetence in
Fundamental movementkdls provides athletes with the key foundations to developing
complexsportsspecific skillsAbbott et al., 2002; Gagné 2004;Jessand Collins, 2003).
Lloydet al.(2015a) devised a physical model of development (Youth Physical Development
model where critical steps offundamental movement skillsare progresed onto
generalised physical characteristics of balancegmnation, strength, agility, power and
aerobic endurance. Development in theseaswere endorsedor preparation for future

elite athletesin the recent International Olympic Committee (IOC)smmsus statement in
youth athletic development (Bergeraat al.,2015). Enhanced physical characteristics have
been shown to reduce the risk of acute and overuse injury (Lauetsain 2014) and have
been linked to improving the effectiveness of hoursppactice and skill development
(ElferinkGemseret al., 2010; Klieglet al., 1989) both of which improve the quality of
practice which is understood to be critical in elite sport development (Rées., 2016;
Tuckerand Collins, 2012)Competence in pysical characteristics can increase ssifeem

and motivation leading to enhanced wdléing and sporting participation (Lloyt al.,
2015a).Physicalraining has also been shown to decrease the risk of a range of health

conditions such as obesity andrdiovascular disease (Faigenbaatal.,2013).

Elite sailing is a complex sport that requires the combination of many factors including
decisionmaking, cognitive function, tactics and a large technical component both in terms
of boat design and physicskills Bojsena  f ét & \2D07;Sjggaaret al.,2015). In recent
Olympic cycles there have been advances in race format and boat design that has made
elite sailing a more competitive and physically demanding sport (Bajserf tSNJ
2014).The eents raced in the Olympic Games may change ef@uy years, with the
physiological and anthropometrical requirements differing (Bojaen f £tSNJ2007)
further complicating the developmental trajectories of elipathway sailors. During a
regatta saibrs compete irup to two to fourraces per day lasting between approximately
25 and ® min depending on the clas®r around five to sevemays depending on the
regatta. The exact schedule and race durations are determined by the wind, with long
delays orthe water possible due to adjustments being needed to make the course fair for

all.

The physical characteristics of elite sailing have been reseatbrefdlll review please see
section2.5), with the predominance taking place in hiking positions in the Laser and at
senior level versu¥outhor Junior Less is known in otherasdses such as trapeeze or
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boardsailors, but it is uderstood that the physical and anthropometrical requirements are
different across different disciplines and are not comparable (Begsenf &t §1N2014.

A variety of anthropometrical sizes anbservedin Olympic class sailing, mainly due to an
attempt to maximise righting momenthile keeping body mass within specific boundaries
for different classesBojsena f Bt%IN2014). The physical requirements for righting
momentarea function of body mass and height (combined for dothd@ded classeshut
also the ability of the sailor to withstand the specific coudtatancingorces produced by
the sailand boat to keep the vessel flat and therefore go faster (Maekia., 1999) Elite
Juniorand Youth sailing has received little attention,itw all studies focusing omiking
classes. Mosstudies havanvestigatedphysical indicators of performance using saHing
specific assessments (Callewaetrall.,2014b; Taret al.,2006).Studies using theUROFIT
testing battery (Council of Europe, 1988ve produced data to enable comparison of
Juniorand Yuth sailors againsaigematchedsporting and norobese norelite samples

(Callewaeret al.,2014b;Deforcheet al.,2003;Matthyset al.,2013b; Vaeyenet al.,2006).

¢2 GKS I dzil K2 NR & ptlhssheeh BREIS the Qfygpictspioil saiNhg to
identify the characteristics fosuccessful developing elites across all classes. Therefore it is
the aim of this study by using sewstructured interview with elitepathway coaches and
Podiumlevel elite sailors, to understand what the key characteristics of successful

development are.

3.2 Methods

3.2.1 Participant selectiomriteria

C2NJ O2FI OKSaQ AyOfdzaAz2ys (KSeé& Ydzad KIF @S 06SSy
Olympicpathwayfor at leastfive years. It was the aim of this study to have a mixture of

male and female coaches, and to be confident of capturing a sample representative of the
different trajectories of sailors a range of coaches that had experience in coaching single

handed, doublehanded andboardsailingclasses were desired. Athletes must have been

either a current or former Podium level sailor, to have achieved podium finishes in senior
European and/or World championships and to have been rankedmwitte topthree in

theworldviad I A f Ay 3Qa Ay i JWaIAd Saikng)yassificator8NREdN\shiling, 2 v

n.d.). Parallel to the coaches, it was required that a combination of male and female sailors

were represented across the range of sailing classes (diagléed, doubléhanded and

boardsailing.
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In total twelve coaches andifteen sailorsmet the selection criteria, but not all were
recruited as it was established between the study researchers that saturation was
achieved,confirmed as interview content became repetitive sbat more participants
would notaddvalueto the analysisAll participantsvere contacted for inclusion within the
interviews, all were informed of the requirements of their involvement and any ethical
considerations befordeing asked to participateAppoval for the study was granted by

the University of Chichester Research Ethics Committee.

3.2.2 Participants

Nine elite coaches and eleveelite sailors were recruited that made the criteria for
selection The coacheg37.9 + 9.8yearg had an average of 12.7 years of coaching
experience at the elitpathwaylevel (rangdive ¢ 20year9, and comprised of seven males
and two females across whoimad experiencan coaching singkaanded (5 coaches),
double-handed (5) andboardsailing1) chssesThe sailors (30.4 £®year9 were current

(8 sailors) or eodiumlevelsailors (3who had all held a ISARvorld ranking within the

top two in the world Within the samplewere five Olympic medallistand four World
championsin total the elie sailors sample comprisenyé femaleand six male sailorsho

had competed in singlehanded (4), doubkhanded (8) andboardsailing(1l) classes
participatedin the interviewsAll elite sailors included within this study were a product of
the Olympicpathway, which was representative of recent Podium level success as an
analysis of the 26 top twaVorld ranked sailors competing since 2004, including 16 Olympic
medallists and 25 World Championship medallists, revealed 96% participated in elite Youth

squads

3.2.3 Procedures

Preparation for interview technique involved reading qualitative research (@ot¢et al.,
2005)and consulting with two appropriately experienced psychologists within the BST and
the University of Chichester. The interviewer had been working with the BST for two years
at the time of the interviews and had been involved in sport as a competitor aadhco
Consequently the interviewer was familiar with saitspecific terminology and could

identify with experiences of sailors and coaches which aided inbiléling of rapport.

83



All participants were sent an email detailing the procedures and outlirhiegiriterview
guide, prior to scheduling interviews consent forms must have been signed andedturn
Due to the international nature of the sport, @nge of locationsand the preferred
interview method were obtainedwith the participants where the intergiv could be
completed in a quiet and confidential setting, finally a location ame was decidedFor
quality, Interviews were conducted fae®-face where possiblethough due to
athletes/coaches having busy schedufdsype video cal) ortelephonecals were used,
though due to the familiarity of the interview with the participants these alternate methods
were deemed acceptabldnitial interviews lasted from 55 to 80 minutes in duratipnean
duration 6/ min). Follow-up interviews werealso conducted lasting15 to 30 minutes

(mean duration 2 min).

Participants were sent out thmitial analysis from their groufrcoach/atHete) before the
follow-up interview via email, the followups were completedfaceto-face or over
telephone. Followup interviewswere only possible with coachelsie to time constraints

of athletes.All interviews were digitally recorded and transcribed verbatim

3.2.3.1 Interview Guids

A semistructured format was used for all interviews. The same set of questions were asked
to all particpants, however the delivery and timing of these varied to allow fordifferent

flow of discussions between interviewer and participant. Prior to commencement of the
first interview, rules based on the number and style of prompts were standardised to
enaure consistency in line with the recommendations of Patton (2082)imit of two
prompts were allowed within each question across all intervigvaaigh this did not limit

the flow of dialogue through the interview he interview guide was critiqued by the same
two experienced psychologists involved in training the interviewer on technique, to ensure

the guide was clear and appropriate.

The interviews commenced with an tbeeaker question to build rapport and makbet
participant feel at ease (e.g. what was your finest moment in sailing?). Following the ice
breaker, the participants were reminded of the outline of the interview and assured that
any discussions within the interview would remain confidential and tideintity would be

kept anonymous throughout the analysis and reporting of research findings.

The interview guide consisted of three sections: The first seaticdded the participant

being asked about the key aspects of the boats that they sailed/coaghgdthe type of
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boat (s) and the key movements/skills involved). In the second section, participants were
asked about what they thought were the key characteristics of sailors being able to
progress up the Olympipathway successfully, defined by con®stly being in the top

three in the world). During the interview the interviewenadey 2 1 S& 2F (KS L
key comments, in the final section participants were shown the notes that had been
completed and were questioned as to whether they felt thdtat had been collected was

comprehensive, and theasked if they would like to add any more information.

3.2.4 Data Analysis

Following all interviews, inductive content analysis was perforreeplarately between
coaches/athletegPatton, 2002). This process ongsed the transcript into meaningful
guotes which are paraphrased and sorted into rawedtemes. Further commonality was
established within the raw data themes ah@jher orderthemes are created. Fatly once
further commonality wasiot possibleand dag fitted into the established higher order
themes thesethemes wereorganised into general dimensiortsxamples of how the data
was analysed is presented beld@uote > Paraphrased > Raw Data Themé!' ©rHer

Theme > General Dimension)

"We weren't justinherently fast because we weren't the right size" > Not fast as wrong size

> within ideal anthropometrical range > Anthropometry > Physical

"l wish I'd made a bit more of that now and just had a better physical base" > Building a

better physical base > @ditioning > Components of fithess > Physical
The analysis followed the steps outlined below:

1. Transcripts were read by interviewer until fully accustomed with the data.

2. Analysis was completed by interviewer as per guidelines above.

3. A second independerjualitative researchera postgraduatgsychologystudent
from University of Chichestgrerformed steps 1 and 2 above on all data.

4. Both interviewer and second qualitative researcher then met to discuss analysis
until agreement was found in all coach aatthlete interviews

52 KSy GKS lylfeara ¢la O2YLIX SGST | GKA
and Sparkes, 1999yho was employed as a development sports psychologist with
BSTandwas not involved in steps4 wasinvited to sensecheckeach stageasking

questions to clarify all points of disagreement. In the instance of disagreement, the
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data collection.
6. Once complete, all themes and general dimension citations werensed to

provide a hierarchical order.

3.2.4.1 Trustworthiness

The current study includethethods to enhance the trustworthiness of the findindsis

was evidenced by the following steps: Both the interviewer and third researcher had
experience and knowledge ité sporting context of sailing and therefore were able to
empathise during data collection and providsexond check on the quality of the process

the second researcher was experienced in qualitative research methods and therefore all
stages of analysigere crediblevhen triangulating the analys{fatton, 2002)The coaches

and athletes were able to view their initial thoughts and make further comments at the
end of the initial interview giving them the chance to amend any omissions made. The
coaches wee sent out the summary and initial format of the content analysis, so that they
were able to gain an overview of how their comments fit within the larger sample of their
peers, and then these coaches were able to add/remove their original thougfitisin the
sample of coaches and athletes there were male and female participants, plus every genre
of sailing class, making the content representative of the Olypgilbway. The selection
criteria of athletes and coachesquired all participants to be experieed inelite sailing,
either coaching at the highegtathway level or béng an athlete amongst the top 2

performers in their classm the world.
3.3 Results

3.3.1 Descriptive overview

A total of 312 pages of doublpaced data were obtaimkfrom all interviews conducted
which yielded 1485 meaningful quoteghich were extracted from the transcriptions of
coaches and athletes. From these quotes emerged 78 raw data themes of key
characteristics of successful development witthe Olympigathway. Eleverhigherorder
themes were created comprising of: Components of fitness,-water Physical
Anthropometry, Cognitive Function, Mental Processes, Psychological Characteristics,
Purposeful development, Preparation to sail, Performance LifestylepeGplan and

Development environment.Three general dimensionsovered all themes from the
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interviews in both coaches and athletes, tdlePhysical, Mental and Developmeiiithe

output of the content analyses can be searFigure3.1 and Figure3.2.

Raw data themes
All-round fithess
Conditioning
Strength
Aerobic fitness
Agility
Whole body effort
Balance
Injury free
Co-ordination
Power
Flexibility

Components of
fitness

Physical

Technique
Boat speed
Feel
Responding to conditions
Starting

On-water
Physicality

Within ideal anthropometrical range
Leverage

Anthropometry

Perceiving & Interpreting the environmen
Decision-making
Spatial Awareness
Intelligence
Pattern Recognition
Reaction time

Cognitive Functio

Strategy & Tactics
Self-control
Problem Solving
Goal setting

Mental

Mental Processe

Hardworking attitude
Communication
Honesty
Commitment
Fun

Psychological
Characteristics

Learning
Understanding
Purposeful training
Sailor-driven
Experience
Becoming an athlete
Parental Support
Talent

Purposeful
development

Boat set-up
Routines
Priorities

Physical Preparation
Nutrition
Preparation
Rules

Development

Preparation to sail

Managing transitions
Performance Lifestyle

-

Performance
Lifestyle

Figure3.1 Key characteristics of successful developt@mough the Olympigathway (coach

analysis n= 9 displayed in hierarchical ordeNote: The darker shading representgreater

participantacknowledgement within interews, P¢ number ofcoacheghat mentioned the theme
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Raw data themes

1st order themes P

General dimensions

P

All round fitness
Strength
Aerobic fitness
Conditioning
Injury and iliness prevention
Agility
Co-ordination
Balance
Power

Components of
fitness

Technique
Boat speed
Feel
Starting

On-water
Physicality

Within ideal anthropometrical range
Leverage

NOlroNERFRNMMNO O NN ®T

Anthropometry 8

Physical

11

Drive
Hardworking attitude
Desire success
Competitive
Confidence
Mental toughness
Natural ability
Motivation
Commitment
Intelligence
Methodical
Honesty
Mature
Ruthlessness

Psychological
Characteristics

Perceiving and Interpreting the environment

Concentration
Decision-making
Spatial awareness

Cognitive Functior 11

Strategy & Tactics
On-water priorities
Risk management

Game plan 10

Pain tolerance
Imagery
Performing under pressure
Self-control
Goal setting

MV WWRNENNNENMNNOMNONNOOWRDNO OO OO

Mental Processes 10

Mental

11

Volume of sailing
Sailor-driven
Purposeful training
Experience
Understanding sailing theory
Independent learning
Learning

Purposeful
development

Fun
Participation in other sports
Parental Support
Balancing non-sailing commitments
Support structure
Finance
Proximity to sailing venue

Development
environment

Physical preparation
Boat set-up
Preparation

Communication
Nutrition
Routines
Hydration

PNWUONN®ONMWwASDNDOROUoo~N©o

Preparation to sail 10

Development =

Figure3.2 Key characteristics of successful development through the Olypgtfovay (athlete
analysis n = 1) displayed in hierarchical ordeNote: The darker shadg represents greater

participant acknowledgement within interviewB¢ number of athletes that mentioned the theme

88



During content analyses, the total number pédrticipantsthat acknowledgedraw data
themes,higherorderthemes and generalimensionsan be found ifrigure3.1 andFigure

3.2. It is clear from the content analyses that sailing in the Olympibwayis a complex
multi-dimensional sport that requires a large amount of characteristics and abilities to be
successfylin accordance with the editorial pubhed for the European College of Sports
{OASYyO0S WYW{OASYyOS Ay atlala20m6yTAdgererl dinigndicnslof” 0
Mental and Development comprise many areas that warrant further understanding and
research, howevethe focus of this thesiscomprisesof the physicaland physiological
aspects of successful development through the Olyrppihway. Therefoe the Physical

general dimensiomvill be explored furtheseeFigure3.1 and Figure3.2).

3.3.1.1 Coachand athleteanalysis

Within the coach interviews the Hysical general dimension comprised of 18 raw data
themes organised into thrediigher order themes: Components of fithess, @mater
Physicaland Anthropometry. Alhine coaches that were interviewed included themes
within the Physical general dimensiofVithin the athlete interviews the Physical general
dimension comprised of 16 raw data themes organised into thigher order themes:
Components of fitness, Gmater Physicaty and Anthropometry. Alelevenathletes that

were interviewed included themes thin the Physical general dimension.

3.3.2 Further analysis

This section wilinvestigate the content analysis in further detail, initially splitting into
higher order themes@nwater Physicaity, Components of Fitness and Anthropometry)
and individual raw datahemes. Findings from both coach and athlete analysese
compared against each other, with the aim of first identifying commonality and then

differences between the two groups each section

3.3.3 On-Water Physicatly

Raw data themes within the’lorder theme of ORAWater Physicatly comprised of physical
aspects of sailing that sat outside of components of fitriss canbe profiled onland,
including: Technique, Boat speed, Feel, Responding to conditions and Starting. Where
themes in this sectio relied on norphysical characteristics, these were positioned
elsewhere in the analysis, to use an example: Boat speed is heavily dependent on physically
propelling the boat forwards, however in doudi@nded classes communication is key to
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making adjugnents to the boat in the water, for exampléd4ow they talk to each other in

GKS o02FG Aa SaaSyidAlts a2 02YYdzyAOFA2ysS GKI G
change to the way the boat is sailing without both of you making the chathgeéfore to

YEAYGFEAYy O2yaraidSyoe AY LFylteéeaaa W/ 2YYdzy A OF i
OKF NI OGSNRAGAOAQ gAUKAY (GKS WaSydalrfQ 3ISYSNIft R

LG A& Of SFNJ FNRY (GKS lylrfeara aGdKFG £t O21 OKS:z
Water PhysicaityQ R dzNJ& yediewipko&ess Atlyabn-water physical characteristics

specific to sailingare important to being successful in Olympic sailing. However it was

decided that further analysis of these themes was @éof the scope of this thesis due to

the complexity ad randomness of the cwater environment, and the time resource

required for fully understanding the class and positgpecific range of
themes/movements. The process of profiling ewater physical characteristics for

approximately 30(pathwaysailors twce per year as part of the squddsed programme

would be impracticatiuetotk S SEGSNY I f FIF OG0 2NBE 2NJ Wdzy O2y (i NR € ¢
on-water measurement and racing, and the thirty possible sailing positions to analyse

across the Olympigathwayplease seéigure 3.3The aim of this chapter is to confirm key

physical characteristics that can be profiled in a controlled setting to reduce variability so

that the programme/coaches/sailors can be confident of the process.
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Wind strength
Wind direction
Wind shift pattern
Dirty/clean air from
other boats

* Single-handed
(Optimist, Topper,
Laser 4.7, Laser, Laser

Radial, Finn) * Tide
* Double-handed (Helm * Sea state
and Crew positions *  Wave height

within: RS Feva,
Cadet, Mirror, 420,
29er, Multi-hull, 470,
49er, 49er FX, Nacra-
17)

* Boardsailing (Techno
293, RS:X 8.5m, 9.5m)

Wave frequency

* Race course design
(size and duration)
Number of races/day
Time between races
Time of race start
Distance to course
Officiating

Figure 3.3 Possible number of sailing positions and uncontrollables forwater

measurementand racing

3.3.4 Components of Fitness

Nine common raw data themes emerged from this higher order themes between groups:
All-round fitness, Strength, Aerobic fithess, Conditioning, Agility, Injury free, Balance, Co
ordination and Power.The coach group added Whole body effort and Flexibility to
comprise eleven raw data themes in total. Components of fithess was mentioyedi
participantswithin both sets ofinterviews, emphasising the importance pfysicafitness
within the Olympic sailingpathway. Themesare ordered by the total number of

participants that commented on the theme

3.3.4.1 Allround fitness

All-round fitness content compsed of comments relating tall-round athleticism or where
multiple components of fithess interact together. At the most basic level both coaches and
athletes inclded LK NI 3 Sa fithedsDK g R GKAYy | fA&0 2F AYL
dthere is a need for afbund fitness. There was commonality in the importance of having

a decent level of allound fitness at a younger ag&lust to have basic level fithess me

that just sits at the base i.e. that they can just run around and have just general good
fitnessor"l F Ay 3 (GKIFG 3I22R 0trasS 6KSy @2dzQNB @&z

When compared tdigher levels within thepathway, ¢ FA Gy Sda §FSA2Y 84 05
and"in the Junios where a general level of fithess would get you by, that is suddenly not

the case anymore”. It appears as the performance level increases the demanertamall
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fitness increases and resultsproducing gperformance impagctathletes commented that
émy limiting factor was my physiology | Y R2dza i ¢ aéy@acrestrein Sy 2 dzaK

agreement andne put it succinctlyas:

b¢KS dzy RSNIeAy3d YSaal3asS Aa (GKS FAGoASMN I yR FI a

better they will perform, It is imptant for sailors to realise that fitness is free speed around
iKS O2dNESE¢

These jumps in physical requirements are evidenced around transitiars, Juniorto

Youtha LG A& YdzOK S| &A S NJutictlevel t6 & ceftain lex@ent aithigust A 0 | G
reasonable fitness that you will not get away with ittouth Of | 44 S&a > yikereOKI yOSé§
athletes move into the adult Olympic classg3:he]49er is a big step up as it becomes a

big platform they need to run around on, a big unstable slidey platfosm the most

A

P
u .

0|

2 |

important stuff is around the agility and strengtota L &4SS G KI G Ay (GKS @&2dzy/3S

0KNRdzZAKSX (KSe& R2y Qi KIFI@gS I 3ISYSNIt FAGySaas:s
$SQNBE R2Ay3Is a2 6SQNB Al ididdqyi® a hayd sasoB, and2 NI/ A y 3

2

GKSYy (KS@QNBF (1ylFIO1SNBR FT2NJ 6KS NBaid 2F (GKS RI

afternoon and they try and keep up with us, and they get ill or injured or whatever, or they
OFyQl R2 Al a2 (GKS& R2yQié¢ o

Twoathletes put all-round fitness into perspective by sayinigdon't think you necessarily
need to be really fit to be good, but being fit doesn't hold you'hack” Rm réot convinced

about the need to excel [in fitness], | think the demands of Olympic sailitiggaigeou need

to be fit, we're not talking about ceting arower-4 2 YS 2F (KS o62FGa Ay GKS

k

SPSY NBIdZANB e2dz 2 6S FTAGET tA1S GKS ndpSNI KSty

2 0a tA1S dHshighightshat diffe2rdzailng €ladses/positions in the boat
require different levels ofll-roundfitness, or that it is not comprehensively viewed as the

mostcritical factor for success in sailing.

3.3.4.2 Strength

Theraw datatheme of Strength included comments relating to aaéstrength and specific

areas of the body that need to be strong for sailing. Both coachestntetesmentioned

the term & & G NBwhéhiiligtingkey characteristics osimilar quotes highlighting the

importance of strength such as i KS Y dzid OdzK K WH a 4 R& & & IF Mldsoy MG KN 2 ¢

simply justd 6 S A y 3 . GeidilfBey/athlétes commented on the physical state of youth

sailorst A Y RAPARdzr fa OFNE a2 YdzOK |4 GKFG F3S | a
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so scrawny and no strength at dtlat | think anything they could do strength wise would
LINPOFofe 6S || o02ydzaHE

Commonaty existed in the majority of interviewees in the importance of strength,
especially when related tod & LIS OA ¥ A Qdurirdg (shillBg/ @avétrents and he
corresponding mscle groups. The most mentioned movement related to strength was in

G KA1 A Y 3 ¢ ammiberiofScdaéhes and athletes referred to the same muscle groups
in different orders of importance, for examplé&cLy G SNX¥a 2F (GKS Ydz
strong it ismainly the quads, hip flexors and core. Probably in that order depending on
RATFSNEyadKEyerbad2ySa G2 KAJAy3IZ o6SAy3a a
X ySEG 02YS8Sa tS83a | yEthékepsfienftiRased NIn thos®dor O 2
Ydza Of S&a 2F (KS & iCerystréngtix appesiRacrisk SruriderfoicASS6S,
not justin hiking asihoardsailingt 2 KSy A G 02YSa (2 YIy2SdzNE
Ad O2NBand aNSTENIKEKS ONBga Al Ay daX SRRIGS
unlimited pumping rule above certain wind strength and so upwind they are body
pumping/flicking on the wirdtrapeezing]g KA OK 2dzald RSaidNRe&a &?2
Upper body strengtlis also mentioned across both groupsch aséd dza A y 3 € 2 dzNJ dz
AO0NBy3IGK G2 LXFre GKS YIAYy &aKSSheésx a¢KS ¥
0KSANI INBraIe 2 ANBFaAI RE I Olidzr t £ @ 0SS & dzNJLINRK & S |
GKIFGO A& LINRPoOolFlofeé ¢gKSy GKS O2NB 3Sda {1yl O

Smilar to increases in atbund fithess when transitioning to Olympic classesaches
mentionthe increased strength requiremenés{ 2 (G KS F2NXOSa |t OKI
and they may be stron@ dzii a4 dzZRRSyf & GKSe& | N&Stheydarkupy C
GKS fFRRSNJ GKS LIKeéaAaAOlf &ARShisasab@evigeat inY 2 N
trainingast ¢ KSNBX A& | 3INBFGSNI FY2dzyld 2F adiNBy3
YR Y2@S K $orddpetifichllihkiay tBtéength aidingthe ability to learn
when sailing a class that creates greater loadsprove theirstrength which would help

GKSANI GSOKYAOIf LINPINBaAaAAZ2YE

On the other end of the spectrum, one athlete was quoted as sayirlg: Y S@SNJ FSf
needfor leg strengh and so, yeaH] didn't do mucl® Supporting the earlier thoughts on

the range ofall-round fithessrequirements in the differenclasses/positions in the boat.
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3.3.4.3 Aerobic fitness

It may be possible from reading this section without the context of the transcripts that

GKSNE A& 2@0SNII L) NBIFINRAYI WYWFAGYSaaQ +Fa az2y
interchangeably to relate to differemaw datathemes within the physical dimensioihe

differentiation between Alround fitness and aerobic fitness this analys resulted from

either the specific mention ofi | SNRP 0 A GK FAK YISENEGT AD2FR GV SEHESAO

0 I adB the interaction of theaerobic nature of fitnessThe need for arobic fitness is

consistent acres both groups of intervieves similar to Afround fitness, one athlete

mentioned that itwould bet K NR (2 221 LI} ad GKS FSNROoAO &AARS

Coaches and athletes referred to the benefits of aerobic fithess to support traamdgn

the acquisition of skill, with comments suchés¢ KS 1S@ A& (KS TFTAGySaa Sf¢
be out for longer on the water which means it increases the amount of time they can learn

YySs GSOKyAljdzSa Ay {dt Smply guichAdng gicBigh Sefabid fiiBsg Y Sy G ¢

G2 06S Fo6ofS G2 R2 (Per®rmantedbiiefits Df/posdeksthg gidatérS NE &
aerobic fitness werealso common between both groups in the ability to maintain

technique forexamplept I &4 dzOOSa & Fdzf € | & $ody Kinetidsttoarabfgr A £ € dzA S
power through your lower body into the boat and work rate and heart rate reaches near
YFEAYdzYS FyYyR GKFEG A& 6KSNB GKS tS8aa FAG LIS2LX S
320 GKS | o6Af Al an theBoardsailimlklasses gadiculdr)fitheSséptays a

large role in performancedbeing quick is related to board handling, pumping technique

and fitness. Once you have the speed you can make everything easier, for example if you

have a bad startd dzii & 2 dZQNBY AR D1 e 2&NA &t F 2dzi GKIF G LINROT

The majority of intervieweedinked greater aerobic fithess with the abilityy maintain

performance over the course of arattg; 6 ¢ KS 1 Se& Aa (@younBedth& NP oA O £ f ¢
low-end fitnesghat gets you through regftas, between races, as well as having the top

SYR G2 06S I6fS (2 LISNF2NY (KNBS NIOSa I RlIeg 2
in a single race or day after day after day, if it is a-tleg regatta to be successful we will

need to have peoplidat when they get to that last race they are as capable at that stage

GKFEY |0 (§KS 0 S 3enéy¢oadgh Henkirfo nior Betai h&if| ohedspecific

sailor:

GhyS 2F 2dzNJ GNIXYyaAdGA2yAy3a alAft2NAR A& LINRBoOlOf &

might be fit enough to do one race but not three in a row. In his first Olympic level regatta
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| thought his fitness was pretty good, but as the races went ondsestarting to struggle
on the last couple of legs due to fatigue from the bigger sail. So fitness again is the key

Tl OG 2 NE

Coaches and athletes referred to the link between having a good level of aerobic fitness
and preserving cognitive function on the t®a "The physical demands can overtake what
GKS@QNBE GKAY1lAy3a: a2 GKS FAGGSNI 6KS LISNE:
the decisiony "an important point is having mental robustness even through the physical
demands of sailing thedat" and especially in the singleanded Laser classn"the laser

you need to be able to grunt it out for hours on end and still be able to mentally think your
way around the racecourseAthletes supported these comment$ you have a really good
fitness level, you put your concentration into a more important ‘gréthe fitter you are,

the easier it is to make decisidrand 'it gives you the ability to sail the boat better for
longer because obviously the better you are at doing the physical, wWwek the less

concentration you use

3.3.4.4 Conditioning

The raw dataheme of Conditioning relates to the ability to sustain strength oleeg
durations including the resistance to muscular fatigue andhgsical requirement in the
maintenance of psturein the boat/on the board. Both groups of interviewees mentioned
conditioningrelated quotes without further explanation of within lists of key factors such
as;d O2NBE O2YyRAUGAZ2YAYIAET GISYSNIt  S@HBEAA (2 TA 2
musadzf I NJ SYRdzNI yOS> AGQa o6SAy3 ofS G2 &adz

Commonality existed in both groups with references to the requirement of good
conditioning for maintaining technique for performance benefits across a range of sailing
classes@Peoplewill start blowing up andheir technique gets shit or they stop pumping or
GKFEGSOSNE 0SOldzaS ,aK$e @RIz &dzy G LA ILD 10 KNES R
ASYSNIffeorda2 TGCEKSSNRBNE YI Ay, the RaSi& it will goS &
SALISOAL & ¢ KiaystohavQaibit df Apger BodpduiiaBcé. Mdded to the
importance of conditioning for technique was the impact of the environment2 K Sy A
3S0&a G6AYRASNE (KS f 2 plating2\greadel sivhid oNBusSubar 3
endurance, one athlete went as farto sayg 2 dz O2dzZA R FfyY2ad I GdSy
pick who was going to do well depending on the wind strength and it was all down to the
LIK8@&aAOFt. OF LI oAf AGRE
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Coacheand athleteshighlighted the importance of conditioning around tkeytransition

point between Yuth and Olympic class sailingfas example poor conditioning can limit

the ability to use decisiormaking on the water; deverybody suddenly becomes well

conditioned, ¥ R SOSNEO2Re& Q& GSOKyAldzSa IINBX G adzOK | f
yourdecisiof  { Ay 3 | & @2dzQNBE (NI LILISR Ay oedich SSy o2 (4
noted that;a 1 KS 2@SNI ff O2yRAGAZ2YAY3a YR O2NBE 62N
Youth 3 dze a O 2 Y A y. Dne GipéricBlaizZtléte reflected on their physical

development around this transition sayirdif, | look back on it now it was such an easy gain

it would have been the obvious thing to Mo guess | wish I'd made a bit moretb&t now

and just had a better of a better baseb

3.3.4.5 Agility

Agility was categorised as a theme through the need for quick, accurate movements while
sailing or the general ability to move efently. @aches and athletelsoth mentioned the

need for being aite, referred to within interviewss simplythe importance oft I 3 Adk A G & €
G322 R Y2 OSiHSuycdssid daitofs.f & €

Good novement quality was expressed repeatedly by coaches and athletesimgd O U

f AlfdBéxamplea | gAYy 3 GKIG OFGtA1S FoAfAdGE 2NJ 3eYyl a
builds a strong and agile boat. Thepeed]difference between a smooth versus a clunky

boat can be massive, if you were to have some kind of vibration sensor you would see huge

differences and that can be massive in the sport. Smooth almost artistic movements in the

way the continental sailors generally move, almost like they are painting a picture like Pablo

t AOFaaz2 @SNEdza 2dza i 0 dzY |Adcefding to b@hygRipséghity a A RS 2 F
relatedto superior performance on the watenot just limited to aparticularstage of the

Olympicpathway, as the need for agility is displayed at batbuth-ad2 A G K G KS o62F Ga 32 A
faster, they need to go faster so their response time needsprove, it should be fast

already in aJuniorboat, but it is now highly critical as one of them, the crew, could be

completely out of the boat and in a moment needs to be inside the boat, under the boom

'y R 2dzi (0 K&d lymgié bkl & thifk 3dility is a big deal. I've spent a lot of

GAYS Ay Y& tFT0GSNI&SINA y2¢ nTtn albAftAy3das aLISYRA

Coaches typically went into more detail about how agility can improve particular
manoeuvres or aspects of sailimg5 2 6 Y s AY R (KS o02FG 06502YSa Y2NB
FIAfAGE 0SO2YSarah @by S & 2YANBI Agdoay3d (GKS alkAift Y
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0KSNEF2NE @2dz KIS G2 Y20S 1ljdzAO{SNI FyR @
move as quick asyoutdzt R ' yR Ol'y Sy R dzlJ dzLJAA RS R2 4y
2 JSNE o

3.3.4.6 Injury fredInjury and illness prevention

Content within the raw data theme of injury free/injury and illness prevention related t

the requirement of robustnests terms of being restant to injury or illnessor reflections

on their own careers as to how injury significantly affected their
development/performance. Coaches and athletes both mentiorieel importance of
GAYySdzNE lONB@ES Y B Sy sDéfo aio2S ANEDE yoBEdek ds/statenderiist
within lists of key characteristics, one athlete put succinatly; 6A 3 2y S A& AY
- 6A3 2ySéd

