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1.1 Background
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t hat Il nkWeygt iag ®taess of youth physical deve
monitoring, fatigue and recovery, and gr ¢

Th i ntermi ttent and stochastic watlwrme o

an -ihmtgédhnsi ty actions, i nvol ving power f ul
t h
Va
75a4@500 m and perform ~300 (Movoagaes edvf ad.
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e t he potenti al t o provi de objectiwv
turbances occurringhowetvesiponismplt®@meiotk

oing monitoring S of ten i mited by

25



associated costs and (P®Ceethhl oakbRezfarl:
technol ogi cal advancementasef hme e a bpoal adbnkigcds
overcoming t he I i mi t ameitoanbso|l ot e t a3 & ie 5is Mk
performed Iin exer diSsedhrmpmynzeirded @aya ol @snORO|
the daalge i dentification, quantification,
bi ol ogical system, being a potential appr
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performance measures such as vertical ju
proxy measures to assess acute (dMaponees
al ., 2015; Spr.i nfiheamewval wad-t. i, m2 0Qdnvdedeusio
pl atforms has been suggested to provide
performance compared( Boshhp ®muta@&lome ME2as3
2015 ven t he compl-exduoced mé& c hfaanti isgnse

approaches and multiple measures are war

physi ol ogical and biomechanilcoaadd.processe:

To restore performance capacity and ens.t
recovery into the t(&enihg pnodc ENdD L ibm,t d
growing competitive {@dAadmapds epf ampderD@d )
competitive microcycle is dedicated to r«
a central component of the pll&yed dd epgeraflc
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magni tude of fatigue and faddeolwarnagt et rtah e
compei{(iCrioes et @lleep 2®&d®)nutrition serve
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i ndi vidual responses and the complex inte
and performance, manipulation of trainin
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raining -matdbudtidf postan advantage compar

ecovery strategies as it would potenti a
actical devel opment, whil e supeospiitne tpl
requent use of recovery modalities in e

rag nlionad strategies on the recowaryamptred

O optimise training programs
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1.2 Aims and Objectives

The overarching aim of this thesis i1is to
pomatch recovery responses in I|Italian Ser
research wil/l expand the knowl pdgd atuhe
to | oad, and recovepl ayf,t epr awiadinn gn ge vainde
i mplications for coaches ah@dvepoadso|l sscen
This wil/ be achieved through the foll owi
1. To quantify external and internal train

groups throughout a competitive season
objective will be achieved through the

2. To quantify reliability and examine se
measures used to assess fa@pttiague nand al ¢ @
youth soccer players. This objective wi
2Chapter 4).

3.To describe the ti mmatcouraadotxamicone et

mani pul at ivimdg wAt8e ah nfi milgl pWagg i matiechal i an |
soccer players. This objective wild/l be
(Chapter 5).

4 . To characterise the acute fatigue resp

metabolic and perceptual measures in |

objective will be achieved through the
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2.1 I ntroducti on

This chapter reviews the scienti ftmact clhi t €
recoveryspaeacisfoicc &, ya d olcaussdaenrgt pl ayer s. T
i nto four main sections. The first sectic
recovery in sports, presenting the theor
i ntegrati ons yosft enmosniitnorsioncgcer. The second
of training |l oad, its methods of measur en
of soccglraynaamrd training. T hmattdh rfdatsieqcu
recovery erxepslpoornisnegs, t he physi ol ogi c a-l me ¢
i nduced fatigue, the type of tools and m
the time course of recovery, and the &ef
empl oyed i nl ysoctcleg . clFa mtadr concludes wit
|l iterature on the topic.
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mposed over time, the resultant chronic
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et al. , B&a9€d@)on its severity, fatigue re
continuum from acute fatigue i néduwcnecd iboyn a:
overreaching occurring following inbensi i

overtraini(MHalsymdracmmmde Jeukendr up( Fi2WwWrde 1M

Level of performance

5
\/ v VA
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FigdrTe aining responses: (A) &eugemart@dp b n
fati guyea) response to multiple intensifie
(e. g., functiyoneal) awerproemaschitnog)mul ti pl e i
with too high an(detgpbuhneceigoral.Bdwmerki ebacxhe

represent the training | oaCuniammans eedt oavler
Hal son and Jeukendrup .(2004) ; Meeusen et
The ffidtniegwse model can be usedoverwndegc
response to single anMdBamuwml tsit @lr.e ebhiwdl smaod
provi des a simplified -apppoash t el atuiaon
training, fitness, fatigue and perfor ma
progr am, the resultant perf or mancctes i(si .a&
positive adaptation response) and the ne
fati gue (rBeasnmarsde)r , 1991;. BBonhsfeéetness a
responses arise from the application of

at di fferent( Baantneissteverett ialme. ,Fald @goue B uy:
di ssi pates at approximately twice the r at
be | arge in magnitude and short in dur
performance in the hou(rNsedeoerl eccayest fadl.Il, o wai(
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contributing to chronic adaptations that
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2018; Jaspers et al .Comr9ddguye Rtilcye, eundadr. st
responses to a given training |l oad is ¢
progr ams.

2. Zohceptual frameworks of the training
Training is defined as the process of S
physical gual i ti espeamidf itco s&kadduisr et os pwlrtti
per for(mainncue and . Rhysical00tOnpaining refers
periodised application of physical actiwv
out comes and S best accomplished by a |
(I mpellizzeri et. aTheréebDdade, Knspehe 2061404
the training stimulus should be applied t
training stress, shoul d be targeted t o
characteristipes ftomantandet ersthionue d be appli
avoid revert in adaptations, should als

33



appropriate and varied magnitude of sti mt
specific charact driimpteilds zaferaneit ndil vi,dRa
Morgans et al ., 2014; Muji ka et al ., 201¢

Physical training can be (désmpeibedzasi pe
Jeffries.Tdhte adlr.a,i n2thy2)process i s the syst

(Viru and, Viwhu | s20@0@)i ning outcomes inc
anat omical and (flunmpetlilorzaleThreraeangead ni n@0AL
been conceptuali sed usi rmg aneotdeentpst eadn dt of rialr
complex relationship between the trainin
resultant (Bempar madcélaff, 2009; Busso, 2
1956)A training framework acts as a refe
aiming to assist in understanding the ph
goal of synthesising the eviden(clempaenld igzuz

and Marcora, 2009;Fdeféxamglaegti gtuhee ,nfoldad e j
by Banister, considered athletic perf or me
two training responses (fitness and fati
(inpCcadvert et al., .1976; Morton et al .,

Over the | ast two decades in the field of
model s and updated framewor ks ofl niphee |tirzazi
et al ., 2005, 20.19T.heletfadaxxanosmyetofalt.he 2t0r2e
described in the context dfl mplkeysiakzegica

200&bnNd was developed to define the measu

and its outcome. | mpel lizzeri and coll ea
consequence of the internal training | oa
(9., geneti c, training experience) and

externNdlmpleddd zzeA if uentd aanhe.n,t @210 On50)t i on of t
when delivered appropriately, and accord
i nduce psychophysiologicalAftespdmnhsegsxalrsa
aut hors extended the theoretical framewc
definition of internal and extnetrengarlatli mad
external anfdoari hemdealsobbdd hgai 1l mpept oee
et al., 2019)

More recentl vy, Jeffries and coll eagues |

physical training illustrating the compl ¢
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fects and sfdretts ripes f &t maaglc.ayi t2n0 2 p | a
ndament al concepts and their relations
erational definitions for training pre

rformance outcomes andalindahdercoinngexfta

aining prescription refers to short (e.
aining plans defining the nature and ¢
ctors causally melegt eedd tios sipnofrituse ngerdf c
rformance model s, influencing factors
e amount of physical training that 1is
n be quantifiedtasnal andicatersabfl oa
fect s, previously referred to as train
used and occurring after a single or s
cur at diafnfderean beveguantified usi ng
ysiological and subjective measures. T
sitive and negative. Finally, sports p
| ance bet weeand hae patsiite vtraining eff
nt extual and individual factors. Me asu
th absolute (e.g., ti me, di stance, | oa
nking, C e hipleetfiftrii vees. ledv rad pr, e s2e0n2t2a)t i on
amewor k iFs$ gdepi Qt.ed i n

il st this conceptual framework offers

e training process, it al so presents

derstanding and i mprove the physédrcnas t
e concept of training effects, whi ch

sponse to training. The current cl assi
mpor al scale (i1 .e., acute and vehraonnd c
gative), i s particularly usef ul when

crease oOfr decrease in pe(akefpoweers. ceut pa
wever, this approach may oversimplify
ysiological responses, which can mani
' 1T ul ar, ti ssugq Bahdgues®s eeéniad .plaerV2edI2sD)) ar
mands of team sports, changes occurri
presentative of the changésSabbsetetvadda
29 herefor e, it appears to be esmmdart ar
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contextualise observed physiological c ha

i ntended adaptive stimul us.

TRAINING PRESCRIPTION ]

EXTERNAL TRAINING LOAD ]

Training exposure

+ Total distance covered

Distance covered at speed thresholds
Accelerations and decelerations

l

INTERNAL TRAINING LOAD ]

Heart rate
Session rating of perceived exertion

|

A b

[ INDIVIDUAL AND CONTEXTUAL FACTORS }— TRAINING EFFECTS ]
« Individual fixed factors (age, maturation) * Performance measures
« Individual modifiable factors (fithess, experience) + Physiological measures
Individual behavioural factors (sleep, nutrition) » Subjective measures
Cognitive measures
Contextual training factors (schedule, period) - ~
Contextual match factors (position, venue)
Contextual environmental factors (weather) G itiv At tiv
Contextual psycho-sociological factors (school, cHlE pesiive CEiNegalve
family)
[ Chronic positive J [ Chronic negative ]
N 7
( ™
> SPORT PERFORMANCE OUTCOMES
L7 >y
[ Decline J[ No change ][ Improvement J
Fi g@reConceptual framework of physical tr
and internal training | oad measures, tr
cont ext ufada pftaecd ofrrsom Jeffries et al. (202

2.37zt hlete monitoring systems

Based on the complexities of training re
sports scientists and coaches i's to bal
appropriate recovery(Hal abhowang¢god.e uWwheeend a 1
t he fundament al component s of t he trai.
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formance capacity is enhanced (i .e. ,
se aspects can result i nTommegahiiewe rtehsq

i ning outcomes, precise measamemgantr ear

mpellizzeri Tetsapporf20a¢88nhti nuous physic

hiegh or mance sports, training monitordi
| ast two decades and are mainly cons
ntify ttahnilmpdandasmass fitness and |
i gue a(h@o utetcsovetr yal . , 20T e Samaer etcC
|l udes methods and measures of traini
reas the | atter can be evaluated usin
t s, physiological @Beesdomeng sTm@iidn igR@
overy monitoring is regarded as an e
owing practitioners to chettearnohi mesapons
training are progressing as intended,
be i mpHemseanhged2014; |l mpellizzeri et

wel hove . €onakmporr&®dnr2y) athl ete monitori
vide information to refine the traini
k of injury and illnes$Shasapplritcati en
i torishbpasysbamsalesctemttiryai ni ngtlooaeadhd
tretled@mnceractitioner d vadsrigkiieregp wihteh uar
i vi dual a n dt hcaotn tianxftduuaelinrcfgea d to@ards pr escr i
hin thiFurpgadpeul ateisoenaar ch i1 s warranted |
ationship between training |l oad and r
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2. Tx¥aining |l oads in soccer
2. 3rhining | oad construct

From a historical per siprevwdd tvieglaytshireg af ti hrdsetm
in soccer was completed in 1976 with the
roles in profedqdfReadndly sanadc eTHomasye e thIt716¢
training | oad was fit&sdi tiinam odfuctelde i Biu r2dj
Sport Science with a study on the trair
(I mpellizzerth 80D8fquent publ(ilamgpteildn s ziel
al ., 2004 ra2m0m)g also addiri ggehiked o metdr uct r ef |
of physical training th(atmptend iatzhelrdA sesta &
mul ti di mensional construct, it can be qu.
| oad, and it encompasses vYempoual measauh
psychological and physiological mmaasuabbce

aspects occurring( Jdeftferrinead eyt oal .e,x t2d2n2a)l |

External |l oad refers to the physical WO |
competition. It represents the input var
responses (I mpellizzeri et al ., e2a0slwr)e oFf
external | oad used in endurance and team
repoirgterdengt h and Bpawaront redil mieg n20 179 ad
psychophysiol ogi cal responses experience
competition. Examples of internal l oad me
(RPE) and heart (MatLtar ¢ HRet mepout @18y, [

-~

epresents the response that provides t
(I mpellizzeri et al .Tl s2e0 1c9¢g ch @vtcmLastcr telsna veet aa |
gol d standard measur ged bbuyt ar amyhreira dnaof bw
d

escribe the external |l oad d¢d mpkbélimntern
2019)
Ext er nal and i nternal | oad measur es sho

comprehensive picture of the training pr
with the tr@Boumdgonpretceabk. ,.FPOl7;nsHahse
uncoupling between internal and external
coping with their training program (e.g.
standardi sed external |l oadil do el atdesd merd
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i ncr gtanseesds ) . By contrast, whencadrartihahtee ren
may beytlnoessisngor suf f(elrmpnegl |firzozneTfh & treig d tmdl e |,
associations between internal and externe
i mportant i n understanding theydrianmeé mmga
measmMedaren et Falnal 13018&8)he type of tr e
physiol ogical and muscul oskel et al syste

bi omechamidaplt ato@acd pat hways with dedicat

| oad medsnmnresterghem et al ., 2017)

2. Me2 hods for monitoring external and in
2.3M2atures of external | oad

External |l oad can be measured in multipl
mode of the sport 4gmBdutridenawvdi mdbl e 20d8ig
external | oad <can be quantified wusing t

(Brownl ee, O6Boywlki, | tt rad si, st2a0rndBe tr ai ni
mul tiplying the number of sets, (rMcpBr iaded
et al. ,l R0t0®gm sports, external |l oad i s ¢
such as gl obal navigation satellite sys
positioning systems and (@6eabhgakt mahsur
Ronda et al ., 202 2T;h eWeel dsryosnt eerts aglu.a,nt 20 Y

=]

cluding total-badedt atnlcregshwvéebdocditsyt ance
ecelerations. External | oad measures ca
I mil arities: 1) todsalcodverteachcand ovecs endr,
| oci ty HZAS®RWESP BR(ies.tp.n,ce) ; 2) measures rel
ch as 8§ c cdeel ceeslaet d aotestocEm gdei r ect i on exXpr es s

ent s, di stance c)ovmeasduroas tdemei veme nftr;

0O < < o

celedemeved | oad, i mpacts, (cBUudhlsaiotnsse
mpson, ZRbInd;a Teotr raels. , 2022)

n @ o nu < 0 o

I n soccer, expegaahyi foiaedd i ssi ng GNSS <colL
accelerometer, gyroscope and magnhet omet e
( TofRroemda et .Tdles,e 202Z)ki ng systems have |

and reliable estimates of di stance and v
(Beato et al ., 2018 nTaadrdmd vweo nalt stch lelye e 2 C
provide valid and reliable estimates of i
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l inear and multidCoetctt s oaad Dofveimehds 20

The validity and reliability of t hese s\
i ncluding technology brand and model , sar
Vs sprinting), and type of movemeerttpen]j

(Crang et hBbostiape8®ddmsh a higher s-ampHEzhg
has demonstrated higher accus#adensntyguan
and peak speed compared to | esé6Spowter éul

2016)Theunint ecrel i ability of commonly wused
i ntraclass corredatriacmrgi ange ff frioan eOn. t9s0 (tloC
HSR accelerations, decelerations, peak s
runni ng( Becatioviety al ., 2023)

Tot al HiSHt neBPddel ,s tsana@ecel erations and dece
monitored in elite socicrec|l ABdglogsh ERM ®@piean
Spanish La Liga, Il t al i(aAk enehreiaed Ae ta nadl .Fr e:
Si mpson, et al ., 2021lGaGuadte®oahblet da®@l &)

one of the most commonly reported measur

the formoof rebsadliwtee data (e. d.Mar@ad?rst 2aan ceet

al ., 2018; N.cHVSaRkn SPtR | aslt .a,nt clidsr2 Haf)reeq eaedrnotplt ye d
i n soccer, refl eetliaryg itnh e nisn drye a e&dIr hdatdc
et al ., 2024;  BaAlnhndough ahere20%84no con:

absolute and r éelhatsievaeanetabmexzbelwd 60 a thtei & n i
et al foupd23hat the entry velocities for
between 14. 4! andd2betl wkmht19r.e8s paencdt i 3vOe | kym
HSR distance is mostly reporteld ahibstdi S
di stance is a dil$thadeesamoeé¢ 25. 2 .ROGMHuG; I
to the intermittent anmncd |setroacth aosntsi ca nnda tduerce
considered importantwinhhkdi aagoeatef EBxeéeeqgu
above 9. mndl svienrtye nhsiighy (e?g.decedevet3.oms
to acce(larapearonest Salmi,l a2aldckco9e)tit emBEBRp her at i

thresholds vary between E8uldvasei nalogcceal
2.3.2.2 Measures of internal | oad

I nternal |l oad is quantified to capture pl
through objective(Buodl syb¢e¢ecalive MmM@28Bopdbkr

HRsensousdarenoni tor exetrei gqeaictirfadyn iviag c a
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responses during (bal hahgetandl comp@h2i ubBE
of HR monitoring in soccer is based on 1t
oxXxygen CcoOnNsS2hgrp tdiue m AsftVa@ tee asduyb ma x i ma | runn
treadmithtien and Jeukendrup, .2 H®3wve vhest, r arhd
relationship does not necessar-i hyeappty
i ntermi t{tARknubatateatr eal ., 20212 ;Adldmpea lolniad 4 eyr

di viduals and contextual factors (e.g.,

n affect individual HR (éeambesés edbmin

o @ S

ccer, HR monitors are often (Utmpleilded zie

© 0O O

, HRb&a9d internal | oad can be express:¢
| ati ve adbaetthae o(@ .0ef. ;t HE .mawWhiemunme xpr essed

-

ta can be reported whadolr talse tahwe rtd gnee peer
art rate threshol ds, with specific re
mpetitplv@eManlaacedr et al ., 2015%5n Wdidglh ¢ v n:

- O O 9 O

HR measurements in soccer is alHRo inc
rived training impulse (TRI MP), which ¢
uchheit, 2014;. McLaren et al ., 2018)

-~ O O O T Qo

o O

>
S

ot her method frequently adopted for qu.

—
0

e magnitude of effort perceived during
and numeric values rangi @Borg,0 mRPEN)C@AMM
guantified using the session rating of pe
perceived throughout a( Fosatai ngt s§€les,e 0210 @
scales have been employed to quantify ti
Bor gb@8 $cal e, Borgds Category Rati(dBdo(r@R)
and Bor g, 200 2; Bor g, 1982; .Bhoea gc aeltc uallat,
SRPE multiplied by the volume of exer ci ¢
measure of internal {toad na(mdRAIEK) Bdess eri kd
2001; MclLarenThat &L£R. 1028t&) e is consider.
providing RPE du€Rstcoalainndg poogpelr¢évels obf
been reported-theatimderg tllbeads RIME HR measur
responses i n Adexdeoru m@mlnay eCrosutt s, 2B BEH; I r
represents a valiidnt esrinmglaelttboaadd v ¢ ,a cetmad an
essentiwal itdatuesde dsuccpdtaeg emasmndon t he correc

coll ecting RPE dat a
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2. Ma3 ch demands in soccer

The physical and physiopbgychbhveemardsi of
al most five decades to ensure that train
pl ayers to peBdmgsshbhoptlimad4d;] yBangsbo et al
Ol i-Lvbaz ano et al ., 2020; Reilly. eThal act 2
profile of pl ayeplsaydecawveldefusemd maschla r
pl ayersodéd training ss$patiefiesdrihk$éudndgp
prog &dAche et al-Ron2@2®;t.NMatr.a,le sphx)i cal de

traditionally been measured over the whc
provide basic information (8Bbauwtl etyhetowdr
Salvo et al ., 200.9;H®vmawearn, ntihiesx adpr, o 20N
true matcbomeimhedisng the i ntermittent n e
(Mernagh et al ., 2021,0v@&chitrhpclamshett avala Id

of soccelraynahash evolved by evaluating pe:
face the highest running demands through
been adopted to describe peak devwamrdset ial
2003 )maxi mal I ftMé i) tmy epgerailods 2023 ; mdsavi
demandi ng p a(sCaasgteesl loafnamidatywak et sgBBAGAKk 06t
al . ,. 2Md@rlg¢ recently, contextualised appro
demands integrated with key tactical act
context for better wunderstanding match d
striad€Bgadl ey and Ade, 2018; Jerome et al

The intermittent and s tpdcahya srteigcuimaetsu  rpel ao
higlol ume -andehsghy actions, involving po
movement (Bahgeboset Tal mpel00BEse demands

through the hydrolysis of adenosine tript

Ssubs-teacel phosphoryl ati on (i .e., anaer
phosphorylation (i.e.ayGhlhargbeavenet abdl iSg
Throughout the match, players ncemsii 4tye rmatcl

and | onger -ipretra mdist(ydbes A eormpi sserd Bangsbo,

2024; St Bl emhetefadr e, 210&)aer obi c energy

provides ~90% of the playerdéds energy soul

intensity activiti®$ qpe 31 enmnmed HERI T, & gD @OE

dur i ngplmayw e(HRHR VA npe a k HRRYE5 % and HW8x% of
4 2



-~

espectively) correspond-7thc ard a\vhermdpg eayce
Bangsbo etcahfjrmbDOAg)the prominent rol e

"

occer-plnmaayt.c hAl t hough aerobic met abol i sn
throughout -al aggdmnHregdmattogh acti ons depend
s{te8mBl en etAmdl ysi290&fH) muscl e angl bBlyood
i ndicated that playersdé bl oold2 | md'daamtde c
eatine phosphate concentration decline:
intense Kpeisitodp ,eti nadi.c,cat2m@6)a signi fic
anaerobic energy system.

The analysis of match demands has shown
from 9 to 1l@S&kmmertromatMche. re2@hd)finding
performance of the UEFA Champions League
an average total digniamnde off fQR&u@adét Mmal kjm

Modric et Bl ffe2b6BA8%s in total di stance
and playing formation, with central mi df i
and the | owest tot(&8BIradi ®tyarede ,alr es p2edclt3i;v
These differences seem to be associated
position (e.g., mi df i el ders are often in
The evol uti onploady sdecncaenrdsmartecchui res cont er
mor e -imitgelnsi ty actions to ful fil tactical

possesspoosns, esnsoinon anidnbludi hgaHSR t(aAodl s€rP R

et al ., 2024; . Theaer tap adti | alt-iyn tt O ikdryf oe fnf ohr
physical prerequisite for successful par
| ownd mediteemsity running 1s primarily s

whil s4 nthemgnitiygcluudi ng HSR amndl iSePsR hld asu i:
anaerobic sysitretmsns iTthye seef fhargths t hat HSR |
i nvalreeconsi dered paramount-speci phgspenf
and injuryBeatwuertTiheeh .a,s sk la)t eidn ctlruad en i ma
met ab(od .ig. , i mproved aer obi c anadn d meacnhaaenric
adaptatiiomecr aesegd ,force)Badegowrrt peoduct
the definitions of the threshwiltds md &SIP
conseRswustthley,adopti on of FIFA'"s preferre
KmLh HSK odri (sfteamalee and male entry velocit
and 25 kSHRh di, sftwaarsc eé(u@ugaelsttieer . Dueg naf f | c i2 &

4 3



mat cH®8R and SPR distancesnamd gferdom rmigdn3 6tlc
respectively, in mal(eGuparlotfieesrsii oafitalle | sno, d ¢240r
have shown consistently greater HSR di st a
wi de defenders and wide midfi glBderdd erye cea
2009; Di Sallvnop certithaan tulsye 20609 ar bi t(reaxgy2,& p e «
kmLhaly) | ead to mHSRnaedp®®&Ratsi, omsofit ass

physi ol ogical responses antoanpga bp |l & ¢ & vessr w e
i ndividualised or relative speed threshdc
maxi mal Ssprint80% ocfpemdxi(malg. sprinting Vv

testing oralnatw hf oprl aay )mor ¢ Bae@d wr attEhdds. s, e ¢
appr caoawlkdhanhbe precision of Isagp pmoagriuea n t i
i ndi vi dualpirseesdc rtirgdtoiwennsgr , current eviden
regarding the superiority of absolute or

i nvestigation.

I n addi t-i mnhenoi thy ghunning demands, t he i
frequent and sudden oMharmncde sneierd tthoe brea tceor
l'i ght, guantifying aceol easenitmmer taanmdt des
rofiling-pdaogceremaantdecsh as pl ayers frequen

Y

spe(elli | va et SdcceeX@2latge eaat er frequency
higmtensity decel erations copripéaiferdp egro etc
2019)These intense events of <chamlgaey iand
i mpose distinctive physiological and me
met abol i c demands when( Haedefror mmt ,n gaw haiclc =2l
decel erations have(Baheghet akchadoOtéa) |

2. 3PBy&i cal andapktypwsmaadegi acafouth soccer

Yout h soedery mast cahn essenti al component
across all iMc@Baigs nofe @t Addhes c2eOn2tl )pl ayer
competitive mat ches o f varying durati on
adol escence. Match durations in youth so
competitions, typicalle.gangi2ng £25¢oem25a
mi nutRal)ucci VieirAadet ialhal |l 2018ame f or m
di ffer from the adult game, with youth p
reduced number of players ;asaed@msc adilde)dur

(Palucci Vi ei rtho weetv eal,. ,f rd0nl 99)r ound 16 vye
4 4



competiti veplsaoyc caelri gmast cwhi t h tsh e gaed wlotu t fho It
participa&wsingei mafaohéslllasting 90 minutes
and format of official el i t e ynodudtizh VEoorcl cde
Cup and the UEFA Youth Lea(QWEFAn:. r2MAlr3gtclem

study has investigated the differences i
of the FIFA Worldd Wourpl d( iCue 02 Oln3d,lead U rCdigor 2 C
Menbés World Cup 2022), obser vi ndgi shtiagnhceers
di fferent speed zones in the you(hberetageal

2025)Given the distinct characteristics o
their adult counterparts, it is importan
of youth pdager Tmasclhusettwst mamhadi mgt i &i ni n
and ensure adol escent pl ayers are adequa

physiological demands of competitions.

Over the | ast t wo decades, numer ous stud

and physiological -pdgr d mnt egroiustthi csso cacfe rma td

peak demands. Mul tiple individual factor
(e. g., pl ayer position, esu rdeet, i otny,p epiotfc hc
country, techroldegna)ndisnfolfugmwue ht soccer c
of match demands in youth soccevikRasrlepoenm

the demands of 2 6(1Pa laudcoclie s\tieenitr Mp veatyneanls. |«

physical demapndy dfavenatbekn assessed us
mi cr ot @ dsrn od aorger a syst ems, including tot e
speed thAeasahoédsal ., 2016; Barreira et al
and Me/mdéanueva, 2014; de Hoyo et al ., 2«
Harl ey et al ., 2010; Kim etvViadal anuza3detlLc
Parr et al ., 2022; Reynolds eaetaxalméaAl 2Qp2:
Haddad et al ., 2015; Atan et al ., 2016, I
et al, ,ard222he frequency of acceleration:
(Barreira et al., 2023; Kim et al., 2023;
et al ., PAg884d4bdl ogi cal match demands have
measures, avwpckRBkddnghel Rt i me spen(tAsatanhiegh
2012; Atan et al ., 2016; Capranica et al
Francini et al ., 20 2\Wi;l Kinnu eevta elt. ,al2(Q 2 32;
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2004, Wrigleyandd oadl. | acadR¢ A<loamcernt r atli.
Capranica.et al., 2001)

The average tot al di stance coveredi g vy

mat-glhay ranges from approximately 4500 ta

mi nutAetsan et al ., 2016; Buchheit et al .,
Harl ey et whil e 20tL0ODanges from apmirmxti enat
andmbPbaAGute matCcAt amnratt i @ahs, 2016; Barreir
2010; de Hoyo et al ., 2016; Goto et al
Romagnol i et al ., 2016, Springham et al .

Di stances covered at di fferent speed th
arbitrary fixed thrgshol #1971 8 ek g:51) 2>0knd t
i ndividualised thresholds derived from f
sprint speed, | actate coneakPtad atciconsvi et r
2019)For Buoshhece, gqguaalk i f(2dl1@psol ute HSI
soccer players usinly aepbreéeshgl aveldhge. d
m i Mmimhut e madidhemsmi BBM@ mat ches amidn wtpe t |
matches. P8 mi earelxyami 202 HSR?Y)( >anid9 .S& Rk njl>t

kmBh running demands in an English Premi
covering of4dv er @Aghed MPDT e s p and thiut el ynatismh e&
|l ack of standardisation in speed thresho
compare results, making it difficult to ¢
To dat e, there is no consensus regarding

i n youth socceldsAbdsaclidtida atler domgi tudi n;
pl ayer c¢mpatlstamsnien anal yses, compadmitsdrm
to account for d i fbfiel rigetmidceesma ti unr apt hi yosni csatl a t
rel athireeshol ds provide a mor e H&E®Rc uarnadt eS PF

demandyset they may-ptamper omiosng awi sloins ove

sprinting speed naturally increases with
The mechanical de mandpsl ayyf ayceu tde scaad derd
accelerations, decel erations and change

characteristicsplo@dpatdhl sosoececompethti or
to sustain a gr datternsfirtequemncceyl eafathioqls c
(Barreira et al ., 2024, Parr Thke al assi2f0i

pl ayer acceleration and decel eration dat
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absolute and relative threshol ds, with a
studies and relative thresholds account
(Kovacevic. eThrad u-gih ckuwt2ze29Wo ut {pl agccarc cma e
>3 mMwere 64 N 13 in English Premier Leagu
pl ayers, whi>33ml%ndercee| %2 aNl i bhhsand( B&r Neil &¢
et al ., 2024; Sp.riwgtmeimae e mht ¢ he2s0,249) h
accelerations sustained by English Premi:
to 57 >8mE’tParr et ®&Rlepeal@22high accel er
recovery, defined as a minimum of 3 acce

i n youth soccer, with elite youth player

nNtensity accel ereamhd anse ladbroavtei o/n0 %o botfa itn e c

(Serpiella dtn aldd,i t2®@h8)t o these movemen:
change wvelocity -prlaapyi-sdtlbyg edeuyroiuntgh nsaotcccher p |
average 305 N 50s(cCh@ gpeesr orfiatdihr,e cwiitom a
seconds of recovery between events and t
than 90 AMo(rig7a%) e.t Hwdwe v e2eB2 @diut reikmmagn d5t @ 5 per |
the average CODs performé&dsamamany aindt 2
reporting physical demphady, of noglowdihn gs oa
decel erations and cthadgies Ddblde rkcti on, |
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Tabl e Synthesis of t hasiphe sy cwtl h-pdeeayamealrs mdt clh
Study Pl ayers Matohay characteris Tot al di s Di stance Maximal s Accelerat
characterisizes) covered (at kmwipered (kmidh decel erat
(n, country threshol d changes o
age groups direction
Al Hadin= 180 8®0 min (2 x 35, 2 - - Uula3: 23. 4 -
al (21'Qat ar ul4: 25.1
Tier 3 Uls: 25. 6
Ul&=(35) Uie: 26. 2
Ulh=(44) Uui7z: 26.8
UlS=(40)
Ult=(37)
Ulh=(24)
Asl an n= 47 90 min (2 x 45), 10 9900 SPR > 24 - -
(2012) Turkey 325
Tier 3
Uuls§
At an ein= 85 Uula3: 60 min (2 x 30 U13: 4516 - Uula3: 23.5 -
(2016) New ZealanU1l4: 70 min (2 x 35 U1l4: 5385 Uuid: 25.4
Tier 2 Uuls: 80 min (2 x 40 Ul5: 6600 Uls: 26.5

Ul%=(28)
Ulh=(27)
Ulm=(30)
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Study Pl ayers Mat@ohay characteris Total dis Distance Maxi mal s Accelerat
characterisizes) covered (at kipgered (kmidh decel erat
(n, country threshol d changes o
age groups direction
Barreiin= 21 90 min (2 x 45), re 10777 N 9 HSR > 1%. - ACC > 23 n
(2016) Portugal 773 N 276 53 N 13
Tier 3 SPR > 2%, DEC -3> mAs
uiog 202 N 150 66 N 14
Buchhein= 77 uls, ul4: 70 min (2 U1l3: 6549 HSR 19. Ul3: 22. 3 -
al (21 Qat ar uis, Ule6, ui7: 80 mUl1l4: 7383U13: 186 Ul4: 24. 4
Tier 3 Uls: 8129 U14: 318 U1l5: 26.0
Uuila=(7) Ul6: 8312U15: 410 U1l6: 26.3
Ulh=(17) ul7: 8707 U16: 384 ul7: 26. 6
Ulsm=(10) Uulsg: 8867 U1l7: 449 U18: 28. 3
Ulé=(12) Uuig8: 666
Ulh=(17)
Ulé=(14)
Castagin= 81 60 min (2 x 30); re 6204 N 73 HSR > 18 - -
al (21'San Marino 234 N 137
Tier 2
uls
De Hoyi/n= 15 90 min (2 x 45), re 9165 N 11 HSR > 21k - -
al (21Spain 152 N 128
Tier 3
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Study Pl ayers

Matohay characteris Tot al

di s Di stance Ma xi mal s Accel er at

characterisizes) covered (at kipgered (kmidh decel erat
(n, country threshol d changes o
age groups direction
ulo9
Goto ein= 81 uilzl, uiz2: 75 min (3 Ull: 5889 HSR > 2%. - -
(2015) Engl and Uula3: 75 min (3 x 25 U12: 6068 Ul1l: 29
Tier 3 ul4, uls, Ulo: 80 m U1l3: 6242 U12: 52
Ulh=(18) ul4g: 6378 U13: 72
Ulah=(12) Ul5: 6598U14: 118
Uldh=(12) Ul6: 6587 U15: 148
Ulh=(10) Ulié: 64
UlHm=(13)
Ult=(16)
Harl ey n= 112 uiz2, U13: 75 min (3 U12: 5967 - - -
(2010) Engl and Ul4, U15: 75 min (3 U13: 5813
Tier 3 Ulo: 80 min (2 x 40 U14: 5715
Ulh=(22) Ulis5: 6016
Ulah=(20) uie: 7672
Ulh=(25)
UlHm=(21)
Ulé=(24)
Morgan n= 24 90 min (2 x 45), re - - - CODs
(2022) Engl and 305 N 50
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Study Pl ayers Mat@ohay characteris Total dis Distance Maxi mal s Accelerat

characterisizes) covered (at kipgered (kmidh decel erat
(n, country threshol d changes o
age groups direction
Tier 4
u2o0
Parr ein= 37 ul4: 80 min (2 x 40 Ul1l4: 8521 HSR > 1%9. Ul4: 27. 9 ACC > 23
(2022) Engl and Ulo6: 80 min (2 x 40 U16: 9005U14: 355 U1l6: 29.8U14: 43 N
Tier 3 Ulo: 540 Ulo: 57 N
Ulh=(21) SPR > 2%,
Ult=(16) Ui4: 45 N
Ulo6: 94 KN
Reynol in= 19 90 min (2 x 45), re 10259 N 8 HSR > 1%. - -
al. (2'Engl and 626 N 228
Tier 3 SPR > 2%,
uis 110 N 82
Romagnin= 18 90 min (2 x 45), re 11734 N 1HSR > 20 - -
al . (21ltaly 905 N 361
Tier 3
uz2o0
Springln= 18 90 min (2 x 45), re 10229 N 9 - - ACC > 23 nr
al. (2'Engl and 64 N 13
Tier 4 DEC -3> miAs
uUuls§ 72 N 16
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Abbrevi ati einmdianat eaoteéasta not available in the original researi gthp e A€ Cn:u amwmkyesrr a

of players (sample size); min: mirDattea, am:e meteere;ntLRRI:a@ss gmreiant liange nrewdnm ikhes$ D e d uana
oMcKay et :allTie¢2022)Sedentary; Tier 1: Recreationally Active;r Ti:erEIl2:t eTrlanitneerdn/alx
Tier 5: World Cl ass.
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The physiol ogical demphdygy afeyobahacberi
i nvol vement of the aerobic energy system
mat-glha&yt.r Byer edenmdnst(r2a0tOed4d) t hat elite yo
similar oxygen uptplkeyp vaad au esb sdaurrv epdgi ina t ac
an average oxygen uBto&k ednz VrOrne stphoen ds anrge t
authors observed that elite youth player:
compareegliodoencowmunt erparts of the same ag
their playing time at hiigyd MHKRt cmeenicetg.e,
> 180 bL®ilaw BHR8mak% MWRth the amount of
time decreasing from(BAbBéahiest ato, tBRO12BE
2001; Coel ho et al ., 20Mill;l &mrwerxcd naet edal .a,l
et al ., TR&AJBRxpressed asma@ pangedt 6gemo8B
whi |l st Obesdenmtverds IHR es att amaf Al am td BOO
Castagna et al ., 20009; Coel ho et al Fpr2o0
examplpeakedBrded in Brazilian N a:trhiamsdocc e
190 FLmim ulndeand2Ounpdlearyer s(Caoelstpeceti Val y,
another iAvasteéetghnalenn(id@eé)y efKponN b7h ni no 2
in ulndepl ayembd mim0 uinkl efrP a PORBshRand under
15 pllaryeaddi t i okni,m aets taald.y r b(g2tOe2r3)k Basi tthh e
intensities rangi @92 r ommmdB % oHWBi tnh @D 1P, |- nai 1
from 171 t'¢ 8584 omddi%bnoH it he ML B, hi gkl i ght
maxi mal HR intensities throughout -LBe mo
youth soccer players. Bl ood | actatlé¢ nconc
undlex youth socchlsl apn agytorned er (@l 1s2)decr e a s
3.4 mhforladm t he first to the second half,
values up Yo uh&memot kish soccer players.
concentrations recorded with youth playe
el ite aduwlath gplbaoy, erl994; Bangsbo.Atsyanlt.he s2
of the studies reporting phyoilalyogiscalepad:
Tabl e 2.
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Tabd e Synt hesi s of the -phiydde oy omgti gl a wleemra ndat ol 11

Study Pl ayers charactMatphay characterisHeart rate measuresBlood | act
(n, country, |l evpitch sizes) (mmohLL
Asl an n= 47 90 min (2 x 45), 10 HRygbAMi n First half
(2012) Turkey First half: 167 N 9Second hal
Tier 3 Second half: 162 N 1.2
uis HRvG %)

First hal f: 87
Second hal f: 8 4

At an e n= 85 Ul13: 60 min (2 x 30 HRedkb AMni n -
(2016) New Zeal and Ui4: 70 min (2 x 35U13: 202 N 7
Tier 2 Uuils: 80 min (2 x 40U14: 200 N 12
Ula=(28) Uuis: 208 N 12
Ulh=(27)
UlS:=(30)
Capran n= 6 100 x 65 m, regular - From 3.1 t
al . (2 1taly
Tier 2
uil?z2
Castag n= 81 60 min (2 x 30); re HRvg®) -
al. (2 San Marino First half: 86.0 KN
Tier 2 Second half: 85 N 6
Uls HRedc%)
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Study Pl ayers charactMatphay characterisHeart rate measuresBlood | act
(n, country, levpitch sizes) (mmohbhLL
First half: 100 K
Second half: 99 K
Coel ho n= 44 90 min (2 x 45), re HRedkbAMni n -
(2011) Brazil uiz: 201 K
Tier 3 u2o0: 199 N
Ulh=(26) HRvg %)
Uu2m=(18) uir7z: 84 N 5
u20: 84 N 4
Ti me spenhafMN)90% HR
Uui-w20 First half: 3
Ul-W020 Second half:
Franci n= 68 uliy1is5: 70 min (2 x HRvG %) -
al (2 1taly uie17: 80 min (2 x ul4g: 83.8 N 4.4
Tier 3 uis: 81.6 N 6.5
Ulh=(17) uie: 85.1 N 3.7
UlS=(17) uiz: 85.5 N 4.2
Ul@t=(16) Ti me spenkhafmi 15 % YR
Ulé=(18) Uui4: 32 N 14; 46 N
uis: 29 N 16; 41 K
Ulo6: 43 N 16; 54 K
ulz7: 41 N 19; 51 K
Ti me spengagmi 0 % 9HR
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Study Pl ayers charactMatphay characterisHeart rate measuresBlood | act
(n, country, levpitch sizes) (mmohbhLL
ui4: 21 N 14; 30 N
Uuls: 16 N 13; 22 KN
uie: 23 N 14; 29 KN
uirz: 23 N 16; 29 N
Mendez n= 87 Ui4: 70 min (2 x 35Time spenhaft%H)91% HR -
Vill an Qatar uls, ule, ul7: 80 muUl4 First half: 35
al (2 Tier 3 uig8: 90 min (2 x 45U14 Second half: 32
Ulha=(20) Uuis5 First half: 45
Ulm=(17) Ul5 Second half: 26
Ulet=(18) Uuieé First half: 36
Ulh=(15) Ul6é Second half: 35
Ult=(17) Ul7 First half: 36
Ul7 Second hal f: 19
Uui8 First half: 36
Uui8 Second half: 23
Romagn n= 18 90 min (2 x 45), re HRygbAMmi M) -
al (2 Italy First half: 176 N 9
Tier 3 Second half: 164 N
uz2o0 HRedkb A'mi #0)

First h
Second
Ti me sp

alf: 192 N 7
hal f: 189 N
entaf{Mi:N)% HR
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Study Pl ayers charactMatphay characterisHeart rate measuresBlood | act

(n, country, levpitch sizes) (mmohbhLL
First half: 18.8 N
Second half: 6.3 K
StrBye n= 16 Ul13: 60 min (2 x 30 HRygbAMi n -
(2004) Denmar k Uuls: 70 min (2 x 35U13 First half: 177
Tier 3 Ul3 Second half: 17
Ulh=(9) Ul5 First half: 176
Ulm=(7) Ul5 Second hal f: 17
Wrigle n= 24 Ul4, U16: 80 min (2 HRygbAMi n -
(2012) Engl and Uuisg: 90 min (2 x 45U14: 174 N
Tier 3 uie: 176 N
Ulha=( 8) uig: 177 N
Ulet=( 8)
Ulag=( 8)
Abbreviationsdandtestdata not avaiaabaveeriang et hhee aonraix grirmddel ; hdkRspdecaarkalthe;dr® Rbreart egf p |
(sample size); mi n;: mi nut e; uU: under . Pl Mcykearys 6etl exldli ef 20d2)Sededt acgpr dieg to
Trained/ Devel opmental; Tier 3: Hi ghly Trained/ Nati onal Level; Tier 4: Elite/lnt
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Mat ch demands in youth soccer vary acr o0ss
hi gher match demands compar ed t el 6y opul nagyeerr

consistently di spl ayed greater phy4i cal

countespdumiinnugt e Omat ches i n an En(@Parsrh &Ptr
al .,. 2022g¢sented higher total distance (+
distance (+ 49 m) kmhhaxamal nsmeed ¢ dc Q¢
event s) c o mpladr epdl (aB/eerrnsn d €.r aln. , g e2nOe2r2a)l , ak
di stance, di st ancsep eceodv etr herde sahto | fdisx eadn dh ingah
with age insenutlitompdkl sHodssad et al ., 201

Buchheit et al ., 2010; Got coet Halsl ap2zetls
(20dé&monstrat-ed8 phayeusdéeérsplayed hi-gher
intensity distance and SPR distanc-&2comp
and drmBgder whBeurcehahse i t oebts ealv.e,d -123hlgftl)caayveat rese d

significantly |l ess total d-1l6tatd@ddandmpad:é
18 pl ayer sl)8 panady eursdecrovered signifircantl
intensikmph(compared to youmgar tdage,gmaxp
speed increased as a function of agle3 i n (
(23.4 NY1. sdrddrelth5 . 1 YN  2ulmBd ekrtnE h 6 YN 2u1ndd ekrml
(26.2 NH2 . amddaminig26. 8 YR AL . Hakimlald. eowmd ver
when adjusted for playing time or when us
i n match running demands were | essHS&RviI de
(Atan et al ., 2016; BuchheiThese dili ffe2@h
demands may stem from a combination of i
(e. g., match durati on, pitch di mensi on)

physical attributes ang¢g ohesatrerdmatnuroiltdy

pl ayers.

