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1. Streszczenie

Niniejsza rozprawa zostata przygotowana w formie cyklu 3 powiazanych tematycznie ar-
tykutéw naukowych (oznaczonych jako A, B i C), ktdre zostaty opublikowane w recenzo-
wanych czasopismach. Koncentruja si¢ one na obcigzeniach treningowych realizowanych
przez mlodych kolarzy szosowych w okresie przygotowawczym i ich wplywie na jako$¢
podstawowych wzorcéw ruchowych, stabilnos$¢ posturalng i wydolnos¢ fizyczna.

Publikacja A dotyczy wplywu treningu kolarskiego na jakos¢ podstawowych wzor-
cow ruchowych i wielko$¢ obszaru stabilnos$ci posturalnej. Wyniki badania wskazuja, ze
dojrzewajacy kolarze moga doswiadczac deficytéw funkcjonalnych, szczegdlnie w rejonie
kompleksu ledzwiowo-miedniczo-biodrowego oraz tutowia. Badanie podkresla potrzebe
wlaczania do ich programdéw treningowych specjalistycznych ¢wiczen korygujacych.

Publikacja B ocenia wplyw zmeczenia beztlenowego na sprawnosc¢ dziatania systemu
kontroli rownowagi posturalnej. Po maksymalnym 30-sekundowym wysitku rowerowym
u badanych kolarzy szosowych zaobserwowano znaczacy spadek sprawnosci tego sys-
temu. Obserwacja ta powinna by¢ uzyteczna dla trenerow i organizatoréw wyscigdéw ko-
larskich, poniewaz mozna ja wykorzysta¢ w planowaniu dziatant majacych na celu zmniej-
szenie liczby upadkow i ich konsekwencji podczas zawodow i treningdw.

Publikacja C skupia si¢ na analizie wielkosci i struktury obciazen treningowych oraz
ich wptywie na wydolnos¢ tlenowq i beztlenowa. Po 18-tygodniowym okresie przygoto-
wawczym, podczas ktorego kolarze realizowali obcigzenia o niskiej objetosci, a takze
o piramidalnym i niespolaryzowanym rozkladzie intensywnosci, nie zaobserwowano
znaczacej poprawy wydolnosci aerobowej i anaerobowej. Wyniki podkreslaja potrzebe
dalszych badan nad optymalizacja obcigzen treningowych.

Podsumowujac, rozprawa dostarcza cennych informacji na temat wptywu treningu
kolarskiego na rozne aspekty motoryki mlodych sportowcéw. Ponadto, podkresla po-
trzebe indywidualnego podejscia do treningu, uwzgledniajacego specyficzne potrzeby

kolarzy, aby efektywnie podnosi¢ wyniki sportowe i obnizac¢ ryzyko wystapienia urazu.

Stowa kluczowe: dojrzewajacy kolarze szosowi, obciazenia treningowe, stabilnos¢ po-

sturalna, FMS, YBT-LQ, urazy sportowe, wydolnos¢ tlenowa, wydolno$¢ beztlenowa
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2. Abstract

The doctoral dissertation was prepared in the form of a cycle of 3 thematically related
scientific articles (marked as A, B, and C), which were published in peer-reviewed jour-
nals. They focus on the training loads carried out by young road cyclists during the pre-
paratory period and their impact on the quality of basic movement patterns, postural sta-
bility, and physical fitness.

Publication A discusses the impact of cycling training on the quality of basic move-
ment patterns and the limits of postural stability. The study's results indicate that matur-
ing cyclists may experience functional deficits, especially in the lumbar-pelvic-hip com-
plex and trunk areas. The study highlights the need to include specialized corrective exer-
cises in their training programs.

Publication B assesses the impact of anaerobic fatigue on the efficiency of the postural
balance control system. After a maximal 30-second cycling effort, a significant decrease in
the efficiency of this system was observed in the road cyclists studied. This should be use-
ful information for coaches and cycling event organizers, as it can be used in planning
activities aimed at reducing the number of falls and their consequences during competi-
tions and training.

Publication C focuses on the analysis of the size and structure of training loads and
their impact on aerobic and anaerobic fitness. After an 18-week preparatory period, during
which cyclists undertook loads of low volume, as well as pyramid and non-polarized in-
tensity distribution, no significant improvement in aerobic and anaerobic fitness was ob-
served. The observation results underscore the need for further research on optimizing
training loads.

In summary, the dissertation provides valuable information on the impact of cycling
training on various aspects of young athletes' motor skills. It highlights the need for an
individual approach to training, taking into account the specific needs of cyclists, to opti-

mize their sports results and minimize the risk of injuries.

Key words: adolescent road cyclists, training loads, postural stability, FMS, YBT-LQ,

sports injuries, aerobic fitness, anaerobic fitness
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3. Spis publikacji wchodzacych w sktad cyklu dysertacyjnego

Rozprawa doktorska zostala przygotowana w formie cyklu powigzanych tematycznie
artykutéw naukowych. We wszystkich wskazanych pracach, na kazdym etapie ich po-
wstawania, autor dysertacji petnit wiodaca role (patrz strony od 51 do 53). W skiad

cyklu wchodza nastepujace artykuly opublikowane w czasopismach recenzowanych:

A. Zajac B, Mika A, Gaj PK, Ambrozy T. (2022). Does Cycling Training Reduce Quality of Functional
Movement Motor Patterns and Dynamic Postural Control in Adolescent Cyclists? A Pilot Study.
International Journal of Environmental Research and Public Health, 19(19), 12109.

DOI: https://doi.org/10.3390/ijerph191912109.
Impact Factor: 4.614, Punktacja MEiN: 140

B. Zajac B, Mika A, Gaj PK, Ambrozy T. (2023). Effects of Anaerobic Fatigue Induced by Sport-Spe-
cific Exercise on Postural Control in Highly-Trained Adolescent Road Cyclists. Applied Sciences,
13(3), 1697. DOL: https://doi.org/10.3390/app13031697.

Impact Factor: 2.838, Punktacja MEiN: 70

C. Zajac B, Gaj PK, Ambrozy T. (2024). Analysis of training loads in polish adolescent road cyclists in
the preparatory period and their effects on physical fitness. Journal of Kinesiology and Exercise Sci-
ence, 104(35). DOI: 10.5604/01.3001.0053.9657.

Punktacja MEiN: 70

Ponadto, autor dysertacji jest wspotautorem nastepujacych artykutéw naukowych:

D. Zajac B, Mirek W, Ambrozy T. (2020). The effects of an 18-week training programme on move-
ment economy of a long-distance runner — a case study. Journal of Kinesiology and Exercise Science,
30(89). DOLI: 10.5604/01.3001.0014.5850.

Punktacja MEiN: 20

E. Zajac B, Sulowska-Daszyk I, Mika A, Stolarczyk A, Rostoniec E, Krélikowska A, Rzepko M,
Oleksy L. (2021). Reliability of Pelvic Floor Muscle Assessment with Transabdominal Ultrasound
in Young Nulliparous Women. Journal of Clinical Medicine. 10(15), 3449.

DOI https://doi.org/10.3390/jcm10153449.
Impact Factor: 4.964, Punktacja MEiN: 140

F. Janczarzyk D, Jamka K, Mikotajczyk E, Zajac B. (2023). Comparing the Effects of a Series of Is-
chaemic Compression Therapy and Muscle Energy Techniques on Pain Threshold and Muscle
Tension in People with Upper Crossed Syndrome. Medical Rehabilitation. 27(1).

DOI: 10.5604/01.3001.0015.8749.
Punktacja MEiN: 100
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. Zajac B, Gaj PK, Zigba J. (2022). Concurrent Validity and Inter-Rater Reliability of Hand-Held
Measurements of Maximal Sprint Speed. Journal of Kinesiology and Exercise Science, 100(32).

DOI: 10.5604/01.3001.0016.1225.

Punktacja MEiN: 70

. Zajac B, Olszewski M, Mika A, Maciejczyk M. (2023). Do Highly Trained Mountain Runners Differ
from Recreational Active Non-Runners on Range of Motion and Strength in the Hip and Ankle as
Well as Postural Control?. Journal of Clinical Medicine, 12(7), 2715. DOI: 10.3390/jcm12072715.
Impact Factor: 4.964, Punktacja MEiN: 140

Olszewski M, Zajac B, Golec J. (2023). Cross cultural adaptation, reliability and validity of the
Polish version of the Cumberland Ankle Instability Tool. Disability and Rehabilitation, 68.

DOI: 10.1080/09638288.2023.2232719.

Impact Factor: 2.439, Punktacja MEiN: 70

Ptaszek B, Podsiadio S, Czerwinska-Ledwig O, Zajac B, Nizankowski R, Mika P, Telegtéw A.
(2023). The Influence of Interval Training Combined with Occlusion and Cooling on Selected Indi-
cators of Blood, Muscle Metabolism and Oxidative Stress. Journal of Clinical Medicine, 12(24), 7636.
DOI: https://doi.org/10.3390/jcm12247636.

Impact Factor: 3.9, Punktacja MEiN: 140

Sokulska N, Zajac B, Gaj PK. (2024). Assessing Differences and Implications of Two Methods for
Calculating Outcomes in the Lower Quarter Y-Balance Test. Medical Rehabilitation, 27(3).

DOI: 10.5604/01.3001.0054.2800.

Punktacja MEiN: 100

Olszewski M, Zajac B, Mika A, Golec J. (2023). Ankle Dorsiflexion Range of Motion and Hip Ab-
ductor Strength Can Predict Lower Quarter Y-Balance Test Performance in Healthy Males. Journal
of Bodywork & Movement Therapies, 38. DOL: 10.1016/j.jomt.2024.03.053.

Impact Factor: 1.4, Punktacja MEiN: 70

. Zajac B. (2024). Analysis of Course of Changes in Blood Lactate Concentration in Response to
Graded Exercise Test and Modified Wingate Test in Adolescent Road Cyclists. Journal of Clinical
Medicine, 13(2), 535. DOI: https://doi.org/10.3390/jcm13020535.

Impact Factor: 3.9, Punktacja MEiN: 140

. Ptaszek B, Podsiadlo S, Klimala K, Zajac B, Nizankowski R, Mika P, Telegléw A. (2024) The Influ-
ence of Interval Training Combined With Occlusion and Cooling on Selected Hemorheological
Blood Parameters in Young Healthy People. Medical Rehabilitation, 27(3).

DOI: 10.5604/01.3001.0054.2815.

Punktacja MEiN: 100

*W/w warto$ci punktowe sa wartosciami obowigzujacymi w momencie publikacji.
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4. Problem badawczy taczacy publikacje i jego uzasadnienie

Kolarstwo szosowe to niezwykle fascynujaca dyscyplina sportowa, ktéra wyrdznia sie
wsrod innych dyscyplin wytrzymatosciowych dzigki obszernemu spektrum konku-
rencji oraz wysokim wymaganiom fizycznym stawianym przed zawodnikami. Uni-
kalna cecha tej dyscypliny jest zestaw czynnikéw determinujacych poziom wynikow
sportowych. Obejmuja one nie tylko wydolno$¢ fizyczna, efektywnos¢ pracy narzadu
ruchu i wytrzymatos¢!, ale rowniez umiejetnosci techniczne i taktyczne?. Istotnymi ele-
mentami s takze kompetencje w zakresie pracy zespolowej, wdrazane rozwigzania
zywieniowe i strategie odnowy biologicznej, a takze aspekty natury psychologicznej.

Pierwsza i najstarsza konkurencjgq kolarstwa szosowego jest wyscig klasyczny,
podczas ktorego okoto 180 zawodnikow bezposrednio rywalizowa¢ moze na trasach
o dtugosciach dochodzacych do 300 km w kategorii elity mezczyzn3. Na chwile pisania
dysertacji, najdtuzszym wyscigiem klasycznym zaliczanym do cyklu UCI World Tour
jest wloski monument Milano-Sanremo®. Interesujacy jest fakt, Zze rywalizacja na tak
dtugich dystansach bywa niezwykle intensywna, na co wskazuja dane z wyscigow,
takie jak srednia liczba przyspieszen peletonu wymagajaca od sportowcdw pracy o
energetyce beztlenowej (okoto 20-70)°, srednie predkosci osiagane przez zawodnikow
(~45 km/h)°, a takze wielkosci generowanej mocy przez finiszujacych kolarzy (~1200
W, ~17 W/kg)’. Dodatkowo, oprocz ogromnego dystansu i zmiennej intensywnosci,
kolarze szosowi czesto musza stawiac¢ czola dodatkowym wyzwaniom, takim jak
zmienna i niekiedy $liska nawierzchnia, waskie i krete uliczki, trudne technicznie

zjazdy, a takze nieprzewidywalne warunki atmosferyczne. Jednym z najbardziej

1 Faria EW, Parker DL, Faria IE. (2005). The Science of Cycling. Sports Medicine, 35, 313-337.

2 Poliszczuk, D. (1996). Kolarstwo: teoria i praktyka treningu. Warszawa.

3 Zrédto internetowe: https://www.uci.org/ [dostep: 15.11.2023 1.]

4 Zr6édlo internetowe: https:/[www.milanosanremo.it/en/ [dostep: 15.11.2023 r.]

5 Ebert TR, Martin DT, Stephens B, Withers RT. (2006). Power Output During a Professional Men’s Road-
Cycling Tour. International Journal of Sports Physiology and Performance, 1(4), 324-335.

¢ Lucia A, Hoyos J, Chicharro JL. (2001). Physiology of Professional Road Cycling. Sports Medicine, 31(5),
325-337.

7Menaspa P, Quod M, Martin DT, Peiffer JJ, Abbiss CR. (2015). Physical demands of sprinting in professional
road cycling. International Journal of Sports Medicine, 36(13), 1058-1062.
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charakterystycznych pod tym wzgledem wyscigéw klasycznych jest francuski Paris-
Roubaix, znany jako , Pieklo Péinocy”. Charakteryzuje go duza liczba kilometrow (ok.
50, co stanowi ok. 1/5 dlugosci wyscigu) prowadzacych po waskich
i kretych druzkach brukowych wykonanych z kamienia polnego, zwanego , kocimi
tbami”®. Kolejne dwie konkurengje to jazda indywidualna na czas (ITT) oraz jazda dru-
zynowa na czas (TTT), w ktdrych celem zarowno zawodnika, jak i druzyny, jest poko-
nanie okreslonej trasy (najczesciej o dlugosci rzedu kilkunastu-kilkudziesieciu kilome-
trow) w jak najkrotszym czasie. Charakterystyczng cecha ITT i TTT jest wykorzysty-
wanie przez kolarzy wysoko zaawansowanych i bardzo charakterystycznych rowe-
row, kaskow i strojow, ktore zostaty zaprojektowane w celu minimalizacji oporow po-
wietrza. Ostatniag konkurencja jest wyscig wieloetapowy, bedacy kombinacja wyzej
wymienionych form rozgrywana na przestrzeni co najmniej dwoch dni. Do najdiuz-
szych, najtrudniejszych i najbardziej prestizowych wyscigéw wieloetapowych zalicza
sie tzw. grand toury (Giro d’Italia, Tour de France, La Vuelta a Espana), podczas kto-
rych kolarze pokonuja ok. 3500-4000 km w przeciagu okoto 3 tygodni®. Warto zazna-
czy¢, ze wyscigi wieloetapowe to wyjatkowa proba umiejetnosci sportowcow. Mie-
szanka etapow o roznej charakterystyce, sprawia ze zawodnicy musza by¢ wszech-
stronni i potrafia dostosowywac sie do réznorodnych warunkow trasy i sytuacji.
Charakterystyka walki sportowej wymusza na kolarzach stosowanie obcigzen tre-
ningowych o wzglednie okreslonej wielkosci i strukturze, zgodnie z zasada specyficz-
nosci procesu treningowego. Z tego powodu nie dziwi fakt, ze kolarze wykonuja duza
ilo$¢ pracy treningowej na rowerze, przy czym nalezy zaznaczy¢, ze przecietna obje-
tos¢ treningu u senioréw wynosi ok. 20 godzin na tydzien'®. Na podstawie tego faktu,

autor dysertacji wraz ze wspotautorami publikacji A przyjat hipoteze, zakladajac, ze

8 Duc S, Puel F. (2016). Vibration exposure on cobbles sectors during Paris-Roubaix. Journal of Science and
Cycling, 5(2), 19-20.

 Sanders D, van Erp T, de Koning ]JJ. (2019). Intensity and load characteristics of professional road cycling:
differences between men’s and women’s races. International Journal of Sports Physiology and Perfor-
mance, 14(3), 296-302.

10 Muriel X, Courel-Ibafiez ], Cerezuela-Espejo V, Pallarés, JG. (2021). Training Load and Performance
Impairments in Professional Cyclists During COVID-19 Lockdown. International Journal of Sports Physi-
ology and Performance, 16(5), 735-738.
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trening kolarski, ktory zwiazany jest z koniecznoscia dtugotrwatego przebywania
w specyficznej pozycji rowerowej'! w potaczeniu z wysitkiem fizycznym prowadzi do
dysfunkcji narzadu ruchu, manifestujacych si¢ obnizona jakoscia podstawowych
wzorcow ruchowych. Autorzy publikacji A uznali, Ze weryfikacja postawionej hipo-
tezy moze by¢ uzyteczna, poniewaz pozwoli pozyska¢ informacje przydatne
w kontekscie badan ukierunkowanych na poznanie mechanizmdéw powstawania ura-
z6w, jak rowniez planowania praktycznych dziatan zwiazanych z prewencja urazow.