Coaches and athletes identified prone areasto injary; G KA y'{  y-@dneisk&/A y 3

| mean, some peoplehdv I 20 2F LINRPofSYa GAGK (KSAN]
soreXL GKAY1l @2dzQ@S 3I2H Fi22 KIdASO 13 2EyRRLIF GNASEQK!
a few back issues and knee issues and feet isBeth groupsmentioned the need for
preventing injuries earlier in the Olympiathwayrelating to techniqued L & G Sy Ra
reason that lots of sailors end their sailing and end up coaching, the overuse injuries of
particularly the knees makes me particularly concerned of making suiuthea Q KA {1 A
positions are good. So making sure their legs are straight, focusing on the right muscles,
makingsurekneeK A LJ | £ Ay YSyd adlreada OGNHzS® LGQa NE
at such a young ageand muscle imbalances i K S Re df tfiat[@ckeased sailing
volume]was injuryfrom that 'cos you knowhat if you only do one thing ydaecome quite
AYol f I yhadkiee ptoblems when | was a kid, growing up and from hiking the boat,
the Topper particularlyith abad hiking posi#t y ® €

Athletes in particular related the need for injury prevention from their own personal
careers, wheren one caset cut their Olympic campaigning short and detracted from their
training - dWhat | really needed to be told was the injury prevention sidnings which

for me was a big problem in my career. My biggest regret is that with injuries | stopped my
career earlier than I'd have liked to and felt like | would have spent less time in the last few

years with dealing with injuries.
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3.3.4.7 Balance

Balane was highlighted as important in both coach and athlete interviews, solely quoted

asa 0 | f Ilwighid fsés of key characteristics, however when analysed separately coaches

related balance to the performance of specific manoeuvres for exanip®;e 0 A gha G KA

requires quicker movements across the boat, combined with balance and proprioception as

AG Aa Y2NB NR&1 & YI y2S dzNahddvhen going dovthiild: G SNJ OK I vy
there is a balance element, you are trying to sail the boat smoothly on aabhl@surface

because that is quicker the key thing is the interaction between body weight in the seated

position, the way you steer the boat over the waves judging what is about to happen next

with regards to is going to cause instability and therefore twhavements are required to

counteracti€ IayoR £ I yOS Ay Y2@Ay3> AGSLIAY3I AYy YR 2dz
odzi &2dz KIS G2 0SS NBI f fAhletksyspoReintore geharaly & 2 dzNJ Y 2 ¢
aboutbalance suchag;L i A & Y 2 NXjthe r2edziithe did; o It iy rAokeya whole

body thing rather than say balancing on a Swiss ball, so it is more balancing how much you

fSIy ol O1 Ay NBtl GA2y UGadd howitaffectytBednénial sidg T2 NOS A
of sailingd 6 I £ I y Caffow ine tdzaiRthe boat on autopilot, so | could spend more time

O2y OSYUNY GAYy3IE

3.3.4.8 Coordination

Coordination content related to the requirement of emrdinated movement or manual

dexterity. Both coaches and athletes cited-aalination as important to sng success,

either by listingd G2NR A Y or changggye ce2 NR A Y asipditdfijadist of key factors

or through explanation of manoeuvres or general skills on the waéteathlete and coach
termeditsimplyagt { Y2 6Ay 3 G KSNBE & A&KILK g BzoRlnalidhe T & {

Ad Ffaz2 AYLRNIIFIYyd X |a &2dz KFI@gS (2 Y2@S &2dzNJ |
GNBAY3 (2 R2 gA0K GKS 02Fd APSd AGSSNAYy3I Al D¢
Onwater examples that coaches and athletes used included the following Sy S NJ f £ &
sitting with head over their knees and knees over their feet in the boat, and they need to go

from a sitting position to effectively a standing position whilst their hands are busy doing

other things, whilst travelling at 10 to 12 miles an hour and steerig tho drdoahave

gybing where the back of the boat turns through the wind when going in the same direction

as the wind that is a much quicker movement which requires meeNdR A Y.l G A 2 Y €
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3.3.4.9 Power

Power, and specificallyt LJ2 6 SNJ (1 2 onash Aeftiored oy Hokh2gtoups of
interviewees and relates to the ability of the sailor to produce powerful movements on the
water. Specific key areas of racing were mentioned in particular, for exadigiepower

to explode off a start line pumping as fast as you aad depending on conditions, there
may be other points in the race where you need that power to get the board moving as fast
& L3R &3EA0INRI dZANBE | RSANBS 2F SELX 2aA0A
bottom mark or at start time, jumpingo&@ ¥ G O1a AY | YR orXddag 2 F
manoeuvresp 1 KS o621 4G Aa NBlIffe (G6A00Ke gKSy 32
crew being able to go fast from lying out flat on the wire and then power up through that

intoa halfsquatinthe Rt S | yR (GKSyYy 2dzYLJAy3 2dzi | 3+ A

Other mentions centred on core skillg;! a 2y 3 | 4 &2dzQ@S 3A21
[ratio]€. One coach highlighted the increase in the requirement for power in athletes when
transitioning from Youth to Olympic class sajl- a ¢ KSNBE Q& LINRoOl of @
surrounds powerful fast movements, as in all the movements you are reaching out and
going on as fast as possible as the quicker they can turn the boats the better the manoeuvre
is. You could say it is about buildithg speed in the 29er and then adding power and the
F2NOS Ay GKS ndpSNH

3.3.4.10Whole body effort

Theseparation ofphysicakeffort from the key physical characteristisgs only highlighted

by thecoaches. This is categorised by the specific mention of efforbpf the physical
characteristicsthat have already been recordeith this results sectionCoaches made
particular reference to the performance benefit on the water of increased €ffot K S& 3
faster, just from putting more effort into their boat, fore you know sometimes it is just a
work hard day. The harder you work the faster you go. Generally it is these people that
LIS NJF 2 NJvthisvwasspe&findlyimportant in tougher conditions dGyou arerewarded

by the effort that is put in as it gets vdier ¢ so the harder you work the windier it is, the
faster you will g6 When moving up to Olympic class sailing there are numerous factors
that require athletes transitioning to put in more effolt ¢ KSNBE Aa fSaa 21
able to have gaps in yo game basically and the races are harder in more difficult venues
GAUK AaGNRBY3ISN gAYRA YR (G2dAKSNI O2yRAGA:;
I3 Ayad | oSGGSNI FtSSi¢
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3.3.4.11Flexibility

Flexibility was only mentioned by coaches within the interviews,aslpd ¥t SEd o A f A (& ¢
GiKSe of SIKR Sii B & ®ShovFif afeeta éfficiéné movement on the water:
G¢CKNRdzZIK (GK24S &LISOATAO YIy2SdzdNBEa GKSNB Aa |
to cross the boat in the fastest and least obsirdc @ S Fléxibgitg, garticularly in lighter

wind sailing becomes more important as it impacts upon technique and ultimately
performance:a Ly GKS f A3IKG 6AyRa &2dz KIF@gS G2 06S Fo6fS
different positions, this makes you moedfective at getting your weight transferred

through the hulk this needs to be subtle without disrupting the flow of the baat2 dz Ol y Qi

be an elephant, you have to be ligiabted, dynamic and to be able to bend, stretch and

twist. Within these movends they also have to be able to use their body as a lever,

OGN yaYAOGGAY3T F2NOS GKNRAZAK GKSAN G28¢CRENI LJAZ 0O
movements go through a whole range, so you have the static strong movements while

hiking upwind, butda &2 dz KI S GKS GFO1a FyR 3@6Sa G2 OKIlyYy
@d2dz ySSR G2 068 +t6ftS (2 06SYyR IyR ¥fSE¢

3.3.5 Anthropometry

Two common raw data themes emerged from this higher order themes between groups:
Within ideal anthropometrical range and Leverag@athropometry is critical in sailing, as

the effect that body mass and height combined have on counterbalancing the force of the
GAYR UGKNRdAAK GKS alAf FyR 2y (KS @SaasSftQa

puji
>
QX
—

on speed. The range of sailing classed are competed in at Olympic level differ greatly
Ay GSN¥Xa 2F AYRAGDARdAzZ f aQ NBI dzaNB B ANRPIHK NB LI2 Y S (i NJ
seeFigure2.13.

3.3.5.1 Within ideal anthropometrical range
Coaches and athletes both cited being within the correct anthropometrical range as
important to being successful in sailingihe relative importance of lty size becomes

greater as athletes progress up the Olympathwayas described by one coach:

G¢CKS gK2tS ¢ @& (K Nmidea YouthitdOlympicliie® & deen rduge Y

brackets of heights and weights and to how fit they shouldblbé as ®on as you get to

Olympic racing it is nenegotiablecA ¥ @ 2dz NS y2d4 GFftf FyR FTAG &2d

levels below are about developing traits and the top level is about sculpting athletes. During

GKSANI RSOSt 2LI¥Sy i @&2ddi 4 K125 R2NIQAIKN & 60 E€ES ONIB e3¢
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X AF GKS& IINB 2FF (kK2a$sS ftAySa GKSy GKS o
they are just not going to be the right shape. This means they have to go and do something
else, for example doublké  YRSR al Af Ay3 2N @2dz 2dza-if ai:
@2dzQNB y20G Glrtf Sy2daAK 2NJ 22 o0A3 2NJ avYlf
short that do well and about 50% of regattas and then really averagely in the other half, so
y2dz YSSR (G2 06S 3J22R Ay it O2yRAGAZ2YA | YR

Athletes are in agreementt ! £ f GKS ¢l & GKNRdAK AG 3ISiha
be the right size for your boat, fighting a boat is too hard. If you want to scrape gold fleet
whichis what | did in a Radial, then yeah you can be the wrong lsigd think you've
LINPOlFofe 332G | fAYAGOGINK2@2 Fii NNB RdA NS &
gSAIAKGAD L GKAY]l AGQ& AYLERNIIY( rigtsiz@K2 2
for. | know many people that I've raced against that have failed, and part of their failure is
0KSANI LKESMYjBSNEF t AaGAO Fo2dzi @2dz2NJ KSAIKI
people you see today in Olympic classes that are tbagwsize, | could tell you now they're

not the ones that stad on the podium. They might dow and thenbut they certainly
FNBydd 3IF2Ay3 (2 GKS DIFIYSa FyR aidlyRAy3a 2

One athlete commented on their own progression and how anthropometry affected

performance directlydWeg S NB y Dlierer@lylfastibecause we SNE YRR I K&K Sa A |

3.3.5.2 Leverage

The previous quote links Leverage to anthropometry, as the two themes are closely related.
In the interviews both coaches and athletes highlighted leverage in particular as a key
characteristic, the two themes are different however as leverage is a result
anthropometry plus the ability to harness it to a speed advantage:0 @A 2 dzaf & f S¢

FlL aGSNbra2@zSaA¥e2NB f SOSNIF IS (GKS o6SGGSNI SaLl

Athletes referred to the added leverage as a performance advantage against oth

competitors and how it carsupersedeother physical characteristicéBecausé&s @S NE 2 y' S
fitness is fairly high you start to notice some of the physical differences. So you have
a2YS2yS 6K2 Aad cFld H YR &2YS2ySmatekimd®a p
FAOGO GKS &AK2NI 2F LISNB2Y Aa UKS@QNB | fgl @

o2+ G arlEOReE t A1S G2 0SS GIFffSNE F2NJ Y2NB

person, a short person, because if there was someadsitevibs the same as me in every
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other way apart from they were taller, then they definitely would be better. Well they could
YE1S | o62kG 32 FI aidSNE

3.4 Discussion

The aims set out for thishapterwere to identify key physical characteristics of successful
development in elite sailing. Key characteristics were obtained via -semgtured
interviews with nine elitgpathwaycoaches and eleven top level senior efadium level
sailors (all ranked in top 2 in the world, including multiple Olympidri®1st order themes
including components of fithess and anthropometry were analysed from just under 1,485
individual quotes containing the following raw data themes: Components of fitness;
Strength, Conditioning, Aerobic fitness, Agility, Balancepr@mation, Paver, Flexibility,
Whole body effort, Injury free and Aibund fitness, Anthropometry; Within
anthropometrical range, Leverage. It must be noted that other themes were produced
from the analysis including ewater physicalityplusthe Mental andDevelopment general
dimensions however this study purely focuses on the physical general dimension and more

specifically the componesbf fitness and anthropometrical characteristics.

Commonality was observed acrabge majority of physical characterissicrevealing a high

level of agreement between elifgathwaycoaches and elite athletes when considering the

key characteristics of successful elite sailor development. Howéwere were potential

differences in the relative importance of physical chéeastics placed against the other

general dimensions of Mental and Developmeiat few quotes from the athletes

corroborate this finding: one athletsaid 'l don't think you necessarily need to be really fit

to be good, but being fit doesn't hold you baeother mentionedd L Yy S@SNJ FStd | K
YySSR F2NJ £ S3 AGNBy3GK | Fokentidly gutting $eé impacobf8 RARY U
fitness in context against other characteristics, or potentially revealing the different

physical requirements of differentldnpic classes.

The elite coach analysis added two extra raw data themes of Flexibility and Whole body
SFF2NI® Ct SEAOAtAGE ¢l a I RRSR RdzS (i®ndiKS SEGN
I y R dufing ey upwind and downwind manoeuvres. Fhisy possibly be from viewing

GKS OKINIOGSNREGAOA FTNBY | Y2NB RSGFAf SR 021 OK
from the elite athletes. The extra mention of Whole body effort from the elite coaches may

come from the recent need to promote hard woand effort for encouraginguccessful

developmental behaviours sailors they coaghout also the concept of rosy recollection
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from the athletes where events are looked upon more favourably after time has passed
(Mitchell and Thompson, 1994). Within thAnthropometry E order theme onlyfive out

of 9 elite coaches versus 9 out of 11 elite athletes mentioned being within anthropometrical
range as a key characteristic of successful elite developmeninthybe due to the relative
importance of body sizéuring thepathwayup to senior elite sailing, oraghlete confirmed

this finding by statingt . SAy 3 NBFf AAGA0O | o62dzi &2 dzNJ KS,
amount of people you see today in Olympic classes that are the wrong size, | could tell yoL
nowthey're not the ones that stand on the podium. They might do now and biéthey
OSNIFAyfeé NBydUd 3F2Ay3 (G2 GKS DFYSa IyR

The following section identifies the raw data themes and the link with previous research in

physical charaetristics within elite sailing and athlete development:

The importance of Strength for sailors at all stages of development and in all groups has
been observed, particular in more sailisgecific muscles as knee extension strength has
been shown to differptiate between performance level in senior ardinior hikers
(Aagaarcet al.,1998; Burnetiet al.,2012; Taret al.,2006;Vangelakoudet al.,2007) with
female sailors exhibiting similar strength to a group of male controls (Aagaatd1998).

Other muscles groups suchthe trunk (Niinimaeet al.,1977), forearmsQallewaertt al.,
2014b;Niinimaaet al.,1977;) andupper and lower body musculatureave been stated to

be key in sailing at elite senior sailing across all groibsnand Dedng, 2014Buchanan

et al.,1996; Dysomt al.,1996; Larssoat al.,1996). Thespecific muscles used within sailing
GSNE KAIKEAIKGSR Ay GKS Ay dSNIWAS S Spedfii€k S NS
strengtre | Kikihg miuscles = & LIS O A FehtOandit@chnij@e@WEthin respective
INR dzLJ& = T aphNer Bdylstehgth3o ptay the mainshéet 0 K2 dzZ3 K A G A

strength in a range of muscle groups are key across different groups.

The ability to maintain the high level of force productioreotime is particularly evident

in all elite groupsn lower body Aagaardet al., 1998; Castagnaand Brisswalter, 2007),

trunk (Larssoret al., 1996; Niinimaaet al.,1977) and upper/whole body (Larssen al.,

1996; Vogiatziand DeVito, 2014), and alsa Juniorand Youth elite sailors (Callewaest

al., 2014b, Taret al., 2006). This is reflected in the interviews as Conditioning linked to
maintaining technique and performance whedkeA ¥ & 2dz OF y LlzYL) G KS
ISy SNI f f &rinhae cas¢ha itn@itEhce of a high level of conditioning when the
conditions become toughett @ 2 dz O02dz R | fY2ad | GGSYyR |y !
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going to do well depending on the wind strength and it was all down to the physical
OF LI 0AfA(lE&E D

Aerobic Fitness wakighlighted as a key requirement across all groups at elite level with

KATSNBEQ I SNRPOAO FTAGySaa o0SAyda G2vANANBR G2 GSIY
and board sailors being compared to Olympic rowers (VogatziBeVito, 2014)The level

of aerobic fitness in eliteJunior and Youth sailors is also highlighted akinios were

recorded to have relativeth omax values similar to elite senior hikers (Callewaettal.,

2014a) and differentiated between elite and netite levels inYouth sailors (Callewaekt

al.,2014b). The higher aerobic demandofrdsailingare reflected in the interviews and

the key impact to performance a®being quick is related to board handling, pumping

technique and fitness. Once you have the speed wouncake everything easier, for

example if you have a bad stait dzii & 2 dzZQNB lj dzA O1 @2dz OFy 3IS{ & 2 dz
High levels of aerobic fitness appear to help maintain performancé @K S 1 S& A& (G2 o
aerobically fitg you need the lovend fitnesghat gets you through regattas, between races,

Fa ¢Sttt a KFEgAy3d G4KS (G2L) SyR (2 oS loftS G2 LIS
The less researched physical characteristics recognised as being key to elite sailing
performance mentioned in the interviews such as Balance (Niinietad, 1977), Agility

(Allen and DeJong, 2008Bojsena  f €t &IN2007; Bojsera £ €t &IN2014)and Ce

ordination (Callewaerét al.,2014b) are evident through all stages of developm@iiese

LIK&aAOlf OKINIFOGSNRAGAOaA | hdBd moesientisrilg S R NJG K NP dz3 K
0 KNRB dzZ3 K LI NI A GalahdingltheYdreg & helgnblizihg aspeed advantage

asa !l F gAy3 GKFEG OFGEA1S FoAfAGe 2NJ F3eYyladAao | oA
and agile boat. The [speed] difference between a smooth versus a clunky boat can be

Y | & a Xt Sripeptance of power was only highlighted iitee¥outh sailors (Callewaert

et al.,2014b) as being comparable to similar aged football players (Va&jeis2006),

K26SOSNI LI26SNI Aad YSYGA2ySR |G FitrgguiédaSENI 2F Y2Y
degree of explosivity at times when sheeting in athe bottom mark or at start time,

2dzYLIAYy3 2dzi 2F GF Ol a oI KISy ® 22 dell ART NBAKS f 82 $ 64 Wi ND
through manoeuvres. Especially for the crew being able to go fast from lying out flat on the

wire and then power up through &t into a half squat in the middle and then jumping out

I 3 I pogsibly acknowledging that more research should be completed in this area for

elite sailors.

104



Bojsena f f SNJ | y R(0DAP ferhaikedItlaSta maximise righting moment to
increase speed irthere are a range of specific boundaries for anthropometry observed in
Olympic class sailing. This statement is backed up in the interview analysis where one
athlete saidd 9 OSNE 0621 G NBIldzZANBa RAFFSNBY(GI KSAI
choo® a class that suits you, that you are the right size for. | know many people that I've
NI OSR I3lFrAyad GKIG KIFI@S FIFAf SR, ab girBadyLJ N.
mentioned in this discussion there appears to be a greater requirement toithenvthe
ALISOATAO 02dzy R NBE GKS KA RSNEQANSS yi2S10 il X
2NJ aYlff @2dz 62y Q0 YIS Alod ,2dz KI @S al A
50% of regattas and then really averagely in the other halfjcaoneed to be good in all
O2yRAGAZ2Y A | YR SECHediichlly i lfdw inferfiewees rAedtdmetl S d
Leverage, i.e. the ability to use a combination of height, body mass and physical capacity
to produce righting moment and therefore speed (Mackieal., 1999). Two athletes

O 2 Y Y S yifitleR Was §omeone that was the same as me in every other way apart from
they were taller, then tay definitely would be better Well they could make a boat go
ThaloBWNEOSNE2Y SQa TA Uy Saitdo natidge sd@e JoNthedphysicald K
RATFSNBYyOSad {2 &2dz KI @S a2YS2yS gK2 Aa c
20KSNE y2 YFGGSNI K2g FAOG GKS aK2NI 2F L
f SOSNI IS HKAOK Gdz2Nya Ayid2 o2F0 aLISSRE

The importance of competence ifundamental movement skilleand general physical
characteristics is clearly referenced in developing elite athletes to underpin future-sport
specific skill developmentApbott et al., 2002; Jessand Collins, 2003Gagné 20%1),
develop physical athleticism (Llogtial.,2015; Bergeroret al.,2015), reduce injury and
illness risk (Lauerseet al., 2014), enhance effectiveness of training hours (Reteal.,

2016; TuckeandCollins, 2012) and ultimately improve skill deyateent ElferinkGemser

et al.,2010;Klieglet al.,1989).This on top of improvements in psychological (Lleyadl.,
2015a) and health (Faigenbawehal.,2013) factors. Altound fithess was the physical raw
data theme mentioned by the greatest numbeir @lite coaches and athletes, in line with

the above literature comments of elite coaches and athletes includet:K SNBX A a |
al-NR dzy R >F A argasdrayed G KI G 3I22R 0" and how khis yan & 2 d
AYLI OGO aiAf it KREBWBRIFOY SIy 1¥SYSNI f FAlySaa:z
GNE YR R2 gKIFIG ¢6SQNB R2Ay3I> a2 6SQNB A&l
KFNR &aSadaairzys hceleRd forki yfest iikiseedmam the gbility to
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withstand the forces onftte boat tod L YLINE @S (G KSAN) aiNBy3IiK gKAOK
G§SOKYAOI f SigNE HrkSwete imAde avith a greater level of aerobic fitness

preserving cognitive function to support the capacity to leaifhé physical demands can

overtake whatl KS@ QNBE (G KAY (1 AYy3IZ a2 GKS FAOGGSNI GKS LISNE
have left to make the decisichsr "if you have a really good fitness level, you put your

concentration into a more important aréa

The increased requirement for physical &idism asan elite sailorprogreses was

evidenced through quotessuch@sA 0’ A& Y dzOK S| &A SNJudickleved SG | ¢ & &
to a certain extent with just reasonable fitness that you will not get away withYouth

Of I &4 &S & > orgfithes<biédonye® tbiegotiablé ® Ly i SNIDA Sithéndel NBEFSNBy O
F2N) LIKeaAOolkt FTAGySadaa | NRPdzyR My dANEKAS t §Satf LIRS
another session in the afternoon and they try and keep up with us, and they get ill or

Ay 2 dBidplR sated by one athletét ! 0 A3 2y S A&l AyeaAMaAyeINS ISy GA2Y
reflected on endingheir career prematurely based on recurring injuiy2 K 4G L NBIF € f &
needed to be told was the injury prevention side of things, which for me was a big problem

inmy career. My biggest regret is that with injuries | stopped my career earlier than I'd have

liked to and felt like | would have spent less time in the last few years with dealing with

Ay 2 dzNBApPeard that skey aspect of ée developing sailors i® be as one coach

describes tod 6 S NP o6 dza i | yhR multyl€ deNits of BB fitness is

summarised by one of the elite coaches who stat8die underlying message is the fitter

YR FLFLadSNI GKS al At 2NJ A détter dhkySwill p&farm, StNg § KS e Qf €
AYLRNIGFYG F2NJ alAft2NB (G2 NBlIfAasS GKIFIG FAdySaa

A key aspect of successful development for elite sailors was around transitions, with a
number of elite athletes and coaches referencing thanigicant steps when progressing
through to elite senior participation in a range of components of fithess inclu@imgngth:
G!a GKSe g2N] dzLJ 6KS fFRRSNJ 0KS LIKeaAOltf aARS
is a greater amount of strength that theyeed to just sail the equipment and move the rig
I NP dzgdrditioningad SOSNE 6 2 R& & dzR RG3/ff RA (10AS2025vR5:a HoySR £ S @S NJ
0§ SOKYyAljdzSa FFINB 4 adzOK | fS@St (Griaking ah 0 Qa O SNE
@ 2dzQNB (0 NI LILIS R yARY U(10KSSINGSSash yéhledg2pbkigtbbalckaBksaidL F
L €221 o101 2y AG y2¢6 Al ¢l a adzOK 'y Slkae 3IlLAy
| guess | wish I'd made a bit more otmow and just had 6 S (i i J&dbiz fitres$E =
G hy S eaRsitighoizNshilors is probably strong enought lacks the aerobic fitness, he
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might be fit enough to do one radeut not three in a row. In his first Olympic level regatta

| thought his fitness was pretty good, but as the races went on he was gtaotstruggle

on the last couple of legs due to fatigue from the bigger sail. So fitness again is the key
T I O,(ARrblikd fitness'[The] 49er is a big step up as it becomes a big platform they need
to run around on, a big unstable slidey platforsothe most important stuff is around the
agility and strength’" Yy Rt 2vguSolid sa it is about building the speed in the 29er
YR GKSYy | RRAY 3 LI 6 SN EvwrRat theKefite serdoNIEVSI tha y
differences between classes is presenie@ 2 Yy S IIminét €oBviné& ¢ abdut the need

to excel [in fitness], | think the demands of Olympic sailing are that you need to be fit, we're
not talking about creatingarowera 2 YS 2F (GKS o62Fda Ay (GKS
youtobefit, I GKS ndSNI KSfY 2N §KS ntn KSfyYs @
CAYY @& Frdm tRe2idtabview analysis it is clear that the demands differ when
transitioning up thepathwayl y R 0 St ¢SSy Of aaSa GKSNBF2N

and spors science support must be tailored individually.

3.4.1 Strengths and Limitations

The strengths of this study are that this is the first research completed to identify key
characteristics of successtlite development in sailing, the use of a sample of expesaen

elite pathwaycoaches across a range of sailing classes plus corroboration with a high level
elite sample of athletes who have all been ranked within thettepin the world including
Olympians and multiple Olympiagé/es perspective on what it takes to succeed, but also
on the sailors who were not successflihe process of trustworthiness with allowing elite
coaches to review the analysis before a foHowvinterview ensured that a comprehensive

list of characterigcs were obtained and not just limited on a eo# process, both athletes

and coaches were able to view their comments before the end of the interview and were
able to add any more comments. The first and third researchers were experienced in sailing
which meant the interviews were able to be completed with empathy and the triangulation
of analysis was robust. The sample of elite coaches and athletes comprised of males and
females who had experience sailing and/or coaching a wide range of -biagtked

boats/boards and doubkaanded boats across all groups of sailing classes.

Limitations include the restriction of further analysis to purely physical characteristics, it is
clear from the analyses iRigure3.1 and Figure3.2 that successfuklite developmentis

based on a wide range of factors. Thoubis initial process paves the way for further
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analysis of these factors and the further interaction between them in future research. As
with all retrospective recollection there is a chance of memory bias, or rosy retrospection
(Mitchell and Thompson, 194) that could possibly confound the results. Although the
sample was of a high quality, a limitation could be from the sample size and quality
although there is always a trade off as if purely mult@lympians were selected the
sample size would be draatically lower it wouldreduce the number of classes sailedd

limit the natural individual variation in elite trajectorieA.further development would be

to compare sailors from this study to those who were not successful, or to add further

numbers ofsailors to compare between characteristics of elites and safigs.

3.5 Practical applications

The main findings of this study are thidiere is a broad level of agreement betwean
sample of elitepathway coaches and top elite athletes successful development in elite
sailing isbased on a wide range of factovdathin the physical domaincategorised into
Components of Fitness and Anthropomeariety existsbetween the relativemportance
of thesefactorswhen transitioning through stages of developmeand between different

sailing classes.

These findingsnformed thephysical profilingattery utilised by the British Sailing Team
Olympicpathwayensuring inclusion ahe key physical characteriss outlined within this
study. A number of these physical factors have been shown to differentiate between elite
and norelite sailing performancéCallewaertet al, 2014b)and relate to performance
rankings which could serve as key indicators towatds progressionl(idoret al.,2009;
Pearsonet al., 2006). These characteristics profiled longitudinally while considering for
maturation status (Vaeyenst al., 2008) could enable the Olympmathwayto establish
StAGS 0SYOKY!I NJ acaldevelopmeht(id thierefard drediieQourcafs &nd A
support effectively to support development created around individual needs (Atlexh,

2014).
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Chapter 4  Physical Testing Battery

109



4.1 Introduction

The previous chapter identified the key physical charactesstf transition to successful
Olympic sailingThischapter detailsanthropometricalproceduresused through all studies
in this thesis, and the methods of assessing components of fitwéhi the British Sailing
¢Sl YQa pathway Pdjs@al Testingattery which were reinforced through the
findings of theprevious chapter Additional information is provided related to the

suitability and reliability for each test.

After the first year of data collectionthe existingmethods ofassessingnthropometry,

agility, lower body strength and aerobic fithess were confirmed within the testing battery

through communication between the author anthe sport asbeing reliable and

appropriate. Due to the discontinuation of t@oncept Il Dynamometer (INO)strength

trainer (Concept2, Nottingham, UKuring this yeait was required that new testwere

investigated to replace the previousethod to assess upper body pushing and pulling
strength.Theaim ofcreating thetesting battery was to improve undstanding of physical
RSOSt2LIYSYld S6AGKAY GKS . NA (A aKendagereitingd ¢ S| YQa
longitudinal data collection project within British Sailing to track the physical characteristics

of Olympic sailors this thesis will present andterpret the findings of the initial fivgears

of the longitudinal data collection process.

4.2 Anthropometry

In rare instances where anthropometrical measurements were not collected by the lead
researcherexperimenters accredited at levehe with the Intenational Society for the
Advancement of Kinanthropometry (ISAK)ere used to ensure standardisation.
Procedures were conducted in accordance with the International Standards for
Anthropometric Assessment (Stewastt al.,2011) developed biSAKAs part dé the ISAK
accreditationTechnical error of measurement (TEM)equired to be belowl.5% (inter
rater) and 1.0% (intraiater) for stature and bodymss assessments. The lead researcher
postaccreditation recordedelative TEMs of 0.05 and 0.08% fbeight and bodymass

respedively assessed through 20 complete anthropometrical profiles.

4.2.1 Height

All measures oheight were recorded using a Harpenden Portable Stadiometer (Holtain

Ltd., Crosswell, UK) to the nearesi @m The stretch stature method was usear fall
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KSAIKG YSFadaNBYSyidias gKSNB GKS LI NI AOA LI
upward pressure applied through the mastoid processes. Measurement was recorded at
the end of a deep inspiration with headboard pressed firmly down on the xestehe

skull.

Standing height was measured with participants stood barefoot with both feet flat on the
floor with back, buttocks and heels against the vertical board of the stadiometer.
Measurement of seated height was performed with the participant sdain the base of

the stadiometer with feet on the floor and knees bent sufficiently so that the upper body

was positioned correctly as per standing height measurement.

4.2.2 Body mass

Participants were weighed barefoot (CPW 150, Adam Equipment Co Ltd., MiyoesK
UK) in minimal sports clothing-¢hirt and shorts) and were instructed to remain still
positioned in standing posture with hands by sides. All measurements were taken in the

morning before any exhaustive exercise and accurate to % kg0

4.2.3 Armspan

Armspan was measured with participants stood upright, with weight distributed evenly
across both feet. Participants were instructedspread arms out to the sides in a straight
horizontal line with shoulders relaxed. Measurement was recorded using ant@asure

(Silverline, UKto the nearest centimetre.

4.3 Components of Fitness

The remainder of this chapter describes the process and testing utilised by the British
{FAf Ay 3 ¢ Spathinm@yilinférmed abhsknOwas received from parents and sailors
as part of acceptance of a place within the Olyngaithwayand/or attendance at physical
profiling sessions. Each yearly season a maximum opatlowvay profiling sessions were

conductedper sailor(Winter: September tdecember, and Spring: FebruaryApril).

Sailorswere advisedon how to prepare for physical profilitgrough by use of grofiling
document (Appendix )7 This includedattending all sessions in a fully hydrated stdiee.
light urine colour), adibitum water and foodintake allowed during testing sessionst
least one hour postprandial and having abstained from caffeine consumptithrat
morning In additionparticipantswere asked to refrain from strenuous exercise &odat
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least 24hours prior to the sessions. All testing sessions were completed at the same time
of day, commening between 8.00 am and 10.0haand to avoid influence of circadian
rhythm (Hayest al., 2010).Testing was performeth groups of up to 60 sailors at a time
indoors in sports hadl ecks on floor surfacegrip were completed preesting, with
additional sweepng and moping if necessary Anthropometrical measures were

conducted as described in sectidr?.

4.3.1 Reliability

To be able to deliver physical profiling twice a seasaninely within the Olympic Sailing
pathwayprogramme structure, multiple testers were redted to staff the days, resulting

in different individuals running tests from one profiling session to another. A¢oesge
sailorsto perform either repeated trials of profiling tests on same day/consecutive days or
weeks without invalidating scoredue to interference from sailing training was not
possible. This situation provided @mplex taskto understanding reliability with the
pathway To increase understanding otliability within the physical testing battery
analysis test-re-test within-sesion was calculated for tests that used multiple triads
profiling sessiongi.e. Ftest and standing long jump (SL3g¢eTable4.1 and Table4.2)
reporting on results collected on three separate sessions using different testers across a
range of ages (Session one: n = 32, age #8.88 years, Session two: n = 36, age #3.5
0.88 years, session three: n =67, age ¥3.85 yeark For further understanding for these
tests, or for tests Wwere withint or betweensession riability was not measuredthe
following sections report on préous literature that investigated reliability using the same

protocols.Equations for calculation of reliability are preseniacequations (1) to (5)

Typical Error of Measurment (TEM) calculated by the dividing the standard deviation of the

difference etween measurements by the square root of 2:

Yoy 28
(1)
Relative Typical Error of Measament (TEM %) displayed as percentage:
e YO |
YOO b NOE R
(2)
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Confidencdntervals (CI) calculated as 95% by multiplying the standard deviation of the

difference between measements by plus and minus 1.96:

60 0 ™BO8'Q QAN pBo @ (3)

Coefficient of Variation (CV) calculated diyidingthe standard deviation by the mean,

expressed as a percentage:

. .. 808
0w T Wp T TT
(4)
Smallest Worthwhile Change (SWC) calculated by multiplying the standard deviation of the
difference between measurements by 0.2:
Yoo "™B08Q QA
(5)

4.3.2 T-test (Agility)

The categorisation of agility within sailing development fr@mapter 3related to quick
accurate movements and general movement ability. The rationale for inclosiagilityin

the Physical Testing battery can be found within literature review seclidn&and2.5.2.2

plus added context fronsoach and sailoguotesin section3.3.4.5 The TFtest was chosen

as it measures the ability to perform four directional movement accurately on feet through
maintenance of balance and body control (Semenick, 1990), and has previously been
shown to be a reliable test (Muarand Herrington, 2011; Pauods al.,, 2000; Sporist al,,

2010).