Apart from the chronol ogical age differ.
I mpact physical match demands i n adol esc
have reported significantly higher match

earelr maturing players of the sladmea ncéh ruonndoe

15 age(Buohpsit et al ., 20 1d;anBilecvhah e 12t0 1
et al ., 2019 Farr Gautmimfpleet A/0Z2)Mendega
demonstrated the i mgdctsoafcematpdragteiresn fiom

higmhtensity runfni nehagl»ste6 okbimslehr ¢ 2 @ 2124h a t
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def e

ers more advanced in maturity typice
i ned higher maxi mal sprinting speed
mature counterpart. However, the im
red | ess evident wla)h ofl dteme psamer En
ue socdelraracedem8mal | 20a&2s2s)oci ati ons
ration and) HSRD (SPR 8d eknmY-rhdve r > a2 3 ok rol
t alpirardf esembnal ydlktrmanesbotC e retl mladcyoenrt sP
[ ebbaéerveéeadaodBat -15tAuanartalriianrg ruantdiea
ers covered substantially hi gher I n
terparts. These contrasting results 1

s tculdui deisn,g iinndi cators of biological m &

percentage of predicted adul't hei ght)

duling, environmental conditions). |1
performed more tackles, dHlimeksnadod.i
Sasvard et Taler,ef2ox29) players with adyv

advantage in anthropometric and physi

mat ¢ Mal phayetsal ., 2004 ; Mur t ddglkeety
lting in greater physplcay. output dur |

physical demandpl ay soetdebponpest mai
ntuated differences observed between
position with the | owest demandR for
hheit et -®illarwdwa. ¢mdthze QO0ABHary
cally displayed the highest total di
ngplmaBechhheit et al ., 2010; Ki Wi de
nders, wide midfielders and attacker
tance and peak speed) (Abmpladedddt et o8B
heit et al ., .20I10; arPatrDe tehtir easle.&,r k(.2
nstrated tslhdt yodwt ihn g,0thiee pMiakt ¢ ueesii ng
er between moditebdalsrahdswi det def e
nsities compared to centKrian edefaelnder
tified the central defenders and cen
hi ghest exter nthBH MI(Fsspree slp e atnidv eilnyt. e rinre
nders emerged &s ghHBsRt plpayearts ngi tamdt
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i ntensi tMled3 @wer algl , these results -highl
specific nature of match demands across |

2.3.4 Training demands in soccer
The overall aim of the training process i
vol ume, i ntensity and mode of training t

achieves adaptations and c(oAkseenghueeandt | ayn di n
201dhe complexity-plody soeqgeirr ensattcihe- comp
di mensi onal training program with the I
devel opment of enepgwesygqtuaeimbstapd s0Drenght
physi chaysiamldo gpi c al denmalnadys pBa smetic@ r e tma a Ic

Morgans et al ., 2014;.SWalckén cahtdy Hapwhy 8k
soccer should incorporate methods and me
prol onged exercise, piemrtfeorran try pexadreai e,ut

and develop a hi gaerl eowetlp ua f-pdfucBicomay sabmadt oito
2006)

To effectively prepare players for opti m:

used as a tool to organise the training
periodi sati on (hAafvoen sboe eent parlo.p,0s2e0d2 0; | ssur
20L1)howruvjerk,a etsuaglgest2@18&8)hat periodisati
systematic attempt to gain control of the

by combining different training methods
through t hefexaclsusigie ukddloydc(rdhli &adi yi e
the theory of training periodisation by
hypot heti cadr iamedn tasasdu mp toino A se dr actomesrt rtuhcat r
context, coaches and at hldettersaisrhionud ds tsrhu cf
a philosophy characterised by an adaptiyv
(Kiely, WM@h8)n periodised training plans,

using macrocycles, meMwjiciylkd est, alnd, m2CI &}

The periodisation of mesocycles and micr

over the,wiasht rdeesceaadcec h quanti fying t-he tr

seasonsaasonnperiods in adul't professior
| eadqWAkenhead et al ., 2016; Anderson et a
al ., 2020; Kelly et al -Gar2c022a0 ;e.tMéaaln o.p, a r2¢0i 1c
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the distribution of training | oad across

aspect in the managemgaitt hoft hter agiunainntg fli ocae
|l oad with respect to thHB8udheeanhcetf abm, mé
2023)For &adople etexad mi nfelalygo)res aasion ntr ai
|l oads i n English Pewvendaleirnd emguci fpflaryemce s

i stance, HSR distance, a Vv entxa gReP Es)p edeudr)i na
ason weekI|ly micrKoeclylcyl eestr ead@ rr ¢( e2d0e2¢0e) mt It v

n o

training |l oad during competitive meso

e
n

| oad within the weekly microcwctbhbsthe En
ays of the microcycle characterised by t
eriodisation was evident in Spanish La
f daily | oad based on itrhedtasaimomme tdiatyi
nd player positidognmdfel HSRaakd FERf dnm
osi t(iMarr&3g?rc2 a et Despive€18) fferent trai
eriodisation strategies adopted across |
reported a substanti al -1r edunptairerd itro ttrhai

the weekly mi crnM®y cl e ( MD

2.3Tdallniggn lywmaad h soccer players

The 1 mportance of the training process
academies, where developmental and train
chance offMcsBwcrcneises et al ., . 20BLipuBhanot et d:e
youth soccer pl ayers face uniqgue <chall el
demaphdannon, Col emand, téate alncon3023tkency i
of their physica(Jaoghmswirh eatnTdh émaetfu@mea ) a
approach to training | oad monitoring anc

sports to support the devel opment of t al
l i kel i hood of negatfiume to winadnnyes s asnuj @la gdnsa r
(Bowen et al ., 2017, Murray, 2017; Towl s

Designing periodised-ltervail niynogut ghr osgorcacnesr f
uni que challenges due to the numerous coO
the trai niPag spred.c esSlempaz @®@a2)t o adult socc
pl ayers possess markedly different phys.]
devel op as a functi(oRadmnforagd @hnds endtOilLi8h d

bet ween senior and youth soccer pl ayers
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stained during the Htorudimeiyreg swes & nail i@ d(

i fferences in weekly traini-nQg pdloaayderbseti

edivisie club, revealing that first te:

t han -IT%h epluanydeerrs, and that training inte
| ow -waerldo chiitgyh zones, were also | ower

i crocycl es. Tamolrer r etccecantiplayr,e20 223h)e weekl y
ternal F1lba d s Badfa nud@ Buenidnegrl i sh Premi er Le
ayers, showing 4Batndd e dseyd taagyiermr sh i( gumedre
mpared to young-&6)roctulgrmtoauete kar bte s ¢ and ke e .
e widespread use of external and inter
ade(ms aelst er et lahg, taokaal studies inte
ternal and internal | oad across differ

ith few studies reporting typical traini

search on youth soccer pl ayers has pr e
ing a singl € Bdiomwenh £iegn Od Baotyd &af teean adv.er
me (@PE@outwidnho et al ., .200In5;y Wrnieg |Isetyu deyt ha
aining deaéds youhhgbBoccer players acro
tire season, exclusi(iWHahnwomep€opt iemgnext
ekly training volume exhibited progress
English Premier League youth soccer pl
owing highelr5 I(dadsatiimnunderl NN13. thi km)
dledr (duration: 427 N 20 mini18todalati sh
30 min; total di stances122¢durBt2o06: kP
tal distance:-139(@duNaRian&m3iR3diNs@®n ane
.0 km) -lam d( dunnrdeetri on: 339 N 25 min; total
mi | ar IHS,E iwseteaknlcye ( bet we é)n drdd 8s mridn t2i5n @
.2 Dk mitéhr e hi dber( HSR: uwvdtdr N 152 m; - SPR:
(HSR: 979 N 254 m; SPRL2 12BSH: 552 0m)N cD
N 9 m)-1an¢H8Rde831 N 212 m; SPR: 6 N 1:
nduct eBngvliithh aliremi eBroaadee adhshetrmye(d2
milar results with increas®s(a2tM8 whekd yn
dler (477 N 19 min) age groups. Di fferen
vestigated for internal t r ai RMPIEn ga nldo aHIR

(Wrigley etlalthi0&82yudy, t carmal whe key ob
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SRPtEr ai ning load inddea®2éeé® 4wiNt H-28g APDO WS ¢
136 AU ds8:umld®dl N 222 AW iglhey .ewDiamielgkr’
HR training |l oad repor tngmasasl dwenes is(peunNd
%) compar dd t(d WNndeid (@h dN uhd@Wr agkeeygreu
2012)In addition, ano-Lt@8eEngtudlpg Premi eam
reported descriptive data on twiet lvoadawenea
tot al di stance ranging f rHSM il1sot7a5n9c etlo> 32007
ranging fron( BBoSwee nt oe tl1 4a4l18. .m 201 7)

Anot her relevant aspect of the training

to the distribution of daily |l oad acr os:

—+
-

aining-lleowaed iynountihghsoccer pl ayteersnalasl &

n vary across the microcycl (eGo Wbtaisreldo oet

o o

15; Hannon, Col eman, et al ., 2021, Ma u ¢
al. ,Fe@olep»amphéeép exxaami ned20b®) peri odi

roughout a single week of trainklndg, i n

- ®© N O
ji—l'

c
5

dler andlQunadgeer groups. Differences in the
verage speed and dumbelOn dof rasyperrisn twsi ,t he nbeh
| oad occurring at t hel7stparaty eorfswtens ét hw et ehken
session eliciting the highest | oad. Conv«
undleyx pl(aGoeurtsi nho .etMaalk.e,d Z0ux)t uations of
mi crocycle were also not eld iam db Buphedceormp a d ¢
to younger colunhtemrdayndenr( amdde&mgl i sh Prem
(Hannon, Colemahntet eald ngddl Bunedgelre rgr ou p s
training |l oads exhibited higher exXtammdal
MD2) compared to the sebs)siaonnds aatt-1tlthhesf ebrtedy .

weekly midaomecgr)] eCol emabi fkeerahces20f21dali

observed in youth national team players
match appr8achavdD> (INDSzi geti .etTheal .pr o0 2n®
trainindayowmatcdenti fied as the most in
training | ohdngnaanalsgsisesnpérformed with

with the dapgl odefolhaer anatterhmi sed by the | owe
weerkaitni ng days r e mati,n i8hDga ncdd Mbautgehratn (eMD
2021)
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The current evidence on weekly accumul at
within the microcycle presents | imited
i mpacting the planning, monitoringeard m:
I's a paucity ewmtednadhi hbpedgmhtihngouth soc
Arbitrary speedmmba¢étgptoegduahdaiHSRI nagnd SPF
di stiamcysut h sacsc ogrp opsleady dros z o d@we rdaslalld,i shkea
on the curintemstelmst e haturmdsol ute threshol
term monitoring and comperliagan eb etpveean zg
prefermdrlee groeci se programming of the tra
the appropri-apeedosenmnifndhigmdBdesapoi etti rad .

Given the role of i nternal |l oad on subs
fundament al to describe both di mensions
(I mpellizzeriAsetyoalt h, p2@y®y s grow and de
t empo, detailed information on match anc
pl ayers is needed to charaspeci $ecthefo

Additional puybl mesitedofr etste@ar ch has document
of youth soccer players from the aUmi tngd
approaches acr o9 SRokuwr amalg FdedwnmtRbildy t he
in hiegkl youth academies in other countr
within this setti-ngrmFapalt gchgreqguitbad t
performance componertyer pf | 6hegi taddil reslc e d
training laocardoss se nodnuer eodrrreemquier s@asbnbor mat
aspects related to the monitoring and n
practitioners in informing the design an

within youth soccer.
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24Posnat tAti guecamdry responses i n soccer
2. £ohcept of fatigue and recovery

Fatigue is a complex phenomenon with def.i
medi ci ne, physio(Bglhyr eamsl etsymhbobheg922) d
physiology, fatigepoirsedeti saldl asg asygmp f

and cognitive function, arising from the
perceived( Emokagadnd i DycRat EaumaBO&6jati g:e
measurable decline in physical perf or ma
perceived fatigability refers t o an al t
i ndividual 6s integrity s(e.glmn applrieadedt
mani festation of fatigue is shaped by th
fatigability, i nfluenced by the demands
tolerate and adapf{Gtai hbercaebwbamtav2adg@gl i
science perspective, fatigue i s common |
physi ol ogical and psychol ogi cal constrai
per f or(mhbanucsewi rt h and AMutjeirknaat i @1 3), It m &
inability to complete a task pr ¢gvHadusolny,
2014)

Fatigue can be compensated with recover.)
i nvol ves various restorative mechani sms
the overall (tKKreadil mamg grnoadss .20I1t8s dvump Ik
arises from the different time course of
psychol ogi cal processes to (rSktoursikit@®tbasd
Recovery is defined as the time during wlt
restoring the body's allostatic balance

psychol ogi cal resour d&Kseld xmmaemd.eed dadr.i,n g 0
2.2Mec hani s msr eolf atmead afhastoi cgcueer

The demands of training and competition

by the characteristics of the stimulus (

factors (e.g., age, genetics, Vitormantla
conditions, schedubkogskioppdDEhmd demadad® ¢ |
fatigue, |l eading to alteragitnmnolhsditmg mmeé tt a |
bi omechani cal perturbations (e. g., deh
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mechani cal function and reduced perfor ma

and reduced force), along with worsSeded

et
(Schi mpchen etowaalr.d,s 2 thza )eaniio horf etthaea dma tnczh

t

P
a

c

h

r

P
a

2.

al. , M2t@ed&dxy ed fatigue is evident durin

e S ubse(gkureunstt rdugpy.gent wnder s2tOalnld)i ng of t h
ocesses reagledtagcdt d amagak provides the
propriate retbhedelecneterakenAi 2édts29f Thotr

uses and mechani sintsd u eesd dfinastcibg ee d oir n mia h

A4NBuflomuscul ar fatigue

Mat-cédl ated Mmattgbacesedetpdremiomedohy a co

centr al and peripheral factor s, I ncl udir
muscle cells anMdBremenrsgysipr ceducatli.gn 2017;

et al ., 2023; Ram@pnbhrai éttalue 2018ks f1
to the muscles originating in the brain
reflects impairments in muscle contract.i
juncti(obnd kavr ednd Dulchleatienpwa, r2@l &)apacity o
system to activate mus-pl ag f ®1 lcawisregd
mecharnfiBsmwnstein et al., D0e7faCéaworolmaye
the inhibitory feedback provided by grou
within the central nervous system, whi ct
during eccdntnraincm exeradi.s;e 2015, Good.al | e
Differently, peri pher al perturbations ar
t hat adversely -cadrftercac ttilben exwiptlatnigonpr oc
transmission @Al kt&de earVdhilleemBm@edt8db ol i ¢ di
as the accumul ation of intramuscul ar met
guickly, the prolonged recovery of contr:
This includes myarfeirbker idlilsamr glhanmasgda ,i oNgr am
(Ca] ) handl i fgbowadsshed bnwsthe demands o
(Skurvydas. et al ., 2016)

[ n s,oBcrcoewn st ei n @te mamstr(@a2ldd79t bati csreari

experienced reductions in voluntary act:
guadriceps) and i mpairments in muscle cor
up topa&mathch but resol vedRampihmninni4d8eth. al
documented significant alterations of C e
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simulated protocol i n I talian Serie A sc
observedeA8rbi postln youth socbasspihhbygee
al . rzv24) ed that the hamstring muscl e ¢
compared to the quadri-pkeayg, musgslkcl esr¢odvVve
match. CoeseaBedlyy etolmder (&d 229t i gue r es
i ntensity training sessions with acute r
24 h, buti mpraolodmhegeddtractil e fThrectei ofn nfdar
highlight the extended recovery period r
centr al processes f-pl bgwiangt @doxmptey i t 1 &en

i n both senior and youth players.
2.4.2.2 Metabolic alterations

During soglcey bnatlt haerobic and anaerobic
taxed to sustain the +Haeaqeinsed(yHiomttd umintsa
Bangsbo, 2022, St Aleer ati aans , i 2 0@é uab mlig
carbohydpadsesand protein are alre@d8iyl wai
et al.Musz0®28)xylycogen is the main substrat
mat-glhay and its depletion has been associ
t he m(aM ochhr et al ., EDO&nce20@f) decrease
concentration was fi3altt idrevhwin® ®3p)od tiemd al <
depl eted contents -pfloayl oiwi nbgo tah spolcacyeerr smawic
prmeatch glycogen | evel s. More recent res.
content depletionm@atdid %lietohaibsy etdws b owr € wi
f afsit bgleysscogen content bei ngi abmesitmmmemples
and femal e (skrcwsetrr pd aeyterain.t,e r2e0s0t6 ,n g2 0y2 2 )a
accentuated reduction of muscl e gmiyrcwtgee n
competi t-plvey mawicthh a furtimem -gh@tst hneompaft
wit hmino-patsa h, and ~76%6P%blookvw ad n  ¢gnMigsbcolgee b a

2023)These reductions in -matyclhgwer eoalkceot
wi t h deterioration of physical perf or ma
decel erations), i mpaired muscle function
and vertical jJ(WMoprpetfTadatemgn@®28purse of
to fully replenish the stores ranged bet"
strategi es -hat c b pt(eGuavneapys ston et al . , 201
Krustrup et al ., 2006, 2011, Mohr et al .,
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Al ongside the depletion of muscle glyco
accelerated reliance on f at to fuel ATP |

l i pol ysi s nsatecvhi daenndt nmatt chha lefnd wi tlhy ceelreovla

| ev(eHrsustrup et al ., 2006; Mohhers ee te naelr.g,e t:
met abol i c alterations -pilnayr edsepmoonnsset r o e &
gl ycogen metabolism is notably elevated.
reduced glycogen i mpairs muscl e fuwnrectio

remai n (uvochlre aet alL.ar szm2 2;t VRIgthentDah) me
i nclude alteredcsal € &maetgeu | me ti @mg | imum,c | e
myofibrillar contractile function. Gl yco
compartments, -ATrPatseed ¢t 0 g | my ofbacAiTrPeatsiec, u lanmnd

K ATPase, in proxcomgymitmomgt $tee pesoinotf reandetei g
coupling. As these subcellular -gphyengehn:
exercise, this magnthrffiercdoindr aexdireadatoin
such as action potenti al phopageaet icyrc,| | ana
reductions in muscle ATP, thus providing
downegul ation of (mMlidgehr s ecomrttr adcti |l 202 1)

2.4.2.3 Muscle damage

The ecceatmniennsi hyghand repetitive natur
accelerations, and decelerations) i mpose:
the muscles and conseguantcleyd meuys cll ¢ a d atm
(Hader et al ., 2019; Silva Mautscdle. daznaph &;
as aphawoe process that i ncludes a pri mar
during exercise and secondary damage dri
ti ssue (@Osvseunptiedan aHI.MD 2i0sl199haracterised
function and force capacity, reduced r an
muscle soreness (DOMS), along with incre
and increased swelcllieByrofe the adf f e2t0d ;
Somer en, F0o0r08&vamelye ,ets holwed( 2th2aGp lsadyx cef
hif4evel youth soccer players induced mus
48 h-mpbosh. Similarly, adult soccer playe
|l evel s of muscle damagemibht-pdamgbygbdpepl
altered DOMS and e( EMptveed scTuzpaiRioh ed 8o nas
2022, Silva dthealsensaodoil8h of muscl e sor

6 8



performance | ikely results from the com
structur e, di srupted calcium homeostasi
i nfl ammat or y( Hyelldla hiln fainl.dt rHawutbeasl , 201 4)

Mechani cal | oading during exercise is ¢
muscl e damage, causimgrivct uir atructsumuaplt i
foll owed by membraneondiamagtei amdc & uPorliotsakgei

and Morgan,Ec2geQtjyic contractions are <ch

activation compared to concentric or iso
mechani cal str esfsi ho epafretwectuw imtfucthytl eflsad s tar e
preferentially recruited during eccentri
nomni form manner, exceeding myofil ament ¢
Sstructures, | eadi ngc dmt rtahcet i(dFeefiopr enoatt @ itonnsa lo
Morgan et al ., 1999;. PF wrstklee ranmedroeMbo r egxadnii, t
coupling failuhe ponmarputdasnage phase wi

productdiomi nainscthed sarco?dalséniongalelts cat uml
Secondary damage proliferates tissue dar
i nfl ammatory responses2ti mtno utnice nd ytod g leas n
degradation of (Sissefura&l@adpmgt dionsmi t och
overl|l oad. |l t causes ipnenreme anbi at hodcshaopnedar ni nagl ¢
per meabtiidasatiioon pore, resulting in elev
that cause cell ( &poepkt.bsTihRiOsA 6pir cnceecsr so,s i €so u p
mechani cal damage, results in a subseque
process i ndamage&dimsvahi of ating t h(eOweenpsai r
et al.,TR®O®1O¢pairing process consists th
neutrophils, -magmpbpbgages, amtdomg with sat ¢
infiltrating the danmdPeadket iexs wd .f, 0l210dwi)n

2.4. 2.4 Dehydration

Dehydration, defined as the process of b
changes in body ma(sBBdward s gamdc uNaa keeosmmp &t
soccerplmayt cchonducted in thermoneutral env
~2% oMmatpcke body mass i(sAnfdreergsuseonnt |eyt oabls.e,r
1994; Edwards and Noakes, 200HowKloORr , ema
pl ayed in challenging conditions, such e

cardiovascular, thermoregul atory, met abol
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factors result in elevated sweat rates a
trainingCeéssinenst al ., 2020; Hender son
Therefore, dehydration has tbeethhe deeerv e lf op
mat-cél ated fatigue at (Mbéareptd.Aastrzgedd6D
centre study has also demonstrated that v
physical match demands with associations
di st,ldAaR eIIPRIi st ances covered by( alowearsz ieotn
2024)These responses may result from an i
from an adaptedt damtdiicvaldumd ciomrg tsetarmat egy
examphbébpu et delmongeRoOo@a®@&idnitrhgati n war mer |
opposed to cooler environments resulted i
i n Engl i sh Championshiop League soccer
physi ol ogical changes (ee.agnd anHRBerca meaee
hightensity endur ance performance by r
compromising the capacity to regulate cor
of f dMNegedec et al ., 2 0elHDy;, d rSaktoirosrk i1 seta sad
reduction of gl ycogen and protein synthi
determinant-ckdt¢t ool asnehcohtri butes to st
afterpmakKehl er et al ., 2003)

2. 4M2nbal fatigue

Al ongside the physiolmlgayx,al saddsdruroboampget
i nduce psychol ogi cal stress due to the n
and demaiksingn combi ned with oppo¢Nedel prcess
2012 )Ment al fatigue is a psychobiological
and | ack of energy, which emerges as a
cognitive activity that (rMagrudaores .Stmsdlh.i ,n.
et al . de(noOnls6t)r at ed di mini shed physical

perception of effort in soccer players f

Stroop task) compar ead dti,a ilaerscso na o ol r asti & upa:

on goal i n the Loughborough Soccer Passir
i n di mi ni shed technical accuracy. Howe\
environments (e. g., appliad tattpgong) ,ont

performanaoeclreamai hskely due tsopetchidiapeéerm:
drills s+c¢hleds(Psamakn et al ., 2016;. Clomuti
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general, mental fatigue may contribute toc
related fatigue in soccer, -spdacing dbey
technical, tacticamabeédmmot marte adnd @6€d4i8:

2.38Measuring response to | oad in soccer

Me a

7]

uring response to | oad, also referr.
fundament al component of the training ptr
coping with the cumul ativd Coturte ss ed fAatlr. a
pr e

detri ment al (i . e.., negative), and can | €

viously introduced, training effects

sports perfo(thaehtei eat eAtmdte. r eszPpdDh)ses r e
effects that occur within a short time f
week), whil e chronic responses are cumul
extended period (eadgsl)efweels,Comcmtdhes | &r
applied nature of the thesis, this secti

to evaluate thplanfanenceaohi mgtich the aj

Measures of response to |l oad can be cl| ass
of measur ement : performance, physiologic
on a recent condepgtfuales farmadmeawn.r,&k g2 @2 e n t
classifications used in publishef@@Abeni etv:
al ., 20235t eBesswnckt al ., 2022; Grainger
Naughton et al ., 2023; Nedelec et al ., 20
Skor ski et al., 2019; TavVvarWseweéel abve €0
Mor eover, these measures may also be cl a
including cellular, tissue an(dSuolrlgiavpan ,or?2
with different responses to |l o@gGalabhetrt ba
Oetter., F20r24ex ampl e, the recovery of i nd
mar kedly from as Ilittle as 30 minutes (e.

to 72 orex%®& ch spo te. g-i ,ndacean tmuisAc |seyxnet rdasissg
of thAsumes used to quantify fatigue and
reported in Tabl e 3.

71



Tab3d e Rearll d fatigue and recovery measur es

Group Su-group Example of fatigue and recc¢

PerforiStrength VerticadM,)j uneppse a(t ed j umps)
measur cpower (hamstring and adductor).

Speed aniLinear sprint (20m spri ntte)s

Endur anc

I nter-muhnhéenyg e nydou rlanntceer nfi Ytot
Test) and repeated sprint ¢

Fl exibiliJoint range of motion and f
and hip).
Physi olMetaboli Metabolites (lactate, urea)
measurtal teratitriglycerides).
Muscl e diCK myogl obi n, | actate dehy
EndocriniCortisol and testosterone.

response

I nfl ammail nfl ammaeacyi
i mmunol ori mmunol ogi cal
mar ker s.

OxidativiLipid and protein peroxidat

V€ protein, il
(i mmunogl obul

Autonomi n HRderived indices including
nervous :exercise, heart rate vari al

SubjecitMultiple At hietported outcome measur
measur i Recovery Str esSt rSecsasl eQu eRsetcit
At hl et es) .

Si nigl em At hiretport ed outcome measur
soreness, recovery, fatigue

Abbreviati €€Msl : armad umd te e sSIOKvcer neeantti njeHRpi;nheart rat e.

2.4P8rfior mance measur es

Performance or functional measures refer
task that I's related to sports perfor man
performanceg JedmporsnteT heade , maO2WRr)es i ncl

power measures (e.g., derived from dynam
agility measures (e.g., l i near sprint an
(e. g., derived fr omd remdeuartaeendc es ptra sntts )a ba rl
(e.g., joint range of ndtiilovm et dDedld.wixtiZd0ilt
availability, the application of <certain
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sprint and ,ewhdwemhamec e tea qdaansstuinvsen iganmpd atcit mec
use in team sp@wers temevilraomntmeyned &r s, t he ¢
recovery following training and competit
assessments that constitute (Bopawnsmeabsnor
2017; Deely et al .., V2022 ;caNorjruimgp set( ealg..,,
(CMJ)drop jump, repeated jumps)t hanmgd ipsudi
posterior chai n, adductors and abductor s

neuromuscular function given their relev

envnmegnBi shop et al ., 2020, 202 2; Broml ey
Wollin et Rdor ,BlR@mpgbhbeeexaminé@0R2Re | mpact
following competitive matches i1iGQMJAnodtr a

i sometrhicgmi pul Bpt esgbhamwibnveadt. i 2t0€2d )t he
of recovery -plody oiwn ngn gnlait<xth Pr emi er Leagl
t hCeM&and i sometric tests

Nowadfagrsce pl atflepmé ahbowtescefctheet dmi
i sometric and dynamic musGMJasachheeomsti nadi
reported using outcome mMEhaudesno s.athhoahs

exampl e, CMJ height was tracked i n you
mi crocycl e, showing |limitedMahangeegtialr
Di fferently, other CMJ -memsucesveehavedb:
better det ect changes in physical perfo
exer(cGastehercol e kh atdditi2®dd5)i sometric te
posterior chain muscles (i .e., hamstring)
have received greater attentidM™mMc€aé¢ltett
2015; Paul et al . ,. ZIthlesds;e Vdoslsleisns neet asl n.¢,a n
or sijimighte muscle actions. I n soccer, the
assessment of isometric knee fl exion and

heels on a raatsedeisumédrmnce 9@Acor 30A at t

chain (-HPODb Inowmsecrl e test is commonly use
hamstring mgatcasaznemahbé., 20fl&nauNMehdeaelrlt
et al .and2 gyt  Coaasdemy i nesoecteral pl, aydrld.)
adductor and abductor i sometric tests h

performance and re¢®o€oynbn sbcaér , pROAQE
2024)
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3.2 Physiological measures
i ol ogi cal measures refer to the nur
i ological systems used to monitor ac

ures derived from the autonom{ Mi nepvc

| and2®2#4) ogjicnacl| uidnidnigc amtecarssur abl e mol «

va, or any other human body source, t
ess (oPreed | atri neet -@hsti 20d9%9et P®Frez 2023
ngham .etPhaylsi,ol200g2i2c)a I measures can i
bolites and substrates such aBGK | act ¢
crine response (e.g., cortisol and t
, i mmunogl obi ns concentrations and
ers (e.g., |lipi(dSidmwd pertocfadi.n € RadriotiXe d
rest in football as it provides info

nsive periods of trainingdHardkstempat
r, 2020 Ribéinrmadei t abn, pohey i mmu n
vary I Mmuntogd ot e mone, and cortisol
vities have shown promising results
Emringham et al ., 2022)

n the compdeduteds cobngas) gpéysi ol oc

nti al to provide objective infor mat
rring in response to training and mat
m egpeortte the high associated costs, t
ee of wvariability obseTwiegslt iand hldi gnlaf

at e, net anadagd e piod Mardluere do ff a(bPa@ycelez e
i1l o .etToalcqgmp2rOe2h3e)nsi vely anal yse me
ning, competit-ionasnder mebhedy, anewbe
|l able to fully characterise the phy:
e t(iOwiemrs and B&ehabb| oBio@dl) t echni que
i ologists to comprehensively analys:
em, reveal ing the metabolic pathways
broadening the ameabytliid&lKhalcesmmispey o n

; SchranneFortemampl 02®¢t abol omi cs

identified specific metabolic (Al hhwaryasnif
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a l

an

d

, 2020; Pitti et, @leofi oRIO(A@uniingt baaso eett aal
c ompkittittii ot al ., .2019; Prado et al .,

. 3.3 Subjective measures

Subjective me arseuproerst edr oat hbetes measur e:

guestionnaires and scales wused to monit

(Jeffries. eSubalecti2v0e20OmMeasures can provi

acute and chronic trainindalwoads.dthhegn 2c

i mportance of subjective measures is par

perceptions within the f(aKkdlgluma nann deAtr ealo.

systematic review of subjective measures

of

sports science with muscle soreness,

used -stemlienstr ywmenos, Maod itatees,s Reucesudar

At hl etes and Daily Analysis of mul fietpdDe ma

guesti ¢gdedfrees. eMNMevalr.t,hed®xB®), i msttuméert S

ti4mensuming, | imiting their app(Tlabpé,t
a l , . 20dwyersely, shorter questionnaires
have been devel-opresiumiond ean e s s o dfsreagguueennt cl yy
measur ements (ikn° Itlhien g eetl aMo.r,l. d2A0l200n; g sNi2dses i s
guestionnaiteemstosiswsglage widely administe
suitabil i tpyerwiotrmamcki glport s, i ncluding L
scales (VAS) that assess ma&isnl ¥ ad o malien &a n.
These tools are widely adopted also in
reference to studies examini(nAgb broetcto veetr ya |r
Cross et al ., 2023; |l shida et al., .2021,;
Despite the wide and frequent use i n the
validated and further work in this area i
of these sub(lkeftfirviee aneeats uale.s, 2020)

2. 4M8adurement characteristics

When aiming to assess response to | oad,
characteristics of the tools and (Gaas el é¢:
and Jeukendrup, 2008; I.mpl enl loirzdzeerr it oa ni dd ehh
c hanaocecsu rnr irnggs pionse to competition and tr
di stingui sh bet ween meani ngf ul changes
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met hodol ogi cal vari abHdpkiyns(iete.al noi 2@0

2022)Therefore, to effectively monitor <ch
reliable measures which aAddiseinemnal veg, to
the chall esmppas ofettta anmg sr,e stpeosntsse unsoendi tfoorri |

selected according t o their rel evance
envirdmBmesrmhtop et al ., 2022)

Validity refers to the degree to which e
(George et Saelvier ad0G3y)pes of wvalidity exis
validity, construct wval i di(tMc,Gueicgoal no,lgn2ctalhze

context of applied sports science, constr
the most relevant . Construct validity re
actually measures what it palipdirty tef ere

closely the research dat a anpdertfhoer neaxnpceer isi
( Mc Gui gan,Re20ila’b)i | ity or reproducibility
measure between repeated test qd Awikti mism na ¢
Nevi |l I, 1998, Bat t.erAbasm lantde Geeolrigaeb, i |2i0t0y3
variability that i ndicates the degree t
magnitude or valwue, whilst relative reld].
mai ntain theirouwps,siftaronexwanmphlien, af rgom tr i a
day, or r@aAtek i nsoonr agared Meervamdt, erls9 98f) abs

include the change in mean, the standard
coefficient of variation (CV). Rel ati ve
(I mpellizzeri andr eMaiscwdaes 2089¢ -r gluantt |
reproduci brkeiayednpedEmnemgrmhdce ettesatt s, 201

2019; Paul andSd&Nmsistiisvyvi 20 159 change ref e
change over a particular timefram&koiwelde:
et al .For20exRowelel, eti ddnt i(f210eld7 )t hat CMJ
contraction time ratio provided -raatneohr e

compatdakommonly reported jump height.

