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Abstract

The studies undertaken in this theaimed tobetter undersind, and improve practiceslating to
monitoringo f  p | postexarcse responseand the use of recovery strategiesacademy rugby
league(RL). Survey findings (chapter three) highlightthat practitionersroutinely monitored player
readiness and when doing $avoureda combination of objective and subjectioels that areasily
implementedPractitioners overwhelmingly agmkéhat recovery strategies could be used to improve
readiness to train or play, buist overhalf of practitioners (i.e.55%) agreed or strongly agreed that
the recovery process was prioritised and executed well within their organidéiaitheless gcovery
strategiesvereused often or athf the time by 79% of practitionensitht he mor e dbdaccessi bl
(i.e., stretching, foam rolling and gybased recoverf)eingimplemented most frequentlizollowing
matchplay, variablesfrom the isometric miethigh pull (IMTP), countermovement jumCMJ), and
wellness questionnairedhdisplayed acceptable leveldetweerdayreliability were profiled chapter
four). Match-play inducedreductions of 4.75% and 9.23% at +24 HONJ velocity at takeoff and
jump-height, respectivelywhilst, despite large effect sizes being eviderthim postmatch periodno
significant changes were fouratrossIMTP or wellness variablegchapter four).Chapterfive
highlighted that when adequate pesgercise nutrition that adhered tcauthoritative nutritional
guidelineswasimplemented following higtintensity training, any additional recovery strategiese

not clearly beneficialLike matchplay, highintensity trainingelicited reductions in performance tasks
thatwereindicative of fatigueLike their senior counterpaxtit is evident thahcademyRL players also
experience postxercise perturbations. Current praciitacademyRL highlights that these responses
are frequentlymonitored whilst recovery strategies amdtenimplementedn attemptgo enhance the
restoative proceses However, due to the limited time available and the equivocal evidence
underpinning mostrecovery strategies implementedpractitioners should consider prioritising
educaibn and primng of professional habits in relation to recognised recoweoglulating practices

such as nutrition, hydration, and sleather than pursuing possible benefits from recovery modalities.
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Chapter 1.0 Introduction

Rugby league (RL) is a sport played across the world, but mostly in Australasia and the United Kingdom
(UK). During a game of RL, two teams, consisting of 13 players, ardiditional four substitutes,
compete against each other, wetaiming to outscore the opposing team by scoring a try, conversion,
or dropgoal. At the professional level, the game is playedviar40 minperiods separated by a ~15
min half-time interval (Johnston et al., 2014aYo better understand the game of RL, and to
subsequently aid practitioneis preparing their playerfor the associated demandgsearch into
various facets of the sport has vastly increasade 2008 Throughout most researchowever, the
focus has predominantly been oniithe professional senior playeWhilst this may not be surprising
due to the high profileatureof the two major senior RL competitiofis., the National Rugby League;
NRL in Australasia and Super League; SL in the UK and Frattee)dentification and development

of junior players isan important aim of the differe®L governing bodies antianyprofessional clubs

(Till et al., 2011; Till etal., 2015a)

The currently available research in junior RL players is mainly focused toywhayds$cal qualities,

whilst some information is also available in relation to their physictVity profiles Specifically,

player monitoringpractices postmatch and podfraining responses, and the use and effect of recovery
strategies remain poorlynderstood in this populatioRugby league players perform betweer630
collisions per game, depending on playing position, whilst it is not uncommon for backs to cover up to
1000m of highspeed running distan¢Elulin et al., 2017; Waldron et al., 201k) addition, the nature

of the game requires players to perform a high number of accelerations and decel@atarey et

al., 2016) As a result, iis well documented that rugigpecific exercise includes a high frequency and
intensity of eccentric muscle actiofis., through higkspeed running, sprinting, accelerations, and
decelerationsandblunt force traumas (i.e., through collisionshich mayinduceperturbations in post
exercise responses that are typically indicative of fat{ijaeighton et al., 2018; Peake et al., 2047)

term that is widely used in several different contexts which acknowledges two main attributes: (1) a

decline in an objective measure of performance or the inability to produce power, and (2) sensations of
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perceived tirednesgKluger et al., 2013)Postexercise responses are typicathonitored through
neuromuscular, bchemical, endocrine, or subjective indicehilt a plethora afmonitoring toolsand
variables isavailable, practitionerare encouraged wonsiderthe validity, reliability, sensitivityand

practicality of a specific tool prior to its usethreir sporting population.

In addition to the fatigueesponse being individual to each player, it may seem logical that those players
undergoing more heavy collisions and/or a higher number ofesiatiens, decelerations, and high

speed running, will experience an increased fatigue response. Understanding the stimulus that players
need to recover from (i.e., tinephysical activity profileg is therefore particularly important for
practitioners whe managing player fatigue. However, superior physical qualities and suitable recovery
strategies may be able to offset these responses and facilitate a quicker return of suffered perturbations
to baseline valugdialson, 2008; Johnston et al., 2018Wilst the efficacy of most strategies remains
equivocal, it is common practice for most athletes to undergo a standard routine aimipgotoe

recovery. Optimising processes in relation to playing monitoring and the implementation of recovery
strategies may aid in the timely observation of potential underperformance, injury, or illness, whilst

attempting to enhance readiness for traimind matckplay (Kellmann et al., 2018)

Managing the interaction between training load (i.e., fieldd gymload), fatigue, and consequent
recovery and adaptation is largely compl@®upuy et al., 2018) Professional senior sporting
environments generally have more available personnel and greater financial resources to manage and
optimise this process, comparedatolescenenvironments. Nevertheless, given the primary aim of
development in academy playdi&ll et al., 2015a) and the relatively short period that players are
exposed to professional training and guidance, it may be worthwhile for professiadaimyplayers

to also benefit from effective monitoring processes and regosgategies. Indeed, additional
opportunities to develop through training or maptély because of the effective use of these processes
may be especially important for academy players. To better understaimfandthese practices in

relation to playemonitoring postexercise responsesnd the use of recovery strategies in academy

RL players additionalcontextspecificresearch is required.
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Chapter 2.0 Literature review

Chapter Summary

T

T

Rugby league playstypically require72 h torecover fronpostmatchperturbations following
exposure to repeatextcentric muscle actions and/or blunt force traurBash perturbations
areoftenmonitored through neuromuscular, biochemical, or endocrine, or perceptual measures.
There is a lack of search assessipgstmatchresponsgin more ecologically valid scenarios
(i.e., those in which regular training and recovery strate were employed) whilst also
reporting detailedhctivity profiles Responses tacademyrugby matckplay have only been
assesseninimally.

Various contextual factors in relation to physiaelivity profiles physical qualities, as well as
validity and reliability of testing tools and variables may differ between academy and senior
players Given the effect of these factors on pesércises responses, they should be carefully
considered.

The evidence behind most implemented recovery strategies remains equivocahuirdtilsh,
hydration, and sleep are recognised as recevegulating &ctors. The use and efficacy of a
recovery strategy th@bmplements existing practice in an acadeugpy league environment

remains to be assessed.

Parts of this chapter have been published in the following citation:

Aben, HGJ, Hills, SP, Cooke, CB, Davis, D, Jones, B, Russell, M.
Profiling the postmatch recovery response in male rugby: a systems
review.J Strength Cond Re2020. DOI:
10.1519/JSC.0000000000003741
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2.1 Rugby league in the United Kingdom

Whilst being played across the whole of the UK, the largest levéd gfarticipation can be found in
Northern England, which is highlighted by the fact that at SL level, all but one of the teams in the 2021
campaign are from this part of the country. Histohgahis is not surprising, as since its separation
from Rugby Union (RU) in 1895, RL has mostly been played by working class Northern people who
were unable to play without financial compensation for missing {&néwer & Davis, 1995)Players

from the Southern part of England, who were more likely to have other sources of income, were able to
sustain the sport of RU on an amateur basis, which therefore caused rugby ittcsphto codes

(Brewer & Davis, 1995)

In the current system of RL in the UK, players play on an amateur basis up to the aggeafsl6
However, at the age of ars professional clubs are able to recruit players onto their tilgears
program(i.e., scholarship). This program runs for two seasons, but players do not yet sign a contract
with the club and are still allowed to play for their amateur gealso (Whitehead et al., 2019)
Following the scholarship program, the club will decidestherto either release players (i.e., theyl w

not progress their RL career within the club), or, if players have been identified as having SL potential,
they are signed on a pdime professional contract, which will see them join the acad&ijtehead

et al., 2019)Players are eligible to play for the academy for a total of thres,Jl@ativeen the ages of
16-19years and willdo so on an exclusive basis (ithey areno longerable totrain or play for other
team$. Following this period, players are either released from the club, or they are givetiradull
professional contradb train and play with theeniorteam. Professional academy RL is therefore the
final level prior to senior SL, which highlights the importance of successfully preparing adolescent
players for the demands and expectations that are associated withhtbet legel(\Whitehead et al.,

2019) Accordingly, given the relatively short period that young players are exposed to a professional
training environment (i.e., five years) prior to the club deciding whethsgtoorrelease a player, it is
essential that players are given the best possiblatmniy to develop and progress into a professional

senior environment.
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Academygames in the UK are being played in a competition with a total of 12 or 13 professional
academies. The academy season, which is preceded bysaagmn of approximatethreemonths,

runs roughly in line with the SL competition (i.e., Mai8Bptember). Teams play each other twice per
season, resulting in no more than 25 games being played over the course of the year. These games are
spread across the season, and whilst mostgaine separated by about a week, others may be separated

by a couple of weeks. A shorter betweagame period of just four or five days also ocahrsughout

the seasonHigure 2.1). As illustrated, academy games predominantly take place Satuaday

afternoon, with some games being played diarsday eveninglso.

The betweergame periodsare important to develop tactical, technjgalhysical, and mental skills
during training sessions. The way training is programmed (i.e., periodised) throughout the week likely
differs between clubs, subject to training philosophy, game model and/or individual preferences of the
coaching staffiNeveatheless, gecific micracycle design wagreviously proposed in a RU cont¢Xee

et al., 2018) This model(Figure 22) is based around the concept of tactipatiodisationwhich is
hugelypopular in soccefThis method of trainingimultaneoushntegrates th@hysical element with

the tactical, technical, and mental element of trainimfilst a different physical focuge.g.,
submaximal workcapacity, collsion, speedjs emphasised on eatrainingday.Given that this model

is specifically designed for senior teatosachievewinning performances, its suitability in academy
rugby teamseedsto be evaluated. It therefore remains unclear what current practice looks like in

relation to training regimes in academy RL.
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Figure 2.1 Example of a fixture list of an academy team in a single month during the 2018 season. The
grey boxes highlight the days a match tptdce
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al. (2018)



23

2.2 Activity profilesin rugby league

Of the 13 players that are on the fieldrst saméime,there are six forwards and seven backs. Forwards
are generallysplit between hiup forwards (i.e., two prop forwards and one loose forward),-wide
running forwards (i.e., two baalowers) and a sirig hooker. Backs may be separated between outside
backs (i.e., two centrevo wingers and one fulback and adjustables (i.e., oserunthalf and one
five-eigh)) (Gabbett et al., 2008a; Johnston et al., 2Q14aglation to their technicakills and physical
activity profiles large differentiation exists between subgroups of positions (i.e., forwards vs backs),
and more specificallypetweenindividual positions(Johnston et al., 2014alnterestingly, in some
literature assessing positional demands, certain positions are grouped differently to the division
described above. Specifically, whilst being a forward, the hooker is sométioleded within the
category of adjustablg3wist et al., 2014)This may be explained through similaa# acrosgertain
technical demands but seems somewhat illogical considering the amount of pbglisiains the
hooker endurecompared to the habfack and fiveeight(Gissane et al., 2001$imilarly, the fultback

may also beconsidered amongste adjustablegGlassbrook et al., 201®ut is arguably exposed to
more highspeed runningWeaving et al., 2019Within their positions, layershave different roleand
taskswhichis likely to affect their involvement withifatigueinducing mechanisnmsuch as collisions

and highspeed runningOver or underestimation of certaattivity profilesmaythereforeoccur when

specific positions are considered together.

2.2.1 Seniormatchplay activity profiles

Early research assessing #divity profilesof RL matchplay was performed using manual coding of
video footage and the subjective analysis of moven(&ing et al., 2009; Meir eal., 2001a; Sirotic

et al., 2009) Ever since the introduction and continuous development of Global Positioning System
(GPS)and micro-electremechanical systefMEMS) devices a plethora bresearch projects ka
identified theactivity profilesof senior RL matciplay (Austin & Kelly, 2013, 2014; Gabbett et al.,

2012; McLellan & Lovell, 2013; Sykes et al., 2011; Twist et al., 2014; Waldron et al.,.20itid)ly,
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researcloften describetheactivity profilesof matchplay over a specific duration (i.@half or a full
match), predominantly highligimg averagelocomotordemands in relation to parameters such as
di stance covered, d)jhghtirensityeunmpng >5.5m-§andspeintifjgreX.Mi n
m-s?) (Johnston et al., 2014as well agollision demandé§Gabbett, 2012a; Hidl et al., 2017)Rugby
leagueplayers cover an average total distancB0ff0-8000 m per gam@lohnston et al., 2014a; Twist

et al., 2014, Waldron et al., 2011yhilst backs generally cover more distance than forwards because
of their increased playing timé&/hen expressed as relative distance, positional differences are less clear
as both positional subgroups cover betweed 90 1t Avinenam the field(Johnston et al., 2019;
Weaving et al., 2019Backsare exposed tgreaterdistances coved athigher speeds as they may
cover up tal000 mof highrintensity runningWaldron et al., 2011}orwards instead, are involved in
morecollisions and tackle@Gabbett et al., 2012)ndeed, players are exposed to an average-6530
collisions(Hulin et al., 2017)depending on playing position, with thejhést frequency of collisions

in hit-up forwardgGabbett et al., 2012)

Whilst an understanding of the averaaetivity profilesis important, it fails to reflect theeak
locomotordemands of competition and does not allow practitioners to prescribe such scenarios in
training (Johnston et al., 2019; Weaving et al., 20T%erefore, researchesbservedhysicalmatch
profiles over shorter (e.g., 5 minperiads (Hulin et al., 2015; Kempton et al., 2013; Waldron et al.,
2019) and whilsthis method captures the higher intensities that may occur during these shorter epochs
an underestimation of the most intense periods of ptdlyexists(Johnston et al., 2019)ndeed, to
accurately describe the most intense passaigplay, moving or rolling average$ave recently been
used(Delaney et al., 2016; Delaney et al., 2015; Johnston et al., 2019; Weaving et al., Th(d9)
approach takes a specifiddration (isually ranging from -IL0 min) and calculates a moving average

of all thedata pointover the specified periddom the start to the end of a matdine highesactivity

profileselicited in anyperiod would be classified as the pdakomotordemandgVarley et al., 2012)

Alongside peak runningntensitieqi.e., total distance, relative distance, hggeed running, sprinting)
parameters such as accelerations, deceleratindeepeated higlintensity efforts (RHIEjare essential

to provide a valid representation of the most intgpegsages of matghlay (Delaney et al., 2016;
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Delaney et al., 2015; Johnston et al., 2019; Weaving et al., Z2a9¢rs generally covéretween 50

100 accelerations and decelerations per m@tdssbrook et al., 2019)\hilst some evidence suggests

that hookers and adjustables experience greater peak acceleration/deceleration load compared to other
positional subgroupelarey et al., 2016 Hi gh accel er a?, highspedd unnihg, 5r mA mi n
collisions are all considered higihtensity efforts, and when three or more of these efforts occur with

less than 21 seconds of recovery in between each effort, they are defined aPRyHES generally

cover up to 25 RHIE dump matchplay (Glassbrook et al., 20199 uch information could be used when

physically preparing professionata@my players for the senior level. However, contextual factors

(e.g., technicaland tactical skill involvements, previous epoch, starter vs substitute, minutes played) as

well as individual responses to certain scenarios stadsiddbe considered whendesé bi ng true Ow

case s Novaketal.02628)

Nevertheless, gsitiond differences in duratiosspecific peak relative distancé3elaney et al., 2015;
Weaving et al., 2019nd peak average accelerations (i.e., the intensity of changes in @peladpy

et al., 2016werehighlightedacross SL and NRL competitig®elaney et al., 2015; Weaving et al.,
2019) Combining both the locomotor and collision demands, a thorough holistic ovest/etivity
profilesin senior professional RL (SL vs NRL) hakobeen provided, highlighting peak periods of
play of 1 to 5min periods in relation to peak running intensities, accelerations and col(i3admston

et al., 2019)Over a 66second period, peak matspeed in professional RL players ranged from 171
mA miwithoutc ol | i s i o n stwhénglaygrd WerenmPoied in three collisions. Thaif
period elicteda peak matcis peed of tdarnd 8noA mieh players were exposed to none
and three collisioneespectivelyJohnston et al., 2019 aturally, with the addition of more collisions,
there is a reductioim average speed and accelerations. Altogether, studies have clearly identified the

physicalactivity profilesof professionasenior RL.
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2.2.2 Academymatchplay activity profiles

In contrast with the plethora of research thatdssessed matgiofilesin senior RL playersacademy
match profiles have only been analysedinimally. Where a single study found large differences
betweenprofessionakenior andacademyplayers in relabn to whole-gametotal distance and sprint
distance(McLellan et al, 2011b) others found no differences in running demagidismpsey et al.,
2018; Gabbett, 2013; Whitehead et al., 208pecifically, Whitehead et al(2019) highlighted that
peak running demandagerein fact similar between professioradademyand senior playing standards
(Whitehead et al., 2019ndeed, bthonemi nut e (i . e. , ) and Bminuten(i.el ©8 mAmMi r
t o 1 0 6% peak average running speeds weithin the ranges reported for NRL and SL (i.e.,
~159 to Ha7n9d mAndi nt drespedt@elyDAlameyret al., 2016; Delaney et al., 2015;
Weaving et al., 2019)This study however failed to quantifyaccelerations andedelerations or the
frequency and intensity of collisionghich areknown to be important parameters when describing
activity profiles during matciplay. It is anticipated thathe combimtion of greater body masand
improved physical attributekeads togreater impact forces during collisions in the senior game
compared to thse experienced imcademyRL (De Lacey et al., 2014; Johnston et al., 201&&ajen

the positive relationship between physieattivity profilesand postexercise fatigu¢Oxendale et al.,
2016) it is important these anenderstoodvhen profiling postmatch or postraining responses in

academy RL players.

2.2.3Training activityprofiles

The foundations of performance in majuly are laid during training, where the development of
various technical, tactical, physical and physiological characteristics takeqlpdaed et al., 2013)

To physically prepare players for the peak agtipitofiles thatareendure& during matckplay, it would

be worthwhile to utilise training to replicate or at times exceed some ofidtehplay peak external
load Specifically, training the peak physical activity profiles of madtdy (i.e., the worstase

scenarios) for a shorter period is likely poevent undepreparation and wilkaid in the physical
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developmentof players.Monitoring of training load both internal and externakan assist in this
process, andwhile training load assessmeig common amongst professional clubs to ensure
appropriate loadg and to reduce the risk of injufHalson, 20143a)there is a scarcity of studies
exploring trainng loadsacross both academy and seri®lr (Black et al., 2018)Specifically, some
studies were able to give an indicatiointraining loads, but thesenly explored preseason training
periods(Weaving et al., 2014)specific training drillgGabbett et al., 2012pr through reporting of
limited parameter§Gabbett, 2004; Weaving et al., 201Kptably, a single study was able to quantify
the locomotor demands pfofessional senidraining sessiongiroughout preseason and the regular
seasor{Black et al., 2018)Someresearch haalsoshed light on the training durations in academy RL
(McCormack et al., 2020)The average training tim@oth gym and fieldbased trainingtompleted

in academy players was 809 + 224, 620 + 214, 598 + 239, and 603 + 231 min duringdbaspre
and the early, mid, and lagéages of the iseasonrespectivelfMcCormack et al., 2020 he physical
demands tat players endure during such sessions remain unknégkmowledging the differences in
the intensity and volume of a training session compared to rdatghraining isstill likely to involve
ahighfrequencyand intensity of fatiguénducing mechanisms (i.e., collisions and/or eccentric muscle
actions)that may cause postraining perturbationsimproved wmderstandingf such responses may

assist in planningf physical load throughout the week.

2.3 Fatiguemechanisms

Throughout the literature, various definitions exist around the concept of fatigpeoposed by Enoka

and Duchateau (2018#tigue is a single entity arsthould not be preceded by an adjective (e.g., central,
peripheral) Whilst this may sggest the likely locus of those factors limiting performance, this remains
vague and uncertaifEnoka & Duchateal2016) Instead, studies should focus on assessing the two
main attributes of fatigugl) a decline in an objective measure of performance or the inability to
produce power, and (2) sensations of perceived tiredasgger et al., 2013Whilst the precise origin

of neuromuscular fatigue remains unclear, it has been reported that both central and peripheral factors

contribute Specifically, central factors are associated vd#treased neural drive to the muscle
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originating from the brain and/epinal cordwvhilst peripheral factors are predominantly concerned with
changes in contractile capabilities at, or distal to, the neuromuscular ju(Btierio et al., 2005;
Ekblom et al., 2004; Enoka & Duchateau, 2016; Lepers et al., 2Bl@@ever, the main actions
performed by RL players that cause muscle damage, are typically described through factors associated
with peripheral functionsindeed, ashighlighted, players frequently perform sprints, runs hagh
intensity, accelerations, decelerations, changes of direction, and jootipsn training and mateplay
(Johnston et al., 2014a; Johnston et al., 2089¢h actionsely heavily on thestretchshortening cycle
(SSQ, and thus eccentric muscle actions (i.e., lengthening of the mBdaylas et al., 2017)
Concurrently, players are often subject to s@ls with opponents or the playing surfédehnston et

al., 2019) When exposed to high intensity or frequency of such actions, players are likely to
experience exerciseduced muscle damage (EIMD) and impetuced muscle damage (IIMD)
(Naughton et al., 2018; Peake et al., 201&3ulting in a disruption of muscle tissue homeostasis and a
highly complex chain of inflammatory responses (i.e., changes in clinical, physiological, cellular, and
molecular danges within injured tissu&cott et al., 2004)This inflammatoryesponse is thought to

be an integral part of the adaptation process, and will ultimately lead to anflamiimatory response,
allowing full recovery (i.e., a return to baseline performance measures) to takéNdakas et al.,

2021) The timecourseof full recovery is highly dependent on the type, duration and intensity of the
preceding exercise stimulyPeake et al., 201,7put is also affected by age, sex and genéititzskus

et al., 2021)whichmakes the recovery process highly individual to each player.

2.3.1 Eccentric muscle actions

Although not entirely understood, various theories have been put forth to explain the mechanism and
subsequent reductions in performance followiegeatedeccentric muscle actions. Despite being
challenged previouslyTelley et al, 2006) an otherwise welbupported theoryvas explained by
Morgan(1990) which proposes that as a result of eccentric muscle actions, those sarcomeres closer to

their optimum value (i.e., in which they can exert the most force), are able to negibelgng better

than those sarcomeres further from their opti mul
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those further from their optimum value) become progressively weaker if this occurs on the descending
limb of the lengthening curve, angan reaching their yield point, they become overstretched (i.e., they

06 p o @éryan, 1990) Upon overstretching, the myofilament overlap between the myosin filament
(i.e., the thick filament) and the actin filament (i.e., the thin filament) no longer exists, reducing the
number of activated crogsidges, and subsequently affecting force prtida¢Morgan, 1990; Proske

& Morgan, 2001) At the end of the stretch, some of the
those that are not, become disrup(@dlbot & Morgan, 1996)As eccentric muscle actions keep
occurring, more and more sarcomeres will become disrupted, which may result in muscle damage
spreading both longitudinally to adjacent sarcomeres in the myofibril and/or transversely to adjacent
myofibrils (Proske & Allen, 2005)Ultimately, a point will be reached whetetnumber of disrupted
sarcomeres leads to membrane damage (i.e., in the sarcoplasmic reticulum, transverse tubules, or the
sarcolemma), which is accompanied by uncontrolled movementdirBathe sarcoplasifProske &

Allen, 2005)

There is some disagreement whether the disruption of sarcomeres and the subsequent free movement
of C&* into the sarcoplasm is the catalyst event leading to disruption of the exettatitraction
coupling (ECC), or whether damage to the ECC is the primary event underpinning [Bitdéke &
Morgan, 2001; Warren et al., 200Zhe ECC is a physiological mechanism which, through stimulation

by a neuron (i.e., excitatiomauses a physical interaction between myosin and actin (i.e., contraction)
(Calderon et al., 2014 5pecifically, through this mechanism, acetylcholine is triggénealgh the

central nervous system, and following travel through the synaptic cleft, is bonded by a receptor. This
allows an action potential to travel past the surface of cells and down transverse tubules. At this point,
the action potential triggers thelease of Ca from the sarcoplasmic reticulum into the cytoplasm
where contact is made with actin and myosin, activating the-bradge cycle, and allowing muscle
contractions to take pla¢€alderoén et al., 2014)f, as a result of muscle damage ?Gaere to move
uncontrollably into the sarcoplasm, it would no longer be usable in its role to promote the creation of

crossbridges, consequently affecting forpeoducing abilities(Proske & Allen, 2005)Despite the
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disagreement regarding the primary event leading to EIMD, it appears that both mechanisms play a

crucial role in the effect ofaeentric muscle actions on the structure and function of muscle fibres.

Following the occurrence of muscle damage, a series of events occur, changing the chemical milieu of
the cells across damaged and surrounding areas. Through this change in milignestof immune

cells (e.g., cytokines, acuphase proteins, leukocytes, lymphocytes) to the site of damage is triggered,
causing oedema and an increase in muscle tempe(itarkus et al., 2021)nitially, neutrophils act

to clear cellular debris, whilst thereafter, proinflammatory macrophages dominate the cell profile,
secretingproinflammatory cytokines (e.g., interleuk@ interleuking8, tumor necrosis factor) which

cause the phagocytosing of damaged tissue, and the initiation of myoblast prolifgatikas et al.,

2021; Peake et al., 20174t this point, proinflammatory ntaophages elicit an antagonist reaction,
which induces the recruiting of more aimflammatory cytokines, which will further stimulate
myoblast proliferation and expansion of the satellite cell Pdalrkus et al., 2021)As satellite cells

are recruited to the areas of damage, they fuse to surrounding muscle. This is where the&y produc
daughter cells, and subsequently new myonuclei (i.e., the nuclei of a muscle fibre) within muscle. This
increases the capacity for protein synthesis, and as such, satellite cells have an important role in the

adaptation proceg®ouglas et al., 2017)

2.3.2 Blunt force trauma

Alongside eccentric muscle actiomshighintensity and frequency of physical collisions and contact

are known to cause muscle damage through blunt force trauma (i.e., injury of the body by forceful
impact or falls)(Naughton et al., 2018)ndeed, various studi€dicLellan & Lovell, 2012; Oxendale

et al., 2016; Smart et al., 2008; Takarada, 20@3g highlighted the positive correlation between the
frequency and intensity of physical contact and tkellef postexercises fatigue, whilst others found
increased perturbations following sessions that included physical contact compared to those that did not
(Mullen et al., 2015; Roe et al., 2017B)though postmatch recovery markers are likely influenced

by both IIMD and EIMD, physical contact is anportant contributor to muscle damage following

rugby-specific exercise. Whilst IMD may differ from EIMD as a result of augmented inflammatory
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infiltrate and subsequent secondary damage resp@viserick, 2002) it appears that many
commonadities are shared by IIMD and EIMD in the regeneration and remodelling process of muscle
tissue (Naughton et al., 2018)indeed, heavy impacts may disrupt capillary networks, produce
intramuscular bleeding, oedema, and inflammagiEimer et al., 2012)The inflammatory response is
helped by local vasodilatn to assist the binding of neutrophils and macrophages to the damaged site,
and the subsequent release of cytokines and othenflammatory factor{Smith et al., 2008) The

high levels of mechanic stress cause increased membrane permeability, resulting in a release of
intracellular muscle specific enzymes and proteins into the blood stream. All these changes along with
an associated rise in intramuknupressurdJarvinen et al., 2005are also linked to the myofilament
overlap and the reduced ability of creating crbgsles, consequently affecting force generating

capacity.

2.3.3 Delayed onset of muscle soreness

A term commonly associated with muscle damage is delayed onset of muscle soreness or DOMS
(Paulsen et al., 2012)Although some uncertainty remains regarding the precise mechanisms
responsible for DOMS, two pathways (i.e., thebBadykinin receptor and the cyclooxygenase
pathway) are generally involved in mechanical hyperalgesia (ileanead sensitivity to pain), which

results in the sensation of soren@Baulsen et al., 2010; & et al., 2017)As inflammatory cells

infiltrate the damaged skeletal muscle, they release chemical mediators such as histamines, bradykinins
and prostaglandins, which directly or indirectly (i.e., by binding to extracellular receptors to upregulate
the expressions of neurotrophins) act on muscle nociceptors to produce s@rstaesl & Hubal,

2014) The associated oedema and rise of tissue temperdtecause of recruitment of cytokines,
leukocytes, and lymphocytes, cause additional soreness and a subsequent decrease i{Maelingess

et al., 2021)
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2.4 Postexerciseresponses

Muscle damage elicits a cascadepbf/siologicalevents which remove, regenerate, and remodel the
damaged tissue, ultimately leading to adaptationépamation for future exposufBeake et al., 2017)
Various assessmemtgy be used to provide an indicatiorilog extent of muscle damage that taden
place.However, considerable methodological variation exists amongst studies profilingxposise
responses in rugby players. With respect to the mode of exercise stimulus, responses t(Qmitis1g

& Reaburn, 2008; Elloumi et al., 2012; Johnston et al., 2016a; Roe et al., 20dWbated matciplay
(Green et al., 2017; Mullen et al., 2015; Pereira et al., 2018; Twist & Sykes, 20drtjlaments or
intensfied periods of competitiofClarke et al., 2015; Johnston et al., 2013a, 2015a; Tee et al., 2017)
a full seasorfAlaphilippe et al., 2012; Gastin et al., 2018} a (single) competitive mat¢McLellan

& Lovell, 2012; McLellan et al., 2010, 2011a; Oxendale et al., 2016; Roe et al., 2GM&call been
examined Acknowledging the likely differences between these various stithelurrent section of

the literature revievsimedto provide a contextual overview and describe-postch recovery timelines
whilst highlighting the methodology and measures used between stckaswledging some of their
unique physical demands, particularly with respect to tackles and collisiorsndRRU also share
many similarities For this reasorhoth codes have been included in the current section to provide a

thorough overview of the available literature.

Incongruence exists between studies in the reportirsgtofity profiles(i.e., playing time, distance
covered, higkspeed running, number of carries, number and intensity of collisions and total match
loads) with publications either providing a comprehensnalysis(Jones et al., 2014; McLellan &
Lovell, 2012; McLellan et al., 2010; Oxendale et al., 2016; Roe et al., 2016c; Twist et al., 2012)
whereas others include only limited informati@unniffe et al., 2010; Lindsay et al., 2015b; McLean

et al., 2010; Shearer et al., 2015; Takarada, 2008hy at all(Elloumi et al., 2003; Johnston et al.,
2015b; McLellan et al., 2011a; West et al., 20Bd30, the training that is concurrently performed after
matchplay is inconsistently reported with some studies employing high experimental control and
omitting training for the full duration of the stu@oe et al., 2016c; Takarada, 2003; West et al., 2014)

whereas others report adherence to a normal training rélloieean et al., 2010; McLellan & Lovell,
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2012; McLellan et al., 2ID). Accordingly, questions remain as to the ecological validity (i.e., the extent
towhich the findings are able to be generalised tolifeadettings)Lewkowicz, 2001 )pf the protocols

adopted within these investigations.

Nevertheless, gstmatch responses to competitive rugby matdlely have typically been ssssed via
measurement of neuromuscu(@uffield et al., 2012; McLellan & Lovell, 2012; Roe et al., 201,6d)
biochemical and endocri€unniffe et al., 2010Elloumi et al., 2003; Jones et al., 2014, Lindsay et

al., 2015b; McLellan et al., 2010; Takarada, 2083perceptua(Fletcher et al., 2016; Gastin et al.,
2013)responses; with the majority of studies reporting more than one marker of reGnrargton et

al., 2015b; McLean et al., 2010; McLellan et al., 2011a; Oxendale et al., 2016; Roe et al., 2016c; Shearer
et al., 2015; Twist et al., 2012; West et al., 20CYrrently, no clear consensus exists regarding post
match recovery profiles and the timelines of such responses, whilst also considering the type of
measurements performed as well as recognition of the different training regimes, recovery protocols,
and other sources of methodological variatsuch as study populatioNotably, only a small number

of studies assessed posatch responses following academy rugliye inclusion or exclusion of these
contextual variables is likely to affect the magdauand duration of the pestatch response, which
would have implications on the practical application of such data. In order to provide a correct

interpretation of the posixercise response, such contextual variables are to be accounted for.

2.4.1Neuromuscular response

In a total sample of 177 players (mass 93.5+7.3 kg; height: 1.84+0.02 m), the 11 studies that profiled a
neuromuscular response following mafihy implemented various measurement techniques,
including isometric tests on the knegensorgDuffield et al., 2012)an adductor squeeze téRbe et

al., 2016d) and a plyometric pushp (PPU)(Johnston et al., 2015b; Oxendale et al., 2016; Roe et al.,
2016c) whilst the most common measure wasdhentermovement jumiMJ) (Duffield et al., 2012;
Johnston et al. M 5b; McLean et al., 2010; McLellan & Lovell, 2012; McLellan et al., 2011a; Oxendale

et al., 2016; Roe et al., 2016c; Shearer et al., 2015; Twist et al., 2012; West et al(TabkD.1).
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Although different CMJ variables (e.g., peak rate of force development; PRFD, peak force; PF, mean
power) were reporte(McLellan & Lovell, 2012; McLellan et al., 2011a; Roe et al., 201pepk power
output (PPXJohnston et al., 2015b; McLean et al., 2010; McLellan & Lovell, 2012; McLellan et al.,
2011a; Shearer et al., 2015; Westlet2014)and flighttime (FT)(McLean et al., 2010; Oxendale et
al., 2016; Twist et al., 2012yere the most frequently analysed. Reductions in PP (<31.5%) occurred
<30 min pstmatch, returning to baseline values within 48 h (Figure2.3) whereas posnatch
reductions in FT (<4%) recovered after 48 h (Figzw®. The average age of the players in the studies
profiling a neuromuscular response was ~22 years, whilst thrdesiitwo of which used the same
sample) focused on younger (i.e., <20 years old) athl@épdsston et al., 2015b; Roe et al., 2016c; Roe
et al., 2016d) Three studiegMcLellan & Lovell, 2012; Oxendale et al., 2016; Twist et al., 2012)
provided detailed information regarding thetivity profile of the exercise stimulus and four studies
(McLellan & Lovell, 2012; McLellan et al., 2011a; Oxendale et al., 2016; Twist et al., 28i@jted

the use of recovery strategies positch.
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Table 2.1 Studies investigating the recovery profile of neuromuscular responses following rugbyphastch

Study Players Code + Level Stimulus Recoverystrategies Measures Results
taken
(Johnston  Professional U20 RL; feeder Not reported Not reported CMJ (PP) +30min:6 . 5N7. 0% Z
etal, players (n: 21; age: team ( %o f r o baseline, +24h3 . 1 N8 . 2
2015b) 19+2 years; stature: competition to baseline) +48 h:-1.5#5.% 72
1.81+0.06 m; mass: the NRL
89.9+10.0 kg)
(McLean  Professional players (n: RL; NLR Match load: MD+1: Recovery session. No CMJ (FT+24hZ fr om (& h6&e
etal, 12; age: 244 years; team Game 1: 421173 AU details reported. from baseline) +96 h:z (d: 0.96)
2010) height: 1.85+0.06 m; Game 2: 411+213 AU
mass: 101.9+8.4 kg) Game 3: 411+217 AU
(McLellan  Professional players RL; NRL Distance: 78861695 m (B), 7462+1566 m  Postmatch: cycle (10min), CWI, CMJ (PP) +30 min: 3109K
& Lovell, (n:22; age: 247 years; team (F); #tackles: 11+9 (B), 26+15 (F); #carries light meal- MD+1 (AM): baseline (4539+976 W), +24h:
2012) stature: 1.88+0.02 m; 1245 (B), 1445 (F) stationary cycling (10min), CWI 2865N824 W Z,
mass: 94.6+26.8 kg) physiotherapy + massage 4286N1142 W z,
available- MD+1 (PM):cycle 4843 ISI 1087 W z,
(10min), CW| physiotherapy + 4621N1379 W z,
massage available, active rest 4447N1274 W 2
(McLellan  Professional players RL; NRL Not reported Postmatch: cycle (10min), CWI CMJ (PP) +30 min: 3123K
etal, (n:17; age: 191 years; team - MD+1 (AM): cycle (10min), baseline (4429+991 W), +24 h:
2011a) stature: 1.88+0.02 m; CWI, physiotherapy + massage 3479N717 W Z,
mass: 89.6+15.8 kg) available- MD+1 (PM): active 4540 |Sl8 98 W z,
rest 4632N959 W 2z,
5050N979 W z,
4485N875 W z
(Oxendale Professional players (n: RL; SL team  Playing duration: 5521 min (F), 67+25 min MD+1: Low-intensity exercise CMJ (FT) +12h:0612&€ from b
etal., 17; age: 254 years; (B); distance: 4675+1678 m (82+7 m/min) and massage (30 min). MD +2: (0.637 s);+36 h:0.6115 &7, +60
2016) stature: 1.84+0.06 m; (F), 5640+2191 m (83+10 m/min) (B); high Playes encouraged to rest. h:0.623 &
mass: 98.5+£10.3 kg) intensity running307+194 m (F), 481+262
m (B); #highintensity accelerations: 53 (F,
916 (B); #highintensity decelerations: 815
(F), 10£6 (B); #collisions: 54+37 (F), 315
(B); #RHIE: 14210 (F), 105 (B)
(Shearer  Professioal players RU; Playing duration: 8211 min. Participants instructed to follow CMJ (PP) +12 h: 5628N66
etal, (n:12; age: 254 years) professional normal individual recovery baseline §112:526 W), +36 h:
2015) team in South strategies. No details reported. 5777N684 W Z,
Wales, UK 5976N497 W Z
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(Twistet  Professional players (n: RL; SL team  Playing duration: 80 min (B), 51+16 min  MD+1: Deepwater running & CMJ (FT) F:+24h:0500. 06 Z

al.,, 20R) 23; B:10, F:13) (age: (F); #tot contacts: 258 (B), 38+19 (F); swimming (20 min) MD+1 (PM): baseline (0.61+0.04 s), +48 h:
265 years; stature: #defensive contacts: 14+8 (Bj214 (F); Players encouraged to rest. 0.6N0.05 s Z
1.83+0.07; mass: #offensive contacts: 1243 (B), 1346 (F) B:+24h:0640. 04 7
91.9+11.6 kg (B), baseline 0.66+0.04 s), +48 h:
102.0+6.7 kg (F)) 0.64N0.03 Z

(Westet  Professional players (n: RU; Not reported Not reported CMJ (PP) +12 51%0 fwWom |

al., 2014) 14; age: 2&4 years; professional (86100W) +36 hd& -
stature: 1.85+0.10 m;  team inSouth +60 h: (Z45910
mass: 105.2+12.3 kg) Wales, UK

m: C h 2 Signiéicant decrease from baselide; No significant change from baseline, #: Number of, B: Backs, CMJ: Countermovementjun@pp henés d, F:

Forwards, FT: FlighfTime, MD: Match day, MD +1: First day pestatch, NRL, National Rugby League, PP: Peak power output, RelPP, Relative PeakRtti&er,
repeated higlintensity effort, RL: Rugby League, RU: Rugby Union, SL: Super League.
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2.4.1.1 Peak power output

Out of the five studies profiling the PP response to mplapy (Figure 23), three reported an acute
response poshatch (i.e., within 60 min), observing decrements ranging between 6.5% and 31.5%
(Johnston et 312015b; McLellan & Lovell, 2012; McLellan et al., 2011@jhilst two of these studies
(McLellan & Lovell, 2012; McLellan et al., 2011a)so observed decrements of up T®@at 24 h post

match, Johnston et §R01%) reported no significant differences at this tipwint. This discrepancy

in the magnitude of the responses between studies may be due to the exercise stimulus performed. While
the smaller (i.e., ~6.5%) decremis represented responses to a lesser standard of the game (i.e., a feeder
competition to the NRL), other studies measured greater (i.e., ~37%) perturbations in PP in response to
in-season NRL game@icLellan & Lovell, 2012; McLellan et al., 2011ayVhile the two playing
standards have similar garapecific skills, variatiormay exist in theexternal physical loadf the

matches, with NRL players typically playing the game at a higher intg@sittic et al., 2009)

In contrast to those studies reporting an acutepasth responsgohnston et al., 2015b; McLellan &
Lovell, 2012; McLellan et al., Z0la) others(Shearelet al., 2015; West et al., 201tok their first
measurements at 12 h posatch. At this timepoint, reductions of PP of 8¢&hearer et al., 2018nd

15% (Westet al., 2014Wwere reported to peak. Smaller reductions of up to 6% have been reported after
36 h, with almost full restoration of PP at 60 h pwsttch. Given that larger decrements have been
reported at 24 h compared with 12 h following rugby maguety (McLellan & Lovell, 2012; McLellan

et al., 20113)omitting measurements at 243$hearer et al2015; West et al., 2014puld lead to an
underestimation of the fatigue response. As neuromuscular responses are likely to peak widfin 24 h
matchplay, additional training that has the potential to prolong or exacerbate fatigue in the same muscle
groups (i.e., highntensity fieldbased training or lowdsody resistance training) should, where

possible, be avoided at this time if recovisrgdeemed to be the priority.