Within-session reliability of-Test (two trials) from three separate sessions are displayed in
Table 4.1 displaying similar reliabilitppetween different testers and age groupshe
coefficient of variation (CV) across these sessiof241 is similar to the 3.3% previdys
reported (Sporigt al., 2010). Very good reliability oft€st performancehas been stated

in a range of stude Pauole and colleagues (2000) reported kdiass correlation
coefficient (ICC) using orveay ANOVA between one and three repeated trialsirty the
same session of.94 t00.98 in 303 university students (male and female) from a range of
activity levels. Similar results were observed in a samplé58fnational level Serbian
footballersacross three trials with ICC of 0.928 (Spetial., 2010). Munro and Herrington

(2011) investigated betweesgession reliability in 22 physically active univeraiged males
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and females, conductinfitests on three consecutive weeks, and found similar ICC in males
(0.96) and lower in females (0.82) with smallest detectable differeat8$58 and 0.48 sec

respectively.

Table4.1 Within-session reliability of-Test on three separate occasions

Session One Session Two Session Three

n=232 n =36 n =67
TEM (sec) 0.35 0.41 0.40
TEM (%) 3% 3% 3%
Cl (+h 0.98 1.14 1.10
CV (%) 1% 1% 2%
SWC (sec) 0.10 0.12 0.11

Note: TEM Typical error, G 95% Confidence interval, Q\Coefficient of variation,
SN C¢ Smallest worthwhile change

The Ttest layout was setip as per Semenick (1990).2 y Sa 6 SNB I NNJ} y3ISR
with 10 yards (9.14m) between the start/finish line and middle cone, and 5 yards (4.57m)
between the middle and left and right condsidure4.1). Time taken to complete the test

was recordedusingtiming gates Brower Timing SystemBraper, Utahplaced 3 m apart

at either end of the start/finish line at a height of 1 m. After a full speed demonstration,
participantswere taken through a standardised practice wanm using a 10 x X@ard grid
comprising of the movements allowed in the test. Progressively increasing intensities (50,
75 and 100% of maximum speed) of forward and backwards running and left/right

sidesteppng were completed.

Once warmed up, participants started 0.5 m behind the start line and were instructed to
sprint 10 yards as fast as they could to the middle cone, touch it with their right hand and
side-step 5 yards to the left cone and touch with thé&ft hand. Then sidstep 10 yards
right touching the right cone with their right hand before siskepping left to the middle
cone. Participants must touch the middle cone with their left hand before back pedalling
10 yards through the start/finish ling anaximum speed. A deceleration area 20 yards long

was cleared for participants to allow them to slow down at their own pace.
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(,& 4.57m & 4.57Tm &

9.14m
(I A1
Qrtﬁv
Timing cells

Figured.1 Layout of ftest according to Semenick (1990) taken from MuanolHerrington
(2011)

Scores were not counted if participants failed to touch all of the cones with the designated
hand, crossed their legs over while sistepping, or failed to face forwards during the
entire test. Two trials were completed during testing previous literature exhibited a
requirement for at least two maximal trials to negate a learning effect within between
genders and level of physiciness (Munro and Herringtor2011; Pauolest al. 2000;
Sporiset al.,2010). Participantsvere given ateast two minutes rest between trials, with

the fastest time recorded.

4.3.3 Standing Long Jumpdwer body strength

Lower body strengthspecifically in knee extensoemd the ability to sustain this strength

for long durations has been shown to be importatross the range of sailing classes (see
2.5.1 2.5.2and3.4). Further rationale for selection of this test from coach and sailor quotes
can ke found in sectior8.3.4.2and 3.3.4.4 The standing long jump (SLJ) was chosen as it
has been reported to have a strong association with a range of lower body strength tests
(Castret A z & MR 2010), has been shown to be adlle @ & LIRanteroet al., 2010;
FernandezSantoset al.,2015;Moresiet al.,2011; Ortegaet al.,2008; Seitzet al.,2016),

and it is a practical solution for large scale fitness testing due to low cost, equipment and

time resource requirements.
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Within-session reliability o6LJthree trials) from three separate sessions are displayed in
Tabled.2 displaying similar reliability between differentsiers and age group#n increase

was observed between jumpsne and two (21), however o further difference was
observedbetween each of the combinations of teftom the secondjump onwards(3-2,

3-1), exhibiting a plateau which gives confidence @@ scae within the number of trials
completed. This is supported liwo studies: Seitzet al. (2016) that foundno greater
increase from repeated trials after the second trial in fourteen university §48di+ 0.8
years)rugby league players (changescore from baseline at jump 2: 1+1.6%, jump 3:
1.4+ 2.9%, jump 4: 0.& 1.4% and jump 5 1.4 2.0%).Moresiet al. (2011) found good
levels of reliability in female junior national level track and field athletes across three trials
with at least 3Gseconds recovery, revealed through ICC of 0.93 and CV of 3.4%, similar to
the observed in this study.eRearch findings investigating reliabiligf SLJin youth
populations have focused in betweesession reliability primarily calculatitige inter-trial
difference to establish error. Acceptable levels of reliability were found in-alib@
populationswith no significant differences observeding 138school childrerseven days
apart, aged 6 to 18 yealis PE classes (0.33134 cml' 9 aRdmexrdet al, 2010), 363
healthy white childrerseven days aparaged 6 to 12 yearsQ.71 + 10.4 cm Fernandez
Santoset al.,2015) andl23 healthy adolescentsvo weeks apartaged13.6+ 0.8 yearsH
0.3+12.9 in males and 0:89.0 cmin females; Ortegat al.,2008).

Table4.2 Within-session reliability of SLJ on three separate occasions

Session One Session Two Session Three

n=32 n=36 n =67
2-1 32 31 Mean 2-1 32 31 Mean 2-1 32 31 Mean
TEM (m) 0.08 0.07 0.06 0.07 0.04 0.04 0.06 0.05 0.04 0.05 0.05 0.05

TEM (%) 4% 4% 3% 3% 3% 3% 4% 3% 3% 3% 3% 3%
Cl(+f 0.15 0.14 0.12 0.14 0.09 0.09 0.12 0.10 0.09 0.11 0.11 o0.10
CV(%) 2% 2% 2% 2% 2% 3% 3% 2% 2% 2% 3% 2%

SWC (m) 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.02

Note: TEM, Typical error, G 95% Confidence interval, Q\Coefficient of variation,
SWQ; Smallest worthwhile change

Participants were instructed to complete whole body mobility exercises prior to their first
SLJ consisting of arm circles, trunk rotations, leg swings and heel kickbacks. All jumps were
completed on a purposéuilt nonslip mat (SBP Products, Montreal, @da) that was
affixed to the floor. Participants placed their feet with toes behind the tekdine, and
explosively pushed off with a twimot take-off with arm swing and jumped as far as

possible. For the jump to count the participant had to land oeirtifeet and remain
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standingc if they became unbalanced they were able to put a hand down for balance as
f2y3 a4 GKSANI FSSUO RARY QG Y2@0So® 9 OK LJ N
best score recorded in metres (m), distance measured was tinerback of their rear heel

to the takeoff line.

4.3.4 20-metre shuttle run test(Aerobic capacity

High to very high aerobic fithess have been reported in sailors at pathway and Olympic level
(section2.5.2.2and 2.5.1respectively). These findings were supported during coach and
sailor interviews, as quogehighlighted the benefits of aerobic fitness in successful sailing
development through supporting training and the acquisition of skill, aiding performance
and preserving cognitive function on the water (see secB8dh4.3. The multistage 20

metre shuttle run test (20 m SRT) was selected to assess aerobic fitness as previous
research has found the test to be reliab® & LJIRameroet al.,2010 Legeret al.,1988

Liuet al, 1992;0Ortegaet al., 2008, andis the most appropriateéest for assessindarge

numbers of athletegombined with low cost and equipment requirements.

The original study of Leget al. (1988) found the 20n SRT to be reliable in childrendan
adults using simple regression analysis (r = 0.89 and 0.95 respectivighyo significant
difference(P > 0.05) between test and-test one week apart using paireetésts. Artero

et al. (2010) conducted a systematic review of reliability in fiebbed fithness tests,
including 20mSRT screening studies from 1990 to 2009. The authors of this review rated
quality using a thredevel method including: description of participants, time between
measurements and appropriateneststatistics. Reliability is shown in this section purely
from high quality studies: Liat al. (1992) found high ICC 0.93 for the number of laps
completed one week apart in 20 boys and girls aged 3 ¥ears, mean lapompleted
were found to not be different using ANOVA (g = 2.58,P2 0.13). N siqnificant inter

trial differencewere observedin 138 school children seven days apart, aged 6 to 18 years
in PE classe®.05+ 1.0 stage$ 9 &Rdmexdet al.,2010) or 123 healthy adolescents
two weeks apartaged13.6 + 0.8 years@.1+ 1.5 stagesn males and.0+ 1.1 stagesn

females; Orteg&t al.,2008).

The physical testing battery always concluded with the 20 m SRT for aerobic fitness, as
conducted by Legeet al. (1988). Participants ran shuttles across a 20 m course at

progressively faster speeds to a set of audible beeps, starting speed was set at 855 km.h
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pace. The last audible stage completed was counted as the recorded score.

4.3.5 Required progression of Physical Testing Battery

The above sectiongl2to 4.3.9 critique the continuing assessments within thghysical
testing battey. It was concluded that modifications to thoattery were required due to

the Concept Il DYN®ecame discontinued and therefore did not provide a long term
solution, and theaccuracy of theurrent maturityassessment had not been investigated
or comparedagainst other methods. The following two chapters describe the process of
assessing the suitability oew test choices, investigating reliability, validity and accuracy

of these measures.
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Chapter 5  Reliability, validity andinterrelationships of upperbody strength
assessments
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5.1 Introduction

The previous chapter detailed the general methods that occur throughout the thesis, and
described the current physical testing battery. This chapter studies the reliability, validity
and interrelationships between theurrent upper body strength tests and fieldsed tests
with gold standard assessments. With the aim of seledong-term upper body push and
pull strength test replacemestfor the physical testing batteryas the current testing

equipment became discaimued.

The measurement of strength is integral to a complete physical profile. The benefits of
strength have been observed in a health setting such as completion of everyday actions or
a decreased mortality rate (Rwgzal., 2008), and in elite sport,lvere strength training has

been shown to be an essential aspect of physical preparation (McGeigah 2012)
highlighted from improvements in injury reduction and core stability (Young, 2006).
Numerous methods are employed to assess characteristics s€utar strengthncluding
Isometricpeakforce (PF)one repetition maximumiifts (LRM),muscular endurance using
repetitions to failure at a set percentage of 1Rbt field tests based on bodyweight

exercises.

When deciding on the suitability of a strahgassessment, shouldbe valid and reliable
Validity is defined in this study byopsessig a strong relationshifpetween the value
produced and the value of gold standard measuréVerdijket al, 2009). Reliability is
defined by a measure beingproducible when repeated trials are conducteadofpkins,
2000). When assessirggrength of contralateral upper bodgush and pull movements,
laboratory-based strength testing, such as the production of isomé&Fkds condered the
gold standard of assemg strengthdue to its very high reliability and internal validity
(Verdijket al.,2009) Themost common upper body isometric assessment is the supine
bench press with elbow angle set at 90°, and it has been found to be reliablénivih
Class Corrations (ICG ranging from 0.82 t®.95 (Kilduffet al., 2002; Pryoet al,, 1994).
Debate exists over the criterion strength method to assess strength, isometric PF has been
challenged as it lacks external validity due to stamature of contractions notbeing
representative of realvorld movements Blazevichand Cannavan, 200WNIcMasteret al.,
2014). In the absence of aboratory,RM testing has long beeronsidered a reference
standard forassessing dynamic maximal strengthv@rgoet al.,1991) andhas also been

considered a gold standard in strength assessment (Leveigdr,2009).
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1RM testing is a popular method of assessing strength employed outside of the laboratory
(Verdijket al.,2009), upper body assessment is typically measured usinddtdreh Press

and Bench Pull exercigPearsoret al.,2009. Previous research has demonstrated very
high testretest reliability in Bench Press performance in trained and untrained
populations, with ranges of ICC of 01880.99 (nvergoet al, 1991; Lewmgeret al,, 2010;
McGuigaret al, 2010;McGuigan and Winchester2009. There is a dearth of research on
the reliability of upper body pulling strength assessments, with the majority of published
work using elite or sulelite rowers. Testetest reliablity in this movement has also been
demonstrated to be very high (ICC > 0.96) from the laboratory of Lawton and colleagues
(2013) employing a 6RM bench pull, which is supported with 1RMs in rowers and in an
untrained sample (ICC = 0.99) (Belal, 1993 Levingeret al.,, 2010).

Relationships between measurements of isometric and dynamic performance have yielded
a range of findings. Hadt al. (2005) investigated the relationship between isometric mid
thigh pulls (MTP) and Olympic lifting 1RMs in el@mé&le weightlifters. Pearson product
moment correlations (r) of 0.93 and 0.80 were found between the MTP and Snatch and
MTP and combined total, respectively. In support, McGuigaml. (2010) found near
perfect relationships with MTP and 1RM squat (ré&7Qand MTP and bench press (r = 0.99)

in recreationally trained men. @wuersely poor correlations (r&5) between isometric PF

and athletic performance have also been reported (Blazevich and Cannavan, 2007). Two
studies that investigated upper body isetnic and dynamic bench press movements found
small to moderate relationshipsgnjatovicet al. (2009) compared isometric bench press
with the bar 25 cmabove the chest and an elbow angle of 135° with a submaximal
prediction for 1RM (r = 0.16 and 0.3@hile Murphy and Wilson (1996) observedderate
correlations (r = 0.47 t0.55) in healthy males performing isometric maximal efforts at

elbow angles of 90 and 120° with a seated medicine ball throw

In a recent review conducted by McMaster and colleagues (2014) it was proposed that
profiling tools involving weight lifting are more suited to monitoring and adapting
resistance training programmes than performance, as the actions involved may not
represent strength specific to the sport. With this in mind, field tests involving moving the
0Kt SGSQa 26y 02Re¢SAIKEG YI & o-forlrsaudfonsNS LI
Field testing can be useful when looking to assess strength relatively quickdyge

samples without the need for expensive equipment or extensive tester training; however
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the application of field testing is limited as it lacks the rigors of physiological measurement

in the laboratory.

Maximum repetitions of puships and pulupsare currently used to measure upper body
strength endurancéNegreteet al.,2010) however these movements have been modified
into a number of derivatives including femaénd childspecific movements (Baumgartner
et al, 2002), which makes comparison across studies difficult. -Bpsthave displayed
good to very good reliability across a number of variations; maximum repetitions in a
minute (ICC = 0.93/r = 0.9599; Invergeet al., 1991; Jacksoet al., 1994), bertkneepush
ups using a female sample (ICC = 0.83; Wood and Baumgartner, 2004) arsgalilissts
(ICC =0.989; Negre#t al., 2010). Modified pulups have received less research attention
with variations including 1Sec bursts of modified straight leg pulbs, which
demonstrated very high reliability (ICC = 0.958; Negettal., 2010) and straight leg pull
ups in children using an elastic band to record reps with a reduced rahgeotion
achieving very high norireferenced reliability usingntraclass caelations fromANOVA
(R=0.970.99) GaintRomainandMahar, 2001).

Research investigating the relationship between field testing methods and 1RM shows
mixed results. When comparing pusp variations, correlations range between small and
very large (r ©.23¢ 0.87) (Baumgartneret al, 2002; Invergeet al, 1991;Jacksoret al,

1994 Mayhewet al., 1991;Wood and Baumgartner, 2004). Explanations for this range of
findings possibly arise from differences in pugh variations, tempo, sample
characterisics, and method of 1RM chosdrom free weight or resistance machine based
exercises. Modified pulips have produced moderate to strong relationships with 1RM

testing when corrected for bodyweight (r = 0.60.79) (Pateet al., 1993).

Weightbearing tesing methods present the potential of future standardisation of
protocols in the field: The Revised pusph as employed by Baumgartner and colleagues
(2002) and the Vermont Pulip (VMPU) have shown the most promise for reliability and
validity. Revised mhups displayed very strong reliability (ICC = @ ®099) and validity

with bench press performance (r = 0.8 0.87) and VMPUs were the only poésed
movement to exhibit high levels of significance in a standardised regression equation to
the sum oflIRMs ( =0.40, P= 0.04) compared to puilps, flexed arm hang and New York
modified pultups (Wood<=t al, 1992). The flexedrm hang and VMPU also had the lowest

number of zero scores. Concerns have been expressed with the high possibility of zero
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scores in weighbearing tests, with more found in full puslps versus a bertnee

modification (Wood and Baumgartner, 2004).

The current upper bodypush and puld i NSy 3G K (Sada sAGKAY 0
Olympicpathway have used theConcept Il gnamometer (DYNOYhere has been little
research investigating the use and reliability ofstlequipment the only reference cites
DYNO use in rowers and data from the laboratory of Lawton and colleagues has shown
reliability to be very high (ICC = 0.96awtonet al.,2013). Correlations between a seated
DYNO pull and 6RM bench pull in a sample of elite heavyweight rowers was large (r = 0.6C
¢ 0.66) (Lawtoret al., 2013).The Concept Il DYNO has the potential to be very useful in
field testing scenariodue to the portability and ease of test administration (Lawédral.,

2012y G KAOK A& 2yS 2F GKS YIFIAY NBlFaz2ya F2NJ
Olympicpathway.

The aim of this study was to investigate the reliability, validity arterrelationships of

upper body tests of muscular strength comprising of: 1RMs, isometric PF, maximum
repetitions of VMPUs and Revised Pugts, and maximum force production using a
Concept IDYNQnN recraationally trained men and women to identify theast suitable
strength assessmentsvithin the LK @ A OF f G SadAy3a oFGGSNE 7
Olympicpathway. 1IRMs were chosen as the gold standard in line Wévingeret al.
(2009).For the remainder of this thesis VMPBWill be referred to as Supine Pulls, and

Revised Pushps referred to as Presgs.
5.2 Methods

5.2.1 Participants

Twentysixparticipantsvolunteered to participaten the study (malen= 17, femalan = 9),
age:23.0 £ 3.3/earsheight:178.2 +4.0 cmandbody mas:77.5 + 125 kg For inclusion in
the study participants must have hadresistance trainingexperienceand be regularly
adhering to physical training. Adarticipantswere of anactivebackground and were free
from any known injury, which was confirméy completion of a medical questionnaire.
The inclusion criteria was selected in young adults, as to resemble the training
characteristics oklite pathwaysailors, i.e. active, moderately trained males and females
with minimal resistance trainingxperience An elite pathway sailing sample was not
achieved, due to the inability to book in sessions at regular time slots to the gym within a
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school week, this would have been the only option as typically sailing at various venues

takes priority on weeénds.

Participantsprovided their written, informed consent following a verbal and written
explanation of the procedures and potential risks of the study. Approval for the study was

granted by the University of Chicster Research Ethics Committee.

5.2.2 Procedues

Relationships between and the validity and reliability of various methods of assessing upper
body strength in recreationally trained males and females. Two main testing sessions were
completed and analysed in a test-test design after two familiariseon sessions using the
same protocol; a) Maximal dynamic strength was determined by 1RM Bench Pull and 1RM
Bench press, b) PF data from a prone isometric upper body putP@i8Cand supine push
(ISGPush), ¢) maximum number of repetitions completed $opine Pulland Ressups,

and d) maximal force on a seated pull (DYR@l) and push (DYNRush) using a Concept

Il dynamometer.

Participantswvere instructed to attend all sessions in a fully hydrated stage light urine
colour), at leasttwo hours postprandiamaintaining similar diets in the H2ours pre
testing and having abstained from caffeine consumptithat morning In addition,
participantswere asked to refrain from strenuous exercise and alcohol consumptiaat for
least 48 hours prior to the sessiofsee Appendix )6 Participantsattended four 2hour
sessions (2 x FamiliarisatidPAM1/FAM2and 2 x TestingTEST1/TES) 2vhere they
completed the same series of tests to determine aspects of upper body stréRigfire
5.1). All testing sessions were completed at the same time of day, cornimgrbetween
8.00 am and 10.00m and between 20 and 22°%Griffin 76mm Thermometer, Thermo
Fisher Scientific Indo avad influence of muscle temperature and circadian rhythm (Hayes

et al, 2010). Ad-libitum water intake was allowed during testing sessions.
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Anthropometry Standing height and bodymass were measured using the methods detailed
in Chapted.2

1RM TestinglRM scores were obtained following a standardised protocol (Earle, 1999).
For 1RM Bench Pularticipantslay prone on a padded bench which was adjusted for height
using plyometric boxes (Powerlift, Conner Athletics Products Inc., USA), set at a height that
would allowparticipantsto grip the barbell whilst displaying full elbow joint extension with
the bar an the floor. The lift was only deemed successful when the barbell made contact
with the bench belég (G KS LI NJIi-¢h€sh Thregmintés re¥tAwvBs given after
completion of each attempto ensure the effects of fatigue were not observed based on
the guidelines of Willardson and Burkett (200&RM Bench Press was obtained in the
standard supine position with both feet in contact with the flogarticipants were
instructed to lower the bar down to touch the mithest then press the weight untihe
elbows were fully extended, maximum load (kg) lifted on a successful repetition was

recorded.

In termsof assessingalidity for upine pulls and Pressups it was decided to add a 1RM
calculationrelative to bodymasgrellRM Bench Pull and rellRM Bench PreBbkis was
chosendue to the twobodyweightdependent nature of the testgherefore the gold

standard measure shoul@flect strength related to participant bodymass.

Isometric testingPeakISOPull and IS@ush force was measured using a Model &5
Type load cell (Teddduntleigh Europe Ltd, Giiff, UK)which comprised of four strain
gauges bonded to an-shaped metal core in a bridge configuratiorhe load cell was
affixed securely to a sheet of plywood placed on the floor, with an adjustaligntieench
placed on top of the ply shedgfFigure5.2). The differentiated analogue output was
amplified (Bridge Amp ML221, AD Instruments Ltd, Oxfodd) before being digitised
(Powerlab 4/30, AD Instruments, Oxford, UK) at a sampling rate of 1000 Hz. The digital
signal was passed to computer for display, storage and further analysis using Chart Pro
Version 5(AD Instruments Ltd, Oxford, UBRench hgght and position was adjusted to
ensure an elbow angle of 90° for batBOtests, which was assessed using a goniometer.
Participantswere instructed to maintain a constant elbow angle for the duration of the
trial; if the angle was not constant the trialas discardedLoaddata (mV) was converted

to kg usindinear regression through the weighing of calibrated weight plateso 1M kg

for calibrationcalculations see Agmdix 2
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ISOGPull force was determined by instructiq@rticipantsto lie prone onthe adjustable
height bench and pull on an immovable bar attached to the load E&lticipants
performed two warmup efforts of 50 and 75% of their perceived maximum effort,
following thisparticipantsperformed 3 x 3 semaximal efforts with force produced as
quickly as possible (Haff et al., 199Farticipantshad one minute passive rest between
efforts, three minutes rest was given between 1Sl and 1IS@ush testgWillardsonand
Burkett, 2006) The highest valuef the maximal trials was used for subsequent analysis.
ISO Push force was measured by attaching the immovable bar to the horizontal bar of a
smith machine (Marcy SM600, Marcy Fitness, UK) using chains at eadRagticipants
were instructed to lie supinen the adjustable bench positioned so that elbows were at
90° when pushed against the immovable smith machine bar with the chains in temb®n.

greatest force (kg) produced in a single repetition was recorded.

Figure5.2 Isometric testing setip

Bodyweight testingSupinepullswere setup with each participant adopting a lying supine
position under a horizontal bar of a smith machine with adjustable hesgtiings used for

ISO testingRigureb.3). For correct bar height, arms were placed in a vertical position with
fingers touching the back of the bar one hand outside shoulder width, using a pronated
grip with shoulder blades protréed so shoulders were off the ground with the upper back
still in contact. Once the bar height was correctly adjusted the participant bent the left leg
so that the medial malleolus of the ankle lined up with the medial joint line of the right
knee, the ritnt foot was then brought up in line with the left. Shoulder blades were
retracted to raise the participant off the ground and then commenced repetitions at a pace

of one semnd up andone semnd down until failure or technique was not maintained i.e.

127



unabke to maintain body alignment, chest not touching the bar on each repetition,
excessive hip action or if performing repetitions too fast or slow. All repetitions that were

completed with appropriate technique were counted

Figure5.3 Starting and finishing position for Supine pull test

The Ressup test was conducted in line with the Revised Rijgh Test Protocol
recommendations of Baumgartnet al. (2002)started with participants lying on the floor

in aprone position, with feet hip width apart, hands placed in line with the outside of the
shoulders and elbows pointing towards the ceiling. The participant braced the hips and
trunk while simultaneously lifting the knees so that the legs are fully extenttezh
pressed up to top position with extended elbows while maintaining body alignment with
head in neutral position. For starting and finishing positions of each repetitieFsgure
5.4). At a pace ofone semnd up and one semnd down the participant continued
performing repetitions to failure, or when technique was not maintained i.e. unable to
maintain body alignment, repetitions performed too fast or slow or not performing full
range of motion with chest touching the floor irfwveen every repetition. All repetitions

that were completed with appropriate technique were counted.
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Figureb5.4 Starting and finishing positions for thiReessup test

Concept Il DynamometriMaximal dynanic upper body force was also assessed using a
Concept Il Dyno strength trainer (Concept2, Nottingham, UK) with the drag factor set to
240 using a minimum of 25 repetitions. DY:-R@I was performed witlparticipantstaking

a pronated grip with elbows fullgxtended and pulled the carriage with maximal effort
until the bar touched the chest. DYNRush was performed starting with the elbows at 90°.
For both dynamometer assessments the same waprand testing protocol was used,
which consisted of three submixal repetitions interspersed witlive seconds rest;
following this three maximal effort repetitions were performed evéme seconds, with

the largestforce (kg)value recorded.

Figureb.5 Image of Concept Il Dyno strength trainer

5.2.3 Data Analysis

A Windowscompatible version of IBM SPSS Statistics 20 (IBM Corporation, USA) was usec

for analysis of data. All variables included within this study were found to be normally
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distributed, as were fond to have skewness and kurtosis<2. Teste-test reliability of

all variables was calculated using av&y mixed Intraclass Correlation (IC@lidity of
bodyweight and DYNO testsS NE | 44 Sa 4 SR dza Angrienticdsrélaiidn2 y Q& LINE R
coefficient (r) with 1RM Bench Press and Bench Pull tgshss rellRMBench Pull and
rellIRM Bench Prepsised asgold standardmeasures. Interrelationships between other
variables were also assessed using correlatighsThe magnitude of the correlations
reported were as follows: trivial (<0.1), small (& D.3), moderate (0.8 0.5), large (0.5

0.7), very large (0.€ 0.9), nearly perfect (>0.9) and perfect (1.0) (Hopkins, 2000). All data
are reported as mean + 1 S.D. unless indicated otherwise-wayerepeatedmeasures
ANOVA were completed to assess the impact of any learning effect across the four testing
sessiongFAM1¢ FAM2¢ TESTE, TEST?2).

5.3 Results

Oneway repeated measures ANOVA revealed that there was no learning effect between
TEST1 and TEST2 in angreith assessments (P > 0.065) therefore two familiarisation trials
were sufficient for a plateau in performance to be observadall tests(Figure5.6).
Differences were recorded only between FAM1 and FAM2 trials in 1RM Pull, rel1RM Bench
Pull andSupine pu = 0.007, 0.010 and 0.004 respectively) and also in 1RM Bench Press
and rellRMBench Press between FAM2 and TESFL(Q(025 and 0.021).

130



—&— 1RM Bench Pull —@— IS0 Pull ---a--- DYNO Pull - - - Vermont Pull-ups —O—1RM Bench Press —O— SO Push  ---A--- DYNO Push - -~ - Press-ups

90 - - 50 90 - - 50
85 | - Y - 45 g5 4 - a5
- 40 - 40
80 | 80 -
L 35 - 35
75 75 - D/D/D—D
o0 =
< A A a L3 & s ~30 3§
T o 3
1 -3 é’ =4
£ 70 - 3 g 70 ORI Ao U A s
“w = v “w
] L2 ” g F 25
= =
65 - 65 O,,—/—O——O'/o
- 20 DU - - 20
O--=-=-=" -7
60 | 60 -
L 15 - 15
R -
_-—".-'_—
557 Lo - 10 551 - 10
50 T T T 5 50 T T T 5
FAM1 FAM2 TEST1 TEST2 FAM1 FAM2 TEST1 TEST2

Testing session Testing session

Figureb.6 Strength scores between FAM and TEST sessions in alNet&sS.D. error bars
removed for clarity in viewing, 1R%lone repetitionmaximum, ISQ Peak Isometric forge

bodyweight tests scores (repetitions) are displayed on secondary axes

Reliability coefficient tests determined from the two main testing trials (TEST1 versus
TEST?2) suggested an excellent reliability between all upgmbr §trength assessments with
ICCs ranging from 0.988 to 0.99%ble5.1). The magnitude of the relationships between
strength assessments to thgold standard1RM assessments were found to be very large

to nearly perfectTableb.2). Relationships betwedaressupsandSupine pullsvith relLIRM
assessments were stronger than standard 1RMs and resulted in nearly perfect correlations
ONJ x noddmy v (K2 daidshship was bbgervied bblivednedsdpsy/addilRM NJ
Bench Press (r = 0.907/0.908pnple5.2).

Table5.1 Descriptive characteristics and reliability (ICC) from main testing sessions

Pull TEST1 TEST2 ICC  95% range
1RM Bench Pull (kg) 75.4 +24.1 75.7+24.8 .994 (.986-.997)
relIRM Bench Pull (kg/kg BM) 0.90 + 0.22 0.96 +0.22 .989 (.976-.995)
ISGPull(kg) 86.0 £ 29.5 85.1+28.7 .998 (.995-.999)
DYNGPull (kg) 71.9+24.7 72.0+24.8 .993 (.983-.997)
Supine pullgreps) 13.1+9.6 13.2+£9.4 994 (.987-.997)
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Push TEST1 TEST?2 ICC  95% range
1RM Bench Press (kg) 76.6 + 32.4 76.6+32.1 .999 (.997-.999)
rellRM Bench Press (kg/kg Bl 0.96 + 0.33 0.96 £ 0.33 .998 (.995-.999)
ISGPush (kg) 65.4 + 31.0 66.4+31.8 .996 (.992-.998)
Pressups(reps) 18.8 £12.7 19.3+£13.0 .994 (.987-.997)
DYNGPush (kg) 69.8 + 25.5 70.0+24.3 .988 (.973-.995)

Note: 1RM one repetition maximum, ISQPeak Isometric force

Interrelationships between strength assessments are presented with both testing sessions

displayed inTable5.2. TEST1 and TEST2 relationships between all testing methods resulted
Ay O2NNBfldA2ya (GKIFIG gSNB I

perfect (r > 0.9). When evaluating the relationship between bodyweight field tests and

f SFad OSNE

maximal strength assessments relative to body weight correlations between

aidNRy3

Table5.2t S NB2y Qa t NERdzOG a2 YSy imal@thNIMESTLF GA2ya o0ND

TEST2allP <0.001).

Pull 1RMBench Pull  ISGPull Supine pulls rellRMBench Pull
1RM Bench Pull .890/.899

ISGPull .949/.934

Supine pulls .855/.831 .848 /.835 .926/.918
DYNGPull 970/ .977 .924/.922 .834/.827

Push 1RMBench Press ISGPush Pressups rellRMBench Press
1RM Bench .939/.938
ISGPush 966 /.972

Pressup .907 /.908 .905/.904 .955/.956
DYNGPush .949/ .922 .957/.949 .883/.839

Note: Bold text indicateselationships with criterion 1RM tests, italics denotdaion of rellRM

calculations), 1RM one repetitionmaximum ISCg Peak Isometric force.

5.4 Discussion

The aimof this studywasto establish the reliability, validity and interrelationships of body
ddzZA Gl oAfAGE 27

strength assessment$ 2 | a4Saa GKS

Olympicpathwayphysical testing batteryAl of the upper body strengthssessmentased
exhibited high levis of reliability (ICC = 0.988@®99) andsometric anl field testing tests

were shown to be valid when correlated to theceptedyold standardlRM testgr = 0.918

to 0.977) All strength assessments revealed very strong to neantieperelationships (r =
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0.824 t00.977). Participantsequired betweeroneandtwo familiarisation sessionsefore

a plateau was observed in strength assessméats 0.056).