Despite the wide range of measur ement t

competition responses in soccer, it is ¢cr
applicability within the youth socntoerre cor
detail ed analyses of pthiyme caldr perd 03 anagimae
platforms) and physiological status (e. g.
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applied research on youth soccer players
and match demands using these advanced t

mul tifaceted nature of fatigue i n se®cscer
posekercise responses i s essenti al and co
recovery processes in adolescent soccer |

2.45i me course of recwlvaey yi r oy mlwdwhenrgo eana g rc

The evaluation of recovery-pfayl owi igndam
i nforming pl ayersodé6 readiness to train i
periodisation strategtimsnutlehe opchcyesi amalt cdh
acdwe (i .e., -martncehd)i aared proesdi dual fatigue (
match), with various restorative measur e
female so¢Geul ptayetsal ., . 20B82yo08thvaoect
match dwuration varies with age, with ado
mat ches-80e.mg.nut&26) unt i | the age-mohut & [
games fr om (tFhael uacgcei oMi eli6Oxv eet t &dle. pa?23@ 1 @)
body of studies has described acute fatic¢
friendly matches in youth sgaceompltafiens
analysis of the time coplray of yeectlesgc
provi ded, detailing players6 characteris
mat-glhay characteristics (rtrygple,| dadhmtt a loa ,
recovery measu-petgilatby perdasrcetphé mdet ai | s o
observational sntau cihe § gpeo dNdEn Wgr poponses

soccer population.
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Tabd@haracteristics of the reffeateingresl whreré owa-phgamak ceéyodt Bssprcoer |

St ud Pl ayersé charac Matohay charact Type of reco? Ti npeoi nts of
uay
Age Type Exterlnte . . 241481721

(year) n Counti Leve (yearmathurat loac | oac Pert Phy: SUbJPr(PO‘PosPosPos
Barrei i .
al (20 21 Port Tier18.4 offi 90 m .S A S e e € ©
Br oml e ) .
al (2 14 Engl Tier17.6 offi 90 m 3 S) e € € € €
Const a
et al 14 Engl Tier16.9 Offi 90 m A S e € € € €
De Hoy . . ~ .
al (2 15 Spai Tier 18 N Offi 90 m © 3 S) 5] e € € €
De Ste Czec ) .
Croi x 9 RepulT|er15.8 Ooffi 80 m LS LS .S .S e €
(2019) c

15 RezpeuclTier13.6 offi 70 m e e e e € €
Fornaz . .
et al . 10 Bras Tier 18.3 Frie 90 m 3 S < e e
l zqui e i . i
al . (2 198 Spai Tier17.6 offi 90 m RS e €
Mar-t in . . .
Garet x 10 Spai Tier15.2 Offi 80 m 3 S 3 S .S .S e e
al . (2

22 Spai Tier 13.2 offi 70 m A S RS 3] 3] e €
Paul e ) .
(2019) 11 Qata Tier 16.2 Offi 90 m 3 S .S e € ©
Romagn . .
et al . 16 l'tal Tier 19.5 O0ffi 90 m e RS RS 3] 3] e e € ©
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St ud Pl ayersé charac Matohay charact Type of reco? Ti npeoi nts of
udy
Age Type Exterlnte . . 241481721
(year) n Counti Leve (yearmathurat loac | oac Pert Phy: SUbJPr(PO‘PosPosPos
Spring ) i
et al 18 Engl Tier 17.0 of fi 90 m .S A S .S e € € e <€
Wol |l in . .
(2017) 14 Austi Tier 16. 7 Of fi 90 m A S A S e € € € €
Abbreviations and moméeer wmfnplmyeuse(sample size),; Perf .. -mat€tbr maaser mmantr €b¢
po-match measur ement (within 1 hour); Subj Subjiefcitd avhbeec Knmeyacséutr easlIT.i @ 20222)Sédepr v e
Recreationally Active; Tier 2: Trained/ Developmentdl;; oTi elri e¥: 5HiIi gNolry dTrCd iarsesd/ Na
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at

time cour se of -prleacyo vhearsy bfecelnl anait magg gmart
|l escent players ranging from 16 to 19
very kinetics of younger pltahyee rrse c(oev. e

onse profile of yol& hampdlady egigsa ubpesl ohnag

> T O

described in muHteivpelle ssotcucdeire splianyveorl:

N

. Engl and, I taly, Portugabdi @ataep
fati gue r e sppoanys e-4n4 fuoniidBed @ n Wlg6u msaldect che r
rs, without analysing the (tDiem&teo Cr g
., Batei xMant.enCoals.e,quzh24)y, except
il onewhist v duogs-d8 07Ot e match durations,

-~ o
- = ® O

rch -mtnbteedabc®O0Odurati on. Most stu
e using aplcoynpeds i theei maemchwenti on,
di(\Fomataczh er oReeptorali.n,g 202 3Physical (1
i ological (i .e., internal |l oad) matct
was r@Nd@Baeerdr evisrianget al ., 2024; de F
020 2:d dseend t r ac(kRmma gsnyositie,msi n aV aurdii c@ufsl |
urlesternal | oadRREBe qgBbet Cfoed @asti ag
txana et al ., 2024; RaWRs eenng dards. n a 204 r
l ., 2023; R o nmaegpnoorltii negt snméeReEssrd0sd Bs)ur alt i
ei ved exerstRiFED tivRa ikkiRinndg tlhoea dt i(me spen
oNcetsa. b | vy, only one study reported bo
I ngpIlmagacrhagnol i. et al ., 2016)

- o »w o -
- =] (7] o))

N O 9 @® O

time course of -plezwyvenyybdbot howiorcg e m;
essed using performance, physi ol ogica
orting singleRomagnudltii pemnvaebasgaeea) |
rse of recovdrewedp ytoawmtsh8 stocicerhipgfayer
est VABdbrathe assessment of muscle sol
|l uat ed -reed lattee dmdtadh gue i n you-mqpdar 8@l a
ute matches using a combination of ph"
t, spusalte tédamagCe anmd kpescdgi vegdemuSstcel
i X et al-Gar etOxladn a MatPmatic h rRrdadYyery res
th soccer popul ation have been profi
ch) -matdc lp otsitme points,-manclhydiang 2i4dmime c
72-mAat pbst FoC€o rextaanptlieneareol dli.n (20 1a9).
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i nvestigated the time course of recovery
mat-glhay i n youtA dseotcacielre dp | sauynemmasr.y of t he
course of recovery irnt egdbuitnh Tsaobclcee r5 pfloary er

Table 6 for physTalblogs Wbaji earteicvoev erreyc o vaenrdy .

2. 4Pérfiormance recovery-pliayponse foll owi |
The ti mepeofiosg@mamivery i n youth soccer pl e
physical pesftiosmaenlamaieng vertical and hori
musslpeci fic tests, sprint tests and-rang:¢
play induced significant reductions in |

pomtatch (ameg@@s acnhg e d3 A8 nc o mp ar e d( B ar rbaisred
al ., 2024; de Hoyo et al . ;Gaz@®li6&;anlaz gui ear
Romagnol i et al ., 2016At S2rdi nhg hfpdmalyegtw ijanign
hei ght remei arege dl tle30¥m d o(mpar ed Baorlkeasal i
2024, de Hoyo et al ., ,20WwWbi | Rto mangant cclhi8  d
conflicting results were obser v(eBdarwietihr ap
al ., o20Rdmai ni ng sigyg minfgie dxa% r6ldyh dree dHuwocyeod e(t
2016 ; Romagnolilneteralktjng0¥¥6)in a #HA8cent
English Premier League soccer players,
was stil/l I mpraait,;wéhd | sttt 4 &h eh smponet out come m
the i mpul se moment met h(oSlp rsihrogteadm. ceotmpd le.t,

CMJ peak power showed | imited senspltayit.y
with unchanged -mp&trdloravadciehRtmgppktsdly s, aftea
whil st CMJ peak force wmat awmabuter £ldo wendne
results across studiegdien Holye @ayalf ol 2@\
al ., 2016; Spr i.ngFhoarm daxa¢a nmepd yeg t0r2edcjo.r d(eall
significant reductions 1| nR3 %) MJa ncdd P438e ratf 1t (e c
mat-glhay i-h9 udpgami sh socESemripfhgmr atn dah i |
Romagnoli ffoumd . ngd2606h&nges at the same ti
youth soccer players. Conversely, CMJ ecc
I mmedi atmalt ypohmpdgte d3 f4&@)m and then fuldy re

mat ERomagnol i et al ., 2016Ei nRprliyn g hnaom ceh
observed acutely aiwpdaiyn ftolmb Ldag & mandes er e sn
the flight time:contracti&mpriinmgpbdamateload
summary, CMJ height can be red-maéedhi mmed,]
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tendency towards-maecbhveny abséBvht poas o
h pmastch in youth soccer players. Signi f
CMJ eccentric -metakh,f owltiel satt @omrsadent ri c p-

tidmased measures remain unaltered.

I n addition, other jump, sprint, strengt|

profi-matpbsperformance 1(B8aoveliyai etyaulth

et al ., 2021; De Ste Croix eiGaakt xagalet
2024; WollinAewutal sjga0iI7)xant i mpaRSmMmgnt ¢

measured during repeated jump prot-b@&ol s
pl aygerrasn g(e d8 f#r@%) and4 umldgeyaemnr ge d5 % r-lobno)
I mmedi atmaltchpoSte Croi x -6aratt xan20d®BoalMa,

match reductegn€Minweragheso omaechkedndm

the days foll owing the match for eccentr
measures of both | ower | imbs, wh(iBrsamlney
et al. ,N@20@2Hgnges in horizontpalay uampd daitst
with 1 mproved horizontal jump perfdmfmanc

Portuguese (VBautrleiplaay&pilnt, pRer2f4gr mance &

to match demands showed increases of ~2%
time and ~4% on 40m s-mpat(elhz qtuiineer domneetd iaadt. e
Garetxana.et al ., 2024)

Range of motion showed tr-phdg bh Aesucal k
team-bhdprayers across knee andsiagkil fei ane
reductions in ankteadodr snethexi)oan@islkse e Kk
and active), whi | st hip extension range
foll owimag((cWmlslti n et Mare, r20en)ly, the tim
recovery has been investigated wusing bar
the half squa(Bandei ha @&Whpialtshty uBadl2f4 )s quat
remai ned unchangedpliay,r emrsipppntsker ust ntaarchhe
significant rle3d% cathaeopneshacaintckliyn (t h4lé&ays
at +246% atnd+ 48 h)poesmngagrce i ofg phefilm ng
chain musé¢Barfencti edvaearlal,| ,202My)si cal per
be i mpairedaadacht ehyypaoash soccer players v
o f md €£nldeon unit fuskorn bani(ng ecyclsdSH g8 @
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I mpul se and sprint ti me. R a nlgoec aotfil amkse | aprne
to remain relatively wpnhnalyanged in respon:

Mus eslpeci fic i sometric protocol s are oft
measures of physical-mgpteat orn(eNdamwcersy et aas e
youth ,pamgersng, adductor and abductor mi
alterati ons -pfloalyl obwiitnhg antauttcehl y Cansgt amt it he
2019, Springham et al.. , Hanes2t4r;i nWo | g @ amk efto
demonstrated significamatcleduUmeamnshanges
6 £4 %) and amat+tdha (hg epdd sftr@%) wusi ng vari ou
hamstringCpmetandli ase et al ., 2019; Spring
Two days -pfagrtimasehmeasures showed comp
peak torque in youwntimuplepimafaembEobhhownege?
Springham et al ., .20R4r;ecWoS8fdrimhgdyg mdgt, a2l
al so assessed the time course of -matohery
+48 h and -T2 Bnghi smderemi er League pl aye
forces were diminishpelday mime da mserl wi g teaerg
15%) in adductor muscl es7 %joSpprairnegdh a e eatb da
The time course of recovery showed compl e
match and i1 ncomplete recovery of adducto
i ndi c

muscl e force of the main muscWwbi ghoaopas
altered up to 48 or 72 h.

aterehatedatachte fatigue magoméftsoi an

The

pl ay

anal ymits hofr empotnses in physical perf
e
recovery patterns in the subseqgustnrte dgtybhs,
S
S

rs experience acut e -prleadyu catnido mmsa yi mmec
and print performamae chTlcdramagersi tvade edf
tests; however, measures of hamstring mu
from baseline and a more prolongeansrce ®ov
groups, l i kely reflecting theitrensubgygt amt
mat-glhdyi |l va et Td .det20rlmMi)ne whet her t hes
i nformation on test reliability and sensi
of appropriate monitoring measures, giVvel

popul @Enonght et al ., 2018; Fitzpatrick
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Tab3 e Results of referenced studies investigadpiag imeybiuméb csoccee
Study ( Test OQut come m Pre Post 24h Po 48h Po 72h Po Eesul;s co
aseline (
Barreir CMJ Jump heig 39.6 N 36.9 N 36.7 N 38.3 N Post7?%)Z (
(2024) 24h Perst):
48h Pd3%)
Hori zcJump di st 2.25 N 2.24 N 2.27 N 2.29 N Pogt(:0 %)
j ump 24h Pdqdt%)
48h Post:
Hal f <Bar venldc O0.67 N 0.64 K 0.65 N 0.69 N Post4%)Z (
24h Pd3 %)
48h PdSth)
Hi p ttBar venldc 0.62 N 0.54 N 0.55 N 0.58 N Pos tl39%) (
24h Pelslt%)
48h P ebs%):
Bromley SL CM.Eccentric 174 135 N 135 N 153 N 141 N Post229%) (
(2021) right I eg 24h P ea2s2t%)
48h P els2t%)
72h P els9t%)
SL CM{Eccentric 135 92 96 131 N 110 N Post3209%) (
left 1 eg 24h P e2s9t%)
48h P {3 %)
72h Pels8t%)
SL CM.Concentr.i 158 125 N 135 N 141 N 132 N Post219%) (
right 1 eg 24h Pd¢%4 %)
48h Pd¢3%0 %)
72h Pels6t%)
SL CM.Concentri 147 112 N 110 N 130 N 112 N Post24%) (
left leg 24h P a2s5t%)
48h Pd%2 %)
72h P e2s4t%)
SL CM.Peak forc 1679 N 1278 N 1281 N 1428 N 1325 N Post249%) (
( N) 24h P e2s4t®)
48h Pels5t%)
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Study ( Test Qutcome m Pre Post 24h Po 48h Po 72h Po Eesul;s co
aseline (
72h P e2slt%)

SL CM.Peak forc 1432 N 871 N 903 N 1206 N 1053 N Post39%) (

( N) 24h P e3s7t%)
48h P els6ti)
72h P e2s6t%)

SL CM.Jump heig 19 19 N 16 N 16 17 Pogt(:0 %)

l eg (cm) 24h Pd5%6 %)
48h Pd3%6 %)
72h P 6Islt%)

SL CM.Jump heig 19 20 N 16 N 17 20 Pogt(:5 %)

(cm) 24h Pd3%6 %)
48h Pd9t%)

ConstanHamstrl PC peak 6.5 N 5.8 N 6.3 N 6.8 N 7.1 N Postl1l9%)

al (20 90A (ONLKkg 24h P e3s%):
48h Post:
72h Post:

Hamstrl PC peak 5.8 N 4.6 N 5.1 N 5.6 N 6.8 N Post219%) (
30A (ONLKkGg 24h Pels2t%)

48h P e3s%):

72h Post:

De Hoyo CMJ Jump heig 36.3 N 34.8 31.6 N 34.1 N Post4d%)Z (

(2016) 24h Pels3t%)
48h P ebs%):

CMJ Average e 671 N 651 N 657 N 674 N Postl3%)Z (
force (N) 24h Pea2s%):
48h Pd91%)

CMJ Average ¢ 1465 N 1425 N 1423 N 1400 N Po gt(:3 %)
force (N) 24h P e3s%):
48h P eAs%):

De Ste &5 Reacti ve 2.54 N 2.41 N Post5%)Z (

al(2049) maxi mui ndex

hop t ¢
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Study ( Test Out come m Pre Post 24h Po 48h Po 72h Po Eesul;s co
aseline (
circa P65 Contact t 0.19 0.19 Pogt(:0 %)
group ma X i mt
hop t ¢
5- Flight ti 0. 47 0. 45 Post4%)Z (
ma x i mt
hop t¢
Su-b Absol ut e 23.2 23.1 Pogt(:0 %)
maxi mestiffness
hoppit
protoc
Su-b Rel ati ve 35. 6 35. 3 Pogt(:1 %)
ma X i me
hoppir(kLNﬁ)
protoc
De Ste &5 Reactive 2.94 2.60 Postl2 %) (
al(2049) maxi mui ndex
post PHhop t¢
group 5- Contact t 0.18 0.19 Post: ¢ (6
ma x i mt
hop t ¢
5- Flight ti 0.51 0. 48 Post6%)Z
ma x i mt
hop t¢
S u-b Absol ut e 28. 8 29. 6 Pogt(:3%)
maxi mestiffness
hoppit
prot oc
Su-b Rel ative 39. 2 40.0 Pogt(:2 %)
ma x i mé (kKN
hoppit
protoc
Sprint30m sprin 4.68 4. 82 Post: ¢y (3
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Study Test Out come m Pre Post 24h Po 48h Po 72h Po Eesul;s co
aseline (
l zquier Sprint4d0m sprin 5.95 N 6.16 N Post: § (4
(2020) - - §
CMJ Jump heig 35. 7 N 34.1 N Post4 %)z (
Martin b5 Reactive 1.21 N 1.03 N Postl59%) (
Garetxamaxi mti ndex
al. €20 hop te¢
Ul4 gro Su-b Rel ati ve 28. 9 N 27.2 N Post6%)Z (
ma x i mé ( KLN®
hoppir
prot oc
Sprint20m sprin 3.27 N 3.35 N Post gy (2
CMJ Jump heig 36.6 N 34.7 K Post5%)Z (
Martin 5 Reactive 1.08 N 0.99 N Post8%)Z (
Gar et x maxi mti ndex
al . €20 hop 't
Ul6 gr o Su-b Rel ati ve 27.4 N 25.8 N Post6%)Z
ma x i mé ( KENW
hoppir
prot oc
Sprint20m sprin 3.12 N 3.19 N Pogt(:2 %)
CMJ Jump heig 42.8 N 41.7 N Po gt(:3 %)
Romagno CMJ Jump heig 49.6 N 48.0 N 48.3 N 48.1 N Postl3%)Z (
al . (2 24h P e3s%):
48h P e3s%):
CMJ Peak powe 3919 N 3977 N 3933 N 3928 N Pogt(:1 %)
24h Pdq9t%)
48h Pd9t%)
CMJ el ative 54.9 N 55.6 N 55.0 N 54.9 N Pogt(:1 %)
(WLHR g 24h Pd9Dt%)
48h Pd9Dt%)
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sults ¢

o

( Test OQutcome m Post 72h Po Ee ;
aseline (

CMJ Peak forc 1809 Pogt(:l %)
24h Pd9%)
48h Pd9t%)

CMJ Rel ati ve 25. Pogt(:2 %)

( NE% g 24h Pd9%)

48h Pd9t%)
CMJ Rel ati ve 26 . 26 . Pogt(:0 %)
peak fo#c 24h Post:
48h Pd% W)
72h Pd% W)
CMJ Rel ati ve 2 4. 25. Post4%)Z (
peak fo#c 24h Post:
48h Pd% W)
72h Pd% W)
CMJ FIlight 0.81 0. Pogt(l %)
ti me:cont 24h Post:
time rat.i 48h Pd% %)
72h Pd% W)
CMJ Jump heig 39. 40. Postl3%)Z (

(cm) 24h Post:
48h P e3s%):
72h Pd9Ht%)

CMJ Jump heig 36. 38. Po gt(:3 %)

(cm) 24h Post:
48h Pd% W)
72h Pdsdt)

CMJ Eccentric 459 459. NPogt(:1l %)

( ms) 24h Post:
48h Pd9t%)
72h Pddt%)

CMJ Eccentric 6887. 1 7398. [Postl2%) (
decel er at 24h Post:

( Nbs 48h Pd%wW)
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Study ( Test OQutcome m Pre Post 24h Po 48h Po 72h Po Eesul;s co
aseline (
72h Pd5 %)

Hamstrl PC peak 352.8 KN 312 348.3 N 354.1 RNPostl1l9%) (
24h Post
48h Pd3 %)
72h Pd9Dt%)

AdductPeak addu 414.2 K 351 403.8 N 393.3 RNPostl5%) (

( N) 24h Post
48h Pd3 %)
72h P eébsh)

AdductPeak addu 1786. 3 1284. 1891. 3 1810. 9 Post289%) (

i mpul se ( 24h Post:
48h Pd$Ht%)
72h Pd<gt%)

AbductPeak abdu 398.7 K 3609 393.8 N 390.7 KPostZz%n)Z (

( N) 24h Post:
48h Pd3 %)
72h P43 %)

AbductPeak abdu 1659. 2 1356. 1765. 9 1722.0 Postl89%) (

i mpul se ( 24h Post:
48h Pd$Ht%)
72h Pd$t%)

Wol lin HamstrPeak torq 2.4 N 2.0 2. N 2.4 N 2.4 N Postl89%) (

(2017) D) 24h P eébsh):
48h Pd2%)
72h P43 %)

Range Ankl e dor 11.8 N 11.1 11 10.9 N 11.2 N Pogt(6 %)

moti or(cm) 24h Pd4 %)
48h P8 %)
72h P45 %)

Range Hip exten 17.4 N 17.6 18. 17.7 N 16.8 N Pogt(:1l%)

moti or 24h Pdstw)
48h Pq<L1t%)
72h Pd3 %)

89



Results <co

Study ( Test OQutcome m Pre Post 24h Po 48h Po 72h Pobaseline (
Range Active kn 169.1 I 164.3 I 167.1 I 169.3 I 168.7 [|[Pogt(s83%)
moti orextension 24h Pd% %)
48h Pdq9DtW)
72h Pd9DtW)
Range Prone kne 133.7 I 130.6 I 131.8 I 132.3 | 133.4 |1Pogt(2%)
moti or 24h Pd% W)
48h Pd% W)
72h Pd9Ht%)
Abbreviations and notes: g significantly increasi®o fsigmibbasalnitne h@mmge) ;frd ms ib@arsief
flight time method; I M: i mpul se momentum met hod; k g: kei: |-mpayteam; méNa s Nreevihneo mts-; ( INaAs e
match medswuirnteémentl hour); s: second; U: wunder; W watt.
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2. 4PAy82i ol ogi cal recovetrpyl aayesponse foll o

Met abolic and biochemical mar kers found

profile fatigue and recevaryy iTher anmpdiyse

bl ood markers following competitiomd n vy
substrates alterations, muscl e damage,
i mmunol ogi cal mar kers, has been( pemrdazimen
et al ., 2023; Raonnta gcnaopl iil leatr ya dbel, cHAAd) dt6epct h mil
De Ste Croi x eEareaelt.x,an2a0.1e9%a aMkaerrtsi2no 2 4 met ab
were also analysed in youptlhays oclcreera pcloanyce

end product of the degradation of -pr®Qeil
andmbPaut eplmay,chevi dencing the strenuous
i n youth chbopeaztenoseGanet xard28t n Maddi &
Fornazieroi mteatligdi2®®3t)he acute matchue
in uln8epl ayers with observations of al t

compareednatcochprei th both mamaktecrtsr asnuclrte as

i nvol vement of anaerobic metabolism.
CKis a protein which have been seen to |e
damaagred it has been used as an indirect

response to match demandseg.l aFKwlalsowiimggi ¥ o
el evated i mmediately after t he g-mmméech wi
condition rangi O0def Howo 36t tal 129%016; De
Fornaziero et-Garet x&ma& 3et Malr.t,i n202At R4 mi
po-mat CHvyal ues continwe anmgi ngcrfeame S5Ri tt o

to baseline; @Kcotnlciesnttriame opsesi mpteaked and
altered -mat @Bafgipongtfr dme2 Hotyo 28 %al ., 2
et al. ,F@rl&8yeammphe| i ehsalveki at0li®&tased f r C

N 113t 0L86585i bbtespomseute sod®O®er match,
24 h (604 Na@&3r &ndi ned significantly el
205 WLLn It-aPi gouthdet ayers. CXKrecmveny Ww
al so observedlPhagpgesHshourdem|lad&i2tdoitdre rt

muscl e damage mar ker s such as the | act.
significant -macékach B7omhgptoaks( N 27ioLL
Brazilian youtFho rsnoaczd eerr.opleay erls. , 2023)
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Endocrinal (cortisol and t esRteasttarveneg) ,oti
interl eukin 6) and i mmunol ogi cal (number
monocytes) mar ker s werneatfcohu nidn troe sbpee naslet et
compe{Fbroaziero et al ., .2023;r eRpmagreo Itio
mat-glhaymoh g al i anRopmagyerls, etbsaelrved20ha} C
testosterone concentr-matchs awelr @ ndit mienit s
match (24 andprad®dgh ngo88¥W mm Wnt hhe same res
the previously méKtiad sed tihrec rnecausteso pihn | (
el evated dupengpdhe( Rdntahgrneol i . etl ndall ammao
responses were also evident wi tnatarh iamadr
gradual return to bagq&lomagny i 4&Deapfiter
|l i mited data available within the youth
pomatch and in the days following compe
experience met abol i c perturbationd, hmgs
variability between markers and various
days-mposhth. Il n summary, €EKernvateadmmomlicye nd by s

48 h in adolescent soccer players in res|
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ti hne ytoiunbteh csooucrcseer

Tab6B e Results of referenced studies investi gatpilngy
Study (Test Outcome m Pre Post 24h Po 48h Po PoEeSUIFS cc
aseline (
De HoyoCapillCreatine 290.2 N 377.5 N 441.1 N 357.8 N Post: § (3¢
(2016) blood (UBL 24h Post:
48h Post:
De Ste CapillCreatine 172.6 fF 384.6 N Post: § (1
et (2l10A2¢bl ood (UBL
post Pk
group
De Ste CapillCreatine 208. 9 360. 3 N Post y (7
et (2I04¢bl ood (UBL
circa P
group
Fornazi VenousLeukocy®e 6920 N 13890 KN Post: ¢ (1
al (20bl ood
Venous«Pl atel®ts 240700 1302400 | Post: ¢ (2
bl ood
Venous«Corti sob 10.8 N 19.2 N Post: ¢ (7
bl ood
Venou:«Creatine 516.5 N 713.7 N Post: ¢ (3
bl ood (UBL
VenoustLactat e 348.8 [ 414.8 °% Post: § (1
bl ood dehydroge
(UL
VenousLactat e?( 1.1 N 3.2 N Post: ¢ (1
bl ood
Venou:Glucosed)y( 72.5 N 101.4 °F Post: ¢ (4
bl ood
VenoutErythrocy 5.03 N 5.06 N Pogt(:1 %)
bl ood (milli®ns
VenoustHemogl obi 14.2 N 14.4 N Pogt(:1 %)
bl ood Y
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Study (Test Out come m Pre Post 24h Po 48h Po 72h PoEeSUIFS cc
aseline (
VenoustHematocr.i 42.8 N 42.9 N Pogt(:0 %)
bl ood
VenoustUrea (Ymglk 40.9 N 42.6 N Pogt(:4 %)
bl ood
Venous«Cal ci umb( 10.3 N 9 N Post9%)Z (
bl ood
Venous«Sodium §nmr 136.4 I 136 Pogt(:0 %)
bl ood
VenousPotassi um 7.3 N 6.9 N Pogt(5 %)
bl ood Y
Martin CapillCreatine 291.8 N 570.1 K Post: ¢ (¢
Garetxabl ood (UBL
al. ¢20capillUrea (Hmo 5.1 N 5. \ Post: ¢ (1
Ul6 grobl ood
Martin CapillCreatine 191.1 N 323.5 N Post: 9§ (€
Garetxabl ood (UBL
al. ¢20capillUrea (H®Hmo 4.9 K 6 . N Post gy (2
Ul4 groblood
RomagnoVenousWhite blo 6.1 N 13.1 N 6.8 N 6.8 N Post g (1
al. (20blood ( BoOL) 24h Pq<tl:%)
48h Pqdt2:%
VenousLymphocyt 2.3 N 2. \ 2.2 N 2.2 N Po gt(8 %)
bl ood ( #0OL) 24h P42 %)
48h Pd-4%)
Venous«Neutrophi 3.1 N 10.1 N 4.0 N 4.0 N Post: § (z
bl ood ( #00OL) 24h Post:
48h Post:
Venou:Monocytes 0.5 N 1. N 0.6 N 0.6 N Post: ¢ (¢
bl ood ( BodL) 24h Pqdt2:%
48h Pd<i7:%
Venou:CReactiveO.08-0(.0L0.07-0(.0L0.24-0.00.14-0(@® Pogt(l 3 %)
bl ood ( mg®L 24h Post:
48h PdI55:%
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Study (Test Out come m Pre Post 24h Po 48h Po 72h PoEeSUIFS cc
aseline (
Venous«lnterleuk 1.9-3((11. 3.1-6(2. 2.1-2(.22. 2.0-2(122. Pogt(:62 %)
bl ood (pgtmL 24h Post:
48h PdJt%)
Venous«Corti sl 219.2 F 210.1 F 139.2 [ 145.8 ¥ Po gt(4 %)
bl ood 24h P e3s6t%)
48h P a3s4t%)
VenousTestoster 6.5 N 4.8 N 5.0 N 4.5 N Post26 %) (
bl ood (ngtmL 24h P e2s2tw)
48h P e3slt¥)
Venou:Free test 0.8 N 0.7 N 1.0 N 0.9 N Po gt(:3 %)
bl ood cortisol 24h Pd2t5:%
48h Pddt2:%
Venou:Creatine 246.7 N 565.3 N 604.5 N 460.8 N Post: ¢ (1
bl ood (UBL 24h Post:
48h Post:
Abbreviations and notes: § significantly increasneo fsriogm ibfaisceal nitn ec h(apnrgee) ;f rZo ns i bgansie
vel oci tynatRhe memsarement-m@babemeasyrement : (woshin 1 hour); U: wunder.
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2.454bBective recovery-ptagponse foll owi ni

The time course of subj-mlcday vien ryeacwtvlersoda
been asseWAsSed Wubiskagt scal es, reporting rf
soreness, fatigue, recovery and mood. Pel
po-mmatch and in tipd agayd nafeasemat eedl snui
soreness wWerien atuddriwd e i nvestigations ¢c
pl ayers in-r-@9penbBaitteo maG ches, wi 2R #tmcr
302% compar e(dDet oStheas@rlainxe €araet xana20&9; a

Romagnol i et al ., 2016 n $Shrei dalamadtp ea lc .
muscle soedmnepatecle,eslheweinhg compl ete recove
(Romagnol i et al ., 2.0 13at;h eS p rsiunbg, beacot hi evees ante
percei ved rheacvoev ebreye nscuasleed t o profil e recc

soccerplmayt,chobserving significant reduct.i
mat dh1( N)1.tdmptwesto( N)1.amdAWB return-to b
mat 6h1( N)QlP&8ulAUet a&ls. pe2@®2®Xion is an in
construct of f ama tgaube , r epaoovearlyt ngt iploissti ng
fatigue, recovery, and muscle soreness)
compl etes the cempirfehedresitvienea ncaoluyrssie of

pl ayers.

The current enatdéndeatomupoaind recovery i
mai nly exami-madclhcuéeep posdsna{chechapges)
perfor mance, physi ol ogi cal and subjectiyv
tme cour se of recovery needs further [

performance exhibited acute reductions of

muscl e faearvade hat sphossi ng confl i cti7i2g hf @051t
matadhr oss publKdémdnstwuai ed . t ICapl ayyo uit rhd uscc
a high | evel of muschat dla mamgae iimmelde ad &Y
+48 h), with altered physiologicaiplagnce

Finally, the -patrckepteoonverdfy pwads -matr &e dl \
showing complete recovespyayn Fhemdahe a0
|l iteramateh pasigue and recovery respons:
st age adol escent players (I ntud el nayedres
there is a paucity of data on the recovel
ol d) fotdrommiOngt 80competitions.
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I n summary, the available evidence on the
suggests that adol escent athletes al so e
alterations hpl agspldoweveén, madae t enatthceh | i
recovery following shorter match duratio
studi es assessing physical perf or mance,
concurrentl y, dae rcsotnapnrdei hnegn soifv e hueni t | me ¢ @ de
Moreover, the available research has rar e
| oad) and physiological (i .e.., internal

on acute.ghangennethetatk) yrapbber than ext
points (e.g.;ma4&hh .oMhe2 efiopest feusrttahbelri srt
the measuremefé. gharaeltembskriesp,onsendiot il \
antdoharacterise recovery resvdrmsedashei nulyal

I nfiomgeadi ness to train and recovery inte

97



Tabd e Results of referenced studies investigpltiagyginhgouiime socuocesept

Study (Test Outcome m Pre Post 24h Po 48h Po 72h PoEeSUIFS cc
aseline (
De Ste VAS Muscle so 1.7 N 6.8 N Post: ¢ (¢
et (2104 ¢ (cm)
post PF
group
De Ste VAS Muscle so 1.1 N 2.8 N Post: § (1
et (&l0a¢ (cm)
circa P
group
Martin VAS Muscle so 1.5 N 2.8 N Post g (€
Gar et xa (cm)
al . €20
Ul6 gro
Martin VAS Muscle so 0.4 N 1.2 N Post: ¢ (2
Gar et xa (cm)
al . c20
Ul4 gro
Paul et PerceiPerceived 7.1 N 4.0 N 6.1 N Post44 %) (
(2019) recoviscale (au 24h Pd%4%)
scal e
Romagno VAS Lowermb m 1.0 N 3.9 N 1.7 N 1.6 N Post g (¢
al . (20 pain (cm) 24h Pdqst4:%,
48h Pd$Ht6:%
SpringhASRM Fatigue ( 4.2 N 2.9 N 3.9 N 4.1 N Post31%) (
al . (20(Li kB 24h Post:
scal e’ 48h Pd3 %)
72h P ¢8 %)
ASRM Muscle so 4.5 N 3.5 N 4.3 N 4.3 N Post229%) (
(Lik®i(au) 24h Post:
scal e’ 48h Pdq4 %)
72h P44 W)
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Study (Test OQut come Pre Post 24h Po 48h Po 72h PoReSUItS cc
baseline (
ASRM Mood (au) 4.0 N 3.6 N 3.9 N 3.8 N Post109%) (
(Li k-® 24h Post:
scal e’ 48h Pd3 %)
72h P45 W) )
Abbreviations and notes: §y significantly increase Sigmibhasahineh@puoe) fromsibagmsief
reported measure; au = arbitrary unit; c¢cm: cematmnét measNAememot-mébapleineakdle pPOHY
1 houungdery;: VAS = visual analogue scale.
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2. ReTovery intervenpliaywesrsn youth soccer
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owi ng the <c¢har arce sepro nsisaet sit din hse fseetcht e corne
ecovery modalities in youth soccer p
ri ment al studi es. The application of
neration, and trainiggpsbrcaesegiseandali
rtunity to increase training quality
accelerate the restoration of perfor
wel hove. eTtheasle ,i n2tOe2rdv)ent i ons are t her
es and mechsawmdlds mas ometfaldolgiue f ati gue
rpe,St20Qtyring recovery within the
ri bute both training stress and acc
or amiclearly to traicoivegy pbdéDacpledptaidosn
ugh the phasessodsaflsewasemnsomandet e,
etitive microcycle (e.g., onp |l talye d a:
tively i1influence chr dmMug i &krad edc bBbe ,t
ance, the application opl aryecionveelyi tse
emphadusienlg peri ¢dxtfaofr ecgolnlgeevsitaetdi ng m
mi sing injury risk, a(n@r ocospst iemi sailn.g, p2
2Catwyersely, duringetg-apnptnlge pese oo
very strategieexmaygi be fwathbeedand p
s ampyloanogrem adaptations and ( Mpjokam
., 2018)

t soccer players are exposed to a co
ce the magnitude of fatigue and accel
Braritleas et aGonzg8DEenD; eCabl ej a2912de p Qu
ition and hydration represent t he f 1
| agar et al ., .20h5ad@Queéeirniocho t®t tdles.,e
ompl ement dry |iudti exrgv evrattiean s mmer si on m
tching, mas s age,aarned ccoommpornel sys i uosne dg airnm
contarcicledttehatt o pgurn of the .Hodgvepon, at |
cacy of these modalities in improvin
mal , with significant( W arwedhhiolviet yeti ne

, alongside the fundamentals of sl eejg

foll owi-pgayabha® been suggested to opti mi s
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(Driller and Leabeater, 2023;. FStomtteeyeme:i
the match wmattgddr4d® rihmamacset practiti oners a
recovery by adjusting and managing the t
structured recovery and active recovery,

higlerfor manmcer prigeCrsasisoeest al ., 2019; Fi e

I n youth soccer, i nformati on on how val
admi ni ster ed -pfloalyl oiwnpnagc tmatthceh r ecovery pr.

academy soccer pl-aptirmalmayuellaichg cand umbe

swh!|l, training(&nhnabiteasveli tadman@Pd4)t ant
effects of nutritional, regener adimaodmrh an
recoVaerayt.e, research conducted with adol e
effects of single or combined modalities
(Abbott et al . ,-B20t2ds &t0 2081; . whalt2er2 3iJnbnae r s |
( Al t Brarritleas et al ., 2023; Ascens«o et al .,
et al, ,or080)etching and Aa ¢ tBravret ese ceotv early.
Ki nugasa and Kilding, 2009; Pool eyared, al
more recently, on training interventions
traini(nTgr elcoraodc i et. alln ,t RORLeD , s t2W0RiIle s , adc
compl eted an official or a friendly matcl
recovery interventions based on the spec
and training inegnVvVeatedn ubasg bemehti pl e
perf ormance measures (e.g., vertical |j umg
strengt h), physi ol ogi cal measur es (e. g
i mmunol ogi cal mar ker sjfe.agqd, studt alct gual imi

perceived muscle soreness, -bepiemgl.i vadd sth
representation of the recovery sdmrtadcgi
Figure 3. A synthesis of the experimental
training mothat chi esecomepgsin youth soccerl
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STRETCHING &
OTHER STRATEGIES

COMPLEMENTARY
STRATEGIES

WATER IMMERSION ACTIVE RECOVERY ‘

PERIODISATION &

NUTRITION & FUNDAMENTAL
SLEEP & DOWNTIME MANIPULATION OF
TRAINING LOAD HYDRATION STRATEGIES
High
Level of effeciivenses Recovery Type of
and relevance Strategisz intervention

i gu3 e Recovery interventionfsunidma memotua lh
ompl ement at gl Isawiaped@dwapecled from Driller
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2023); Stephens and Halson (2021).

.4.5.1 Nutritional strategies

e effects of nutmattciho nraelc osvterrayt eogfi eyso uotnh
en evaluated wusing tart cherry juice s
d protein shake compAbbdttoet abnit-r abD?2E
rtes et Faolr. ,AEZO0PDA)eet nabst (B@RBY the ef ]
f curcumin suppl ement I n Engl i sh Pren

ndomi sed ontprlalclebdovand desiogs, observin

—+

tenuated defi,pierseime€Mhusaolde RSdbreness

(@)

mpetit-pvay mandht herefore expedited the
acebo control condi Abbott | eatad@slot i @RACZO
rt cherry jui-maet dh dr eeoadvVv ehraystiem BPrglti sh

ccer players compared to a contr ol sup
an experimental study conduwat éMgwxiwticioh
di fferences bet ween two combined rec
covery and water i mmer si on protocol s)
rceived At e Barrd ey et bBh. de8@RB) the nu
opted in the two groups consisted of 1
d 30 mL of cherry juice tart compared t

nly. Apart from theegositicuecbhenaf-suppbd
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match recovery process, l i mi ted data are
on recovery -pbayownngdmomhésbent players.

