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DANE O KANDYDACIE

Data uzyskania tytutu magistra wychowania fizycznego: 20.06.2017 r.
Specjalizacja: trenerska z gimnastyki sportowe;j.

Nazwa jednostki organizacyjnej, w ktérej nadany zostat tytut: Wydziat Wychowania Fi-
zycznego, Sportu i Rehabilitacji Akademii Wychowania Fizycznego im. Eugeniusza Pia-
seckiego w Poznaniu.

Data uzyskania tytutu magistra sportu: 7.07.2020 r.
Specjalizacja: trener przygotowania motorycznego.

Nazwa jednostki organizacyjnej, w ktorej nadany zostat tytut: Wydziat Wychowania Fi-
zycznego, Sportu i Rehabilitacji Akademii Wychowania Fizycznego im. Eugeniusza Pia-
seckiego w Poznaniu.

Kandydat nie ubiegat sie uprzednio o nadanie stopnia doktora.

Aktualne miejsce pracy: Zaklad Pedagogiki, Akademia Wychowania Fizycznego im. Euge-
niusza Piaseckiego w Poznaniu.
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WYKAZ SKROTOW

,PP” — efekt gtdwny: czas - pre/post
»TR” - efekt gtbwny: interwencja - Zonglerka/ brak zonglerki

95%CI (ang. 95% confidence interval for effect size) - 95% przedziatu ufnosci dla wielkos-
ci efektu

95%CI (ang. 95% confidence interval) - 95% przedziatu ufnosci

95%CI,,, (ang. 95% confidence interval for mean difference) - 95% przedziatu ufnosci dla
$redniej réznic

AE (ang. absolute error) - btad bezwzgledny

ANOVA RM (ang. repeated measure analysis of variance) — analiza wariancji powtarzanych
pomiaréw

Area95 (ang. area 95 percentile) - powierzchnia obejmujaca 95% elipsy ufnosci, wyzna-
czajacej obszar wokét srodka sity nacisku stop

BMI (ang. body mass index) — wskaznik masy ciata
CE - (ang. constant error) - btad staty

COG, (ang. number of correct answers in the Cognitrone test) - liczba poprawnych od-
powiedzi w tescie Cognitrone

COG,, (ang. average time of correct acceptations in the Cognitrone test) - Sredni czas po-
prawnych akceptacji w teScie Cognitrone

COG,, (ang. average time of correct rejections in the Cognitrone test) - Sredni czas po-
prawnych odrzucen w te$cie Cognitrone

COG, (ang. Cognitrone test duration) - czas trwania testu Cognitrone

CONTRA - warunek kontra-lateralnego dopasowania pozycji stawu tokciowego
COP (ang. center of pressure) - srodek sity nacisku stép na podtoze

CRT (ang. choice reaction time) - czas reakcji wyboru

DT (ang. decision time) - czas decyzji

ES (ang. effect size) - wielko$¢ efektu

F ANOVA (ang. Friedman’s analysis of variance) - analiza wariancji Friedmana
[PSI - warunek ipsi-lateralnego dopasowania pozycji stawu tokciowego

IQR (ang. interquartile range) - zakres miedzykwartylowy

JP (ang. juggling period) - okres interwencji obejmujacy aktywnos$¢ fizyczng w formie
zonglerki

MD (ang. mean difference) - r6znica Srednich

MT (ang. motor time) - czas motoryczny
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NJP (ang. non-juggling period) - okres interwencji nieobejmujacy aktywnoSci fizycznej
w formie zonglerki

p - prawdopodobienstwo testowe (warto$¢ p)

POST - pomiar po interwencji

PRE - pomiar przed interwencja

PST, - stanie swobodne bez dodatkowego zadania

PST, - stanie swobodne z dodatkowym zadaniem poznawczym

PST , (ang. limits of stability test) - test granic stabilnoSci

RangeX (ang. medio-lateral range of sway) - zakres wychylen w ptaszczyZnie czotowej

RangeY (ang. anterior-posterior range of sway) - zakres wychylen w ptaszczyznie strzat-
kowej

RMSE (ang. root mean square error) - pierwiastek z btedu sSredniokwadratowego

RMS, (ang. root mean square of medio-lateral velocity of movement of center of pressure) -
$rednia kwadratowa zmiennej predkosci $rodka sity nacisku stép na podtoze w ptasz-
czyznie czotowej

RMS , (ang. root mean square of anterior-posterior velocity of movement of center of pres-
sure) - $rednia kwadratowa zmiennej predkosci srodka sity nacisku stép na podtoze
w plaszczyznie strzatkowej

RT (ang. reaction time) - czas reakcji

SRT (ang. simple reaction time) - czas reakcji prostej

V., (ang. velocity of movement of the center of pressure) — predkosc¢ Srodka nacisku stop
VCRT (ang. variability of choice reaction time) - zmienno$¢ czasu reakcji wyboru

VE (ang. variability error) - zmienno$¢ btedu

VMT (ang. variability of motor time) - zmienno$¢ czasu motorycznego

VSRT (ang. variability of simple reaction time) - zmienno$¢ czasu reakcji prostej

VTS (ang. Vienna Test System) - Wiedenski System Testow

WHO-5 - Indeks Dobrego Samopoczucia opracowany przez Swiatowa Organizacje Zdro-
wia (WHO - World Health Organization)

np? (ang. eta partial square) - wielkos¢ efektu, czeSciowy wspoétczynnik eta kwadrat
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STRESZCZENIE

Wstep. W starzejacym sie spoteczenstwie, szczegdlnie w krajach rozwinietych, ro$nie
znaczenie interwencji wspierajacych spowolnienie proceséw starzenia sie, w tym dziatan
poprawiajacych funkcje poznawcze i zdolnosci motoryczne. Celem niniejszego projektu
doktorskiego byta analiza wptywu treningu dwuzadaniowego na zdrowie oséb starszych,
ze szczegllnym uwzglednieniem treningu kuglarskiego w formie zonglowania trzema pit-
kami jako aktywnosci fizycznej jednoczes$nie angazujacej ciato i umyst. Wnioski ptynace
z dotychczasowej literatury naukowej sugerujg, ze zonglowanie, wymagajgce zaawanso-
wanej koordynacji i kontroli sensomotorycznej, moze pobudzac¢ neuroplastycznos¢, ktéra
odgrywa kluczowa role w spowalnianiu proceséw starzenia moézgu i poprawie jego funk-
cjonowania.

Metody. W projekcie doktorskim przeprowadzono trzy badania: badanie jednogrupowe
z dwoma pomiarami (pre-test/post-test; publikacja 1), randomizowane, kontrolowane ba-
danie krzyzowe (AB/BA; publikacja 2) oraz badanie w modelu powtarzanych pomiaréw
z projektem tacinskiego kwadratu (A - BC/CB; publikacja 3). Wszystkie badania obejmo-
waty 4-tygodniowy trening zonglowania 3 razy w tygodniu, trwajacy 45 minut w kazdej
sesji. Uczestnicy w czasie interwencji wykonywali ¢wiczenia w formie zonglerki trzema
pitkami.

Wyniki. Samopoczucie psychiczne: W badaniu dotyczacym wptywu treningu kuglarskie-
go w formie Zonglowania na samopoczucie 0s6b starszych uczestnicy opanowali techni-
ke kaskady trzema pitkami i ocenili te forme aktywnosci jako atrakcyjng i umiarkowanie
trudna. Samopoczucie, mierzone skala WHO-5, wzrosto znaczaco po przeprowadzonej in-
terwencji (Cohen d = 0,76), a liczba os6b kwalifikowanych do dalszych badan pod katem
depresji zmalata z 50% do 5%, co sugeruje pozytywny wptyw treningu na dobrostan psy-
chiczny uczestnikéw. Stabilnos¢ posturalna: Na podstawie wynikdw pomiaru stabilnosci
posturalnej wykazano poprawe parametréw stabilnos$ci po okresie treningu kuglarskiego
w formie Zonglowania, szczegdlnie dla zmiennych predkos$ci przemieszczania sie Srodka
sity nacisku stop na podtoze, Sredniej kwadratowej zmiennej predkosci srodka sity naci-
sku stép na podtoze w ptaszczyznie strzatkowej, a takze Sredniej kwadratowej zmiennej
predkosci srodka sity nacisku stép na podtoze w ptaszczyznie czotowej zaréwno w wa-
runku kontrolnym (stanie swobodne), jak i z zadaniem poznawczym (liczenie w pamieci).
W poréwnaniu z okresem kontrolnym, w ktérym parametry te ulegaty pogorszeniu, uczest-
nicy po treningu kuglarskim w formie zonglowania uzyskali lepsze wyniki dla zmiennych
stabilnosci posturalnej. Funkcje poznawcze: Na podstawie przeprowadzonych pomiarow
funkcji poznawczych zaobserwowano, Ze po zakonczeniu interwencji o charakterze tre-
ningu kuglarskiego w formie zonglowania uczestnicy osiggneli szybszy czas reakcji oraz
wieksza stabilno$¢ w zadaniach mierzacych prosty czas reakcji i czasu reakcji wyboru.
Po okresie kontrolnym, ktéry charakteryzowat sie brakiem interwencji, zaobserwowano
natomiast pogorszenie lub mniejsze pozytywne zmiany wybranych funkcji poznawczych.
Mimo Ze na podstawie wynikow mozna wnioskowac¢ o przewadze treningu kuglarskie-
go w formie Zonglowania nad warunkiem kontrolnym w poprawie funkcji poznawczych
wsrod osob uczestniczacych w badaniach, brak statystycznie istotnych réznic ogranicza
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mozliwo$¢ wyciggania uogdlnionych wnioskéw. Propriocepcja: W badaniu nad proprio-
cepcja stawu tokciowego nie wykazano istotnych zmian ani po treningu kuglarskim w for-
mie zonglowania, ani po okresie kontrolnym, co pozwala wnioskowac o braku wptywu tej
formy aktywnosci na propriocepcje stawéw tokciowych u starszych kobiet.

Whioski. Na podstawie wynikéw badan z projektu doktorskiego wskazuje sie na poten-
cjat aktywnosci fizycznej w formie zZonglerki w zakresie poprawy stabilno$ci posturalnej
oraz samopoczucia u 0séb starszych. Zonglowanie stanowi prosta i dostepng forme ak-
tywnoSci fizycznej, szczeg6lnie dla 0séb z ograniczeniami ruchowymi, cho¢ jego wplyw
na funkcje poznawcze i propriocepcje wymaga dalszych badan.
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ABSTRACT

Introduction. In an aging society, particularly in developed countries, the importance of
interventions supporting the slowing of aging processes is increasing, including activities
that improve cognitive functions and motor skills. The aim of this doctoral project was
to analyze the impact of dual-task training on the health of older adults, with a particu-
lar focus on juggling training with three balls as a physical activity that simultaneously
engages both body and mind. Conclusions from existing scientific literature suggest that
juggling, which requires advanced coordination and sensorimotor control, may stimulate
neuroplasticity, which plays a key role in slowing brain aging processes and improving its
functioning.

Methods. The doctoral project included three studies: a one-group study with two
measurements (pre-test/post-test; publication 1), arandomized controlled crossover stu-
dy (AB/BA; publication 2), and a repeated-measures study using a Latin square design
(A - BC/CB; publication 3). All studies involved a 4-week juggling training program, con-
ducted 3 times per week, with each session lasting 45 minutes. During the intervention,
participants performed exercises in the form of three-ball juggling.

Results. Psychological well-being: In the study examining the impact of juggling training
on the well-being of older adults, participants mastered the three-ball cascade technique
and rated this form of activity as attractive and moderately challenging. Well-being,
measured using the WHO-5 scale, significantly increased after the intervention (Cohen’sd =
0.76), and the percentage of individuals qualifying for further depression screening de-
creased from 50% to 5%, suggesting a positive impact of training on participants’ mental
well-being. Postural stability: Based on postural stability measurements, an improvement
in stability parameters was observed following the juggling training. This was particularly
evident in variables such as the velocity of the center of pressure displacement, the root
mean square velocity of the center of pressure in the sagittal plane, and the root mean
square velocity of the center of pressure in the frontal plane, both in the control condition
(free standing) and during a cognitive task (mental arithmetic). Compared to the control
period, during which these parameters deteriorated, participants achieved better results
in postural stability variables after the juggling training. Cognitive functions: Cognitive
function assessments indicated that after completing the juggling training intervention,
participants demonstrated faster reaction times and greater stability in simple and choice
reaction time tasks. However, during the control period, which lacked any intervention,
cognitive function either worsened or showed only minor positive changes. Although the
results suggest a potential advantage of juggling training over the control condition in
improving cognitive functions among participants, the lack of statistically significant dif-
ferences limits the ability to draw generalized conclusions. Proprioception: In the study on
elbow joint proprioception, no significant changes were observed either after the juggling
training or following the control period. This suggests that this form of activity does not
affect elbow joint proprioception in older women.
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Conclusions. The results of this doctoral project highlight the potential of juggling as
a form of physical activity in improving postural stability and well-being in older adults.
Juggling is a simple and accessible form of exercise, particularly for individuals with move-
ment limitations. However, its impact on cognitive functions and proprioception requires
further research.
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1. wsTEP

W krajach rozwinietych obserwuje sie zjawisko starzenia sie populacji (De i in. 2011).
Wydtuzajaca sie oczekiwana dtugos¢ zycia oraz wzrost liczby os6b starszych wptywaja
zarOwno na gospodarke, jak i spoteczenstwo. Sprawnos¢ fizyczna cztowieka zmniejsza
sie wraz z wiekiem, co ostabia wydajno$¢ funkcjonalng, zwtaszcza w codziennych czyn-
no$ciach (Ribeiro i Oliveira 2007; Thompson i in. 2003) - proces ten czesto nazywany
jest niezdrowym starzeniem sie (Fisher i in. 2017). Badania populacyjne wskazuja, ze za-
réwno funkcje poznawcze, jak i motoryczne pogarszajg sie w podobny sposoéb w proce-
sie starzenia. Spadek ten miedzy 45. a 65. rokiem zycia przebiega liniowo, natomiast po
65. roku zycia ulega znacznemu przyspieszeniu (van der Willik i in. 2021). Starzenie sie
to ztozony proces, na ktéry wptywajg zmiany w osrodkowym oraz obwodowym uktadzie
nerwowym - uznawane za gtéwne przyczyny deficytéw motorycznych u os6b starszych
(Murman 2015; Seidler i in. 2010). Rosnace ryzyko zaburzen poznawczych oraz choro-
by zwigzane ze starzeniem moga dodatkowo przyspieszy¢ dysfunkcje i utrate neuronéw
(Murman 2015). Deficyty te komplikujg codzienne funkcjonowanie oséb starszych i przy-
czyniaja sie do zwiekszonego ryzyka upadkéw (Seidler i in. 2010), co podkres$la koniecz-
nos$¢ zapewnienia odpowiedniej opieki tej grupie spoteczne;j.

Wsrod gtownych objawdw deficytow motorycznych i poznawczych wymienia sie: po-
gorszenie koordynacji, wzrost zmienno$ci ruchéw, trudnosci z réwnowaga, szybkoscia
przetwarzania, pamiecig roboczg i funkcjami wykonawczymi (Murman 2015; Seidler i in.
2010). Samo pogorszenie sie koordynacji, ktdre moze by¢ efektem ostabienia propriocep-
cji u 0séb starszych, jest jednym z powodow zwiekszajacego sie ryzyka upadkow (Ribeiro
i Oliveira 2007). Nalezy jednak pamieta¢, Ze proces starzenia jest indywidualny i zr6zni-
cowany, co zalezy od wielu czynnikow, takich jak choroby wspotistniejace, zasoby zdolno-
Sci (poznawcze i fizyczne) oraz Srodowisko. W literaturze naukowej podkre$la sie, Ze na
przebieg starzenia wptywa takze poziom codziennej aktywno$ci fizycznej - odpowiednio
ukierunkowana moze by¢ bowiem skutecznym Srodkiem umozliwiajgcym zdrowe sta-
rzenie sie (Nguyen i in. 2021). Aktywnos¢ fizyczna pozytywnie wptywa na sktad ciata,
zmniejsza ryzyko choréb sercowo-naczyniowych (Berlin i Colditz 1990; Wendel-Vos i in.
2004), cukrzycy (Kelley i Goodpaster 2001) oraz niektérych nowotworéw (McTiernan
iin. 2019; Rogers i in. 2008). Coraz czeSciej podkresla sie jej korzystny wptyw na spraw-
nos$¢ funkcjonalng u oséb starszych (Busse i in. 2009; Netz i in. 2005).

Promowanie aktywnosci fizycznej wsrdd seniorow stato sie skuteczng strategia po-
prawy ich dobrostanu. Regularne ¢wiczenia sprzyjaja zdrowiu psychicznemu, moga za-
pobiegac¢ depresji oraz chorobom neurodegeneracyjnym (Rovio i in. 2005). Ostabione sa-
mopoczucie psychiczne zwieksza ryzyko wystgpienia choréb fizycznych (Steptoe 2006;
Steptoeiin. 2015), podczas gdy pozytywny stan psychiczny dziata jako czynnik ochronny
(Lyubomirsky i in. 2005; Steptoe i in. 2015). Stewart i King wykazali, Ze aktywno$¢ fi-
zyczna wiaze sie z dobrostanem i odgrywa kluczowg role w taczeniu zdrowia psychicz-
nego ze zdrowiem fizycznym (Stewart i King 1991). Dostepne dowody sugerujg, Ze udziat
0s6b starszych w ¢wiczeniach zwieksza ich poczucie wtasnej skutecznosci, co sprzyja ich
dobrostanowi (McAuley i Rudolph 1995), a takze moze wptywac¢ na nastroj, satysfakcje
z zycia (Arent i in. 2000; Stathi i in. 2010), uwage, pamiec i funkcje wykonawcze, zmniej-
szajac ryzyko zaburzen poznawczych (Hernandez-Mendo i in. 2019). Aktywny styl zycia
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oraz regularne ¢wiczenia wptywaja korzystnie na wydajno$¢ motoryczng i proces uczenia
sie ruchowego (Hiibner i Voelcker-Rehage 2017). Dowody wskazuja réwniez, ze cwiczenia
fizyczne wzmacniajg neuroplastyczno$¢ i moga poprawiac funkcje poznawcze (Cassilhas
iin. 2016; Dayan i Cohen 2011; Hotting i Roder, 2013; Piiin. 2019). Z kolei nauka nowych
umiejetnos$ci motorycznych prowadzi do zmian morfologicznych w moézgu, jak wzrost
objetosci regionu przyhipokampowego (efekt po 18-miesiecznym treningu tanecznym
u starszych oséb) (Miiller i in. 2017). Wykazano, Ze umiarkowane sesje aktywnosci fi-
zycznej, ktére wymagaja zaangazowania poznawczego, korzystnie wpltywaja na funkcje
poznawcze, postawe ciata, rownowage oraz wydajnos$¢ sensomotoryczng (Kattenstroth
i in. 2013). Mozna wiec wnioskowa¢, ze aktywnos$ci angazujace zardwno poznawczo, jak
i motorycznie moga przynosi¢ wieksze korzysci dla neuroplastycznos$ci niz powtarzalne
¢wiczenia (Miilleriin. 2017). Ponadto nauka zadan motorycznych angazujacych obie stro-
ny ciata moze prowadzi¢ do wiekszego zaangazowania p6tkul mézgu, w zaleznosci od eta-
pu uczenia sie (Debaere i in. 2004). Synaptogeneze wspiera nowos¢, co zostato potwier-
dzone w badaniach na dorostych szczurach, w ktérych wykryto wieksza ztozono$¢ drzew
dendrytycznych spowodowang codziennymi zadaniami eksploracji labiryntu (Ambrogini
i in. 2010; Greenwood i Parasuraman 2010). Wykazano, ze umiarkowana aktywnos$¢
fizyczna, ktora nie wptywa znaczgco na uktad krgzeniowo-oddechowy ludzi, ale angazuje
ich poznawczo, m.in. poprzez nowos$¢ zadania i zaangazZowanie uwagi, pozytywnie wpty-
wa na funkcje poznawcze lub wydajno$¢ sensomotoryczng (Debaere i in. 2001; Katten-
stroth iin. 2013; Miiller i in. 2017). Potwierdzono réwniez, ze zmiany w mo6zgu pod wpty-
wem tego rodzaju aktywnos$ci mogg mie¢ miejsce juz po tygodniu ¢wiczen (Driemeyer
iin. 2008). Te odkrycia sg obiecujgce dla starzejacego sie spoteczenstwa. Z tego powodu
uczenie sie ruchowe rozumiane jako ,[...] zbiér procesé6w zwigzanych z praktyka lub do-
$Swiadczeniem prowadzacych do stosunkowo trwatych zmian zdolno$ci do reagowania”
(Schmidti Lee 2005) zastuguje na szczego6lng uwage przy tworzeniu nowych programow
¢wiczen dla os6b starszych.

Mimo szerokiej wiedzy na temat wptywu aktywno$ci fizycznej na zdrowie szacuje sie,
ze co czwarta lub pigta dorosta osoba nie spetnia zalecen Swiatowej Organizacji Zdrowia,
dotyczacych podejmowania minimum 150 minut aktywnosci fizycznej tygodniowo (Boul-
ton iin. 2018; Dumith i in. 2011). Z tego wzgledu konieczne jest organizowanie systema-
tycznych, atrakcyjnych programow aktywnosci, szczegolnie dla oséb starszych zamiesz-
kujacych obszary wiejskie (Omelaniin. 2017).

W ostatnich latach obserwuje sie wzrost zainteresowania naukowego treningiem po-
dwodjnego zadania (ang, dual-task), ktére definiowane jest jako zdolno$¢ do wykonywa-
nia jednoczesnie dwéch lub wiecej aktywnos$ci poznawczych i motorycznych (Liider i in.
2018). Umiejetnos¢ jednoczesnego podziatu uwagi miedzy dwa zadania lub wiecej jest
réwniez istotnym aspektem funkcjonalnego ruchu podczas codziennych czynnos$ci (Shin
i An 2014). Klasyczna Zonglerka, jako aktywnos$¢ polegajaca na jednoczesnym rzucaniu
i fapaniu pitek w okreslonym wzorcu motorycznym obiema rekami oraz $ledzeniu toru
kazdej pitki, jest przyktadem aktywnos$ci podwéjnego zadania motorycznego. Okazuje sie,
ze osoby, ktore profesjonalnie Zongluja, osiggaja mniejszag amplitude odchylenia podczas
pomiaréw stabilometrycznych niz osoby poczatkujace, przy jednoczesnym wykonywa-
niu kaskady z trzema pitkami (Rodrigues i in. 2016). Bardziej doswiadczeni Zonglerzy
nie tylko wykonuja zadanie precyzyjniej, ale rowniez staje sie ono dla nich bardziej auto-
matyczne. W rezultacie zasoby uwagi profesjonalnych zZongleréw nie sg tak wyczerpane
podczas zonglerki jak w przypadku oséb poczatkujacych, u ktérych amplituda odchyle-
nia jest wowczas wieksza (Rodrigues i in. 2016). Wazng cze$¢ zwiekszenia skuteczno$ci
nauki i przewidywania trajektorii pitki stanowi skupienie uwagi na bodZcach, a nie na
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rekach (Haibach i in. 2004; Mechsner i in. 2001). Zonglowanie, jako ¢wiczenie wymagaja-
ce od reki chwytajacej rekompensowania btedéw reki rzucajacej, doskonale odzwiercie-
dla proprioceptywng koordynacje obu ragk. Opanowanie zZonglerki wymaga zmniejszenia
zmiennos$ci rzutéw i nauki kompensacji btedéw poprzez produkowanie podobnych rela-
cji fazowych ruchu konczyn (Haibach i in. 2004). Ponadto zonglerka wymaga statej, zto-
zonej kontroli wzrokowo-motorycznej i wspétpracy obu konczyn, moze zwiekszac efekt
bilateralnego transferu uczenia sie (zjawisko, w ktéorym umiejetnos¢ nabyta przez jedng
strone ciala wptywa na poprawe tej samej umiejetnosci po drugiej stronie ciata, mimo zZe
ta druga strona nie byta bezposrednio trenowana (Zhou 2000)), ktéry zostat zaobserwo-
wany dla koniczyn gérnych i dolnych podczas treningu niedominujacej konczyny (Focke
iin. 2016; Haaland i Hoff 2003; Witkowski i in. 2018). Efekt ten pokazuje, Ze efektywnos$¢
jednej strony ciata moze by¢ zwiekszona poprzez rozwijanie drugiej strony ciata (Nor-
cross 1921). Ma to istotne znaczenie gdyz codzienne czynno$ci nie wymagajg rozwazania
ztozonosSci ruchow, jakie wykonuje ciato. Uzywanie obu rgk do manipulacji obiektem lub
wykonania okre$lonego zadania jest powszechne. Jednak wiekszo$¢ ludzi ma dominujaca
reke, ktora pozostaje bardziej efektywna w wykonywaniu precyzyjnych ruchéw, co rozwi-
ja sie od dziecinstwa i trwa niemal przez cate zycie. Wiele narzedzi uzywanych w codzien-
nym zyciu zostato zaprojektowanych dla os6b praworecznych. W rezultacie, niedominu-
jaca strona ciata jest czesto zaniedbywana (Hildreth 1949; Sebastjan i in. 2017). Nauka
zonglerki jako nowego zadania ruchowego moze stanowic interesujaca forme aktywnosci
dwustronnej, ktéra ze wzgledu na swojg ztoZono$¢ moze mie¢ pozytywny wptyw na neu-
roplastycznos¢ u oséb w kazdym wieku (Malik i in. 2022).

Prawidtowa stabilno$¢ posturalna jest szczegdlnie wazna dla populacji 0s6b starszych,
gdyz jej pogorszenie sie wigze sie z ryzykiem upadkoéw, wptywajgc na zdolnos$¢ do za-
chowania niezaleznosci (Maki i Mcllroy 1996; Pettersson i in. 2023). U zdrowych oséb
stabilno$¢ posturalna opiera sie na informacjach somatosensorycznych, przedsionko-
wych i wzrokowych (Appeadu i Gupta 2023). Pogorszenie jednej z nich moze stwarzac
przeszkody w funkcjonowaniu motorycznym i zdolnoSci do prawidtowego stabilizowania
postawy. Najwiekszymi zagrozeniami zwigzanymi z niestabilnos$cig sg upadki i zaburze-
nia postawy, ktére naleza do wielkich probleméw geriatrycznych i stanowia zagrozenie
dla zdrowia i zycia (Ktak i in. 2017). W 2015 roku oszacowano, ze ponad milion oséb
w Polsce w wieku 65 lat i starszych doswiadczyto przynajmniej jednego upadku. Wedtug
danych do 2050 roku liczba ta prawie sie podwoi (Ktak i in. 2017). Chodzenie i stabilno$¢
posturalna nie sg tylko zadaniem motorycznym, ale takze czynno$cig angazujaca funkcje
wykonawcze i uwage (Dierijckiin. 2020). Dodatkowo zaburzone czucie proprioceptywne
znacznie zmniejsza reakcje posturalne wywotane niespodziewanymi bodZcami (Appeadu
i Gupta 2023; Rinalduzzi i in. 2015). Jest to zwigzane z jadrami podstawy, ktére s3 istot-
nym obszarem mézgu zaangazowanym w utrzymanie rownowagi (Appeadu i Gupta 2023;
Palakurthi i Burugupally 2019).