Increases in PP of up to 49% have been reported between 24 h and 48 atpb@¥icLellan & Lovell,
2012; McLellan et al., 2011aalthough not all studies support such a magnitude of cidngaston
et al., 2015a; Shearer et al., 2015; West et al., 284)h discrepancies may reflect the different

recovery strategies used throughout the duration of these siugligS\\VI, stationary cycling, massage
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and physiotherapy). Although conflicting findings eXiBavares et al., 201,/CWI has been proposed

to enhance the speed of restoration of neusomlar functionGarcia et al., 2018Nebb et al., 2013)

and together with several other recovery modalities (i.e., stationary cycling, massage and
physiotherapy), this could at least partly explain the large increases in PP measures following the initial

24 h postmatch period.

Large inverse correlations have been reported between the number of very heavy and severe impacts
and PP values measured at 24 h jpastch(McLellan & Lovell, 2012) At this timepoint, PF has
already recovered to praatch levels, while PP shows a continued reduction, possibly indicating that
the velocity component of CMJ testing was more sensitivatigue than the force component. As this

has been supported furth@yrne & Eston, 2002; Sargeant & Dolan, 1987ould be suggestedah
variables including a velocity component (i.e., PP or PRFD) are more fatmgsiive and are thus

more useful than PF when monitoring positch neuromuscular fatigue. While some variables may be
more sensitive than others, it appears that neuronardetigue mechanisms could require up to 72 h

to normalise following rugby mateplay (Shearer et al., 261 West et al., 2014While recovery of

PP is commonly achieved at 72 h positch, dayto-day depressions have been observed after this
time-point (McLellan & Lovell, 2012; McLellan et al., 2011aJhat being said, such findings have
occurred when additional training sessions focusing on speed/agility, strength, or skills have been
performed throughout the recovery per{dttLellan & Lovell, 2012; MLellan et al., 2011a)n order

to provide information that is most applicable to practical environmentspmish responses should

be profiled in ecologically valid scenarios (i
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Figure 2.3 Recovery timecourse percentage changes in countermovement jump (CMJ) peak power output (PP) following rugby union (RU) and league (RL)
matchplay
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2.4.1.2Flight-time

Three studie$McLean et al., 2010; Oxelale et al., 2016; Twist et al., 20¥Rpated the posmatch

FT response during CMJ testing (Fig&d). Two of these studies provided detailed information in
relation toactivity profilesas well as the poshatch recovery strategies employ@&iendale et al.,
2016; Twist et al., 2012l studies have described a similar pattern of response in which FT is acutely
reduced (i.e., within 60 min), before further decrements catc4 h postnatch. Changes at 48 h and
beyond have mostly been reported as trivial or insignificant, indicating a return to ne@tphevalues

(Oxendale et al., 2016; Twist et al., 2012)

It has been reported that the number of contacts experienced duringplegtihinversely related to

FT values assessed posatch(Twist et al., 2012)However, owing to the nesignificance of findings,
Oxendale et a{2016)did not report FT correlations with match demands. As other CMJ variables (i.e.,
PP) hae demonstrated strong correlations with the demands of the preceding match, and given the
relationship to the fatigue respon@dcLellan & Lovell, 2012; Roe et al., 2017k} would appear
worthwhile for applied practitioners to consider the loading imposed by collisions and activities
requiring eccentric muscle actions (i.e., higtensity running, accelerations and deceleres) when

designing postnatch training and recovery protocols.

An additional CMJ variable, the flight time:contraction time (FT:CT) ratio (the relationship between
the time spent in the countermovement phase and the resulting flight time) has beseadginghe
literature that has examined responses to Australian Fo@d#&fll(Cormack et al., 2008afT:CT

showed significant reductions initially pestatch and after 24 h. Unlike FT however, small decreases
after 72 h were still detecté@ormack et al., 2008alPrevious research has shown changes in hip and
knee angldAugustsson et al., 2008 well as a decrease in mustdadon stiffnesg¢Toumi et al.,

2006) during hopping tasks when players are in a fatigued state. These adapted mechanics could be
responsible for any changes in FT:CT and may therefore be extremely useful to cersder

measuring neuromuscular fatigue.
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play
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2.4.2Biochemicalor endocrine response

In total, 14 studies (Table2) assessed biochemical and/or endocrine responses following-phaych

in a total sample of 243 players (mass 94.916.5 kg; height: 1.84+0.03 m). Nine studies reported changes
in creatine knase(CK) concentrations, whereas eight studies reported relative changes in salivary or
blood cortisol (C) concentrations, and six studies assessed the salivary or blood testosterone (T)
response. Disturbances in CK peaked (430%) between 124 h, retuning to baseline within 72 h

of matchplay (Figure2.5). Initial increases in C (3298%), and reduced T (<44%) concentrations,
returned to prenatch values within 482 h (Figure.6 and2.7, respectively). The average age of the
players in the studigsrofiling endocrine and/or biochemical responses following mpltap was ~24

years, with two studies profiling responses in younger (i.e., t2@®r(Johnston et al., 2015Hmr
academy RU (i.e., 189 years) playerg§Roe et al., 2016c)In total, five studies provided detailed
information in relation taactivity profiles(Jones et al., 2014; McLellan et al., 2010; Oxendale et al.,
2016; Roe et al., 2016c; Twist et &Q12)while four studies reported the use of recovery strategies
(Jones et al., 2014; McLellan et al., 2011a; Oxendale et al., 2016; Twist et al,, 2@jd)sting that

the majority of these studies omit the influence of confounding variables that could influence the

interpretation of the data.
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Study Players Code + Level Stimulus Recovery Measures taken  Results
Strategies
(Cunniffe  Professional players RU,; Playing duration: 689 min Not reported C,T,CK C:+30 min: 534+4%hmol-L1Z f r om BhE34663I
etal., (n: 10; age: 261 international nmol-L1), +14 h: 400+2 nmol-L1 Z , +38 h: 261+21
2010) years; stature: team (Wales) nmol-L1 Z
1.87+0.03 m; mass: T:+30 min: 13.8+1.3mol-L2Z fr om MHE0E |
103.1+3.9 kg) nmol-L1), +14 h: 20.2+1.3imol-L1Z , +38 h: 24.3+2.1
z
CK: +30 min: 519+6QU-L*Z f r om 833446 |
U-LY), +14 h: 1182+231U-L 1y, +38 h: 750+99U-L 1
y
(Elloumi Semiprofessional RU; Tunisian  Not reported Not reported CT C:430 mi nnmél2%z. X r om Adsre I8i
etal., players (n: 20; age:  national team nmol-L'Y),+2 h & nmoRL1Z +4 h &nmél-L'w,
2003) 25+4 years; stature: +12h  1fmoldlZ  +2 4 nrho&lL13+336 h
1.80+0.05 m; mass: 9.1nmol-L1Z+4 8 h é&mokLlZ+60 ha&a& 10
88.0+2.9) nmol-LZ  + 7 2 nrhofL1Z . 5+ 8 4 nrho@L1 9 .
Z +96 nhoL'3 . 6+ 1 0 8 nrhoéL!Z, 31207
ha m®molllZ +132nhollL1Z5 .43l 44
nmol-L1 Z
T:430 mi ndnol20z. 0 r om BBHHI i
pmol-L'Y),+2 h &pmdIA5Z +4 h 4pdIL5Z
+12 hdgmetiB@, +24 pmdlL'4£0+B6
410pmol-L'tZ ,+4 8 h dpmot1t'% ,+6 0 ha -
pmol-L'Zz , +72 pmdL'#Z55+84 ha
pmol-L*zZ, +96 pmdlL'402+108 ha
pmol-L'Z, +120pnold13,90+132 ha
pmol-L*Z , +14 4pnoldl#4 10
(Johnston  Professional U20 RL; feeder Not reported Not reported CK (%p f +30 min: §y from baseline
etal., players (n: 21; age:  team baseline) +24 h:120+92%y ,  + ¥5858%y:
2015b) 19+2 years; state: competition to
1.81+0.06 m; mass:  the NRL
89.9+10.0 kg)
(Jones et  Professional players RU; Teamin  Game time: 8813 min (F),87+11 min  Postgame: CWT. CK B:+16 h: 1511+87U-L1y f r om b as56U:L |
al.,, 2014) (n: 28; age: 243 the European (B), total distance: 4906+902 m MD+1: Active 1), +40 h: 814+412)-L1y
years; (B); body mass Cup (60.4+£7.8 m/min) (F), 5959+1013 m  recovery. F: +16 h: 1073+488)-L1y fr om b as2@U-l r

111.645.7 kg (F),
94.2+7.9 kg (B))

(67.8+8.2 m/min) (B); higtspeed
running (>5 m-3): 231+167 m (F),
509+150 m (B); sprinting (>5.6 nm*x

1), +40 h: 657+412)-L1y
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1214112 m (F), 333122 m (B); #total
impacts: 2549 (F), 157 (B)

(Lindsay  Professional players RU; Division  Distance: 6029+690 m; #ipacts: Not reported C C: +30 min: 60.5¢24.66 mo I'f Lf rom bas
etal., (n: 11; stature: 1.87 m one teamin  46+25 (15.27.2e mo IDLH17HR 38Smetllz L +&5
2015hb) (1.81-1.89 m); mass: New-Zealand 151e mo [*E | +83B.7¢hmo kL +& 234
96 kg (88.5101.5 kg) emollE L
(McLean  Professional players RL; NLR Match load: MD+1: Recovery C & T ( o C:+24h:z from baseline+96 h:y (d: 0.60)
etal, (n: 12; age: 244 team Game 1: 421173 AU session. No baseline) T:+24 h:z from baseline+48 h:z , +96 h:z
2010) years; height: Game 2: 411+213 AU details reported.
1.85+0.06 m; mass: Game 3: 411+217 AU
101.948.4 kg)
(McLellan  Professional players RL; NRL Distance: 574¥1095 m (B), MD+1: Two CK, C, TCK+30 min: 56% ¢ fr omiddh
etal., (n:17;age: 191 team 477441186 m (F); distance at high recovery sessions. compared to -32%z7 , +72 h:-3%Z , +96 h:-18%7z7 , +120 h: 12%
2010) years; stature: intensity running (5.5 ms?): 135+49  No details previous time C:+30 min:68%y f r o m, t24als-82Poy, 148 h:-
1.88+0.02 m; mass: m (B), 82421 m (F); sprinting (>5.5 reported. point) 37%z ,upto +120 z (relative changes not reported)
89.6+15.8 kg) m-s1): 29069 m (B), 149+32 m (F) T: +30 min: 14% 7 33%Yy,048 b
1.6%Y, +72 & 8 §,3%6 h:-29.3%Z , +120 h-
7.56%2
(McLellan  Professional players RL; NRL Not reported Postmatch: cycle CK, C CK: +30 min:454+167U-L*y f r om 302+428 |
etal, (n:17; age: 191 team (10min), CWI- U-LY), +24 h: 941+392)-L1y, +48 h: 592+201-L1 Y,
2011a) years; stature: MD+1 (AM): +72 h: 553+191-L1 9, +96 h: 442+154)-L1 ¢, +120 h:
1.88+0.02 m; mass: cycle (10min), 365+139U-L1Y
89.6+15.8 kg) CWI, C: +30 min: 21.9+4.4m-L'1y  f r o m (IB46 |
physiotherapy + nm-LY), +24 h: 15.3+3.5m-L1Z , +48 h: 9.5+1.4
massage available nm-L1Z |, +72 h: 9.5+1.6im-L'1Z , +96 h: 7+1.7nm-L?
- MD+1 (PM): Z #120 h: 9.241.5m-L
active rest
(Oxendale Professional players RL; SLteam  Playing duration: 5521 min (F), 6725 MD+1: Low- CK (MDif from +12 h: 808.0+169.8)-L1y fr om ,+B8alkel i r
etal, (n: 17; age: 254 min (B); distance: 46751678 m (8217 intensity exercise basline) 525.0+136.4*U-L1y #60 A 95U-L1§
2016) years; stature: m/min) (F), 5640+2191 m (83+10 and massage (30
1.84+0.06 m; mass: m/min) (B); highintensity running: min). MD +2:
98.5+10.3 kg) 307+194 m (F), 481+262 m (B); #high Players

intensity accelerations: 5+3 (F), 9+6  encouraged to
(B); #highintensity decelerations: 8+5 rest.

(F), 1046 (B); #collisions: 54+37 (F),

31+5 (B); #RHIE: 14+10 (F), 1045 (B)

(Roe et Professional U19 RU; English Match duration: 73 min; AML: Not recovery CK ( %p f +30min:138.5+33.1% fr om basel i ne
al., 2016c) players (n: 14; age academy team 334t121 AU; distance covered: session baseline) 326.0+77.6% , +1478.4+62:4% , +72 h:
17+1 years; stature: 4691+878 m (74+6m.miH of which 56.7+34.5%y

22154461 m jogging, 663+238 m



1.83+0.08 m; mass:
86.2+11.6 kg)
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striding and 41+40 m sprinting;
APLTM: 451+102; PLTMs: 187+47

(Shearer  Professional players RU,; Playing duration: 8211 min. Participants C,T C:+12h:055+0.1k g/ dL ¢ fr om0lDas
etal, (n: 12; age: 264 professional instructed to € g/ dr36)h:;0.610+0.2@ g / d+60 hy 0.52+0.23
2015) years) team in South follow normal eg/4dlL
Wales, UK individual T:+12h:147.6260.p g/ mL Z f r o m+80.8 :
recovery pg/mL),+36 h: 163.6£68.% g / m+60 K 186+79.7
strategies. No pg/mLz
details reported.
(Takarada Amateur players (n: RU; Japanese #Tackles: 14.67.4; Mean duration of  Not reported CK +0 mi na 5 2f0r dJmh Lida L&10i+459¢ L()
, 2003) 15; age: 2330 years; amateur team work: 21.5+2.2 s; Mean duration of mind 57090/ mi nd 26 8204 WA 1
stature: 1.80.01 m; rest: 24.3+3.1 s ULy, +48 h&,#/20 h@/ 1300 U/
mass: 87.4+2.2 kg)
(Twistet  Professional players RL; SL team  Playing duration: 80 min (B), 51+16 MD+1: Deep CK B:+24 h:420.8U-L'y from basel)riBe
al.,, 2012) (n: 23; B:10, F:13) min (F); #tot contacts: 2518 (B), 38+1¢ water running & h: 2571U-L1§
(age: 2@5 years; (F); #defensive contacts: 14+8 (B), swimming (20 F:+24 h: 4310U-L1y f r om LradeU?), we
stature: 1.83+0.07; 26114 (F); #offensive contacts: 12+3 min) MD+1 (PM): h: 2661U-L1y
mass: 91.9+11.6 kg (B), 136 (F) Players
(B), 102.0+6.7 kg (F)) encouraged to
rest.
(Westet  Professional players RU,; Not reported Not reported C, T C:+12h Oug&lis8'y f r om &MA8Sug-dd),n e
al., 2014) (n: 14; age: 254 professional +36 haugGL'$h8 +60 ugdlld. 51
years; stature: team inSouth T +12M  1pg-tlZ fr om &H24ASpg-mit),n e
1.85+0.10 m; mass: Wales, UK +36 h dgmtbZ7+ 60 hpgmilz 8
105.2+12.3 kg)
#: Number oZ, SipgnCliacgeat decrease from b ag eNoisigndicant hangeSfiorg asefine, AMLn Average matcelaad e f r o m
(RPE x time), AP[M: Average PlayerLodd', AU: Arbitrary units, B: Backs, C: Cortisol, CK: Creatine Kinade, Cohenés d, F: FfayrMbat:.frst, MD: Ma:

day postmatch, MDif: Mean difference, NRL, National Rugby League, PLTMs: Player*baldw, RL: Rugby League, RPE: Rate of perceiegdrtion, RU: Rugby
Union, SL, Super League, T: Testosterone.
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2.4.2.1 Creatine kinase concentrations

As an intracellular protein commonly associated with muscle damage, CK is found in both the cytosol
and mitochondria of tissue whereeggy demands are high (e.g., skeletal muscle) and is important in
the regeneration of cellular adenosine triphospt2aed et al., 2012)As the primary source of CK is
cardiac muscle, the validity of reflecting changes in CK values as a consequeheelefel and
intensity of physical activity remains equivocal. High levels of-ttaglay variation also exist in junior

RU (Roe et al., 2016@nd RL playergTwist & Highton, 2013) Nonetheless, intense exercise leads to
cellular disturbances (i.e., cell damage and cell disruption) which causes CK to leak from cells into the

blood serum, where CK concentrations have been mea@aed et al., 2012)

Throughout most studiesiffure 2.5), after an acute poeshatch increase, the largest increase in CK
levels was found after 24 ([Johnston et al., 2015b; McLellan et al., 2010, 2011a; Roe et al., 2016c;
Takarada, 2003; Twist et al., 201PJowever, as some studies omitted measurements at thipdimte

peak values have also been reported betweel612 Therefore, whilst substantial variability exits
between the magnitude of the responses in different studies (i.e., incrementg femiri20% to
451%), the highest CK concentrations were observed during tBé hZoeriod following matciplay

(Cunniffe et al., 2010; Jones et al., 2014; Oxendale et al., 2016)

For those studies that reported responses beyond 48 h, all b(ifakasada, 20033till observed
significant increases in CK concentrations compared to baseline measures. Notabiyeagtudies
profiled CK responses over five dajdcLellan et al., 2010, 2011a3ignificant elevations relative to
baseline remained after 120(McLellan et al., 2011a)While it might appear useful to assess post
match CK responses over a prolonged period (i.e., >4 days), it should be considered that large inter
individual variability exists in such measures. Indeed, becausenndifiable (e.g., age, gender,
ethnicity) and modifiable (e.g., hydration status, energy status, training status) factors have been shown
to influence serum CK levelBaird et al., 2012)it could be questioned whether prolonged CK
responses are an indication of continued exeinidgeced muscle damage or natural perturbations.
Indeed, changes in CK concentrations morcise may reflect merely the fact that muscle damage has

occurred ampposed to the magnitude of the damage response. Nevertheless, although prolonged CK
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responses (i.e., >4 days) might occur, this is unlikely to significantly affect the prescription-of post
match training regimes in an applied setting, as preparatiotiweftollowing game will likely be taking

priority (assuminga betweermatch period of six days

Some studie@McLellan et al., 2010, 2011a)yofiled recovery responses in ecologically valid scenarios

in which training regimeg.e., weight training, speed/agility and skills sessions) and recovery protocols
(i .e., CWI, active recovery, massage and physi ot
normal practices. It could be argued that these confounding vanatléd be expected to impact upon

the recovery process. Notably, the inclusion of training (i.e., an additional stimulus in the form of
speed/agility, strength or skills session) within the recovery period could prolong the return to baseline
measuregCoutts & Reaburn, 2008; Elloumi et al., 201@hereas the inclusion of effective strategies

is likely to facilitate recoveryTavares et al., 2017Qlthough evidence highlights that ammum of

72 h is needed to recover CK responses tor@ateh levels in ecologically valid scenarios, it should be
emphasised that not all training has to be omitted within this 72 h window. Training type and intensity
(e.g., active recovery to possiblycilitate the ability to train) could be adapted to avoid prolonging the

initial fatigue responsgsuzuki et al., 2004; Tavares et al., 2017)

External load variablesuch as collisions and higipeed running are positively correlated with changes

in CK concentrations, indicating that playersomvere more frequently involved in hightensity
running or collision bouts typically experienced greater increases in CK concentfdtions et al.,
2014; Oxendale et al., 2016; Twist et al., 2012}% therefore recommended thatiure research reports
these specifimeasuresas they are likely to affect the interpretation of CK responses and consequently
the timescale of recovery. Exposure to higleed running and collisions is known to differ according

to playing position, wh forwards typically performing a greater amount of collisions and backs
typically covering more distance at higher intensiigshnston et al., 2014al\s specificactivity
profiles (i.e., highspeed running and collision bouts) differ between codes and pogilimmess et al.,
2014; Oxendale et al., 2016; Twist et al., 201R)s would consequently affect positispecific

recovery timelines and should be considered in applied practice.
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Figure 2.5 Recovery timecourse percentage changes in creatine kinase concentrations following rugby union (RU) and league (Rlgymatch
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2.4.2.2 Cortisol concentrations

As it is considered an important catabolic hormone, the release of Cimslas¢éd by
adrenocorticotrophic hormone as a response to stress. Elevations in C result in increases in protein
degradation in muscle and connective tis€termack et al., 2008ayVithin physiological limits, the
magnitude of C secretion is generally proportional to the stress incurred (i.e., severeastiesssult

in a larger increase in C concentration than mild stigd@)mack et al., 2008aonsequently, post

match C concentrations have been used to give a representation of the level of stress that players have
endured throughout the match and therefore have been used as a recovery marker. ThieoMmajorit
studies observed salivary C responses (Figii}e whereas one study reported concentrations of serum

C (Cunniffe et al., 2010)It is known that specific endocrine responses demonstrate circadian
rhythmicity; a factor which alongside the potential for largividual variability, should be considered

when using endocrine responses as an indication of recoMery u bi j anki | et al ., 20

Out of the seven studies observing changes in C responses followingpisatcfive reported acute
measurements (i.e., within 60 min following mafhy) (Cunniffe et al., 2010; Elloumi et al., 2003;
Lindsay et al., 2015b; McLellan et al., 2010, 2011ehereas two studies performed their first post
match measure at a later (i.e., 12 h) tipoint (Sheareeet al., 2015; West et al., 2014)f these five
studies carrying out acute measurements, four studies reported an immediate rise in {€ationsen
which would be the likely result of the intensity and duration of exe(tse & Berthon, 200Q)and

any anxiety responséPasselergue & Lac, 199f)at are associated with rugby mafahy. In large
contrast to the increased C concentrations in the majority of sti@liesiffe et al., 2010; Lindsay et

al., 201%®; Shearer et al., 2015; West et al., 20B43ingle study reported an almost immediate (i.e.,
within 2 h) decrease in C concentrations, which persisted throughout the duration of the study (i.e., 144
h) (Elloumi et al., 2003)However, information regarding playing time for the 20 participants, including
five subgitutes, was lacking. It is therefore possible that a reduced playing time for substitutes, and thus
differences in the overadlctivity profilesexperienced, may have influenced the mean C responses for
the whole group. To avoid underestimation of the§ponse, future research incorporating-pastch

measurements of C concentrations should consider performing initiahptstt measurements within
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60 min, as multiple studies have indicated that this is a crucial period in which peak C concentrations

arereported.

Despite an immediate pestatch elevation in C concentrations being observed, substantial variability
still exists. Indeed, Lindsay et 42015b)reported a foufold increase in C concentrations at 30 min
postmatch, which is more than twiceat observed in other studi@Sunniffe et al., 2010; McLellan et

al., 2010, 2011a)An argument is made in this study that this was the result of a difference in game
intensity(Lindsay et al., 2015bHowever, this remains unclear as very little information was reported
in relation to specifiactivity profiles The only information provided related to total distance covered
(6029 £ 690 m) and the number of impacts (46 + 25), which do not differ drastically from values
reported in other studi¢bicLellan et al., 2010and are therefore unlikely to explain differences in the

C cmcentrations observed. This finding emphasises the point that contextualisatovivitf profiles

is required to improve the interpretation of recovery data collected throughout such studies.
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2.4.2.3 Testosterone concentrations

Testosteroais an important psychosocial hormone which may help to regeadéions andbehaviors

(e.g., motivation, mood and aggressi¢@yewtheret al., 2016) Although evidence suggests that the

role of T in anabolic processes may be questigésst & Phillips, 2010)it has been used as a marker

of recovery. Changes in T concentrations have been reported to be proportional to the duration and
intensity of exercise (i.e., longer and more intense exercise elicits a larger effect in T). Out of the five
studies reportig relative T responses (Figu2e’), three studies reported an acute (i.e., within 60 min
following matchplay) response, of which two studies observed decreased concentrations ranging from
~14 to ~44%(Cunniffe et al., 2010; Elloumi et al., 2003)/hen the first postatch measurements

were taken at a later tinmoint (i.e., 12 h), decrements of ~30% were repof8tkarer et al., 2015;

West et al.,, 2014)It could be argued that studies omitting measurements directlynjadsh
underestimated the magnitude of the fatigue response, as a number of studies have identified this as the
period in which peak reductions occur. Largely in contrast to the body of lite(@uniffe et al.,

2010; Shearer et al., 2015; West et al., 20MELellan et al.(2010)reported an immediate rise in T
concentrations pogfame. However, this appears to be the result of a sudden decrease in T

concentrations 30 min pmaatch when compared with measures taken 24 h beforehand.

After an initial postmatch decrease, T concentrations typically rise and approached baseline values
after 38(Cumiffe et al., 2010pr 60(Shearer et al., 2015; West et al., 2004possibly indicating that

two or three days are required for T concentrations to recovematsh. In contrast, a single study
(Elloumi et al., 2003jeported recovery of T values as early as 12 h-puaich. However, because this

study applied no exclusion criteria based on playing time, it may be that average responses were affected
by potentially minor physiological changes within substitute players wie exposed to fewer

minutes of matciplay.
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2.4.3 Subjective responses

Six studies (Tabl@.3) profiled selfreported wellness responses in a total sample of 92 players (mass
97.8+6.4 kg; height: 1.84+0.01 m). After peaking at 24 h (<65%), mood disturbances requietl 48

to normalise (Figur@.8). The average age of théapers in the studies profiling subjective responses
was ~23 years, while a single study profiled responses in younger athletes2@s)d&oe et al.,

2016c¢) Detailed information in relation tactivity profileswas reported in three studi@@xendale et

al., 2016; Roe et al., 2016c; Twist et &012) while specific details on recovery strategies have been
repored in two studiegOxendale et al., 2016; Twist et al., 201R)sturbances in wellness could be
caused by a variety of matchlated vaables (i.e., result of the game, individual match demands,
individual performance and feedback on individual performance) and external (i.e., sleep disturbance,
family commitments, relationships, work and education) fact@mlimann et al., 2018)Peak
disturbances in wellness (ranging from 24 to 65%) occurred 24 hmaish, before the response
stabilised or began a gradual return towards baseline (R@)rélthough compéte recovery was not
reported in any of the studies, no significant changes in wellness disturbance compared to baseline
measures were reported between 48 and 72 h, indicating that responses have returned-imaiesr pre

values.



55

Table 2.3 Studies investigating the recovery profile of perceptual responses following rugbypratch

Study Players Code + Level Stimulus Recovery Strategies Measures taken Results
(McLean et al., Professional RL; NLR Match load: MD+1: Recovery Five-item wellness Qon Q:+24:Z fr om (bh-4.64+ 4 & et :
2010) players (n: 12; team Game 1: 421173 AU session. No details a 5p LS (1: negative -1.53), +96 h: zZ
age: 244 years; Game 2: 411+213 AU reported. outcome,5: positive Fatigue: 24 h:§  f r selne(d 4.65), #4838
height: 1.85+0.06 Game 3: 411+217 AU outcome) + fatigue h: dyl1.(42), +96 h: 2z
m; mass: levels + muscle Muscle soreness24h:y fr om (dhas
101.948.4 kg) soreness (ql57),¥48 HM:-1.944), +96 h
baseline)
(Oxendale eal., Professional RL; SL team  Playing duration: 5521 min (F), MD+1: Low- Rating of perceived +12h-1. 1N0.5 Z from ba
2016) players (n: 17; 67125 min (B); distance: 4675+167¢ intensity exercise muscle sorenessona7 0. 8N0O. 5 Z, +60 h: 2

(Roe et al., 2016c,

(Shearer et al.,
2015)

(Twist et al.,
2012)

age: 254 years;
stature: 1.84+0.06
m; mass:
98.5+10.3 kg)

Professional U19 RU; English

players (n: 14age academy team

171 years;
stature: 1.83+0.08
m; mass:
86.2+11.6 kg)
Professional
players (n: 12;
age: 254 years)

RU;
professional
team in South
Wales, UK

Professional
players (n: 23;
B:10, F:13) (age:
26+5 years;
stature:
1.83+0.07; mass:
91.9+11.6 kg (B),
102.04+6.7 kg (F))

RL; SL team

m (827 m/min) (F), 5640+2191 m

(83+10 m/min) (B); higkintensity

running:307+194 m (F), 481+262 m

(B); #highrintensity accelerations:
53 (F), 946 (B); #higkintensity
decelerations: 845 (F), 1046 (B);
#collisions: 54+37 (F), 3145 (B);
#RHIE: 14+10 (F), 105 (B)
Match duration: 73 min; AML:
334121 AU, distance covered:

4691+878 m (74+6m.miH of which

2215+461 m jogging, 663+238 m
striding and 41+40 m sprinting;

APLTM: 451+102; POMs: 187+47

Playing duration: 8211 min.

Playing duration: 860 min (B),

51+16 min (F); #tot contacts: 258
(B), 3819 (F); #defensive contacts:

1448 (B), 26+14 (F); #offensive
contacts: 12+3 (B), 1346 (F)

and massage (30
min). MD +2:
Playes encouraged
to rest.

No recovery session

Participants
instructed to follow
normalindividual
recovery strategies.
No details reported.

MD+1: Deepwater
running &
swimming (20 min)
MD+1 (PM):
Players encouraged
to rest.

LS (0: extreme sorenes
i 6: no soreness) (MDif
to baseline)

Six-item wellness Q on
a 5p LS (1: negative
outcome, 5: positive
out come)
baseline)

Six-item wellness Q on
a 5p LK (BAM) (1: not
at alli 5: extremely)

Rating on muscle
sorenss, fatigue, and
attitude to training on a
5p LS (1: positive
outcome-5: negative
outcome)

(9

+24h:-24. 0N4. 3% Z froem
8. 3N5. 9%-3Z,6 NB7 Z %h :z

Mood Disturbance+12 h: 7.67+4.4y f r o
baseline (4.922.27), +36 h: 6.33+2.9%, +60

h: 5.17N3.56 2
Energy | ndex: frenibaselme
A5N1.19), +36 h: 0.9
i

Muscle soreness: (B¥24 h: 3.5¢0.% f r o
baseline (2.80.7), +48 h: 3.2+0.¢ (F): +24 h:
3.2+0.87 f r om (h0x&4e H48 h:e
3.3£0.9y

Fatigue: (B): (2.48.5) +24 h:3.3£0.y f r ¢
baseline+48 h: 3.0+0.8); (F): +24 h: 3.0+0.8
y from (b2a&49, F48 h:8.0+0.9
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Attitude to training: (B): +24 h: 240§y f r
baselind 1. 9N0. 8), +48 h:
h:2311.1y fr om (b4aG7 kithn e
2.2N1.2 z

(West et al., 2014) Professional RU; Not reported Not reported Six-item wellness Q on Mood disturbance score12 & 7 . 4 9y (
players (n: 14; professional a5p LS (BAM) (0: not from baseline4.80)+3 6 ha 6.238
age: 254 years;  team inSouth at alli 4: extremely 460 ha 5218 (8%)
stature: 1.85+0.10 Wales, UK outcome)
m; mass:

105.2+12.3 kg)
#: Number oZ, SipgnCliacgeat decrease from b ag eNoisigndicant hangefiorg rasefine, SpalBptiint LikertScalea s e f r om
7p LS: Zpoint Likert Scale AML: Average match load (RPE x time), APLTM: Averaggd?lzoad™, AU: Arbitrary units, B: Backs, BAM: Brief Assessment of Moald,
: Cohenbés d, F: Forwards, M BriatchviMbif:.dviean diffeyence, MRL, Nafional Fuphby ketgue] ALY MspPbaget®balbw, RL: Rugby
League, RPE: Rate of peiged exertion, RU: Rugby Union, SL, Super League, Q: Questionnaire.
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2.4.3.1Perceptualquestionnaires

A common method by which players provide feedback on wellness is via the use of questionnaires.
Although many different questionnaires exist, two shoite questionnaires, whereby players
indicated their responses on apéint Likertscale have often ke used in practice, being, a
psychological questionnaire assessing different facets of wellledsan et al., 2010; Roe et al.,
2016c) and the brief assessment of mood (BABhearer et al., 2015; West et al., 20 8rief version

of the Profile of Mood Stas (POMS)YMcnair et al., 1971jhat assesses different mood adjectives.
Large variability exists between these two questionnaires; the ratesliitesach questionnaire assess
different facets of the recovery process while ratings also represent reversed responses (i.e., in some
studies(McLean et al., 2010; Roe et al., 201&dpw score represents a negative response and a high
score represent a positive respmnshereas in other studi€Shearer et al., 2015; West et al., 2014)

the opposite was true). This emphasises that althoughraish wellness responses appear similar,
large methodological differences make direct comparisons between studiesigihg. The way
guestionnaires are used in practiliifers as well. Practitioners may either look at individual items on

the questionnaire, or only assess the total score of all items. In additismot uncommon for
customised wellness questionnaires to be used within individual clubs. However, the laloityfof

those customised questionnaisé®uld becarefully considered

2.4.3.2 Perceived muscle soreness

Another common method to provide feedback on wellness is via ratings of perceived muscle soreness
(Fletcher et al., 2016jor which there is no standardised rating system, with some studies usihg a 1
Likert scale(McLean et al., 2010; Twist et al., 201®)hereas others have used-é Dikert scale .
However, a more expansive scale (i.e1,0lor £100) might be preferable to express a more accurate
representation of the response and thus sensitivity of the ¢bédearen et al., 2017)While most

studies use a general muscle soreness score, a more expansive approach was adofitasella

et al., 2012)which required a score of soreness of different body parts di9d.ikert scale (both left
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and right side of calf, hamstring, quadriceps, adductor, hip flexor and glutes) and an average of those
ratings was taken for a full body muscle soreness score. This approach may be useful as it gives more
specific feedback to the coaches about soreness in different body parts so training could be adapted
accordingly. However, it may be useful that this als@mants for uppebody sites. The use of a rating

of muscle soreness as opposed to a questionnaire (in which ratings of muscle soreness may also be
included(McLean et al., 2010; Roe et al., 2006cpuld both prolong and reduce a return to baseline
measures as the senditpvof the mode of measurement may influence the interpretation of the time

course of recovery observed.

The importance of reportinactivity profilesin detail is further highlighted by observations that RHIE

and number of collisions (heavy collisions particularly) during matel displayed strongositive
correlations with increased muscle sorer{€sndale et al., 2016l is argued that a combination of
blunt-force trauma caused by physical collisions andigénsity eccentric movements have a greater
effect on muscle damage and muscle soreness than each factor in i¢dddinston & Gabbett, 2011)
Subsequent positi@al comparisons may be a useful addition to future research, as the increased number
of collisions and RHIE performed by forwards may lead to greater muscle soreness in comparison to

backs, which could affect the consequent recovery pé@adndale et al., 2016)
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Figure 2.8 Recovery timecourse percentage changes in subjective responses following rugby union (RU) and league (Rb)pgndtcapresents wellness
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2 4.4Reliability

As highlighted aboveyarious assessments can be used to andlgextent of muscle damage that has
taken placeTo draw valid conclusions related to the-pmad postmatchplay measurements, and the
conseguent muscle damage that has occurred, it is important to assess the reliability of a monitoring
tool and its spefic variables(Cormack et al., 2008cY his is especially true, given that reliability of
measures is populatigpecific(Cormack et al., 2008ciReliability of recovery makers has sporadically
been reported in collisiesports players, with neuromuscular and wellness markers generally showing
superior reliability to biochmical or endocrine markef@ormack et al., 2008¢; Roe &t 2016a; Twist

& Highton, 2013) Specifically, in junior RU, five days separated betwdan reliability
measurements, but no activity (i.e., training) was carried out in the betlageperiod(Roe et al.,
2016a) Although this allows for expamental control, findings may not reflect scenarios in which
regular training practices take place. In addition, where studies do report reliability data, it is unclear
whether this concerns withiror betweerday reliability (Johnston et al., 2015b; Twist et al., 2Q12)
Such information is likely to inform practitioners regarding their use of specific variables during within

or betweerday scenarios and should therefore be mentioned.

Arguably, the variaitity shown in physical qualities amongst academy players, subject to chronological
age, maturation status, and training @@l et al., 2017a; Till et al., 2014a)nay also affect the
reliability of measures used to assess+astcise fatige in this population. For example, assessing
lower-body power is commonly done through a QVIill et al., 2017b)while the CMJ is also a popular
measure to asses®gtmatch fatigue(Taylor et al., 2012) With increased variability in CMJ
performance amongst this age group compared to senjyarg)aeproducibility may be less consistent,
consequently affecting reliability. To allow for academy RL practitioners to confidently interpret their

data, additional research assessing reliability in recovery markers is required.



61

2.4.5 Validity

Equally, the validity (i.e., the extent to which a concept is accurately measured) of a tool or variable
needs to be considered. It seems logical that a direct measurement of muscle damage is the most valid
way of determining the damage caused. Howev#rpagh direct measurement of muscle damage is
possible(i.e., by taking a small piece of muscle tissue through a muscle bi@pisgh et al., 2007;
Lovering & De Deyne, 2004ucha measurés invasive, timeconsuming, ad expensive, making
impractical for sporting environmen{avares et al., 2017)nstead,as highlighted in the sections
above,indirect markers of muscle damage may be preferreccoftractile capabilities are reduced
significantly due to disrupted sarcomeres and the uncontrollable movemenit oft€the sarcoplasm
(Peake et al., 201,Aprce-generating performance tasks (e.g., jumping, sprinting, isometric or isokinetic
dynamometry) provide an indirect indication of muscle danfagest & Highton, 2013) Membrane
permeability allows enzymes and muscle proteins (Elg,,myoglobin) to drift into the bloodstream
(Markus et al., 2021 )whilst, at different stages of the process, muscle damage is also associated with
the increase of certain horme@nand immune cell§Peake et al., 2017Measurements of specific
concentrations of these markers in the bltedsn or saliva also provides indirect evidence of muscle
damaggTwist & Highton, 2013) Finally, taking a score ofvellness antbr soreness, either generally

or at a specific site of the body, provides a simple subjective manner of assessing muscleAtamage.
each method of assessing pesercise responses coverslightly different aspect othe construct of

o0 f at,itigparéicblarly important to consider to what extent an assessment measures this construct.

2.46 Considerations around postatch responses

Although, contextual factors meant that considerable variability was observed, recovery timelines have
been reporiin this section Neuromuscular responses have been assessed through monitoring CMJ
performance (PP and FT), with acute reductions in PP of up to 31.5% being followed by decrements of
up to 37% at 24 h poshatch. Measurements of PP appear to be a mos#ise marker of fatigue than

FT as prolonged decreases are observed beyond 48 h, while any decreases in FT beyond 48 h are mostly
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found to be trivial or insignificant. With this in mind, practitioners should seek to assess those variables
that representhe most sensitive markers of neuromuscular fatigue within their testing battery. That
being said, it would be worthwhile to explore additional CMJ variables as well as the utility of other
measures of fatigue in response to rugby matak in order to asess their sensitivity and thus the

efficacy of their adoption within both research and practice.

Studies profiling changes in CK concentrations reported peak increases4B1%between 12 and

24 h postmatch. In contrast, in most studies profiling @@ T response, peak values were reported

acutely postnmatch. However, while biochemical and/or endocrine responses are often reported within

rugby literature, it is important to consider that large Htdividual variability exists, and thus findings

must be interpreted with caution. Subjective responses to pletgthave proven difficult to compare

due to the | arge variability in methodol ogies (
6emotionsé that r e q u iespenses)oNotlwithstanding, alldstudien that hagev e r s ¢
reported a subjective response have observed peak disturbances in wellneds¥ofdsturring at 24

h postmatch, after which near baselines measures are achieved between 48 and 72 h.

Out of the studies mortedin this sectiononly four (Jones et al., 2014; McLellan & Lovell, 2012;
Oxendale et al., 2016; Twist et al., 20p2)vided detailed information relatingaativity profiles(i.e.,

totd distance, higkspeed running, number of collisions etc.), training regimes (i.e., type and timing of
training sessions) and recovery strategies (i.e., type and timing of specific strategies). Reporting such
information is important as these variables mpegfoundly influence the recovery responses observed.

For example, performing intense training within the recovery period could prolong the return to baseline

measures, whereas the inclusion of effective recovery strategies is likely to have the effposite

The average age of the participants in studies profiling a fatigue response followingphagitatas 23

years, with only three studies (of which two worked with the same sample) yaingerathletes
(under20 or academy teams), suggesting there is a lack of research that profiles recovery within
academy rugby playerdis it is reported that correlations exist between match demands and the
magnitude of postnatch responsedones et al., 201; Oxendale et al., 2016; Twist et al., 2Q1)

could be argued that recovery timelineagademy playemnight be different as a result of differing
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match demands. Additionallpcademy playersften do not play rugby fulime and as a result face
competing lifestyle demands (i.eeducation, work), which could influence their recovery profiles.
Inferior physical qualities iracademyplayers mayalsoaffect their posexercise responses differently

to seniorplayers.