2. LWat er i mmelristi ioms mo d a

Water i mmersion constitutes one ofwitthhe m
di fferent modalities (e.g., cold water i
( TWI) and contrast water i mmer si on ( CWT
i ntermittent) -mat aly ampaeli re dt ke dHRI| fl @inl o
et al ., 28322t edl earrailhag 2020; Field et
Research conducted with youth soccer pl a\
ranging from 10AC to 14AC), TWI (temper a
(CWI at 12AC and htolireeshowely @or 088AE€E) aen
(Ascens«o et al ., 2011; Ki nugasa and Kil
200®rn integrated into a(Atr#arivmkmasd et e @d v
Ki nugasa and. KCWdi mpege,r f Br@aiecdh aats pboostth c o1
intermittbhbasdhpwot suplesi or effects on the

fatigue and muscl e sor eh@ésanadlodmpydewrtdh tsoo

pl ayéAssens«o et al., 20HbweRewsel h theats
di fferences between protocols were obser
meas,umes udi ng submaxi mal shuttle run test
ability. Morne eiye edinntalleys,t ( @2 @)Xd t he effect

active recovery and stoeé¢echdegi gmowiotl | E|
League youth soccer-mphayepfmayomg@E®iti g ghni
attenuated mar keClW ahdmpsgkecaampegef O0r ma
foll owi-pgayatompared to static stretchin
effect on muscle damage recovery respons
comparing the eff@tn@isn efd ACOBn tainndu o unst edWhi t
2 minl1d4dACX3in a structured recovery prot
nati onal t eam Y AUt Brasrdt deese re.tp laay. s u s2Ma2r3y),

modal ity had superiomatbemefedc¢aeovemypirompad.du

compared to TWI or other strategies such
2.4.5.3 Active recovery and stretching

Active recovery and stretching are other

from youth to senior popul ations. Il n youl
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protocols are | mpmhetnemtaeandd biomhtla¢ Ppwst d
(Al t Brarritleas et al ., 2023; Ki nugasa and Ki
Trecroci et .alSt,atd2@20strz2dzxlh)i alge spsr oa¢ fofc e d
recovery strategy compared to passive rec

(CWI and active r ecov(ekiyn)u gians ay oauntdh Ksiol cdci eni

et
cCo
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i n
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)
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-

Al

fo
su
20

al ., .2O0Flo/r, &xpamd@lye e to basle.r v(eal0 1t Th)a t st a
nsisting of 2 X 15 -simbhrmusbless . toddes
rformance and physiological recovery ¢
e mi
pl i
t en

r League youth pl aeyeawtholrn a epuwbg
ation of activenatehbhopveroynwsi mmmedgato
i ty -1cOyOc I ri mrmg, ahad8@Osuperi or effects
hing in thePobd ely @&fttlenlt.erhessQd @nngel vy,

ry i s adopted as a recovery stratec

ret

co

O O O u o o

r overy was oObserved compar ed5 tyo wtth

(Kl awgrasa and Sitlrceitrcdh,i ng0Q0ro)dal i t i

o o <

]

ching or foam roll er activities, h
tional team yoAk ha8Bramitlkeaer epl Ayxen vy 0P8
otocols have also been administered tw
ccer,sploavwwe@egsa positive effect in a rang
xi mal volCKanharyef oeiceed muscl e sor-eness
eci ficTnea@an madinget. allh.e,r eX®20,, 2k2l)ve r e
d the recovery process to a (gfieadtearrsi & »
cespeci fic training admnatcheoredt woomddy

mpetition, respectively.

. 4PBr#Adodi sation and mani pul ation of tr al

ong with the application of fundament
|l l owi-pgayatabtcurate prescription and pé¢
ggested as a key area of( Dredadwer yanand
2 3; Muj i ka Matniaplu.l,at20oIn8)of training | oa

adjustments of the frequency, duration an

tr
Wi
ma

re

aini fPoafcthedt =t al ., 20r2ddvi cSUsatrtesgearedl
th youth soccer players showed that an
tch more effectively restor €Kl kwneles f | &

duces muscle soreness comparec!|t gotuy ;i
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pl aydrecroci et dhe, t2@a20,)j n303psion | as:
warup, -smdeb games, tactical Ssituations,
consisted of dyniamiensiobyliagyniamg WwWietwhout
speci fic driiniflosr.maTth eorne foonr et,he-spmpac€¢ti cot r
i nterventions given when adolescent pl ay
|l acking. However, given that the72i mefopo
certainermesa®umes v understanding how dif
i mpact recovery in-ptthagy dasy s ffalnldawiemdg arha

training prescription and recovery strat

The current evidence on the effi emdy hof
regeneration and performance capacity of
Based on the available research on yout
pot ocols have shown supematoch breaiedversy i ac¢
ot her modal ities, such as static stretch
bet ween responses and t he s mal-dereffofrentatnsc

sprtWwWi ewel hove etxaani.nii ng02a2dh)e i mpact of di

in the days -pflodyl orwayngp rmavicche superior in
compl ementary recovery i nterventions. C«
management i ndeocaerceasrsd btitHhe twi of GNSS al
i nsight into how training programs of di"
vs moderate intensity) affect the recoverl
recoveringplfayom( enag.c,)i x4 ,esds&& naorn a2t b in
periodisation and recovery modalities. F
raining | oadthat oht hepdagenpsessta practical

science research and practice
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Tab8 e Protocols and results of referenced studatesh i imeescvergytnegpdrms
pl ayer s.
Study Pl ayerslinterventions Ti npeoi nts of re Outcome recovSynthesis
(year charact (protocol and details) measures
(n, coun 24h48h72h
l evel, PrePOSPosPosPos
Abbot n= 10 Tart cherry juic(e2 sxp3pd € e e e € Performance rNo signif
al. (Englandconcentration of tart CMJ, RSI di fferenc
Tier 4 and filled with water Subjective merecovery
19 N 1 Control supp(2men250 Cal perceived musintervent
i socal ofl avobeedycontr percei bednwgel
Abbot n= 11 Curcumin suppl(EementnflcCd e e e e € Performance rCURC > CO
al. (Englandcurcumin suppl ement) CMJ, RSI
Tier 4 Control suppl{ emealtonig CO Subjective me
19 N 1 medium chain triglycer perceived mus
percei bednwgel
Al t a-r n= 18 Combined modalitsesudtt € € e e € Performance rNo differ
BarteMexico recovery strategy 1incl CMJ, hamstrirbetween r
al. (Tier 4 and protein shake, 30 Physiologiicalintervent
19.5 N concentrate, foam rol . creati fe&€KRi ne
years for quadriceps, adduct. SubjectiveTRQE
gastrocnemi u€Wlad nld43X@) perceived muscs
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Study Pl ayerslInterventions

(year charact

(n, coun

(protocol and details)

Tinpeoi nts of

re Out come

recovSynthesis

measur es

24h48h72h

|l evel, Pr(POSPosPosPos
Combined modal ifs$tesu@t
recovery strategy 1incl
and protein shake, 10
involving 2 x 30s stre-
adductors, hamstrings,
muscl es, and-warnteer mintnte
consisting @Wats-1¥ALZ mb
by 2 min of rest in aml
Ascenn= 20 Cold water i mme0 sndimit @ f € € e e Performance rCwWl > TWI
et al Portugathe iliac crest at 10A CMJ, SJ, 20m peak quad
(2011 Tier 3 Thermoneutral wat€rlOi m guadriceps tctorque,
18.2 N TWto the iliac crest a Physiologi:€E&l physiolog
years myogl obéact iCvperceptua
protein me a s INroe s .
Subjective mesignifica
perceived musdi fferenc
guadriceps, Fintervent
calves and acperfor man

measur es.
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Study Pl ayerslInterventions Tineoi nts of re OQOutcome recovSynthesis

(year charact (protocol and details) measures
(n, coun 24h48h72h
|l evel, Pr(POSPosPosPos
Kinugn= 28 Contrast water (3Inmerkin € e e Performance CiNo signi f
et al New Zea CWlat 12AC followed by Physiol ogi:caldifferenc
(2009 Tier 2 Combined modal(i3t ixe sIC \MG resting HR recovery
14.3 N at 12AC followed by ac- tympanic tempintervent
year s ergomet er {80 r2plmi0OnoVEA t SubjectiveTQéEfrom perc
Stretchi(n7g nmiSiT RJf st ati perceived therecovery
min with | egs raised a perceived | ecCWT, STR)
Pool en= 10 Stretchi(ng x SITSRs] stretc € e e Performance CiNo signi f
al. (Englandgastrocnemius, hamstri Physiol ogi:caldifferenc
Tier 4 flexors, adductors, an: muscl e @Gkdemerecovery
16.0 N Passive rec(olvlermi M PAfSSq Subjective meintervent
year s perceived muscs
Pool en= 15 Stretchi(ng x SITSRs] stretc € e e Performance CiCWI and A
al. (Englandgastrocnemius, hamstri Physiologi:cal No signif
Tier 4 flexors, adductors, an: muscl e @Okdemedi fferenc
16.0 N Cold water i mmk0 miCWioof Subjective meCWH and A
years point of the iliac cre: perceived musfr € CWwWI
Active reddwermy fA[naRegnlsa AR) .

exercise on a €lyod0l e pem,:
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Study Pl ayerslInterventions Tineoi nts of re OQOutcome recovSynthesis

(year charact (protocol and details) measures
(n, coun 24h48h72h
|l evel, Pr(POSPosPosPos
Rowsen= 20 Cold water i mmersi Xivetr e e e € Performance rNo signif
et al Austral 10AC followed by 1 min CMJ, RSA, sukdifferenc
(2009 Tier 3 24AC room temperature) shuttle run trecovery
15.9 N Thermoneutral watédrn ixm Physiol ogi:calintervent
year s off Wat 34AC followed by i nt erltke,ukiimtée from perc
chair with 24AC room t i nterloKkilnac fatigue a
dehydrogenasesoreness
binding proteTWI).
Subjective me
perceived | ec
perceived ger
Trecr n= 9 Active reddwWemy n[ ARJt i v € e € PerformanceknNo signif
et al ltaly session consi sitnitnegyr saft y flexors MVF, differenc
(2020Tier 3 drills, 5 min of dynam MVF, 30m spritraining
1718 yeestrdiighnket jogging acti vi intervent
Regul ar tr(@d Odimign-pddfRts c recovery,
training includipngct0Ov knee fl ex
mi n o fsisdneal Ilgames, 15 m (AR > TR)

situations and 10 min
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Study Pl ayerslInterventions Tineoi nts of re OQOutcome recovSynthesis

(year charact (protocol and details) measures
(n, coun 24h48h72h
|l evel, Pr(POSPosPosPos
Trecr n= 9 Active reddwWemy n[ ARJt i v € e € Physiologi:C&lI AR > TR f
et al ltaly session consi sitnitregn saft y Creactive prcand perce
(2021Tier 3 drills, 5min of dynami i nter@,eulkmph muscl e so
1718 yeestrdiiglet j ogging acti vi neutrophils, significa
Regul ar tr(@ad imign-pddfRts c cortisol di fferenc
training includipngcti0Ov SubjectiveTRQéot her mea
mi n ofsisdmeal Igames, 15 m perceived mus

situations and 10 min

Abbreviations and notes: > indicates a significanttbeaefécoaéreffEBMI: onourCermo
COMB: combined modalities; CURC: cucacauonimi ast CWat ercoil thmeviagieon ;i mRr sheart CWIt e; Y
number of players (sample size),; rpm: repetitions per SMRnuséerePABBnNngpadaNRIveDaea
qguality recovery,; TR: training; TWI: thermoneutral iWacaMcikmmoesiialj eW20'R2{ted el

1: Recreationally Active,; Tier 2: Trained/ Developmenweh| ;ofi &@reB:5Hi wot ydTChassed
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2.5 Suamdr ffuture directions

This chapter c o mparnedh emrsex @ imd & ledeeyx p leort e db o d
| itecanaoettmaingi ng ,lamad-paofsahi geeovery in
Al t houdlh ph&cese by eeynionuvselsyt ng pthetutl ,aths enise w
has i dentifiedximpongsasbhbrowbhepdgem@caen!| plsay

whircédhqui re targeted scientific investigat

It i estvebl hatheldeastclelgartoews and devel op acr
pat hwayh di fferent, wiitnhi ngo nacrudsi méayps @ & lr ¢
perf ormance and c¢hanhjoewse viehrobgdiy udiomad si €
examinadni ng and maagteh pgurecdodpgs k't er nal and
| oad measures. Given sbhbseguentoft rianitneirme
adaptation, qu ansotitywpadirmamdsi ams o©0b ul heg |

characteristi mhhleusraining

Wheas sessi nrge sppedaryseea 8 i ng | agd f mastdah enmatt a |
monitoring toolvsaaldaldiaameles sitr & s sekhalreg er mi ne
meani ngf ubDe ccphiatnggetshesevi desphgadcal npeheéo
appl eedi nsg, e@wuair dleimpeatsiie e ment cth dyeaat Bri
populia#ii miMoerdkepvéehe emergence of novel t e
fati gue amidg hrleibgphvtesey ) ofr miuisdat i on of t hes

adol escent cohorts.

Training and marnduc edcetmtaenldasn dc arnesi dual f at
pl ayHeorwse.vossrt,utiibedatctempreheramitaledacute eff
training periforegmati, nghysmebheoe.dfiue dlheamar:
the current ObDdypnadfc hl irteeoa teumeei rd syp of NSCeuss «
examining a(ceutge ,c hiamngeedsi caht)e | rya tphoesrt t han e
ti me points (e:np.t,SHYBc eh yau t7h2 sho oppoestte p| a
shorter match durnmaatticohn sr,e ceoxvaemiyn ionfg vpaorsito u
I's i mportant in addressing their specifi

lts also of practical i mp o rrteacncdvee trtga veevna i
i n pr omogdamegrpatbiecans e he days -pfl oyl wewi enngj tmead
i nfatrimmri ®hiestef fects of dif fpeméant ht i ai ryio
socGewen the i mportance of periodisation

i nvestigation into it st oefifnetcatdsmnoens sr etcoo vteri
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TRAI NI NG LOADS AND MI CROCYCLE PERI ODI SATI
A YOUTH SOCCER PLAYERS

3.1 Abstract

Pur posTee ai ning microcycles are fundament a
| oad management, helping to optimise trai
to quantify external and internal teraini |

pl ayers across competitive weeks and t hei

Met hhddsa were <col |l elceeal fyount hO Op |lha ygehr s
academy age -10r, o uwlpdsd e(@duBngdeeit Byl e@acr oss a f ul |
season. Met hods of monitoring external (

RPE) weayee de.mpldi near mi xed model s were use

|l oad across age groups, training days,
mar gi nal means, 95% s coamfd dehtectidns wrpesal
cal edl atBonf erroni correction was -taepsptl i e

compatri sons

Resul tUstid®erandl 7unglleayers trained five tim
pl ayers trainedageuractideenyl9plaanyde r and @ nw e
training regimes characterised by higher
oad rceodnptao t hei r y{@un0y.edx5)c,ouwhielrsptarwese k |
nt ernal | oads -1wbe rpel mhyiegrhs® () i n Mantédéed f | uc
|l oad were observed a9 oasdlmu cgireacuypcsl ecso mpn
ounger pgroupPs) ( MD demonstrated the hig
hile reductions in | oad were obserped i
0. 08) .anMi® MDessions emerged instead as
trainimg 0daly5s) .( During conlg® spglealy eari <& otcrya
decr ease&€d compMD-eand ®s me g cpxie Or. (05)

ConclwusWeeakl y accumul ated external and stF
the devel opment pat hway, while HR i-ntern
stage academy players train with marked g

pl ayer s.
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3.2 I ntroduction

Training |l oad monitoring is a core aspec
prac(tCocuet t s et Fall pwRAB@§8) wo decades of r €
various sports settings, the conceptenf
construct reflecting the amount of physi
(I mpellizzeri Agtaamul ti2di2Bgnsi onal const

measures and can be quantified ¢denhgried

al ., .12n0 2t2h)e cont ext of sports training,
undertaken by athletes during training a
that 1 s manipul ated to el i ci(tl mpheel |d ezszierrei
2019)The athletebs psychophysiological r e
during the execution of exercise correspof
can be quantified using camera systems &
eable the tracking of player activities i
events associated with changes i n Twelresi t
Ronda et.latern2a022pad can be quantified |
physi ol ogical and perceptual ( Irmpelolniszzxse rdi
2005) n Iight of the multidi mensional con

measure cannot encapsul ate al |I( Jdeifnierniseiso ne
2022)Therefore, to effectively quantify t
are coping with the training programme,

a

measur es (ilsmpeesisleinztziearli et al ., 2019)

The i mportance of the training process i
soccer academies, where pathway developm
c ha

adol escence, youth players face unique cl

nce of c(@MceeRur nd lec ceets sal . , 20dbr o Rghao

demaphddannon, Col emdm,ngesti del t he20 k) nsi st
tempo of their phyéidohhsgnowt hraaindi rarg 2tdg
physical gualities in youth soccer pl ay
comprehensive planning and manceoupatabnn
di fferent aspects @ofiayhandemamdaes s b é&ndian
mat ur at i o(nM@B wrcreises eestToale.n,suz2®2 BJust ai ned ¢
a systematic approach to training |l oad m

youth athletes undergo positive adaptat.i
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er dSaddmireet! angi t 2di2rgl studies in
rnal | oad across different age group:
i shed research on youth soccer playe
g a sinfglléoBaddomweah £ieg n O@ Baoryd eqf tedn adv.egr

r¢ ©@a@ut i nho. eOnbhy.a 20A4A&é)e study has doc

youth soccer pl ayers across multiple

rted externmMalnniomad Coé @smanichseetef al e, P
f-guw alhiitgh and [ ongitudinal i nfor mat i
ri encleelv ebly yhawthh soccer pl ayers to s

way over the different stages of adol

occer, a myri anbdoffiadbdief ifalklteoerand amo

ess and consequleenstilgynisnpgo rptesr ipoed ifsoerdmatr

-| hei vgehl academy pl ayers presents uni g

extual and individual f aPtaessethab. ir
ess these challenges, coaches and sp
ciple and planning tool, aierhifregti o e
aring athletes (Mojiloat e.madalltpheorufy@hrl Bdir
nitions and model s of periodisation

rgani sing trainingaspar mwigadddispt ba malcmr al . ,

rece
prof

whi c

nt year s, there has been growing i
essional soccer pl dyBarcshhekeuni,ndamaallal,
h represent fundamental blocks of th

examined training | oad microcycle perioc

(And
I i mi
poss
perf
peri
t he

prac

pl ay

erson et al ., 2016; MaGame? a De,t Mailcthhe |
ted information available on the yo
ess markedly different physical and |
or (mRianccreo r et deatlai,l e2l0li8Nvestigati ons
odi sation practices of t hhee vydoeustchr ispotci
di stribution of training | oad from d
titioners and can facilitate the desi

er s.
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Hi dhevel adol escent pl ayers participate

championships) and international tour name
competitive season. The demanding nature
f iuxte schedul es, often requires talented

l i mi ted recovery timd,Casypl tahbi¥{fefod catli.vc
management of the training | oad and reco\
becomes paramount {8ucbbecerepracttiti2dre8
Field et al., 20Zhpep Noeguencyl of @2thes
and milceg ocyecnlgeesh can affect the accumul at
periodisation in pro{fédsseosah eadidlatizagoeO

et al. ,Hewewrqgr , in the context of youth
guanti fying t waatiinoinngd ulroiandg pteyrpiiocdail mi cr oc
mat ch p(EeCo umeierkho et al ., 2015; Hannon, C

2021)l nvestigastitngpnt hpg apercedi of traini
mi rocycldl eveilnymiughh soccer players hol ds

c
practitionerstageparctaidregny | stoec cer pl ayer
a

academy to t hemefnitr sotr tferaommteensv@brtadinm gnat i on
Therefore, this study aimed to quantify
I talian Serie A youth soccer pl ayers acrtr
within microcycles. The specificumbl a@tced\
weekly training |l oads in multiple acade
mi crocycl es; 2) anal yse the periodisatic
microcycle in multiple academy ageurgrnogup S

congestedomgestneoch mi c-A®6cpthgerben paderci

nati onal and international tournament s.
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3.Met hods
3.3.1 Participants

A grouPpubfyioaultdh soccer pl-a9ne(52,f dnfde(r he
22), -londe22) ahsh=wWAadequads of a professio
the I taliamenSdrieadr thptagd eicn pahi Barsttiucdiypan
characteristiTad9 &b pepteswatedcliassified &
or el i t(eMc(KlaiyeretdDat a, ca@abpkregti on was part
sysitaennd wr i tten informed consent was pr o\
pl aykehes . study recei ved et hics approval

Commi (22E3Byp/ &nd was conducted in accor

Hel si nki

Tab9 e Participant characteristics for eac

gArgoeu n (A;/geear Bo(dkyg)m Hei ght PLZ?igﬁ:‘Ma(tyuerailrt;
Unde9 25 18. 2 75.8 N 181.9 100. 0 |

Und:T7 22 16. 5 70.4 N 180. 2 99. 4 N 2.6 N
Undk® 22 15. 6 67.5 N 177.1 98.0 N 1.8 N
Undk5 24 14.5 63.2 N 175.3 96.1 N 1.0 N
Abbreviations and notes: kg: kil ®gtamaremmeaanti |
3.3.2 Experimental design

Training and match | oaadf udlalt as ewe® atAictpidbda c t
to June as part ot rtaEeetg®lr m@ads amaniitnotreirn
guantified usi ngn dGNRBFEBE m HIRh esseen sooamp et i t i ve
the main team training sessions and mat
i ndi vidual sessions (i .e., i ndividualise
weeks (e@gson pard imdewhatweoralnoWw consi c

Weekly traiogoumgltmwaidei 1g . &@nd match | oad f
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computed for each player and each compe:!
compl eted all the teambdés training sessio
competitive match. Periodisation ofedail"
di stance f-bomMBPpD-MMDMBID -MD MD+Mal one et al
With this approach, 90 pl ayers, 970 week

sessions were included in the final anal"
3.3.3 Experiment al procedures
3.3.3.1 Training microcycles

Conpetitilwe mvedaloaryalddelsayers consisted eit
match or two official mat ches due to the
League, Primavera 1 Cup) and internati on:
(or-croommgest ed) mincartocchy cpleers wWeik.kgy.e,c blnaai st e d
mataned est Wwwayl e congested microcycles (i
four training sessions, mpweot inailtycehneise eakncdy G

foaurndlepl agenmsobstede official mat ch, five
Competitliwiecweeyrn desand dWrdensi sted of or
match, four trainiAg dagsyviawdofwodheest a

depi cFiegdimai ni ngntslkees s¢g @ampsetoi ti ve micr ocy
mainly of technical and tactical drill s
phase of play drills (e.g., of fensive an
s ma, |l | me-dainudm -Isa rdggethe §3% . par t of the c¢cl ubods

progr amme, pl ayers wer e exposed to ath
conditioni g rsyprrd ndn nMD and3 aggn R iMynt addn:
t o phiatsceldng,r dgansie d s essi ons wedr eanpdd rMDor me
devel op playersé physical capabilities (:
of ficial competitive mat cheg eo farshiufEf geu leant:
by the I talian: Fuwiid daanl d-1 tFnedderr mit ndtwe s ,8 0u n
mi nut es, -18%Md mimddmsthe case of <conRlgdest e
pl ayers, the training session performed
expose syamdi fg. pl.a those who played >

structured recovery session (e.g.-watew i
i mmer sion)staandngopl ayers to a compensa

replicat el caodnp eAlilt itonne age groups tr-ained
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size pitches ofThded et saimeiondd mpdaawviae™ . we e k |

the coaching staff.

Weekly training loads Periodization of training loads
Accumulative weekly training and match load Distribution of daily loads within the microcycle
N N TN TN N N
Typical microcycle [ ot — MD-S/ b—moa }—{ MD-3J { w02 }——{ mo- )
\__/ " "/ e \__/ "y
Under-19 week B B B B B
(XL XXX N ] . N FAP N o Fan
Congested microcycle  ( Mp2 |——{ mpa {MD#1 —— MD2 —— D1
N/ N/ N N\ N
week . i N £ 77N N N o
Under-17 Typical microcycle | off }—— Mos }—— mo4 }—— mp3 —— Mp2 |——{ w01
(A XXX XN ] N N — ~— \_/ "
week ) ) P ) N FAPY (o J
Under-16 Typical microcycle [ ot J— MD-s/ J——( Mo-4 }——{ Mo } { M2} ot )
00000 OCS e — S R S —
week ) ) TN TN N N TN N
Under-15 Typical microcycle (ot J— MD'ﬁ/'—ﬂ_ MD-4 |—— MD:3 |—— MD2 }—— off )
(XL L XXX ] ~— ~— ~— ~— ~— ~—

FigdreOverview of the training microcycle
sqguaAdbdbreviati ons: Of f :dadya;yx MOtfr,airneisntg, sMD
respect to the distance prior to the nex

respect to the distance following the | a:

3.3.3.2 Quantification of external traini

Externalqguaonatdisfveadgd8 SAp e x Prlo0 HZe rcBNEAS,Spor t s
Newry, NorthNeS@mnsi(tBe! Bn8pP. m@&, 48,pglovs ammlg
i nformation on ,podgi thoasi vglacdtyi med di s
GNS&nit was placenhdienamadhepfavtdedomest th
unit on the upper back between thESShoul
antennae to acquire a clear sat eNSl&@ntiet co
f or o»heex ppehr ipneernitoadl and the units were tur:
these to obtain a sufdymdhtndtNS&d et ki wiet B
atomic clock(BratbeesTaheeb Inunh®e23)of sat el
during sesNBi,omaidwadel hori zont alNO dAtl utth e n
end of each session, data were downl oade
activity to the end -pfayhenl 8ehrdrsbftwar
STATSport s, Newr yI,hiMorttrramerkn nigr eslyssnde)m pr o
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estimates of di stance and wvelocity durir
mul tidirecti(dBrealt omeeMemdnt,s 2023Se€€oPuUubdbhs wi
festi mated datao either due to mal functi
GNSS wemefvedm t he 5@&mn aolfy stihse Thet eat edath
measures selected for the analyses were |
kdl( miyi stanc@l(>m)25 akmnel @r(atoiumrnty =an3 mece
-3 @i(cdyitheel epeed h(ret @fhadrs HSRS5aGkid ox
SPR) al FoRAOw tphr ef erred aé et my avyeefllgeccittiinegs
practical standards despité¢é Gulaetlieck et
Theexet er melasluoaeds atédelimkedmivintemtsi aiydnka

socaad are deemed i mportant f (OB u cohphteiinti sé

Si mpson, 2017)
3.3.3.3 Quantification of internal traini

| nt d rormadlg warstuisfihinkgde n ¢ #ros ar H10, Pol ar HRKen
ensors use an el eEBRanodc ammodniiotgorra nt hteo cnaeradsil
urerngr(chrsiest et BdchwodtCdgagnHeR sensor ar ou
hest I mmedi ately below the chest muscl e:c

pright Ppbayietrisonwere advised to adjust t

O < O 9o o

omf ortably &Artoutnhde tehned cohfe seeach training
were transferred and dwwini @ aBleue tooldRSho ntr &
traces of each player were visually &exa
ual i ty. I'n caselef dsiopsalwiltdhs ® ar smslist o
19% of the initial dataset) . HR sensors
awapresented for this specihafoifc ecaayh @fl atyh
ssessed Wwoingttheni Yo gmBtangsbov ey atl Rt 2

Q o —~ O

nternal | oad measures sel e&xd% ddfBmiann)d he
ti me LDPedhRa{>Mi hThese thresholds reflect th
soccer materpelsd yaend a ar ede vce |fo pDeebnkta | et al

I nternal | oad was al sRoP EgsuRaPnE)i fmeetdh ouds,i nnge a
Bor g6k0 CHcFradset er et al ., 2001 ;s RIPEp envalsi zczoe
~30 min following each stRIPELfmirn ge ascens ssi eosns |

subsequently calculated by multiplying t
(Foster etRPeEEAr bi 2081dayn dunsiRPSE tAUlaQwer egused

for the anal yses.
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3.3.4 Statistical anal ysi s

Data wesd amasahmgodmeilxidag fl exi bl e approach
for the unbal anced repealteedy.me adsiurfeesr i mat
observati ohNewédnopl ayeakbiayedO0BB®del s wer e u
the variability of extacnalksamndthegicudiged fomi gk
(mdé€®Ounhdév7undabundabtraini(Mps damp -81D -BAD

MD1, )MD mi crecoynglesst edg e mtoanld a p easnidtce n h s a I(
def enwiedde f e ncdert miad f |, wildded rd f |, @ |t dhgckgged gr oup,

trainjngi d_agdy plleyer position were incl u
while individual pl.ayh rfsi rwsetr emirxaendd omo deef | f
analyse the variability of weekly traini
positions. A second mixed model was empl o
| oad meas uwriens ngc rdaasyss tarnd age groups. A t
to analyse the variability of daily trai:

undlex pl aykEgtsi mantleyd mar gi nsaae rmee acmad caunl da t o
mi xed AoBenferroni correction wasd ttagpptei e
compatTihseonnsagni tude of differedefefsemtassico
an additional statistic to better i nter g
stasi swere interpre@Wedlsad) 0,02 cdyde( 8t 60

1.1Par(@k-1209)veanyd (I>argdH®O)pki ns et Sala.t,i s
significang<e Ovakh.selataat presented are ca
devi dtSPDoror COBRer e Ahawypses were JAMOVUcCt e

statistical software (the jamovi project
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3.4 Resul ts

3.4.1 Weekly accumul ated training | oads
No significant interactions were opserve
0.05), except for welkMl@=d0dsDadse Weekly

cover eldfd®wax5 hi ghelr9 iwi dwenderf enders (494.
undle&d wi de defenderp=(Q@50256N) 1208 6wimde r
defenders (2p1.04d010.1835. 9Addi ti onally, wee
2% M'was highd4©® wndendefenders (4949. 6vil el ¢
mi dfielders ((P260.01BKN42)3-19%9umcadat r al mi df i el
73. HP<mp .d0.157) alnd cuenrdterra l def empde®sd®0180
2.15)ni fAi csa gt main effect of pl ayer posi
covered > 20 km/ h and kwildp<! 0 . di0Oslt)an Ve e& o v
cover &kdwaz0 hi gher in wide defenders (15
posi pkoB@s001 for dal fOodnptaoi BoaS). Weekly
> X®'was higher in wide defenders (304.9
(176.9 Hp<l1OD0OOM.1M9), central mi dg< e0.doeorls; (
0.92) and wide mi dpf<i €0l dd@5r;59 )(.2 1/0d ddi tN oln4
higher in attackers (255.0 Npd2®@d®5:mp) co

No significant di fferences were>o0bsébyed

significant main effect of age group was
training lp<ad.OaRglye e xt er nal and intern
competitive microcycles f oFi gdaaaeid dlgdb | gr c

respectivel y.
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Fi gbreWeekly accumul ated external | oads

during competnti @8 ) A)crdacydlioesn, d{( By anota
2!, (D) dikit®dnc(eE)> a2c5c an@&r g tFi)omdse c-2 |1 21 a
m@2 Box and whiskers graphs display medi
max values. Statistipxalol. Y59i @arirfoiscamtyedigl
as follows: "~ sign4dlbicéantsliygynhifgloa#thot lyadmi
significantl yl ;i ghesi griafni cumaitd®elry hi gher t
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Tabl@ Weekly accumul ated internal | oads

during compet({nti 96) mi crocycl es

Und-&® Und-éw Und-& 6 Und-é&b

Ti me spentkax> N

: 35.6 N 48.8 N 40.8 N64.4 N*
( mi n)
Time spenkax> 4149 3 § 15.4 N 12.2 N26.3 WN*
( mi n)
SsRPE ( AU) 4.3 'N* 3.9 N 4.4 WN* 4.0 N

SRPEL ( AU) 1690.9 1722.5 1575.3 1353.1

Abbreviations and not @say; HR:RPlEearste srsatoam; r M|
SD: standaTld: dtervdianiimgn;l oad; AU: arbitrary
Data are HReameaM uSR.s represent the weekly s
exclusion of MD (i.e., no HR data recorded
Significamtoulpe tdwdd rdr. drbgesar(e r'esgamtidd cantflo
undleSsigni ficant | yldigigdireirf itdamt luyldhbrigdreirf it d
hi gher tl®an wunder

3.4.2 Periodisation of training | oads
A significant i nteraction was observed &
external and intermal 0tO®ilyi.ndelroadi mads

during competitive microcycles foFigach

~

C

6, Fi7T7guamed 8FiReairrieodi saalt iloonadofduirnitnegr nc ompet

for each age group and 1tlr,raining day
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Under-15

15000 , ™

Pl & b o b d
MD-5  MD-4  MD-3 MD-2  MD-T WD
b,c,d da a abeod
MD-5 MO-4 MD-3  MD-2 D1

Training day

devi

ati ohm, (-8D)

tr@+ nWdou)y i amgd amatoenp elt 0 & d

fo

mat chpda@y. MD)acrSaad itstaicraildgy e
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£
§ anon ao0a{ T 9000 { T 2009 |
% 6000 r |J_‘ GO0 [ ] |J_‘ BOCO |‘ |J_‘ |J—‘ BO0O {
g F H
e
3000 ’J_‘ 3000 3000 3000 1
4] v e 4] 4] 1]
MD-5 D4 MD-3 MD=2 MD-1 WD MD-5 MD-4 D-32  MD-2 MD 1 WD NMD-5 D4 MD-2  MD-2 MC-1 MO
Training day Training day Training day
Fi gé6reMicrocycle periodisation of external
duration, (Bertoctal tassadésplay mean N standard
MD3, -BMD -MPp and grey bars represent
a significant3;y thhigihemrni ftihaah;tMDy i ghiefri ¢ &3atnl dMDhii ggrhiefri d é2etnl gMDhii grhiefr i
hi gher -XT;hafn aMDgni fi cantly higher than MD.

125



Under-19 Under-17 Under-16 Under-15

1200 , B e e d,e e ab,cde 1200 ; Bde ab,de e ab,cde 1200 ; P& d d ab,cd 1200 b,d d d a,b,c.d
E
- 900 900 900
=
£
o
g 600 600 600 600
A
[-']
[*]
[=
8 300 300 300 300
E 1. Ll d e N Himi
0 0 0 0
MD-5 MD-1 MD MD-5 MD-4 MD-3 MD-2 MD-1  MD MD-5 MD-4 MD-3 MD-2 MD-1 MD D-5 MD-4 D-3 MD-2 D1 MD
400 , Bhe e de e a,b,c,d,e 400 a,b,de a,b,cde 400 ab a,b,cd 400 a,b,d a,b,c,d
E
~ 300 300 300 300
=
£
=
9 200 200 200 200
A
[-']
Q
=
£ 100 100 100 100
i - FVH e = L FTT %
0 0 - !Ll % o I_L\ V% 0 % ’_L\
D-5 MD4 MD-3 MD-2 WMD-1  MD MD-5 MD-4 MD-3 MD-2 MD-1 MD MD-5 MD-4 MD-3 MD-2 D-1  MD MD-5 MD4 MD-3 MD2 MD-1  MD
Training day Training day Training day Training day

Fi gdreMi crocycle periodisation of external tr@fF ndug i amgd amatoeopl)to dd
di stank!, > (B) dilkManodhit e2Dars repr-2seMMp -31p a®MDi-Mjg armd sgr(ewd bars r
day ( MD) . Statisticpdl @. @) gnadicanttdaifhmiemgndeaygys (are r-Bpobtedgasff
hi gher -4;hamm MDgni f i c a3;t |dy shiiggnhiefri c afgtnl eMBhii ggrhiefri o almtnl fyM Bhii ggnhiefri o ahmatnl yM

126



Under-19 Under-17 Under-16 Under-15

>

150 , ©dhe cde e e a,b,c de 150 b,e B b,e e a,b,cde 150 b e d a,b,c.d 56 d

100 100 100 100

50 ﬁ ﬁ 50 50
0 0 0 0
MD-5  MD-4 MD-5 MD-4 MD-3 WMD2 MD-1 MD MD-5  MD-4 MD-5 MD-4 MD-3 MD-2 MD-1

<]
o

Accelerations > 3 m s (count)

MD-3 MD2 MD-1  MD MD-3 MD-2 MD-1  MD MD

. 150 c,d e b, d, 180 b,d b b, d 150 d b, c,d 150 b, d b. d
=
=
=]
L
o
® 100 100 100 100
£
L
v
Z
s %0 50 50 50
E
k3 ﬁ
[
o
.4
a o] 0 0 0

MD-5  MD-4 MD-3 MD-2 MD-1  MD MD-5 MD-4 MD-3 MD2 MD1  MD MD-5 MD-4 MD-3 MD2 MD1  MD MD-5 MD-4 MD-3 WNMD2 MD-1 MD

Training day Training day Training day Training day

Fig8reMicrocycle periodisation of external tr@fF ndug i amgd amatoeople)to dd
acceler andf, of{B) > d2 c-8rh@&.r aWh iothnes Ixar s repr-BseMpD -BMpa-MpPpi-MP dagsg( MP bar :
mat ch day ( MD) . Statispkc®l 0p) siagniokiscdntai di hige rdearycsesar(e r eporb ed
significantly; hicgbegnti hacaBplg &ighiefi ¢aamnl MDhi ghefi ¢ahbnl MDhi ghief i

hi gher than MD.
127



Tabll Microcycle periodisation of internal tr@+ndu)gy i amgd amatoenip elt o a d

Ag-gr o1 MD-5 M D-4 M D-3 M D-2 M D-1 MD
Tizne SPUNnde9 15.2 WN°cr1e 10.6 N¢r0. 7.2 Ne8.1 4.3 N 5.0 2.5 N 3.8 -
?rsmﬁ)nm)k'XR Unde? 16.1 N92r4. 8.6 N 8.8 14.8 M 919.8.1 N 8.3 5.2 N 5.0 -
Undek6 16.7 WN°c1¥3. 9.6 N 9.6 112.1 N 10.5.9 N 6.1 - -
Unde5 24.8 'N*12d 18. 5 N#®1r2. 16.6 AN 9.710.3 AN 8.9 - -
Time spunde9 5.7 NerA 0 2.9 Nea4.6 2.0 N 3.7 0.8 N 1.6 0.4 N 1.1 -
90 % mkR N N . . .
( min) Unde? 5.6 Nd”. 9 3.0 N 4.9 4.4 WNed®. 8 2.2 N 3.9 1.4 N 2.6 -
Undk6 6.2 WNeg. 4 2.9 X 5.1 3.2 N 5.3 1.3 N 2.4 - -
Unde5 11 e 8 8.3 N*g. 3 5.9 8 5.5 3.3 N 4.7 - -
SRPE (Aunde9 5.0 N> ©¢4.4 N*¥2. 0 4.2 Ne0.9 3.5 N 0.7 2.5 N 0.6 7.1 'N* 6. c9d
Unde7 3.9 N4¢.9 3.7 N°¢c0.8 4.2 NPg.8 3.3 N 0.5 2.5 N 0.5 6.9 N*p c1d
Unde6 4.6 ™ 1.0 4.2 N 0.8 4.4 N 0.9 3.8 N*0. 7 - 5.9 N 0°¢9
Unde% 4.3 ® 92.1 3.9 N 0.9 4.3 W912.0 3.5 N 0.8 - 5.2 NbC.Y9
s R PTEL Undk9 389.5 " 86326.3 "N?*2267.9 Ne11236.5°N 80112.4 N 38776.9 N* 2«
(AU) Und®k7 323.5 ™N9*1261.1 N 85344.5°K 98261.2"N 75129.7 N 33764.4 N¥26F
Undk6 352.4 MWN910284.7 N 77342.7°N 95275.6~“N 68 - 576.4 'R "13
Und®% 323.9 MWN?910284.0°9N 93349.8 M 911242.7 N 82 - 454.0°K 94
Abbreviaatdi moseiscates data not available; sRPE: session Datanar o f\e ahRc MiaSmmd wase
duri nBetvMBgraoup d|5)f ferences are reported-1labs (fpol<l DwD:5)%n si gnidgfrAi d(dpctadnyOl. gy 5)a;teedtt estrihgl

t han -lu7/ndlepr < O. i A s glmi f(ipc a<n tli. y© &g it eddSteyagnl é té hfiaenr eunncdeesr ( p < 0. i0f5i) c amtel y ekpipg berd t:
significantl-#; hcgbegni hiaaoadMBlidignhiifgihcearnttihanheMbdegnt haaalMDIfy <ii grhiefri a éhratnl yMDhi gher
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3.4.3 Differences in trainitcmoqglesdadesd bmtcwe

A significant interaction was observed
durati on, tot al diTd4t amecaep,&sr ORFOE) 13 nd No®R PsH
i nteractions were observed pf>r0.t0Ohbe) -20 tOne r
durati on wa s-c ohniggehsetre di nmircamcycles (67.1
congested microcyp&l €sd10.3®1)3.-NorleMBl md inst a
hi gher-congethed microcycl es (5461.6 N 1
mi crocycl elsl 400487 60.80M\NL46) . 208 RMB was hi gh
congested microcycles (3.5 N 0.7 AU), comg
p= 0.d00.227) .-20s RREBwas hi-gbepgesnhedomi crocy
N 80.1 AU) compared to congesg €dd®™ilg2pcy
On MD tot al di stancengastbdgmecrooayaleaes
compared to congested miprody @®ds36() 34 7No
di fferences betweenomservpgy cl ®eORMRPR A s owdr
FigOdielsgppys t he magni tude of di fferences
mi crocycles and -19aining days in under
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MD-2
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> non-congested microcyclas
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Dist. > 20 km h™’ —0—
Dist. > 25 kmh”' —o—
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Time > 85% HR o —o—
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T T T T T
1.2 -0.2 0.2 0.6 1.2
Cohen's d effect size
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1.2 -0.2 0.2 0.6 1.2
Cohen's d effect size
C MD
> congested microcycles > non-congested microcycles
Duration e
Total distance '
Dist. > 20 kmh —o—
Dist. > 25 km h™' -0 —
Acc.>3ms” — 00—
Dec. <-3ms? —
Time > 85% HR, .
Time > 90% HR,,
sSRPE — 00—
sRPE-TL —0—
T T T T T
1.2 -0.2 0.2 0.6 1.2

Cohen's d effect size

of di

congested

MECA

on

Fi g@r eMagni tude fferences (Cohends

an d rldo yictlael si ainn S
nveDg. at i ve
congested microc
The gr
t hr e schaonltd sd. i pStedteihdet)el saa(le!l v ndii
dence i
TL:

| oads bet ween
soccer(npl 2ag¥mRAgL, MDBL,
ng | oad

t rai rciomgg elsded aom cmorcycl es.

effect
higher traini
hi gher
effect si
*. Abbrevi

ng of

Z e

ati ons: Cl : conf i nt erval

traini
130

rat.i perceived exertion;



3.5 Discussion

The purpose of the current study was to
experienced by Italian Serie A youth socc
be the ficlsar &dbtwetnhi dedxstter nal and int-ernal

|l evel youth soccer players throughout a |
age groups. We reported weekly training |
a microcyclset ucsoimngo ntlhye umoi | i g ed xmetrmad s (d

and GNSS) &mand nRRENallogds i(MDuad elye ¢ e ratl
Anal yses of the results highlighted tha:
progressi veli yggewatadeémyepl ayers training
SRPFIEL compared to their younger counterp
competitive microcycle varied across age
fluctuations of daily | oaldd aacnrdd Susngdrelwre p sii
opposed to a |l ess evident | oading dy stri
in loading distribution, common péer iandi s :
MD3 sessions emerging as the most physic.
l evel youth soccer players experiermeed t
|l ast training sessi-bnopad)MDtrhda ol cwanptetli d a
Additionally, during-l9opdeaygtted 6mit c@ad Oy Olge
MD2 for volume and sSRPE measures itn M®omp
| oad was not affected by the type of the

Lasséage academy pl ayledr san dil Auonsdecai mr bbhes ur
hi gher duration, @dxteromplarledado drmei s RFRE
(untiérandlb5underuggesting a progressive in
t hroughout t he Qacademydi pgshvwagpyp.ear to be
number of training sessions colpleerntddurde
17: 5 traini-hg amdlssuwvddertumdenri ng day-s) an
plyadur ati onsl® nanmnvd) 7 ruddadre mi-1n6 vasn.dl Gunndd8efr a n

70 min, rdyoipeset iweeelkyl)y. ext er nal training
sustained by English Premier League and
di stance and spr ikn®i)(nhBowdrsteatncal .(,i .2017;>
et al ., 2021, Ho u tWheeyreerass etRP&I .t,r a2 M2 h)g

cohort than 1has$eaneepeetli eainadi NEngl i sh Pr e
academy (pmpeét s zzeri et al ..Theop6é6pgwesgil
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weekly | oads agrees with previous obser\
soccer playewrelwitteld agergrddiam niom , e xCtoé re rma |
202alnd sRPE t(rWwriingilregy leadadkeems2@QlL&8pP congr u
principles and devel opmetner mtatahlegt iec aGa\
adol esce(bL!|l ayth|l ahdsPrlagreagssi2Wel 2i)ncr eases
| oaadsso walthgmredwtt md changes (iHa nmhody dCamm

al ., aa@2@®hysica( Mpretrdgh mancal ., .20Tla8;e nP
toget her, increases in weekly accumul at e
the result of weekly scheduling (e.g., n
changes in body composition and opvhys iacnadl

maturati on.