Propriocepcja zalezy od mechanoreceptoréw zlokalizowanych w $ciegnach, wiezadtach,
miesniach i torebkach stawowych (Myers i Lephart 2000; Riemann i Lephart 2002). Me-
chanoreceptory przekazujg informacje o pozycji i ruchu stawéw do oSrodkowego ukta-
du nerwowego (Ribeiro i Oliveira 2007). Dlatego propriocepcja jest istotnym czynnikiem
wptywajacym na jakoS¢ zycia starzejacych sie populacji. Jednakze zmiany zwigzane z wie-
kiem w obwodowym i osrodkowym uktadzie nerwowym powoduja pogorszenie mechani-
zmoOw proprioceptywnych (Myers i Lephart 2000; Ribeiro i Oliveira 2007). Starzenie sie
prowadzi do zmniejszenia dynamicznej wrazliwos$ci wrzecion mie$niowych, co wpltywa
zaréwno na sprzezenie zwrotne dotyczace pozycji, jak i predkosci. Dodatkowo liczba neu-
ron6w motorycznych alfa ulega zmniejszeniu, a funkcjonowanie pewnych obszaréw mézgu
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zaangazowanych w planowanie polecen ruchowych pogarsza sie znaczaco u 0séb starszych
(Adamo i in. 2007; Cruz-Sanchez i in. 1998). Propriocepcja odgrywa istotng role w zmia-
nach zwigzanych z wiekiem wptywajacych na koordynacje oraz precyzyjne planowanie
ruchéw (Ferlinc i in. 2019; Ghez i in. 1995), a takze zapewnia orientacje i stabilno$¢ ciata
podczas dziatan statycznych i dynamicznych (Ferlinc i in. 2019; Han i in. 2016). Swiado-
mos$¢ potozenia segmentOw ciata w przestrzeni jest takze niezbedna do skutecznej interak-
cji z otoczeniem (Ferlinc i in. 2019; Suetterlin i Sayer 2014). Z kolei krétszy RT pozwala na
utrzymanie rownowagi i unikanie upadkéw w sytuacjach zagrozenia posturalnego (Stur-
nieks i in. 2008). Pogorszenie uwagi oraz dtuzszy RT u oséb starszych moga by¢ zwigza-
ne ze zmianami w centralnym i obwodowym uktadzie nerwowym (Sturnieks i in. 2008).
Niestabilno$¢ wynikajaca z pogorszenia funkcji poznawczych lub zmian zachodzacych
z wiekiem w uktadzie nerwowym moze prowadzi¢ do wielu probleméw zwigzanych
z codziennym funkcjonowaniem i zdrowiem. Zalezny od wieku spadek zdolnosci prze-
twarzania poznawczego przyczynia sie takze do zmian w funkcji proprioceptywnej, szcze-
gblnie w zadaniach wymagajacych wiekszego wysitku poznawczego (Adamo i in. 2007;
Yang i in. 2019). Poprawa stabilnoSci posturalnej, propriocepcji oraz funkcji poznawczych
u 0s0b starszych jest prawdopodobna i moze zaleze¢ od rodzaju podejmowanego treningu
fizycznego (Goble i in. 2009). Jedng z aktywno$ci silnie zwigzanych z poprawa tych zdol-
nosci jest tradycyjne chinskie tai chi (Goble 2010; Tsang i Hui-Chan 2003; Xu i in. 2004),
ktére promuje zwiekszone poczucie pozycji stawdéw poprzez powolne, Swiadome ruchy
i statg Swiadomos$¢ pozycji ciata (Tsang i Hui-Chan 2003; Xu i in. 2004). Podobne korzysci
odnotowano u starszych dorostych, ktérzy praktykuja takie aktywnosci jak golf czy taniec
kreatywny wymagajace zwiekszonej sSwiadomosci pozycji stawow (Marmeleira i in. 2009;
Tsang i Hui-Chan 2003). Niemniej jednak wiekszo$¢ badan oceniajacych wptyw ¢wiczen
na dopasowanie pozycji stawu, w tym stawu tokciowego, koncentrowata sie gtéwnie na
wptywie ¢wiczen o charakterze jednorazowym, a nie dtugoterminowym (Allen i in. 2010;
Brockett i in. 1997; Walsh i in. 2006; Weerakkody i in. 2003). Ponadto istnieje ograniczona
liczba badan dotyczacych wptywu Zonglerki na funkcje mézgu, samopoczucie, wydajnos¢
poznawcza i zdolno$ci rownowagi u 0séb starszych (Boyke i in. 2008), mimo ze aktywno$¢
ta wydaje sie bezpieczna i tatwo dostepna dla populacji os6b starszych.

Majac na wzgledzie, Ze aktywno$¢ fizyczna w formie Zonglerki wydaje sie ciekawa do
zaproponowania forma ¢wiczen, celem niniejszego projektu doktorskiego byto przepro-
wadzenie badan z interwencjg o charakterze treningu kuglarskiego w formie Zonglerki,
aby oceni¢ jej wptyw na samopoczucie (publikacja 1), stabilno$¢ posturalng (publika-
cja 2), funkcje poznawcze (publikacja 2 i 3), a takze propriocepcje konczyn gérnych (pu-
blikacja 3).
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2. CELE I HIPOTEZY

Celem gtéwnym niniejszego projektu doktorskiego byto okreslenie wptywu treningu ku-
glarskiego w formie Zonglowania trzema pitkami na stabilno$¢ posturalng oraz zmiany
w obrebie wybranych funkcji poznawczych (czas percepcji bodZca wzrokowego, czas
decyzji, uwaga selektywna, szybko$¢ i doktadnos$¢ przetwarzania informacji) u oséb
starszych obu pici, a takze wptywu tejze aktywnosci na propriocepcje u kobiet powyzej
65. roku zycia. Trening ten w kazdym z badan wchodzacych w sktad projektu doktorskie-
go odbywat sie 3 razy w tygodniu przez okres 4 tygodni.

Cele szczegodtowe:

1.

2.

3.

Ocena poziomu samopoczucia wéréd oséb starszych uczestniczacych w treningu
kuglarskim w formie zonglowania (publikacja 1).

Ocena wptywu treningu kuglarskiego w formie Zonglowania na okresowe zmiany
stabilnos$ci posturalnej (publikacja 2).

Ocena wptywu treningu kuglarskiego w formie Zonglowania na zmiany wybranych
funkcji poznawczych (publikacja 2 i 3).

Ocena wplywu treningu kuglarskiego w formie zonglowania na zmiany proprio-
cepcji konczyny gérnej u kobiet powyzej 65. roku zycia (publikacja 3).

Ocena zwigzku wybranych funkcji poznawczych z wynikami propriocepcji konczyn
goérnych ocenianymi za pomocg zadania dopasowania pozycji stawu tokciowego
(publikacja 3).

Hipotezy:

1.

2.

Trening kuglarski w formie Zonglowania 3 razy w tygodniu w ciggu 4 tygodni po-
prawia samopoczucie 0s6b starszych uczestniczacych w treningu (publikacja 1).
Udziat w treningu kuglarskim w formie zonglowania 4 razy w tygodniu w ciggu
4 tygodni wptywa na poprawe wskaznikow stabilnosci posturalnej, takich jak: 95%
obszaru kotysania, predko$¢ przemieszczania sie Srodka sity nacisku stép na pod-
toze, zakres wychylen (publikacja 2).

Udziat w treningu kuglarskim w formie Zonglowania 3 razy w tygodniu w ciggu
4 tygodni poprawia czas percepcji bodZca wzrokowego, czas decyzji, uwage selek-
tywna, a takze szybkosc¢ i doktadno$¢ przetwarzania informacji wsrod osob star-
szych (publikacja 2 oraz publikacja 3).

Trening kuglarski w formie Zonglowania 3 razy w tygodniu w ciggu 4 tygodni wpty-
wa na poprawe propriocepcji konczyn gérnych w zadaniu dopasowania pozycji sta-
wu tokciowego u kobiet powyzej 65. roku zycia (publikacja 3).

Recznos¢, czas percepcji bodZca wzrokowego, czas decyzji, uwaga selektywna,
a takze szybkos$¢ i doktadnos¢ przetwarzania informacji koreluja z propriocepcja
konczyn gornych w zadaniu dopasowania pozycji stawu tokciowego u kobiet powy-
zej 65. roku zycia (publikacja 3).
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3. CYKL PUBLIKAC]I

Niniejszy autoreferat zostal opracowany w ujeciu syntetycznym - w formie zwieztego za-
prezentowania informacji zawartych i szerzej oméwionych w artykutach opublikowanych
w ramach cyklu. Publikacje przedstawione sg w kolejnosci daty wydania. W sktad cyklu
pod wspdlnym tytutem Wplyw treningu kuglarskiego oraz Zonglerki na wybrane funkcje
poznawcze i zdolnosci koordynacyjne u 0séb starszych wchodza nastepujace artykuty na-
ukowe:

1.

Malik ]., Maciaszek J. (2022) Effect of the juggling-based motor learning physical activ-
ity on well-being in elderly: a pre-post study with a special training protocol. Health-
care (Basel), 10 (12), 2442. https://doi.org/10.3390/healthcare10122442

punktacja MEiN: 40; Impact Factor: 2,8; Impact Factor 5-letni: 3,0

Malik J., Gtéwka N., Jelonek W., Stemplewski R., Maciaszek |. (2024) Effect of a juggling-
-based physical activity on postural stability, reaction time, and attention focus in older
adults: a randomized crossover study. European Review of Aging and Physical Activity,
21 (1), 15. https://doi.org/do0i:10.1186/s11556-024-00351-w

punktacja MNiSW: 140; Impact Factor: 3,7; Impact Factor 5-letni: 4,7

Malik]., Gtéwka N., Jelonek W., Maciaszek].. (2024) The effect of juggling on the proprio-
ceptive and attentional abilities among older women. Frontiers in Public Health, 12,
1386981. https://doi.org/doi:10.3389/fpubh.2024.1386981

punktacja MNiSW: 100; Impact Factor: 3,0; Impact Factor 5-letni: 3,6

Lacznie punktacja MEiN/MNISW: 280; Impact Factor: 9,5*

W niniejszym autoreferacie zdecydowano sie nie zamieszczac tabel oraz rycin wyste-

pujacych w Zrédtowych publikacjach. Ponadto dla przejrzystosSci rozdziat Wyniki zasta-
piono rozdziatem Oméwienie wynikéw, skupiajac sie nie tyle na surowych wartosciach,
co na opisowym ich wyjasnieniu. Uznano bowiem za bezzasadne powtarzanie informacji,
ktore zostaty zawarte juz w rzeczonych artykutach.

1 Warto$¢ Impact Factor na rok 2023.
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4. METODY
4.1. Uczestnicy badan

Lacznie 77 os6b zgtosito sie do udziatu w trzech réznych badaniach dotyczacych inter-
wencji o charakterze treningu kuglarskiego w formie Zonglowania, ktére odbywaty sie
w okresie od czerwca 2021 do grudnia 2022 roku. Zgltoszenia te byty odpowiedzig na
reklamy zataczone w gazetach oraz lokalnej telewizji miasta Poznan. Przyjeto nastepu-
jace kryteria wiaczenia do badan: osoby aktywne fizycznie, powyzej 65. roku zZycia, bez
urazOw oraz patologii w obszarze konczyn gornych, bez urazéw neurologicznych, bez
przeciwwskazan do aktywnosci fizycznej, bez istotnego zaburzenia wzroku, praworecz-
ne. Uwzgledniajac powyzsze czynniki, do udzialu w badaniach tgcznie zrekrutowano
70 uczestnikow, z ktorych 4 zrezygnowato z przyczyn osobistych lub zdrowotnych w trak-
cie badan (publikacja 1: n = 20; publikacja 2: n = 26; publikacja 3: n = 20). Kazdorazowo
do oszacowania wielko$ci prob niezbednych do zminimalizowania prawdopodobienstwa
popelnienia zaréwno btedu [, jak i Il rodzaju postuzono sie oprogramowaniem G*Power 3.1
(wersja 3.1.2; Heinrich Heine Universitat, Diisseldorf, Niemcy).

Publikacja 1

W celu oceny wptywu treningu kuglarskiego w formie Zonglowania na samopoczucie os6b
starszych zakwalifikowano do badania 20 uczestnikéw (17 kobiet, 3 mezczyzn), ktoérych
wyniki poddano analizie statystycznej. Sredni wiek uczestnikéw wynosit: 70,55 (£4,91)
roku, $redni wskaznik masy ciata (BMI): 25,82 (+3,77) kg/m? [w tym $rednia masa ciata:
67,55 (x14,11) kg; $rednia wysoko$¢ ciata: 161,50 (£8,79) cm]. Srednig recznoé¢ nato-
miast oszacowano jako 91,88 (+13,27) za pomocg skroconej wersji Edynburskiego Inwen-
tarza Recznosci (Oldfield 1971; Veale 2014), co potwierdzito bezwzgledna praworecznos¢
wsrod wszystkich uczestnikow. Wielko$¢ proby oszacowana zostata zgodnie z przyjetym
minimalnym poziomem mocy 0,80, progiem alfa na poziomie prawdopodobienstwa 0,05
oraz wielkoscig efektu (ES) 0,732 (Schuchiin. 2016) dla oceny depresji po umiarkowanej
aktywnosci. 20 uczestnikow badania spetniato oszacowang wymagang wielko$¢ proby.
Charakterystyka os6b biorgcych udziat w projekcie zawarta jest w tabeli 1 publikacji 1.

Publikacja 2

Aby zweryfikowa¢ wptyw treningu kuglarskiego w formie Zonglowania na stabilno$¢ po-
sturalng i zmiany w obrebie wybranych funkcji poznawczych, analizie statystycznej pod-
dano wyniki 26 uczestnikéw (21 kobiet, 5 mezczyzn), ktérych Srednia wieku wynosita:
70,08 (+4,46) roku, BMI: 25,95 (+3,86) kg/m? [w tym masa ciata: 67,77 (+13,44) kg; wyso-
kos¢ ciata: 161,23 (£7,89) cm], natomiast recznos¢: 92,31 (x12,62). Wielko$¢ préby osza-
cowana zostata na podstawie danych, w ktorych zastosowano wielosystemowe ¢wiczenia
fizyczne do poprawy RT u starszych dorostych (Cohen’s f = 0,715, co odpowiada duzemu
rozmiarowi efektu np? = 0,34 (Lord i Castell 1994)). Pozwolito to wybra¢ poziom ES wy-
nik wynoszacy np® = 0,138. Zgodnie z opcja ,tak jak w SPSS” (Lakens 2013) minimalng
moca 0,80 i progiem alfa na poziomie 0,05 wielko$¢ proby wynoszaca 26 uczestnikow
okazata sie wystarczajaca do minimalizowania btedéw typu I i typu II. Charakterystyka
uczestnikow zawarta jest w tabeli 1 publikacji 2.
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Publikacja 3

W celu oceny wplywu treningu kuglarskiego w formie zonglowania na zmiany w obrebie
wybranych funkcji poznawczych, a takze zmiany propriocepcji konczyny goérnej analizie
statystycznej poddano wyniki 20 kobiet o $redniej wieku 69,95 (+4,58) roku i Srednim
BMI wynoszacym 25,04 (+3,52) kg/m? [w tym masa ciata: 62,88 (+8,55) kg; wysokos¢ cia-
fa: 158,65 (£5,12) cm]. Wielkos¢ proby dla oceny propriocepcji oszacowana zostata przy
zatozeniu duzej ES (Niespodzinski i in. 2022), mocy 0,80 i progu alfa wynoszacego 0,05.
20 uczestniczek badania spetniato oszacowang wymagang wielko$¢ proby. Charakterysty-
ka kobiet bioracych udziat w projekcie zawarta jest w tabeli 1 publikacji 3.

4.2. 0golna procedura badan

Projekt doktorski uzyskat pozytywna opinie Komisji Bioetycznej przy Uniwersytecie Me-
dycznym im. Karola Marcinkowskiego w Poznaniu (uchwata 106/21). Wszystkie badania
zostaly przeprowadzone zgodnie z Deklaracja Helsiniskga z 2013 roku, a takze zarejestro-
wane retrospektywnie w bazie badan klinicznych ClinicalTrials.gov (NCT06108713).

W celu realizacji zatozen dysertacji przeprowadzono badanie jednogrupowe z dwoma
pomiarami w (pre-test/post-test; publikacja 1), randomizowane, kontrolowane badanie
w uktadzie krzyzowym (AB/BA; publikacja 2) oraz randomizowane, kontrolowane bada-
nie w modelu powtarzanych pomiaréw z wykorzystaniem projektu tacinskiego kwadratu
(A - BC/CB; publikacja 3).

4.3. Interwencja

Interwencja odbywata sie w Akademii Wychowania Fizycznego w Poznaniu. Okres trenin-
gu kuglarskiego w formie zonglowania trwat 4 tygodnie i obejmowat 12 spotkan (3 trenin-
gi tygodniowo), z ktdérych kazde trwato po 45 minut (Blasco-Lafarga i in. 2020; Driemeyer
i in. 2008). Treningi byty zawsze prowadzone przez te sama osobe, ktdra jest profesjonali-
sta w zonglowaniu i posiada doswiadczenie w edukacji fizycznej.

Publikacja 1

Uczestnicy byli zaangazowani wytgcznie w jeden etap interwencji - 4-tygodniowy trening
kuglarski w formie Zzonglowania (JP - juggling period). Dane dotyczace samopoczucia oce-
niano dwukrotnie - zaré6wno przed JP (PRE), jak i po nim (POST).

Publikacja 2

Uczestnicy zostali zaangazowani w protoko6t randomizowanego, kontrolowanego badania
w uktadzie krzyzowym AB/BA, w ktérym to jednym z warunkéw (A lub B) byto uczestni-
czenie w |P, natomiast drugim - brak dodatkowej aktywnosci (NJP - non-juggling period).
Etapy badania krzyZzowego oddzielone byty od siebie 4-tygodniowym okresem ,oczysz-
czania” (washout). Pomiary wykonywano kazdorazowo zaré6wno w PRE, jak i w POST
kazdego z etapow (JP, NJP). Badanie sktadato sie tagcznie z czterech spotkan (przed wa-
runkiem A i po nim; oraz przed warunkiem B i po nim). Schemat protokotu badawczego
przedstawiony zostat na rycinie 1 publikacji 2.
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Publikacja 3

Uczestniczki byly zaangazowane w protokét randomizowanego, kontrolowanego bada-
nia w modelu powtarzanych pomiaréw z wykorzystaniem projektu kwadratu tacinskiego
A-BC/CB, w ktérym to jednym z warunkéw byto uczestniczenie w JP, natomiast drugim -
NJP. JP oraz NJP oddzielone byty 4-tygodniowym okresem washout. Badanie sktadato sie
1acznie z trzech spotkan: przed przystgpieniem do warunkéw (punkt A, poziom poczatko-
wy) oraz POST JP i POST NJP (punkt B oraz C). Schemat protokotu badawczego przedsta-
wiony zostat na rycinie 1 publikacji 3.

4.3.1. Przebieg treningu kuglarskiego w formie Zzonglowania

Pierwsze 8 minut kazdej sesji treningowej obejmowato rozgrzewke z wykorzystaniem pi-
tek do zonglowania, wprowadzajaca uczestnikow do stosowanych przyboréw (pitki Zon-
glerskie). Gtéwna czes$¢, trwajaca 32 minuty, byta poswiecona nauce zonglowania trzema
pitkami w kaskadzie. Ostatnie 5 minut przeznaczono na ¢wiczenia wyciszajgce organizm
oraz rozcigganie. Kazda jednostka treningowa obejmowata r6znorodne ¢wiczenia, gtow-
nie rzuty i chwyty, przy uzyciu pitek do Zonglowania. Uczestnikéw zobowigzano do nie-
zonglowania poza zajeciami.

W celu utatwienia nauki pitki miaty rézne kolory - zielony, zo6tty i czerwony - co w p6z-
niejszej fazie interwencji umozliwiato jasng komunikacje dotyczaca rodzaju zadania i wy-
boru pitki. Uczestnicy opanowali podstawy Zonglowania trzema pitkami - o $rednicy 70 mm
i masie 90 g - w kaskadzie.

Ze wzgledu na ryzyko zwigzane z pandemig COVID-19 grupy treningowe byty celowo
ograniczone do maksymalnie 5 oséb, co umozliwiato zachowanie odpowiedniego dystan-
su miedzy uczestnikami.

Program obejmowat tagcznie 12 jednostek treningowych trwajacych po 45 minut kaz-
da, wliczajac rozgrzewke i cwiczenia wyciszajace. Gtéwna czes$¢ sesji byta poswiecona na-
uce kolejnych etapdw zonglowania trzema pitkami w kaskadzie. Trudnos¢ poszczeg6lnych
¢wiczen systematycznie zwiekszano, na przyktad przez wprowadzanie dodatkowych ele-
mentow, takich jak klaskanie w rece podczas rzutu lub skupienie uwagi na przedmiotach
znajdujacych sie w niewielkiej odlegtosci przed uczestnikiem. Kazde zadanie trwato od
3 do 5 minut, a kluczowe byto angazowanie zar6wno dominujacej, jak i niedominujacej
strony ciata. Uczestnicy rozpoczynali ¢wiczenia od rzucania pitek reka dominujacg, na-
stepnie przechodzili do niedominujacej. Protokét obejmowat trzy gtéwne grupy ¢wiczen:
kolumnowe, paraboliczne oraz mieszane.

Cwiczenia kolumnowe polegaly na Zonglowaniu z pionowa trajektoria rzutu, przy
czym rzut i chwyt wykonywano ta sama reka. Pitki byly rzucane na wysokos$¢ oczu, co
utrudniato zachowanie prawidtowej trajektorii, lecz jednocze$nie wydtuzato czas na re-
akcje.

Cwiczenia paraboliczne obejmowaly rzuty miedzy rekami wzdtuz trajektorii parabo-
licznej, z zachowaniem odpowiedniej synchronizacji rzutéw - kolejny rzut wykonywano,
gdy poprzednia pitka osiggata szczyt trajektorii. Wazne byly unikanie synchronicznego
rzucania pitek oraz koncentracja na pitce znajdujacej sie w powietrzu.

Cwiczenia mieszane, laczace rézne style rzutu, miaty na celu przygotowanie uczestni-
kéw do bardziej zaawansowanych elementéw i podtrzymanie procesu uczenia sie rucho-
wego przez modyfikacje wczeSniej opanowanych zadan. Wykonywano je miedzy ¢wicze-
niami kolumnowymi a parabolicznymi, przy zachowaniu wysoko$ci rzutow na poziomie
0CZU.
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Kompletny protokét treningowy zostat szczegétowo przedstawiony w materiatach
uzupetniajgcych do publikacji 1, ktore opisuja cata procedure krok po kroku, przeznaczo-
ng dla oséb bez wczesniejszych doswiadczen w Zonglerce.

4.4. Aparatura, narzedzia i przebieg pomiarow

Wszystkie badania odbywaty sie w Akademii Wychowania Fizycznego w Poznaniu, w Pra-
cowni Motorycznosci Cztowieka Zaktadu Nauk o Aktywnosci Fizycznej i Promocji Zdro-
wia, a takze w pracowni Zaktadu Fizjoterapii Nerwowo-Mie$sniowej. Pomiary wykony-
wane byly pod nadzorem wyspecjalizowanych w danym zakresie badaczy, kazdorazowo
w zblizonych warunkach oraz przez te same osoby.

4.4.1. Pomiar samopoczucia na skali subiektywnego poziomu samopoczucia
(publikacja 1)

W celu pomiaru subiektywnego poziomu samopoczucia wykorzystano polska wersje In-
deksu Dobrego Samopoczucia (WHO-5), ktéra ocenia subiektywne samopoczucie, odno-
szac sie do ostatnich 2 tygodni. Wskaznik ten moze identyfikowac¢ objawy depresji u oséb
starszych. Optymalna warto$¢ odciecia <13 punktéw okazuje sie najdoktadniejszg war-
toscig w identyfikacji depresji. WHO-5 wykazat dobrg trafno$¢ wewnetrzng i zewnetrzna
(Bonsignore iin. 2001; Cichon i in. 2020). Dla polskiej adaptacji skali WHO-5 alfa Cronba-
cha wynosita 0,87, a trafno$¢ zbiezna byta dobra: (a) korelacja z PHQ-9 (Kwestionariusz
Zdrowia Pacjenta-9) r = 0,75; ujemna korelacja z PAID (Kwestionariusz Obszaréw Proble-
mowych w Cukrzycy) r = 0,52 (Cichon i in. 2020).

4.4.2. Kwestionariuszowy pomiar aktywnosci fizycznej (publikacja 2)

Na potrzeby badania, w celu oszacowania poziomu aktywnosci fizycznej uczestnikow,
wykorzystano polska adaptacje skali CHAMPS (ang. Community Health Activities Model
Program for Seniors) (Krél-Zielinska i in. 2019). Kwestionariusz ten zawiera 41 pytan stu-
zacych do oceny czestotliwosci i czasu trwania réznych form aktywnosci fizycznej os6b
starszych (Hekler i in. 2012; Stewart i in. 2001). Jest to jeden z najbardziej trafnych i rze-
telnych kwestionariuszy do tego celu (Harada i in. 2001; Krol-Zielifiska i in. 2019; Kroél-
-Zielinska i Ciekot 2015). Jednotygodniowa rzetelno$¢ test-retest polskiej adaptacji wy-
nosita od 0,79 do 0,85 (Krdl-Zielinska i in. 2019). Pytania obejmowatly ostatnie 4 tygodnie
aktywnosci uczestnika i pozwolilty oszacowa¢ wydatek energetyczny i czestotliwo$¢ ak-
tywnoSci fizycznej w tygodniu (Stewart i in. 2001). Uczestnicy badania zostali poproszeni
o wypetnienie kwestionariusza na koniec JP i NJP.

4.4.3. Pomiar stabilnosci posturalnej (publikacja 2)

Stabilno$¢ posturalng uczestnikdbw mierzono za pomoca platformy posturograficznej
AccuGait™ System (model AMTI PJB-101, AMTI, Watertown, MA) z oprogramowaniem
Balance Trainer i czestotliwoS$cig prébkowania 100 Hz. Wszystkie uzyskane dane zostaty
odfiltrowane z poziomem odciecia 10 Hz (Ruhe i in. 2010).
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Kazdy uczestnik na kazdym z czterech spotkan badawczych wzigt udziat w pieciu
probach w losowej kolejnosci. Dwie préoby obejmowaty swobodne stanie bez dodatko-
wego zadania (PST_), dwie - swobodne stanie z dodatkowym zadaniem poznawczym
(PST,), a jedna proba obejmowata granice stabilnosci (PST, ). PST. odwzorowywato
wstepne stanie w ciggu minuty. Kazdy uczestnik zostatl poinstruowany stowami ,Pro-
sze sta¢ swobodnie, trzymac rece wzdtuz tutowia, oczy otwarte, patrze¢ przed siebie”.
W przypadku prob PST, dodatkowym zadaniem podczas stania byto stuchanie zesta-
wu cyfr i liczenie wystepowania liczb parzystych lub nieparzystych (randomizowane).
Liczby byty wcze$niej nagranymi, przez jednego z badaczy, prébkami dzwiekowymi, od-
twarzanymi z gtosnikéw oddalonych o 1 m od plecéw badanego. Uczestnicy styszeli 30
cyfr podczas kazdej proby PST,, ktore pojawiaty sie co 2 sekundy. Po zakonczeniu pro-
by badany zgtaszat wynik. Btad wiekszy niz 2 byt interpretowany jako staba koncentra-
cja na zadaniu, wymagajgca ponownego przeprowadzenia testu z nowa probka dzwie-
ku. Instrukcje dla kazdej proby PST, byty takie same, wyjatek stanowito zdanie dodane
na koncu polecenia: ,Policz parzyste/nieparzyste cyfry”. PST, . zostat przeprowadzony
z asekuracjg badacza. Zadaniem badanego byto mozliwie maksymalne wychylenie sie do
przodu i do tytu oraz na boki. Kazde wytracenie poza granice stabilno$ci powodowato
powtorzenie testu.

Kazda z préb trwata 60 sekund. Pomiedzy nimi badany miat 2-minutowg przerwe
w pozycji siedzacej. Po instrukcjach poprzedzajacych test badacz czekat 2 sekundy
przed zakomunikowaniem ,Start” i kolejne 2 sekundy przed wiaczeniem pomiaru. Pomiar
w kazdym dniu rozpoczynat si¢ od zapoznania sie z prébami PST, PST, i PST .

Podczas prob stabilnos$ci posturalnej monitorowano przemieszczenia $rodka sity na-
cisku stép na podtoze (COP). Na podstawie sygnatu COP obliczono nastepujace parame-
try: predkosc¢ (V ), powierzchnie obejmujgcg 95% elipsy ufnosSci wyznaczajgcej obszar
wokot Srodka sity nacisku stop (Area95), przysrodkowo-boczny (ptaszczyzna czotowa)
zakres kotysania (RangeX), przednio-tylny (ptaszczyzna strzatkowa) zakres kotysania
(RangeY), Srednia kwadratowa zmiennej V., w ptaszczyznie czotowej (RMS, ) i Sred-
nia kwadratowa zmiennej V  , w ptaszczyznie strzatkowej (RMS,, ), ktore uwzgledniono
w analizie stabilno$ci posturalnej (Quijoux i in. 2021). Wiarygodno$¢ miedzysesyjnego
pomiaru V  u 0sob starszych wynosir = 0,76, dla zmiennych PST . waha si¢ od r = 0,67
dor=0,85 (Stemplewskiiin. 2011).

4.4.4. Pomiar wybranych funkcji poznawczych (publikacja 2 i publikacja 3)

Wybrane funkcje poznawcze oceniane byty na kazdym spotkaniu badawczym (4 spotka-
nia - publikacja 2; 3 spotkania - publikacja 3) przy pomocy testdw RT oraz testu Cognitrone
przy uzyciu Vienna Test System (VTS) (SCHUHFRIED GmbH, Austria; polska dystrybu-
cja - COGNIFIC) z wykorzystaniem specjalnego panelu. Korzystajgc zaréwno z przycisku
spoczynku, jak i przycisku reakcji znajdujacych sie na panelu, mozliwe bylo podzielenie
zmiennych na czas reakcji (RT) i czas motoryczny (MT), przy czym obie zmienne mierzono
w milisekundach. Termin ,czas reakcji” oznacza czas pomiedzy prezentacjg bodzca a wy-
stapieniem reakcji (podniesieniem palca z przycisku spoczynkowego).,,Czas motoryczny”
rozumiany jest jako czas pomiedzy podniesieniem palca z przycisku spoczynkowego a na-
ciSnieciem przycisku czasu reakcji. Formularz testowy S1 zostat wykorzystany do oceny
odpowiedzi z prosta wskazowka wizualng (z6tte Swiatto na ekranie monitora). Formularz
testu S4 zostat wykorzystany do oceny czasu reakcji wyboru (go/no-go) z wieksza licz-
ba bodZcow (zoétte Swiatto, czerwone Swiatto, zotte i czerwone $wiatto jednoczes$nie lub
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prosty dZwiek - w r6znych kombinacjach). W przypadku S4 jedyna poprawna reakcje sta-
nowita jednoczesna obecno$¢ wytacznie zottego i czerwonego Swiatta.