2.5 Physical qualities

To achieve the complex and highly varied physical demands that are required at the highest level, RL
players need to develop a broad range of physical qugMigis et al., 2001b; Till et al., 2013Pue to

the duration of the game (i.e., 80 min), the high distances covered and the need for aoapig re
following periods of high intensity, wetleveloped aerobic capacity is importgdohnston et al.,
2014a) The most decisive moments of the match, however, are usually decided durirsgeepe
occurrences of high intensity, which strongly rely on the anaerobic (i.e., phosphagen, glycolytic) energy
systemgGabbett et al., 2008alHigh-intensity running in RL is often over a small distance,(k20

m), hence the (repeated) ability to accelerate quickly and efficiently is a key attribute for all players
(Gabbett, 2012b)Backs, who are more likely to perform sprints ovdprager distancdGabbett,

2012b) also need to develop tgpeed qualitiegJohnston et al., 2014ajltogether, physical
characteristics of specific players should also be complemented with appropriate body composition.
Due to their increased involvement in collisiq@shnston et al., 2019)orwards are likely to have
increased body mass, larger body fat percentage and greater skinfold thickness compared to other
positions(Till et al., 2013) but high body mass, and particularly lean mass, is important in all positions

(Till et al., 2011)

Except for aerobic capacity, it is generally accepted that physical qualities such as linear speed, change
of-direction speed, muscular strength, and muscular power generally incrgasegasplayers move

across age categories (i.e.;AByears oldjBaker, 2001, 2002; Gabbett, 2002; Gabbett, 2009; Gabbett

et al., 2008b; Till et al., 2010This is the result of increased training volume, the onset of peak height

velocity, and the introduction to resistance trainifgj et al., 2015b) Even though physical quaés
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improve as players get older, these are still known to be inferior to senior profesakals 2002;
Ireton et al., 2019; Till et al., 20178B)hilst this may not be surprising due to an extended training age
and completed maturation in senior players, it is hugely importanydong players to develop
physically.Notwithstanding the high level of techniekill that is required to progress as a RL player
(Johnston et al., 2014anhanced physical qualities have been found to play a potentially crucial role
in the development chcademyplayers. Specifically, as it has been shown that superiorsygay
gualities are positively correlated to important performance parameters (i.e., tackling ability, high
intensity runningGabbett, 2016; Gabbett et al., 201¢¢neral playing abilityGabbett et al., 2007)
increased selection in starting teams and national selé@airbett, 209; Till et al., 2011)as well as
long-term career attainment and professional stéfilset al., 2016a; Till et al., 2015a; Till et al.,

2016b)

In addition to its positive relationship with important performance parameters, superior physical
gualities may also be able to attenuate qgeastrcise fatigue. As playing standard increases, so does the
intensity of the gamdGabbett, 2012a, 2013, 2014; Sirotic et al., 2008) such, it may be expected

that the postnatch fatigue response also increases, butdeeloped physical qualities may be able

to offset these responses. Indeed, neuromuscular fatigue arsoie@#l were lower in those players

with greater higkspeed running ability and high levels of lowmsrdy strength and power, despite
having greater internal and external match log@lidnston et al., 2015a; Johnston et al., 2Q15b)
Equally, increased levels of fatigue have been associated with reduced match performance (i.e.,
reductions in higkspeed running distance and tackling proficiency) during intensified RL ditiope

(Johnston et al., 2013a; Johnston et al., 2Q13b)

With so many of the damageducing mechanisms (i.e., higipeed running, sprinting) relying on the
SSC(Douglas et al., 2017and thus foreg@roducing capabilities, players with higher levels of strength

and power will be able to cope better with the forces associated with these mov@yamgset al.,

2004) It is therefoe unsurprising that superior physical qualities could indeed minimise the fatigue
response. The literature highlights that both the standard and intensity of play, as well as the physical

qualities associated with the players differ betwaeademyand seior professionals. Both these



65

parameters also appear to affect poatrcise fatigue, and as suakcademyplayers may experience a
different timecourse and profile of fatigue compared to their senior counterparts. As this is currently
still unclear, bettr understanding is required regarding the fatigue and recovery proceasadehy

players.

2.6 Recovery strategies

As highlighted, many contextual factors (e.g., match demands, inclusion of training, physical qualities)
should be considered when contextualising4eastrcise responses. Finallge use of specific recovery
strategies employed in the time between egercompletion and the pesxercise measurements also
warrants consideratigidones et al., 2014; McLellan & Lovell, 2012; McLellan et al., 2014alyition,
hydration, and sleep are recognised as recavagulating factor§Halson, 2008; Peake, 2019
addition, b facilitate an enhanced restoration of postich responses back to baseline, it is common
practice amongst professional sporting teams to implemesutiety of recovery strategi€bicLellan

& Lovell, 2012; Oxendale et al., 2016; Twist et al., 20Eplethora of research assessingdfieacy

of recovery strategidas available andthis topic haslsobeen extensively reviewed in rugfyalleja
Gonzalez et al 2019; Tavares et al., 201 Whilst, for this reason, the evidence behind these strategies
will not be elaborately discussed in thisctionof the thesis, explanation will ovidedbehind some

of the mechanisms that potentially manipulate the recovery process.

Specifically, thosestrategieshat are more accessible and ecologically valid in rugby environments will
be briefly discussed Discussion of some of the more recent and lack@ technologies (e.g.,
cryotherapy,phototherapy)CallejaGonzélez et al., 20195 beyond the scope of this thesihie
efficacy of recoverymodulating factors and physical interventions is likely dependerthe type,
intensity, and duration of the preceding exercise stimu{blsidson et al., 2019)In sporting
environments,tiseems morappropriatéhat a variety of strategies is used in an attempt to enhance the

recovery procesd.indsay et al., 2015aHowever, the literature predominantly assesses the efficacy of
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a single modality in isolatiorfTavares et al., 2017thereby limiting its findings to a practical

environment.

2.6.1 Nutrition

Players benefit from a daily diet containing high levelsarbohydrateS§HO) and protein to maximise

glycogen concentrations whilst supporting recovery and adap{&ascthordas et al., 201 However,

the acute phase following highnt ensi ty exercise is known as a pa
startd t he (Thecnaivan of pogtxergisemugition is the replenishment of liver and

muscle glycogen, which is th@imary fuel source during higintensity exercis¢Peake, 2019)To

ensure complete muscle glycogen recovery, 24 h of adequatecOhEDmption may be required

(Burke et al., 2017)but the initialperiod 2-4 h postexercise has frequently been highlighted as a

6wi ndow of opportunityd dwwenthdsisingienzynesedarinceths timec t i v i
(lvy et al., 1988) To optimise CHO intake, players are encouraged to consume betvieensl 4 Ak g

! to maximise glycogen synthesis, whilst the intake of high glycaemic index (Gl) foods may be
preferable over moderate or low Gl foods, when glycogen restoration needsuras quickly as
possible(Jentjens & Jeukendrup, 2003he addition of 0.D . 5 ‘A*okpgotein is beneficial for

ti ssue repair, and aids in glycogen r &BYlnt hesi s
etal.,,1988)Var i ous ot her di et ar yaladne,grpatinre)maybe kenefiotaling . , p |
enhancing postxercise ecovery(Markus et al., 2021)while polyphenols especially haveceived

addition attentinin the literature. Exercise is known to cause increased oxidative stress which elicits a

rise in the production of free radicals and lipid peroxidation. This may cause cell damage and could
consequently impact health and wiedling (Bloomer et al., 2005)A diet rich in antioxidants (e.g.,
polyphenols) may be able to reduce the harmful effegtsed by oxidants, which coytdsitively

affect recoveryMarkus et al., 2021)
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2.6.2 Hydration

Total body water represents between7890 of body weight, with individual variability mostly
accounted for by differences in bodgnposition (Sawka et al., 2015)When exercisingt high
intensity, specifically inthe heat, metabolic heat production causes an increase in core temp&umature
limit this rise, evaporative cooling (i.e., sweating) occurs, which, vila@hloss through sweating is
superior tdfluid intake maycause a state of hypohydration (i.e., underhydrafiemans et al., 2017)
The loss of water in sweat leads to a state of hypovolemia (i.e., reduced blood volume) which
consequently impairthermaegulatory effects (i.ehlood flow to the skirto release heags well as
the cardiovascular system (i.e., reduced stroke vol{8eyka et al., 2001)t is thereforegenerally
accepted thatin elongated state of hypohydration may reduce performbhanee a quick return to a
stae ofeuhydration following exercisgould be beneficialWhen doing sdt is recommended to take
in moderate volumes of electrolytentaining fluids over a longer period, whilst the addition of food

could assist in achieving a positive fluid bala(leeake, 2019)

2.6.3 Sleep

It is generally accepted that sleep serves a crucial role in recovery from previous wakefulness and to
prepare for the subsequent wake per{bthlson, 2014b) Sleepinduces changes in almost all
physiological processes, whilst its restorative relationship is specifically highlighted in the immune,
endocrine, and nervous systems, and the vital role it plays in learning and nfialeon, 2008)The

effect of sleeprestriction or sleep improvement on consequent performance (i.e., strength and
endurance) tasks remain equivocal, largely because of differing sleeping protocols across studies
(Walsh et al., 2020However |t appearsthat sleep restrictionegatively influencgskill execution and

various physical attributes (e.g., endurance performance, anaerobic power, sprint performance, reaction
time (Walsh et al., 2020; Watson, 201 €pnsequently impairing performande/en thoughvarious

sporting andhon-sportingfactorsmay cause shoterm sleep disturbanc@d/alsh et al., 202Qxthletes

should focus on buildingpng-term healthy sleeping habits, incorporating high quality sleep hygiene
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(Bird, 2013) Altogether, recommendations suggest that athletes benefit #&im of sleep per night,

whilst regular sleeping routinesd the correct sleeping environment widl an achieving ths.

2.6.4 Hydrotherapy

Hydrotherapy includes the use of water as a recovery strategyydrostatic pressure associated with
water immersion causes displacement of fluids from the peripheral to the central cavity, which results
in the translocatioof various waste products away from the musslevell asncreasedtroke volume
(Bieuzen et al., 2013)Beyond he general effecof water immersion, the temperature and its
mechanisms are thought to play a crucial rol&éexact mechanisms enhancing reco(égyle et al.,

20100 | mmer si on may °Cy thermoneutialn(>1% oI36C), ( Oiabr AC), brO3 6

contrasting (i.e., alternating between warm and cold water) cond{@meheaJrefia et al., 2015)

Cold-water immesion, perhaps the most popufarm of hydrotherapyjs associated withmeduced
oedema following exerciseéBy restricting the blood flow through coeldduced vasoconstriction,
oedema and the associated pain and soreness is reduced, whilst oxygen blood flow (which may be
impaired through oedema) is assistftsan et al., 2016)The combination of vasoconstriction and
hydrostatic pressure elicits the movement of extravascular (i.e., intracellular astitiat) spaces into
intravascular spaces, which is accompanied by the clearance of dead tissue cells atitat@ass
causedhroughmuscle damagéhsan et al., 2016)A reduction in muscle temperature also reduces
intramuscular metabolism whiahinimises inflammatory events. Finally, the reduction in core body
temperature is associated wittdtuced sensation of perceived exertion which is mirrored by reduced

central fatigue

Compared to CWI, warmater immersion (WW]I)is generally found to be more relaxing and
pleasurable whi ch may aid in the pl a(Beekereital.2p089)rHea i v e d
causes vasodilation, which allows for increased blood flowfastdrrecruitment of immune cells and
proinflammatory macrophages to the site of damage. It is anticipated that the inflammatory and the

consequenantrinflammatory response occur quickilowing WWI (Petrofsky et al., 2015)n
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addtion, the associated rise in tissue temperature is thought to reduce the perceptiofRetpafisky

et al., 2015) Contrastwater therapy (CWT) consists of alternating between immersion in cold and
warm watey and consequentiyombines the beneficial effects of both peripheral vasoconstriction and
vasodilationDupuy etal.,2018) Thi s causes a O6pumping actionbé,
changes in blood blow distributioand reduced inflammatiofVaile et al., 201Q) Notwithstanding

some of thethercontextual factors (e.gdepthof immersion, duration) that may influenite efficacy

of hydrotherapy, CWI and CWT have generally been found more effective than WWI in reducing

perception of fatigue and blood markers of muscle dar(Regke, 2019)

2.6.5 Compressions garments

The rationale behind the use ofngoression garmen(€G) in the postexercise recovery period lies
with the external pressure that is created. In theory, this reduces the space for ,shnaadlimgrrhage,
and haematoma, while providing mechanical supgbdvies et al., 2009)The compression of
superficial veins alsanproves capillary filtration whichresults in an increaddlood volume through
deep veins, consequently aiding in the removala$te productgDavies et al., 2009)Contrasting
findings exist regarding the efficacy of CG, whidh likely due to the propertie@.e., fabric type,
thermal resistance, elasticitygharacterisatiofi.e., uppetbody, lowerbody, fulFbody) and pressure

of the various CG usg@ilacRae et al., 20117 he effect of CG on muscle damage, inflammation, and
performance measures appears madagbuy et al., 2018; Tavares et al., 20H)wever, most studies
agree thaCG reduce perceived fatigtand muscle soreness, and since CG are practical and mostly
inexpensive, it would do no harm for players to use them following-inigimsity training or

competition(Tavares et al., 2017)

2.6.6 Massage

Massage involvethe manipulation of tissue, either manually (i.e., with fingers, hands, and elbows) or

via the use of foam rollersr pneumatic compression devicgzeake, 2019)It proposes to increase
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skin and muscle temperature, enhance blood circulation, and improve range of motion, whilst reducing
painthat may exist througstiffness or cramp@Guo et al., 2017Notwithstanding théype arl duration

of the massageit is generally accepted th#t may causereductions inmuscle soreness arid
concentrations of blood markers of muscle damage (e.g., CK levels),sanilstvidence also suggests
improved isometric force and peak torque iosth that received a massage compared to those that did
not (Guo et al., 2017Even though selnassage is possible and common (e.g., through foam rollers),
the clear benefits appear through a gimessagewhich uinderstandablyequires an additional person

to undertake.

2.6.7 Stretchingand active recovery

Stretching is performed in an attempt to improve range of motion and reduce pain and sorengiss
stimulation of various anatomical structur@@eake, 2019)The research assessing the effect of
stretchingon postexercise recovery predominantly involves static stretc{@ailejaGonzalez et al.,

2019) Despite this method being used frequently in sporting environridéaile et al, 2010) most of

the literatureis clear in stating that there are no real benefits to static stretching when attempting to
reduce DOMSDupuy et al., 2018; Herbert & Gabriel, 2003pme evidence even suggests that the

opposite may be trudut detrimental effects to stretching appear unlikebile et al., 2010)

Active recovery is anothertrategy which is commonly used by athle(®&ile et al., 201Q)It is
generallyseenas lowlevel activity in the form of walking, jogging, cyclingr swimming and aim
enhance blood flow through the muscle, whicbustl result in subsequent removal of waste products
(Dupuy et al., 2018)Whilst the evidence is not entirely convincing, reseasalggests enhanced
clearancef lactate and CKDupont et al., 2004; Gill et al., 200&nd reduced DOM®upuy et al.,

2018)following low-level activity.
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2.7 Recovery versuadaptation

Professional spomvolves the constant interaction between load (i.e., training, Apddgh, subsequent
fatigue,recovery,and adaptatiofDupuy et al., 2018)Recovery strategies are typically viewed as a
means of reducing fatigue to enhance consequent performance fiollténg training session or
match (Kellmann et al., 2018)As highlighted, there is a wide range of recovery strategies that
practitioners may choose from, but implementation should be carefully considargdtion to the
population, the stimulus, and the scenario that has occ(ifteder & Comfort, 2017)Recovery
strategieshould not be treated with a eaizefits-all approach, particularly in a team sport including
specific positional demands and training statuses, which are likely to result inrdjffaofiles and
time-courses of recovergTurner & Comfort, 2017)Furthermorewhere acute (i.e., within 72 h of
exercise) recovery strategies may be beneficiat teast nordetrimental, for consequent training or
matchplay, the effect of longerm use should be carefully consideredr example, some evidence
shows that chronic exposure to CWI may blunt adaptation following a block of strength training
(Roberts et al., 2015; Yamane et al., 204@)ich would be specificall detrimental in the current

population, given the importance of developing physical qua(ifidiset al., 2015a)

Fatigue is considered necessary to elicit an-iaffimmatory response which is thought to be an
integral part of thedaptation procegMarkus et al., 2021)Acute exposure to recovery strategies and
limiting the inflammatory response would particularly worthwhile in sporting events that require
optimal performance on consecutive days (e.g., mstafje cycling events) or where winningtle
primary aim (i.e., in professional senior sport). Arguably, neither ofett@ements are present in
academy RL, and ishould therefore bearefully consideredf it is worthwhile to emphasisghe

implementation of recovery strategies, when contact time with playayslreadybe limited.

2.8 Thesis aims

The foregoing information highlights that whilst a plethora of research is available in relation to various

aspects of RL, this is predominantly carried out in senior rugby environments, and with high levels of
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experimental control, making application afdings difficult in realworld academy RL scenarids.

the current systenyoungRL players only spend a relatively short period (ue.tofive years) in a
professional environment prior teeing offered aseniorcontract or being released. It is therefore
essential that academy players are holistically prepared for the demands and environment associated
with professional senior RL. Fatigue and recovery are processes that require careful management, but
when perfomed effectively, may allow more training and playing opportunities for junior playeis.
thesistherefore aimed to better understand and improve practices in relation to player mqmitsing
exercise responsemd the use of recovery strategieacademy RLIt is hoped thate thesis will add

to the currently limited information across academy RL environments, which will provide players,
practitioners, and researcher with improved understanding and practical recommendations in relation

to the falgue and recovery process in academy RL.

The following objectives were set to achieve this aim:

1 To explore the current academy RL environment in relation to player monitoring, training,
and the use of recovery strategies, whilst identifying any comgides, barriers, or
opportunities for future research.

T To profile postmatch and postraining responsesn ecologically valid scenariogjsing
variables with acceptable reliability.

1 To assess the @fhcy of a multimodal recovery strategy implementeddidwing high

intensity training.

Chapter threeCurrent practice in relation taonitoring tools, trainingegimes and recovery strategies
remains uncleain academy RL environmentsh& aim of this study was to assess the practitioner
perceptions regdmng applied practices of player monitoring, training, and recovery strategies in

academyRL.
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1 Although it was anticipated that practitioners would value the use of monitoring tools and the
implementation of recovery strategies, it was also expected tkatodiaced restrictions in
relation to time and the availability of staff and facilities, such processes may be difficult to

prioritise and implement in practice.

Chapter four: When using monitoring tools to assess player readiness to train or play, it is recommended
to assess the reliability of these toalsd their specific variablds the bespoke population. Those
variablesthat achieved acceptable reliabilitygy thereafter beised in future research. The aim of this

study was to examine the withiand betweeray reliability of various markers of fatigue.

1 It was anticipated that levels of reliability would differ across shecific variables in the

differenttests and when assessedvithin- or betweerday scenarios

Chapter four As illustrated, postnatch responses have frequently been assessed in senior rugby
players Responses to matgilay inacademyplayers are currently unclearspecially wheprofiledin
ecologically valid scenarios, implementing common recovery strategie regular training practices.

This aim of this study was to profile responses for 1&fllawing matchplay.

1 Ho: No changegelative to baseline measures will be foundperformance and wellness
responses following matgblay.

1 Ha: Performance and wellness responses will change transiently following-playch

Chapterfive: AcademyRL players are subjected to a pimie contract, which restricts the number of
hours they are legally allowed to perform chabated activities. Aa result, activities such as fieland
gym-based training or video (p)review sessions are often prioritised over the implementation of
recovery strategies. The acute posttch period (i.e., 600 postmatchplay) highlights an opportunity

for players tobenefit from recovery strategies in a supervised manner. The aim of this study was to
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assess the efficacy of a multimodal recovery strategy implemented followirg-antensity rugby

league training session.

1 Ho: There will be nodifference inperfomance and wellness respondeiowing the
implementation of anultimodal recovery strategyompared tahe control trial after ahigh-
intensity training session.

1 Hai: The performance and wellness responses following aihtghsity training session witle

reduced less following multimodal recovery strateggompared tahe control trial.
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Chapter 3.0 Practitioner perceptions regarding the practices of player
monitoring and recovery strategies in academy rugby league

Chapter Summary

1 To contextualise the applied world and to better understand any potential barriers and
challenges, this chaptarsed anopen and closed questiopntaining surveyto assess
practitioner(n = 29) perceptions regarding applied practices related agepl monitoring,
training, and use of recovery strategies in academy rugby league.

1 In 76% of practitioners, monitoring tools, mainly wellness questionnaires;t&mveall and
adductor squeeze tests, and measures of soreness were used often or mfehifindings
suggestdthat monitoring does not often inform practice.

1 Notwithstanding the individual variation in the training practices between clubs, most training
sessions took place during late afternoon or evening (i.e.,-23:00 h) to allowplayers and
members of staff to finish their education and/or work commitments. Training, both on the field
and in the gymwaslargely tailored towards areas of improvement in individual players.

1 Most practitioners (i.e., 79%) used recovery strategienait all of the time, with strategies
such as stretching, foam rolling and gyased recovery (i.e., resistance exercise,
cardiovascular exercise) being used most frequehtibwever, only 55% of practitioners
agreed or strongly agreed that the recoveoc@ss was priorged and executed well within
their orgargation.

9 This study provides a novel insight into the academy rugby league enviror8peotfically,
the timerestrictions that are evident amongst both players and staff meratbecs the
application of some of the applied practices. Equally, tbégiires consideration in future

research design
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3.1 Introduction

The intense nature and high frequency of collisions combined with activities requiring eccentric muscle
actions occurring during training or maiplay, mean thaRL players are likely to experience
perturbations in neuromuscular, biochemical and endqcend/or perceptual responses that are
indicative of fatigue in the posixercise periofiTavares et al., 2017Monitoring such changes may be
useful for practitioners to assess the ptaisiphysiologicaland mental state of the players, which
underpins selected decisions regarding their subsequent readiness to trair{Taydayet al., 2012)

As a result of monitoring information, practitioners may choose to modify training protocols or
implement aditional recovery strategie®Quarrie et al., 2017)This may be especially important as
recovery of posexercise perturbations appears indidlised to each playdRoe et al., 2016¢while

the extent and timeourseof such responses beirag least partly affected by exercispecific
characteristics such as intensity, duration and mode of exercise, and revodergting factors such

as sleeprad nutrition(Markus et al., 2021)

As highlighted in chapter two,ogtmatch esponses in rugby have primarily been assessed through
isolated performance tesis.§.,CMJ), physiological measures (i.e., blood or salivary markers such as
CK, C, or Tconcentrations) or through perceptual markers (i.e., wellness questiomnanessues of
soreness)To enhance the recovery of perturbations back to baseéineyery strategies amten
utilised following matckplay or highintensity training Although many recovery strategies are
available for practitioners to choose from, the ev@deunderpinning the efficacy of strategies such as
CWI, CG, and active recovery remains equivo(@allejaGonzalez et al., 2019; Tavares et al., 2017)
The preceding stimulus (i.e., matplay vs training or simulation), the use of multiple strategies in
combination, or the control trial that is paradiélagainst the recovery strategy may also influence the
efficacy of sucha strategy. Nevertheless, it is common practice for practitioners to implement a single
or a combination of recovery strategies following magitdy (McLellan & Lovell, 2012; McLellan et

al., 2011a; Twist et al., 2012)

Player monitoring and implementation of recovery strategies are common within senior professional

rugby clubgTaylor et al., 2012)However, much remains unknown regarding the use of such protocols
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in rugby academies. Unlike their firgam counterparts, academy players and members of staff are
usually only contracted on a pairhe basis, which is likely to create timelated chienges regarding
implementation of player monitoring and recovery strategies. Indeed, limited personnel and financial
resources may dictate that player monitoring and recovery strategies are performed in an alternative
manner Regardlesswhen performedféectively, player monitoring, and implementation of recovery
strategies are likely to assist in providimgademyplayers additional opportunities to develop through

training or matckplay.

Surveying applied practitioners is a useful tool which can ibsad to contextuade the applied world

and to better understand any potential barriers and chall@fgezer et al., 2016Acquired knowledge

could be used to formulate future research questions and study designs that are greater in ecological
validity and consequently provide information that is directly applicable to the practi(idnest &

Green, 2013; Harper & McCunn, 2017h previous research, surveys have been used to assess
perceptions of coaches regarding monitoring practices or the use of recovery strategies in rugby
(Starling & Lambert, 2018and other sportéCrowther et al., 2017; Taylor et al., 201®)cluding
gualitative questions (i.e., opemded questions) in duguestionnaires may be worthwhile to allow a
further insight into applied practice. Given the scarcity of information available in relation to the
practices of academy RL players, the aim of thizptemvas to examine the perceptions of practitioners
regarding the applied practices of player monitoring, training, and the use of recovery strategies in
academy RL. Such information will be used to contexsadhie environment and challenges in which
academy RL playemnd staffoperate and to highlight dicgons of future research and the consequent

study design of those studies.

3.2Methods

Following ethical approvalAppendix 1) an online poster and survey web link were advertised by
members of the research team across a humber of social medial€hArsiegle survey was created

using an online resource (Jisc Online Surveys; Bristol, UK), and all responses were anonymous.
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Although some personal information was disclosed (i.e., years of experience working in academy RL,
highest level of sport playednd highest level of education completed), this was not able to be linked

to an identifiable individual. The survey (AppendXremained open for recruitment for 150 days
following initial dissemination in December 2019 and all participants were reqaipedvide informed

consent in order to progress to the survey questions. Prior to dissemination, the survey was piloted by
the research team and the approximate time of completion was 15 min. Participants were required to be
at least 18 years of age anarently working on a fultime or paritime basis in academy RL in a paid

or unpaid role.

All participants answered the same 26 core questions while technical practitioners (i.e., technical
coaches and heads of youth) and physical practitioners fiesgtt and conditioning coaches and sport
scientists) also answered further questions based on their specific area of expertise. The survey
commenced with four general questions in relation to employment (i.etipfiellor parttime, years of
experienceworking in academy RL, highest level of sport played, and highest level of education
completed). Following explanation of certain terminology, participants then answered up to seven
guestions related to monitoring of player readiness to train/play, with guestions requiring
elaboration of answers. Questions were related to the type of monitoring tool (if any) that practitioners
used, as well as the timing of use, and their rationale behind this. The next five questions were related
to the weekly scheduleetween matches, whilst elaboration was required for two of those questions. At
this point in the survey, technical and physical practitioners answered three and four separate questions
respectively regarding training practices throughout the week. Blidnomwas required for all but one

of the questions for each subgroup. Thereafter, all participants were asked to complete up to eight
guestions in relation to the type and timing of recovery strategies used within theisatiganiThe

final two questios of the survey were related to areas of further research in the field. Throughout the
survey, participants were asked to answer questions basediolay detweemnmatch period (i.e.,
matchday on Saturday, next match on the following Saturd®g@spite the diverse group of
practitioners that were invited to complete the survey (i.e., physical, technical, and medical

practitioners), responses were grouped together. This was found appropriate, because enough space was
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left to provide a rationale for thesponses givefthrough which individual points of view were likely
to become evidentwhilst exclusive questions were also asked to a specific group of practitioners.
Quantitative responses were primarily provided using a multipbéce, scaled or rank format. Five

point Likert scales were used to determine per ceé

i mportant 6; O6neither nproprotratnatndt; ndovre rwn ii mppoorrttaanntt 60
(i .e., 6strongly disagreebo6; 6di sagree6; O6neit he
frequency of i mpl ementation (i.e., 6 n dtwasr 0 ; Or

anticipated thata five-point Likert scale would providearticipantswith sufficient choices without
getting overwhelmed or having to spemthrge amount of time on reading and choosing an answer. In
addition, it was expected that participafrsm the indusy would be more familiar with fivgoint
Likert scales than anylarger scalesWhere elaboration was required, a ukestion was added to the

main question for participants to justify their responses.

3.3Data analyes

The present study followedprimarily observational design; hence the quantitative data presentation is

mostly descriptive in nature. Where participants were asked to provide their response on a Likert scale

(i.e., extent of agreement and frequency of implementation), frequerlggiameas conducted to assess

the percentage of practitioners that provided a given response. Where participants were required to
provide their perceived i mportance to certain ir
at al | i mpo(eanht pmeloy 66bmportant) . Accumul ated p
highest to lowest importandgglarper et al., 2016)Responses to opamded questions (i.e., where
participants were asked to elaborate on their answers) were read multiple times to gain familiarity of

their conten{Tracy, 2010) Thereafter, conventional content analygas used to identify themes and
subthemes by grouping together the phrases used in the responses piidsidad Shannon, 2005)

To achieve rigor and dqualitewyndiétn twhios warso @ae sne mba r
was drawn on to provide a sounding board to encourage reflection upon interpretations and explanations

that emerged from content analy&snith & McGannon, 2018)The role of the critical friend was to
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challenge, questigrand develop the interpretations made by the researcher condigimgntent
analysis. The conversations held between the researcher and the critical friend resulted in the
construction of a coherent and theoretically sound argument which supports the case that is being made

in relation to the datéSmith & McGannon, 2018)

3.4Results

In total, 29 participants were recruited of which five were technical coaches/heads of youth, 14 were
strength and conditioning coaches/sport scientists and 10 were physiotherapists. Of the respondents,
59% were employed on a fiilme basis, 38% worked @nparttime basis and a single respondent (3%)
worked as an intern. The total years of experience working in academy RL ranged from <1 year (14%),
1-3 years (31%), -5 years (35%), B0 years (14%) to >10 years (7%). Further participant

characteristics ha& been described in Tal8el.

3.4.1Monitoring

When asked about the frequency of player monitoring throughout the week, 76% of practitioners
indicated that monitoring took place O6o0oftend (3
6sometoirmeég@rel yéb, whilst a single practitioner
The most common methods of monitoring employed were wellness questionnaires (86%);\Walte

test (75%), adductor squeeze test (61%), measures of {@makiaver-body) soreness (57%), sit and

reach test (39%) and CMJ (32%). Biochemical or endocrine responses were not reported to be routinely
used by any respondent (0%) when monitoring in academydRLh e avai l ability of
chosen as the most impantéa f act or when selecting a monitor.i
information derived fromé and tod (Fpwe3.t)eAdttmagh c h av a

monitoring happened throughout the full week, measurements were predominantly taken during the

mid-week stages (i.e., matclay +2, +3 and3).
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Table 3.1Respondent characteristics

Item Responses Number of
respondents
Sport played Rughy league 13
Football 9
Rugby union 1
Hockey 1
Weightlifting 1
Cricket 1
Golf 1
Athletics 1
Gaelic football 1
Level of sport played Amateur 16
Semiprofessional 7
Professional 6
Highest level of education completed GSCE 1
BTEC 1

Bachel or s de 12

Masterdés degr 13
PhD 2
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Table 3.2 highlights the actions that follow the results found through player monitoring in the week
following matchplay. Practitioners mentioned the need farréased data collection throughout the
monitoring process (Table.3d . Speci fically, usi ng mormh monito
objective and subjective markers of readiness to &rdira balénge of quantified and qualified déat® ,

an ddiffeediti nsi ghts i ntod6éd. plageedsededavaryathered
wi t rhakirdgdetter judgements or amendments to their training/recdv@ry naakirdy detisions

during the training/playing proceés6é . Wh en di s ¢ u gssof spegifictmbnéoring ®wojs) i r e me
practitioners indicat baveaaelaponship te predinted @jwibo ra ntdo a 1hso sw
assessing wel | neperseptiarsof fatipue ggaimstr objactivel reeasérés6 6 Pr act i ¢ al
measures wer pr ef er rel@bled 6 o asbnditivéd®, wh i leasy to bdeinistegy and 6

analyse data froim 0 .

When asked about frequency of monitoring throughout the week (Ba)leseveral practitioners

would choose to increase monitoripgactices to take measurements every day as this would provide

6abn i nsight into playerds soreneé$dsdaccmplkteprocese nt i al
of recovery 6 , aamom ac6udate evaluation of individual traits in recoey . er @dctitioners,

however, mentioned thatovero ni t o r i mugldy thewatérdd déabhdded gvoblematic in that

the nature of the game requires mental robustness and players performing whilst not at their physical

or mental best 6 . | rhavingaaddyby-ddy éawareness, and not necessarily testifg, may be
enough. Monitoringonmatethay was not foundta&kei raavalye ,f rasn tt thie
pre-match routineg 6 , wam hdnestt answed is unlikélyo . Throughout twhse week.
usedprd r ai ni ng adequatesesovesyspeghnie has daken plaged  afiit & uséfdl to

adjust their training 6 , b u tt raal i snoseepgowsttadl thed pdayers had recovered from their two

days of training 6 .
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Table 3.2Actionsundertaken followinghe results found through player monitoring in the week following rgle

Never Rarely Sometimes Often All of the

time
Training volume/intensity of a training session is adapted foiulheeam 7% 29% 50% 11% 4%
Training volume/intensity of a training session is adapted for individual members of the t¢ 0% 4% 43% 39% 14%
Recovery strategies are modified for the whole team 7% 21% 32% 32% 7%
Recovery strategies are modified fodividual members of the team 0% 18% 14% 46% 21%
Team selection is modified in the following match 18% 36% 36% 7% 4%
Keep a close eye on individual me mber s 0% 0% 11% 39% 50%
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Table 3.3 Contentan a | y s iortoringfpradiiced

(p20).

Phrase SubTheme Theme Subject
1  Monitoring protocol aIready in plagaus creatine kinase testing to assess tissue damagkis, countermovement jumpto help Having
assess neuromuscular fatigugp27). o
1  Countermovement jump has potential to provide extensive insightm intrigued by endocrine responseBelieve there is addltlonal E
value with wellnesg(p3). : .
1 I'malittle undecided to be honest but | would be interestedmtoringa slow and fast stretchshortening cycle(p13). ObJeCtlve and
1 Havingadditional information on how each player is recoveringwill enable coaches to make better judgement or SuU bjective O
amendments to their training/recovery(p10). . .
1 I'd ensure thaboth objective and subjetive markers of readiness to trainwere taken into account (p15). mformatlon g 3
1  Collectivelymore data to analyse to improve overall justificatiorfor return to play (p8).
1  The combination could givea good indication to levels of fatigugp2). —_—
1  They all provide aifferent i nsi ght i nt o(pl8). pl ayerds recovery O H'
1 A balance of quantified and qualified datato help make decisions during the training/playing proces§28). 3 O
1 | feel these would give meveell-rounded battery of objective data(p14).
1 Themore scientific information we had the more objective we could bi@ our solutions to any problems (p4). — q
1  Additional ability to purchase equipment for rtiligh pull and groin squeezicreased accuracy with more scientific testing — —
(p21). (@)
1 Would also hav&PS vest to monitorload and total distance covered within training sessions we do this with load and rep rg s
in the gym but struggle to do this when they are on field training (p6). -
1 Mainly fromits relation to predicted injury, | real ly | i ke the adductor squeeze SpeCiﬁC —- @
1 Iflcould, | would have a baseline for all the players in each testdiyendent on injury have the correct outcome measure . 3
that could correlate to help determine if a patient was ready to return to play (p23). reqUIrementS
1  Anyinjured area knowing their average leak and peak forces relative to their body weight and opposite side (p26). Of the (Q U
1 Wellness is keyas ultimately it is about how the athlete feels (p19). . .
1 Iwould also use wellness questionnaires in order to get to know the athlete more to tailor their programme and reegiesy s monltorlng o ﬁ
and to see theperception of fatigue against objective measurgp20). t00| o
1  Thecorrect variablesof the CMJ give some important information related to force and power output of the athlete (p19). m
1  Physical testing measures such as squat jump it could be arguend erially reliable as there is scope for inconsistency aroung O
performers effort levels on a week to week basis (p25). ‘ ,
1 lamunaware of the evidence behind creatine kinase and testosteroneing used as measurement of readiness and therefor| —
would not automatically choose to test these. However, would be open to these tests if evidence suggested they weee wot m f I .
(p12). ﬁ
1  Sensitive markers(pl).
1 I have previously used all of these tests anccangident with what results they give mep5). m
1  The countermovement jump and drop jump can bring atmapetition in the group and boost morabefore a game weekend m




86

Basic testing forthe squad which is more suitable for the level of athletes working with. Still gives relevant and affective reg
(p7).

| would always go for the tools that engage the playersethute time spent testindp20).
Easy to track and administer(p1).

The methods | have chosen assy to administer and analyse data fromThey're also less timeonsuming foathletes to
complete (p15).

General
requirements of the
monitoring tool

=

= =4 =& —a -8

Think players should be monitored every dayHo we v e r , | donét see the need to p
till match day+1 (p11).

| believe checking readiness to play/train dailys good practice especially at professional level sport (p10).

| would monitor the complete process of recoverjor each athlete. This would then define further interventions required for {
athlete, which creates a better individualized program for that individual (p6).

| would like tomonitor them as much as possiblép7).

Regular monitoring and assessment allow for more accurate evaluatiasf individual traits in recovery (p8).
Provides arinsight into players soreness throughout the week and potential injury/injury risk(p2).

If staff/ time available, theadditional screening would be very beneficia(p24).

Every day is a chance to gather informatiorand players respond to games in different ways, so we can see readiness each
between games (p28).

Logistically, | would do theitesting during the training week (p5).

Continually monitoring players to best advise rehab/training/playing loadgp21).
If possible,every day seems to be the best optiqp9).

| would like tomonitor every day to see fluctuations in performanc€pl16).

If possible,
monitoring
would be

doneona
daily basis

= (= = =4 =

=

Over monitoring could be problematic in that the nature of the game requires mental robustnessd ofterplayers
performing whilst not at their physical or mental best(p25).

Over monitoring may result in players only training/performing when at their physicalbessshi ch doesndét r
demands of the game (p25).

Thedanger of over monitoring is we will never create robust performersf we are unable to push them when they are not
feeling their best (p25).

Too much data, if not well collated, cemuddy the water (p26).

They have thepportunity to contact us when not on a training day(p12).

Having aday bydaya war eness of a player 6s i nj uongachadaydp24).e hab, not

Too much
data can
muddy the
water

=a =4 |=a =4 =4

= =4 —a -9

Howeverwe dondét aut omat iganedsthgse checksard decikians shoulé have already been made (p12)
In an ideal world, the opportunity to check on game day would be gogddyutake away from the players pre match routines
(p12).

Woul dnét see t heday-& hseaw lonestansweef is umikelfE’h

Match day would be a general conversatiomwith the athlete (p20).

Directly post-match aconversation or visually signs from the teanas a whole is enough to judge how intense a game was (

Day of the game | don't want the players to have the distraction from the gamé#.our preparation heading into the game has|
caused a lack of readiness, feedback from players would suffice (p28).

| wouldn't use it on game dayunless we are making a return to play on an injured player. If they aren't ready to play during

week, they are likely not to be selected to play on match day (p5).

Monitoring
around
matchday

w1 |

Jluow Jo bu
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1 I would measure poshatch,those players who have not completed the desired distances covered, sprints made etc will the
do a 'top up' (p20).
1 ,é-\glagl? the days may change depending on the schedule or the data, but I'd initially be intetiestddyis to inform training Use Of
pls). . .
f  Match day +3 and3 would be the two biggest training dayshswing a good idea of where the players are at physically monltorlng
beforehandwould be beneficial (p15).
1  Wecheck on our players daily before every sessidp12). pre and pOSt
1 I'would then assess +3 #is is the next time the lads come in for trainingthis is when they should be having their strength tl’alnlng
session but will be tailored if still fatigued from ga@0).
1 48 hours post game enables decisions to be made on subsequent training day. early post game does not inform decision
making for next training day (p1).
1T Toassess how effective t hpostmdtch@Z’s recovery processes af
1 Postmatch | believe players should have emptied the tank so they should be exhausted, but for people that have played li
minutes,it would be useful to adjust their training etc (p4).
1  Testing and monitoring 60 mins pasatch and then after 24 and 48 hourgnisugh information to form a picture on
individual players from a recovery perspective (p25).
1 Also-1 would allow for me to see how well the players had recovered from thelrdays training and also where they were
going into the game (p15).
1 Again on-2 as this is the last time we will see them before the matchny potential fatigue should diminish before the gdme

recovery strategies could be put in place if needed (p20).

wi L

Jluow Jo Bu
sadnoe.id

Bulio

pbulio

HUOIA

P: Participant number
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3.4.2Training regimes

Whilst large variety exists between clubs regarding theirwgdk training schedule (i.e., matday

+2, +3,-3, -2), most practitioners (86%) indicated that players did not attend the club on the day
following the match, whereas players predominantly did attend training on the day before the next
match (86%). Many respondents (76%) indicated to have specific days thubtigé week on which

players almost always had a day off, regardless of the day the match took place, and this day was often

a Sunday. Throughout the week, training occurred mostly during late afternoon-185300h) or

evening (18:021:00 h). This tire was found most suitable as players and coaches often ha
commitments outside of rugby (i.e., school, college or work), but was also determined by availability

of f aci | ifitstitears heingdgiven priority obt@ining timeéd . | t wanse da |tlshoa t medndt i
number of hours in which players can train based on how much they are paid isGiitecand t her ef

needs to be carefully considered (Tab®).

