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SAZETAK

Nogomet je sport obiljezen iznimno velikim brojem visoko intenzivnih kretnji (,, stop
and go*“) koje uzrokuju znacajan psihofizicki stres na organizam nogometasa. Zbog naglog
povecanja volumena i intenziteta treninga visoka razina stresa je znacajno izrazena tijekom
pripremnog perioda. To naglo povecanje volumena i intenziteta treninga dovodi do povecane
akumulacije umora i rizika od ozljede kao posljedice neadekvatne adaptacije na opterecenje.
Prac¢enje u sportu (pa tako i u nogometu) predstavlja sastavni dio suvremenih trenaznih
programa pri ¢emu se koriste razli¢ite metode 1 modeli za procjenu opterecenja i oporavka kod
igraCa. Integrirani pristup pracenja, koji istovremeno obuhvacéa koriStenje subjektivnih i
objektivnih metoda za dobivanje jasnije slike o stanju sportasa, dobiva na vaznosti u teoriji i
praksi, a pogotovo u kontekstu pripremnog perioda. Glavni cilj ovog doktorskog rada bio je
istraziti odnose izmedu unutarnjeg trenaznog opterecenja, pokazatelja oporavka, dobrobiti i
neuromi$iéne izvedbe tijekom pripremnog perioda kod profesionalnih nogometasa, primjenom
integriranog sustava subjektivnih i objektivnih pokazatelja. Istrazivanje je provedeno na
uzorku od 48 profesionalnih nogometasa (dob: 22.8 + 4.2 godine; tjelesna visina: 184.4 = 6.7
cm; tjelesna masa: 77.2 £ 6.5 kg) tijekom dva pripremna perioda u trajanju od Cetiri 1 pet
tjedana, a kojima je prethodio jedan tjedan upoznavanja ispitanika s eksperimentalnim
postupcima. Unutarnje trenazno opterecenje procijenjeno je koriStenjem sRPE metode, dok su
pokazatelji oporavka i adaptacije procijenjeni koriStenjem varijabilnosti sréanog ritma (HRV),
te kvalitete 1 trajanje sna. Subjektivne mjere dobrobiti i oporavka procijenjene su uz pomo¢
upitnika (upitnik dobrobiti, PMS, TQR), dok je procjena neuromisi¢nog opterecenja i oporavka
provedena koriStenjem testa vertikalni skok iz ucnja s pripremom. Rezultati su pokazali
statisticki znacajne promjene unutarnjeg trenaznog opterecenja (p < 0.001), znacajne promjene
subjektivnih mjera dobrobiti i oporavka (p <0.001) i neuromisi¢ne izvedbe (p < 0.001) tijekom
pripremnog perioda. Takoder su uocene znacajne negativne povezanosti izmedu unutarnjeg
trenaznog opterecenja i neuromisi¢ne izvedbe (p = 0.005), kao 1 izmedu unutarnjeg trenaznog
opterecenja 1 trajanja sna (p = 0.045), dok su znacajne povezanosti utvrdene 1 sa subjektivnim
mjerama za percepciju oporavka (p < 0.001). Dobiveni rezultati pruzaju uvid u sloZzene odnose
trenaznog opterecenja, oporavka i izvedbe nogometasa tijekom pripremnog perioda, te kao
takvi mogu posluziti kao smjernice za optimizaciju i bolje planiranje trenaznog opterec¢enja u

nogometu.



ABSTRACT

Football is activity characterised by extremely large number of high-intensity
movements (“stop and go”’), which create significant psychophysiological stress on the players
bodies. High levels of stress are particularly present during the preparatory period due to the
sudden increase in training volume and intensity. Such increases in training load leads to greater
accumulation of fatigue and an increased risk of injury as a consequence of inadequate
adaptation to demands of activity. Monitoring in sport (including football) represent an integral
part of modern training programmes, with various methods and models being used to assess
training load and recovery in players. Integrated monitoring approach, which includes
subjective and objective methods in order to obtain a clearer picture of an athlete’s condition,
is gaining importance in both practice and the scientific literature, particularly within the
context of the preparatory period. The main aim of this doctoral dissertation was to investigate
the relationships between internal training load, recovery indicators, well-being, and
neuromuscular performance during the preseason period in professional soccer players, using
an integrated system of subjective and objective measures. The study was conducted on a
sample of 48 professional football players (age: 22.8 4.2 years; body height: 184.4 £ 6.7 cm;
body mass: 77.2 + 6.5 kg) during two preparatory periods lasting four and five weeks, preceded
by one week for familiarization with the experimental procedures. Internal training intensity
was assessed using the SRPE method, while recovery and adaptation indicators were evaluated
using heart rate variability (HRV) as well as sleep quality and sleep duration. Subjective
measures of wellbeing and recovery were assessed with the use of questionnaires (wellbeing
questionnaire, PMS, TQR), while neuromuscular load and recovery were assessed with the use
of countermovement jump test. The results show statistically significant changes in internal
training intensity (p < 0.001), subjective measures of well-being and recovery (p <0.001), and
neuromuscular performance (p < 0.001) during the preparatory period. Significant negative
associations were observed between internal training load and neuromuscular performance (p
= 0.005), as well as between internal training load and sleep duration (p = 0.045), while
significant associations were also found with subjective measures of perceived recovery (p <
0.001). The obtained results provide clear insight into the complex relationships between
training intensity, recovery, and performance in football players during the preparatory period
and may serve as guidelines for optimising and improving the planning of training load in

football.
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Kuvadi¢, G. (2025). Relationships between internal training intensity, heart rate
variability, sleep duration, and neuromuscular performance in professional soccer
players. Human Movement, 26(3), 101-114.

Maleg, J., Zuvela, F., Bragazzi, N. L., De Giorgio, A., & Kuvaci¢, G. (2025). Perceived
recovery and muscle fatigue in professional soccer players during preseason.

International Journal of Exercise Science, 18(8), 1212—-1227.



2. UVOD

2.1. Nogomet

Nogomet je slozena sportska aktivnost obiljezena Cestim izmjenama kretanja niskog i
visokog intenziteta, ubrzanjima, usporenjima, promjenama smjera, skokovima, duelima i
ponavljanim ekscentriénim optereéenjima (Silva i sur., 2023; Taylor i sur.,, 2017). Takva
struktura izvedbe rezultira visokim metabolickim, mehani¢kim i neuromiSi¢énim zahtjevima,
zbog Cega su nogometasi tijekom treninga i utakmica kontinuirano izloZeni znafajnom
fizioloSkom 1 psiholoskom stresu (Dalen i sur., 2016; Milanovi¢ i sur., 2017). Uz koli¢inu
kretanja, vazno je naglasiti da zahtjevnost nogometa proizlazi i iz njegove nepredvidive
prirode, odnosno stalne izmjene intenziteta aktivnosti i potrebe za ponavljanim izvodenjem
eksplozivnih radnji u uvjetima nepotpunog oporavka izmedu pojedinih akcija (Gualtieri i sur.,
2023). U odredenim razdobljima sezone takvi zahtjevi mogu dovesti do izrazenije akumulacije
umora, smanjenja radne sposobnosti i povecanog rizika od ozljede, osobito ako odnos izmedu
opterecenja i oporavka nije adekvatno uravnotezen (Akenhead i Nassis, 2016; Weston, 2018).
Sukladno navedenom, posebno osjetljivo razdoblje godiSnjeg trenaznog ciklusa nogometne
ekipe je upravo pripremni period, tijekom kojega se u relativno kratkom vremenu povecavaju
volumen 1 intenzitet treninga, a faza odmora je ograni¢ena ritmom treninga i utakmica, a sve s
ciljem razvoja motori¢kih 1 funkcionalnih sposobnosti te pripreme igraca za natjecateljsku
sezonu (Ekstrand i sur., 2020; Jeong i sur., 2011). Upravo zbog takvih obiljezja pripremni
period predstavlja specifican prostor za proucavanje odnosa izmedu trenaznog opterecenja,
umora, oporavka i adaptacije, budu¢i da se u toj fazi istodobno ocekuju pozitivne trenazne
prilagodbe i1 povecana osjetljivost na prekomjerno optere¢enje, odnosno akumulaciju umora i
rizik od ozljede igrac¢a (Fessi, Nouira, i sur., 2016; Owen i sur., 2015; Pereira i sur., 2022).
Stoga sustavno pracenje opterecenja i odgovora organizma na opterecenje predstavlja jedno od
kljuénih praktiénih 1 znanstvenih pitanja suvremenog nogometa (P. Afonso 1 sur., 2025;

Anderegg i sur., 2025; Jaspers i sur., 2017).

2.2. Vanjsko i unutarnje trenazno opterecenje u nogometu

U kontekstu sportskog treninga opterecenje se najceS¢e promatra kroz dva medusobno
povezana, ali konceptualno razli¢ita aspekta: vanjsko i unutarnje trenazno optere¢enje. Vanjsko

trenazno opterecenje odnosi se na stvarno izvrSeni rad, odnosno na lokomotorne i mehanicke



zahtjeve kojima je sporta$ izlozen tijekom treninga ili natjecanja (Jaspers i sur., 2017). U
nogometu se ono najcesce prati uporabom GPS (eng. global positioning system) 1 LPS (eng.
local positioning systems) sustava, inercijskih senzora i sli¢nih tehnologija, a obuhvaca
pokazatelje poput ukupne prijedene udaljenosti, udaljenosti pri velikim brzinama, sprintne
udaljenosti, broja ubrzanja i usporenja, promjena smjera, PlayerLoad™-a i drugih varijabli
koje opisuju koli¢inu i strukturu izvrSenog rada (Casamichana 1 sur., 2013; Prudholme i sur.,
2023). Posebno je vazno naglasiti da lokomotorni i mehanicki pokazatelji ne odrazavaju uvijek
iste zahtjeve, buduéi da primjerice velik broj ubrzanja, usporavanja i promjena smjera moze
stvarati znatan neuromisi¢ni stres i u situacijama kada ukupna prijedena udaljenost nije visoka
(Oliva-Lozano i sur., 2023).

Unutarnje trenazno opterecenje predstavlja individualni fizioloski i perceptivni odgovor
sportaSa na zadani vanjski podrazaj, a najées¢e se procjenjuje pomocu sréane frekvencije,
varijabilnosti sr€anog ritma, koncentracije laktata, raznih biokemijskih markera te subjektivnih
pokazatelja kao Sto je session rating of perceived exertion (SRPE) (Macedo i sur., 2024; Rago
isur., 2020). Zarazliku od vanjskog optereéenja, koje opisuje Sto je sportas objektivno izvrsio,
unutarnje opterec¢enje pruza uvid u to kako je organizam odgovorio na taj podrazaj, odnosno
koliki je fizioloSki i perceptivni stres, pojedini trening ili utakmica izazvao kod konkretnog
igraca (Impellizzeri 1 sur., 2019). Zbog toga, unutarnje optere¢enje moze biti pod utjecajem
brojnih ¢imbenika, ukljucujuéi razinu utreniranosti, trenutacni status oporavka, kvalitetu sna,
psiholoski stres, prethodno akumulirano opterecenje 1 fazu sezonskog ciklusa (Ferreira 1 sur.,
2023).

Iako su vanjsko 1 unutarnje trenazno opterecenje teorijski razli€iti konstrukti, njihova je
medusobna povezanost od presudne vaznosti za razumijevanje trenaznog procesa. Naime, isti
vanjski podraZzaj ne mora izazvati jednak unutarnji odgovor kod svakog igraca, niti kod istog
igraca u razli¢itim fazama pripremnog ili natjecateljskog razdoblja (Martin i sur., 2023). To
potvrduju 1 istraZivanja u elitnom nogometu koja pokazuju da su vanjski i unutarnji pokazatelji
optere¢enja medusobno povezani, ali da razli¢ite lokomotorne i mehanicke varijable ne
pridonose jednako subjektivno percipiranom naporu, $to upucuje na to da izvrSeni rad 1
individualni odgovor organizma predstavljaju povezane, ali ne i iste dimenzije trenaznog
procesa (Impellizzeri i sur., 2019; Versic i sur., 2022). Razlika izmedu izvrSenog rada i
individualnog odgovora organizma jedan je od klju¢nih razloga zaSto se u suvremenom
nogometu naglasava potreba za integriranim pra¢enjem sportasa, odnosno istodobnog pracenja
opterecenja, oporavka, dobrobiti 1 ukupnog psihofizi¢kog stanja (Gdovin i sur., 2023; Halson,

2014; Vanrenterghem 1 sur., 2017). U skladu s ciljevima ovog rada, istrazivacki fokus nije



usmjeren na vanjsko trenazno opterecenje, nego prvenstveno na unutarnje trenazno opterecenje
te na subjektivne i objektivne pokazatelje oporavka, dobrobiti i neuromiSi¢ne izvedbe koji

odrazavaju odgovor organizma na trenazni proces tijekom pripremnog perioda.

2.3. Integrirani pristup pracenja sportasa

Integrirani pristup pracenju proizlazi iz ¢injenice da psihofizi¢ki odgovor sportasa na
trenazno opterecenje nije moguce adekvatno objasniti jednom izoliranom mjerom, buduci da
ukljucuje istodobne promjene u fizioloSkoj, perceptivnoj i psiholoskoj domeni (Enoka i1
Duchateau, 2016; Lambert i sur., 2005). Posljedi¢no, procjena stanja nogometasa zahtijeva
pra¢enje vise komplementarnih pokazatelja koji zajedno mogu pruziti cjelovitiji uvid u
odgovor organizma na trenazni i natjecateljski stres (Owen 1 sur., 2017). Dodatnu potporu
takvom pristupu pruza sustavni pregled Saw 1 sur. (2016), u kojem je istaknuto da su
subjektivne mjere samoprocjene odrazavale akutna i kroni¢na trenazna opterecenja osjetljivije
i konzistentnije od ¢esto koristenih objektivnih pokazatelja, pri ¢emu autori isticu da najvecu
prakti¢nu vrijednost ima njihova integrirana interpretacija.

Subjektivne mjere, poput percipiranog napora, ukupne kvalitete oporavka, miSi¢ne boli
i opce dobrobiti, imaju znacajnu prakti¢nu vrijednost jer su jednostavne za primjenu, vremenski
nezahtjevne, financijski pristupacne 1 osjetljive na kratkoro¢ne promjene u psihofizickom
stanju igraca (Djaoui i sur., 2017; Saw 1 sur., 2016). Njihova je dodatna prednost u tome §to
mogu obuhvatiti i one dimenzije odgovora na opterecenje koje nisu lako dostupne objektivnim
metodama, poput subjektivnog osjec¢aja umora, razine stresa ili opée spremnosti za daljnji
trening 1 natjecanje. S druge strane, objektivne mjere, poput varijabilnosti sr¢anog ritma,
pokazatelja kvalitete 1 trajanja sna te testova neuromiSiéne izvedbe, primjerice
countermovement jump (CMJ), pruzaju dodatne informacije o autonomnom i fizioloSkom
odgovoru organizma na trenazni proces (Claudino 1 sur., 2017). Kombiniranjem subjektivnih
1 objektivnih pokazatelja omogucuje se preciznija interpretacija promjena u statusu sportasa,
bududi da razli¢ite mjere ne odrazavaju nuzno iste aspekte umora, oporavka i adaptacije (Bauer
i sur., 2024; Naughton i sur., 2021).

Dosadasnja literatura uglavnom podupire stajaliste da niti jedna mjera kad se promatra
izolirano, bilo subjektivna bilo objektivna, nije dovoljna za cjelovitu procjenu stanja
nogometasa, nego da najveca vrijednost proizlazi iz njihove medusobne nadopune i integrirane
interpretacije (Coutts i sur., 2017; Temm i sur., 2022). Drugim rijeima, pra¢enje usmjereno

samo na jednu skupinu pokazatelja moze pruziti parcijalnu sliku, dok kombinirani, odnosno



integrirani pristup omogucuje potpunije razumijevanje individualnog odgovora igraca na
trenazni proces (Halson, 2014). U tom smislu, integrirani sustav pracenja predstavlja
metodoloski 1 prakti¢no opravdan okvir za proucavanje odnosa izmedu opterecenja, oporavka,

dobrobiti i neuromiSi¢ne izvedbe u profesionalnom nogometu.

2.4. Dosadasnja istraZivanja tijekom pripremnog perioda

Dosadasnja istrazivanja u nogometu upucuju na to da je pripremni period posebno
prikladan za proucavanje odnosa izmedu trenaznog opterecenja, oporavka i adaptacijskih
procesa, budu¢i da se upravo u toj fazi sezonskog ciklusa istodobno ocekuju i izrazenije
trenazne prilagodbe 1 povecana osjetljivost na akumulaciju umora (Lechner i sur., 2023;
Perrotta i sur., 2024). Longitudinalna istrazivanja provedena tijekom pripremnog razdoblja
pokazala su da se u relativno kratkom vremenu mogu uociti znacajne promjene u razini
opterecenja, fizioloSkim odgovorima i pokazateljima izvedbe, pri ¢emu veli¢ina 1 smjer tih
promjena ovise o pofetnom statusu sportaSa, strukturi trenaznog programa i sposobnosti
oporavka izmedu pojedinih podrazaja (Jeong i sur., 2011; Martinho i sur., 2024). Primjerice,
Buchbheit i sur. (2013) pokazali su tijekom dvotjednog intenziviranog pripremnog kampa da su
dnevne varijacije trenaznog opterecenja bile vrlo izraZzene (CV = 66%), dok su mjere dobrobiti
takoder osjetljivo pratile promjene kroz kamp, pri ¢emu su upravo trenazno opterecenje,
submaksimalna sréana frekvencija 1 wellness pokazatelji identificirani kao najkorisnije
jednostavne mjere za pracenje odgovora sportaSa na razdoblje pojacanog rada. Nadalje,
istrazivanja koja su kombinirala vanjske 1 unutarnje pokazatelje optere¢enja pokazala su da
tijekom visetjednih priprema dolazi do progresivnog povecanja trenaznog opterecenja, ali ne
nuzno i do proporcionalnog porasta subjektivno percipiranog umora, §to upucuje na potrebu
kontinuiranog i viSedimenzionalnog pra¢enja odgovora igraca na trening (Fessi, Nouira, 1 sur.,
2016).

Tijekom pripremnog perioda najcesce su koriStene varijable unutarnjeg opterecenja,
poput sRPE (eng. session rating of perceived exertion), te razli€iti subjektivni pokazatelji
dobrobiti 1 oporavka, ukljuc¢ujuéi umor, kvalitetu sna, misi¢nu bol, stres, raspoloZenje 1 ukupnu
kvalitetu oporavka (Beéck i sur., 2019). Prednost takvih mjera jest njihova jednostavna
primjena, niska cijena i osjetljivost na kratkorocne promjene u psihofizickom stanju sportasa,
zbog Cega su osobito korisne u svakodnevnom radu s momcadi (Coyne 1 sur., 2022; Saw i sur.,
2016). Istodobno, iako prakticni 1 jeftini, njihovo je ogranienje u tome S§to ovise o

individualnoj percepciji, motivaciji i dosljednosti ispunjavanja, pa ih nije uvijek moguce



tumaciti kao potpuno stabilne ili objektivno usporedive pokazatelje (Saw i sur., 2015). Upravo
zato novija istrazivanja sve CeSCe nastoje kombinirati subjektivne mjere s objektivnim
pokazateljima, poput varijabilnosti sr€anog ritma (HRV), trajanja sna i neuromisi¢ne izvedbe,
kako bi se preciznije procijenio odgovor igraca na trenazni proces (Beato i sur., 2024; Shushan
1 sur., 2022). Takav pristup omogucuje cjelovitiju procjenu psihofizickog statusa sportasa,
budu¢i da se unutarnje trenazno opterecenje ne tumaci izolirano, nego u odnosu na pokazatelje
oporavka, dobrobiti i fizioloskog odgovora organizma na trenazni proces.