Jednym z kluczowych czynnikow umozliwiajacych cztowiekowi utrzymanie réw-
nowagi podczas jazdy na rowerze jest obecno$¢ w jego organizmie wysoko rozwinie-
tego systemu kontroli rOwnowagi. System ten, w warunkach rywalizacji sportowej
i treningu, jest intensywnie eksploatowany ze wzgledu na mnogos$¢ czynnikow desta-
bilizujacych, zarowno wewnetrznych (takich jak reakcje fizjologiczne na wysitek o roz-
nym podlozu energetycznym), jak i zewnetrznych (takich jak zmienna, czasem $liska
nawierzchnia, waskie i krete uliczki, technicznie trudne zjazdy, obecno$¢ innych za-
wodnikow lub uczestnikow ruchu na drodze)?. Szczegdlnie trudnym wyzwaniem
wydaja sie by¢ nierzadkie sytuacje, w ktérych kolarz musi sobie radzi¢ zarowno z du-
zym zmeczeniem, jak i trudnym technicznie sektorem trasy (np. krety zjazd z przete-
czy po finiszu na gorska premie). Majac to na uwadze, autor dysertacji wraz ze wspot-
autorami publikacji B przyjat hipoteze, zaktadajac, ze sprawnos¢ dziatania systemu
kontroli rownowagi kolarzy szosowych obniza si¢ w warunkach zmeczenia wywota-
nego wysitkiem o energetyce beztlenowej, co manifestowac si¢ bedzie zmianami wiel-
kosci parametréw charakteryzujacych obszar wychwian srodka nacisku stop na pod-
foze w pozycji stojacej. Autorzy publikacji B podjeli sie weryfikacji postawionej hipo-
tezy poniewaz, uznali, Ze poznanie reakcji systemu kontroli rownowagi na zmeczenie
moze by¢ uzyteczne w kontekscie planowania dziatann ukierunkowanych na redukcje

liczby upadkdéw, ktore wymieniane sa jako jedna z gtéwnych przyczyn urazéw wsrod

11 Muyor JM, Lopez-Minarro PA, Alacid F. (2011). Spinal posture of thoracic and lumbar spine and pelvic tilt
in highly trained cyclists. Journal of Sports Science & Medicine, 10(2), 355.

12 Paillard T. (2012). Effects of general and local fatigue on postural control: a review. Neuroscience & Biobe-
havioral Reviews, 36(1), 162-176.
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kolarzy szosowych®. Dziatania takie moga obejmowac np. zabezpieczanie newralgicz-
nych odcinkéw wyscigu lub wdrazanie do programoéw treningowych kolarzy ¢wiczen
ukierunkowanych na ksztattowanie stabilnosci posturalnej w warunkach zmeczenia.

Obciazenia treningowe stanowia kluczowy czynnik stymulujacy rozwéj mozliwo-
$ci wysitkowych sportowca. W zwiazku z tym, raportowanie ich wielko$ci i struktury,
a takze opisywanie efektow, jakie przynosza — na przyklad w postaci zmian w wy-
dolnosci fizycznej lub wynikach sportowych — moze by¢ cenne zarowno dla prakty-
koéw, jak i naukowcdw. Jesli dane wskazuja na skutecznos¢ danego programu trenin-
gowego, warto rozwazy¢ jego szczegdtowa analize i szersze zastosowanie. Z drugiej
strony, jesli obserwacje wskazuja na nieskuteczno$¢ programu, powinno to zachecac
do jego unikania. Majac na uwadze powyzsze, autorzy publikacji C, postawili sobie za
cel pracy analize obciazen treningowych realizowanych podczas 18-tygodniowego
okresu przygotowawczego i oceng ich wptywu na wydolnos¢ fizyczna polskich dora-
stajacych kolarzy szosowych o wysokim poziomie sportowym. Autorzy publikacji C
postanowili zrealizowac zatozony cel z dwdch powodow. Pierwszym z nich byta chec
wzbogacenia zasobu wiedzy o informacje na temat wielkosci i struktury obcigzen tre-
ningowych stosowanych u polskich dojrzewajacych kolarzy szosowych, a takze wy-
wieranych przez nie efektéw. Drugim powodem, a zasadzie skutkiem ubocznym, byta
mozliwo$¢ dostarczenia szkoleniowcom informacji, uzytecznych z perspektywy prak-
tyki treningowej.

Reasumujac, wspdlnym mianownikiem publikacji A, Bi Cjest dazenie do lepszego
poznania obciazen treningowych realizowanych przez dojrzewajacych kolarzy szoso-
wych i zrozumienia ich wplywu na wydolnos¢ fizyczna, stan narzadu ruchu, a takze
dziatanie systemu kontroli rownowagi w warunkach zmeczenia. W zwiazku z tym,
przeprowadzone badania umozliwily poszerzenie zakresu wiedzy w dziedzinie nauk
o kulturze fizycznej oraz dostarczenie praktycznych informacji dla treneréw i zawod-

nikow, co moze przyczynic si¢ do poprawy wynikéw w kolarstwie szosowym.

13 Schwellnus MP, Derman EW. (2005). Common injuries in cycling: Prevention, diagnosis and management.
South African Family Practice, 47(7), 14-19.
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5. Research problem connecting the publications and its justification

Road cycling is an incredibly fascinating sport, distinguished among other endurance
disciplines by its wide spectrum of competitive forms and the high physical demands
placed on athletes. A unique feature of this discipline is the set of factors determining
the level of sports performance. These include not only physical fitness, efficiency of
the motor system, and endurance!, but also technical and tactical skills?. Important el-
ements also include competencies in teamwork, implemented nutritional solutions
and strategies for biological regeneration, as well as psychological aspects.

The first and oldest form of road cycling is the classic race, during which about 180
competitors can directly compete on routes that can now be close to 300 km in length
in the elite men's category®. At the time of writing this dissertation, the longest classic
race included in the UCI World Tour is the Italian monument Milano-Sanremo®*. An
interesting aspect is that competition over such long distances can be incredibly in-
tense, as evidenced by race data such as the average number of accelerations in the
peloton requiring athletes to work anaerobically (~20-70)°, average speeds achieved by
cyclists (~45 km/h)®, and the power generated by finishing riders (~1200 W, ~17 W/kg)’.
Additionally, besides the immense distance and varying intensity, road cyclists often
face additional challenges such as variable and sometimes slippery road surfaces, nar-
row and winding streets, technically challenging descents, and unpredictable weather
conditions. One of the most specific races in this regard is the French Paris-Roubaix,
known as the "Hell of the North." It is characterized by a large number of kilometers

(about 50, which is about 1/5 of the length of the race) leading through narrow and

1 Faria EW, Parker DL, Faria IE. (2005). The Science of Cycling. Sports Medicine, 35, 313-337.

2 Poliszczuk, D. (1996). Kolarstwo: teoria i praktyka treningu. Warszawa.

3 Zrédto internetowe: https://www.uci.org/ [dostep: 15.11.2023 1.]

4 Zr6édlo internetowe: https:/[www.milanosanremo.it/en/ [dostep: 15.11.2023 r.]

5 Ebert TR, Martin DT, Stephens B, Withers RT. (2006). Power Output During a Professional Men’s Road-
Cycling Tour. International Journal of Sports Physiology and Performance, 1(4), 324-335.

¢ Lucia A, Hoyos J, Chicharro JL. (2001). Physiology of Professional Road Cycling. Sports Medicine, 31(5),
325-337.

7Menaspa P, Quod M, Martin DT, Peiffer JJ, Abbiss CR. (2015). Physical demands of sprinting in professional
road cycling. International Journal of Sports Medicine, 36(13), 1058-1062.
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winding cobblestone paths made of fieldstone, known as "cobbles". The next two
forms are the individual time trial (ITT) and the team time trial (TTT), where the goal
of both the rider and the team is to cover a specified route (usually ranging from sev-
eral to several dozen kilometers) in the shortest possible time. A characteristic feature
of ITT and TTT is the use of highly advanced and very distinctive bicycles, helmets,
and outfits by cyclists, which have been designed to minimize air resistance. The last
form is the multi-stage race, which is a combination of the above-mentioned forms
played out over at least two days. Among the longest, most difficult, and most pres-
tigious multi-stage races are the so-called grand tours (Giro d'Italia, Tour de France,
La Vuelta a Espana), during which cyclists cover about 3500-4000 km over approxi-
mately 3 weeks’. It is worth noting that multi-stage races are a unique test of athletes'
skills. The mix of stages with different characteristics means that competitors must be
versatile and able to adapt to various route conditions and situations.

The characteristics of competitive cycling force cyclists to apply training loads of
a relatively specific magnitude and structure, in accordance with the principle of spec-
ificity in the training process. Therefore, it is not surprising that cyclists perform a large
amount of training work on the bike, noting that the average training volume for sen-
iors is about 20 hours per week!. Based on this fact, the author of the dissertation,
along with co-authors of publication A, assumed the hypothesis that cycling training,
which is associated with the necessity of prolonged maintenance of a specific cycling
position'! combined with physical exertion, leads to dysfunctions of the musculoskel-
etal system, manifesting as reduced quality of basic movement patterns. The authors

of publication A considered that the verification of this hypothesis could be valuable,

8 Duc S, Puel F. (2016). Vibration exposure on cobbles sectors during Paris-Roubaix. Journal of Science and
Cycling, 5(2), 19-20.

° Sanders D, van Erp T, de Koning JJ. (2019). Intensity and load characteristics of professional road cy-cling:
differences between men’s and women’s races. International Journal of Sports Physiology and Perfor-
mance, 14(3), 296-302.

10 Muriel X, Courel-Ibaniez ], Cerezuela-Espejo V, Pallarés, JG. (2021). Training Load and Performance
Impairments in Professional Cyclists During COVID-19 Lockdown. International Journal of Sports Physi-
ology and Performance, 16(5), 735-738.

11 Muyor JM, Lopez-Mifiarro PA, Alacid F. (2011). Spinal posture of thoracic and lumbar spine and pel-vic
tilt in highly trained cyclists. Journal of Sports Science & Medicine, 10(2), 355.
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as it would provide information useful in the context of research aimed at understand-
ing the mechanisms of injury occurrence, as well as planning practical actions related
to injury prevention.

One of the key factors enabling a person to maintain balance while cycling is the
presence of a highly developed balance control system in the human body. This sys-
tem, under the conditions of sports competition and training, is intensively exploited
due to the multitude of destabilizing factors, both internal (such as physiological reac-
tions to effort of various energetic backgrounds) and external (such as variable, some-
times slippery surfaces, narrow and winding streets, technically difficult descents,
presence of other competitors or traffic participants on the road)!. Particularly chal-
lenging are not uncommon situations where a cyclist must cope with both significant
fatigue and technically difficult sections of the route (e.g., descending from a mountain
pass after a mountain sprint finish). Based on this observation, the author of the dis-
sertation, together with co-authors of publication B, adopted the hypothesis that the
quality of the balance control system in road cyclists decreases under conditions of
fatigue caused by specific anaerobic effort, which should manifest as changes in the
size of parameters characterizing the area of foot pressure center swings on the ground
in a standing position. The authors of publication B undertook the verification of this
hypothesis because understanding the balance control system's reaction to anaerobic
fatigue can be valuable in the context of planning actions aimed at reducing the nega-
tive consequences of falls during races, which are the main cause of injuries among
road cyclists®. Such actions may include, for example, securing appropriate sectors of
the route.

The primary factor stimulating the development of an athlete's exercise capacity is
training loads. Therefore, reporting their magnitude and structure, combined with the

effects they produced, such as changes in physical fitness or sports results, can be

12 Paillard T. (2012). Effects of general and local fatigue on postural control: a review. Neuroscience & Biobe-
havioral Reviews, 36(1), 162-176.

13 Schwellnus MP, Derman EW. (2005). Common injuries in cycling: Prevention, diagnosis and management.
South African Family Practice, 47(7), 14-19.
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valuable for both practitioners and scientists. Such data can serve as a starting point
for designing training programs and explaining their positive effects (improvement in
sports results), lack of effects (stagnation of results), as well as understanding and pre-
venting their negative consequences (injury, overtraining). With the above in mind,
the authors of publication C set out to analyze training loads applied during an 18-
week preparatory period and assess their impact on the physical fitness of Polish ado-
lescent road cyclists at a high sports level. The authors of publication C decided to
achieve this goal for two reasons. The first is to enrich the body of knowledge with
information about the magnitude and structure of training loads used in developing
road cyclists, as interestingly, there is not too much data of this type available. The
second reason, or rather a side effect, was the possibility of providing athletes and
coaches with information that can be used in the training process.

In summary, the common denominator of publications A, B, and C is the pursuit
of better understanding the training loads undertaken by adolescent road cyclists and
comprehending their impact on physical fitness, the state of the musculoskeletal sys-
tem, and the functioning of the balance control system under fatigue conditions. Con-
sequently, the conducted research has enabled the expansion of knowledge in the field
of physical culture sciences and provided practical information for coaches and ath-

letes, which may contribute to improving results in road cycling.

str. 15| Rozprawa doktorska — Bartosz Zajac



6. Publikacja A

Tytul: Does Cycling Training Reduce Quality of Functional Movement Motor Patterns and

Dynamic Postural Control in Adolescent Cyclists? A Pilot Study.

Cel pracy: (1) Ustalenie, czy trening kolarski wplywa na jakos¢ podstawowych wzorcow ru-
chowych i wielkos¢ obszaru stabilnosci posturalnej u dorastajacych sportowcédw. (2) Okresle-
nie trafnosci predykcji ryzyka urazu przeciazeniowego u dorastajacych kolarzy szosowych za

pomoca testéw Functional Movement Screen (FMS) i Lower Quarter Y-balance (YBT-LQ).

Material i metody: W badaniu uczestniczyto 23 kolarzy szosowych w wieku od 15 do 17 lat.
Jako$¢ podstawowych wzorcow ruchowych zostata oceniona za pomoca testu FMS, a wielkos¢
obszaru stabilnosci posturalnej oceniono przy uzyciu YBT-LQ. Informacje dotyczace urazéw,
takie jak ich liczba, lokalizacja i stopien cigezkosci, pozyskano retrospektywnie za pomoca kwe-

stionariusza ankiety, ktory wzorowany byt na OSTRC Overuse Injury Questionnaire.

Wyniki: 30% uczestnikéw badania wykazato wzorce ruchowe o niskiej jakosci, tj. ocenione
na mniej niz 2 punkty, w dwdch probach wchodzacych w sktad FMS, a mianowicie w probie
przenoszenia nogi nad ptotkiem oraz w probie 'pompki'. Dla FMS, przecigtne wartosci czuto-
$ci, swoistosci i ilorazu szans wyniosty odpowiednio 0.33, 0.62 i 0.80. Natomiast dla YBT-LQ,
przecietne wartosci tych wskaznikéw wahaly sie w zakresach: czuto$¢ od 0.17 do 0.67, swoi-

sto$¢ od 0.46 do 0.92, a iloraz szans od 0.43 do 4.50.

Whnioski: (1) Dorastajacy kolarze szosowi moga wykazywac deficyty funkcjonalne w obrebie
kompleksu ledzwiowo-miedniczo-biodrowego oraz tutowia, dlatego w ich treningu zaleca si¢
uwzglednianie ¢wiczen ukierunkowanych na wzmacnianie, stabilizacje i mobilizacje tych seg-
mentow ciata. (2) Autorzy pracy nie zalecaja stosowania testéw FMS i YBT-LQ jako narzedzi

do identyfikowania kolarzy szosowych o podwyzszonym ryzyku urazu przecigzeniowego.

Ograniczenia: W badaniu wzieta udziat jednorodna pod wzgledem wieku i pkci, a takze nie-
wielka grupa zawodnikow, dlatego wynikéw nie nalezy uogdlnia¢ na szersza populacje. Ba-
dang grupe stanowili sportowcy z duzym zréznicowaniem doswiadczenia treningowego,
ktore jest wymieniane jako jeden z czynnikéw ryzyka urazu. Ponadto, w projekcie nie
uwzgledniono grupy kontrolnej, co znacznie redukuje site ,,dowodu naukowego” pochodza-

cego z badania.
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Abstract: The aim of this study was to assess whether cycling training may influence quality of
functional movement patterns and dynamic postural control. We also sought to determine if the
Functional Movement Screen and Lower Quarter Y-balance tests could be predictive of injury risk
among adolescent road cyclists. Twenty-three male road cyclists, aged 15-18 years, were involved in
the study. Quality of functional movement patterns was assessed using the Functional Movement
Screen test (FMS). Dynamic postural control was evaluated using the Lower Quarter Y-balance test
(YBT-LQ). Information on injury occurrence was collected through a retrospective survey. The results
showed the highest percentage of scores equalling 0 and 1 (>30% in total) in two FMS component tests:
the hurdle step and trunk stability push-up. The results also demonstrated a low injury predictive
value of the Functional Movement Screen (cut-off <14/21 composite score) and the Lower Quarter
Y-balance test (cut-off <94% composite score and >4 cm reach distance asymmetry) in adolescent
road cyclists. The most important information obtained from this study is that youth road cyclists
may have functional deficits within the lumbo-pelvic-hip complex and the trunk, while neither the
FMS nor the YBT-LQ test are not recommended for injury risk screening in cyclists.