Tests of upper body strength used in the study have been shown to be very reliable across
all methods as demonstrated by high ICCs > 0.988I¢5.1). This is in line with previous
research in the range of tests as ICCs ranging fromq®89 were found in 1RM bench
press and bench pull exercis@zllet al., 1993; Inverget al., 1991; Lawtoret al., 2013;
Levingeret al, 2010; McGuigast al,, 2010;McGuigan and Winchester, 2008). Upper body
isometric PF assessments have [wesly revealed ICCs from 0.82Q®5 (Kilduffet al.,

2002; Pryoet al., 1994),Pressup and pultup variations have also been shown to exhibit
similarly high legls of reliability (ICC = 0.83 @099 (Invergoet al, 1991; Jacksoat al,
1994;Negreteet al,, 2010;Wood and Baumgartner, 2004). The only mentiomedifbility

using the Concept DYNO is equivalent from the findings in this study (ICC 0.96 vs. 0.994
0.988) (Lawtonet al, 2013 althoughthe protocols were distinctly differenthe direct
comparison of the current findings with previous research igcdit when observing the

range of protocols and techniques previously utilised.

It has been suggested that the level of previous resistance training experience may affect
the reliability of maximal strength testing (Cronin and Henderson, 2004:Réset al.,

2011). When assessitige magnitude ofearning effect in this study, a O«weay repeated
measures ANOVA revealed a plateau in performabheeveenTEST1 and TESP2> 0.065)
revealing thattwo familiarisationsessions were reqred to achieve a rable score. No
difference in performance was recordégtween theFAM2 and TESTA 1RM Bench Pull,

both ISGtests,Supine puand DYNO tests (P > 0.056) demonstrating that these tests only
required one familiarisationsession to ensure a reliable tds The sample in this study
reported a minimum oBixmonths resistance training experience which was thas the
experienced groupgreater than 24 monthsjn RittrDiaset al. (2011) study where a
learning effect was completely abseditiring thefour sessions. This may explain why the
current participantsrequired familiarisation sessions to achieve a reliable scamne, was
Y2NB Ay fAYS GAGK [/ NRYAY I yariciparBsyweeSdAan2 y Q

athletic background and required2session to accurately assess strength.

Previously the output of relationships between isometric PF and 1RM have been mixed,
Haffet al. (2005) found near perfect correlations between MTP and bench press (r = 0.99)

however, studies that investigated isometric atighamic bench press movements found
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small to mockrate relationships (r = 0.16 10.55 (Ignjatovicet al., 2009; Murphy and
Wilson, 1996). Possible explanations for these findings may be that Ignjatovic and
colleagues (2009) did not report any familiatisa and participantsperformed isometric
contractions at two different elbow angles to this study. Murphy and Wilson (1996) used
similar elbow angles, but compared these to a seated medicine ball throw as the dynamic

movement.

Similar to isometric PF assaments, field tests have shown varied relationships with 1RMs.
This may be due to the range of assessments that have been investigated, and possibly that
some of these studies used fixeesistance machines e.g. chest press instead of a free
weight benchpress(Levingetet al.,2009) In line with Baumgartner and colleagues (2002)
study, where a revised puslp techniqgue was assessed for objectivity, reliability and
valdity, correlations of r = 0.80 t®.87 were found when comparing bench press
performane at a percentage of body weight, we made our 1RM scores relative to body
massin line with these findings which exhibitetironger relationshipgr = 0.908; 0.972)

Our findings ofSupine pullscorrelation to 1RM also appears stronger than previously
reported (Woodset al, 1992) More research needs to be conducted in this area. Stronger
relationships were observed between the Concept DYNO and 1RMs in this study compared
to previous work (Lawtoet al., 2013), thigs hypothesised to bdue to using a dierent

testing and calibration protocol.

When it comes to selecting the most appropriate method of strength assessment, the
environment and sample should be considered as well as the sporting context (McMaster
et al, 2014). It appears from the currertusly that due to the very strong reliability, validity
and relationships between testing methods, that all sekave the potential to be used to
assess strength in recreationally trained males and femdlakle5.3 highlights the pros

and cons of each method. It is difficult to use the maximal strength and stresxgthrance
methods interchangeably as they arguably assess different aspects of strémogigh
1RMs and isometric PF can be normalised whmbearsto enhance the relationship with
weight-bearing field tests. It appears that the more direct the measurement of maximal
strength, the more timeconsuming and expensive it is. Therefore the need for direct
measurementyersus thecost and timeavailable wilguide the testing selectiorklite sport
pathways must be aware of thearious negative psychological effects could result from
obtaining zero valuesluring field tests using bodyweighespecidy in weaker sailors
(Wood and Baumgartner, 2004). Howetlsz useof full Pressupsmay be more beneficial
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asscorescan be directly comparable betweetl athletes over timgand there are many
important moments in activities and sports where males and females must manoeuvre

their own body weight

There is a need foacceptance in standardisation within tests that assess strength in
research and in the applied setting to enable comparison between groups. If labcratory
based isometric PF assessments are used, either a standardised elbow angle should be
advised or mulple attempts to find the joint angle for optimum force production, which
arguably is closer to a value of maximum stren@fRIM testing should follow a set protocol

(i.e. Earle, 1999), and bodyweight testing should follow set criteria across all popsalatio
While considering the validity to the dynamic aspect of sports and exercise the 1RM should

be regarded as the gold standard measure of maximal strengt
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Table5.3 Pros and cons of methods of strength assessment investigated in this study

Time Testers  Setup Measure Muscle action Pro's /| 2y Qa
_ _ Maximal _ Gold standard, amount of Time, specialist equipment, no. of
1IRM  20-25min 2 1 min Dynamic _
strength research experimenters
_ _ Maximal _ Exact measure of maximal Specialist equipmentjme, validity of
ISO 3 min 1 10 min Isometric _ _
strength strength static contraction
Efficient, no equipment, able to No gandardised technique, not a
| _ Strength- | | | |
BW <1 min 1 <1 min Dynamic practice technique safely on measure of maximal strength, zero
Endurance
own vaues
- - MaXimaI - - - - - .
DYNO <1 min 1 <1 min Dynamic Efficient Specialist equipment
strength

Note: 1RM¢ 1 repetition maximum|SOcg Peak Isometric force, B¥WBodyweight
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5.5 Practical applications

Supine pulland Pressups (Baumgartneret al, 2002)have beenreported to be reliable
and valid measures of strength insamilarlytrained group ofmales and females to elite
pathway sailors after one to two familiarisation sessions. These tests dherefore
recommended to be used inthe NA G A & K { I A f ApAtBwayiplSybicdlQestingh £ &
battery asmeasures of upper bodystrength.It is key forsailors to have the opportunity to

practice these tests prprofiling, to reduce the chance of error via learning effect.

The stimulation for this study was the need to find suitable upper body strength tests due
to the manufacturing of Concept DYNO ibgdiscontinuedtherefore the usefulness of this
machine is void for then-goingpurpose of assessing strength in Olynmpathwaysailors.
However the findings of this study report strong relationshigih Supine pulls and Press
ups, therefore retrospectie DYNOdata may still be utilised to companeith current
pathwaya  Af 2NBEQ &aGNBy3IGK RIFGF @
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Chapter 6  Assessig the Usefulness of Methods d?redicing Peak Adult Heighand
estimating maturationin the Olympic Sailingpathway
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6.1 Introduction

The previous chapter identified the lostgrm solution for the assessment of upper body
AUNBY3IUK gAUGKAY GKS . pahviayphykicaltdsting dayed. TS | Y
chapter investigateshe importance ofpredictingpeakadult heightby investgating the
accuracy and usefulness of two nmvasive methodsand based on that conclusiothe

most suitablemethodfor predcting peak adult height ani assess maturityo inform the

physicakesting battery.

The prediction of peak adult height (PAId) children is commonplace in a paediatric
endocrinology setting, especially when assessing unusual height characteristics relative to
chronological age GA) (Thodberget al., 2009, partially due to the potential of
compromised psychological and physgiltal development (Khamis and Guo, 19¥8}ing

able to accurately predict PAH ipat has potential application in the identification and
development of talented athletes (Vaeyeesal., 2009) ading inselection andcontinuing
support of developmental trajectories in particular sports and/or tactical positions (Ostojic,
2012;te Wierikeet al.,, 2015).

At senior elite level success has been linked to aeglaysical traits i.e. height.ue to this
relationship it is now seen as standdaimeasure and monitor physical characteristics as
part of a performance profile (Slatet al.,2013).Malina (201} is inagreementstating

that PAH plays a major role in impactisgccess in soméout not all) sports through
providing a natural advantay based on the specific game demands. Sports that
demonstrate a performance advantage of possessing tall height include: volleyball
(Malousariset al., 2008; Pioret al., 2015),badminton (Phomsoupha and Laffaye, 2015),
rowing (Mikulic, 2008)basketball(Ziv and Lidor, 2009Australian Rules Football (AFL)
(Pyneet al.,2006) andmore specifically to this thesisailing (BojseiMoller et al., 2007).

In volleyball possessing greater height has particular benefit due to the demands of players
attempting to spike and block the ball over a net that separates the two courts Riah

2015) measurin@.43 m for males and2.24 m for females. Height has been shown to
distinguish performance level in Greek national leagues, as hitters, centres and setters
participating in the highest Al division were tallean the A2 counterpartsl@l.2+4.5 vs.
173.4£6.2cm 182.0+4.6 vs. I8.7+4.8 cmand 176.% 4.1 vs. 170.24.2 cmrespectively)
(Malousariset al, 2008). Pionet al. (2015) did not find that height differentiated

performance level in female volleyball players, although this was due tbdhegenous
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nature of the samm@ as athletes were all chosen from a Talent programme wilzere

prerequisiteof selectionwas a talheight as a key performance fact&imilar to volleyball,

successful badminton players are generally regarded as tall and lean due to increasing the

percent 3S 2F aAlddza GA2ya 6KSNB | G0loer dneBof WaAYI AaKQ
fixed dimensiongPhomsoupha and Laffaye, 2015). Confirmation of this was reported by

Poliszczuk and Mosakowska (2010) who analysed the heights of the top 13 world ranked

players and found these players to Becmtaller than those of a lower level.

Height has been shown to bproportional to performancdevel in elite rowing, exhibited

by a study of 54 Croatian national champions and members of the Olympic team (Mikulic,
2008).Elite senior rowers were found to be taller thanb-elite (194.0+£2.7 vs. 188.654

cm respectively). Performance benefits of increased height are manifested in increased
stroke length(Inghamet al.,2002) and the mechanical advantage of increased leg length
providing a greater drive phase (Claessetrs.,2005) .Basketball players generally possess

a performance benefit of being taller due to providing a less obstructed position for
shooting to a hoop 1 above the ground (Ziv and Lidor, 200®)ayers in the Top five
teams vs. the bottom five teams in themale World Championships were reported to be
taller but this wasonly significant in the guard position (173.7 + 5.3 vs. 167.(Bici
respectively (Carter et al., 2005 potentially réated to the difference in positional

requirements within the team.

Withinteamsports, specific physical requirements are evident between different positions
this is particularly true irustralianRulesFootball where within the yearly national draft
anthropometrical and physical factors are key elements for selection (Btyak 2006).

495 national draft players were measured for height between 1999 and 2004, with a great
variance found between players in diffettepositions. Due to this discrepancy and the
specific demands of key positions on the field the AFL game development team renamed
positions referencing the height requirements e.g. taller forward, medium forward. Cohen
effect sizes were calculated and reded a large effect size (1.83.95) for height between

the tall and medium positions selected for the draft (Pgta@l., 2006) with taller positions

also recording reduced sprint ability (0.28.57, small) and agility (0.€41.11, moderate)

than medum positions furthehighlighting the specifipositionaldemands.

In Olympic sailindPAH is deemed important aghletes will aim tomaximise righing

moment to increase performand®oat speedjCunningham and Hale, 2007; Larssbal.,
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1996) To achieve this in a rangd olassecluding doublehandedboatsthere arevarying
specific boundaries fophysical sizeshat are successfu{Bojsera f ®tSaNJ2014).
Athlete and coach quotefrom Chapter Three confirm the importance of height and
physical size at senior elite levehd also the range of sizes required in different boats
Leverage, i.e. the ability to use height to produghting moment and therefore speed

(Mackieet al.,1999)was mentioned specificatly

G 9 @S NE 2y S Q¥ highNal @lydndicleval]dou Startiid\dotice some of the physical
RATFSNBYyOSad {2 &2dz KI @S a2YS2yS gK2 Aa c
20KSNE y2 YIFGGSNI K2g FAOG GKS aK2NI 27 L
leverage- g KA OK (G dzNy & Ayid2 o02lFG aLISSRoE

df there was someone that was the same as me in every other way apart from they were

taller, then they definitely would be betteWellthey@ dz2f R YI 1S | o621 G 3

0GAssoon as you get to Olympic racingsizelis nonnegotiableg if you are not tall andit
@2dz 62y Qi. Youhdve BaHoes $hatXére really short that do well at about 50% of
regattas and then really averagely in the other half, so you need to be good in all conditions

and exceptional in & 2 dzLJ S ®¢

G2S GgSNBYQU 2dzad AYKSNBylfeeFrad oSOl dzas
GCKS Y2NBE  SOSSDAISt iXKSo RSy 1 ENS SGaNBEST S Aa
With competitive sailinggerformancebeing weight dependent it is not surprising that there

isa dearthof contemporary research published on the exact dimensions of the safier

and elite athletes¢ KS CAYY O6Hnnd0 | YR w{ Y2012eh&¥ Qa
published some individual and mean data onifheernational Finn Association, 2010; RS:X
Class.com, 2AP). There is a small amount of sebte and Ybuth data available (Callewaert

et al, 2014b; Verdoret al.,2012 alongsidethe selfreported athleteOlympicdata feeds
(ODF)generatedfrom London 2012 and Rio 2016 OlympiEgure6.1) (The Guadian,

2012 Olympic.org, n.d.).
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Data presented from the International Finn Class Association census if[2@&®ational
Finn Association, 2018hows sailors that are rankex the top 15 in the world are almost
identicalin height to the top 50 ranked (188.84.73 cmvs. 188.8:4.46 cm). A quote from

Czech Finn sailor Tomas Vjikavides insight into thearticularnature of the fleet:

G¢KS Y2340 AYLRNIIFIYyd GKAy3 A& GKFEG GKSNB
who weigh nore than & kg The Finn is called the ‘heavyweight' dinghy, but it's not so
simple: If you are more than @&mtall and you want to work on your physical condition

in a gym yowvill always weigh more than3kgd €

In the RS:X fleet over 2011 and 2012 GarnYaz, an eMOD sailor, conducted an
anthropometric survey of the top 681ale and 62female sailors who participated in the
clas®&orld championshipsTop 15N y{ SR al Af 2N&BR Ay (GKS w{ Y.
were 183.6 and 1823.cmat Cadiz and Perth world championships respectively, however
the average across thep 63 was lower at 182.cm The difference between the lower

level performers who competed in the second &drilveitXleet were even shorter at
1787 cm Female RS:p 15N Y1 SR &l Af 2NEQ | OSNI IFsm KSA
compared to 168 cmacross the top 62. It should be also noted that theerage of the

top ten female RS:X sai®rin Cadiz were taller, measured 1729 cm leading the
researcher to concluglthat top performers in the male and female RS:X fleets are taller.
Unfortunately no further statistical analysis was performed such as standard deviation or
minimum and maximum range¥az also measured body mass, sum of seven skinfolds and
armspan, addig to the findings that top level RS:X sailors in both sexes were leaner (lower
% body fat) and had greater armspaRlite data colleled through measurement
(International Finn Association, 2010; RS:X Class.com) aadi2selireported from the
Olympic D& Feedn the Finn and RS:X classes are display@dlhe6.1 and Table6.2.

Table6.1 Comparison of heights recorded for the Olympic men's Finn class

ODF Medal race

Class Finn Census (200¢ (London 2012 / Rio 2016)
Top 15¢ mean
2012¢ mean 18 cm(range 183 194 c
_ 188.9+£4.73 cm ¢ (rang % m
Finn
Top 50c mean 2016 12 187 204
188.8+4.46 cm G mean cm(range 187 cm

143



Table6.2 Comparison of heights recorded for the Olympmmen's andnen'sRS:Xlass

ODF Medal race

Class Vas (2011/2012) (London 2012 / Rio 2016)
Top 10¢ mean
1729 cm
RS:X Top 15c mean 2012 = mean 10 cm(range 164 173 cm)

Women 171.4 and 170.cm

Top 62¢ mean
1689 cm
Top 15¢ mean
183.6 and 182 cm

RS:X
o Top 63 mean 2012¢ mean 18 cm(range 18Q; 190 cm)

1812 cm 2016¢ mean 18 cm(range 177 189 cm)
Silver fleetgc mean
1787 cm

2016 = mean 1 cm(range 164 173 cm)

At Youth level elite Laser Radial sailors were found to lher tdan Optimist sailorsl(f6.3
+ 4.8 vs. 157.1 8.7 cmrespectively), which represesithe increased requirement of
righting moment to counterbalance a greater sail area (Callewaeral, 2014b). No
differences were found between elite and nefite Laser Radial sailors 30cm) although

elite Optimist sailos were on average 1®cmtaller.

When considering the most suitable method for predicting PAH, it has been proposed that
an indicator ofmaturation statusmust be included (Sheraat al., 2005). Currently it is
accepted thatthe gold standed method of maturation status assessmentis the
measurement of skeletal age (SAloydet al.,2014). A numbeof prediction methods exist

using SA with various procedures and levelaagiuracy (Bayley and Pinneau, 1952; Roche

et al., 1975; Tanneret al., 1975; Tannet al., 1983; Tannert al., 2001). The Bayley
Pinneau (BP) method (Bayley and Pinneau, 1952) has been revised for use with the
GreulichPyle (1959) atlas measurement of the hand and wrist as an estimate of SA,
combined thiswith current chronological age (CA) and height. The prediction tables
created place children into categories based on CA versus SA being more or less than one
year. Accuracy of this method exhibits median error of approximatdlyce (Bayley and
Pinneau,1952) from 7 to 18.5 years in males asid to 18 years in females. Another
prediction method that utilises the GreulidPyle (1959) atlas measurement is the Roche,

Wainer and Thissen (RWT) method (Roeheal., 1975). Predictions are made using
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regressionequations using CA, recumbent length, body mass andpaidntal height
alongside SA. The RWT methodassideredonly usable in males and females up to 16
and 14 years respectively, and with less than 50% of the bones in the hand and wrist are
considerel adult Median errors of the RWT method are approximately 2.8 tim(Roche

et al, 1975). There have been three developments of the Taieitehouse (TW) method

of predicting PAH (Tannet al.,1975; Tanneet al.,1983; Tanneet al.,2001) named TW1,

TW2 and TW3. These methods use the TaWhbitehouse SA assessment of hand and
wrist, with a number of different measurements including CA, height, skeletal maturity
score (SMS) of radius, ulna and short ones (RUS) plus the change in height/SA over the
previous year. This method has reported median errors-6fcBn with accuracy increasing

with CA in boys and girls over-13 years old which can be corrected using pédental

height (Tanneet al.,1975).

Prediction methods of studies highlighted in theevious paragraph utilising estimates of

SA have been shown to have acceptable levels of accuracy, with the majority revealing
median error of equal ta} cmor less across a range of childhood CA. However these
methods have limitations in that the measument of SA using radiographs of the hand and
wrist expose children (and measurers) with radiation, emary exist in the accuracy of the
analysis of the radiographs (inteater difference 0.17 + 0.2 years, N = 18, Roehal.,

1983) and incur high finaimal and resource costs (Sheedral.,2005). Due to these reasons
methods that predict PAH without the use of SA have beensidered in some cases
exhibiting similar level of prediction accuracy (Beuratral., 1997; Khamis and Roche,
1995 Sheratet a., 2005; Waineet al.,1978).

Methods that predict PAH without the use of SA have been createtuding theBeunen

Malina (BM) methodBeuneret al.,1997)which wasvalidated against the Leuven Growth
study in 102 males ranging from 13 to 18 yearsiotludes measurement of CA, height,
sitting height and subscapular and triceps skinfolds. This method tended to underestimate
PAH with median error 060.3 t0-0.6 cm although the variance of #5to 75" and 3" to

95" percentiles ranged fronB.4 to 28 cmand-7.3 to 62 cmrespectively. This may appear

less accurate than SA methods however, the same growth data had simultaneous SA
assessment recorded, and TW2 method revealed median errr@3 to 29 cm with the

same value percentiles ranging frofh.5 to 56 cmand -4.2 to 73 cm respectively,

exhibiting similar levels of accuracy (Beurml.,1997).
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Sheraret al. (2005) moved away from linear models of PAH prediction and utilised
cumulative height velocity eues in combination with assessment of somatic maturity
(PHV) using the calculations of Mirwadtl al. (2002). The prediction of PAH required
accurate measurement of CA, height, sitting height and body mass which provided an
estimate for PHV which enabletiildren to be classified as eaflyniddle or late-maturers.

From this data it was possible to predict how much more a child has to(@evAppendix

3), which was then added to current heighThe prediction error (95% CI) of this method
was reportedto be + 5.5 cmin males and £ 6 8cmin females, though it was stated that

the equation was only accurate between girls aged 8 to 16 and boys aged®years
(Sheraret al.,2005).

Adult height has been understood to be mostly dependent on heredf@tors when in
favourable conditions for growth, i.e. parental height. It must be acknowledged that these
are compounded by epigenetic and environmental factors (Taethed., 2001). Khamis

and Roche (1995) developed an equation to predict PAH usingpanghtal height
alongside measurements of CA, height and body mass using participants from the Fels
Longitudinal study based in South West Ohio, USA. This sample comprised of 223 males
and 210 females up to 18 years old measured every six months fromrs giel. Although

this method does not have a measurement of biological maturity, the average 90% error
boundaries are + 5.8mfor males and + 48 cmfor females (Khamis and Roche, 1995).

The 90% errorsvere approximately 25 cmand 0.5 cmmore accuratefor males and
females than the Wainegt al. (1978) equation in which SA was substituted with CA using
the RWT method. In accordance with the method of Shetaal. (2005) accuracy of the
prediction is based on the skill of the measurers, the periodeat accuracy is at
approximately 14 years in boys and 12 years in girls when compared to RWT as this is where

SA has the most impact of prediction (Khamis and Guo, 1993).

Any method of predicting PAH will ultimately incur a degree of error, predomindoty

to the individual variation in the tempo and timing of growth, especially around typical
periods of accelerated growth. Limitations of all methods, regardless of inclusion of SA,
include the lack of data on different ethnic populations and childreth wrowth-related
disease (Beunert al, 1997; Khamis and Roche, 1974; Shefal, 2005). Another
practical use of employing the nanvasive prediction methods in the chapter is to assess
maturity, as both metlds use estimates of maturity timingithin the prediction either
related to APHV (Sherat al, 2007) or percentage of PAH (%PAH) (Khamis and Roche,
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of individuality andtake into accountthe nontlinear trajectory of developmento
benchmark current performancéBergeronet al., 2015 anddesign a safe and effective

physicalprogramme (Lloy@nd Oliver, 2012).

Nortonet a. 6 Mmdpcpc 0 RAAOdzaa GKS GSNY WY2NLIK2f 2
anthropometry is found in athletes at the top elite level of particular sports due to the
adaptation to specific training and competitive demands over time. Key to understanding
whether this phenomenon exists in a particular sport involves obtaining data ef-slife
athletes who are successful, then assessing the central tendency (mean) and spread
(variance and/or range). It iaccepted that sample sizes will be small for supide
performers, although a small range of values at this level will indicatse dink of
anthropometrical factors to performance, meaning that athletes outside of this range will
find it very difficult/impossible to succeed. To be able to accurately predict PAl in
Olympic pathway is important firstly this may aidsailors withdecisions on expected

trajectory and ultimate class and/gosition choice in sailing when fully grown.

It appears that particular anthropometrical sizes are evident in different classes of sailing
along the Olympipathwayincluding the Olympic leveldm the Finn (2009), RS:X (2012)
and selfreported Olympic data, due to the variation of physical demand fribm
requirement to produceighting moment to balance théorce of different sail and boat
dimensions/weights (Callewaesdt al, 2014b;Castagneet al., 2007, Mackie and Legg,
1999. There are a great deal of assumptions in coaches of what sizes are required of
successful performance due o lack of reliable supeglite data to confirm the central
tendency and range. Therefore it is important to understand the anthropometrical
requirements of successful Olympic sailing, but also to be aware of the range of prediction
accuracy to aid the Otypicpathwaymaintain a constant flow of talented athletes with the

physical attributes to support continuous success at Olympic level.
The aims of the study are as follows:

1) Compare the agreement and accuraxfyywo PAHorediction methodgKhamisand
Roche 1995 Sherart al.,2005 from retrospective data collection with measured

PAH.
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2) Descrile how the level of agreement anacccuracyof the two methods of PAH

predictionare affected by chronological age and gender.

3) Understand how the range of accuracy ot methodsof PAHprediction (Khamis
andRoche, 199; Sheraet al.,2005 correspond with theurrent understanding of

the ranges of heighto be successful auperelite level

4) Based on the above aims to select a method to predict PAH and assesschiologi
YFEGdzZNRG& gAGKAY (KS .phiiwayphydical festidgbattefy@ ¢ S| Y Qa |

6.2 Methods

6.2.1 Participants

97 elite Juniorand Youth sailorsparticipated in thisstudy (femalen =37, malen = 60. For

inclusion inthe study participantswere YSY06 SNBR 2F GKS . NAGAAK {FAfA
pathway, were of white UK Caucasian decearid were free from any known injugt the

date of both measuremens, which was confirmed by completion of a medical
questionnaire.Participants provided theimformed consent followingwritten or verbal

explanation of the procedures and potential gstif the study. Approval for thigudy was

granted by the University of Chichester Research Ethics Committee.

6.2.2 Procedures

The procedures required to collect the data tosarer the aims of the study were

completed chronologically in a threstage process described as follows:
Stage Ong Retrospectivanthropometricdata collection

5dzNAY 3 LIKE@AAOFf LINRBTALAY I IumiGandYohypeogramneld 0 KS . NA
between 2003 t02013 data was collectedvhich includedCA height, sitting height and

body massFor more detailed description @nthropometrical procedureplease refer to

section4.2. This data was recorded by three physiologists working for the British Sailing

Team, including the lead researcher of this thesis. All physiologists were level one
anthropometrists accredited by ISAK, as part of mgdhis accreditation interand intra

rater reliability must be within set parameterRelative echnical error of measurement

(TEM) of height, sitting height and body mass must be within Xib&a-rater) during

repeated measurements with at least 20 rpaipants, and within 2%inter-rater) of
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measurement of a level fouanthropometrist Qualified throughextensive experience in
anthropometric measuringver a period of years, having publications in anthropometry

and verified as intraater error of <1%by a criterion anthropometrist).
Stage Twa Measurement of actual PAH and predicsaf PAH

Sailors who were measured during retrospective data collection were contacted as long as
they made the criteria foactualPAH, classified lyged>21years or >19yearswith two

or more measurements with no further increase in height. Sailors were measurtt by
lead researcherTEM %as follows: 0.05% height and sitting heigbt08% body magsAll
height measurements were conducted in the morniag per retrospective data collection.
During measurement adctualPAH, sailors were asked to collect an estimate of maximum
height achieved from each of their biological parefftaizo PAH prediction methods were
applied to the anthropometric data colledein stage oneand two (Khamis and Roche,
1995 Sheraret al.,2005 to compare agreement and accuracy with actBAH measured.

These methods are described below:

Sheraret al. (2005) applied gendespecific cumulative height velocity curvbased on

partA O A LihaybiityQodfsetas calculatedy Mirwald et al. (2002) to predict PAHYears

from PHV was calculated by applying a cubic spline to the velocity betweepoays.
Maturation status, i.e. whether an individual was an earverageor late matuer was
predicted using thenaturation offset in years from APHV using an algorithm based on the
Saskatchewan Growth and Development study (SGDS) and Leuven Longitudinal Twin stud

(LLTSMirwald et al, 2002)(6) [R = 0.94, R= 0.89, and,s= 0.59]

Maturity offset (years) =9.236 + (0.0002708 x (Leg Length x Sitting Height
(-0.001663 x (Age x Leg Length)) + (0.007216 x (Age x Sitting Height)

(0.02292 x (Weight/Height x 100)) (6)
6

Biological age groupsere created usingpneyear age groups witk0.5 to 0.5yearsrelative
to APHV representing average mature@assificationof maturity timingwas created
relative to PHV in the LLTS, to previously accepted norms for PH\WWe&ik?or girls and
14 yearsfor boys (Malinaet al, 2004), with early maturers reaching PHV >1 year in

advance, average withiil year and late maturers >1 year after (Mirwealdal., 2002).
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Mean cumulative velocity curves were created for each maturity status for intervals of 0.1
year that were hen used to calculate area under the curWaturity offset predicted
calculated from years APHV and current age/height for each child was used with the
estimated height left to grow, added from the individually created velocityetable to
calculatePAH (Appendix)3Sherar and colleagues (2005) assessed the accuracy of the
cumulative velocity curves by predicting adult height of a random selection of children from
the LLTS andomparing against measured PA&tcuracy of this method was found to be
+6.81 cm in girls and 563cmin boys 95% of the time (Sheratral.,, 2005).

The second®PAH prediction method (Khamasd Roche, 1995 used in this study involved
the collection oihon-invasive measures @A, height antdody mass of the sailor plusid-
parental height. Mid-parental height was recorded via se#fporting, to allow for
overestimation of selfeported height the Epstein adjustment equation was appliéd
Thisequationwas constructed to adjust seléported heights of males and femalesing
over 1,000 participants whon arrivalto participateestimated their height and were then
measuredmmediately after Correlation coefficients for males and females were found to

be nearly perfect (males: r = 0.95, females: r = 0.98)

Males: adjustd height = 2.316 + (0.955 x setported height)

Females: adjusted height = 2.803 + (0.953 xreplbrted height) (7)

Using the method employed by the modified R{Rbcheet al., 1975)with the variables
collectedproduced a regression equatidB) that was applied to the data from the Fels

Longitudinal study to predict PAH in age groups of 0.5 y@arscalculation tables see

Appendix 4. The accuracy of this method was proposed as B 6r8for males and + 43

cmfor females 90% of the timavhich was only marginally less accurate than RWT equation

that required SA assessmefithamisand Roche, 1995t ! |  SljdzZ- G A2y oLINBaSy i SR
Ay S NE &dagffizienis to multiply with height, bodymass and rapidrentheight:

01 QQALDQY, [wIRWN |4 3I0E QDG Gl ol QAR DI T W
(8)

Stage Three Estimates of idalheights for successful sailors at supéte level in Olympic

sailing classes
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Due to the dearth of measured height data in Olympic sailaoggliteights for successful
superelite sailors were estimated bine top two coaches in all classes sailed in the Rio
Olympic Games in 2018Vithin the group of coaaks questioned, at least enwasthe
Olympic coach in Rid@he data was collected via face to face or telephone discussions.
Coaches were asked whether an ideal height existed in the Olympic class that they coached
in, whether there was a range of ideal height and if there was adeprange including
minimum and maximum heights where sailors would remain competitive. Although it was
pointed out in multiple discussions that if a sailor fell outside of the ideal height range, they
would have to be exceptional relative to the sugsdite fleet in other areas of performance,

for example tactics, strategy or decistamaking. All coaches that participated were happy
with the ranges that were discussed, the data presented includes averages of ideal heights,
and ranges displayed are the extnes of the combination of class coach discussion i.e. the

lowest minimum, and highest maximum value reported.

6.2.3 Data Analysis

To determine the bias and limits of agreement between methods to predict PAH and
measured actual PAHBland;Altman plots(Bland anl Altman, 1986were created by
examining thadifference ketween predicted and actual PAHisplayed ory-axis)against

the mean of predicted and actudAH(displayed orx-axis). 95% confidence intervals (CI)
are displayed on the graphs as dashed lir€86 Cl were also calculated and reported in

results section.

Foranalysis of agreement and accuracy between PAH prediction metgaiast actual

PAH sailors were split into male and female groups of yearly intervals (for sample sizes in
each age group sd-igure6.4 andFigure6.5). Theyearlyagegroups weresetfrom 11.5 to

17.5 yearsinclusive due to the minimum age of sailorsJanior programme and the
maximum age limit of the predictiomethod of Khamis and Roche (19%®ing 17.5ears

Up to five measurements were recorded for sailors du2083¢ 2013 time period, with

only one measurement per year age group allowed. If a sailor had multiple measurements
within an age group, the measurement closest to the 4maint of the year was taken i.e.

closest to 13.¢earsin the 12.5 to 13.Yyearsage group.
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6.3 Results

The level of agreement between the PAH prediction methods of Sle¢ral (2005) and
Khamis and Roche (189versus actual measured PAidfemaks and males appeared
similar, as can be seen from the BlaAliman plots Figure6.2 and Figure6.3). For both

methods the majority of predictions fall inside the 95% Which indicates that another

athlete from the OlympipathwayQda LINBRAOGSR KSAIK{G g2dzf R FI £ f

agreement with approximately 95% probabilitBoth prediction methods appear generally
to underpredict PAK when analysing mean bias and @ls PAH prediction method of
Khamis and Roche (1994isplayed slightly better accuracy andagreement against
measuredPAHwith an improved bias of approximatelyS0cmand narrower Cls of up to

0.87 cmin males at 95%T able6.3).