Nadalje, istrazivanja koja su pratila odnos pocetne razine fizicke spremnosti i ishoda
tijekom sezone upozoravaju da igraci s nizom aerobnom i neuromisi¢énom spremnoscu mogu
od ozljeda (Eliakim i sur., 2018). S druge strane, visoko, ali adekvatno kontrolirano opterecenje
tijekom pripremnog perioda moze potaknuti pozeljne fizioloske i izvedbene adaptacije, pod
uvjetom da je praceno odgovarajuc¢im oporavkom i da se njegove posljedice sustavno nadziru
(Martinho 1 sur., 2024). Zbog toga su posebnu pozornost privukle varijable poput HRV-a, koji
se koristi kao pokazatelj autonomne regulacije i oporavka, te countermovement jump (CMJ),
koji se Cesto primjenjuje kao prakti¢an test neuromisiéne izvedbe i spremnosti (Plews i sur.,
2013; Morales 1 sur, 2014; Gathercole i sur., 2015; Claudino i sur., 2017). Ipak, literatura
pokazuje da HRV 1 CMJ ne reagiraju uvijek jednako osjetljivo na promjene u optere¢enju, zbog
¢ega ih je potrebno tumaciti oprezno i u kombinaciji s drugim pokazateljima (Claudino 1 sur.,
2017; Thorpe 1 sur., 2015). U tom smislu, istrazivanja u elitnom nogometu upucuju na to da
subjektivne mjere dobrobiti u nekim okolnostima mogu biti osjetljivije na promjene u dnevnom
opterecenju od pojedinih fizioloskih i neuromisi¢nih pokazatelja, $to dodatno potvrduje da
HRV i CMJ, iako korisni, ne bi trebali biti interpretirani izolirano (Rabbani i sur., 2018; Thorpe
1 sur., 2017). Zajednicki gledano, ti nalazi potvrduju prakticnu vaznost pra¢enja u pripremnom
periodu, ali i jasno pokazuju da je upravo to razdoblje posebno osjetljivo na naruSavanje
ravnoteze izmedu trenaZznog podrazaja i oporavka. Prema tome, pripremni period predstavlja
prikladan okvir za istrazivanja usmjerena na integrirano pracenje unutarnjeg trenaZznog
opterec¢enja, oporavka, dobrobiti te autonomnih i neuromiSi¢nih pokazatelja odgovora na

trenazni proces kod nogometasa.

2.5. Ogranicenja dosadaSnjih istraZivanja

Iako je pracenje u nogometu danas dobro uspostavljeno i Siroko prihvaceno u

istrazivackom 1 praktiénom kontekstu, neka vazna pitanja u literaturi i dalje nisu u potpunosti



razjasnjena. Dosadasnja istrazivanja uglavnom su bila usmjerena na pojedine aspekte pracenja,
poput unutarnjeg trenaznog opterecenja ili pojedinih pokazatelja oporavka i dobrobiti, dok je
njihovo zajednic¢ko promatranje unutar istog analitickog okvira nesto rjede prisutno (Temm i
sur., 2022). Zbog toga je ponekad otezano cjelovitije razumijevanje odnosa izmedu trenaznog
procesa i odgovora organizma na opterecenje, osobito u specificnim uvjetima pripremnog
perioda kod nogometaSa. Uz to, istrazivanja su Cesto provedena na manjim uzorcima i u
razli¢itim kontekstima pracenja, $Sto moze otezati usporedbu nalaza i donoSenje jednoznacnih
zakljuCaka (Abarghoueinejad i sur., 2021; Hecksteden i sur., 2022). Iako postoje istrazivanja
koja povezuju unutarnje trenazno optereCenje s pokazateljima oporavka, dobrobiti, sna,
autonomne regulacije i neuromi$i¢ne izvedbe, takvi su nalazi i dalje djelomi¢no neujednaceni.
(Pereira i sur., 2022). To se posebno odnosi na varijable koje su i u ovom radu odabrane kao
vazni pokazatelji psihofizickog statusa sportasa, poput sRPE-a i iz njega izvedenih pokazatelja
unutarnjeg trenaznog opterecenja, indeksa dobrobiti, ukupne kvalitete oporavka, percipirane
misi¢ne boli, varijabilnosti sr€anog ritma, trajanja sna i CMJ izvedbe. Premda su te varijable
pojedina¢no dobro zastupljene u literaturi, rjede ih se prati zajedno kroz isti longitudinalni
okvir, osobito tijekom pripremnog perioda.

Takoder, pojedine varijable, iako prakticno vrlo korisne, imaju i svoja specifi¢na
ogranic¢enja. Subjektivne mjere dobrobiti i oporavka osjetljive su i operativno vrlo primjenjive,
ali ovise o samoprocjeni sportasa i mogu biti pod utjecajem motivacijskih 1 kontekstualnih
¢imbenika (Saw 1 sur., 2015a; Shankland 1 sur., 2017). HRV moze pruziti vrijedan uvid u
autonomni odgovor organizma, ali njegova interpretacija nije uvijek jednoznacna, osobito kada
se promatraju kratkorocne promjene ili male dnevne oscilacije (Kamandulis i sur., 2020).
Sli¢no tome, iako je CMJ praktican pokazatelj neuromiSi¢ne izvedbe, promatran izolirano ne
mora uvijek jednako osjetljivo odrazavati sve aspekte umora i oporavka, zbog ¢ega njegova
najveca vrijednost dolazi do izrazaja kada se tumaci zajedno s ostalim pokazateljima unutar
istog sustava prac¢enja (Knihs i sur., 2021).

Unato¢ sve veéem broju istrazivanja, dosadaSnja literatura ne donosi uvijek posve
ujednacene zakljucke. Razlike medu nalazima mogu se barem djelomi¢no objasniti trajanjem
pracenja, razinom natjecanja, strukturom mikrociklusa, izborom mjernih pokazatelja i
primijenjenim statisti¢kim pristupima (Wang i sur., 2021; West i sur., 2019). Zbog toga joS$ nije
sasvim jasno koje su mjere osjetljivije na promjene u trenaznom opterecenju, u kojoj se mjeri
njihovi odgovori preklapaju te koliko odrazavaju razlicite dimenzije umora, oporavka i
adaptacije. Upravo zato i dalje postoji potreba za longitudinalnim istraZivanjima koja ¢e unutar

jedinstvenog analitickog okvira jasnije povezati unutarnje trenazno opterecenje s



pokazateljima oporavka, dobrobiti, sna, autonomne regulacije 1 neuromisi¢ne izvedbe kod
profesionalnih nogometasa. U tome se nalazi i temeljna opravdanost ovog doktorskog rada,
koji nastoji pridonijeti boljem razumijevanju odnosa izmedu unutarnjeg trenaznog opterecenja
i odabranih pokazatelja psihofizickog statusa sportasa tijekom pripremnog perioda. Takav
pristup omogucuje cjelovitiji uvid u medusobnu povezanost opterecenja, oporavka, dobrobiti 1

odgovora organizma u stvarnim uvjetima profesionalnog nogometa.

2.6. Ciljevi i hipoteze istrazivanja

Glavni cilj ovog doktorskog rada bio je istraZiti odnose izmedu unutarnjeg trenaznog
optere¢enja, pokazatelja oporavka, dobrobiti i neuromisi¢ne izvedbe tijekom pripremnog
perioda kod profesionalnih nogometasa, primjenom integriranog sustava subjektivnih i
objektivnih pokazatelja. Ovim istrazivanjem nastojalo se pruziti dublje razumijevanje
adaptacije nogometaSa i njthove percepcije trenaznog opterecenja tijekom pripremnog

razdoblja.

Parcijalni ciljevi ovog istrazivanja bili su

1. Istraziti tjedne promjene unutarnjeg trenaznog opterecenja, statusa dobrobiti 1 izvedbe
vertikalnog skoka iz cucnja tijekom petotjednog pripremnog perioda kod
profesionalnih nogometaSa, te ispitati odnos doza—odgovor izmedu unutarnjeg
trenaznog opterecenja i1 izvedbe vertikalnog skoka iz ¢ucnja u odnosu na varijacije
mjera statusa dobrobiti

2. Analizirati odnos izmedu unutarnjeg trenaznog opterecenja i kljuénih pokazatelja
oporavka 1 izvedbe, ukljucujuéi varijabilnost sr€anog ritma, trajanje sna i izvedbu
vertikalnog skoka iz cucnja, tijekom petotjednog pripremnog perioda kod
profesionalnih nogometasa.

3. Ispitati tjedne varijacije i odnose u varijablama unutarnjeg trenaznog opterecenja,
subjektivne percepcije oporavka, neuromisi¢ne izvedbe 1 miSi¢nog umora tijekom
cetverotjednog pripremnog perioda, te dodatno procijeniti korisnost indeksa TS-A kao

prakti¢nog alata za pracenje ravnoteZe izmedu trenaznog podrazaja i oporavka.



Hipoteze ovog istrazivanja bile su:

H1)

H2)

H3)

Postoje znacajne tjedne promjene unutarnjeg trenaznog opterecenja, dobrobiti i

neuromisi¢ne izvedbe kod profesionalnih nogometasa.

Vece unutarnje trenazno optereéenje znacajno je povezano s nizim vrijednostima
dobrobiti, nizom varijabilno$¢u sréanog ritma, kra¢im trajanjem sna i slabijom izvedbom

vertikalnog skoka iz Cuc¢nja.

Postoje znacajne tjedne varijacije subjektivne percepcije oporavka, neuromisi¢ne
izvedbe 1 percipirane miSi¢ne boli kod profesionalnih nogometasa. Vece unutarnje
trenazno opterecenje znacajno je povezano s losijim oporavkom, izrazenijom misi¢nom
boli 1 slabijom neuromiSi¢nom izvedbom, pri ¢emu indeks TS-A predstavlja koristan

pokazatelj ravnoteze izmedu trenaznog podrazaja i oporavka.



3. GENERALNE METODE

U ovom dijelu doktorskog rada prikazan je saZeti i objedinjeni pregled temeljnih
obiljezja izvornih istrazivanja ukljucenih u rad. Prikaz obuhvaca zajednicke elemente
istrazivackog dizajna, eticki okvir provedbe, karakteristike uzorka, eksperimentalni postupak,
pracene varijable i mjerne instrumente te nacin prikupljanja i obrade podataka. Time se na
jednom mjestu objedinjuju kljuéne sastavnice svih ukljucenih radova, dok su specifi¢nosti

pojedinih istrazivanja detaljnije prikazane u poglavljima koja slijede.

3.1. Eticko odobrenje

Svi postupci provedeni u okviru istrazivanja za ovaj doktorski rad bili su odobreni od
strane Eti¢kog odbora Kinezioloskog fakulteta SveuciliSta u Splitu te su provedeni u skladu s
etickim nacelima Helsinske deklaracije iz 1975. godine i njezinim kasnijim izmjenama koja se
odnose na istrazivanja na ljudima (brojevi odobrenja: 2181-205-02-05-22-015 1 2181-205-02-
05-25-030). Prije ukljucenja u istrazivanja, svim igra¢ima su jasno objasnjeni ciljevi, dizajn i
postupci istraZivanja, kao 1 moguci zahtjevi povezani s pracenjem trenaznog procesa. Svi
sudionici dali su pisani informirani pristanak prije pocetka prikupljanja podataka. Sudjelovanje
je bilo u potpunosti dobrovoljno, a ispitanici su u svakom trenutku mogli povuéi svoj pristanak
bez ikakvih posljedica za njihov trenaZni ili natjecateljski status. IstraZivanja su imala
neintervencijski, longitudinalni dizajn te istraZivaci nisu utjecali na planiranje, sadrZaj niti
intenzitet trenaznog procesa, koji je u potpunosti bio pod kontrolom stru¢nog stoZera kluba.

Prikupljeni podaci obradivani su povjerljivo 1 anonimno, isklju¢ivo u znanstvene svrhe.

3.2. Uzorak ispitanika

Ukupno 48 igraca (dob: 22.8 + 4.2 godine; tjelesna visina: 184.4 + 6.7 cm; tjelesna
masa: 77.2 £ 6.5 kg) SuperSport Prva NL (drugi rang Hrvatske nogometne lige), iz dvije ekipe
1 kroz dvije ligaske sezone, sudjelovalo je u istrazivanjima za potrebe ovog doktorskog rada.
Veli¢ina uzorka razlikovala se medu pojedinim istraZivanjima, ovisno o ciljevima i mjernim
postupcima svake studije. Tako su u prvoj studiji sudjelovala 22 profesionalna nogometasa, u
drugoj 10 igraca, a u tre¢oj 23 profesionalna nogometasa. U daljnje analize uklju¢eni su samo
ispitanici koji su sudjelovali u najmanje 85 % planiranih trenaznih jedinica tijekom

promatranog pripremnog razdoblja te su bili zdravstveno sposobni za sudjelovanje u punom



trenaznom procesu na pocetku istrazivanja, bez prisutnosti akutnih ozljeda ili bolnih stanja.
Ispitanici su bili iskljuCeni iz daljnjih analiza ako su tijekom istrazivanja zadobili ozljedu ili
drugo zdravstveno stanje koje je onemogucavalo redovito treniranje, ili ako su koristili

farmakoloske terapije koje bi mogle utjecati na perceptivne, neuromisi¢ne ili autonomne

.....

3.3. Generalni eksperimentalni postupak

Eksperimentalni postupci provedeni su tijekom pripremnih perioda nogometnih
klubova NK Solin i NK Croatia Zmijavci, koji su trajali cetiri, odnosno pet tjedana. Istrazivanja
su provedena neposredno nakon ljetne pauze i zavrsila su s pocetkom natjecateljske sezone.
Prikupljanje rezultata i pracenje igraca provedeno je u realnim uvjetima rada nogometne ekipe,
bez vanjske intervencije istrazivaca. Eksperimentalni postupci provedeni su u dvije faze:
pripremni period za natjecateljsku sezonu 2020./2021. 1 pripremni period za natjecateljsku
sezonu 2024./2025. Nogometasi ekipe NK Solin svoje su nogometne treninge izvodili na
sluzbenom stadionu kluba ,,Pokraj Jadra“ i na pomo¢nom nogometnom terenu na ,,Vranjicu®,
a kondicijske treninge snage unutar prostorija kluba. Nogometasi NK Croatia Zmijavci svoje
su nogometne treninge izvodili na nogometnom stadionu nogometnog kluba NK Kamen
Podbablje u ,,Ivanbegovini®, a kondicijske treninge snage unutar prostorija“ fitness centra 21
u Imotskom. Redoslijed prikupljanja podataka bio je jasno definiran prije pocetka istrazivanja
1 od njega se nije odstupalo tijekom provedbe eksperimenta. Za vrijeme trajanja istrazivanja

igraci su svoje slobodno vrijeme provodili kao i obi¢no bez upletanja istraZivaca.

3.4. Mjerni instrumenti

Antropometrija. Antropometrijska mjerenja na igra¢ima su provedena na pocetku
eksperimentalnog postupka, odnosno na prvi dan priprema. Mjerenje tjelesne visine
napravljeno je uz pomo¢ prijenosnog stadiometra Harpenden Portable Stadiometer 603 VR
(Holtain 194 LTD, Crosswell, UK), tjelesna masa i indeks tjelesne mase (BMI; tjelesna masa
u kg / visina u m?) izmjereni su uz pomo¢ dijagnosticke vage Tanita (BC 418). Mjerenja su
provedena prema standardiziranim protokolima navedenih uredaja.

Subjektivne mjere napora. Subjektivna percepcija napora procjenjivana je na dnevnoj
bazi tijekom trajanja eksperimentalnog postupka. U svim istrazivanjima skupljani su rezultati

subjektivne percepcije napora (RPE), a evaluirana je uz upotrebu Borg CR10 skale. Ispitanici



su maksimalno 30 min nakon trenaznog procesa ili nogometne utakmice odgovarali na pitanje:
,,Koliko je za vas bio zahtjevan danas$nji trening?* i ocjenjivali napor na ljestvici od 1 (najmanji
napor) do 10 (najveéi napor). Osim maksimalnih dnevnih i tjednih vrijednosti, izracunate su
prosjeéne dnevne i tjedne vrijednosti sRPE-a. Temeljem dobivenih sRPE vrijednosti i
vremenskog trajanja trenazne jedinice ili nogometne utakmice (vrijeme provedeno u igri)
izraCunata je vrijednost unutarnjeg trenaznog intenziteta (ITI) prema formuli ITI = sRPE X
trajanje aktivnosti (min), pri ¢emu se u ovom doktorskom radu (i izvornim istrazivanjima)
razlikuje globalna procjena napora pojedine trenazne jedinice (session-RPE; Borg CR10) od
njezine kvantifikacije u arbitrarnim jedinicama koja ukljucuje i trajanje aktivnosti. Na taj se
nacin dobiva sRPE-izvedena vrijednost u A.U. (RPE % min), §to je u literaturi poznato kao
session-RPE metoda te se standardno koristi za pra¢enje unutarnjeg opterecenja jer integrira
komponentu intenziteta i volumena (trajanja) u jedinstvenu mjeru. U originalnim objavljenim
radovima, termin “unutarnji trenazni intenzitet (ITI)” koriSten je kako bi se izbjegla uporaba
termina training load (“load”) u engleskom jeziku, sukladno recentnim raspravama o
terminoloskoj nepreciznosti tog pojma (Staunton i sur. 2022); pritom ITI predstavlja sRPE-
izvedenu mjeru u arbitrarnim jedinicama (RPE x min), odnosno metricki ekvivalent unutarnjeg
opterecenja koje ukljucuje i vremensku komponentu. U skladu s dijelom nogometne literature,
u ovom doktorskom radu ta se SRPE-izvedena vrijednost naziva ITI, pri ¢emu je vazno naglasiti
da predstavlja metricki ekvivalent SRPE-baziranog unutarnjeg opterecenja (A.U.), a ne “Cisti”
intenzitet bez vremenske komponente. Sli¢an terminoloski pristup prisutan je 1 kod Silve 1 sur.
(2022), gdje se RPE mnozi s trajanjem radi dobivanja s-RPE vrijednosti, a zatim se iz nje
izvode tjedni pokazatelji poput weekly training intensity i mean training intensity.

Subjektivna  percepcija oporavka. Subjektivna percepcija oporavka (TQR)
procjenjivana je jednostavnim pitanjem: ,,Kako procjenjujete vas oporavak od prethodnog
treninga?“. Ispitanici su odgovarali na postavljeno pitanje do 30 min prije pocetka trenaznog
procesa ili nogometne utakmice i ocjenjivali su svoju razinu oporavka na ljestvici od 1 (vrlo,
vrlo lo§) do 10 (izrazito dobar). Uz maksimalne vrijednosti su izraunate 1 prosjecne dnevne i
tjedne vrijednost TQR-a.

Percepcija misicne boli. Percepcija misSicne boli (PMS) procjenjivala se pomocu
kratkog upitnika s numerickom ljestvicom od 1 do 10. Ispitanici su na pocetku svakog tjedna,
u jutarnjim satima, ocjenjivali svoju razinu misi¢ne boli odgovarajuci na tvrdnju ,,Moja miSi¢na
bol je...”, pri Cemu je vrijednost 1 oznacavala vrlo jaku bol, a 10 potpuni izostanak boli. Tjedna
procjena omogucila je uvid u akumuliranu miSi¢nu bol kao prakti¢an pokazatelj oporavka i

odgovora na prethodno trenazno opterecenje.



Subjektivne mjere dobrobiti. Procjena dobrobiti je napravljena uz KkoriStenje
standardiziranog upitnika dobrobiti (WBI-Index). Upitnik obuhvaca pet pitanja, odnosno pet
komponenti umora koje ispitanici procjenjuju na subjektivnoj osnovi; umor, procjena kvalitete
sna, razina stresa, raspolozenje, odgodena misi¢na bol. Ispitanici su upitnik ispunjavali do 30
min prije pocetka treninga ili nogometne utakmice (prve aktivnosti u danu). Svaki odgovor se
vrednovao na ljestvici od 1 (nisko) do 5 (visoko). Jedinica ukupnog indeksa dobrobiti je dalje
izraCunata kao zbroj svih pet pojedinac¢nih komponenti, gdje je najmanja moguca vrijednost
mogla biti 5, a najvisa 25. Takoder su izracunate prosjecne dnevne i tjedne vrijednosti indeksa
dobrobiti, te pojedina¢nih pitanja upitnika.

Trajanje sna i srcana frekvencija u mirovanju. Trajanje sna i srana frekvencija u
mirovanju pratili su se kod dijela ispitanika uz pomo¢ pametnih fitness narukvica (Xiaomi Mi
Fit Band 4). Ispitanici su tijekom eksperimentalnog postupka nosili narukvicu svaku no¢
tijekom spavanja, od odlaska na spavanje do budenja, bez promjene svojih uobicajenih navika
spavanja. Svakoga jutra istrazivacu su dostavljali zabiljeZene podatke o ukupnom trajanju sna
i sréanoj frekvenciji u mirovanju. U daljnjoj analizi koriStene su prosjecne tjedne vrijednosti
trajanja sna (Sleepmean) i sréane frekvencije u mirovanju (RHRmean)

Varijabilnost sréanog ritma. U istraZivanjima je kao objektivni pokazatelj autonomne
regulacije koriStena varijabilnost sré¢anog ritma (HRV). Mjerenja su se provodila u jutarnjim
satima na selektiranom poduzorku od 10 ispitanika. Ispitanici su se testirali svakoga jutra
neposredno nakon budenja, prije dorucka i1 bilo kakve tjelesne aktivnosti. Ispitanici su
prethodno bili upoznati s protokolom mjerenja s protokolom testiranja te su u leze¢em poloZaju
mirovali unaprijed definirano vrijeme od 5 minuta, nakon ¢ega su uz pomo¢ mobilne aplikacije
HRYV Elite 1 sr¢anog senzora Polar H10 snimali RR-intervale. Prikupljene podatke po zavrsetku
mjerenja dostavljali su istrazivacu prema prethodno dogovorenim uputama. U daljnjoj analizi
koriStene su vrijednosti InRMSSD, prosjecne vrijednosti InRMSSD-a (InRMSSDmean) te
koeficijent varijacije HRV-a (InRMSSDCV).