Keywords: FMS test; Y-balance test; cycling training; overuse injury

1. Introduction

Non-traumatic (overuse) injuries are a real problem among professional and amateur
road cyclists [1]. Clarsen et al. [2] showed that 94% of world class cyclists experience injuries
during a 1-year period, where symptoms of both lower back pain and anterior knee pain
were common, with an annual prevalence of 58% and 36%, respectively. Barrios et al. [3], in
professional road cyclists, reported about five non-traumatic injuries per 100,000 covered
km (mainly tendinitis of the patellar and Achilles tendon). Furthermore, during the year
prior to the survey, a high level of pain and overuse injuries were observed in amateur
cyclists, reaching 85 [4] and 88% [5]. What is of great significance is that each injury resulted
in a loss of training time and socio-economic costs, and impeded competitive success [6-9].
Therefore, detection of specific risk factors for cyclists is crucial in decreasing the rate of
sport-related musculoskeletal injuries [10,11].

Road cycling is one of the most demanding endurance sports for the body. World-class
road cyclists typically train a mean of 20 h per week and cover 600 km per week [12]. During
this time, they assume a characteristic cycling position to reduce aerodynamic drag [13-15],
which requires extreme horizontal trunk flattening and hip flexion, achieved, in part,
through anterior pelvic tilt [16]. In some studies, it has been shown that cyclists sitting on a
bicycle modified the lumbar lordosis curve to kyphosis [17,18]. This situation may cause
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posture abnormalities such as increased standing thoracic kyphosis [19] or greater anterior
pelvic tilt in a seated position [16] compared to sedentary individuals. Furthermore, San
Emeterio et al. [20] found that in elite female cyclists, intense cycling training induced
significant alterations in lumbopelvic movement. The specificity of training also includes
mainly endurance exercise and general strengthening exercise, usually not focused on
lumbo-pelvic stability and on hip mobility [21-23]. However, there are not many studies in
which the impact of road cycling training on neuromuscular control and movement quality
is addressed using movement-competency base tests such as the Functional Movement
Screen (FMS) and /or the Lower Quarter Y-balance test (YBT-LQ). Moreover, the sensitivity
and specificity of the FMS and YBT-LQ as tools for injury prediction in the population of
cyclists has not been reported.

FMS is a screening test that was developed with the goal of identifying deficits in
movements that may predispose an otherwise healthy person to injuries during physical
activity [24,25]. FMS allows the assessment of stability and mobility within the kinetic
chain of full body movement, the identification of painful patterns and body asymmetries,
and the recognition of overall poor-quality movement patterns [21,24,25]. The Functional
Movement Screen is inexpensive, easy to use, and shows acceptable intra- and inter-rater
reliability [26,27]. However, like any tools, the FMS has limitations, i.e., task-specific evalu-
ation criteria and high intra- and inter-individual variability in movement coordination
and control [28], as well as equivocal injury predictive value of the composite score [29-36].

YBT-LQ is extensively used for injury risk identification [37], return to sport testing [38],
and pre-post intervention measurement [39—41]. YBT-LQ aids the assessment of dynamic
neuromuscular control and lower-extremity functional flexibility. The Lower Quarter Y-
balance test, like FMS, is inexpensive, easy to use, and shows good intra- and inter-rater
reliability [42]. However, the relationship between composite score, reach distance (raw
and normalized), reach distance asymmetry, and injury risk remains unclear [43—49].

We have hypothesized that because of long-time exposure to specific cycling positions,
in combination with a high level of physical effort, road cyclists may be prone to specific
neuromuscular alternations. Therefore, the aim of this study was to assess whether cycling
training influences quality of functional movement patterns and dynamic postural control.
We also sought to determine if the Functional Movement Screen and Lower Quarter Y-
balance tests may be predictive in injury risk assessment among adolescent road cyclists.

2. Materials and Methods
2.1. Participants

The study involved 23 male road cyclists, aged 15-18 years, recruited from students
of the Sport Championship School in Swidnica, Poland. The inclusion criteria were:
(i) minimum 1-year training experience; (ii) obtaining a sports result at the level of at
least the second sports class (according to the standards established by the Polish Cycling
Federation) in the 12 months preceding the study; (iii) average training volume above 8 h
per week in the last 3 weeks before the study, registered with a sport-tester; (iv) having
a current certificate from a sports medicine doctor regarding the ability to practice road
cycling. The exclusion criteria were acute injuries that made it impossible to perform the
tests. The characteristics of the study population are presented in Table 1.

2.2. Experimental Design

All measurements were performed by an experienced researcher during one visit at
the beginning of the preparatory period. The Functional Movement Screen (FMS) and
Lower Quarter Y-balance test (YBT-LQ) were performed with a 5 min break in between
and in a random order. Additionally, at baseline, anthropometric measurements and
information about training experience were collected. All measurements were performed
between 8:00 a.m. and 4:00 p.m. in a sports hall at an ambient temperature of 20 + 1 °C.
The participants were asked by e-mail not to perform intensive training sessions within
48 h prior to testing. Eighteen weeks after measurements, participants were asked to fill
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in a retrospective survey on the prevalence of injuries occurring since the time of the
baseline tests.

Table 1. Characteristics of studied population.

Median (Q1-Q3) Minimum  Maximum CQV (%)

Age [year] 16.0 (15.0-17.0) 15.0 17.0 6.3
TE [year] 5.0 (3.0-6.0) 1.0 8.0 30.0
Age in TE groups [year]

1-4 year,n=9 15.0 (15.0-16.0) 15.0 17.0 32
5-8 year,n =16 16.5 (16.0-17.0) 15.0 17.0 3.0
Body height [cm] 178.5 (174.0-180.5) 167.5 192.0 1.8
Body mass [kg] 63.2 (60.1-67.6) 52.6 82.2 59
Lean body mass [kg] 53.4 (51.0-57.3) 439 67.1 59
Fat mass [kg] 9.8 (8.7-12.2) 6.5 15.1 17.9
Fat [%] 15.5 (14.5-17.9) 1.1 19.7 11.0

Q1-Q3—first and third quartiles, CQV—coefficient of quartile variation, TE—training experience.

2.3. Anthropometric Measurements

Body height was measured via an anthropometer (Metrisis, Thessaloniki, Greece). The
length of the lower limbs was measured in supine position (anterosuperior iliac spine to
centre of the ipsilateral medial malleolus) via a measuring tape (TK Gruppe Timo Klingler,
Shenzhen, China) [50]. Body mass and fat mass were determined with a body composition
multi-frequency octopolar analyser (Tanita MC 780 MA, Tokyo, Japan) using the method of
electrical bioimpedance in sport mode [51]. Before measurements, the feet and hands of
the subject and the analyser were cleaned and degreased.

2.4. Functional Movement Screen Test (FMS)

The purpose of the FMS test was to assess fundamental movement patterns. Partici-
pants completed seven parts of the test (deep squat, hurdle step, in-line lunge, shoulder
mobility, active straight leg raise, trunk stability push-up, and quadruped rotary stability)
using the FMS kit (Perform Better, Cranston, RI, USA) in accordance with the methodology
described by Cook et al. [52,53]. Participants were given verbal instructions for task perfor-
mance and were allowed three attempts for each task (maximal score was registered). Then,
the scores of all seven test parts were summed, resulting in a composite score (0-21 points).
Five of the seven test parts assessed asymmetry by bilateral measurements. If discrepancies
existed between the left and right sides, the score for the worse side was registered. Each
test component was scored on an ordinal scale (0-3 points) based on quality of movement,
with three being the maximum score. A score of 2 indicated that the participants required
some type of compensation or were unable to complete the entire movement. A score of 1
was given if the individual was unable to remain in the movement position throughout the
movement, lost balance during the test, or did not meet the minimum criteria to score a 2.
Pain during any of the FMS component tests indicated a score of 0. In addition to the seven
component tests, the FMS includes three clearing tests for pain detection (shoulder internal
rotation and abduction with the hand placed on the opposite shoulder, lumbar extension
performed in prone press-up position, and end-range lumbar flexion in quadruped). Pain
on a clearing test resulted in a score of 0 for the shoulder mobility, trunk stability push-up,
or rotatory stability tests, respectively. Details on scoring for each of the component tests
are provided in the works by Teyhen et al. [54] and Cook et al. [52,53]. FMS test reliability
for the ICC inter-rater ranged from 0.87 to 0.89, and for the ICC intra-rater, the range was
from 0.81 to 0.91 [55,56].
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2.5. Lower Quarter Y-Balance Test (YBT-LQ)

The YBT-LQ test, which was applied to evaluate quality of dynamic postural con-
trol, was performed using the YBT kit (Move2Perform, Evansville, IN, USA). The par-
ticipants pushed the reach indicator blocks with one foot as far as possible in three
directions—anterior (A), posteromedial (PM), and posterolateral (PL)—while standing
on the contralateral leg on a central platform with hands on the pelvis. Each participant
was allowed six practice trials in each direction and then performed three test trials in each
direction. The reach distance was recorded as the point where the participant pushed the
reach indicator block closest to the central platform to the nearest 1 cm. The testing order
was as follows: three trials standing on the right foot reaching in the anterior direction (right
anterior reach) followed by three trials standing on the left foot reaching in the anterior
direction. This procedure was repeated for the posteromedial and the posterolateral reach
directions. The trail was discarded and repeated if the subject: (i) failed to maintain a
unilateral stance on the platform (e.g., touched down to the floor with the reaching foot or
fell off the stance platform); (ii) failed to maintain the reach foot in contact with the reach
indicator on the target area while in motion (e.g., kicked the reach indicator); (iii) used the
reach indicator for stance support (e.g., placed foot on top of reach indicator); (iv) failed
to return the reach foot to the starting position under control; (v) broke stance foot-heel
from central platform. The average of three successful test trails for each reach direction
was used for data analysis. Normalised reach distance and composite scores (CS) were
calculated according to the formula proposed by Bulow et al. [57]:

normalised reach distance = extigslon distsnce x 100% (1)
leg length

_ RD(anterior) + RD( posteromedial) + RD(posterolateral )
- 3 x leg length

The reported reliability of the YBT-LQ was 0.85-0.91 for the ICC intra-rater and
0.85-0.93 for ICC inter-rater [45,58].

cCs x 100% (2)

2.6. Overuse Injury Survey

A retrospective survey was used to collect information about overuse injuries in five
anatomical locations (knee, hip, back, neck, and other body areas) that occurred during
the previous 18 weeks. Five questions included in Table 2 were repeated for each location.
Before the survey, subjects were informed and familiarised with the definition of overuse
injury (any pain or discomfort that was not directly associated with a traumatic event and
was different from the normal pain associated with competitive cycling). Any physical
complaint sustained by cyclists that resulted in training volume reduction was adopted as
an injury criterion for sensitivity, specificity, and odds ratio calculation [59].

2.7. Statistical Analyses

Statistical analysis was performed using SPSS Statistics 26 (IBM, Armonk, NY, USA).
Differences between the right and left sides (for Y-balance test reach distances and composite
score) were evaluated with the t-test for independent samples or the Mann-Whitney’s U
test, depending on the assessment of normal distribution. The normality of distribution was
examined via the Shapiro-Wilk test. The probability of Type I error below 0.05 was adopted
as the level of significance. The median as well as the first and third quartiles were used
to present the results of the study. Sensitivity, specificity, odds ratio, and 95% confidence
interval were calculated according to the proposal by Altman [60] and Altman et al. [61].
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Table 2. Overuse injury survey.

Question 1
Have you experienced (location) overuse injury during the past 18 weeks?
a. Yes b. No
Question 2
How many days in total have you had difficulties due to (location) overuse injury during the past 18 weeks?
a. 1-3 days b. 4-7 days c. 8-28 days d. >28 days
Question 3
To what extent have you reduced your training volume due to (location) overuse injury during the past 18 weeks?
a. No reduction b. To a minor extent ¢. To a moderate extent d. To a major extent
Question 4
To what extent has (location) overuse injury affected your performance during the past 18 weeks?
a. No effect b. To a minor extent ¢. To a moderate extent d. To a major extent
Question 5
To what extent have you experienced pain related to (location) overuse injury during past 18 weeks?
a. To minor extent b. To moderate extent ¢. To major extent
3. Results

3.1. Functional Movement Screen Test (FMS)

The FMS test indicated a high percentage (in total >30% all cases) of scores totalling
0 and 1 in hurdle step and trunk stability push-up tests compared to the remaining tests
(Table 3). The median as well as first and third quartiles of FMS composite score reached a
value of 15 (13-17).

Table 3. Score distributions for FMS component tests.

Score, N (%)
0 1 2 3

Deep squat 0 (0.0%) 1(4.4%) 13 (56.5%) 9 (39.1%)
© Hurdle step 0(0.0%)  7(304%)  16(69.6%)  0(0.0%)
In-line lunge 0 (0.0%) 2 (8.7%) 16 (69.6%) 5(21.7%)
Shoulder mobility 0 (0.0%) 0 (0.0%) 3 (13.0%) 20 (87.0%)
Active straight leg raise 0(0.0%) 0 (0.0%) 15 (65.2%) 8 (34.8%)
Trunk stability push-up 2 (8.7%) 7 (30.4%) 8 (34.8%) 6 (26.1%)

Rotatory stability 0 (0.0%) 0 (0.0%) 23 (100.0%) 0 (0.0%)

N—number of observations, (o)}—percentage of observations.

3.2. Lower Quarter Y-Balance Test (LQ-YBT)

There were no demonstrated statistically significant differences between the right
and left sides in the YBT-LQ composite score (Table 4). There were also no statistically
significant differences between the right and left sides with regard to anterior, posterolateral,
posteromedial raw (cm), and normalized (% leg length) reach distances (Table 5).

Table 4. Summary of Lower Quarter Y-balance test composite scores.

Median  Q1-Q3  Min. Max. CQV (%) p

YBT-LQ composite score-L (%) 97.9 96.0-101.7 78.0 104.2 29 NA
YBT-LQ composite score-R (%) 99.2 95.5-102.8 89.6 108.3 3.7 NA
Difference L vs. R (%) 1:53 0.67-4.05 0.12 6.47 80.5 0.622

Q1-Q3—first and third quartiles, Min.—minimum, Max.—maximum, CQV—coefficient of quartile variation,
p—probability of Type-1 error.
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Table 5. Distribution of reach distances (median as well as first and third quartiles) for all directions.

o RD (cm) RD (%LL)
Direction L - A (cm) P L - A (%) P
: 68.2 69.3 1.83 74.0 74.0 2.74
Finteriny (63.5-73.8) (63.6-73.3) (1.00-3.00) OfE8 (69.3-78.1) (70.2-78.2) (1.33-4.40) L
? 102.0 103.3 3.16 110.0 112.4 3.14
Posterolateral 451 1053)  (985-1062)  (1.25-5.08) 054 (1035-115.6)  (106.4-1167)  (1.19-5.26) 0%
; 103.2 105.3 283 1123 113.3 2.60
Posteromedial (1503 1073)  (100.7-109.0)  (0.92-5.25) 0.630 (107.2-116.3)  (108.4-116.6)  (0.91-5.03) 0458
RD (cm)—reach distance in centimetres, L, R—left, right leg, (%LL)—reach distance normalised to leg length,
A—difference between left and right lower limb, p—probability of Type-1 error.
3.3. Overuse Injury Survey
The result of the survey showed overuse injuries in six cyclists (31.6% of valid cases).
Half of them reported injuries in more than one location. A total of 12 injuries were
recorded, with most of them localized in the knee (26.3% of valid cases) and back (21.1%
of valid cases). All reported knee injuries lasted between 4 and 7 days. All cyclists who
reported knee problems had to reduce the training load and experienced pain, at least to
a moderate extent. Half of the cases regarding knee injuries affected performance. The
duration of the back problems varied considerably. Half of cases with back problems did
not require a reduction of training load. The majority of back injury cases experienced at
least moderate pain and were forced to reduce training loads. Detailed numerical data
concerning the location and severity of injury are presented in Table 6.
Table 6. Location and severity of overuse injuries.
Problem %) Duration (Days) of Extent of Training Volume Impact on Extent of Pain
Location . Problem (%) Reduction (%) Performance (%) Experience (%)
1-3 No reduction No effect 10.5 Minor
47 26.3 Minor 10.5 Minor 15.8 Moderate 21.0
Knee 26.3 - - — —
8-28 Moderate 10.5 Moderate Major 5.3
>28 Major 5.3 Major
1-3 No reduction No effect Minor
. 47 Minor Minor Moderate
Hip 0.0 :
8-28 Moderate Moderate Major
>28 Major Major
1-3 5.3 No reduction 10.5 No effect 5.3 Minor
47 10.5 Minor 53 Minor 10.5 Moderate 10.5
Back 21.1 :
8-28 Moderate Moderate Major 10.5
>28 5.3 Major 5.3 Major 5.3
1-3 No reduction 10.5 No effect 53 Minor 5:3
4-7 5.3 Minor Minor 53 Moderate 53
Neck 10.5 :
8-28 Moderate Moderate Major
>28 5.3 Major Major
1-3 No reduction No effect Minor
4-7 Minor Minor Moderate
Oth 53
°r 8-28 5.3 Moderate Moderate Major 53
>28 Major 5.3 Major 53

(%)—percentage of valid observation.
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3.4. Injury Prediction Value of FMS and YBT-LQ

Indicators of injury risk predictive value (sensitivity, specificity. and odds ratio) of the
Functional Movement Screen and Y-balance tests are presented in Table 7.