Table6.3 Female and male mean bias and 50%/95% CI for PAH prediction methods of
Sheraret al. (2005) and Khamis and Roche (1p95

Gender Prediction method Bias 50% ClI 95% ClI

Female Shera.ret al.(2005) -0.92 1.96 5.65
Khamis and Roche (1995 -0.40 1.93 5.56

Male Sheraret al. (2005) -2.42 3.19 9.20
Khamis and Roche (1995 -1.95 2.89 8.34

In female sailors botiPAHpredictions displayectlearly greater agreemen (evidenced
through a narrowing of 95% CI dashed lines) as chronolaggeaincreasedowards 17.5
years however this was not observed in the males which a slighreduction was
observed(Figure6.2 and Figure6.3). This trend was similar in the accuracy of both PAH
prediction methods Kigure6.4 and Figure6.5). During further analysis of the male 16,5
17.5yearsgroup, it was found that three participants increased in measured height from
between 5.3 and 1@ cmpost17.5years ThePAH predictin equations of both Sheraat

al. (2005) and Khamis and Roche (1p@Stimate PAH to occur at J@arsin accordance
with the measurement of PAHh the LLTS and Fels Longitudinal Study respectively
Therefore additional growth posi8 years may reduce theagreementand accuracy
between predictionmethods and measured PAHo display the effeatf the effect three
male sailoravho grew 5.3 to 102 cmpost 16.5to 17.5yearsgroup, further BlandAltman
calculations were completed with the three male sailorsmoved, biast 95% CI reduced
from -1.48+6.43 t0-1.48+ 2.79 cmusing Sheraet al. (2005), and2.40+ 7.22 t0-2.40+
2.39 cmusing Khamis and Roche (1995
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Ideal reights for successfaliperelite sailors

The range of heights estimated to be successful at the saliterlevel in female and male
Olympic classes by the top two coaches in each Olympic class are displ&ygar@6.6.
Variation exists in the ideal height ranges across the different Olympic classes, overlap is
displayed in the majority of classes betweErb and B5 cmin females and 180 ando@

cmin males. Both female and male classes rewésdr differences at either end of the
spectrum when comparing the 470 helmsperson againsithlr classes except thRS: X

in the females, with clear difference only observed withe Finnclassin males.

Radial A @ A
470 Helm A —@——A—
FX Helm t A@ A
470 Crew A @ A
FX Crew b A—Q@A—
Nacra Crew F A—©@ A
RS:X 8.5m tHA—@—A—
14
©
O
[@)]
£
& Laser A —O—A—
Finn —Ar—0 A
470 Helm b A O N
49er Helm —A—O0—h2A—
Nacra Helm F 2O x
470 Crew [ N-O—4
49er Crew —A—0——4
RS:X 9.5m b H—O—4

150 155 160 165 170 175 180 185 190 195 200 205 210
Height (cm)

Figure6.6 Mean estimates oheight ranges for Rio 2016 Olympic classes from top two
British Sailing Teanpaches from each clashlote: w¢ female, o¢ male, circles ideal

height, triangles range for ideal height, error barscompetitive range
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6.4 Discussion

The aims of this study were to compare tiigreementandaccuracyf two PAH prediction
methods(Khamisand Roche, 19955heraret al., 2005, describing whether there was an
interactionof age or gendr,and how the range of accuracy corresponded toe¢kgmated
ranges of height related to success at the sugiée levelin Olympic sailingWith the aim
of selecting the prefeed mehod to predictPAH andstimatematuration status taadd to
0KS . NAGAAK { | pathwaydhysicabtéstih@tEattelyf & Y LIA O

Agreement and accuracy of PAH prediction methods

The level of agreement compared across both PAH prediction methods wasr,simila
denoted by the spread of data points in the Blafiman plots Figure6.2 and Figure6.3)

in female and male sailors. In both sets of calculations almost all the predictions were
within the 95% CI which indicates a good level of agreement against measured PAH. It was
found that oth methods tended to undepredict height,with the Khamis and Roche
(1995 method displaying slightly better accuracy compared to the method of Sheedr
(2005) (Biax 50%/95% CE0.4 £ 1.93/5.5% cmvs.-0.92+ 1.96/5.66 cmin females and
1.95+2.89/8.34 cmvs.-2.42+ 3.19/9.20 cm). Sherar and colleagues (2005) presented 95%
error ranges of: 6.81 cmin females and:5.35 cmin males, displaying greater accuracy in
female sailorsn this study, however in males the accuracy was pocmnpared totheir
previous findingsA similaroutcomewas observed in the accuraof the Khamis and Roche
(1995 method in this study as the original paper calculated the 90% error rantjd.32

cm for females andt 5.33 cmfor males compared to the 95% Cl405.56 and+ 8.34 cm

respectively.
Interaction of age and gender on PAH

A difference was observed in the trajectarfyagreement between both PAH predictions
as chronological age increased in femalest not in males. In females, as would be
expected, thecloser in age to PAH, the greater the agreement between predicted and
actual PAH was observed (denoted by a narrowing of dotted lines on-Blamdn plots
(Figure6.2 andFigure6.3). This pattern was also reflected in accura€yglre6.4 andFigure

6.5).

As described earlier there was less agreement@amdinderprediction in accuracy d?AH

predictions in male sailors nfexplanation othis in males and to a lesser extenfamales
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may lie in theheightthat is potentiallyleft to grow past 18 years of age. Both prediction
methods used 18 years as the classification for PAH based on pémnmitudinal research
studies (LLTS and Fels Longitudinal studies). It has been reported thdiBpgsars of age
males and females coinue to grow with median increses of approximatel§ cmin males

and 06 cmin females, with greater increases for lat@aturers (Khamis andug, 1993;
Khamis and Roche, 1995 this study three males out of the 12 in the 18.%27.5 years

age group still had 5.3 to 2 cmof growth left. To reveal the effect of than thisselect

age groupfurther analysis was completed with the three male sailors removed #9&86

Cl reduced from1.48+6.43 t0-1.48+ 2.79 cmusing Sheraet al.(2005), and2.40+7.22

to -2.40£2.39 cmusing Khamis and Roche (899Considering thersall sample of this age
group (n = 12) it is clear that these sailors who have grown a large amount after 17.5 years
have a large impact of the accuracy of the equation. It is the intention that using the current
and future population of the British Sa#in ¢ S Juiid®and Youth sailors, that greater
numbers will be added to this study design to be able to clarify whether the amount of
sailors with significant growth podt7.5 years is systematic within the sport or a random
result in this occasionlt is not clear from the data recorded of any indicators that
distinguish these sailors, so it is proposed that to enhance the accuracy and understanding
of the PAH prediction more research is needed to a) use a more suitable age for the
classification of PAHel. 21 years and/or multiple measurements at lettsiee months

apart with no increase in height, and b) to try and understand the distinguishing factors of

individuals that grow abnormally.

From the comparisons in agreement and accuracy of the two PAgHctiom methods in

this study accompanied with the accuracy reported in previous research, it was decided
that the Khamis and Roche (1995) method was preferred to Sle¢iar(2005) for use in

the prediction of PAH.

PAH Prediction and ideal height rangesuperelite level in Olympic sailing

There is alimited amount of measuredheight dataavailablein elite Olympic sailing
currently only the Finn and RS:X cladsage pubished theirdata which is now between
five and eightyearsold. This combined wh the SlIf-reported data from theOlympic Data
Feed in the last two Olympic Games presented inelite data collected through
measurement (International Finn Association, 2010; RS:X Class.com, 2012) and self

reported from the Olympic Data Feed in the Finn and RS:X classes are displagétein
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6.1 and Table6.2. With no control over the reporting of th®lympic Data Feedhis data
would be ranked as least robusimilar to theestimates of top elitdevel coachegFigure
6.6), with the measured heights as theost robust evidencecurrently available for the

understanding oheight requirements in Olympisailing.

It would appear that there was a slight increase in height within the Finn class since 2009
to 2016, though the ideal value proposed by the BST coaches remains within the original
measured variation from 2009. Without a value to describe range or spreateoRE:X
recorded data, it is difficult to compare all three methodswdweer it appears that there is
variation in the mean values between the Top 10 and Top 15 in the World from 2011 to
2016, with the medal race sailorstime female RS:X fleet beingster Ly (G KS Y Sy C
fleet the mean heights of the Top 10 to Topréfain above 18 cm with the British Sailing

Teamcoaches suggesting a greater height of 1392 cmas being ideal.

It was clear from the interviews with elite sailors and coaches from Chapter Three that
height (and leverage) are key characteristics in successful transition up to and at the super

elite level of Olympic sailing, signified with the key quote of:

~

a! a absgad get to Olympic racing it [size] is amyotiabk ¢ if you are not tall and fit
€2dz 62y Qi GAY NI OSaxo  2dz KIFI@S alkAft2NB 0
regattas, and then really averagely in the other half, so you need to beiigatidconditions
YR SEOSLIiA2YIE Ay | O2dz) Soé

With greater height comes a more effective lever arm to produce righting moment, that
has a close relationship with boat spe@lnningham and Hale, 2007; Larsebal., 1996)
especially when the wind isdéreased (Mackiet al., 1999), though even at the lower wind
ranges a greater height may have more advantage if they are the same \asigkplained

within another quote:

®2dz KIFgS a2YS2yS K2 Aa cFld W IyR azyvysz
YIFEGGSNI K2g FTAG GKS AK2NI 2F LISNRE2Y -whigh (0 K S
GdzZNya Ayia2 o02F0 aLISSRE

¢KSAaS ljd2iSa O2Y0AYSR 6AGK GKS NBJRoBen 27T
Méller et al, 2014 suggest that thereisal&f 2 F WY2NILIK2f 23A OF £ ;

be applied to elite sailing, as it appears that there are particular height bandwidths for

159



performance across a range of conditions to be successhuth issupported through the

elite British Sailing Teanoad estimates.

The proposed use of PAH prediction must be used with caution, as although it has been
shown that particular ideal ranges of height exist within elite sailing, there are many factors
that combine to produce a successful elite athld#atNamaraand Collins, 2011Suppiah

et al.,2015;Vaeyenst al.,2008) It is key to understand that the ranges of PAH prediction
are based on mean data, and when considering the individual ropla# what is successful

at the superelite level in any sport, thpotential need to accommodate for outliers must

be acknowledged, as deficiencies in one area may be compensated for in another (Williams
and Ericsson, 2005). PAH prediction should not be considered a predictor of success,
0K2dzZaK AU ¢ Af s pctelalltigdidddry. It i¥ worthwkile ® fe@dnber that
6Kt SG§SAQ AYRA JA Rlogarf thraudihlmatGriy (amd vikvElgpmentNdsd v 2 v
performance is also impacted on by other areas suchkidisazquisition and psychology

(Malina, 2004).

This study has a number of strengths and limitations. The strengths include; all
measurements being completed by ISAK accredited physiologists which ensures a level of
accuracy in measurement, having the access tottpetwo elite coaches in the British
Siling Teamwith one at least in each class having attended an Olympic Games including
the most recentGamesin Rio, observing height data broken down between genders and
age groups allowed for a more detailed report and the use of cheaperimeasive
methods of PAH prediction increase the benefit to other sports/populations. Limitations
include; sample size of gender and age group splits, lack of reliable measured height data
in elite and supeelite sailing, the low number and potential bias of Brit{shiling Team
coaches in estimation of ideal heights, and the inabilitymethodsto predict further

growth after 17.5 years of age, particularly for males.

6.5 Practical applicatios

Considering the limitations ofising coach estimates in terms of low samplee and

potential bias usingthe current estimations of ideal ranges f®AH in all the Olympic

classest would be pssible to projecta'dzi K &l Af 2NXQRa t! 1 LINBRAOGAZ2Y |
Olympic class they may be best suited to anthropometricallyhiwithe error range

identified in this studyPresented in this section is @xampleof how the PAH prediction

could workwith the current estimates of ideal height ranges for success at selgerlevel
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in the Olympic classeFifure6.7). The examples below include PAH predictions for sailors

in the 15.5 to 16.5 years age group:

a) A female sailor who is predicted to be018n(50% CI [179.4 1806 cni, 95% CI [18.4

¢ 1816 cm). Based on the 50% ClI this sailor fits within the ideal range of most classes (FX
helm, Nacra crew, 470 crew, Radial), on the shorter borderline for FX louéwoo tall for

470 helm and most likely too tall for RS:X. At 95% CI the 4i#Dgussition remains outside

the ideal limits, and more classes are at an increased possibly of becoming unlikely as being

too short (470 crew, Radial and FX crew).

b) Male sailor who is predicted to be A€mwith 50% CI [174.§1795 cm, 95% CI [169.7

¢ 1843 cm. At 50% CI the sailor would appear within ideal boundaries for the 470 helm,
Nacra helm and on the borderline for 49er helm, although too short for the 49er crew, 470
crew, Laser, RS:X or Finn. When using the 95% CI this sailor may poténiiatiby all
classes apart from the Finn, but also could be outside of the ideal range by being too short

for every class.
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Figure6.7 PAH prediction for sailors in the 15;516.5 years age group using Khamis and
Roche (1995) method relative to estimated ideal height ranges of successfulditper
sailors in Olympic classdsote: w¢ female, o¢ male, dark blue shaded area denote®6
Cl, light blue shaded area denotes 95% CI.

The Khamis and Roche (1995) method of PAH prediction has been chosen to be used within
NA GA&K { | Af pstfEvayphydich @sting hdtt@ryyduditaexhibiting similar or
improved agreement and accurnpaevhen compared to actual PAH. Using the prediction
information from this method using simple, cheap and aowasive technique a sailor,
coach, or manager may be able to identify likely and less likely developmental trajectories.
When looking at the mag#ata of the Junior and Youth programmé& may be possible to
identify if there are any particular gaps in the current crop of athletes to fit the ideal height
ranges for supeelite success in the Olympic classes, possibly highlighting the need to

engag in processes such as Talent transfer (Vaegerd, 2008). It is clear from the Cls
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reported in this study that the PAH prediction would be a more accurate tool for females
with the Olympicpathway potentially due to the increased potential for males grow

post-17.5 years.

The other application oémployingthe prediction of Khamis and Roche (1995) linked to
physical profiling is to assess the maturation status of sailors within the Olyatiway,

by taking the current height and expressing thaagsercentage of predicted PAH. So that
within two sailors of the same height, the one with a greater percentage of predicted PAH
would have less to grow and therefore bere mature This method has previously been
shown to have accordance with maturatistatus estimates using SA in youth football
players (Malinaet al, 2007).This approach is evaluated as part of the next chapter and
more detail on the assement of maturation status via the percentageRPAH(%PAH)s

discussed iection7.2.2

163



Chapter 7 Analysis of theAnthropometric, Maturational, and Physical
characteristics ofluniorand Youth classes within th®lympicpathway
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7.1 Introduction

Hite levelsailingresearchbelow adult Olympic levedomprises ofust a handful of papers
with no researchinvolvingdouble-handed boats or boamhilors The bcusinsteadbeing
placed on thesinglehandedhiking positions in the Laser, Laser Radiae Bypd Optimist
classeqBurnett et al,, 2012; Callewaeret al, 2013a, 2013b, 2014a, 2014b; Tanal,
2006) Specificallythe number of singldandedhiking paitions in Ofmpic sailing only
constituted threeout of 15 positions in the R2016Olympicsand five out of 9 RYA elite
pathwaypositions,therefore the lack otlouble-handed hikingtrapeeze andoardsailing
research inpathway sailing is asignificant gap in knowledg&his pattern is similar at
Olympic level where the predominancé r@search investigate hikingyith fewer studies

covering boardsailing and even leésghe trapeeze positions.

The importance of understanding the physical requirements of sailing has increased due to
the overall level of physicality increasiimgmore lecent times, due to a combination of
factors such as: increased level of competition, race format/rideange otclasses sailed

and more advanced boat desigBdjsenMoller et al,, 2014) It is the aim of sailors to
navigate their way around a coursetlwimaximum boat speed, which is predominantly
achieved by harnessing as much force in the sails as possible while keeping the boat flat by
using the righting moment of the sailor (Evan, 2009). This righting moment is created from
a function of height and ddy mass of the sailor (s)hich is increased through physical
exertion using the movements of hiking and trapeezing (described earlier in this thesis), or
through providing propulsiovia pumping predominantlyin the boardsailing RS:X class
(Evan, 2009)

Previous research in Olympic sailbrgadlycategorisectlass typeto hike, trapeeze and
boardsailing(BojsenMoller et al, 2007), his may have beemoo simplistic due to the
complexities of different classes/positions withinode brackets Bnerging within the
KA1TAY3 3INRdAzLI | NB BdsanMEI&rEt 8, H ny/vRn 0VE AFRESTH KK2A dzHBH
group can be further divided t?a G I G A OQ | y R (Caléndestét ¥.A201@b), K A |
based on boat desigmovements involved in saili plus the ratio of sailor mass versus

the mass of the boatFor the purposes of providing greater detail in the current and
following chaptemhere possibleclass types will be broken down into singended hiking
(Hikel), doublehanded hiking (Hike2apeeze (Trap) andoardsailingBoard). For details

of the division of class type plus the dimensions of all RYA Olymppa#nsayclasses see

Table7.1.
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Table7.1 Class types and dimensions within Olympic and patiAwayclasses.
Total Sail Hull Weight Length

Class Helm Crew Level Area (n?) (kg) (m)
Optimist Hikel - Junior 3.6 35 2.30
Topper Hikel - Junior 4.2 43 3.40
Laser 4.7 Hikel - Junior 4.7 60 4.23
Cadet Hike2 Hike2 Junior 9.5 54 3.22
Mirror Hike2 Hike2 Junior 11.7 61 3.30
RS Feva Hike2 Hike2 Junior 14.4 63 3.63
Techno 293 Board - Junior 6.8 12 2.93
Laser Radial Hikel - Youth/Olympic 5.7 60 4.23
Laser Hikel - Youth/Olympic 7.1 60 4.23
420 Hike2 Trap Youth 19.2 80 4.20
29er Hike2 Trap Youth 27.5 70 4.45
Spitfire Trap Trap Youth 38.0 139 5.00
RS:X 815 Board - Youth/Olympic 8.5 16 2.86
Finn Hikel - Olympic 10.0 107 4.50
470 (M&F) Hike2 Trap Olympic 28.3 120 4.70
49er Trap Trap Olympic 59.2 125 5.00
49er FX Trap Trap Olympic 44.7 125 5.00
Nacral7 Trap Trap Olympic 39.1 138 5.25
RS:X 915 Board - Olympic 9.5 16 2.86

Note: M & F¢ Male and Female

BojsenModller and colleagues have been the leading group to investigate physical and
anthropometrical characteristics acrosuultiple Olympicclassesconcluding in their most
recent review (2014) that distindifferences occur in both areas tveeen class types and

the relative importance of these characteristics also vary based on the role of the sailor and
the vessel they racéhisis primarily attributed to the demand that the boat places its

crew, specifically theailor to vessel weightatio and total sail arealfable7.1). In the case

of weight ratiothis is simplified in Hikeand Boardclasses as there is only one sailor,
therefore the greater the sailor to vessel weight ratio the more impact physical mewtm
(dynamic hiking and pumping) will have on speBdjgenrMoller et al., 2007; Vogiatzis and

De Vito, 2014). When considering abtsail area, similar to weight ratia, is more
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straightforward inthe Hikel classes, for example the Finn class possesgeeater sail area

to the Laser (10.0 vs. 7rit?) which creates greater forces at the toe strap and mainsheet
when sailed in the same wind strengthequiring a greater opposing forcgighting
moment) and physical capabilitp keepthe boat flat (Macle et al., 1999).In the only
Olympic Hike2 positio(d70 Helm) the total sail area is much greater than any Hikel class
(28.3 m?) however the trapeezing crew creates a much greater righting moment by
standing on the side of the boat versus leaning overthe physical and anthropometrical
requirement of the helm is much lowéseeFigurel.3). This was reflected iBojsenMaoller

et al. (2007) wheredouble-handed helmmen were found to be shorter and lighter &m

the dynamic hikers (height7/B+ 6 vs. B6+ 2 cm, andbody mas$3.7+5.9vs. 68.7£2.2
kgrespectively) less variation was generally observed between class types in female sailors.
Evidence of the increasky [ F ASNJ al At 2NEQ FYGKNRLRYSG!
recent data within the same study in 2002 (height 11#81.05m and body mass 8082.7

kg), as a comparison between Hikel classes Finn sailors were measured at01084n

and weighed 93.5+ 108 kg reflecting the greater righting moment requirement.
Differences in heights of Olympic class sailors was estimated by elite BST coaches in the

previous chater, highlighting the range current (2016) racing (sdegure6.6).

The physical demands of sailing are not entirely understood due to a lack of objective
measurements on wateBpjsenMoller et al,, 2014), nade difficult by the ever changing
environment of wind, sea state and temperature plus the barriers of getting expensive
equipment incontact with salt water. In th@absence of this datascrutinising an elite
sample with controlled measuremenlisked toon-water/simulated performancevill lead

to a greater understanding. Through this methodoldgyas beerconcludel that Olympic
sailing producessignificant physical requirement@BojsenMdller et al., 2014). Hiking
sailors displayed high levels of stréimgnd endurance in knee extensors (Aagaairal.,
1998;BojsenModller et al,, 2007; Vangelakoudit al., 2007), trunk (Aagaardt al., 1998)

and upper body pulling muscles (Mackie and Legg, 1999; Rlylaly 1985) alongside a
moderate to high level ofierobic capacityf approximately 55 to 6 InLkgtamin? (see
section2.5.1.4. Withinthe small amount of researchtmtrapeeze sailors, maximal knee
extension strengttand upper body strengtiwas found to be similar or higher than hiking
sailors (Maisettet al., 2006; Plyleyet al., 1985, with aerobic capacity following a similar
pattern (57 to 64Y [ 1-timi?t; BojserMoller et al, 2007). A high level of agility and

specifically anaerobicapacityin 49er crewsis also required (Allen and DeJong, 2006)
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potentially exacerbated byroposed racdormat changes. Board sailors have been found
to possess the highest aerobic capacity (greater tharyg5sitimi?; Castagnaet al,
2008) combined with Igh levels of muscular force requiretiring pumping.especially
when sailingdownwind (Buchanaret al., 1996) Thishas l&l authors to compare the
demands of this class type to that of endurance events such as cycling or r&eisg{
Moller et al, 2014). For a detailed review on physical requirements in Olyngaiding

please see Section 2.5

As mentioned earlier in this chapter, less is known about &litdorand Youth sailing, with

all research studies examining Hikel class types, predominantly using specific testing
designs focusing in on the hiking movements/museising dynamometers or custebuilt
simulated hiking. These studies made comparisons between elite aneklitenHikel
sailors, revealing knee extensor and trunk strength were important for simulated hiking
(HMzgoand Bucket test) and thaiMis/Bucket test performance and body mass were key
factors to distinguish performance level in hiking conditiomegn wind strength>10-

12kn) (Burnettet al, 2012; Callewaertet al, 2014k Tanet al, 2006). However when
compared to an untrained agmatched group, @timist sailors revealed similar knee
extensor strength (151 + 43.9 vs. 153.3 £ 55.3 Nm), but were found to be more fatigue
resistant in a simulated hiking task (Callewasdral.,2013b). Suggestinipat elite Junior
sailors were not extraordinary when @ame to strengthbut were able to outperform
untrained controls using more efficient techniquand/or possible morphological

adaptationfrom a greater time spent sailing.

In the context of TDE it is argued that tests without a high sppecific skill should be
employed when examining physical development in youth athletes, so that scores are not
biased to the amount of spogpecific training or the length of time in tieLJ2 pEthQay
(Lidor et al, 2009). Younger athletes should be profiled against a range of
movements/abilities as these relate to developing robustness to cope with the increasing
demands of the sport (Lloyet al, 2015b). Tiese tests should not be seas predictors of
successbut key information as to how to best support the individual development of the
athlete to allow for them to achieve their potential (Lawtenal,, 2012). In sailing this is
particularly relevant as sailors have a number of gaedrajectories available to them as
they progress up the Olympipathway (Figure 1.10) across a range of class types.
Potentially more important tothe argument forinclusion ofnon-specific testsin the
Olympicpathwaylie in the uncertainty of the Olympic classes that will exist wbathway
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sailors reach adulthood, as can be seeRigurel.6, the Olympic classes may change every

four-year cyclepossiblyrendering previousgecific test dataneaningless.

Nonspecific physical characteristics have been shown to distinguish elite anélit®n
sailors within and between performance leveldaniorand Youth classes (Callewaegt al.,
2014b). Elite Optimist sailors outscored their pelite counterparts in tests from the
EUROFIT battery (Council of Europe, 1988) in motardination, whileYouth dynamic
hiking sailors displayed greater anaerobic and aerobic capacity. Aerobic capatytiof
dynamic hiking sailorwere comparable to elite football players (59.2 + 3.24gtanin™;
Le Galkt al,, 2010) and greater than elite volleyball pbay (43 + 6.1 mkglamin’; Gabbett
et al.,2007).

What is unknown within eliteJuniorand Youth sailing is the impact of maturation on
anthropometrical and physical fitness characteristics. In other sports, athletes who are
more advanced in maturation &ibit greater height, mass and physical performance,
lending themselves to selection into positions in which these characteristics hold an
advantage (Malinat al,, 2004; Meylaret al.,2010; Mohamedet al.,2009).Selection based

on these factors containgsk, as research has shown that early maturing athletes do not
maintain these advantages into adulthood (Pearsbal., 2006; Vaeyenst al., 2008). Late
maturers, who have been able to continue within talent programmes that favour
anthropometry andphysical fithess are suggested to have had to develop physical and non
physical abilities to compete (Gray and Plucker, 2010; MacNaiuadaCollins, 2011
Suppiahet al., 2015) which is assumed to result in a more multilaterally skilled athlete
(Vandendriesdte et al., 2012).

The aim of this study is to compare and contrédst anthropometric maturation and
physicalfitness characteristics ofemale and maleJuniorand Youth classes within the
Olympicpathway. This will be completed by usitige. NA G A & K { | A f XegtiAg ¢ S|
battery further rationalisedfrom sailor/coach interviews (Chapter 4nd confirmed in
Chaptes five and six It is anticipated thatpathway classes that create greater physical
demands, from a combination of sailty boat mass ratio or an increased sail area, will
exhibit greater anthropometry and physical characteristics similar to what is observed in

Olympic class sailing (Bojsbftoller et al.,, 2014).
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7.2 Methods

The populationdescribed in this study constitute thaitial five year period of a longer

term longitudinal data collection project within British Sailing to track the physical
characteristics of Olympic sailors. This study was approved via the ethics committee of the
University of Chichester. Informed consemas received from parents and sailors as part

of acceptance of alpce within the Olympigathway and/or attendance at physical

profiling sessions.

7.2.1 Participants

The populationcomprisedof elite Juniorand Youth sailors in the United Kingdom, with

representation from England, Scotland and Wales. Seleationelite squadss primarily

based on performance results from an R#ointed selection series comprising of a

number of regattas, ideallyhree or more with high quality racing in a range of

environments i.e. inland, open sea, although this is not always achieved due to the weather

and conditionsSailors are selected onto a numberXfiorand Youth sailing classes as

follows: Juniorg Optimist, Toppe Laser 4.7, RS Feva, Cadet, Mirror and Techno, ¥outh

420, 29er, Spitfire, Laser, Laser Radrmad RS:X (for more information on these classes

please seesection1.6).{  Af 2NB &St SOGSR 2y (2 Juhiohhdy aAGA2Y | £ ¢
Youth level were omitted from this study as were felt to be too-lamnked to represent

elite status.

At theend of the first round opathwayprofiling @Decembe2012) 49 sailors were tested
Each year a maximum of tvpathwayprofiling sessions were conducted per sailor (Winter
September tdDecemberand Spring February tApril) by the end of the five yeaarofiling
period (December 2016395 sailors had been tested between one to nine tinygsidinga
total of 1,395 data points. For general characteristics ofgbpulationwithin this study

please sedable7.2.
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Table7.2 Olympicpathwaycharacteristicbetween December 201 2016

n Data points  Age (gars) Range
Dec 2012 149 149 149 +1.82 (11.0-20.4)
Female 58 58 14.9 £1.82 (11.0-18.4)
Male 91 91 15.0+1.83  (11.1-20.4)
Junior 88 88 13.6 £ 0.99 (11.0- 15.6)
Youth 61 61 16.8 £ 0.98 (14.2- 20.4)
Dec 2016 495 1395 152+1.83  (11.0-20.7)
Female 192 530 152+1.82 (11.0-20.1)
Male 303 865 151+1.84 (11.0-20.7)
Junior 372 797 13.8+1.00 (11.0-16.3)
Youth 123 598 17.0+0.94  (13.9-20.7)

7.2.2 Procedures

Fa detailed explanationsf procedures completed within the study please s€hapter 4
(anthropometry, Rest, SLJ, 20n SRT), sectioBh.2.2 (Pressups andSupine pulls and

section 6.2.2 (predicted PAH)Prereading for sailors outlining the procedures and

information on pretesting prepaation can be found in Agendix 7

Maturation Assessment

As directed by the findings of Chapteréstimation of maturation status anchaturity
timing were based on the worlof Khamis andRoche 1995. Mid-parental heightwas
recordedvia selfreporting onlinevia selection registration to the nearest haifch. To

allow for overestimation of selfeported height the Epstein adjustment equation was

applied (Epsteiet al.,1995).

Maturation status was expressed asrpentage ofpredicted PAH (%PAH)Estimated
al Af eiNaea

maturity timing was estimated using thesO2 NB 2 F

and malenormative data from the Berkley Guidance study (Bayer and Bagi@y9).
Criteria for maturitytimings was as follows:=-%.0late,-1.0 to-0.5 slightly late;0.5to 0.5

on time, 0.5¢ 1.0 slightly early, >1.0 earligstimates of PHVadsification were based on
%PAH from UK 1990 age and genrsiggcific reference standards (Freemainal., 1990)
and were as follows: <89%PAie-PHV, 89 d@ 95% AHcircaPHV, >95®AHpostPHV.
Which corresponds to the range of cirP&lVof 11.25 to 13 years in females and 13.5 to
15 years in malefor 1990Reference tables see Appendix 5
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7.2.3 Data Analysis

Analysis of the initial five year data collectiwere grouped into female and male groups
initially, then split into the respectivéuniorand Youth classes. The analyses were divided
into anthropometry, maturation and physt using descriptive statistic3hese were
chosen as each sailor had the potetfor up to five data points within the same class
resulting in a lack of independence. Consideration was given to averaging multiple data
points however it was felt that this detracted from the aim of the study and confused the
meaning of the data. Anber option was to look at multiple crosectional analyses for
each profiling session over the course of the five years, however when classes were split
into gender groups there was a lack of sample size, in some cases as low as two sailors. All
anthropometrical and maturatiordata are presented as raw data, physical test scores are
presented both in raw and percentile methods. Percentiles were calculated from the range
of scores performedh testsover the five year period, with the best female/male score

each testrepresenting 100%, and the worst 0%:tatistics all displayed as meah$.D.,
differences reported were based on identifying interactidmestween classes/positions

where meanglus S.D. do not overlap a difference was observed.

7.3 Results

Thissection will describe the results of anthropometry, maturation and physical fithess in

order, withJuniorclasses presented first followed by the Youth classes.