Procjena neuromisicne funkcije. Procjena neuromisi¢nih funkcija ispitanika u svim se
istrazivanjima vrSila koriStenjem CMJ testa. Testiranje CMJ-a provodilo se jednom tjedno,
uvijek prije prvog treninga na pocetku tjedna. Za provodenje testa koristila se standardizirana
mjerna oprema fotoelektricnog sustava OptoJump (Microgate Srl, Bolzano, Italija). Prije
izvodenja testa ispitanici su imali do 15 min za adekvatno zagrijavanje, a test su izvodili tri
puta, s pauzom od 15 do 20 sekundi izmedu pokusaja. U daljnjoj analizi koriStena je samo

najbolja vrijednost visine skoka.



3.5. Broj pojedinac¢nih opazanja

Tijekom provedbe sva tri istrazivanja prikupljen je velik broj mjerenja, pri ¢emu je
ostvareno priblizno 5100 pojedinacnih opazanja (mjerenja). Najveci udio opazanja odnosi se
na dnevna mjerenja subjektivne percepcije napora (sRPE), unutarnjeg trenaznog intenziteta
(ITT) te subjektivnih pokazatelja dobrobiti (WBI i njegove pojedinacne komponente), koji su
prikupljani kontinuirano tijekom cijelog eksperimentalnog razdoblja. Subjektivna percepcija
oporavka (TQR) i pojedini pokazatelji miSi¢ne boli prikupljani su na dnevnoj ili tjednoj razini,
ovisno o istrazivanju i koriStenom upitniku. Procjena neuromisi¢ne funkcije (CMJ) provodena
je jednom tjedno, dok su objektivne fizioloske mjere (HRV i RHR), kao i objektivni pokazatelji
sna, prikupljani svakodnevno na selektiranom poduzorku ispitanika. Antropometrijske
varijable i pokazatelji funkcionalnih sposobnosti procijenjeni su na pocetku istrazivanja. Takav
viSerazinski longitudinalni dizajn omogucio je detaljno pracenje akutnih i kumulativnih
promjena tijekom pripremnog razdoblja te opravdava primjenu statistickih metoda

prilagodenih ponovljenim mjerenjima.
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Abstract

This study aimed to investigate the changes in internal training intensity, well-being,
and countermovement jump (CMJ) performance and to determine their relationship across five
weeks of the pre-season training phase in professional soccer players. A total of 22 professional
male soccer players (age = 21.7 + 4 years, body height = 185.9 &+ 6.3 cm, body weight = 79 +
6.3 kg, BMI = 22.8 + 1.4 kg'm—2; VO2max = 52.9 + 3.2) from the Croatian Second League
voluntary participated in this study. The players spent 2230 + 117 min in 32 technical/tactical
and strength/conditioning training sessions, mostly at the low intensity zone (61%), and played
8 friendly matches at a high intensity (>90%). A one-way repeated measure of analysis ANOVA
revealed a significant difference between weeks in CMJ performance (F(1,22) = 11.8, p <
0.001), with CMJ height in weeks 4 and 5 being likely to very likely higher than that noted in
week 1. Moreover, significant differences between weeks were found in all internal training
intensity measures (average [F(1,22) = 74.8, p < 0.001] and accumulated weekly internal

training intensity [F(1,22) = 55.4, p < 0.001], training monotony [F(1,22) =23.9, p < 0.001],



and training strain [F(1,22) = 34.5, p < 0.001]). Likewise, differences were observed for
wellness status categories (fatigue [F(1,22) =4.3, p =0.003], sleep [F(1,22) =7.1, p <0.001],
DOMS [F(1,22) = 5.7, p <0.001], stress [F(1,22) = 15.6, p <0.001]), mood [F(1,22) =12.7, p
< 0.001], and overall well-being status score (F(1,22) = 13.2, p <0.001). Correlation analysis
showed large negative correlations between average weekly internal training intensity and
fatigue (r =—0.63, p = 0.002), DOMS (r = -0.61, p=0.003), and WBI (r =-0.53, p=0.011).
Additionally, fatigue was significantly associated (large negative correlation) with accumulated
weekly internal training intensity (r = —0.51, p = 0.014) and training strain (r = —0.61, p =
0.003). Small, but non-significant, correlations were found between CMJ performance and
wellness status measures. These findings highlight the utility and simplicity of monitoring tools

to improve athletes’ performance.

Keywords: professional soccer; training intensity; well-being.

4.1.1. Introduction

It is commonly known that the prescription for a successful training program requires
the application of different training principles, including individualization, training inten- sity
progression, and recovery to bring an equilibrium between training and rest periods to induce
positive adaptations (Kasper, 2019). This fact requires that coaches not only concentrate on
varying intensities and exercise modalities, but also that they constantly monitor the inter- nal
training intensities (ITT) to better understand this state of adaptation to avoid possible chronic
fatigue (Selmi, Ouergui, Levitt, et al., 2022). While using several ITI monitoring tools to record
data such as heart rate indices, blood lactate, oxygen uptake, and hormone levels is expensive
and not available for all players and teams, the subjective measures of ITI-like scales and
questionnaires are of great importance (Mujika, 2017). These scales and questionnaires have
shown their effectiveness as quick and easy methods for detecting early signs of tiredness and
monitoring well-being to optimize training and achieve high-level performance (Selmi et al.,
2021). This may include the use of the rating of perceived exertion (RPE), developed by Borg
(Borg, 1970) and adopted by Foster et al. (Foster et al., 2001) as s-RPE well-being indices
including fatigue, stress, delayed onset muscle soreness, and sleep, which have shown
significant interactions among these items (Moalla et al., 2016; R. M. Silva et al., 2022) and
that they were sensitive to increased training intensities, being factors that influence the

technical-tactical performances of soccer players (Selmi et al., 2021). Moreover, in addition to



these tools and to the aim to identify fatigue and adequate recovery during different training
phases, several previous studies have examined the countermovement jump performance
(CMJ) as a measure of neuromuscular fatigue (Freitas et al., 2014; Johnston et al., 2013; Selmi,
Ouergui, Levitt, et al., 2022).

Additionally, training intensities may vary according to the objectives of different
phases of an entire annual training season, including the pre-season, during which coaches are
striving to recondition players to attain the fitness levels of the past season, while during the
in-season, maintaining the fitness levels achieved during the pre-season is the main objective
(Jeong et al., 2011). This could apply to soccer players’ specific intensities in accordance with
each distinct phase (Nobari, Ramachandran, et al., 2022), which could therefore have a
different impact on the players’ abilities to adapt, recover, and maintain their well-being.
Specifically, previous researchers have assessed these variables in the pre-season (Buchheit et
al., 2013; Fessi, Nouira, et al., 2016; Manzi et al., 2013) and the in-season (S. Malone et al.,
2018; Oliveiraetal., 2019; Thorpe et al., 2015), comparing both training periods (Fessi, Nouira,
et al., 2016; Jeong et al., 2011; Nobari, Ramachandran, et al., 2022). Regarding the pre-season
phase, it has been previously reported by Buchheit et al. (Buchheit et al., 2013) that during the
2 weeks of pre-season camp, there were significant day-to-day variations in training intensity
(coefficient of variation [CV] = 66%) and wellness measures (6—18%), while the overall well-
being did not change substantially throughout the camp, and that all well-being measures were
related to delta training intensity. Furthermore, Selmi et al. (Selmi et al., 2018) showed that 4
weeks of intense training during an early preparation period increased the training intensity and
altered the technical performance, and that the well-being state was related to successful passes,
interceptions, and ball losses during small-sided games.

Due to the specificity of the pre-season training phase and its role in preparing players
to handle the demands of the matches, and due to its specificity in terms of higher intensities
compared to those in the in-season period (Fessi, Nouira, et al., 2016; Jeong et al., 2011; Nobari,
Ramachandran, et al., 2022), tracking players adaptations to this training period is of great
interest, as it determines the success of the entire competitive season. Moreover, variations in
well-being and training intensity outcomes, as well as relationships between them, must be
determined when designing a training program for different season phases. Special
consideration should be given to the effects of previously accumulated training intensity or
neuromuscular fatigue on the fluctuations of the well- being status. Furthermore, investigations
conducted under real-world conditions, and not simulations, are beneficial to coaches and team

personnel because they provide a direct assessment of the effects of various training intensities.



Considering all the aforementioned facts, the present study aimed to (a) investigate the
changes of ITI, well-being status, and CMJ performance across 5 weeks of the pre-season
training phase in professional soccer players and (b) examine the dose—response relationship

between ITI and CMJ performance with the variations in well-being status measures.

4.1.2. Materials and Methods

Study Design

This was a 5-week longitudinal study that aimed to investigate the ITI, well-being, and
CMIJ responses of Croatian professional soccer players during the pre-season phase. In a
consensus statement released by intensity monitoring experts, these variables were rated as
practically useful and having medium to high reliability and validity (Bourdon et al., 2017).
After players returned from an off-season break, the study began at the beginning of July and
ended in the first week of August. The players spent 5 weeks of the study in a controlled
environment (training center). The team’s technical staff planned the entire training program
during the pre-season phase. Training characteristics during this period are presented in Table
1 During the investigation, a total of 1764 observations were collected from training sessions

and matches.

Table 1. Description of the training program over the 5 weeks of the pre-season phase.

measure Week1 Week2 Week3 Week4 WeekS5
TE-TA sessions (n) 5 4 5 4 5
X 430 320 320 275 330
time mean 86 80 80 68.75 66
SD 14.7 22.7 17.3 6.3 15,6
S&C sessions (n) 3 3 2 1 /
)y 175 200 120 60 /
time mean 583 66.7 60 60 /
SD 2.9 2.9 / / /

Matches (n) 1 1 2 2 2




Participants

A total of 22 male professional soccer players (age = 21.7 + 4 years, body height =
185.9 + 6.3 cm, body weight = 79 £+ 6.3 kg, BMI = 22.8 £ 1.4 kg-m2; VO2max = 52.9 + 3.2
mL kg—1 min—1) from the same team competing in the Croatian Second League participated
in this study. Goal- keepers were excluded from the study due to their specific role on the team
and their differing physical demands. Inclusion criteria to participate in the study were: (i)
participation in at least 85% of the training sessions, and (ii) being healthy (no pain or injury)
at the beginning of the pre-season phase. Participants provided their signed consent after being

fully informed of the experimental procedures.

Procedures

The team staff specified the training intensity, and the investigators had no influence on
this. All training sessions began with a 30 min general warm-up composed of 5-10 min of
jogging, 10—15 min of stretching, and 10—15 min of core exercises. The technical-tactical (TE-
TA) training included game-based training drills and technical exercises that lasted 60 to 90
min per session. All training sessions were conducted in a controlled environment on the same
regulation court. During the sessions, regular verbal support from the head coach and staff was
provided. The training intensity was manipulated by changes in rules (e.g., number of players
engaging in small-side games, court size etc.) and the work-rest ratio within and between
exercises. Strength and conditioning (S&C) training sessions con- sisted of strength exercises
with light to moderate intensity, plyometric drills, and specific repeated sprint bouts. The S&C
sessions mainly targeted lower-body segments with some upper-body (e.g., bench press)
exercises. The primary objective was to increase players’ strength and capacity for speed,
agility, and endurance, as well as to enhance recovery between training sessions. Additionally,
over the 5-week period, players participated in eight friendly matches. On each training day,
daily subjective assessments of session rating of perceived exertion (sSRPE) and well-being
questionnaire were completed to assess ITI and well-being status, respectively. The sRPE
assessment was previously introduced to all players during regular training sessions (in-season
phase). The CMJ height was determined once a week prior to the first training session of the
week. Additionally, the 30-15 Intermittent Fitness Test (30-15 IFT) was used to assess the
ability to recover and repeat intermittent activity to calculate players’ maximum oxygen uptake

(VO2max).



Internal Training Intensity. The sSRPE was quantified by using the Borg CR10 scale (1 = very,
very easy and 10 = extremely hard) (Borg, 1998). This method has been widely used in soccer
for the calculation of training intensity (Nobari et al., 2021; Pereira et al., 2022). Approximately
30 min following the completion of every training session and match, players were given a full
view of the scale and were required to rate their perceived exertion by asking them: “How hard
was your training session?” The questionnaire was administered by the same researcher
throughout the whole period of investigation. To reduce the impact of hearing the ratings
provided by other players, the scores were given individually to each player. To calculate ITI,
the sRPE value reported by players was multiplied by the training duration (minutes). On days
with two training sessions, the ITIs were summed. For further analyses, the following variables
were calculated for each week: (a) meanlTI—average ITI during each week, (b) sumITI—the
accumulated ITI calculated as the summation of the training intensities of all training sessions
during each week, (¢) TM—training monotony calculated from the relation of meanITI to SD
and the corresponding week, and (d) TS—training strain calculated by the multiplication of
meanlTI and TM. Moreover, the training sessions were divided into three intensity zones
according to RPE data: low-intensity zone (Z1) <4 A.U.; 4 > moderate intensity zone (Z2) <7
A.U.; and >7 high-intensity zone (Z3) (Seiler & Kjerland, 2006).

Well-Being Status. To assess the daily well-being status of the players, a psychological
questionnaire (WB) (McLean et al., 2010) consisting of five cognitive perceptions of fatigue,
sleep, delayed onset of muscle soreness (DOMS), stress, and mood was applied. Players were
required to rate each domain using a five-point Likert Scale (1—worst quality to 5—best
quality) by asking them: “Please rate your level of fatigue, sleep quality, muscle soreness,
mental stress, and mood.” The questionnaire was administered by the same researcher, and the
responses were recorded individually to reduce the influence of other players on the scores.
The well-being status index (WBI) represents the sum of all five domains (scores ranging from

5 t0 25).

Countermovement Jump. The CMJ was used to determine vertical jump height using a reliable
and validated photoelectric cell system Optojump (Microgate srl, Bolzano, Italy). The players
were instructed to conduct a downward movement followed by a full extension of the legs.
With their hands fixed to their hips, players were verbally encouraged to jump as high as
possible during each trial. Each player performed three jumps in a row, with a 15 s interval

between the jumps. The highest jump of three attempts was used for further analysis. Two



familiarization sessions were held seven days prior to the first week of the pre-season phase.
The session started with a standard warm-up, after which participants practiced the jumps until
they demonstrated consistent technique. The same experienced researcher performed all

measurements.

Aerobic Power Test. The 30-15IFT was used to calculate the VO2max of the players. On a 40
m straight runway, the test includes 30 s shuttle run alternated with 15 s passive rest periods.
The running speed increases by 0.5 km/h every 45 s after the initial 8 km/h stage. An audible
signal beeped at appropriate intervals to control the speed of the test, with players required to
be within a 3 m tolerance zone at either end or the middle of the 40 m shuttle. Players were
directed to go forward to the closest line at each extremity and the center of the shuttle at 20 m
after successfully completing a level. Participants stopped voluntarily if they were completely
worn out or if they were unable to complete the 2 m lines three times in a row. The speed of
the last successfully completed stage was recorded as the maximum running speed (VIFT). The

VO2max was calculated by the following equation (Buchheit, 2008):

VO2max (mL kg—1 min—1) =28.3 — (2.15 x 1) — (0.741 x age) — (0.0357 x weight) +
(0.058 x age x VIFT) + (1.03 x VIFT)

The test was performed in the week preceding the first week of the pre-season phase.

Anthropometric Measures. Body height was measured with Harpenden Portable Stadiometer
603 VR (Holtain LTD, Crosswell, UK). Body mass and BMI (body mass in kg/height in m2)
were assessed by the Tanita diagnostic scale (BC 418). Standardized conditions were followed
in terms of previous exercise, dietary intake, and skin temperature (Kyle et al., 2004). All

measurements were taken by the same experienced researcher.

Statistical Analysis

Descriptive statistics were presented in the form of mean, standard deviation (SD), 90%
confidence limits (90% CL), or the coefficient of variation (CV%). The normality and
homogeneity of the data were analyzed using the Shapiro—Wilk test and the Levene test. After
confirming normality and sphericity assumptions, a one-way repeated measures ANOVA was
used to compare variables across the weeks. A Bonferroni post hoc test was conducted and

Cohen’s d was calculated for pairwise comparisons. The magnitude of d was qualitatively



interpreted using the following thresholds: <0.2, trivial; 0.2 to 0.6, small; 0.6 to 1.2, moderate;
1.2 to 2.0, large; and 2.0 to 4.0, very large (Cohen, 1992). Additionally, the magnitude-based
inference was used to compare the differences in CMJ performance (Batterham & Hopkins,
2006). The chances of meaningful negative, trivial, or positive changes were determined
qualitatively as follows: 1%, almost certainly not; 1-5%, very unlikely; 5-25%, unlikely; 25—
75%, possible; 75-95%, likely; 95-99%, very likely; 99%, almost certainly. The true difference
was deemed unclear if the chances of having poorer and better results were greater than 5%.
To analyze the daily variations in ITI, WB scores, and weekly CMJ performance, terms such
as “possibly” and “unclear” were used if the 90% confidence limits (CL) crossed one or both
smallest worthwhile change boundaries (SWC; calculated by using 0.3 coefficient of variation),
respectively. If the CL did not cross SWC boundaries, the effect was inferred a probable [30].
Pearson’s correlation coefficients were calculated to establish the correlations between internal
ITT indices and well-being status measures. The threshold used to qualitatively assess the
correlations was based on the following criteria (Hopkins et al., 2009): 0.1, trivial; 0.1-0.3,
small; 0.3-0.5, moderate; 0.5-0.7, large; 0.7-0.9, very large; 0.9, nearly perfect. The post hoc
analysis to compute achieved power was conducted for a single within-subjects factor assessed
over five time points and correlations using Power Analysis and Sample Size (PASS) software
(version 15 LLC, Kaysville, UT, USA) and previously published recommendations (Sim &
Wright, 2005). The calculated power analyses (1-p) values were between 0.73 and 1 for all
analyses with the sample size of twenty-two participants. The significance level was set at p <
0.05. All data were analyzed using SPSS 28.0 statistical software (SPSS, Chicago, IL, USA)
and GraphPad Prism 9 (GraphPad Software, Inc., San Diego, CA, USA).

4.1.3. Results

In total, players spent 2230 + 117 min in 32 training sessions, of which 23 were TE-TA
and 9 were S&C. The percentages of the number of training sessions and matches carried out
in the three intensity zones are presented in Figure 1. The highest percentage of Z3 was
determined during the matches, where Z1 and Z2 were lower than Z3. For TE-TA training
session, the significant difference in training session distribution across intensity was also
determined, in which Z2 and Z3 were lower than Z1. The players did not spend any of the S&C
in Z3, but a significant number of sessions were performed in Z1. According to the distribution
observed for the combined TE-TA and S&C training sessions, players performed

approximately 61, 25, and 14% in low, moderate, and high intensity, respectively.
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Figure 1. Percentage of the number of training sessions and matches carried out in the three
in- tensity zones. Z1—Ilow intensity zone; Z2—moderate intensity zone; Z3—high intensity
zone; ¥—significantly lower than Z1 and Z2 at p < 0.001; #—significantly lower than Z1 at p
<0.001; §—significantly lower than Z3 at p < 0.001.

The daily internal training intensity well-being status measures observed over the 35
days of the pre-season phase are presented in Figures 2. and 3. The highest ITI was observed
on day 3 and between days 12 to 17. Lower values were observed after training matches (2nd,
5th, and 6th match). Higher CVs were also noticed after the 6th, 7th, and 8th matches, with
values ranging from 35.7 to 45.9%. The greatest positive change happened between days 11
and 12 (655.3%), while the greatest negative change appeared between days 17 and 18
(—81.7%). For the well-being status index, the highest values were observed in the first week
of the investigation period (WBI: 18 to 20.3 a.u.). The highest CVs are found on days 24 and
25, while the daily changes are lower (values ranging from —22.1 to 19.6%) when compared

with changes in ITI. Moreover, lower WBI values are noticeable after days of higher ITI (e.g.,
days 3, 17, 25).
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Figure 2. Daily internal training intensity (ITI) observed over the 35 days of the pre-season
phase (5 weeks). The grey area represents the smallest worthwhile change (SWC = coefficient
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Figure 4.3. Daily well-being status index (WBI) observed over the 35 days of the pre-season
(5 weeks). The grey area represents the smallest worthwhile change (SWC = coefficient of
variation X 0.3), and the error bars show 90% confidence limits (CL). If the CL crossed one or
both SWC boundaries, the terms “possibly” and “unclear” were used, respectively. The red line

represents within-days well-being status variations (CV%).