Whilst different skills (i.e., defensive, attacking, positpecific, and general skillgre practiced
throughout the full training week, 60% of technical practitioners highlighted that defensive skills (i.e.,
contact or wrestle) were often performed earlier in the week, whilst attacking skills occurred later in the

week. Midweek onfield training was often >60 min, whilst the session on the day prior to rtktgh

was usually of shorter duration (i.e.,-80 min). Figure3.2 indicates that ar eas of i mpr ov
required by individual pl ayer s6 wieldéchficallamdd most
tactical training. This was <closely foll owed by

6physical cost of the previous matcho.
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Table34Cont ent aurppdepfdraining of O p
Phrase SubTheme Theme Subject
T Sundayds, plgyers gen.erally (welnt this to spend ti me Specificday
1 Sunday as the head coach likes to be off on this d§y19). .
1  Our academy players normally have Sunday offunsure of exact rationale. This is normally the day after the game. 1 Off durlng the E
will be monitored but it gives them a chance for their own recovery and players that work to at least have 1 full day Week C'D
week (pl2).
1  Wednesday. Lack of facilities(p22). CD
1  Sunday would generally be a day offThe lads combine their rugby with work or college, so this is an opportunity for x
all the have a full day off. If we play on Saturday, then recovery is done at(pd8je - -U
1  Players will always have a Sunday offThe week of training is manipulated around games which can be played in the <
(76). ~ | &
1 The under 18s have most Wednesdays off as decided by the coaching staff and collpg4). - —
1  Sunday- unless there's an extremely short turn aroundCoaches decision to have Sunday off (p2). QJ
1  Usual to have Sunday as a day of redtlistorical with coaching staff and funding available for players and staff for — U
unsociable hours (p23). : O
1 We normally havéridays rota'd off (p18). —
1 Thursdays. This is due to their college schedule and it being the day off from collefge most players. For our players 3 m
studying A levels it is their longest day. So, it makes sense to have no training on that day (p28). (Q
1 Scheduling for education and travelling commitmeWsdnesday and Sunday are usually off to minimize days m
travelling - although open to change if schedule requires (p21). U)
1  Sunday is usually a day off{p9). O
1 Match day +3as the first team plays on Sundaysi (p27). . Day Off in j O
1  Players will have thday after a game off along with a day midweekp10). ; ey
1 Matchday Saturday, recovery day the following daySometimes recovery day will be mideek on Wednesday relatlon to the CD
dependant on player training load that week (p8). game Q ~—
1 Gameday +1 is always oftusually a Monday) (p14). C -
1 Game day + 4 for recovery for the next gamép16). — QJ
1 Facility 'gvailabiIiFy' (p25). Avallablllty s
1 Availability of training venues (p27). - (@]
1  Thisisdue to facilities (p6). Of fac:|||t|es o — 3
1 Not through choicgust times available(p7). a @) —
1  Club time limited due to restrictions with stadium access and first team given priority of training timegp8). a (9 :
1  Tofit around first team schedule/facilities(p5). o) g
1 Plgygrs come |h after work/collegdp11). N . Commitments a 5 (Q
1  This is thebest time to get all the lads to training who may be at work or collegtae remainder of the day (p19). . = Q
1  We tend to be able to get the field at approximately 5 or 6pm, wiiels the players that work a chance to finish work OUtS|de Of 6 -_
before coming to the club(p12). rugby (i_e_, S
1 Alwaystrain late afternoon/evening due to work and college commitment of player®22). wn
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1  Wefit around college commitments Timings vary depending on which day is game day (p13). SChOOI,
1 Due to players attending college/work, training is late afternooifp10).
T Timing of workhcemnptinentg (p6). 6 s COIIege or 8
1 The training timesillow for players to finish their studies or job(p15). Work) s O
1  Players/staff have college/work commitment§p2). (£ (8
1 Times available térain around college/work commitments(p23). o =
1  Players attend college 09:03:30, with slight variation during each d&@ur training begins after all education D (,2..
commitments have finishedp28). B o
1  Training times are in the afternoon/nigatcater for the staff and players(p5). = Q
1  Education set up allows for training in afternoon.Training is usually between 13:A0:00 (college hours) (p21). o -
1  This is the time most players are available due to work or colleg@?9). a
1 The number of hours in which players can train based on how much they are pa{@25).
1 With the youth squads still developinge do not load as such for gamegp4). Training around O
1 Ifthey go into a youth game at 8890%, we can live with thatas we arafter long term development not shoriterm games N®) >
f Dondét do caipttéasi nasnotunesr tr ai ni ng saadsasothercharcatd develop(pRh). B ~ =
1  The midweek session is when staff are able to get most work done with players ahead of the next ggoBB). Training o O @
1  if players need to get some extra training in which is on the curriculum, we will do ifp4). E % o
1  Game day plus 3 (Tuesday) usually main defensive contact dgy21). th rOUghOUt o> =
f Mondayés = low level skill, Wednesday =(@ipfensive s the week =
1 Age grade rugby sgeneral skills and positional skills run throughout whole programme(p21). (_2 QS
1  Usuallyfocus on the defensive side of the game early in the week and attacking side latem®). \(P/ =1
9 Sport science guidance dictates general recovery 48 hoyrgstmatch and alight session the day prior to a game «Q
T Ona 7da_y turnaround' we usually have two training days (i.e., MD+3 and-3JWe split this in a slower (more PhySicaI
accelerationdeceleration) day on +3 and a faster day o+8 (p19). . O
1 Speed training twice a weekvhen matches are Saturday to Saturday (p22). focus durlng -
1  Tryto get 2 speed exposure3). f|e|d SeSSionS —h
1 A speed session at the back er(g10). g
1 Any high-speed running, conditioning, max velocity work would be done before a day off to allow for sufficient o o
recovery (p15). a —
1 Given the training schedule, this is the approach we &xeed is performed far enough away from both gameg1). (@) E
1 Players would train off feet conditioning aady speed work directly on GB3 (p16). E 5
1 On-feet conditioning carried out once a weekp22). 5 -
1  High intensity conditioning tends to be early in the weekp10). S 8
1  Will do on field conditioning, alongside tactical training (7). ()
1  We are quite reactive in seasarindividual conditioning for noiplayers or injured lads would be individualized (p13). Improving a 6
1  Match day +3 is dependent on fatigue lev&lsere will be some form of speed, agility or conditioning element but to . ~ =5
what extent will depend .@hisdayhls alwskioegh tené for recaveryobefere y | phySICal <
competition (p29). Capabilities 28
1 Based on players and noiplayers plus anyadditional needs p16). . o
1  Trying toget as much into the athletes whilst still managing fatigugp11). on the fleld Q_J

] JOo 8sodind

bulurel
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i Performingspeed/agility match day- 3 at low volume will provide a presentation effect and not cause soreness for WhIISt

competition (p29). .
1 Match day-1 no S&C lead sessions are perforneensure athletes are not fatigue@p29). Managing
1  Tempo running/change of direct[on/acceleration work would be do_ne the daydme_iowquldn‘t have too much impact fatigue

on the athleteds perform@Bphce in training the day af
1  Players are at their freshest matckday +3 and matchday -3. Match-day +2 we may have done a very light field sessi

of low-volume, lowintensity skills. we choose to go high central nervous system, lactic bias on match day +3 as this|

they should be most ready to train with intent. Match-@aey will have some fatigue from the high central nervous

system day previous. So, we will target the aerobic energy system throfiggst aonditioning on this day (p28).
1 This is all dependant on the players and what part of the mesocycle thetharehe season. We use a block

periodisation model(p6).
1 Usuallyl have 10 minutes before each session to get the players warmed up. The focus will varylarduisie weekly

from acceleration, deceleration and change of directio(p20).
1  While maintaining fitness and priming for game at the tail end of theweek (p3).
1 MD+3 (islrg)ore upper body focused whilst MB3 is lowerbody focused Legs may need a little longer to recovery post Wee k|y

game (pl9). . . .
1 Our sessions are generally full body, but the intensity and exercises are adjusted to gpit3). perl()d sation O
1 ll;c\)/\rle'?selzepcztgg players' 3 gym sessions per wattktwo specific and one full body.'Non-players' two uppers and two of gym—based Im
1 Our +3 focuses on uppeibody strength, with -3 focusing on lowetbody going into a day off(p16). tralnlng —h
1 Full body all week (p7). D
1 They will then have 2 full body resistance trainingas they have a lot to get in over two days ofdiflute sessions (p20). N®)] E
1  Match-day +3 we will do all our lowers except any eccentri¢shis is due to us running the following d&atch day -3 —_—

we will do all our main upper body strength workalong with our lowers eccentricsas we're going into a day off (p28). Q_) Q
1  Game day- 3 highest day of the week, speed & strengi(pl). (@) m
1  Match day +3 is generally our heavy strength dayp13). —
1 Early in the week we get the big lifts out the way and tend to taper towards plyometrics at the back e(iL0). — Z :
1  The players will usually perform a central nervous system priming session on-& focusing on jumps and throws O (D
1 Lighter more power-based session the day before a garfg). 5=
1  Some will do a low volume high intensity power sessiqp28). (D <
1  Pre-game primer GD-1 (p1). -~
1 Once again depends on the mesocycle we are in ameighiegements of the individualswhich can be adapted (p6). wm O]
1 Anyone who requireswill do a low volume upper body accessory session on ragghl (p28). N—r -
1 Again, trying toget the most from the athletes, whist managing fatigugl11). Adjusting gym <
1  Lower body generally takes longer taecover, sothe most intense days are performed on_+_3rara$ at_hletes are based training td wn

recovered enough to perform the work requiredtarallow enough recovery before competitionNo weights are . —

performed -1 to ensure athletes are not fatigue(b29). levels of fatigue (@)
1 Our +2is usually a lower intensity full body session aimed at getting the players moving again after their recovery Q_J

day with some offfeet conditioning (p15).

bulurel

] JOo 8sodind
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1 If little fatigue is present, we will do an upper body session Mizhin the squad the intensity and volume of this will
vary depending on fatigue and readiness to train. Players with high fatigue will use this session as recoyéow
minute and noiplaying players will use this session as a normal upper body training with the goal of adaptation (p28
1 4560 minutes is likely all that would be availablérom technical coaches/head coaches (p11). Mld —Week
1 Allocated an hour time slot(p3). D
1 Limited time restrictions in the gym for the whole squad (p7). gymbased (-
1  These are the time slotgiven to uson the days of training (p20). training -
1 As we only have two proper sessions a week, these will be quite I¢pd9). Q.)
1  Gym sessions tend to take around 60 mindtks.is plenty enough time for the players to complete their program —
1  Allows all necessary content to be performe29). ‘-'{ O
1 My rule of thumb is from the prehab and waom that we only perforrgym-based strength training for no longer than QJ )
60 minutes(p6). —
1 +3 and-3 are our big sessions of the weekcusing on the players individual physical needs (p15). E . O
1  Low-med volume in general in seasomMatch-day +3 lower volumelowers due to being on feet the following dagnd -] —h
on-feet volume having more importance over ggased volumeMatch-day -3 higher volume due to going into a day off (@) @)
following this (p28). —
1 Short gym 48 hours postnatch (p22). Gym-based E
1 Short primer on matchday-1 (p3). training around C_D
1  For +2 the session is usually shorteas the players spend more time working on hip/shoulder mobility prior to the ses matchdays —
(p15). o
9 -1is ashort priming session(p15).

] JO 8sodind

buiurel

P: Participant number
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Physical practitioners had no direct involvement regardinfijeteh training taking place on matatay

-1. Physical fielebased elements (i.e., d@et conditioning, conditioning games, spgeand change of
direction/agility training) mostly occuedon matchday +3-3 and-2. High-speed exposures were often
carefully consi der ed, aashigipspeadrannirigimaximal vedocity woki c at e
would be done before a day offatbow for enough recoveéy6 , sapeaedlis performed far enough

away from both gamésb -season planningasq u i tea&ctivéd @ , and physitygt@l prac:
get as much as possible into the athlete whilst managing fétiue ( 34a. Physchpractitioners

implemented different strategies regarding their pesatin of gymbased training. Some chose to

separate uppeand lowerb o d y t r a i matchday+3({senorguppebodydocused whilst match

day-3 is lowerbody focusedl 6 ) . cCnt ohseer st fall-bddy allevee® &  w hiritehsityt andé 6
exercisesvereadjusted to sud 6 . I 't was barlgihtheiwgek, ive gt the higlitts odt the

way and tend to taper towards plyometrics at the bacldéngd  wehlighites more p@er-based

session is performed the day before the gaie ( 3M4a Byimbased training was up to 60 min during

mid-week sessions, whilst they were often of shorter duration closer to a previous or upcoming game.

Al t hough most p thia o bei ptentyoenoeigh dimeffar then pdayes &0 complete their
progrand 6 , o0t h e ras04%-60 ohinutes is likelly alt thrat would be availablé At hl et i ¢ nee
of individual pl ayersé wer e f cebasedtrainirggFRigurd3mpor t an

foll owed by atdmierecdytchee mersao ni ng | oadé and o6t he phy
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3.4.3Recovenstrategies

Of all respondents, 97% agreed or stroregly r eed t hat &ér ec ovmgbyleaguer at e gi
wereimportantinorderto mpr ove readiness to train and playaod.
agreed or strongly agreed that 6éthe reesdangry pro
executed well within their orgessit i ond wi t h t Hisagreeirgnoa praviding gieutdals %
responses. Recovery strategies were o$ea orall of the time by 79% of practitioners, whilst 21%

used them sometimes or rarely. Tahedescribes the frequency at which specific strategies were used,

whilst Table3.6 specifically highlights on which day(s) they were used during sea&son training

we ek . Practitioners indicated that odéavailabilit
factor when prescribing a ceirrteadi nt or eucnodveerrtya kset rtaht
6t he research available in support of a specific

3.4).

Practitioners highlighted a desire to increase the number of recovery strategies used, while more
frequent use of hydrotherapy (e.g., swimming, caldter immersion, and contrast bathing) was
specifically mentioned (Tabld.7 ) . Where possibl e, pllovatbetathleteso n e r s
access to whatever strategies they believed world liest a rnheve d more Gtuctured approach to

pl ayerds indivi duwal Vmeeddsusand arld geuegsetss t o t he pr
al s o c ame cdambining regohety withdight&kills may be useful, as it sometimes feels like a
waste of timdhat is already limited 6 , @dbacHing staff want as much time as possible on the
training field and do not priorige recovery of players over thisH . | 6mbayere aaedoften left to do

their own recovery at horded . The per i ogmadhplaydie.f 6699 mih poktrhatchy i

pl ay) was highlighted as a window of opportuni
frequency of use in other recovemodulating factors (i.e., shower, supplementation, protnu

CHO-rich meal, rehydation, and carbohydrate restoration) is reported in TaBle



Table 3.5Frequency of use of various recovery strategies
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Never Rarely Sometimes Often All of the

time
Cold-water immersion 35% 10% 24% 24% 7%
Hot-waterimmersion 68% 14% 20% 0% 0%
Contrastwater therapy 69% % 14% 7% 3%
Swimming (or recovery taking place in the swimming por 24% 17% 31% 24% 3%
Compression garments 17% 10% 21% 41% 10%
Massage 21% 14% 35% 17% 14%
Stretching 0% 7% 10% 45% 38%
Foam rolling 0% 3% 17% 41% 38%
Gym-based recovery (e.g., resistance exercise) 7% 10% 10% 38% 35%
Gym-based recovery (e.g., cardiovascular exercise) 3% 10% 3% 48% 35%




Table 3.6Weekly timing of various recovery strategies
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Directly Match- Match- Match- Match- Match- Match- Match- Strategy
postmatch day +1 day +2 day +3 day-3 day -2 day-1 day (pre- notused
(within 60 match)
min)
Cold-water immersion 35% 24% 28% 0% 0% 7% 0% 0% 35%
Hot-water immersion 3% 7% 7% 3% 0% 0% 0% 3% 83%
Contrastwater therapy 10% 10% % 0% 0% 3% 0% 3% 76%
Swimming (or recovery taking place in 3% 59% 24% 0% 3% 0% 0% 0% 24%
the swimming pool)
Compression garments 61% 39% 36% 18% 18% 18% 21% 14% 18%
Massage 7% 14% 43% 25% 29% 14% 25% 32% 29%
Stretching 17% 48% 79% 35% 28% 35% 48% 24% 0%
Foam rolling 14% 52% 79% 41% 41% 38% 48% 28% 0%
Gym-based recovery (e.g., resistance 0% 21% 76% 7% 10% 7% 10% 0% 7%
exercise)
Gym-based recoverfe.g., 3% 28% 69% 7% 7% 7% 7% 0% 7%

cardiovascular exercise)
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Table3.7Cont ent analysis of &érecovery strategiesod
Phrase SubTheme Theme Subject
1 I'd like us tocombine some recovery work with light skills sometimest feels like a waste of time that is already limited Opt|m|S| ng .
1 I'would want to do moré facilities allowed (p4). . : >
1 Depending on the day of the gaméyers are often left to do their own recovery at homeThis wouldn't be preferred and time that IS f'j"
ideally, they would be in on MD+1 to run through a full recovery protocol (involving some form of hydrotherapy as well a a|ready ® o O
good flush out and foam rolling/stretching) (p19). .. - =
1  If the players have a hot or cold bath, thisasnpleted in their own homesWe also have a few players who have bought the Ilmlted D T Q
own compression garments and go to pools, but this is now compulsory (p12). 0O O = m
1  Stretching and foam rolling would be homebasedfor those who need it (p20). 2 = g
1 Barriers provided by coaching staff whant as much time as possible on the training field and do not prioritize recovery o D % (@ CD
players over this(p12). Q = 0
1  Also, direct recovery postmatch can be better to provide them with more nutritional strategies and ice baths straight Using the 5 O
away (p19). acute g Ro
, post = 0 o
1  Pool recovery 60 mins posgameand then on the second day after the game (p25). : @)
- . . match period| &
1 Improved nutrition/hydration post game with a chef (p2). D <
1  Yes straight after a game | would do a pool session with contrast water sessidipg}). N
1 Wouldallow the athletes access to whatever strategies they believed work bigst1). Personal m
1 I'd maybe set up smaller groups whplayers can select from a range of strategies dependant on what they feel works for preference 8" —
them (p15). st é
1  Have more dedicated time to monitor andde recovery strategies individually for playerqp8). a <
1  Yes, more structured approachptd ayer 6 s i ndi vi dual =p.esane pldyas preferppabkbasad) sbmel E )
players prefer to get on a bike (p23). Q — U)
1 1 would have more options available to the athletes in dode¢hem to find their preferential recovery method (p28). < —
1 1 would take them to a gym with a pool and spa facilities so they could swim and contrast batas well as completing their Hydrotherapy (D m ~—i
resistance based and cv based recovery (p12). a =S -
1 Pool work recovery day after gameg(p10). {®) m
1 I'would include swimming as a recovery modality(p20). 6" ) —
1 Availability to use cold-water immersion more regularly (p2).
1 Access to a poofpl). O O CD
1  Contrast bathing facilities at the club(p21). Iy —h (Q
1 More swimming (p17). o Eﬂ_
1  Swimming pool for compression(16). O = —
1  Yes.Active recovery such as swimming would always be performed, alongside massage and cryothergig). More strategieg 2] 'Q_Jr m
1 Would like more time, for both stretching and foam rolling, as that eats into gynMione.access to the pool and more time ) ()
with physios (p7). :l‘q (@) m
1  All players to be issued with foam rollers todp20). @) 5 .
1 Provide players with compression garment¢p2). -_ LY
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1  Variety in recovery methods would help players attention and complianceso more trips to the pool to recover would be
ideal (p5).

1  More options and time to educate playergp14).

1  Scientific testingIncreased wellness and sleep monitorin(p21).

1  Yes, I would havenore handson recovery through massage when players flag up and requiring attentioon wellness (p5).

1 1 would provide assistance with appropriate nutritionfor players (p27).

P: Participant number
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Table 3.8Frequency of use of modulating recovery factors

Never Rarely Sometimes Often All of the
time
Shower postnatch 0% 0% 0% 25% 75%
Supplementation (protein shake or equivalent) 3% 3% 3% 35% 55%
Proteinr and carbohydratdch meal postmatch 0% 0% 10% 41% 48%
Rehydration (e.g., water) 0% 0% 3% 31% 66%
Carbohydrate restoration (e.g., sweets or a carbohydrate drink such as a Luco: 0% 0% 10% 55% 35%
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3.4.4Futureresearch

All respondents (100%) believed that more research should be conducted in relation to fatigue and
recovery in academy RL players. The effect of mgiiely and fieldbo ased tr ai ning on pl

were rated as the most important areas of future rdséaigure3.5).
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3.5.Discussion

This study assessed the perceptions of practitioegesding the applied practices of player monitoring,
training, and the use of recovery strategies in academy RL. Monitoring player readiness to train
predominantly happened migeek(i.e., matchday +2,+3 and-3) with tools thawveregenerally easy

to implement (i.e., wellness questionnaire, kteewall test, adductor squeeze test, and measures of
soreness). Training often took place during late afternoon or evening (i.e;2150W0h) to allow for

players and members of the coaching staff to finish their education and/or work commitments. When
prescribing training (i.e., both on the field and in the gym), the areas of improvement in individual
players were found to be most important. Notably, trelictated that earlier in the training week, there
was a stronger emphasis on defensive skills and physical contact on the field and diesegth
exercises in the gym. In contrast, attacking skills and-Bfged running, combined with powmised
exerci®s in the gymtypically occurred later in the training weelost practitioners (79%) indicated

that they were using recovery strategies often or all of the time. Strategies such as stretching, foam
rolling, gymbased recovery (i.e., resistance exercitadiovascular exercise), and compression
garments were used most frequently. Altogether, the prebaptercontextuakses the academy RL
environment and presents novel information regarding the practical challenges and considerations

related to the fagjue and recovery process in this population.

Of the monitoring tools identified, a wellness questionnaire was used by 86% of respondents, which is
similar to the responses provided by practitioners in a variety of other §payter et al., 2012)A

well ness questionnaire is a relatively quick an
perceptual welbeing, which makes its popularity amongst academy RL practitioners unsurprising. In
addition to subjective tools, the objective measusesl most in academy Rierethe adductor squeeze

test and the CMJ. The potentially predictive relationship to groin inj(MesencPérez et al., 2019)

would be the likely rationale for practitioners to use the adductor squeeze test. The CMJ, a frequently
used tool in other sports al§baylor et al., 2012)is a wellresearched, quick and reliable test, of which

certain variables may provide an indication of fatigue followimggintensity exercise. The frequent

use of the knego-wall (75%) and sit and reach tests (39%) may be explained by the high number of
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medical practitioners (i.e., 7 10) that completed the survey. The kiteevall test assesses range of
motion in ankledorsiflexion, which, when limited, may predispose athletes to anterior cruciate
ligament, and patellar tendon injuri¢slasorMackay et al., 2017)A sit and reach test allows
measurements of lower back and hamstring flexibility, but questions remain regarding its validity
(LépezMinarro et al., 2009)whilst the effect of hamstring flexibility on hamstring muscle strain injury
remains inconsisteiftiu et al., 2012) Altogether, these tools are easy and quick to administestwhil
they require minimal training. Practitioners highlighted these as important requirements of a monitoring

tool, and it is therefore unsurprising that they aresatilimost within academy RL.

Practitioners indicated that during a competitive trainireggky monitoring primarily took place mid

week (i.e., matclilay +2, +3, and3). Although players are known to require 28 h to recover from

matchplay, not all training needs to be excluded during this period. Depending on the individual extent

and timecourse of recovery respons@darkus et al., 2021)as well as positional match rdands

(Gabbett et al., 201250me players may benefit from light training on mately +2 which povides

an additional opportunity to develop without eliciting additional fatigue. While it is at this point that
monitoring could influence practice the most, results observed here indicate that monitoring did not

often inform practice (Tabl&.2). Monitoring readiness to train or play should be paralleled with
subsequent adjustments to practice where nece@saripr et al., 201R Various methods (i.e., visual
identification of trends, arbitrary cufff values, or a significant drop below average scores) may be

used to identify ©6r dTaylofdta.281l8)and practitionerd need thbeaclear p | ay e
on the extent of change in the monitored responses which would prompt such adjustments. The findings

of the current study highlight that Wi a time investment is allocated to player monitoring,
investigating these identified changes, and potentially adjusting practice for individuals appears time
consuming and challenging in practice. Indeed, the training times (i.e., betweer21R0®)and the

parttime nature of most players and almost half the members of staff suggestdinnetions which

may cause confligRothwell etal.,2020) and compromi se 6ébest practice
Okeeping a close eye on indday doahwsveili safoundsmed ol a

extremely valuablgTaube et al.,, 2013)practical methods of responding (@ lack of) reported



107

symptoms by adjusting training protocols where necessanybe beneficialQuarrie et al., 2017)
Notably, practitioners rated tteffect of matckplay and fieldb ased training on pl aye
most important areas of future research, and further information on this subject may helpn@ectitio

when designing and adjusting their training protocols.

The midweek training period (i.e., matatay +3,-3, and-2) is the period in which most fieléind
gymtraining bok place. Acknowledging the variety in training schedules between clubshand t
limited number of technical practitioners that completed the survey, certain trends in relation to training
methods were discovered across practitioners. It appears that earlier in the week there is an increased
focus on defensive skills and physicahtact on the fields whilst there is a large focus on strength
exercises in the gym. In contrast, attacking skills and-sgged running are emphasised later in the
week, with gym sessions largely focusing on more pedwased or plyometric exercises. Sugh
periodsation may be explained by the extended period of recovery that is required by a velocity
component (i.ePPin CMJ) compared to a force component (Fjn CMJ) following highintensity
exercise (i.e., mateplay) (McLellan & Lovell, 2012; Norris et al., 2019Lonsequently, any training

with a large focus on the velocity component (i.e., féigbed running on the field and power training

in the gym) may be considered further away from mately.

It is common in many senior team sports that the trainingasessi the day prior to matghiay (i.e.,
captaindéds run) is of a significantly shorter dur
performancgDuboiset al., 2017; Malone et al., 2019)he aim of this session is to practice different
shapes, formati onst uaired getespi skad | so i &f iprepar at
Although an optimal and winning performance is sought after in senior sports, this may not be the case

in academyplayers, as the main aim is letgym individual physical, technical and tactical development

(Phibbs et al., 2018; Till et al., 2015&)ndoubtedly, some coaches and players may disagree, but
winning gamesnay at times bef secondary importande academy RI(Rothwell et al., 2020)At the

same timewinning games also plays an important part in the development of young RL players,
especially when considering thejrotentialfinal destinationwhere winning games is considered most

important (i.e., first team)Therefore, practitioners should aim to find a balance between player
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development and winning performances where appropNateetheless,it may not be surprising that
some practiti otalead playérafat gamésd e dabm dkhydmdhdplayers going into
ayouthgame at890%0 6 . Al t hough t-tlay-$was ase af & stightly shortemdarationh
than midweek training (i.,e., 3 0 mi n) i n a d & jdstangthemrairdang gess®nd . 6 & u ¢ h
a difference in physical loading prior to mafglay between senior and academy environments may
also have implications for monitoring practices. Speally, if an optimal physical state is not
necessarily required imcademyplayers, it is unlikely that any potential decrements in performance or

wellness variables found through monitoring will influence practice at this time (i.e., close te match

play).

Historically, academy RL matches in the UK are played on a Thursday or a Saturday. Almost all
practitioners reported that the day following maptély was a day off. In addition, a Sunday was almost
always a day off as well, regardless of the dag#ree was played that week (unless this was a Sunday).
Research assessing pasttch recovery responses often include recovery strategies onaaateh
(McLean et al., 2010; Oxendale et al., 2016; Twist et al., 2@K2)his is common practice in senior
rugby. The practical application of such researchis population is limited as academy players do

not take part in clued recovery activities on this day. Instead, practitioners indicated that players may
at times be left to perform their own recovery at home. This highlights the importance forqraiti

to provide players with a structured and guided recovery protocol which they are able to follow on their
own. Practitioners also highlighted a window of opportunity to benefit from the quality of supervised
recovery strategies. The period directltfeathe game (i.e., within 90 min peasiatch) is a practically
achievable time where players are still present. Appropriate nutritional straf@gieshordas et al.,
2017)al ongsi de recovery modalities sstchlmrad hherotl
procesqTavares et al., 2017However, whilst the effect of various peastercise recovery modalities

has been researched in isolat{@uffield et al., 2010; Garcia et al., 201@he eficacy of a holistic
approach, combining various aspects of the recovery process (i.e., nutrition, sleep, recovery modalities)

remains to be investigated furtii&indsay et al., 2015a)
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Despite practically all practitioners (97%) highly valuing the use of recovery strategies in acddemy R
only just over half of practitioners (55%) agdabat the recovery procesgsexecuted well within

their organgation, which is likely due to the tima@strictions present in this population. It appears that,

as academy players are only legally abbolio spend a certain amount of time performing-ctlated

duties, other activities such #igld- or gymbased training, and video (p)review sessioray be
prioritised over the implementation of recovery strategies. It may therefore not be surpasitigpse
strategies most commonly used (i.e., stretching, foam rolling,-lipsad recovery, compression
garments) are relatively cheap, easy to implement and time efficient. However, their effects on
performance and recovery may be relatively m{8ands et al., 2013; Tavares et al., 2017; Wiewelhove

et al., 2019) and the consistent use of such strategies in practice may therefore be questioned. This
information highlights once more that ecolalg valid protocols in relation to the recovery process

are required in this population.

Whilst this chapter presents novel observations regarding academy RL environments and the
perceptions of practitioners in relation to monitoring practices and thef ueeovery strategies, it is

not without limitations. Firstly, to assess weekly practices, questions were stapdldodassume a
betweeAmatch period of six dayd.€., matchday on the Saturday, next match on the Saturday).
Naturally, the duration dfetweengame periods varies significantly throughout the season, and this is
likely to impact various aspects of training, as well as the implementation of monitoring and recovery
strategies. Other external factors, such as tinseason and individualgfer circumstances are likely

to play a role also. This study provides general trends, but various protocols and training strategies
naturally differ between clubs, meaning individual variation existspreviously highlighted, only 12

or 13 professionadcademies exist in the UK, many with limited financial resources and personnel. A
total of 29 practitioners completed the survey, and whilst this may not be a particularly large number in
relation to many largescale surveys, it could still be consideeerbasonable number considering this
survey only targeted academy RL practitionéis.responses were grouped together despite having
three different subgroups in technical practitioners (i.e., technical coaches and heads of youth), physical

practitiorers (i.e., strength and conditioning coaches and sport scientists), and medical practitioners.
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Acknowledging that different practitioners may have differing points of view, the surveyotas
individually made for each subgroup as questions were ovelitdl general and enough space was
provided to explain any specific thoughts and considerations. This way, various themes still emerged
through content analysis, which was likely to be linked to the different subgtowguidition, exclusive
guestions weralso asked to specific subgroupseverthelessthis study was only able to recruit a
limited number of technical practitioners (i.e., technical coaches, heads of youth), and whilst certain
trends emerged from the data provided, future researokeided to investigate technical training
practices in more depth. Conventional content analysis was found to appropriately add depth and
background information to contextusi the merely quantitative data provided. Altogether, the
guantitative and qualitave data provided context to the environment of academy RL, whilst various
barriers and opportunities were highlighted by those working in the field, which will aid the design of

ecologically valid research in this population.

3.6Conclusion

Although ths survey specifically targeted practitioners working in academy RL, the responses and data
collected may be useful for practitioners in other (rugby) academies also, as environments may show
similarities. Due to limited time and resources, monitoring gagadiness should only occur when
results will influence practice. If this is not possible, practitioners shoubdnsider their rationale
underpinning the use of player monitoring. The main aim of academy rugby igelomcholistic
development ofher players, whilst winning games should be of secondary importance. As a result,
optimal preparation for a matehinning performance is not always sought after, and monitoring of
performance or wellness variables on the day of, or prior to Apdaéghis wnlikely to influence practice

in academy RL environments. To avoid monitoring player readiness when impact to practice is minimal,
(i.e., prior to matciplay), practitioners are recommended to focus monitoring efforts on theveaiki

training period. Any prturbations that players may suffer from (either from mdeph or a previous
training session) could then be dealt with appropriately. To do so, practitioners are recommended to use

both subjective (e.g., welleing questionnaire) and objective toolg(eadductor squeeze test, CMJ)
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that are easily and quickly implemented and asealy Due to timeestrictions, players may at times,
specifically after higkintensity training, be left to perform or follow recoverghancing activities and
protocols by temselves. It is therefore particularly important for practitioners to educate players
regarding the recovery process, whilst enhancing recovery and priming good practice by providing
carefully guided and structured recovery protocols which players cawfbil themselves. Alongside

such protocols, recovery interventions supervised by coaching staff could also take place. The acute
period postmatchplay (i.e., within 90 minutes of match finishing) was highlighted by practitioners as

an important time in # recovery process which could be intervened with, using various nutritional
strategies and recovery modalities. Despite facing challenges in relation to time restrictions and the
availability of facilities, such a strategy would provide an ecologicall \solution to enhance the

recovery process in an academy RL environment.
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Chapter 4.0 The reliability of neuromuscular and perceptual measures
used to profile recovery and the timecourse of such responses following
academy rugby league matciplay

Chapter Summary

91 During three visits over two days, up toddademy rugby leagymayers completed a wellness
guestionnaire, and three attempts of both the isometricthigd pull (IMTP) and the
countermovement jumpCMJ), to assess their withimnd betweeiday reliability.

1 Postmatch responses were asses$eed20 h (baseline3, +24, +48, +72, +96, +120 h) using
those variables that showed acceptable (i.e., no bettiatwlifferences and beeenday
coefficient of variati on 010% and tdayt r ac | as
reliability.

1 For thelMTP, acceptable withinand betweetay reliability was found in force at 200, and
250 ms, and peak force. Most variables in@h&J achieved acceptable withitay reliability,
whilst six (i.e., flighttime, peak force, peak power, relative peak power, \ylatitakeoff,
jump-height) variables demonstrated acceptable betwdggnreliability. Only total wellness
demonstrated acceptable betwelay reliability in the wellness questionnaire.

T Reductions of 4. 75% and;0.83nd Bcetred at 24 far €I i n e ;
velocity at takeoff and jumpheight, respectively. Despite moderate and large effect sizes in
the postmatch period, no significant changes were found across IMPT variables and total
wellness.

1 Practitioners should be mindful of thdluence that the choice of recovery monitoring tool and

variables may have upon the practical interpretation of the data.
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Parts of this chapter have been published in the following cita

\ Aben, HGJ, Hills, SP, Higgins, D, Cooke, CB, Davis, D, Joi
Sports B, Russell, M. The Reliability of Neuromuscular and Percep
ol Measures Used to Profile Recovery, and the T@oarse of suct
Responses following Academy Rugby League Mdtdy.

Sports 8: 7394, 2020.

41 Introduction

Largely due to thérequency and intensity of eccentric muscle actions and physical coif@aetsdale

et al., 2016; Twist et al., 201LZhe demands of neh-play may cause pashatch perturbations in the
hormonal milieu(Johnston et al., 2015b; Twist et al., 2Q1R)ices of neuromuscular function
(McLellan & Lovell, 2012; McLellan et al.,, 2011a; Oxendale et al., 20p&yceptual responses
(McLean et al., 2010; Wist et al., 2012)and muscle sorene@®xendale etl., 2016) Knowing the
influence of matciplay on specific recovery and preparedness to train markers is valuable for
practitioners when seeking to modulate training intensity and/or volume thereafter in order to avoid

accumulation of fatigue and sulgseent injury, iliness and/or underperformafi€ellmann et al., 2018)

Up to 120 h may be required to facilitate full posatch recoveryMcLellan et al., 2011ajhowever
most observations from adult players have reported durations 2 #§McLellan & Lovell, 2012;
West et al., 2014when profiling the restoration of neuromuscular, biooival or endocrine, and
perceptual responsdshapter two).These inconsistencies may reflect methodological differences
between studies, such as the reliability of the specific variables being exgRoedt al.2016a)
betweenrstudy differences in matgblay demands, as well as discrepancies in training regimes
(McLellan et al., 2011a; Roe et al., 201&0d recovengtrategiegMcLellan & Lovell, 2012; West et

a., 2014)implemented in the poshatch period; all of which are known to modulate puostch
recovery. Literature reporting the reliability of the various recovery markers used in cesigos
players is limited, in both seni¢Cormack et al., 2008cjand academyRoe et al., 2016g)laying
standards. Furthermore, whilst some investigations have reported reliability data, it is unclear whether
these relate to withinor betweerday assessmengdohnston et al., 2015b; Twist et al., 2013ych

information may be important, especially when considering the repeated use of certain measurements
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in either within or betweerday scenarios. Because the reliability of measures may be population
specfic (Cormack et al., 2008¢it isimportant for practitioners to know the reproducibility of tests and
variables in their target populatiofhis was confirmed by academy RL practitioners, who mentioned

the importance adicceptableensitivity and reliability in their monitoring too(Sade 3.3)

As highlighted in chapter tworevious studies that have profiled pasatch responses RL, have

often recruited senior age playdMdcLean et al., 2010; McLellan & Lovell, 2012; Oxendale et al.,
2016; Twist et al., 2012)pand typically negleed those in the later stages of adolescence (i.e1916
years). Notably, investigations assessing resotsenatckplay in academyRU (Roe etal., 2016c;

Roe et al., 2016d)dr RL (Johnston et al., 2015Iplayers remaidimited. Differing activity profiles

during matchplay (Johnston et al., 2015a; McLellan & Lovell, 2013)nd differences in certain
physical capabilities associated with specific age groups (i.e., ebditness levels and maximal
strength) (Gabbett, 2002; Till et al., 2014@ppear to inflence posmatch recovery responses
(Johnston et al., 2015a; Johnston et al., 2Q1&t) this reason, there remains a need for practitioners

to understand the magnitude and tisoale of posmatch responses in academy playersiassiikely

to affect the implementation of recovery strategies and training regimes in thegioktperiod. This
statement is especially true given that professional academy players often have additional commitments
outside of their rugby careers iretform of school, college or additional employment, which may cause
further restrictions and challenges when seeking to magiracoveryHendricks et al., 2019¥Finally,

survey findings (chapter three) highlighteditchplay and fieldb ased tr ai ni ngason pl a
the most important areas of future reseaf@bllectively, differentialpostmatch responses may be
elicited in academy versus senior players when methods that incorporate greater ecological validity are
employed. Therefore, in acadeRy players, the aim of thishaptemwas to A) assess the withiand
betweerday reliability of neuromuscular and perceptual measures, before B) profiling thedunge

of recovery of variables deemed reliable for 120 h-paeich

4.2 Methods
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4.2.1Testing considerations

Chapter two highlights some afany measures that may be used to assessepestise responses.

Prior to data collection for the current study, various measures were considered above the ones that
were ultimately profiled. Specifically,a drop jump(DJ), a PPU anda maximalpower effort on the

Wattbike were all considered, but ultimately excluded. Acknowlegdthiat each of these measures
provides a unique insight into a specific element of fatigue, assesiageliability and posimatch
responsefor all these measuragould have beeraken up considerably more time, and would have

been practically challenging.

A DJ, which requires stepping of a box, and upon landing, subsequently jumping as quick and high as
possible, isa measure commonly used to assess reactive stramigth (RSI)(i.e., the ability of
completing a fast SSC actiprby dividingjump-height(JH) by ground contact tim@cMahon et al.,

2021) Alternativdy, RSI modified (RShod) is calculated in a CMJ by dividing JH by time to take off

Such a measure is very similar to FT:CT ratio, originally proposeCbymack et al., 2008pband

these two variables indeed share an almost perfect positive relatigivstifahon et al., 2018)
Acknowledging the differences between these two jumps (i.e., aadass SSC task, whereas the CMJ

is a slow SSC task), a large relationship exists between RSI aneh REtMahon et al., 2021)5iven

this relationship, anthe more frequent use of the CMJ in academy RL (chapter two), the CMJ was

preferred over the DJ.

The Wattbike is an aipraked ergometer, which calcidatpower output via a load cell located next to
the chain(Hopker et al., 2010)Reliability dataof PP on the Wattbhikeuggests aoefficient of
Variation (CV) of 3.026 in professionalAF players(Wehbe et al., 2015pyvhile extra caution should
betakenwhen assessing tesdtest reliability at lower power outputdopker et al., 2010An O atft 16
PPtest completed over six snay provide aralternativeway of monitoring neuromuscular fatigue
with the nonweight aspect of the test being the obvious beliebe et al., 2017aHowever, when
profiled following matchplay, the Wattbike PP test appears to be lacking sensitivity to fadfRpeeet
al., 2017a; Wehbe et al., 20158his may be due to mbfatigueinducing elements being the result of

eccentric muscle actions, whilst the PP test on the Wattbike only quantifies the concentric component
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of the experienced fatigue. For this reason, the PPeste Wattbikevas not included in any further

measurements.

Finally, the PPU which may provide an indication of uppgeody neuromuscular fatigue, was
consideredA PPUrequiresthe handsto beon a force platfornwith elbows extended, after whieh
pushup is performedhs quickly as possible with the aim of the hands leaving the plafRomet al.,
2016a) Indeed, matciplay or training involving frequent collisions are known to elicit perturbations
in upperbody neuromusculdunction (Roe et al., 2017bwhich may consequently be profiled using
the PPU(Roe et al., 2016cHowever, due to the anticipated difficulty of consigly performing a

plyometric puskup, a subjective measure of @pbody responses was preferred.

4.2 2 Experimentabverview

Figure 4.1 outlines the methods used in this study. In part A, this study assessed the reliability of
isometric midthigh pull (IMTP), CMJ, and wellness questionnaire measures in acaténpjayers.