Co wazne, do odpowiedzi w obu testach nalezato uzywac tylko jednego palca reki do-
minujacej, w tym celu poproszono uczestnikow, by byt to zawsze palec wskazujacy. Pod-
czas pomiardw zebrano rowniez dane dotyczace poszczegdlnych zmiennych: zmienno$¢
czasu reakcji prostej (VSRT), zmienno$¢ czasu reakcji wyboru (VCRT), zmienno$¢ czasu
motorycznego (VMT). Aby wystandaryzowac¢ pomiary, kazde podejscie byto poprzedzo-
ne testem préobnym, dopiero po ktérym uczestnik wykonywat 4-minutowy test gtéwny.
Dodatkowo zmienne czasu decyzji (DT) zostaty obliczone na podstawie danych SRT i CRT
przy uzyciu metody chronometrazu umystowego (Posner 1978):

CRT - SRT =DT

Wiarygodno$¢ zmiennych RT waha sie od r = 0,83 do r = 0,98 w prébie normalne;.
W przypadku MT wiarygodno$¢ waha sie od r = 0,84 do r = 0,95 (SCHUHFRIED GmbH).
Powyzsze testy pozwolity na ocene takich funkcji poznawczych, jak czas percepcji bodzca
wzrokowego, DT i uwaga selektywna.

Ocena uwagi i koncentracji uczestnikéw byta rowniez mozliwa poprzez wykorzystanie
oprogramowania VTS. W tym celu zastosowano test Cognitrone ze wspomnianej baterii
testow, ktdéry opiera sie na teoretycznym modelu Reulecke’a (Bartolacciiin. 2020), w kt6-
rym koncentracja jako stan zostata opisana przez trzy zmienne: energie, funkcje, precyzje.
W protokole badan wykorzystano forme S10 tego testu. Zadanie polegato na udzieleniu
odpowiedzi, czy wySwietlona na $rodku ekranu figura jest obecna w zestawie czterech
figur wyswietlonych w szeregu w gornej czeSci ekranu monitora. Uczestnicy w teScie
Cognitrone uzywali obu rak. Lewa reka znajdowata sie nad czerwonym przyciskiem, a pra-
wa - nad zielonym. Kazda reakcja byta rejestrowana w milisekundach i pod wzgledem
poprawnosci (COG_, - Sredni czas prawidtowego odrzucenia; COG_, - Sredni czas pra-
widtowego zaakceptowania). Pominiecie zadania, powrét do poprzedniego lub korekta
nie byty mozliwe. Prawidtowa odpowiedz (COG_) polegata na prawidlowym odrzuceniu
(czerwony przycisk, jesli wzorzec nie wystepowat w zestawie figur) lub prawidtowej ak-
ceptacji (zielony przycisk, jesli wzorzec wystepowat w zestawie figur). Ponadto mierzono
czas potrzebny na ukonczenie catego testu (COG,). W celu standaryzacji kazde podejscie
byto poprzedzone testem probnym, po ktérym uczestnicy wykonywali test gtéwny. Rze-
telno$¢ testu Cognitrone wynosi ponad r = 0,95 (SCHUHFRIED GmbH).

4.4.5. Pomiar dopasowania pozycji w stawie tokciowym (publikacja 3)

Podczas kazdego spotkania pomiarowego dla testow dopasowania pozycji stawu tok-
ciowego zaréwno warunki ipsi-lateralnego (IPSI), jak i kontra-lateralnego (CONTRA)
dopasowania pozycji stawu byly wykonywane na specjalnym krzesle, ktére umozliwia-
to pomiar zgiecia w stawach tokciowych z doktadnoscig do 0,1 stopnia (Allen i Proske
2006). Zgiecie stawOw rejestrowano za pomocg elektrogoniometréw, jednostki bazowej
i oprogramowania DataLINK CP firmy Biometrics LTD, z catkowita czestotliwo$cig prob-
kowania 40 kHz. Rzetelno$¢ wewnatrz- i miedzylaboratoryjna tej metody zostata okreslo-
na jako dobra (odpowiednio 0,76 i 0,86 dla zgiecia, 0,92 i 0,89 dla wyprostu) (Zwerus i
in. 2019). Krzesto byto indywidualnie dopasowywane do wysokoSci ciata i dtugos$ci kon-
czyn uczestnikow z uwzglednieniem osi barkéw i osi stawdéw tokciowych. Kazdorazowo
badani wykonywali 8 préb poprzedzonych 3 prébami treningowymi. Przerwa pomiedzy
zadaniami trwata 30 sekund. W kazdym punkcie pomiarowym wyniki poszczegélnych
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uczestnikow zar6wno w warunku IPS], jak i CONTRA byty sprawdzane pod katem warto-
$ci odstajacych przy uzyciu metody IQR (Vinutha i in. 2018). Wartos$ci odstajgce zostaty
usuniete, poniewaz mogty by¢ efektem wystgpienia mniejszego zaangazowania w test lub
ze wzgledu na narastajgce zmeczenie. Podczas catego zadania wszyscy uczestnicy mieli
opaski na oczach, ktdére blokowaly widzenie pozycji ramion (Goble 2010). Siedzac w po-
zycji wyprostowanej, oba przedramiona uczestnikow spoczywaty na ruchomych szynach
manipulatora bimanualnego. Uczestnikdw poinstruowano, aby trzymali ramiona w roz-
luZniony sposob. Podtokietnik miat ogranicznik zapewniajgcy te sama pozycje wyjsciowa
dla wszystkich préb (90° zgiecie stawu tokciowego, 80° odwodzenie ramienia, 10° zgiecie
boczne ramienia). W obu warunkach bierne przemieszczenie konczyny byto wykonywane
w taki sposéb, aby osiggna¢ warto$¢ 10° przemieszczenia na sekunde. Kolejno$¢ warun-
kéw byta losowa. Testy dopasowania pozycji pozwolity na okreslenie btedu statego (CE),
btedu bezwzglednego (AE), btedu zmiennosci (VE) i btedu $redniokwadratowego (RMSE)
dla kazdego warunku.

Celem warunku IPSI byto okreslenie wydajnosci pamieci roboczej podczas zadania
proprioceptywnego. W kazdej prébie ISPI eksperymentator przesuwat szyne na domi-
nujacym ramieniu uczestnika o 30° od pozycji wyjsciowej w kierunku ciata (Goble 2010).
Badacz ustnie informowat uczestnikow o osiggnieciu pozadanej pozycji docelowe;j. Ich
przedramie byto nastepnie biernie przesuwane z powrotem do pozycji wyj$ciowej. Na-
stepnie uczestnicy aktywnie przesuwali przedramie do zapamietanej pozycji docelowe;j.
Zostali poinstruowani, aby zatrzymac ruch i przekazac¢ ustne powiadomienie, gdy poczuja,
Ze osiagneli te samg pozycje przedramienia co cel odniesienia. Stata prébka danych kato-
wych zostata zarejestrowana natychmiast po wydaniu komendy przez badanych (,,Stop”)
Za pomocga potencjometru.

W warunku dopasowania CONTRA kazde ramie kontrolowano. Pilnowano, aby kat zgie-
cia dla obu ramion byt podobny i staly w obrebie uczestnikow i pomiedzy nimi. Cel tego
zadania stanowito okres$lenie skutecznos$ci miedzypdétkulowego przetwarzania informa-
cji proprioceptywnych podczas bimanualnego zadania proprioceptywnego (Goble 2010).
W kazdej probie badacz przesuwat niedominujgce przedramie uczestnikéw do pozycji
docelowej 30° od pozycji wyjsciowej w kierunku ciata (Goble 2010). Eksperymentator
ustnie informowat uczestnikéw o osiggnieciu pozadanej pozycji docelowej. Ich zadaniem
byto przesuniecie reki dominujacej do takiej pozycji, aby kat zgiecia tokcia reki dominuja-
cej odpowiadat katowi zgiecia tokcia reki niedominujacej. Uczestnicy informowali o uzy-
skaniu pozycji (,Stop”) i utrzymywali jg przez okoto 3 sekundy, aby umozliwi¢ zebranie
probki danych katowych za pomoca potencjometru.

4.5. Analiza statystyczna

Publikacja 1

Na potrzeby tego badania wykorzystano test W Shapiro-Wilka do oceny rozktadu zmien-
nych. Test t dla prob zaleznych zaadaptowano do oceny réznic przed protokotem i po nim
w uzyskanych wynikach WHO-5. Ponadto zastosowano dychotomizacje wartosci WHO-5
wzgledem zalecanego punktu odciecia, aby podzieli¢ dane pod katem jakoSciowym na
wyniki oznaczajgce zagrozenie depresja i wyniki oznaczajgce brak zagrozenia depresja.
W przypadku zmiennych kategorycznych wykorzystano test McNemara do oceny wplywu
interwencji na ryzyko wystapienia depresji u uczestnikow. Wszystkie analizy statystycz-
ne zostaly przeprowadzone przy uzyciu STATISTICA (wersja 13.3.0, TIBCO Software Inc,
Palo Alto, CA, USA; 2017). Wzér d Cohena zostat uzyty do obliczenia ES dla testu t dla
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préb zaleznych (gdzie: 0,2 - maty efekt; 0,5 - umiarkowany efekt; 0,8 - duzy efekt),
a wzor g Cohena zostat uzyty do obliczenia wielkosci efektu dla testu McNemara (gdzie:
0,05 - maty efekt; 0,15 - umiarkowany efekt; 0,25 - duzy efekt) (Cohen 1988). Zaktadany
poziom alfa wynosit 0,05.

Publikacja 2

Wszystkie analizy danych zostaly przeprowadzone przy uzyciu oprogramowania STATIS-
TICA (wersja 13.3.0, TIBCO Software Inc., Palo Alto, CA, USA; 2017). Dane analizowano
za pomocg dwukierunkowej analizy ANOVA RM w celu zbadania interakcji miedzy ‘in-
terwencjami’ (JP, NJP - jako ,TR”) a ‘czasem’ (PRE, POST - jako ,PP”) dla testow funkcji
poznawczych i rownowagi. R4Znice miedzy poziomami aktywnosci fizycznej dla dwoch
okresOw okres$lono za pomocg testu t dla prob zaleznych (rozktad normalny) lub testu
Wilcoxona (rozktad odbiegajacy od normalnego). Zaktadany poziom alfa wynosit 0,05. ES
okreslono na podstawie Cohena z 95% przedziatem ufnosci (95%CI.). Roznice przedsta-
wiono jako $rednig roznice (MD) i 95% przedziat ufnosci tej wartosci (95%CI,,).

Publikacja 3

Test Shapiro-Wilka zostat uzyty do sprawdzenia normalnos$ci wszystkich danych. Rdznice
miedzy trzema punktami czasowymi (punkt wyjSciowy, POST JP, POST NJP) dla kazdego
warunku osobno (IPSI, CONTRA) sprawdzono za pomocg ANOVA RM, ktéra obejmowata
analize sferycznos$ci Mauchly’ego. Gdy warunek sferycznosci nie zostat spetniony, zastoso-
wano korekte Greenhouse’a-Geissera. Alternatywnie, w przypadku danych o rozktadzie
odbiegajacym od normalnego, wykorzystano analize wariancji Friedmana (F ANOVA). Wy-
konano réwniez testy post hoc dla poréwnan parami po analizie powtarzanych pomiaréw
(test Bonferroniego lub sparowany test Wilcoxona). R6znice miedzy warunkami spraw-
dzono za pomoca testow t (rozktad normalny) lub testéw Wilcoxona (rozktad odbiegajacy
od normalnego). Wspotczynnik korelacji sprawdzono za pomocg wspotczynnika korelacji
Spearmana, biorgc pod uwage rozktad zmiennych (rozktad odbiegajacy od normalnego).
Zastosowano nastepujaca interpretacje wspoétczynnikéw korelacji: ponizej 0,20 jako bar-
dzo staby, od 0,20 do 0,40 jako staby, od 0,40 do 0,60 jako $redni, od 0,60 do 0,80 jako silny
i co najmniej 0,8 jako bardzo silny. Wszystkie wyniki zostaty przedstawione w tabelach
i narysunkach jako $rednie z odchyleniami standardowymi i mediany z przedziatlami mie-
dzykwartylowymi (IQR). ES dla ANOVA RM okres$lono jako cze$ciowy eta-kwadrat (mp?
0,01 - maty efekt; 0,06 - $redni efekt; 0,138 - duzy efekt), dla F ANOVA okreslono jako
wspotczynnik zgodnosci Kendalla (W; 0,20 - dobra zgodnos¢, 0,40 — umiarkowana zgod-
nos¢, 0,60 - znaczna zgodno$¢, 0,80 - prawie doskonata zgodnos¢), a dla testéw t okreslo-
no go jako d Cohena (d: 0,2 - maty efekt; 0,5 - Sredni efekt; 0,8 - duzy efekt) lub Wilcoxona
z rangg wspotczynnika korelacji dwuwartosciowej (rc: 0,1 - maty efekt; 0,3 — umiarkowa-
ny efekt; 0,5 - duzy efekt). MD sparowanych danych przedstawiono z 95% przedziatami
ufnosci (95%CI) dla wszystkich poréwnywanych zmiennych. Warto$¢ p < 0,05 uznano za
wskazujacg na istotnos¢ statystyczna.
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5. OMOWIENIE WYNIKOW

5.1. Ocena wplywu treningu kuglarskiego w formie zonglowania na
samopoczucie uczestniczacych w niej osob starszych (publikacja 1)

W celu oceny zmian w samopoczuciu uczestnikéw zastosowano narzedzie WHO-5, ktére
pozwala na mierzenie dobrostanu psychicznego. Szczeg6towe wyniki uzyskane za pomo-
ca tego narzedzia przedstawiono w publikacji 1 (rycina 5, tabela 2).

Interwencja o charakterze treningu kuglarskiego w formie Zzonglowania zakonczyta
sie dla wszystkich uczestnikow opanowaniem techniki nazywanej kaskada trzema pit-
kami, ktdéra byta celem zaproponowanego protokotu. Umiejetnos¢ ta zostata opanowana
przez wiekszo$¢ uczestnikow na si6dmym, z dwunastu, spotkaniu treningowym.

Osoby starsze uczestniczace w projekcie ocenity jego atrakcyjnos$¢ w skali 1-5 na
poziomie 4,85 (+0,37). Natomiast trudnos$¢ w tej samej skali na poziomie 3,35 (%0,75).
Dodatkowo na tej samej skali wartosci fizycznego, jak i psychicznego zaangazowania
w aktywnos$¢ proponowanego protokotu oceniono w skali 1-5 kolejno jako 2,95 (+0,76)
i 3,05 (%0,69). Uczestnicy subiektywnie uznali wiec zaproponowany protokot jako bar-
dzo atrakcyjny, umiarkowanie trudny, a takze umiarkowanie wymagajacy pod wzgledem
fizycznym, jak i psychicznym.

Poprzez iloSciowq analize danych wykazano, Ze Srednia warto$¢ samopoczucia 0s6b
uczestniczacych w projekcie, mierzona skalg WHO-5, przed interwencjg wynosita 13,75
(¥6,32), natomiast po 4-tygodniowej interwencji w formie zonglerki warto$¢ ta wzro-
sta do 17,75 (+4,04), co sugeruje umiarkowanie pozytywny efekt zmian po interwencji
(p<0,01; Cohend=0,76).

Autorzy wymienionego narzedzia jako punkt odciecia sugeruja warto$¢ wynoszaca
13,00. Warto$¢ wskaznika samopoczucia uzyskana za pomoca tego narzedzia ponizej za-
proponowanego punktu odciecia jest wskazaniem do badania w kierunku depresji zgodnie
z klasyfikacjg ICD-10. Przeanalizowano wiec uzyskane dane réwniez pod katem jakoScio-
wym, czego wynikiem jest poprawa samopoczucia po interwencji o charakterze treningu
kuglarskiego w formie zonglerki. 50% uczestnikéw przed podjeciem interwencji kwali-
fikowato sie jako osoby ze wskazaniem do badania w kierunku depresji. Po interwencji
natomiast zaledwie 5% uczestnikow pozostato w tej kwalifikacji po ocenie narzedziem
WHO-5. Wyniki Zadnego z uczestnikdw natomiast nie spadty ponizej progu odciecia po
interwencji, nawet jesli zaobserwowano zmniejszenie oceny samopoczucia narzedziem
WHO-5 po interwencji. Zarejestrowanie zmiany wyniku dla pojedynczej osoby wyzszej
w skali WHO-5 o 10% $wiadczy o istotnej klinicznie poprawie samopoczucia - taki rezul-
tat uzyskato 60% badanych po uczestnictwie w 4-tygodniowej interwencji. U 20% osob
nie zaobserwowano zadnych zmian, u 5% subiektywna ocena samopoczucia wzrosta, ale
nieznacznie, natomiast dla pozostatych 15% istotnie sie obnizyta. Jednakze zadna z tych
0s6b nie uzyskata wyniku ponizej progu wrazliwosci. Podsumowujac, zaproponowana
interwencja o charakterze treningu kuglarskiego w formie Zonglerki wptyneta istotnie
na zmniejszenie prawdopodobienistwa wystgpienia kryterium (na podstawie narzedzia
WHO-5) wskazujacego do diagnostyki w kierunku depresji (p < 0,01).
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5.2. Ocena wplywu treningu kuglarskiego w formie zonglowania
na stabilnos¢ posturalng (publikacja 2)

Szczegbtowe wyniki stabilno$ci posturalnej przedstawiono w publikacji 2 w formie ryciny
(rycina 2) oraz tabeli (tabela 2).

PST, charakteryzowata si¢ nieznaczng poprawg wartosci V., RangeX, RangeY oraz
RMS,, po interwencji w formie zonglerki wsrod uczestnikow badania. Ponadto zmiany tych
warto$ci w obu warunkach (PST,, PST,) podkreslity przewage interwencji o charakterze tre-
ningu w formie Zonglowania w$réd uczestnikow badania przy poréwnaniu zmian dla PRE/
POST, jednakze brak istotnych statystycznie réznic nie pozwala na generalizacje wynikow.

W przypadku oceny PST, dla POST JP najnizsze wartosci zaobserwowano dla zmiennej
V.- Jednak istotno$¢ statystyczng interakcji ,TR™*,PP” zaobserwowano dla RMS , oraz
RMS .. Przy pomocy analizy post hoc metoda Bonferroniego wykazano, ze wigzato sie to
gtownie z pogorszeniem wartos$ci tych zmiennych dla POST NJP w poréwnaniu z innymi
punktami czasowymi (dla RMS,: PRE JP vs POST NJP: MD = -0,37; 95%CI, = [-0,56;
-0,18]; POST JP vs POST NJP: MD =-0,38; 95%CI,,, = [-0,58; -0,18]; PRE NJP vs POST NJP:
MD =-0,36; 95%CI,, = [0,21; 0,52]; dla RMS: PRE JP vs PRE NJP: MD = 0,36; 95%CI,,, =
[0,21; 0,52]; POST JP vs PRE NJP: MD = 0,31; 95%CI, = [0,15; 0,46]; PRE NJP vs POST NJP:
MD = -0,34; 95%CI,,, = [-0,49; -0,18]), przy czym po 4-tygodniowej interwencji o cha-
rakterze treningu kuglarskiego w formie Zonglerki nie zaobserwowano zadnych istotnych
zmian dla tych zmiennych. Natomiast istotng réznice zarejestrowano dla, TR” w zmiennej
RangeY przy PST_ (JP vs NJP: MD = -0,19; 95%CI,, = [-0,37; -0,02]; PRE JP vs PRE NJP:
MD = -0,07; 95%CI,,, = [-0,42; -0,28]; POST JP vs POST NJP: MD = -0,32; 95%CI,, =
[-0,68; -0,03]). W POST JP zaobserwowano zmniejszenie warto$ci tej zmiennej, nato-
miast w POST NJP wartos¢ ta zwiekszyta sig. W tescie PST|  nie zaobserwowano zadnych
istotnych réznic pod wptywem interwencji.

Nie bez znaczenia wydaje sie jednak obserwacja, ze wszystkie zmienne charak-
terystyczne dla pomiaréw PTS_ (V,,, Area95, RMS , RMS, ), a takze wiekszo$¢ w PST,
(Voo RMS,,, RMS, ) oraz w PST, . (Area95, RangeY) charakteryzowaty sie zmianami dla
JP $wiadczgcymi o pozytywnym wplywie treningu kuglarskiego w formie Zonglowania na
osoby w badanej grupie. Natomiast NJP charakteryzowat sie, w wiekszosci przypadkdow,
nieznacznym pogorszeniem sie tych zmiennych. R6znice te okazaty sie jednak nieistotne
statystycznie, wiec w tym zakresie nie mozna wycigga¢ wnioskow na cata populacje oséb
starszych.

Podsumowujac, trening kuglarski w formie zonglowania pozytywnie wptynat na sta-
bilno$¢ posturalng po JP, co potwierdzity zmiany w RangeY dla warunku PST , a takze roz-
nice dla zmiennych RMS, , oraz RMS, pomiedzy JP a NJP w szczegdlnoSci w warunku PST,.

5.3. Ocena wplywu treningu kuglarskiego w formie zonglowania
na zmiany w wybranych funkcjach poznawczych u oséb starszych
(publikacja 2 i publikacja 3)

Szczegotowe wyniki pomiaréw funkcji poznawczych przedstawiono w publikacji 2 w for-
mie ryciny (rycina 3) oraz tabeli (tabela 3), a takze w publikacji 3 w formie tabelarycznej
(tabela 5).

W badaniu w uktadzie krzyzowym (publikacja 2) uczestnicy uzyskali krotszy czas
reakcji w POST P, dotyczyto to takich zmiennych, jak: SRT, CRT, DT w poréwnaniu z in-
nymi punktami pomiarowymi. Dodatkowo osiggneli oni réwniez lepsze wyniki dla VSRT,
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VCRT oraz COG,. Ponadto na podstawie obserwacji zmian PRE/POST dla wybranych
funkcji poznawczych - zaréwno dla JP, jak i NJP - zaobserwowano przewage dla JP. Jed-
nakze statystycznie istotne r6znice odnotowano wytacznie dla ,,PP” dla zmiennych SRT
oraz COG,, przy czym po przeprowadzeniu analizy post hoc (Bonferroni) zaobserwowa-
no poprawe obu tych zmiennych z czasem, ale bez wskazania istotnej r6znicy miedzy |JP
a NJP (dla SRT: PRE vs POST: MD =11,42; 95%CI, = [1,55; 21,30]; dla COG_: PRE vs POST:
MD =-0,81; 95%CI, = [-1,52; -0,10]). W przypadku innych funkcji poznawczych nie za-
rejestrowano zadnych istotnych statystycznie zmian (p > 0,05). Jednakze w badaniu tym
zaobserwowano przewage wptywu JP (PRE/POST) na pozytywne zmiany funkcji poznaw-
czych w grupie oséb bioracych udziat w projekcie (SRT, CRT, MT, VSRT, VCRT, VMT, COG-
«w COG_,), natomiast NJP charakteryzowat sie nieznacznym pogorszeniem tych wynikow
w grupie badanych (MT, VSRT, COG_,) lub ich poprawa, ale mniejsza niz w przypadku JP
(SRT, CRT, COG_,, VCRT, VMT). Roznice te okazaly si¢ jednak nieistotne statystycznie, wiec
w ich przypadku nie mozna wycigga¢ wnioskdw na cala populacje oséb starszych. W ba-
daniu z powtarzanymi pomiarami (publikacja 3) nie zaobserwowano Zadnych istotnych
réznic dla funkcji poznawczych zaréwno dla warunku JP, jak i warunku NJP (p > 0,05).

Podsumowujac, trening kuglarski w formie zonglowania przyczynit sie do wyraznej
poprawy SRT oraz COG_. Jednakze réznice te okazatly sie istotne statystycznie wytgcznie
dla, PP” co oznacza, Ze poprawa ta byta obserwowana réwniez dla okresu bez interwenc;ji
w formie Zonglerki.

5.4. Ocena wplywu treningu kuglarskiego w formie zonglowania
na zmiany propriocepcji stawu tokciowego u kobiet powyzej
65. roku zycia (publikacja 3)

Szczegbtowe wyniki pomiaréw propriocepcji przedstawiono w publikacji 3 w formie ta-
belarycznej (tabele: 2, 3 i 4). Natomiast szczegétowe wyniki korelacji funkcji poznawczych
i propriocepcji zarejestrowano w publikacji 3 w formie tabelarycznej (tabela 5).

W badaniu zaobserwowano niewielkie zmiany wsréd os6b badanych w propriocepcji
dla JP, przy czym podobna trajektoria zmian obserwowana byta réwniez dla NJP, szcze-
gblnie w przypadku CE oraz VE w obu warunkach (IPSI, CONTRA) oraz dla AE i RMSE
w warunku IPSI. Obserwowane zmiany nie byty jednak istotne statystycznie, co sugeruje,
ze interwencja o charakterze treningu w formie zonglowania nie wptywa na propriocep-
cje stawu tokciowego w grupie starszych kobiet.

Niemniej za pomocg analizy korelacji wykazano, ze w warunku IPSI wyzszy wskaznik
praworecznos$ci wigze sie z wiekszg doktadno$cig dopasowania pozycji prawa reka. Nie
wykazano jednak, aby zdolno$¢ uwagi lub czas reakcji byty zwigzane z doktadnoscia za-
dania dopasowania pozycji. Natomiast w warunku CONTRA nie zaobserwowano istotnej
korelacji z reczno$cig, co potwierdza, ze zadanie to wymaga komunikacji miedzy obiema
potkulami. Zarejestrowano jednak, ze uczestniczki miaty tendencje do niedoszacowania
dopasowania pozycji w warunku CONTRA, gdy reagowaty wolniej w testach czasu reakg;ji
(SRT, CRT). Odwrotna zalezno$¢ obserwowano w przypadku zmienno$ci CRT i DT. Wieksze
rozbieznos$ci w reakcji na bodZce wymagajace podjecia decyzji i dtuzszy czas podejmowa-
nia decyzji wigzaly sie z tendencjg respondentek do przeceniania zadania dopasowania
pozycji tokcia w warunku CONTRA. Natomiast VCRT byta ujemnie skorelowana z btedami
w doktadnosci dopasowania pozycji (AE, RMSE), co moze sugerowac, ze mniejsza rozbiez-
nos$¢ czasu reakcji wigzata sie z lepszym wynikiem dopasowania pozycji. Nie stwierdzono
istotnych korelacji miedzy zadaniami uwagi mierzonymi testem Cognitrone a warunkiem
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CONTRA. Zatem zdolno$¢ do zwracania uwagi podczas zadan dostosowywania pozycji
tokcia w warunkach IPSI i CONTRA prawdopodobnie nie odgrywa tak waznej roli.

Podsumowujgc, trening kuglarski w formie Zonglowania nie wptynat istotnie na
propriocepcje stawu tokciowego w grupie starszych kobiet, co potwierdzajg niewielkie
i statystycznie nieistotne zmiany CE, VE, AE, oraz RMSE zar6wno dla warunku IPS], jak
i CONTRA. Analiza korelacji wykazata natomiast, ze w warunku IPSI wyzszy wskaznik
praworecznosci byt zwigzany z wieksza doktadnoscia pozycji, a w warunku CONTRA ob-
serwowano zwiazek czasu reakcji z precyzja dopasowania.
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6. DYSKUSJA

Gléwnym uzasadnieniem wyboru tematu Wptyw treningu kuglarskiego oraz zZonglerki na
wybrane funkcje poznawcze i zdolnosci koordynacyjne u 0séb starszych jest rosnace zain-
teresowanie metodami wspierania zdrowia psychofizycznego w starzejacym sie spote-
czenstwie. Osoby starsze czesto borykajg sie z pogorszeniem funkcji poznawczych, takich
jak pamie¢, uwaga i mySlenie przestrzenne, oraz ze spadkiem zdolnosci koordynacyjnych,
co wplywa na ich codzienne funkcjonowanie i ogélng jakos¢ zycia. Ponadto zonglowa-
nie stanowi bezpieczng i tatwo dostepng forme aktywnosci, ktéra angazuje réwnomier-
nie zaroéwno lewg, jak i prawg strone ciata. Co wiecej, szeroki wachlarz technik zongler-
skich dostepnych do nauki pozwala na dostosowanie poziomu trudnos$ci do umiejetnosci
uczestnikow, a to sprzyja zaangazowaniu zaréwno fizycznemu, jak i poznawczemu. Taka
aktywno$¢ moze dostarczac¢ ¢wiczacym licznych korzysci, w tym poprawy koncentracji
oraz koordynacji ruchowej. Dodatkowo ograniczona liczba publikacji na temat wptywu
zonglowania na zdrowie osdb starszych zwrdécita uwage na potrzebe bardziej wszech-
stronnej eksploracji tego tematu. Zrozumienie wptywu tego typu treningu na funkcje po-
znawcze i koordynacje os6b starszych moze przyczynic¢ sie do rozwoju nowych metod
terapeutycznych, ktére wspierajga zdrowie psychofizyczne tej grupy i podnosza jakos$¢ jej
zycia.