7.3.1 Anthropometry

Simikr differences were observed betweéme heights of female and malriniorpathway
classes; Laser 4.7 class were the tallest (168.8 and 170.3 6.3 cmrespectively)with
differences observetb the Optimist and Cadet Crew position, and Mirror class in female
only (Table7.3 andTable7.4). Laser 4.7 class were the heavi@lt.3+4.5 and 58.53:5.0
kgrespectively) with differences observed versus Optimist and Cadet Crew in females and
males approaching similar differencetiveen Optimist and Topper.ifflerences were also
observed between Laser 4.7 and Mirror and RS Feva classes in femal&sabldy.8 and
Table7.4). The interaction between height and mass displayeigure7.1 continues the
theme of greater anthropometric size in Laser 4.7 class, adding more detail in displaying

greater variation within maleersusfemaleJuniorclasses.
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At Youth level no cledreightdifferences wee observed in female classegaple7.5), in
males however the Laser class was taller than the Hike2 classes £18@.Versus 174
4.8 and 174:5.0 cmin 420and 29er Helra respectively)Table7.6). In females the Laser
Radial was heavieggreater thanHike2 classes (68465.6 versus 54.64.8 and 56.1% 4.5
kgin 420 and 29er Helms respectively). The Laser class was heaviestq.Bxkd different
to Hike2 and Trap classes, with smaller differences between Multiand RS:X 8.5m.
When considering the height x mass interaction, thedraRadial remained thergest
female class, witldifferences with Hike2 classes. In malbg Laser class was largest with

Laser Radial approachidgferencesversus bothHike2classesKigure7.1).
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Table7.3 Anthropometrical, maturatiorand physical fithess descriptive statistics for Fendal@orpathwayclasses

Techno Optimist Topper Laser 4.7 CadetHelm Cadet Crew Mirror RS Feva
n=42 n=44 n=71 n =38 n=25 n=17 n=30 n=31
Age yearg 145 + 0.9 13.2 + 0.9 142 + 0.8 14.3 + 0.9 139 + 0.7 12.1 £ 0.9 132+ 1.0 139 + 0.6
Anthropometry
Height (cm) 1675 = 6.1 156.3 £ 6.9 163.3 £ 6.6 168.6 £ 4.4 166.0 £ 4.7 152.9 + 8.2 156.8 £ 7.1 162.6 £ 5.0
Body mass (kg) 54.2 £+ 6.0 444 + 5.6 56.2 + 6.1 61.3 + 45 53.6 + 6.0 43.4 + 10.2 446 + 6.2 505 + 4.6
Maturation
%PAH%) 98.3+ 1.1 945 + 3.1 979+ 1.8 98.6 £ 0.7 974 + 15 90.9 = 4.7 94.4 + 3.2 97.0+ 1.2
Z Score -0.5 £ 0.8 -09 £ 0.7 -0.3 £ 0.7 0.1+ 0.8 -0.5 £ 0.9 -0.6 £ 0.7 -09 £ 05 -0.6 £ 0.7
PAH (cm) 170.3 £ 5.1 165.3 £ 4.3 166.8 £ 5.6 170.9 £ 4.0 1704 = 3.4 168.3 £ 5.9 166.1 £ 4.9 167.7 £ 4.1
Physical
T-test (20) 12,25 + 0.62 12.12 + 0.88 1242+ 1.20 1216 + 0.73 1197+ 0.72 1279+ 0.91 1252 + 0.80 1253 + 0.57
SLJ (m) 1.75 £ 0.16 1.75 + 0.16 1.65 + 0.23 1.76 + 0.20 1.71 £ 0.15 1.58 + 0.18 1.70 £ 0.17 1.64 £ 0.13
Pressups (reps) 86 + 64 6.7 £ 54 6.4 £ 59 54 £ 52 3.5 % 30 48 + 3.4 1.7+ 1.7 45 + 3.8
Supine Pulls (reps) 16.2 + 7.8 120 + 5.6 116 £ 6.7 15.2 + 8.0 6.3 £ 4.7 6.7 + 4.6 9.7 + 35 8.0+ 57
Bleep Distance (m) 1,290 + 208 1,489 + 275 1,251 + 307 1,362 + 242 1,374+ 311 1,134+ 279 1,394 + 271 1,286 + 166
Overall Score (%) 54 + 17 54 + 19 45 + 24 51 + 19 44 + 16 33+ 11 41 + 7 40 = 12
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Table7.4 Anthropometrical, maturatiorand physical fithess descriptive statistics for Maaiorpathwayclasses

Techno Optimist Topper Laser 4.7 Cadet Helm Cadet Crew Mirror RS Feva
n=47 n=115 n =154 n =64 n=22 n=11 n=14 n=72
Age yearg 143+1.1 13.1+1.0 14.1+ 0.7 14.4+ 0.6 14.1+05 124+1.1 13.7+£ 0.6 13.5+0.9
Anthropometry
Height (cm) 166.9+84  155.0+8.3 167.9+8.3 170.3+6.3 164.4+9.2 150.2+59 164.2+7.3 160.2+7.8
Body mass (kg) 55.3+ 7.9 42.6+ 6.5 55.1+ 7.9 58.5+ 5.0 53.4+7.0 41.7£6.9 54.6+ 8.6 474+ 7.2
Maturation
%PAH%0) 92.2+4.4 87.2+4.1 92.4+ 3.4 93.3+ 2.7 92.0+2.8 85.2+4.0 90.8+ 2.8 89.8+ 3.8
Z Score 0.1+ 0.6 -0.2+0.7 0.4+ 0.6 0.3x04 0.3£0.5 -0.2+1.1 0.5+ 0.6 0.2+ 0.5
PAH (cm) 181.0+3.0 177.9+6.0 181.6+56 182.6+55 178.6+6.7 176.4+58 180.8+52 178.4+4.38
Physical
T-test (20 11.73+1.05 11.98+0.86 11.5+0.77 11.14+0.78 12.29+1.79 12.67+£0.85 12.42+0.96 11.69+ 0.80
SLJ (m) 1.90+£0.28 1.76+0.20 1.92+0.21 1.99+0.22 1.64+0.29 156+0.21 1.82+0.28 1.85+0.18
Pressups (reps) 19.1+ 8.6 11.1+7.9 14.0+£ 7.0 13.2+ 6.5 11.8+75 6.4+£5.1 7.3£5.7 13.4+7.0
Supine Pulls (reps 21.3+13.7 15.1+7.7 15.2+ 8.6 20.8+8.2 135+6.6 12.1+7.9 14.8+ 6.0 15.2+ 8.8
Bleep Distance (m 1,690+ 329 1,615+ 307 1,634+330 1,774+293 1,516+377 1,186+320 1,469+284 1,644+ 337
Overall Score (%) 49+ 23 32+ 16 40+ 16 49+ 18 30+21 17+£12 27+ 16 38+ 19
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Table7.5 Anthropometrical, maturatiorand physical fithess descriptive statistics for Female Ypathway classes

Laser Radial 420 Helm 29er Helm 420 Crew 29er Crew Multi-hull RS:)8.5m
n=44 n =47 n=31 n=44 n=33 n=12 n=21

Age yearg 16.9+ 1.2 16.7+ 0.8 17.2+ 0.7 16.8+ 0.9 17.0+ 0.9 17.3+ 0.9 17.0+ 0.7
Anthropometry
Height (cm) 170.6+ 5.0 164.0+ 4.8 166.C+ 3.4 169.7+ 3.6 170.2+ 7.8 169.2+ 4.7 167.7+ 2.8
Body mass (kg) 68.6+ 5.6 54.6+ 4.8 56.1+ 4.5 62.2+5.2 64.4+ 5.7 62.7+ 2.1 62.0+ 2.9
Maturation
%PAH%0) 99.6+ 0.3 99.3+ 0.2 99.5+ 0.2 99.5+ 0.2 99.5+ 0.3 99.6+ 0.3 99.5+ 0.2
Z Score -0.8+ 0.9 -1.5+ 0.8 -1.3+0.6 -0.9+ 0.7 -1.3+1.1 -0.8+ 1.1 -1.3+ 0.6
PAH (cm) 171.3+ 4.8 165.1+ 4.9 166.8+ 3.4 170.6+ 3.4 171.0+ 7.7 169.9+ 4.2 168.6+ 2.8
Physical
T-test (£0) 11.96+£ 052 11.63+0.69 11.77+054 11.83+0.65 11.76x0.61 11.50+1.24 12.51+ 0.63
SLJ (m) 1.80+ 0.16 1.83+0.18 1.79+0.14 1.80+0.14 1.83+0.19 1.81+0.33 1.76+ 0.20
Pressups (reps) 9.2+ 6.0 13.0+ 5.6 95+4.3 11.6+5.8 106+ 7.1 11.9+£ 9.9 9.6+ 6.0
Supine Pulls (reps) 17.9+5.1 21.8+ 9.6 21.2+6.3 16.4+ 6.7 21.7+ 6.6 19.3+13.7 21.3+ 9.9
Bleep Distance (m) 1,354+ 213 1,566+ 265 1,349+213 1,404+293 1,392+227 1576+286 1,470+ 247
Overall Scor¢%) 62+ 15 73+ 14 67+ 10 66+ 17 70+ 16 76+ 22 60+ 21
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Table7.6 Anthropometrical, maturatiorand physical fithess descriptive statistics for Male Y qatthwayclasses

Laser Radial Laser 420 Helm 29er Helm 420Crew 29er Crew Multi-hull RS:>8.5m
n="70 n=42 n=>54 n==61 n=34 n=39 n=23 n =43

Age yearg 17.0+£ 0.6 18.2+0.8 16.6+ 0.9 16.9+ 0.7 16.5+ 1.0 16.5+ 0.8 17.0+ 1.6 17.2+0.6
Anthropometry
Height (cm) 181.2+ 5.4 186.1+5.2 174.1+4.8 1741+ 5.0 175.7+ 5.1 177.4+ 4.8 176.3+ 6.8 179.5+4.1
Body mass (kg) 70.9+ 4.0 78.4+5.8 59.7+ 5.9 62.0+ 6.5 62.6+ 6.4 65.1+ 4.8 67.7+ 4.9 68.4+6.5
Maturation
%PAH%) 99.3+ 1.2 100.2+0.2 98.7+ 1.6 99.5+ 1.0 98.6+ 1.7 98.9+ 1.4 98.8+ 1.9 99.7+0.8
Z Score 0.6+ 0.4 1.0+£0.2 0.6+ 0.6 0.7+t 04 05+04 0.6+ 0.4 0.7+ 0.4 0.7+0.3
PAH (cm) 1825+ 5.0 185.7+t55 176.3+5.3 175.1+ 5.1 178.2+ 6.1 179.4+ 3.9 178.4+ 5.2 180.1+4.0
Physical
T-test (£0) 10.50+ 0.55 10.52+0.49 10.55+ 0.59 10.50+ 0.44 10.63+0.51 10.46+0.60 10.45+0.57 10.70+0.45
SLJ (m) 2.29+ 0.18 2.30+0.22 2.20+ 0.19 2.22+ 0.19 2.20+ 0.10 221+ 0.21 2.31+0.19 2.27+0.18
Pressups (reps) 26.8+ 6.3 29.5+6.3 20.4+ 10.6 23.4+ 9.2 25.6+ 7.0 22.2+ 10.2 222+ 7.6 24.9+6.8
Supine Pulls (reps) 29.1+ 104 27.6+8.3 243+ 7.8 30.1+11.1 27.8+ 8.9 29.3+ 10.0 327+ 126 30.8+7.2
Bleep Distance (m) 2,095+ 224 2,011+276 2,094+ 224 1,971+ 284 1,943+ 234 2,015+ 335 2,072+ 223 2,103+ 265
Overall Scoré%) 80+ 11 79+9 70% 16 75+ 14 74+ 12 72+ 18 77+ 12 77+12
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7.3.2 Maturation

In Juniorfemales Optimist, Mirror and Cadet @ravere the least mature classes reported
from a lower percentage of predicted PAK adet Crewwas the most immaturg90.9+
4.7%) Table7.3). The abovevere the onlyclassesvho possessed >10% of sailors who were
either pre or circaPHV (>45%Figure7.3). Mean agesn these classes wellgelow 13.2
years compared to the other classes > 13.9 ydaemaleJuniorclasses were found to be
generally ortime or later in maturity statugz-scoreof maturity timing = 0.1 t0-0.9), no
greater than 25% of classes were estimated to be slightly early or early ma(grguse
7.2). Predictions ofPAH were similar between all classés maleJuniorclasses a similar
pattern emerged with the lower age and maturation status in Optimist and C@daw
aged<12.9 years compared td 3.6 yearsn other classesliable7.4) and possessing >60%
of salors who were prePHV versus35% inother classesHigure7.3). The majority of male
Juniorclasses were otime or earlier in maturity timing (>70%) apart from Mirror class

(40%) Figure?.2).

Female Youth classes appeared to be more homogenous in matusitirsas all were
estimated to be posPHV Figure7.3), mean age of classes rangeam 16.7 to 17.2 years
(Table7.5). All classes were estimated to be slightly late or later in maturity timing with Z
scores averageed.8 to-1.5with no more than 8% estimated as slightly early or earlier
(Figure7.2). Predicted PAH in Laser Radial and Trap were found to be higlreHike2
classes (>170.6 v4668 cm). Male Youth classesere found to be advanced in maturation
status asalmost allwere estimated to be posPHV apart from 29er Helm and Mudifiull

who had <10% of sailors cirdgHV Figure7.3). In contrast to females, the majority of
classes were estimated to be slightly early to earlier maturers, averaging 0.9 tm 1.
maturity zscore Table7.6) with only 420 Helm class possesgs#b% late maturerdg-{gure
7.2). Predicted PAH was greatest in Laser and Laser Radial (Hikel) classes followed by RS
8.5m then Trap and Hike2 classgable7.6).

7.3.3 Physical Fitness

No differences were observed between specific classes in any physical fithess variables
within gender and level groug$éemaleJunior maleJunior, female Youth or male Youth).
Cadet Crew in both female and mdleniorclasses were found to be the least physically fit
with Bic Techno 293 and Laser 4.7 (in male oskibiting a trend for highestrength
scores (able7.3and Table7.4).
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At Youth levelno differences were observemh female or male classes. Mean overall
physical fithess betweeduniorand Youth levels revealegreater differencesbetween
maleJuniorand Youth classes compared to the difference in fem@egire7.4). In terms

of percentile scores, femaldasseutperformed male classes dunor level (4719 vs
38+ 19%), with that trend reversing at Youth level 6X6 vs 75t 14%).To enable direct
comparison between the physical fithess of Optimist and Youth sailors in this sitidy w

previous research finding3 éble2.7 and Table2.8) data is presented iffable7.7.

Table7.7 Physical fithess scores to enable comparison with previous research findings

Optimist Youth

n 44 232
Female Age year9 13.1+1.0 16.9+0.9

SLJ (m) 1.75+0.16 1.81 +18

20m SRT (min  9.6+1.4* 9.2+1.3*

n 115 112 (Hikel)
Male Age year9 13.2+0.9 17.4£0.9

SLJ (m) 1.76+0.20 2.29+£0.19

20m SRT (min  10.2+1.6* 12.2+1.2*
Note: *-20m SRT time igpproximated from distance covered to allow comparison

between studies

7.4 Discussion

This is the first study that has investigated anthropometricahturation and physical
fitness characteristics in elite doublended sailors and boardsailors below Olyngass
level, plus it adds to the current limited amount of understanding in elite sihgteled
classes. This study revealed differences withiniorand Youth classes in anthropometry
and maturation with no differences found in physical fithelsstweenclasses athe same
level. This result is in accordance with the hypothesis that there would be differences
between the characteristics @dfuniorand Youth sailors competing in classes with varying

physical demands.

7.4.1 Anthropometry

At Juniorlevel both female and male Laser 4.7 class displayed the greatest height, mass
and height x mass interaction, with differences observed with the smallest and lightest
Optimist and Cadet Crew. A similar pattern emerged at Youth level with the female Laser

Radial class displaying greater anthropometric qualities than the Hike2 classes, mirrored in
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the male Youth classes where the Laser and Laser Radial compared to the Hike2 classes. No

differences were evident between the othpathwayclasses within level.

Within the limited previous reearch in eliteJuniorsailing, anthopometric markers have

been recored in elite Flemish and Italian female and male Optimist saj@aiewaertet

al., 2014a; Callewaest al., 2014b; Lopeet al., 2016).The current stugi measured greater
numbers (44 females and 115 males) than previously investigated (less than ten in each
study). In comparison to previous findings in a comparable age bracket (within a year),
revealedsimilarities across most nations with Flemish mal€allewaertet al., 2014a)
appearing larger and Italian females smaller (Logteal., 2016).The other study of elite
pathwaya  Af 2N&B Ay Of dZRSR | O2YO6AYSR 3INRdzL) 27
Europe and Laser Radial) (Callewatral, 2014b).Anthropometrically these sailors (Age:
17.5+ 1.0years height: 176.3t 4.8 cm bodymass: 72.Gt 5.5 kg fit within the range

observed in the current study between Laser 4.7 and Laser Radial.

Elite Olympicclasssailinghas been reported to display distinct differences and specific
anthropometry due to the differing physical and technical demariggenMoller et al.,
2007;BojsenMoller et al., 2014 which is corroborated ipathwaysailing by Callewaest

al. (2014a) who stated that the dimensions of the Optimigincouraged optimal
anthropometry to perform. The primary explanation of thielationship would be to
examine the righting moment required to balance the force of the sails combined with the
sailor to boat mas ratio(Table7.1) to enable maximum boat speed (Evan, 200@&ckieet

al., 1999. This relationship is simpla Hikel and Board classeékoughin double-handed
classes the interaction of the crew may vary in bodymhss also in class type between
Hike2 or Trap, which may explain the lack of difference between dehdnteled classedn
hiking classes there are clear differences or trends towar@stgr anthropometry in
response to greater sail area, for example Optimist vs. Laser 4.7 in males and females, Laser

and LaseRadial vs. Laser 4.7 in ma{€gure7.1).

In elite Youth sailors anthropometry has been related tohalsed hiking performance in
Laser sailors. Taat al. (2006) cited the importance of body mass related to 1gtV
performance (r = 0.99 in females, 0.95 in male), height wisranderately correlated (r =
0.50 for females, 0.51 for males). This was hypothesised to be due to taller sailors having

difficulty maintaining increased leverage from greater loads when attempting to maximise
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righting moment during hiking. Enhancing tkunstrength/endurance would be

recommended in hikingailors make advantage of extra height and reduce injury risk.

It is important to note that anthropometrical characteristics wilthange through
adolescence, sdIDE programmes must take into account thelividual nonlinear
trajectory ofdevelopmentespeciallyaccounting foiperiods of accelerated growtifMalina,
2004). Anthropometry should not be viewed as predictor of successalone, as a
standalone value may be viewed out of context against a-tengm measure, such as
predicted PAH, i.e. is the athlete tall because they are an early maturer or are they just in
a higher percentile for heightPDE programmes must be aware that athletes will typically
progress at different rates that could still ultimdyeend in success, and that strengths in
some areas may compensate for weaknesses in others (Williadisricsson, 2005)f this
process is to battempted inan open sport such asailing the relative contribution of
factors must be viewed in contexf the number of factors that affect performance and

development (Reillet al.,2000).

7.4.2 Maturation

In the current study femalpathwaysailors were generally estimatéd be ontime or late
maturers, with males in oppositioon-time to early maturers, thisbecame more
pronounced with advancing agEigure7.2). Almost all Youth classes wesstimated to be
postPHV plus the majority of femaldunior clases (Figure 7.3). No difference was
observed in predicted PAHJuniorclassegTable7.3 andTable7.4), though less difference
would be more meaningful at Youth ley@lable7.5 and Table7.6) as being closer to PAH

especially with thanajority being past periods of accelerated growth.

The only record of maturation status in previous sailing research was in Callestadrt
OGHNAMNOUY K2 F2dzyR SEAGS hLWGAYAAG FyR 21
maturation than norelite courterparts: Optimist (elite: 2.2 1.0, nonrelite: 0.7+ 0.8 years

post! t 1 +0 X WREVYIl YA Q@Q9, Kokdits& NBE+ 14 $ehrd foSAPHVD Phre
maturity timing of female sailors in this study in accordance witlother sports,where

elite female athletes haveyenerallybeen found to beon-time or slightly later maturing

with greater height and mass, though théssknown to varnpetween sports (Baxtedones

et al, 2002).

185



The trend of male sailors in this study to be estimated to beime to early maturers
corresponds with previous findings in other sports where selection bias towards more
mature athletes have been reported in male sports where greater anthropometric and
physical fithess impact performance (@ilal., 2007; Malinaet al,, 2004; Meylanet al.,
2010; Mohameckt al., 2009).Caution must be applied where it appears that there is a bias
towards earlier maturing athletes, as later maturing athletes have been recorded to-catch
up in physical development over time periods as shotinasyears (Tilet al, 2013). This
added to enhanced technical and nphysical abilities that may be developed from
surviving competition with more physically proficient teammatggposition (Grg and
Plucker, 2010; MacNamara a@bllins, 2011; Suppiadt al., 2015) possibly resulting in

more multiskilled athletes (Vandendriesscheal.,2012).

It is important to acknowledge thatséimations of maturity statusand timingincludea
degree of error, predominantly due to the indival variation in the tempo and timing of
growth, especially around typicgeriods of accelerated growtkBeunenet al, 1997;
Khamis and Roche, 1979his is relevant when comparing the current data with the UK

1990 reference standards (Freemeial., 1990).

7.4.3 Physical Fitness

No difference was observed in physical fithess in females or males wWithioror Youth
classes Table 7.3 to Table 7.6) though Youths outperformedunios in overall mean

physical fithesscore Figure7.4).

Previous research in physical fithess in glitghway sailing has predominantly involved
sailingspecific tests in Hikel classesyealing the importance of knee extensor and trunk
strength and endurance (Burnedt al., 2012; Callewaeret al., 2014k Tanet al., 2006). In

the context of TDE it is contended thgliysical fithess profiling should not include tests
with a high sporspecific outcomegd 2 G K I G LIS Naased\ibgreafed Snounts 9f Q (
sport-specifictraining or time within thepathwaysystem(Lidoret al.,2009).

Nonspecific physical characteristics have been shown to distinguish elite andliten
sailors withn and between performance leveldniorand Youth classes (Callewaetal.,

2014b). Elite Optimist sailors outscored their palite counterparts in tests from the
EUROFIT battery (Council of Europe, 1988hotor caordination, while ¥uth dynamic

hiking sailors displayed greater anaerobic and aerobic capacity. Aerobic capatytiof
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Le Galet al,, 2010) and greater than elite volleyball players (43 #6[11Yimi#’; Gabbett

et al.,2007).Previous findings in Junior and Youathe groupsre summarised iffable2.7

and Table2.8 respectively and can be directly compared to current dat@dable7.7. The
results are in agreeamt as sailors in this study attained higher levels of aerobic fithess to
a nonathletic sample at Junior and Youth age (females+4.8l vs. 4.&1.6 and 9.2 1.3

vs. 4.5t 1.6 minrespectively, males: 1021.6 vs. 6.& 1.9 and 12.21.2 vs. 8.2 2.1 min
respectivelyDeforcheet al,, 2003) and similar to elite soccer players (U14:49154 and
U16:11.2:1.6 min) (Vaeyengt al,, 2006). Male Optimist sailors in this study outperformed
the Flemish equivalent in aerobic fitness (1&.2.6 vs. 8.1 0.8 min) (Callewaertet al,
2014b) though were comparable in other measures at an older level £lR2vs. 11.%

1.4 min).

The lack of difference in SLJ performance in elite Junior and Youth Hikel sailors in this stud
compared to a norathletic population (females: 1.75 +_ 0.16 vs. 146118 and 1.8k

0.18 vs. 1.6Z0.21m respectively, males: 1.460.20 vs. 1.7%0.19 and 2.2% 0.19 vs.
2.11+0.22m respectively) (Deforchet al., 2003)may conflictwith previous research that
reported greater levels of strength in knee extensor muscles in Youth sailors (Betraktt
2012; Callewaeret al,, 2014k Tanet al, 2006) as jumping involves a large contribution
from the same musculature. Though it is in line with Callewaedl. (2013b) that found
similar levels of knee extensor MVC in elite Optimist sailors versugramed age
matched control (15%43.9 vs. 155.355.3 Nm), the greater strength in previous research
may have been due to the sailisgecific nature of testig applied in older elite athletes
who have had access to a higher cumulative volume of sailing training, limiting the

application of these tests from a TDE perspective in sailing.

Variation in physical fitnessneasured wthin classesat Juniorlevel may be caused by
varying timing and magnitude of maturation (Malird al, 2004) althoughalmost all
female classes and most Youth classes vestenated to bepostPHV which would have
reduced the impact omaturity timing. Hite sailing is a complex sgahat requires the
combination of many factors includingecisionmaking, cognitive function, tactics, boat
design and skil(Bojsena f €tS&NIR007; Sjggaaret al., 2015) therefore it can be

expected that a range of physical characteristicpathwaylevel may exist within classes.
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Physical differences between classes at Olympic level have been reported to be due to the
differing physical and technical demandjsenMdller et al,, 2007;BojsenMdller et al.,
2014). Differences were not observed this study, which potentially highlights a reduced
variation in the physical and technical demands, in support of @hapter 3displays
athletes and coaches comments on the step up in physicality when transitioning into
Olympic sailing though this may be clag®cific.Another possible explanationf the lack

of physical fitnesslifferences between classes are the use of tests that are depératen
anthropometric profile i.e. body weight tests of jumps and running versusdsithg or
cycling whichmaydisadvantage sailors with greater body mass. At Olympic level the forces
created by sailors in different classes were not as different when meldgve to individual
MVCs as larger sailors created greater force (Maekia., 1999).I1t must be highlighted

that details of sailing training volume andéipicipation in other sports weraot recorded

therefore fithess scores may lmpacted throughvolume ofphysical training.

7.5 Practical applications

Differences in anthropometry and maturation were observed in Olyrpptbwaysailors,
however no difference was reported in physical fitnesswatioror Youth level. It is clear
that to support the seleton of elite sailors that maturatiostatusmust be acknowledged
where classes display distinct anthropometrical charasties, to avoid selectiohias to
sailors advanced in maturatistatus Due to the differences in maturity timing observed
betweenfemale and male sailors at Junior levélis recommended that greater awareness
of gender differences are promoted to pact development at that level while accounting

for individual variation.

Younger athletes should be profiled against a range of mevesfiabilities as these relate

to developing robustness to cope with the increasing demands of the sport (etaid
2015b) In sailing this is particularly relevant as sailors have a number of possible
trajectories available to them as they progressthp Olympicpathwayacross a range of
class typegFigurel.10). It isimportant to support theinclusion of norspecific tests in the
Olympicpathwaylie in the uncertainty of the Olympic classes that will exist whathway
sailors reach adulthood. Aan be seen ifigurel.6, the Olympic classes may change every

four-year cycle, possibly rendering previous specific test data meaningless.

The current study analyses the physical characteristics of elite saildusatrand Youth
level using a crossectional approach over the 202017 time period. In line with previous
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conclusionsin talent research, there are limitations with cressctional design®nly
providing a snap shot of abilitdiscounting the individuavariation of development
(Philippaertset al,, 2006; Tilet al., 20135, Vaeyen®t al., 2008) Thereforeto increase the
understanding of physical development in the Olyngathwaythe next study will analyse
longitudinal individual trajectories of dars who transitionedrom elite Juniorto Youth
level, to further this understanding, development will lmempared to the agenatched

elite population.
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Chapter 8  An individualcase study approach to analysengitudinal anthropometric
and physicalfitnessdevelopments in elite Youth sailors over a three
season period.
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8.1 Introduction

Previous research in the area of elite sppdthways has revealed varying levels of
STFSOOADSymtavaya BT (P LINEWR@WzOS Fdzii dzZNB I Rdzt
(see sectior2.3). No single ideglathwaytrajectory has been observed across a number of
sport, challenging the conception of elite linear singp®rt journeys Gulbinet al., 2013;
Gullich and Emrich, 2012; Gdullickand Emrich, 2014). In fact, separate studies who
investigated the journeys of large samples of elite sportspeople across a range of sports
reported less than 7% (n = 256) experienceguliee linear journey (Gulbiat al,, 2013) and

very strong correlation between younger entry into a padhwaywith early exit (r = 0.92,

n = 4,686)Gullichand Emrich, 2012).

In an attempt to assess the effectiveness of the British Sailing patiwayan analysis of

26 recent top sailing performers competing since 2004 was conducted (unpublished).

Sailors were chosen by holding a minimum of a top two world ranking, including 16 Olympic
medallists and 25 World Championship medallists. Results showed 88%mvwembers of

both British Sailing elite Junior and Youth squads, 96% participated in elite Youth squads.
This highlights the importance of participation at Jupimut more importantly at Youth

level in the Olympipathwayin sailors who achieved successelite adult level. Based on

this knowledge, understanding the developmental journey of sailors achieving elite Youth

squad status is important to aid the support that can be given in the TDE environment.

In an attempt to gain more understanding ybung athlete development within sporting
pathways, programmes and professional teams have included the assessment of a number
of physical chamacteristics including anthropometry (height, body mass and body
composition) motoskills(e.g. balance, cordination, and agility) anghysical fithesge.g.
aerobic fitness, stregth and speed)(Lidor et al.,, 2009) Tracking thesephysical
characteristics provides objective scientific data to work alongside the subjective coach
assessment focurrent ability and/orpotential (Abbottet al.,2002) aml provides further
information on athletic development relevant to future spespecific skill development

(Williams and Reilly, 20).

No research to date has investigated flbagitudinalphysicé devdopment of elite sailors.
A few studies using crossectional designs have identifiedifferences in physical
characteristics between performance level and age, predominantly in males and in a

limited selection of Hikel classes (Burnettal, 2012; Callewaertet al,, 2013a, 2013b,

191



2014a, 2014b; Lope al, 2016; Taret al., 2006) The findirgs from the previous chapter
have strengthened the understandingfoanthropometrical, maturationand physical
characteristics across dlliniorand Youth clags in both genders using a battery of tests
specific to sailing,confirmed through understanding of key physical characteristic
developmentin successful elite sailof€hapter 3. This data provides a set of normative
values that may be used to track sailors against longitudinally that can aid selection, inform

training prescription and help monitor progression (Lidbal.,, 2009).

Numerous studies have investigated physical characteristics in young athatetess other

sportsand their interaction with performance levéfpically using crossectional designs

differentiating between elite and norelite athletesat particular stagegFalket al.,2004;

Matthyset al,, 2013a; Mohameet al.,2009; Most al.,2015; Reillet al.,2000;Vaeyens

et al.,2006), between stage¢Lawtonet al.,2012; Lloydet al.,2015c LopePlazaet al.,

2016; Tilket al.,2013s; Vaeyenst al.,2006; Vadendriesschet al.,2012),and supporting

future elite participation Table2.2). Not all studies have shown a significant interaction

(Frankset al, 1999; ElferinkGemsertal.,H n nno0 gKAOK AAay Qi &adzNLINAR&AY 3
multi-factorial nature of TDE and performanddgcNamara and Collins, 2013yppiahet

al.,2015).

Proficiency in physical characteristics during TDE has been shawmdeopinprogression
throughdeveloping a solid foundation éindamental movement skillas displayed in the
YPD and CYD models (Lleyal. 2015c)leading todevelopment of AMSC (Mooagt al.,
2013). These abilities provide a basis to progress skilbii@ 2008) and perform sport
specific tasks with confidence and optimal technique (Bergetaal., 2015). A number of
authors have highlighted the benefit of physical capacity to enhance the quality and
effectivenessof deliberate practice(ElferinkGenser et al, 2010; Klieglet al., 1989).
Increased strength and conditioning is linked to reducing injury risk (llyal, 2013) as
much as 18 to 1/2 of acute and overuse injurieespectively(Lauersenet al., 2014).
Physical robustnesassistspreparaion for the increased demands of high volumes of
sport-specific training and competition at higher levels of performandeyd et al.,, 2015b)
andcan also improve sesteem and wellbeing (Lloyat al, 2012). Due to these research
findings it would be dvised to obtain and analyse regular physical profiles of developing
athletes,in continuation of thisvaeyenst al. (2008) contend that successful elite athletes

will require a minimum competence across a range of characteristics, therefore furthering
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understanding in this area will aid the effectiveness of plaghwaythrough benchmarking

development

The impact of physical characteristics will vary based on the specific sport, as more open
sports rely on a greater number of factors for development and performance (Bedly

2000), andalso on thandividualathlete. As the nodinear trajectory eplained in previous
research will vary between individuals, typically from differences ituritg (Malinaet al.,

2004) and various compensatory mechanisms (Williams and Ericsson, 2005). The
uncertainty of these factors strengéim the case for the trackgof physical characteristics
longitudinally accounting for maturatiortowards developmentof athletesrather than
prediction of future successFor a more detailed review on the effects of physical

characteristics on TID and TDE refer to sectib@8and 2.4).

Longitudinal research investigating the physical developmentess Icommon but
necessary to encapsulate the variation in individual developmentefTall, 2013a;Till et

al., 2013b;Vaeyenset al., 2008).Differences in the trajectory of physical characteristics
have been observed in talent identified rugby leagiayers, Tilet al. (2013) followed

TID rugby league players longitudinally from U13 to U15 stages, grouping the players into
early, ontime and late maturers. d&ly maturing players were advanced in
anthropometrical measures (heigh® (<n ® n /£ m @498), sitting height(<n dn Fmz
0.658) and body mas® <n ® n A m@®388)) and upper body powd? &1 ® n A mP273)

in all three testing years. Significant differences were observed between maturation groups
over the three testing sessign(maturation group x time interactioqQ Feo, 9s= 2.101,P =

n ®n mZ 0.563) revealing that the later maturing group increased in a range of
anthropometrical (height, sitting height, body composition) and physical measures (upper
body power and speed)taa faster rate than the more biologically advanced groups
AYRAOLI (0 Adfl3 § TTHEDD col@d§ues (2013b) followed this study up by tracking
three playersn a case study approadver the threeyear period usingopulationbased
crosssectioral values as a standard to compare against. This analysis revealed large
variations in physical characteristics and in progression across a odpggingpositions,

thus advocating long term assasents focusing on individualsing crossectional data

to track development against.

In another longitudinal study, Philippaertand colleagues(2006) investigated the

development of football players within the Ghent Youth Soccer Projecftideryears,
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starting at 10.7¢ 13.7 years old, in a range of physicharacteristics. Measurements of

maturation status were takennce a yearbut determined over haljyear intervals using

non-smoothed polynomials. All physical valu@alance, agility, strength, speed, aerobic

capacity, trunk sength and explosive strgth)increased within thdive year period, with

most increasing at the greatest rate around APH\¢reases in physical performance

around APHV and the period pe&PHV have been attributed to the development of

muscle mass (Malinet al., 2004) and possibly the interaction of physical training organised

through the sport. To highlight the variance in physical development through maturation

Pearsoret al. (2006) summarised the effects of puberty on physical characteriStadsl€

8.1). Plateaus in development were observed pA&tHV in upper body strength, lower

body power and speed which highlight the need for repeated assessmengs thdn one

off snapshot testing for selection (Abbotts and Collins, 2004). The authorsdribiat

individual differences were observed in timing and magnitude of growtiich would

require an understanding of thehysical relationship with growth when @gramming

training and initiating aselection process. Crucial to this process is awareness of the

difference between chronological and biological ageg(re 8.1) when benchmarking

development and prescribing training interventions (Lleyal.,2014).
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Figure8.1 Theoretical chronological and biological age developmental trajectories in males

(left) and females (right}aken from Lloycet al. (2014).

The aims of this study we twofold, firstly to longitudinallyinvestigate individual

anthropometric and physical fithess characteristiostwo elite female and male sailors

prior to and during transition into Youth class sailing based on esesgonal agenatched

population means. Secondjyo analyse anccomparethe variation observed whin this

transition between individual sailors using chronological &mlogical age to benchmark

progression.
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Table8.1 Effect of puberty on physical characteristics (redrawn from Pearson et al., 2006)

Approximate change  Age at greatest Hormone
Chaacteristic Effect of puberty during puberty increase (years) Trainability = mediated
Height Increase in height n ™ 18% 13.5 No Yes
Weight Increase in total body mass m N JE: 13.5 Yes Yes
Muscular Increase in muscle mass  HIJE:? 13.5 Yes Yes
development
Increase of total fat (small decrease in % e e A ,
Body fat body fat at age 17 16 years) m pJE: 0:: 0: Steady increase Yes Yes
+#, peak Steady increase throughout adolescence
(_Le‘mri)n")ﬂ related to increased FFM amahproved m T JE: 12t 13 Yes Yes
cardiovascular system
+#, peak Small decrease during early adolescence
2P ., v butremaining steady during later Steady NA Yes No
(mLkgd #Emin® )
adolescence
Anaerobic _Steady increase in childhood, with a rapid N p R 141 16 Yes Mostly
power increaseduring puberty
Anaerpblc Steady increase throughout adolescence M HJE? Unknown Yes Yes
capacity
Strength Dramatic increase associated with body s M Mp JE? 14t 16 Yes Yes
Increase during adolescence related to Dependent on tvoe of
Skill practice andpossibly increased physical P kil yp Unknown Yes Partially
ability
Agility Possible increase during adolescence M HJE? Unknown Probably Partially




8.2 Methods

8.2.1 Participants

The sailors described in this longitudinal case study design were selected from the initial
five year period of a longelerm data collection project within British Sailing to track the
physical characteristics of Olympic sailoParticipantscomprisedof two female and two

male elite Youth sailorsvho were tested at physical profiling sessiotigr three seasons
within 2013/4 to 2016/7 period aftethe introduction of Pressip andSupine Pullests for
upper body push and pull strgth respectively.