Values of countermovement jump (CMJ) height over the five measurement points are
presented in Figure 4.4. One-way repeated measures ANOVA revealed a significant difference
between testing occasions (F(1,22) = 11.8, p < 0.001). Additionally, compared with week 1
(baseline), CM1J height in weeks 4 and 5 were likely to be higher, respectively. Cohen d values

ranged from 0.42 to 0.47, representing a small effect.
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Figure 4. Countermovement jump (CMJ) height observed over the 5 weeks of the pre-season
phase. The grey area represents the smallest worthwhile change (SWC = coefficient of variation
% 0.3), and the error bars show 90% confidence limits (CL). If the CL crossed one or both SWC
boundaries, the terms “possibly” and “unclear” were used, respectively. The red line represents

within-weeks CMJ variations (CV%); #—significantly higher than W1.

Table 2. represents ITI and well-being status measures across 5 weeks of investigation.
Significant differences between weeks were found in all ITI measures (meanITI [F(1,22) =
74.8, p <0.001], sumITI [F(1,22) = 55.4, p <0.001], TM [F(1,22) = 23.9, p <0.001], and TS
[F(1,22) = 34.5, p < 0.001]). Post hoc analysis revealed that for meanITI, week 1 was
statistically different from all other weeks. Almost similar was the result for sumITI, where
week 1 was statistically different from all weeks, except week 3. For well-being status
measures, one-way repeated measures ANOVA revealed a significant difference between
weeks in all domains (fatigue [F(1,22) = 4.3, p = 0.003], sleep [F(1,22) = 7.1, p < 0.001],
DOMS [F(1,22) = 5.7, p < 0.001], stress [F(1,22) = 15.6, p < 0.001]), and (mood [F(1,22) =
12.7, p < 0.001]), as well as overall WBI score (F(1,22) = 13.2, p <0.001). Post hoc analysis

revealed that greatest differences between weeks were found for WBI.



Measures of magnitude for multiple comparisons between weeks in ITI and well-being
status measures are presented in Figure 5. Large to very large effects are found for both
meanlTI and sumITI for the week 1 vs. week 5 and week 3 vs. week 5 pairwise comparisons.
Lower values (trivial to moderate effect) were found for the well-being status domains sleep

and DOMS.

Table 2. Internal training intensity and well-being status measures of soccer players over the 5

weeks of the pre-season phase.

measure W1 W2 W3 W4 W5
mean 549.3 483.2! 485.6! 356.11%3 294 31234
meanlTI
SD 52.4 &4.1 50.3 57.2 447
mean  3035.7 2259.1' 3310.9*> 1946.4'2%3 1647.3'3
sumITI
SD 409.9 536.0 416.6 537.9 367.9
mean 2.2 1.8! 1.71? 1.5 1.6
™
SD 0.3 0.3 0.2 0.3 0.2
TS mean  6656.3 4104.4' 5565.9'2 3022.8'3 2599.9!23
SD 1093.3 1322.3 1046.4 982.7 622.2
mean 3.3 3.1 3.2 2.93 3.3
fatigue
SD 0.4 0.4 0.5 04 04
mean 4.1 3.7 3.9% 3.7 3.8
sleep
SD 0.3 04 0.3 04 04
mean 3.6 3.2! 3.4 3.2! 3.3
DOMS
SD 0.4 0.4 04 04 0.3
mean 4.2 3.8! 3.8! 3.514 3.7
stress
SD 04 04 04 0.6 04
mean 4.3 4. 4. 3.714 4.0
mood
SD 04 04 04 04 0.3
WBI mean 19.3 17.7! 18.3 17.143 18.1'°

SD 1.4 1.7 1.4 1.7 1.2
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Figure 5. Multiple comparisons between weeks in internal training intensity and well-being
status measures expressed as the magnitude of effect size; meanlTI—average weekly internal
intensity; sumlTI—accumulated weekly internal intensity; TM—training monotony; TS—
training strain; DOMS—delayed onset of muscle soreness; WBI—well-being status index;

W—week.

Pearson’s correlation coefficients between ITI and well-being status measures are
presented in Figure 6. Large negative correlations between mean ITI and fatigue (r =—0.63, p
=0.002), DOMS (r=-0.61, p=0.003), and WB (r=—0.53, p = 0.011), sumITI, and fatigue (r
=-0.51, p=0.014), and TS and fatigue (r = —0.61, p = 0.003) were found. Moderate to small
correlations were found between TM and TS with well-being measures, but without statistical
significance. Moreover, small but non-significant correlations were found between CMJ

performance and well-being status measures.
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Figure 6. Coefficients of correlation (r) determined between internal intensity and well-being

status measures; meanlTI—average weekly internal intensity; sumlTI—accumulated weekly

internal intensity; TM—training monotony, TS—training strain; DOMS—delayed onset of



muscle soreness; WBI—well-being status index. Error bars represent 90% confidence limits

(CL); *—significance at p < 0.05; **—significance at p < 0.01.

4.1.4. Discussion

This study aimed to assess the ITI, well-being status, and jumping performance in
professional soccer players during the five weeks of the pre-season phase preceding the
national league season. Additionally, the study aimed to determine the relationship between ITI
indices, CMJ performance, and well-being status measures. The main findings of this study
were as follows: (i) most TE-TA and S&C training sessions were performed at low intensity,
while the proportion of matches played at high intensity was over 90%; (ii) lower daily WBI
values were observed after days of higher ITI; (i) CMJ performance progressively increased
over five weeks; (iii) in weeks with lower values of ITI, higher CMJ performance was
observed; (iv) significant differences were found for all ITI and well-being status measures
across the weeks, with TM and TS being lowest in the final week of the pre-season phase; (v)
large negative association was observed between average I'TI and the well-being status domains
of fatigue, DOMS, and WB, as well as between accumulated ITI and TS and fatigue.

Players spent the majority of their TE-TA and S&C sessions in the low intensity zone,
with a proportion of approximately 53% and 80%, respectively. Sessions at moderate intensity
accounted for approximately 28% of the time for TE-TA trainings and 20% of the time for S&C
trainings, while high intensity was determined only for the TE-TA trainings (approximately
20%) (Figure 1). Players’ performances in the combined TE-TA and S&C training sessions
occurred at approximately 61, 25, and 14% in the low, moderate, and high intensity ranges,
respectively. Training intensity distribution in this study across the five weeks was almost
identical to those reported by (Borges et al., 2019), in which U20 soccer players completed
over 60% of their training sessions at low intensity, while moderate and high intensity
constituted 25% and 15% of their total trainings, respectively. A more balanced distribution
was reported for Norwegian soccer (Algroy et al., 2011) and Australian rugby (Lovell et al.,
2013) players; however, these investigations included the in-season (competition) phase, in
which official games took place. Furthermore, the high proportion of Z1 could be explained by
the fact that all training sessions were computed for analysis in this real-world scenario
(including recovery sessions with low training intensity).

During the five weeks of the pre-season phase, the accumulated ITI (average

accumulated weeklyITI: 2439.9 + 224.7 a.u.) were similar to those reported for professional



senior soccer players (Arcos et al., 2015; Clemente et al., 2019), but higher than those reported
for junior soccer players (Nobari, Ceylan, et al., 2022; Nobari et al., 2021). Significant week-
to-week changes in average weekly ITI (0.5 to 26%) were determined between weeks (Table
2), indicating that there was progression in the stimulus, as well as inter-week variability. Lack
of progression is associated with injury risk and poor athlete performance (Gabbett, 2016).
Moreover, stabilization of the intensity may be one factor contributing to a performance
plateau. Athletes should not adopt the variability and progression of the intensity based on the
general absence of changes in the training intensity throughout the week (Cruz et al., 2018;
Matos et al., 2019). Similarly, significant week-to-week changes found in well-being status
measures (Table 2) clearly show that well-being and physical adaptations to training appear to
be significantly influenced by absolute training intensities collected over time and their
distribution over the weeks (Cruz et al., 2018). It is well known that subjective well-being
commonly deteriorates with an acute increase in training intensity and improves with an acute
re- duction in training intensity (Saw et al., 2016). The TM and TS parameters (derived from
sRPE) are important factors related to negative adaptations to training (Foster, 1998)[42]. In
this study, the TM and TS showed a significant decrease over the weeks (Table 2), with the
highest values of 2.2 and 6656.3 in the first week, respectively. A similar TM pattern was
observed in senior (Fessi, Nouira, et al., 2016) and junior soccer players (Borges et al., 2019;
Clemente et al., 2019) during the same period. A decrease in TM during tapering is associated
with improvement in physical match activity and therefore, represents a good indicator of the
state and readiness of the players (Fessi, Zarrouk, Di Salvo, et al., 2016). However, recent
systematic review reflected that acute:chronic workload ratio (ACWR), along with TM, should
be used to better explain the physical capacities of players (Rico-Gonzélez et al., 2022). Given
that the study period was five weeks, the ACWR was not considered. Within-week variations
for the TM (CV% from 13.2 to 16.8) and TS (CV% from 16.4 to 32.5) indicate individualized
ITI responses, although the training program was similar for all players; however, this can be
related to the different physical demands of each playing position (Borges et al., 2019).

CMJ performance over the period of investigation showed a progressive increasing
trend (Figure 4). CMJ height in weeks 4 and 5 was most likely to very likely higher when
compared to week 1 (baseline). In week 2, athletes showed a slight decrease in CMJ
performance, but these changes were not meaningful. The progressive increase was probably
induced by the reduction of the training intensity in the following weeks of the training
program. In a study by Cruz et al. (Cruz et al., 2018), CMJ performance progressively increased

when the training intensities were reduced over the nine weeks of the pre-season phase in



basketball. Moreover, similar observations were also reported for soccer (J. R. Silva et al.,
2011), rugby (Johnston et al., 2013), volleyball (Aoki et al., 2016) and futsal (Miloski et al.,
2016).

The secondary aim of this study was to examine the dose—response relationship between
ITI and the variations in well-being status measures (Figure 6). Results revealed that fatigue
largely correlated with average and accumulated weekly ITI and TS. Moreover, DOMS and
overall WB score were largely correlated with average ITI. Interestingly, non- significant
negative small to moderate correlations were observed between TM and all well-being status
measures. Similar results were found for soccer (Clemente et al., 2017) and basketball players
(Clemente, Bredt, et al., 2020), where fatigue and DOMS had higher correlations with ITI
compared with other well-being categories. No relationships with ITI are specifically
confirmed for sleep, where the authors found significant correlations with fatigue, DOMS, and
overall well-being score, but not with athletes’ sleep quality (Moalla et al., 2016; Thorpe et al.,
2015). Additionally, variations in sleep quality, fatigue, and DOMS were more sensitive to
acute rather than chronic training intensity or TM (Clemente, Silva, Clark, et al., 2020). DOMS
and perceived fatigue may be related to each other and are associated with the physical strain
players experience during training sessions, therefore presenting high sensitivity to variations
in ITI (Clemente, Bredt, et al., 2020). However, deeper analysis is required, as perceived well-
being indices can be influenced by other environmental factors, such as high altitude, religious
practices, league ranking, and match importance (Armstrong & VanHeest, 2002), which are not
controlled in this study. This is especially true for sleep, stress, and mood, which represent the
psycho- cognitive component of the well-being status and directly influence each other.
Reducing stress may enhance sleep quality, whereas sleep issues may have a negative impact
on the stress system and attenuate endocrine stress responses (Hu et al., 2020). Moreover, the
main contextual factors to consider when identifying stress sources include negative
organizational systems and cultures, concerns about performance expectations and standards,
career development issues, negative aspects of interpersonal relationships, the demanding
nature of work itself, and issues regarding the work/non-work interface (Noblet & Gifford,
2002).

Since the CMJ test is reliable and well-accepted by professional athletes, it is useful for
identifying and quantifying fatigue in field conditions (Marrier et al., 2017). Despite the fact
that the CMJ height and well-being scores varied with training intensities, there was only a
weak, non-significant association between the two. This is in contrast with the previous studies

in which a significant relationship was determined between the two (Hills & Rogerson, 2018;



Tavares et al., 2018). Similar findings were reported in a study regarding wrestlers, in which
the authors suggest that coaches should analyze WBI instead of single well-being variables
(Nobari, Silva, et al., 2022). Another study conducted on baseball players reports that a five-
item well-being questionnaire demonstrated con- sistency and efficiency; however, it did not
reflect positive or negative changes in CMJ performance (Brasch et al., 2019). Subjective and
objective measures assess different aspects of fatigue. This demonstrates that several subjective
and objective factors need to be monitored for making informed judgments, instead of
concentrating on either subjective or objective measurements alone, which has crucial

implications for monitoring fitness and fatigue.

Study Limitations

Although conducted in a real-world scenario, this study has some limitations. The
observations were conducted during a professional pre-season phase; therefore, it was
impossible to form a control group or evaluate as many parameters as would have been
desirable. There were no objective internal or external intensity measurements applied and
sRPE was the sole internal training intensity indicator, which may have inhibited a more
accurate measurement of the training’s physiological effects. As perceived effort scales have
been found to be highly linked with heart rate measurements and GPS information, it would be
interesting to include these variables to assess players’ responses to the training stimulus.
Moreover, the integrations of s-RPE with GPS data provide a better approach to obtaining
knowledge about TM (J. Afonso et al., 2021). Additionally, it is known that poor sleep and
nutritional habits can have negative effects on players’ performance (Halson, 2019; Vazquez-
Espino et al., 2020); however, due to the nature of the study, these parameters could not be

monitored.

Practical Applications

While some limitations were disclosed, this study possesses good ecological validity,
as it was conducted with professional soccer players during the pre-season phase before the
competitive season. Complementary research should be conducted to close the gap between
the theory and practice of training periodization. Coaches and others involved in developing
training programs should be aware of the significance of perceived exertion in effectively
monitoring soccer players’ well-being. Assessing relative training intensities after a training
session could be critical in determining whether neuromuscular fatigue and DOMS, rather than

disturbances in sleep, stress, and mood, will occur in players within 24 h. Although it is



challenging to apply an individual approach, it is recommended that different modalities should
be used because each player responds differently to training stimuli. Monitoring these measures
during the pre-season assists coaches in preparing players for the demands of matches during

the in-season phase.

4.1.5. Conclusions

Lower daily WB values were observed after days of higher ITI; likewise, decrements
in weekly ITI induced positive CMJ performances, with a progressive trend over the weeks.
Significant week-to-week changes in ITI measures indicated that there was progression in the
stimulus and inter-week variability, which possibly reduced injury risk. Moreover, inter-week
variability in WB components clearly showed that well-being and physical adaptations to
training appeared to be significantly influenced by absolute training intensi- ties. Only the
meaningful correlations found between ITI and fatigue and DOMS support previous findings
of reduced sensitivity for psycho-cognitive perceptions of sleep, stress, and mood.
Neuromuscular fatigue and its relationship with well-being should be used as a complementary
analysis, with an increased number of objective and subjective measures included in training
monitoring. Overall, this study highlights the utility and simplicity of monitoring tools to
improve athletes’ performance. Coaches and sports scientists can more effectively create and
modify their training programs by using descriptions of the typical ITI experienced by
professional soccer players during preparation for the competitive season. Lastly, a balanced
training response/recovery ratio is important to effectively increase players’ physical

performance.
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Abstract

Purpose: This study examined the relationship between internal training intensity and
physiological and performance markers, including heart rate variability, resting heart rate, sleep
duration, and countermovement jump performance in professional soccer players during a five-
week preseason. Methods: This longitudinal design included 10 professional soccer players
(age: 20.8 & 2.3 years) with the following variables measured weekly: ITI, heart rate variability
(HRV), resting heart rate (RHR), sleep duration, and countermovement jump (CMJ)
performance. Results: Results showed a significant reduction in ITI (p < 0.001) across the
preseason, reflecting effective intensity management. CMJ performance showed an initial
decline before significantly increasing after week 2 (p < 0.001), while no significant changes
were observed in RHRmean (p= 0.25) or InRMSSDmean (p= 0.27). However,
InRMSSDCYV decreased by 39.9%, indicating improved autonomic stability. A moderate
negative correlation was observed between InRMSSDmean and InRMSSDCV (r =-0.54, p <
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0.001), suggesting that greater parasympathetic tone is associated with reduced daily HRV
fluctuations. ITI showed moderate negative correlations with Sleepmean (r =—0.32, p = 0.045)
and CMJ performance (r =-0.43, p = 0.005) and a positive correlation with INRMSSDCV (r =
0.35, p = 0.03). Conclusions: Higher ITI is associated with reduced CMJ performance, likely
due to fatigue, emphasising the need to monitor CMJ for optimising training loads and
preventing overtraining. Similarly, its link to shorter sleep duration highlights the importance
of tracking sleep for effective recovery management. Additionally, the inverse relationship
between InRMSSDmean and InRMSSDCV suggests that greater parasympathetic activity
stabilises HRV fluctuations, reflecting improved autonomic balance and aiding in training
adjustments. This study highlights the importance of integrating HRV, sleep, and CMJ into
preseason training programs for professional soccer players. A tailored training approach
emphasising reduced I'TI and monitoring autonomic stability and recovery effectively improves
physiological resilience and neuromuscular performance, ensuring players’ readiness for the

competitive season.

Keywords: cardiovascular, adaptation, team sports, autonomic nervous system

4.2.1. Introduction

The implementation and quality optimisation of a training program depend on the
application of several training principles, including an individualised approach (in team sports),
the progression of training volume and intensity, and the incorporation of recovery phases
through the use of various strategies (Bucher Sandbakk et al., 2023). To adequately achieve
their planned goals, the coaching staff must continuously measure and monitor internal training
intensity (ITI) which reflects an athlete’s physiological and perceptual response to a given
training stimulus (Halson, 2014; Macedo et al., 2024). ITI is usually assessed with the use of
internal intensity measures such as subjective scales, heart rate levels, and biochemical markers
(Foster et al., 2017; Impellizzeri et al., 2019). It provides valuable insights to coaches about
how an athlete’s body reacts and adapts to external training stimuli. ITI allows coaches to make
adjustments to the training program by considering the current state of their athletes
(Impellizzeri et al., 2019). This helps prevent overtraining caused by non-functional training
intensities, thereby reducing the risk of injuries (Impellizzeri et al., 2020; West et al., 2021),
making it one of the most important tools for injury prevention (Halson, 2014). Although there



are various methods to monitor ITI, such as hormonal and lactate level analysers, and portable
maximum oxygen consumption (VO2max) analysers, they can be costly and inaccessible to a
large number of clubs. Therefore, the assessment of ITI using subjective measures, such as
scales and questionnaires, is of utmost importance because of their accessibility and low cost,
in addition to their effectiveness in simply and quickly measuring what they are intended to
measure (J. O. C. Coyne et al., 2022). However, in addition to subjective measures of ITI (such
as RPE [Foster, 1998]), objective physiological markers like heart rate variability (HRV) and
sleep duration are crucial in understanding the impact of training intensity on athletes’ recovery
and training outcomes. Subjective measures alone are not sufficient, as psychological factors,
motivation, and external stressors can influence them. Therefore, incorporating objective
physiological data provides a more accurate and comprehensive assessment of an athlete’s
internal training intensity. A decline in HRV values and poor sleep duration can signal to
coaches that an athlete is fatigued and has not recovered adequately for their next training
session (Mishica et al., 2022). Given that sleep duration reflects an athlete’s ability to recover,
it stands as a key factor in influencing not just athletes’ recovery but also athlete’s ability to
adapt to stress and maintain overall well-being levels (Fullagar et al., 2015; Nobari et al., 2023).
Therefore, ensuring sufficient sleep duration is essential for their overall performance. With
the availability of various modern monitors (such as smartwatches and fitness bracelets),
integrating this parameter into the monitoring toolkit provides coaching staff with a simple way
to measure and track athletes’ performance. Better sleep patterns and sufficient duration
positively affect recovery and overall athlete performance, highlighting the importance of
adequate monitoring (Cunha et al., 2023; Hamlin et al., 2021). Moreover, in addition to the
importance of sleep duration and rest monitoring, cardiac autonomic activity, as derived from
the measure of HRYV, is likely to play an important role in understanding functional adaptations
to training stimuli and individual responses (Hautala et al., 2009).