Within- (i.e., morning; AM vs afternoon; PM in week 2) and betwdan (i.e., PM measures week 1

vs week 2) reliability was assessed during three visits over two days (i.e., week 1 day 1 PM, week 2 day
2 AM, week 2 day 2 PM). Each day was one week apart with the PM measure from the second day also
serving as a baselinarte-point for part B; occurring approximately 3 h before mgitdy commenced.
Thereatfter, in part B, the influence of majulay on variables deemed eligible (based on acceptable
betweerday reliability) was assessed for 120 h following a competRivenatch. After completion of

the match, players were assessed at +24, +48, +72, +96 and +120 h.
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Figure 4.1 Study Protocol'® Match: Matchplay; ‘® Training: The primary focus of this training session is

development of specific skills and the tactical aspects of the g‘g’n@;a ptainods

r

u

n:

The

leading up to the game. This session predominantly focuses on the tactical arspegifiteelements of the

game;tg: Static and dynamic stretching as well as full body foam rolling in order to restore range of motion and

general movement functior,a: An upperbody hypertrophybased training sessiorf,‘:'-: Pool session mostly

taking place infte shallow end of the pool in which players perform a variety of dynamic movements (e.g., lunges,

squats, calf raises, high kneeg: Individual gymbased program including a variety of fblbdy movements

designed to improve strength, power and/or hypphy (e.g., bilateral squat variation, kne®@d or hamstring

f

dominant hamstring exercises, lowsrdy unilateral exercises, horizontal and/or vertical push and pull exercises).

nal
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4.2 3 Participants

Following institutional ethical apprové\ppendix3), 11 maleRL players (age: 18 + 1 years, mas®: 9

+ 9 kg, stature: 1.83 + 0.04 nyears spent in professional playing and training: 4 + 1 years, three
repetition maximum back squat: 141 + 11 kg, threetigpn maximum bench press: 93 + 7)kdgom

the same IS academy volunteered to take part in the stirlglyers represented a range of positions,

but six played as forwards (i.e., three prop forwards, one back row forward, one loose forward, and one
hooker) withthe remaining five players being backs (i.e., two wingers, two centres and one fullback).
One player was unable to particip@tevisit one of the betweeday componenof part A; therefore,
betweerday comparisons, and part B responses represent tenspl®j@yer absences were due to
reasons unrelated to the study (i.e., injuries from previous matches, lack of availability for testing).
Players were given full details of the study procedures and were informed of the risks and benefits of
the study priorto the start of data collectiofiRetrospective power analgswas performed using
G*Powerandindicated that >80% statistical power had been achieved for the statistically significant
differences observed relative to baselindlhof theCMJ. Upon agreing to participate in the study,
players then provided written informed consprior to the start oflata collectionAlthough players

had historically sustained a range of lower and upper body injuliaser® declared fit and free of

illnessorinuy by the c¢clubds medical staff at the ti me

4.2 4 Procedures

All testing took placén the gym of the SL clubwhich players were accustomed to following their
regular training taking place in this environment. Players arriveté$bing in groups of three or four,
to limit any distraction as much as possible during testing procedipens.arrival for testing, players
first completed a wellness questionnaire, followed by a standard dynamicupa(including lunges,
sweeps, hippeners, heel flicks, high knees and leg swings)&odubmaximal attempts of the IMTP
and the CMJ, before commencing the testing protoddetchplay took place migeason and

locomotor activities were profiled usinglEMS devices. During the poshatdh period, players
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continued to participate in club activities (i.e., recovery strategies, training) as well as regular lifestyle
commitments (e.g., college, school, work) as normigiufie 4.1). Throughout the entire period of data
collection, players were ncour aged to maintain nor mal di et ar:

nutritionist.

4.2.5 Subjectivevellness

A wellness questionnaire was used by 86% of academy RL practitioners (chapterTiheeefore,

players completed a shaweliness questionnaire adapted from McLean and colledifletean et al.,

2010) This questionnaire, which players were accustomed to completing as part of routine monitoring
practices at the club, reqad a rating of perceived fatigue, sleep quality, muscle soreness (separate
ratings for upperand lowerbody soreness), stress levels and mood on gpiu@ Likert scale. The
aggregate sum of all six scores also provided a total wellness score. Lavesriadicated a negative
response whilst higher values indicated a positive response. Players completed the questionnaire
separated from other individuals in order to misgrthe influence from other players and/or coaching
staff. The betweeday reliabiity (CV: 7.1%) of this questionnaire has previously been reported in

academyRU players during a netraining weekRoe et al., 2016a)

4.2.6 Isometricmid-thigh pull

In preparation for testingqarticipants took part in three habituation trials in the week prior to data
collection. During the first habituation trial, players placed themselves in their preferred position whilst
adhering to the prescribed guidelines as well as adhering to theofgaige angles (knee and hip angle

of 120-135° and 14€150°, respectively) previously recommend@dckham et al., 20180Dnce the

pulling position was established, starting positions were replicated between testing sessions to ensure
repeatability of measures. Players were asked to stand on the force plate (type:-G3RU60
dimensions: 80 mm x 400 mm, sampling: 1000 Hz, Bertec Corporation, Columbus, OH, USA) and to

strap themselves to the bar using lifting straps (XXR Spiditsham,UK) whilst achieving the correct
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body position that was previously determined during habituation.dmpdsition, which replicated their

second pull of the power clean, feet were roughly centered under the bar -avidthippart. Knees

were slightly flexed underneath and in front of the bar, whilst the torso was upright and shoulders
retracted and depre=s above or slightly behind the vertical plane of the(Backham et al., 2018)

Using a goniometer (66fi§palding,UK), measurements were taken of both-kipd kneeangles to

ensure players were in the correct position. Players were dlmivemal pretension to avoid any slack

in the body prior to pull initiatiorfMangine et al., 2016)n order to achieve optimal results, players

were instructed to 6épush their feet (Halpeonet he f | c
al., 2016) Once stabitied (verified by watching the player and the force trace), a countdown was given,

followed by a maximal effort ahe IMTP.

Visual inspection of the foreime curves during testing determined acceptability for inclusion. Trials
were disregarded if an attempt included an unstable initial weighing period (i.e., clear fluctuation in the
forcetime data), if a clear cmtermovement (i.e., >50 N) took place prior to the puRFbccurred at

the end of the trial or if prior tension was applied before commencement of the pull (i.e., >50 N over
body weight). Trials were also deemed invalid if PF was separated by >286Mselm attempts or

when a large change in body position was observed during th@wiadfort et al.2019; Dos' Santos

et al.,, 2017) When incorrect trials took place, players were asked to repeat the test to ensure each
participant achieving three valid attempts. Players rested for a minimum of two min after each effort to
ensure sufficient res{(Thomas et al., 2017)The IMTP testing was conducted as per the

recommendations of Comfort et £019).

Based on the IMTP attempt during which PF was achieasdvertical forceime data were saved and
exported into a Microsoft Excéle (Version 2019, Microsoft Corporation) which was later asady

Data remained unfiltered, as there are minimal differences between values in unfiltered or filtered (e.g.,
fourth-order Butterworth) conditionfDos' Santos et al., 20188)o identify the onset of the pull, a
threshold of five stastard deviations (SD) of bodyweight, identified during one second of quiet standing
immediately prior to commencing the pull (i.e., the weighing periads usedas per(Comfort et al.,

2019) The betweerday reliability of PFtime-specific forcesand values elicited during IMTP time
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bands have been found to be reliabtgréclass Correlation CoefficientqC) 0 0.7, C 5%

irrespective of body posture and barbell positiGappy et al., 2018)

4.2.7 Countermovememnump

For the CMJ, an objective monitoring tdquently used in academy RL (chapter threlaygrswere

instructed to stand on the force plate with their knees extended and feet in their preferred positions of
slightly wider than shouldewidth apart whilst their hands remained on the hips. Rafig instruction

to 6jump as high and fast as they can, & players
jump for maximal heighfMcMahon et al., 2017a)A specific depth was not prescribed as it was
anticipated that this may be hard to control for, whilst this may also ndgadffect the primary aim

of the jump, which was to jump as high and fast as possiblt any point during the jump, visual
inspection deemed the hands to have come off the hips or legs being tucked in, the attempt was classified
as invalid and the il was repeated until three valid attempts were achieved. Players rested for a

minimum of 60 s between triaf¥homas et al., 2017)

Following a successful attempt, raw vertical feticee data were savdtbm the jump that elicited the

greatest JH within a trial before beiegported into a Microsoft Excel file which was later asaty

The start of the jump was identified as the tme i nt at which force devi g
bodyweight (measured during one second of quiet stanfiivig}t et al., 2011)instances of takeff

and touchdown were identified as the tipmnt wherebyforce deviatedn excess ofive times theSD

during a 300 ms period of flight phase of the jump (i.e., ihemplatform was unloade@Yloir, 2008)

This timeframe was taken at the end of the flight phase to avoid the unstable period-tifferdata

at the start of this phas&he betweerday reliability of the CMJ has previously been reported in

academyRU players during a netraining week (CV% <5.0%(Roe et al., 2016a)
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4.2.8 Match-play activity profiles

A competitive home fixture took place during the msishson (19:00 h kick off). Subjective internal
match load was obtained by a session rating of perceived exertion (SRPE) within 30 min of the match
finishing (Borg, 1998) Players provided their individual score in isolation from others in order to
minimise the influence obther players or coaches. The locomotive demands of the game were
measuredusing portable MEMS units sampling at 10 H2pf{imeye S5, Catapult Innovations,
Melbourne, Australip Units were worn in a pouch on the upper back of the playing shirt positioned
between the shoulder blades. Devices were turned on just before theivamd turned off after the
match. Following match completion, data were downloaded using propriettiwase (Openfield
Version 2.3.3, Catapult Innovations). Raw data files were trimmed on an individual player basis to
ensure that only data pertaining to time spent on pitch was exported for afddlgidEMS unitsused
throughoutthis thesis providenumeousparameters that coulgive an indication of the externédad

of matchplay. The parameters selected were (relative) distance covégeespeed distanc&rHIE,

andPlayerLoad

Total distance israexternal loagpbarameter commonly reportédt giventhe various ways in which
total distance can be accumulated, more contextual information is redoatedd,relative distance
(i.e., match intensity) may be calculated by dividing total distance by minutes pldnged0 Hz units
provide a valid measure of distanmavered with a margin of error smaller than 1@ohnston et al.,
2014b) Distance covered at high spe@é., 055 m AYmis of particular importancalsq both for
match performancéJohnston et al., 2014and thehigh involvement of eccentric muscle actions
(Douglas et al., 2017)In addition, RHIE were selected dueit® positive relationship with increased

muscle soreneg®©xendale eéal., 2016)

PlayerLoaddescribesan accumulation dafhe triaxial accelerometers.€., anteriorposterior, medial

lateral, and verticallsamplingat 100Hz(Nicolella et al., 2018)and is used to measure accelerometer
derived activities such as accelerations, decelerations, changes of direction, jumps, or collisions.
Acknowledging thaPlayerLoad slow, which onlgneasures accelerometer data when velocity is < 0.2

m A mi, hasan even greater correlation with collisions, PlayerLoad displays a very large relationship
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with collisions alsqRoe et al., 2016bpuperior levels of intradevice compared to interdevice reliability
have previouy been reporte@Nicolella et al., 2018)andfor this reason, the same device was always

used by the same playdihe formula usedor this parameter idescribed below.

QL Q QU Q i QQQ I QQQ 01 on

fort= 0, 0.01,n 0. 02, 0. 03¢é.

4.2 9 Statisticalanalyses

For part A of the study, the withimnd betweeray reliability of variables was examined usingan
changes between visits (assessed via paired sarvipits)ttypical error (TE SD of the differences
score divided bya2), CV (TE expressed as a per@rg e o f t he sub]lmtcdfods
agreement (LOAmean bias = 1.96 S&andICC (two-way mixed method, absolute agreemeatues

Providing no significant differences existedyiables were deemed to have acceptable reliability in

either component (i.e., on a withiar betweerd ay basi s) i f Wl&)add ICCWa8 wa s

O 0 .(@mfort et al., 2015)These thresholdfor acceptable reliabilityvere chosen as they have

typically been used irecent related resear@@omfort et al., 2015zitzpatrick et al., 2019 o evaluate

O

the internal consistency of the well nE€mmaclfuesti o

1951) The threshold for a(Blama & Alenart, B987) whilstlhtesiteams s et

correlatons were also considered. Only those variables that met the criteria for belayeseshiability,

were eligible thereafter in part B of the study. For part B, initial assessments of normality were

performed, before changes in positch measures were ayeid, using a repeatedeasures analysis
of variance (ANOVA) in statistical software (SPSS version 21, Chicago, ILL, US#fsumptions of
sphericity were explored, and where necessary the GreenBGeusser adjustment was used. If
significant main effects were detected, datarexcompared using Bonferroni corrected pairwise

comparisons. The criterion level of statistical signi cance was set at p

differences between all tiF@oints was also expressed as a stangardi mean di f ference

00 .

-
C

(
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effect size: ES). Classifications for ES were set as trivial (BR) small (0.0 E 8.5),<moderate
(050 EG. 8) and 0B)&ritgetal.,(2ELIDatd presented as mean + SD unless otherwise

stated.

4.3 Resultsi Part A
4.3.1 Isometrianid-thigh pull reliability

Reliability statistics for the IMTP are shown in Tablesd and4.2 Acceptable withirday reliability
was observed for PF, and force at 30 (F30), 150 (F150), 200 (F200), and 250 (F2609/Ms.67
9.76%; ICC: 0.8-0.93). Acceptable betweeday reliability values were observed for F200, F250 and
PF(CV%: 4.348.62%; ICC:0.87-0.92). Although no significant differences existed between repeated
measurements, no other variables demonstrated acceptable reliability on either-sowitkinveen

day basis.

4.3.2 Countermovemepampreliability

Reliability statistics for th€MJ are shown in Tables3 and 4.4All variables except foiPP, relative

PP, and velocity at takeff (VTO), which were omitted due to the presence of significant differences
between trialsshowed acceptable levels of witkdiay reliability (CV%: 3.037.34%; ICC: 0.820.98).

Six variables (i.e.FT, PF,PP, relative PPVYTO andJH) met the threshokdfor acceptable between
day reliability (CV%: 2.566.79%; ICC: 0.8-0.91). The remainindive variables (i.e., movemetiime
(MT), FT:MT ratio, relative PF, time to PF, time to PP) did not meet the criteria for betiagen

reliability.



125

4.3.3 Subjectivevellnessreliability

Reliability statistics for the wellness questionnaire are shown in Tdbieand 4.6 Whilst some
individual components of the questionnaire (i.e., sleep quédityer body sorenessnood,andtotal
wellnes3 met the criteria of withirday reliability (0/%: 7.669.52%; ICC: (83-0.9%), acceptable
levels for betweelay reliability were only found in the total wellness score (CV%: 7.05%; 1®0).0.
The additional measure of Cronbachés Al pha
consisteng was achieved by the items in the wellness questionnaire-iteneicorrelations are shown

in Table4.7.

resu
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Table 4.1 Mean (+ standard deviation) responaed the \ithin-day reliability statistics for the isometric mildigh pull (=11)

Variable  Timing Mean change TE (95% ClI) ICC (95% ClI) CV (95% ClI) LoA (95% CI) Acceptable Reliability?
Week 2 AM Week 2 PM
F30 (N) 1027.28 (71.72)  1053.19 (88.34) 2591 42.27 (29.54,74.18) 0.83(0.40,0.95) 3.91(2.71,6.96) -143.08 (244.05,-97.15) to V
91.26 (45.33, 192.23)
F50 (N) 1107.71 (110.67) 1146.77 (158.21) 39.06 91.89 (64.20, 161.26) 0.71 ¢0.04,0.92) 7.91 (5.46, -293.76 (513.24,-193.92) to x
14.30) 215.64 (115.80, 435.12)

F100 (N) 1365.07 (242.26) 1420.24 (314.18) 55.16 174.83 (122.15, 0.77 (0.14,0.94)  11.58 (7.96, -539.76 (957.34,-349.80) to x
306.81) 21.20) 429.43 (239, 47, 847.01)

F150 (N) 1623.64 (321.37) 1670.13 (344.87) 46.49 159.27 (111.28, 0.88 (0.55,0.97) 9.76 (6.73, -487.96(-868.38,-314.90) to \/
279.50) 17.76) 394.98 (221.92, 775.40)

F200 (N) 1858.82(349.72) 1901.68 (351.99) 42.86 154.58 (108.01, 0.90 (0.63,0.97) 8.41(5.81, -471.33 (840.56,-303.37) to \/
271.28) 15.23) 385.62 (217.66, 754.85)

F250 (N) 2022.65(331.77) 2075.84 (326.60) 53.19 145.61 (101.74, 0.89 (0.62,0.97) 7.17 (4.96, -456.79 (804.58,-298.58) to \/
255.53) 12.93) 350.41 (192.20, 698.20)

PF (N) 2577.09 (279.00) 2628.41 (264.70) 51.32 97.36 (68.03, 170.87) 0.93(0.74,0.98) 3.67 (2.55,6.53) -321.20 (553.754-215.40) to

218.56 (112.77, 451.12)

v

AM: Morning; Cl: Confidence interval; CV%: Coefficient of variation; F30: Force at 30 ms; F50: Force at 50 ms; F100: Ed@cmst F150: Force at 150 ms; F200: Force at 200 ms; F250: For@eras28-C:
Intraclass correlation coefficient; LoA: Limits of agreement; PF: Peak force; PM: Afternoon; TE: Typical error. Accep#ddiieyreras defined as no betwee¢nr i a |

di fferences

and

CV 010%

and
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Table 4.2Mean (+ standard deviation) responaed the btweenrday reliability statistics for the isometric mikligh pull (=10)

Variable Timing Mean change TE (95% ClI) ICC (95% CI) CV (95% ClI) LoA (95% CI) Acceptable Reliability?
Week 1 PM Week 2 PM
F30 (N) 1040.80 (59.00)  1051.26 (92.87) 10.46 61.40 (42.24, 0.57 €0.95, 0.90) 6.07 (4.14,11.36) -180.65 (340.38,-111.40) to X
112.10) 159.75 (90.49, 319.47)
F50 (N)  1127.46 (94.04) 1150.87 (166.15) 23.41 109.39 (75.24, 0.53(-1.10, 0.89) 9.86 (6.68, 18.73)  -326.61 (611.15,-203.24) to x
199.69) 279.79 (156.42, 564.32)
F100 (N) 1404.13 (215.80) 1429.48 (329.59) 25.35 200.08 (137.62, 0.67 ¢0.45, 0.92) 14.20 (9.56, 27.43) -579.93 (1100.37,-354.27) x
365.26) to 529.23(303.57, 1049.67)
F150 (N) 1677.54 (281.51) 1670.28 (363.52) 7.26 170.75 (117.45, 0.85 (0.38, 0.96) 10.91 (7.38, 20.82) -466.03 (910.18,-273.44) to x
311.72) 480.56 (287.97, 924.71)
F200 (N) 1921.20 (297.20) 1895.69 (370.44) 25.51 154.48(106.26, 0.89 (0.55, 0.97) 8.62 (5.58, 16.29) -402.68 (804.52,-228.45) to \/
282.02) 453.71 (279.48, 855.55) *
F250 (N) 2078.98 (288.99) 2073.48 (344.17) 5.50 158.55 (109.06, 0.87 (0.45, 0.97) 8.01 (5.44,15.11) -433.98 (846.40,-255.16) to V
289.45) 444.98 (266.15, 857.40) *
PF (N) 2593.47 (288.46) 2627.58 (279.00) 34.11 112.46 (82.02, 0.92 (0.68, 0.98) 4.34 (3.15, 7.24)  -345.82 ({638.34,-218.98) to \/
*

185.01)

277.61 (150.78, 570.14)

Cl: Confidence interval; CV%: Coefficient of variation; F30: Force at 30 ms; F50: Force at 50 ms; F100: Force at 100 fstdeld0150 ms; F200: Force at 200 ms; F250: Force at 250 ms; ICC: Intraclass correlation
coefficient; LoA: Limits of agreemenBF: Peak force; PM: Afternoon; TE: Typical error. Acceptable reliability was defined as no bétweenal di f f erences and CV 0O10% and | CC
betweerday reliability and was therefore eligible for Part B of the study.

(o]
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Table 4.3Mean (+ standard deviation) responses and the withynreliability statistics for the countermovement jumgpl(l)

Variable Timing Mean change TE (95% CI) ICC (95% ClI) CV (95% CI) LoA (95% CI) Acceptable Reliability?
Week 2 AM Week 2 PM

MT (s) 0.74 (0.12) 0.71 (0.10) 0.03 0.04 (0.03, 0.07) 0.91 (0.64,0.98) 5.97 (4.07,11.17) -0.09 ¢0.20,-0.04) to 0.150.10, 0.26) \/

FT (s) 0.51 (0.03) 0.52 (0.04) 0.01 0.02 (0.01, 0.03) 0.88 (0.45,0.97) 3.03(2.07,5.60) -0.06 ¢0.10,-0.04) to 0.03 (0.01, 0.07) \/

FT:MT ratio 0.69 (0.10) 0.74 (0.10) 0.05 0.05 (0.03, 0.09) 0.82 (0.26,0.96) 7.34 (4.99, 13.80) -0.19 ¢0.32,-0.13) to 0.09 (0.31, 0.22) \/

PF (N) 2362.00 (367.12)  2411.32 49.32 77.33 (53.19, 141.18)  0.98 (0.90, 0.99) 3.15(2.15,5.82) -263.67 (464.82,-176.45) to 165.03 (77.81, 366.18 \/
(369.62)

Relative PF 25.54 (2.85) 25.88(2.98) 0.34 0.89 (0.61, 1.62) 0.95(0.82,0.98) 3.34(2.29,6.19) -2.79 ¢5.10,-1.80) to 2.12 (1.12, 4.42) \/

(N-kg1BW)

Time to PF (s) 0.55 (0.10) 0.52 (0.08) 0.03 0.04 (0.02, 0.07) 0.89 (0.54,0.97) 7.09 (4.83,13.33) -0.07 ¢0.16,-0.03) to 0.13 (0.09, 0.23) \/

PP (W) 4644.38 (453.47)  4939.47* 295.09 132.89 (91.41, 242.61) 0.88 (0.13,0.98) 2.75(1.88,5.07) -263.67 (464.82,-176.45) to 165.03 (77.81, 366.18 X
(507.11)

Relative PP 50.42 (3.78) 53.22 2.80 1.61(1.11, 2.93) 0.84(-0.091, 2.94 (2.02,5.44)  -7.25¢11.43,-5.44)t0 1.66-0.16, 5.84) x

(W-kgiBW) (4.73)** 0.97)

Time to PP (s) 0.68 (0.12) 0.64 (0.10) 0.04 0.04 (0.03, 0.08) 0.92 (0.67,0.98) 6.29 (4.29,11.79) -0.08 ¢0.19,-0.04) to 0.15 (0.10, 0.26) \/

VTO (m-s?) 2.46 (0.16) 2.54 0.08 0.06 (0.04, 0.12) 0.87 (0.24,0.97) 2.58(1.77,4.77)  -0.26 ¢0.43,-0.19) to 0.09 (0.02, 0.26) X
(0.18)**

JH (m) 0.31 (0.04) 0.33 (0.05) 0.02 0.02 (0.01, 0.03) 0.89 (0.62,0.97) 5.23(3.57,9.76)  -0.07 ¢0.11,-0.05) to 0.02 (0.01, 0.07) \/

AM: Morning; BW: Body weight; Cl: Confidence interval; CV%: Coefficient of variation; F30: Force at 30 ms; F50: Force sitF8®én Force at 100 ms; F150: Force at 150 ms; F200: Force at 200 ms; F250: Force

at 250 ms; FT: Flight time; ICC: Intraclass correlation coefficient; JH: Jump height; LoA: Limits of agreement; MT: MoweieeRE: Peak force; PM: Afternoon; PP: Peak powe: Typical error; VTO: Velocity
**: Significantly

attakeo f f ;

di fferent

(p00.05)

faamaweak 3 eAM.nchsc eamtda ICIVe Orldl% amidl il tC}C Wds 8def i ned
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Table 4.4Mean (+ standard deviation) responses and the betdagereliability statistics for the countermovement jumplQ)

Variable Timing Mean change TE (95% CI) ICC (95% ClI) CV (95% ClI) LoA (95% CI) Acceptable Reliability?
Week 1 PM Week 2 PM
MT (s) 0.75 (0.10) 0.71 (0.11) 0.04 0.08 (0.05,0.15)  0.63 ¢0.42,0.91) 10.5(6.97,21.07) -0.16 ¢0.38,-0.08) to 0.26 (0.17, 0.47) X
FT (s) 0.52 (0.03) 0.53 (0.04) 0.01 0.02(0.01,0.03)  0.89(0.57,0.98) 3.08(207,5.98)  -0.05¢0.10,-0.04)(00.03 (0.02,0.08)
FT:MT ratio 0.70 (0.09) 0.76 (0.10) 0.06 0.07 (0.05,0.13)  0.59 ¢0.36,0.90) 10.11 (6.72, 20.26) -0.25 ¢0.45,-0.17) to 0.13 (0.05, 0.32) X
PF (N) 2346.17 (301.12) 2437.74 (381.90) 91.57 146.96 (99.26, 0.89 (0.56,0.98) 6.79 (4.54,13.41) -498.91 (920.82,-326.24) to 315.77 v
281.53) (143.10, 737.67) ’
Relative PF 25.43 (2.19) 26.23 (2.93) 0.80 1.71 (1.15,3.28)  0.72 ¢0.15,0.94) 7.02 (4.69, 13.88) -5.54 {10.45,-3.53) to 3.94 (1.93, 8.84) X
(N-kg1BW)
Time to PF (s) 0.58 (0.11) 0.51 (0.08)** 0.07 0.07 (0.04,0.13)  0.60 ¢0.29, 0.91) 11.19 (7.43, 22.54) -0.11 ¢0.30,-0.03) to 0.26 (0.18, 0.44) x
PP (W) 4898.03 (465.94) 5020.36(464.44)  122.33 208.63 (140.92, 0.88 (0.52,0.97) 4.56 (3.05, 8.91) -700.61 ¢1299.58-455.48) to 455.95 \/
399.68) (210.82, 1054.92)
Relative PP 53.30 (5.01) 54.25 (3.66) 0.95 2.38 (1.61,4.55)  0.83(0.29,0.96) 4.73(3.17,9.25)  -7.54 (14.36,-4.74) t0 5.64 (2.85, 12.46 v
(W-kg™ BW) ’
Time to PP (s) 0.69 (0.10) 0.64 (0.11) 0.05 0.08 (0.05,0.15)  0.63 (0.42,0.91) 11.59 (7.69, 23.39) -0.17 ¢0.39,-0.08) to 0.26 (0.17, 0.48) X
VTO (m-sb) 2.54 (0.15) 2.57 (0.17) 0.03 0.06 (0.040.12) 0.91 (0.64,0.98) 256 (1.72,4.97)  -0.21 (0.39,-0.13) to 0.15 (0.07, 0.33) N4
JH (m) 0.33 (0.04) 0.34 (0.04) 0.01 0.02 (0.01,0.03)  0.91 (0.65,0.98) 5.19 (3.48,10.18)  -0.05 ¢0.10,-0.03) to 0.04 (0.02, 0.09) v

BW: Body weight; Cl: Confidence interval; CV%: Coefficient of variation; F30: Force at 30 ms; F50: Force at 50 ms; FHat FodcmsE-150: Force at 150 ms; F200: Force at 200 ms; F250: Force at 250 ms; FT:
Flight time; ICC: Intraclass correlation coefficient; JH: Jump height; LoA: Limits of agreement; MT: Movement time; Pfar&edRM: Afternoon; PP: Peak power; TE: Typical erk6FQ: Velocity at takeoff. *

Variable met the criteria for betweeha y
differencesa n d

CV 010%

and

reliability
I CC OO0. 8.

and was

therefore

eligible

for

P a reptabl8 reliatility wes defined as woybetwadal :

Significa
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Table 4.5Mean (+ standard deviation) responses and the withynreliability statistics for the wellness questionnairel ()

Variable Mean change TE (95% CI) ICC (95% CI) CV (95% CI) LoA (95% CI) AcceptableReliability?
Week 2 AM Week 2 PM

Fatigue 3.36 (0.81) 3.91 (0.83) 0.55 0.73 (0.51, 0.30 €0.93,0.79) 24.85(16.77,47.62) -2.58 ¢(4.33,-1.78) to X
1.29) 1.48 (0.69, 3.23)

Sleep quality 3.73 (0.79) 3.91 (0.83) 0.18 0.29 (0.20,  0.93(0.74, 0.98) 7.66 (5.29,13.82)  -0.97 {1.66,-0.66) to \/
0.50) 0.61 (0.30, 1.29)

General upper 3.18 (0.60) 3.64 (0.81)** 0.45 0.37(0.26,  0.77 (0.04,0.94)  10.77 (7.41,19.66) -1.48 (2.36,-1.08) to x
body soreness 0.65) 0.57 (0.17, 1.45)

Generalower 3.00 (1.10) 3.00 (1.10) 0.00 0.32 (0.22, 0.96 (0.85, 0.99) 9.52 (6.56, 17.31) -0.88 ¢1.63,-0.53) to \/
body soreness 0.55) 0.88 (0.53, 1.63)

Stress level 4.09 (0.54) 3.82(0.87) 0.27 0.56 (0.39, 0.58 €0.45,0.88)  19.61 (13.33,36.92) -1.27 ¢(2.60,-0.66) to X
0.98) 1.81 (1.20, 3.14)

Mood 4.27 (0.65) 4.27 (0.47) 0.00 0.32 (0.22, 0.83 (0.33, 0.95) 8.47 (5.84, 15.33) -0.88 ¢1.63,-0.53) to V
0.55) 0.88 (0.53, 1.63)

Total wellness 21.64 (2.98) 22.55 (3.78) 0.91 1.80 (1.26, 0.83 (0.42, 0.95) 9.20 (6.35, 16.71)  -5.90 ¢10.21,-3.95) to \/
score 3.16) 4.08 (2.13, 8.39)

AM; Morning; CI: Confidence interval; CV%: Coefficient of variation; ICC: Intraclass correlation coefficient; LoA: LimétgreEment; PM: Afternoon; TE: Typical error; 8:i gni fi cant | y
week 2 AM. Acceptable reliability was defined as no betwteeni a |

di fferences

and

CV 010%

and | cc 00. 8.

di fferent



Table 4.6 Mean (+ standard deviation) responses and the betdegereliability statistics for the wellness questionnaire (n=10)
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Variable Timing Mean change TE (95% ClI) ICC (95% ClI) CV (95% ClI) LoA (95% CI) AcceptableReliability?
Week 1 PM Week 2 PM
Fatigue 3.30 (0.95) 3.80 (0.79) 0.50 0.60 (0.41, 0.64¢0.18,0.91) 20.36 (13.59, 40.25) -2.17 (3.73,-1.49) x
1.10) t0 1.17 (0.49, 2.73)
Sleep quality 3.80 (0.42) 3.90 (0.88) 0.10 0.40(0.28,  0.81(0.21,0.95)  12.87 (8.68,24.73)  -1.21 (2.26,-0.76) x
0.73) to 1.01 (0.56, 2.06)
General upper 3.40 (0.52) 3.60 (0.84) 0.20 0.65 (0.45, 0.25¢2.40,0.82)  22.86 (15.21, 45.63) -2.00 ¢3.69,-1.27) x
body soreness 1.19) to 1.60 (0.87, 3.29)
Generalower 3.00 (1.05) 3.10 (1.10) 0.10 0.62 (0.43, 0.82(0.23,0.96) 23.14 (15.39, 46.22) -1.82 (3.43,-1.12) x
body soreness 1.13) to 1.62 (0.92, 3.23)
Stress level 3.90 (0.74) 3.80 (0.92) 0.10 0.40 (0.28,  0.88(0.51,0.97)  14.11(9.50,27.24) -1.01 ¢2.06,-0.56) x
0.73) to 1.21 (0.76, 2.26)
Mood 4.10 (0.57) 4.30 (0.48) 0.20 0.30 (0.21, 0.79 (0.24, 0.95) 7.99 (5.43, 15.07) -1.03 ¢1.80,-0.69) x
0.54) to0 0.63 (0.29, 1.40)
Total wellness 21.50 (3.31) 22.50 (3.98) 1.00 1.53 (1.05, 0.90 (0.60, 0.97) 7.05 (4.80, 13.24) -5.23 (9.21,-3.51) \/
score 2.97) to 3.23 (1.51, 7.21) *

ClI: Confidence interval; CV%: Coefficient of variation; ICC: Intraclass correlation coefficient; LoA: Limits of agreemerfteMoon; TE: Typical error. Acceptable reliability was defined as no betivizdn
C-Wari@ble 0ng4 tha critgria FobEtwe@idy .refiability and was therefore eligible for Part B of the study.

di fferences

and



Table 4.7 Subjective wellness intétem correlation matrix
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Sleep Quality Upper Body Soreness Lower Body Soreness Stress Level Mood
Fatigue 0.29 0.80 0.74 0.71 0.67
Sleep Quality - 0.69 0.48 0.21 0.22
Upper Body Soreness - - 0.85 0.56 0.67
Lower Body Soreness - - - 0.83 0.81
Stress Level - - - - 0.71

Mood
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4.3.4 Eligibility for Part B

Based ommeeting the criteria for acceptable betwelay reliability in Part A, the following variables
were deemed eligible for part B: F200, F250 and PF in the IMTP; FT, PFel&ie PPYTO and JH

in the CMJ; andhetotal wellness score in the wellness diggmaire.

43 Results Part B
4 3.5 Matchdemands

The averagiternalmatch load (i.e SRPE x time played) was 950 (£378) AU. Full locomotive match

profilesare presented in Tab{e8

4.3.6 Isometrianid-thigh pull response

Matchplay didnot affect F200 (E, 19~ 1.532, p= 0.240) or F250 §Ro= 1.790, p= 0.137). Although
matchplay did show a significant timeffect for PF (ks, 0= 2.782, p= 0.03), posthoc measurements

were unable to detect significance between{oimts. Moderate (0.66) and large (0.90; 0.95) ES were
observed at +24 h compared to baseline values for F200, F250 and PF, respectively. Trivial and small
ES (00.37) w eother tinfepoints tthereafter camipared to baseline values in PF, but

moderate and | arge ES (00.67) wmeatctepermbferé2d5d ed t hr o

4.3.7 Countermovemejumpresponse

Matchplay influenced FT (f 40= 5.638, p= 0.001and although no changes relative to baseline were
observed, values increased by 3.78% and 6.19% at +48 and +96 h, respectively, when compared to +24
h (0.502 s) values. Matghiay also affected PF @Fio= 4.627, p= 0.019) as values were increased by
11.84% at +96 h versus +24 h (2245 N). Although malely influenced PP (F s0= 4.992, p= 0.001),

and relative PP (k407 4.515, p= 0.002)0 significant changes were detected between any of the time
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points. Matchplay influenced VTO ([5, 407~ 6.6, p< 0.001) and JH {#s05= 6.527, p< 0.001) as values

were decreased at +24 h compared to baseline (Figila@sand 4.2b . Moder ate and | arg
were reported at +24 h for all variables compar
compared to baseline values were then reported at +48 h for all variables except PP in which a moderate

ES (0.70) existed.

4.3.8 Wellnessesponse

The total wellness score was found to be influenced by Apdégh(Rs.40= 5.962, p< 0.001). Although
no postmatch changes were found relative to baseline (23.55 points), values at +24 h were reduced by
8.99% versus +72 h values (21.00 points, p= 0.01). Large ES (0.86) compared to baseline values were

reported at +24 h whil statmBand+7ai.e ES (O00.56) wer



Table 4.8 Mean (z standard deviation) locomotive magebfiles (n=10)
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Timing Duration (min) Total distance High-s p e e d @&O&mirly Player load Repeated higimtensity efforts
(m) (AV) (n)
Absolute Relative (nnin
(m) 9,
WarmUp  24:21 (00:00) 1648 (230) 68 (9) 50 (49) 174 (21) 9(2)
First Half =~ 31:36 (14:35) 2756 (1215) 91 (12) 111 (86) 275 (119) 15 (6)
Second 37:33 (13:23) 2938 (1046) 80 (10) 58 (46) 283 (99) 15 (5)

Half

AU: Arbitrary units
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Figure 4.2Mean(+ standard deviatiorgountermovement jump velocity at tag# (panel a) and jumpeight (panel b) before (baseline) and after (+24, +48,
+72, +96, +120 h) rugby leaguematgH ay . * r e pr e s e)rdasve td basefine.r ence ( pOO0. 05
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4 4 Discussion

In professional academRL players, the aims of thishapterwere to assess the reliability of
neuromuscular and wellness measures (part A) and to profile thecaumge of such responses
following matchplay (part B). Acceptable withirand betweetday reliability (i.e.,no betweettrial
differencesCV% O10PC@n0OGO0. 8) was achieved byMoOBEZNMIO, F25(
variables demonstrated acceptable withdty reliability, whilst FT, PF, PRelative PPVTO and JH
exhibited acceptable betweday reliability. From the wellness questionnaire, only aheumulated

total wellness score met the threshold for betwamnreliability, whereatour individual components

of the wellness questionnaire (i.e., sleep qual@yneral lower body sorenessood,andtotal wellnesy
produced acceptable withotay reiability. The variables demonstrating acceptable betvazgn
reliability were then eligible for use in part B of the study where mpalaf did notelicit statistically
significant posthoc differences relative to baseline values for IMPT performancetairweliness.
However VTO and JH in the CMJ were depressed at +24 h versus baseline. Collectively, these findings
indicate that the reliability of specific variables may differ when assessed on a withigtweerday

basis. Similarly, the magnitude dfa postmatch response appeared to depemdhe assessment and
variables used. Such findings warrant consideration by practitioners when considering the type of
measurements to be used in pradtiespecially when normal recovery, lifestydad trainingactivities

are implemented by academy. players in the poshatch period.

Existing research indicated high withiand betweemlay reliability for IMTP forces elicited at earlier
time-points (i.e., F30, F50, F90) in a variety of sporfiapulationgDos' Santos et al., 2018b; Haff et

al., 2015) These results are not reflected in the current study vidnere production at 30, and 100

ms generally did not meet acceptable reliability thresholds. As dynamic tasks such as sprinting typically
involve groundcontact times of between 50 and 250(Mggaard et al., 2002gxposures to tasks that
involve force production within <50 ms dimited in team sport players. It is plausible that this fact
may explain the limited reliability of the F30 and F50 values in the present study. Across different

sporting populations, the highest levels of reliability are typically found in forces prbdi@90 and
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250 ms and in PfHaff et al., 2015)findings which are in agreement with the results of the present

study.

Those CMJ variables demonstrating acceptable levels of wittsnwell as betweeday reliability (i.e.,

FT, PF, and JH) are consistent acrossueber of sporting population€ormack et al., 2008c;
McMabhon et al., 2017aJlime-related variables such as time to PF, time to PP, MT and consequently
FT:MT ratio did not meet the threshold for acceptable betwiagnreliability in the present study;
findings which partly reflect those of previous resedktbri et al., 2009; McMahon et al., 201745

the present study did not control for CMJ depth, players may have adopted an altered jump strategy
when seeking to maxirsé jump height on each atten{pcMahon et al., 2017bkspecially in part B

of the study. Allowing playes to implement their preferred jump strategy may have inconsistently
influenced displacement of their center of mass during the eccentric and concentric phases across
different jumpgMcMahon et al., 2017bAs a result, timeelated variables may have been influenced

by modification of the time spent in the eccentric and concentric parts of the movement with a view to
maintaining the primary instruction of the jump, being to achieve maximal héigmen taking
(relative) PP masurements on different days, it should be considered by practitioners to test at the same
time of daywhere possibleThis is because PP measures did not achieve acceptable levels of within
day reliability, whilst betweeway reliability was achieved. Wkt unproven, this may be due to
circadian rhythm influences, which aatsoknown to affect endocrine responses throughout the day

(REF).

The monitoring questionnaire uskdreobserved comparable reliability data to a similar questionnaire
(i.e., ane in which a 110 rating is required on soreness across a variety of sites), which was completed
throughout the season by el&€& players(Montgomery & Hopkins, 2013Althoughgreatereliability

(i.e., CV being 7.1%) has been reported in a study of acatinylayers(Roe et al., 2016akuch
scoregnay have reflected the absence of any physical activithertakerbetween testing days. Akin

to the methods of Montgomery & Hopki013) the present study was carried out whilst regular
training activities were performed; a methodological issue which may influence different elements of

the wellness questionnairéleverthelessas the reliabilif of this type of questionnaire may be
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guestioned when used in more ecologically valid scenarios (i.e., including regular training activities)
(Fitzpatrick et al., 2019the current study may provide a more accurgteesentation of its within

and betweemlay reliability during the irseason period, and thus have implications for practitioners

using such methods in similar scenarib®tably, contrary to previous researgfitzpatrick et al.,

2019) the internal consistency of the questionnai
acceptable in the present study; a finding which may reflect the absence of negative values for inter

item correlations given that each question was aligned dinadly (i.e., negative responses were

always categorised as lower numerical values).

Whilst responses to rugby matplay have been profiled using different measures, such as a CMJ
(McLellan & Lovell, 2012; Oxendale et al., 2016; West et al., 204RPU(Roe et al., 2016¢hand an
adductor squeeze tgRoe et al., 2016d}he present study is amongst the first to profile the effects of
matchplay on IMTP responsédlorris et al., 2019)Although matckplay did not influence PF during

the IMTP,alarge ES (0.95) asreported at +24 h following matgtiay compared to baseline measures,
whilst small and trivial ES were observed thereaftersidaificant changes were observed in F200 or
F250 following matckplay, butalarge ES (0.9) in F250asreported at +24 h versus baseline measures,
whil st moder ate and | arge ES (O0. 6-ihgtch pedod.e st i |
Prolonged prturbations seen in some (i.e., F250), but not other (i.e., PF) variables suggest that maximal
force may be less sensitive to the influence of mptal when compared to those measures that include

a velocitycomponent. This finding supports observatifailowing AF matchplay, in which RFD was

found to be more sensitive to recovery of neuromuscular function th@Ndpfs et al., 2019)When
performing sporting actions such as sprinting, jumping and changing direction, gantadt occurs

in time intervals between 5260 mshencedt may be more important to apply force quickly as opposed

to producing maximal forcé Do s 6 Sa nt o s Ang redudidns in F2200dcuring pesatch

could therefore have implications on athletic performance throughout the training week.