Thefour sailors selected for this study consisted of: female graggilor one F1l:age 13.2

to 15.5 years), class trajectory included Topper, Laser 4.7 and Laser Radial at Youth level
(all Hikel positions), sailor tw&2:15.4 t017.6 years) class trajeatpincluded 29er helm

only (Hike2) from transition to Youth level. In male graugailor one f1: 14.7to0 17.0

years) class trajectory included Laser 4.7 and Laser Radial at transition and Youth level
(Hikel), sailor twoN12: 14.4 t016.7 years) class fiectory included Optimist and 420 helm

at transitional and Youth level (Hikel and Hike&ilors were selected with a deliberate

bias to include a range of age, class type and maturation stati®osing an earlier and
later-maturing sailor within eachender. This was conducted to evidence the magnitude
2F LlRaaroftS GIFNRARFGA2Y 0 Sdifierend ymingslofirhatulith Q G NI 2SO
through adolescenceAll sailors were of UK Caucasian descé&hts study was approved

via the ethics committee ahe University of Chichester. Informed consent was received
from parents and sailors as part of acceptance of a place within the Olymaghevay

and/or attendance at physical profiling sessions.

8.2.2 Procedures

Measurements were collected atip to six time points per sailor(two per season:

September to Marchfor the two seasons preceding transitidi-4, T3, T-2, F1), at

transition (T), and finally one date corresponding with the next possible deselection point

(T+1O2 Y FANNAY I WadzNDAGEE Q ¢ A 0K Arghsitio.rsdne A G S &l dzZl R
cases data is missing due to Rattendance at profiling session or through restriction of

tests through injury.
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Maturation assessments were completed as describeskrtion7.2.2from the outcome

of Chapter 6with the addition of the estimation of biological age (BA), which was achieved
through comparingodPAHKhamis and Roche, 1998j) the sailor with age and gender
matched data from the UK 1990 growth reference standaalsulated in 0.1 year intervals
(Freemaret al,, 1990) For example: anale sailor who had reached 90%PAH would have
an equivalent agéBA)of 13.7 years when compared to tineean %PAH attained by males
within the UK 1990 reference data.

For detailed explanations of procedwreompleted within thistudy please se€hapter 4
(anthropometry, Rest, SLJ, 20n SRT), sectioh.2.2 (Pressups andSupine pulls) and
section 6.2.2 (predicted PAH)Prereading for sailors outlining the procedures and

information on pretesting prepaation can be found in Appendix 7

8.2.3 Data Analysis

Analysisof longitudinal sailor data was completed using descriptive statistics, presented
visually using tables and graphs plotted over time. To compare individual sailor scores
longitudinally against CA and B#atchedpopulation, zscores were calculated using the
formulaz=icd kK~ 0 cfisrBNdBex A a (GKS YSIy 27F LI Lz |
the population. A zero-gcore reflects the mean of the population, with deviation reported

to two decimal place?opulationinformationwas colated from female and male physical
profiling scores over five years witlata separated intospecific 0.5 year age grosipe.
12.250 t012.749 pars = 12.5 year group, 12.75018.249 years = 13.0 year group.

All anthropometrical and maturatiorata arepresented as raw data, physical test scores
are presentedn rawform with a combined overapphysical fithesscore as a percentile
Percentiles were calculated from the range of scores performed in tests over the five year
period, with the best female/mla score in each test representing 100%, and the worst 0%.

Statistics all displayed as meanS.Dunless noted otherwise.

8.3 Results

Table 8.2 and Table 8.4 display maturation, anthropometric and physicatnéss
characteristicsof two female and twomale elite Youth sailors preduring and post
Transition (T) to elite Youth squad measurediiapproximately hakyearly time points.

Table8.3 and Table8.5 show the raw change between time points i.e4 € T-3, T3¢ T-2,
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T-2 ¢ T-1, 1 Figure8.2 and Figure83RA a LJ @ G KS Ay Roi&@mwkhae £ alk Af 2 N

gender over theapproximately threeseason periodelative to theagematchedz-scores
for the elite sailing populatiorResults are also reported in context to class vallisplayed

in the previous studyTable7.3to Table7.6).

8.3.1 Female sailors

Both female sailors were estimated to be pd3HV throughout the studyime period.
Sailors began the study categorisedslightly-early 1) and latematuring £2. Anegative
drift was observed in-gcores over the study duration resint) inFINS O 2 NR SIRA ¥ SQ W2 y
atT+1{ I A f 2 NR Q Ods Nilfeyed liy approriakelly twoysars, due to diffeences
in maturation statussailors were almost identical in %PAH 489.4 and 99.4%gnd T+1

(99.5and 99.7%)representing similaBA(<0.3 years difference).

F1 Youngestof the female sailors (14.2 years) and least mature (97.2% PAH)at
althoughslightly early in maturation statug-6core0.6). In Topper and Laser 4.7 classes
anthropometric characteristics were near average (height x mass: 87 ¥s1®zand 100
vs. 103t 9)whereas in Laser Radial on the lower end as height only incré&asedrom T-

4 to T+1, even though bodymass increased by kijto 655 kg(Laser Radial bodymass:
68.6+ 5.6 kg. AtT-4, Flwas low in physical fitness (23%) verdusiormean (47+ 19%)
though made largemprovementg(+50%) ending above mean values reported in Youth (73
vs. 67+ 16%) and relative tdAmatched population meanz{score +0.87)F1recorded
large increases in performance T-test (-0.94 se¢ and SLJ (0.89 compared toF2 The
largest period of improvements relative to agetched population occurrettom T-4 to

T-2 (13.2¢ 14.3 years), fronT-4, F1lbegan below the mean (score-1.78 with greatest
increases seen in presps (1.92), supine pulls (1.53) and A4 reailting in an overall

increase oR.65.

F2 Older of two sailors (15.2 years) and most mature (98.3% PARYathough remained

a late maturer throughout ¢score range:-1.0 to-2.2).F2was consistently close to the class
means for position in anthropogatry measured by height x mass from 89 to 96 versus 29er
helm range of 93 8. This was evidenced in raw scores through minimal chang& aihf.
and 27 kgin height and bodymass over @ seasons respectively. A4TF2was at the
lower end of physicditness for elite Youth sailors (53 vs. 616%) though progressed to
86%resulting in az-score ofl.15above the ageanatched population mean and greatest of
the female sailors in this study2 exhibited the greatest variation in physical fithess
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charaderistics, repeatedly rising and dropping owee-score of 0.5within each season,
with improvements corresponding to the end of Winter training period and losses in fithess
relating to the summer competition period (WinterSummer change: +2211, +13,-7,
+16%).

In summary, F1 was the youngest sailor with largest increase in anthropometry and
maturation over three seasons. Also greatest improvements in physical fithess, starting
from the lowest level. F2 exhibited the smallest change in anthropometdyraaturation

and oldest sailor, observed the largest variation in physical fithess scores apart from F1 (T
4 to T2). Although F2 was a later maturer, due to her greater starting age went through
less change imaturity BA (1.0vs. 1.7 years) and %PAH §0ss. 2.3%)compared to F2,
possibly highlighting a potential factor to explain the lesser increases in overall physical
fitness (33 vs. 50%).
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Table8.2 Anthropometric and Physicéitness characteristics of twmdividual female sailors preduring, postTransition (T) to elite Youth squad

Female F1 F2

T4 T-3 T-2 T1 T T+1 T4 T-3 T-2 T-1 T T+1
dass Topper Topper Laser4.7 Laser4.7 Radial Radial 29er 29er 29er 29er 29er 29er
Level JUNIOR JUNIOR JUNIOR JUNIOR YOUTH YOUTH TT TT TT TT YOUTH  YOUTH
Type Hikel Hikel Hikel Hikel Hikel Hikel Hike2  Hike2 Hike2 Hike2 Hike2 Hike2
Age (gars) 13.2 13.7 14.3 14.5 15.2 155 154 15.7 16.4 16.6 17.1 17.6
Biological age @ars) 13.8 14.3 14.9 15.0 154 155 14.8 14.8 15.2 15.2 15.3 15.8
Maturation (zscore) 0.6 0.5 0.3 0.4 0.2 0.0 -1.4 -1.2 -1.4 -1.5 -2.2 -1.0
%PAH (%) 97.2 98.0 99.0 99.1 99.4 99.5 98.3 99.0 99.3 99.3 99.4 99.7
Height (cm) 162.5 164.3 164.3 165.2 165.2 165.5 168.4 167.7 168.7 168.5 168.8 169.1
Mass (kg) 53.7 55.0 61.0 61.3 65.1 65.5 53.7 56.1 57.0 56.5 56.5 56.4
Height x mass 87 90 100 101 108 108 90 94 96 95 95 95
T-test (sec) 12.96 - 13.00 12.65 11.89 12.02 11.23 11.03 1235 1181 12.19 11.49
SLJ (m) 1.44 1.43 1.70 1.76 1.74 1.83 1.70 1.73 1.71 1.84 1.78 1.83
Pressups (reps) 2 3 2 7 13 18 0 4 3 3 9 16
Supine Pulls (reps) 3 13 15 12 15 19 10 20 20 20 20 22
Bleep Test (m) 1220 - 1500 1280 1280 1280 1420 1540 1600 1680 1380 1580
Overall Fitness (%) 23 - 67 54 63 73 53 75 63 76 69 86
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Table8.3 Raw change in maturation, anthropometric aRtysical fithess characteristics of individual female sailors over4feaeperiod across elite

Youth squad transition (T)

Female F1 F2

T4- T3- T2- T1- T- T4- T4- T3- T2- T1- T- T4-

3 T2 T1 T T+l T+1 3 T2 T1 T T+l T+1
Age (gas) 04 06 03 07 03 23 02 08 02 05 04 21
Biological age @ars) 04 07 01 04 01 17 01 03 00 02 04 10
%PAH (%) 08 10 01 03 01 23 01 03 00 01 03 08
Height (cm) 1.8 00 09 00 03 30 03 10 -02 03 03 07
Mass (kg) 1.3 60 03 38 04 119 24 10 -05 00 -01 27
T-test (sec) - - 035 -0.76 0.13 -0.94 020 1.32 -054 0.38 -0.70 0.26
SLI (m) -0.01 0.27 0.06 -0.02 0.09 0.39 0.03 -0.02 0.13 -0.06 0.05 0.13
Pressups (reps) 1 -1 5 6 5 16 4 -1 0 6 7 16
Supine Pulls (reps) 10 2 -3 3 4 16 10 0 0 0 2 12
Bleep Test (m) - - 220 O 0 60 120 60 80 - 200 160
Overall Fitness (%) - - -13 9 10 50 22  -11 13 -7 16 33
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8.3.2 Male sailors

Greater variation in maturation was observed in matssnpared to females in ages
relative to PHV, witlone of the malesailors estimated to be prend circaPHV dring the
three season period. However,aturation status was more stable over time with sailors
remaining in the same categoridgl slightly ealy (zscore range: 0.7 t6.9) andM2 late
(-2.0 to -1.0). Chronological agewere similar between sailors @3 years at T4),

representing variation iBAwithin male sailors in this study.

M1: Oldest at ¥4 (14.7 years) and most mature throughout thady period (96.1 to 99.8%
PAH). In Laser 4M1 possessed greater anthropometric characteristics than the class
mean plus S.D. (height x mass: 114 and 116 vst 10)) close to class mean in Laser Radial
(128-131 vs. 123 9). Over the study periotf1 increased height by 3.cm with 46 cm

T-4 to T3, and bodymass by approximatéykgper year peaking at 6.kgrise in 0.8 years
from T-3 to T-2. Physical fitness remained above the meanJiamiorand Youth (45 to 48
vs. 38+ 19% atJuniorand 77 to 8 vs. 75t 14% at Youth), with an overall increasetdfo.
The greatest period of improvement was3To T-1 with 25% rise in 1.0 years, notable gains
over this time period includeel.41 secin T-test and 880m further in bleep test. Relative
to BAmatchedpopulation,M1 possessed a very hidleep test score {gcore2.69), from

T-2 to T+1 improvement waabove the rate of population meamgverall physical fithess
scoresremained below the mean until T, ending sligtdalyove mean with -score 0f0.42

at TH.

M2: Similar age tthe other male sailo¢14.4 years) at-#, and the least mature throughout
the study period (84.%, 95.7% PAH), spanning the age period-po&rca and postPHV
unsurprisingly associated with the greatest increase in maturdior8o PAH). At-#, M2
was on the lower end of Optimist class in anthropometrical characteristics (height x mass:
57 vs. 64 13), even though growing I6cmover three seasons remained small as 420
helm (73 to 85 vs. 10412).M2 sharply increased heighuding F4 to T2 (10 cmover 1.2
years), with steady increase$ 4 ¢ 6 cmper year from T2 to T+1. Two sharp increases in
bodymass from B to T2 (72 kgin 1.2 years) and-I to T (28 kgin 0.5years). At ¥, M2
displayed a low level of physical fithess relativduaiorlevel (21 vs. 38 + 19%jough not

as apparent again®Amatched population (zscore-0.22). M2 made large increases (41%)
in physical fitnesgcludinga particular spike of 20% from 1L (0.5years) corresponding

with increase in bodymass @kg per year). Continuousgmprovements were made in
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physial fithess,M2 improved greater than the rate of population mean fron8To T,

peaking atabsolute zscore of 0.78, finishing at 0.61

In summary,M1 was most mature and older, made large improvements early in study
period with continued improvement above rate of population mean through Youth
transition, ending slightly above th@pulationmean.M2 was least maturat the start of
measurementthough recorded greater increase in %PAH. Made large increases in
anthropometry and physicdltness characteristicespecially in T4 to T periodpre- and
circaPHV. Shodr in stature, and progressed at greater rate Bé&vmatched population

mean in physicditness.
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Table8.4 Anthropometric and Physit&tness characteristics of twmdividualmale sailors pre during, postTransition(T)to elite Youth squad

Male M1 M2

T4 T-3 T-2 T1 T T+1 T4 T-3 T-2 T-1 T T+1
Class Laser4.7 Laser4.7 Radial Radial Radial Radial Optimist - 420 420 420 420
Level JUNIOR  JUNIOR 1T TT  YOUTH YOUTH JUNIOR - TT TT YOUTH YOUTH
Type Hikel Hikel Hikel Hikel Hikel Hikel Hikel - Hike2  Hike2 Hike2 Hike2
Age (gars) 14.7 15.1 15.9 16.1 16.7 17.0 14.4 - 15.6 15.8 16.3 16.7
Biological age @ars) 15.3 15.8 16.9 16.9 17.5 18.0 12.3 - 13.8 14.3 15.0 15.2
Maturation (zscore) 0.9 0.7 0.7 0.7 0.7 0.7 -2.0 - -1.6 -1.5 -1.2 -1.1
%PAH (%) 96.1 97.4 99.0 991 99.5 99.8 84.9 - 90.8 92.9 95.4 95.7
Height (cm) 177.9 179.9 1825 183.0 184.3 185.2 150.5 - 160.5 162.1 164.9 167.2
Mass (kg) 64.0 64.7 70.3 695 69.7 70.5 38.2 - 45.4 46.1 48.9 50.8
Height x mass 114 116 128 127 128 131 57 - 73 75 81 85
T-test (sec) 11.56 12.23 11.30 10.82 10.83 10.55 11.78 - 11.49 11.38 10.73 10.55
SLJ (m) 1.93 2.04 1.88 2.01 2.26 2.23 1.56 - 1.80 1.70 1.87 1.85
Pressups (reps) 13 12 21 24 27 25 2 - 8 9 22 19
Supine Pulls (reps) 14 23 20 22 18 28 6 - 16 29 30 25
Bleep Test (m) 1940 1840 2340 2720 2360 2360 1880 - 1760 1900 2060 1980
Overall Fitness (%) 45 48 61 73 77 84 21 - 37 48 68 65
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Table8.5 Raw change in maturation, anthropometric and Physical fithess characteristics of individual male sailors oyerahpsziod across elite Youth

squad transition (T)

Male M1 M2

T4- T3- T2- T1- T- T4- T4- T3- T2- T1- T- T4-

T T2 T1 T T+1 T+1 T T2 T1 T T+#1 T+1
Age (gars) 03 09 02 06 03 23 ] ] 02 05 04 23
Biological age @ars) 0.6 1.1 0.0 0.6 0.5 2.8 - - 0.5 0.7 0.2 2.8
%PAH (%) 1.3 16 01 04 03 37 - - 21 25 03 108
Height (cm) 20 26 05 13 09 73 - - 1.6 28 23 167
Mass (kg) 08 56 -08 02 08 66 - - 07 28 19 126
T-test (sec) 0.67 -0.93 -048 0.01 -0.28 -1.01 - - -0.11 -0.65 -0.18 -1.23
SLI (m) 011 -0.16 0.13 0.25 -0.03 0.30 - - 010 0.17 -0.02 0.29
Pressups(reps) -1 9 3 3 -2 12 - - 1 13 -3 17
Supine Pulls (reps) 9 -3 2 -4 10 14 - - 13 -9 -5 14
Bleep Test (m) -100 500 380 -360 O 420 - - 140 160 -80 100
Overall Fitness (%) 3 13 12 4 7 39 - - 11 20 -3 41
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8.3.3 CAversusBAmatched comparison

The impact of different agenatching categories (CA vs. BA) varied between genders and
sailors. In male sailors the pattern was consistent, With (earlier maturing) displaying
lower scores relative to Bfatched population versus chronological with thpposite
evident inM2 (later maturing) scoring higher when relative to BA. The magnitude of this
difference was greater iM2 (zscore difference 0.4 to 1.81 vs. 0.Q71.27) in line with
greater age gap betven BA and CA1(.5 to-2.1 vs.0.6 to 1.0 years The trend in female
sailors was less clear, with naonsistent pattern of CA versus B#atched zscores,
though clear disparity was evidentkiat T-4 (BACA zscore difference:0.5 to-1.39) and

T inF2(0.45 t01.12). Across sailors of both gendgthe effect of comparing to Bivatched

benchmarks from CA results irsgores changing from over to under mean values.

8.4 Discussion

Theaims of this study weré¢o longitudinally investigate individual anthropometric and
physical fithess characteristicsahite female and male sailors prior to and during transition
into Youth class sailing based on cresstional agenatched populatiormeans, ando
compare variation observed within this transition usi@ versusBA to benchmark
progression.This study pogressed the experimental design utilised by &tilal. (2013b)
where an individual case study approach was used longitudimalgtite Rugby League
playersto assess the dynamic int@ndividual variation through adolescencEhe findings
within this sudy of large variation in magnitude and timing of physical development are in
line with previous longitudinal researdfhilippaertset al,, 2006; Tilet al.,2013a; Tilet al.,
2013b), plus offer new recommendations based on BA tracking in elite afbdebevays.

These findings are discussed in more detail in this section:

Large variation was observed within and between female and male s@laitsropometry

and physical fitnesthat can be seen iffable8.3 and Table8.5. In raw scores the males
varied to greater extenin anthropometry with yeast heightincreases peaking at 8.7 and
105 cmin M1 and M2respectively compared to 0.7 an@ cmacross the whole three
season period ifFland F2 Peak growth rates measured in young males and females of
European ancestry display magnitudes of 8. 20.3and 7.1¢ 9.1 cmyear? respectively
(Malinaet al., 2004) therefore it would be expected that the males in this study were closer
to APHV than the femalesdding to a greater maturatioaffect. Within the longitudinal

case study by Till and colleagy@613b) growth rates of early and late maturing male elite
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rugby league players between und&B and underl5 groups ranged from between 0.5 to
5.61 cmiyear! displaying the variation observed in other sports acr@ssange of
maturation status The varigion in bodymass from this study is lower that &tlal.(2013b)

who found a range of 5 to 3 kgyear?, elite male and female sailors ranged from
approximately-0.6 to 64/3.5 to 7.2 and 4.2 to 7.30.5 to 3.4 kgyear! respectivelythis is

not surprisng due to the benefits of increased mass to succeed in the contact nature of
rugby leagueMaximal values were in lir@ slightly lowerthan non-athletic datain North
American and Europeambtained by Malinat al.(2004) who foundop end ranges to be

8.8+2.4 and 10.3 1.9kgyear™.

In physical fithesgestswithin this studya differentpattern to anthropometryemerged

with largevariation indifferencesn the majority of tests irall foursailors when combining

test periods gives approximatelg-year Hocks revealingthe following maximum
improvements T-test: -1.39 secand-1.01 secn M1 andF1, SLJ: +8cmand +3 cmin M1
andF1, pressups +14 and +13 reps M2 and F2 supine pulls: +14 and +12Mil andF1

and bleep test: +880m and 280m M1 and F2 Large improvements in overall physical
fitness were witnessed in both female and male sailors (44% in 1.1 years and 20% in 0.7
years respectively)Less variation in females is expected in general due to possessing
smaller frames and heightand a lower range of strength and motor performance abilities
(Malina et al,, 2004) this data reveals themportance of theawareness ofindividual
variation in physical fithessthat occurs during adolescenceor@pared to previous
longitudinal research in elitmaleyouth soccer players who were part of the Ghent Youth
soccer projec{GYSPyreater magnitudes of improvement were observed in the current
study in SLJ andOmSRTover yearly period Improvements arand PHV of up to 1B.
cmiyear! in SLJ, and 3.mindear! in 20mSRTwhich equates to approximatelg60m
based on the number of shuttégper level(9 to 11) Playerf different performance level

in the GYSP were exposed to consistent volumes of traihmgghout the duration of the
study (3-6 hoursweek?), training volume was not recorded in the current study, possibly

highlighting a reason of greatenprovementsfrom within seasorvariation.

In the case of the male sailors who were-@atched,M2, the later maturer did not? O k- G O K
dzLdger the study remaining approximatel0% lower in overall fitnes¥Vhencomparing
physical fithess scores relative BAIn earlier versus later maturers females the scores
appeared similar at an equivalent 15.4as at T Overall score was 63 and 69%
respectively), the later maturerFQ had enhanced her physical advantage by T+1
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outscoringFlby 13%.n male sailors at 15.2 years scores were 45 and @8%and M2
respectively) revealing a tendency towards the lateaturers performing better at
equivalentBA possibly due to more opportunity to traiinom being chronologically older,
and from being more psychologically matufée longitudinal development relative BA
matchedpopulation and the difference betwee@Aand BAbenchmarks are displayed in
Figure8.2 and Figure8.3. Regular large variation was obsenaghinst the agenatched
populationusingboth methods with zscore differences of * 1 between time points in
females and males. Some of these stdfanges oaorred across the population mean

potentially having consequences based around informing selection/deselegpioron.

A key aspecto acknowledge in youth athletic development&turity timing which can

vary in tempo and magnitud@Malinaet al., 2004). h light of this variatiopa standardised
point typicallyreported is the APHV, denoting théA at themaximum increase in height
during the adolescent growthpurt, is used to asss maturity timing. PHV is impacted by
changes in the adolescent 8y, primarily through hormonal development where growth

is stimulated by androgens and estrogens that promote anabolism via nitrogen retention.
Androgens (e.g. testosterone) drive bone growth throughreased growth hormone
which in turn stimulates insuln-like growth factors (IGH (Malinaet al, 2004). It is
contended that these hormonal and growth developments facilitate enhanced physical
fitness performance around the APKRhilippaertset al., 2006) or more specificall.8 to

1.2 yearspost-PHYV intime with peak increases in bodyweight (PWV) likely from greater
muscle mass (Malinat al, 2004).In a nonathletic population mean estimated APHV
occurs at 11.4 12.2 years in females and 13;84.2 years in males, athletes have been
shown to vary fom 12.0 to 13.2 years in females and 12.85.0 in males, with the
extremes of younger ages coming from rowing and later from gymnastics (Mdliala

2004).

Maturity timing was estimated in this studiirough theuse of Khamis anBoche (1995),
which dentified both female sailors anM1 (earlier maturer) were posPHV and M2
spanned preduring and posfPHV during the study perio¥2 missedprofiling at F3 and
is thereforedifficult to pinpoint accurateAPHVas growth achieved@cmduring F4 to T
2 (1.2 yearsyvhich is comparable to magnitude of male PHV (Madihal,, 2004) witha
deceleration in following time pointdn all sailorspeakimprovementsin physical fithess
occurred in line withthe greatestincreases in bodymassased on the timings of other
anthropometric characteristics, in most cases probably relatingwdv Flincreased 44%
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during F4 to T-2 (73 kgincrease)F2increased 22% during4 to T-3 (24 kg, M1 increased
13% during BB to T2 (56 kg andM2 increased 16% during-Z to T-2 (72 kg and 20%
during F1 to T (28 kg potentially supporting the previous research of physical fithess
relating to increases in muscle mass (Maknal., 2004; Philippaertgt al., 2006).Though
in a range of physical fitiss tests further increases continued, possibly due to individual
differences in muscle mass increases and volume of training (Philippaeats 2006).A
limitation of this study was not measuring body composition e.g. skinfalksishis would

aid the canfirmation of changes in lean body mass.

Whencomparing the differences acroas each time poinusing BA versus GRigure8.2

and Figure8.3), this generally improved sailor standing relative to mean in later maturers
with the oppositeevident in earlier maturerswhich is in line with previousesearchthat
highlighted that athletes may be (dis)advantaged based on comparison with CA categories
(Armstronget al.,1998; Tillet al.,2013a) Maturation has been shown to affect péigal
fitness in previous studies (Matthgsal.,2013a;Tillet al.,2013a; Tilet al.,2013b;Vaeyens

et al.,2006)and in this study overall fitness change frord To T+1 was closely linked to
the increase in BA between sailors of the same gendearcbgss of maturation status
males bothincreased by 2.8 years and increased physical fithess by 39 andF411%,
increased by 1.7 years compared with 1.0 yeafsresulting in an increase of 50% versus
33%. However, clear relationships are difficult to classifyyiasontendedthat maturation
status is more purely linked to anthropometry in height especially,as there is less
interaction withconfoundingfactors such as training volume or nutritional intaf@eunen

et al.,1978).Althoughthe pattern ofdifferencesbetween BA and Céere much clearer in
male conpared to female sailorgn reflection data displagd an inconsistent interaction

of maturation and plgsical development during adolestce inboth female and male

sailors.

This inconsistency confirms the consessaf research inalent, where it is viewed that
crossda SOU A 2 yalKE2 (W& 1218 | oAt AdGe | yR LIK&aAOlf (
GKSe R2y Qi GF1S Ayda2 002dzyd GKS @F NRI GA:
adolescence (Tikt al, 2013a; Tillet al, 2013b; Vaeyenst al., 2008). Insteadsporting
pathways should focus on longitudinal monitoring, using physical pngfilo aid the TDE
process by providing set of normative values that may be used to track sailors against
longitudinally that can aid selection, inform training prescription and help monitor
progression (Lidoet al., 2009. Purely crossectional selection is a dangerous process,
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especially at younger ages, as physatadracteristicihat separate athletes at one time
point may not stay through until late adolescence or adulthood (Abbott and Collins, 2002).
It should be wted that even with added information of developmental trajectories and
maturation status, thepathwayto elite adult sporting success in complex and does not

automatically translate to performance (Suppietal., 2015; Tilet al,, 2013a).

Crosssectiond and grouped longitudinal research designs do not reflect the detalil
necessary to understand the true variation within the maturation of individual athletes,
vital to understand the TDE press. Althoughdata of this type may be used as a
benchmarking proess, as long as it accounts A This study used an individual case
study design similar to Ték al. (2013b), the male sailors who were -@ratched provide a
comparable population in terms of gender and starting age being within the original paper.
The female sailors represent a novel group where CA was diffdsanin the last few data
LR2AYGad 6SNBE aAYATINIAY . ! RdzS G2 G0KS RAFTFSNBYO
design are similar to Ti#t al. (2013b) in that it allows for the loRggrm analysis of
individual variation through a TDE environment that previous esaessional studies do

not. Choosing a small sample of four sailors is a limitation, but a requirement to answer the
key TDE research questions, the biased selection afrsail this study could be viewed as

a limitation, though as Till and colleagues (2013b) stasetecting athletes based on a
range of factors including class type, age and maturation status) aids understanding of
potential variation across adolescencéypif another four sailors were chosen different
results would have been evident, further strengthening the methods employed in this
study. This study does not intend to extrapoldtedingsto the population, but purely
present the variation that is evaht ina small sample aleveloping elite male and female

sailorswithin the Olympigathway.

As in the previous studyimitations exist in the estimation of maturity status and timing,
especially around typicaderiods of accelerated growt{Beunenet al., 1997;Khamis and
Roche, 197p Theestimation ofBA using the UK 1990 reference standards (Freeshah,
1990) may be viewed as a limitation, as the population issecific in terms of athletic
or maturity status. It cannot be discounted thsailors experienced a degree of learning
effect or betweensession testetest error, even though prior opportunity for practice or
multiple trials were given. Finally, without full detail of training volume, it is difficult to

attribute differences purelyo changes in maturity status or timing,
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This study was novel in thab longitudinal research has been conducted in elite Sailing
Relative to case study desggthe ages of the participants exceed the range monitored in
previous studies, pluthis stud/ adds knowledge to the dearth of research within elite

youth sportswomen outside of gymnastics.

8.5 Practical applications

It is evident that large variation occurs within and between female and male sailofs pre
during, and posttransition into elite Youth squads, further strengthening the argument
for longitudinal assessment of athletes within a TDE framework, rather than early
(de)selection based on ornaf crosssectional snagshot assessments. Observing the
variation of introducing maturatiostatusin the tracking young elite athletes in this study,
it is important to account for BA while applying cr@ésstional benchmarking as part of a

long-term assessment.
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Chapter 9  GeneralConclusion
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To address the increased competitiveness at elite senior lexkedre a higher number of
countries are winning a larger share of Olympic and world championship medals
(DeBascheret al, 2007; Ree®t al, 2016), it is accepted that maintaining a constant
stream of athletes capable of elite success must be achieves/éviget al.,2009). This is
confirmed in the increased return of greater funding and resources placed into to the
development of elite athletes (DeBosschetr al, 2013b; Hogarand Norton, 2000). A
pathwayprogrammethat has established the facets elite performance and can identify
athletes with the potential for successful progression ttaan focus resources to make the
greatest impact (Abernathy, 2008) such as increased access to elite coaching, sports scienc

support and funding (Vaeyers al.,2009).

The predictive accuracy of elifeiniorand Youth progression into elite &nior participation

and/or success is low, with a typical range of 6 to 35% across a variety of sports: Australian
football (Robertsoret al., 2014), cycling (Schumactedral., 2006), rugby league (Tei al.,

2014), gymnastics (Piat al., 2016) and football (LeGait al., 2010; Ostojiet al., 2014).

When considering the poor predictive ability of elite sportipgthways especially at a
young age, focus instead has bediected towards optimising the development of

G Kt SGSa ARSYGATASR +Fa GFtSYadSR gA0K GKS
5S@St 2 LIY Sy étQ@l, 2062 AbldoaidiCollins, 2004; Martindalet al,, 2005;
Vaeyenst al., 2008).

Elite siling is a complex sport that requires the combination of many factors including
decisionmaking, cognitive function, tactics and a large technical component both in terms
of boat design and physical skills (Bojsen t ét & \2D07; Sjggaaret al., 2015). In recent
Olympic cycles changes in the format of elite sailing has resulted in a more competitive and
physically demanding sport (Bojsan f &t&IN2014). Physical characteristics of elite
sailing have been researched, with the predominance tkilace in hiking positions, less

is known in trapeeze and board sailors. A variety of anthropometrical sizes and physical
abilities are witnessed in Olympic class sailing, mainly due to an attempt to maximise
righting moment and boat speed while keepingdy mass within specific boundaries for

different classes (Bojsem f &t 8I.N2014).

EliteJuniorandYouth sailing has received little attention, with all studies focusing on hiking
classes. Most studies have investigated physical indicators of peafa@nusing sailing

specific assessments (Callewaettal, 2014b; Taret al, 2006). Norspecific physical
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assessments have shown elite sailors exhibiting enhanced physical characteristics than
non-elite sailors and other elite sporting youths in strengthdurance, aerobic fithess and
co-ordination (Burnettet al, 2012; Callewaeret al., 2014a; Callewaeret al, 2014b;
Deforcheet al, 2003; Matthyset al, 2013b; Taret al, 2006;Vaeyenset al, 2006).
Although when considering the low volume of saispgecific training in these studies,
greater physical competency may be due to participation in other sports (Calleataadrt
2014b).

Physical characteristics are key to developing complextsgpecific skills (Abbott al,,

2002; Gagné, 2004; Jemsd Collins, 2003). Lloyet al.(2015a) devised a physical model of
development (Youth Physical Development model) where critical steps of the development
of physical characteristics are displaymath as: balance, emrdination, strength, agility,
power and aerobic endurance (Bergeron et al., 2015). Proficiency in these areas have been
shown to enhance sporting development through a number of areas: improving the
effectiveness and quality of hosiof practice and skill development (Elfer@kemsetet al.,

2010; Klieglet al, 1989; Ree®t al., 2016; Tuckerand Collins, 2012), increasing the
opportunity for practice through a decreased risk of acute and overuse injury (Laugtrsen

al., 2014) andmprovements in selesteem and motivation (Lloyet al., 2015a).