HRbased measures revealed greater weekly
(> 85% andma) 9 %bbmMHdRdrayers compared to t
highlighting the i mportance of integrat.i
fully quantify traininlgewelmaywadwst mndo o eerp.c

our resultt ,> t9@Wé ubag training seslsd8 ons
pl ayers compared to younger counterpart s
pl ayéw s gl ey .dthealreasd2®W12)r the discrepan
present tshasd¥r iandy might be related to
observation, -Aasswd rapernhall HBads during
opposed to two weekM iignheWried |AsdWwad st i setrOwd2y)
di fferences may also reflect a shift i n
through the academy pathway, with a focu
skills from game situations in smal/l gro
directed towards match preparation (e.g.
groups. As a small er n esmpbeecri faofc plray en ng
greater HRiHlanase nesti,taydi ff20émbhres i n time s
could be partially wexplained by the des
mi crocycl e. Notabl vy, mul tiple i ndi vidua
coaching, competi tdarveorl eivrefl ) u dmcda otrise ciam
integrated relationship with the trainini
Limited variations in weekly training | o

with excBEBBR>oka®) f eBrPR> k2B') di stances. Wid
emerged as a distiHhSRnposprtimini, ngvi d dmamad
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al | ot her positions during the compER i t i\
demands of this tactical role were obser:
central days of ( MagGarcrhame teitt e |, e 2B BI) i s |
League wide midfi BERlearss aderst ed mpiagleer wi
positions acr ¢Mal ohe, metA@a hg Ig@dE@m) r unni
and sprinting distances, weekly external
roles. This finding agrees with previous
(Maughan eTheade ,| i2i2tled positi onal di ff et
stage of development and the tr aisnpencg faicc
drills |imitedlccodeperdedd thodhredsiel.wee ul t
al so dfyfe cdcaab s oshpuebetd t hr e sh@tadnsd (i 2e5.

h as opposed to t he,whshec acfc ouenlt atfiowe pd e

capabilities (e.g.,l mmaxomaadncseprwinth ng alsg
model s, intensified and specialised trai
posistpeocni fic training) i's generally empl

devel opmeffFopdt evH@awever2,02t0hese results
weelHISRoads experienced by wi ée edda ffd ncd enrese

terms of playersd preparation and devel o]

Periodisation of daily training | oads v
suggesting variations in the distributio
Bet wagme group differences in | oading dis

Premier League and ePel t mguwmasany n atl iagreals

mi croc@Qalttinho et al ., 20 Smp hWrsii gli evyg @ th €
training approaches empl oyed by cOfaches
significance, a tendency towards a mor e

i n the ol der -laggeamdlowmpdaes( uonpdpeors ed t o a ¢
evident structure in tlhé amodlbgredeRFooau nitnes
accelerations and decel eration count s [
mi crocycle in the younger age wearoal pashs evhv

i n ol der age groups acr oss a rTahnegsee odfi fefxet
di stributions of | oad observed throughou
number of trainingThays fagmeéieadgd ehppr ewke ¢
conducted with Engl ii ks whrienni eorb sleeravgeuwde aa cce
of Il oadifA6¢é kanduloudagea gf(blapsoonl €¢ol eman,
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the other training days emphasized |
nsities (e.g., sprinting distgrnces a
consistent finding across oalsl rageag
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erplneayt cahs a key component of (WMoughnpl
| . , TRIOSL8i)nf or mati on regarding the phy
outh soccer players can serve as a r
ontrast, a noticeable reduction in tr
eding a compéetiftoiron hede o td2e df agrs otMipes yao

ps. This unloading practi ¢€ousi abos i
; Hannon et al ., 2021; Malnadn es eenti oal .s
Amsler son et al ., 2016; Kel | yGaertc 2aal .e,t

aphdl8gpresents a common strategy emp
etitive |l e@OWenaed alge, g20L7p)k

and3d MDraining sessions emerged as th
acterised by higher |l evels of both e
r days within the nli7crpdcayclres. tRHa@ri niinns
ed-3omdMRZ ating a pattern of alternat:i
etitive microcycle. This observation
of the mic4oanpd3d &kDxshuicbhi taesd MDhes hi gh
ss a range o f( Haenansounr,e sCoil ne nbaont,h eyto uatl h.
; Szigeamdedsemilor, RO&Rf29(sksli eomian g seotc ceal
y et al-Gar c220a2 0Ogt Malio.iz,22m200 1e8t; dH d sven2 @ 2 2
of the microcycle constitute a piVvc
ide an opportunity to iIimpose higher
i ous and subsequent match. thet éoast el
lun delrayers, with most of theb.trTahing |
ests an unloading strategy character
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ay demands of i nt eyrsmuathi amsalt hyeo UtEHF Ac ¥ mp
monstrated to be hH&Reormpfacgre dt dtoalt hdisset
mpetiti-d8s Spanuslie@E@axcteal lpdmGteatst &lgi s
ogramming training and recovery strate
th senior soccer players, inc(RkRidelnd at s
2alnnd t he programmi n@Bwdhlaeidta.ye torf db win aud
the influence -dftmaicmiotyct @ad g ydiDe
curred 48 h after the match. Therefore,
seen as -baa sterdaisnirmg elgyad o i mprove reco
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aining time and facilitate r-stageryout
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advant pdheyspentf orcrmamakel nces pondt vhdual i se
thresholdataneé nmeeatseurrse spwoeu.lngd. §lu itpledoe & d e d
bet haracterisation of trainingSedeoamsdnthe a
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CHAPTER HGEBRI ABILI'TY AND SENSITIVITY TO
MATCPRAHYSI CAL PERFORMANCEI MEIAISANR ESORINE A
SOCCER PLAYERS

Peervi pwbti cations from this chapter

Franceschi, A., Robhi Bsownl e, AT, ,OWens artkL
K. ( 2Rl3i)abi l ity and sennsaittcihvipglyy stioc ad h apn
measures in el i tkr oynotuitehr ss oicnc eSp opri%asy ebrhsd.3 &
https://doi.org/10.3389/fspor. 2023.11736:

Conference presentations from this chapt

Franceschi, A. Ro klj.n 80 0o wn\enenfd.l Dy Bwe as |
Bravo, D. , & Enright, K. (2022). The r el
perf ormance measures i Worelld t@o nygoruetshs soonc ¢

Soccer (WCSS), @ralmbPrae s dProtrdtuigan ..
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RELI ABI LI'TY AND SENSI TI VI TYMATOC HC HAHNYGEI ©AL
PERFORMANCE MEASURBRSL I AN SEROIWETHA SOCCER
PLAYERS

4. 1 Abstract

Pur posTeo effectiwmalty hmemiatngresposnt physica
reliable and practical measures sensitiyv
guantify the reliability and sensitivity
measueeserded dur #dngnbamulskPC el adweesrt and a C
A youth soccer players

Met hodBi ght een youth soccer players perf.
five CMJ trials inréoeast tesiti algi siesgi wvas
testingsesvdeasng somapart, using TE of measur e
change was assessed on t wo additional

i mmedi ately after a sgecfcfeercdmasdircazhe d(dmmairgih:
TE

ResuAhssol ute reliability (CVs) ranged fr
demonsmadhdticalxe el ¢leati ve reliability (1 CCs
A wide range of physical performance me:

mat pd Q ogB@malahode)y .atlePC peak fomRSéodnti edr
CMJ eccentric forces (mean breaking force
zero velocity) and Cavide ggnemtnt @lo weh amgeas aaq re
theicaltypariati on, demonstrating accepta
changesmaatc hpost

ConclwusiB@ peak force and torque, CMJ r e
eccentric phase forces and CMJ mean powel
to change, and may be arpaprcohp rpihaytsei cfadr pnea

hi$lkevetth yoaccer players.
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4. 2 I ntroducti on

Findings from Study 1 (Chapter 3) have s
of the weekly microcycle in Italian Seri
competiaumseetnabol ic and mechanical fatigue
elite senior anddegokbdyho seotccaelr. plagEké;s Dee

et al. ,Ne@wdddysv,elhiygpophut h soccer players ¢
peri ods of training and ecnoamipceht i t e oa VvV ewiy
(Castellano dheako] !l 2620ye stresses acclt
season may | ead players to a fatigued st

subsequent competitiosfiuacdiomalteasvertlieac
il T hEespont et Tali.s, sZx®IN®)ri o has prompted
pl ayersodé readiness to train to inform tra
mi cr ociylcdrepe et Aalmyyr i-B@s®d¥f @needamuscul ar

indirectly assess individual (rAlslhpam®Pnes fec
al ., , 2082)uding isomet-thcgheptubl (epgst ec

dynamic measures ¢sWNohras eeDebpalt 0Efps w
use of t hese pl ayer monitoring tool s,
comprehensive range of physical -matrébrm

responses in a youth soccer population i :

A suitable measure usedmdtochefrdegonyvel yhi

high reproducibility between repeated t e
reli abAttkitrygon and Nevillandl1l18a®ul dHoplei mnce
detecting changes i nduced by training ¢
respons(i Vkeorepes ) et Q@dant i2Oli7n)g bot h t he r
sensitivity (-mMatigmaln@@)lur emuspadtar fatigu
recommended to better interpret( Hondairvtihd ue
al ., 202 2; Mer cAadlrdi ¢ti oalkbl | y028phsi-siporning

ettings, t-matehusedpbosepmehitoring tool
to their relevance to perf or manBcies haompd efte
022)t hough numerous studies have report
measures i n youBrhovwmceteralp.l,ay2031; Enrig
Hi c ks, et aimjted19nformati on exists on

conjunction with theplseReswdlilvigty dlo.l,|] o2v0 1
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CMJ test is wpelel gr maedei spbrgé to monito
fatigue and subsequ(eBnetatrteiceo mentd yailn.d,i 12000200a)

(FranceschiPregviaolus, r2e0s2e0a)r ch conducted w

i nvestigated the reliability of CMJ- outc
4 . 8 %; | DCS88E)Mr. iI8PBh t et al ., 2018;. FDetszppiatte
possessing acceptable Il evels of reliabil
l i mited sensitivity in response to trai

( Mal one, Murtagh, et a.l . Co n2s0ildse r i Tnhgo rtphee
changes associated with neuromuscul ar f at
the CMJ task may offer superior .Rmevigduss
research has examined the reliability an

spodemonstrating their sui(tGalihleirtcyol feoreto

Hei shman et al ., 2020; Howar Tbh etnmat enh p 2
readiness tle tc@antnemty ofn youth soccer, a
identify reliable CMJ measures capable of

neuromuscul ar functi on.

I n team sports, physical performance mon
combination wiNMoOTrvreirst i edar|l adjsu,mngpr@ 02I11) er nat
(Brownl ee, Mu r.t aRgrhe d centi naaln.t,| yH @R8E)md (0od.4 h e
Al l en et al ., 20a2n4d; tbBhaer nreosl ee to fa lf.a,t i2g0uled )o
i n soldeygaert s ehta naslt.repmgdthddgol s were intr
to quantdgegcimuisclreeur omuscul ar fatigue du
has been proposed t o measure the peak
muscul ature at 30A andn@bDAsaoé¢®cChehyens
2015)I PC peak forces have H&€ean hbdemonetr a

Mc Cal | et amd . serR9ilbi)ve to changesplfagl | o
(Constantine et al .., [De0slp9i;t eMciQasl la peptl iacla.b
not account for individual di fferences i
torque generated from the maxi mal vol unt
Henceit i s important to demonstrate the r
the specific population to inform practi:
Ther etfhoirse, studyqaamedfy reliability and e
of a range of physical perf ormance measu

the | PICi nbwemuscle test -hedel hgoCMl sestern
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4. 3 Met hods
4. 3.1 Participants

Ei ght ee@avéai ghouth soccer players (mean N

70.4 N 4.4 kg, height: 177.5 N 5.9 cm, |
of fset: 2.6 N 0.5 years) from a yeamh ac
participatedbjact iweseudlyassified as hi
4)Y McKay et.Alall . pl 29e@R23 were free from inj

~10 h of training per week, pl us a compe
l ubés monitoring system and written inf
uardi ansTdared sglualywemr ecei ved et hics appro
thics qo2mniSPeied OMds conducted in accord
f Hel sinki

ome o

4. 3.2 Experimental design

A schematic representation oifnthkefldneper i
study was completed during the competit]
sensitivity teofchpmygsei caasls epsesrnfeonrtmance me a
po-match mohhda ofrP@gand the CMJ test were
pl ayers received a smiinomusmsme®di anvo iframi th e
experimental trials. Reliability assessme
apart usiemn@sa dreestiegsnt. rTeelsitabi | ity sessior
a -Aaur rest period during which players
vigorousSeacsctiitvivi yy t o c hafnrgiee nwdalsy Gefvaand cudalt

mi nut es, 105 x 68 m, a rEtxit feir miad | atnur fi )nteys
were quantified usEaghGNS8Sti IR aeBdsRPE. w
same time of the day (i .e., early aftern

and took ©place f ol-hiowu theu paa rsetxacnedoa r dfi azre d-

performed I mmedi atteilryg asdegi drmse fmart cshe n sTi
pr-ei . e., 1 hour before the commenmatmem:t
(i .e., within 30 minutelsuddafngc omgIlyettihneg
compl ewlad @hiherut e duration. Pl ayers were i
dietary intake throughout the experi ment
for reliability, while thirteen players

f drhe assesesimenti vofty.
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FAMILIARIZATION | ‘ RELIABILITY SENSITIVITY

n=18 n=18 n=13

| IPC F--mmo-- > IPC | PG f-mmmmmm e » IPC | | Pc F--{ = |-+ IPC
. ‘ s B . z
. N \ - — P 51 - ~
| oMy F-mmmmmoe- > CMJ | CMJ |--------- » M) L oM F--1 7 r-» owm
o | SEEE— ] o
Test 1 Test 2 Test Re-test Pre Post

Fi guroe A schematic represent atFiodd owf nd ht

f amisht aom sessions, rel i abrieltietsyt wlaess i ggwa ls
apart. Sensitivity to change was evalua
performed before and i mmedi ately -alidiem,;.
CMJ: countermovement |jump.

4. 3.3 Experimental procedures

4. 3.3.1 Quantification of external and i |

External mat ch | oaGINSWas hgoApgyf Ped Ger ne

GNSS, STATSport s, Newriyn dNoaoc darheeamc el rwil tah
outlined in Study 1 (Chapter 3). I nt er na
(Pol ar H10, Pol aand KeRPE)] ej nFaonkandpance
outlined in Study 1 (Chapter 3). I n addi

outlined in the previomaxcmapt eémpe edhR k me
bLm nandd{eH:RM) nwer e al so repornaenddst.o descr

4. 3.3.2 I sometric ploismermoscilcdat east( 1 PC) |

Pl ayers performed a 3 s maxi mal contracti
platform (ForceDecks Dual Force Pl ate Sy
Australia), similar toMmedlhlo des.t pFradervc eoldedcll
software (VALD Performance, Newstead, Au
the selected measures with a sampling ra
before testing each player. Biehe®rgoe®iatcihot
their knee at 90A and 30A of flexion, w

pl atform-taemglt tlheeg neoext ended al ongsi de a bec
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participant (i .e., | ower s hamki gtubrl€thee par
height of the box was adjusted for each
ensure positioning at 90AAlandt e3sOtAl nogf sfelst
supertvy sthhe samentatshecedr r ewhi ggpbs bbbt hn | e g«
applpredsure to thmarcomantail aitparmtl pao pt Uroe
buttocks, hi ps almhde Iseed de cdre dt tken efel ddre)x.i on
using a goniometer (Fysi oSufpoprl ilbkedRsha@reo rsi

were instructed to push their heewemaxi n
required to repeat trials i f dahmezsliseme
each | imb and each position (90A and 30.
bet ween trials. Peak force was quantifiec

from the joint axis of rotatidormetak tthhea g
calcul ated by multiplying the peak force
domi nant | eg (d\o)mi npeenatk Ifeogr c(eN)nonpeak tor g

t or guko miomant | eg (Nm) were anal ysed.

Figurle Representation of participant posi
(1 PC)-li mwemuscle test at 90A knee flexio
strength in -pesaponse to match

4.3.3.3 Countermovement jump (CMJ) test
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Pl ayers performed five CMJ trials with -
(ForcebDecks Dual Force Pl ate System FD | i
using methods p(8arouslhy eéeésarli.hed2021;
ForceDecks software (VALD Performance, N €
calcul ate the selected measures with a s
zeroed before testing each player. mBefor
advised to stand wupright, wit ks htotudidrerh aw
apart Once the starting position was ad
|l east 3 s before the star terodfs tbhoed yt rwiea lg h
the countermovement players were instruct
i mmedi ately jump as high as possible and
during the flight phams et henmahnpai niFmgath
encouraged to fAabsorbdo thkndeaxndiagdbgnki
i mpacting the Thhea c@MJ] | mdd ou melsived ees carniab eyds
from tdhe meocoue ve and usteidc alo rbhsad bys seigsuaesnut
were selected to describe bot h( Gatthceornoeo lae
al ., azn0dl5agree with previous -wer ker ncaomy
environHewarsth et al ., 2022; Mercer et al
Tabl2 Definition of countermovement 4 ump
time curve.

CMJ measure Definition

Junmei d ketm) rl\r/::i(ihg]zl. jump height-mommput
Contraaeems h Duration from jwmp.initiat
RSiodi f mB s Jump height divided by con
Concedut ai( @ns Pu_rz;;on of the concentric

Concepetafkir ¢ B) Greatest force achieved du

Concentric pé&ak Greatest velocity achieved

Co n c emetapo wcé W) Mean power during the conc
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CMJ measure Definition

Pe pkw € W) Maxi mum power achieved dur

Ecc edutrra{cime i Duration of the eccentric

. . Period from the minimum fo
Eccentric brakin
phase.
Ec c e detcreilcephatsieon Ti me period from maxi mum n
dura{sodn at the end of the eccentri
Mean force during the ecce
Eccentric mean bminimum force to zero velo
phase.
Eccentric mean dMean force during the ecce
( N) mini mum force to zero velo
Ecc e petafkirct B) Greatest force achieved du

Force at zero veForce exerted at concentri

Eccemeapd wd W) Mean power during the ecce
movement to zero velocity.

Abbreviati ems aredtnoneder; ms: mi MeasecesddeNi nNe

accor Fiomgetbecks software (VALD Performance, News

4. 3.4 Statistical anal ysi s

Descriptive data are reported as mean N
nor mal ity was as-8Vebketlessi nDi 6f EBhapcee be
test sessionsananmpaoiseh wieem Ppemsi t i wiatswrweer
using a epatt heOdl. ®Ba For the reliability ai
and the CV were reported as meas@®&ay of
mi x-efdf ect s)Clashrep®wrted as aabmeaisdyrke ncf,
2000; Wei rl,CCx00W=e)re interpreted in |line w
on previous reexccoertfimeetihgt® @ o07. $9ndo)d, e ( @ t0B 07 5 )

angplodr< O(Kod0o and. LFor 20hé) sensi tichiatngeso
wereey al agtaéed st tTeEs sveaslsueesach mdasecedsneali
po-match v.arl fantapashts changes were greater t
test, changes were deemed agHe®sprRsN8inve 0D
addiHe dgued & e s(h) wes ricemd c Udaaststelbes magni t ude of
andern et erpret:¢di@s alsodd!Ply0R 06Mo)d, e ( A t16.01 9 ) ,
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| ar(gle-:12® 9 Vveangd(l>argglekO pki ns et Theéi st i2O8) ar
was performed wusing SPSS statistical sof
USA) .
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4. 4 Resul t s
4. 4.1 Match | oad characteristics

Match external | oad (mean N SD) was cha
di stance covered, with 720k&'An®@0B52. On K f
m of distancé&mmiovBEhednwmb2es of m@)ccahdr a
decel er<@m@onper f or me dp ldauyr i wegr emaét0c.hi1 N 1 3.
respectively. Match internal | oadb K memn |
lof abWlR wi pehaxfHRL 97 b1l miNOWN5 . a7v @il ag@rent 29. 9 K

mi nut e%HRaN®52 N 6 .>90MRA.UtseRPE was 5.8 N
4. 4.2 Reliability of physical perfor manc:

Absolute reliability (CVs) ranged from 1
frgmddxcel bentPC measures (I CC O 0.93;
rangednofdrdamixeeff bent he CMJ measures (1 CC

0.99), exeaptri Eobmraking phase duration
duration (1 CC: 0.70 and 0. 77; 95% CI : 0.
reliability resu3ts are shown in Tabl e

4. 4.3 Amatehpehtanges and sensitivity to

measur es

A wide range of I PC and CMJ measures shc
mat ph Q. 05). The magn-matdbmoadhes(gaht eenlgle. Oa t
t ©10. &%; f 00 80 .t503) for | PC measut reistyo avlh i

moderngat ¢ 0o@d-100 g%; fOomMm8 to 0.65) for CMJ
measures (I PC peak force and torquen domi
domi hagt OCmddiRfSied, CMJ eccentric and col
eccentric forces, i ncluding mean braking
force at zero velocity) displayed mean c
ti mehse TEEr.se&loyn,y t he other remaining CMJ

ti me, concentric peak force, eccentric
eccentric deceleration phase durati on, c
peak powegre)d dneaml changes | ower than thei
Full results on the sensitivity to change

pl ay ar eTablpbde rRikdgdurricen Fli3gur e
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Tabl3® Reliability of physical performance measures deri vEe@MI) otme g&th

Il talian Serie Anmyolu&8)h soccer players
Test Ret e st Test -tvess tRe

p-v a l P (9% TE CV I CC (95¢
| somet r i ec hpaoisnt etreisotr
Peak force dominant | eg 3178524 .5 31959 .1 0. 4¢C 2.-BD.;6. 1) 9.7 3.C0.97;0.09
Peak f aroomd nramn l eg at 90289N4®. 2 296N4% . 2 0. 1: 6.45(230) 12. 4.2 0.93;0.09
Peak torque dominant | eg 128N2®8.3 129N26.1 0. 3¢ -1.3:P.3) 3.7 2.¢0.98;0.09
Peak todgmienamin | eg at 9(117824 .7 12082H.6 0. 0¢ 3.6.6.4) 4.¢ 4.C0.95;(0.09
Peak force dominant | eg 299N4D .1 29944 .8 0. 9¢ 0.3.,,8.4) 13. 4.¢ 0.92;(Q0.09
Peak f aroard nrammit | eg at 30268W4% .2 275N45B.6 0. 17 6.45(330) 13. 4.¢€0.92;0.09
Peak torque dominant |l eg 12102N.1 121N1©.6 0. 9¢ 0.4.®. 8) 5.€¢ 4.€ 0.93;0.09
Peak todagmienamn | eg at 3(108N1®.7 111N2D.1 0. 1°¢ 2.B.:®B.1) 5.4 4.¢0.93;0.09
Countermovement jump test
Jump height (cm) 37KN®. 9 36 N8. 7 0. 4¢: 0.D.@.9) 1.C 2.€ 0.93:;0.09
Contraction time (ms) 713N7&.. 719886 .6 0.57 -6.@7(15.830. 4.2 0.85:0.09
RSiodi fi®d (mLs 0. 8. 08 0. 8@.09 0. 2¢ 0.00.;1 03 0.0 4.C0.93;0.09
Concentric duration (ms) 260N28. 7 262N34.7 0. 7¢( 1.9 :®.8) 11. 4.F% 0.86;0.09
Concentric peak force (N 175K2@4. 1748238. 0. 6¢ 7. B2(48.2) 57. 3.2 0.93;0.09
Concentric péak velocity 2. Rr.13 2. Rx. 14 0. 57 0.0Q.;2 04 0.0 1.t 0.91;0Q.09
Concentric mean power (W208RK3%0. 208R3%8. 0. 8¢ 3.87146.1) 58. 2.¢€0.97;0.09
Peak power (W) 370R6%1. 37286®2. 0. 5: 20 .-36;4% .7 94. 2.t 0.98;0.09
Eccentric duration (ms) 455N48.6 457854 .8 0.7¢ -2.45(14.6)19. 4.2 0.86:0.09
Eccentric braking phase 0. R®. 44 0. R®. 43 0. 87 0.00.;®1 02 0.0 7.€ 0. 77;Q.09
Eccentric deceleration p 0. 8®. 27 0. N®. 28 0. 5¢ 0O.0M.;®201 0.0 8.€¢ 0. 70;0.08
Eccentric mean braking f 896N98 .5 900N9% .2 0.61 -3.429(1@.6)21. 2.4 0.95:0.09
Eccentric mean decelerat 13481462. 1338167. 0. 4:¢ 13.-D1;47 .7 49. 3.7 0.90;0.09
Eccentric peak force (N) 1738192. 173K220. 0. 9: 2.A42(48. 2 64. 3.7 0.91;0.09
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Test -tvess tRe

p-v al @ (95 % TE CV I1CC (95¢
Force at zero velocity ( 17281%4. 172082%6. 0.9( 4.@2(50.6) 66. 3.¢ 0.91,;0.09

Eccentric mean power (W) 498(76.6 49868 .6 0.8¢ -0.-16(1%.422. 4.¢€¢ 0.89;0.09

Abbreviations and notedai hPCCMIsometuniter mose memntoq j memn Ihangeéeanddnrnd cheavii ateinc
err ore acfur ement; CV: coefficient of wvariation; | CiCat d@ narre crl epesr tceod reed amhd aom N oD f

Test Ret est
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Tabl4e4 Acuimatpdstichanges and sensitivity to change of physical per f
countermovement jump (CMJ) tesm=ih3)talian Serie A youth soccer pl
Pr-match wmatRdst
Pr-mat ch Posntat ch v al ® ( 95% TE «x He d g

| somet r i ec hpaoisnt etreisotr

Peak force dominant | eg at302N43B. 9 2 7 2N5@ *Mo 0.0C -29 .-466;{122. 9 14.5 -0.58

Peak f aroovdé nmoat | eg at 90A 289N41R. 6 2 5 9N55 *Mo 0.0C -29.-5B7;4191. 2 18.4 -0.58

Peak torque dominant |l eg ¢120N1@. 9 10 9N2R *Mg 0.0C -11.%.;48.2 5.5 0.53

Peak todogmienaon | eg at 90/115N18. 8 10 3N28 *M5 0.0C -11.-4:;99.1 7.2 0.53
Countermovement jump test

Jump height (cm) 39N4%. 6 38 N=.*9 0.0C 1.1.,0. 4) 1.4 0.22
Contraction ti me (ms) 69 2N76 . 7 720889 5 1 0.2% 28.-B1,(®.2 46. 4 0. 34
RSiodi fi®d (mLs 0. 8®. 11 0. B®.115* 0.01 -0.08.;601 0.03 -0.26
Concentric duration (ms) 24 4N32 . 6 245N3D . 6 0.7¢E 1.P.83.1) 17.8 0.05
Concentric peak force (N) 1848185. 1766811*S5 0.0C -77 .-53Qq-28. 5 86.3 -0.41
Concentric péak velocity (2. B8B®B. 15 2. B@. &7 0.0t -0.00. ;@700 0.06 0. 24
Concentric mean power (W) 22383 B5. 214M22051 0.0C -98.-14352.0 87.9 -0.31

Peak power (W) 398MN5®23. 7 3948483 0.2¢&¢ -38.-D113%.6 141.( -0.07
Eccentric duration (ms) 44 7N58 0 475N6%8 S 2 0.17 27.-123;6B.2 29.0 0.43
Eccentric braking phase dto. RTF. 05 0. R®. 5 0.21 0.0®.:®105 0.03 0.35
Eccentric deceleration pheo. NG. 03 0. No. 83 0.0 O0.0®.; 004 0.02 0.65
Eccentric mean braking forggsi7e. 5 8 5 0N7F *S1 0.0z -38.3:578a) 32.7 -0.489
Eccentric mean decelerati (134H8151.1 12281332 0.DC -114-1986D. ¢ 74.0 -0.78
Eccentric peak force (N) 17682B3.1 16201247 0.0C -148205¢94.: 97.2 -0.71
Force at zero velocity (N)17&215.2 16181%4M4 0.MC -147-294489.¢ 99.4 -0.7¢0C
Eccentric mean power (W) 48 7N7% . 7 4 4 265 *M9 0.0C -45.-B4;{106. 9 34.3 -0.61
Abbreviations and notpesmeaSD:c hsanagned;a r@l :d ecvonaftiidoenss er emeet yalCyV: TEoet fypcicaht eofova
i ndkata are reported as méeasi ginSDi ocan®madtcm@n@ S 5mCRhs ¢ .M: moder at e; L: Trarvgiealef f
effect si zesSeanrsei tniovti trye ptoor tcehda nngaet: c ha b>s (OCHEupgYei le.th5a nJE0 &Gt post
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4. 5 Discussion

This study aimed to quantify the reliabi

-~

nge of physical performance measures in

e meeisnulftrom this study were: 1) | PC a

O o -

h
a
h
emonstrated a high | evel of abmodat et el
xcel eéealt of relative reliability (I CCs
orque, -ncavli f R&Md, CMJ eccentric forces
eceleration force, peak force, force at
howed srgdutt smatlsanoodie red tf € cgr eamtednrs i t i vi t )
i lsppy me gono-matchanges greater than their t
oncentric phase measunes v easanhd I] tuenrpa t hi eoings
I splneyappgbhcchanges similar t o ht hseacc etry
| ayers. These findings suggesnoidf h @@MDPC

ccentric phase forces and CMJ mean powe

-~ ® T o O o un o -

or monitori-mgt oh agpkysbdcplospewviedr maoorud eh i
| ayer s.

©

PC Haower muscle peak force and torgue we

domi nant-damidnamotn | eg at 90A and 30A kn
comparative reliability data reporting p
sacer pl ayers. However, our findings ar
professional soccer players which have r
compared to 30A knee flexion fgdiCtaildn e(tC
2015)When comparing our reliability data
(Cuthbert et al.,, 20R21lgpMeLras It kdat apeak 210
and relative reliability (CV < 509%; I CC >
consideration in reporting peak torque r
i ndi vidual dbh f t emBalbezoponul laismPatacal tj oRé€
therefore consider the I PC as a reliable
po-match response in youth soccer players.

Mo st of the CMJ measures from the eccentr

|l evel of absolute and relative reliabili:t
guantified the reli(&mirliigthy eft jaump R&OI1IBhH
al ., . 20a®) results showed greater absol ut
reliability for jump height. These differ
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® S5 S O

sed between studies (force platform vs.
eliability of a wide range of eccentric
eeper insights related to bé¢Ght hempobaeaet
015)Our CVs are | ower than in previous
Gat hercole et al., ,2WhbchHeiagyhiman deite & lo
esting protocol s, environmehi1. ®%)d gmodul
070 9) wer eh asfenial ascrecteant st udy conduct e
ion ,whiaglkerguanti fied the ¢(Hdowabti hiagty aIf
terestingly, CMJ concentric phase and
ak power) displayed better redasaded | CMYy

measur es, suggesting greater vari abnd,ity

S

ever al jump strategy measures (e.g., e

modi fied) demonstrated an acceptable | ev

f

Y
Y

or mo n i tnoarticrhg pphoyssti ¢ al performangael yn
rovides reliability reference data of a

rofessional youth soccer academy envir ol

Determining the inclusion or exclusion o

o

n reliability alone may | ead to erroneou

was to establish the | evel of rehamdel i o

e

ffectivel y-mmadrciht ereiur muesstul ar per for man

The significant reducti ons i-dno niPnCaire %l seugr ¢
at -masth) suggestpltoptr sdelctes onfathbBaédms er ia

n
(
r
h

a

P

Y
I

t
r
b
t

euromuscular function in youth soccer p
ConstantineHetwwealkr, 20tManagmidedlei md rpec
esearch is smaller c dlrbpra raetoha ft cob ) p rtehvd to u
amstring neuromuscultmdrmuftenactoimpeMt &h Iviewen

I ., 2015; Wobhd 9 mi teet tahe ,di2fOflefr)ence i n t
eak force and tor quesiwteirwe dteonoalsma g eldy
o-mat ch changes great elrn tthhaen d dhred a aiipn aat d
eg, 10 and 8 of 13 players, rleosweeramfdv el )
htey pi cal suwggea thiaggh p rdoebtaebait!imatgynpi ongaftucl h

edu.cCtoinovrer sel yd,e moon splraafgtéecds changesppe&rcee
ound of theinypheal Peagme arsdddeaersai tneefsor c e a
or gluoe% (a-maposwd) | i kely reflect the high e
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muscles during repeated sprinting, which
i nduced muscle damage in tpéOwamysethodl 0)
Considering that neuromuscul ar fatigue i s
our findings support the wusmatodh |InPeCurtceemnsu s

functtihpgput h soccer popul ation.

A key finding of the present study was t
pomatch changes compared with CMJ jump h
l' ine with previous studidesy mnetelalt.e, youi @
et al ,, jat;p6)height showed a significant
sensitivity -mptdhsphawnwgeg pomtl,arwittd tome
of 13 players @grxendatbhdart i nigarmrc htatmig.ees.y,pi @ lall S
reduced j.ump hhaesi gbhete)ln reported that | ump
training and match I(dMadonien Muirt@eaghoceer

Strudwi ck, . etThat ef or2@als7efd] metai smier e s may
sensitivity to change following official
(Gathercole et al .. QuWrlb5ana&Rowseild ceft GMI ,m

RSioidf i edccentric forces and mean power
sensiwiititeananges greater than xtTHEACtrypisc a
t hemeeeas Wr e, 9 of 1 3 praa ycehr sc hsahnogweesd bpeoysotn d

h

the typi cpaledvoame Raateieodny,ng t herdli cwmer nlgo wan d e
e
e

neuromuscul aGatpkrefroolmanaed coll|l eagues de.l
sensitivity to alternative CMJ meas,ures
showing acute changes greater than thei
(Gathercole &€heabbse0dad) rheistpooweslats h ssgge
pl ayers may experience acutewhedbchiaoes k
attributed to a reduced central dri-ve an
contraction couplrienfgl eaxn ds ernesdiutcievi g tyr, e tnouhs
pr odu(ckaonoin,. 2TOhCe0 )gr eat er magnitude of <chat
be associatedi wt ehsehactekquanton and de

o

uring {HRHadmat etOveaelr.al 120X%N)e abasedcmaage
may refl ect the altered SSC function ai
downward phas(eKoarfi ,t RDOOMdurrent finding:
eccentric force measures may reveal al t e

presence of altered SSC and -mleay.o nmfuss ctuil nael
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and velocity ussg¢getofiperaotmos®caee con
success in professional soccer, these al

have relevant i mplications in monitoring

This study provides practitioners with a

for indirectly momatpariogmpn aene cysofua ghio tssyo
players. It is important to highlight t he
ecol ogi cal validity of the study, sensi ti

of a shorter duration iccempar8ad vtso 9t0Oh emi anfu

demands i nherently variable b enti wgehetn  hpal va
i nfluenced the magmat alle Adotaheérrlaitmmiomnat i
| ack of Il nvestigation into the associat:i
match demands. Examining thighassbdborapr el

pomatch acute anfdardesi culada ld.cdha ii2zdgbuep) e h e n s
anal ysi s -toifmet bceu rivbee waBCnoés.pet hpegkdf or c
and tnoeragsutee ® nsda a @ad etdabl e me asax @amdnotw g r o
forwaes exprwesgedmeat fearcley) ammerpoi dles i ns

performance monitoring.
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4. 6 Concl usi on

The present study demonstrated that | PC
for moniimatichgcpasges in physical perfor |
Our findings indicated thamodiPICi pedakCMdr e
measures (mean braking force, mean decel

velocity) and CMJ mean power may be mor e
changes foldpodbayng Cmavehsel vy, typically r
jump height and peak power shamnadd hl icrhiatne:
Performance practitioners coul d therefo

moni t ormatgc tpomshysi cal performance. Thi s n
optimise the scheduling of training saocr o0 s
optimising the physical conditioning of |
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CHAPTER ERPOEMATCHATGIUE ARBCOVERY RESPONSES:®
| TALI AN SERIE A YOUTH SOCCER PLAYERS: EF
TRAI NVOGUMES HOURS AFTER A MATCH

Peervi pwéedi cations from this chapter

Franceschi, A., Robinson, M. A., Owens, I
J. Ferrari Bravo, DMat &h ERecgwhery KRegRd
Serie A Youth Soccer Pl ayers: Effedtchh of
Pl ayEuropean Journal o,f SP@O5 ), Seli
https://doi.org/10.1002/ejsc. 12297

Conference presentations from this chapt

Franceschi, A. Ro hklj.n 80 0 wn\benenf.l T.j,0weéda R
Bravo, D. , & Enright, K. (2023) . Mani pul
effects on recovery respBusepeam E€Ebongee y:
Science (ECSSRPosttar i Brredsemmnatei on.