Research into cardiac responses to training reported that disrupted levels of HRV can
contribute to an increase in the occurrence of injuries and poor adaptation to training intensities
(Gisselman et al., 2016). In contrast, optimal and better levels of HRV allow the coaching staff
to manage training intensities by increasing the intensity and volume of work, enabling athletes
to optimise their performance and prevent stagnation (Carrasco-Poyatos et al., 2020;
Lundstrom et al., 2023). Furthermore, aiming to identify both fatigue and adequate recovery
during training, previous research highlighted that the countermovement jump (CMJ) test is a
simple, easy, and non-invasive tool to assess levels of neuromuscular fatigue (Males et al.,

2022). This makes CMJ of particular interest to coaches during the preseason, as that is a period



characterised by increases in training volume and intensity, as athletes experience a rapid
increase in their workloads (Males et al., 2022). Regularly monitoring CMJ values in athletes
during that period provides insight into their neuromuscular readiness (accumulated fatigue
levels).

The coaching staff set different goals for themselves and athletes depending on the
phase of the season (Curtis et al., 2020). In fact, while the focus is on achieving optimal
preparation levels during the preseason period, which reduces the risk of injury during the
season, maintaining the fitness level achieved is the main objective of the in-season period
(Eliakim et al., 2018; Yu et al., 2021). Achieving these goals can give the athletes the ability to
recover, depending on the phase. Previous research has shown significant variations in intensity
depending on whether it is the preseason period or during the soccer season (Clemente, Silva,
Castillo, et al., 2020). Although metrics such as HRYV, sleep duration, and neuromuscular
fatigue have been previously investigated, they were mostly examined as isolated factors,
leaving a gap in the research that integrates them into a comprehensive monitoring strategy
specifically for soccer players during preseason. Considering the importance of conducting an
adequate preseason period to prepare players for the demands of the new season, integrating
these metrics (i.e., HRV, sleep, neuromuscular fatigue) into the daily monitoring routines of the
preseason phase is of utmost importance as it can allow athletes to achieve a harmonious
balance between effort and recovery, maximising their performance (Males et al., 2022).
Therefore, the current study aimed to investigate the relationships between internal training
intensity (ITI) and key recovery and performance metrics, including HRV, sleep duration, and
CMIJ performance, over a five-week preseason in professional soccer players. This study tried
to provide a more comprehensive approach to soccer player monitoring, offering new insights

to enhance existing data, and supporting evidence-based decision-making for coaches.

4.2.2. Materials and Methods

Study design

This longitudinal study is part of a broader research effort exploring physiological
adaptations and performance in professional soccer players during preseason. The initial study
(Males et al., 2022) focused on examining the relationships between ITI and well-being,
alongside the progression of these variables over a five-week period in a sample of 22 soccer
players. While that work highlighted significant changes in ITI and well-being during

preseason training, no other comparisons were observed, such as cardiac markers and sleep



duration. The current study builds on these findings by incorporating additional physiological
and recovery metrics such as HRV and sleep duration, within a subsample of the original
cohort, providing a more comprehensive understanding of recovery and adaptation processes
during the preseason. This subsample was selected due to the inclusion of advanced
physiological monitoring tools, specifically HRV and sleep-tracking sensors. These tools
require consistent and accurate daily measurements, which were logistically feasible only for
a smaller group of players. Therefore, the current study focuses on how the HRV metric, sleep
duration, and CMJ interact with ITI, offering novel perspectives on the role of autonomic
stability and recovery in training adaptations. This approach aligns with best-practice
guidelines (Kirkman & Chen, 2011) for leveraging rich datasets to address distinct research
questions and theoretical frameworks. By expanding on the findings of the earlier study, the
current investigation offers complementary insights into preseason training strategies,
emphasising the importance of integrating HRV and sleep monitoring to enhance player
performance and recovery. The study began after the return of all players from the summer
break and lasted from the beginning of July until the end of the preseason period (first week of
August). Throughout the five weeks, the players were in controlled conditions within the
football club. The coaching staff were responsible for planning and programming the entire
preseason training plan. The training volumes and the number of training units per week are

shown in Table 1.

Table 1. Weekly training description during 5 weeks.

Week Weekly Double Rest days Training Number of
number sessions (n)  sessions (n) (n) volume (n) matches (n)
1 8 3 1 605 1
2 7 3 2 520 1
3 7 2 0 440 2
4 5 1 1 335 2
5 5 1 1 330 2

5.2.2 Participants

This study involved 10 professional soccer players, all members of the same team in
the Second Croatian Football League. Player characteristics are shown in Table 2. The sample
size was not determined a priori, as it was based on convenience sampling. A post hoc power
analysis conducted using the G*Power software (ver. 3.1.9.4 Diisseldorf, Germany; [Faul et

al., 2007]) revealed power values ranging from 0.89 to 1.00. To be eligible, soccer players had



to fulfil the following inclusion criteria: (i) participation in at least 85% of the training sessions,
and (i1) medical clearance given by a sports medicine doctor (no pain or injury) at the beginning
of the pre-season phase. Players were excluded if they met any of the following criteria: (i)
sustained a musculoskeletal injury prior to the preseason that could impair training
participation and performance outcomes, or (i) were undergoing pharmacological treatments
(e.g., betablockers, anti-inflammatory drugs) that influence autonomic function or fatigue
perception. Players provided their signed consent after being fully informed of the experimental

procedures.

Table 2. Player characteristics (n = 10).

Mean £+ SD
Age (years) 20.8+2.3
Body height (cm) 186.4+54
Body mass (kg) 79.0£5
BMI (kg/m?) 228+14
VO;max (ml - kg™ - min™) 53.4+2.7

Procedures

The coaching staff planned and programmed the preseason period without the research
team’s involvement. All training sessions were performed in a controlled environment and were
directly supervised by the coaching staff. The training program consisted of (a) technical-
tactical sessions (TE-TA), (b) strength and conditioning sessions (S&C), and (c) friendly
matches. TE-TA sessions began with a 30-minute general warm- up conducted by the strength
and conditioning coach. The warm-up included 10 to 15 min of individual stretching, 5 to 10
min of jogging or passing drills with light jogging, and 10 to 15 min of speed, agility, and
quickness (SAQ [Azmi & Kusnanik, 2018]) and specific football movement protocols.
Following the warm-up, TE-TA sessions were taken over by the main coach and assistant
coach, fo- cusing on specific technical-tactical aspects of football. Training intensity and
volume were systematically adjusted based on specific task and rule modifications to ensure
progressive intensity management across sessions. In the technical-tactical (TE-TA) sessions,
the intensity was modified through small-sided game (SSG) variations (e.g., altering player
numbers, implementing one-touch passing rules, and incorporating ‘joker’ players to facilitate
transitions), as well as integrating high-intensity interval training (HIIT [Manuel Clemente et
al., 2021]) running protocols to target metabolic demands. Task duration and recovery periods

were also manipulated to standardise the training intensity while maintaining session



objectives. Strength and conditioning (S&C) sessions focused on moderate-intensity strength
and power training, primarily targeting lower-body power, agility, and endurance, with an
emphasis on injury prevention and recovery support between training sessions. Friendly
matches followed standard competitive rules and durations, serving as high-intensity exposure
within the training plan. Each training day involved assessing session ratings of perceived
exertion (SRPE). CMJ performance was measured weekly before the first training session,
while sleep duration and HRV were tracked daily until the study’s conclusion. Participants
underwent at least two familiarisation sessions before the study started to ensure they were
accustomed to the training routines, warm-up protocols, and performance assessments outlined

in the preseason program.

Internal training intensity. SRPE was evaluated using the widely used method: the Borg CR10
Scale (Foster et al., 2001). Players were asked to answer the researcher’s question, ‘How
difficult was this training session for you?’ They rated their responses on a scale from 1 to 10,
where 1 = very, very light, and 10 = extremely difficult. The answers were collected 30 min
after the end of the training session during team meetings. The players provided their answers
privately and always to the same researcher to avoid potential external influence. ITI was
calculated using the formula: Internal Training Intensity = sRPE (a.u.) X session duration (min).
If there were multiple training sessions on the same day, the sum of both sessions represented
the ITI for that day. For further analyses, the weekly mean internal intensity (ITImean) was

calculated for each week.

Countermovement jump. The CMJ test used a reliable and validated OptoJump photoelectric
platform (Microgate srl, Bolzano, Italy) to assess neuromuscular performance. The test was
conducted 30 min before the week’s first training session, following a standard warm-up
period. Players had to perform three jumps, all of them barefoot [19]. They were instructed to
place the palms of their hands on their hips and to perform a downward movement (into a squat
position), followed by full knee extension and a jump. After each jump, players had 15 s of
rest, and the best value out of three jumps was used in the research. The same experienced
researcher performed all the measurements. The intraclass correlation coefficient (ICC) values

for the CMJ test ranged from 0.93 to 0.97, indicating excellent reliability.

HRYV data. Players were instructed to record their resting HRV (R-R intervals) for 2 min

immediately upon waking, following these instructions: (1) remain motionless while recording;



(2) perform the measurement prior to consuming any food or fluids; and (3) empty the urinary
bladder beforehand; (4) breathe spontaneously and maintain a neutral state of mind during data
collection (Bloomfield et al., 2001). The R-R interval recordings were obtained using a Polar
H10 sensor chest strap (Polar Electro Oy, Kempele, Finland; sampling rate: 1000 Hz) and were
downloaded using the Elite HRV App (version 5.3.2), which demonstrates near-perfect
agreement with ECG (r = 0.99) for HRV measurements across supine, seated, and standing
positions, indicating high validity (Flatt & Howells, 2019). Subsequently, the R-R interval
recordings were analysed using the HRV analysis software Kubios HRV Premium (version
3.5.0., Biosignal Analysis and Medical Imaging Group, Kuopio, Finland). Ectopic beats were
corrected using the automatic artifact correction algorithm, replacing them with interpolated
adjacent interbeat intervals (IBI). The software’s automatic noise detection feature was utilised
to identify and mark distorted IBIs, such as those caused by movement (Tarvainen et al., 2014).
The vagally-mediated HRV parameter analysed was the logarithm of the root-mean-square of
successive differences (InRMSSD), a reliable marker of parasympathetic (vagal) activity for
monitoring in sports field settings (Medeiros et al., 2021; Mufioz-Lopez et al., 2021). For
analysis, the weekly mean of INRMSSD (InRMSSDmean, expressed in milliseconds [ms]) and
its coefficient of variation (InRMSSDCV, expressed as a percentage) were calculated

individually. All HRV measurements were consistently recorded between 07:00 and 08:00 AM.

Sleep duration and resting heart rate. A Mi Band 4 actigraphy device (Foxconn, Xiaomi,
China) was used to determine the player’s sleep duration and RHR during the preseason period.
This device has been previously validated (Concheiro-Moscoso et al., 2023; Xie et al., 2018)
and is widely used to assess the sleep duration of various populations (Atkins et al., 2020;
Concheiro-Moscoso et al., 2022). A third-party script (XDA developers, 2015) was utilised to
retrieve data through an Android backup since Mi Band lacks a built-in function for data
extraction. The accuracy of wrist-worn devices may vary across individuals due to factors such
as wrist movement, device positioning, and individual sleep patterns, potentially introducing
some measurement error. To minimise inconsistencies, participants were familiarised with the
device before data collection, provided with standardised wear and use instructions, and data
analysis focused on trends over time rather than isolated values. Once the research started,
players would wear the Xiaomi band on their left wrist when going to sleep and keep it on until
they wake up. Players were not asked to change their sleep schedule for this study but to act as

they usually do during the observed period. For further analysis, the weekly mean of the total



time spent sleeping (Sleepmean, expressed in minutes) and weekly mean of the resting heart

rate (RHRmean, expressed in beats per minute) were calculated.

Statistical analysis

Descriptive statistics are reported as mean, standard deviation (SD), and coefficients of
variation (CV%). The normality of the data was assessed using the Shapiro—Wilk test, while
sphericity was tested via Mauchly’s test. When the assumption of sphericity was violated,
Greenhouse—Geisser corrections were applied. A one-way repeated measures ANOVA was
conducted to compare variables across the five weeks of the pre- season phase. A Bonferroni
post-hoc test was used to identify the magnitude of differences between means with Cohen’s d
as a measure of effect size (ES) and interpreted using the following qualitative thresholds:

<0.2, trivial; 0.2-0.6, small; 0.6—1.2, moderate; 1.2-2.0, large; 2.0-4.0, very large; and
> 4.0, extremely large (Hopkins et al., 2009). The repeated-measures correlation analysis using
the rmcorrShiny app was performed to determine the relationship between variables (Bakdash
& Marusich, 2017; Marusich & Bakdash, 2021). This correlation analysis is appropriate for
paired, repeated-measures data, as it accounts for the non-independence of data points from the
same participant and identifies common intra-individual changes. The magnitude of the
repeated-measures correlation coefficient (rrm) with 95% confidence intervals (95%CI)
estimated using parametric bootstrapping (1,000 samples) was interpreted conservatively using
the following ranges: 0.1, trivial; 0.1-0.3, small; 0.3—0.5, moderate; 0.5-0.7, large; 0.7-0.9,
very large; and 0.9-1.0, almost perfect (Hopkins et al., 2009). A p-value of < 0.05 was
considered statistically significant. All data were analysed using the SPSS 29.0 statistical
software (SPSS, Chicago, IL, USA) and GraphPad Prism 9 (GraphPad Software, Inc., San
Diego, CA, USA).

4.2.3. Results

Figure 1 displays changes in [TImean between weeks over the preseason phase. There
was a significant time effect (F(4,36) = 29.83, p < 0.001) with the end of the preseason phase
(week 5) being lower than in week 1 (ES =3.91 [very large]), 2 (ES = 3.69 [very large]), 3 (ES
= 3.68 [very large]), and 4 (ES = 1.53 [large]). Moreover, week 4 was lower than week 1 (ES
= 2.28 [very large]) and 2 (ES = 2.1 [very large]).
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Figure 1. Internal training intensity values over the 5 weeks during the preseason in
professional soccer players (n = 10). ITImean — weekly mean internal intensity, 1 — positive
direction of difference, | — negative direction of difference, statistically different: 4 — from

week 4, 5 — from week 5; * p <0.05, ** p <0.01, *** p <0.001.

Figures 2 and 3 show changes in InRMSSDmean and InRMSSDCYV during the weeks
in the observed period. Although there was a 39.9% decrease in InRMSSDCV from week 1 to
week 5 (A =-2.11, ES = 1.32 [large]), no significant time effect was determined (F(4,36) =

2.12, p = 0.1). Also, there were no significant changes in InRMSSDmean between the weeks

of the observed period (F(4,36) = 1.37, p = 0.27).
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Figure 2. Individual and group heart rate variability values over the 5 weeks during the
preseason in professional soccer players (n = 10). InRMSSDmean — weekly mean log-

transformed root-mean-square difference of successive R-R intervals.
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Figure 3. Group heart rate variability values expressed as percentages over the 5 weeks during

the preseason in professional soccer players (n = 10). INRMSSDCYV - coefficient of variation

of weekly log-transformed root-mean-square difference of successive R-R intervals.

Table 3 demonstrates changes between weeks in RHRmean, Sleepmean and CMJ. A
significant time effect was determined for CMJ (F(4,36) = 10.42, p < 0.001), where



performances were lower in week 2 than in week 1 (ES = 0.63 [moderate], week 4 (ES = 0.8
[moderate], and week 5 (ES = 0.82 [moderate]. There were no significant changes in RHRmean

(F(4,36) = 1.51, p =0.25) and Sleepmean (F(4,36) = 0.95, p = 0.45).

Table 3. Variables of resting heart rate, sleep duration, and CMJ performance over the 5 weeks

during the preseason in professional soccer players (n = 10)

RHRmean Sleepmean CMJ

Week (beats - min™1) (min) (cm)
I 547 (3.8) 4412 (325) 422 (4%
2 531 (3.1) 433.6 (49.9) 39.7 (4.1)4x+
3 538 (3.6) 4491 (347) 413  (2.8)
4 526 (26) 4482 (39) 427 (34
5 535 (27) 4606 (39.1) 43.1 (4.3)12%

All data is presented as mean (SD), RHRmean — weekly mean of resting heart rate, Sleepmean —
weekly mean of total time spent sleeping, CMJ — countermovement jump, T — positive direction
of difference, | — negative direction of difference, statistically different: 2 — from week 2, 4 —

from week 4, * p <0.05, ** p <0.01

With the repeated-measures correlation analysis approach (Table 4 and Figure 4), the
results showed that ITImean had a positive correlation with InRMSSDCV (p = 0.03, rrm
[moderate]) and a negative correlation with CMJ (p = 0.005, rrm [moderate]) and Sleepmean
(p = 0.045, rrm [moderate]). There was also a negative correlation between InRMSSDmean

and InRMSSDCV (rrm = —0.54 [moderate], p < 0.001, 95%CI [-0.73 to —0.28]) (Figure 4).

Table 4. Repeated measures correlation between internal training intensity and cardiac

autonomic markers, sleep duration, and neuromuscular performance (n = 10)

) ITImean
Variable o df 95%CI
CMIJ (cm) —0.43** 39 —0.65to—0.14
RHRpmean (beat - min')  0.14 39 —0.18t0 0.42
INRMSSDmean (ms) —-0.27 39 —0.54t0 0.04
InRMSSDcv (%) 0.35* 39 —0.05to0—0.6
Sleepmean (mMin) -0.32* 39 -0.57to—-0.01

ITImean — weekly mean internal intensity, CMJ — countermovement jump, RHRmean — weekly

mean resting heart rate, INRMSSDmean — weekly mean log-transformed root-mean-square



difference of successive R-R intervals, INRMSSDcv — weekly coefficient of variation of log-
transformed root-mean-square, Sleepmean — Weekly mean of total time spent sleeping, rmr —
repeated-measures correlation coefficient, 95%CI — 95% confidence intervals for rmr, * p <

0.05, ** p < 0.01
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Figure 4. Repeated-measures correlation plots between InRMSSDmean and InRMSSDCV.
Each shade of grey represents a unique participant, with points indicating their performance on
both measures at specific time points, and the corresponding lines illustrate the rrm fit for each

participant

4.2.4. Discussion

This study explored the relationship between ITI and physiological and performance
markers during a five-week preseason in professional soccer players. The results showed
significant changes during the pre-competition phase, with ITImean decreasing, while CMJ
increased over the observed period. No significant changes were observed in RHRmean,
InRMSSDmean, or sleep duration, though INnRMSSDCV showed a notable 39.9% reduction

from week 1 to 5. Repeated correlation analysis revealed that ITImean was positively



correlated with InRMSSDCYV, and negatively correlated with Sleepmean and CMJ, while
InRMSSDmean correlated negatively with InNRMSSDCYV. The results of the present study offer
essential insights into how meticulously implemented training programs in the preseason phase
can affect physiological and autonomic adaptations and neuromuscular performances in
professional soccer players.