Publikacja 1

Celem badania opisanego w publikacji 1 byto przetestowanie programu zajec z zongler-
ki jako propozycji aktywnosci fizycznej dla os6b starszych, majacej potencjat rozwijania
funkcji poznawczych i zdolnosci koordynacyjnych. Gtéwna istote projektu stanowita oce-
na wptywu treningu kuglarskiego w formie Zonglowania na samopoczucie 0os6b starszych
bioragcych w nim udziat. Wynikiem drugorzednym byta subiektywna ocena protokotu
¢wiczen przez uczestnikéw pod wzgledem jego atrakcyjno$ci oraz trudnos$ci. W niniej-
szym badaniu postawiono hipoteze, Ze trening kuglarski w formie Zonglowania 3 razy
w tygodniu w ciggu 4 tygodni poprawi samopoczucie uczestnikéw. Hipoteza ta zostata
potwierdzona przez wskazanie na pozytywng zmiane samopoczucia mierzonego narze-
dziem WHO-5 zaréwno przed uczestnictwem 0s6b starszych w treningu kuglarskim w for-
mie zonglowania, jak i po nim. Dodatkowo na podstawie uzyskanych wynikéw stwier-
dzono, Ze przy zastosowaniu zadan o umiarkowanej trudnosci i wysitku o umiarkowanej
intensywnosci protokot treningu kuglarskiego w formie Zonglerki jest bardzo atrakcyjny
dla uczestnikéw powyzej 65. roku zycia.

Glownym wyzwaniem w promowaniu aktywnoSci fizycznej pozostaje zrozumienie
motywacji oraz barier: psychicznych, fizycznych, spotecznych i srodowiskowych, ktdre
mogg utrudnia¢ osobom starszym podjecie i utrzymanie aktywnosci fizycznej. Wedtug
modelu spoteczno-ekologicznego McLeroya kluczowe w tym przypadku sg czynniki: in-
trapersonalne, interpersonalne i Srodowiskowe (McLeroy i in. 1988; Yarmohammadi i in.
2019). Dla senioréw gtéwnym motywatorem do podejmowania aktywnosci fizycznej jest
poprawa kondycji fizycznej (Miller i Brown 2017; Nejati i in. 2010; Yarmohammadi i in.
2019) oraz przyjemnos¢ z aktywnosci (Miller i Brown, 2017; Yarmohammadi i in. 2019),
a takze redukcja stresu i depresji (Mortazavi i in. 2011; Nejati i in. 2010; Yarmohammadi
i in. 2019). Uczestnicy przygotowanego do niniejszego projektu doktorskiego programu
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o charakterze treningu kuglarskiego w formie zonglowania ocenili go jako ,atrakcyjny”
lub ,bardzo atrakcyjny”, a ich samopoczucie i ocena ryzyka depresji poprawity sie po in-
terwencji. Opanowanie nowej umiejetnosci prawdopodobnie zwiekszyto ich wiare we
wtasne mozliwosci i samoocene, co jest zgodne z wynikami innych badaczy (Elavsky
iin. 2005; Eliezer i in. 2010; Moral-Garcia i in. 2018). Czynniki interpersonalne, takie jak
towarzyskos$¢ i wsparcie grupy, odgrywaja istotng role w zakresie samooceny. Trening
kuglarski w formie Zonglowania prowadzony w postaci zaje¢ grupowych z instruktorem
moze przynies¢ wiec lepsze efekty niz ¢wiczenia indywidualne, co potwierdzaja badania
nad wptywem ¢wiczen grupowych na zdrowie psychiczne (Mortazavi i in. 2011; Stevens
i in. 2021). Elementy srodowiskowe, takie jak atrakcyjne otoczenie, rowniez wptywaja
na motywacje do aktywnosci fizycznej (Chippendale i Boltz 2015; Kowal i Fortier 2007;
Yarmohammadi i in. 2019; Yoo i Kim 2017), tak wiec ¢wiczenia Zonglerskie warto wyko-
nywa¢ w dowolnym miejscu, nie ograniczajac sie do aktywnosci w zamknietym pomiesz-
czeniu, gdyz wieksza przestrzen czy Srodowisko naturalne mogtyby zwiekszy¢ motywacje
0s0b starszych do aktywnosci.

Aktywny styl pozytywnie wptywa na samoocene i jako$¢ zycia senioréw. Na podstawie
wynikéw badania opisanego w publikacji 1 wykazano, ze udziat w treningu kuglarskim
w formie zonglowania zmniejszyt ryzyko wystepowania depresji. Uczestnictwo w zaje-
ciach grupowych byto kluczowe dla poprawy samopoczucia uczestnikéw, co podkresla
znaczenie spotecznego aspektu aktywnosci fizycznej wskazanego przez innych autoréw
(Mortazaviiin. 2011; Stevensiin. 2021). W sytuacjach utrudniajacych udziat w zajeciach
grupowych, takich jak pandemia, trening kuglarski w formie Zonglowania moze by¢ atrak-
cyjna alternatywa dla ¢wiczen w domu. AktywnoSci te nie wymagaja specjalnego sprzetu
ani duzej przestrzeni, a materiaty instruktazowe moga poméc w samodzielnej nauce. Ob-
serwuje sie, ze ¢wiczenia zonglerskie moga réwniez korzystnie wptywacé na leczenie obja-
wow zespotu stresu pourazowego (Welburn 2015) i redukcje leku (Nakahara i in. 2007),
co ttumaczy sie m.in. poprzez wpltyw tej formy aktywnosci na neuroplastyczno$¢ mozgu,
szczegOlnie w obszarach istoty biatej (Scholz i in. 2009; Schultz i in. 2012) i szarej (Boyke
iin. 2008; Draganski i in. 2004; Driemeyer i in. 2008; Gerber i in. 2014).

Podsumowujgc, trening kuglarski w formie Zonglowania jest interesujaca forma ak-
tywnosci fizycznej dla oséb starszych, wplywajaca pozytywnie na samopoczucie. Propo-
nowane ¢wiczenia mogg by¢ wigczone do réznych programéw treningowych lub modyfi-
kowane wedtug potrzeb. Nalezy jednak pamieta¢ o odpowiedniej rozgrzewce i indywidu-
alnym podejsciu, gdyz proces uczenia sie motorycznego nierzadko rézni sie w zaleznosci
od osoby. Zaproponowany program treningowy moze stuzy¢ jako wprowadzenie do nauki
innych sztuczek zonglerskich. Co wiecej, mimo Ze niektdére schorzenia utrudniajg wykony-
wanie precyzyjnych ruch6w wymaganych przy Zonglowaniu, ¢wiczenia te s3 odpowiednie
dla wiekszosci osdb niemajacych przeciwwskazan do aktywnosci fizyczne;j.

Publikacja 2

I[stota badania opisanego w publikacji 2 byta ewaluacja wptywu treningu kuglarskiego
w formie Zonglowania na stabilno$¢ postawy i funkcje poznawcze u zdrowych, aktyw-
nych fizycznie os6b starszych. Gtéwny cel badania stanowita ocena wptywu omawiane-
go treningu na zmiany w zakresie stabilno$ci posturalnej osob starszych w warunkach
stania swobodnego, stania swobodnego z zadaniem poznawczym oraz w warunku testu
granic stabilno$ci. Dodatkowo oceniano wptyw tego treningu na czas percepcji bodZca
wzrokowego, DT, uwage selektywng, a takze szybkos$¢ i doktadnos$¢ przetwarzania infor-
macji mierzone odpowiednimi testami psychologicznymi. Wynik drugorzedny stanowit
poziom aktywnosci fizycznej os6b biorgcych udziat w projekcie. W tym badaniu posta-
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wiono dwie hipotezy: 1) ze trening kuglarski w formie zonglowania 3 razy w tygodniu
w ciggu 4 tygodni wptynie na poprawe wskaznikéw stabilnosci posturalnej uczestnikow;
2) pozytywny wptyw tego treningu na czas percepcji bodZca wzrokowego, DT, uwage se-
lektywna, a takze szybkos¢ i doktadnos$¢ przetwarzania informacji wsrod oséb starszych.
Pierwsza hipoteza zostata potwierdzona wytacznie dla zmiennej RangeY w warunku po-
miaru stabilnosci posturalnej bez dodatkowego zadania poznawczego, przy czym w NJP
takiej poprawy nie zaobserwowano. Natomiast pozostate zmienne nie charakteryzowaty
sie istotnymi réznicami po treningu kuglarskim w formie zonglerki, jednakze zaobser-
wowano istotne pogorszenie si¢ zmiennych RMS , oraz RMS A dla NJP w warunku sta-
nia swobodnego z zadaniem poznawczym, gdy po JP nie ulegly one zmianom. Dodatkowo
obserwowano wyraznie wieksze pozytywne réznice w zdecydowanej wiekszosci ocenia-
nych zmiennych stabilnos$ci posturalnej w POST JP niz w POST NJP, jednak bez uzyska-
nia istotnosci statystycznej. Cho¢ pierwsza hipoteza potwierdzona zostata wytgcznie dla
wskaznika RangeY, nie bez znaczenia wydaje sie obserwacja, ze trening kuglarski w for-
mie zonglowania przyczynit sie do utrzymania wynikow RMS  oraz RMS ,, co podkresla
jego pozytywne znaczenie. W przypadku kolejnej hipotezy istotng poprawe zarejestrowa-
no wytacznie dla zmiennej SRT oraz COG,, co Swiadczy o pozytywnych zmianach w zakre-
sie czasu percepcji bodZca wzrokowego, a takze doktadno$ci przetwarzania informaciji.
Zmiany te zaszty zaré6wno dla JP, jak i NJP. Dodatkowo, tak jak w przypadku wskazZnikéw
stabilnosci posturalnej, w zakresie wynikow testdw mierzacych funkcje poznawcze zaob-
serwowano, zZ podkresleniem braku uzyskania istotnos$ci statystycznej, wieksze pozytyw-
ne zmiany w POST JP niz w POST NJP. Wyniki te nie pozwalajg jednak na jednoznaczne
przyjecie tej hipotezy za prawdziwa.

Na podstawie wynikéw badania opisanego w publikacji 2 wykazano, ze udziat w tre-
ningu kuglarskim w formie Zonglowania - JP - miat pozytywny wptyw na stabilno$¢ po-
sturalng, szczeg6lnie w zadaniach wymagajacych podzielnosci uwagi (PTS)). Istotny efekt
interakcji zaobserwowano dla RMS . i RMS .. W POST NJP stabilno$¢ postawy pogorszyta
sig, zwlaszcza w zakresie RMS, , natomiast w POST JP pozostata na statym poziomie, co su-
geruje, ze aktywnos¢ ta moze przynosic lepsze rezultaty niz standardowa aktywnos¢ fizycz-
na w zakresie stabilnosci posturalnej. W PTS _ dla POST JP zaobserwowano poprawe RangeY
u uczestnikdw, wartos$¢ tej zmiennej pogorszyta sie natomiast w POST NJP.

W badaniach innych autoréw wskazuje sie, ze lepsza kontrola konczyn gérnych wia-
ze sie z lepsza kontrolg postawy (Amado i in. 2016; Era i in. 1996; Leroy i in. 2008),
a do$wiadczeni zonglerzy charakteryzujg sie mniejszym zakresem kotysania podczas Zon-
glowania (Leroy i in. 2008). Wyniki te sugeruja, ze nawet krotkie interwencje zonglerskie
moga poprawiac kontrole postawy i stabilno$¢ posturalng, cho¢ wyrazne efekty moga by¢
widoczne dopiero przy dtuzszych programach treningowych.

W badaniu opisanym w publikacji 2 odnotowano umiarkowane ES interakcji dla zmien-
nych V_ ., RangeY, RMS  oraz RMS . Wyniki te nie byly jednak statystycznie istotne,
ale mogg sugerowa¢, ze zonglowanie poprawia stabilno$¢ posturalng u oséb starszych
w wiekszym zakresie niz zaobserwowano. Jednakze dowody te sg niewystarczajace, by
modc wyciggac wniosek odnoszacy sie do catej populacji. Obecne doniesienia naukowe po-
twierdzaja, ze aktywno$¢ fizyczna, zwtaszcza angazujaca konczyny goérne (a nie konczyny
dolne), moze poprawiac stabilno$¢ posturalng, np. gimnastyka u dzieci (Garcia i in. 2011;
Gautier i in. 2008), treningi cyrkowe (Sahli i in. 2013) czy strzelanie z karabinu (Era i in.
1996). Wyniki stabilnosci posturalnej uzyskane przez osoby starsze po uczestnictwie
w treningu kuglarskim w formie Zonglowania, skupiajgcym sie gtdwnie na pracy konczyn
gornych, sg wiec potwierdzeniem, ze aktywno$¢ ta stanowi obiecujgca i atrakcyjna forme
¢wiczen, ktéra pomaga spowolni¢ pogarszanie sie zdolnosci w zakresie kontroli postawy.
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Na podstawie wynikéw pomiaréw funkcji poznawczych z badania opisanego w pu-
blikacji 2 gtowny wptyw czasu zaobserwowano w SRT i COG,, co moze potwierdzac, ze
umiarkowana aktywnos$¢ fizyczna wspiera utrzymanie funkcji poznawczych u oséb star-
szych. Wyniki badan innych autoréw potwierdzajg ten wniosek (Abourezk i Toole 1995;
Liu i in. 2022), zwtaszcza w przypadku potaczonych interwencji aktywnosci fizycznej
i wysitku poznawczego (Leroy i in. 2008; Rodrigues i in. 2016), takich jak zonglowanie.

Podsumowujac, wyniki badania opisanego w publikacji 2 sugeruja, zZe udziat w inter-
wencji o charakterze treningu kuglarskiego w formie Zonglowania trwajacej minimum 4
tygodnie moze poprawiac stabilno$¢ posturalng, a takze - jako dodatkowa aktywnos¢ -
wspierac poprawe funkcji poznawczych u os6b juz prowadzacych aktywny styl zycia, zwiek-
szajac korzysci wynikajace z ich dotychczasowej aktywnosci. Jednak potrzebne sg dalsze
badania, aby potwierdzi¢ wptyw Zonglowania na plastyczno$¢ poznawczg oraz stabilno$¢
posturalng w dtuzszej perspektywie.

Publikacja 3

Celem badania opisanego w publikacji 3 byta ewaluacja wplywu treningu kuglarskiego
w formie Zonglowania na wyniki zadania dopasowywania pozycji stawdéw oraz zmiany
funkcji poznawczych u zdrowych, aktywnych fizycznie kobiet powyzej 65. roku zycia. Oce-
na obejmowata poziom poczatkowy uczestniczek, zmiany w POST JP oraz w POST NJP.
Gtownymi celami badania byty zmiana w zakresie doktadnos$ci odwzorowywania pozycji
stawu tokciowego w warunkach ISPI oraz CONTRA, a takze korelacja rezultatéw doktad-
nosci odwzorowywania pozycji stawu tokciowego z wynikami testdéw wybranych funkcji
poznawczych. Wynikami drugorzednymi okazaty sie wptyw tego treningu na wybrane
funkcje poznawcze u badanych, a takze efekt uczenia sie obserwowany w zadaniu dopa-
sowania pozycji stawu tokciowego. W tym badaniu postawiono dwie hipotezy: 1) Ze tre-
ning kuglarski w postaci zonglowania 3 razy w tygodniu w ciggu 4 tygodni wptynie na po-
prawe propriocepcji konczyn gérnych w zadaniu dopasowania pozycji stawu tokciowego
u kobiet powyzZej 65. roku zycia; 2) o istotnych korelacjach propriocepcji koficzyn gérnych
w zadaniu dopasowania pozycji stawu tokciowego z wynikami zdolnosci percepcji bodzca
wzrokowego, DT, uwagi selektywnej, a takze szybkosci i doktadno$ci przetwarzania infor-
macji wérdd osob starszych. Pierwsza z tych hipotez nie zostata potwierdzona ze wzgledu
na brak obserwowalnych réznic wywotanych wptywem interwencji na wyniki dopaso-
wania pozycji stawu tokciowego zaré6wno w IPS], jak i CONTRA. W przypadku kolejnej hi-
potezy nie zaobserwowano istotnych korelacji wynikow wybranych funkcji poznawczych
z doktadnos$cig dopasowania pozycji w stawie tokciowym w IPS], jednakze w CONTRA juz
tak, szczegoélnie dla zmiennej DT.

Na podstawie rezultatéw otrzymanych w badaniu opisanym w publikacji 3 wykaza-
no niewielkie zmiany doktadnos$ci dopasowania pozycji stawu tokciowego po interwencji
o charakterze treningu kuglarskiego w formie Zonglowania, jednak podobne trajektorie za-
obserwowano réwniez w okresie kontrolnym, szczegdlnie dla btedéw CE i VE we wszyst-
kich warunkach oraz AE i RMSE w IPSI. Brak znaczacego efektu zonglowania moze wy-
nika¢ ze zbyt krotkiego czasu trwania interwencji, gdyz pozytywne efekty propriocepcji
u 0so6b starszych obserwowano w interwencjach trwajacych od 6 tygodni do 12 miesiecy
(Winter i in. 2022).

Zmiany w zdolno$ciach proprioceptywnych sa powszechne wraz z wiekiem (Adamo
iin.2007,2009; Goble 2010; Gobleiin.2009). W badaniach nad propriocepcja wsréd os6b
starszych wykazano, ze aktywne fizycznie osoby starsze osiaggaja lepsze wyniki w dopa-
sowywaniu pozycji niz ich réwiesnicy preferujacy siedzacy styl zycia (Adamo i in. 2007,
2009). Stopien btedu AE w badaniach Adamo i in. byt zblizony do wynikéw uczestniczek
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badania opisanego w publikacji 3 na ich poziomie poczatkowym (Adamoiin. 2007, 2009).
W kolejnych pomiarach w warunku IPSI zaobserwowano znaczng poprawe wszystkich
zmiennych btedu (CE, AE, VE, RMSE) zar6wno w okresie zonglowania, jak i po okresie
kontrolnym, w poréwnaniu z poziomem poczatkowym. Sugeruje to, Ze u starszych ko-
biet znajomo$¢ zadania poprawia jego wykonanie w kolejnych prébach. Prawdopodobnie
wiec na uzyskane wyniki wptynat efekt zapoznania sie z zadaniem, gdyz starsze osoby
chetniej angazuja sie w znane sobie aktywno$ci (Zhang i in. 2019). Omawiane aspekty
wydaja sie mie¢ istotne znaczenie dla przysztych badan z zakresu propriocepcji, w szcze-
gblnosci w grupie oséb starszych, gdyz najczesciej familiaryzacja zdolnos$ci dopasowania
pozycji stawu tokciowego odbywata sie w dniu badania, tuz przed pomiarami gtéwnymi,
lub wecale nie zachodzita (Boisgontier i Swinnen 2015; Talis i Levik 2016; Tsay i in. 2016).

W badaniu opisanym w publikacji 3 w warunku CONTRA nie zaobserwowano sta-
tystycznie istotnych zmian dla zadnego rodzaju btedu. Pojawit sie jednak trend wskazuja-
cy na pogorszenie wydajnosci zarowno w przypadku POST JP, jak i POST NJP w odniesie-
niu do poziomu poczatkowego. Jednakze pomimo tego spadku w POST JP wyniki uczest-
nikow pozostaty blisko wartosci referencyjnych. W poréwnaniu z poziomem poczatko-
wym w pomiarach w POST JP obserwowano wieksze zakresy btedéw (CE, AE, VE, RMSE),
podczas gdy w pomiarach w POST NJP zakresy btedéw typu: AE, VE i RMSE zauwazalnie
sie poprawity. R6zZnice te, w szczegdlnosci spadek doktadnosci w przypadku JP, sg intrygu-
jace. Biorac pod uwage udokumentowane zmiany w mézgu po treningu zonglerskim - ta-
kie jak zwiekszona objetos¢ istoty szarej w kompleksie wzrokowo-ruchowym (Boyke i in.
2008; Carius i in. 2016; Driemeyer i in. 2008) - zaobserwowana r6znica moze by¢ zwia-
zana ze zmianami neuroplastycznymi, ktore zachodzg w mézgu po zadaniach bimanual-
nych (Debaere i in. 2001, 2004; Puttemans i in. 2005). Inng mozliwoscig jest to, Ze uczest-
nicy badania opisanego w publikacji 3 nie angazowali wcze$niej swoich koniczyn gérnych
w takim samym stopniu jak podczas interwencji zonglerskiej, co prowadzito do zmian
w aktywacji koficzyn - sugeruja to rwniez inni autorzy (Proske i Gandevia 2012). Poniewaz
jednak réznice te nie byty istotne statystycznie, potrzebne sg dalsze badania w celu oceny
zmian w komunikacji miedzypo6tkulowej podczas doskonalenia zadan bimanualnych.

W literaturze naukowej wykazano, Ze najmniejszy btad AE w stosunku do wartoSci
referencyjnej wystepuje w warunku IPSI, ktéry angazuje pamie¢ (Goble 2010), a wyz-
sze wartos$ci AE obserwowane s3 w warunku CONTRA wymagajacym wiekszej interakc;ji
miedzypotkulowej. W wynikach zaprezentowanych w publikacji 3 zaobserwowano istot-
ne réznice miedzy warunkami (IPSI, CONTRA) zar6wno w POST JP, jak i POST NJP dla
AE i RMSE. Na poziomie poczatkowym nie byto jednak zadnych istotnych réznic miedzy
warunkami dla wszystkich rodzajow btedéw (CE, AE, VE, RMSE), ale obserwowalna do-
ktadnos$¢ uczestnikéw w odwzorowywaniu pozycji byta wieksza w warunku IPSI. MoZna
zatem spekulowad, ze interakcja miedzypétkulowa w warunku CONTRA wptywa na do-
ktadnos$¢ i powtarzalno$¢ dopasowywania pozycji u starszych kobiet.

W wykorzystanych podczas opisywanego badania (publikacja 3) testach VTS (SRT,
CRT, Cognitrone) jedyng istotng zmiane zaobserwowano w COG, jednak zmiana ta nie
réznita sie miedzy POST JP a POST NJP. Natomiast wyniki pozostatych badanych zmien-
nych funkcji poznawczych nie réznity sie znaczaco miedzy pomiarami. Zaobserwowano
jednak lepsze rezultaty po etapie zapoznania, co mogtoby sugerowa¢, ze zaznajomienie
sie z testami przed gtéwnymi pomiarami jest kluczowe dla uzyskania wiarygodnych wy-
nikéw. Réznice te nie osiggnety jednak istotnos$ci statystycznej. JP nie miat zatem wptywu
na funkcje poznawcze badanych kobiet w wybranych testach.

Mimo Ze w innych badaniach wykazano, iz aktywnos¢ fizyczna poprawia funkcje po-
znawcze (Ericksoniin. 2019; de Greeffiin. 2018; Kelly i in. 2014), zwtaszcza uwage (Erickson
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iin. 2019; Kelly iin. 2014), to wyniki opisane w publikacji 3 tego nie potwierdzity, co moze
wynika¢ z faktu, ze u starszych, aktywnych fizycznie kobiet zmiany w funkcjach poznaw-
czych nie zachodza po dodaniu aktywnosci o charakterze treningu kuglarskiego w formie
zonglowania lub zmiany te sg niewielkie.

Wykorzystujac analize korelacji, w badaniu opisanym w publikacji 3 wykazano, ze
w IPSI wyzszy wskaznik praworecznosci byt zwigzany z wieksza doktadnos$cig dopasowa-
nia pozycji prawa reka. Nie stwierdzono jednak, by zdolnosci uwagi czy RT byty zwigzane
z doktadnos$cig zadania dopasowywania pozycji stawow w tym warunku. Moze to sugero-
wac, Ze osoby rzadziej uzywajace lewej reki osiggaja wieksza precyzje w ruchach prawa
reka, co stoi w sprzecznosci z hipoteza przewagi niepreferowanego ramienia w zadaniach
dopasowania pozycji proprioceptywnej (Goble 2010). Na podstawie wynikéw badan in-
nych autoréw (Goble i Brown 2008) zauwazono, ze dominujgce i niedominujace rece roz-
nig sie pod wzgledem zakresu wykorzystania informacji - wizualnych i proprioceptyw-
nych - co moze by¢ korzystne przy wykonywaniu codziennych czynnos$ci wymagajacych
uzycia obu rgk. Zgodnie z tymi doniesieniami dominujgca reka czesciej polega na infor-
macjach wzrokowych podczas precyzyjnego manipulowania przedmiotami. Natomiast
reka niedominujaca, zwykle trzymana poza polem widzenia, musi polega¢ na propriocep-
tywnym sprzezeniu zwrotnym, by wykonywac zadania, takie jak trzymanie przedmiotéw
w okreslonej pozycji (Goble i Brown 2008). Jednakze wyniki dowiedzionej w opisywa-
nym badaniu (publikacja 3) korelacji wydaja sie przeczy¢ temu stwierdzeniu, szczego6lnie
w przypadku badanych oséb starszych. Wydaje sie, ze preferowane ramie potrzebuje
mniej informacji wzrokowych niz ramie niepreferowane, aby poradzi¢ sobie z zadaniami
uni- i bilateralnymi. Te obserwacje wymagaja dalszych badan, aby lepiej zrozumie¢ me-
chanizmy rzadzace precyzyjnymi ruchami ragk w réznych grupach wiekowych.

W badaniu opisanym w publikacji 3, w warunku CONTRA, nie zaobserwowano zwigz-
ku z recznoscia, co potwierdza, ze zadanie wymaga komunikacji miedzy po6tkulami mé-
zgu (Goble 2010). Stwierdzono jednak, Ze wolniejszy czas reakcji w testach byt zwigzany
z tendencjg do niedoszacowania dopasowania pozycji w warunku CONTRA. Moze to wska-
zywac na istotna relacje czasu reakcji z wynikami w zadaniach wymagajacych wspotpra-
cy obu pétkul mézgowych. Odwrotng zalezno$¢ zaobserwowano dla VCRT i DT; wieksza
rozbiezno$¢ byta zwigzana z mniejszymi btedami dopasowania. Sugeruje to, Ze poprawa
spojnosci w RT i DT wiaze sie z lepszymi wynikami w warunku CONTRA.

Podczas analizy wynikéw dopasowywania pozycji stawu tokciowego w warunku CON-
TRA w badaniu opisanym w publikacji 3 warto uwzgledni¢ DT uczestnikéw, gdyz moze
on istotnie wptywac na uzyskane rezultaty. Nie stwierdzono istotnych korelacji miedzy
zadaniami uwagi mierzonymi testem Cognitrone a warunkiem CONTRA, co sugeruje, Ze
zdolno$¢ koncentracji nie odgrywa tu kluczowej roli. Nalezy jednak bardziej szczegétowo
sprawdzi¢ te kwestie w przysztosci.

6.1. Ograniczenia projektu

Ograniczeniem eksperymentu opisanego w publikacji 1 byto uczestnictwo ochotnikdw,
a zatem osOb niebedacych reprezentatywnga grupa do catej populacji osob starszych. Moz-
na wiec spekulowa¢, ze w treningu kuglarskim w formie zonglerki uczestniczyty osoby
zainteresowane taka formg aktywnosci, co mogto mie¢ wptyw na ostateczng ocene atrak-
cyjnosci tych zaje¢. Ponadto skala samooceny aktywnosci treningu kuglarskiego w for-
mie zonglerki, ktora opiera sie na 5-stopniowe;j skali Likerta, stanowi raczej pomiar opinii
uczestnikow niz jawnych zmiennych, a zatem nie powinna by¢ poréwnywana z innymi
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wiarygodnymi pomiarami odczuwania zmeczenia fizycznego lub poznawczego. Dodatko-
wo brak grupy kontrolnej nie pozwolil na wyciggniecie precyzyjnych wnioskéw przyczy-
nowo-skutkowych z pomiaréw.

Eksperyment opisany w publikacji 2 miat réwniez pewne ograniczenia. Pomimo prze-
prowadzenia analizy i spetnienia zatozen minimalnej wielkoSci proby wydaje sie, ze liczba
uczestnikow okazala sie niewystarczajaca, aby wyraznie wskaza¢ wptyw interwencji na
funkcje poznawcze i stabilno$¢ postawy. Srednie wielko$ci efektéw przy braku uzyskania
istotnoSci statystycznej zdawaly sie potwierdzac to ograniczenie, inng przeszkoda mogta
by¢ liczba trzech treningéw w tygodniu. Biorgc pod uwage praktyczny aspekt interwencji,
byto to uzasadnione, ale nadal brakuje pewnoSci, czy przy wiekszej czestotliwosci zajec
zonglerskich efekty bytyby bardziej zauwazalne dla oséb aktywnych.