Franceschi, A., Robinson, M. A., Owens,
A.J. , Ferrari Bravo, D. , & Enright, K. (
match play {dmaftlchenmrcaexoveosoyt responsesr i n
pl aywwmrd.d Congress on Science and S@rcaler |

Presentation.
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POSWMATCHATI GUERAKXDVERY RESPONSES I N | TALI
YOUTH SOCCER PLAYERSEF MANRIEERUTISATO NG TRAI
VOLUMES HOURS AFTER A MATCH

51 Abstract

Pur posBRecovery i s a mul tifaceted proce:
me c hani s msUnodveerrs ttainndei.ng f ati gue and -recov
play and training sesstmoaisniisg d dsshiimpadr
time course of reglowvyerand od X aomi mgd mah e he f
t raivmil ndge h-mpobsh in I talian Serie A youth

Met h:&#dsetiyghtl ewviegh yout h soccer players wert
| oweirmb muscl e test, nfw i3/& Skpe fsorr ee n(epsrse )a nadn
h post, 48 h pomitnut7e2 nhatpxdent JAd A M 8B Iha ypea s
randomly assigned tmw= a2 6c)o noprl ea er e duaciai) ntgr
group. Di fferences i n recovery response:
( ANOVA) bet ween time points and trainini
evaluated bet ween groups on MD and two

i ndepetnhasetng . t

Res uRetcsovery measures wer enaitmppai@r €6 ) i min®d
muscle soreness demonstr atmad pikn PQaMPpl)et ewl
CMJ and fatigue pxt@@rh®=). tDr aiamsiedg nleo ad
bet weenpygrd.ups) ,( while the CT group had
RTpg 0.05). A significant time x group i1
| PC mea@asuiNed5], with reductions in physi
growpn 48 h tnoat7pzh H . DD t.

Concl:Asiyomth soccer match acutely impair
status, with mmpbkeboergecdcandstyrneabgd haemsetvrait
muscl e sor ematshAsthi.4g8o |hd nped isreisrsg on admi ARiIi st el
matmdapnpegatiindellpyjpgpeecal performanceotampar
session, suggesting the i mportance of <ca
days following a match.
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52 I ntroducti on

Effective management of fatigue and rec
scientists( @kar skaacentesal ., 2 OFL®I; 1 oWwh argp et
guantioétgptrcahning | oads ( $theeldar dcg tolrhiaspat
acuftaet rgs @ ormsveesc etro mat ch pl ayt h(eStpurdeys e2n,t G
aims to extend thexaniipppenmgbth reseavehy by

Recovery is a complex process that i nvol
serving as a vital par(tKelfl mahnen oevterall.l, t:
al . ,. 2DH&8 )t raining regimen consists of th
encompassing both external and internal
training effects, which can be eithrer be
chronic responses that iIinf(lJedrfae esp Ehitd sal
maxi mi se positive training iIimpacts whil e
adaptations, it is advised to adopt a st
strategy for trainifgGouwtntds retcoalkry M0obh8 ¢
2019; Wi ewel hhove et al ., 2024)

The physical demands of soccer mat ches
physi ol ogical and bi ochemeicchaalni bal a nfcuen,c t
alterations in pYgPBeclhwnesgiec al eperadept i2d0ns/
Mohr et al ., 2023; Wampigmuienii setc halr.act 20

perf ormance and an altered perception of
(Enoka and DuJUomhastoecae,r ,2@i6n ni shed hamstr
performance, along withCHKlrewredassed nducalte

recovery peri od. Pl ayer s
sign
match i n prof(eSsdivanadt pdélatylfea@h 8 humer ous

physiological

i ficantl ymamphirwdt A8sbmpoatterati on:

characterised recovery responses in adul

recovery time course ofplywgouth players f ol

Significant changes in physical perfor ma
physi ol ogical mar ker s (e.g., met abol i c,
subjective measures (e.g., muscl e sorene
soerc ma(tBarersei ra et al ., 2024; Bromley et
Hoyo et al., 2016; De Ste Croix et al ., 2
Mar-Ganet xana et al ., 2024; Romagn®&ltiudee:
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showed inconsistent results regarding th
po-mmatch 1M prddegrer s whno ncud ned dtaemeisn r A0 et &

de Hoyo et al ., 2016 MoRem3mmiemndgHh am and , c
(20&4)mi ned t he ti me c eludr sken ga fi srhe cPorveenriye rt
mat-glhay, repionmnduoagdmaedhbcti ons in i sometr
chain, adductor and abductor muscles) wh

pomtch. Considering that youth players f
70 mi@OMRdlescci Vieiria dts alonce2lad) e t hat

mi ght vary in magnitude and duration c¢om

Foll owing competitive matches, soccer p

training methods to reduce (Fhael duet amad .

Nonet hel ess, the success of these method
mi ni mal, with significant( W arwied bhiolviet yeti na
Thus, it is crucial to focus on key aspe
adequate sl eep, proper nutrition, and pr
optimise recovef(Drialniderpearh o rreasapbietaet ead x t €
research on reco\&rdy DBmaeritead se ti na-Bsoonczcgedre 9 ;
et al ., 2021; ,Qutehreirdeo iest aall.ac k2 002f2 )i nf or |
training72wih-mpmset®M8on the Gaicoiveg yi psiogkRits:
di fferent training | oads impact r-matocvlery
woul d assist practitioners in creating tI

sperpteci fic preparation for youth soccer

Mani pul ation of training |l oad during the
frequency, duration and intensity of tra
(Douchet et al ., 2024; SlatPergrestati es:

an active recovery smatsilhnmacroevdefcft edt i4\8e
fl exor muscl e GKlreevred tsh, adiedc rreeadsuecse s mu s c |

standard training sessions (iTm eRirgkliy ettr a

2021 )Nevertheless, there is |Iimitesgeicnforc
training interventions given when adol es
match. As soccer players exhibit ialutee rdesdd

h after( DhatSaHes, eitt all s ,i APp@BYant to pres.
stimulus early in the microcycle to faci

forthcoming matches.
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Therefore, this study aimed: 1) to descr |
h after a match, and 2) to examigevie8he e

h pmmatch on these redewerdy yroadhmorsoes eirn ph
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5. 3 Met hods
5.3.1 Participants

Si ytowt h soccer players belonging to the .
i n the | twelriean nSetriiad 1Ay irect hiPd agiter sy wear &

from injury and il lness and participated
competitive Babprbcpesrwweekcl assified as

(Ti grMcK)ay et.Fadbom,t R62hpt agler samwmgloe, eaxdl
compingt trhet,dhalnl add2i tpiloawaecle sexdaleudedi ncom

testing (piroekcssgdnnacedDr8mst hag Jassi orpsul t e
sampl ey oouft 48 oc@ge: play4rB 0.9 years; hei
mas s : 66.5 N 7.3 kag; percentage adult h e
yeaAsyschematic opuaetvicewaoifsthée&pioot edc airn
Parents or | egal guardians provided writt
of t hel het sdw.dy r eppeiovad ¢e¢tlimcd ha Uni ver
Commi ( 28ESPS/ 006) and was oonducttheed Denc |
Hel si nki

5.3.2 Experimental design

A schematic overview or Finglu eBtlairdsy wleersa gas
at four time poinads hMulrdafngr ea tnh e rmatych e(

the match (0.5h post), and two and three
each time point, physical -l penbf onmursacn cee t (e
perceptual recovery measures (VAS for mu
coll ected to epvoandodash.gemecwere yf amgl aadi s

monitori ngBgeloicerauresti ng sessions were
friendly matches were organiseEduaed feae
mat-glhay (MD) (2 x 40 min, 105 x 68 m, art
a -M0Dnute stwand@r diPde@adsers had to compl et
i ncluded in thephrygleysedhadOm MERI day,
physical activity. On MD+ 2CTgp lo&duypéni st ever e

sass;nr2p or (7&MiIRTut e nse Riusmng a randomi se

desiTgai ning and match | oads were quantif
Pl ayers weeérashellrom any additional tra
throughout the experiment al p eprliaoyd , u nstpielc
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MD+2 testiimg asi@gd say@ms wenrottoi petr fasading d my a
recovery sCWat engissetsrge@ec.hge.n,gur immg cthh ate spwos
reflected their nor mal physieclowgiryal nt iemq

Pl asyweerrael s dastructed to maintaimandhéiydr abpi

pracdurciesg the experimental peri od.
PARTICIPANTS STUDY DESIGN OVERVIEW
!
e
n =60 youth
players initially =
recnu Time points l Pre 0.5h post J 48h post l T2h post
\ J oM oMl ChJ c
= = IPC IPC IPC IPC
VAS VAS VAS VAS
- T
n =50 youth e o o . o ~E . e -
players e P ; By i bl
Yo £ollpcted Day ( MD-1 —{ MD \.l—{‘ MD+1 —{ MD+2 —{ MD+3 )
) WL BT o e A AN i B
L% A
™~ 1 — F————————————y
' =48 youth b r rl Complete training |
players completed Match and 80-minute _
the testing training match ——
- Reduced training |
= s —~

FiugledPartici padysdasdgascavempeiréw.r mimyecsi (C
perceptual recovery measures (VAS for m L
during the microcycle at four time point
72h post)iywa dayshafter match (MD+2), pl é
compl ete t(&ITMmiugtseg s snFpN2o6r a reduced tra
( RT7:&mi nstessn=on22 Abbrevi ati ons: CMJ: coun:
i sometric posterior chain;chVAday-vilued d an
mi nus symbols represent the training day

hour s.

5.3.3 Experimental procedures
5.3.3.1 Quantification of training and m;

External match | oaGINSWwWaes hgoApgyf Ped &e&r ne
GNSS, STATSport s, Newriyn a&oaodrheéamcel rwil tah
outlined in Study 1 (Chapter 3). During t

average number of satellite signals was
was 0. b5nNebnal match | oad wa@GSPagluamtHI0 ,ed
Kempel e, akdnb&RP&) i n accordance with the
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(Chapttemr all)di ti on to the externalStanmddy ilnt
(Chapteirn3)he maxirmalt sHeaead{Rd khiimngdkaHR
(bLHi wereeported toandeéscdaimenmgt ch

5.3.3.2 Training l|load interventions

Pl ayea sr avedoml y as s (10e dnjngra Pebictr vdAr RA;, N@T e s
n= Y2se8sing a stratified klgeclk ndamdamies a
The exct wpli @aynerns from thet Hialall o catchgude et o
toncomplete testing prockddnes aism siggd ® B )
resulat eun b agl raoautpé o cSaetsisomon dur ati ohhwastaa
of the first activiTlye tadeftiGren eefinadncadd tt he
training |l oad sustained by |Itadbiag, yaontahy
and quarSttiufdiyedl i(MChe-m3 @ bted® Wweerecqup di fferer

selected to align with practical aspects
The CT session-ugponslisstneidn)o f twacrhmmi c al p a:
possessionngafmess( 65wmt h f |l-oiaded sgames x( -
5 vs 5 with goal keepers ansgpeeiguilarteéahyg
(15 min) natnedn shiitgyh i nt er mi ttent runs (5 mi
consostewdp m 15 min), technical passing dr
(15 min; 6 vs 6 with f$pateftis¢c #é&dchniddalm
The RT session was planned with a shorte
technacaical drills with I imited I mpact
sessions were also monitored with |ive
(version 2.8, STATSport s, Newr vy, Norther

showt o provide vadaliime dada iposttii (dotheai on
et al., 2020)

5.3.3.3 Isometric plismermoescichatast( 1 PC) |

Pl ayers performed t-hreb, tcoabssttiomg eaadht
contraction with ~30 s of rest between tr
Pl ate System FD Ilite, VALD Performance,
pr evi ous| YyMa @alolr t etd Fadr.c e ReOclkss) sof t war e (
Newstead, Australia) was used to anal yse
sampling rate of 1000 Hz. The | PC was e
out!l i tewddy n2 (Chapter 4). For the curren
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t h

eir knee at ©8WK Pobdr ¢é eadodminna wi-ddmign a Mt)

l eg (N), peak torque downrdiond mtanlted a@Ni)Nme
for subsequent anal yses.

5.3.3.4 Countermovement jump (CMJ) test

Pl ayers performed three CMJ trials with
(ForceDecks Dual Force Pl ate System FD | i
using methods p(8aroushy eéeéesarli.hed2021;

ForceDecks software (VALD Performance, Ne

calcul ate the selected measures with a s

i n

accordance with Sthued yp r2o c(eClhuarpetse ro udt)l.i nH

jump height (cm), peak power (W), force a
( RS1) madiwfeired qumnti fi ed and used for sul

w e
h e

Z €

5.

At

an

re chosen due to their suitcaebiplriotfyi liinn gt
i ght and( Biesalko p oeate ddpaotsa2 02 3} i gue moni t

ro velomodyfaed) REh alignment with the
3.3.5 Visual anal ogue scales (VAS)
each measurement time point, pl ayers

d fatigue using VAS (0 = no soreness/f

(Abbott and Clifford, B2 ,me@rsaugsement al

centi metres.

5.3.4 Statistical anal ysi s

Data are presented as mean N SD or as me
recovery response measures commenced f ol
ShapWirlck test and of equality of wvarianc:
coer f recwaryerANOWAse were performed for
examine differences between time points
assessed using the Mauchly-Geesseandorfew
used $b Bdeudegrees of freedom. Wher e a
Bonferrlome Ppmoasltysi s was conducted to | oc
paral |l el analysis of wvariance, 2 X 2 mi)
effece stwd thmaining | oad interventions or
(48h post and 72h @dasnR)) .a i\ tthriani nihn g @M@l
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points reflect pre (48h post) and post (7
An indegemsdemtast performed to analyse the
|l oad measures between the trainingadroup
interventions). The magnitude of differei
al so assessedefuseicity sGozdeew@ds i nt etrrpirivectaeld

0. 290mMma(10l-02 06r@g d e ( & +16. 01199 r(gle-:12 W 9 v ey dfle 2. 0)

(Hopkins et Salat)j seonooéa) significance was
analyses were performed using JASP stati s

of Amsterdam, Amster dam, The Netherl ands)
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54 Resul ts
5.4. lcdumee of recoverdywyfoll owing match

CMJ measures were signific-amatiph f2admc@d
ted. 5d%;from O0pk50t0600)4and returned-to b
mat dh f(10o®m9 tpe O®. @%; . | PC measures were
pre to-nMatSohh P HtMO -19% .t %f r om O0OpB830.t®OIM) 19
remai ned redwmaedphaf(-7 @ hYpd®d%;f rom O0pd43 to
0.001) . Perceiviedlopm@3Q@.l @0 S)ordemdpFafi 0& )

were significantly inmateabedAtnmad Bhppeastc
soreness remai dedOpahd8dv ®O0lhLasewhmeé e( fati gu
| evdl sOpE 10310.0) . Descriptive, inferenti al

course of recovelrgyd orléeparilibegd Mmad c ha diuea |
of CMJ and I PC tests 48bepocetd arnte pltSep o0t d

5.4.2 Match and training | oad characteri

No begweemps differences were observed on
external anpgb> i0nt0e5r;n adl:t rincaeadnid(d TABO®mM MD+ 2
t hGTgr oup had significant | RTghrioguhpe rf otrr aailnli
and internalp<|l 6a5medsnorded gtk yf;rl @A lfk e

5.4.3 Effects of different training | oad

At 48mapohbt no significant di fferences

recovery pmef@s0bg¢s A significant time x ¢

CMJ herFgldt 005) , | PC pepk 00002) domP€Bapea
domi nap=t 0.e0g33(), | PC pegpk Do0§ug,damdnaPC
notomi napt 0e@37). From 48h post to 72h

measures were significarxt IOy 0b9gduovehd |ien tith
unhcanged in pheORO5PgroGenyersely, foll owi
no significant time x group i ntper a0c. t4i503n) ,
CMJ force atp=z6r 83te-mo&MpHpyrREI 845) , muscl
(p= 0.433) End . fOBCYed & TaRITi Nt er venti ons pe
MD+2 on recovery respb8@sksdiaviedualporeéspo

|l oad interventionss are reported in Figur .
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pl ay

Tabl®Ei me course of recovepyayespohsasi ol Sema eg8A mgbahh soccer
Pre vs 0.5h F Pre vs 48h
Pre 0.5h P 48h Po P o Cohe D N Cohel
(95% cP d (95% cP d
Countermovement jump test
Jump height (cm 35.0 N 33.4 « 35.4 K 1.6 < 0 0. 31 0.4 0.4¢ 0.0
' ' ' (2.8; 9 ' ' (0. 3; ' '
< 93 ‘ 58 L
Peak power (W) 3469.2 13375.6 N 3526.7 | (14 7:0) 0. 0. 1: (-2 : 110.0, 0. 0!
N 114 ‘ -13 .
Force at zero v 1743.4 11629.3 N 1729.6 | (152:7) < 0. 0. 4: (51 : 2 1.0t 0.0¢
. - - -0.03 ( 0.00 ‘
RSmodi fils§d (m 0.53 N 0.50 R 0.53 N5 6.0 < 0 0.2 (5745, 1.00 0.0
| sometric postleirmmrmuedaliean tl eosner
. - - -4 6 ‘ 24 ;
Peak force domi 299.5 N 254.4 W 276.3 N (5535) < 0. 0.8 (g gy < 0. 0. 4t
: < s 49 ‘ 20
Peak f aroand nraart 286.0 N 237.1 W 265.5 SN 5939) < 0 1.1 (g9 rgy < 0. 0.5¢C
N N 17 ‘ -9 .
Peak torque dom 116.1 N 98.7 107.0 W (2213) < 0. ©0.38: (1 35) < 0. 0. 4:
. N - -19 -8
- . 102. 8 SN < 0. 1.0 < 0. 0. 4¢
Peak t odaomienammn 1170.8 N 91.8 [ (2315) (124)
Perceptual measures
- 3.4 ‘ 1.0
Muscle soreness 1.9 N 5.3 M 1 2.9 R 1 (2.7: < 0. 1.9 (0.3: 0.0( 0.5¢
Fatigue (cm) 2.6 N 5.0 N 1 2.8 N 2.3 < 0 1.7 0.2 1.0t 0.11
. . . (1.7 ) -7 (0.5; ) .
Abbreviations: Sé@: nsetaann dcalvadn gdee;viRaSlitonr;eacti vessgnehgrchnitndédanghUSrasnmbtals@d nemd
L: | arge effect sizes compared Dwittah aPrree.melfan vN a3 D edrf ecxcst meaares( B5% Qlogt) reported.
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Figabelndividual responsésd: ofumpuheegmbyeBenpeplmpomweadif iCed) ocama i
posterior chain (E: peak {fdomde addmilreagnt Gl:e @peak: tpegademadmana thratng g )l er
at pre, al®d5h8Ipoploesteli nychutghhnsod@®&¢r phayei suél responses are plott
responses are plotted with black dots and lines. Sipnsf0c@mh)y. cAlami
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Tabl® Match | oad characteristics: descriptive, i nferemrmteinalcoampd eée e

reduced training groups.

CorE]pnI e:te261 Re?ﬁcidZtZ Me(agns%()iicflf pval ur Cohed('9s5% C Il nterpr
External |l oad
Total distance 11248 N 11041 N 207R30; 6 0.345 0.2®B. 3; O. S
Di stance > 20 k 560 N 2 525 N 2: 3584; 15 0.554 0. :07. 4; O. T
Di stance > 25 Kk 114 N 7 104 N 9 1039; 5¢ 0.692 0. X@. 45; C T
Maxi mal kBPeed ( 29.8 N 29.6 N 0.4.@a; 1 0.757 0.0m 48;: ¢ T
Accel er ati(amu nx 71 N 19 68 N 14 3-8; 12) 0.661 0. 1B. 44: O T
Decel er-at mbmasu rct 80 N 19 73 N 20 74 19) 0.216 0.306B.21: O S
I nternal |l oad
HRg Ip ) 158 N 1 148 N 2 100(0; 2 0.056 0.606G. q1;: 1 M
HRed«lp m) 196 N 8 190 N 1 6 -1(; 12) 0.079 0.50.Q7; 1 S
Ti me > 8p5Mmi HR 42 N 18 32 N 22 103( 22 0.117 0.5®m X2; 1 S
Ti me > 90Mi HR 18 N 14 15 N 16 3-6(; 12) 0.502 0.20.40; O S
SRPE ( AU) 5.6 N 1 5.5 N 1 0.D.¢:; O 0.624 0. 1% 43; ¢ T
SRPIEL ( AU) 587 N 1¢ 571 N 9 16-40; 72 0.572 0.2x0.41; O T
Abbreviations and notes: Cl: confidencte bedatervad ;mimnutme; eFls:; Drataannamieg rmeoadhR;:N ASdDa
(95% Eflfsgget size: T: trivial; S: small; M: moder at e
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TablZ2 Training | oad interventions characteristics on tMD+2al deosacdr inp

bet ween complete and reduced training groups.

Compl et e Reduced t Mean diffe

n= 26) (n= 22) (95% CI) pvali Cohen's d I nterpr
External |l oad
Tot al di stance 7842 N 4371 N 3471 (2988 <0.0¢ 4.19 (3.1 VL
Distance > 20 180 N 1 58 N 44 122 (63; <0.0( 1.21 (0.5 L
Di stance > 25 12 N 1¢C 3 N 5 9 (4; 13 <0.0( 1.06 (0.4 M
Maxi mal &kBPeed 26.9 N 24.8 K 2.1 (0.9; <0.0( 1.02 (0.4 M
Accel er ati(amsn 70 N 17 39 N 11 31 (23; ¢<0.0( 2.16 (1.4 VL
Decel er-at mbmsur 68 N 1€ 33 N 14 35 (27; ¢ <0.0I 2.37 (1.6 VL
I nternal l oad
HRg Ip ) 151 N 1 140 N 1 100( 20) 0.05 0.66G. q1;
HRed«lp m) 196 N 7 188 N 1 8 (1; 16 0.02 0.77 (0.1
Ti me > 85Mi AR 29 N 1: 12 N 11 16 (9; 2 <0.0( 1.36 (0.6 L
Ti me > Q0 HR 12 N 9 6 N 7 6 (1; 12 0.01 0.80 (0.1 M
SRPE ( AU) 4.1 N o0 3.3 N o 0.8 (0.3; 0.00 ©0.96 (0.3 M
SRPIEL ( AU) 348 N 8 195 N 1 153 (99; <0.0( 1.63 (0.9 L
Abbreviations: Cl: confidence interval; m: meters;rbitmnabhdteaundatR: maamrl 3IBRter &
Ef fect size: M: moderate; L: large; VL: very |l arge.
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Tabl& Effects of complete and reduced training | oad inbeaer $emt ieo As Yy
soccer npl d8er s (

Compl et e n=r 2i6nDi ng Reduced txa22) ng (Mai n epfvfad aute) (

Pr-entervePosmhtervePr-entervePosmhterveTi me

(48h Post(72h Post(48h Post(72h Postgroup ' M& Group

Countermovement jump

Jump height (cm) 35.5 N 5.34.1 N 5.35.1 N 5.35.3 N 4.0.0050.0160.806
Peak power (W) 351K 591 3448 B69 353K 4677 3479.86 45 0. 4530.0110. 843
Force at zero veloci 177388 279 1698 258 17208 314 1678 307 0.9180.0020.845
RSmodi fied (m/s) 0.53 N 0.0.5 N 0.0.5 N 0.0.52 N 0.0.3310.0060.802
| sometric postleirmmrmuws

Peak force dominant 28.874 5 26.680 5® 2. \9.8 279N¥4.3 < 0.00.4500.994
Peak f aroavd nmmt | eg ( 27.18 14 9 2588 48 2B.\8.5 259N83® 0.0330.0640.641
Peak torque dominant 18.88815 12.809*8 10.802 8 10.98 248 < 0.00.4790.820
Peak todaomienamn | eg (1048 17T 99NT8*O0 10.8861 3 10.18 51 8 0.0370.0670.829
Perceptual measures

Muscle soreness (cm) 2.8 N 2.23.0 N 2.32.9 N 1.62.7 N 2.10.4330.9840.790
Fatigue (cm) 2.5 N 1.582.8 N 1.43.0 N 1.42.9 N 1.€0.0880.5710. 464
Abbreviations addynoS®s: sMBndmatcheviation; Cl: confidencRatatareamhsan RN
* signifigcanp whahignet efrrvoerm tRirmen 0(.4085h) .Post ) (

# significant tipme Ox 0npoup interaction (
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dominant | eg; -demi maak filegce Gnompeak t or g-de mdoan hsauhreegd) eagie a4HB: h ppeoaskt t(
72h post (grey bars). Significant dchvampeged. dd)commaldiesen gwi fhcéadh
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5 5 Discussion

This stuodydaesmedbe the time courseplodyr e
and to egfameoesthfe two different training
pomatch on retevelyyoothighccer players.
this may be the first study to comraurcrhent
andimpattmani pulaol wewet daysi-mlgay ri TMmayt ocunt h

pl ayers. The pri mary r emiurn utse doearoitnts ma tad
significantly impaired physical perfor ma
and in the subsequent days. Recovery pat:

and perceived fatigue r etmartncihn g wehoesrbtepasse b
muscle force and perceived muscle soren
Addi ti onavddlyu mea thriagighni ng sessi on conduct ¢
physical perf or manc e -vrod cuomee rtyr,a i wihsinl@gptts eas s
the recovery process withoutNefvierttther eb m

overall training did not allteeyr®olutthhe pplearyceeri

An -®Onute soccer match significantly redtl
and increased muscle soreness and fatigu
measures showed signif i-3c% n8 60 r a tdmnuagtbcsho. n sT hre
magnitude of change oDbh%smaddld eich) CM3 bkeing
previ ou(sBartruaiiress et al ., 2024; de Hoyo et
Garetxana et al ., 2.02Hgwed&wenra,gntohd cchs arlve

peak p3oWweriefifadct ) was | arger than that r e

soccer (Rbammggnel i . eAl ahoyglO0Ofléé¢quently do
and peak power-mambaygh dawrgali pmg snfgo cthanges wi t
variati on, as sup@Bddrutdgd 2by Cthtag t feir n dti) n gasn «
previ ous( Maltoenrea teutr eal ., 29il®mi; i &hbpjieMIset ud
peak powermesahsoawiectha g etdhlitey pi cai omaobsaer ved
reliability af@@POgsWs O0E €hdwbhelt d41CM) j u
howedn -npadtscth changest gpieaa le(@w+a hcBnat T rex

s

1.54 TopontCMIstmeasures der i vehideoeftd one tchue va
such as force at-medrbi el ooi tyiae@BRENT
respeigctmeaelfdfi gct ), demonstrated a higher pr
mat-glhdyy. additi on, t hpeo-saxhd c hmemgteesd i anc uftoer ¢
vel ocit-snodntli B8l were greater thamrtelve otuysp
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research has shown marked variations 1in
responses t o ypoluétyghe stocycoe re tmad Ic.h, 2016 ; S
These observations suggest that CMJ =ecce
neuromuscul ar reduction and the mo Vv e men

competitions.

Hamstring muscle functi on wnaast cal,s owisti hg nri ef
in I PC peea&kkf drooeg uaeend op Hotmh ndomi 1 &mgts a m
-15 %-1t70%o(d e e &t elchte)s.e sdeicnl iInRRC measures wer
the typical variation determined with ¢t}
changes >ThleE ma gln i5tjnad ec ho fc hppaonsgte s al i gns w
assessing acut e enh aanud ees mfad Iclh@ewi nigns9yYo u't
(Constantine et al . ,, 2009 craWolligi mwvhek v earh
hamstring muscles-pimyyoPehcebuedr mmatth

exhibited similar acut-marekpooséeésticompart]l
with the impaired perceptiiomsyofithesovee
after compef(bDeéei Beem&rohes e&Gtara&lt xanaO0O®k9®; al
Romagnol i .eltheale. combl®d)ed acute changes |
perceptions of fatigue | ikely reflect p
muscle function, the depl eti onmaotficimdwscelde
muscl e damagrl,y observed at the end of s
sess(iBrnoswnstein et al., 2017;. Deel paeti al
reduction-gefnerla¢ei hgrcapacity of the ham
increased perceived muscle soreness can |

by Hiegelel youth soccer plpdyadrool fegl leawiang ,

Foll owing acute i mpairments of physical

pl ay, the time course of recovery exhibi
fatigue recomaecdd 4PChapadsipercei vefdulmuys cl
recovered. Our data indicated a c-ommpthte
in all measures analysed. Previous studi ¢
regarding CMJ pledr fSopramainsche ;a nudn dletrabt anned a
decrease Iin3%utngh fhreomhbagemanedqe 480 yho peots
2016 ; Romagnol il necoalkras?2016) Ali9 aPro rttou gauwe
pl ayers showed complete CMBarrreeciorveer gt aa

Springham .etThals. ,r e2cOo2vde)r y ki netics al so a
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peri pher al fatigue, which showed a retur |
soccer(pBtawestsei mCodtl exlt.i,vedy,7) hese find
to restoration of CMJ appears to be shor
in the aduylSti | wvapweltatailon 2018)

Conversely, hamstring muscl e-mladrccht.i dnP Cr g
fordet@amque did not return to bademi mani ¢
| e g&% (ahi, respectively), wimalflfsicdnicfoimpan
prmeat the observed chmanges wetr e4d & s op ggateat
variaet emmi ned with the reliability anal.y
1. While some studies repolreedal saywaedtriu rpnl aty
within thi(f€ohsmaht ame et al ., 2019, Spri
20L7)mor e r ecdratr rfeiimdi aegs g y wi(t20 2aBUYr r es u
i mpai r edc paist emuxal e function A@oPdaysgat
pl ay@urs. data suggest t hat youth players
hamstring muscle function, similar to pr
recovery timematyph.t R.7S5iH.vimesturarlent 290tl18
t hat moderate reductions i-mabhemsinipgufhb
l i kely due to the heavy i nvolivretmemsi toyf ahe
and eccentwhicchmcitndude emus cl emaltaleraagremoi nna |
et al .For&doyhuafst er t he match, hamstring
recovered, and perceived muscle soreness
Previous studies have recorded imadrceha siend
adol escephde pHayer st al ., 2016 nRomagnodyi
recovery time reflects both mechanical s
fatigue capsag BWYyhmapeh 2021). These fin
pl ayersdé6 performance capadiatyys mdynemataab d
mat-glhay due to the el evated perception of

muscle .functi on

Th@Ts e s scihoar act erdrs etdrvabiynuiheeggthead fphy si cal p
responses coRiperses@®@wmof itmeéi ngs reveal s u
between trainingotdenhdted ytedfrdfvegoatt iiomst He t
sustained on MD+2)smadlelddchgonhe snggeMii e
measures frommat8ch @CTgr2o thpepsoestout comes ar

with previous research reporting better r
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and ICKwevels following an aemnaitweh rceoanpvag rey
typical traTfTneocagociesset ombBi mi 1280210y, 28O 1a
protocol performed i mmediately after the
h af tt he ma#d8h Eingl usbdewsoccer pl ayers <co
prot(oRmd|l ey elMowdver ,20i2t0)i s i mportant to
torque values of tfhreord 048 ntawat 7czhely np ot shire e &R
and t haitnttehrev epnrtei on -maalcuhes wed & hipdstr co
group. These factors l' i kely contributed
observed. Therefotre,shoel dnberacteopr ef é
may partiall-groaepl eati bbtiveeygy rather thai

Despitectthen mpysical perf ormance capaci
not influence the perceived recovery st
appears to reflect the | ower physical an

during training sessionsCacowemrskdillydwp hh diod
not show declines in physical perf or manc
mat c h, suggesting that a moderate traini

mai nt efampea f or mance capacity early in th

Despite practitioners i nclinati onhotuorwar
po-match window i n(Budhheiatd ul §a nsdoucac,eret a
2019)f indings from Study 1 (Chapter 3) he
subjected to el evat eednattrcehi.nilmg tlhd asd svitewq
provides new insighs$spechtbctbheaehflaguelinof
youth soccer players. Taken together, t h
atter mdbaghadol escent playersodé perfor mance
that a high volume training samxgihdn fadmi
affect the recover-mabthpeHbwemaemidldpice s i
and the parall el g,y oiutp ide sdigfnf iodultthitso raes

traivioilnigmposed on atthieeh@Tdr@ercow@ery process

Furthermore, in Ilight of the reli-gbolupty
di fferences identi fied foll owing t he m;
statistically signilfivaantatifoal lof withhkigmeta

bet wepremups dinf fCaMJe njcuemp mEIi ghtlt: 51 .sAigdmsm)
l i mited practical significance.
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nNi pudnd ipoenr iodbdt s atcrmsnagv e oasl a practical
rformance and recovery(bespbaesest aal os
attery .len paHees,¢ mBIOYH 2 i ng svpoelcuiniei cvaal sl y ma
pr omotod rpeadwarmapoet bapachNemwe tpH ealyees s .
aivmirng@é Impsient eanrsd tfyr cegjmkedegthi f ned he da
'l owi py a matpedeceaerdyi mprove reldilnlesrs
abeater, 2023; Field eRoiramlst,am@e@eaci Mai
O206mparhed effects of diffefrsegretcitinai nirmg
tive orecmpmaetc i) rdkeecmoresgtyr at i ng that a reg
ombted erratrieosnt oof knee fl exor muscle fo

Sssi on wi aradtncrv 2y ohutanf ts®icmielsh il ey set a
amitmhed eftfwabd tf§ eafent tr aa ri gs il awdesa hf SSREF
ayreepgntthianghewai ning | oad betwdenrreidmul
tabolic and i nfl anmmaetnosriyt yr e snptoerrsne tttoe nhti
e l ow traini flhgemawiapiulcactn dvim ri iodalseeens e

monstr atemp otfdaahiaori nft uenoi ngpeekspomaers
d irmjterpf essi pBathbecteet al ., 2023)

il e our study prnmoavticdhe sroeicnosviegrhd & \eieshpt ogn csped

er pl ayer s, It has Il i miA ama jooars Itihmit

S5 O

c
cerns the statistical approach wused t
l ume 48 hoplray,afdievemattitdhSpecaltihdzzbd 2 o u
ed AeNpMAay eld notprienteéudent i-mant c( )8 vha | puoe
dependent vari abllesa dlsreega warsii aotne st,o0 v
n o nfeLnool nl i efThat e2f ox2 €22 S5ANCWOIVAA have repr
re appropripatr.e abifeidshiosdtoil mali c ala fcfhebchteeed m

® @d X

t cometsi nod x hger o,u pdmatt &g esahitosud d adopt an
ati sdr ceorlvoesrse stteediugcnsdat e t he ef fveocl tusmeosf
prag tc h reoowed di d not -besmsesffidet 4 oof
| umaeni pul ati on on subsequent mat ch per |
crocSlcatetery. eAl tadr.nat2i0vie2l)y, training
rformance capacity mightqualnstd ye mphraomtoe e
aptations i n Tyha,utdhh isloec ctelre pd eacyiesrigd ra yt o
hanced ecol ogical vali dity and increas

er the match stimsimgl atoimg&rir ptadt @d @ala ma
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Filnlay, Il ncorporating physiological mar ker
could provide a more comprehensive wunder

soccer players.
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5 6 Concl usi on

An8@ni nute soccer mantpcahb 0 & ith g npi hfyisciacnatl| yper f
perceptualtaé¢caynedberhipl AyrespeRbedbveeryd Vv:
ti melines, with CMJ and perceptual fati g
mat ch, whereas hamstring muscl aweffer aetahfoc
recovered. hAdgdoh ltdi meaahi yg aecsi dmaZohduthe
I mpair physircactopewhyndorsneavnacteet meai ni nrgayses s
support the recovery process wi tThewte fruers
underscore the necessity of carefully ma

mat c h to ensur e an appropriate recovery (
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CHAPTER LACXTE FATI GUE RESPONSES TO TRAI N
PERFORMANCE, METABOLI C AND PERCEPTUAL M|
SERI'E A YOUTH SOCCER PLAYERS
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ACUTE FATI GUE RESPONSES TO TRAI NI NG
PERFORMANCE, METABOLI C AND PERCEPTUAL ME/
SERI'E A YOUTH SOCCER PLAYERS

6. 1 Abstract

Pur pos@ptimising training and performanc
understandi mgspbnsbhe Bwouteaining | oad. T
the acute responses tobaditaypsedi spbhaeni pi

I ntegrating performance, metabolic, and |

Met hhdds rtie(emy®lut h pl ayers were assessed

typical soccer training session using pt
met abolic markers (capillary blood sampl
soreness andnfgatlioguwe)a.ndTreanier gy i ntake we
From the capillary bl ood sampl es, serum
nucl ear ma g n éHN MR ) r enseot naabnocleo m(i ¢ s . BPahder e
pasraining in physical performance and

paitrteecst s amogeHddkgraedssi ze. Met abolites wer
and univariate analyses to identif-andi f f e

postaining.

ResuPhtyssi cal performance and perc-epauail ng
(p> OgG55itvemylekcekpt significant reductior
force, concentric peak pkomog® Seocho d er . atee a
Of the 54 identified serum met abroaliipwi ensg, (.

0.05), with increased concentration of
hydroxi sobutyrate, and decreased abundan
related to amino acid and | ipid metabol i

ConclwusAbnhhough-i mmt emsddryatter ai ning sessio

changes in physical performance and perc
perturbations in the serum metabol.onleh,i spe
studwggehe I mpoirttaemglatdfnghysi ol ogi cal ar

respmeae @l okesmpr eenleyn su rvd earcsuttaes g mmglesi nf or mi

peri oditsraaiinninnggofand recovery strategies.
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6. 2 I ntroducti on

The application of an appropriate exerci s
on the interaction bet weehnkKettHemannaieni nagl
Exercise imposes physiological stress, di
the organism to ful fi(Harhgr eianvcerse assred n3g
soccet haedbroadthi c and anaerobic energy syst
transiti oinst dmrsoint yl oawitntve n 9 ietsy aefdf ohritgsh ( «
ki ck(lMg9trup and.B&ogsbaowj ng022) ense trai
adaptive responses to return to baseline
recovery ti me cour ses varying from mint
characteristics arfd tthlree tphy :ii onlgo gica dlue s
and Oetter, 2024, Bhernstkegnhsa tt yala.n,d 24 i &)r
soccer contributes to both metabolic fat
resul ting i n bi ochemical perturbations,
perfor mance capaeccittiyv,e amedr cpeofotfFiream peufb j @€ @ ¢
the previous experimental studi es nadfuctehdi s
changes i n physical performance and per
i mmedi atmaltyc hpaantd in the days aftemryvewith

in lItalian Serie A ydwetshhigsg@ecaoempopt hwge s.n

studi es di d not i ncorporate physiologic
bi ochemical reseprecndaes tactswedaeres.i cGianrd
neuromuscul ar demanhMan ri enptoesregdh,ebny testo sacle.mMmp

t o aahooltiasptpircoach to comprehensively <char

mul ti ple physiological systems.