The ITImean showed a significant decrease, with values ranging from 288 to 494 a.u.,
which is comparable to those observed in professional senior soccer players during preseason
(Pereira et al., 2022). However, they were higher than those reported for youth soccer players
(Lechner et al., 2023), with both preseason periods lasting 4 to 6 weeks. A reduction in ITI was
linked to improvements in physical match performance, making it a reliable indicator of
players’ condition and readiness. Research shows that a decrease in ITI during the tapering in
the preseason phase can improve players’ readiness for matches (Guridi Lopategui et al., 2021).
Achieving balance in ITI is crucial for athletes to avoid overtraining and to maximise
performance (Kellmann et al., 2018). CMJ showed a progressive increase during the weeks
despite a single decrease of 6% from week 1 to week 2. This initial drop likely reflects
accumulated neuromuscular fatigue from the increased training intensity at the start of the
preseason (highest ITI in week 1). Similar patterns have been observed in soccer, where early-
phase training stress temporarily suppresses power output before adaptation occurs (Los Arcos
etal., 2015). By Weeks 3-5, as players adapted and fatigue levels decreased, CMJ performance
improved, indicating positive neuromuscular adaptation to the training stimulus. The findings
of this study sup- port the importance of considering early-phase fatigue effects when
interpreting short-term CMJ fluctuations. However, studies of CMJ during preseason show
mixed findings, with some studies showing that CMJ changes are trivial (Los Arcos et al.,
2020; J. J. Malone et al., 2015), while these changes are significant in others (Fessi, Zarrouk,
Filetti, et al., 2016; Kobal et al., 2022). These differences may be influenced by training
volume, load distribution, and individual adaptation rates. While CMJ is an indicator of
neuromuscular function, it does not fully capture the complexity of performance adaptations
during preseason. Soccer performance relies not only on lower-body power but also on
endurance, agility, tactical skills, and psychological readiness (Kovacevic et al., 2018; Rada et
al., 2019). Consequently, CMJ should be interpreted alongside other performance metrics, such
as sprint tests and technical-tactical assessments, to obtain a comprehensive view of player
readiness. InNRMSSDCV decreased by 39.88% (95% CI: —57.14% to —22.63%, p = 0.1),
indicating a substantial physiological adaptation despite statistical non-significance. This

finding may suggest that there was a meaningful physiological adaptation in soccer players and



is in alignment with previous research where a reduction in InRMSSDCV was reported
(Figueiredo et al., 2019; Nakamura et al., 2016). Moreover, reduced InRMSSDCV has been
correlated with fewer daily fluctuations, indicating autonomic stability during well managed
training intensities (Figueiredo et al., 2019). Therefore, reduced InNRMSSDCYV may indicate the
stability of the functioning of the autonomic nervous system (ANS), implying that athletes have
adjusted to the imposed training in- tensities. On the other hand, InRMSSDmean stabilisation
over the weeks suggests that the average vagal tone remained consistent despite changes in
day-to-day variability. The lack of significant changes in RHRmean may reflect a good balance
of autonomic nervous system (ANS) and cardiovascular fitness (Schneider et al., 2018).
Therefore, the non-significant time effect in both indicators of autonomic regulation is not
surprising, indicating that players had a well- balanced training intensity and maintained
parasympathetic balance during the observed period.

The sleep duration remained unchanged over the weeks, with an average of 7.5 hours,
which aligns with recommendations for professional athletes (Walsh et al., 2021). The
consistent Sleepmean values suggest that the players maintained relatively stable sleep
durations across the weeks (p = 0.45). Sleep patterns in athletes often remain stable during
different training phases, suggesting that external stressors or training load variations may not
always disrupt sleep duration (Halson et al., 2022; Sargent et al., 2021). The stability observed
may reflect effective recovery practices or the athletes’ adherence to good sleep hygiene
strategies (Vachon et al., 2023).

The repeated-measures correlation analysis showed a moderate, positive correlation
between ITImean and InRMSSDCV (r = 0.35, p = 0.03), suggesting that increased training
intensity is associated with greater daily fluctuations in HRV. The moderate strength of the
correlation suggests that any fluctuations remained within a manageable range, indicating that
training adaptations were largely appropriate. Previous studies in soccer (Flatt & Esco, 2016),
rugby (Flatt & Howells, 2019) and futsal (Nakamura et al., 2023) have shown similar findings,
where a reduction in InRMSSDCYV is considered an indicator of physiological adaptability to
training stress. Inter-day variability in parasympathetic activity, as reflected by InRMSSDCYV,
may indicate a dynamic autonomic response to fluctuating training intensity, which is essential
for maintaining performance and preventing overtraining (Nakamura et al., 2023)[62].
According to Nakamura and Flatt (Nakamura & Flatt, 2020), consistently high variability in
InRMSSD values within a week is generally considered undesirable. While InRMSSD is a key
indicator of parasympathetic activity, excessive fluctuations suggest irregular adaptations to

training loads, potentially indicating inadequate recovery or excessive fatigue accumulation



(Nakamura & Flatt, 2020). Well-trained athletes typically exhibit lower INRMSSDCY, as their
autonomic nervous systems demonstrate greater stability in response to training stimuli,
facilitating more consistent recovery and performance readiness (Flatt & Esco, 2016).
Previous research on the relationship between weekly InRMSSD and ITI shows mixed
results. A study in elite water polo players found low that correlations between internal training
intensity and InRMSSDmean were observed during preseason, and no correlation was found
during in-season periods (Botonis et al., 2021). Its authors attribute this to the influence of non-
training stressors during competition phases. Similarly, Nakamura et al. (Nakamura et al.,
2016) reported that InNRMSSDmean remained unchanged across a 5-week preseason in futsal
players, and no significant correlations were observed between weekly sSRPE and InRMSSD.
On the other hand, some studies reported significant negative correlations between
InRMSSDmean and internal training intensity (Barrero et al., 2019; J. Coyne et al., 2021; Flatt
et al., 2017). However, the coefficient of variation of In- RMSSD has been suggested as a
potentially more sensitive indicator to detect acute changes in training intensity (Holmes et al.,
2018; Nakamura et al., 2023). InRMSSDmean is more stable among elite or professional
players than recreational athletes, potentially due to their higher baseline fitness levels and
greater capacity to tolerate training stress. Thus, at the team level, InRMSSDmean appears less
sensitive to acute changes in internal training intensity, reflecting its role as a marker of long-
term parasympathetic balance and chronic recovery (Buchheit, 2014). The observed
discrepancy between InRMSSDCV and InRMSSDmean aligns with findings observed in futsal
players, where InRMSSDCV was shown to be a more responsive marker of training adaptations
than the mean values [53,62]. This reinforces the idea that, while InNRMSSDmean reflects
baseline parasympathetic function, InRMSSDCV serves as a more dynamic indicator of
training-induced stress. Finally, the observed moderate negative correlation between
INRMSSDmean and InRMSSDCV aligns with previous findings, suggesting that greater
parasympathetic activity reflects a higher resilience or capacity to training stress (Nakamura et
al., 2016, 2023). During preparatory soccer training, an optimal weekly InRMSSD pattern is
characterised by a gradual rise in weekly average values and a decrease in daily variability
(InRMSSDCV)(Nakamura & Flatt, 2020). This relationship indicates that players with a well
maintained autonomic balance are stronger at recovering from day-to-day training demands,
minimising perturbations in HRV. Therefore, a negative correlation highlights the significance
of maintaining stable and elevated InRMSSDmean values, while a reduced In- RMSSDCV may
improve training adaptations by promoting increased resilience to cumulative training stress

(Boullosa et al., 2013). These findings highlight the importance of routinely monitoring these



measures to modify training intensities and facilitate optimal recovery and performance
improvement (Nakamura et al., 2016).

A moderate negative correlation was found between Sleepmean and ITImean. Increased
ITI was associated with shorter sleep duration, potentially due to factors such as heightened
autonomic arousal, increased physiological demands, and psychological stress resulting from
rigorous training sessions or competitions (Halson et al., 2022; Vachon et al., 2023). For
professional athletes, sleep is a crucial component of recovery and adaptation to training. It
helps regulate hormones, restore energy levels, and support cognitive recovery, which are all
vital for maintaining peak performance (Bender et al., 2018). Decreased sleep duration, as
observed in athletes with increased ITI, may impair recovery mechanisms, resulting in reduced
performance and higher fatigue. Studies have highlighted that enhancing sleep hygiene and
obtaining adequate sleep is crucial for accommodating the requirements of intensive training
programs (Halson et al., 2022; Sargent et al., 2021). Furthermore, variability in sleep patterns
may intensify the adverse effects of increased ITI. Athletes with irregular sleep patterns or
variable sleep lengths are more prone to sleep disruptions, which may intensify the stress of
rigorous training and delay recovery (Driller et al., 2018). From a practical perspective, coaches
and sports scientists should closely monitor sleep as a key recovery metric. If players exhibit
consistently reduced sleep duration during periods of high ITI, adjustments to training intensity
or recovery strategies may be necessary. Furthermore, educating athletes on sleep hygiene and
optimising sleep schedules can enhance recovery and maintain performance across the season

A moderate negative connection between ITImean and neuromuscular performance
(CMJ) is consistent with prior research in soccer. Increased training exposure may cause
fatigue, impairing neuromuscular function. Los Arcos et al. [46] found that increased training
intensities were inversely correlated with physical performance, including CMJ, during
prolonged training periods. The observed effects are likely attributable to functional or non-
functional overreaching, where excessive workloads surpass recovery capability, resulting in
brief reductions in muscular power (Thorpe et al., 2015). Therefore, training intensities were
carefully planned and modified over the five-week preseason phase in this study. Consistent
enhancements in physical performance, including CMJ performance, are essential for athletes
over the latter phases of the season.

This study has a few limitations that should be acknowledged. The sample size of 10
players limits the generalisability of the findings and provides only a snapshot of short-term
adaptations. A larger sample would allow for greater variability in individual responses and

improve the robustness of the conclusions. Although the HRV stability over the five-week



preseason suggests that autonomic balance was maintained, metrics like InRMSSDmean and
InRMSSDCYV alone may not confirm full recovery. Laboratory-based measures of fitness or
physiological responses, such as biochemical markers (e.g., cortisol, lactate) or muscle damage
indicators, could have provided a more comprehensive understanding of training adaptations
and recovery status. Moreover, the absence of specific performance tests also limits the ability
to fully understand how InRMSSD and other physiological markers relate to performance
adaptations. Future research should explore these relationships over longer training periods and
include a broader range of laboratory-based performance and physiological markers. This
should include a combination of objective and subjective indicators, such as subjective fatigue
scores, cortisol and lactate concentration, and muscle soreness tracking alongside HRV. A
comprehensive, multidimensional approach would provide deeper insights into training
adaptations, recovery status, and overall athlete readiness, ultimately optimising the intensity
management strategy. Lastly, several potential confounding variables were not controlled for,
including diet, training history, and psychological stress, all of which could influence HRV,
CMJ, and sleep duration. Variability in nutritional intake, prior training intensity, or individual
stress levels may have impacted physiological markers, making it difficult to isolate the effects

of training intensity alone.

4.2.5. Practical applications

The results of this study provide significant insights for coaches and performance
personnel. The decrease in I'TI over the preseason demonstrates the advantages of progressively
decreasing intensity, which enhanced neuromuscular performance, as indicated by the CMJ.
This may reflect that players successfully recovered and transitioned training adaptations into
enhanced physical performance. The reduction in InRMSSDCYV, an indicator of autonomic
stability, implies that the participants adapted well to the training requirements, showing
reduced day-to-day variability in autonomic function. This is a crucial indicator for coaches to
assess, demonstrating players’ ability to manage training intensities and recuperate effectively.
To be specific, while InRMSSDmean remained constant, the decrease in variability suggests a
shift towards a more stable and resilient autonomic system. The regular sleep duration of
approximately 7.5 hours was an additional favourable observation. Despite the increased
demands of playing two matches per week in the later weeks, the players maintained consistent

sleep patterns, which likely supported their recovery and performance.



4.2.6. Conclusions

This study highlights that a carefully designed preseason program can lead to
substantial improvements in performance and physiological stability in professional soccer
players. In contrast to the original study, which centred on monitoring isolated variations in ITI
and well-being measures throughout a five-week preseason, the present research adopts a more
comprehensive approach by examining the interplay between ITI, HRV, sleep, and CMJ. This
integrated perspective analyses each variable’s temporal evolution and interactions, providing
thorough knowledge of the relationship between training intensities, recovery, and
performance. The incorporation of HRV markers (InRMSSDmean and InRMSSDCV)
facilitates a detailed assessment of autonomic nervous system function, with InNRMSSDCV
acting as a dynamic measure of autonomic stability and responsiveness to training intensities.
The use of sleep duration as a recovery parameter underscores its potential impact on
physiological recovery and neuromuscular function, introducing a vital aspect that was lacking
in the original study. Through the analysis of all observed metrics, coaches can acquire insights

into their players’ reactions to training and recovery.



4.3. Izvorni znanstveni rad 3: Perceived recovery and muscle fatigue in

professional soccer players during preseason.
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Abstract

This study aimed to examine weekly variations and within-subject relationships
between internal training intensity (ITI), perceived recovery (TQR), neuromuscular
performance (CMJ), and perceived muscle soreness (PMS) during a four-week preseason
period in professional soccer players. Twenty-three soccer players (age 24.8 + 4.4 years; height
182 + 7 cm; body mass 74.6 + 6.7 kg) classified as Tier 3 athletes from the Croatian Second
Soccer League were monitored using session rating of perceived exertion, TQR scales,
countermovement jump tests, and PMS questionnaires. A significant reduction in ITI and
concurrent improvement in TQR scores were observed across the preseason, with the highest
intensity in week 1 and the lowest recovery in week 2. CMJ height performance declined during
peak fatigue but rebounded as training intensity tapered. Repeated-measures correlations
revealed negative associations between weekly ITI and TQR of the following week (rrm =
—0.72), and between I'TI and CMJ (rrm = —0.55), indicating that greater training intensities may
impair both perceptual and neuromuscular recovery. The training stimulus—recovery difference
index was positively associated with next-day TQR, suggesting it may serve as a sensitive
marker of session-level readiness. These findings highlight the interplay between intensity,

recovery, and fatigue, emphasizing the utility of low-cost subjective and objective tools for



monitoring preseason responses and guiding individualized training strategies in elite soccer
settings.

Keywords: Training intensity, subjective measures, professional athletes

4.3.1. Introduction

The preseason period in soccer presents a unique challenge, as it involves a sudden
increase in training volume and intensity following an extended summer or winter break.
Without an appropriately planned and individualized approach to the preseason phase, players
may face a significantly elevated risk of injury (Colby et al., 2017). Another major challenge
in soccer lies in managing the diverse fitness needs within a relatively large squad, where
individual players may vary significantly in their physical conditioning and readiness (Rhini et
al., 2025). Previous studies have shown that the preseason period is characterized by
considerable fluctuations in training intensities and recovery levels among players, thereby
increasing the risk of neuromuscular fatigue and potentially compromising overall player
health (S. Malone et al., 2017). These fluctuations in training intensities place significant
responsibility on the coaching staff when designing and implementing the preseason period
training program. It is essential to adopt an individualized training approach that addresses each
player's specific needs while maintaining overall team cohesion and ensuring that all athletes
progress adequately before the competitive season begins.

The primary objective of every sports team and athlete is to achieve peak performance
while simultaneously minimizing the risk of injury (Drew et al., 2017). Although professional
sports are commonly associated with health, fitness, and overall well-being, the reality is often
markedly different (Nuetzel, 2025). Participation at the elite level exposes athletes of all age
groups to intense physical demands, which significantly increases the risk of both short-term
and long-term injuries, as well as prolonged absences from training and competition (Chen et
al., 2019). Indeed, abrupt increases in training intensity and frequency without adequate
recovery can precipitate significant deficits in neuromuscular and perceptual readiness
(Soligard et al., 2016). A congested competition schedule, characterized by a high frequency
of events, elevated training intensities, and limited recovery periods, represents a set of
interrelated factors that may adversely affect athletes’ long-term well-being (Schwellnus et al.,

2016; Soligard et al., 2016).



A well-structured training program that maintains an appropriate balance between
workload and recovery, combined with the coaching staff’s ability to adapt to external,
uncontrollable factors, plays a critical role in injury prevention (Impellizzeri et al., 2020). The
preseason period represents one of the most critical phases of any training plan. However, the
elevated training intensities and substantial physical demands characteristic of this phase
necessitate careful and consistent monitoring. This includes internal training intensity (ITI),
which represents the physiological and psychological strain imposed on an athlete by an
external training stimulus (Bourdon et al., 2017), along with subjective indicators of fatigue,
and objective assessments of neuromuscular performance (Halson, 2014; Males et al., 2022).

Recent studies have highlighted the importance of monitoring ITI, demonstrating that
the use of accessible, validated, and cost-effective tools, such as session rating of perceived
exertion (SRPE) using the Borg CR10 Scale, provides coaching staff with a simple, efficient,
and economical means of tracking athletes’ physical status and readiness (Rago et al., 2020).
The Total Quality Recovery (TQR) scale, a complementary tool to sRPE, assesses athletes'
perceived recovery status on a 6-20 or simplified 10-point scale, focusing on psychophysical
cues like mood and muscle soreness to help balance training loads and prevent fatigue (Ouergui
et al., 2020). The TQR scale is particularly valuable in team sports, as it enables the early
detection of inadequate recovery, thereby allowing coaches to adjust training sessions and
reduce the risk of overreaching during high-demand periods such as the preseason (Selmi,
Ouergui, Muscella, et al., 2022).

Sansone et al,(2018) demonstrated the benefits of combining sRPE and TQR in daily
and weekly monitoring routines. In their study of semi-professional female basketball players,
training intensity showed significant negative correlations with perceived recovery, particularly
within the 12 hours following sessions. The training stimulus-recovery difference (TS-A),
calculated as the difference between pre-session TQR and sRPE, exhibited a very large positive
correlation with next-day recovery status, highlighting its potential as a sensitive marker of
athlete readiness. The authors suggest that at the daily level, practitioners could concurrently
monitor ITI, TQR, and the TS-A to better understand the balance between training load and
recovery. While the index showed promising associations with next-day recovery in a study on
female basketball players, its application remains limited and has not been adopted in other
sports like soccer.

Similarly, perceived muscle soreness (PMS), often monitored via simple self-report
scales (e.g., 0-10 ratings of muscle pain), serves as a practical indicator of neuromuscular

fatigue and recovery in team sports like soccer, particularly during preseason when training



volumes surge and injury risks peak (Thorpe et al., 2015). Elevated soreness levels have been
linked to reduced performance, increased injury susceptibility, and delayed recovery in
professional players, making it a valuable, low-cost tool for guiding training adjustments and
signaling muscle stress from excessive loads (Selmi et al., 2021). Although technologically
advanced tools for monitoring ITI exist, they are often cost-prohibitive and inaccessible. In
contrast, low-cost, validated questionnaires provide coaching staff with practical feedback on
athletes' fatigue and readiness, enabling longitudinal comparisons, adaptation tracking, and
monitoring of physiological progression under training stress (McGuigan et al., 2020; Yang et
al., 2024).

An additional tool that can complement monitoring methods is the countermovement
jump (CMJ) test, which provides a quick and reliable assessment of neuromuscular fatigue and
accumulated training intensity in athletes. Incorporating CMJ allows for the early identification
of neuromuscular fatigue (Garrett et al., 2019) or signs of overreaching, thereby providing
valuable insights to guide timely training adjustments and reduce the risk of progression toward
overtraining syndrome (Bishop et al., 2023; Eggenberger et al., 2024). Therefore, a thorough
understanding and consistent monitoring of ITI, TQR, PMS, and neuromuscular status are
critical for optimizing the training process, minimizing injury risk, and ensuring that players
reach peak conditions for the demands of the upcoming season.

Thus, the primary aim of this study was to examine weekly variations and within-
subject relationships between ITI, TQR, neuromuscular performance (CMJ), and PMS during
a four- week preseason period in professional soccer players. Specifically, this study aimed to
(1) monitor fluctuations in training intensity and recovery status, (2) explore the interaction
between subjective and objective indicators of fatigue, and (3) assess the utility of the TS-A

index as a practical tool for tracking the balance between training stimulus and recovery.

4.3.2. Materials and Methods

Participants

Participants of this study were twenty-three male professional soccer players classified
as Tier 3 (Highly Trained/National Level) per McKay et al., (McKay et al., 2022) from the
same team that competes in the Croatian Second Soccer League. Player characteristics are
presented in Table 1. Considering their specific playing position, different physical demands,

and differences in training programs, goalkeepers were not included in the study. Inclusion



criteria to participate in the study were: (i) participation in at least 85% of training sessions,
and (ii) being healthy (no pain or injury) at the beginning of the preseason phase. Six players
did not satisfy these requirements, either due to missing more than 15% of sessions or
sustaining an injury and were therefore excluded from further analysis. Participants provided
their signed consent after being fully informed of the experimental procedures. All procedures
were approved by the Ethics Committee of the University of Split, Faculty of Kinesiology, and
were conducted in accordance with the ethical standards outlined in the Declaration of Helsinki
and its subsequent amendments for research involving human participants (2181-205-02-05-
25-030). This research was carried out fully in accordance with the ethical standards of the
International Journal of Exercise Science (Navalta & Stone, 2019).

A priori power analysis was first conducted using G*Power 3.1 to determine whether
the sample size was sufficient for detecting within-subject changes over time using repeated
measures ANOVA. Assuming a medium effect size (f = 0.3), a = 0.05, power = 0.80, four
repeated measurements, the required sample size was estimated at 17 participants. A power
analysis for repeated measures correlation (rrm) using the rmcorr package in R26 was used to
evaluate further within-subject associations between ITI, TQR measures, CMJ and PMS across
the 4-week preseason. Based on previous research reporting medium associations between
training intensity, neuromuscular performance, and recovery-related measures in team sport
athletes,(Males et al., 2022; S. Malone et al., 2018; Nobari et al., 2021; Sansone et al., 2018) a
correlation of rrm = 0.30 was anticipated. Simulation results using 23 participants with four
repeated weekly observations each indicated that this design achieves approximately 80%
power to detect medium within-subject correlations at o = 0.05. These results align with
simulation-based recommendations by Bakdash and Marusich (Bakdash & Marusich, 2017)
who demonstrate that samples of 20-25 participants with 3—5 repeated measures provide

sufficient power to detect medium effect sizes.