Réwniez eksperyment opisany w publikacji 3 miat kilka istotnych ograniczen. Efek-
ty zonglowania oceniono jedynie w grupie aktywnych fizycznie kobiet, w wieku powyzej
65 lat. Uczestnikami byty jedynie te osoby, ktére odpowiedziaty na ogtoszenia o zajeciach,
zatem nie s3 one reprezentatywne dla populacji starszych kobiet, a prawdopodobnie
tylko tych, ktore z checig podejmujg nowe formy aktywno$ci. Zmiany w funkcjonowa-
niu poznawczym i zdolnosciach proprioceptywnych moga zachodzi¢ w réznym tempie,
a uwzglednienie obu ptci i poréwnanie ich ze sobg niewatpliwie podniostoby jako$¢ wy-
nikéw. Dodatkowo wytgcznie w badaniu poziomu poczatkowego uczestniczek mierzono
ich maksymalnag site w konczynach gornych, na podstawie ktdrej nastepnie kondycjono-
wano wrzeciona mie$Sniowe przed wykonaniem rzeczywistego testu dopasowania pozy-
cji stawowe;j.

6.2. Nowatorstwo projektu

Projekt doktorski, w ktorym wykorzystano trening kuglarski w formie Zonglowania, ma
istotne znaczenia zaréwno teoretyczne, jak i praktyczne w kontekscie zdrowia oso6b star-
szych. Nowatorskie podejscie do aktywnoSci fizycznej, jaka jest zonglowanie, wyrdznia
sie na tle tradycyjnych metod rehabilitacyjnych i treningowych, oferujac unikalne pota-
czenie motorycznosci, koncentracji i koordynacji. Dzieki temu projekt ten mozna uznac za
wprowadzenie innowacyjnej formy aktywnosci, ktéra moze zostac¢ szeroko zaadaptowana
w programach rehabilitacyjnych oraz profilaktycznych skierowanych do oséb starszych.
Zaleta tego rodzaju aktywnoSci jest jej wszechstronnos¢ i tatwo$¢ implementacji w réz-
nych warunkach, co czyni ja dostepna dla szerokiej grupy oséb, niezaleznie od poziomu
zaawansowania fizycznego. Co wiecej, skrocenie czasu reakcji oraz poprawa stabilnosci
posturalnej u oséb starszych moga znaczaco wptynagé na jakos¢ ich zycia, umozliwiajac
lepsza kontrole nad ciatem, a tym samym redukujac ryzyko upadkow.

W zwigzku z powyZszym, wyniki projektu stanowig podstawe do opracowania no-
wych programéw treningowych, ktére tacza korzysci ptynace z aktywnosci fizycznej i po-
znawczej. Dzieki tatwej adaptowalnosci trening w formie Zonglerki moze by¢ skutecznym
narzedziem w promocji zdrowia o waznym znaczeniu dla starzejgcego sie spoteczenstwa.
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7 . WNIOSKI

Publikacja 1

Trening kuglarski w formie Zonglowania jako nauka nowych zadan motorycznych popra-
wia ocene samopoczucia u 0s6b starszych. Latwo$¢ wykonywania ¢wiczen oraz efektyw-
nos$¢ interwencji wskazujg na potencjat zonglowania jako formy aktywnos$ci promujacej
poprawe samopoczucia w grupie osob starszych.

Publikacja 2

Zonglowanie, jako zadanie wymagajace nauki nowych umiejetnoéci motorycznych, sprzy-
ja poprawie stabilnosci posturalnej u zdrowych i aktywnych fizycznie os6b starszych.
Szczegoblnej poprawie ulegajg RMS , RMS,  oraz RangeY, zwlaszcza w zadaniach obligujg-
cych do skupienia uwagi. Dodatkowo zonglowanie wspiera poprawe funkcji poznawczych,
w tym czasu percepcji bodZcow wzrokowych oraz doktadnosci przetwarzania informacji.
Cho¢ zmiany te majq umiarkowane znaczenie kliniczne, sugerujg, Ze zonglowanie moze
by¢ skutecznym narzedziem wspomagajacym zdrowy styl zycia.

Publikacja 3

Zonglowanie nie wptywa na zmiany w dopasowaniu pozycji stawu w warunkach IPSI
i CONTRA u zdrowych starszych kobiet. Istotna korelacja miedzy czasem reakcji a do-
ktadno$cig odwzorowania pozycji stawu w warunku CONTRA moze jednak sugerowac, ze
trening Zonglerski ma posredni zwiazek z rozwojem integracji motoryczno-poznawczej
u 0s6b starszych mimo braku wyraZnie obserwowanych zmian proprioceptywnych.
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pasja i szacunkiem do tego aspektu badan.
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The effect of caffeine dose on caffeine and paraxanthine changes in serum and saliva and
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Chmurzynska A., Nowaczyk P.M., Durkalec-Michalski K. (2024) The dose-dependent effect
of caffeine supplementation on performance, reaction time and postural stability in Cross-
Fit - a randomized placebo-controlled crossover trial. Journal of the International Society
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MEIiN: 140.

Wiséniewski D., Sliwicka E., Malik J., Durkalec-Michalski K. (2021) Evaluation of fluid loss
and customary fluid intake among a selected group of young swimmers: a preliminary
field study. International Journal of Environmental Research and Public Health, 18 (6),
3205. https://doi.org/10.3390/ijerph18063205

MEIN: 140; Impact Factor: 4,6; Impact Factor 5-letni: 4,8

Bibliometryczne podsumowanie osiagnie¢

Data: 26.01.2025

Index H (wedtug JCR): 2
Liczba cytowan (wg JCR): 7
Laczny Impact Factor: 24,2
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Staze naukowe

Staz naukowy pod opieka dra Daniela Goble’a w School of Health Sciences, Oakland Uni-
versity, Michigan. Zrealizowany w ramach programu PROM Narodowej Agencji Wymiany
Akademickiej (09.2022 r.). Gtdwnym celem udziatu w stazu byto podniesienie kwalifika-
cji naukowych i praktycznych w obszarach obejmujacych: aspekty biomechaniki, obstuge
platformy o nazwie Balance Tracking System stuzacej do ceny stabilno$ci posturalnej oraz
podstaw programowania w $Srodowisku LabVIEV.

Staz naukowo-badawczy pod opieka prof. SWPS dra hab. Jarostawa Michatowskiego na
SWPS w Poznaniu w Laboratorium Neuronauki Emocji. Gléwnymi zadaniami udziatu
w stazu byty przeprowadzanie badan laboratoryjnych z wykorzystaniem 64-kanatowe-
go czepka oraz systemu BrainVision actiChamp do zbierania danych EEG, a takze analiza
zebranych danych EEG przy uzyciu narzedzi EEGlab i ERPlab podczas badan dotyczacych
neuronalnych korelatow dysfunkcji regulacji emocji w prokrastynacji.

Udziat w realizacji projektow badawczych

Wykonawca: projekt w ramach programu rozwoju miodych pracownikéw nauki AWF Po-
znan 2022 pt. Ocena wptywu podazy réznych dawek kofeiny na czas reakcji, wydolnos¢
fizycznq i specyficzne zdolnosci wysitkowe zawodnikéw uprawiajqgcych dyscypliny szybko-
Sciowo-sitowe, kierownik: mgr N. Gtéwka, miejsce: Zaktad Dietetyki Sportowe;j.

Wykonawca: projekt w ramach programu rozwdéj mtodych pracownikéw nauki AWF Po-
znan 2021 pt. Wptyw ogniskowania uwagi na czucie pozycji w stawie tokciowym, kierow-
nik: mgr W. Jelonek, miejsce: Zaktad Fizjoterapii Nerwowo-Mie$niowe;.

Wspétpraca: grant naukowy finansowany przez Fundacje Nutricia, nr. RG 3/2020, pt. The
effect of Colostrum Bovinum supplementation on upper respiratory track infections rate
and selected immunological biomarkers in trained athletes: a randomized, crossover, place-
bo-controlled, double-blind trial.

Konferencje naukowe

European College of Sport Science, 5.07.2024, Glasgow:

Wspétautor doniesienia pt. Does bovine colostrum supplementation affect inflammatory
and immunological outcomes in endurance athletes?.

Autorzy: K. Durkalec-Michalski, N. Gtéwka, T. Podgorski, M. WoZniewicz, ]. Malik, K. Woch-
na, PM. Nowaczyk.

Free Radicals in Biology, Medicine, Sport and Nutrition Conference, 20-21.10.2023, Gdansk:
Wspétautor prezentacji w formie posteru pt. The effect of colostrum bovinum supplemen-
tation on selected adaptation and nutrition status indices in trained athletes.

Autorzy: N. Gtéwka, J. Malik, T. Podgoérski, P.M. Nowaczyk, K. Durkalec-Michalski.

12th European Federation of Sports Medicine Associations Congress of Sports Medicine
,Sporty Life - Healthy Life”, 19-21.10.2023, Wroctaw:

Wspétautor doniesienia pt. The effect of bovine colostrum supplementation on resting and
exercise-induced changes in hematological blood parameters, physical capacity and perfor-
mance in trained triathletes and swimmers.
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Autorzy: K. Durkalec-Michalski, N. Gtéwka, T. Podgorski, M. WoZniewicz, ]. Malik, K. Woch-
na, PM. Nowaczyk.

Satide e Desenvolvimento Humano International Congress 2023,12-13.10.2023. Vila Real:
Wspotautor doniesienia pt. The effect of bovine colostrum supplementation on swimming
performance in trained athletes.

Autorzy: K. Durkalec-Michalski, N. Gtéwka, T. Podgoérski, M. WoZniewicz., ]. Malik, K. Woch-
na, PM. Nowaczyk.

8 Ogdlnopolska Konferencja Naukowa ,Rozmiar w Umysle”; 17-18.09.2022, Poznan:
Ustna prezentacja doniesienia pt. Adaptacja i walidacja polskiej wersji skali obsesyjno-kom-
pulsywnego jedzenia SOKJE.

Autorzy: M. Sakrajda, M. Binias, A. Frydrysiak, W. Dziwura, K. Szymanski, M. Krajewska,
J. Gajos, M. Morkowska, M. Gronkowska, A. Daniszewska, ]J. Malik.

Miedzynarodowa Konferencja Naukowa - Il Kongres Mtodej Nauki; 7-10.07.2022, Gdansk:
Ustna prezentacja doniesienia pt. Wptyw motorycznego uczenia sie na pomysine starzenie:
przeglqd systematyczny dotyczqcy efektu zonglowania na neuroplastycznos¢.

Autorzy: J. Malik, J. Maciaszek.

I Miedzynarodowa Multidyscyplinarna Konferencja ,,Food and Memory”; 20-21.04.2022,
Szczecin:

Ustna prezentacja doniesienia pt. Beyond Dietetic Counselling: Symptoms of Orthorexia and
OCD among Polish Experts in the Area of Eating Disorders.

Autorzy: W. Dziwura, E. Lobodziec, ]. Malik.
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ZALACZNIK 1. OSWIADCZENIA

Na (

Jakub Malik "g,uasf}z Ab M 20y

Imie i nazwisko doktoranta/ki Miejscowosc, data

Oswiadczenie autora rozprawy doktorskiej o jej oryginalnosci, samodzielnosci jej przygotowania

i 0 nienaruszeniu praw autorskich

Ja, nizej podpisany/a oswiadczam, ze:
a) rozprawa doktorska pt. Wplyw treningu kuglarskiego oraz zonglerki na wybrane funkcje
poznawcze i zdolnosci koordynacyjne u 0séb starszych
jest wynikiem mojej dziatalnosci tworczej i powstata bez niedozwolonego udziatu osob trzecich;
b) wszystkie wykorzystane przeze mnie materialy Zrodiowe i opracowania zostaly w niej wymienione,
a napisana przez mnie praca nie narusza praw autorskich oséb trzecich;
c) zataczona wersja elektroniczna pracy jest tozsama z wydrukiem rozprawy:;

d) praca nie byla wczesniej podstawa nadania stopnia innej osobie.

Mam Swiadomos¢, Zze zlozenie nieprawdziwego oswiadczenia skutkowaé bedzie
niedopuszczeniem do dalszych czynnosci postepowania w sprawie nadania stopnia doktora
lub cofnigciem decyzji o nadaniu mi stopnia doktora oraz wszczeciem postepowania

dyscyplinarnego/karnego.
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v sprawie nadania stopnia doktora

Jakub Malik ..ﬁ.umig ....... Ab.A1.2.0%4...
Imie i nazwisko doktoranta/ki Miejscowosc, data

Dotyczy: postepowania w sprawie nadania stopnia doktora w dziedzinie nauk medycznych
i nauk o zdrowiu, w dyscyplinie nauki o kulturze fizycznej w Akademii Wychowania Fizycznego
w Poznaniu.

Oswiadczenie

Oswiadczam, ze moj wkiad w powstanie przedtozonej rozprawy doktorskiej pt.
Wplyw treningu kuglarskiego oraz zonglerki na wybrane funkcje poznawcze i zdolnosci
koordynacyjne u oséb starszych

polegat na:

Ustaleniu problemu i hipotez badawczych; konceptualizacja: zaplanowaniu i opracowaniu syntetycznej
formy przedstawienia poruszanego problemu; doborze przebiegu procedur badawczych oraz analiz
statystycznych podjetych w kazdej z publikacji; koordynacji i przeprowadzeniu pomiaréw funkcji
poznawczych przy uzyciu Wiedeniskiego Systemu Testow: koordynacji i przeprowadzeniu pemiardw
stabilnosci posturalnej przy wykorzystaniu platformy posturograficznej AMTI; koordynacji i
przeprowadzeniu testow dopasowania pozycji stawu fokciowego; przeprowadzeniu kwestionariuszy
CHAMPS, WHO-5 wykorzystywanych w trakcie badan; rekrutacji uczestnikéw badan. w tym:
promowanie badan (radio, telewizja, siec¢ internetowa), selekcja osob zglaszajacych sie pod katem
kryteriow wiaczenia i wytaczenia, staty kontakt z uczestnikami: przeprowadzeniu procesu randomizacji
uczestnikow do odpowiednich grup interwencyjnych: przeprowadzeniu randomizacji kolejnosci
wystepowania poszczegdlnych pomiarow w testach stabilnosci posturalnej, a takze w testach
dopasowania pozycji stawu tokciowego: opracowanie programu ¢wiczen zonglerskich; organizacja,
koordynacja oraz prowadzenie jednostek treningowych z zonglerki dla uczestnikow; gromadzenie
danych, przetwarzanie danych. oczyszczanie danych, wiasciwa analiza danych. raportowanie i
dystrybucja wynikdw: przeglad literatury; pisanie pierwszego draftu kazdej z publikacji naukowych
oraz tworzenie ostatecznej jego wersji po uwagach wspotautorow: przygotowywanie artykutéw pod
wymogi czasopism, odpowiadanie na recenzje; autor korespondencyjny kazdej publikacji wchodzacej

w sktad rozprawy doktorskiej.
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Prof. dr hab. Janusz Maciaszek Poznan, 15.11.2024 r.
Zaktad Nauk o Aktywnosci Fizycznej i Promocji Zdrowia
Akademia Wychowania Fizycznego im. E. Piaseckiego

w Poznaniu

Oswiadczenie wskazujgce zadania, jakie petnil promotor rozprawy doktorskiej
mgra Jakuba Malika pt. ,,Wplyw treningu kuglarskiego oraz Zonglerki na wybrane funkcje

poznawcze i zdolnosci koordynacyjne u 0séb starszych”

Jako kandydat na promotora dysertacji doktorskiej wpierw uczestniczylem
w dyskusjach z magistrem Jakubem Malikiem, ktérych celem byto wyeksponowanie gtéwnego
problemu badawczego, ktérego uwienczeniem moglaby by¢ praca doktorska. Wspolne
rozmowy i dyskusje pozwolily na przygotowanie projektu i przedstawienie przed Komisja
Doktorska, ktéra pozytywnie ocenifa plan badan, jak i mojg osobe jako promotora.

Przez caly okres prac nad realizacja przyjetego projektu badawczego moim zadaniem
byto udzielanie Doktorantowi niezbednej pomocy merytorycznej i metodycznej, coroczna
ocena rozwoju naukowego Doktoranta i stanu zaawansowania rozprawy doktorskiej, wpieranie
w organizacji warsztatu badawczego, udzielanie wskazowek metodycznych, opiniowanie
rocznych sprawozdan Doktoranta z przebiegu jego ksztalcenia w Szkole Doktorskie;.

Magister Jakub Malik jest pierwszym i gléwnym autorem publikacji naukowych
zaliczonych do cyklu zaliczonych do rozprawy doktorskiej. Jestem jednym z autoréw, ktéry
uczestniczyl jako promotor w catym procesie przygotowania i realizacji prac naukowych.
Moim zadaniem byto wspieranie Doktoranta i udzielanie pomocy jeszcze niesamodzielnemu
pracownikowi nauki. Jednak magister Jakub Malik wykazywal si¢ niezwykle duzg
samodzielnoscig, zaangazowaniem, pomyslowoscia, cierpliwoécig i umiejetno$ciami w
radzeniu sobie z wieloma problemami wynikajagcym z prowadzenia badan wsrdd osdb
starszych, a p6zniej pojawigjgcymi si¢ podczas przygotowywania manuskryptéw i zwigzanych

z odpowiedziami na uwagi recenzentow.
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zatacznik 9 do Wymogi dotyc

przygotowania autoreferatéw rozpraw

doktorskich

LML, A D PURS

miejscowos¢, data

mgr Natalia Gtéwka
imie i nazwisko wspdtautorki/wspétautora

Dotyczy: postgpowania w sprawie nadania Pani/Panu mgr Jakubowi Malikowi stopnia doktora w
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Abstract: Background: The importance of physical activity for the elderly is undeniable. Specific
forms of exercise that are able to engage practitioners, both cognitively and physically, may provide
more positive consequences for health and quality of life. Juggling is one of these activities that
has both of these characteristics. Methods: Twenty elderly people (70.55 + 4.91) were included in
a juggling-based motor learning protocol for twelve training units during one month of exercising.
An evaluation of the proposed exercises (five-point Likert scale) and a subjective assessment of well-
being (WHO-5) were conducted during the protocol. Results: All participants learned to perform
a three-ball flash cascade. Exercises were rated as very attractive (4.85 & 0.31) by the practition-
ers, and a statistically significant improvement in well-being in participants was shown (p < 0.01;
d = 0.76). Additionally, in the participating group, the number of people at risk of depression de-
creased significantly after the intervention with juggling classes (p < 0.01; g = 0.5). Conclusions: The
proposed protocol could be an interesting physical activity for the elderly. It can be assumed that this
activity, especially when performed in a group form, can improve the well-being of participants in a
short period of time.

Keywords: well-being; depression; cognitive development; fall prevention; exercise; elderly; motor
learning; juggling; physical activity; exercise protocol

1. Introduction

Population studies have shown that cognitive and motor functions decline similarly
during the aging process. Between 45 and 65 years of age, the decline is linear, but after age
65, the effect is rapid [1]. However, as described by Murman [2], the changes that constitute
and influence aging are complex. The progressive dysfunction of the central nervous system,
peripheral nervous system and neuromuscular system with age appears to be the main
effect of motor deficits in the elderly [3]. Cognitive dysfunction is also caused by age-related
changes in the neuronal structure. The risk of these changes increases with age, and age-
related diseases may accelerate the rate of neuronal dysfunction and loss [2]. These deficits
make it difficult for the elderly to perform activities of daily living and can be one of the
main factors that increase the risk of falls, which are very dangerous for the elderly [3]. The
main causes of motor and cognitive deficits include the deterioration of coordination skills,
the increased variability of movements and difficulties with balance, processing speed,
working memory, executive functions and others [2,3]. However, despite the progressive
changes with age, the aging process should be viewed as heterogeneous because it depends
on many factors, such as comorbidities, intrinsic abilities (cognitive and physical), the
environment or functional abilities. Therefore, in the opinion of Nguyen et al. [4], the
process of aging and the weakening of cognitive as well as physical abilities will progress
but in an individualized way in each adult.
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One of the proven methods for developing cognitive functions in people is physical
activity [5-13]. The promotion of physical activity, especially among the elderly, has become
a potent strategy to improve their well-being. Regular physical activity is linked to mental
health, especially acting as a preventive measure for depression or neurodegenerative
diseases [5]. It not only can improve attention, memory and executive functioning but also
may be a means of preventing cognitive impairment [6]. An active lifestyle and regular
physical activity or exercise might also improve motor performance and the motor learning
process [7]. In addition, other findings showed that combining physical exercise and
cognitive training into one activity leads to greater improvement in cognitive functions in
the elderly [8]. This type of exercise increases the hippocampus [9], which is involved in
motor learning [10], and in addition, exercises involving the cardiovascular system increase
the activity of the sensorimotor network [11] or blood flow in the motor cortex, which is
responsible for motor control [12]. Moreover, cognitively demanding activities, such as
motor learning, do not need to affect cardiorespiratory fitness to have a beneficial effect on
cognition and sensorimotor performance [13]. These findings are promising for our aging
society. For this reason, motor learning deserves special attention.

Motor learning is “ ... a set of processes associated with practice or experience leading
to relatively permanent changes in the capability for responding” [14]. As we have presented
in our systematic review [15], the evidence shows that in the elderly, motor learning retains
the ability to change the brain structure. Older adults achieve a worse final performance, but
the neuroplastic changes in the brain are similar to those of younger people with a better final
performance of juggling. There is still no conclusive knowledge about whether these changes
persist long-term or affect the day-to-day functioning of the elderly.

Nevertheless, this evidence seems promising enough to make it worthwhile to intro-
duce activities that focus strictly on motor learning in the elderly. One example of such a
form of activity is classical juggling. This is a form of activity that requires concentration
while tossing and catching balls in a specific sequence. The number of possible combi-
nations of techniques is so large that even with a long training period, practitioners can
learn new tasks during each meeting. Evidence suggests that juggling among the elderly
can induce neuroplasticity and thus perhaps improve cognitive and motor functions, and
importantly, the elderly are still able to master juggling [15]. These changes can occur after
just one week of a juggling intervention [15,16].

However, in addition to the ability to function physically or cognitively, a sense of
well-being is also important to health-related quality of life [17]. Worse mental well-being is
associated with an increased risk of physical illnesses [18,19], but positive mental well-being
works as a protective factor [19,20]. Stewart and King [19] concluded that physical activity
correlated with well-being and turned out to be the most important element linking mental
well-being and human health. Existing evidence suggests that older people’s participation
in exercise increases their sense of self-efficacy, which in turn affects their well-being [21]. In
addition, physical activity can have a positive impact on mood and life satisfaction [22,23]
by reducing, among other things, symptoms of depression in the elderly [24]. So, it is worth
encouraging older adults to take up different, especially new, forms of activity. Additionally,
in order to be able to reach a wider community of older adults, it is also necessary to offer
them a wide range of these activities.

Due to the limited requirements of juggling, it seems to be a good form of activity for
people who do not have the opportunity to leave the house or are forced to stay there for a
certain period of time, for example, due to quarantine. However, there is a lack of research
evaluating the impact of juggling on aspects of daily life, such as its effect on participants’
cognitive function and mood. In addition, the lack of protocols for practicing this activity
causes people, especially older adults, to not try juggling, so they miss out on the benefits
that juggling can bring.

The purpose of this study was to implement the authors’ juggling-based motor learn-
ing protocol (J-BMLP) in the elderly, evaluate its quality and assess the impact of the
J-BMLP on the subjective well-being of participants. Our hypothesis is that after physical
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activity in the form of juggling, there will be a positive change in the perception of the
well-being of the participants.

2. Materials and Methods
2.1. Participants

Twenty volunteers (mean age = 70.55 + 4.91) who responded to a local advertisement
were included in the single-arm pre-post study design with the J-BMLP intervention.
Advertisements were published on the local radio, television and newspapers and also as
ads on social networks covering the reach of the city of Poznan, located in Poland. The
exclusion criteria for participation in the ]-BMLP were as follows: individuals with mixed
or left-handedness, any neurological impairments, any balance issues, prior experience in
juggling or contraindications to physical activity and individuals under 65 years of age.
Participants were asked not to take up new forms of activity during the project, but their
previous activities were not restricted during the study, and their physical activity levels
were not recorded. Right-handedness was only advisable for more efficient juggling classes.
The characteristics of all participants are included in Table 1.

Table 1. Characteristics of participants.

Variable PRE POST
Mean + SD Mean + SD
Age 70.55 £ 4.91 -
Body mass [kg] 67.55 + 14.11 67.85 + 13.58
Height [cm] 161.50 + 8.79 -
BMI [kg/m?] 25.82 4+ 3.77 25.97 4+ 3.73
Handedness ! 91.88 + 13.27 -

1 Values from 100 to 61—right-handedness; 60 to —60—mixed handedness; —61 to —100—left-handedness; the
Edinburgh Handedness Questionnaire—short form [25].

2.2. Assessment of the Attractiveness and Well-Being

The J-BMLP was assessed by participants individually after completing the whole
protocol. For this purpose, a simple proprietary evaluation scale for proposed activities was
used. This scale is based on five-point Likert ratings, where participants” opinions about
the difficulty, cognitive effort, motor effort and attractiveness of exercises were assessed. A
rating of 5 on the scale indicated high attractiveness, effort or difficulty, while a rating of
1 meant low attractiveness, effort or difficulty. Participants filled out the J-BMLP evaluation
questionnaire anonymously. Additionally, before and after the J-BMLP, participants were
asked to respond to the Polish version of the Well-Being Index (WHO-5), which assesses
subjective well-being, referring to the last two weeks. This index can identify depressive
symptoms in elderly subjects. An optimal cutoff value of <13 points proves to be the
most accurate value in identifying depression. WHO-5 showed good internal and external
validity [26,27]. For the Polish adaptation of the WHO-5 scale, Cronbach’s alpha was
0.87, while convergent validity was reported as good: (a) correlation with PHQ-9 r = 0.75;
(b) negative correlation with PAID r = 0.52 [27]. Each time, before beginning the question-
naires, participants were instructed on how to complete the WHO-5 scale by the same
researcher. The researcher did not interfere in the process of filling out the scale. Participants
were not limited by time.

2.3. J-BMLP Description

The main goal of the ]-BMLP was to learn a juggling trick named the three-ball cascade.
The elderly can learn cascade juggling with three balls, which can improve their cognitive
and motor functions (or prevent the impairment of these functions) when the activity is
regularly continued [11,28]. The proposed exercise protocol is designed for the elderly as
an additional and interesting physical activity that can be performed individually in the
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privacy of one’s house or in organized classes. For the purposes of the study, the protocol
was conducted as a group class with a qualified juggling instructor.

The J-BMLP included twelve training units, with each class lasting 45 min (a warm-up
and a cool-down were included). Exercising and learning the steps of the three-ball cascade
were included in the main part of the training unit. Each exercise of this protocol could
have been modified by increasing its difficulty, e.g., clapping hands during a throw or a
toss or directing attention to objects in front of the participant. For the purpose of this study,
each task was performed for 3 to 5 min. In all of these exercises, it was important to involve
both the dominant and non-dominant sides of the body. Participants in each exercise
started tossing or throwing balls with the dominant hand and then with the non-dominant
hand. The entire protocol consists of three main groups of exercises called column exercises,
various exercises and parabola exercises.

Column exercises are a type of juggling exercise and require the straight vertical
trajectory of a ball when thrown (Figure 1). During these exercises, the focus should be
placed on the ball, not on the individual hand position. The toss and catch should be
performed by the same hand. Balls in these exercises (with some exceptions) should be
tossed at eye level. With a higher toss, it is difficult to maintain the correct trajectory of the
balls, but exercisers have more time to react.

O ° O

(b) (0)

(e) ()

(8)

Figure 1. Column juggling exercises: (a) the one-handed column; (b) two-handed alternate columns;
(c) two-handed simultaneous columns; (d) two-handed simultaneous columns at three levels; (e) two-
handed simultaneous columns at different levels; (f) fake columns; (g) two-balls-in-one-hand columns.
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The one-handed column is the simplest task of this type. Using one hand, practitioners
should toss and catch one ball.

The two-handed alternate-column task requires tossing balls in alternating order. The
task should be performed smoothly; i.e., tossing one ball should occur when the other
is at the peak of its trajectory.

The two-handed simultaneous columns is a task in which exercisers should toss two
balls using two hands simultaneously at the same level. Attention should be directed
toward both balls at the same time.

The two-handed simultaneous column task at three levels requires throwing balls
using two hands at the same level in a specific order: (1) the first (low), (2) the second
(medium, eye line); (3) the third (high) level.