Jump performance was reduced at +24 h following mplaf, as indicated by sidgigant differences
(PO0.039) and |l arge (O1.44) ES in VTO and JH as v

baseline values in FT, PP and PF. Smal | -playr tri vi



140

compared to baseline values in FF, RTO and JH, whilst ES observed in PP were still moderate (0.7)

at this timepoint. Accordingly, when using the CMJ to profile posatch responses, the magnitude of
change may differ according to the variable selected; implications which could inflileace
interpretation of data derived, and thus prescription of training thereafter. Notably, a delayed recovery
of PP compared to PF has previously been repdietiellan et al., 2011a)with the present study
supporting this observation. As the naturdrtfincludes a large frequency of sprinting, jumping and
high-speed changes of direction, there is a large reliance on the ability to produce force rapidly
(McLellan et al., 2011a¥or this reason, and because of its increased sensitivity to-plajchit may

be more appropriate for practitioners to assess the velomitponents of CMJ testing hatr than the
force-components when seeking to profile pesgercise responses. Recovery of CMJ performance in
this study was comparable to changes reported following competitive matches in academy rugby
players(Johnston et al., 2015b; Roe et al., 201Bgwever, prolonged reductions of larger magnitude
were reported following competitive matches in senior plafdctellan & Lovell, 2012; Oxendale et

al., 2016; Twist et al., 2012; West et al., 2QMthich may be the result of differing peak movement

and collision demands in this age grqdphnston et al., 2019; Whitehead et al., 2019)

Even though matchlay did not affect total wellness, large and moderate ES were found at +24 (0.86)
and +48 h (0.76) compared to baseline measures, respectively. Disturbances in wellness in this study
were similar to responses observed following competitugby matches in both senior and academy
playergOxendale et al., 2016; Roe et al., 2016c; Twist et al., 201@hich perturbations were present

for up to +48 h. Even though acceptable internal consistency was found in the questionnaire; between
day criteria were only met by total wellness. A more expansive scale{L@.003100) may be useful

to improve the reliability ofall elements in this to@nd enhance its practical applicatidvicLaren et

al., 2017)
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45 Conclusion

In conclusion, thischapterobserved acceptable withiand betweemay reliability in a variety of
variables of the IMTP (i.e., F200, F250 and PF) and the CMJ (i.e., FT, PF, anthdépendent
components of the wellness questionnaire should be interpreted with caution daldedmween

day reliability was reported in total wellness only. Although mautiely did notelicit significant post

hoc differences for the majority of variables analy&aluding VTO and JHRlarge ES vasobserved

in the postmatch period for mostariables (i.e., F200, F250 and PF of the IMTP, FT, PP of the CMJ

and in the total wellness score) when compared to baseline measures. These results indicate that the
magnitude and timeourse of posiatch responses may differ depending on the testratididual

variables used. To avoid underestimation of the-pagth response, it may be worthwhile to assess

both objective (i.e., indices of neuromuscular fatigue) and subjectivéatadwellness) measures pest

matchplay.

When taking IMTP measuremts, practitionersvorking in RL are recommended to use F200, F250
and PF over forceelicitedat earlier timepoints due to their higher levels of withiand betweerday
reliability demonstrated in the present study. Likewise, because of its increasiil/isy to match

play, as well as the importance of rapid force application in sport, practitioners may consider the use of
F250 over PF when profiling peskercise responses. For the CMJ, analysis of variables such as FT,
PF, PPrelative PPYTO andJH may be preferred over a variety of other variables as a result of their
greaterbetweenday reliability. Assessing the velocity components of the CMJ may also assist in the
interpretation of posmatch responses. As individual components of the queastien lacked
acceptable levels of betweday reliability, the use of total wellness is recommended when profiling
postexercise responses; especially given that this was the only element meeting the criteria for
betweerday reliability in this studylt should however be acknowledged that those variables excluded
because of their larger betweday variance, may still be considered if their signal (i.e., response) was
greater than the noise (i.e., the variance) and consequently act inrasjuzese manneCollectively,
postmatch responses require at least 48 h to recover in acaRénplayers. During this time,

practitionersmay encourage the effective use of recovery modalities and recognised recovery
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enhancing activities relating to sleep, nutrition, and hydration to their playgeiuous physical

activity should be avoided in this tiaperiod as this could prolong a retumbaseline values.
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Chapter 5.0 The efficacy of a multimodal recovery strategy implemented
after a high-intensity rugby league training session

Chapter Summary

1 The efficacy of a multimodal recovery strategy implemented within 4 &caflemy rugby
leaguetraining was investigated using a balanced repeated measures randomisesarross
design.

1 Following standarded training (5383 m covered, 350 m higipeed runmig, 28 repeated high
intensity efforts, 24 collisions), players (n = 10) completed a multimodal recovery strategy (i.e.,
~639 Kcal meal + ~1276 Kcal snacks, caldter immersion, sleep hygiene recommendations)
or control (i.e., ~639 Kcal mégpractices.

1 Apart frompeak force in the isometric mitligh pull (MTP), no other betweetrial effects
(all p>0.05) were seen fane IMTP, countermovement jump (CM3@) wellness variables.

1 Transient changes i@MJ performance (i.e., peak power) and wellness varsafble., fatigue
and lower body soreness) may have implications for practitioners when planning consecutive
training sessions that include a high frequency and intensity of eccentric muscle actions.

1 When training included limited collisions, a balancedtym®rcise meal appeared equally
effective relative to a multimodal recovery strate@peculatively, the use of a similar
multimodal recovery strategy could be more effective when preceded by a greater exercise
stimulus (i.e., matciplay).

9 Practitionersaare recommended to implement appropriate-fragting nutrition, or, at the very
least, provide players with education around this subject to prime good practice and allow

players to make the correct decisions when responsible for their owaxgwstsenutrition.
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5.11Introduction

Due to thenumber and the nature of timpactsandthe intensity and frequency of eccentric muscle
actions that are associated with higtensity activitiesRL matchplay is likely to cause poshatch
perturbations in neuromuscul&lohnston et al., 2015b; McLellan et al., 2011aipchemical or
endocring(Oxendale et al., 2016; Twist et al., 201@) perceptual respons@dcLean et al., 2010)
Acknowledging the largely individual nature of recovery tiooeirsesthese responses typically require
between 482 h to facilitate restoration back to baseline valwéth nutrition, hydration and sleep

being recogrded as modulating factors contributing to posttch recoveryHalson, 2008, 2014b)

To enhance readiness to train or play, it is common for athletes to implement a humbeeré prise
recovery strategies (i.e., up to 72 h following magitdy) (McLellan & Lovell, 2012; Oxendale et al.,
2016; Twist et al., 2012)Ilt is wellestablished that planned nutritional and hydration protocols
following exercise can facilitate replenishment of glycogen staeseleration of muscldgamage
repair and enhanced rehydrat{®&anchordas et al., 201 Notably, ingestion of-1 . 5 &AkCHO

has been shown to benefit maximal glycogenymthesis in the first 4 h following exercigurke et

al., 2004) whilst adding 0.0 . 5 “A4*okpyotein has aided glycogen-sgnthesis and enhanced
muscle tissue repair, when CHO intake waseybt i ma | ( g'A% (Ivy et .12002) TheA k
recuperative effects of sleep have also been suggested to benefit recovery as a result of a restorative
relationship with the immune, endocrine and nervous systéfadson, 2008)with general
recommendations supportingd/h of slep per nigh{Halson, 2014b)implementingCWI has elicited
contrasting findings with some authors observing no benefits following exériggins et al., 2013;

Lindsay et al., 2015ajvhereas others disagrégarcia et al., 2016ointon & Duffield, 2012)

While the effects of various recovery modalities have been widely researched within rugby players
(Tavares et al., 2017¥tudy designs often include intenti®ns in isolation (i.e., a single strategy
implemented on its owr{Caia et al., 208; Duffield et al., 2010; Garcia et al., 2016; Pointon & Duffield,
2012; Suzuki et al., 2004Acknowledging that sucan approach may allow for greater experimental
controland could arguably better determine the efficacy of individual stratelgeeBmited ecological

validity of such studies relative to applied practices may compromise the gsimiiyliof findings in
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realworld scenarios Notably, a more holistic approach, including multiple recovery strategies,
enhanced psychophysiological posatch responseglLindsay et al., 2015a) Furthermore,
methodological differences persist when assessing the effects of recovery stfatiegiesg rugby
specific exercise, with some studies implementing strategies following trg¢Duftield et al., 2010;
Garcia et al., 2016; Pointon & Duffield, 20128)mulated matcheg®arber et al., 2020; Higgins et al.,
2013)or actual matciplay (Gill et al., 2006; Nunes et al., 2019; Suzuki et alQ40lt is therefore
possible that theariability in the context and nature of the preceding exercise bout, especially in

relation to the collision aspect, can influence recoyendson et al., 2019)

Implementing recovery strategies is common practice fottifuk professionaRL players. However,
academy playersvho are employed by the club on a garte basis and have commitments elsewhere
(i.e., school, college or work), are limited by employment law in the amount of time spent performing
club-related activitiesChapter three highlighted thabaching staff my choose to priorge other
activities (e.g., fieldor gymbased training, video (p)review sessions) over implementation of recovery
strategies as they are perceived to be of greater héndéed, when priorised against other activities

and when cotact time with players is already limited, recovegiated activities may not be perceived

as worthwhileInstead, players may be afforded some time off during the immediate days following
matchplay. Indeed, acrossisvey responses (chapter threg§%of practitioners indicated that the day
following matchday is a day off. Acknowledging that clubs utilise different training schedules, players

often return to the club for training on matdhy +2 or +3.

Whilst performing recovery modalities on the dégowing matchplay may not always be practical

in academy rugby, the initial peskercise periodas proposed by academy RL practitioners (chapter
three) may pose a realistic alternative for academy players to still benefit from acute implementatio
of recovery strategies under supervision of the coaching staff. Aegestise protocol aiming to
enhance different elements of recovery (i.e., nutrition, hydration, sleep) in addition to a bout of CWI
may be beneficial for player recoveflyindsay et al., 2015afCold-water immersiorwas previously
highlighted as one of the most used strategies in the acutenptt period (see Table 3.6) and was

therefore selected as part of the interventidherefore, this study investigated the efficacy of a
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multimodal recovery strategy, imgshented within 4 h of highmtensity training, on podtaining

recovery responses in academy RL players.

5.2Methods

5.2.1Experimentabverview

Players took part in two standaselil fieldbased training sessions which occurred seven days apart.
The initial training session took place approximately ten days after the 2019 academy season finished
(i.e., September); a period in which players were only exposed tebgged resistanceatning to

enhance physical capabilities in preparation for the upcoming sedsoounterbalanced repeated
measures design was used whereby players were randomly assigned to undertake control (CONT) or
recovery (REC) interventions during the first week;onder which was reversed in the second week.
Players attended baseline testing (subjective wellness questionnaire, IMTP, CMJ) 3 h before each
training session and followp assessments were performed at +24 and +48 h. Trial interventions (i.e.,

REC, CONT were implemented after training.

5.2.2Participants

Following institutional ethical approvédfppendix 4) 10 male RL players (age: 17 + 1 years, body
mass: 92 + 10 kg, stature: 1.83 + 0.0pysars spent in professional playing and trainBg:1 years,

three repetition maximum back squad7t 20kg, three reptition maximum bench press62 14 kg)

from the sameSL academy volunteered to take part in this stuelayers represented a range of
positions, butavenplayed as forwards (i.dfive prop forwards, one back row forwardndone loose
forward) with the remaininghreeplayers being backs (i.e., two wingers and one fullbadi®.number

of participants was based on previous power calculations, performed with G*Power, which highlighted
that >80% statistical power had been achieved for the statistically significant differences observed

relative to baseline in JH of the CNEhaper four).Prior to participation, players were provided with
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full details of the study procedures and were informed regarding the risks and benefits involved with
the study. Upon agreeing to participate in the study, players then provided writteneishfoomsent
before data coll ection began. Al pl ayers wer e

completed both training sessions as well as all six assessments before and after the training sessions.

5.2.3Procedures

Upon arrival for teting, players first completed the wellness questionnaire, followed by a standard
dynamic warmup (including various dynamic movements such as jogging, high knees, heel flicks,
lunges, sweeps, and side shuffléayers then performed two submaximal afiesrof the IMTP and

CMJ, before commencing the testing protocol. Throughout the study duration, players continued to
participate in regular lifestyle commitments (i.e., college, school, work) and were encouraged to
maintain their normal dietary intake oigts of the intervention. In the week prior to the study
commencing, players completed a 6éstandardd sl e
guestionnairdLeBourgeois et al., 2005) r epr esenting their O6regul arb
were encouraged to adhere to these routines when exposed to the control trial. Throughout the full
duration of the study, players reported their diet for a total of six days whilst a slgeprdiahe sleep

hygiene questionnaire were completed for each of the four nights during the study.

5.2.4Subjectivenvellness

Players completed a modified wellness questionnaire adapted from McLea(26t8). which they

were accustomed to followinits completion in various habituation trialEhis questionnaire required

a rating of perceived fatigue, sleep quality, upperd lowerbody soreness, stress levels and mood,
where higher scores represent less fatigue, soreness, stress and bettarasityepnd mood. The
aggregate sum of all six scores also provided a total wellness score. Although this questionnaire has
often been used with responses recorded on gbud Likert scalg§McLean et al., 2010; Roe et al.,

2016¢) the reliability and therefore the ptimality of such small scales is questionedpecially in
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academy RL players where acceptable betvaisnreliability was only achieved in the total wellness
score and not by its individual componeatsapter four)For this reason, the questionnaire wedapted

to include a 104point Likert scale.

5.2.51sometricmid-thigh pull

To prepare for testing and to identify the correct pulling position (i.e., knee and hip angle-@B520°

and 140°150°, respectively) for each playéBeckham et al., 2018)players took part in three
habituation trials in the week prior to the study commencing. The identified position, replicating the
second pull of the power clean, was then repeated between trials. Players were as&¢hldodgkired

position on the force plate (type: FP46B®PT, dimensions: 600 mm x 400 mm, sampling: 1000 Hz,

Bertec Corporation, Columbus, OH, USA) and to 6s

Sports, Mitcham, UKjBeckham etla 2018) Following measurements taken with a goniometer (66fit,
Spalding, UK) of both hipand kneeangles to ensure the correct pulling position, players were
instructed to take the slack out oféptuHhd imagr aasn
and f ast (Hakperipeaba. 2016Dneetthe player and force trace were stadallia maximal

effort of the IMTP was performed. Players were asked to perform three valid attempts, whilst invalid
efforts as explained in chapter fouvere excludedComfort et al., 2019)Raw vertical forcdime data

were exported into a Microsoft Excel file (Version 2019, Microsoft Corporation), which was later
analye d . The onset of the pull was identified as
bodyweight (measured durimmme second of quiet standingomfort et al., 2019)The IMTP attempt

during whichPF was achieved, was used for analygisknowledging the differentariables of the

IMTP that may be used to assess neuromuscular funtimse variables in which acceptabltween

day reliability i.e., CV 010%, I cc 00.8) was f

to profile posttraining IMTP responses.

ch

0 L
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5.2.6.Countermovemenqtmp

Due to being part of their regular training regimes, players were already familiar with th@@klrs

were instructed to take place on the force plate with their feet shewildigr apart and hands akimbo.

Foll owing the i nstr ufcatsitona st op odsjsuinbpl eads, hpilgahy earsd ¢
preference, followed by a jump for maximal hei¢gkicMahon et al., 2017a)f hands were taken off

the hips or knees were tucked in at any point during the jump, the attempt was classified as invalid.
Players performed three valid attemgtfer which raw vertical foreéme data were exported into a

Microsoft Excel file. The start of the jump was identified as the point at which force decreased by five
SDés of bodyweight (measur ed(Wdstetal, 0ll)akeeffasde c ond ¢
touchdown were identified as thetimesatwvc h f or ce devi ated by f-i ve SDGQG
phase (i.e., when the force plate is unload®tbir, 2008) The jump during which maximal JH was

achieved, was used for analyaighilst a plethora of variables in the CMJ may provide an indication

of neuromuscular statusertan variables in the CMJ (i.e., FT, PPP, relative PP, VTO, and JH)

displayed acceplde levels of betweeday reliability in academy RL playefshapter four) and were

therefore used to profile the pdsaining response.

5.2.7Training sessiondesign

Training replicated a regular-season session whereby players performed an athistio-up, a skilt

based warrup, team skills and several conditioning garffégure 5.1) Both sessions followed the

same session plan in order to replicate locomotive demands as well as possible between visits. Players
were also exposed to a block of RI8I&t the end of each training sess{dohnston et al., 2016b)

These bouts of RHIE, greviously used as part of a stimulus in fatigelated researcfdohnston et

al., 2016b) consisted of six efforts performed within anénute with a 1:1 worko-rest ratio (i.e., each

effort was performed in 5 s). Players rested for 30 s following a single bout and performed eight bouts
in total. Each bout involved different combinations of collisions and/or running efforts. Collisions

involved a hit on each shoulder, difig over and undehook grips (i.e., pummelling) whilst the
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running included a 20 m sprint. The combinations of RiH&i#ere either all collisions, all running,
mainly collisions (i.e., four collisions and two 20 m sprints) or mainly running (i.e., four 20 m sprints
and two collisions). Each combination was used twice in a rarsddnorder to ensure comparability

between bth sessionglohnston et al., 2016b)
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Figure 5.1 Training session design
RHIE: Repeated higintensity efforts
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5.2.8Training activity profiles

Locomotive demands of the training sessions were measured using portable MEMS units sampling at
10 Hz (Optimeye S5, Catapult Innovations, Melbourne, Australia). Players wore these units in a pouch
of a vest positioned between the shoulder blades. Units twemed on just before the wawup and
switched off after the training session. Using proprietary software (Openfield Version 2.3.3., Catapult
Innovations), data were then downloaded and trimmed to ensure only data pertaining to time spent
performing drils was exported for analysis (i.e., any breaks in training were excluded). In addition,
subjective internal training load was obtained I8R#E scoreon a scale from 6 (no exertion) to 20

(maximal exertion}Borg, 1998)

5.2.9Interventions

In REC, playes implemented a balanced pdsdining meal containing ~639 Kcal (i.e., 72 g CHO, 38

g protein, 22 g fat), additional snacks and shakes containing ~1276 Ec&(ir g CHO, 76 g protein,

16 g fat), CWK10 min, 1012°C, immersed up to the ne¢land were given recommendations regarding

their sleeping times and sleep hygiene. Players could drink additional water and/dresgsdce ad

libitum. A detailed otline of these strategies is shown in Figdr2. In the CONT trial, which is
reflective of énormal practiceb6é at the club, pla

free water and/or juice was also readily available.
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Figure 5.2 Recovery protocol which players are exposedhemin the recovery (REC) trial. The
grey box highlights the meal which was consumed in the control (CONT) trial also.

CHO: Carbohydrate; CWI: Coldiater immersion; F: Fat; P: Protein.
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5.2.10Statisticalanalyses

All statistical analyses were carried out using statistical software (SPSS version 21, Chicago, IL, USA).
Following initial assessments of normality through the Kolmog@&mirnov test, tweway repeated

measures ANOVAwithin-participant factors: trial Xrhe of sample) were used to assess betwiéan

differences (i.e., REC and CONT) over the three gmei nt s . Mauchl yds test
consulted, and if found statistically significe
sphericityhas been violated), and the Greenhe@sésser correction was applied. Where significant p

values were identified for interaction effects, the recovery method was deemed to have influenced the
posttraining response and betwegial differences were assaxl using a paired samplesest.

Significant main effects of time were further investigated using pairwise comparisons with Bonferroni
adjustment. Statistical significance was set at
set at ES<@ , 0.20 ES <0.5, 0.50 ES <0.8 and O00.8 f

respectively(Fritz et al., 2012)

5.3 Results

5.3.1Training activity profiles

Table5.1 displays the physicalctivity profilesof both training sessions. Sessions required an average
total distance of 5383 + 410 m, of which 350 + 85 m fsghed running, with total number 028 + 6
RHIE. PlayerLoad and sRPE values were 596 + 50 and 15 + 2 units, respectively. No significant

betweersession differences existed (Tablé).
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Table 5.1Mean & standard deviatiortjaining activity profiles and internal logd=10)

Timing Total High-speed©@ 5 Player load Repeated high Rate of perceived
distance (m) m@?) running (m) (AU) intensity efforts (n) exertion (RPE)

Session 1 5244 (388) 354 (81) 587 (57) 27 (6) 14 (3)

Session 2 5523 (401) 345 (93) 605 (43) 29 (6) 15 (2)

AU: Arbitrary units
The absence of symbols denotes no betveession differences
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5.3.2Isometricmid-thigh pull response

In the IMTP, trial influenced PF (trial x time interactionp(fs= 4.524, p = 0.026), but no significant
betweertrial differences were detected through plost testing at any timpoint (Figure5.3). The
recovery protocol had no influence on F20Q {F= 0.649, p = 0.467) or F250{fr1y= 0.483, p = 0.545).

Training did not influence any of the anatd variables in the IMTP (i.e., PF, F200, F250).

5.3.3Countermovemenumpresponse

In the CMJ, the recovery protocol did not significantly alter any of the variables in comparison to the
controlcondition, as FT (g1s= 0.723, p = 0.499), PF @ghs= 0.540, p = 0.592), PP ¢ks= 0.264, p =
0.771), relative PP (Fis= 0.332, p = 0.722), VTO (Ei2= 0.007, p = 0.967) and JH k= 0.012, p

= 0.988) all remained unaffected. The traingggsion influenced PP §ks= 5.223, p = 0.016), as +24

h values were reduced by 4 + 6% compared to baseline across both REC and CONTS5(#igure
Relative PP was also influenced by training. (§= 4.426, p = 0.027), but pekbc analyses showed

no sgnificant differences between tinpoints.

5.3.4.Wellnesgesponse

Fatigue (kz,18= 2.673, p = 0.096), sleep quality{k= 1.320, p = 0.292), uppefFz,1s= 1.651, p =

0.220) and lowebody soreness {fas= 2.972, p = 0.077), and total welbse(ky,15= 1.152, p = 0.338)
remained similar between trials over time. As a result of training, fatigue and lower body soreness
improved by 16 £ 19% (p = 0.010) and 31 £ 44% (p = 0.024) respectively at +48 h when compared to
+24 h values (Figurg.4). Total wellness increased by 8 £ 9% (p = 0.008) at +48 h compared to baseline

values (Figuré.5).
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Figure 5.3 Mean peak force in the isometric ntitigh pull before (baseline) and after (+24 and +48
h) highintensity rugby league training (pG=026)
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Figure 5.4 Mean peak power in the countermovement jump before (baseline) and after (+24 and +48

h) highintensity rugby league training. * represents significant main effect differe@bed§) to
baseline.
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5.4Discussion

This chaptersought to assess the effect of a multimodal recovery strategy on objective and subjective
responses to training that included both higensity running and collisions in academy RL players.
Although the exercise stress elicited piwatning perturbatios that persisted for 24 h, the effects of the
intervention (i.e., a balanced meal, additional snaCk¥], sleep hygiene recommendations) were
minimal relative to the control trial (i.e., a balanced meal only) as all but one of betien
comparisons ware similar posexercise. Therefore, when a pesercise meal containing ~639 Kcal

(i.e., 72 g CHO, 38 g protein, 22 g fatas consumed shortly after training (i.e.;8Dmin), recovery
responses were not significantly benefitted further by the addafothe multimodal strategy. As
responses in REC were similar to CONT and acknowledging the likely differences between training
and matckplay responses, this data supports the consumption of a balanced meal by academy RL
players postraining, while highighting the limited additional benefits of also performing the

multimodal recovery strategy following training similar in sessiesign to that presented here.

Excluding IMTP PF, REC did not significantly influence markers of neuromuscular and pelceptua
recovery over and above those seen in CONT. Due to acute logistical constraints specific to academy
RL (i.e., often limited time for recovery methods), the recovery strategy implemented in the present
study only focused on the acute pesercise windowi.e., within 4 h postraining). Nutritional
strategies were targeted to shortly after the training session, and although this strategy aligns to post
exercise nutritional recommendatiofiréeaton et al., 2017; Ranchordas et al., 20a&xtday dietary

intake was not considered. Likewise, whilst logistically practical, CWI was implemented for a single
bout of 10 min, and despite such a strategy having been reported as efficacious préhiiisdy et

al., 2015a)the accumulated benefits of repeated CWI exposuresal&/been observé@arcia et al.,

2016; Pointon & Duffield, 2012)Additionally, sleep (hygiene) recommendations wenplemented

on a oneoff basis, but in contrast to shaerm benefits found previous(Zaia et al., 2018no sleep

related impovements were demonstrated in the current study. Therefore, even though recovery

strategies were implemented in an ecologically valid and ¢iffiient manner, the efficacy of such an
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acute intervention following a rugby training session may be queskeowalen considered against the

control condition of a balanced meal only.

Recovery strategies implemented following maptdny appear more effecti(&ill et al., 2006; Nunes

et al., 2019; Suzuki et al., 200dan when preceded by a training session or simulated (famiger

et al., 2020; Duffield et al., 2010; Higgins et al., 201®ptwithstanding the influence of other
confounding variables (e.g., timing, duration and type of recovery strategy used), it is sensible to suggest
that the efficacy of recovery interventiossomewhat dependent on the magnitude of muscle damage
causeddy the preceding stimuluklowever, further investigation is necessary to confirm these claims.
This may be especially true for the present study, as although training sessions were based around
conditioning games which, despite being high in relatigeance covered and higpeed running, were
relatively limited, though not void of, collisions; especially when considering the number and intensity
of collisions compared to matgilay. Indeed, Hudsoet al. (2019)highlighted that significantly
increagd muscle damage was found following eRE) matchplay, whilst highintensity training,

albeit eliciting the same physical load (including higeed running and sprinting metrics), but
omitting collisions, resulted in a reduced (i.e., less damagingbmee. Speculatively, the collisions
encountered on matakay are less controlled and of a higher intensity than those that occurred in
training, therefore potentially eliciting increased muscle damage, resulting in a more prolonged
recovery timecourse(Hudson et al.,, 201%han observed here. Per body soreness in the current
study remained unaffected, suggesting that physical collisions did not elicit the increased soreness that
usually occurs through matgitay (Johnston et al., 2013b; Roe et al., 2016w)eed, when considered
alongside the single application of recovery modalities, togetheranddimpened (relative to match

play), albeit ecologically valid, training stimulus, it may not be surprising that the REC trial was unable
to significantly improve recovery relative to provision of immediate-pastcise nutrition (i.e., ~639

Kcal; 72 g CHD, 38 g protein, 22 g fat) that adhered to authoritative nutritional recovery
recommendationRanchordas et al., 201 Hlowever,chapter three highlighted thatich a balanced

meal, consumed postatch or postraining may take place at some, but not all rutgagueclubs,

especially when in an academy environment. Practitioners are therefore recommended to consider
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implementing adequate pesxercise nutritionor, at the very least, provide appropriate education in
order to prime good practice and provide players with the correct knowledge to make sensible decisions

regarding posexercise nutrition when required to do so by themselves.

Training-induced decreents in PP at +24 h reflected reductions observedrpatthplay (McLellan

& Lovell, 2012; McLellan et al., 2011aJhese responses support the notion that the session did indeed
elicit a damaging stimulus given the reduction in selected markers of negrdandanction observed.

From a recovery research perspective, this may offer a surrogate method of elicitingpegifig
postexercise perturbationgvhilst it appears that the muscle damage caused plays an important role in
the posttraining fatigue esponse, other factors are also worth acknowledgentedéed, as
highlighted, recovery is multifaceted and involves the integration of a variety of biological systems. For
this reason, other factors related to for example the psychological system ¢sitg, td train,
motivation)(i.e., mental fatiguedr to nutritional factors (e.g., fuel depletiomgay play a role in post
exercise responsebhat said, other anadgd variables of the CMJ (i.e., FT, PF, VTO and JH) remained
unchanged, possibly inditiag that they were less sensitive to the training stimulus than PP. Differential
sensitivity in recovery markersas also seen in chapter four when responses were profiled following
matchplay.Notably, increased sensitivity to fatigue in PP relativlosé¢ variables primarily assessing
force components (i.e., Pijas found in chapter four and elsewh@vieLellan et al., 2011a)and the
findings of the currenthapteragainsupport such observations in professional academy RL players.
Although upper body soreness remained unchanged, likely due to the lack of intensity and frequency in
physical ollisions, further perturbations as a result of the training session were found in subjective
responsesiVhilst acknowledging their absence of acceptable betwagmeliability (chapter fourdn

a five-point Likert scale lower body soreness afatigue were decreased (i.e., less sore/fatigued) at
+48 h compared to +24 fotal wellnessas increased at +48 h compared to baseline values. These
time-effects indicate that higimtensity training sessions may elicit reductions in CMJ PP and

subjectiwe responses that last for at least 24 h.

It is well documented that pestatch perturbations in neuromuscular, biochemimakndocrine, or

perceptual responses may take betweed 218 to recovefchapter two)During this period, rugby
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players are urkely to participate in any higimtensity activity which may prolong their recovery
Whilst this is common practice following matplay, the same principle may not apply to training as
survey findings (chapter threg)ghlighted thatconsecutive traininglays arenot urcommon within
academy rugby environments. This is despite the fact that locoambidtiesof training sessions (such
asthosereported here) may at times be similar or greater than the avactigities occurring in
academy RL matcplay (chapter four)Reductions in PP at +24 h, which are comparable to some
responses poshatchplay (Johnston et al.,, 2015b; McLellan et al., 201 liaflicate that fatigue
occurred as a result of the prior training session, and playerpance may be reduced during this
time. Acknowledging that the type and intensity of the training session likely dictate the responses that
were elicitedRoe et al., 2017b)ractitioners should be mindful whenplementing training sessions

on consecutive days. This would be especially true when an accumulation of fatigue may not be the
preferred outcome of training (i.e., during the competitive season). Training sessions that are high in
frequency and intensitgf eccentric muscle actions, and/or in physical impacts are likely to cause
perturbations that require at least 24 h to recover. Following such a session, players are encouraged to
consume adequate pastercise nutrition to facilitate the recovery froraiming. Equally, it may be
worthwhile for practitioners to avoid further hightensity activityfocusing on the same musculature

in their players on the following day. If optimal match performance is desired, such sessions should not

be performed nearnedtp | ay as pl ayers may go into a game in

5.5 Conclusion

When adequate peskercise nutrition adhering to authoritative nutritional recovery guidelines is
implemented following training, additional recovery strategies as used in the prieaptémmay not

be clearly beneficial, especially if time is restrictedindertake recovery practices. However, it remains
unclear whether similar recovery strategies to those used in the current study would benefit players over
repeated days of training, interspersed with the increased demands oplagtdPractitionershould
therefore implement appropriate ptstining nutrition, or, at the very least, provide players with

education around this subject to prime good practice and allow players to make the correct decisions
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when responsible for their own pestercise ntrition. This is especially true, given that only 48% of
practitioners highlighted that a carbohydraded proteirrich mealwasalways consumed following
matchplay (Table 3.8). Considering the large emphasis that is placed on-ptayclhis is likelyto be

even less following trainingAlthough high in relative distance covered and ksgleed running,
training in the current study included limited physical collisions, especially compared to the amount
and intensity observed in matplay. Speculatigly, the use of a similar multimodal recovery strategy
could be more effective when preceded by a greater exercise stimulus (i.e-plagich statement

that remains to be evaluated in future research in academy RL players. Howisyangtttol does

offer practitioners a timefficient and ecologically valid method of implementivariousrecovery
strategies. This may be especially true as academy RL players are often employed by their clubs on a
parttime basis and as a result spend a limited amotitime performing clubrelated activities.
Furthermorethe highintensity training session caused transient changes in performance and wellness
variables in the postxercise period, particularly at +24 h. These findings are particularly important for
practitioners who should be mindful of these effects when planning their weekly training schedule if
similar sessions feature in the competitive week, especially if the accumulation of fatigue is not desired.
Accordingly, consecutive training sessions focgsim the same musculature that encompass a high
frequency and intensity of eccentric muscle actions and include a large amountsédghrunning

and RHIE should be carefully considered. Furthermore, to limit the effects of fatigue, such sessions
shouldnot be scheduled within 24 h of matplay given the potential for impaired recovery, which

may potentially compromise optimal match performance thereafter.
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Chapter 6.0 General discussion, practical applications, and directions for
future research

This thesisaimed to better understand and improve practices in relation to player monimstg
exercise responseand the use of recovery strategiesacademy R. Academy RL is the final level
prior to professional senior RL, which hightig the importance of holistically prepariagademy
players for the professionakniorlevel. The knowledge and recommendations provided here will
hopefully helpto do so This thesis specifically aimed to Bxplore the current academy RL
environment in relation to player monitoripgactices training, and the use of recovery strategs
profile postmatch and podraining responses in ecologically valid scenarios, using variables with
acceptable reliabilityand 3)assess the efficacgf a multimodal recovery strategy implemented

following highrintensity training.

Chapter three investigated practitioner perceptions and practices in relation to player monitoring,
training regimes, and recovery strategies. The corakixtiormation gathered in this chapter in relation

to academy RL environments helped to informstuely design of thsetudies in chapter fowand five.
Specifically,attempting to modify and enhance the recovery process, the effect of an ecologiwlly val
multimodal recovery strategy was assessed following aihighsity training sessiofchapter five),

using measures previously found to be reliable (chapter. fbhi§ approach;oughlyaligned with the

model proposed by Drust & Gre¢2013, wherebyacquired knowledge from applied practitioners is
used to formulate research questions, significantly adds to the ecological validitydicdtion of the

studies Altogether, 1 is hoped that the findings from this thesis provide some solutions anitgract
recommendations to the challenges that may occur in relation to the fatigue and recovery process in
academy RL playerd’he current chapter agdto summarise the findings of the previous chapters
Areas of future research are identified to progress the understanding and practical application of the

topic in the bespoke population. An overview is provided in Figure 6.1.
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Thesis aims

Study aims

Key findings

Practical applications

Directions of future research

To better
understand
and improve
practices in
relation to
player
monitoring,
post-exercise
responses,
and the use of
recovery
strategies in
academy RL

To assess the
practitioner perceptions
regarding applied
practices of player
monitoring, training, and
recovery strategies in
academy RL

Practitioners frequently use monitoring
tools, but findings do not often inform
practice.

Only 55% of practitioners agree that the
recovery process is prioritised and
executed well within their organisation.

Subjective  tools may be implemented
throughout the week, but objective tools should
only be used where it may influence practice
(e.g., MD+2).

Practitioners are encouraged to focus on
providing guidance and education in relation to
recovery-modulating factors such as nutrition,
hydration, and sleep.

* Determine the extent of change in
monitoring results leading to a decrease
in performance or increased injury risk.
Such a change may prompt modification
of practice (e.g., reduced training load).

* Investigate the guidance and education
currently provided to academy RL
players. This may highlight areas of
strength and improvement.

To examine the within-
and between-day
reliability of various
markers of fatigue in
academy RL players

Acceptable between-day reliability was
achieved by PF, F200, and F200 in the
IMTP, by FT, PF, PP, PP, VTO, and
JH in the CMJ, and by total wellness in
the wellness questionnaire.

Practitioners should use those variables that
achieve acceptable reliability in their
population.

* Assess test-retest reliability in the
fatigue responses following match-play.

To profile responses for
120 h following
academy RL match-play

Academy players suffer from post-
match perturbations that last at least 48
h.

High-intensity activity should be avoided 48 h
following match-play. Whilst considering match
demands and individual recovery responses,
light activity on MD+2 may provide additional
opportunities for players to train and develop.

» Assess the responses experienced
following a light training session on
MD+2.

To assess the efficacy of
a multimodal recovery
strategy implemented
following an academy
RL training session

When consuming a balanced meal
following a training session high in
frequency and intensity of eccentric
muscle actions, there are limited
additional benefits of performing a
multimodal recovery strategy.
High-intensity training, incorporating a
high frequency and intensity of
eccentric muscle actions, is likely to
cause perturbations that last at least 24
h.

Where possible, practitioners should provide
appropriate post-exercise nutrition, or, at the
very least, provide education to prime good
practice and allow player to make corrects
decisions when responsible for their own
nutrition.

‘When accumulation of fatigue is not the desired
outcome, an overload of high frequency and
intensity of eccentric muscle actions and/or
collisions during consecutive training days
should be avoided.

* Investigate the effect of appropriate
nutrition on post-exercise responses over
repeated days of training, interspersed
with the demands of match-play.

» Assess the responses experienced
following field-based and gym-based
training sessions.

Figure 6.1 Overview ofthesis aims, study aimisey findings, practical applations, and directions of future research

CMJ: Countermovement jump; F200: Force at 200 ms; F250: Force at 250 ms; FRifgghMTP: Isometric miethigh pull; JH: Jumgheight; MD: Match
day; PF: Peak force; PP: Peak power; RL: IRugague; rPP: Relative peak power; VTO: Velocity at-afke
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6.1 Realisation of thesis aims

Chapter threaimed toassess the perceptions of practitioners in relation to player monipoéaatices
training regimes and the implementation of recovery strategi&sch information is important to
contextualise and understand the environment in which academy RL players and staff operate. It also
allows for study design to be directly influenced by the experiencesraovdddge of practitioners,
which enhances thpractical application of the consequent finding&nitoring of player readiness
wasdone by most practitioners in academy RL, primarily during thewiek period (i.e., matetay

+2, +3 and-3), but timerestictions often preveed monitoring to inform practiceDue tostaff and
players having other commitments (i.e., education or wankd limited facility availability, most
training session®obk place during late afternoon or evening (i.e., 15200 h) Although almost all
practitioners highlighted that they use=covery strategies to enhance readiness in their plaiss,
was unhappy with the way tse strategiesvere carried out. Because of time restrictions,is
understandable that other actiggi(i.e., field or gymbased training, video (p)review sessions) take up
most ofthe availabletime. Although some time at leagtas dedicated to playemonitoring and the
implementation of recovery strategies, it is likely that due to the scarcity efditd resources, these

practicesverenot performed optimally.

Whenasked abouhe requirements of a monitoring tosbmepractitioners highlighted the importance

of tools beingreliable.Indeed, wheriaking measurementg is recommendetb use those variables

that achievd acceptable reliabilityChapter four therefore aimed to assessiitidn- and betweeitay

reliability in different variables of the IMPT, CMJ and wellness questionndistably, betweerday

reliabi i ty was assessed through two measurements th
practice still occurred in relation to matplay, training, and recovery strategid$ie design of this

testretest reliability study adds robustness and praktipplication to the finding®vhen taking IMTP
measurements, practitioners are recommended to use PF, F250 or F200 over forces elicited at earlier
time-pointsdue to the higher levels of withaend between day reliabilitgimilarly, the use oFT, PF,

PP, relative PP, VTO and Jk#buld be preferred over a variety of other variabldhe CMJ Individual

components of the questionnaire failed to meet the requirements of acceptable -oetyvesiability
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(i .e., CV Qhehdsthe useoCiotihess yould be recommended when profiling post

exercise responses.

Using hose measures that elicited acceptéhlelsof betweerday reliability, chapter four also aimed

to profile postmatch responseBecause poghatch perturbations were previogsécorded up to 120

h (McLellan et al., 2011aYhis study also assessed responses over this period, whilst including regular
training activities and recovery strategies. The ecological validity of profilingrpath responses in

this manner is a strength of the stuttyappears that the magnituded timecourse of posinatch
responses is dependent on the test and variablesNgtadly, matchplay did notelicit any significant
reductions in IMTP performancer total wellness, despite the presence of large and moderate ES
( O0 .uFt6 448 h. Ircontrastjump performance was reduced at +24 h, as highlighteddugctions

of 4.75% and 9.23% VTO and JH of the CMYespectively

In an atempt toenhance postxercise recovery in an ecologically valid way for academy RL players,
chapter fiveaimed to assess the efficacy afmultimodal recovery stratedgllowing high-intensity
training. Indeed, the recovery strategies implemented were easily accessible, relatively cheap, and
performed directly podfraining to avoid taking up too much time, iafm makes it a practically valid
strategy for the bespoke populatidbespite beingimplemented in a timefficient manner, this
recovery strategy, which included modified nutrition, CWI, and recommendations regarding sleep
hygiene, appeared no more beneficial when compared to the consumption of a balarrathingst
meal.Some evidece suggests however, that wigraceded by a stimulus including a higher frequency

and intensity of collisions (i.e., matgiay), the strategynay be more effectiveThe training session,

which was high in higlintensity running, and thus eccentric musatéions, did elicit perturbations in

the posttraining period. More specifically, PP in the CMJ was reduced by 4% at +24 h compared to
baseline, whilst measures of wellness (i.e., fatigue and lower body soreness) were reduced (i.e., less

fatigued/sore) at48 h compared to +24 h.
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6.2 Monitoring practices

Chapter three highlighted that monitoring of player readiness is common in academy RL as 76% of
practitioners indicatedhat they employed such practicéso f t e n @f t chre  GAd welldss
guestionnaire, knee to wall test, adductor squeeze testnaadures of sorenesgere used most
frequently. The popularity of these tools amongst academy RL practitioners may not be surprising as
they aregenerallyquick and easy to undertghkghich is useful when time is restricted. Specificalihg

use ofsubjetive measures (i.e., a wellness questionnaire or measures of soneag$® particularly
practical when working with academy RL players. Indeed, as players arrive for training from school or
work, it may be assumed that both undertaking and analysinisreéd objective measures, could
require longer than the time that is availablstead, sbjective measures may be collected throughout

the day as playemsould provide such responses throagtsweringquestions on an online platform.
Practitioners will have access to this informafpsior to players arriving for trainingna could make

informed decisions based on the subjective responses of their players.