Table 7. Indicators of injury risk predictive value for FMS and YBT-LQ.

Sensitivity (95% CI) Specificity (95% CI) Odds Ratio (95% CI)

FMScs <14/21 0.33 (0.04-0.78) 0.62 (0.32-0.86) 0.80 (0.10-6.10)
YBT-LQcs1 < 94% 0.17 (0.04-0.64) 0.92 (0.64-1.00) 2.40 (0.12-46.39)
YBT-LQes g < 94% 0.33 (0.04-0.78) 0.85 (0.55-0.98) 2.75 (0.28-26.61)

YBT-LQpg.s > 4 cm 0.17 (0.42-0.64) 0.92 (0.64-1.00) 240 (0.12-46.39)

VBT L On py > dem 0.67 (0.22-0.96) 0.69 (0.39-0.91) 4.50 (0.57-35.52)

YBT-LQppa > 4 cm 0.33 (0.04-0.77) 0.46 (0.19-0.75) 043 (0.05-3.22)

FMScs—FMS composite score, YBT-LQcs.Lr—Lower Quarter Y-balance test compaosite score for left, right lower
limb. YBT-LQA R, pL-R-A, PMR-A—AaSymmetry in anterior, posterolateral, and posteromedial reach.

4, Discussion

The results of the current study showed that the values of the FMS composite score
(FMScs) as well as those of the YBT-LQ test (YBT-LQcs) in youth road cyclists were similar
to those observed by other authors in adolescent populations. However, the lowest scores
were noted in hurdle step and in the trunk stability push-up for the FMS test, which may
suggest the existence of core stability deficits. Moreover, despite good results of the FMScs
and YBT-LQ tests, the evaluated adolescent cyclists suffered from overuse injuries during
the 18-week period after conducting the assessment.

In our study, we noted a high percentage of 0 and 1 scores (in total, >30% of all cases)
in two FMS component tests (hurdle step and trunk stability push-up) compared to other
adolescent populations [62-64]. The hurdle step task is mainly used to assess unilateral
hip extensor mobility and postural control [24]. Given the fact that for the evaluated
cyclists, the results of YBT-LQ test did not indicate abnormalities in dynamic postural
control, it can be suggested that cycling training may predispose to limitations in hip
extension mobility. The trunk stability push-up task, in turn, is applied to evaluate core
stability in the sagittal plane during symmetric upper limb movement [25] and upper body
strength [65]. The alterations presented in this test may be attributed to poor stability of
the trunk stabilisers [25]. Therefore, it may be probable that spending significant time
in cycling position, which requires extreme trunk horizontal flattening and hip flexion
achieved through excessive anterior pelvis tilt [16] in combination with a high level of
physical effort [20], may overload tissues and lead to some deficits in the mobility (mainly
in hip extension) and stability of the lumbo-pelvis complex and/or trunk. Furthermore,
the potential reason for functional movement deficits observed in evaluated cyclists may
be related to overall training specificity, which is mainly focused on endurance exercises
and on general strength training [21-23]. However, specific functional exercises focused on
lumbo-pelvic complex mobility and stability are very rarely performed by cyclists. Because
cyclists spend most of their training time on a bike, much less time is devoted to functional
exercises, which may negatively affect core musculature performance during stability tasks
off a bike [23]. During the 18 weeks following evaluation, despite good results on the
FMScs and YBT-LQ, more than 30% of studied group experienced some overuse injuries,
mainly located in the knees and back. Therefore, we may suggest that those two parts of
the FMS test (hurdle step and trunk stability push-up) may be indicative of weak points of
the body in young cyclists that may be vulnerable to overload.

Abraham et al. [62] showed that the mean FMS¢g value in 10-17-year-old school
students of both genders was 14.59 + 2.48. Similarly, Anderson etal. [66], in 31 healthy male
secondary school athletes (age 16.0 + 1.1 years), reported a mean FMScs value of 15.3 + 2.1.
Rannama et al. [67] and Rannama et al. [68] demonstrated FMScg values totalling 14.7 + 1.6
and 14.13 + 1.80 in male road cyclists (age 19.2 + 2.3 and 18.5 + 2.1 years, respectively). Only
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Pfeifer et al. [69] reported a slightly lower mean and larger standard deviation of FMScs,
that is, 12.62 + 3.06 (mode 14), in 63 male high-school students (age: 15.87 + 1.44 years).
These FMScg values are similar to those obtained in our study (median: 15, 1st-3rd quartiles:
13-17). However, we should be careful with the interpretation of the FMScs result, because
it is a combination of multiple subtests used to assess different movement qualities (i.e.,
mobility, strength, balance, etc.) in different body regions. Moreover, the weaknesses of
this test are the task-specific criteria and high inter-individual variability in movement
coordination and control, whereby a score of 2 points for a given test can be obtained in
several different ways. Although FMScs may be similar between the evaluated athletes,
these scores could have been obtained with different individual movement patterns [28,70].

The low sensitivity (SP) 0.33 (95% CI 0.04-0.78), specificity (SE) 0.62 (95% CI: 0.32-0.86),
and odds ratio (OR) 0.80 (95% CI: 0.10-6.10) observed in our study indicated poor abil-
ity of FMScg < 14/21 to predict injury risk in youth road cyclists. For other studies in
physically active populations, equivocal results were provided. Some authors underlined
that poor performance on the FMScg may reflect a history of injury rather than predict
future injury risk [70]. In the majority of meta-analysis reviews, the strength of association
between FMScg < 14/21 and subsequent injury is not supported, nor is its use as an injury
prediction tool [71-74]. Dorrel et al. [71] showed an SE of 0.24 (95% CI: 0.15-0.36) and SP
0.85 (95% CI: 0.77-0.91) in active adult populations. Moore et al. [72], in junior athletes,
demonstrated an SE totalling 0.50 (95% CI: 0.43-0.57), SP of 0.59 (95% CI: 0.44-0.72), and
OR equalling 1.16 (95% CI: 0.72-1.87), and showed that the prediction value of FMScs
< 14/21, which may vary depending on population, injury mechanism, and injury defi-
nition. In male military personnel, Moran et al. [73] reported ‘strong” evidence that the
strength of association between composite score (cut-point < 14/21) and subsequent injury
was ‘small”. Beardsley et al. [74] even suggested that the probable predictive criterion-
referenced validity value of the FMScg < 14/21 may be only marginally better than a
coin toss for identifying individuals who are genuinely at risk of injury. By contrast, in a
review by Bonazza et al. [75] including nine prospective cohort studies, it was reported
that participants (athlete, fire-fighter, and military populations) who scored < 14 on the
EMS have greater than two-fold—OR of 2.74 (95% CI: 1.70-4.43)—the odds of sustaining a
musculoskeletal injury than those with scores > 14 (but the authors of this review ignored
heterogeneity in the study population type, follow-up time, and injury definition [72]).
Low injury risk predictive value of the FMS test may be due to its low construct validity.
The FMS test allows the identification of compensatory, painful, and asymmetric move-
ment patterns in tasks, which are often different from those performed in specified sports
disciplines. Thus, it is equivocal how the identification of such compensatory movement
patterns may be significantly linked to the prediction of sport-related injury. Furthermore,
it is also worth highlighting that when using FMScs, the cut-off value should be adjusted
to subject age, gender, experience, and level of competition. Therefore, FMScg should be
used with caution as a criterion differentiating athletes with high and low risk of injury.

The YBT-LQ composite score (YBT-LQcg) reported in our study did not differ from
values observed in adolescent athletes by other authors [76-78]. Schwiertz et al. [76], in male
volunteers aged 14-15 years, observed a 97.0% level of YBT-LQcs composition score for the
right leg and 98.1% for the left one. The higher values were reported in the 16-17 age group:
101.5%, and 102.8% for the right and left sides, respectively. Similarly, Alhusaini et al. [77],
in healthy male children aged 12 to 15 years, demonstrated 94.13 + 8.83% for the right side
and 93.68 + 8.79% for the left side. Such a value of YBT composition score (93.3 + 9.6%)
was also noted by O’Connor et al. [78] in adolescent Gaelic footballers and hurlers. In
our study, no asymmetry in composite score or reach distance was observed, suggesting
that cycling training probably did not adversely affect the dynamic postural control of the
young cyclists under evaluation.

In our study, performance on the YBT-LQ test (composite score < 94%, and reach
distance asymmetry >4 cm) showed low injury prediction value in the evaluated cyclists.
Moreover, in the literature, ambiguous observations have been noted. Butler et al. [49]
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reported an odds ratio of 3.5 (95% CI 2.4-5.3) when using a composite cut-off of 89.6%
in football players. Wright et al. [46] and Brumitt et al. [45] utilised different composite
cut-offs for athletic teams, ranging between 89 and 94%, all of which yielded non-significant
likelihood ratios (ranges: 0.55-1.32 and 0.50-1.70, respectively). Smith et al. [43] utilised
4-cm anterior reach distance asymmetry and found a relationship with future injury risk,
reporting an odds ratio of 2.20 (95% CI 1.09-4.46). Vaulerin et al. [79] found that an
asymmetry of >2 cm was predictive of ankle sprains. Siupginskas et al. [80] reported only
limb difference scores and did not find an association with injury in elite female basketball
players. Gonell et al. [81] indicated an odds ratio of 3.86 (95% CI 1.46-10.95) for male soccer
players with a posteromedial asymmetry of 4 cm or greater. Lehr et al. [82] used population
specific cut-points for various sports. The researchers found that injury predictive values
of the YBT-LQ were increased when multiple risk factors were combined. The authors
applied age, sex, and sport-specific risk cut-points to place athletes in risk categories. These
cut points were based on previously published injury prediction studies and normative
databases. Thus, it seems important to include age, sex, and sport cut-points for injury
risk identification.

The limitation of this study is the fact that in the research, a homogeneous (in terms
of age and sex) and relatively small group of road cyclists was included; thus, the results
cannot be generalised to a broader population. Moreover, the study population included
athletes with a wide range training experience, which should be taken into account, while
training experience was previously reported as injury factor [83].

5. Conclusions

The most important information from this study is that youth road cyclists may
have functional deficits within the lumbo-pelvic-hip complex and the trunk. Moreover,
neither the FMS test nor the YBT-LQ test are not recommended for injury risk screening
in adolescent cyclists. Future research is needed to develop specific tests for cyclists and
specific cut-points for FMS and YBT-LQ composite scores to more accurately determine
future injury risk.
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7. Publikacja B

Tytul: Effects of Anaerobic Fatigue Induced by Sport-Specific Exercise on Postural Control in

Highly-Trained Adolescent Road Cyclists.

Cel pracy: Okreslenie efektéw oddzialywania zmeczenia beztlenowego wywotanego wysit-

kiem rowerowym na stabilnos¢ posturalng u dorastajacych kolarzy szosowych.

Material i metody: W badaniu wzieto udziat 23 kolarzy szosowych w wieku 15-17 lat. Kon-
trole rOwnowagi oceniono przed i 3 minuty po maksymalnym 30-sekundowym wysitku ro-
werowym za pomoca platformy podobarograficznej, ktora rejestrowata sciezke srodka naci-

sku stop na podtoze (CoP) na dwuwymiarowej przestrzeni.

Wyniki: Zmeczenie beztlenowe wywotato u kolarzy statystycznie istotny wzrost pola po-
wierzchni elipsy oraz zakresu wychylen CoP w ptaszczyznie strzatkowej i czolowej, zaréwno
przy otwartych, jak i zamknietych oczach. Ponadto, odnotowano statystycznie istotny spadek
czestotliwosci wychylen CoP w obu tych warunkach. U zmeczonych zawodnikéw zanoto-
wano réwniez istotny statystycznie wzrost stosunku zakresow wychylen CoP w plaszczyznie

strzatkowej do czotowej, co dotyczy pomiaréw wykonanych przy zamknietych oczach.

Whnioski: Zmeczenie wywotane wysitkiem beztlenowym zakldca dziatanie systemu kontroli
rownowagi u dorastajacych kolarzy szosowych, co moze przyczyniac sie do zwigkszonego
ryzyka upadkéw podczas zawoddw i treningdw. Obserwacja ta powinna by¢ uzyteczna dla
organizatorow wyscigéw kolarskich, zwlaszcza w kontekscie zabezpieczania kluczowych sek-
torow trasy, takich jak technicznie wymagajace odcinki, gdzie kolarze moga dodatkowo do-
$wiadcza¢ zmeczenia beztlenowego, np. na kretych zjazdach z przeleczy bezposrednio po ry-
walizacji o premie gorska. Ponadto, wyniki badania powinny zacheci¢ treneréw do wilaczania
¢wiczen ukierunkowanych na ksztattowanie kontroli r6wnowagi w warunkach zmeczenia

beztlenowego do programdw treningowych dojrzewajacych kolarzy szosowych.

Ograniczenia: Do ograniczen badania zaliczy¢ nalezy: (i) brak pomiaru wychwian CoP bez-
posrednio po wysitku; (ii) brak rejestracji wskaznikow restytucji powysitkowej; (iii) brak
grupy kontrolnej, np. amatorskich sportowcéw lub reprezentujacych inne dyscypliny spor-

towe; (iv) przeprowadzenie badania na homogenicznej pod wzgledem plci i wieku populagji.
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Abstract: The aim of this study was to evaluate whether and how anaerobic fatigue induced by sport-
specific exercise affects the postural control of highly-trained adolescent road cyclists. Twenty-three
male athletes, aged 15-18 years, were included in the study. Postural control was assessed using
the pedobarographic platform (bipedal upright stance, sequentially, with eyes open (EO) and closed
(EC) for 60 s each, with a 30 s interval), before and 3 min after a 30 s all-out effort performed on the
ergometer. The results showed significant increases in the 95%-confidence ellipse area (p-value 0.000
and 0.001 for EO and EC, respectively), as well as centre-of-pressure (CoP) range displacement in
the anteroposterior (p-value 0.000 for both EO and EC) and mediolateral (p-value 0.011 and 0.001 for
EO and EC, respectively) planes. In addition, a significant decrease in CoP mean sway frequency
was observed (p-value 0.000 and 0.001 for EO and EC, respectively), but no changes were noted in
CoP mean velocity (p-value 0.316 and 0.670 for EO and EC, respectively). In our study, it has been
indicated that anaerobic fatigue induced by sport-specific exercise deteriorates postural control in
adolescent cyclists. Moreover, cycling training may affect the quality of postural corrective reactions
occurring in response to anaerobic fatigue.

Keywords: postural control; body sway; anaerobic fatigue; cyclists; sport-specific exercise

1. Introduction

Road cycling is one of the most extreme endurance sports. Professional road cyclists
typically train ~20 h per week and cover ~600 km a week [1]. The longest 1-day race
in men’s cycling can be up to 300 km while the longest multiple-stage races can last
up to 21 days. The most demanding competitions are so-called grand tours in which
athletes compete for 21 days (>3000 km) with only 2 days dedicated to rest in between [2].
Interestingly, in the course of such a long-lasting competition, work intensity may by very
high. The percentage of the total flat race time spent by professional cyclists at an intensity
below 70%, between 70 and 90%, and above 90% of maximal oxygen uptake averages
approximately 70, 25, and 5%, respectively [2]. During races, ~20-70 accelerations take
place, exceeding maximal aerobic power [3]. Moreover, male elite cyclists may generate
power exceeding 1200 W (17 W x kg~ ') during final sprints [4]. In addition, data have
indicated that the younger category of competition may be even more intense than the elite
in terms of internal intensity [5]. Apart from huge training and race loads, road cycling is
also a very demanding sport on the postural control system due to the presence of various
external destabilising factors related to the course of training or competition with which
the cyclist’s body must cope in order to avoid falls, for example, winding roads of various
pavements [6], high speed [7], a large number of rivals, and variable weather conditions [2].
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The human body in the upright bipedal standing position is constantly swaying due to
the inability of the neuromuscular system to maintain constant muscular tension [8] as well
as the presence of physiological destabilising factors such as body liquid movements, heart
work, and respiratory muscular contraction [9,10]. Despite this, the human body is able to
maintain a vertical projection of the centre of gravity within the base of support due to the
operation of the postural control system. The quality of postural control may be quantified
by registering the trajectory of the centre of pressure (CoP) using force platforms, which
track the point of application regarding ground reaction forces resultant under the feet
present during upright standing [11]. The resulting signal, called the stabilogram, provides
various parameters describing postural control quality such as positional parameters (e.g.,
95%-confidence ellipse area [EA], distance between extreme points of the stabilogram
(range) in anteroposterior [APg] and mediolateral [MLg] planes, as well as APr/MLg
ratio), dynamic parameters (e.g., CoP mean velocity [MV] calculated as path length divided
by time of measurement), and frequency parameters (e.g., CoP mean frequency [MV]
defined as the rotational frequency, considering the total CoP length as a trajectory around
a circle with a radius equal to the mean distance) [11].