The two-handed simultaneous columns at different levels is a task in which practition-
ers should toss two balls in the following order: (1) the dominant hand—the first level;
the non-dominant hand—the third level; (2) the dominant hand—the third level; the
non-dominant hand—the first level.

Fake columns are a group of similar tasks that require tossing and isolation exercises
at the same time. Isolation is not throwing but guiding the ball using a hand along the
trajectory of a column, just like a tossed ball. The ball, which is guided by a hand, can
be next to, above or below the tossed ball. It is important to react with an isolated ball
to the movements of the tossed ball.

The two-balls-in-one-hand column task requires tossing two balls alternately in the
same hand. Each toss should be performed when the previous ball is at the peak of its
column trajectory.

Various exercises are a group of tasks that require more than one style of throw
(Figure 2). It should be based on previously learned tasks. The main purpose of these
various tasks is to prepare for more demanding tasks and also maintain the motor learning
process to make previously learned exercises more difficult. Therefore, these exercises
should be implemented between the column and parabola tasks. Throws should be per-

formed mainly at eye level.

(b) (c)

@)

O

()

Figure 2. Various juggling exercises: (a) the one-handed column and the parabola; (b) the two-balls-
in-one-hand fountain; (c) the one-handed column and the parabola with three balls at pace; (d) the
three-ball “W”; (e) the zero throw; (f) the two-ball box.
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o  The one-handed column and the parabola task is a combination of the one-handed col-
umn and the one-handed parabola. Two balls are in one hand. During one repetition,
exercisers should follow the correct order: (1) toss the first ball in a column trajectory;
(2) throw the second ball in a parabolic trajectory; (3) catch the first ball; (4) catch the
second ball.

e  The two-balls-in-one-hand fountain is a task where balls move in an ellipse. Two balls
are held in one hand. The rhythm of tossing is important: when one ball is at the peak
of its trajectory, then the practitioner should toss the second ball. The purpose of this
exercise is to master the correct rhythm of tossing the balls. It is not necessary to catch
both balls in the same hand. If someone performs this exercise well, we encourage
them to try to perform as many such tosses as possible in a series.

e  The one-handed column and the parabola with three balls at pace is a task that differs
from “the one-handed column and the parabola” with a third ball. Two balls should
be held in one hand, with the third in the other. The task should start from the hand
with two balls. The order of performing this task is as follows: (1) toss the first ball in
a column trajectory; (2) throw the second ball in a parabolic trajectory; (3) catch the
first ball; (4) catch the second ball with the hand in which the third ball is held.

e  The three-ball “W” task is a more difficult version of the previous task and requires
smooth movement so that none of the balls come into contact with each other.

e  The zero throw is a simple task that involves the dynamic throwing of a ball in a
horizontal line from hand to hand.

e  The two-ball box task requires simultaneously moving two balls in the following order:
(1) a column toss of the first ball and a zero throw of the second ball at the same time;
(2) a zero throw of the second ball and a catch of the first ball at the same time. This
task can be performed alternately on both sides at pace.

Parabola exercises are a group of tasks in juggling that require a throw from one hand
to the other (Figure 3). The throw should be performed at the eye line along a parabolic
trajectory. With two or more balls, each successive throw should be performed while the
previous ball is at the peak of its trajectory. It is important to avoid synchronously throwing
the balls. Attention should be focused on the ball that is in the air, not on the position of
the hands or other balls.

il

Figure 3. Various juggling exercises: (a) the one-handed parabola; (b) the one-handed parabola, with
the second ball in a catching hand; (c) two-handed parabolas with a different focus of attention;
(d) two-handed parabolas with three balls; (e) the zero throw.
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e  The one-handed parabola is the simplest task of the parabola exercises and involves
throwing the ball from hand to hand. Exercisers should avoid the direct transfer of
the ball.

e  The one-handed parabola with the second ball in the catching hand task requires
throwing a ball from one hand to the other. The exercisers should complete one
repetition of this exercise with two balls in one hand. An important progression in this
exercise is to release the second ball before the first ball lands in the hand, as follows:
(1) throw the first ball; (2) release the second ball on the ground; (3) catch the first ball.

e  The two-handed parabolas with a different focus of attention is a group of tasks with
two balls (each in one hand), where it is required to throw balls in the following
order: (1) throw the first ball; (2) throw the second ball; (3) catch/ignore the first ball;
(4) catch/ignore the second ball. The practitioner should focus their attention only
on the first ball and ignore the second ball or on the second ball and then ignore the
first ball. Ignoring is understood as letting the ball fall to the ground. It is necessary to
have the perfect parabolic trajectory of both balls. The ball on which the participant
focuses their attention must be caught. The goal of this task is to throw and catch both
balls alternately at pace.

e  The two-handed parabolas with three balls/throwing two balls is a more difficult
version of the previous task. This task requires alternating the throwing and catching
of both balls at pace with an additional ball constantly held in a hand. The practitioners
should always start the task from the hand with two balls.

e  The two-handed parabolas with three balls with a different focus of attention is a
group of tasks that require exercisers to throw three balls along a perfect parabolic
trajectory. In this task, practitioners should start from the hand with two balls. The
order of movement in this task should be as follows: (1) throw the first ball; (2) throw
the second ball; (3) throw the third ball; (4) catch/ignore the first ball; (5) catch the
second ball; (6) catch/ignore the third ball. Ignoring is understood as mentioned
previously—letting the ball fall to the ground. In one version of this task, the first two
balls should be caught, and the third can fall; in the second version, the first ball can
fall, and the second and the third should be caught. A difficult variance of this task is
a “flash” cascade with three balls, which means that each ball should be thrown and
caught once at pace. In this task, exercisers should try to throw the balls alternately
along a parabolic trajectory and catch them all. One repetition of this task should
proceed in the following order: (1) throw the first ball; (2) throw the second ball; (3)
throw the third ball; (4) catch the first ball; (5) catch the second ball; (6) catch the third
ball. This task is also the aim of this protocol. The next step in this task is to juggle
continuously for a long sequence. An easier version of this task consists of throwing
three balls in a parabolic trajectory but focusing on only one of them (the first, the
second or the third), and this ball should be caught, while the other two may fall to
the ground.

The whole J-BMLP is included in the Supplementary Materials (see additional written
material (Supplemental Digital Content 1), which describes the whole protocol of the
juggling intervention for people with no previous experience in this activity and includes
the step-by-step motor learning process; videos (Supplemental Digital Content 2—-66) are
provided that demonstrate each exercise described in the additional written materials of
Supplemental Digital Content 1. For the purpose of this research, all training units were
conducted by the same person. The instructor was a person characterized by experience
in teaching physical education in schools and in conducting sports gymnastic classes for
children. The person had several years of juggling experience.

2.4. Statistical Methods

For the purpose of this study, we used the W Shapiro-Wilk test for assessing the
normality of variables. In the next step, a paired-sample t-test for measuring differences in
dependent variables (before and after protocol) in the Well-Being Index results was used.
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We also used the dichotomization of the values of WHO-5 to divide participants into those
at risk for depression and those not at risk for depression. For categoric variables, we
used the McNemar test to assess the impact of the intervention on the risk of a depressive
state in participants. All statistical analyses were performed using STATISTICA (version
13.3.0, TIBCO Software Inc, Palo Alto, CA, USA; 2017). Cohen’s d formula was used to
calculate the effect size for the paired-sample t-test (where 0.2—small effect; 0.5—moderate
effect; 0.8—large effect), and Cohen’s g formula was used to calculate the effect size for the
McNemar test (where 0.05—small effect; 0.15—moderate effect; 0.25—large effect) [29].

2.5. Sample Size Calculation

The sample size was calculated in G*Power software (Version 3.1.9.6, Diisseldorf,
Germany) [30]. The “means: difference between two dependent means (matched pairs)”
test from the t-test family for a priori estimation was used. According to a minimal
power of 0.8, an alpha error of probability of 0.05, and an effect size of 0.732 [31] for
depression assessment after moderate activities, a sample size of 14 participants is adequate.
Additionally, due to the ongoing risk of COVID-19 infection among participants, 40% more
people were recruited, which amounted to 20 participants.

3. Results

All of the included participants were able to perform the three-ball flash cascade. With
this protocol, the elderly, on average, achieved the three-ball flash cascade skill after seven
training units.

The attractiveness of the project, the difficulty of the tasks and the physical and
cognitive efforts were rated by the elderly participants of the juggling class (Figure 4). On
the rating scale, the protocol was found to be very attractive (4.85 & 0.37), moderately
difficult (3.35 & 0.75) and moderately demanding in terms of both physical (2.95 & 0.76)
and cognitive effort (3.05 % 0.69).

4.85

3.35
2.95 3.05

ATTRACTIVENES DIFFICULT PHYSICAL EFFORT COGNITIVE EFFORT

ASSESSMENT OF J-BMLP

Figure 4. Participants’ assessment of ]-BMLP.

The average of the WHO-5 values for all participants before the start of the protocol
was close to the sensitivity value of 13.00 points (WHO-5petore = 13.75 & 6.32). After the
protocol, the average had improved (WHO-5,¢o, = 17.75 £ 4.04), and this difference is
statistically significant and shows a moderate effect size (p < 0.01; d = 0.76). The data are
shown in Figure 5.
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25

20

15

WHO-5 points

wv
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Figure 5. Difference in subjective assessment of participants” well-being before (PRE) and after (POST)
the intervention presented as averages with standard deviation. Statistically significant difference
p<0.01;d =0.76.

Authors of the Well-Being Index suggest that a score below 13 indicates malaise and
is an indication for an examination for depression according to the ICD-10 classification.
Before the J-BMLP, 50% of participants classified themselves as depressed under these
criteria. After the protocol, just 5% of participants scored below 13 points. Additionally,
a WHO-5 result 10% higher than the previous value for a single subject, according to
the scale key, indicates a significant improvement in well-being [32]. Such a result was
obtained by 60% of the participants. For 20%, no change was perceived. For 5%, the
subjective assessment of well-being increased slightly. For the remaining 15%, it decreased
significantly, but none of these individuals scored below the sensitivity threshold. After
dichotomizing these variables (A: <13 points—risk of depressive state; B: >13 points—no
risk of depressive state), it turns out that the effect of the intervention on the probability
of a depressive state in older adults is statistically significant with a large effect size and
effectively reduces this risk (p < 0.01; g = 0.5). The dichotomous data of the WHO-5 scale
are cross-tabulated in Table 2.

Table 2. Cross-tabulated WHO-5 subjective well-being rating scale data before (PRE) and after (POST)

the intervention.

POST
PRE WHO-5 < 13 Points WHO-5 > 13 Points Total
[n] [n]
WHO-5 < 13 points [n] 1 9* 10
WHO-5 > 13 points [n] 0* 10 10
Total 1 19 20

* Statistically significant improvement, p < 0.01; g = 0.5.

4. Discussion

The purpose of this study was to test the ]-BMLP as a physical activity proposal for
the elderly that may have the potential for developing cognitive function and coordination
abilities among participants. As the results show, along with its moderate difficulty and
moderate cognitive and physical effort is the high attractiveness of this protocol. It seems
that juggling proves to be an interesting form of physical activity even for people over
65 years old. The high value of this protocol is that it does not require specialized equipment
and can be performed in a standing or sitting position due to the involvement of only the
upper body. Additionally, the proposed exercises can be safely performed without the
presence of an instructor and can be performed by the elderly with positive performance
results, and it is not necessary to have a large space to perform the recommended exercises,
so there is no obstacle to juggling alone at home.
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The main problem in promoting physical activity programs is understanding the
motives and barriers involved. Following McLeroy’s socio-ecological model, three main
criteria for barriers and motivators regarding physical activity in seniors can be mentioned:
intrapersonal, interpersonal and environmental [33,34]. According to numerous studies,
the main motivator for older adults to engage in physical activity is to improve their
physical condition [34-36]. In contrast, the second most important intrapersonal motivators
are pleasure [34,35] and solving psychological problems (such as relief from stress or
depression) [34,36,37]. Participation in the J-BMLP seems to give a lot of pleasure to
the participants. Among all evaluations, the program received a rating of “attractive”
or “very attractive”. The assessment of well-being and, consequently, the classification
of participants as at risk or not at risk for depression also changed positively after the
J-BMLP intervention, which may provide an added incentive for potential beneficiaries
to participate in this program. Assessing changes in overall physical fitness was not the
goal of this research; however, our current research confirms reports that the elderly can
successfully start learning juggling [28,38]. Mastering a new, complex skill in a relatively
short period of time may have had an impact on increasing their confidence in their own
abilities and in their physical fitness. Studies show that elderly people are physically
active achieve higher levels of self-esteem and self-efficacy [39-41]. When it comes to
interpersonal motivations for older adults to engage in physical activity, sociability is of the
greatest importance. This is understood as communication with others, peer support or
exercising together [35,39,42,43]. This shows the advantage of conducting the ]-BMLP as a
group class with an instructor. Although the ]-BMLP is safe to do on one’s own without
an instructor present, it is likely that the effect of such exercises would not be as high as
in a group class. This is supported by studies showing the advantage of group exercise
over individual exercise on mental health [37,44]. The main environmental motivator for
physical activity for seniors is a group of elements related to the environment in which
the elderly person is active. Such an environment should be attractive, with pleasant
landscapes, well lit and free of uncultured social activities [34,43,45,46]. In our study, the
J-BMLP intervention took place in a sports hall, but these exercises can be performed in any
environment, even where space is limited (such as at home). A larger space and, above all, a
natural environment, such as a park, would certainly increase the attractiveness of this type
of activity. There is no obstacle to performing the proposed J-BMLP exercises outdoors.

As the evidence shows, an active lifestyle can have a positive impact on an indi-
vidual’s self-esteem due to improved levels of independence, which are associated with
utility, leisure activities, physical autonomy and perceived health in old age, among other
things. Consequently, engaging in physical activity enhances self-esteem [41] and thus can
contribute to an improved quality of life [39,47]. Our research shows a large effect size of
the implemented protocol as an exercise intervention, which reduces the chances of being
placed in a risk group in the WHO-5 depression screening test. The main reason for this
phenomenon is the moderate effect size of the improvement in subjective well-being on the
WHO-5 questionnaire after one month of participation in J-BMLP group activities. Current
evidence [37,44] shows the superiority of group exercise over individual exercise in the fight
against depression. In contrast, the loss of opportunities to interact directly with people in
physical activity classes is associated with an increase in depressive symptoms. We believe
that the main reason for the improvement in WHO-5 scores among the participants in our
study was the group format of the classes.

Unfortunately, it is not always possible to take part in group activities. For example, the
pandemic situation, which required restrictions and isolation, made it difficult to undertake
physical activity at all. The frequency of pandemics is increasing, and this trend is likely to
continue [48]. So, situations such as those that occurred during the COVID-19 pandemic
can still be expected. As the evidence shows, such situations cause a decline in physical
activity levels among people of all ages and an increase in sedentary behaviors [49]. In
such cases, higher levels of physical activity and exercise also contribute to greater well-
being [47,50], despite the inability to participate in group activities. One of the suggestions
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in such conditions may be the J-BMLP because of the limited requirements for space or
equipment (after all, participants can juggle anything). The instructional videos included
in the Supplemental Digital Content can be helpful when direct contact with the instructor
is not possible. An additional strength of the J-BMLP may be that case study research has
shown that juggling as a form of therapy also has a beneficial effect on treating refractory
PTSD symptoms [51]. In addition, other studies have noted that regular juggling can also
effectively reduce anxiety [52]. There is a suggestion that the temporal lobe of the brain is
involved in generating panic attacks [53], so movement information and physical movement
itself may be an important part of controlling this problem. Existing evidence suggests that
juggling as a physical activity that engages the practitioner’s attention precisely affects the
neuroplasticity of the brain, both white [15,54,55] and gray matter [15,16,28,56,57], including
but not limited to the medial temporal lobe [15,16,28,56-58]. This shows that juggling as a
physical activity can effectively improve well-being. This may be due to a form of activity that
requires focus, such as some form of meditation, or due to its neuroplastic property.

Based on the existing premises and this research, the ]-BMLP can be considered an
interesting form of physical activity for the elderly. The proposed exercises included in
the Supplementary Materials can also be incorporated into various training units as an
attractive form of activity or be modified for the purposes of the training unit. If these
exercises are to be performed on a special separate training unit, a warm-up is necessary to
prepare the exercisers for the effort. The “milestones” of the proposed three-ball cascade
juggling process are described in specific groups of juggling tasks and with increasing
difficulty. It should be remembered that the motor learning process depends on different
variables and can work differently in people of the same age [59,60].

This protocol, for those interested, can serve as an introduction to learning other
juggling tricks in the future. The exercises included in the protocol can be undertaken
by anyone who has no contraindications to physical activity. However, certain medical
conditions may hinder the performance of these exercises due to the requirement of precise
tosses and catches with the upper extremities.

5. Limitations

The main limitation of the research conducted is the lack of a control group to draw
cause-and-effect conclusions from the measurements. In addition, the ]-BMLP activity
self-reported evaluation scale, which is based on the 5-point Likert scale, represents a
measurement of participants’ opinions rather than explicit variables and thus should not be
compared with other reliable measurements of the feeling of physical or cognitive fatigue.
Despite the high strength of the effect, and thus the calculated sample size, it seems that
studies conducted on a larger number of participants would allow inferences of greater
external validity. In addition, the participants were a group of volunteers and thus an
unrepresentative group of people relative to the whole elderly population. Thus, one can
speculate that ]-BMLP classes were attended by people interested in this form of activity,
which may have influenced the final rating of the attractiveness of these classes.

6. Conclusions

Although our data suggest that the offered physical activity based on juggling and
motor learning can improve subjective ratings of well-being, the study’s methodology does
not make it clear what influences this change. Of the many variables, such as decreased
COVID-19 restrictions, the effect of socialization during the activity or even life changes
that may have occurred during the project, it is difficult to isolate the J-BMLP as the one of
primary importance.

Nevertheless, the large effect size of the changes and the ease of carrying out the
exercises of the ]-BMLP under almost any conditions allowed us to infer that it is worth
implementing this form of physical activity for the elderly with the expectation of positive
results in both physical fitness and well-being.
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Further research should be based on randomized controlled trials with a larger number
of participants, with an attempt to isolate any side and confounding variables, so as to be able
to demonstrate the actual impact of a specific physical activity on the well-being of the elderly.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/healthcare10122442 /s1, Training protocol: Supplemental Digital
Content 1; Videos: Supplemental Digital Content 2-66.
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Abstract

Background In the aging society, more attention is paid to the promotion of forms of physical activity that can
improve postural stability and cognitive functioning. In this context, the importance of combined exercises, requiring
simultaneous physical and cognitive involvement, is emphasized. Juggling seems to be a form of activity that is both
cognitively and physically demanding. The purpose of this study was to determine the effect of additional juggling
exercise on postural stability and cognitive abilities in healthy, physically active older adults.

Methods Twenty-six healthy and physically active older adults (70.08+4.40 years old) were included in a randomized
crossover study. The addition of juggling three times a week during four weeks was the main intervention (one
period), while the control phase included four weeks with no addition of juggling (second period). Measurements

of postural stability and cognitive abilities were performed before and after each period. For the purpose of pos-

tural stability assessment, a velocity of center of pressure with root mean square, area 95 percentile, medio-lateral
and anterior-posterior range of motion were measured. Center of pressure signals were obtained using an AccuGait"
System force plate in three conditions: free standing, dual-task and limits of stability. The Vienna Test System was used
for the assessment of selected cognitive abilities. A battery of reaction time tests and Cognitrone test were used

for this purpose.

Results A significant interaction effect of intervention and time was observed in the postural stability dual-task
condition in the root mean square of the center of pressure velocity in the advantage of the juggling period (medio-
lateral: F=14.83, p<.01, np2=.37,' anterior-posterior: F=26.30, p<.01, np2=‘57). Additionally, moderate effect sizes were
observed in the velocity of the center of pressure and variability of simple reaction time measurements, but with-
out statistical significance.

Conclusions The results of this study indicate that the implementation of juggling activity in everyday life may have
positive effects on cognitive abilities and postural stability in healthy, physically active older adults, but the true effect
may be low to moderate.

Trial registration The study was registered retrospectively (30.10.2023) at ClinicalTrials.gov (NCT06108713).
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Introduction

A rapidly aging population has been observed nowadays
in developed countries [1]. The increasing life expectancy
of people, as well as the growing size of the older adult
population, is affecting the economy, as well as society
as a whole. In view of the mentioned challenges, there
is a growing necessity to provide adequate care for older
adults [2, 3]. The phenomenon of increasing average age
in the global population should, in particular, increase
interest in interventions to prevent disease and cognitive
decline among older adults. It seems that appropriately
targeted physical activity may be a suitable way of healthy
aging. Its effects on body composition, cardiovascular
diseases [4, 5], diabetes [6] and certain cancers [7, 8] are
widely known. In addition, it is increasingly emphasized
that physical activity can improve the functionality of
aging people [9, 10]. Nevertheless, the activity of older
adults does not meet the accepted norm of 150min/week
[11]. It is estimated that one in four to five adults does
not meet current World Health Organization recom-
mendations in regard to undertaking physical activity
[12]. This can accelerate unhealthy aging, which causes
both physical and cognitive functional deterioration, fur-
ther interfering with older adults’ ability to perform daily
activities [13]. Therefore, there is a need to organize and
recommend attractive and systematic physical activity
programs, especially among older adults living in rural
areas [14].

Postural stability is of growing interest among the
elderly, and they are looking for fall prevention measures
to maintain their independence [15, 16]. Among healthy
individuals, postural stability relies on somatosensory,
vestibular and visual information [17]. Deterioration in
one of these functions can create impediments in motor
function and the ability to stabilize posture correctly.
Additionally, disrupted proprioception significantly
decreases postural reactions induced by unexpected
stimuli [17, 18]. This phenomenon is connected with
the basal ganglia, which is an essential part of the brain
involved in maintaining balance [17, 19]. Another factor
affecting balance are cognitive abilities [17, 20]. The abil-
ity to quick reaction time is important for maintaining
balance and avoiding falls during postural challenges or
threats [20]. Deterioration of attention and slower reac-
tion time among older adults may be due to changes in
the central and peripheral nervous systems [20]. Instabil-
ity due to cognitive deterioration or age-related changes
in the nervous system can lead to a host of problems
related to functioning in daily life and health. The great-
est risks associated with instability are falls and postural
disorders, which are among the great geriatric syndromes
and pose a threat to health and life [3]. For example, in
2015, more than 1 million people aged 65 and older in
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Poland experienced at least one fall. By 2050, this number
will almost double [3]. Walking and postural stability is
not just a motor task but an activity that engages execu-
tive functions and attention [21]. Moreover, exercise has
a positive impact on physical functioning, reducing the
number of falls and increasing the autonomy of older
adults and their quality of life [22]. All these projections
show that the care of older adults will be particularly
important in the coming years.

In a review on neuronal and cognitive plasticity Green-
wood and Parasuraman [23] hypothesized that the inter-
action between neural and cognitive plasticity is needed
for successful cognitive aging. It was stated that whereas
neural plasticity is stimulated by experience, cognitive
plasticity can change patterns of cognitive behavior [23].
Moreover, the manifestation of cognitive plasticity may
depend upon the neural plasticity mechanism [23]. The
aging brain has the ability to adapt, among other things,
through the promotion of neurogenesis [23, 24] but also
through the ability to change in response to the environ-
mental demands of synapses and dendrites [23, 25]. One
of the animal studies [26] confirmed that certain plastic
changes in the brain can occur in as little as one week.
Moreover, synaptogenesis is promoted by novelty, which
was confirmed in studies on adult rats in which greater
complexity of dendritic trees caused by daily maze explo-
ration tasks was detected [23, 27]. The above conclusions
are also confirmed in the case of humans. It has been
shown that moderate physical activity, which does not
significantly affect a person’s cardiorespiratory system
but instead engages it cognitively through, among other
things, novelty of the task and engagement of attention,
has a positive effect on cognition or sensorimotor perfor-
mance [28-31]. It has also been confirmed that changes
in the brain under the influence of this type of activity
can take place after just one week of exercise [30, 32].

One such activity that can engage both cognitively and
physically and will be a novelty for potential participants
is juggling [33, 34]. Classical juggling is a form of activity
that requires simultaneous throwing and catching of balls
(or other objects like, rings, clubs, scarves) individually
with one or both hands in a specific sequence without
dropping them [34, 35]. It can be performed in various
techniques as column exercises (where each hand throws
objects in straight vertical trajectory), parabola exer-
cises (that requires throwing objects from one hand to
another) or various (which is a combination of mentioned
previously column and parabola exercises) [34]. Although
this form of exercise seems demanding, research con-
firms that older people are fit enough to master juggling
exercises [11, 34]. One of the positive aspects of taking
up this form of exercise is the growing evidence indicat-
ing that juggling improves the well-being of exercisers
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[34, 36—38]. In addition, our previous research showed
that this form of exercise is attractive to older people
[34]. Most importantly, the juggling intervention causes
an increase in the volume of gray matter [30, 32, 33, 39,
40, 40, 41] and white matter [30, 42, 43] in the human
brain and thus shows potential for neuroplasticity. This
evidence suggests that engaging in this activity is likely to
improve cognitive and executive functions in exercisers,
but there is a lack of studies addressing this issue. To the
authors’ best knowledge, there are also no studies focus-
ing on the influence of juggling on postural stability.

Therefore, the purpose of this study was to investigate
the effect of a juggling intervention on postural stabil-
ity and selected cognitive abilities in active older adults.
We hypothesized that the implementation of a short
period of juggling in the everyday life of older adults may
improve postural stability, reaction time and attention
focus.

Materials and methods

Study design

A randomized crossover study design (AB/BA) with two
periods (A: implementation of juggling; B: without imple-
mentation of juggling) was used. Participants were ran-
domly assigned to the AB and BA groups in a 1:1 ratio.
Handedness for homogeneity of the group was examined
according to the Edinburgh Handedness Questionnaire —
short form [44, 45]. Before and after each period, postural
stability, reaction time and attention focus were assessed.
Physical activity level was tracked using the Polish adap-
tation of the CHAMPS scale [46].

Participants

Thirty-seven volunteers aged 65 years or older who
responded to a local advertisement were initially enrolled
in the study. The inclusion criteria were as follows: physi-
cally active people over 65 years old, with no injuries or
pathologies involving the upper limb, without neurologi-
cal issues, and with no significant visual impairments. In
turn, individuals with mixed or left-handedness, seden-
tary lifestyle, any contraindications to physical activity,
neurological impairment, daltonism, prior experience in
juggling or under the required age were excluded from
the study protocol (n=7). All participants declared that
they took an active part in other organized activities,
such as Nordic walking, aqua aerobic or rhythmic gym-
nastic activities. This information was crucial because
among those who had not previously participated in any
organized activity, new social factors could affect the
measured effects [47]. Participants’ physical activity was
not restricted during the experiment. However, they were
asked not to undertake any new forms of activity for the
period of their participation in the project to avoid the

(2024) 21:15

Page 3 of 15

motor learning process outside the proposed juggling
classes. Dropouts also occurred during the testing and
intervention period, including individuals who became
seriously ill or missed training units for any reason (n=4).
Finally, twenty-six participants completed the entire
intervention protocol: 21 women and 5 men (age range:
65-75). All procedures were explained and well under-
stood by participants prior to the commencement of the
study. All participants signed a written informed con-
sent form and were informed that they could withdraw
from participation at any time. The trial was conducted
in three waves. First one from September to December
2021, and the next two from March to September 2022.
The study was conducted in accordance with the Dec-
laration of Helsinki 2013 and approved by the Ethics
Committee of Poznan University of Medical Sciences
(No. 106/21, date: 04.02.2021) and was registered retro-
spectively at ClinicalTrials.gov (NCT06108713).

Intervention

The study took place at Poznan University of Physi-
cal Education. Two study periods (juggling period - JP
and non-juggling period - NJP) were separated by a
four-week washout period. The juggling period lasted
4 weeks and consisted of 12 meetings (3 trainings per
week), each lasting 45 minutes [32, 48]. The training was
always taught by the same person who is a professional
in juggling and has a background in physical education.
The first 8 minutes of the training unit was a warm-up
with juggling balls and familiarization of the participants
with the equipment. The main part of the training unit
was dedicated to learning how to juggle three balls cas-
cade. Participants were asked to not juggle outside of the
classes. In turn, the last 5 minutes were dedicated to calm
down and simple stretching exercises. The entire inter-
vention aimed to execute juggling as a dual-task exercise
with the deferral of the traffic automation phase. Each
training unit required the completion of various tasks
(catching and throwing exercises) using juggling balls.
The difficulty level of these tasks increased over time in
the JP. To facilitate learning, the balls were in three dif-
ferent colors - green, yellow and red. At a later stage of
the intervention, this enabled easy communication of
what task was to be performed and which of the several
balls held should be used for that task. Additionally, par-
ticipants completed the course by mastering the basics of
the three-ball cascade. During the intervention, partici-
pants juggled with 70mm diameter, 90g balls. Due to the
complexity of the entire procedure of the intervention, it
was described separately in our previous study [34]. Due
to the pandemic risk (COVID-19), the groups were inten-
tionally small. A maximum of 5 people participated in
one training session at one time so that adequate spacing
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could be maintained between other exercisers. The NJP
was characterized by a lack of additional activity in the
form of juggling. The whole study design is described in
Fig. 1.