However, aguably because of restrictions time and/or personnel, practisasnot often influenced

by the information derived from player monitoringpecifically, if practitioners would spend
considerable amount of time taking objective measurements, it is importarihdsatresults are
subsguently used to affect practice where necessary. If this is not the case, taking those measurements
does not appear worthwhile in relation to the timeested Practitioners should therefore strongly
consider their rationale for using monitoring tod#hen doing so, it may help to understdhd extent

of change in the monitored responses which waelghtivelyinfluence playing performane® cause
increased risk of injuryAcknowledging that various technical and tactical factors also influence playing
performance, physical performance (i.e., bigieed running, relative distance covered) during match
play was previously reduced when in a fatigued state compared to a game played wifiaityuexh
conditions(Johnston et al., 2013ajVvhilst it is generallyunderstood and accepted that players suffer
from perturbations following higlntensity training or matcplay, it is less clear howprolonged
reductionsmay influence practice (e.g., training loaglodificatior) and when they may risk causing

significantunderperformance or injury. Such implications require further investigation.
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In addition to the lack of time and/or personnel available, therether contextual factors that should
be considered in relation to the information derived from player mamgtomdeed, chapter three
highlighted that throughout the training week, individual player development is prioriisddis a
result, players are notprepared to be iran optimal physical state during matches, as winning
performances are not necessastught after. Any reductions in performance or wellness variables
throughout the training week or near magty may therefore not affect practitecausen optimal
physical state is not requireNevertheless, it may still be useful to take objectiveasures at least
once a week where possible. Specifically, matai +2 may be a suitable day as this is a critical period
of postmatch recovery where individual recovery thtmurses and match demands may allow for

additional training opportunities faertain players.

Regardless of using objective or subjective measittisd)ighly desirable for practitioners to use those
variables that are most relialfl€ormack et al., 2008cThapter fourassessetestretest reliability of

25 variables across the IMTP, CMJ and wellness questionrdésed on levels of reliability,
recommendations were made regarding the specific variables that should be assessed when using these
testson a within or betweerdaybasis However, hese recommendations were provided in relation to
specific tests, and as highlighted in chapter three, many othasuresvere used by academy RL
practitioners.lt would be worthwhile for practitioners to assess the reliability of thesurea and
variables used, prior to making decisions based on monitoring ré&edsite initially aiming to do so,
this thesis was not able to assess the reliability of the fatigue response that is elicitedrtatmingh
Such information wouldspecificaly highlight those variables that would be best suifed the
measuement ofpostmatch responsdfitzpatrick et al., 2019nd would be worthwhile to investigate

in future research.

6.3 Postexercise responses

Chapter fouralsoinvestigated the responses following maptay over five days (i.e., 120 husing

tests and specific variables that were deemed relidfitdst only those measures that were found to
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be reliable, were profiled following matgitay, it should be acknowledged that it may also be
worthwhile to investigatéhe other considered variabldadeed, dferent variables were excluded
based on their largdetweenday variance (i.e., a lower ICC and/or a greater. EMwever whilst the

noise (.e.,variance) may have been greater, the sigreal responsenay also be greater, whichay
indicate that these variablagystill behave in @loseresponse mannekevertheless,&nowledging

the differences in magnitude and thoeurse between some of the variables assessed, it appears that
postmatch responses require at least 48 h to recovacademy RL playerdHowever, given the
specifc (positional)activity profilesthat players are exposed(@abbett et al., 2012; Waldron et al.,
2011) and the individual nature of recovery respor(ddarkus et al., 2021)not alltraining activity
shouldnecessarilype avoided during this periobotwithstanding the variability of tiaing schedules
between different clubsnatchday +2 is usually preceded by a day off, and some players, dependant
on their recovery responsmuldindeed perform some light training on this dayould be worthwhile

for future research to assdbe responses that suehtraining sessioalicits and how this may affect

any postmatch perturbationslo avoid additional muscle damaipethe same muscle groypshigh
intensity or frequency of eccentric muscle actions and/or collisions would nettwamended here,
while light technical skills may be extremely worthwhile to provat=mdemyplayerswith more
opportunities to develoffill et al., 2015a) It is during this critical period of recovery where player

monitoringshouldbe used to guide training practices.

In addition to assessing the effect of a multimodal recovery strategy, chapter five investigatges

in performance and wellness variabfeBowing RL training an area of research that is not very well
understoodRegardless of the effect of the recovery strategy, training elicited perturbations in jump
performance that lasted for at least 24'hose postraining reductionsnay not be surprising due to

the digance covered at high intensity (i.e., 350 m), and thus a high frequency of eccentric muscle
actions, which are known to cause muscle danfjBgake et al., 2017INotably, some of theactivity

profiles of this training sessiomwere reflective ofthe average matclprofiles in chapter four
Accordingly, practitioners should tparticularlymindful when planningonsecutive training sessions

that rely heavily on the same musculature. If a planned accumulation of fatigue is not the desired
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outcome, an overload of frequency and intensity of eccentric muscle actions over a short period (i.e., a
few days) would not be recommendisireduced performan¢dohnston et al., 2013a; Johnston et al.,
2013b)andan increasedsk of injury may belikely (Pull & Ranson, 2007)nstead when training on
consecutive days, it may be more suitable to train different physical elements and muscuictuee

different days.

It has become clear across chapter four and five that different tests and vasdaplas sensitivity
whenresponthg to a specific stimulusGiven the absence of significant perturbations in the-post
exercise period following both matgtay and training, it appears thatts of isometric natur@.g.,
IMTP) may be less sensitive tmghy-specific exercise thn dynamic movemeastutilising both
shortening and lengthening of the muscle (e.g., CBikilar findings have been found elsewhere
(Kennedy & Drake, 2018; Raeder et al., 2Q18)d those claims are supported in the current thesis.
Similarly, this thesis repeatedly foundcreased sensitivitio rugbyspecific exercisef a velocity
componentthan those variables assessing maxifoede capacitiesTo avoid underestimation of a
response, it would be worthwhile to investigate those variables that are most sem&tivesponding

to stimuli.

6.4 The use of recovery strategies

Chapter three highlights that practitionéighly valued the use of recgery strategies, as theymost

all agreel that the effective use of recovery strategies may aid in the enhancement of player readiness.
As a resultstretching, foam rolling and gwmased recovery (i.e., resistance exercise, cardiovascular
exercisewereoften prescribed in the pestatch period. However, despite the implementation of these
specific and other recovery strategieghe postmatch periodonly half of the pactitiones believed

that the recovery processsprioritised and executed well thin their organisation. This may be due

to a variety of factors. Firstly, the evidence behind the strategies thamp@esientednost frequently

(i.e., stretching, foam rolling and gybased recovery} largely equivocalTavares et al., 201.73ome

evidence suggests the beneficial effects of foam rolling and active recovery, but specifically, stretching,
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or light resistance training, although unlikely to be detrimental, have not weeenpto enhance
recovery following exercis€Herbert & Gabriel, 2002; Tavares et al., 201%gcondly, the time
available for the implementation of recovery strategies igdan Players and half of the members of

staff are employed by the club on a garte basis, which limits the number of hours that they are
legally allowed to perform clukelated activities. It may therefore be unsurprising that most of the
available tine is allocated to gymor field-based training or (p)review sessions, whilst liheted
remaining timedictates that recovery strategies are implemented in the quickest and most accessible

way.

Acknowledging the varioumfluencingfactors (e.g.type, dosage, duratippreceding stimulyshat
may determine the efficacy of a certain recovery stra{Buypuy et al., 2018)the evidence behind
most strategies remains uncléaavares etla 2017) For this reason, it may be questiondtether to
spend time, which is already limited, on the implementation of recovery strategietheledfects are
uncertain and potentially unnecessdityis may be an especially important considerdtiothe current
population.The annual playing schedti@hlights that most academy games are playedldnuesday
evening or Saturday afternodwith the day following matciplay, as well as a Sunday being mostly
days off, a realife practical exampleighlights that when a game is being played on the Thursday,
recoveryenhancing activities may take place on the Saturday, and the first reahgtokt training
session may take place on the Monday theredfitguie 4.1). In ach a schedulg@ostmatchrecovery

is clearly prioritised but it appears that thispproachlimits consequentraining opportunities that
playersare exposed tduringthis period Arguably, this may not be the optimal way of achieviomgy-
term physical, technical, and tactical developmerttich is highlighted as the primary aiim this

population(Till et al., 2015a)

As alluded to in chapter two, there should not be aswmesfits-all approach in relationot the
implementation of recovery strategi@airner & Comfort, 2017)They should be carefully considered

in relation to faabrs such as the population, the preceding stimulus, and the period thereafter (i.e., what
is a player recovering from and for). Recovery strategies are generally viewstaasotnhancing

the return ofhomeostasign various physiological systems artbe restoation of postexercise
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perturbations back to baselinalues(Dupuy et al., 2018)Whilst this may be truethe cascade of
inflammatory events which occurs because of muscle damage, is necessary to cause adaptation
preparation for future exposug®larkus et al., 2021)n a period during whit winning performances

are not necessarily sought after, and physical adaptation is important to prepare for the professional
senior level[Till et al., 2016b) practitioners in academy RL may consider limiting chronic exposure to
recovery strategies. Especially when some evidence suggests that certain interventiatisnoate
physiological adaptation when exposed to over an elongated f&adxbrts et al., 2015; Yamane et

al., 2015)

This is not to say that there is no place for recovery strategies in acaderRprRixample, layers

may sporadically beexposed to CWI when there is a short betwetch period, whilst higlguality

CG may be encouraged following matptay and those training sessions of higtensity. The
academy period iparticularly suitable forexperimenting with different interventis, subsequently
priming good practice in preparation for professiogaiorRL. Altogether, the focus should be on
building longterm habits, especially in relation to recovemgdulating factors such as nutrition,
hydration, and sleep. These factorséhawensistently been highlighted esicial in relation to post
exercise recovergHalson, 2008; Peake, 2019nd this was once again proven in chapter five, where
a balanced postxercise meal appeared equally effective relative to a multimodal recovery strategy. It
is therefore especially ingptant for practitioners to implement appropriatgrition and provide players
with education around this subject to stimulate correct decisikingwhen players are responsible
for their own posexercise nutritionGiven the partime nature of théespokepopulation, players are
oftenleft to make their own decisions regarding such recowaryulating factors, which emphasises

that the appropriate guidance and education is required.

6.5 Recommended practice

Altogether, this thesis has provided an insight into the academy RL environment and some of the

potential challenges faced in relation to fatigue and recovery processes. Whilst acknowledging the
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varied weekly schedules that exist at different clubs, Figu2ehighlights a practical example of a
weekly schedule based on some of the findings of the current Belstitutes or partiahatch players
likely require a different training reginasthis weekly schedule is based upon players who completed
at least a large part of the mat&etweenmatch periods naturally differ throughout the season, but as
highlighted inFigure2.1, a betweematch period of six days (i.e., matday on Saturday, mematch

on the following Saturday) occurs regularly and is therefore used in Figuréh@ 2nodel replicates
Figure 2.2, which prescribed the structure for a training week in senior professiormit Ridludes
changesvhich may be morditting in anacalemy RL environmentSpecifically, the model highlights
periods of recovery (i.e., players do not undertake any training and focus on recovery from previous
training or matckplay), acquisition (i.e., players participate in group training to imptagécal,
technical, physical, and mental skilishilst a specific physical element is emphasised) or individual
training (i.e., additional training opportunities may be giveceidainplayers based on theidividual
recovery responseshhe following findngs and considerations from the previous chapters have been

included:

1 Following matchplay, nutritional interventions such as those described in chapter five (i.e.,
a balanced meal as well additional snacks and shakes) should be included. Although any
addtional benefits of also performing a multimodal recovery strategy were limited
following highrintensity training compared to the consumption of just a balanced meal, some
evidence suggests that such strategies are more effective followingpretch

1 As highlighted by findings in chapter three, the day following matiely is a day off.
Players are not exposed to any supervised activities and will rely on given education and
advice by practitioners to make the correct decisions regarding any recovdriating
activities.

1 Perturbations in performance and subjective dvelhg following academy RL matgtiay
typically require at least 48 h to recover. However, depending on individual recovery
profiles and match demands, some players may be able torpdidgbt training on match

day +2. Monitoring of postatch responses will be useful here to assess player readiness
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to train and practitioners are recommended to use both subjective (i.e., a wetlogss

and objective measures (e.g., PP in Cildgre mssible.

Match-day +3 will focus largely on the defensive side of the game and will include a large
number and intensity of collisions as well as accelerations and decelerationsdisiat8h

will predominantly focus on the attacking side of the game alhihwolve greatercovered
distances anithcreasedhigh-speed running. Oth@r-game elementspecifically transitions

(i.e., defence to attack and attack to defenmaly be trained on either day depending on
preference and philosophy of the coachirgffsBoth sessions could take -6 min to
complete.A similar strategy in training activities was mentioned by both technical and
physical practitioners (chapter three).

As highlighted in chapter five, higkintensity training may result in reductions in
performance and subjective wélkking at +24 h. For this reason, mattay-2 will be a day

off for players to recover.

The day priortomatecp | ay wi | | be classified asinécaptai
duration(i.e., 30-60 min) thissession should be viewed as a regular training session during

which individual and team development should be prioritised.
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Chapter 7.0 Conclusion

Like their senior counterparts, academy RL players suffer frommasth perturbations that require at
least 48 h to recoveNotwithstanding the variety in training schedules that exists between clubs, the
day following matckday is usually a day off, whidhighlights that any recovemgnhancing protocols

or activities on this dapeed to bgerformedby the players themselves, without the supervision of a
member of staff. Players often return to the club facilities on nadght2, and it is during this dcal

period of recovery where player monitoring may be used to guide prdatifexing match demands

and individualsedpostmatch responses dictate that some players may be able to perform some light
trainingon this dayUsing monitoring tools to asseplayer readiness will aid the decision making

of this processHowever, although practitioners currently use monitoring towmlainly wellness
guestionnaire, knee to wall test, adductor squeeze test, and measures of sorensssirresthit do

not often inform practicelt is important for practitioners to establish the extent of change that may
prompt adaptations in practice (e.g., modification of training lddsipg those tools and variables that
are reliable and sensitive to fatigui aid in this process ansbme examples are provided irstthesis

(e.g., PP in CMJLike matchplay, highintensity training, incorporating a high frequency and intensity
of eccentric muscle actions and/or collisions, is likely to cause perturbations thatsinatyiéast 24 h.

To avoid accumulated fatigue throughout the training weeksecutive training sessions focusing on
the same musculature (e.g., eccentric muscle actions throughgggh running and RHIE) should be

carefully considerecespecially clee to matciplay.

Academy players frequently undergo a variety of easily accessible recovery strategies (i.e., stretching,
foam rolling, gymbased recovery) following matgilay. The efficacy of such strategies may be
guestioned, especially ifmited time is availablelndeed, when considering the primary aim of
academyRL (i.e., longterm development of technical, tactical, and physical attributdspnic
implementatiorof recovery strategiesiay not be necessaryThis is especially true gan that muscle
damage and the consequent cascade of inflammatory evergseissaryor physical adaptatioto

occur. Acknowledging that certain times mafjll be suitable for players to use recovery strategies (e.g.,

short betweeigame period, experiméng), it may be more worthwhile for practitioners emlucate
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their players and prime good practice in relationgcognisedecoverymodulating factors such as
nutrition, hydration, and sleefhis is emphasised by findings in chapter five, highlighthrag there

was no additional benefit to a multimodal recovery strategy compared to a balanetedipiost meal.



180

8.0 References

Aagaard, P., Simonsen, E. B., Andersen, J. L., Magnusson, P., &Bghleen, P. (2002). Increased
rate of force development and neural drive of human skeletal muscle following resistance
training.Journal of Applied Physiology, 88), 13181326.

Alaphilippe, A., Mandigout, S., Ratel, S., Bonis, J., Courteix, D., & Duclos, M. (2012). Longitudinal
follow-up of biochemical markers of fatigue throughout a sporting season in young elite
rugby playersJournal of Strengtland Conditioning Research, 262), 33763384.

Augustsson, J., Thomee, R., Lindén, C., Folkesson, M., Tranberg, R., & Karlsson, J. (2006). Single
leg hop testing following fatiguing exercise: Reliability and biomechanical analysis.
Scandinavian Journal of Medicine and Science in Spag 111-120.

Austin, D. J., & Kelly, S. J. (2013). Positional differences in professional rugby league match play
through the use of global positioning systedwmirnal of Strength and Conditioning
Research, 21), 1419.

Austin, D. J., & Kelly, S. J(2014). Professional rugby league positional mgtely analysis through
the use of global positioning systedournal of Strength and Conditioning Research(;138
187-193.

Baird, M., Graham, S., Baker, J., & Bickerstaff, G. (2012). Creddim@se andexerciserelated
muscle damage implications for muscle performance and recdeemnal of Nutrition and
Metabolism doi:10.1155/2012/960363

Baker, D. (2001). Comparison of upgsrdy strength and power between professional and cellege
aged rugby leaguglayers.Journal of Strength and Conditioning Research{;11,530-35.

Baker, D. (2002). Differences in strength and power among fnigdr, seniothigh, collegeaged,
and elite professional rugby league playdairnal of Strength and Conditioning Resdg
16(4), 581585.

Barber, S., Pattison, J., Brown, F., & Hill, J. (2020). Efficacy of repeated cold water immersion on
recovery after a simulated rugby union protodolirnal of Strength and Conditioning
Research, 34.2), 35233529.

Becker, B. E., Hidenbrand, K., Whitcomb, R. K., & Sanders, J. P. (2009). Biophysiologic effects of
warm water immersiorinternational Journal of Aquatic Research and Educatidh),324
37.

Beckham, G. K., Sato, K., Santana, H. A., Mizuguchi, S., Haff, G. G., & Stonid, §2018). Effect
of body position on force production during the isometric midthigh patirnal of Strength
and Conditioning Research, @3, 4856.

Bieuzen, F., Bleakley, C. M., & Costello, J. T. (2013). Contrast water therapy and exercise induced
muscle damage: a systematic review and raeglysisPL0S One, @), 1-15.

Bird, S. P. (2013). Sleep, recovery, and athletic performance: a brief review and recommendations.
Strength and Conditioning Journal, (39, 4347.

Bl ack, C. J. J PTDavidsan, JK& JoneDB. [2@1B)aTop secret training data?
External training loads of a cup winning English Super League rugby league team.
International Journal of Sports Science and Coachin§21236242.

Bland, J. M., & Altman, D. G. (1997%tatistics notes: Cronbach's alpBenj, 314 572.

Bloomer, R. J., Goldfarb, A. H., Wideman, L., McKenzie, M. J., & Consitt, L. A. (2005). Effects of
acute aerobic and anaerobic exercise on blood markers of oxidative Eitgsal of Strength
and Conditioning Research, (9, 276285.

Boerio, D., JubeauM., Zory, R., & Maffiuletti, N. (2005). Central and peripheral fatigue after
electrostimulatiorinduced resistance exercidéedicine and Science in Sports and exercise,
37(6), 973978.

Borg, G. (1998)Borg's perceived exertion and pain scalébampaign, Illinois: Human Kinetics.

Brewer, J., & Davis, J. (1995). Applied physiology of rugby lea@perts Medicine, 48), 129135.

Burke, L. M., Kiens, B., & lvy, J. L. (2004). Carbohydrates and fat for training and recdeemnyal
of Sports Scieces, 221), 1530.

Burke, L. M., van Loon, L. J., & Hawley, J. A. (2017). Postexercise muscle glycogen resynthesis in
humansJournal of Applied Physiology, 1), 10551067.



181

Byrne, C., & Eston, R. (2002). Maximadtensity isometric and dynamic exeseiperformance after
eccentric muscle actiondournal of Sports Sciences,(2@), 951959.

Byrne, C., Twist, C., & Eston, R. (2004). Neuromuscular function after exenclseed muscle
damageSports Medicine, 34), 4969.

Caia, J., Scott, T. J., Hals, S. L., & Kelly, V. G. (2018). The influence of sleep hygiene education
on sleep in professional rugby league athle¢eep Health, @), 364368.

Calderon, J. C., Bolafos, P., & Caputo, C. (2014). The excitatboriraction coupling mechanism in
skdetal muscleBiophysical Reviews(6), 133160.

CallejaGonzélez, J., Mielgd\yuso, J., Ostojic, S. M., Jones, M. T., Marquéesénez, D., Caparros,

T., & Terrados, N. (2019). Evidendmsed poséxercise recovery strategies in rugby: A
narrative reviewThe Physician and Sportsmedicine(2)7137147.

Chen, W., Ruell, P. A., Ghoddusi, M., Kee, A., Hardeman, E. C., Hoffman, K. M., & Thompson, M.
W. (2007). Ultrastructural changes and sarcoplasmic reticulum Ca2+ regulation in red vastus
muscle followingeccentric exercise in the r&xperimental Physiology, 92), 437447.

Clarke, A. C., Anson, J. M., & Pyne, D. B. (2015). Neuromuscular fatigue and muscle damage after a
womenodés rugby slevnational Jaumal of 8parta hydiology and
Performance, 1(), 808814.

Comfort, P., Dos' Santos, T., Beckham, G. K., Stone, M. H., Guppy, S. N., & Haff, G. G. (2019).
Standardization and methodological considerations for the isometric midthigBtpeigth
and Conditioning Journal, 42), 5779.

Comfort, P., Jones, P. A., McMahon, J. J., & Newton, R. (2015). Effect of knee and trunk angle on
kinetic variables during the isometric midthigh pull: testest reliability International
Journal of Sports Physiology and Performance1),06863.

Cormack, S. J., Newton, R. U., & McGuigan, M. R. (2808euromuscular and endocrine responses
of elite players to an Australian rules football matakernational Journal of Sports
Physiology and Performance(3, 359374.

Cormack, S. J., Newton, R. U.,d@uigan, M. R., & Cormie, P. (2008 Neuromuscular and
endocrine responses of elite players during an Australian rules football dessorational
Journal of Sports Physiology and Performandd,) 3439453.

Cormack, S. J., Newton, R. WicGuigan, M. R., & Doyle, T. L. (20@8. Reliability of measures
obtained during single and repeated countermovement junmesational Journal of Sports
Physiology and Performance(23, 13:144.

Coultts, A. J., & Reaburn, P. (2008). Monitoring charigesigby league players' perceived stress and
recovery during intensified trainin@erceptual and Motor Skills, 10&), 904916.

Crewther, B., Carruthers, J., Kilduff, L. P., Sanctuary, C., & Cook, C. (2016). Temporal associations
between individual chayes in hormones, training motivation and physical performance in
elite and norelite trained merBiology of Sport, 3@3), 215.

Cronbach, L. J. (1951). Coefficient alpha and the internal structure ofRegthometrika, 18),
297-334.

Crowther,F., S#l ey, R., Crowe, M., Edwards, A., & Hal so
perceptions and use of recovery strategies: a rixetthods survey studBMC Sports
Science, Medicine and Rehabilitatiorf1® 1-10.

Cunniffe, B., Hore, A. J., Whitcombe, D. Mones, K. P., Baker, J. S., & Davies, B. (2010). Time
course of changes in immuneoendocrine markers following an international rugby game.
European Journal of Applied Physiology, {08 113122.

Davies, V., Thompson, K. G., & Cooper;. (2009). The Hects of compression garments on
recoveryJournal of Strength and Conditioning Research(62317861794.

De Lacey, J., Brughelli, M. E., McGuigan, M. R., & Hansen, K. T. (2014). Strength, speed and power
characteristics of elite rugby league playdmirnal of Strength and Conditioning Research,
28(8), 23722375.

Delaney, J. A., Duthie, G. M., Thornton, H. R., Scott, T. J., Gay, D., & Dascombe, B. J. (2016).
Accelerationbased running intensities of professional rugby league matchliplesnational
Journal of Sports Physiology and Performance£),1802809.



182

Delaney, J. A., Scott, T. J., Thornton, H. R., Bennett, K. J., Gay, D., Duthie, G. M., & Dascombe, B.
J. (2015). Establishing durati@pecific running intensities from matgiay analysis imugby
league International Journal of Sports Physiology and Performancé)1725731.

Dempsey, G. M., Gibson, N. V., Sykes, D., Pryjmachuk, B. C., & Turner, A. P. (2018). Match
demands of senior and junior players during international rugby ledgueal of Strength
and Conditioning Research, &), 16781684.

Dos' Santos, T., Jones, P. A., Comfort, P., & Thomas, C. (2017). Effect of different onset thresholds
on isometric midthigh pull forecéme variablesJournal of Strength and Conditioning
Research, 312), 34633473.

Dos' Santos, TLake, J., Jones, P..A& Comfort, P. (2018a). Effect of loywass filtering on
isometric midthigh pull kineticslournal of Strengtland Conditioning Research, 82), 983
989.

Dos' Santos, T., Thomas, C., Comfort, P., McMahon, J. J., Jones, P. A, Oakley, N. P., & Young, A.
L. (2018). Betweenrsession reliability of isometric midthigh pull kinetics and maximal
power clean performance in male youth soccer playetsnal of Strength and Conditioning
Research, 322), 33643372.

Dosd6Santos, T., ThomansdJ., &Jones, B.AN2007). RelatioRships Mc Ma h o
between isometric foreme characteristics and dynamic performar8uorts, 53), 1-12.

Douglas, J., Pearson, S., Ross, A., & McGuigan, M. (2017). Eccentric exercise: physiological
characteristics and acutesponsesSports Medicine, 44), 663675.

Drust, B., & Green, M. (2013). Science and football: evaluating the influence of science on
performanceJournal of Sports Sciences,(23), 13771382.

Dubois, R., Paillard, T., McGrath, D., Chamari, K., Mdur®., Polly, S., & Prioux, J. (2017).
Changes in training load, running performance, lower body power and biochemical
characteristics of back players throughout a professiagaly union seasonlournal of
Human Sport and Exercise, (12, 1-16.

Duffield, R., Cannon, J., & King, M. (2010). The effects of compression garments on recovery of
muscle performance following hightensity sprint and plyometric exerciswurnal of
Science and Medicine in Sport,(13 136140.

Duffield, R., Murphy, A., SnapéA., Minett, G. M., & Skein, M. (2012). Pestatch changes in
neuromuscular function and the relationship to match demands in amateur rugby league
matchesJournal of Science and Medicine in Sport(3)5238243.

Dupont, G., Moalla, W., Guinhouya, C.hfaidi, S., & Berthoin, S. (2004). Passive versus active
recovery during highintensity intermittent exerciselledicine and Science in Sports and
Exercise, 3@), 302308.

Dupuy, O., Douzi, W., Theurot, D., Bosquet, L., & Dugué, B. (2018). An evideassd approach
for choosing posexercise recovery techniques to reduce markers of muscle damage,
soreness, fatigue, and inflammation: a systematic review with-anelgisis Frontiers in
Physiology, 91-15.

Ekblom, M., Thorstensson, A., & Cresswell, AO@®). Central and peripheral contributions to fatigue
in relation to level of activation during repeated maximal voluntary isometric plantar flexions.
Journal of Applied Physiology (1985), 96,(218225.

Elloumi, M., Makni, E., Moalla, W., Bouaziz, T., Tabka, Z., Lac, G., & Chamari, K. (2012).
Monitoring training load and fatigue in rugby sevens play&sgan Journal of Sports
Medicine, 3), 175184.

Elloumi, M., Maso, F., Michaux, O., Robert, A., & Las. (2003). Behaviour of saliva cortisol [C],
testosterone [T] and the T/C ratio during a rugby match and during thequopttition
recovery daysEuropean Journal of Applied Physiology (2 2328.

Elmer, S., McDaniel, J., Mattson, J., & Martin(2012). Effect of a contusion injury on muscular
force, power, work, and fatigu8candinavian Journal of Medicine and Science in Sports,
22(4), 488494.

Enoka, R., & Duchateau, J. (2016). Translating Fatigue to Human Perforriveetieine andscience
in Yoorts andexercise, 4811), 22282238.



183

Evans, G. H., James, L. J., Shirreffs, S. M., & Maughan, R. J. (2017). Optimizing the restoration and
maintenance of fluid balance after exerdisguced dehydratiordournal of Applied
Physiology, 12@), 945951.

Fitzpatrick, J., Hicks, K., Russell, M., & Hayes, P. (2019). fdliability of potentialfatigue
monitoringmeasures imlite youthsoccerplayers.Journal of Strength and Conditioning
Researchdoi:10.1519/JSC.0000000000003317

Fletcher, B. D., Twist, CHaigh, J. D., Brewer, C., Morton, J. P., & Close, G. L. (2016). Selason
increases in perceived muscle soreness in professional rugby league players: role of player
position, match characteristics and playing surfdcarnal of Sports Sciences,(34), 1067
1072.

Fritz, C. O., Morris, P. E., & Richler, J. J. (2012). Effect size estimates: current use, calculations, and
interpretationJournal of Experimental Psychology: General, (§12-18.

Gabbett, T., Kelly, J., & Pezet, T. (2007). Relatiopdfetween physical fitness and playing ability in
rugby league playerdournal of Strength and Conditioning Research(42111261133.

Gabbett, T., King, T., & Jenkins, D. (208)8Applied physiology of rugby leaguSports Medicine,

38(2), 119138.

Gabbett, T. J. (2002). Physiological characteristics of junior and senior rugby league [Eegishs.
Journal of Sports Medicine, 85, 334339.

Gabbett, T. J. (2004). Influence of training and match intensity on injuries in rugby l8agueal of
Spats Sciences, 48), 409417.

Gabbett, T. J. (2009). Physiological and anthropometric characteristics of starters-atatieos in
junior rugby league players, aged-18 yearsJournal of Sports Medicine and Physical
Fitness, 493), 233239.

Gabbett,T. J. (2012a). Activity cycles of national rugby league and national youth competition
matchesJournal of Strength and Conditioning Research62615171523.

Gabbett, T. J. (2012b). Sprinting patterns of national rugby league comp@&itivnal of &ength
and Conditioning Research, @§, 121130.

Gabbett, T. J. (2013). Influence of playing standard on the physical demands of professional rugby
league Journal of Sports Sciences,(30), 11251138.

Gabbett, T. J. (2014). Influence of playing standard on the physical demands of junior rugby league
tournament matchplay. Journal of Science and Medicine in Sport(2)7212217.

Gabbett, T. J. (2016). Influence of fatigue on tackling ability in rughglie players: role of muscular
strength, endurance, and aerobic quali®S One, 1(110), 1-11.

Gabbett, T. J., Jenkins, D. G., & Abernethy, B. (2012). Physical demands of professional rugby
league training and competition using microtechnoldgyrral of Science and Medicine in
Sport, 1%1), 80-86.

Gabbett, T. J., Johns, J., & Riemann, M. (2§)0Berformance changes following training in junior
rugby league playerdournal of Strength and Conditioning Research{322910917.

Gabbett, T. J., Sie, J. G., Kemp, J. G., & Lorenzen, C. (2013). Relationship between tests of
physical qualities and physical match performance in elite rugby league playersl of
Strength and Conditioning Research(@7 15391545.

Garcia, C., Da Mota, G., & Maroto, M. (2016). Cold water immersion is acutely detrimental but
increases performance pdst h in rugby playerdnternational Journal of Sports Medicine,
37(8), 619624.

Gastin, P. B., Meyer, D., & Robinson, D. (2013). Perceptions of wellness to mexfetotive
responses to training and competition in elite Australian foothalirnal of Strength and
Conditioning Research, 29), 25182526.

Gill, N. D., Beaven, C., & Cook, C. (2006). Effectiveness of oatch recovery strategies in rugby
players British Journal of Sports Medicine, @), 266263.

Gissane, C., White, J., Kerr, K., & Jennings, D. (2001). Physical collisions in professional super
league rugby, the demands on different player positl@leseland Clinic Journal of
Medicine, 4 137146.

Glassbrook, D. J., Doyle, T. L., Alderson, J. A., & Fuller, J. T. (2019). The demands of professional
rugby league mateplay: a metaanalysis Sports Medicinédpen, %1), 1-20.



184

Green, A., Kerr, S., Olivier, B., Meiring, R., Dafkin, C., & McKinon, {2017). A simulated rugby
match protocol induces physiological fatigue without decreased individual scrummaging
performanceSouth African Journal of Sports Medicine(2p 1-6.

Guo, J., Li, L., Gong, Y., Zhu, R., Xu, J., Zou, J., & Chen, X. (2017). Mpsalleviates delayed
onset muscle soreness after strenuous exercise: a systematic review aziatysis.
Frontiers inPhysiology, 8 747.

Guppy, S., Brady, C., Kotani, Y., Stone, M., Medic, N., & Haff, G. (2018). The effect of altering body
posture ad barbell position on the betwesassion reliability of forcéime curve
characteristics in the isometric rrtidigh pull. Sports,6(4), 1-15.

Haff, G. G., Ruben, R. P., Lider, J., Twine, C., & Cormie, P. (2015). A comparison of methods for
determining tle rate of force development during isometric midthigh clean pugignal of
Strength and Conditioning Research(2)9 386395.

Halperin, I., Williams, K. J., Martin, D. T., & Chapman, D. W. (2016). The effects of attentional
focusing instructions on foe production during the isometric midthigh pdburnal of
Strength and Conditioning Research(40919923.

Halson, S. L. (2008). Nutrition, sleep and recové&uyropean Journal of Sport Scienc€2B 119
126.

Halson, S. L. (2014a). Monitoring tréng load to understand fatigue in athletégorts Medicine,
44(2), 139147.

Halson, S. L. (2014b). Sleep in elite athletes and nutritional interventions to enhanc8betp.
Medicine, 441), 1323.

Harper, L. D., Fothergill, M., West, D. J., Stegen, E., & Russell, M. (2016). Practitioners'
perceptions of the soccer extime period: Implications for future researéi.oS One,

11(7), 1-15.

Har per, L. D. , & Mc Cunn, R. (2017) . fiHand i n GI c
and practicelnternational Journal of Sports Physiology and Performancé7)1®906993.

Heaton, L. E., Davis, J. K., Rawson, E. S., Nuccio, R. P., Witar(,., Stein, K. W., Baar, K.,
Carter, J. M., & Baker, L. B. (2017). Selecteeswason nutritional strategies to enhance
recovery for team sport athletes: a practical overvigyarts Medicine, 411), 22012218.

Hendricks, S., Till, K., Weaving, D., Rell, A., Kemp, S., Stokes, K., & Jones, B. (2019). Training,
match and nomugby activities in elite male youth rugby union players in England.
International Journal of Sports Scienaad Coaching, 143), 336343.

Herbert, R. D., & Gabriel, M. (2002). tetcts of stretching before and after exercising on muscle
soreness and risk of injury: systematic reviBm,j, 325 468472.

Higgins, T., Cameron, M., & Climstein, M. (2012). Evaluation of passive recovery, cold water
immersion, and contrast baths foraeery, as measured by game performances markers,
between two simulated games of rugby unifmurnal of Strength and Conditioning
Researchdoi:10.1519/JSC.0b013e31825¢c32b9

Higgins, T. R., Climstein, M., & Cameron, M. (2013). Evaluation of hydrotherafiyg passive tests
and power tests, for recovery across a cyclic week of competitive rugby Joional of
Strength and Conditioning Research(4)7 954965.

Hopker, J. G., Jobson, S. A., Myres, S., Passfield, L., & Bruce, W. (2010). Validity anditglidb
the Wattbike cycle ergometdnternational Journal of Sports Medicine,(30), 731736.

Hori, N., Newton, R. U., Kawamori, N., McGuigan, M. R., Kraemer, W. J., & Nosaka, K. (2009).
Reliability of performance measurements derived from groundioedorce data during
countermovement jump and the influence of sampling frequdocynal of Strength and
Conditioning Research, £23), 874882.

Hsieh, H:F., & Shannon, S. E. (2005). Three approaches to qualitative content aalysitative
HealthResearch, 1(®), 12771288.

Hudson, J. F., Cole, M., Morton, J. P., Stewart, C. E., & Close, G. L. (2019). Daily changes of resting
metabolic rate in elite rugby union playededicine and Science in Sports and Exercise,
52(3), 637644.

Hulin, B. T., Gabbett, T. J., Johnston, R, &.Jenkins, D. G. (2017). Wearable microtechnology can
accurately identify collision events during professional rugby league rpétghJournal of
Science and Medicine in Sport,(2]) 638642.



185

Hulin, B. T., Gabbett, T. J., Kearney, S., & Corvo, A. @DPhysical demands of match play in
successful and lessiccessful elite rugby league teamngernational Journal of Sports
Physiology and Performance, (8), 703710.

Hyldahl, R. D., & Hubal, M. J. (2014). Lengthening our perspective: morphologahllac, and
molecular responses to eccentric exerdibgscle and Nerve, 49), 155170.

Ihsan, M., Watson, G., & Abbiss, C. R. (2016). What are the physiological mechanisms{or post
exercise cold water immersion in the recovery from prolonged endusaddatermittent
exerciseBports Medicine, 48), 10951109.

Ireton, M. R., Till, K., Weaving, D., & Jones, B. (2019). Differences in the movement skills and
physical qualities of elite senior and academy rugby league pldgemrsal of Strength and
Corditioning Research, 33), 13281338.

Ivy, J., Katz, A., Cutler, C., Sherman, W., & Coyle, E. (1988). Muscle glycogen synthesis after
exercise: effect of time of carbohydrate ingestiwurnal of Applied Physiology, 64),
14801485.

Ivy, J. L., Goforthdr, H. W., Damon, B. M., McCauley, T. R., Parsons, E. C., & Price, T. B. (2002).
Early postexercise muscle glycogen recovery is enhanced with a carboiprdtate
supplementJournal of Applied Physiology, 88, 13371344.

Jarvinen, T. A., Jarvinen, T. L., Kaariainen, M., Kalimo, H., & Jarvinen, M. (2005). Muscle injuries:
biology and treatmeni’he American Journal of Sports Medicine(33745764.

Jentjens, R., & Jeukendrup, A. E. (2003). Determinants ofgp@stise tycogen synthesis during
shortterm recoverySports Medicine, 32), 117144,

Johnston, M., Johnston, J., Cook, C., Costley, L., Kilgallon, M., & Kilduff, L. (2DI&he effect of
session order on the physiological, neuromuscular, and endocrine resfmomsimal speed
and weight training sessions over at®ur periodJournal of Science and Medicine in Sport,
20(5), 502506.

Johnston, R., & Gabbett, T. (2011). Repeatpdnt and effort ability in rugby league playeisurnal
of Strength and Condaning Research, Z50), 27892795.

Johnston, R. D., Gabbett, T. J., & Jenkins, D. G. (2D18Bfluence of an intensified competition on
fatigue and match performance in junior rugby league playewsnal of Science and
Medicine in Sport, 1%), 460465.

Johnston, R. D., Gabbett, T. J., & Jenkins, D. G. (2DWpplied sport science of rugby league.
Sports Medicine, 48), 10871100.

Johnston, R. D., Gabbett, T. J., & Jenkins, D. G. (2016fluence of playing standard and physical
fithess on activiy profiles and postatch fatigue during intensified junior rugby league
competition.Sports Medicin€pen, 11), 1-10.

Johnston, R. D., Gabbett, T. J., Jenkins, D. G., & Hulin, B. T. 201%luence of physical qualities
on postmatch fatigue in rugpbleague playerslournal of Science and Medicine in Sport,
18(2), 209213.

Johnston, R. D., Gabbett, T. J., Jenkins, D. G., & Speranza, M. Jbj2Efféct of different
repeatechigh-intensity-effort bouts on subsequent running, skill performance, and
neuromuscular functiorinternational Journal of Sports Physiology and Performancé3)11
311-318.

Johnston, R. D., Gibson, N. V., Twist, C., Gabbett, T. J., MacNay, S. A., & MacFarlane, N. G.
(201%). Physiological responses to an intensified periodighy league competition.

Journal of Strength and Conditioning Research32,7/643654.

Johnston, R. D., Weaving, D., Hulin, B. T., Till, K., Jones, B., & Duthie, G. (2019). Peak movement
and collision demands of professional rugby league competitbomal of Sports Sciences,
37(18), 21442151.

Johnston, R. J., Watsford, M. L., Kelly, S. J., Pine, M. J., & Spurrs, R. W.§p0d4lidity and
interunit reliability of 10 Hz and 15 Hz GPS units for assessing athlete movement demands.
Journal of Strength and Conditioning Research62816491655.

Jones, M. R., West, D. J., Harrington, B. J., Cook, C. J., Bracken, R. M., Shearer, D. A., & Kilduff, L.
P. (2014). Match play performance characteristics that predichraish creatineikase
responses in professional rugby union playBMC Sports Science, Medicine and
Rehabilitation, 61), 1-7.



186

Kellmann, M., Bertollo, M., Bosquet, L., Brink, M., Coutts, A. J., Duffield, R., Erlacher, D., Halson,
S. L., Hecksteden, A., & Heidari, J.OP8). Recovery and performance in sport: consensus
statementlinternational Journal of Sports Physiology and Performancé€?)1240245.