The -hngénsity demands of soccer can | ead
f orgeener ating capacity, resulting in neu
perfor(rveorhae et al . Pr2o00bus2023eparch indic
peripher al mechani sms of neuromuscul ar f
mat-glhay 4 evieigbBo¢Beowpkkagénset al ., .2017;
I n youth players, mar ked i mpairments in

observed up -ttreai @m2ngh, psousgtgesting prol ong
mecharnfiDemmd y et lhhter 922i2ngl y,-i hdecedghit
following s+ipmalyatwad mattah er i n the hamst
guadriceps i n a gr o(uNa sosfa nyboau teht e gaq h @ es ri20pAry
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i mportance of-speskefscnigomasecpreoduction ca
i n hamstring muscle function was also ev
hypothesis that soccer training inddces
l oading in ad®lobesegntetpllady&p 20 20d) sport
physical performance tests such as verti
(e.g., hamstring tests) are commonly used
foll owing train(ibnegelandetc oanip.e t i 220 202n; Mal ot
Mar-Ganet xana et al ., 2.0 2Mc;c oSpdriinnggl hya m eextp ec
I n this thesisliumb Imwscltehet dPtC dmdvetr-he CM
ti mdbaracusi hgt if os Sd upli @etsnfdo r3nsrr. eveal ed th
mat-cmmduced changes in the CMJ eccentric f
Despite these findings expandi ng -pdraegv ioonu :
physical per f or manceer, tarcalitrei mmrge shpaowmes ema it ol
using jJjump heigbt mawiom omn mt hedtviamei actu rovn
meas(UEEBEBEiIi s et al., 2022; Malone,. Murtagh,

I n addition to the iIimpairments of neur o1
soccer traimlianyg haenav imay cthax bot h aerobic
meet t he s pgdrotsGs udbe manrdd Bangsbo, T20AIA;t i Dtn

metabolic responses to exerci semehavbeo !l b &
anal yses, documenting reduced bl ood and
|l evel s, | owered phosphocreat irnes camd einmn o r:
pl asma glycerol and free (fldJat tR. afiildwsa iet
However, recent technological advancemen
chemical techniqgues, i ncl|lNMR ngp ematenso ssdpoepcy
have facilitated the profiling of met ab
(Bongiovanni et al ., 20t abOoMemmi casn di sB ec
focused omcahe l degei fi cati on, guanti fi
met abolites within a biological Ssystem,

cell ul afKhaccrtamiipour et al ., 202 Met @Wwe hem
anal yses have wused various biological S
anal ytical techniques (e.g., MS and NMR)
after a tr(aAlnzihnagr asnd s seitonal . |, 2020; ,Luwt i

mat-glhé¥Fr an-a et al ., 2023; Marinho et al

Ra et aln.d, s20alsdo)n al changes (iQuirnesapso neste atl
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Rodas et ial soceel)leaxydrvse.l vy, t heexstee nssti w

perturbations provoked ymwt Is 0 co®&icesrmect tpilr i

met abolhpmieaeses proomi sing approach to i nves
responses, with the potenti al of uncover
performedae®so .et al ., 2025)

Given the complex mechanisms wunderlying
comprehensive approaches are necessary t
physi ol ogical and biomechanical processe
characterise the acute r elsgpwealseyoutoh as adao:
throughout the integration of physical p

response measur es.
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6. 3 Met hods
6.3.1 Participants

Fourtekavédighouth soccer players (age: 1.
body mass: 75.1 N 6.9 kg, percentage adu
soccer academy in the |l talian Shird er éAs avaen
Subjects were classified as(Mcéghlyyet.railne
Parentegalr guardi ans and pl ayers provi d
commenci ndgl hteh es tsutduyd yr.ecei ved et hics appro
Et hics @nMmiPtSt/ e 6) and was conducted in

of Hel si nki

6.3.2 Experimental design

A schematic overview od ithdFis@Omde de nigd =
group -bévéli ghouth soccer plageasdcuoumpket
bef or-er gipmieng) and i mmeadiinaitnegl)y. aflfhteert r(ap c
preceded by 48 h of rest. Pl ayers were a
and I PC test), metabol omics nmeapuldearlyVAS
muscl e soreness and fatigue) t o chargact e
sessiont.r aAtni pmrge capillary Dblood sampl es
before the commencement of the training
physical performance tests and peecdeptua
the commencemRat @ifnitma@ithe Ntgi.ng sessions

after the conclsesess@®hnwiotf hitrhe~ 1O aminmnutge s

samples and ~30 minutes for physicwilnger
centrifugati on, serum fractions w&80dACthe
unt il analysis in a wunivé&kNsMR ymeltaabboorl aotno
External and internal training | oads wer ¢
Energy and macronutrient intake of the br
recorded using the remote @footdh e hfod wrgtr ae

initially enrolled in the study, thirtee
perceptual measures, whereas el even comp
included in the final an atl tyes efsi. n @ln ea rpd lays
not participate in the full training ses:

188



[ \ A ™
Time points [ PRE-TRAINING | POST-TRAINING J
Y, J L ———
Training ’ Blood 1‘  P— g \”*Da[ Blood \
and e L J
= Break- !IPC \ Training W’{;PC
fast ) session (
Cow > cmy
’ L VAS J\ b vas
Monitoring Dietary intake External and internal load
(RFPM) (GNSS, HR, RPE)

Figulr7e Study desiCgpi lolvaerrywi bwood sampl in
performance tests (I PC and CMJ) and perc
fati gue) were colrlaeat @d) bamadr @ mmede at el y
(pasgtai Gapgdlary Dbl ood samples wetrraiobit ag
whil e physical performance tests and pe
mi nutes foll oAlbbhbvgeat h®enses il owd: capillar
countermoviemeRC: jusmpmetric posterior cha
RFPMemote food photographic method; GNSS:

heart rate; RPE: rating of perceived exel

6. 3.3 Experimental procedures
6.3.3.1 Quantification of training | oad

Ext etrmaillnoiandg was quantified using GNSS te
GNSS, STATSport s, Newr vy, Northern Ilrelat
out !l iSnteuddyCmlapter 3). During the experi mer

average number of satellitedisl gtfiadpsr ewad s i
was 0.5 N 0. 1. Il nternal match | oad was ¢
Kempel e, Finland) and sRPE, i n accordanc

(ChaptBarsedeomprtocedures of previous <chap
foll owing external and | dwuermanalonl ¢ ad nphe a 4
(m), distankmt@miiegtean ce 20mitemed &2c @&l er a
3mlL?d c o wudretc)e | e r-3anlio s umatx)i mal sP &L G § kil
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D eH@L M thi me spendaf mitBibe HRp e nila{ mi, 8 B RPHER
(AU) anTdL s(RAPWE) .

6.3.3.2 Quantification of energy intake

Dietary intake of the breakfast precedi ng¢
met abolites associat ¢ O00@Bor manhhetSeipfog tt 2a:r
energy and macronutrient in{Maestsi weee gl
This method has been previousl y( adti dalalte
al ., an@l7was wused in previous research
(Hannon, Par ker , et aBef or2d 2dg mmd mdil reg ke

pl ayers were instructed and familiarisec
met hod and its associated procedures. P
ground with two memberst ofothesiretseptlt ahl
proceRluayers provided a photograph of t !
consumption at breakfast preceding the ex
were instructed to takeed)woofi mamgesf dad ¢
consumed duri ng rtahenitnnwa taonéda Ipsrfeprequi r ed,
taken of any |l eftovers. Players were the
description of the theopramai gpgrilnk ecems cim
via What sApp meG@assxatgd Inlgo.Peete valc.g, i 227G lakl)es w
using Nutritics (Nutritics Ltd., Dubl i n,
calcul ate energy and macronutrient intak
and macronutrient i oahkeseweandrgpamsed |

6.3.3.3 Isometric ploismermoescichatast( 1 PC) |

Pl ayers performed t-hiemb, tcoakbsstfiomg eaadht
contraction with ~30 s of rest between tr
Pl ate System FD Ilite, VALD Performance,
previ ous| YyMa @alolr t etd Fadr.c e ReOclkss) sof t war e (
Newstead, Australia) was used to anal yse
sampling rate of 1000 Hz. The | PC was e
out | iStewddyi n2 and Study 3 (Chapter 4, 5).
with their knee aetak9 0fforafe fdloem ineam,t - wietgh

domi nant | eg (N), peak t or qudeo ndionmainnta nlte gl
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guantified for subsequent anal yses, i n a
3 (Chapter 4, 5).

6.3.3.4 Countermovement jump (CMJ) test

Pl ayers performed three CMJ trials with

(ForcebDecks Dual Force Pl ate System FD |
using methods p(8aroushy eéeésarli.hed2021;

ForceDecks software (VALD Performance, N €
calcul ate the selected measures with a s
i n accordance wit h Stthued yp r2o0 caenddu rSe su doyu t31 i( rCe
currenjtumpg udeyi,ght (cm), peak power (W), ¢
concentric and etoecernant peahk -mediommi¢ &) ( N
hwere quantified and used for subsequent
their suitability in the c0GteBitshbdbppbatys
and -mpatsah fatigue monitoring in alignment
4) .

6.3.3.5 Visual analogue scales (VAS)

VAS for muscle sorenessarmad diprdamittniignuge iwa sa c

with the procedures outlined in Study 3 |
6.3.3.6 Capillary blood sampling

Fastaegpd |Id ary bl ood samples were (c8-8@@ct ec
am) ~2 h before the stattraiohindgebltoad ns :
obtained within ~10 minutes after the soc¢
assisted by a group of medical doctidrhs e
4 players at a time having blood -4@&0np®dle)s
was drawn from the fingertip of the thir
point), with the blood collectAbnt ipre®ces
skin puncture waasaflpamn8 otraitesgddlu,seichhg ),a @ad ma
samples were collected Mscnmgy@&BW@Ihb me ¢ h tm;
Germanylfhese containers were inverted 10
temperature (20 N 1 AC) for 30 minutes b

The serum was aliquoted, and samples wer
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AC until analysis in a university | abo
Il 1 ecti on, the samples were then trans
boratory where sample preparati oomotdook
mpl es were processed uniformly, In |1 n:
théeéOwepscand Bennett, 2024)

. 3HaNMR met abol omi cs

mpl e pr epldNMRt imen atwa so mip ersf or med accor d
ot 6Betkonert, ewi tahl .p,r e2v0i0o7u)sl v al i quoted
|l uted at 50% wiHiOh wia% NMR bnM fseordi Uum ph
nd 0. 1% azidéadhrieeehdred cminerolfiutgaée $ o
mpl e was pipetted into 5 mm glass Samp
ngdom) . Spectra were acquired on a Bru
ui pped with a TCI Crydprnuklee ,arkd td¢hinlgleea

ard vendor pul seo sequke HeNBVIR 1 Bereec t &

l1dpPyr el Gaggorm! ( CPMG) edited pul se
attenuate signals from macromol ecul es
| lected at 37AC with 32 tradsaéent2s ACt wn

transients for optimal sensitivity, v

and

©

mg

spectra processing procegruaceces s esdp eaxt
trometer by Four i etri otnr aannsdf obransaetliionne ¢
dard vendor routines (apkO.noe) and
I (serum) . Spectra were subjected
ards as recommendetnby( $Melt @b ok bmiact s

rr et nmapbr.i,si2n0g0 7aAan appr ai sal of basel:

aries defined with each bucket t he =

gi on widltiht.esMewear e annotated via metabo

a
d
e
dt h, p hasteqoiasned sSpgencatlr a wer e buckete
d
0
nomx v 8. 2, Chenomx Ltd, Edmont on, ¢
not at ed before statistical anal ysi s.

ssible)owmi aolcomparmet abolite | ibrary

. 3.4 Statistical anal ysis

~

scriptive data are reported as mean N

i ntervallhee ((@G&Is)umpti on of nor mal Wy kwae®sa
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permeapasunmé usi-ingsta wiatihr e®h @th ana gn i0t. WD
fferences wadedgemiise etd siszegas an addit
terpret di fferences. Threshold criteri
| Itorwidvi€ als A& 1)0,-02 0689 d e ( 8 +16. 01198 r(gle-:12 0 9) and
ry (I>arggleO pki ns e anl st iesf @09 gpnhaylpylesc f or ma
d percepivaeirpde rmmeoa smeWMOEl agi sti cal softw
oject, verAsuisotnrMa@ltidah)o.Spthneg, paaf psmedwaE
atistical softwamre pRsampd oRS5dedi dywi hie

ciati ttyhe Univer.dity speantoranawpdeldcal ed
obabilistic quotient (rwartrhalmesaant isccmal (i M@
spectively, dPONt 0o nt hdrer amadstys¢ £ bbb f e
., ad2@di@ ) opt i mal ability to identify sm

tabo0fmoleisnskaMettabvari aoéd2and univari at
reveal t he acute chtamg-peati mi mpe,t abil nd
mponent analysis (PCAl)alard pairre d dWVallsc
scovery rate -Hiosd mbge rtgh emeR ehnojda i wiietsh <a dQ
nsidered significant. To gain further
aining, relative metabolite abundance
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6. 4 Resul t s

6.4.1 Training | oad characteristics

The experiment al traini-mg (skGsmiom @efonact
running drills and preparatory movement s
and 2 goal keepers included (20 mirnunmiingh
dri || (5 min; 6 x 50 m, 18idedogkme2025 |
Ssi ze: 52 x 40 m; 2 goal keemenst andbe a&tgiuc

corresponding extieargndloaarsd airlredt 3 rerpalr tterda ii |

6.4.2 Energy intake characteristics
Energy and macronutrient i ntake from th
coll ections aré® reported iIin Tabl e

6.4.3 Acute changes in physical perfor mail

CMJ he-Qh7 g¢On; Ip6&; 0. 313) angh p2eQagkl PvavBr (
0.555) remained undhangqnadcdgf,rovhiprsd tcongae
significanttlryairgedug.ei0 Wp&;t0. 001) . Concent
eccentric dwmoadifoedane mMRBS5hged  ralnge dwBe bamn
0. 6; 0. 005), whil stp-krrehONpPE; Pe@R1f oand
at zeromviedl7003i-0N;p%; 0. 001) showed si-gni fi
training. | PC peak force and torquwe r em:
domi nant -tegsqpian@ap@®UdOflropm 0. D65). The f
on the acute changes i n CMAarRbAXddI| PICBqy me as

6.4.4 Acute changes in perceptual measur ¢

Perceived muscDe@®@s OdpfM§s947) and @merO.e5 v
cmg: Op=300;. 281) remained unhchiamigreg. f Tlmen fou
reported@hind Ta &lue e
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Tabl® External and internal | oad charact e

performed with Italiam=S#88)e A youth socc¢
Training | oad measures Mean N SD

External || oad

Total distance (m) 5008.9 N 439.7

Di stance?'>m)20 kmLh 309.8 N 49. 4

Di stance®>m)25 kmLh 25.0 N 18.9

Maxi mal sPeed (kmLh 28.1 N 1.8

Accel erat®(cosurt )3 mks 53.2 N 16.6

Decel er-atidpasunt) 47.6 N 20.0

Internal | oad

HRv@gp L m) n 137.5 N 10.6

HRedl L m) n 183.0 N 6.3

Ti me > 8pMi AR 8.4 N 7.0

Ti me > Q0 AR 1.1 N 1.2

SRPE ( AU) 3.3 N 0.7

SRPTEL ( AU) 200.0 N 43.1
Abbreviations: AUY drhkittsr pry, ovietdagebbiB®iame ak ah ear
rat enax HRaxi mal heart rate; SD: standard deviation
Tab2@ Energy and macronutrient i ntake fr
bl ood sample collections i m=11@BdtiaanarSeerme
N SD.

Absolute intRelative int

Energy intakel) (kcal 894.9 N 176.12.0 N 2.2
CarbohydraY)e (g or 118.3 N 27.21.6 N 0.4
Protein®(g or gkLkg 44.8 N 16.4 0.6 N 0.2
Fat dlgRor 26.9 N 12.0 0.4 N 0.2

Abbreviations: kcal: kilocalories; kg; kilo
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CMJ Jump height {cm)

CMJ Force at zero velacity (N)

IPC Peak force dominant leg (N}

VAS Muscle soreness (cm)
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Tab2® Acute changes to training in physical perf or masn cE3ga.nad apreer creepx
SD or as mean (95% CIl s) .

Pre vs Post

Pre Post

P (9% p-val i Hedgg('9s5 %
Countermovement jump test
Jump height (cm) 38.9 N 4.2 38.2 N 4. 4 0.2.0; oO0. 0.31 -0. %1. q1;
Peak power (W) 4254.4 N 638 4283.4 N 589, 29 .-716 (1; 13 0.55 0. 0. 40
Concentric duration246.8 N 30.8249.4 N 34.3 2.8.0; 9. 0.41 0.0®. 77;
Eccentric duration 422.6 N 36.8 434.55N 40.5 11.-9. 4; 25 0.08 0. 3®. 55;
Concentric peak for2075.6 N 200.1973.3 N 2009, -102-1%33¢460; 6. < .0 -0.418. 34;
Eccentric peak forc2085.4 N 201.1930.1 W 200. -155-2330%;,1 < .0 -0.75. q2;
Force at zero veloc2063.0 N 206.1915.8 W 201. -1472®D40DP;.;2 < .0 -0.6D. 56;
RSmodi fi®d (mLs 0.612 N 0.06 0.59 N 0.07 0.0®.Q4; 0 0.28 -0.310. I5;
| sometric postleirmbrmesali v tl osnter
Peak force dominant 343.5 N 67.0354.0 N 56.7 10.-5. §; 28 0.23 0. 1. §8;
Peak f eroové nmoat |l eg 316.5 N 73.0315.7 N 72.2 0.€6(2; 2¢£ 0.94 -0.00. 96;
Peak torque dominan137.0 N 29.2141.1 N 25.1 4. B. @; 11. 0.24 0. *®. 10;
Peak todaogmienamn |leg126.2 N 30.8 125.9 N 30.7 -0.40(6; 1C 0.95 -0.o00. g96;
Perceptual measures
Muscle soreness (cmi1.2 N 1.0 1.2 N 1.8 0.4.0; 1 0.94 0.00m. 91;
Fatigue (cm) 2.8 N 1.5 3.3 N 1.7 0.®.6; 1. 0.28 0.3m 55;
Abbrevigpatmears:change; Cl: confidence intervals; RSI: react
* significantp<clba®de
S: smal l; M: moderate; L: |l arge effect sizes
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Tabd2 List of the 54 unigqgue metabolites ident
to a training session in |Italian Serie A yout
Met abol ite 95% CI Meug_fsljJieonthat-)l B;VngleurerDlorfec
p-valwu chan
3Hydroxybutyrat (0. 08816 ; 0.05 0.10 1.00¢
3Hydroxyi sobur¢ (-84. 1%233.369 0.00 0.01 0.11¢* ¥
3Hydroxykynurer ((1.56899; 0.07 0.15 1.00¢
phenyal ani ne )
3Met hyl histidir(1l1.46954; 0.01 0.014 0. 93¢+ z
Acet at e (49.35108; 0.00 0.00 0. 05(C* z
Acetoacetat e (50.43776; 0.87 0.89 1.00¢
Acetone (k214. 9052y 0.04 0.10 1.00¢C
Al ani ne (k196. 368484 0.00 0.00 0.06¢* %
Arginine ((33.84846; 0.87 0.89 1.00¢C
Asparagine (16.13779; 0.00 0.00 0.04:* z
Caffeine ((44.99425; 0.53 0.614 1.00¢
CH Unsaturated (7.90985; 0.009 0.17 1.00¢C
CH3 Mobile lipi(74.23368; 0.00 0.01 0.13¢¢* z
Chol at e (-k11.437209; 0.55 0.65 1.00¢
Citrate (63.34165; 0.05 0.10 1.00¢
Creatine -k141. 21225, 0.29 0.39 1.00¢
Creatinine ((33.37462; 0.75 0.79 1.00¢C
For mat e (4. 75402; 0.009 0.17 1.00¢C
Gl ucarat e (6. 27956 ; 0.13 0.20 1.00¢C
Glucose 114 (-79.19029; 0.96 0.96 1.00¢C
Gl ucose 75 (k112. 70535 0.60 0.67 1.00¢
Gl ut amat e ((45. 9834; 0.52 0.614 1.00¢
Glutathione (28.65457; 0.00 0.00 0.02¢(C* z
Gl ychol at e (70.26291; 0.00 0.00 0.00¢z* z
Glycine (38.38735; 0.00 0.02 0.36¢* z
Glycoprotein A (114.77575: 0.00 0.00 0.001* Z
Gl ycoprotein B (56.96091; 0.00 0.00 0.06¢:* z
Gl ycyl proline (9. 88694; 0.10 0.17 1.00¢C
HDL (-301.32917; 0.25 0. 36 1.00¢
HDL 2 (61.65073; 0.01 0.03 0.52¢~* z
HDL (161.40782; 0.00 0.00 0.00C* z
Hi stidine ((9.96146; 0.25 0. 36 1.00¢
| sol euci ne k101. 480724 0.01 0.05 1.00¢C* ¥
| sopropanol (8. 57958; 0.14 0.21 1.00¢C
Kynurenine (7.42163; 0.00 0.01 0.21¢* z
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Benj a Direc

Met abol ite 95% ClI Meug_fsljl:Hochb BF?.Vn;Furer of
p-valu chan
Lactate (266. 4645 O0.00 0.01 0.23¢* %
LDL (22.27642; 0.02 0.05 1.00¢
Leucine (26.54785; 0.21 0.31 1.00¢
Lysine (9.08513; 0.02 0.05 1.00¢
Met hi oni ne ((22.56979; 0.64 0.69 1.00¢C
Myoinositol -k14.67927; 0.09 0.17 1.00¢
N-Acet vyl |l ysine (64.2734,; 0.00 0.00 0.00C* z
N-Acetyl tyrosi (5.72187; 0.00 o0.01 0.25¢+* z
Phenyl al anine ((23. 67653, 0.28 0.39 1.00¢
Phosphatidycho (10.47407; 0.01 0.04 0.87:* z
PUFA 18.02 ((32. 26536 0. 46 0.58 1.00¢
PUFA not 18.02 (22.64803; 0.43 0.56 1.00¢
Saccharopine (-45. 94637; 0.58 0.67 1.00¢C
Serotonin (29.48701; 0.61 0.67 1.00¢
Triglyceride (6. 65987; 0.10 0.17 1.00¢C
Tryptophan (8.14055; 0.00 0.01 0. 14¢* z
Tyrosine (-57. 156496427 0.01 0.014 0.851* y
Val i ne ((98.74416; 0.38 0.50 1.00¢
VLDL (229. 98384y 0.03 0.08 1.00¢
Abbreviations and note: * i-nadi paotad i & gsHp@mibfeisaapaumpt ocf h a<
0.05); ¢ indicates a significant increase in a metabol

concentration.
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Amino acids and peptides
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(n= 1WHi.t e bars-trapme gntdaprae gtrreayi nbianrgs draetpar.e slemdi vpiodsuta l responses

denotes signifi-tanpoghmhgeg O05r)om pr e
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6.5 Discussion

This study aimed to characterise the acu
mul ¢éne@spamselmeadures in I|Italian Serie A
previous research hrast iexrpd oirre dr eamseepg carbsod i tt ¢
mat-glh@RPedr oso ,ehialstud®2b¥% the first to

met abol omic and perceptual measures to ¢c
hit¢lkevel youth soccer players. The main f
not 1 nducle rseudbuscttainotnisa i n physi cal perforr
for significant decrements in CMJ force

peak ¢$malooeodleecedfect size). Conversely, me
signifmngasnti thal metabolites in the serun
production, amino acid metabol i sm, and

tricarboxylic acid cycle, and gluconeogert
we ttoomll ed the energy intake from the me
guantified the training | oad to context:

training load suggested-itniatnspltyy 8red sNwx
0.7 .AUhe HR internal |l oad highlighted th
HRiax Wi gelrkeaR hi ng 183 . OWhiNe n6 .c mplamierd wi t h
demands quantified in Study 1 (Chapter 3)
session representedHSHED%t ahced,ala2ndd k-nbhohH

acceleration and deceleration demands. F
assumed in the meal before trainingemet
pl ayédasnon, Cl ose, et al ., 2020)

The demands of the training session indt

perf ormance measut BBMJi ncvoenscte ngtartiecd .a nQdn | eyc ¢
and force at zero velocityy mahoweae &s&figant f
sizes. The remaining CMJ outcome measur e
no changter aaitni pha@gyg tv avanlaehfl f e c t si zes. The f
measures such as jump height were unchang
previous studies condudtDed¢!| wi tth ywout h 29Q@C¢C
2024; Malone, Murtagh,. eForalMa,s 02a0alcte;t Rl f.
demonstrated that CMJ height was -s@a$bdect
mi crocycltlehiitnewemldeh soccer players, repo
cm2@%) -poatni ngDe &li yni d taorkddye,r (d 2rkg changes
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i n responisret arosiat yhitgrhai-h8Bngoasaebssoncen pl
Ruf et aleco¢@aed2)si mil ar results in resp
accumul atidm Iiymutumdesmccer pl ayers. Fur
demonstrated a ©poor relationship with d.
Premier Leagse soppertphgyéhe notion t ha
sensitive measur e froel actaep(@t Tufra tnpgg uaectu tael .t,r

Di fferently, the observed changes in the
jump (eccentric peak force, eccentric pe:
detailed insight into the acutwerree sopbosnesrev

for eccentric peak forcenoded @fdactce oat bl
compar etdr aionipm@ status. Previous researct
mar kedly reduced {pdlalyovimnvdge i sgdygcecuetrip |nsagtecrhs
the English Premier (Leéaghey @anat Saplan, sh0 1LE
2024) n addition, in Study 2 (Chapter 4),
braking phase of the CMJ) were demonstrat
after a youtph agyocwenpamadch o typically r
Morwell,l i s et delnti f2@22)% hati meakeagupbasid
a higher probabilitysedsamatnmga&i ninng eismp oy
than jJjump height. Overalit, meheoanpalnesnits a

reg

c

| aayy dedgwpde¢ti ons in force and alterat
with the onset of acut e 1IBSEruonncutsicounl afro |lfl
moderate to (Gaeheercakceéeigttaks, 2015)

Al o

ng with the I imited reduction observe
force capacity was not trreidouhcaetdg efso lilno walnlg
c
n

force and torque measu-demi mdntt hleegdl.omTmha
significant changes i n r es pd&riRsree atno dtirsatiann
20 kImLB10 m) and sprinting 2m,memh dembaad:e
experi ment al training sessionntcempatgdtt

sessihins.outcome agrees with previous res
which observed no changes in hamsGantngerf
et al. ,A 2s0ma4l)l er magnitude of fatigue in
higmtensity intermittent training and sp
pl d Massamba et | al aMadrRtéRedehz,ano et hawed (2 (

significant decrease in hamsltaoadSoR rmu ¢ Ing
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session comp oraedd tsesasimlnown youth soccer
soccer playeHSRsawsg dia gthd d/ tchoatr emaa tcend fwaittih

o

f

hamstring (mudelre eftamdhitadatonh@n&)}t ri ng ne

function displayed more severe changes ir

twitch force compared to the quadrieep ml

pl §dMassamba et Oakral 2024) greater magni t
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rength is typi-2l hy f ob $veorvwwerde tnpagch ana4 8 «
eed p(rCoatrorcoonlas andalcomp2®@2%) ve matches f
ccer (fhamens et al ., 2024 ;hiQ@ohn sitgahnttiinnge
fect ocfhapionstneursicoore force capacity in re

vol vement of hamstring muscl es.

significant changes were reported in
e training session, suggesting that t hi
rceptual state of youth socced phayewus

ccer players during the single exX33peri me
0.7 AU), with external training vol ume
gadured across the co#fhpPetitwmithwasmgorsc !
documented i noSBttuydpyi clal ( Ghaa dtyert-A3&)i ni n
glish yout(hMasloorce,r MUratyeg s, ceotntarlas,t 2wil
ely et ralporf{ef@223) gnificant alteration
reness i mmediately after and in the d:
fore recovering 48 h post. However, th
ai ningi ndebDmeldysbs resear ch, wi t hmi ywoath
aining session characterised by ~7500
milarl vy, monitoring of subjecti vpel aryeco
monstmratdtedealctepti ons of pneart ccehi vireadt qrhoescto
d a return to bnasstdcliaud weitt hlens p2i 42 @H 9 phoes
e ARDOMisn compet ( Eawe es pafditts h2a0sl 6hbeen su
bjective measures may have | imited se
aining and match with wvari dtdiag/nsvairn arbe
itzpatrick, Akenhead, e¢hi al may2b&@9duRu
aracteristics of adol escent pl ayers an
mmi t ment and soci al pressur-gpedihfeiyc exf
i ch can potential liyguenpard ntdeecopeecmpdil
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relationship between | oad a@Br swdnjecet val
it has been recommended to establish t he

reported out come measur es to evaluat e t

(Jeffries et al ., 2020)

I n addition to the integration of multipl
i ntroduces novel aspects, including the u
and the subsequent appl i-lceavteil o nyeauft piinestyachc
Capillary bl ood s atHNMR sweercet raonsacl oypsye, d duesti
metabolites and revealing significant pe

the trainnnglsmguaddierOogeael,y sries ile)igat ed
possi bl e sepa+raantdi tproasht et w.g eHoavpepvbeors, In didtle e

t hRCA s xapnl certetcchrhyvhigdienpaftiwegrhs n t he met abo
but does inmfterpemtviiadle evi dence of stati st
( Owens and Blenndneeetdt,, t2h0i2s4 )st udy represents
capillary rather than venous bl ood sampl
popul ati on, oféeandgmar éeascesnviabli & alte
pil ot study has applied ¢énels ynetwthlwmds o eac ¢ h
its potenSulalli w€m,iInp2aly22) t os ic mmaevteankt o lointad a

(e.g., lactate monitoring), metabol omics
of the metabolic pathways activated in r«
| arsgeal e i dentificationjsquaoni bf cenet abopl

fl ui@msens and Broweuvdr, 2t0Rel )|l ogi st i cal c |
collecting mul ti plweor Imeé aswertéeas ngn | iamir edl
I mpl ementing more advanced study designs
account for circadiaonyaacraadsod®ndiofff eroenpt

The observed changes i n metabolite conce
of muscle energy metabol i sms, i ncluding
physi ol ogi cal standpoint, muscl e glycoge

primary substrates for energy pr oeduttnieodn .
by exercise intensity and duration, wi t |
i ntensities and fat oxHaragn eav esst alnawe3

Additionally, influencing factors such a
conditions can also influence s(uBbesntrreattte
al ., 2023; Huldsome&dsedlconed@timatnigo wse r &t
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in carbohydrate metabolites (lactate), é
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er sion of ,enienrcglyu dmentga bcoal ribtoehsy dr at es
N &s hranner. eSpeacli.f,i c22020), the energy
ion stimulated glycolysis, tricarbox
required rates of AT,P wietstynahéesr at ic

entration of met abolites involved in

at e concentration -tsgiagmiifniggcanki keliync
|l erated rate of glycolysis and the c
I and bl ood nitre nrse (ptdaesgee re@vesi ghnd S
ghthe majcerirty of enerageyr opbriocv inseitoanb

ntribution of anaerobic-ipatehwayyg hbe

o O <© o

i ng go@Fawpepoett ual tj e’8.010 n iStt &d iemg
e concentrations represents a pra
ol ism of soccer,lavPkt hiimpdeoacku memn can tdru
i ti ¢er uattrcthpep seteEl ®lv.iat ed0®B)ood | act e
rved in resppnéwsitaon sotana&lr .s;mpa@h?2e)nd

ng Asses itomasl . yo RtOR 03 Pc eeli opbsayet aab

—

i gatipoms ecreaavreeént rati ons of car boh

]

boxylic acid cycle intermediates f
e, citrate dmMHddgbuncese atonc tArl g this

t research, the observed rise-in |

> O 9 9 O S
~—+

n
sity nature of the final dri || I n t
vsi degdmglalme s . However ,ast Heo wseas stihoam

arch, potentially explaining the con

(@)

hydr at(e .met, algd luictoesse )

t from itdewvelephosphbsylratieon, | ac
rtant met abolic intermediate for oxi
a signdlBlriomogk smo |2e0a2uwod)lel el wi th the ris

dance, alanine was alt s@i nsiinggn,i fli iclaelt
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enhanced gluconeogenesi s to support glyc:
experi mentAlansaesipdnay s a key rol e in n
transporting nitrogen to the I|liver, wher e
gl uc(orsaer gr eaves andhbBprgktuco2862D}% then de
to support the energy-a$ app Inel schyickbuergah oeutt a
Similar findregsr theadvei moeappl i ed exercis
met abol omic amalensi $ yosokicgh -prandsgnaat
al ., 2021; ,Suwiltivaacut2zed 2i2ncr eases of al i

sampl es.

Significant alter at swenrse tad scoi rodbuslaar tviwmd katr

met abolite changes occur rainnmgc riieva sdil fefuecri ent
concent rad é c npiemaalmdnrec e NtAr possenbl e ckhasgeaesf
occurring in diouf er dret rceil me @tdi dirors tnhuel triopl
reactbomsanner.Fet akwahnep®rOnaei dsed as s
for oxidative phosphoryl at,i othhe igrl uawaorndeeongt
be | oweQoendvvehresne lpyr,ot eins are ingested, cCo
i ncr(e@chkr anner . lentd esid.,n o 2a0RI0ds equent |l y as
aerobic energy production pathways, and
occur to meet the physiologf{kahi Bdemanet a
Al t hough amino acid oxidation and protei
their contribution to e(nkarggr eparvoedsucandnS
Apar't from al ani ne, increased conxlend r a
observed. An increase in tyrosine indica
observed following prolonged exercise, \
(I'shi kur a. eSi mill.gr 2t0d 3previ ous research o
associated with the conversion of pheny
consequence of suclhHupsomnheient barle.akddWwdl;
Conversely, a number of amino acids and p

3Met hyl hi stidine, asparagi ne-Acgt wit a4 fson
Acet yl tyrosi O ealetbetl r ¢sapimevg Hehn.pri or met a
research suggesti ngc aalxdti bedssantfifalr eaami o
foll ewiem@Scsher anner.Fer akampkR620pr decreas
glycine concentration following training
with-leveh youth(Sokkiev,amsluag@gees®t)i ng oxi da
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their utilisation to meet the energetic
concentrations of | ipids and | ipid metab

using | ipids and amino acids as energy s

These fsiungdgensgts t he | mp odrati@mygreg U i rinahredonutigsin

approfpuelaltieng and ,r epcao vileecywlmeet daptrd.d eGa ivreinn
t hwe-dbcumernotleed of energy and macronutr.i ¢
perfor(neangce i ntramsi ny aaandd dweolddenggme ntgr o wt
mat ur,dt soaea¥senti adorntoumptoicarT bothgdrodtte nan.
observebdeval hyghbt h( Stoaxlkcleas pHitd yeelms, t ,Ri@sh4x) o
appl i ckaitdamar lodr mmg nrieneceiavhigdual recovery a
i n adol escendturd mgc era pp ldapemr s ioddesr iorf g gtrloenvtd
size and the exploratory nature of this

to undtehsepeandi ¢ nutritionalwidrmd nr ¢ howe Ipy

Despite the attempt to integrate multipl
trainimngevienl hyioguht h soccer players, this s
acknowledged. Firstly, we assesisemd iamud es

sampl e offt pil@ayemportant to acknowl edge t

capillary bl ood samphingng)>la@ndi phyescalb
(~30 mi nturt @isnipnogs)t may have infTlhiuentettpaohmh
di screpancy may partially explain the gr
serum metabol ome relative to the | imited
While this simple design provided val ual
collecting a range of measures (e.g., ph
our ability to explore responsess-imataoés ¢
conditions. These compari s crhse ngd wled phrava

derstanding of how different soccer (
formance capacity, and percept adaldi t iec

(@]

l uding a control group could have hel
i dtAyaha etandl shoR20A1pe considered in

©
> 9 -5 dd S O <© O
- -~

e I nterpr eSteactoinodn yqgf brl @souwl tssampl es wer e
chnique rather than the more commonly
Y

t e

approach was more feasible within the a
met abolite identto fbhe aftulolny reesitaanl i shed. |
identified from the serum sampl es, wher e
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have reported a higher ifil&Amkédarahi.deTltleias a
di screpancy highlights the need for furt
sensitivity of capillary sampling for me
was performed using untargetedd NM&s shes aib:
t han thheedStechni que and may f aidwetnos daentd
Bennett , FRO2UDNDY, as nutritional and hydr a

responses to training, it i's critical t C
guantified energy intake, it was not St
| mptaecd, to a certain degree, the acute cft

gl ucose abundance) .
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6. 6 Concl usi on

This study demonsitnrtaetnesdi ttyh asto cac enro dterraaitnei n
changes in physical performance and perc
perturbations in thleegel umomeh advoit @gmea pina
of multiple measures of training respons
fatigue and muscle soreness remained st a
CMJ eccentric peak force, f or aeceat Hoewvreo ¢
al terations i n met abolite concentration
pat hways related to energy production, il
gl uconeonedreerssitsa.ndi ng how training affec
resul ting in changeseltps pelrd oirdrmma B d tcsaep
rel ataodsihnfpor m mor & nréef cf osdetrriagm e gtl reasien inry dp iu (

soccer.
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7.1 Synthesis

The purpose of this chapter is to synthe
the original aim and objectives outlined
t hkeeyut comiescl udi eg moeotoe&ehganal and in

mul t i fnaacteutrfeedt o hfue and r,eacndhes@f rtersgpiomisreg
mani pualsatai krey tisnutpeprovretc dplresmdyens $ h e -ndaatycsh p o
Finahi ghliignhtt,eaft fireencso mmendati onsahdrotbtutlt un
practical, awipf &rctaitd winar focus on how th
under st andilmgddf ittrsainreisrp;phsas Serie A yo

7. A2ccompl i shment of Aims and Objectives
This thesis aimed to investi gnaattec ht rraeicnoivr
resporifsestalian Serie A youth soccer pl a:

i nformation derived from this thesis woul

hifgevel yout h soe cletralpilarny eSer ifa oAn ttrhai n,
and match | oad, and recopleay.t nmathel y,aytst
aimed to I mprove sporting performance us

performrmadmade d (Bueshtoipgirs2H08&8) m was achi eve
compl etion of four applied research stuc
overview of each objectjvehislusnima@ayi dodd
experi ment al metthhhesi s eploadywedd iim tThdedl e

Objective 1: To quantify external and i nt

age groups throughout a competitive seas:

Thi
ac
de
wi t
y o
di
mi
pr
Ser
t h

mi ¢

objective was achieved through the
mul at ed training | oads exhibited a
| opment -spaatghewayyo.u tlha tseoLt @ ea n gll7a@y @tersa i (nu
heghieon frequency,sRBPEIan ecomparirnah
ger counieérapradltgprxd dm@oén)v e u a dlepl ayer s
plhayécar HR tp<ai®iby) .| oResi ddi sati on o
ocycle wasteaegedgout hncsobnettrearst p lnagy ewi st

< O
-} > O c (7))

o o un <
-

=]

ounced | oadiseg ddit hter iybowtnigemw MDD uint &Ir if

e A youth soccer players experienced

D

|l ast training sedsioa#® MDe ftdhree | ocavramdt i

-

0 PKOl. O™EDP5 and3 MDe sesmeorngse d t he most p h
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demanding training days compareg<to. @3) .
During congested-l19mipragygctésirainadiendyy | oa
comparedonhngesord week yOo . TMh5)rpecayrct iefsi ¢ at i
and nhaotacdhr v € fecausn dat i on f or better cont ex

i n the subsequent studies.