Measurements

Postural stability tests (PST)

The postural stability of the participants was meas-
ured using an AccuGait™ System force plate (AMTI
PJB-101 model, AMTI, Watertown, MA) with Balance
Trainer software and a sampling frequency of 100 Hz.
All obtained data were filtered out with a cutoff level
of 10Hz [49]. Each participant took part in five trials in
a random order. Two trials involved free standing with-
out an additional task (PST(), the next two involved free
standing with an additional cognitive task (PSTg), and
one trial involved stability limits (PST|ng). The PST.
mapped the free standing in one minute. Each partici-
pant was instructed with the words “Please stand freely,
keep your arms along your torso, eyes open, gaze ahead’.
In the case of the PSTy trials, an additional task while
standing was to listen to a set of digits and count the
occurrence of even or odd numbers (randomized). The
numbers were prerecorded sound samples by one of the
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researchers, played from speakers 1m away from the par-
ticipant’s backs. The participants heard 30 digits during
each PSTg trial, which appeared every two seconds. After
the trial, the participant reported the result. A mistake of
more than 2 was interpreted as poor focus on the task,
requiring a retest with a new sound sample. The instruc-
tions for each PSTy trial were the same, and the excep-
tion was the sentence added at the end: “Count even/odd
digits”. PST| g was performed with the assurance of the
researcher. Any precipitation beyond the limit of stability
caused the test to be repeated. The test participant’s task
was to lean forward and backwards and lean to the left
and to the right, as much as possible.

Each of the trials lasted 60 seconds. Between each
trial, the test participant had a two-minute break in a sit-
ting position. After instructions preceding the test, the
researcher waited two seconds before communicating
“start” and another two seconds before turning on the
measurement. Measurements in each period began with
familiarization with the PST, PST and PST| g trials.

During postural stability trials, center of pressure
(COP) displacements were monitored. Based on the COP
signal, the following parameters were calculated: veloc-
ity (Vcop), area 95th percentile (Area95), medio-lateral

Recruitment for the study and randomization of
participation sequence (juggling/ non-juggling)

n=37

‘/ﬁmamh\’

Juggling eligibility criteria Non-juggling
n=14 n=7 n=16

weeks) measurements of RT, COG, PST.
CHAMPS questionnaire just POST;.

n=1

PRE; (at the start) and POST; (after 4 “ Drop-outs

n=14 n=15
] weeks washout _fom="""
e === €TI0 —
n=15 n=14
4 weeks
PRE; (at the start) and POST; (after 4 5 "
weeks) measurements of RT, COG, PST. TOp-outs
n=2 | CHAMPS questionnaire just POST,. n=1
n=13 n=13

| Both periods and washout completed |

n=26
Fig. 1 Study design chart; n — number of participants PRE,/PRE, — before first/second period; POST,/POST, - after first/second period; RT - reaction
time tests; COG - attention focus tests; PST — postural stability tests; CHAMPS — physical activity questionnaire
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range of sway (RangeX), anterior-posterior range of
sway (RangeY), medio-lateral root mean square velocity
(RMS,/x) and anterior-posterior root mean square veloc-
ity (RMSyy) of COP [50]. The reliability of intersession
Vcop measurement in older adults is equal to r=.76, for
PST| g variables varies from r=.67 to r=.85 [51].

Simple reaction time (SRT) and Choice reaction time (CRT)
Reaction time tests were conducted with the usage of
the Vienna Test System (VTS) (SCHUHFRIED GmbH,
Austria; Polish distribution - COGNIFIC) with a special
panel device. By using the resting and reaction key on
the device, it was possible to split the variables into reac-
tion time (RT) and motor time (MT), with both variables
measured in milliseconds. The S1 test form was used to
assess single-choice responses with a simple visual cue
(yellow light on the monitor screen). The S4 test form was
used to assess choice reaction time (go/no go) responses
with more stimuli (yellow light, red light, yellow and red
light simultaneously or simple sound — in various com-
binations). For S4, the only correct response was in the
simultaneous presence of yellow and red light. It was
important to use just one finger of the dominant hand
to respond in both tests. Data were also collected on
the variability of the individual variables (VSRT; VCRT;
VMT). The term “reaction time” means the time between
the presentation of the stimulus and the occurrence of
the response (raising the finger from the resting button).
“Motor time” is understood as the time between raising a
finger from the rest button and pressing the reaction time
button. To standardize the measurements, each approach
was preceded by a practice test, after which the partici-
pant performed a four-minute main test. Additionally,
decision time (DT) variables were calculated from SRT
and CRT data using the mental chronometric method
(CRT-SRT=DT) [52]. Reliabilities of RT variables vary
between r=.83 and r=.98 in the norm sample. MT reli-
ability varied between r=.84 and r=.95 (SCHUHFRIED
GmbH).

Attention and concentration measurement

The assessment of the attention and concentration of
participants was possible through the comparison of fig-
ures concerning their congruence in the Cognitrone test
form of VTS software. Cognitrone is based on Reulecke’s
theoretical model [53], where concentration as a state
is described by three variables: (a) energy, (b) function,
and (c) precision. We used the S10 form of this test. The
task was to answer whether the model displayed below
was present in the set of figures at the top of the moni-
tor screen. Participants used both hands. Left hand
over the red button (to reject), the right hand over the
green button (to accept). Every reaction was recorded by
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milliseconds and correctness (COG¢ — average time of
correctly rejected; COG, — average time of correctly
accepted). Skipping a task, going back to a previous or
correcting task, was not possible. The correct answer
(COG() was to reject correctly (red button if the pattern
did not occur in the set of figures) or to accept correctly
(green button if the pattern occurred in the set of fig-
ures). In addition, the time it took to complete the entire
test was also measured (COGy). For standardization pur-
poses, each approach was preceded by a practice test,
after which the participants performed the main test. The
reliability was over r=.95 (SCHUHFRIED GmbH).

CHAMPS questionnaire

For the purpose of the study, we used a Polish adapta-
tion of the CHAMPS scale [46]. This questionnaire with
41 questions for assessing the frequency and duration of
various physical activities of older adults was used [54,
55]. It is one of the most valid and reliable questionnaires
for this purpose [46, 56, 57]. The one-week test-retest
reliability of the Polish adaptation was .79 to .85. The
questions covered the last four weeks of the participant’s
activity and allowed the estimation of caloric expendi-
ture and the frequency of physical activity per week [55].
Study participants were asked to complete a question-
naire at the end of the NJP and JP.

Outcomes

The primary outcomes of the study were postural stabil-
ity variables (Vcop including RMS data, RangeX, Ran-
geY and Area95) and selected cognitive abilities (SRT,
CRT, MT including variability of these data, DT, COGp,
COGc,, COGe and COGy). Physical activity results
from the CHAMP scale were characterized as secondary
results.

Sample size and randomization

For the purpose of the crossover research design, the
a priori F-test repeated measure analysis of variance
(ANOVA RM), within-between interactions in G*Power
software (version 3.1.9.6, Germany) was used [58]. Based
on data where Multi System Physical Exercise was used
to develop reaction time in older adults (Cohen’s f=.715,
what equals of high effect size np2=.34 [59]), we chose
borderline result of high effect size qP2=.138, which gives
an effect size f(U)=.40 to estimate minimum sample size.
According “as in SPSS” option [60], minimal power .80
and alpha error of probability .05, the sample size of 26
participants would be adequate to minimize Type I and
Type II errors. Additionally, in two studies with paral-
lel design, significant changes in brain structure after
juggling in 12 healthy young participants who under-
went the intervention [39] and also in 25 healthy older
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participants of the intervention group were detected [33].
These results seem to confirm that the estimated mini-
mum sample size should be adequate to detect whether
and to what extent juggling can affect functional changes.

Participants enrolled for the study were randomly
assigned to one of two groups with the use of randomiza-
tion with the NumPy library in Python (each participant
was assigned a number of 1 to 37 according to the order
in which they signed up to participate). These numbers
were then input into the array using the array() function.
Then, their order was randomly generated using the com-
mand Shuffle(). The first 18 numbers that represented
participants from the generated list were involved in the
AB sequence of the study, while the remaining numbers
were involved in the BA sequence.

Data analysis

All data analyses were performed using STATISTICA
software (version 13.3.0, TIBCO Software Inc., Palo Alto,
CA, USA; 2017). Data were analyzed using two-way
ANOVA RM to study the interaction between interven-
tions (JP, NJP — as “TR”) and time (PRE, POST — as “PP”)
for tests of cognitive function and balance. Differences
between the physical activity levels for the two periods were
determined using the paired t test (normal distribution)
or Wilcoxon test (abnormal distribution). The assumed
alpha level was .05. The effect size (ES) was determined
from Cohen’s with a 95% confidence interval (95%Clg).
Differences are presented as the mean difference (MD)
and 95% confidence interval of this value (95%Cl,p).

Results

All participants (age=70.08 years old) were right-handed.
Detailed characteristics of the participants who finished
the whole protocol are described in Table 1.

Primary outcomes

PST. was characterized by the lowest values of Vcop,
RangeX, RangeY and RMSyy for POST JP. Additionally,

Table 1 Characteristics of participants included into analyses

Variable All(n=26) Mean Women(n=21) Men(n=5)
(SD) Mean (SD) Mean (SD)
Age [years] 70.08 (4.40) 70.81 (5.10) 69.00 (3.81)
Body height [cm] 161.23 (7.89) 15852 (5.01) 172.60 (8.62)
Lateralization? 92.31(12.62) 92.86 (12.22) 90.00 (16.30)
Body mass [kg] 67.77 (13.44) 63.95 (9.74) 83.80 (16.05)
BMI [kg/mZ] 25.95 (3.86) 2549 (3.95) 27.90 (3.01)

?Values from 100 to 61 - right-handedness, -60 to 60 mixed handedness, -61 to
-100 left-handedness
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changes in the main PST variables in both conditions
from PRE to POST measurements showed an advan-
tage of JP (Fig. 2). For PSTg the lowest values in POST
JP were observed for Vcop. However, statistical signifi-
cance of the interaction of “TR”x“PP” was observed for
RMSyx and RMS,y in PST;. Bonferroni post hoc analysis
of RMS,x showed statistically significantly higher values
for POST NJP versus the other time points (PRE JP —
POST NJP: MD=-.37; 95%CI,;p,=[-.56;=-.18]; POST JP —
POST NJP: MD=-.38; 95%ClI,;,=[-.57;-.18]; PRE NJP —
POST NJP: MD=-.36; 95%ClI,;p=[-.55-.17]). The RMSyy
variable was significantly lower in PRE NJP than in other
time points of this study (PRE JP — PRE NJP: MD=.36;
95%Cl,p=[.21;.52]; POST JP — PRE NJP: MD=.31I;
959%Cl,;,=[.15:46]; PRE NJP — POST NJP: MD=-.34;
95%ClIyp=[-49-.18]). Additionally, a statistically signifi-
cant main effect of “TR” was observed for RangeY JP —
NJP: MD=-.19; 95%Cl,,=/-.37:-.02]; PRE JP — PRE NJP:
MD=-.07; 95%Cl,;p=[-42-.29]; POST JP — POST NJP:
MD=-.32; 95%ClI,;p=[-.68;-.03]) in the PST. condition.
There were no statistically significant differences for any
of the PST| ¢ variables. All data of the three conditions
in balance testing are described in Table 2. An additional
file shows more detailed post hoc results [see Additional
file 1].

Participants were characterized by shorter response
time between POST JP and the other time points, espe-
cially for SRT, VSRT, CRT, VCRT, DT and COGy. Addi-
tionally, changes in selected cognitive abilities in both
conditions from PRE to POST measurements showed
an advantage of JP (Fig. 3). Statistical significance
was obtained for the main effect of “PP” in variables:
SRT and COGc. Bonferroni post hoc analysis of SRT
showed significantly worse reaction time for PRE com-
pared to POST timepoint (PRE — POST: MD=11.42;
95%Cl\;p=[1.55;21.30]), but there were not significant
changes in specific periods as juggling (PRE JP — POST
JP: MD=14.69; 95%Cl,=[-1.24;23.63]) or control (PRE
NJP — POST NJP: MD=8.15; 95%Cl,,=[-7.78;24.09])
despite a larger change in sequence with the interven-
tion. Bonferroni post hoc analysis for COG. showed
significantly less correct answers in Cognitrone test for
POST compared to PRE timepoint (PRE — POST: MD=-
.81; 95%CI,p=[-1.52;-.10]), but without significance
in specific periods as juggling (PRE JP — POST JP: -.62;
95%Clyp=I[-2.57;1.34]) or control (PRE NJP — POST
NJP: MD=-1.00; 95%Cl,p=[-2.96;96]). . Other cogni-
tive variables were not characterized by any significant
changes (p>.05). All cognitive data obtained in the study
are described in Table 3. An additional file shows more
detailed post hoc results [see Additional file 1].
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Fig. 2 PRE/POST differences in postural stability tests. PST. — postural stability tests without additional task; PST; — postural stability test

with additional task (counting); PST, s — limits of stability test, Vcop — velocity of center of pressure, RMS,, — medio-lateral root mean square

of velocity; RMS,, — anterior-posterior root mean square of velocity; Aread5 — area 95 percentile, RangeX — medio-lateral range of sway, RangeY -
anterior-posterior range of sway, JP — juggling period, NJP — non juggling period

Secondary outcomes

Participants reported statistically significant higher fre-
quency of total physical activity (AAF) during NJP than
JP (p=.03) and also in moderate physical activity (MAF;
p<.05). Nevertheless, data on both: estimated caloric
expenditure/week for all activities (ECE) and estimated
caloric expenditure/week for moderate only activities
(MECE) showed no difference at a statistically significant

level (respectively p=.06, p=.15). Table 4 shows the
detailed results of the CHAMPS questionnaire variables.

Discussion

The purpose of this study was to determine the effect of
additional juggling exercise on postural stability and cog-
nitive abilities in healthy, physically active older adults.
Twenty-one women and five men over the age of 65
participated in the study. This gender difference in the
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number of participants may have been due the fact that
the women more often than men take part in individual
activities rather than team activities [61, 62]. Additionally
the recruitment process, relied on a request for participa-
tion, in a Polish population, where there is a preponder-
ance of women gender among adults over 60 years of age
[63] may also contributed to this disparity.

Classical juggling is a kind of activity in which exer-
cisers need to use only the upper limbs of their body.
However, if juggling is performed in a standing position
or walking, it requires from participants proper postural
control. It is a core element within the coordination of
most skills. During juggling exercises, the whole atten-
tion is directed on the tossed utensils, not on the lower
limbs or the body posture [64, 65]. In our study, a sta-
tistically significant interaction effect of intervention
and time was observed for medio-lateral and anterior-
posterior root mean square of COP velocity and during
postural stability test with additional counting, with a
definite deterioration of medio-lateral root mean square
of velocity during the period without intervention. The

lowest and statistically significant result of anterior-pos-
terior root mean square velocity was observed at the start
of the non-juggling period, since no carryover effects
were observed during the study. Deterioration, however,
was observed for the non-juggling period, whereas for
the juggling period, it remained steady at a level similar
to the POST non-juggling period. These results allow us
to conclude that the addition of juggling even in a short
period may have a better positive impact on postural
stability than standard physical activities, especially in a
task demanding the focus of attention on other elements,
where automatic processes are more responsible for pos-
tural control.

Another interesting result of our study was for the
anterior-posterior range of sway variable. In the postural
stability test without additional task a statistically signifi-
cant main effect of intervention with a clear advantage
for juggling period was observed. Despite the absence of
the main effect of time, the mean differences suggested
that improvements in this variable occurred only in jug-
gling period. Period without additional juggling activity
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Table 4 Self-reported level of physical activity after JP and NJP (CHAMPS questionnaire)

Measure JP NJP torZ ES MD (JP-NJP)
Mean (SD) Mean (SD) (p-value) [95%Clgs] [95%Clypl

AAF/week 28.23(10.31) 31.15(9.92) -2.34 d=29 -2.92

(03)* [-.26,84] [-5.49;-35]
MAF/week 8.42(5.04) 10.00(5.66) -2.09 d=29 -158

(<.05)* [-.25;84] [-3.13;-03]
ECE/week 5747.15(4123.58) 7285.81(3997.35) 1.87 d=37 -153867

(.06) [-17;93] [-3146.47,69.13]
MECE/week 5155.30(3729.85) 6318.70(3597.24) 1.44 d=29 -1163.40

(15) [-.23;87] [-2706.02;379.23]

JP juggling period, NJP non-juggling period, t or Z t value for paired t test, or Z value of Wilcoxon test, ES effect size, MD mean difference, 95%Clgs/95%Clyp — 95% of
confidence interval for effect size or mean difference, AAF all activities frequency, MAF moderate activities frequency, ECE estimated caloric expenditure/week for all

activities, MECE estimated caloric expenditure/week for moderate only activities
" p<.05

characterized by deterioration in the value of anterior-
posterior range of sway. However, these results should be
interpreted with caution.

Studies on experts and intermediate jugglers [65]
showed similar sway amplitude in postural stability of
those groups during the juggling task, but with bet-
ter posture correction in favor of experts. Addition-
ally, better juggling performance was associated with
more consistent patterns of postural stability test, such
as medio-lateral and anterior-posterior COP velocity
or medio-lateral and anterior-posterior range of sway.
Thus, better control of upper limb performance is associ-
ated with better postural control of the performer dur-
ing the task. However, there are only a few evidences [65]
on how mastering upper limb performance can improve
general postural stability on a daily basis when people
mostly maintain posture and simultaneously manipulate
objects in the upper extremities. Our results showed that
it is worth to look over this specific problem.

Additionally, our results showed moderate effect sizes
of interaction effects for COP velocity, anterior-posterior
range of sway, and anterior-posterior root mean square
velocity in the postural stability test without an addi-
tional task and COP velocity and medio-lateral COP
velocity in the limits of stability test in the study group
but without statistical significance. All of these variables
were characterized by lower values in POST juggling
period. Given the sample size of our study, these results
may indicate that juggling can improve postural control
in healthy active older adults; however, the evidence is
not conclusive.

There is a lot of evidence that physical activity can
improve postural stability in older adults [22, 66]. How-
ever, better postural stability was observed after motor
learning or development also among people of various
ages, for example, during interventions such as gymnas-
tics in children aged 7-11 and adults over 20 [67, 68] or

during circus activities in 5- to 6-year-old children [69].
Moreover, it was observed after activities with upper
limb activation as manual rhythmic movements [70] or
even rifle shooting [71]. Two years of experience in circus
activity training can improve postural control. The exper-
imental group, which participated in training for two
days a week, had better results of COP velocity, medio-
lateral and anterior-posterior COP velocity in various
conditions than the control group, which performed only
recreational activities [69]. Additionally, it was proven
that in the case of learning to juggle, coupling between
the control of posture and manual tasks decreases. It can
be understood as a better resistance to perturbations of
performers during tasks, which probably translates into
the manipulation of objects on a daily basis [70, 72]. Most
likely, the effect of juggling on postural stability would be
more pronounced for interventions among individuals
without systematic physical activity.

During cognitive ability measurements, the main effect
of time was observed in simple reaction time and num-
ber of correct answers in Cognitrone test, which may
confirm that physical activity is somewhat effective for
the maintenance and improvement of cognitive abilities.
A significant amount of research confirms that a particu-
larly moderate form of physical activity is able to improve
reaction time among older adults [73, 74], especially with
combined interventions of physical activity and cognitive
effort [75-78]. Juggling, due to the specificity of the task
and especially as a motor learning process in unexperi-
enced people, can be interpreted as a combined form of
activity [30, 34, 64, 65]. Interestingly, our results showed
a medium effect size of the interaction effect of interven-
tion and time for the variability of simple reaction time
and average time of correct acceptance in Cognitrone
test variables, with a clear advantage of POST juggling
period. It may be speculated that this specific form of
activity can have an impact on the ability to maintain
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attention over time. However, the results of our study did
not clearly establish such an effect.

Manifestations of cognitive plasticity depend on mech-
anisms of neural plasticity [23]. Nevertheless, the above
results indicated a much lower effect of juggling on cog-
nitive abilities and postural stability than studies analyz-
ing changes in brain plasticity [30, 32, 33, 39, 41-43].
Probably a higher frequency or duration of juggling inter-
vention would increase the observed effects of cognitive
abilities. However, there is a lack of studies measuring
both neuronal changes and changes in cognitive abilities
after a juggling intervention.

The range of physical activity of participants was lower
in juggling period than in non-juggling period, but the
main limitation of the CHAMPS questionnaire was that
juggling could at most be considered as “other activities”
This point, however, was not taken into account when
analyzing the level of physical activity of respondents.
This limitation reduced the questionnaire results accord-
ingly. Noteworthy, during the period in which respond-
ents marked themselves with a smaller range of physical
activity but experienced intervention in the form of jug-
gling, moderate or strong effect sizes of positive changes
were observed. The lack of statistical significance makes
it necessary to treat these premises with caution and
should be resolved in future studies.

The strengths and limitations of the study

The strength of this study was carrying out a new form
of physical activity - juggling - in the form of a training,
aiming at learning a new movement on each training.
The intervention was entirely tailored to the functional
abilities of the older adults. In addition, this was one of
the few studies that examined the effects of juggling on
cognitive function and postural stability in older adults.

This study has some limitations. Despite conducting a
minimum sample size analysis, it appears that the num-
ber of participants proved insufficient to clearly indicate
the effects of the intervention on cognitive function and
postural stability. The medium effect sizes in the absence
of obtaining statistical significance seemed to confirm
this limitation. Another problem may have been the
number of three workouts per week. This in view of the
practical aspect of the intervention was justified, but
there is still a lack of certainty if with a higher frequency
of juggling classes, the effects would be more noticeable
for active people.

Future studies that include juggling interventions
should take into account the above limitations of this
study. A larger sample would have been desirable to
obtain stronger results. Additionally, it may be easier to
observe any statistically significant changes in samples
with sedentary lifestyles or with documented disorders,

(2024) 21:15
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in which physical activity significantly helps, than in
healthy, active people. Additionally it would be valuable
to compare juggling intervention not only to control non-
exercising group, but also to other social activities not
related to physical activities such as educational groups
or film discussion session. In this case, it would be a bet-
ter solution to monitor participants’ physical activity
throughout the whole protocol, as questionnaires can
only estimate physical activity levels, whereon activity
such as juggling is unclear where to be included. For stud-
ies that consider the effects of the intervention in physi-
cally active individuals, a more accurate measurement of
the "physical activity" variable would be desirable, with
separate consideration of non-exercise activity, exercise
activity and exercises performed during the intervention.
For this purpose, the use of objective methods based on
accelerometry would seem appropriate. Additionally, fur-
ther studies should be conducted on a larger sample of
people, varying the frequency of training, and with the
separation of a group of people characterized by seden-
tary lifestyle or with mild cognitive or postural stability
impairments.

Conclusions

Juggling in the form of a new motor task in each train-
ing unit has the potential to maintain or improve postural
stability among healthy and active older adults. These
changes are particularly true for medio-lateral and ante-
rior-posterior root mean square of COP velocity variables
and, to some extent, for anterior-posterior range of sway
in a task requiring attention to be focused on other tasks.
Moreover, the addition of juggling may induce a bet-
ter effect on maintaining attention over time. A positive
effect of general physical activity on cognitive functions
was observed in the study, especially for reaction time
and number of correct answers in Cognitrone test. Nev-
ertheless, it can be indicated that it can be a good solu-
tion to recommend juggling, especially as lessons focused
on motor learning, even for healthy and physically active
older adults, expecting a positive effect. However, the
clinical relevance of these changes for healthy and physi-
cally active older adults is probably low to moderate.

Abbreviations

“Pp” main effect: time (PRE/POST)
“TR" main effect: intervention (juggling/non-juggling)
95%Cle 95% confidence interval for effect size

95%Clyip 95% confidence interval for mean difference

ANOVARM  repeated measure analysis of variance

Area9ds area 95 percentile

COG¢ number of correct answers in the Cognitrone test

COG¢, average time of correct acceptations in the Cognitrone test
COGg average time of correct rejections in the Cognitrone test
COG; Cognitrone test duration

COP center of pressure

CRT choice reaction time

DT decision time
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ES effect size

JP juggling period

MD mean difference

MT motor time

NJP non-juggling period

p p-value

POST after period

PRE before period

PST postural stability test

PSTc standing freely without an additional task

PSTe standing freely with an additional task

PSTi0s limits of stability test

RangeX medio-lateral range of sway

RangeY anterior-posterior range of sway

RMS,x medio-lateral root mean square of center of pressure velocity

RMS,y anterior-posterior root mean square of center of pressure
velocity

RT reaction time

SD standard deviation

SRT simple reaction time

Veop velocity of center of pressure

VCRT variability of choice reaction time

VMT variability of motor time

VSRT variability of simple reaction time

VTS Vienna Test System

"1,;7 effect size, eta partial square
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Background: Age-related changes in attentional abilities can lead to a decline
in body segment awareness in space. However, studies have reported that
physical activity can improve proprioception among older adults, although
proven activities with this potential are limited. Juggling is a promising activity
for enhancing proprioception, as it requires high levels of attention and sensory
precision. The first hypothesis posited that a juggling intervention would
positively impact ipsilateral and contralateral elbow joint position matching
without visual input. The second hypothesis suggested a correlation between
cognitive abilities and joint position sense efficiency.

Methods: A total of 20 older women (mean age: 69.95 + 4.58) participated in
a repeated-measures study using a Latin square design. Measurements were
taken at three time points (baseline, post-juggling, and control). Ipsilateral and
contralateral elbow joint position matchings without visual or verbal feedback
of accuracy were used to assess proprioception. Attention and reaction time
variables were measured using the Vienna Test System protocols.

Results: Although significant changes were observed between baseline and
subsequent time points in joint position sense accuracy, no specific effect of
juggling was detected. Low and medium correlations were found between
decision time and the variability of choice reaction time with contralateral
accuracy. For ipsilateral accuracy, a relationship was observed only with
handedness. No correlations were found between attention test scores and
joint position sense accuracy.

Conclusion: The study did not demonstrate a significant effect of juggling on
position-matching ability. However, cognitive abilities such as decision speed
and the stability of choice reaction time may play a role in enhancing position-
matching in older women.

Clinical trial registration: ClinicalTrials.gov, identifier NCT06108713.
KEYWORDS

attention, bilateral exercises, dual-task, joint position matching, physical activity,
reaction time
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1 Introduction

The level of physical fitness decreases with age, which can
impair functional performance, particularly in activities of daily
living (1, 2). A loss of coordination, often contributing to an
increased risk of falls, is a key factor in functional deterioration and
may be associated with decreased proprioception (2). By the end of
2020, approximately 25% of Poland’s population was aged >60 years,
with women comprising the majority (51). Although women tend
to live longer than men, they are also more likely to experience
chronic diseases and disabilities (3). Additionally, the age-related
decline in physical activity is more pronounced in women than in
men (4), which may contribute to a less active lifestyle among older
women (5).

Proprioception plays an important role in age-related changes in
coordination or precise movement planning (6, 7). It enables the
orientation and stability of the body during static and dynamic
activities (6, 8).

Awareness of body segments in space is crucial for the body to
interact effectively with the environment (6, 9). Proprioception
depends on mechanoreceptors located in tendons, ligaments, muscles,
and joint capsules (10, 11). Mechanoreceptors transmit information
about joint position and movement to the central nervous system (2).
Therefore, proprioception is an important factor influencing the
quality of life in aging populations. Age-related changes in the
peripheral and central nervous systems cause deterioration of
proprioceptive mechanisms (2, 10). Two types of tasks are commonly
used to assess proprioceptive acuity in clinical and research situations
(12). These joint position matching methods involve matching the
position of a joint to a reference position, most often without visual
input. The first task, “ipsilateral matching” (IPSI), involves
determining the reference location and adjusting the arm using
memory. This reliance on memory occurs because the reference joint
angle, which was demonstrated before the task was performed, is not
available during the task.

The second task, “contralateral matching” (CONTRA), takes
advantage of the constant presence of the joint’s reference position and
that of the other limb. Therefore, memory-based matching in this case
does not occur.

Additionally, matching using the opposite limb requires greater
interhemispheric communication (or transfer) than in the IPSI task
(12). Joint position-matching methods reflect the processing of
external sensory feedback and many basic sensorimotor processes (13,
14). Both internal and external feedback are combined in the process
of sensorimotor integration involving activation of the somatosensory
cortex, primary motor and premotor cortical areas, and subcortical
areas (13, 15).