Table 1. Player characteristics (n = 23)

Mean £ SD
Age (years) 248+4.4
Body height (cm) 182+ 7
Body mass (kg) 74.6 £ 6.7
Muscle mass (kg) 64.9+423
Body fat (%) 83+£3.7
BMI (kg/m?) 22.6 £1.7

Legend: BMI — body mass index



Protocol

This study employed a cohort design conducted over a 4-week preseason period, from
mid-July to mid-August, during which responses for ITI, TQR, CMJ, and PMS were collected.
A typical weekly training schedule is presented in Table 6.2. During the four-week preseason,
players completed on average six to seven training sessions per week (~520-560 total minutes),
with the majority consisting of technical-tactical (TE-TA) work such as possession drills,
positional play, small-sided games, and speed, agility, and quickness (SAQ) drills.
Conditioning elements were regularly integrated and included interval-based running (15-15,
30-30; ~60—-80 min-week ™), aerobic running of 4-5 km, and repeated uphill sprints (68
repetitions over 200-250 m). Strength and conditioning training (S&C) was performed once to
twice weekly indoors (~60—75 min per session), focusing on maximal strength, power, and
injury-prevention exercises. Competitive matches or match simulations occurred once to twice
per week, contributing substantially to the overall external load. Recovery and regeneration
activities (~60—-70 min-week ') were scheduled following intensive blocks or competitive
fixtures and typically included light technical drills or compensatory gym work. All field-based
sessions were conducted outdoors on natural grass pitches during the summer months (average
daily temperature 28-34 °C, and average humidity 60-70%, often in the late afternoon or
evening to reduce heat exposure), while S&C sessions were held indoors in a gym.

The training program was planned and programmed by the team’s coaching staff, and
the researchers did not interfere with the planned training process. The research team divided
the experimental period into two phases: 1) Familiarization phase: lasted two weeks and
involved introducing the soccer players to all measurement instruments and procedures; 2)
Data collection phase: lasted for four weeks and encompassed all training sessions during the
period, as well as all friendly matches conducted before the start of the competitive season.
Each training session was conducted in strictly controlled environments under the strict
supervision of coaching staff. Friendly matches were played with standard soccer rules and
duration, with official judges and personnel. Participants had two weeks of familiarization with
training routines, warm—up protocols, and performance assessment tools used by the research

team.



Table 6.2. Typical weekly training schedule

Morning Afternoon

Monday TE/TA or regeneration training TE/TA or match

Tuesday TE/TA or endurance running TE/TA /interval runs

Wednesday Gym (Injury prevention/Strength/power) SAQ and SSG

Thursday Rest Circuit drills/Polygon training with
possession drills

Friday TE/TA /circuit drills "Fun" training (fun group games)

Saturday TE/TA training Match simulation or rest

Sunday Match simulation or rest Match

Internal Training Intensity (ITI). ITI was calculated using the sSRPE method, as proposed by
Foster et al. (Foster et al., 2001). After each training session or match, players were asked to
rate the overall perceived exertion using the Borg CR10 Scale, where 1 represented "very, very
light" and 10 indicated "extremely difficult." Ratings were collected approximately 15 to 30
minutes after each session to ensure accurate reflection of perceived effort. The sRPE score
was then multiplied by training duration (min) to calculate ITI. On days when multiple training
sessions occurred, individual ITI values were summed to calculate the total daily internal
training intensity. These daily values (ITIds) were used to compute weekly internal training
intensity (ITIws) by averaging the total daily ITI values over each week. Both daily and weekly

ITI scores were retained for further analysis.

Total Quality Recovery (TQR). Perceived recovery was assessed using a simplified 10-point
scale (TQR10) (Mandorino et al., 2022; Miranda-Mendoza et al., 2023). Each morning,
approximately 30 minutes before the first training session or match, players were asked to
reflect on their overall recovery from the previous day's training (TQRpost), where 1 indicated
feeling "very, very bad" and 10 represented feeling "exceptionally good." Daily perceived
recovery scores were averaged across each week to calculate the weekly TQR value.
Additionally, the TQR score collected at the beginning of each week, before the first training
session and reflecting recovery from the previous week, was labeled TQRfw (TQR of the
following week). Both scores were retained for further analysis. To further capture the
interaction between training demands and recovery, the training stimulus—recovery difference
(TS-A) index was calculated.16 This metric represents the balance between pre-training
recovery status and post-training perceived effort. TS-A was determined by subtracting the
sRPE score from the TQR (i.e., TS-A = TQR — sRPE). The calculated value provides insight

into whether an athlete has adequately recovered for the upcoming training intensity.



Countermovement jump (CMJ). Neuromuscular performance was evaluated using the CMJ
test, conducted with OptoJump photoelectric platforms (Microgate srl, Bolzano, Italy). The test
took place at the beginning of each week, approximately 30 minutes before the team’s first
training session. Before testing, players completed a standardized warm-up, which included a
3-minute run at 60% of their maximal aerobic speed (MAS), followed by three submaximal
CMJs. A 3-minute recovery period was then provided to ensure players were fully ready before
beginning the test. During the CMJ test, players started in an upright standing position and
executed a rapid downward (eccentric) movement into a squat, immediately followed by a
maximal vertical jump. Players completed three trials, each separated by 15 seconds of rest,
while maintaining consistent positioning between the platforms. The best jump height,
recorded in centimeters, was retained for analysis as it is considered the most accurate

representation of maximal neuromuscular capacity (Ruf et al., 2024; Thorpe et al., 2015).

Perceived Muscle Soreness (PMS). Perceived muscle soreness was assessed using a self-report
questionnaire with a 10-point numerical rating scale. Athletes were asked to rate their level of
muscle soreness on the morning at the beginning of each week by responding to the statement,
“My muscle pain is...”, using a 10-point scale, where 1 indicated very intense pain and 10
represented no pain at all. The weekly assessment reflected accumulated training soreness,
offering a practical indicator of neuromuscular fatigue and recovery while minimizing player

burden and remaining sensitive to training-induced changes (Twist & Highton, 2013).

Statistical Analysis

Descriptive results are presented as means, standard deviations (SD), 95% confidence
intervals (95% CI), and coefficients of variation (CV%). Data normality was evaluated using
the Shapiro— Wilk test, and Mauchly’s test was employed to assess sphericity. In cases where
the assumption of sphericity was violated, Greenhouse—Geisser corrections were applied. A
one-way repeated measures ANOVA was used to examine differences across the four weeks of
the pre- competition phase. Additionally, partial eta squared (,*) was calculated as a measure
of effect size for the ANOVA, following these interpretation guidelines: small (>0.01), medium
(>0.06), and large (>0.14). Tukey’s post hoc test was conducted to explore pairwise differences
when significant main effects were observed. Effect sizes were reported as Cohen’s d and
interpreted according to these thresholds: trivial (<0.2), small (>0.2-0.6), moderate (>0.6—1.2),
large (>1.2— 2.0), very large (>2.0-4.0), and extremely large (>4.0) (Hopkins et al., 2009).

Correlations between variables were analyzed using repeated measures correlations (rmcorr R



package), which account for intra- individual variability over time. The repeated-measures
correlation coefficient (rrm) was interpreted as follows: trivial (<0.1), small (0.1-0.3),
moderate (>0.3-0.5), large (>0.5-0.7), very large (>0.7-0.9), and almost perfect (>0.9-1.0),34
Confidence intervals (95% CI) were estimated through parametric bootstrapping with 1,000
resamples. A significance level of p < 0.05 was applied to all statistical tests. All analyses were
performed using SPSS (Version 29.0; IBM Corp., Armonk, NY, USA) and R (version 4.1.3, R
Core Team). All figures were created using GraphPad Prism (Version 9; GraphPad Software,
San Diego, CA, USA).

Results

Figure 1 illustrates daily variations in sSRPE values and CV% across all measured days.
A significant time effect was found for sRPE between weeks (F(3,66) = 57.38, p < 0.001, np?
= 0.73 [large]), with perceived effort in week 1 being higher than in week 2 (ES = 2.66 [very
large]), week 3 (ES = 2.76 [very large]), and week 4 (ES = 3.18 [very large]). Week 2 (ES =
0.74 [moderate]) and week 3 (ES = 0.74 [moderate]) were significantly higher than week 4.
The CV% ranged from 5.2% to 25.8%, with the highest variability observed on days 3 and 6,
both occurring near match days. Lower CV values were noted on non-match days, such as day
1 and MD between days 6— 8, indicating greater consistency in sSRPE responses during training

or recovery phases.
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Figure 1. Daily variations in sSRPE within included match days (MD) are highlighted
in red. The bars represent SRPE values with standard deviation (SD). Coefficient of variation

(CV%) is shown as a black line following the y- axis.

Figure 2 displays the weekly variations in mean ITI and TQR. The repeated measures
ANOVA revealed a statistically significant time effect for the ITI (F(3,66) = 138.29 p <0.001,
np? = 0.86 [large]), with week 1 being higher than week 2 (ES = 1.75 [large]), week 3 (ES =
3.67 [very large]), and week 4 (ES = 3.66 [very large]). Week 2 was higher than week 3 (ES =
2.19 [very large]) and week 4 (ES = 2.18 [very large]). Likewise, a statistically significant time
effect was determined in TQR (F(3,66) = 93.54, p < 0.001, np? = 0.81 [large]), with perceived
recovery being higher in week 1 than week 3 (ES = 0.7 [moderate]). Week 2 was lower than
week 1 (ES = 3.22 [very large]), week 3 (ES = 2.65 [very large]), and week 4 (ES = 3.8 [very

large]).
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Figure 2. Weekly variations in ITI and TQR over a four-week period. Every dot
represents an individual data point, and the black horizontal line indicates the mean value for

every week. *p <0.05, ***p < 0.001.



Weekly variations in CMJ and PMS are illustrated in Figure 3. CMJ performance
significantly changed over time (F(3,66) = 26.35, p < 0.001, np* = 0.55 [large]), with
performances in week 2 being lower than week 1 (ES = 1.38 [large]), week 3 (ES = 1.25 [large])
and week 4 (ES = 0.84 [moderate]). Furthermore, PMS values showed statistically significant
time effect (F(3,66) = 8.06, p <0.001, np? = 0.27 [large]), where higher values were observed
in week 3, when compared to week 1 (ES =0.93 [moderate]) and week 2 (ES = 0.8 [moderate]).
Similarly to week 3, week 4 also indicates higher values than in week 1 (ES = 0.93 [moderate])

and week 2 (ES = 0.8 [moderate]).

CMJ
50~ I
454 * i °
o) o200 °0,°
e 40 0 o) o o
Q
, %&& % oge
[s) OO §— [o]
30- ° 0
25- o
PMS

cm

Figure 3. Weekly variations in neuromuscular performance (CMJ) and PMS over a 4-

week period. *p < 0.05, **p <0.01, ***p <0.001.

The TS-A index and TQRfw values are presented in Figure 4. The TS-A index remained
negative throughout all match days, with values ranging from -0.19 to -2. The highest perceived
recovery was recorded at the beginning of the last week, while the lowest was noted in week

2.
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Figure 4. Daily variations in the TS-A index and TQRfw.

A repeated-measures correlation analysis revealed several significant correlations
between training intensity and perceived recovery (Table 3). First, ITIds showed a small
negative correlation with TQRpost, indicating that as ITIds increased, TQRpost tended to
decrease. Second, TS-A exhibited a small positive correlation with TQRpost, suggesting that
higher TS-A values were associated with greater TQRpost scores. Lastly, ITIws demonstrated
a very large negative correlation with TQRfw, indicating a robust inverse relationship between

these two measures.

Table 3. Repeated-measures correlation between training intensity and perceived

recovery (n = 23)

pair rrm p 95% CI
ITIds vs. -0.23 <0.001 -0.32t0 -0.143
TQRpost

TS-A vs. 0.28 <0.001 0.192 to 0.369
TQRpost

ITIws vs. -0.72 <0.001 -0.835 to -0.547
TQRfw

Legend: rrm — repeated-measures correlation coefficient; p — significance level; 95%CI — 95%

confidence intervals for rrm



Multiple significant correlations between the training intensity, neuromuscular
performance, and perceived muscle soreness are presented in Table 4. Specifically, ITIws
showed a moderate negative correlation with PMS, indicating that higher ITI values were
associated with lower PMS severity. Similarly, ITIws exhibited a large negative relationship
with CMJ, suggesting that increases in training intensity corresponded to lower CMJ
performance. In contrast, CMJ demonstrated a moderate positive correlation with PMS,
implying that greater perceived muscle soreness was associated with reduced CMJ

performance.

Table 4. Repeated-measures correlation between training intensity, neuromuscular

performance, and perceived muscle soreness (n = 23)

pair rrm p 95% CI
ITIws vs. PMS -0.33 0.02 -0.566 to -0.051
ITIws vs. CMJ -0.55 <0.001 -0.725t0 -0.317
CMJ vs. PMS 0.47 <0.001 0.213 to 0.668

Legend: rrm — repeated-measures correlation coefficient; p — significance level; 95%CI —95%

confidence intervals for rrm

4.3.3. Discussion

This study investigated how professional soccer players respond to the demands of a
four-week preseason period by exploring weekly changes and within-subject relationships
between ITI, TQR, neuromuscular performance (CMJ), and PMS. The main findings showed
that internal training intensity (ITI) declined while perceived recovery (TQR) showed an
increasing trend. ITI was negatively associated with TQR both on the next-day and in the
following week, and higher weekly I'TI was linked to lower CMJ and lower start-of-week PMS;
furthermore, TS-A showed a small positive association with next-day TQR.

The progressive reduction in ITI likely reflects a deliberate tapering strategy following
an initial overload phase. Similar taper patterns have been documented in Premier League
preseason studies, where early overload is followed by structured reductions to optimize
adaptation (Fessi, Zarrouk, Di Salvo, et al., 2016). Furthermore, previous research highlights
that early preseason is typically characterized by elevated training demands intended to
provoke physiological adaptation (Jeong et al., 2011). The progressive decline in ITI, and a

corresponding increase in TQR scores, indicates a tapering effect and enhanced recovery



capability over the preseason. The significant decrease in TQR during the second week points
to peak fatigue accumulation, aligning with prior studies on early-preseason overload (Sansone
et al., 2018).

CMLJ performance patterns were consistent with acute fatigue, particularly pronounced
in the second week. The suppressed CMJ performance at this stage is consistent with
heightened training and match intensity, a response commonly associated with neuromuscular
fatigue (Marco-Contreras et al., 2021). PMS scores may indicate reduced soreness later in the
preseason. Although the absolute improvement (1-1.5 points on a 10-point scale) is relatively
modest, it reflects a perceptible reduction in soreness, which can likely be attributed to adaptive
responses as training intensity tapered and match frequency declined. The first three weeks
included two matches, while the final week included only one. Research on elite youth athletes
indicates that high-intensity training and frequent matches may hinder recovery (Nobari et al.,
2020) while fixture congestion with inadequate rest worsens PMS (Hattersley et al., 2018)
Nonetheless, changes may not correspond to meaningful improvements in readiness or
performance across a heterogeneous squad.

Addressing the second aim, repeated-measures correlations quantified within-player
associations between internal training intensity and both subjective and objective markers of
fatigue and recovery. Notably, higher weekly ITI values were strongly associated with lower
perceived recovery in the following week (rrm = —0.72), potentially reinforcing the delayed
effects of cumulative intensity on athlete readiness. This finding may underscore the
cumulative nature of training stress and its delayed impact on perceived readiness, consistent
with previous observations in team sports that link increased weekly intensity to subsequent
reductions in recovery markers (Sansone et al., 2018). This delayed effect may be particularly
important in congested training phases, where residual fatigue accumulates and athletes are
unable to recover before the next training cycle begins fully.

The moderate negative relationship between daily ITI and TQRpost (rrm = —0.23)
further suggests that acute intensity is also reflected in perceptual recovery status, although to
a lesser extent than accumulated weekly ITI. This aligns with Kenttd and Hassmén’s model,
(Kenttd & Hassmén, 1998) which proposed that recovery should not be treated as a static
construct but should be evaluated within the broader context of training exposure and athlete-
specific stress tolerance.

The negative association between ITI and CMIJ performance (rrm = —0.55) suggests
that greater training stress is linked to reduced neuromuscular performance, as reported by

Gathercole et al. (Gathercole et al., 2015) These findings support the integration of simple



monitoring tools, such as CMJ testing and TQR questionnaires, as practical strategies to detect
fatigue and adjust training accordingly. Moreover, the negative relationship between ITI and
PMS (rrm = —0.33) suggests that reduced weekly intensity was associated with higher PMS
scores, a pattern likely reflecting taper-related recovery and, over time, adaptive reductions in
soreness through neuromuscular and cellular mechanisms (Hody et al., 2019); however, this
interpretation would require confirmation using physiological markers (e.g., creatine kinase
[CK], interleukin-6 [IL-6], cortisol). Lastly, the observed link between CMJ and PMS (rrm =
0.47) suggests that players reporting less soreness also demonstrated better neuromuscular
performance. This supports the utility of PMS assessments as a practical indicator of readiness,
as reductions in soreness appear to correspond with improved jump performance (Alba-
Jiménez et al., 2022).

Regarding the third aim, TS-A index (TQR — sRPE) was typically negative on match
days. Rather than indicating maladaptation, the negative match-day values likely reflect
intentional overload early in preseason, followed by taper-related improvements in recovery
and reduced intensity, consistent with structured periodization models (de Araujo et al., 2022).
Conceptually, TS-A may complement the acute:chronic workload ratio by capturing session-
level mismatches between readiness and demand (Gabbett, 2016) and it builds on the recovery—
training interaction framework of Kenttd and Hassmén (Kenttd & Hassmén, 1998).

When athletes report a positive TS-A (i.e., feeling more recovered than the exertion
required), they also tend to rate their overall recovery status more favorably. This is consistent
with Sansone et al, (Sansone et al., 2018) who reported that TS-A values closely tracked 12-
hour post-session TQR scores and were highly sensitive to day-to-day fluctuations in readiness.
Given the limited evidence to date and small positive association with TQR, TS-A should be
interpreted as an exploratory, complementary indicator rather than a stand-alone decision tool,
warranting further validation across sports and contexts.

The findings of this study offer several practical insights for coaches, performance staff,
and sports scientists working in elite soccer environments. First, the observed inverse
relationship between ITI and both TQR and CMJ performance suggests the potential
importance of managing cumulative training stress, particularly during the early preseason
period. Despite their simplicity, monitoring tools such as session-RPE, TQR, and CMJ
performance appear sensitive to weekly fluctuations in training intensity. They may serve as
effective, low-cost strategies for guiding real-time training adjustments. However, further
validation in diverse contexts is needed. The TS-A index showed preliminary promise as a

metric for day-to-day readiness and could potentially aid coaches in identifying sessions



exceeding an athlete’s recovery capacity. It may contribute to more individualized decision-
making when tracked alongside weekly ITI and TQR trends, especially in large squads where
players’ recovery profiles vary. Integrating both perceptual (TQR, PMS) and performance-
based (CMJ) measures into regular monitoring routines can help identify early signs of
neuromuscular fatigue and reduce the risk of overload during high-demand periods like the
preseason.

The present study has some limitations that must be acknowledged. The study was
limited to a single team from the Croatian Second Soccer League, which may affect
generalizability to other competitive levels or female athletes. The relatively small sample size
(n = 23) may limit the statistical power for detecting smaller effect sizes and interactions.
Additionally, although the study utilized validated measures, reliance on self-reported recovery
and soreness metrics may introduce response bias. The lack of biochemical or physiological
markers (e.g., creatine kinase, heart rate variability [HRV]) restricts the mechanistic
interpretation of fatigue and recovery patterns. Lastly, the number of matches per week was not
included as a covariate in the study design, which may have influenced internal load and
recovery markers.

Future studies should consider multi-team or multi-league designs to enhance
generalizability and explore inter-individual variability in greater depth. Integrating
physiological markers with perceptual and performance-based measures could provide a more
holistic understanding of training adaptation and fatigue mechanisms. Combining TS-A with
HRYV metrics (e.g., InRMSSD) could elucidate underlying autonomic mechanisms of fatigue.
Investigations extending into the competitive season could further elucidate how preseason
intensity management strategies influence injury risk, performance trajectories, and long-term
player health. Moreover, exploring machine learning approaches to model individualized
recovery profiles based on multidimensional input (e.g., TQR, CMJ, GPS metrics) could
advance personalized training prescriptions.