Generally, exercises that solicit a large part of body musculature (general exercise)—for
instance, cycling—cause the aggravation of postural sway due to increased cardiac and
breathing rhythm as well as intensified body liquid flow [12]. Moreover, general exercise
generates fatigue which affects postural control by decreasing the quality of input sen-
sory information and its integration, as well as output motor command efficiency. The
crucial exercise parameters influencing the size of postural sway aggravation and postural
control deterioration are intensity and duration. A large acid-base imbalance due to the
dissociation of lactic acid produced into lactate and hydrogen is typical for high-intensity,
short-term exercises. In contrast, low-intensity, long-term exercise may cause elevated body
temperature, dehydration, muscle damage, and /or the depletion of glycogen storage [13].
In addition, the size of postural control deterioration may depend on exercise type, intensity
of proprioceptive stimulation, forms of muscle contraction, and the activation of muscle
fibres [14].

There are many reports in which it is suggested that fatigue deteriorates postural
control. Some authors studied in different populations the influence of various fatiguing
protocols in terms of energetic background (aerobic [15,16] or anaerobic [17-21]), and
exercise type (general [16,22,23], or local [24-26]) in different populations. However, in
only a number of works are the effects of sport-specific fatiguing protocols shown with
regard to athletes” postural control [13]. To the best of our knowledge, there are no studies
in which the impact would be evaluated of anaerobic fatigue induced by sport-specific
exercise on adolescent road cyclists” postural control. These athletes are exposed to both
large amounts of fatigue of various etiologies (on this basis, of anaerobic background) and
various external factors hindering postural control. We hypothesize that the combination
of these factors may induce changes in the operation of postural control in response to
anaerobic fatigue. Therefore, the aim of this study was to evaluate whether and how
anaerobic fatigue induced by sport-specific exercise has an impact on the efficiency of
postural control in highly-trained adolescent road cyclists.

2. Materials and Methods
2.1. Study Design

Postural control was assessed with eyes open and closed before and 3 min after an
effort carried out on a cycle ergometer. We decided to perform the second assessment
after 3 min to reduce aggravation of body sway related to post-effort hyperventilation and
tachycardia. Moreover, the somatic measurements and data on the training experience
were collected. The course of the study was presented in Figure 1. All measurements
were performed by experienced researchers between 10:00 a.m. and 4:00 p.m. at an
ambient temperature of 20 = 1 °C and relative humidity of 40 £ 5%. Participants were
asked to remain well-hydrated, to refrain from consuming alcohol or any stimulants for
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at least 24 h before testing, and not to engage in strenuous exercise at least 48 h prior to
testing. Each participant was familiarised with the measurement procedure. The study
was approved by the Bioethics Committee at the Regional Medical Chamber in Krakow
(No. 249/KBL/OIL/2021). All procedures were carried out in accordance with Helsinki

Declaration.
Eo

Blood Postural control Blood
30-s all-out effort collection  assessment  collection

Anthropometric Postural control
measurements assessment

I Active rest 1
o 3

v

B
O

Figure 1. The course of the study.

2.2. Participants

The study evaluated 23 male cyclists recruited from among students of the Sport
Championship School in Cycling in Poland. Sample size was calculated using G*Power
3.1.9.6 software (input parameters: two tails, effect size 0.6, « 0.05, power 0.7). Main charac-
teristics of the cyclists are showed in Table 1. The inclusion criteria were: (i) progression of
biological development—minimum 3rd pubic hair stage on Tanner’s Scale [27]; (ii) “highly-
trained /national” sports level according to [28] participant classification framework for
research in sports sciences; (iii) having a current certificate from a sports medicine doctor
regarding the ability to practice road cycling. The exclusion criteria were: (i) age above
18 years, (ii) postural control disorders identified in the past, (iii) health condition making it
impossible to perform the tests. The participants and their legal guardians were informed
about the research protocol in detail and gave their written informed consent to participate
in the study.

Table 1. Main characteristics of the studied cyclists.

Median (Q-Q3) Minimum Maximum CQV (%)
Age [year] 16 (15-17) 15 17 6.3
TE [year] 5(3-6) 1 8 30.0
BH [cm] 178.5 (174.0-180.5) 167.5 192.0 1.8
BW [kg] 63.2 (60.1-67.6) 52.6 82.2 5.9
BMI [kg x m 2] 20.3 (19.2-21.0) 17.8 25.2 4.5
LBM [kg] 53.4 (51.0-57.3) 439 67.1 5.9
BF [kg] 9.8 (8.7-12.2) 6.5 15.1 179
BF [%] 15.5 (14.5-17.9) 11.1 19.7 11.0

Q;-Q;—1st and 3rd quartiles; CQV—coefficient of quartile variation; TE—training experience; BH—body height;
BW—body weight; BMI—body mass index; LBM—Ilean body mass; BF—body fat.

2.3. Somatic Assessment

Body height (BH) was determined with stadiometer seca 213 (seca gmbh & co., kg,
Deutschland) with Imm accuracy. Body weight (BW), body fat (BF), and lean body mass
(LBM) were determined with multi-frequency (5 kHz/50 kHz/250 kHz) MC 780 MA device
(Tanita, Japan), using the bioelectrical impedance method [29]. At baseline, feet and hands
of the athletes and electrodes were sanitized and cleaned. Body mass index (BMI) was
calculated in following manner: BW in kilograms <+ BH in metres squared.
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2.4. Postural Control Assessment

The evaluation of postural control was performed using the FreeMED Posture Base
pedobarographic platform (Sensor Medical, Italy) with a sampling frequency of 400 Hz,
recording movement of CoP in 2-dimensional space. The platform was supported by
FreeStep v.1.3.34 software using a low-pass filter to remove any artefacts below 10 Hz.
Before initiating measurements, the subject was familiarised with the measuring equipment
and test procedure. The measurement was carried out in a quiet room, barefoot, in a
standing position, with feet parallel to the width of the pelvis and upper limbs hanging
freely along the body [30]. During the measurement, the subject stood on the platform
motionless, sequentially, eyes open and closed for 60 s each, with a 30 s interval [30].
The following variables of postural control were analysed: 95%-confidence ellipse area
(EA), CoP range displacement in the anteroposterior (APr) and mediolateral (MLR) planes,
APRr /ML ratio, CoP mean velocity (MV), and CoP median frequency (MF).

2.5. Fatiguing Protocol and Biochemical Analysis

The effort was performed on the Cyclus 2 ergometer (RBM elektronik-automation
GmbH, Germany) with the athlete’s own bike installed (the same on which he trained and
competed in the race). The ergometer was calibrated in accordance with the manufacturer’s
recommendations. Before the effort, the participant performed a 5 min warm-up with a
load totalling 1.2% of body mass. The pedalling rate during the warm-up equalled 90 rpm.
During the final 3-5 s of the second and fourth minutes of the warm-up, the athletes
carried out maximal accelerations. Two minutes after the warm-up, the maximal 30 s
all-out effort with stationary start was performed. The resistance applied during the test
was set at 10% body weight [31]. At the “go” command, the task of the subject was to
obtain the highest-possible pedalling rate as quickly as possible and then maintain it in
a seated position until the end of the effort (with strong verbal encouragement). During
the effort, peak power, time to obtain peak power, mean power, and minimal power were
registered. Fatigue index was calculated in the following manner: ((peak power — minimal
power) + (peak power)) x 100% [32]. After effort, cyclists were pedalling 2 min without
load with frequency 50-60 rpm. During the 3rd and 6th minutes following the effort,
20 pL of blood were collected by medical staff from the fingertip for measurement of
blood lactate concentration (BL) with the Super GL2 device (Dr. Miiller Gerdtebau GmbH,
Freital, Germany), employing the enzymatic amperometric electrochemical technique. The
analyser was calibrated before each series of obtaining samples.

2.6. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics 26. Changes in postural
control variables were evaluated with the paired-sample #-test or the Wilcoxon signed-rank
test, depending on consistency of the variables” distribution with normal distribution,
which was examined using Shapiro-Wilk test. Level of statistical significance was set at
<0.05. The effect size (ES) for the paired t-test samples was calculated via dividing the mean
difference by the standard deviation of the difference, while for the Wilcoxon signed-rank
test, it was calculated through dividing the z-value by the square root of the observation
number [33]. ES was interpreted as small (<0.3), medium (0.3-0.5), or large (>0.5) [33].

3. Results
3.1. Somatic Indices

Table 1 shows the main characteristics of the study’s cyclists.

3.2. Fatiguing Protocol and Biochemical Response

The kinetic values obtained during the effort as well as BL concentrations from the
third and sixth minutes after the effort are presented in Table 2.
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Table 2. Kinetic data collected during the effort and BL concentration after its completion.

Median (Q;-Q3) Minimum Maximum CQV (%)

Peak power [W] 910 (851-983) 710 1232 7.3

Peak power [W x kg~'] 14.2 (13.4-15.6) 13.4 15.6 7.7
Time to peak power [s] 3.30 (2.50-3.80) 1.00 7.40 19.7
Mean power [W] 716 (671-774) 553 894 7.1

Mean power [W x kg '] 11.4 (10.6-11.5) 10.3 12.6 4.1
Minimal power [W] 535 (466-579) 419 658 10.8
Minimal power [W x kg ] 8.2 (7.8-8.8) 6.3 8.8 6.0
Fatigue index [%] 41.2 (37.6-46.8) 31.0 56.0 10.9
Blood lactate 3’ [mmol x L] 12.9 (12.0-14.0) 9.8 16.0 7.7
Blood lactate 6/ [mmol x L] 11.9 (10.6-13.3) 8.6 15.1 11.3

Q1-Q3—1st and 3rd quartiles; CQV—coefficient of quartile variation.

3.3. Postural Control Indices before and after Effort (Eyes Open)

After the effort, significant increases were registered in EA (large ES), APg (large ES),
and MLy (small ES), as well as a decrease in MF (large ES). APr /MLy, ratio and MV did
not change significantly (small effect size) (Table 3).

Table 3. Postural control indices before and after the effort (eyes open).

Before After Difference (%) p-Value ES
922 (56.6-1256) 250 (151-670)
2
EA [mm?] =l i ot 231.2 (79.2-564.1) 0000* 059
120 (10.6-161) 257 (18.7-45.3) . .
APg [mm] e il g, 110.9 (24.7-323.1) 0.000 093
108 (8.6-143)  17.8 (10.9-25.6) . e ;
MLz [mm] Setlime o 443 (—0.82-1887) 0.011 0.28
107 (082-157) 142 (1.12-1.96) .
APg /MLg A ot oy 123 (~11.7-1145) 0136 0.0
MV [mm x s°1] 12.(723 ;102/3) 10365);-31/17) 1.8 (~7.2-37.7) 0315 0.04
L11(095-126)  0.80 (0.72-0.87)
MEF [Hz] e e Cov oas, ) ~23(-300-109)  0000* 109

Data are expressed as median (with 1st and 3rd quartiles); EA—95%-confidence ellipse area; APg, MLg—CoP
range displacement in the AP and ML planes; APg/MLg—ratio of APg and MLg; MV—CoP mean velocity;
MF—CoP mean frequency; p-value—probability of Type I error; * statistically significant difference; ES—effect
size; CQV—coefficient of quartile variation.

3.4. Postural Control Indices before and after Effort (Eyes Closed)
After the effort, significant increases were registered in EA (medium ES), APg, and

MLy (in both cases, large ES), with a relatively greater increase in the APy, as well as
decrease in MF (medium ES). MV did not change significantly (small ES) (Table 4).

Table 4. Postural control indices before and after the effort (eyes closed).

Before After Difference (%) p-Value ES

EA [mm?] wg&%xﬁ . 2(%(\}:52-& D 1817(-1256575) 0001 049
APy foam] 'gé\(f':;?;,;f) 30&(\2/1 '302‘_39/;8) 1413 (38.7-276.2) 0000* 108
MLg [mm] léés’ ;;161/5) 17(%(\1,:2'4%‘.%,9/;5) 77.7 (18-114.0) 0001* 082
APg/MLg lég{,‘?'ggj,f) 1‘263\1,;1312'%,;6) 46.6 (—11.8-141.1) 0026% 050
MV [mm x s71] 1(1:'3\(2 pk “gé{gg;i"” 2.3 (~10.0-25.4) 0670 001
MF [Hz] 1'?&?3}},,}36) 0’222(3;718&2;26) 211(-29.0t0 ~93)  0.000% 080

Data are expressed as median (with 1st and 3rd quartiles); EA—95%-confidence ellipse area; APgr, MLg—CoP
range displacement in the AP and ML plane; APr/MLg—ratio of APg and MLg; MV—CoP mean velocity;
MF—CoP mean frequency; p-value—probability of Type I error; * statistically significant difference; ES—effect
size; CQV—coefficient of quartile variation.
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4. Discussion

The main finding of this study is that anaerobic fatigue induced by sport-specific
exercise deteriorates postural control in highly-trained adolescent road cyclists. What is
also of significance in this research is that deterioration of postural control was visible as
an increase in the positional parameters of body sway (EA, APy, and MLg) as well as a
decrease in MF, but not a change in MV. To best of our knowledge, this is the first study in
which the effect was examined of anaerobic fatigue induced by sport-specific exercise on
postural control in adolescent road cyclists.

In our study, anaerobic fatigue induced a significant increase in the majority of posi-
tional body sway parameters (i.e., EA, APg, and MLg), both with eyes open and closed.
[t was only the APy /MLy ratio with eyes open that did not increase substantially after
the effort. Similar changes were also observed by other authors when anaerobic fatiguing
protocols were used: the Wingate Anaerobic test (young judokas [17]; 13-year-old alpine
skiers [18]); repeated sprint ability test among soccer players [19]; U19 basketball play-
ers [20]); and the Bosco protocol (recreationally trained volunteers [21]). All these protocols
linked (beyond the anaerobic background) the involvement of a large number of muscles
(general exercise type) mainly in the lower extremities. Therefore, the probable explanation
for postural control disturbances may be that high-intensity general exercise such as cy-
cling, running, or jumping deteriorates the quality of sensory information (proprioceptive,
visual, vestibular, and plantar cutaneous inputs) and /or their integration, while potentially
decreasing the efficacy of the muscular system [34-36]. Metabolic products diminish the
facilitation of muscle spindle afferents and thus reduce the efficiency of the myotatic loop
during postural regulation. Windhorst [37] specifies that the action of the chemosensitive
group IIT and IV muscle afferents reduces the motor resolution in response to any input,
which might lead to less efficient control and reduced motor output accuracy. Another
explanation may be the decrease of lower limb muscle strength (the median fatigue index
registered in our study was 41.2%). Dickin and Doan [38] and Harkins et al. [39] reported
that the decrease in the strength of the ankle or knee musculature as a result of fatigue
significantly disturbed postural control, and manifested in increased EA, AP, as well as
MLg. Another important aspect which should be addressed while explaining changes
in postural control induced by cycling exercises is neck musculature fatigue [25,40]. The
cycling position, which require extreme trunk horizontal flattening [41], predisposes one
to fatigue in the neck muscles [42]. It has been reported that nociceptive sensorial inputs
induced by fatigue of the neck muscles deteriorate the ability to correctly perceive verti-
cality and, moreover, the fatigue degrades spatial body orientation, influencing postural
balance [25,43,44]. Postural control disturbances may also be the effect of a large acid-base
imbalance [45]. The applied effort induced large increases in BL concentration among the
studied athletes (the median BL concentration was 12.9 and 11.9 mmol x A during the
third and sixth minutes, respectively, following the effort).

Interestingly, in our study, MV did not significantly change after the effort, while
MF decreased substantially. Other authors using anaerobic exercise to induce fatigue
obtained different results, i.e., increased MV [17-20], and no changes in MF [17,20]. We
have suggested that divergent results may be caused by the different time intervals between
the end of the effort and body sway measurements. In our research, posturography was
performed between the third and sixth minutes following the fatiguing protocol, while
all the cited authors, excluding Jastrzebska [18], carried out measurements immediately
after the effort. The protocol used in our study reduced the aggravation of body sway
arising from post-exercise tachycardia, hyperventilation, as well as body liquid movement.
Another aspect to be considered in trying to explain divergent results is that the anaerobic
fatigue in our study was induced via sport-specific exercise, while other authors used non-
specific exercise. The observed postural control reaction may, therefore, be characteristic
only of road cyclists in whom permanent large exposure to fatigue of various etiologies, in
combination with destabilising factors, potentially causing an adaptation in postural control
corrective responses. The significant MF decrease noted in our study could also suggest
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that road cycling training modifies the implemented corrective strategy. Our suggestion is
supported by the work of Harkins et al. [39] who observed that in young subjects, balance
strategies may change—from the ankle to the hip strategy—when the fatigue is localised at
the ankle musculature level. Due to the fact that MF is part of the ankle corrective strategy,
it would be probable that a high level of calf muscle fatigue caused by cycling exercise
may result in a shift to the hip corrective strategy as that is superior in postural control
regulation.

This study showed that short-term, high intensity effort (such as acceleration during a
road race) inducing anaerobic fatigue deteriorates postural control in adolescent cyclists,
and therefore may increase the risk of falls during competition or training. Decock et al. [46]
have reported that 10-13% of all competing Flemish youth riders experience falls during a
race and each such incident results in some injuries. Moreover, De Bernardo et al. [47] have
suggested that falls cause almost half of the injuries among professional road cyclists. We
think that the situations in which anaerobic fatigue is combined with technically difficult
and unsafe sectors of the competition/training may be especially dangerous for athletes’
health, e.g., a downhill ride from a pass with high speed after a mountain premium sprint.
Due to this, we recommend implementing sport-specific balance exercises carried out
in anaerobic fatigue conditions in the training programmes of cyclists. Meta-analysis
performed by Brachman et al. showed that such exercises have a positive effect on balance
performance; therefore, their implementation may reduce the risk of falls and the traumatic
injuries induced by them.