Objective 2: To quantify reliability and
performance measures used to assedsayf atni

Il talian Serie A youth soccer players.

This objective was achieved through the
physical performance measures demonstrat
(CVs rfamgedl. 5 tnoo d8e. t8@NW e elaétnedalt s o f rel ati
(I CCs ranged from 0.70 to 0.98). Althouc
showed significa+tto gplatseprha tQiglbhsatlého d ey a1t e
our findings showed that IInPb@igaek,f oCrMle e
measures (mean braking force, mean decel
velocity) and CMJ meanhcpowébémandespibagadep
ation (i.e., *TybpibBalTEy. r €paveedelCW]
ht and peak power showednalticmi tchhdengers

var
hei

as ssmelnitaifl ity alongside the examinat.

S5 O «Q

S
i denti ficati on of suitabl e measur es for
y

p h

(7]

i cal pehéosmheaegqguent studies.

tive 3: To describe -mhechi madcexname

(¢]
(@)

Ob |
effe

Ser i

(@]

ts of ma nv p b u4aBe i hnogu rtsr afi odplinG@wi nogn nhata

D

A youth soccer players.

This objective was achieved through the

described -mhechcotChmpg=tSitmddy 3 provi ded
the time course of -plexwivegyplips$il oawvh ngpenmn
Ssubjective measures. The analysis of the
mi nhute youth soccer match significantly
recovery both i mmediately tandsairmat év@a vseur
pattergsi mdnomat or s. CMJ performance and
| evel s -nadt phh o Otbhereas hamstring muscl e f
muscle soreness had nop fOu.lOI0& )weerc otvheer erde &
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periodisation of training | oad observed
examitmedi mpact of trai mang hl dayd capnplaire c ¢
of CaAsessi om nul@Qr ahiingthnf\an@ddRTeme si-mnn (t7&;
modetateni NNgA wsolgunmd i cant interaction was
| PC mea@psuiNed5], with reductions i nClTphysi
group from 4@athpdt o .7025 )h. pOdosntver sely, no c
t hReTgr op» @ .AhS )lg.lo|l umeisneisnsg on admi nmatteh ed
mapwegatiinfellppppsiecal ,pewhliolranana emodenmaayt e t
support the recovery process wlihtehsoeu tf ifnudri
suggddht | mpowvthanoe i ifg r e amhinmegs sn gt @ | taryaeir ns

|l oad in the days foll owing a match.
Objective 4: To characterise the acute re
metabolic and perceptual measures in I|Ital

This objective was achieved through the

the previous chapters, where acute fati
foll owipgawmat S8hudy 4 ad erspasrei obnesde sa ctiuah ieam gt y
session in IlItalian Serie A youth soccer
metabolic and perceptual me asiumtesns iTthe K
session elicited minimal changeandnm@bygs.i
soreness$r at(ppO@S.t0w) th o eédudc@&MMbnsesoccentric

e
concentric peak forces. udowgvemnpliamedalet
n

significant alter@i OnsDwijnhrrdasmeed abohé ¢ nr
|l act at e, al anine, hydrexcismdut yiyatos, nal
abundance in 16 other metabolites, i ncl u

met abolism. This metabolkey ermarfgy ipradi lcvaa y
glycol ysi s, tricarboxyl iTcesei i cgichgs asu
i ntegrating mumadynipaecenetear esnnder standing

neuromuscul ar responses to training.
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Taba3® Summary of the studies completed for this thesis, outlining
Training |l oads Fatigue an Type of f a
Study Title Train Mat c i ntakes response recovery n
(Chapte Exter I ntelr Ener
: Fati Recov Per Phy Sub
|l oad |l oad inta
Training |l oads art
Study periodisation in LS © \S) \S)
(Chapte
soccer players
Reliability and ¢
Stuadly pomatch physical
(Chaptemeasures in Itali € € € € €
soccer players
Posatch fatigue
St ully responses in |Ital
(Chaptesoccer players: ¢ € € € € € € €
t r aivmil ndig8e houansa ta
Acute fatigue r e:
St udy physical per for me
(Chapteperceptual measut € € € € € € € €
youth soccer pl a)
Abbreviations and not es: Fatigue responses i-mrcdiumdien gmears umamemt s( epgr f, orOmedd hpr
include measurements performed in the days foll owings;trRhyyd.n:,g PRhy sBaghddgahg:i(cgaud.jmec

measur es
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Il talian SerieTAigouthle $ocser rpsapnercs.
amine traiinassagodieastgecdasds wi t hi nl etvieils
ol escent soccer players. tlmeadriles sfli sewtsis
e context of the conceptual framewor k
view (Figure 2), wi t s epdritnidt cnlgesr t B mp b a

t rai(in.iexgt elronaad and §),nttelren arl e cppamesoe)se Atcou
d chranenfcfilegcasd per f or fniane es eqiu hdceoceraesa s e

ange) talian Serie A youth soccer playe

3.1 External and internal training | os

ccer players

fore exploring acute respongdgdse tex atnri anian
hhea b i et xutadr n a | and internal | oad sustain
uth soccer plTaywe ms ngasd oamda plowehsc t ottoi 0D g e
ntr ol training and competition sti mul

ogressing as intended, or (&Chjuuasttsmeent sal

mpellizzeri et al ., GR0Oydu tt K esfof ¢riyeesd equa ttad

u

anning, monitoring and manipul ation of

pport perf ormance devel opment and red

McBurnie etDadpi te202Hg wi despread use

mong profess( Dalatleracatdpeanlicers 2020 he comp

Chapter 3), Ilimited research investigat

o

o
r
o
r

6

o

th external and internal | oad measures

Study 1, we ttrlmeg me fngr e ngu amatticthi edde mands
ccer pl ayers across multiple academy
ili sed methods of monitoring external (
ads in adoDedtegptebiThleefea@23)gs on t he
aining |l oads revealed progressi vset aignec r ¢
uth soccerllanydEr7gn dterrmmdenri ng wi t h hi gh
eater exter-idln lcoampaand onRREH t hei-r you
andlbiirdeé&uwheen compari ng oturraianbismefmart e w
tal distance an®&x)pirti nd merrgg eds stt haantc el t(al
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soccer players | a@aasrmud sat telde ahmigdreaoct yheelre Etu
acade(mMBewen et al ., 2017; Hannon et al
Conversyeoluynger players ebkdas ddtient Ta bynde r | ov
This is in contrast with previous resear

i ntensity in older academy pl(aWreirgsl ecyo nepta

201R3dsed dnntdheaigiles appears that, despite a
external-stlaogpa ,yduwmtthe soccer pl &Rentemwspietnit
t hroughout Whehmt bedomagnceemtent st her ¢ eltds olh
noticeabl e shift I n practitioners' f ocus
expense of(limgelriniad z éGoianceitd earli.n g 2t0Ohled )cr i t |
|l oad in driving physiological adaptati on,
nly deliver appropriate external demand

0
such as el ev,atreadf IHRc ¥ snMm eelnsfittyh e gbhmands e
c

ompetfiomaxinmpbysagcal performance devel opr

Addi t iSotnuadyl yI al so explored the periodi sc:
mi crocycle with varying distributions of
stage youth sok@eandgll7@ydersai(nienddemi t h mar Kk
dai gy kbhe opposed to a |l ess evident | oadi
(Fi g617,8s, emphasising the diversified trai
Despi treestuinte®i nlg previous r esxEsagridls hc ®Prcu
Legaue and Port-bhguekseanadewmypalpl ayers duri
(Coutinho et al., 2015; Hapaoncbalaktter?2a
of the microcycle periodFsastbp, emeagedn
soccer players experienced their highest
across all age groups and f @ri ga&seXabl aa
l1JConsequentl vy, similar to adul-ltewdlayyao st
soccer pl ayers I|likely experience the | at
magnitude of fati(daenonh the aii ¢cr OY.dAI; e St
SecomMdDbyane€3 Mssions emerged as the most
days compared to all the other ones of t
bef ore comfietwir-2iMdd e p dtDrdhderedk | yn schedul e) h
| oad of t hvhinbisctr opcryecvlieous studiesntraleada
of the microdkyaxdnd)N@=ng. | oMBr training de
preceding official mat ches (i tharbmarm eatd ud It.
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Silva &et, alur, r2e0s2u3)t® dekckcéeoad woh h MbDul t i
i nternal |l oad measures peaking onpltahye s
(Fi goure7, Ta&hTRi rdly, we examined the infl
i n ulndepl ayers, observing t Hatcotnmpairreidng ol
mi crocycl es. Given that this competitiyv
successive matellesewovéaryitime (e.g., 2
effective fmabhagemenggy boad and recovery

during congested (pBeurcihohdesi to fe tc oanhp.e t i2t0i 203n;

et al ., 2021;TMNegmear | eddosadeft, n t2#0@g i@ | yout h

provi de val uabl adolpppbawerid i ¢® famperien
schedules that <closely resameWsBenhhsesppbdbn
appropriate | oad planni(egauandtpenabdi sapi
| oad managemenstucsht msactjesngairdisotsat e t he progr
el evated physical demands

U ti matteheyse peahiamldeey erasyd capacity to tol
match | oads during the trdareaim ieonrifrroommetnt
elite ptager sedr toc opagretsit ceidw asteotsh eidiauil ®@tse d t

demaadd subsequent di st ur((b@uealet ioefr i.d Ireete pa |

addi tion, the greater training | oads ob
published research in the Ydweinhd mpoacver pp
ability to develop r obuTshinse sasp parnada gohh ycsa ncte
more conservative | oad management practic

may restrict opportunities for exposing

devel oping maxi mal( Weenf et.mance QCdRA]Ii ty

Whil st the training and match | oagdtsheof é
compl etion of eX«tiwdyg sndgarecxhpainmst hi s ar ea
characteristics of an ItalianSpeci tihhAasadta
st wduyt Itihree s mp e tmand ¢ @ mefewgslat i ng and moni t
anidnternal | oads emuacalt aegrppppldthedirsi n@
s i muhrnoughout theAscadehmyneatiiwaimeeoc &nd
physica(Jefhrneggdathealc.hara@Cz2)i sati on an

| oad constituted a fundamental component
t he acute r ees.pgonfsetsi gwe laomd r(ecovery) in
theBhasrefore, i n Studies 2, 3 and 4, we
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e experimentadplayaiusienlgtancex@mmi oale acut
S p oTnasbelspls@ nWPAd di t itohnea-Wwrbeyd Id | o asd i mmlgs erav &
Study 1 i nfl uencesduhtsheeq weexmpte rsitmediteas , dp

amination of different training | oads |

. 3.2 Acute fatigue responses to trainin

ccer players

sesrseisnppgonses to training anod hrmantdahme d & &
mponent of the training process, as it
used and occurring after(aaeunglandrcim
sitive )ddefhegaesi ee¢ al ., 20.22ThiVanpreadt
I tical for understanding how players a

mposed by training andpcempédtoi o mdrog m he)

timisation stratefCesttas etheal ndi 20d8a
19i)t hin the scope of this thesis, -acut ¢
ay (Study 2, Study 3) and training (S

bjective 28&suenasthaabtede mani festatio
terplay between performance and percei
ort demands and the playersf{Gcapagietry e
24; Skor ski i ectrwabo.a,las2s0ls®s) acute respon
l'tiple mexowmes nghd external and inter:
tter contextualise the findings of thi:
tigue is an integral component of exer

d chroni ¢(Pprdepbatdi Mad ni mppR20&d) sport :
mmonly observed as a state characteri
rfor(mamucsevi rth anandMuali kaadbR DillBy t o conm
eviously achievabl eHalisdn nWRO Kk#&j)cemhi g i
S been suggested thfaor ae fsfue cttaibveel ymenacs
sponses should be valid, rél makel &) zgen
rcora, 2009; . THaoepueafnettri eaylign, g 2b00lt7h) r el i a
changnamtaefh pa@adst gue measurteos imaseripaen ri
sponses (Howdrittle estpoalt.s, 20BQ@QwewWMer cepr ie
mpl etion of Study 2 (Chapter 4), despi
sts, |imited evidence existedStwidwei 2 t |

scribed acute repbansesguéreltieisme drgetl ensatbe
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sensitivity to change in Italian Serie A
Themheysi cal meadsorens nglmowedant acmaéechulte
The magnit udemaafc hc mweansg eg rpecastter t han t he t
TE), with reductions in I PC measures and

vel ocimoydi fRiSdd) . However, typicalp yheieglotr

and peak power showed | imitedTablhegFasg uwie
121 BAddi ti oSitadelsy ,8( iGinapt eam@Mb ) per f or mance
similar changepl dywl (15 wg 88 Imeatnadh | i mi t ed
foll owing a moderate training session, e

zero velotgtyaifhbe mulrar variations were a

research f opllaoysienggs enastaasion ntra{dengloygess

al ., 2016 ; ElI'lis et al., 2022; Mal one, Mt
al ., 2024; Thorpe et al ., 2017)
Taken together, these findings on the ac

performance suggest that these alteratiol
of alterdd n88dommwatt heef neuromuscul ar f af
(Gathercole et al ., 2015; TRomi i s2(P@0;t i NI
gi vtelmger owi ng match dembedse aoacélédragi on
actions observed ddom®segaqg umenhtelhysand c cttri ainn ia
CMEccentric phate. gorcecomematsuirespeak for
may be tvabngibi madnifttatttiygyue responsesnantder
real .Nwordtdhel ess, emerging trahds afdore o me

the use of i nvisible"™ monitori nwge ealplpyr o0 a
monitor fitrhieesuanéadndaiWeghtheersgeg, mGhD)ds r e

advanced analdytsae sard ttheiinntneggr ati on of a

t hroughout the microcycle to generate in
(Mandorino et al., .2025; Shushan et al .,

The same physical performancgt megpas8rasdw
4 in combination with other subjective a

responses to hasyht hedi srafniimg.acute cha
foll owing match and trainingsdemandg sadrh
reporteddi AcTaksestsugni fi cant acute decr €
were more accentupltaey 9t udwi Bgamdbd Stud
moder ate iIintensity Spreaciinfiincga lsleys, s itnohna udSstma
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youth soptay mauskd signs of acute fatigl
I PC and CMJ me dlshu,r evshi(lTsatbltehe | ower trai-t
the experimental session of Study 4 induc
measur els)ll(nTtaebrleest i ngly, the accent ypdtaggd H
documented in Study 2 and Study 3 resul't
f orgeeener ating -mapabijtwi ah moder ak ef arecdeu ca
t or quel? fitltodm ¢c o mp a rCeoch vtea sperley),. t he | ower H
demands observeld idhi Struadty cdcla B3sTa lod Ba Mg & D M
to preé)PCipeakl force and torquedommiasamt sl
These findings are consistent with previ

hamstring muscle function followiBa@r ceimpa
et al ., 2024, Const &Sretrirmmen oetetala.l,. ,2 ®10%P;2
202 4; Springham et al ,, add24;i mWwWaleldi c hath

moderate to | ow tsevetr ybua h(nGargtczenr pd tg haell
Gi v eanh etunr o md ;ad udgamen ei dfortsheasfsaci at ed with
i nyuUHuygaerts,idt iasl .i,mpns2ta)etr w@weute fat i
respomsaersst ri ng muscloptsmmisegtime pleer.igodi
recovery session i n HiSiRe achay SP&Rf tseers s¢c oms e
strength sesatcoonsnsiictroglyosl llgeyct i vel y, t hes
Studies 2, 3 anldevels uyggwtsh gdaderhimlhayer
| oad HSR and SPR aecptliavyi tamad ismtcdin saes tnraat

significant acute redudt.ions in hamstrin
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Tabd4 Synthesis of the acute mean ch-anges

play and training in this thesis.
Acute changes to Acute cha
mat-phay training
Studn= 213() St udn= 34 8(St udn= 4 3()

Countermovement jump test

Jump height (cm -31%*S -4 . 9G*S -1.%

Peak power (W) -0.8% -2 . 9F*S 0.%

Force at zero vi-81%*V -6 .9%%*S -7 .9A*M

RSmmodi fi®d (mbLs -61%*S -5 . 9g*S -2 .98%

| sometric postleirmmrmuedali en tl oswter

Peak force domi -10 %6V -1 8 % *M 3.%
Peak f aroand nmart -1 0 %@V -1 A %*M 0.9
Peak torque domi-10 %6V -1 D% 3.9
Peak todagmienamtin -10 %6V -1 7L %*M 0.%
Abbreviations and notes: Rel ative acute changes
and i mmedimaiehyngost match (e.g., 0.5 h post); RS
frommaetreh-taraimriengp<c dn di5t)i.onS:( small; M: moder ate
Trivial effect sizes are not reported.
Despite the acute changes in physical per
resporseéeretbodi |l y syst efnosrgceaoat ati bug i a@p a.

mu
it
Th
s a
i n
(P
as
i n
20
cCo
mo
SO

mu

scl &s$ ven t hati nspoocscee rb ocatcht inveiutrioensu s c,ul ar
was i mportant to chachpthgsgoeéopgl agper s
eisedi aetfoerrs to the myriads of bi omar ke
mpl edbl 6edg. urine and saliva) and have
formation regarding the homeostatic di
edl ar et Haweve?20D1l1®) omarker monitoring
sociated <cost s, technical expertise ar
sights beyond the high de(gPr®Cerzdfi | ¥ @r ied
23, Twi st and Mdirghtreerc,en20¥3) technol ogi
|  ecti on (e. g., capillary sampl es) an
nitoring) have all owed for more freque
cceaniels et al ., 2T0Re5t; oinPeeSd ruodsyo 4e t weel i
Il ti ple measures of fatigue and recove
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S u
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I n
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u

jective indicators, to fully <characte
th soccer players.

Study 4, the analysis of capH-NMRry b

met abol omiscisg nriefviecaanetd perturbati omedest th

clustertagd otproaggtrna ng s alnPpd heiss (&n agluytei c al
all owed the identifi cdaeitaarbodnd ecshdrmram ear
sample and revealed 21 metabolitentensehn!
training steviedbn yont hiZpth ayRIPee ( tFugluatei or
met abolite concentrations -muwgd es tneedt atbhod |
glycolysis, tricarboxylic acid cycle and
the session, enhanci ngl eoxurc uenndgee ss t anau rnrgi
the required rates of AT raedsdyi nttihoens,i st hdeu
similar to those observed Bol i pah avthd @2
described metabol omic responses to a tra
soccer Bdfaogrea st he compl eti on of Study ‘
concurrentl y -rdeelsactreidb ec htarnagiensi ngsi ng physi
and subjective indicators within this po
studRomagnol i desatib¢@0dbBanges foll owin
hit¢level youth soccer pl ayers usi ng mu |
physi ol ogical and subjective measures.

approaches by anal yseagurmpédy su ciadtgi pmeu |fctaimpu:
indicators and met ab®INIMKR mant ladlod toani & stuinn
our findings on the metabolic perturbati
performance and subj ecddrviebefdata grulei eme aisi
supporting gémarnaottei omhyosfi ol ogi c-adl a patnadt i o]
pat hways enMaendr emyt er ghemMpatrtalfrom2@h?2) var
observed in Study 4, these combined appr
recovery and nutritional strategies at t|
Gi vemat lnieat ogue, s ubcjaenc thiev eu sneeda stuwr ecshar ac
fatigability as s olchieatiempowittahn c et so f o nssuebtj .
particularly relevant given the role of
recovery mechani smsl n KteHd mamml| ieed adet,t i2r0d
showed better sensitivity to change in &
measures ( Sahkvowdv arl,. |t ROsIeSNARAQMK met hodol
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supporting their usdg Jehf miese aentdh arbkaryd hpao
l'i mitations within . YMautthhi sspudirinteicnigsy o pf walt:
recovery were assessed in Study 3 and St
performance and BmeHygsieoltohgei cad mpslteattieon of
research described acute fatigue and rec
4)Therefore, we integrated perceived meas:s
VAS.n Study 3, we observed atufatabtuerant
soreness I mmadicdt elFy g@ia¥ei e however, i n S

riations were observed foll owing a mod:¢

Ta2hSemil ar to the results of hamstri ng

vV a
18
youth soccer p Impyaefrod d waws nghomoder at e tr
demonstrated substanmiabuteaeplimay.ahThins if e@d |
e

-~

flect the high | oad of MDn sSesrsiie nAs yaocurtc
players (Study 1), and it is in |ine widHl
professional pl ayers fr(oDm dSaflfveor eentWWhalo.r ,o
comparing these findings wit-lhewealevy mwtsh w
players, it emerges that a worsened subj e
mat-glhay a-ndt éoih giht y tftRealingetseabi pong022;
Recebhbhkeyresults of a systematic review o
be a-telmaor r el ati onship between | oad and ac
sl eep and st r e(sBsr aunersso cetbewa vpe ra,y2elrs5) s al s
understand that these subgemdi tvievineyasium e
fatigue response to training and match wi
tday var(iFabizlpatyi ck, Akenhead., Teheraelf.or ez

suggested t o examine t he measur ement C |

i mpl ementation in the applied setting fo
l oadeffries et al., 2020)

7. 3.3 Pr efaitlcihng ecoosvtery responses in I|Ital
|t i's well understood thatpltalye cchaman dfsat
professional soccer players, with eviden
i n physiological and biochemical balance,
72(Boul art et al . ,.P2i0@r;t &i it vBt edmaBe( ClRa
5), the evitdleemctei megaos wi g of recovery i1

Il i miHeewlever itndgd compl eti onnewt dudhinarsetploe $ ied,
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i nformation on the time course of recove
n at i-loenvad | yout hf ebk oeminngultée ecrognBoaertri etiiroan se
2024; SpringhBwmi ®ti rmad . st di2elg on yout h p
external and internal | oad -noaft cthh er ensaptocnhs, e
mul tiple measGuves ¢ haebluenif)ue physical c
athletes and shorter youth soccer matches
it was therefore i mpoutaatoft or ex@awme me it i ¢

within this context to better undmatcelmand

Building on the findings from Study 1, V
hi ghest l oad in the microcycl e, and St uc
physical perfor mamatehi mBéddstcailtien @ eashteiggiaet
time course of regpbagrynf ot hbwang Smat eh /
using physical perfor mhme ef iamdli sgudjrreev e &l
mi nhute youth soccer match significantly
recovemmebdoahely and in the subsequent da
48 h-mposh LUpl.hleT sel ected recovery measur e

their megrsap é&nmteigd S reliability, sensitiwv

w o

Q

0 because elhemyent sf loefct petrhfeor mance f a
igability of t(Hok ad ed nchi Du o.hatoda uf faa @ iy

iations in recovery masalhingirtsh wehree coobn

—+

5 9
-~

mul tifaceted nature of the réGabbbeyt |
Oetter, 2024 ;. Sp&koirfsike alelty, alo.u,€ Mar0els9u)l
rformance (both outcome and movement ¢
turned to basmat ale 1(5EaHels=lTh48s hr epcoosvte r y
consistent with ret@&@nEnglissht Pr emiser \

- T 9 <
nw @d® d® S
o o

pl ay&psi nghamaetdt al sp 2024ghs with measur

—

atigue, which showed a return to basel]
pl ayye8roownsteinMeteavVver, 20M&d9e findings

restoration of CMJ appears to be shorter
the adul t( Spiodpvual agti olal kel 2 0d8¢ t o match
demands.

Addi tional |l ySt u dsgh odwierdd itrhggg dfamst ri ng mus
perceived muscle sorenegpomnadhnotn flalaly e
youth soccerlbplFaygeutea € rTatbeé er educti ons we
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peak force and torque-domi hanh kg, damioma
perception of muscl enagorren ey, viemeeenrts odr |
duringnhegbhity actions(@admercaeatWhiah . ac

comparing these results with previous simn

_‘
D

ported pro(Bagedi mae aetde it .h,er 302 L£)ompl et
Constantine et al ., 2019; Sopfr ihnagnhsatnm ientg &
rengt ma4& hh pHoswtever, these discrepanci

~—+

measures used to profile the recover)

yer sAsnvektogdry is defined as the ti m

I-F-OOU)A
-

a

rai ni ng Ilroeasdwigigest s obhat yout-hi pltagemat «
ay |likely require a | onger recovery pe
of essi onal adult pHdayecevwehyp tekmabchpdt

Il va et Taalk.en 2t001g8e)t her , -mbhe hf rediongs y o

mi ned in Study 3 highlight the i mport e

cer pl ayers usi ng mul tiple measur es.

O w ® —~ T T
n

ract ermasttcihc sd eomhantdhse and consequently ¢

alities and traini nmatsdit.ditteiggirese mhaydtnmie

=y
Q o 99 O 9D

ract ertirsatiincsn go fl otahde s u s ttaiinmee dc caunrds e hoef

—
>
(7]

psviduddeyss debeet ¢o inform training peri .

youth soccer players

7.3.4 Manipul ation oenfattcrhaiansi ng fl omadanaetn |

intervention in |Italian Serie A youth soc

Given the prolonged repbagrgntdot hewgngwsb !
demands of modern soccer,thte laptphi samni omn

recovery strategies represents an essent

within the (Farehdngt pabces2021; Rei l ly a
al ., . 20here i nterventions can I nclude
modal i ties which aim to mitigate the ma
process, i ncrease training qualit-gl aynd
per f or(nCanocses et al ., 2019; Field et al .,

202Bdr e xiammpdlei,t e,aa dmid Ituis oxctcledy exami ned
bet ween the programming of days off and i
of f on MD+2 was assecoinadtaecdd awi@athhuagye d ower
scheduli ngBselghheint.easti oarl .t,0 2 0h3B ycdoymp3l e(td hoa
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5), research examining the effects of re
mai hiywited to nutritional8 anditbcbvetiem
the effects of training |l oad interlvaegnt.i
However, t hen wtprpiltiicoant a la od torvsetrergeiecdbse e r y mme
modal i t i-neast caht mpdoys drnpcstav aiayabt b aocademy se.
|l ogi sti cal chall enges. Tvnearedfptreery i hgviamwgy ¢
habitual training and match | oads (Study
2, Study 4) , and the timeplcoawr@c®t wdy r &),
anal ySstiuseyoda3nd he effects of vmd MiBeutreptbisrhg t
in ltalian Serie TAiysoutnht esovemndri oml @yaer sh.
fundamentallomsggsiade gyl €Bpi laner nand i teadameat

et altp 2@tB)itate recoveplyay.n the first

For the first time, we examined t hd amani
as a fundame mtpegll iiemdt erov eonpttiiomm se recover:
(Driller and Leabeater, 2023;. Sllmt3$teudy e

compahedeffects of two training-mMaadad ,i motn
MD+2:CT)esasion (100 minutes; &fJIRTsveosl suinoen :
(70 minutes; moderate intensity). The fi
performance was further -mrag c¢ic @drc otrioent i 4ol
whereas physicalbtpesin fgoni mMacaed \vys lad t eama |
RTcondi ti olnp (THHiGermepar ed t o0 previous T ese
effects of active recoverey eiodyaoluitthi eso coc
(Springham et al ., 202 4whhiTk eevbdeneéesat he
socspecific training snmasshomapresppbobeéedr 4
further impairinghpsr newmampe e a caa pkheoyin bags. p e
for practitionerlsevwodr kyionugt hwisstohc ¢ leirtgéhjel a w
mai ntenance of a tr-manwintghoosuti mummpai r4i8n gh
pr ocSpsesc.i f appkhys promising for coaches a

exposursptecispaspomedcitng regeneration st

gym (e.g., acti ve trheck ptyheaonya myRt rget, c mars ¢ )a g«
i mmer.si Gahsequently, t his strategy woul ¢
mi crocycle and potentially expose player s
of incomplete recovery, which may ul-ti mat
t er meldoepyme ntFipnraolcleys,s .gi ven the increased
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training |l oad masedostngtegli mafyi al do i nc
technical coaches and sports scientists
i n yout.6opl agerseely, these results suppor
training | oad i n tphleaydays d opd awf hgalmact
performance and recovery responses acr os:
u

conductted mvistpbo(r Do ad thetetets al ., 2022, 202

Thi s t hesiuspdateesendos ah the conceptual fr
oriadilny pbyebfseides amtdn af oedagré@l@@eZrhe | it er at
( Fi guBraes e2d) .on t he tfh easiidn gasp ptichoeend & xhti sof mor
p hy sp erafl o ri ngaonucteh ,tstoec creferva me(Wdo g k yien c20lr por at
two main mddgihfeeaatur abs$ eo fc loreepsopeoentste( il .oa d,
traini nhgase fldesafd $|ee tahcetaet Dg @€ o es [yoannlg s

a nhew codrpomewndr,y has$ ebeetna ramam@aersai ni ng
recovery and nwypic¢calohplusedaafetydar stert auir mi
prexer ci sWhestthaetr u dlnaadsi dfi caheon r aieman qnse
appl ifcoablpehysi cal performance and subject
acute or chronitc turnaikemipgbeyeninigteosgsdcasl ens r e
| i miTthecdat egomagpaerenmpl i fy the multifacet
physi ol ogi aallepraetshphoangstelsi ghsS8eddwhi4£4h can m
across various biological | evels (e.g.,
2020her eifagprpee,ar s i mportant to contextuald
by evaluating whehsepe epiattithevya yasl isgn nwil talt e d
adapoutwveolmebBe revisetdthdramembonkl ogy has
di stinguiagshitkretfwmeemgue responses {raenjng
or matanrhd recovery respoinsetshd idays fchlalna
or mat ch, such asAUWBhbugplsther mg&fu rpeomndn
responasde nmeoasluor es are not explicitly repr
critical to determine their measur ement

change) to ensure that detected variati ol

Mor eoweirncltwodi otnhe Or edasoenisyio prna veirdvee n a m
compr ehensione otév ailommiang, regensetabtagi asd
prescacichoerddi hgpemagiiet ude,agf wkidnidignied u al
cont efxaatp@dr § . ,pesrgasdosn ostyc ,etfuirtendgsishor peel
202ThHhi s updatneay esravheeanalty got het i cal mo d e |
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i ntegrates el ements iTrhwe gtoit diaende idachagtiodivigipre |
triamg | otardaienaenpgme as VArcaus.e f atigue refers

perfor-mendl prmamed-t aaehyngoet match (e.g.
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refers to measurements performed in the ¢
72h post). Recovery interventions refer t
commonly admintsaenedgf dtol cwmippeptritt itdre r e

before returning to the next training se:

7. 8Bi mitations and Recommendations for Fut

Whi | e t his thesi s has gener ated novel

acknowledge the | imitations of this ser|
specific | imitations of each study have
this section presents atts@tbdveaerar c¢ricmgnmlein
future research to advance the wunderstan
within this popul ation.

A recurring | imitation across the differ:
of the findings, as all the 1 nwvleshi gatt
academy. Al t hough such a |l imitatiohsi s

(War menhoven, eitt anhust 2b0e25recogni sed that
youth players within one Italian Serie A
cohort s, ot her |l talian academi es, or ot h
variationeniexte|lturalinecng met hodol ogi es
across clubs and | eagues are |ikely to i
support, thereby affecting(Basé et adalloing
enhance the generalisability of the findi
I nvestigations within Wetmail e tyliuds hc srotcerxtr
of external |l oad and internal responses

intensity periods occur(rKiimg eitn.Rtir. § h 2r0gr)
the adopt-c baobmoéntamsiotmidy designs i s warrar

solid evidence on t-hevelrayogmMghplbyet € al
Ram2l-egez et.Aht hpopugh20heaa apopftfeearo hngosr e r
evidence compalrweld, cdoudayc ¢ iicm gilbenelatr ic-he v eal hi
sperpresent smetshudd cdanodg iipardd c t isc a(lé i ghaanlcli earl g e
|l ogi stical constraints, issues concerning¢

advapht age
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A second comntoonn cleir mie thafatrhoen s p atelyr e sthorl d s
guant HERi agd SP&Rc rdossst Amntcted ugd t ha psp rnooanci ht
maguppo#te Moonnganrd nogompari son thaenawe emmtgrac.u
refl ect tdief fi enirdd nvuiledsweelr s 6 phey. 9i. ¢ a lmaxad pread i
spe.edl)he adoption of relative speed zone
running speed, would allow f-opead momaeg PPK
effordesnsaeguent |l y betherassderat adut miger n
i nvesti gaddmsisd erle artdepdonrat!lii mgbiawi s éhgls eldd s
al so rreelpaotritve data (e¢eognpr omat &hpaied ait miomg
demawidtshi n youth soccer.

An additional gener al l i mitation, partic
an recovery responses (Studies 2, 3 and
study design. Specifically, fatioguérandi

d
u
sessions andplfaryi.e nAdItyh omagthc t hi s met hodol
Y
n

advantages (e.g., increased sample size
control during the experimentadtnmemnmicedui t
i ntroduced certain |Iimitations. The abse
and the |l ack of l ongi tudi nal monitoring
applicability of our findilindggy, opam@iDec il d -
Salvo et al ., 2009; Ral udei tVYimei rod etatal
monitoring of fatigue and recovery was n
practices across all/l age groups, Trheinsder
exemplifies a-offindamamptpdl etdr,s gwehretr esbcyi eenf cf
maxi mi se ecol ogi cal validity often neces
from the more conbrabbegriesndi teeraroh b
overcome t hedge elmpriotyatnigoncsr ossover and r e
examine the eff-antds t efaisheadtinlig trreact cevgereys i n

mat-glhay, with piambngebaedi hit(gHeeacskes t eadema re
2022; Springhaaadeitt iadnal RP259onducting su
bridge the gap between scienwerhddsprat:

adopted within youth soccer academi es a

researchFpebpgeetsal ., 2021, Loturco and |
A further common | imitation across al/l S 1
bi ol ogi cal maturation on training | oad,
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uration among youtsteasaeabhcesrhopl ayamg,eqgt
|l ogi cal maturation into analyses to be

Apaltacyh wi t hi n( Towbsspopet agai on 2021)

i nal l i mitation of this thesis relate

estigatkenciode pfoastti gue and recovery |

essitates strict control over atphe vex:
ponses, recovery interventions, and i
i c of considerable interest in exerci
it also remains among t he sleedapt autnidoe
l e due to iIt@Pemkea idtacalt ed D@l TUy.ePeak

giheefef or t s ttroaignuianngt ilfoyad t hrough both e
dl ey etandltp 2@28unt( Gogt eelnleor geg/toti ik ra,
l uencing factors remained uncontroll e
i rorumhainrte. rlesearch studies aiming to
overy strategies may benefit from emj
o rbaatscerdy settings) and standardi sed exp
toceltsertosblate and wunder st Rinal d het ¢
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versely, from an applied research p
it apipmp@echassess response to | oad wit
resent a promising frontier for bette
el so¢ctcedupg! anpedr Weaving, 202An &Maachpl

s aptphreo aucshe iosf submaxi mal fitness test
the warmup activities in team sports j
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may better assist with the identificati ol
in elitRamsioelcereitnalhley i 2025y ati on of art.i

promising potenti al for the detection of
enabling early identification g@ude mow efnien
(Mandorino. et al ., 2025)
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7. BPractical Applications

These findinganfofffimed eewichpnmmeetdiatdbir ddmesgd or

a do | essocceceeyre rpsl. plrhacdamagunlail c astyi notnhse sairseed 1 n |
|l mplications for physicaill evedf yromd hc s oo

X Monitoring training and match demands u
| oad measures i s essenti al for prof il

practitioners working with adol escent [

i ndual dand contextual factors that may
X When assemaiolgd pasigue, | PC and CMJ t
sensitive tools for i dentifying changes

Il ncorporate eccentric phase measures (

strategyg (wvoaogdi fiRSd) for monitoring act

conventional outcome maas preak Pwoveras |
X Profi l-matgclporséeécovery using assessments
of muscle soreness is of primary i mpor

fat iagmde prol onged time <course of regen:

readi nesspa-mh ttredacionv earnyd n eaq yiomue me stox cer
|l mplications foandeptowesyaigethrrghbi hhgs oc c ¢

X As training and match demands i ncrease
sport scientists and coaches shoul d see
of Il oadingmpdeéawehimgd days) and greate
and intensittagewiytthutlhaatséddéc ge.apksapeéds (

X Practitioners should consider thetomul:'t
physical performance capacity, met abol i
youth sopdé¢ary Mmewdls to substantial -and |
i ntensity sessions can el icit signific
andcpobvery strapleagnanecesdo s Hioopbtdybeo opti mis
| oad tolerance and regeneration.

X Mani pul at ivirod wime aMDPiadi g r epr é semta ment al S
influence the recovery process and read
effects of the mbasedyclte.at Elgiys camaisnip
optimising training progr avmg h t-sggeacri th a Ic
preparation.
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Training Load, Fatigue and Post-Match Recovery in Italian Serie A Youth Soccer Players
Results ]
™ h 4 h 4 )

Study 2 ] [ Study 3 ] [ Study 4 ]

Study 1 ]

Weekly training load:
external load and sRPE
greater in older academy
players, HR internal load
higher in younger players.

Microcycle periodisation:

more accentuated distribution
of leading in older academy
players across the week.

Reliability: CMJ and IPC
tests had acceptable levels of
absolute and relative reliability
across different measures.

Sensitivity to change: IPC
peak force and torque, CMJ
eccentric forces and RS|
modified displayed post-match
changes greater than their
typical variation.

Match-related fatigue and
recovery responses. CMJ
and perceived fatigue
recovered at 48h post-match,
IPC and perceived muscle
soreness did not recover.

Manipulation of training
volume 48h post-match:
Higher training volume may
negatively influence physical
performance; moderate

Acute physical performance
and subjective responses:
minimal changes at post-
training, except for CMJ
eccentric and concentric
forces.

Acute physiological
responses: metabolomics
revealed alterations in 21
metabolites at post-training

training volume may support
the recovery process.

J

Practical Applications

Physical Performance Monitoring

Training load monitoring: use a combination of external and
internal load measures to quantify the training and match demands

Assessing response to load: select reliable and sensitive to
change physical performance tests to capture meaningful changes at
post-match.

across a season.

Profiling post-match recovery responses; assess hamstring
strength and perception of muscle soreness given their profound

alterations and prolonged time course of recovery.

Figl@lkeSchematic

Training and Recovery Optimisation

Training load periodisation: exposure to greater weekly training
volume and more accentuated periodisation of load with clder
academy players.

Acute effects of training sessions: consider the multifaceted
responses to training load, which can induce various effects on
different bodily systems.

Manipulation of training load as a recovery intervention:

manipulate and pericdise training to balance recovery needs with

soccer-specific training and physical preparation.

synt hesi s

of

the resul

ts

and

pract.i
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7. €oncl usi on

I n summary, this thesis offers novel evi
fatigue r esmpatnste sr anadvenonygtprofiles of Ita
Training demands were shown to mtograeé ssviay
withstadge youth players exhibiting high
accumul ated training | oads, and more st
mi crocycle compared to their younageaedi mcgpu
day within adreoars calolhyeagses egsrsounpgs acute r e
| PC and davdon etsrtast ed robust r el i abmalticthy a
fatigue changes in physical performance.
at zero velwodiitfyi)edarek hR®li ted superior me
to mone ommddimeasures such as j-plimpy heli igdhit
acute fatigue responses, ma n irfneasntcien g( rweidt L
|l PC and CMJ) and i mpairments of subjecti

muscl e sCoornevregrssae)ltyypi c al training session
physical performance and perceptual Trespc
i n serum metabolite concentrations, sugg

producti on Ppoastthb Wwa yshcooweed ymul t i f,acwitteld C M.
performance and perceived f ah,i gwlei Irsett ulr
perceived muscle soreness r emakinravhleynr ec
resuming tr aamoidreg adrenMD+#2, training sessi
process without further i mpairmenthigfh pe
vol amdéai gmt ensaityi ng negativeliyeadc anvfdliagmrne
together, these findings advance current
and recovetrlyvwilt hyioruththi gsloccer pl ayers.
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