This study highlighted the dynamic interaction between internal training intensity,
perceived recovery, neuromuscular performance, and muscle soreness during the preseason
period in elite soccer players. The findings indicated that higher training intensities were
associated with reduced recovery and lower neuromuscular performance, supporting the
potential value of integrating low-cost monitoring tools into regular practice. The TS-A index
may serve as an exploratory indicator of session-level readiness, with further validation needed.

Together, these insights support the application of individualized, evidence-informed training



strategies to optimize performance and mitigate fatigue-related risks during high-demand

periods such as the preseason.



5. GENERALNI ZAKLJUCAK

Glavni cilj ovog doktorskog rada bio je istraziti odnose izmedu unutarnjeg trenaznog
optereéenja, pokazatelja oporavka, dobrobiti i neuromisi¢ne izvedbe tijekom pripremnog
perioda kod profesionalnih nogometasSa, primjenom integriranog sustava subjektivnih i
objektivnih pokazatelj. Njegovo ostvarenje analizirano je kroz tri zasebna istrazivanja, a osvrt
na parcijalne ciljeve i pripadajuée hipoteze prikazan je u nastavku.

Prvi parcijalni cilj bio je istraziti tjedne promjene unutarnjeg trenaznog opterecenja,
statusa dobrobiti i izvedbe vertikalnog skoka iz ¢ucnja tijekom petotjednog pripremnog perioda
kod profesionalnih nogometasa, te ispitati odnos doza—odgovor izmedu unutarnjeg trenaznog
optere¢enja 1 izvedbe vertikalnog skoka iz ¢u¢nja u odnosu na varijacije mjera statusa
dobrobiti. Rezultati prvog istrazivanja pokazali su statisticki znacajne tjedne promjene u svim
pokazateljima unutarnjeg trenaznog opterecenja, statusa dobrobiti i neuromiSi¢ne izvedbe.
CMIJ izvedba bila je znacajno visa u ¢etvrtom 1 petom tjednu u odnosu na prvi tjedan, dok su
sve mjere unutarnjeg trenaznog opterecenja pokazale znacajne razlike izmedu tjedana.
Takoder, znacajne tjedne razlike utvrdene su i za sve ispitivane kategorije dobrobiti, ukljucujuci
umor, san, misi¢nu bol, stres, raspolozenje 1 ukupni indeks dobrobiti. Korelacijska analiza
pokazala je znaCajne negativne povezanosti izmedu prosje¢nog tjednog unutarnjeg trenaznog
optere¢enja 1 umora, miSi¢ne boli te ukupnog indeksa dobrobiti, dok su umor, akumulirano
tjedno opterecenje 1 trenazni napor takoder bili znacajno povezani. S druge strane, povezanosti
izmedu CMJ izvedbe 1 mjera dobrobiti bile su male i statisticki neznacajne. Na temelju
navedenoga mozZe se zakljuciti da je prvi parcijalni cilj ostvaren, a prva hipoteza potvrdena.

Drugi parcijalni cilj bio je analizirati odnos izmedu unutarnjeg trenaznog opterecenja i
kljucnih pokazatelja oporavka i izvedbe, ukljucujuci varijabilnost sr€anog ritma, trajanje sna i
izvedbu vertikalnog skoka iz c¢ucnja, tijekom petotjednog pripremnog perioda kod
profesionalnih nogometasa. Rezultati drugog istraZivanja pokazali su da je unutarnje trenazno
opterecenje znaCajno povezano s pojedinim objektivnim pokazateljima oporavka i izvedbe.
Vece unutarnje trenazno optereCenje bilo je povezano s kra¢im trajanjem sna, slabijom
izvedbom vertikalnog skoka iz ¢u¢nja 1 veCom varijabilnoS¢u sréanog ritma izraZzenom kroz
InRMSSDCWV. Istodobno, prosje¢ne vrijednosti InRMSSD-a i sr¢ane frekvencije u mirovanju
nisu pokazale znacajne tjedne promjene, $to upucuje na to da svi fizioloski pokazatelji nisu
jednako osjetljivi na promjene trenaznog opterecenja u kratkom pripremnom razdoblju. Unatoc

tomu, dobiveni rezultati potvrduju da povecano unutarnje trenazno opterecenje moze biti



povezano s nepovoljnijim obrascima oporavka i1 smanjenom neuromiSi¢cnom izvedbom.
Slijedom toga, drugi parcijalni cilj moze se smatrati ostvarenim, a druga hipoteza potvrdenom.

Tre¢i parcijalni cilj bio je ispitati tjedne varijacije i odnose u varijablama unutarnjeg
trenaznog opterecenja, subjektivne percepcije oporavka, neuromisiéne izvedbe i miSi¢nog
umora tijekom Cetverotjednog pripremnog perioda, te dodatno procijeniti korisnost indeksa T'S-
Akao prakti¢nog alata za prac¢enje ravnoteze izmedu trenaznog podrazaja i oporavka. Rezultati
treCeg istrazivanja pokazali su znacajne tjedne varijacije unutarnjeg trenaznog opterecenja,
percipiranog oporavka, neuromisi¢ne izvedbe i percipirane miSi¢ne boli. Najvece opterecenje
zabiljezeno je u pocetnom dijelu pripremnog perioda, dok je oporavak bio najslabiji u drugom
tjednu, kada je istodobno zabiljezen i pad CMJ izvedbe. Nadalje, utvrdene su znacajne
povezanosti izmedu veéeg unutarnjeg trenaznog optere¢enja i slabijeg oporavka, vece
percipirane misi¢ne boli te slabije neuromiSi¢ne izvedbe. Vrijednosti indeksa TS-A bile su
povezane s naknadnim oporavkom, S$to upucuje na njegovu potencijalnu korisnost u
svakodnevnom pracenju ravnoteze izmedu zahtjeva treninga i stanja oporavka sportasa. Ipak,
taj nalaz valja tumaciti s odredenim oprezom, buduéi da rezultati podupiru njegovu prakti¢nu
primjenjivost u konkretnom kontekstu istrazivanja, ali ne predstavljaju kona¢nu potvrdu
njegove Sire valjanosti. Stoga se moze zakljuciti da je 1 tre¢i parcijalni cilj ostvaren, dok je tre¢a
hipoteza u najvec¢oj mjeri potvrdena.

Na temelju sva tri istraZivanja moZe se zakljuciti da su postavljeni parcijalni ciljevi
doktorskog rada ostvareni te da su hipoteze uglavnom potvrdene. Prva i druga hipoteza
potvrdene su jasnije i izravnije, budu¢i da su dobiveni rezultati pokazali znac¢ajne promjene i
ocekivane povezanosti izmedu unutarnjeg trenaznog optere¢enja, dobrobiti, sna, varijabilnosti
sr¢anog ritma 1 neuromiSi¢ne izvedbe. Treca hipoteza takoder je potvrdena u dijelu koji se
odnosi na tjedne varijacije 1 povezanosti izmedu opterecenja, oporavka, miSi¢ne boli 1
neuromi$iéne izvedbe, dok dio vezan uz TS-A treba promatrati kao potporu njegovoj

potencijalnoj prakti¢noj korisnosti, a ne kao konac¢nu validaciju pokazatelja.

5.1. Prakti¢na primjena

Analizom rezultata sva tri istraZivanja ovog doktorskog rada mogu se izdvojiti sljedece
prakti¢ne smjernice za monitoring nogometasa i trenaznog procesa te upravljanje opterecenjem
nogometne ekipe tijekom pripremnog perioda: 1) subjektivne mjere unutarnjeg trenaznog

opterecenja pokazale su se osjetljivima na promjene u trenaznim procesima, a istovremeno vrlo



prakticnima za svakodnevnu primjenu u praksi, zbog ¢ega se preporucuje njihovo redovito
koristenje kao osnove za kvantifikaciju trenaznog optere¢enja; 2) pracenje statusa dobrobiti
nogometasa (razine umora, kvalitete sna, razine stresa, raspolozenja i miSi¢ne boli) omoguéuje
trenerskom osoblju rano prepoznavanje negativnih odgovora na povecéani intenzitet trenaznog
opterecenja, pri Cemu redovita primjena validiranth WBI upitnika moze pomoéi u
individualizaciji optereCenja prema individualnim potrebama i zahtjevima nogometasa; 3)
rezultati istrazivanja pokazali su da promjene u unutarnjem trenaznom optereéenju imaju
izravnu povezanost s promjenama u neuromisi¢noj izvedbi procijenjenoj CMJ testom, pa se
preporucuje koristenje CMJ testa kao jednostavnog i brzog alata za procjenu akutnog
neuromi$iénog umora; 4) utvrdena povezanost unutarnjeg trenaznog optere¢enja, WBI statusa
i CMJ izvedbe omogucuje prakti¢nu primjenu koncepta ,,doza—odgovor®, pri ¢emu treneri
mogu koristiti dobivene informacije za optimizaciju optereéenja s ciljem postizanja zeljene
razine adaptacije 1 smanjenja rizika od ozljede; 5) varijabilnost sr¢anog ritma (InRMSSD 1
InRMSSDCV) pokazao se kao osjetljiva mjera na promjene u trenaznom opterecenju i
oporavku nogometasa, te njegova primjena kao dijela monitoringa moze pruziti dodatne
informacije o adaptaciji i pomo¢i u donosenju odluka o dnevnom doziranju opterecenja; 6)
rezultati istrazivanja upucuju i na jasnu povezanost unutarnjeg trenaznog opterecenja i trajanja
sna te varijabli za detekciju umora, zbog ¢ega koriStenje objektivnih i subjektivnih mjera za
pracenje sna moze doprinijeti boljem uvidu u stanje i oporavak nogometasa tijekom intenzivnih
perioda; indeks TS—A pokazao se kao koristan alat za procjenu ravnoteze trenaznog opterecenja
i oporavka, ¢ija jednostavna i brza implementacija omogucuje trenerima brz uvid u akumulirani

stres 1 trenutne razine oporavka te olakSava donoSenje odluka o prilagodbi opterecenja.

5.2. Ogranicenja i smjernice za buduéa istrazivanja

Unato¢ relevantnim i prakticnim zaklju¢cima i1 spoznajama, rezultate ovog doktorskog
rada potrebno je interpretirati uzimajuc¢i u obzir sljedeca ogranicenja 1 prijedloge za buduca
istrazivanja: 1) iako karakteristi¢no za primijenjena mjerenja u profesionalnom sportu, sva
istrazivanja provedena su na relativno malom uzorku (10 do 25 ispitanika), stoga bi buduca
istrazivanja trebala pokusati ukljuciti ve¢i broj ekipa istovremeno, kroz suradnju veceg broja
klubova ili pracenje veceg broja natjecateljskih sezona; 2) zbog provedbe istrazivanja u realnim
uvjetima na profesionalnoj razini nije bilo lako ukljuciti kontrolnu skupinu niti primijeniti

takvu vrstu eksperimenta, pa bi buduca istraZivanja trebala razmotriti paralelno usporedivanje



viSe ekipa ili razli¢itih trenaznih protokola kroz iste metode prac¢enja. Nadalje iako su mjerenja
provedena u standardiziranim i stru¢nim uvjetima, nije bilo moguce u potpunosti kontrolirati
svakodnevne aktivnosti ispitanika prije i nakon treninga, ukljucujuci prehranu i zivotni stres,
zbog ¢ega bi buduca istrazivanja mogla ukljuciti detaljniju kontrolu kontekstualnih, socijalnih
1 psiholoskih ¢imbenika kao zasebnih faktora; 3) nogomet je karakteriziran visokom
varijabilno$¢u u trenaznim i natjecateljskim zahtjevima koja moze utjecati na odgovore igraca
na trenazni proces, pa bi buduca istrazivanja mogla koristiti sofisticiranije statisticke modele
za evidentiranje individualnih razlika unutar ekipa; 4) istrazivanja ovog doktorskog rada
provedena su na dvije ekipe koje se natjeCu u istoj ligi i istom natjecateljskom rangu, stoga bi
buduca istrazivanja trebala ukljuciti veci broj ekipa iz razli€itih liga i natjecateljskih rangova;
5) neuromiSi¢na izvedba procijenjena je uz pomo¢ optickog sustava (OptoJump) koji
predstavlja pouzdanu metodu mjerenja, no u buduéim istrazivanjima bilo bi korisno primijeniti
1 silomjerne platforme kako bi se omogucila detaljnija analiza neuromi$i¢nih varijabli; 6)
naposljetku, sva provedena istrazivanja bila su u okviru opservacijskog dizajna, S$to nije
omogucilo donosSenje uzro¢no-posljedi¢nih zaklju¢aka, pa bi buduca istrazivanja trebala
ukljuciti intervencijske studije usmjerene na ucinkovitost razliitih monitoring alata i

upravljanja trenaznim procesima.
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Popis slika

e Slika 1. Percentage of the number of training sessions and matches carried out in the
three in- tensity zones. Z1—low intensity zone; Z2—moderate intensity zone; Z3—
high intensity zone; ¥—significantly lower than ZI and Z2 at p < 0.001; #—
significantly lower than Z1 at p < 0.001; §—significantly lower than Z3 at p < 0.001

e Slika 2. Daily internal training intensity (ITl) observed over the 35 days of the pre-
season phase (5 weeks). The grey area represents the smallest worthwhile change (SWC
= coefficient of variation x (.3), and the error bars show 90% confidence limits (CL).
If the CL crossed one or both SWC boundaries, the terms “possibly” and “unclear”
were used, respectively. The red line represents within-days intensity variations (CV%).

MD—match day.

o Slika 3. Daily well-being status index (WBI) observed over the 35 days of the pre-
season (5 weeks). The grey area represents the smallest worthwhile change (SWC =
coefficient of variation x (0.3), and the error bars show 90% confidence limits (CL). If
the CL crossed one or both SWC boundaries, the terms “possibly” and “unclear’ were

used, respectively. The red line represents within-days well-being status variations

(CV%).

o Slika 4. Countermovement jump (CMJ) height observed over the 5 weeks of the pre-
season phase. The grey area represents the smallest worthwhile change (SWC =
coefficient of variation x 0.3), and the error bars show 90% confidence limits (CL). If
the CL crossed one or both SWC boundaries, the terms “possibly” and “unclear’ were
used, respectively. The red line represents within-weeks CMJ variations (CV%),; #—

significantly higher than W1.

o Slika 5. Multiple comparisons between weeks in internal training intensity and well-
being status measures expressed as the magnitude of effect size; meanlTI—average
weekly internal intensity; sumlITl—accumulated weekly internal intensity;, TM—
training monotony, TS—training strain;, DOMS—delayed onset of muscle soreness,

WBI—well-being status index;, W—week.

o Slika 6. Coefficients of correlation (r) determined between internal intensity and well-

being sta- tus measures; meanlTl—average weekly internal intensity; sumlITI—



accumulated weekly internal intensity, TM—training monotony, TS—training strain;
DOMS—delayed onset of muscle soveness, WBI—well-being status index. Error bars
represent 90% confidence limits (CL); *—significance at p < 0.05; **—significance at
p <0.01

Slika 7. Internal training intensity values over the 5 weeks during the preseason in
professional soccer players (n = 10). [TImean — weekly mean internal intensity, T —
positive direction of difference, | — negative direction of difference, statistically

different: 4 — from week 4, 5 — from week 5; * p < 0.05, **p < 0.01, *** p < 0.001.

Slika 8. Individual and group heart rate variability values over the 5 weeks during the
preseason in professional soccer players (n = 10). InRMSSDmean — weekly mean log-

transformed root-mean-square difference of successive R-R intervals.

Slika 9. Group heart rate variability values expressed as percentages over the 5 weeks
during the preseason in professional soccer players (n = 10). InRMSSDCV — coefficient
of variation of weekly log-transformed root-mean-square difference of successive R-R

intervals.

Slika 10. Repeated-measures correlation plots between [nRMSSDmean and
InRMSSDCYV. Each shade of grey represents a unique participant, with points indicating
their performance on both measures at specific time points, and the corresponding lines

illustrate the rrm fit for each participant

Slika 11. Daily variations in sRPE within included match days (MD) are highlighted in
red. The bars represent sRPE values with standard deviation (SD). Coefficient of

variation (CV%) is shown as a black line following the y- axis.

Slika 12. Weekly variations in ITI and TOR over a four-week period. Every dot
represents an individual data point, and the black horizontal line indicates the mean

value for every week. *p < 0.05, ***p < 0.001

Slika 13. Weekly variations in neuromuscular performance (CMJ) and PMS over a 4-
week period. *p < 0.05, **p < 0.01, ***p < 0.001.

Slika 14. Daily variations in the TS-A index and TORfw.
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Zivotopis

Josip Males roden je 23. ozujka 1994. godine u Splitu. Zavrsio je srednjoSkolsko
obrazovanje u Skoli za dizajn, grafiku i odrZivu gradnju, gdje je 2012. godine stekao zvanje
medijski tehnicar. Iste godine uspjesno je polozio drzavnu maturu i upisao je sveucilisni
prijediplomski studij kineziologije na KinezioloSkom fakultetu SveuciliSta u Splitu, koji je
zavrsio 2015. godine, s usmjerenjem kondicijska priprema sportasa. Na istom fakultetu 2017.
godine zavrsio je sveucili$ni diplomski studij te stekao akademski naziv magistar kineziologije
(mag. cin.). Doktorski studij Kineziologije na Kinezioloskom fakultetu Sveucilista u Splitu
upisao je 2023. godine.

Tijekom studija nagradivan je Rektorovom i Dekanovom nagradom za izvrsnost te
nagradom za pet najboljih studenata generacije. Nakon zavrSetka studija dodatno se stru¢no
usavrSavao kroz specijalizirane edukacije iz podru¢ja pracenja, kondicijske pripreme,
dijagnostike 1 rehabilitacije sportasa, te posjeduje i CFSC (Certified Functional Strength
Coach) Ivl 1 licencu.

Od 2020. godine ukljuCen je u nastavni 1 znanstveno-istrazivacki rad kao vanjski
suradnik u zvanju asistenta na Kinezioloskom fakultetu Sveucilista u Splitu, a od 2022. godine
zaposlen je u zvanju asistenta na SveuciliStu u Splitu, na studiju Hotelijerstva i gastronomije.
U okviru nastavnog rada sudjeluje u izvodenju kolegija Tjelesna i zdravstvena kultura,
MenadZment u zimskom turizmu, MenadZment wellnessa i animacije u hotelijerstvu te
MenadZzment u jahtingu, a uz nastavne i znanstveno-istrazivacke obveze sudjeluje 1 u radu
tijela, kao €lan Vijeca studija 1 Odbora za kvalitetu studija, te obnasa duZznost koordinatora za
multimediju, koordinatora za e-ucenje i odgovorne osobe za odrzavanje repozitorija Studija
hotelijerstva i gastronomije.

Znanstvena 1 istrazivacka aktivnost Josipa MaleSa obuhvaca sudjelovanje u
znanstvenim projektima, objavljivanje znanstvenih radova te aktivno sudjelovanje na domacim
1 medunarodnim znanstvenim kongresima. U sklopu navedenih aktivnosti valja izdvojiti
osvojenu nagradu: ,,Young resercher award (category Doctoral Students) 1. place®, u sklopu
70g medunarodnog znanstvenog kongresa ,,Contemporary Kinesiology* u Splitu 2024 godine.

Profesionalno iskustvo u sportu stjecao je kao kondicijski trener u omladinskom 1
seniorskom uzrastu, ponajprije u odbojci i nogometu, te kao osobni kondicijski trener. Od 2017.
godine do danas radio je kao kondicijski trener u klubovima NK Dugopolje, NK Omi§, NK
Solin, OK Mladost Ribola Kastela i NK Croatia Zmijavci. Takoder je, uz prof. dr. sc. Franu

Zuvelu, radio kao pomoéni kondicijski trener muske Hrvatske odbojkaske reprezentacije



tijekom pripremnog perioda za Srebrnu europsku ligu 2018. godine, gdje je reprezentacija
osvojila zlatnu medalju.

Uz struéni 1 znanstveni rad, Josip Male§ se aktivnho bavio sportom. Tijekom
natjecateljske karijere ostvario je rezultate na drzavnoj razini u sportovima; plivanje, boks,
atletika 1 triatlon, a i danas je aktivno ukljucen u sport. Sudjelovao je i na Europskim zimskim
sveuciliSnim igrama u Val di Zoldu 2023. godine. Takoder radi kao ucitelj skijanja od 2006.
godine te posjeduje medunarodnu ISIA licencu ucitelja skijanja, a od 2020. godine obnasa

duznost voditelja Skole skijanja.