The limitations of this study included: (i) the lack of additional measurements regard-
ing body sway immediately after the effort; (ii) the lack of cardiopulmonary parameter
registration during the restitution period, showing fatigue status; (iii) potential visual or
auditory interference due to not wearing ear muffs and eye masks during postural control
assessment with eyes closed; (iv) the lack of a control group, e.g., amateur athletes or those
representing different sports disciplines; (v) performing research on a homogeneous (in
terms of sex and age) population; thus, the results cannot be generalised to a broader
population.

5. Conclusions

In our study, it has been indicated that anaerobic fatigue induced by sport-specific
exercise deteriorates postural control in adolescent road cyclists. Moreover, based on the
results of our research, we suggest that cycling training, due to its specificity, may affect the
quality of postural corrective reactions occurring in response to anaerobic fatigue, which
may differ from those occurring in athletes performing other disciplines or in non-training
people. Therefore, we recommend implementing balance exercises carried out in anaerobic
fatigue conditions in the training programmes of cyclists, because they may result in
positive effects in terms of fall prevention. Future studies should consider evaluating
the effects of fatigue induced by protocols combining long-duration, low-intensity efforts,
and short-duration, high-intensity efforts on postural control. In addition, in the future,
a greater number of measurements should be taken into account (with regard to body
sway) after the applied fatiguing protocol in order to determine changes of postural control
during the restitution period.

Author Contributions: Conceptualization, A.M. and B.Z.; methodology, A.M. and B.Z.; software,
B.Z. and PK.G,; validation, AM., B.Z. and T.A.; formal analysis, A.M., B.Z. and T.A_; investigation,
AM. and B.Z; resources, B.Z. and PK.G.; data curation, B.Z. and T.A.; writing—original draft, B.Z.;
writing—review and editing, A.M. and B.Z; visualisation, B.Z. and PK.G.; supervision, A.M. and
B.Z.; project administration, B.Z.; funding acquisition, B.Z. All authors have read and agreed to the
published version of the manuscript.

Funding: This study was performed within the framework of the programme of the Minister of
Science and Higher Education under the name “Regional Initiative for Perfection” within the years
2019-2022, project No. 022 /RID/2018/19, supported by the National Science Centre in Poland.

str. 361 Rozprawa doktorska — Bartosz Zajac



Appl. Sci. 2023, 13,1697 8 0f 9

Institutional Review Board Statement: The study project was approved by the Bioethics Committee
at the Regional Medical Chamber in Krakow (No. 249/KBL /OIL/2021). All procedures were carried
out in accordance with the Helsinki Declaration.

Informed Consent Statement: Written informed consent was collected from participants and their
legal guardians.

Data Availability Statement: All data are available from the corresponding author on request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Muriel, X.; Courel-Ibafiez, ].; Cerezuela-Espejo, V.; Pallarés, ].G. Training Load and Performance Impairments in Professional
Cyclists during COVID-19 Lockdown. Int. [. Sports Physiol. Perform. 2021, 16, 735-738. [CrossRef] [PubMed]

2. Lucia, A;; Hoyos, |.; Chicharro, J L. Physiology of Professional Road Cycling, Sports Med, 2001, 31, 325-337, [CrossRef] [PubMed]

3. Ebert, T.R.; Martin, D.T.; Stephens, B.; Withers, R.T. Power Output During a Professional Men’s Road-Cycling Tour. Int. |. Sports
Physiol. Perform. 2006, 1, 324-335. [CrossRef] [PubMed]

4. Menaspa, P; Quod, M.; Martin, D.T; Peiffer, ].].; Abbiss, C.R. Physical Demands of Sprinting in Professional Road Cycling. Int. |.
Sports Med. 2015, 36, 1058-1062. [CrossRef]

5. Galle, G.; Leo, P; Mateo-March, M.; Giorgi, A; Faelli, E.; Ruggeri, P; Mujika, 1.; Filipas, L. Cross-Sectional Differences in Race
Demands Between Junior, Under 23, and Professional Road Cyclists. Int. |. Sports Physiol. Perform. 2022, 17, 450-457. [CrossRef]

6. Duc, S.; Puel, E; Bertucci, W. Vibration Exposure on Cobbles Sectors during Paris Roubaix. In Proceedings of the 3rd World
Congress of Cycling Science, Caen, France, 29-30 July 2016.

T el Helou, N.; Berthelot, G.; Thibault, V.; Tafflet, M.; Nassif, H.; Campion, F,; Hermine, O.; Toussaint, J.-F. Tour de France, Giro,
Vuelta, and Classic European Races Show a Unique Progression of Road Cycling Speed in the Last 20 Years. . Sports Sci. 2010,
28, 789-796. [CrossRef]

8.  de Luca, CJ.; LeFever, R.S.; McCue, M.P.; Xenakis, A.P. Control Scheme Governing Concurrently Active Human Motor Units
during Voluntary Contractions. [. Physiol. 1982, 329, 129-142. [CrossRef]

9.  Hodges, P.W.; Gurfinkel, V.S.; Brumagne, S.; Smith, T.C.; Cordo, P.C. Coexistence of Stability and Mobility in Postural Control:
Evidence from Postural Compensation for Respiration. Exp. Brain Res. 2002, 144, 293-302. [CrossRef]

10.  Conforto, S.; Schmid, M.; Camomiilla, V.; D'Alessio, T.; Cappozzo, A. Hemodynamics as a Possible Internal Mechanical Disturbance
to Balance. Gait Posture 2001, 14, 28-35. [CrossRef]

11.  Quijoux, E; Nicolai, A.; Chairi, L; Bargiotas, 1.; Ricard, D.; Yelnik, A.; Oudre, L.; Bertin-Hugault, F; Vidal, I"; Vayatis, N; et al. A
Review of Center of Pressure (COP) Variables to Quantify Standing Balance in Elderly People: Algorithms and Open-access Code.
Physial. Rep. 2021, 9, e15067. [CrossRef]

12.  Bove, M.; Faelli, E.; Tacchino, A.; Lofrano, E; Cogo, C.E.; Ruggeri, P. Postural Control after a Strenuous Treadmill Exercise.
Neurosci. Lett. 2007, 418, 276-281. [CrossRef] [PubMed]

13.  Zemkova, E. Physiological Mechanisms of Exercise and Its Effects on Postural Sway: Does Sport Make a Difference? Front. Physiol.
2022, 13, 792875. [CrossRef] [PubMed]

14. Zemkova, E.; Hamar, D. Physiological Mechanisms of Post-Exercise Balance Impairment. Sports Med. 2014, 44, 437—-448. [CrossRef]
[PubMed]

15. Steinberg, N.; Eliakim, A.; Zaav, A; Pantanowitz, M.; Halumi, M.; Eisenstein, T.; Meckel, Y.; Nemet, D. Postural Balance Following
Aerobic Fatigue Tests: A Longitudinal Study Among Young Athletes. J. Mot. Behav, 2016, 48, 332-340. [CrossRef] [PubMed]

16.  Vuillerme, N.; Hintzy, F. Effects of a 200 W-15 Min Cycling Exercise on Postural Control during Quiet Standing in Healthy Young
Adults. Eur. . Appl. Physiol. 2007, 100, 169-175. [CrossRef] [PubMed]

17. Sterkowicz, S.; Jaworski, |.; Lech, G.; Patka, T.; Sterkowicz-Przybycien, K.; Bujas, P.; Pieta, I.; Moscinski, Z. Effect of Acute Effort
on Isometric Strength and Body Balance: Trained vs. Untrained Paradigm. PLoS ONE 2016, 11, e0155985. [CrossRef]

18.  Jastrzebska, A.D. Gender Differences in Postural Stability among 13-Year-Old Alpine Skiers. Inl. |. Environ. Res. Public Health
2020, 17, 3859. [CrossRef] [PubMed]

19. Pau, M; Ibba, G.; Attene, G. Fatigue-Induced Balance Impairment in Young Soccer Players. |. Athl. Train 2014, 49, 454-461.
[CrossRef] [PubMed]

20.  Barbieri, EA.; Rodrigues, S.T; Polastri, P.F; Barbieri, R.A.; de Paula, PH.A_; Milioni, F; Redkva, PE.; Zagatto, A.M. High Intensity
Repeated Sprints Impair Postural Control, but with No Effects on Free Throwing Accuracy, in under-19 Basketball Players. Hun.
Mov. Sci. 2017, 54, 191-196. [CrossRef]

21. Cooper, C.N.; Dabbs, N.C.; Davis, |.; Sauls, N.M. Effects of Lower-Body Muscular Fatigue on Vertical Jump and Balance
Performance. |. Streiigth Cond. Res. 2020, 34, 2903-2910. [CrossRef]

22.  Beurskens, R.; Haeger, M,; Kliegl, R.; Roecker, K; Granacher, U. Postural Control in Dual-Task Situations: Does Whole-Body
Fatigue Matter? PLoS ONE 2016, 11, e0147392, [CrossRef] [PubMed]

23. Nagy, E.; Toth, K,; Janositz, G.; Kovacs, G.; Feher-Kiss, A.; Angyan, L.; Horvath, G. Postural Control in Athletes Participating in

an Ironman Triathlon. Eur, ]. Appl. Physiol. 2004, 92, 407-413. [CrossRef] [PubMed]

str. 371 Rozprawa doktorska — Bartosz Zajac



Appl. Sci. 2023, 13,1697 90f9

24,

25.

26.

27.

28.

29,

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

46.

47.

Bizid, R.; Margnes, E.; Frangois, Y.; Jully, J.L.; Gonzalez, G.; Dupui, P; Paillard, T. Effects of Knee and Ankle Muscle Fatigue on
Postural Control in the Unipedal Stance. Eur. |. Appl. Physiol. 2009, 106, 375-380. [CrossRef]

Schieppati, M.; Nardone, A.; Schmid, M. Neck Muscle Fatigue Affects Postural Control in Man. Neuroscience 2003, 121, 277-285.
[CrossRef] [PubMed]

Woijcik, L.A.; Nussbaum, M.A_; Lin, D.; Shibata, P.A.; Madigan, M.L. Age and Gender Moderate the Effects of Localized Muscle
Fatigue on Lower Extremity Joint Torques Used during Quiet Stance. Hum. Mov. Sci. 2011, 30, 574-583. [CrossRef]

Taylor; Whincup; Hindmarsh; Lampe; Odoki; Cook Performance of a New Pubertal Self-Assessment Questionnaire: A Preliminary
Study. Paediatr. Perinat. Epidemiol. 2001, 15, 88-94. [CrossRef]

McKay, A.K.A; Stellingwerff, T.; Smith, E.S.; Martin, D.T.; Mujika, I.; Goosey-Tolfrey, V.L.; Sheppard, J.; Burke, L.M. Defining
Training and Performance Caliber: A Participant Classification Framework. Int. |. Sports Physiol. Perform. 2022, 17, 317-331.
[CrossRef]

Talma, H.; Chinapaw, M.].M.; Bakker, B.; HiraSing, R.A.; Terwee, C.B.; Altenburg, T.M. Bioelectrical Impedance Analysis to Esti-
mate Body Composition in Children and Adolescents: A Systematic Review and Evidence Appraisal of Validity, Responsiveness,
Reliability and Measurement Error. Obes. Rev. 2013, 14, 895-905. [CrossRef]

Paillard, T.; Noé, F. Techniques and Methods for Testing the Postural Function in Healthy and Pathological Subjects. Biomed. Res.
Int. 2015, 2015, 891390. [CrossRef]

Jaafar, H.; Rouis, M.; Coudrat, L.; Attiogbé, E.; Vandewalle, H.; Driss, T. Effects of Load on Wingate Test Performances and
Reliability. J. Strength Cond. Res. 2014, 28, 3462-3468. [CrossRef]

Castafieda-Babarro, A. The Wingate Anaerobic Test, a Narrative Review of the Protocol Variables That Affect the Results Obtained.
Appl. Sci. 2021, 11, 7417. [CrossRef]

Fritz, C.O.; Morris, P.E.; Richler, ].]. Effect Size Estimates: Current Use, Calculations, and Interpretation. J. Exp. Psychol. Gen. 2012,
141, 2-18. [CrossRef] [PubMed]

Lepers, R.; Bigard, A.X.; Diard, ].-I; Gouteyron, J.-F.; Guezennec, C.Y. Posture Control after Prolonged Exercise. Eur. |. Appl.
Physiol. 1997, 76, 55-61. [CrossRef] [PubMed]

Nardone, A.; Tarantola, |.; Giordano, A.; Schieppati, M. Fatigue Effects on Body Balance. Electroencephalogr. Clin. Neurophysiol.
Electromyogr. Mot. Control 1997, 105, 309-320. [CrossRef]

Paillard, T. Effects of General and Local Fatigue on Postural Control: A Review. Neurosci. Biobehav. Rev. 2012, 36, 162-176.
[CrossRef]

Dickin, D.C.; Doan, ].B. Postural Stability in Altered and Unaltered Sensory Environments Following Fatiguing Exercise of Lower
Extremity Joints, Scand. |. Med. Sci. Sports 2008, 18, 765-772. [CrossRef]

Harkins, K.M.; Mattacola, C.G.; Uhl, T.L.; Malone, T.R.; McCrory, ].L. Effects of 2 Ankle Fatigue Models on the Duration of
Postural Stability Dysfunction. J. Athl. Train 2005, 40, 191.

Gosselin, G.; Rassoulian, H.; Brown, 1. Effects of Neck Extensor Muscles Fatigue on Balance. Clin. Biomech. 2004, 19, 473-479.
[CrossRef]

McEvoy, M.P,; Wilkie, K.; Williams, M.T. Anterior Pelvic Tilt in Elite Cyclists-A Comparative Matched Pairs Study. Phys. Ther.
Sport 2007, 8, 22-29. [CrossRef]

Deakon, R.T. Chronic Musculoskeletal Conditions Associated With the Cycling Segment of the Triathlon; Prevention and
Treatment With an Emphasis on Proper Bicycle Fitting. Sports Med. Arthirosc. Rew. 2012, 20, 200-205. [CrossRef]

Schmid, M.; Schieppati, M. Neck Muscle Fatigue and Spatial Orientation during Stepping in Place in Humans. |. Appl. Physiol.
2005, 99, 141-153. [CrossRef] [PubMed]

Kanekar, N.; Santos, M.J.; Aruin, A.S. Anticipatory Postural Control Following Fatigue of Postural and Focal Muscles. Clin.
Neurophysiol. 2008, 119, 2304-2313. [CrossRef] [PubMed]

Surenkok, O.; Kin-Isler, A.; Aytar, A.; Giiltekin, Z. Effect of Trunk-Muscle Fatigue and Lactic Acid Accumulation on Balance in
Healthy Subjects. J. Sport Rehabil. 2008, 17, 380-386. [CrossRef]

Decock, M.; de Wilde, L.; vanden Bossche, L.; Steyaert, A.; van Tongel, A. Incidence and Aetiology of Acute Injuries during
Competitive Road Cycling. Br. ]. Sports Med. 2016, 50, 669—672. [CrossRef] [PubMed]

de Bernardo, N.; Barrios, C.; Vera, P; Laiz, C.; Hadala, M. Incidence and Risk for Traumatic and Overuse Injuries in Top-Level
Road Cyclists. J. Sports Sci. 2012, 30, 1047-1053. [CrossRef]

Brachman, A.; Kamieniarz, A.; Michalska, |.; Pawlowski, M.; Stomka, K.J.; Juras, G. Balance Training Programs in Athletes—A
Systematic Review. [. Hum. Kinet. 2017, 58, 45-64. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPT and /or the editor(s). MDPT and /or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

str. 38| Rozprawa doktorska — Bartosz Zajac



8. Publikacja C

Tytul: Analysis of training loads in polish adolescent road cyclists in the preparatory period

and their effects on physical fitness.

Cel pracy: Analiza wielkosci i struktury obcigzen treningowych realizowanych przez polskich
kolarzy szosowych o wysokim poziomie sportowym podczas 18-tygodniowego okresu przy-

gotowawczego oraz ocena ich wptywu na wydolnos¢ fizyczna.

Material i metody: W badaniu wzielo udziat 23 kolarzy szosowych w wieku od 15 do 17 lat,
z ktoérych 16 ukoniczylo wszystkie etapy projektu. Ocene wydolnosci tlenowej wykonano za
pomoca testu progresywnego do odmowy, w trakcie ktérego mierzono przede wszystkim
wskazniki funkcji ukladu oddechowego i krazeniowego. Ocene wydolnosci beztlenowej prze-
prowadzono przy uzyciu zmodyfikowanego testu Wingate. ObcigZenia treningowe tj. obje-
tos$¢, intensywnos¢ i rodzaj aplikowanych ¢wiczen rejestrowano przy uzyciu sport-testera,

a takze dzienniczka treningowego pelnigcego role uzupetniajaca.

Wyniki: Obciazenia treningowe realizowane przez kolarzy charakteryzowaty sie niska obje-
toscig (przecigtnie ~7.7 h x tydz.?) i niespolaryzowanym (sredni indeks polaryzacji wynidst
0.15) piramidalnym (strefa' ~68%; strefa? ~26%; strefa® ~1% catkowitej objetosci treningowej)
rozktadem intensywnosci. Trening ukierunkowany na ksztaltowanie mozliwo$ci wytrzyma-
fosciowych i sifowych stanowit kolejno 95 i 5% catkowitej objetosci treningowej. Zastosowany

model treningowy nie przynidst znaczacej poprawy wydolnosci tlenowej i beztlenowe;j.