Monitoring physical characteristics is seen to add objectivity to the subjectvaeh snap

shot assessmentsf playing abilityAbbottet al., 2002) with the aim of supporting a more
directed plan of athlete development (Bompand Haff 2009). It is key however to
acknowledge the varying trajectories of physical development in athletes especially during
periods of accelerated growth (Bergerenhal,, 2015; Gulbiret al,, 2013;Lidoret al., 2009)

and that sporting development is mufctorial and strengths in one area may be
compensated for in other areas (Willianasid Ericsson, 2005). The impact dfysical
characteristics to distinguish betwegerformance level and stage of developmeaties
across different sportéElferinkGemseeet al., 2004; Franket al., 1999;Lawtonet al.,, 2012;
Lidoret al., 2009;Matthyset al, 2013b; Mohammecet al., 2009;Pearsoret al., 2006;Till

et al, 2013 Vaeyen®t al, 2006)Tracking (i Kf SGS Q& LIK & dokgiudihallyOK I NI Ol S NJ
acknowledging maturation statuselative to future elite success may enable talent
programmesfocus resources to maximise athlete potential based on the needs of their
individual trajectory(Allenet al, 2014; Lawtonet al, 2012; Vaeyenst al., 2008) and

formed the basis of this thesis.
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9.1 Experimental chapters

1 Chapterthree was the first piece of research to identify key characteristics of
successful elite development in sailing using ssimictured intervews with a
sample of experienced elifgathwaycoaches across a range of sailing classes, plus
corroboration with a high level elite sample of athletes who have all been ranked
within the top two in the world including multiple OlympianBirg order themes
including components of fithess and anthropometry were analysed from just under
1,485 individual quotesvithin the raw data themesof: Components of fithess;
Strength, Conditioning, Aerobic fitness, Agility, Balancepr@mation, Power,
Flexibility, Wiole body effort, Injury free and Albund fithess, Anthropometry;

Within anthropometrical range and Leverage.

Commonality was observed across the majority of physical characteristics, revealing
a high level of agreement between elpathwaycoaches anelite athletes when
considering the key characteristics of successful elite sailor development.
Differences imaw themes between participant groups were attributed to the role

of elite coaches in encouraging an environment of hard work, a more detaded vi

of relatively recent information recall compared to the athletes, and a different
experience of racing betweeYouth and senior level. It is also possible that athletes
recollected previous youth experience through rdagged lenses (Mitchelland

Thomgson, 1994).

A key aspect of successful development for elite sailors was around transitions, with
a number of elite athletes and coaches referencing the significant steps when
progressing through to elite senior participation in a range of componentseks
including: Strength, Conditioningerobi fithess All-round fithessand PowerThe
physicaldemandsof developing elite sailorsliffer when transitioning up the
pathway and between classegevealing a range of potential impact of physical
development,therefore support should be tailored based on individd@ O dzZNNX

and potential futurerequirements.

1 Chapterfour investigatedthe reliability, validity andnterrelationships ofupper
body stength assessmenisa order to establish the test to be used in the Olympic
pathway physical testing battenAll assessmentdisplayedhigh levels of reliability
(ICC =0.9880.999)in line with previous researcl®(96¢ 0.99 found in 1RM bench
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press ad bench pull exercises (Betlal.,1993; Invergcet al., 1991; Lawtoret al.,

2013; Levingeet al., 2010; McGuigaret al., 2010; McGuigan and Winchester,
2008). keld tests were shown tte valid when correlated taRM tests in a sample
of recreationaly trained memandwomen (r = 0.92, 0.98). A plateau was observed

within oneto two familiarisation sessions all strength assessments (P > 0.056).

In line with Baumgartner and colleagues (2002) study, whd?eeasup technique

was assessed fabjectivity, reliability and validity, correlations of r = 0.80.87

were found when comparing bench press performance at a percentage of body
weight, 1RM scoresvere calculated relative to body masghich resulted in
stronger relationshipsThecorrelation of Supine Pullso 1RM werestronger than
previously reported (Woodst al., 1992). When considering the timeonscious
environment of mass field testing within the Olympic pathway and the strong level
of reliability of pressup and supine pull testshese were chosen as the strength

testing methods in the physical testing battery.

Chapter sixgaired understanding of the variation in accuracy of Aomnasive
equations for predicting peak adult heigi®AH) (Khamiand Roche, 199; Sherar

et al.,2005)from measuring PAH in previous elileniorand Youth sailors in the
Olympicpathwaysince 2004Based on the appropriateness of these methods, the
Khamis and Roche (1995) method was selected to predict PAH and also to estimate
maturation status in furthestudies. The findings of this chaptmable the Olympic
pathway to advise preferable routes of development specific to measted
Olympic classeand be more confident in the monitoring of sailor progression
relative to maturation.This wasn agrementwith findings in Chapter threevhere

it is acepted that when reaching eliteeBior level that being within the correct
anthropometrical range is of key importance relative to the different classes and
positions amongst the Olympic classes (Bojen f &t 8 N2DO7; Bojsera  f &S NJ
al., 2014).

Chaptersevenaimed to furtherthe studies of Bojsea f £tSN@007) and
Bojsena f €t &.K2D14 who grouped and analysed the physical requirements of
Olympic sailingnto hikers, trapeeze and boasdilas. Using the physical profiling
test batterycreated from empirical chapters within the thesisllected twice a gar

from elite pathwaysailors from2012, this chapter identifiedhe anthropometric,
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maturation and physical charactéstics of elite Junior and Youth sailors The
outcomes of this chapter address the gap of understanding b&dympicclass
sailing and provids crosssectional benchmarks fguathway sailorsfor the first

time dependent on level and class type.

1 Elite coaches and athletegere in consensus when acknowledging the increase in
physical demands around key transition points moving betwhamorto Youth and
Youth to Olympic class sailing (Chapter thyedsing the physical profilingest
battery created through interactions of Chaptiéwree andfour collected twice per
seasonfrom elite pathway sailors, Chapter eight identified the longitudinal
development of physical characteristics in elite sailors aroumedJtiniorto Youth
transition point accountingfor the potential impact omaturation (Pearsoret al.,
2006). Identifying the intraand interindividual variatiorof physical development
around this key transition poinwill aid the programme tcsupport developing
sailors, angrescrbe physical benchmarkelative toBAto aid preparationfor the

step up in level

9.2 Practical Applications

The findings of this thesisclude confirminga physical profiling procedsr the British
{FAfAYy3 ¢SI YQa usihgt the Ykeygiplysicallclkedsticd outlined within
Chapter three.A number of these physical factors have been shown to differentiate
between elite and norelite sailing performance and relate to performance rankings which
could serve as key indicators towards elite progressiodoret al.,2009; Pearsort al.,
2006).As part of a physical profiling process Chapter 5 Supine pul andpressups
(Baumgartneeet al.,2002)were accepted aseliableand valid measures of strength to be
used within the testing batteryThrough the use of Khamis and Roche (1995) calculations
for estimating %PAH and BA using the 1990 UK growth reference standards (Feteman
al., 1990), thisenablad the Olympigpathwayto establish elite benchmarks to track ¢ £ 2 N&
physical development tdirect resources and support effectively to support development

created around individual needs (Allenal., 2014).

There is a scarcity of research investigating the developmental process of Olympic sailors
This thesis has increased the understandihghysical development of elite sailors within

the Olympigpathway, confirmingkey characteristics of successful elite developnfeorn

elite coaches and sailors. A complete saibpgcific physical testing battery has been
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confirmed to enable robust asssment of a broad set of physical competencies required

to meet the ever changing Olympic class environment. Using this battery of tests, a novel
crosssectional analysis of pathway sailing classes in males and females has been created,
providing the firs insight into physical requirements between classes below Olympic level.
Due to the differences in maturity timing observed between female and male sailors at
Junior level, it is recommended that greater awareness of gender differences are promoted

to impact development at that stage.

The thesis concluded with the requirement thawvesigating the progression gihysical
characteristics arounthe Youthtransition point must be made relative to the biological
age of the population mean to account for tb&ects of maturity The individual variation

in physical development though the pathway has been presented, highlighting the need for
longitudinal monitoring of sailors rather than decisions on physical competency based on

one-off snap shots

The thesigresented provides a progressive systematic plan to create a physical profiling
battery for a sport pathway, and displays a method of tracking change of individual athletes

relative to biological maturation and the population mean through usesfares.

9.3 Futureresearch

Throughcontinuingmonitoring and recording of this physical data, the British Sailing Team
will be able to gain greater understanding of the physical development of Olympic sailors.
Further work to build on this thesis should include mtinge spent validating the biological

age estimatausing %PAH frortne methodology ofKhamis andRoche(1995) To be more
confident of PAH prediction continue to record PAH in sailors who have been measured as
part of the pathway, especially in males, to assess additional growtk1lyoStyears of age

and whether this growth is systematic of sailors or purelyotlygh outliers. Physical
characteristiconly were covered in this thesis, using the content analysis from Chapter
three further areas of research could be investigated, for example psychological or
developmental characteristicsor the integration betweenphysicaland psychological

processes.

To be of most use to sporting pathways research should ultimately be guided towards
understanding the indicators of potential future success at Olympic and/or World

Championship level. Whilst the intention is not thdemtification of talent (and
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selection/deselection) using these indicators over time a picture ofa scaling of
importance of these factors could distinguish betwemrperelitesand the rest to enable

a more focused individual level of support within ttadent development environment.
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Appendix2 ¢ Regression calculations for ISO testing in Chapter Fi

Actual
Weight Weight Output

Plate combination Kg Kg mV
None 0 0.00 0.00
1 20 20.95 1.39
1+2 40 41.91 2.79
1+2+3 60 62.32 4.15
1+2+3+4 80 82.23 5.48
1+2+3+4+5 90 91.54 6.10
1+2+3+4+5+¢ 100 101.53 6.77
1+2+3+4+5 90 91.54 6.10
1+2+3+4+5 80 82.23 5.48
1+2+3 60 62.32 5.15
1+2 40 41.91 2.79
1 20 20.95 1.40
None 0 0.00 0.00

6 -

5 |

4 |

Output (mV)
w

N

Weight plate no.

kg

o O WN PR

20.951
20.962
20.409
19.904
9.316
9.985

y = 0.0486x + 0.0671

Calibration weight (kg)

60
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Appendix 3¢ Height added to current measurement to achieve predicted P&eraret

al., 2007)
Growth (cm) left before adult stature
MALE FEMALE

Years Years

from Early Average Late from | Early Average Late
PHV PHV

-4.0 45.29 40.09 34.73 -40 4261 38.81 34.35
-3.9 44.75 39.58 34.28 -39 4205 3824 3381
-3.8 44.21 39.08 33.83 -3.8 4149 37.67 33.27
-3.7 43.66 38.57 33.39 3.7 4094 37.11 32.74
-3.6 43.11 38.07 32.94 -3.6 4039 36,55 32.20
-35 42.55 37.56 325 -35 3984 3599 31.67
-3.4 41.99 37.06 32.05 -34 3930 3544 31.14
-3.3 41.43 36.55 31.61 -3.3 3876 34.89 30.62
-3.2 40.85 36.05 31.16 -3.2 3821 3434 30.09
-3.1 40.27 35.55 30.72 -3.1 | 37.67 33.8 29.57
-3.0 39.69 35.04 30.27 -3.0 37.13 3325 29.04
-2.9 39.1 34.54 29.83 29 3659 3271  28.52
-2.8 38.52 34.04 29.38 -28 36.04 3216 27.99
-2.7 37.93 33.55 28.94 2.7 35.5 31.6 27.46
-2.6 37.33 33.05 28.49 -26 3494 31.04 26.93
25 36.74 32.55 28.05 -25 3438 3048 26.4
-24 36.15 32.06 27.60 -24 3382 2991 25.87
-2.3 35.56 31.56 27.15 23 3325 2934 2533
-2.2 34.97 31.07 26.70 -2.2 3268 2876 24.79
21 34.39 30.56 26.24 21 3211 2817 24.25
-2.0 33.80 30.06 25.77 -20 3153 2758 23.71
-1.9 33.21 29.55 25.29 -1.9 3097 2699 23.17
-1.8 32.62 29.03 24.79 -1.8 3044 26.39 22.63
-1.7 32.03 28.5 24.28 -1.7 29.9 25.8 22.09
-1.6 31.44 27.95 23.74 -16 2936 2521 21.55
-15 30.84 27.4 23.2 -1.5 2881 2462 21.01
-14 30.23 26.83 22.63 -1.4 2824 24.03 20.47
-1.3 29.61 26.24 22.05 -1.3  27.67 2344  19.92
-1.2 28.98 25.63 21.45 -1.2 27.09 22.85 19.37
-11 28.33 25.01 20.84 1.1 2649 22.26 18.82
-1.0 27.66 24.36 20.22 -1.0 2587 21.66 18.25
-0.9 26.97 23.69 19.59 -0.9 2522 21.06 17.67
-0.8 26.24 22.99 18.96 -0.8 2454 2044  17.07
-0.7 25.48 22.26 18.33 -0.7 23.84 19.81 16.45
-0.6 24.68 21.51 17.68 -0.6 1 23.09 19.16 15.81
-0.5 23.84 20.72 17.01 -05 2231 18.5 15.14
-0.4 22.96 19.88 16.31 -04 2150 17.80 14.44
-0.3 22.04 19.01 15.56 -0.3 20.65 17.08 13.71
-0.2 21.07 18.09 14.76 -0.2 1 19.77 16.33 12.94
-0.1 20.07 17.14 13.92 -0.1 1886  15.55 12.15
0.0 19.04 16.16 13.05 0.0 1794 1475 11.36
0.1 18 15.18 12.18 0.1 17.01 1394 10.57
0.2 16.96 14.21 11.32 0.2 16.09 13.13 9.81
0.3 15.93 13.26 10.5 0.3 1518 12.33 9.09
0.4 14.92 12.35 9.71 04 1430 11.56 8.42
0.5 13.95 11.47 8.98 05 1345 10.82 7.79
0.6 13.01 10.65 8.27 06 1264 10.11 7.20
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Appendix 4 Calculation tables for predicition of PAH (Khamis and Roche, 1995)

251

Male Data Female Data
age Intercept  height weight md Bayer M Bayer SD age Intercept  height weight md Bayer M Bayer SD
4 -26.0521 1.23812  -0.48849 0.50286 4 -20.6566 1.24768 -1.0883 0.44774
4.5 -27.2262 1.15964  -0.41692 0.52887 4.5 -16.4505 1.22177 -1.03701 0.41381
5 -27.9942 1.10674  -0.36274 0.53919 5 -13.045 1.19932 -0.98161 0.38467
5.5 -28.3354 1.0748  -0.32344 0.53691 5.5 -10.5103 1.1788  -0.92307 0.36039
6 -28.2291  1.05923  -0.29649 0.52513 6 -8.9164 1.15866  -0.86236 0.34105
6.5 -27.9963 1.05542  -0.27938 0.50692 6.5 -7.9838 1.13737 -0.80043 0.32672
7 -27.9361 1.05877  -0.26959 0.48538 7 -7.3062 1.11342  -0.73826 0.31748
7.5 -27.9943 1.06467  -0.26462 0.46361 7.5 -6.7638 1.08525 -0.6768 0.3134
8 -28.1169 1.06853  -0.26194 0.44469 8 -6.2372 1.05135 -0.61704 0.31457
8.5 -28.2499 1.06572  -0.25905 0.43171 8.5 -5.6065 1.01018 -0.55993 0.32105
9 -28.3392 1.05166  -0.25341 0.42776 75.61 1.68 9 -4.7523 0.9602 -0.50644 0.33291 81.19 2
9.5 -28.297 1.02174  -0.24253 0.43593 77.21 1.66 9.5 -2.7008 0.89989  -0.45754 0.35025 83.03 2.13
10 -28.0365 0.97135  -0.22388 0.45932 78.4 1.76 10 0.8501 0.82771  -0.41419 0.37312 84.76 2.42
10.5 -27.5047 0.89589  -0.19495 0.50101 79.82 1.77 10.5 5.0131 0.74213  -0.37736 0.40161 86.85 2.71
11 -26.649 0.81239  -0.16267 0.54781 81.3 1.94 11 8.9011 0.67173  -0.34357 0.42042 88.65 2.88
11.5 -25.4165 0.74134  -0.13533 0.58409 82.54 2 11.5 11.6268 0.6415 -0.30898 0.41686 90.81 3.06
12 -23.7546  0.68325 -0.11242  0.60927 84 2.23 12 12.3029 0.64452  -0.27405  0.3949 92.61 3.27
12.5 -21.858 0.63869  -0.09341 0.62279 85.43 2.49 12.5 10.8679 0.67386  -0.23924  0.3585 94.72 2.61
13 -19.9726 0.60818  -0.07781 0.62407 87.32 3.02 13 8.164 0.7226  -0.20499 0.31163 95.96 2.15
13.5 -18.1225 0.59228  -0.06509 0.61253 88.22 3.57 135 4.6598 0.78383  -0.17175 0.25826 97.17 1.7
14 -16.3319 0.59151  -0.05474 0.58762 91 3.96 14 0.8236 0.85062  -0.13999 0.20235 98.27 1.24
14.5 -14.6249 0.60643  -0.04626 0.54875 92.6 3.85 14.5 -2.8759 0.91605 -0.11015 0.14787 98.74 0.93
15 -13.0256 0.63757  -0.03913 0.49536 94.6 3.74 15 -5.9704 0.97319 -0.08268  0.0988 99.31 0.68
15.5 -11.4535 0.68548  -0.03283 0.42687 96 3.31 15.5 -7.8823 1.01514  -0.05805 0.05909 99.54 0.48
16 -9.9801 0.75069  -0.02685 0.34271 97.09 2.71 16 -8.0743 1.03496 -0.03669 0.03272 99.62 0.35
16.5 -8.8577 0.83375 -0.02069 0.24231 97.95 2.12 16.5 -6.1381 1.02573 -0.01906 0.02364 99.75 0.34
17 -8.3388 0.9352  -0.01383 0.1251 98.79 1.43 17 -1.6657 0.98054  -0.00562 0.03584 99.95 0.25
17.5 -8.6756 1.05558 -0.00575 -0.0095 99.28 1.01 17.5 5.7513 0.89246 0.00318 0.07327 99.91 0.25




Appendix5 ¢ 1990 UK Reference standards (Freeratal.,, 1990)

Male Female
Age (yearsHeight (cm)%PAHAge (yearsHeight (cm %PAHAge (yearsHeight (cm)%PAHAge (yearsHeight (cm %PAH
10.0 138.4 77.9 14.1 163.0 91.8 10.0 138.4 84.6 14.1 159.9 97.7
10.1 138.8 78.2 14.2 163.6 92.1 10.1 1389 849 14.2 160.2 97.9
10.2 139.3 78.4 14.3 164.2 925 10.2 139.4 852 14.3 160.4 98.0
10.3 139.7 78.7 14.3 164.8 92.8 10.3 139.9 855 14.3 160.7 98.2
10.3 140.1 78.9 14.4 165.3 93.1 10.3 140.3 857 14.4 160.9 98.3
10.4 140.5 79.2 14.5 165.9 93.4 10.4 140.8 86.0 14.5 161.1 98.4
105 141.0 79.4 14.6 166.4  93.7 10.5 141.3  86.3 14.6 161.3 98.6
10.6 141.4 79.6 14.7 167.0 94.0 10.6 141.8 86.6 14.7 161.5 98.7
10.7 141.8 79.9 14.8 1675 94.3 10.7 1422  86.9 14.8 161.7 98.8
10.8 142.2  80.1 14.8 168.0 94.6 10.8 1427 87.2 14.8 1619 98.9
10.8 1426  80.3 14.9 1685 94.9 10.8 143.2 875 14.9 162.0 99.0
10.9 143.0 805 15.0 168.9 95.2 10.9 1437 87.8 15.0 162.2 99.1
11.0 143.4 80.7 15.1 169.4 95.4 11.0 144.1 88.1 15.1 162.3 99.2
111 143.8 81.0 15.2 169.8 95.7 111 144.6 88.3 15.2 162.4 99.2
11.2 1442 812 15.3 170.3 95.9 11.2 1451  88.6 15.3 162.6  99.3
11.3 1446 814 15.3 170.7 96.1 11.3 1455 889 15.3 162.7 994
11.3 145.0 81.6 15.4 171.1 96.3 11.3 146.0 89.2 15.4 162.8 99.4
11.4 145.3 81.9 15.5 171.4 96.6 11.4 146.5 89.5 15.5 162.9 99.5
115 145.8 82.1 15.6 171.8 96.8 115 146.9 89.8 15.6 162.9 99.5
11.6 146.2 82.3 15.7 172.1 97.0 11.6 147.4 90.1 15.7 163.0 99.6
11.7 146.6  82.6 15.8 1725 971 11.7 1479  90.3 15.8 163.1 99.6
11.8 1470 8238 15.8 1728 973 11.8 148.3  90.6 15.8 163.1 99.7
11.8 1475 831 15.9 173.1 975 11.8 148.8  90.9 15.9 163.2 99.7
11.9 147.9 83.3 16.0 173.4 97.7 11.9 149.3 91.2 16.0 163.2 99.7
12.0 1484  83.6 16.1 173.7 978 12.0 149.8 915 16.1 163.3 99.8
12.1 148.8 838 16.2 173.9 98.0 12.1 150.2  91.8 16.2 163.3 99.8
12.2 149.3 841 16.3 1742 98.1 12.2 150.7 921 16.3 163.3 99.8
12.3 149.8 844 16.3 1744  98.2 12.3 151.2 924 16.3 163.4 99.8
12.3 150.3 84.7 16.4 174.6 98.4 12.3 151.7 92.7 16.4 163.4 99.8
124 150.8  85.0 16.5 1749 985 124 1521 929 16.5 163.4 99.8
12.5 151.4 852 16.6 175.1 98.6 12.5 1526  93.2 16.6 163.5 99.9
12.6 151.9 85.5 16.7 175.3 98.7 12.6 153.1 93.5 16.7 163.5 99.9
12.7 1524 859 16.8 1754  98.8 12.7 1535 938 16.8 163.5 99.9
12.8 153.0 86.2 16.8 175.6  98.9 12.8 1540 941 16.8 163.5 99.9
12.8 153.6  86.5 16.9 175.8  99.0 12.8 154.4 943 16.9 163.5 99.9
12.9 1542  86.8 17.0 1759 99.1 12.9 1549 94.6 17.0 163.5 99.9
13.0 154.8 87.2 17.1 176.1 99.2 13.0 155.3 94.9 17.1 163.5 99.9
13.1 1554 875 17.2 176.2  99.2 13.1 155.7 951 17.2 163.5 99.9
13.2 156.0 879 17.3 176.3  99.3 13.2 156.1 954 17.3 163.5 99.9
13.3 156.6  88.2 17.3 176.5 994 13.3 156.5 95.6 17.3 163.5 99.9
13.3 157.3  88.6 17.4 176.6  99.4 13.3 156.9 959 17.4 163.5 99.9
134 1579  88.9 17.5 176.7  99.5 134 157.3  96.1 17.5 163.5 99.9
135 158.6  89.3 17.6 176.8  99.6 135 157.7  96.3 17.6 163.5 99.9
13.6 159.2  89.7 17.7 1769 99.6 13.6 158.0 96.5 17.7 163.5 99.9
13.7 159.8  90.0 17.8 176.9 99.6 13.7 1584  96.7 17.8 163.6 99.9
13.8 160.5 90.4 17.8 177.0  99.7 13.8 158.7  97.0 17.8 163.6 99.9
13.8 161.1 90.7 17.9 177.0 99.7 13.8 159.0 97.2 17.9 163.6 99.9
13.9 161.7 911 18.0 177.1  99.7 13.9 159.3 97.3 18.0 163.6 99.9
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Appendix & Participant information sheet (Chapter 5)

PLEASE READ THE FOLLOWING CARER‘/A (U”'VGFS'W

Study title: The development of a testing battery for an Olympic sailing pathway

This information sheet provides details of one of the studies within my research project for
completion of a PhD. The aim of this document is to outline the process of this study and give you
all the information you need to decide on whether you will cdesitaking part.

This study will investigate a range of methods to record aspects of upper body strength, and the
interrelationships between them. Both the validity and reliability of these methods will be
analysed in regards to how appropriate they amestiling. The main aim of this study is to help
develop the testing battery that we deliver in our Olympic pathway fithess testing sessions.
Should you agree to be involved in this research you would be required to commit to 4 gym visits:
2 x familiarisdon session (@ min) and 2 x testing sessiorapproximately2hours) over the

period of 2 weeks in which you will be performing 8 strength tests listed as follows:

1. 1-Reptition Max (RM) Bench press and Bench pull

2. 3 x Maximal isometric push and betfforts

3. Maximum number of presgps and modified pullips in one attempt

4. 3 seated maximal efforts on a Concept Il dynamometer in the horizontal push and pull
direction.

All the tests will be completed in each visit in the same order, with adequate rest given between
each test so that fatigue does not impact on performance. It is important that you do not perform
exhaustive exercise or drink alcohol in the 24 hours betioegesting sessions, and that you try

to maintain your diet and sleep patterns. Full technical advice, motivation and spotting (where
appropriate) will be given in all tests so that they can be performed safely and effectively. You
should eat a meal no $s than 2 hours before testing to limit the effect of pretrition on the

results, and no caffeine the morning of the testing. Please arrive in a hydrated state i.e. light urine
colour, and bring water with you.

Maximal strength testing does carry akriaf injury, though a standardised wasup will be
performed prior to high effort lifts to reduce the risk. If you have any injuries that you feel may
affect your ability to exert maximal force please contact me on the email at the bottom of this
sheet bebre taking part.

Individual results from the strength tests will be reported under pseudonyms to protect your
confidentiality and personal data will be stored under these pseudonyms on a lockable laptop
that only my supervisors (Dr. David Macutkiewicd &n. Mike Lauder and | will have access to.
You are free to withdraw at any point during the study without giving any reason, the data
collected may be removed from analysis if you so wish.

If you have any questions or concerns over your involvemerit this research study at any
point, please contact me o@7760 16197®r tim.jones@rya.org.uk

This project has been approved in accordance with the University of Chichester Ethical Policy Framework
Thank youfor your time
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Appendix 7¢ Physical profiling preeading

—

A
N BRITISH

PHYSICAL PROFILING

The tests we are tracking progression are in the following components of
fitness:

AGILITY

LEG STRENGTH / POWER

ANTHROPOMETRY

UPPER BODY STRENGENDURANCE & STRENBGAHANCE
TRUNK ENDURANCE/CBRR BACK HEALTH

AEROBIC CAPACITY

For a link to a video of all tests copy the following into your browsey:

http://youtu.be/Mk71dZ62KKkQO
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http://youtu.be/Mk7jdZ62KkQ

STATION 1

[ESTI-TEST
MEASURESBGILITY

AGILITY:-TEST

Aim of test: To complete the course as fast as possible with good technique while touching the
cones at each change of direction

Score: Time (sec)2 attempts with fastest run counted

Description of test:

Start at cone A, sprint forwards to cone B (G] (D)
Sidestep LEFT to cone C &
Sidestep RIGHT to cone D
Sidestep LEFT to cone B

Backpedal to cone A (start line)

S yards ———p -

5 yards

>

arMwNPE

Tips: Feet do not cross over during sidesteps
Stay low and balanced
Finish through the line at fulspeed
MUST TOUCH THE CONES FOR TIME TO CO ©Q start/Finish

s 10 Y e o
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STATION 2

[ESTSTANDING LONG
JUMP / HEIGHT, SEATED
HEIGHT, ARMPSAN, BODY

MASS

MEASURESOWER BODY
STRENGTH & POWER /
ANTHROPOMETRY

LEG STRENGTH/POWER: STANDING LONG JUMP (SLJ)

Aim of test: Jump as fas you can in a horizontal distance taking off and landing on two feet.
Score: Distance (ng)3 attempts with best score counted
Description of test:

1. Start from a standing position
with feet lined up

2. Jump as far as you can outwards
swinging your armeutwards to
help develop power

3. Land balanced in a low squat
position with both feet keeping
1ySSa waz2fiQ IyR o
@2dz R2y Qi FlLtft F2N
backwards otherwise the jump
will not count.

Tips: Jump out and up for maximum

distance

Use your armsto swing powerfully

forwards

Pre bend your knees before jumping out like a coiled spring
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ANTHROPOMETRY

What it does: measureSROWTHand tracksMATURATION

Aim of test: To identify the rate and amount of growth through your developing period
ScoreVarious (Height/Seated height/armspan, cm, Body mass, Kg)

Description of tests:

BODY MASS (Kg) SEATED HEIGHT (cm)
4 Keep weight evenly spread 4 Sittall
d Look forwards d Follow otherdirections from
d  Stand still standing height

STANDING HEIGHT (cm)
No tiptoes

Take big breath in
Head straight
Eyes level

Weight even ARM SPAN (cm)

Look forward d Stand facing away from testers
Keep back straight

Keep arms level with ears
Hold still
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STATION 3

[ESTHMAXIMUM PRESS
UPS & SUPINE PULLS

MEASURESPPER BODY
STRENGTH AND ENDURANCE
& STRENGTH BALANCE



%

UPPER BODY STREN®RESEPS & SUPINE PULLS

Aim of test: Complete maximum number of repetitions of bodyweight exercises with correct
G§SOKYAILdzS (G2 YSUNRY2YS (AYAYVESHT YRE2SGQUISNI NB
Score: Number of repetitions with good technique

Descriptionof test (Pressup):

Start lying face down on the mat with feet hip width apart, hands placed flat on the Jd8iT
OUTSIDE OF SHOULDERS®Ws pointing towards the ceiling

Brace the hips and trunk while slightly lifting the knees from the floor scayedully extended

in the start position on the floor

1 pressup = body pressed up under control to full extension of the elbows Vioitly kept
straight, then controlled down so that elbows are above back. ELBOWS MUST NOT POINT OUT
DIRECTLY SIDEWAYS.

Reps will not count if you cannot perform with appropriate technique e.g. hips sagging, hips
piking, pushing up in two movements, elbows not fully extended or going low enough during
reps

If you cannot complete any more reps with good technique the tebtbeiterminated.

Tips: Keep body braced with shoulders back
Breathe in at the top and exhale forcefully on way back up

Description of test (Supine Pull):

Start lying face up on the mat underneath bar, arms are fully extended touchirzptheith
palms facing towards feet with shoulders lifted off the mat but the back is still in contact
Grip the bar just outside of shoulder width, feet flat on the floor with legs slightly bent, bring
hips up into straight position.

1 supine pull = body ped upSO THAMID-CHESTOUCHES THE BAlRle maintaining a
straight body, then elbows are extended as body is lowered under control back to start
Reps will not count if you cannot perform with appropriate technique e.g. hips sagging, hips
piking, elbowshot fully extended or reaching 9Q3ulling the bar too high/low

Tips: Pull forcefully from start position to make sure chest touches bar
Keep body braced and shoulders back
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[ESTBLEEP TESIT

MEASURBRBEROBIC FITNESS

AEROBICAPACITY: BLEEP TEST

Aim of test: KeeprunninpOma Kdzi Gt Sa & f2y3 & @2dz Oy 2NJ dzyGAf |
Score: Level
Description of test:

Run between lines that ar2Z0 mapart to the sound of the bleeps

As the test progresses the bleeps geicker, so you must run faster to keep up

If you do not make the line you will be warned

If you get two warnings you will be disqualified by the tester

¢tKS gl e& GKS (S&ai aKz2dZ R SyR Aa o0& NBIFIOKAy3dI SEKI
with the bleeps anymore)lOTbecause you have just had enough!!

arwbdpE

Tips: Conserve energy for as long as you can
It will be tough, but push yourself to the limits
Aim to be the last sailor standing at the end
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Checklist

To perform at your, it is imperative that you prepayk Y R (1 K I {
stop at having a good breakfast! (though that definitely helps). Optimal

preparation will be achieved in partnershipth who is helping you at
home, and includes:

4 WHAT TQVEAR
4 WHATTOEAT/DRINK
4 OTHERNFORMATION

d WHAT TQWEAR
T-shirt
As the testing will take place i Shorts
grippyDRYshoes are most im|
(normal trainers will be fine), ¢
bring these in a bag and put t
inside before testing

g as if it is rainingywet shoes w
the floor slippery andlangerou

fCleandry trainers

{Tracksuit top and
bottoms

ISpare pair of shoes to

WHAT NOT arrive in

TO WEAR:

Warm topi f It ds
be cold for moving
between sports hall and
rooms

d DIRTYWETTRAINERS

d SKATE SHOES

& BAGGYUMPERS/TROUS
d JEANS

d FLIPFLOPS

d JEWELLERY

IF YOU TURN UP IN ANYTHING THAT IS CONSIDERED
INAPPROPRIATE YOU MAY BE EXCLUDED FREBSBHENS
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d WHAT TGEAT/DRINK

PRETESTING

1 Carbohydrate is main fuel that you need
Have balanced meal around®hours befordesting starts to allow

time to digest
Good options include:

Cereal + milk
Baked beans/egg + toast

Porridge with banana

1 If you are going to have a snhack ~1 hour before testing to top up your
energy stores, make sure it is a small one as you would ¢vadygust

eaten e.g. half a cereal bar
Good options include:
o Fruit, cereal bars
1 Make sure that you are hydrated in the morning

Have a glass of water at breakfast

Sip on water throughout the morning making sure you have around 300
500ml of fluids befag the testing session

Pretesting urine should be a light straw colour to indicate being well
hydrated
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