Kempton, T., Sirotic, A. C., Cameron, M., & Coultts, A. J. (2013). Magthated fatigue reduces
physical and technit@erformance during elite rugby league maptty: a case study.

Journal of Sports Sciences,(36), 17701780.

Kennedy, R. A., & Drake, D. (2018). Dissociated time course of recovery between strength and power
after isoinertial resistance loading in hygunion playersJournal of Strength and
Conditioning Research, 83), 748755.

King, T., Jenkins, D., & Gabbett, T. (2009). A tihmeotion analysis of professional rugby league
matchplay. Journal of Sports Sciences,(3Y, 213219.

Kinsella, D., FellJ., Berto, C., Robertson, S., & Mole, J. (2012). Analyses and comparison of
countermovement jump performance and gselfed recovery in state undeBs Australian
Rules Football players during a national championshiprnal of Australian Strength and
Conditioning, 2q1), 3238.

Kluger, B. M., Krupp, L. B., & Enoka, R. M. (2013). Fatigue and fatigability in neurologic illnesses:
proposal for a unified taxonomieurology, 8(4), 409416.

Lac, G., & Berthon, P. (2000). Changes in cortisol and testostéegals and T/C ratio during an
endurance competition and recoverfie Journal of Sports Medicine and Physical Fitness,
40(2), 139144,

LeBourgeois, M. K., Giannaotti, F., Cortesi, F., Wolfson, A. R., & Harsh, J. (2005). The relationship
between reported sleep quality and sleep hygiene in Italian and American adolescents.
Pediatrics, 11§1), 257265.

Lepers, R., Maffiuletti, N. A., Rochett L., Brugniaux, J., & Millet, G. Y. (2002). Neuromuscular
fatigue during a longluration cycling exercisdournal of Applied Physiology, 98, 1487
1493.

Lewkowicz, D. J. (2001). The concept of ecological validity: what are its limitations andais ibb
be invalid?nfancy, Z4), 437450.

Lindsay, A., Lewis, J., Gill, N., Gieseg, S. P., & Draper, N. (2D15ffect of varied recovery
interventions on markers of psychophysiological stress in professional rugby Emiopean
Journal of Sport Scier; 156), 543549.

Lindsay, A., Lewis, J., Scarrott, C., Draper, N., & Gieseg, S. P. @0Changes in acute
biochemical markers of inflammatory and structural stress in rugby uldaamal of Sports
Sciences, 39), 882891.

Liu, H., Garrett, W. E., Moorman, C. T., & Yu, B. (2012). Injury rate, mechanism, and risk factors of
hamstring strain injuries in sports: A review of the literatdoeirnal of Sport and Health
Science, @), 92101.

Liubijankiddaver@gieompyBi, Gaplanin, A., Tahirovi
fluctuation of cortisol in the saliva and serum of healthy perdosnian Journal of Basic
Medical Sciences,(8), 110.

LépezMifiarro, P. A., de Baranda Anddjar, P. S., & RmglrezGardia, P. L. (2009). A comparison
of the sitandreach test and the baskver sitandreach test in university studenieurnal of
Sports Science and Mediciné1lg 116122.

Lovell, T. W., Sirotic, A. C., Impellizzeri, F. M., & Coutts, A. J. (2013). Fagtaffecting perception
of effort (session rating of perceived exertion) during rugby league tralniegnational
Journal of Sports Physiology and Performandd,) 86269.

Lovering, R. M., & De Deyne, P. G. (2004). Contractile function, sarcolemngrilyteand the loss
of dystrophin after skeletal muscle eccentric contraatioiiced injury American Journal of
PhysiologyCell Physiology, 28@), 230238.

MacRae, B. A., Cotter, J. D., & Laing, R. M. (2011). Compression garments and ex&poigs.
Medicine, 4110), 815843.

Malone, J. J., Di Michele, R., Morgans, R., Burgess, D., Morton, J. P., & Drust, B. (2015). Seasonal
training-load quantification in elite English premier league soccer playgesnational
Journal of Sports Physiology and Rarhance, 104), 489497.



187

Mangine, G. T., Hoffman, J. R., Wang, R., Gonzalez, A. M., Townsend, J. R., Wells, A. J., Jajtner, A.
R., Beyer, K. S., Boone, C. H., & Miramonti, A. A. (2016). Resistance training intensity and
volume affect changes in rate ofde development in resistantrained menEuropean
Journal of Applied Physiology, 1(Bl-12), 23672374.

Markus, I., Constantini, K., Hoffman, J., Bartolomei, S., & Gepner, Y. (2021). Exénciseed
muscle damage: mechanism, assessment and nutriaet@is to accelerate recovery.
European Journal of Applied Physiolqdy21(4), 969992,

MasonMackay, A., Whatman, C., & Reid, D. (2017). The effect of reduced ankle dorsiflexion on
lower extremity mechanics during landing: A systematic revd®aurnal d Science and
Medicine in Sport, 23), 451458.

McCormack, S., Jones, B., & Till, K. (2020). Training practices of academy rugby league and their
alignment to physical qualities deemed important for current and future performance.
International Journal ®Sports Science and Coaching(4); 512525.

McLaren, S. J., Smith, A., Spears, |. R., & Weston, M. (2017). A detailed quantification of differential
ratings of perceived exertion during teaport trainingJournal of Science and Medicine in
Sport, 2@3), 296295.

McLean, B. D., Coultts, A. J., Kelly, V., McGuigan, M. R., & Cormack, S. J. (2010). Neuromuscular,
endocrine, and perceptual fatigue responses during different length behatdn
microcycles in professional rugby league playbrernationd Journal of Sports Physiology
and Performance,(8), 36%#383.

McLellan, C. P., & Lovell, D. I. (2012). Neuromuscular responses to impact and collision during elite
rugby league match playournal of Strength and Conditioning Research(52614311440.
McLellan, C. P., & Lovell, D. I. (2013). Performance analysis of professional, semiprofessional, and
junior elite rugby league matghiay using global positioning systendeurnal of Strength

and Conditioning Research, @2), 32663274.

McLellan, C. P.Lovell, D. I., & Gass, G. C. (2010). Creatine kinase and endocrine responses of elite
players pre, during, and post rugby league match ptaynal of Strength and Conditioning
Research, 24.1), 29082919.

McLellan, C. P., Lovell, D. I., & Gass, G. @(Q11a). Markers of postmatch fatigue in professional
rugby league playerdournal of Strength and Conditioning Research(42510301039.

McLellan, C. P., Lovell, D. I., & Gass, G. C. (2011b). Performance analysis of elite rugby league
match play usinglobal positioning systemgournal of Strength and Conditioning Research,
25(6), 17031710.

McMahon, J. J., Lake, J. P., & Comfort, P. (2018). Reliability of and relationship between flight time
to contraction time ratio and reactive strength index nedliSports, 63), 1-10.

McMahon, J. J., Murphy, S., Rej, S. J., & Comfort, P. (2D1Zountermovemefump-phase
characteristics of senior and academy rugby league pldgeasational Journal of Sports
Physiology and Performance, (82, 803811.

McMahon, J. J., Rej, S. J., & Comfort, P. (2001 Bex differences in countermovement jump phase
characteristicsSports, 1), 1-11.

McMahon, J. J., Suchomel, T. J., Lake, J. P., & Comfort, P. (2021). Relationship between reactive
strength index variants iugby league playergournal of Strength and Conditioning
Research, 33), 280285.

Mcnair, D., Lorr, M., & Droppleman, L. F. (197 anual for the Profile of Mood StateSan Diego,

CA: Educational and Industrial Testing Service

Meir, R.,Colla, P., & Milligan, C. (2008). Impact of the 18neter rule change on professional rugby
league: Implications for trainingtrength and Conditioning Journal, &3, 4246.

Meir, R., Newton, R., Curtis, E., Fardell, M., & Butler, B. (26p1Physical itness qualities of
professional rugby league football players: determination of positional differélocesal of
Strength and Conditioning Research(4)5450458.

Merrick, M. A. (2002). Secondary injury after musculoskeletal trauma: a review antk Ljmianal
of Athletic Training, 3{2), 209217.

Moir, G. L. (2008). Three different methods of calculating vertical jump height from force platform
data in men and womekleasurement in Physical Education and Exercise Scien¢),12
207-218.



188

Montgomey, P. G., & Hopkins, W. G. (2013). The effects of game and training loads on perceptual
responses of muscle soreness in Australian footb&dirnational Journal of Sports
Physiology and Performance(3, 312318.

MorencPérez, V., Travassos, B., Calado, GonzaleSkok, O., Del Coso, J., & Mend&4llanueva,

A. (2019). Adductor squeeze test and groin injuries in elite football players: A prospective
study.Physical Therapy in Sport, 33459.

Morgan, D. (1990). New insights into the behavior of masitlring active lengtheningiophysical
Journal, 572), 209221.

Mullen, T., Highton, J., & Twist, C. (2015). The internal and external responses to a fepeaitic
rugby league simulation protocol performed with and without physical cotritatational
Journal of Sports Physiology and Performance6)0746753.

Naughton, M., Miller, J., & Slater, G. J. (2018). Impatuced muscle damage and contact sports:
etiology, effects on neuromuscular function and recovery, and the modulating effects of
adaptation and recovery strategiesernational Journal of Sport8hysiology and
Performance, 1(8), 962969.

Nicolella, D. P., TorreRRonda, L., Saylor, K. J., & Schelling, X. (2018). Validity and reliability of an
accelerometebased player tracking devideLoS One, 12), 1-13.

Norris, D., Joyce, D., Siegler, Llock, J., & Lovell, R. (2019). Recovery of foitane
characteristics after Australian rules football matches: Examining the utility of the isometric
midthigh pull.International Journal of Sports Physiology and Performancég)1#65770.

Novak, A. R.,Impellizzeri, F. M., Trivedi, A., Coutts, A. J., & McCall, A. (2021). Analysis of the
worstcase scenarios in an elite football team: Towards a better understanding and
application.Journal of Sports Sciencel), 1-10.

Nunes, R. F. H., Duffield, R., Naknura, F. Y., Bezerra, E. d. S., Sakugawa, R. L., Loturco, .,
Bobinski, F., Martins, D. F., & Guglielmo, L. G. A. (2019). Recovery following rugby union
matches: effects of cold water immersion on markers of fatigue and dafpgjed
Physiology, Nutritbn, and Metabolism, 48), 546556.

Oxendale, C. L., Twist, C., Daniels, M., & Highton, J. (2016). The relationship betweenpietch
characteristics of elite rugby league and indirect markers of muscle ddntegeational
Journal of Sports Physiologgnd Performance, 14), 515521.

Passelergue, P., & Lac, G. (1999). Satigetisol, testosterone and T/@tio variationsduring a
wrestlingcompetition andluring thepostcompetitiverecoveryperiod. International Journal
of Sports Medicine, ZQ), 109113.

Paulsen, G., Egner, |, Drange, M., Langberg, H., Benestad, H., Fjeld, J., Hallen, J., & Raastad, T.
(2010). A COX 2 inhibitor reduces muscl e sor ¢
adaptation after eccentric exerciSeandinavian Jourdaf Medicine & Science in Sports,
20(1), 195207.

Paulsen, G., Ramer Mikkelsen, U., Raastad, T., & Peake, J. M. (2012). Leucocytes, cytokines and
satellite cells: what role do they play in muscle damage and regeneration following eccentric
exercise’Exercise Immunology Review, ,182-97.

Peake, J. M. (2019). Recovery after exercise: what is the current state dCpteg® Opinion in
Physiology, 1017-26.

Peake, J. M., Neubauer, O., Della Gatta, P. A., & Nosaka, K. (2017). Muscle damage and
inflammaton during recovery from exerciséournal of Applied Physiology, 183, 559570.

Pereira, L. A., Nakamura, F. Y., Moraes, J. E., Kitamura, K., Ramos, S. P., & Loturco, I. (2018).
Movement patterns and muscle damage during simulated rugby sevens rmattdtesnal
team playersJournal of Strength and Conditioning ResearcH122, 34563465.

Petrofsky, J., Khowailed, 1., Lee, H., Berk, L., Bains, G., Akerkar, S., Shah;Dal#dak, F., &

Lay mon, M. (2015). Col d v sarwinmer fartmuszlé dorenesse x er C |
Journal of Strength and Conditioning Research(129 32453252.

Phibbs, P. J., Jones, B., Roe, G., Read, D., Dawaks, J., Weakley, J., Rock, A., & Till, K. (2018).
The organised chaos of English adolescent rugbynufmdluence of weekly match frequency
on the variability of match and training loadsiropean Journal of Sport Science(3)8 34t
348.



189

Pointon, M., & Duffield, R. (2012). Cold water immersion recovery after simulated collision sport
exerciseMedicineand Science in Sports and Exercisg24206216.

Proske, U., & Allen, T. J. (2005). Damage to skeletal muscle from eccentric exEr@seise and
Sport Sciences Reviews (353 98104.

Proske, U., & Morgan, D. L. (2001). Muscle damage from eccestegccise: mechanism, mechanical
signs, adaptation and clinical applicationBe Journal of Physiology, 5@), 333345.

Pull, M. R., & Ranson, C. (2007). Eccentric muscle actions: Implications for injury prevention and
rehabilitation.Physical Therapyn Sport, 82), 8897.

Quarrie, K. L., Raftery, M., Blackie, J., Cook, C. J., Fuller, C. W., Gabbett, T. J., Gray, A. J., Gill, N.,
Hennessy, L., & Kemp, S. (2017). Managing player load in professional rugby union: a
review of current knowledge and praeticBritish Journal of Sports Medicine, @), 421
427.

Raeder, C., Wiewelhove, T., Westpihdartinez, M. P., Fernanddzernandez, J., de Paula Simola, R.
A., Kellmann, M., Meyer, T., Pfeiffer, M., & Ferrauti, A. (2016). Neuromuscular fatigue and
physiolayical responses after five dynamic squat exercise protamlsnal of Strength and
Conditioning Research, 80), 953965.

Ranchordas, M. K., Dawson, J. T., & Russell, M. (2017). Practical nutritional recovery strategies for
elite soccer players when limited time separates repeated makohesl of the
International Society of Sports Nutrition, (14, 1-14.

Roberts, L. AARaastad, T., Markworth, J. F. ., Figueiredo,
Smith, D. , Coombes, J . S. , & Peake, J . M. (2
attenuates acute anabolic signall i migingand | on:¢

The Journal of Physiology, 5@18), 42854301.

Roe, G., Darrallones, J., Till, K., Phibbs, P., Read, D., Weakley, J., & Jones, B.82&Hween
days reliability and sensitivity of common fatigue measures in rugby pldgamational
Journal of Sports Physiology and Performanceg5),1581586.

Roe, G., DarralDones, J., Till, K., Phibbs, P., Read, D., Weakley, J., & Jones, B.g20bjump or
cycle? Monitoring neuromuscular function in rugby union playleternational Journal of
Sports Physiology and Performance(5)2 69G696.

Roe, G., DarralDones, J., Till, K., Phibbs, P., Read, D., Weakley, J., Rock, A., & Jones, BbJ2017
The effect of physical contact on changes in fatigue markers following rugby ugdabn f
based trainingeuropean Journal of Sport Science(@)7 647655.

Roe, G., Halkier, M., Beggs, C., Till, K., & Jones, B. (20L& he use of accelerometers to quantify
collisions and running demands of rugby union mauiely. International Journal 6
Performance Analysis in Sport, (2§, 596601.

Roe, G., Till, K., DarralJones, J., Phibbs, P., Weakley, J., Read, D., & Jones, Bcj2@tanges in
markers of fatigue following a competitive match in elite academy rugby union plSpeith
African Journal of Sports Medicine, 2B, 2-5.

Roe, G. A,, Phibbs, P. J., Till, K., Jones, B. L., Read, D. B., Weakley, J. J., & Bamal, J. D.
(201&d). Changes in adductor strength after competition in academy rugby union players.
Journal of Strength an@onditioning Research, 89), 344350.

Rothwell, M., Rumbold, J. L., & Stone, J. A. (2020). Exploring British adolescent rugby league
pl ayersé experiences of pdmtemétienal dauroahad Sporta c a d e mi ¢
and Exercise Psychology, (48, 485501.

Sanchedrefia, B., BarranteBrais, K., UrefiegBonilla, P., CallejagGonzélez, J., & Ostojic, S. (2015).
Effect of water immersion on recovery from fatigue: a negtalysisMotricidad: European
Journal of Human Movement, 3414.

Sands, W. A.McNeal, J. R., Murray, S. R., Ramsey, M. W., Sato, K., Mizuguchi, S., & Stone, M. H.
(2013). Stretching and its effects on recovery: A revigirength and Conditioning Journal,
35(5), 30-36.

Sargeant, A. J., & Dolan, P. (1987). Human muscle functidowaig prolonged eccentric exercise.
European Journal of Applied Physiology and Occupational Physiolo@§),5804711.

Sawka, M. N., Cheuvront, S. N., & Kenefick, R. W. (2015). Hypohydration and human performance:
impact of environment and physiologicakchanismsSports Medicine, 48), 51-60.



190

Sawka, M. N., Montain, S. J., & Latzka, W. A. (2001). Hydration effects on thermoregulation and
performance in the heaomparative Biochemistry and Physiology Part A: Molecalad
Integrative Physiology, 128), 679690.

Scott, A., Khan, K., Roberts, C., Cook, J., & Duronio, V. (2004). What do we mean by the term
iinflammati ond? A contempor ar y Bhtiahsloumalsfci enc e
Sports Medicine, 38), 372380.

Shearer, D. A., Kildff, L. P., Finn, C., Jones, R. M., Bracken, R. M., Mellalieu, S. D., Owen, N.,
Crewther, B. T., & Cook, C. J. (2015). Measuring recovery in elite rugby players: the brief
assessment of mood, endocrine changes, and pResearch Quarterly for Exercise and
Sport, 8¢4), 379386.

Siratic, A., Coutts, A., Knowles, H., & Catterick, C. (2009). A comparison of match demands
between elite and seralite rugby league competitiodournal of Sports Sciences, (3},

203-211.

Smart, D., Gill, N. D., Beaven, C. MCook, C., & Blazevich, A. (2008). The relationship between
changes in interstitial creatine kinase and gagshated impacts in rugby unioBritish
Journal of Sports Medicine, 42, 198201.

Smith, B., & McGannon, K. R. (2018). Developing rigor in quaiite research: Problems and
opportunities within sport and exercise psycholdgiernational Review of Sport and
Exercise Psychology, (1), 10:121.

Smith, C., Kruger, M. J., Smith, R. M., & Myburgh, K. H. (2008). The inflammatory response to
skeletalmuscle injury Sports Medicine, 381), 947969.

Starling, L. T., & Lambert, M. I. (2018). Monitoring rugby players for fitness and fatigue: what do
coaches wanthternational Journal of Sports Physiology and Performancég)1377782.

Suzuki, M., Uméda, T., Nakaji, S., Shimoyama, T., Mashiko, T., & Sugawara, K. (2004). Effect of
incorporating low intensity exercise into the recovery period after a rugby rBaitish
Journal of Sports Medicine, 88, 436440.

Sykes, D., Twist, C., Nicholas, C., &almb, K. (2011). Changes in locomotive rates during senior
elite rugby league matchekurnal of Sports Sciences,(29), 12631271.

Takarada, Y. (2003). Evaluation of muscle damage after a rugby match with special reference to
tackle playsBritish Jourral of Sports Medicine, 33), 416419.

Talbot, J., & Morgan, D. (1996). Quantitative analysis of sarcomerainidormities in active muscle
following a stretchJournal of Muscle Researamnd Cell Motility, 172), 261268.

Taube, W., Brandt, M., Heyel,, & Wyss, T. (2013). Monitoring of daily training load and training
load responses in endurance sports: what do coachesSdmtRizerische Zeitschrift fir
Sportmedizin und Sporttraumatologie (#). 30-36.

Tavares, F., Smith, T. B., & Driller, M. (2@} Fatigue and recovery in rugby: a revi&ports
Medicine, 478), 15151530.

Taylor, K., Chapman, D., Cronin, J., Newton, M. J., & Gill, N. (2012). Fatigue monitoring in high
performance sport: a survey of current treddsirnal of Australian Strengtand
Conditioning, 2Q1), 1223.

Tee, J. C., Ashford, M., & Piggott, D. (2018). A tactical periodization approach for rugby union.
Strength and Conditioning Journal, &), 1-13.

Tee, J. C., Till, K., & Jones, B. (2017). Effects of an intensified competition period on neuromuscular
function in youth rugby union playerSport Performance and Science Repdri$l), 1-3.

Telley, I., Stehle, R., Ranatunga, K., Pfitzer, G., Stiss&Benoth, J. (2006). Dynamic behaviour
of half sarcomeres during and after stretch i
asymmetry but no Tihesdauma a Rhgsiolegy,bdply3I186g 6 .

Thomas, C., Comfort, P., Jones, P.&., Dos 6 Sant os, T. (2017) . A Compa
midthigh-pull strength, vertical jump, sprint speed, and chaofggirection speed in academy
netball playersinternational Journal of Sports Physiology and Performancé/)1®216921.

Till, K., Cobley,S . , Mor |l ey, D. , O6har a, d)..The inQuierece ofmeg e | cC. .,
playing position, anthropometry and fithess on career attainment outcomes in rugby league.
Journal of Sports Sciences,(33), 12401245.



191

Ti I K., Co hBrighgmore, 3., Cook® & H&a Chapman,JC. (2011). Using
anthropometrlc and performance characteristics to predict selection in juniagbiKieague
players.Journal of Science and Medicine in Sport(3)4264269.

Ti I K., Cobl eman, CS & Cooke,CH(2040). Anthdopometrie, iplysiological and
selectlon characteristics in high performance UK junior rugby league plagdest
Development and Excellence(2p, 193207.

Ti LI, K., Cobl ey, S. , 06 H4a3). & |ongiludinal e@luaignmofa n |, Cc. , &
anthropometric and fithess characteristics in junior rugby league players considering playing
position and selection levelournal of Science and Medicine in Sport(3)6438443.

Ti || K., Cobl ey,D. GhapmanO@, & Looke, C. P& 5Retidspective
anaIyS|s of anthropometric and fitness characteristics associated wittetangareer
progression in rugby leagugournal of Science and Medicine in Sport(3)8310314.

Till, K., Darrall-Jones,J., Weakley, J. J., Roe, G. A., & Jones, B. L. (20)21The influence of training
age on the annual development of physical qualities within academy rugby league players.
Journal of Strength and Conditioning Research83121102118.

Till, K., Jones, B, DarraltJones, J., Emmonds, S., & Cooke, C. (2f)1bongitudinal development
of anthropometric and physical characteristics within academy rugby league playensl
of Strength and Conditioning Research(®917131722.

Till, K., Jones, B., Emmonds, S., Tester, E., & Cooke, C. (@0Bkasonathanges in
anthropometric anghysicalcharacteristicsvithin Englishacademyrugbyleagueplayers.
Journal of Strength and Conditioning Researc9286892696.

Till, K., Jones, B., & GeeseBrown, T. (2018®). Do physical qualities influence the attaiemn of
professional status within elite 8 year old rugby league played&urnal of Science and
Medicine in Sport, 19), 585589.

Till, K., Scantlebury, S., & Jones, B. (2097 Anthropometric and physical qualities of elite male
youth rugby leaguelayers.Sports Medicine, 411), 21712186.

Till, K., Tester, E., Jones, B., Emmonds, S., Fahey, J., & Cooke, C.HR®&rthropometric and
physicalcharacteristics of Englisacademyrugbyleagueplayers.Journal of Strength and
Conditioning Research822), 319327.

Toumi, H., Poumarat, G., Best, T., Martin, A., Fairclough, J., & Benjamin, M. (2006). Fatigue and
muscletendon stiffness after stretaihortening cycle and isometric exerciapplied
Physiology, Nutrition, and Metabolism, (8), 565572.

Tracy, S. J. (2010) . -t@waloi tcatiitveea icu &loirt ye:x ckeil d hetn-
Qualitative Inquiry, 1610), 837851.

Turner, A., & Comfort, P. (2017Advanced strength and conditioning: an evidehased approach
London, UK: Routledge.

Twist, C., & Highton, J. (2013). Monitoring fatigue and recovery in rugby league players.
International Journal of Sports Physiology and Performan¢®), 8167474.

Twist, C., Highton, J., Waldron, M., Edwards, E., Austin, D., & Gab@etl. (2014). Movement
demands of elite rugby league players during Australian National Rugby League and
European Super League matcHaternational Journal of Sports Physiology and
Performance, @), 925930.

Twist, C., & Sykes, D. (2011). Evidencéexerciseinduced muscle damage following a simulated
rugby league matclcuropean Journal of Sport Science(@)1 401:4009.

Twist, C., Waldron, M., Highton, J., Burt, D., & Daniels, M. (2012). Neuromuscular, biochemical and
perceptual postnatch fatiguen professional rugby league forwards and bad&arnal of
Sports Sciences, @0, 359367.

Vaile, J., Halson, S., & Graham, S. (2010). Recovery review: science vs. praaticeal of
Australian Strength and Condititoning, (28, 521.

Varley, M. C. Elias, G. P., & Aughey, R. J. (2012). Currentmaach al ysi s t echni ques?©o
underestimation of intense periods of higtocity runningInternational Journal of Sports
Physiology and Performance(Zj, 183185.

Waldron, M., Thomson, E., Highton, J., & TWi€. (2019). Transient fatigue is not influenced by
ball-in-play time during elite rugby league match&surnal of Strength and Conditioning
Research, 33), 146151.



192

Waldron, M., Twist, C., Highton, J., Worsfold, P., & Daniels, M. (2011). Movement and
physiological match demands of elite rugby league using portable global positioning systems.
Journal of Sports Sciences,(29), 12231230.

Walsh, N. P., Halson, S. L., Sargent, C., Roach, G. D., Nédélec, M., Gupta, L., Leeder, J., Fullagar, H.
H., Coutts A. J., & Edwards, B. J. (2020). Sleep and the athlete: narrative review and 2021
expert consensus recommendatidritish Journal of Sports Medicings, 356:368.

Warren, G. L., Ingalls, C. P., Lowe, D. A., & Armstrong, R. (2002). What mechanismgctatio
the strength loss that occurs during and in the recovery from skeletal muscle Jojumyal
of Orthopaedic & Sports Physical Therapy (3R 5864.

Watson, A. M. (2017). Sleep and athletic performa@earent Sports Medicine Reports,(65 413
418.

Weaving, D., Marshall, P., Earle, K., Nevill, A., & Abt, G. (2014). Combining inteanal external
trainingload measures in professional rugby leadpternational Journal of Sports
Physiology and Performance(@®, 905912.

Weaving, D., Sawczuk, T., Williams, S., Scott, T., Till, K., Beggs, C., Johnston, R. D., & Jones, B.
(2019). The peak duratiespecific locomotor demands and concurrent collision frequencies
of European Super League rugbgurnal of Sports Sciences, (3, 322330.

Webb, N. P., Harris, N. K., Cronin, J. B., & Walker, C. (2013). The relative efficacy of three recovery
modalities after professional rugby league matchastnal of Strengtland Conditioning
Research, 2B), 24492455.

Wehbe, G., Gabbett, ,TDwyer, D., McLellan, C., & Coad, S. (2045Monitoring neuromuscular
fatigue in tearrsport athletes using a cyedegometer testnternational Journal of Sports
Physiology and Performance, (B), 292297.

Wehbe, G. M., Gabbett, T. J., Hartwig, T. 8. Mclellan, C. P. (201B). Reliability of a cycle
ergometer peak power test in runningsed team sport athletes: a technical repournal of
Strengthand Conditioning Research, 2B), 205602055.

West, D. J., Finn, C. V., Cunningham, D. J., Shearef.RJones, M. R., Harrington, B. J., Crewther,
B. T., Cook, C. J., & Kilduff, L. P. (2014). Neuromuscular function, hormonal, and mood
responses to a professional rugby union makstrnal of Strengtland Conditioning
Research, 28), 194200.

West, D.J., Owen, N. J., Jones, M. R., Bracken, R. M., Cook, C. J., Cunningham, D. J., Shearer, D.
A., Finn, C. V., Newton, R. U., & Crewther, B. T. (2011). Relationships betweeri fonee
characteristics of the isometric midthigh pull and dynamic performaru®fessional rugby
league playerslournal of Strengtland Conditioning Research, 251), 30703075.

West, D. W., & Phillips, S. M. (2010). Anabolic processes in human skeletal muscle: restoring the
identities of growth hormone and testosterdriee Physiian and Sportsmedicine, &, 97
104.

Whitehead, S., Till, K., Weaving, D., Daltd@darron, N., Ireton, M., & Jones, B. (2019). The duration
specific peak average running speeds of European super league academy rugby league match
play.Journal of Strendt and Conditioning Researctoi:10.1519/JSC.0000000000003016

Wiewelhove, T., Doweling, A., Schneider, C., Hottenrott, L., Meyer, T., Kellmann, M., Pfeiffer, M.,
& Ferrauti, A. (2019). A metanalysis of the effects of foam rolling on performance and
recoery. Frontiers inPhysiology, 101-15.

Yamane, M., Ohnishi, N., & Matsumoto, T. (2015). Does regulargxestcise cold application
attenuate trained muscle adaptatiart@rnational Journal of Sports Medicine, (88), 647
653.



193

8.0 Appendices

8.1 Appendix 1: Confirmation of ethical approval (chapter three data collection)

LI Brownberrie Lane . Horsforth . Leeds . LS18 5HD . UK
Lee-ds Tri n |ty Tel: +44 (0) 113 283 7100 - Fax: +44 (0) 113 283 7200
U n Ive rSIty www.leedstrinity.ac.uk

PRIVATE & CONFIDENTIAL Professor Mark Russell

Chair of SSHS Ethics Committee

Tel: 0113 283 7100 ext 649
Hendrickus Aben E-mail: m.russell@leedstrinity.ac.uk

Date: 16" May 2019

Dear Hendrickus

Re: SSHS/2019/006
Perceptions relating to recovery in academy rugby league: a survey

Thank you for your recent application for ethical approval for the above named project.

After reviewing the application it has been resolved that the research project is granted ethical
approval.

| wish you well in your study

Yours sincerely

Prof. Mark Russell
Chair of School of Social and Health Sciences Ethics Committee
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8.2 Appendix 2: Survey questions

Introduction

Thank you for taking the time to participate in this survey; your participation is greatly appreciated.
Throughout this survey, you will be asked to answer questions that are mainly concerned with your
practice in relation to monitoring player readiness to train/play and the use of recovery strategies
within your organisation. Further questions will be related to your training practices throughout the
week. The survey has received ethical approval and results may be published in a scientific journal
and/or presented at conferences. Responses will always remain anonymous.

Please answer the questions below based upon what you consider to be fypical for you/your team.

Please refrain from using the back button on your browser as this may lead to loss of data. Instead,
please use the next and previous buttons only to navigate through the survey.

Which of the following would apply to you most? # Required
| am a full-time paid member of staff

| am a part-time paid member of staff

| am an intern/volunteer

What is the sport you play/have played the highest level at? % Required

Which level do/did you play this sport at? * Required

Amateur
Semi-professional
Professional
' International
| play/have not played any sport

How long have you worked in academy rugby league? (either as an intern or a paid member of staff)
* Required

<1 year
1-3 years
3-5 years
5-10 years
> 10 years
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What is the highest level of education you have completed? * Required

Secondary eduction (GSCE)

Secondary eduction (BTEC)

Secondary education (A-levels)

Graduate of any higher education (College or University)
Masters

Doctorate

Post-doctoral

None

Other

If other, please specify below.

Monitoring player readiness to train/play

Do you use any tools to monitor player readiness to train/play? * Required

Don't know
Never

Rarely
Sometimes
Often

All of the time

Which tool(s) do you use to monitor player readiness to train/play? (please select all that apply) #
Required

Countermovement jump

Drop jump

Squat jump

Isometric mid-thigh pull

Adductor squeeze test

Measures of testosterone/cortisol through samples of blood/saliva
Measures of creatine kinase through samples of blood/saliva
Wellness questionnaire

Measures of (lower- and/or upper-body) soreness

Sit & reach test

Knee to wall test

Other
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At which time-points do you monitor player readiness to train/play? Please assume a 7-day turn
around (i.e., match-day on Saturday, next match on the following Saturday) (please select all that
apply) * Required

Directly post-match (within 60 minutes)
Match-day +1

Match-day +2

Match-day +3

Match-day -3

Match-day -2

Match-day -1

Match-day (pre-match)

How important do you consider each of the following factors when deciding which tool(s) to use to
monitor player readiness to train/play? # Required

Please don't select more than 1 answer(s) per row.

Please select at least 5 answer(s).

Neither
Not at all Not very important Very
important important nor Important important
unimportant

Time that is required
to complete the
monitoring process

Time that is required
to analyse the results

The availability of
equipment that is
required to complete
the monitoring
process

The information that is
derived from a specific
tool

The research that is

available in support of -~ _ - - .
the specific tool that is

chosen
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How do the results of monitoring player readiness to train/play affect training in the week following

match-play? % Required

Please don't select more than 1 answer(s) per row.

Please select at least 6 answer(s).

Never Rarely Sometimes

Training
volumef/intensity of a
training session is
adapted for the full
team

Training
volumef/intensity of a
training session is
adapted for individual
members of the team

Recovery strategies
are modified for the
full team

Recovery strategies
are modified for
individual members of
the team

Team selection is
modified in the
following match

Keep a close eye on

individual members on
the following day(s) in
the case of a red flag’

Often

All the time

If no restrictions were in place (i.e., no time restrictions, financial restrictions or shortage of staff),

which monitoring tool(s) would you use? (please select all that apply)

Countermovement jump
Drop jump

Squat jump

Isometric mid-thigh pull
Adductor squeeze test

Measures of testosterone/cortisol through samples of blood or saliva

Measures of creatine kinase through samples of blood or saliva
Wellness questionnaire

Measures of (lower- and/or upper-body) soreness

Sit & reach test

Knee to wall test

| would not monitor player readiness to train/play

Other

Please provide a rationale for your answer: % Required
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If no restictions were in place (i.e., no time restrictions, financial restrictions or shortage of staff), at
which time-points would you monitor player readiness to train/play? (please select all that apply) *
Required

Directly post-match (within 60 minutes)
Match-day +1

Match-day +2

Match-day +3

Match-day -3

Match-day -2

Match-day -1

Match-day (pre-match)

| would not monitor player readiness to train/play

Please provide a rationale for your answer: % Required

Question asked to those who indicated not toiinely using monitoring tools

What are the reasons you do not monitor player readiness to train/play? # Required

Please don't select more than 1 answer(s) per row.

Please select at least 4 answer(s).

Neither
Not at all Not very important Very
important important nor Impogtant important
unimportant

Shortage of personnel
to undertake and
analyse the results of
monitoring

Shortage of time to
undertake and
analyse the results of
monitoring

Priority lies elsewhere
(e.g., review of
previous match, field-
based training, gym-
based training,
preview of following
match)

Results that
monitoring provides,
would not alter
practice (e.g., training
load, player selection)
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Question asked to those who indicated not to be routinely using monitoring tools

If no restrictions were in place (i.e., no time restrictions, financial restrictions or shortage of staff),
which monitoring tool(s) would you use? (please select all that apply) * Required

Countermovement jump

Drop jump

Squat jump

Isometric mid-thigh pull

Adductor squeeze test

Measures of testosterone/cortisol through samples of blood or saliva
Measures of creatine kinase through samples of blood or saliva
Wellness guestionnaire

Measures of (lower- and/or upper-body) soreness

Sit & reach test

Knee to wall test

| would not monitor player readiness to train/play

Other

Please provide a rationale for your answer: # Required

Question asked to those who indicated not to be routinely using monitoring tools

If no restictions were in place (i.e., no time restrictions, financial restrictions or shortage of staff), at
which time-points would you monitor player readiness to train/play? (please select all that apply) *
Required

Directly post-match (within 60 minutes)
Match-day +1

Match-day +2

Match-day +3

Match-day -3

Match-day -2

Match-day -1

Match-day (pre-match)

| would not monitor player readiness to train/play

Please provide a rationale for your answer: % Required
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What does your schedule generally look like in the week following a game? Please assume a 7-day
turn around (i.e., match-day on Saturday, next match on the following Saturday) #* Required

Please don't select more than 1 answer(s) per row.

Please select at least 6 answer(s).

Players
attend the
club (i.e.,
this may
include any  Players do
venue and not attend
is not limited the club
to the club's
main
training
facility)
Match-day +1
Match-day +2
Match-day +3
Match-day -3
Match-day -2

Match-day -1

Are there any specific days throughout the week (e.g., Sunday) on which the players will almost
always have a day off, regardless of what day the game is played that week? (unless a game is
being played that day) #* Required

Yes
No

Please provide details regarding which day and a rationale for your answer: % Required
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At what time do you usually train on the following days? #* Required

Please don't select more than 1 answer(s) per row.

Please select at least 6 answer(s).

Players
don't
Early Latg Early Late . usually
marming morning  afternoon afternoon Evening attend
(6-9 am) 1(23“;) (;fn' )3 @36pm)  EFPM) e ciub
on this
day

Match-Day +1
Match-Day +2
Match-Day +3
Match-day -3
Match-day -2
Match-day -1

Please provide a rationale for your answers: % Required

What is your occupation within the organisation? #* Required

Technical Coach/Head of Youth

Strength & Conditioning Coach/Sport Scientist
Medical Team (i.e., physiotherapist/doctor)
Other



Question asked tphysical practitioner (i.e., strength and conditioning coach/sport scientist) only.
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Which type of field-based training would you generally perform during the week following a game?
Please assume a 7-day turn-around (i.e., match-day on Saturday, next match on the following
Saturday) (please select all that apply). #* Required

Please don't select more than 4 answer(s) per row.

Please select at least 6 answer(s).

On-feet
conditioning

Match-Day +1
Match-Day +2
Match-Day +3
Match-day -3
Match-day -2
Match-day -1

Speed
training

There is
no
S&C/sport  Players
Change of scientist- don't
direction/agility  led field-  usually
training based train on
training this day
on this
day

Please provide a rationale for your answer: * Required
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Question asked to physical practitioner (i.e., strength and conditioning coach/sport scientist) only.

Which type of gym-based training would you generally perform in the week following a game?
Please assume a 7-day turn-around (i.e., match-day on Saturday, next match on the following
Saturday). * Required

Please don't select more than 5 answer(s) per row.

Please select at least 6 answer(s).

Players
don't
usually
participate
in gym-
based
training
on this
day

Lower- Upper- Off-feet

body body Fu!l-body Plyometric = conditioning
. : resistance - ) .
resistance resistance training  (i.e., bike or

training training training rower)

Match-Day +1
Match-Day +2
Match-Day +3
Match-day -3
Match-day -2
Match-day -1

Please provide a rationale for your answers: % Required
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Question asked to physigadactitioner (i.e., strength and conditioning coach/sport scientist) only.

How important are the following factors when prescribing gym-based training? #* Required
Please don't select more than 1 answer(s) per row.

Please select at least 7 answer(s).

Neither
.Not at all .Not very important Important . Very
important important nor important
unimportant

Perceived difficulty of
upcoming match (i.e.,
expected quality of
opposition)

Perceived importance
of upcoming match

Physical cost of
previous match

Anticipated physical
cost of next match

Athletic needs of
individual players

Total weekly micro-
cycle training load
(acute)

Total meso-cycle
training load (chronic)

Other

If you selected Other, please specify:

2~
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Question asked to physical practitioner (i.e., strength and conditioning coach/sport scientist) only.

How long would training in the gym generally last for on the following days? Please assume a 7-day
turn-around (i.e., match-day on the Saturday, next match on the Saturday). #* Required

Please don't select more than 1 answer(s) per row.

Please select at least 6 answer(s).
Players

don't
usually

g g participate
<30 min 30-.45 45 .60 60 ‘75 >75 min in gym-
min min min
based

training
on this
day

Match-Day +1
Match-Day +2
Match-Day +3
Match-day -3
Match-day -2
Match-day -1

Please provide a rationale for your answers: % Required

i~

Question asked to technical practitioner (i.e., technictluthead of youth) only.

Which type of field-based training would you generally perform during the week following a game?
Please assume a 7-day turn-around (i.e., match-day on Saturday, next match on the following
Saturday) (please select all that apply). * Required

Please don't select more than 6 answer(s) per row.

Please select at least 6 answer(s).

Players

Conditioning don't
Geqeral games / Wrestling/combat Captains usyally
skills small-sides run train on
games the field
this day

Defensive Attacking Position-
skills & skills & specific
tactics tactics skills

Match-Day
+1

Match-Day
+2

Match-Day
+3

Match-day -3
Match-day -2
Match-day -1

Please provide a rationale for your answer: * Required
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Question asked to technical practitioner (i.e., technical coach/head of youth) only.

How important are the following factors when prescribing training? #* Required
Please don't select more than 1 answer(s) per row.

Please select at least 8 answer(s).

Neither
Not at all Not very important Very
important impartant nor Important important
unimportant

Perceived difficulty of
upcoming match (i.e.,
expected quality of
opposition)

Perceived importance
of upcoming match

Physical cost of
previous match
Anticipated physical
cost of next match

Areas of improvement
required by the team

Areas of improvement
required by individual
players

Total weekly micro-

cycle training load
(acute)

Total meso-cycle
training load (chronic)

Other

If you selected Other, please specify:
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Question asked to technical practitioner (i.e., technical coach/head of youth) only.



