Whioski: Majac na uwadze, ze zastosowany model przygotowan okazatl sie nieskuteczny
z perspektywy podnoszenia wydolnosci fizycznej, racjonalnym rozwigzaniem w kolejnych
iteracjach procesu przygotowawczego, wydaje si¢ by¢ zastosowanie wigkszej objetosci trenin-
gowej, przy zachowaniu struktury intensywnosci, lub zwigkszenie ilosci pracy o wysokiej in-
tensywnosci (tzn. powyzej drugiego progu metabolicznego), przy utrzymaniu catkowitej ob-
jetosci.

Ograniczenia: Do ograniczen tego badania zaliczy¢ nalezy: (i) niewielka liczebnos¢ préby, (ii)
brak grupy kontrolnej, (iii) wykorzystanie do rejestracji obcigzen treningowych metody nie-
doszacowujacej objetosci pracy o wysokiej intensywnosci, (iv) brak rejestracji szczegétowych

danych na temat aplikowanego treningu oporowego i stosowanej suplementagji.
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Abstract:

Background: Road cycling is one of the most extreme endurance sports. Professional road cyclists typically train ~20
hours per week and cover ~600 km a week. The longest 1-day race in men's cycling can be up to 300 km while the longest
multiple-stage races can last up to 21 days. Twenty to seventy accelerations are performed during a race, exceeding maximal
aerobic power. Training is a crucial component of athletes’ preparation for competitions. Therefore, strong emphasis should be
on recording the applied training loads and monitoring how they influence aerobic and anaerobic fitness, as well as performance.
The aim of the study was to analyze the training loads in the preparatory period and their effects on aerobic and anaerobic fitness
in adolescent road cyclists.

Materials and Methods: The study involved 23 highly trained/national elite male road cyclists. Of them, 16 athletes (age:
16.2+1.1 years; training experience: 5.0+2.1 years) fully completed all components of the study. Aerobic fitness was measured
using cardiopulmonary exercise testing (graded exercise test to exhaustion), while anaerobic fitness was evaluated using the
30-second modified Wingate anaerobic test. Each recorded training session time was distributed across training and activity forms
as well as intensity zones.

Results: The endurance training form used in the preparatory period was characterized by low-volume (~7.7hxwk), non-
polarised (median polarization index 0.15) pyramidal intensity distribution (zone'~68%; zone’~26%; zone'~1% total training
volume). Endurance (specific and non-specific) and strength training forms accounted for ~95% and ~5% (respectively) of the
total training time.

Conclusion: Low-volume, non-polarised pyramidal intensity distribution training is probably not an effective stimulus for
improving physical fitness in adolescent road cyclists. Disregarding high-intensity exercises in training programs for adolescent
cyclists may result in stagnation or deterioration of physical fitness.

Introduction

Road cycling competitions are very demanding in some respects. Analysis of road cycling races has shown that the
average distance covered during a competition is 53km (1.4h) in youth, 77-94km (2.0-2.4h) in juniors, and 150km
(3.9h) in elite cyclists [1,2]. Interestingly, during such long-lasting competitions, work intensity may be very high.
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The percentage of the total flat race time in professional cyclists at an intensity below 70%, between 70 and 90%, and
above 90% of maximal oxygen uptake (VO,max), averages at approximately 70, 25, and 5%, respectively [3]. During
the race, approximately 20 to 70 accelerations are performed at an intensity exceeding maximal aerobic power [4].
Moreover, male cyclists may generate power of over 1,200W (17W xkg™') during final sprints [5]. What is more, data
indicates that competitions in younger categories can be even more intense than those in elite cyclists in terms of
internal intensity [2].

From a physiological perspective, sports performance in cycling competitions is determined by both aerobic
[3,6] and anaerobic fitness [5,7]. The gold standard for evaluation of aerobic fitness is cardiopulmonary exercise
testing (CPET), combining the measurement of: (i) physiological variables such as heart rate (HR), pulmonary ven-
tilation (VE), volume of oxygen uptake (VO,), and exhaled carbon dioxide (VCO,); (ii) work rate (e.g. power output)
and rating of perceived exertion (RPE) during the graded exercise test (GXT) to exhaustion [8]. For practitioners, the
most important indices obtained from GXT are VO,max and power output per kilogram of body mass at metabolic
thresholds and VO,max [9]. Furthermore, the Wingate anaerobic test (WAT) is widely used to assess anaerobic fit-
ness [10]. Classic WAT requires pedaling for 30s at maximum speed against constant resistance. During the test,
consecutive crank revolution times are recorded. Based on the obtained data, the following anaerobic fitness indices
are calculated: peak (PP), mean (MP), and minimal (MinP) power (absolute and relative), time to obtain peak power
(TOPP), and fatigue index (Fl).

Training is a crucial component of athletes’ preparation for competition. Therefore, strong emphasis should be
on recording the applied training loads and monitoring how they influence physical fitness and performance. Training
load can be categorized as either internal or external [11]. Internal training loads are defined as relative biological
(both physiological and psychological) stressors imposed on an athlete during training or competition. Measures
such as heart rate, blood lactate, oxygen consumption, and ratings of perceived exertion are commonly used to
assess internal load. On the other hand, external training loads are objective measures of the work performed by an
athlete during training or competition and are evaluated independently of internal workloads. Common measures of
external load include power output, speed, acceleration, time-motion analysis, global positioning system, and accel-
erometer-derived parameters. An inexpensive and widely applied method of quantifying training loads in the practice
of endurance sports is the time-in-zone approach [12]. This method is based on the measurement of HR and duration
of training spent in 3 intensity zones determined individually in relation to HR at metabolic thresholds. However, the
drawback of this method is the underestimated time of high-intensity training [12].

Reporting applied training loads and their effects on physical fitness or performance in various athlete populations
using scientific approaches can be relevant for practitioners and scientists. Such data may provide a starting point
for designing training programs and/or explaining their positive effects (performance improvement), and prevention
of potential negative or no effects of the load used (injury, overtraining). To the best of our knowledge, researchers
mainly concentrate on the analysis of internationally competitive training loads in adult cyclists, generally employing
a retrospective study design [13-21], while there is a very limited amount of data from studies on adolescent road
cyclists [22,23] or research in which the prospective scheme was employed [24]. Therefore, the aim of the study
was to analyze training loads applied in the preparatory period and their effects on aerobic and anaerobic fitness in
adolescent road cyclists.

Material and Methods

Study design

The study was conducted in Swidnica, Poland (at an elevation of 250 meters above sea level), in a ventilated gymna-
sium. Basic anthropometric indices and physical fitness were assessed (over the span of 4 days) before and after an
18-week preparatory period (PrPe) (November-March), during which training loads were recorded. GXT and MWAT
were performed between 10:00 a.m. and 4:00 p.m. at an ambient temperature of 20+1°C and relative humidity
of 40£5%. Athletes were tested at the same time of the day (+1h) before and after PrPe to avoid the influence of
circadian rhythm. Participants were asked to remain well-hydrated, to refrain from consuming any stimulants for at
least 24h before testing, and not to engage in strenuous exercise at least 48h prior to testing. Assessments were
performed in the following order: anthropometric measurements (fasting and after using the toilet), GXT (minimum
2 hours after the last meal), and MWAT (minimum 1 hour after GXT). Before each test, the cyclists were familiar-
ized with the testing procedures. Stress tests were performed on a Cyclus 2 ergometer (RBM electronic-automation
GmbH, Germany) with the athlete’s bike installed (the same bike on which the athlete trained and competed in races).
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The ergometer was calibrated in accordance with the manufacturer’s recommendations. All procedures were carried
out in accordance with the 1964 Declaration of Helsinki and its subsequent amendments. Consent to perform test-
ing was provided by the Bioethics Committee at the Regional Medical Chamber in Krakow (No. 249/KBL/0IL/2021).

Participants

The study involved 23 male road cyclists recruited from students of the Sports Championship School of Cycling in
Swidnica, Poland. Finally, material for analysis was taken from 16 athletes (age: 16.2+1.1 years; training experi-
ence: 5.0=2.1 years) who fully completed all components of the study. The basic characteristics of the cyclists are
presented in Tab. 1. Seven cyclists withdrew from the tests without giving a reason. The inclusion criteria were: (i)
progression of biological development - minimum third pubic hair stage on Tanner's Scale [25]; (ii) “highly trained/
national elite” level according to McKay's participant classification framework for research in sports sciences [26];
(iify having a current certificate from a sports medicine doctor regarding the ability to practice road cycling. The
exclusion criteria were age above 18 years or the health status making it impossible to perform the stress tests.
The participants and their legal guardians were informed about the research protocol in detail and gave their written
informed consent to participate in the study.

Anthropometric measurements

Body height (BH) was measured using a Seca 213 stadiometer (Seca GmbH & co. kg, Germany) to the nearest 1 mm.
Body mass (BM), fat mass (BF), and lean body mass (LBM) were evaluated by means of an MC 780 MA body com-
position multi-frequency (5kHz/50kHz/250kHz) octopolar analyzer (Tanita, Japan) using the method of electrical bio-
impedance [27]. The measurements were conducted under conditions recommended by the analyzer's manufacturer.

Graded exercise test

The graded exercise test began with a 4-minute warm-up performed at 80W. Next, the load was increased by 40W
every 2 minutes. The effort was continued until exhaustion, which was manifested in the inability to maintain a ca-
dence higher than 70rpm. During testing, the following physiological variables were recorded breath-by-breath using
a Quark CPET ergospirometer (Cosmed, Italy): VE, VO, and VCO, and HR. The data were averaged across 10-s inter-
vals. The ergospirometer was calibrated according to the manufacturer’s instructions. Rating of perceived exertion
(RPE) was recorded in the last 15s of each 2-minute interval using the 6-20 Borg scale [28]. Anaerobic threshold
(AT) and respiratory compensation point (RCP) were determined based on the dynamics of change in respiratory
indices [29]. The following criteria [30] were used for VO,max determination: an increase in VO, of <150mL-min’
with an increase in power, respiratory exchange ratio >1.10, RPE >18 on the Borg’s scale, age-predicted maximal
HR >90% calculated according to Tanaka [31].

Modified Wingate anaerobic test

At baseline, the participants performed a 4-minute warm-up at 90W. During the final 3-5s of the second and fourth
of the warm-up, the athletes performed maximal accelerations. Two minutes after the warm-up, the maximal
30-s all-out effort with a stationary start was performed. The resistance applied during the test was set at 10%
body mass [32]. At the “Go!” command, the task of the participant was to reach the maximum pedaling rate as
quickly as possible and then maintain it in a seated position until the end of the effort (with strong verbal encour-
agement). Based on the MWAT, the following indices were evaluated: PP TOPP, MP. MinP, and Fl, calculated as
((PP-MinP) +PP) x100%.

Training monitoring

Training load analysis was conducted based on the data recorded by the Edge 530 sport tester (Garmin, USA) and
exported first to the Garmin Connect platform and then to Excel. Each recorded training session times were distrib-
uted across training form [33] (endurance, strength), activity form [33] (specific: spinning, road, track, or mountain
cycling; non-specific: running, cross-country skiing, skating, swimming), and exercise intensity [34] (zone': below
HR,; zone®: between HR,. and HR, ; zone™: above HR, ) using a time-in-zone approach [12]. Moreover, the polariza-
tion index was calculated on a weekly basis according to Treff et al. [35].

Statistical analysis

Statistical analysis was carried out using Statistica 13.3 software (TIBCO Software Inc., Palo Alto, CA, USA). Chang-
es in variables were evaluated with the two-tailed paired samples t-test or Wilcoxon signed-rank test depending on
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normal data distribution, which was examined with the Shapiro-Wilk test. The probability of type-I error below 0.05
was adopted as the level of significance. The effect size for the paired ¢-test samples was calculated by dividing the
mean difference by the standard deviation of the difference, while the Wilcoxon signed-rank test, was calculated by
dividing the z-value by the square root of the observation number [36]. Test power was calculated post-hoc using
G*Power 3.1.9.7 software (input variables: 2-tail, effect size, «=0.05, sample size=16).

Results

Anthropometric indices

After the 18-week PrPe, an increase in body mass was observed as a result of a rise in lean body mass. Detailed
changes in anthropometric indices are presented in Table 1.

Table 1. Anthropometric characteristics (median (1st and 3rd quartiles)) of the cyclists studied

pre-test post-test Diﬂ;::::t(%) p-value ES p
Body height (cm) 178.0(174.3-180.5) 178.3 (174.8-180.8) 0.3(-0.3-04) 0.738 0.24 0.23
Body mass (kg) 64.5 (59.8-68.1) 65.5 (62.4-69.9) 2.5(0.9-4.6) 0.004* 0.87 0.95
Fat mass (kg) 10.1(8.7-11.7) 9.8 (9.2-12.5) 2.5 (-3.2-8.22) 0.317 0.27 0.27
Fat mass (%BM) 15.6 (14.8-17.6) 15.9 (14.0-17.8) 0.4 (-4.0-5.8) 0.947 0.02 0.05
Lean body mass (kg) 54.0 (50.7-57.7) 54.8 (52.3-59.4) 2.0(1.0-4.7) 0.002* 0.99 0.98

p-value — probability of type-l error, * — statistically significant difference, ES — effect size, P — test power

Aerobic performance

Following the 18-week preparatory period, P, (W and Wxkg"), P, (W), and VO,max (L xmin") improved sig-
nificantly. No changes in P,. (Wxkg’), P, (W and Wxkg"), or VO,max (mLxkg'xmin") were found, whereas
P o (WxKkg™) deteriorated substantially. Detailed data regarding changes in aerobic fitness indices are shown
in Table 2.

Table 2. Indices of aerobic performance (median (1st and 3rd quartiles)) before and after the 18-week preparatory period

Difference (%)

pre-test post-test pre-post p-value ES p
P (W) 200 (200-200) 200 (200-240) 16.7 (0-16.7) 0.012* 0.63 0.63
P, (Wxkg") 3.0(2.93.2) 3.3(3.0-3.6) 12.9(-1.4-16.6) 0.014* 0.75 0.80
P (W) 280 (280-320) 320 (280-320) 0.0 (0.0-12.5) 0.059 0.47 0.40
P (Wxkg) 4.6 (4.2-4.7) 4.6 (4.4-5.0) -0.4 (-3.3-9.1) 0.207 0.35 0.26
Pyosmany (W) 360 (360-400) 400 (400-400) 9.1 (0.0-10.0) 0.025* 0.56 0.53
Pyosnx (WXkg?) 6.2 (6.0-6.5) 6.1(5.8-6.3) -2.3 (-4.6-(-0.7)) 0.008*  -0.81 0.86
VO,max* 3.82 (3.65-3.94) 4.10 (3.85-4.14) 5.4 (1.6-7.6) 0.002* 1.02 0.97
VO, max" 58.5 (57.5-61.4) 60.5 (57.8-63.0) 25(-2.9-5.3) 0.065 0.53 0.51

P — power, HR — heart rate, VE — pulmonary ventilation, VO, — oxygen uptake, AT — anaerobic threshold level, RCP — respiratory change
point level, max — maximal level, * - Lxmin", " - mLxkg'xmin', p-value — probability of type-| error, * — statistically significant dif-
ference, ES — effect size, P — test power

Anaerobic performance

After the preparatory period, no changes were found in PP (W), TOPP, or MP (W). Furthermore, relative PP MP. and
FI substantially decreased. Detailed data are shown in Table. 3.
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Table 3. Anaerobic performance (median (1st and 3rd quartiles)) before and after the 18-week preparatory period

Difference (%)

pre post ee—- p-value ES p
PP (W) 913 (889-974) 905 (851-983) -1.8 (-7.6-2.3) 0.183 -0.36 0.27
PP (Wxkg") 14.3 (13.9-14.9) 13.8 (13.0-14.2) -5.3(-10.7to -1.5) 0.015*  -0.71 0.76
TOPP (s) 3.05 (2.40-3.77) 3.55 (2.95-4.40) 0.35 (-0.33-1.33) 0.133 0.41 0.34
MP (W) 736 (685-778) 724 (662-776) -2.6 (-5.3-1.4) 0.134 -0.41 0.34
MP (W xkg") 11.4 (11.2-11.5) 10.9 (10.2-11.3) -4.9 (-9.0 to -2.5) 0.002*  -0.99 0.96
Fl (%) 42.9 (39.3-49.5) 38.6 (36.6-41.8) -8.4 (-23.5-0.3) 0.004*  -0.89 0.91

PP — peak power, TOPP — time do obtain peak power, MP — mean power, Fl — fatigue index, p-value — probability of type | error, * —
statistically significant difference, ES — effect size, P — test power

Training loads

Numerical data for training volume across training forms, activity forms, and intensity zones are presented in Table 4.
A graphical representation of training volume in 18 consecutive 7-day mesocycles for training forms, intensity distribu-

tion, and polarization index are presented in Figures 1 and 2.

Table 4. Training volume [h X wk'] (median (1st and 3rd quartiles)) distributed across training forms, activity forms, and intensity zones

Training form Activity form Zone' Zone? Zone® > Zone™*
Specific 4.2 (3.7-6.7) 1.5(1.2-2.4) 0.1 (0.0-0.1) 5.8 (5.0-9.2)
P 60.0%T 23.1%T 0.9%T 84.0%T
—_ 0.4 (0.0-0.9) 0.3 (0.0-0.5) 0.0 (0.0-0.0) 0.7 (0.0-1.5)
EmIianES RAN-c 7.6%T 3.5%T 0.4%T 11.5%T
0 0 5.6 (4.1-7.0) 2.2 (1.5-2.5) 0.1(0.1-0.1) 7.7 (5.5-9.5)
vera 67.6%T 26.6%T 1.3%T 95.5%T
0.2 (0.1-0.6)
Strength N/A N/A N/A N/A 45%T
Total training volume (T) = 7.9 (6.5-10.0) Polarization-Index = 0.15 A.U. (0.08-0.24)
18
16

14
12

10 =]
I B m | |
1 3 7

Training volume [hxwk1]

< N k=Y ®

2 11 12 13 14
Wcok

B Endurance (specific) # Endurance (non-specific) ® Strength

Figure 1. Endurance (specific, non-specific) and strength training volume during each 7-day mesocycle
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Figure 2. Training intensity distribution and polarization index during each 7-day mesocycle

Discussion

The main finding of this study was that training loads of Polish youth road cyclists in the PrPe period were character-
ized by low volume and non-polarized pyramidal intensity distribution. What is also significant, the training model
implemented in this study had in general no positive effects on either aerobic or anaerobic fitness. To the best of our
knowledge, this is one of the first studies in which training loads and their effects on physical fitness in adolescent
road cyclists are assessed prospectively.

Training volume and intensity distribution are crucial parameters characterizing sports training. Endurance ath-
letes typically train from 500 hours per year (~10h per week) (distance runners) [37—43] to over 1,000 hours per
year (~20h per week) (rowing, swimming, cycling, triathlon) [21,22,44-50] in order to reach an international level.
The adolescent road cyclists in the present study trained approximately for 7.9 hours per week during PrPe. Low
training volume in the cyclists studied compared to other endurance athlete populations may result from sports level
and/or age differences. Furthermore, it should be noted that the preparatory period fell in the winter season. In Poland
at this time of the year, temperatures often fall below 0°C, which makes long bike rides difficult.

Many studies across a broad range of endurance sports that have analyzed training intensity distribution (TID)
based on the binary approach were consistent with the finding that 75-90% of all endurance training time is per-
formed at low intensity (below the first metabolic threshold). The remaining 10-25% is comprised of high-intensity
training performed above the first metabolic threshold [21,33,37,38,49-51]. In the cyclist studied, endurance
training time below and above AT accounted for approximately 68 and 27% (respectively) of total training time.
The remaining 5% was intended for strength training. The polarization index (median 0.15) and 3 intensity zone
approach (zone': ~68%, zone*: ~26%, zone*. ~1%) used in this study indicated non-polarised [31], pyramidal [9]
TID, in which most training was at zone', with decreasing proportions of zone? and zone®. This TID model seems
to be commonly applied in elite cyclists. This has been shown in the research by Lucia et al. [19] (78%/17%/5%),
Zapico et al. [21] ( 78%/20%/2%), and Schumacher and Mueller [20] (94%/4%/2%).

We believe that the simultaneous increase in P, (W and WxKkg"), P,,,... (W), VO,max (mLxmin"), plateau P,
(Wxkg"), P, (W and Wxkg™), and VO,max (mLxkg"'xmin"); and decrease in P, (Wxkg"), was the result of in-
creased LBM. Kim et al. [52] and Maciejczyk et al. [53] demonstrated substantial positive correlations between LBM
(the main component of which is muscle mass) and absolute indices of aerobic performance. We assume that the
factor that was likely to increase LBM in the cyclists studied was strength training, which constituted approximately
5% of the total training volume. Such a combination of endurance (ET) and strength (ST) training is called concurrent
training (CT). It stimulates both target peripheral (muscular) adaptations, i.e. hypertrophy and capillarisation [54]. In
a meta-analysis performed by Wilson et al. [55], it was demonstrated that CT, compared to ET, produces substantially
greater improvement in muscle hypertrophy (mean overall effect size of 0.85 [95%Cl: 0.57-1.20] vs. 0.27 [95% CI:
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-0.53-0.60]). Another plausible explanation for the increase in LBM is the passage of time (the pubertal period is
characterized by dynamic tissue growth and maturation) [56], taking supplements promoting muscle hypertrophy
[57], or an interaction effect of these factors [58]. Whatever the cause, the changes are adverse in the context of
performance because each additional kilogram of BM produces metabolic heat [59] and requires the supply of energy
substrates [60], which additionally burdens the body during long-lasting races.

Following the 18-week PrPe period, anaerobic fitness deteriorated in the studied cyclists. The reason for this is
probably the characteristics of the applied training loads, with a small number of high-intensity exercises (analysis of
cyclists' training loads showed that only approximately 1% of total training volume constituted exercises above RCP
intensity). Low-intensity training is thought to be fundamental in the preparation for endurance events. This type of
exercise improves VO,peak by increasing stroke and plasma volume and inducing molecular adaptations for capillary
and mitochondrial biogenesis, thereby improving the efficiency of key metabolic components for energy production
[61,62]. However, it cannot be expected that this type of exercise will prepare athletes for anaerobic effort [63].

The practical conclusion of this study is that if, for some reason, coaches of adolescent road cyclists cannot in-
clude low-intensity training with a volume providing desirable adaptive changes or high volume, low-intensity training
is ineffective. A good solution can be the implementation of a more polarised training model by adding high-intensity
exercises (above RCP or VO,max). In the meta-analysis performed by Engel et al. [64], it was suggested that young
athletes performing high-intensity training can improve both aerobic and anaerobic performance. Moreover, young
athletes may benefit from high-intensity training as it requires less time per training session, leaving more time for
training sport-specific skills or school education.

The limitations of this study include (i) the small sample size which does not guarantee high test power (for 12
of the 20 indices, test power was below 80%), (ii) the lack of a control group, (iii) the method used to quantify train-
ing loads, which underestimates high-intensity training duration [12], (iv) a lack of detailed data about the applied
strength training and supplementation.

Conclusions

Low-volume non-polarised pyramidal intensity distribution training is probably not an effective stimulus to improve
physical fitness in adolescent road cyclists. Disregarding high-intensity exercises in training programs for adolescent
cyclists may result in stagnation or deterioration of physical fitness.
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9. Wnioski poznawcze i aplikacyjne

Treningi dojrzewajacych kolarzy szosowych, wigzace si¢ z koniecznoscia dtugotrwa-
fego przebywania w pozycji rowerowej, moga prowadzi¢ do deficytow funkcjonal-
nych w obrebie kompleksu ledZzwiowo-miedniczo-biodrowego i tutlowia. W zwigzku
z tym zaleca si¢ wlaczanie do ich programow treningowych ¢wiczen korygujacych
ukierunkowanych na wzmacnianie, stabilizacje i mobilizacje tych segmentéw ciata.
Ponadto, stosowanie testow Functional Movement Screen i Lower Quarter Y-Balance
do identyfikacji kolarzy o podwyzszonym ryzyku urazu przeciazeniowego nie jest re-
komendowane z powodu ich niskiej trafnosci prognostyczne;j.

Zmeczenie wywotane wysiltkiem beztlenowym zakldca dziatanie systemu kontroli
rownowagi u dojrzewajacych kolarzy szosowych, co moze przyczyniac si¢ do wzrostu
ryzyka upadkow podczas zawoddw i treningdw. Informacja ta powinna by¢ uwzgled-
niona przez organizatorow wyscigow kolarskich, szczegolnie w kontekscie zabezpie-
czania kluczowych sektoréw wyscigéw. Chodzi o odcinki trudne technicznie, gdzie
z duzym prawdopodobienistwem kolarze moga doswiadcza¢ zmeczenia beztleno-
wego. Przyktadem moga by¢ technicznie wymagajace zjazdy, ktére maja miejsce po
rywalizacji o gorska premie. Poczyniona obserwacja powinna réwniez sktoni¢ szkole-
niowcow do wiaczania do programdw treningowych ¢wiczen prewencyjnych, skupio-

nych na ksztattowaniu kontroli rownowagi w warunkach zmeczenia beztlenowego.
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Analiza obciazen treningowych kolarzy szosowych, uczestniczacych w badaniu,
wykazata, ze realizowany przez nich program treningowy w okresie przygotowaw-
czym charakteryzowatl si¢ niska objetoscia (~8hxtydz."), a takze niespolaryzowanym
i piramidalnym rozkladem intensywnosci. Taka specyfika obciazen treningowych
okazata sie nieskuteczna w kontekscie poprawy wydolnosci tlenowej oraz beztleno-
wej. Jako racjonalne rozwigzanie w kolejnych iteracjach procesu przygotowawczego
dojrzewajacych kolarzy szosowych nalezy rozwazy¢ zastosowanie wigkszej catkowi-
tej objetosci pracy treningowej przy zachowaniu przyjetej struktury intensywnosci,
lub zwiekszenie objetosci pracy treningowej o wysokiej intensywnosci (tzn. powyzej

drugiego progu metabolicznego), przy niezmienionej objetosci catkowitej.

10. Podsumowanie

Ciagta i metodyczna dokumentacja obcigzen treningowych, potaczona z systema-
tyczna ewaluacja ich efektow, jest kluczowym dziataniem umozliwiajacym poprawe
skutecznosci procesu treningowego. Taki sposéb dziatania otwiera droge do sukce-
sywnego doskonalenia programow treningowych, zblizajac treneréw do najbardziej
efektywnych rozwigzan w kolejnych iteracjach. Dzieki temu mozliwe jest dazenie
do poprawy wynikéw sportowych przy minimalnym nakladzie pracy oraz jednocze-
snym utrzymaniu ryzyka wystapienia negatywnych konsekwencji zdrowotnych na
najnizszym mozliwym poziomie. Ponadto, kluczowe w minimalizowaniu ryzyka wy-
stapienia problemoéw zdrowotnych, zwlaszcza urazéw, jest doglebne zrozumienie me-
chanizméw ich powstawania w konkretnej dyscyplinie sportowej. Poznanie tych me-
chanizmow pozwala nie tylko na identyfikacje czynnikdéw ryzyka, ale rowniez na sku-

teczne wdrazanie narzedzi predykcyjnych i planowanie dziatani prewencyjnych.

11. Podziekowania

Z wielkim szacunkiem i wdziecznoscia, jako autor pracy, pragne wyrazi¢ podzieko-
wania dla Trenera Waldemara Cebuli za umozliwienie przeprowadzenia badan w
SMS w Swidnicy i nieoceniony wktad w rozwdj polskiego kolarstwa szosowego. Po-

nadto, dzigkuje Profesor Annie Mice za duze wsparcie mojego rozwoju naukowego.
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12.4. Zgoda Komisji Bioetycznej na przeprowadzenie badania

Komisja Bioetyczna
przy Okregowej Izbie Lekarskiej
w Krakowie

Nr 249/KBL/OIL/2021 z dnia 17 wrzes$nia 2021 r.

Na posiedzeniu w dniu 17 wrzesnia 2021 r. Komisja zapoznata si¢ z wnioskiem
(dokumentacja w zataczeniu) ztozonym przez :

Koordynator Badania: mgr Bartosz Zajac

Akademia Wychowania Fizycznego, Szkota Doktorska, Al. Jana Pawia Il 78, 31-
571 Krakow

Tytut badania: ,, Analiza obcigzen treningowych kolarzy szosowych o wysokim
poziomie sportowym w kategorii junior uczeszczajacych do szkoty Mistrzostwa
Sportowego w Swidnicy”

Do wniosku dotaczono:

1. Protokét Badania

2. Streszczenie (podsumowanie) protokotu w jezyku polskim
3. Informacja dla uczestnikow badania

4. Formularz swiadomej zgody uczestnika badania,

6. Formularz RODO

7. Zyciorys naukowy badacza,

8. Lista piSmiennictwa

9. Polisa ubezpieczeniowa OC badacza

10. Polisa Ubezpieczeniowa podmiotu leczniczego

Komisja wyraza zgode na przeprowadzenia badania na warunkach
przedstawionych we wniosku.

Zgoda Komisji dla Osrodka jest wazna do dnia waznosci Polisy Ubezpieczeniowej
Sktad i dziatanie Komisji zgodne z zasadami Dobrej Praktyki Klinicznej (GCP) oraz
wymogami lokalnymi

Lista cztonkéw Komisji biorgcych udziat w posiedzeniu stanowi zatgcznik do
niniejszego dokumentu.

Pouczenie: W ciggu 14 dni od otrzymania niniejszej opinii Wnioskodawcy przystuguje
prawo odwotania do Komisji Odwotawczej za posrednictwem Komisji Bioetycznej
przy OIL w Krakowie

Krakow, dnia 27.09.2021 r. Przewodniczacy Komisji Bioetycznej

Dr Marjusz Janikowski

ul. Knupnicza 11 g, 31-123 Krakow Konto Karrisji Boetycznej
tel. 126191712 BrkRODS A
e-mail: akranczyk@hipdaatesarg 651240 4650 1111 0000 5149 3957

str. 54| Rozprawa doktorska — Bartosz Zajac



Komisja Bioetyczna
przy Okregowej Izbie Lekarskiej
w Krakowie

Lista obecnosci czionkow Komisji Bioetycznej
przy Okregowej Izbie Lekarskiej w Krakowie
na posiedzeniu w dniu 17 wrzes$nia 2021r.

dr Mariusz Janikowski

lekarz— specjalista choréb wewnetrznych,
diagnosta laboratoryjny

Zaklad Diagnostyki Katedry Biochemii Klinicznej
Szpitala Uniwersyteckiego w Krakowie

dr med. Stefan Bednarz

dr medycyny — specjalista chor6b wewnetrznych
| Klinika Choréb Wewnetrznych i Gerontologii
Szpitala Uniwersyteckiego w Krakowie
mgrderzy Bllek =000 st sssssssssssn s s ass aesanes
mgr farmaciji

prywatna apteka

ks. dr hab. Jerzy Brusito

Uniwersytet Papieski Jana Pawia ||

duchowny, etyk

dr Mirostawa Dzikowska

Przetozona Pielegniarek

Szpital Specjalistyczny im. J. Dietla w Krakowie
dr med. Jerzy Friediger @ -

dr medycyny — specjalista chirurgii ogéinej ~ i i

Szpital Specjalistyczny im. S. Zeromskiego w Krakowie ‘ YO u S’e-c;)/

dr Irena Gawroriska SAROR. W W .= o NSRS
lekarz- pediatra, neonatolog

SPZOZ im. Sniadeckiego w Nowym Sgczu —

mgr Zbigniew Grochowski

mgr psychologii #
Szpital Specjalistyczny im. Dietla w Krakowie /é l \

prof. dr hab. med. Zbigniew Kojs
specjalista ginekologii i potoznictwa
Szpital Specjalistyczny im. L. Rydygiera Krakowie
Lek. dent. Dariusz Koscielniak ... ... i
Specjalista stomatologii ogélnej i ortodonciji /

Gabinet ortodontyczno — dentystystyczny
.Pod Kasztanem”

dr Lech Kucharski

lekarz - specjalista choréb wewnetrznych
Szpital Specjalistyczny im. S. Zeromskiego w Krakowie
dr med. Janusz Legutko

doktor medycyny —specjalista chirurgii ogolnej
| Katedra Chirurgii Ogoéinej

i Kliniki Chirurgii Gastroenterologicznej

CM UJ w Krakowie

prof. dr hab. Janusz Raglewski

Katedra Prawa Karnego

Uniwersytetu Jagielloriskiego

ul. Kupricza 1l 3, 31-123 Krakow "7 KatoKonisji Hoetycmej
el 126191712 Bk PKDS A
e-mail: akrawczyk@hipdaatesarg 651240 4650 111 0000 5149 3957
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12.5. Zr6dlo finansowania badania

Krakow, 17.05.2021 r.

Dr hab. Tadeusz Ambrozy, prof. AWF
Mgr Bartosz Zajac
Instytut Sportu

NN/602-23./21

Dotyczy projektu badawczego: .Analiza obcigzen treningowych kolarzy szosowych o
wysokim poziomie sportowym w kategorii junior uczeszezajacych do Szkoly Mistrzostwa
Sportowego w Swidnicy. ”

Uprzejmie informuje, iz ww. projekt zostal przyjety do realizacji, $rodki finansowe
zostaly przyznane na rok 2021 w wysokosci 8 000,00 zi (stownie: osiem tysigcy zlotych).
Projekt jest zarejestrowany pod numerem 144/MN/IS/2021.

Prosze o zlozenie w ciagu 7 dni do Sekcji Zaméwien Publicznych planéw zakupéw na rok
2021 oraz do Dzialu Nauki i Wydawnictw korekty kosztorysu.

Dalsze finansowanie projektu wedlug zlozonej we wniosku specyfikacji bedzie
mozliwe po przyjeciu do druku pracy przez redakcje czasopisma widniejacego na liscie
Ministerstwa Nauki Szkolnictwa Wyzszego z wykazem czasopism naukowych i
recenzowanych materialéw z konferencji migdzynarodowych z minimalna liczba na poziomie

100 pkt lub w jednym z czasopism afiliowanych przez AWF w Krakowie.
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Staratem sie jak nigdy, a wyszlo jak zawsze...
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