Moreover, cognitive decline represents another significant issue
that worsens with age. These declines may be partly dependent on
proprioceptive acuity (16). Structural and functional changes at the
central level may underlie the decline in proprioceptive performance
in older adults (17). Reduced attention, memory, and cognitive
resources may diminish proprioceptive acuity in older adults
compared to younger adults (17, 18). Age-related declines in cognitive
processing ability also contribute to changes in proprioceptive
function, particularly in tasks requiring greater cognitive effort (16,
17). Aging leads to a reduction in the dynamic sensitivity of muscle
spindles, which affects both position and velocity feedback.
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In addition to a reduction in the number of alpha motor neurons,
brain areas involved in planning descending motor commands also
deteriorate significantly in older people (16, 19).

Improving proprioception in older people is likely possible and
may depend on the type of physical training undertaken (18). One
activity with a strong association with enhanced proprioceptive
abilities is traditional Chinese tai chi (12, 20, 21). Tai chi promotes an
increased sense of joint position through slow, deliberate movements
and constant awareness of body positioning (20, 21). Similarly,
proprioceptive benefits have been reported in older adults who
practice activities like golf or creative dancing, which also involve
heightened joint position awareness (20, 22). Although little is known
about the effects of other forms of physical activity on proprioception
in older people (22), juggling shows promise as an activity that can
potentially enhance proprioception.

Moreover, data indicate that proprioception contributes greatly to
juggling (23). It is an activity that involves throwing and catching balls
with both hands simultaneously according to a specific motor pattern
(24). Additionally, the neuroplasticity potential of juggling has been
confirmed by numerous studies (24-27). There is evidence showing a
link between juggling and mental rotation performance and, more
broadly, between motor and cognitive performance (28-30). In the
juggling cascade, hands toss and catch balls alternately. Combining the
limbs into a new phasing relationship requires practice to learn new
phasing relationships between limb movements (31). Juggling as a
bimanual task requires attention, which can contribute to both
proprioception and attention development. Importantly, with greater
juggling experience, the direction of focus changes from the hands to
the top of the parabolic arc of ball flight (31). An important part of
increasing the effectiveness of learning and predicting the trajectory
of a ball is focusing one’s attention on the stimuli rather than on the
hand (31, 32). Juggling, as an exercise that requires the catching hand
to compensate for the throwing hand’s mistakes, appears to perfectly
reflect the proprioceptive coordination of two hands. To master
juggling, it is crucial to reduce the variability of throws and learn to
compensate for errors by producing similar phase relationships of
limb movement (31). Notably, performing this physical activity is both
appealing and safe for older people (33).

The majority of the studies evaluating the effect of exercise on
joint position matching, including the elbow joint, have primarily
focused on the effect of acute exercise rather than long-term training
(34-37). Additionally, there is limited research on the effect of juggling
on brain function and cognitive performance in older adults (26, 38).
Therefore, investigating the impact of systematic juggling exercises on
elbow joint position adjustment in older women presents a promising
area for further exploration.

Given the limited data on juggling interventions in older people,
this study aimed to evaluate the effects of juggling on proprioception
(through IPST and CONTRA elbow joint task matching) and assess its
impact on attentional abilities in older women, a population known
for lower physical activity levels. Moreover, the purpose was to assess
the association between attentional abilities and joint position sense.
We hypothesized that after physical activity in the form of juggling,
there may be a positive change in proprioception in both the IPSI and
CONTRA tasks. Moreover, we hypothesized that there may be a
significant relationship between attentional abilities and joint position
sense, indicating that better attention test results may correlate with
better elbow joint position matching results.
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2 Materials and methods
2.1 Participants

A total of 25 right-handed older women responded to
announcements about juggling classes, which were made via local
radio, television, newspapers, and social media.

Finally, 20 older women were included in the study, which used a
repeated measures design based on three conditions (69.95 +4.58 years;
min-max: 65-76). Five respondents were excluded because they did
not meet the inclusion criteria.

The inclusion criteria for participants were as follows: women
aged 65 years or older, with no known injuries or pathologies affecting
the upper limb, no neurological conditions, and no significant visual
impairments. Each participant underwent an interview to confirm
that these criteria were met.

Additionally, the handedness of the participants was assessed with
the Edinburgh Handedness Inventory - short version (Cronbach’s
a=0.93) (39). No dropouts occurred during the study. All participants
who started the protocol completed it, and complete measurement
data were obtained. The study was conducted in accordance with the
Declaration of Helsinki 2013 and approved by the Ethics Committee
of Poznan University of Medical Sciences (No. 106/21, date:
04.02.2021). Participants were informed about the procedures before
the study commenced. All participants signed a written informed
consent form and were informed that they could withdraw from
participation at any time. The study was registered retrospectively at
ClinicalTrials.gov (NCT06108713). The basic characteristics of the
whole group are presented in Table 1.

2.2 Experimental design and intervention

The experiment followed a repeated measures design with three
measurement time-points (TPs) and an intervention/control
condition applied in the assigned sequence order (Figure 1). After the
series of the first measurements (baseline, BASE), each participant was
randomly assigned to the mentioned different sequence order of
intervention/control condition in a crossover manner (each
participant experienced both conditions in the assigned sequence),
based on the Latin square design (AB/BA). The intervention (A)
consisted of four weeks of juggling training, in which participants
participated in structured, supervised activities three times a week for
45min each. The training was a structured juggling activity. The
success of the juggling training was defined as the ability to juggle a
three-ball cascade. The detailed intervention condition (juggling

TABLE 1 Participants characteristics.

Variable Mean (SD)

Age [years] 69.95 (4.58)
Body mass [kg] 62.88 (8.55)
Body height [cm] 158.65 (5.12)
Body mass index [km/cm?] 25.04 (3.52)
Lateralization* [points] 92.50 (12.43)

*Assessed by the Edinburgh Handedness Inventory - short version; SD, standard deviation.
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training) and information on training success were thoroughly
described and published elsewhere (33).

The control (B) condition involved four weeks without juggling,
and participants were also asked not to undertake any new physical
activities. The following two TP measurements (A, B) refer to the series
of measurements after each condition. To be precise, the second series
of measurements for one sequence order was indeed the third series
for the other sequence order, and conversely. To simplify, the series of
measurements that occurred after the intervention condition, juggling
training, was labeled JUGG, and the series of measurements after the
control condition was labeled CON. Additionally, the second sequence
was implemented after a four-week break of no activity, during which
participants were asked to refrain from juggling or any other new
physical activity. A chart of the study design is presented in Figure 1.

2.2.1 Ipsilateral and contralateral position
matching

During each measurement meeting for joint position matching,
both the IPST and CONTRA conditions were performed on a special
chair that allowed flexion measurement in the elbow joints with an
accuracy of 0.1 degrees. Joint flexion was recorded using
electrogoniometers, a base unit, and DataLink CP software (Biometrics
Ltd.) with a 40kHz total sampling frequency. This method’s intra-and
interrater reliability was described as good (0.76 and 0.86 for flexion,
0.92 and 0.89 for extension, respectively) (41). The chair was
individually adjusted to the participants’ body height and limb length,
taking into account the shoulders and the axis of the elbow joints.
Participants performed eight trials, preceded by three practice trials,
with a 30-s break between tasks. For each TP, the results of individual
participants in both the IPSI and CONTRA conditions were checked
for outliers using the IQR method. Outliers were removed because they
may have occurred on a one-time basis if there was less engagement
on the task or if there was increasing fatigue. During the whole task, all
participants wore a pair of blindfolds that prevented the participants
from visually accessing the arm position. While seated upright, both
participants’ forearms rested on the movable splints of a bimanual
manipulandum, and they were instructed to keep their arms relaxed.

The armrest had a stopper to ensure the same starting position for
all the trials (90° flexion of the elbow joint, 80° arm abduction, 10°
arm lateral flexion). For both conditions, passive limb displacement
was performed in such a way as to achieve a value of 10 degrees of
displacement per second. The order of conditions was randomized.
The position matching tests allowed us to determine the constant error
(CE), absolute error (AE), variability error (VE), and root mean
square error (RMSE) for each condition.

The IPSI condition assessed working memory performance
during a proprioceptive task. In each IPSI trial, the experimenter
moved the splint on the participant’s dominant arm 30 degrees from
the starting position toward the body. The experimenter verbally
informed the participants when the desired target position was
reached. The forearm was then passively moved back to the starting
position. Subsequently, the participants actively moved their
forearms to the remembered target position. The participants were
instructed to stop their movement and verbally indicate when they
felt they had reached the reference target. Angular data were
recorded immediately after the participant’s command using the
potentiometer. They did not receive verbal or visual feedback on the
accuracy of their matching performance.
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FIGURE 1

Study design chart; BASE, the series of the first measurements; JUGG, the intervention period with the series of measurements at the end; CON, the

control period with the series of measurements at the end; wk, weeks.

In the CONTRA matching condition, both arms were controlled,
and the inversion angle for both arms was kept similar and constant
across and within participants. This task aimed to assess the efficiency
of interhemispheric proprioceptive information processing during a
bimanual proprioceptive task. In each trial, the examiner moved the
participants’ non-dominant forearm to a target position of 30 degrees
from the starting position toward the body. The examiner verbally
informed the participants when the desired target position was reached.
The participant’s task was to move their dominant hand to such a
position that the elbow flexion angle of the dominant hand matched
the elbow flexion angle of the non-dominant hand. The participants
held their positions for approximately 3 s to allow for the collection of
stable angular data via a potentiometer. They did not receive verbal or
visual feedback regarding the precision of their matching performance.

We based the above methods on reports of the general practice of
proprioception testing by adjusting joint positions, including that joint
position adjustment tasks should be performed at the same magnitude
of target amplitudes, should always be adjusted in the same way, and
should always be adjusted at the same speed (12).

2.2.2 Reaction time and attention

The results of cognitive abilities were obtained with the Vienna Test
System  (VTS; SCHUHFRIED GmbH, Austria; Polish
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distribution - COGNIFIC). Participants performed three different
tasks in the following order: simple reaction time test and choice
reaction time test (which made it possible to determine simple reaction
time and its variability), choice reaction time and its variability, motor
time and its variability, decision time and Cognitrone test, which
allowed to assess mean time of correct acceptance, mean time of
correct rejection, number of correct answers and task duration time.
In each measurement meeting, all of the tests were preceded by
practice trials.

The simple reaction time test consisted of responding to a visual
stimulus displayed on the computer screen (yellow spot). Participants
used one finger of the dominant hand to maintain constant contact
with the touch panel. After the stimulus was displayed, participants
were asked to let go of the touch panel as quickly as possible (reaction
time), use the same finger to press the button above the panel, and
return to the initial position (motor time).

The choice reaction time test required the same response as the
preceding test. Different visual stimuli were presented, but participants
had to respond only to a predetermined stimulus. Responding to other
stimuli was considered a mistake. The Cronbach’s alpha of the reaction
time tests varied between 0.83 and 0.98 for the reaction time results
and between 0.84. and 0.95 for the motor time results
(SCHUHFRIED GmbH).
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The Cognitrone test consisted of finding as quickly as possible
among the four figures displayed, the reference figure presented
below, and reacting appropriately depending on whether the figure
was there (green button under the right hand) or not (red button
under the left hand). The level of complexity of the figures presented
increased as the test progressed. The test consisted of 60 cases. The
Cronbach’s alpha of the Cognitrone test results is 0.95
(SCHUHFRIED GmbH).

2.3 Statistical analysis and sample size

'The Shapiro-Wilk test was used for data to test the normality of all
the data. Differences between three TPs (BASE, JUGG, CON) for each
condition separately (IPS, CONTRA) were checked by repeated
measures analysis of variance (ANOVA RM), which included Mauchly’s
sphericity analysis. When the sphericity condition was not met, the
Greenhouse-Geisser correction was used. Alternatively, Friedman’s
analysis of variance (F ANOVA) was used for abnormally distributed data.

After repeated measures analysis, Post-hoc tests (Bonferroni or
paired Wilcoxon) were used for pairwise comparisons. Differences
between conditions were analyzed using paired t-tests for normal
distributions or Wilcoxon tests for non-normal distributions. The
correlation coefficient was checked by the Spearman correlation
coefficient, given the distribution of the variables (nonnormal
distribution). The following interpretation of correlation coefficients
was applied: less than 0.20 as very weak, 0.20 to 0.40 as weak, 0.40 to
0.60 as medium, 0.60 to 0.80 as strong, and at least 0.8 as very strong.

The results are presented in the tables and figures as means with
standard deviations and medians with interquartile ranges (IQR). The
effect size for ANOVA RM was determined as partial eta-square (17,%
0.01 - small effect; 0.06 — medium effect; 0.138 - high effect), for F
ANOVA, it was determined as Kendall’s coefficient of concordance (W;
0.20 - fair agreement, 0.40 - moderate agreement, 0.60 — substantial
agreement, 0.80 — almost perfect agreement), and for pairwise t-tests, it
was determined as Cohen’s d (d; 0.2 — small effect; 0.5 — medium effect;
0.8 - high effect) or Wilcoxon with bivariate correlation coefficient rank
(rc; 0.1 — small effect; 0.3 - moderate effect; 0.5 - large effect).
Differences between the means (Md) of paired data are presented with
95% confidence intervals (CI 95%) for all compared variables. A p-value
of <0.05 was considered to indicate statistical significance. G*Power
software (version 3.1.9.6, Germany) was used to calculate the minimum
sample size. According to Niespodzinski et al. (42), assuming a large
effect size, the required sample size at a power of 0.80 is 15 participants.
Due to the duration of the study and the possibility of unforeseen
situations, we decided to increase this number by 30%. Nevertheless,
based on previous studies of elbow joint proprioception in older adults,
with sample sizes ranging from 12 to 17 (16, 43-45), the adopted sample
size of 20 participants appeared to be sufficient.

3 Results
3.1 Carryover effect analysis

The carryover effect analysis for the CON condition revealed
no significant differences between the sequence order of
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intervention/control (AB/BA) in the joint position matching tests
(for IPSI, p-values ranged from 0.473 to 0.970; for CONTRA,
p-values ranged from 0.307 to 0.678). In terms of cognitive abilities,
the carryover effect analysis revealed a significant difference in
motor time (p=0.035) between the sequence order of intervention
and control. However, no significant differences were found for the
other test results (for reaction time tests, p-values ranged from
0.175 to 0.950; for Cognitrone test results, p-values ranged from
0.266 to 0.921).

3.2 Joint position matching

In the IPSI condition, a significant main effect of TPs for CE was
observed (p=0.03, n,>=0.17). The Bonferroni post-hoc test for CE in
the IPSI condition showed no significant differences between the TPs.
The change observed between BASE and the other TPs was very
pronounced. The JUGG and CON were characterized by more precise
joint position matching. All the TP results were characterized by
an overestimation.

In the CONTRA condition, the changes in CE from BASE to
JUGG and CON were characterized by deterioration of joint position
matching. All TPs were characterized by an underestimation of the
position matching the reference position. However, ANOVA RM
showed that there was not any statistically significant effect of TPs
(p=0.32,1,2=0.06), which was reflected by the nonsignificant post hoc
test of differences between TPs.

Data on CE differences across the TP are presented in Table 2. A
significant difference between conditions was observed for the CON
condition (p=0.01, d=0.64) but not for the BASE (p=0.09; d=0.49)
or the JUGG condition (p=0.31; d=0.23). Visualization of changes in
CE for each condition and task is shown in Supplementary Figure S1,
while data on CE differences between each condition are presented in
Table 3. Means with standard deviations of CE are presented in
Table 4.

A significant difference in AE was observed in the IPSI condition
(p<0.01, W=0.29), with worse AE scores observed in the BASE
condition compared to the other TPs, indicating a disadvantage for
BASE. Wilcoxon pairwise comparison revealed significant differences
between BASE, as well as between JUGG and between BASE and
CON, but not between JUGG and CON.

For the CONTRA condition, no statistical significance was
observed in the F ANOVA analysis (p=0.86, W=0.01), which was
corroborated by Wilcoxon pairwise comparisons. The percentage
difference indicated a minor advantage for CON and a slight
disadvantage for JUGG compared to BASE. Data on AE differences
across TPs are presented in Table 2.

Between the conditions, a statistical difference was observed
for JUGG (p<0.01, d=0.68) and CON (p <0.05, d =0.44) but not
for BASE (p=0.43, rc=0.23). All AE data are presented in
Supplementary Figure S2, and data on AE differences between all
conditions are presented in Table 3. Means with standard
deviations for AE are presented in Table 4.

F ANOVA showed no statistically significant main effect of TPs
for the IPSI condition in the VE (p=0.55, ,°=0.03). The lack of
significant changes was further confirmed by the results of Wilcoxon
pairwise comparisons. However, the overall percentage change
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TABLE 2 Mean differences with confidence intervals between the series of measurements (BASE-JUGG; BASE-CON; JUGG-CON).

Conditions Differences between the series of measurements
BASE-JUGG BASE-CON JUGG-CON
Md Md Md
[95%Cl] [95%Cl] [95%Cl]
p-value p-value p-value
2.08 2.14 0.61
1PSI [~0.13;4.30] [~0.07:4.36] [~2.16:2.28]
0.072 0.061 1.000
071 2.04 1.33
CONTRA [~2.70:4.12] [~1.36;5.45] [~2.07:4.74]
1.000 0424 0.999
AE
1.27 1.32 0.05
PSI [0.26;2.28] [031;2.33] [~0.96;1.06]
0.010% 0.007* 1.000
—0.54 0.69 1.23
CONTRA [~2.65;1.56] [~1.42;2.80] [~0.87:3.34]
1.000 1.000 0.454
VE
5.43 4.68 —0.74
PSI [~0.59;11.44] [~1.33;10.70] [-6.76:5.27)
0.089 0.176 1.000
5.96 4.28 -1.68
CONRA [~2.83;14.75] [~4.51;13.08] [~1047;7.11]
0.293 0.690 1.000
RMSE
1.36 1.30 —0.57
1PST [0.28;2.44] [0.22;2.39] [~1.141.03]
0.010% 0.014% 1.000
-0.28 0.81 1.09
CONTRA [~2.45;1.89] [~1.36:2.98] [~1.08;3.26]
1.000 1.000 0.665

*statistically significant; IPSI, the ipsilateral condition of joint position matching; CONTRA, the contralateral condition of joint position matching; BASE, the first series of measurements;
JUGG - the series of measurements taken after the intervention period; CON, the series of measurements taken after a period without implementing any intervention; Md, mean difference;
95%CI, 95% confidence interval of mean difference; CE, constant error of joint position matching assessment; AE, absolute error of joint position matching assessment; VE, variable error of

joint position matching assessment; RMSE, root mean square error of joint position matching assessment.

between the BASE and the other conditions showed noticeable
improvement in later TPs.

In the CONTRA condition, no statistical significance was observed
(p=0.12, 17,=0.11). Compared to BASE, an approximation to the
reference value was observed for JUGG and CON. Data on VE differences
between each TP are presented in Table 2.

No statistically significant differences were detected across the TPs
(BASE: p=0.79, 1c=0.06; JUGG: p=0.71, rc=0.08; CON: p=0.43,
rc=0.17). All results from the VE analysis are presented in
Supplementary Figure S3, with data on VE differences between
conditions presented in Table 3. Means with standard deviations for
AE are presented in Table 3.

ANOVA RM showed a statistically significant difference in RMSE
for the IPSI condition (p<0.01, 17,>=0.25). The results recorded in
both the JUGG and CON were noticeably closer to the reference
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values than those recorded in the BASE group. Bonferroni post hoc
pairwise comparisons detected differences between BASE and JUGG
and between BASE and CON. Differences between JUGG and CON
were not statistically significant.

In the CONTRA condition for the RMSE, F ANOVA was used.
No statistical significance was detected between TPs (p=0.70,
W =0.02). However, the difference between the TPs indicated that
BASE performed worse. Data of RSME differences between each TP
are presented in Table 2.

Differences between conditions were observed in JUGG (p<0.01,
d=0.68) and CON (p=0.04, d=0.51) but not in BASE (p=0.19,
rc=0.29). All the RMSE data are presented in Supplementary Figure 54,
data of RMSE differences between each condition are presented in
Table 3, and means with standard deviations of RMSE are presented
in Table 4.
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TABLE 3 Mean differences with confidence intervals between joint position matching conditions (IPSI-CONTRA).

Conditions CON
Md
[95%Cl] [95%Cl] [95%Cl]
p-value p-value p-value
2.83 1.46 273
CE [~0.44:6.11] [~1.48:4.40] [0.72:4.74]
0.086 0312 0.010%
~0.83 ~2.65 -1.46
AE [~2.31;0.64] [~4.46;-0.83] [~2.76:-0.17)
0252 0.007* 0.029%
2.87 234 -3.27
VE [~10.86;5.12] [~7.56:2.89] [~9.99;3.44]
0.461 0.361 0302
~1.03 ~2.67 ~1.52
RMSE [~2.51;0.45] [~4.51;-0.84] [~2.93;-0.12]
0.191 0.007* 0.035%

*Statistically significant; IPSI, the ipsilateral condition of joint position matching; CONTRA, the contralateral condition of joint position matching; BASE, the first series of measurements;
JUGG, the series of measurements taken after the intervention period; CON, the series of measurements, taken after a period without implementing any intervention; Md, mean difference;
95%CI, 95% confidence interval of mean difference; CE, constant error of joint position matching assessment; AE, absolute error of joint position matching assessment; VE, variable error of
joint position matching assessment; RMSE, root mean square error of joint position matching assessment.

TABLE 4 IPSI and CONTRA means with standard deviations obtained in three different TPs.

Variables BASE JUGG CON BASE-JUGG  BASE-CON f/IX?
Mean + SD Mean + SD Mean + SD % % p-value [ES]
3.80
IPSI_CE [] 2734292 0.64+2.93 0.58+3.12 1 124.04 112991
0.03* [0.17]
1.16
CONTRA_CE [] —0.10+5.63 —~0.81+6.75 —2.15+4.38 1 156.04 118222
032 [0.06]
. 11.70
IPSI_AE [] 4.52+1.12€ 325+1.12° 320+1.53° 132.69 13420
<0.01% [0.29]
0.30
CONTRA_AE [°] 536+2.77 5.90+3.66 4.67+2.08 19.59 11376
0.86 [0.01]
1.20
IPSI_VE [] 13.51+9.54 8.08+4.95 8.83+7.15 15030 14857
0.55 [0.03]
4.30
CONTRA_VE [] 16.38+14.78 10.42+9.19 12.10+12.50 147.48 130.06
0.12[0.11]
633
IPSI_RMSE [] 511+1.11°¢ 375127 3.81+1.71° 13070 129.15
<0.01% [0.25]
0.70
CONTRA_RMSE [] 6.14+2.81 6.42+3.57 533+222 14.56 114.12
0.70 [0.02]

*Statistically significant; "result significantly different from baseline time-point; 'result significantly different from juggling time-point; “result significantly different from control time-point;
TPs, time-points; BASE, baseline time-point; JUGG, juggling time-point; CON, control time-point; IPSI, the ipsilateral condition; CONTRA, the contralateral condition; CE, constant error;
AE, absolute error; VE, variable error; RMSE, root mean square error /X, f statistic or chi-square statistic (if in italics); ES, effect size: 1i7” (f statistic) or W (chi-square statistic).

3.3 Cognitive abilities
The only statistically significant change was observed for correct

reactions in the Cognitrone test All the cognitive test data are
presented in Table 5.

3.4 Correlation coefficient

Spearmans Rho analysis revealed statistically significant
correlations for the CONTRA condition: a weak negative correlation
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between CE and simple reaction time, a weak positive correlation
between CE and variability in choice reaction time, and a medium
positive correlation between CE and decision time. Additionally,
variability in choice reaction time was weakly and negatively
correlated with AE and RMSE in the CONTRA condition. In the IPSI
condition, a weak negative correlation was found between
handedness and both AE and RMSE. No other variables were
significantly associated with any type of error in either the IPSI or
CONTRA conditions. The results of the correlation analysis between
cognitive variables and joint position matching are presented in
Table 6.
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TABLE 5 Results of cognitive tests in three different TPs.

10.3389/fpubh.2024.1386981

Variables BASE JUGG CON p-value [ES]
Mean + SD Mean + SD Mean + SD
Median + IQR Median + IQR Median + IQR
Simple reaction time [ms] 302.10+48.65 296.55+41.33 293.60+43.32 0.63
294.00+ 57.00 292.00+53.00 287.00+70.00 [0.02]
Variability of simple reaction 41.10£17.30 40.55+39.40 39.40+14.64 0.85
time [ms] 37.00£16.00 38.50+14.00 34.50+22.50 [0.01]
Choice reaction time [ms] 491.60 +56.66 472.70+50.10 478.80+52.96 0.45
482.50+67.50 473.50+78.00 472.50+50.00 [0.04]
Variability of choice reaction 72.65+16.66 67.60+19.69 72.80+21.07 0.54
time [ms] 68.00+14.50 65.50+33.00 70.00+27.00 [0.03]
Motor time [ms] 263.38+57.05 265.55+68.96 260.28 +75.63 0.87
254.75+88.75 247.50+106.75 251.25+94.25 [0.01]
Variability of motor time [ms] 37.15+7.95 35.40+11.71 35.45+14.15 0.54
38.00+12.00 35.25+13.50 31.75+15.00 [0.03]
Decision time [ms] 189.50+48.15 176.15+49.45 185.20+33.65 0.82
176.00+70.00 166.50+ 76.50 190.50+54.00 [0.01]
Correct rejections in the 3.19+0.62 3.11+£0.77 3.11+£0.76 0.78
Cognitrone test [s] 3.22+1.10 3.07+1.18 3.02+0.86 [0.01]
Correct acceptances in the 2.58+0.67 2.50+0.61 2.52+0.61 0.86
Cognitrone test [s] 2.39+0.68 241+0.83 2.41+0.64 [0.01]
Correct reactions in the 53.75+2.92 55.65+3.76 55.90+4.28 0.01%
Cognitrone test [points] 54.00+4.00 57.00+6.00 56.50+5.00 [0.21]
Duration time of the 182.45+47.42 171.90+35.24 171.95+34.83 0.21
Cognitrone test [s] 174.00+46.00 171.50+56.50 172.50+34.50 [0.08]

*Statistically significant; BASE, baseline time-point; JUGG, juggling time-point; CON, control time-point; ES, effect size: 17* (£ statistic) or W (if in italics; chi square statistic).

4 Discussion
4.1 Joint position matching

The main purpose of this study was to determine the effect of
additional juggling exercises on joint position-matching tasks and
cognitive abilities in healthy, physically active women older than
65years. The assessment was performed in BASE, JUGG, and
CON. The results showed minor improvements in joint position-
matching accuracy in the JUGG group.

Similar changes were also observed in the CON group, especially
for CE and VE in all conditions, as well as for AE and RMSE in the
IPSI condition. We hypothesized that physical activity in the form of
juggling would have a positive effect on the accuracy of elbow
position matching among older women. Thus, we found that the
juggling training intervention did not improve the accuracy of elbow
joint position matching among the older women studied.

A systematic review (40) of studies on improving proprioception
(including balance) showed that positive effects could be observed
after just 3 weeks of intervention. However, in studies considering the
effects of whole-body exercises on proprioception in older adults, the
most common duration of intervention varied from 6weeks to
12months.

The lack of significant effects of juggling on elbow position
matching in our study could be due to the intervention being too
short. The secondary aim of this study was to evaluate the correlations
between attention and reaction time variables and type of error in two
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different joint position matching tasks. A significant correlation was
observed mostly for CE in the CONTRA condition. These were weak
or medium correlations.

Few studies have assessed the effect of specific activities on the
proprioception of the upper limbs among older women. In particular,
research on juggling, which may have a promising impact on
neuroplasticity, is lacking (24). As such, this discussion is based on the
limited available literature.

Age-related changes in proprioceptive abilities are well-
documented (12, 16, 18, 52). Although the potential for physical
activity to improve proprioception is increasingly recognized (18,
20-22, 52), there remains a need to explore new types of physical
activities that can influence these abilities. Studies (16, 52) have shown
that active older adults tend to have better positional accuracy scores
than their more sedentary counterparts.

The degree of AE results in studies conducted by Adamo D.E. et al.
(16, 52) is comparable to the scores of our participants, especially at
the BASE. However, in later TPs for the IPSI condition, all error
variables showed a noticeable improvement for both the JUGG and
CON groups compared to the BASE, with statistically significant
improvements observed for AE, CE, and RMSE. A similar trend of
difference was also observed in VE, although the differences were not
statistically significant.

This finding suggests that, at least in older women, familiarity with
a task may enhance performance in proprioceptive tasks over time.
Given the lack of differences between the JUGG and CON groups, it
is difficult to determine whether the intervention itself contributed to
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TABLE 6 Correlation coefficient between join position matching conditions and cognitive abilities.

Variables IPSI CONTRA

Spearman rho (p-value) Spearman rho (p-value)

AE VE AE VE

Simple reaction time —0.06 (0.62) —0.02 (0.86) 0.11 (0.38) —0.02 (0.91) —0.36* (<0.01) 0.20 (0.13) 0.05 (0.68) 0.19 (0.14)
Variability of simple —0.03 (0.83) 0.01 (0.94) 0.19 (0.14) ~0.01 (0.91) ~0.24 (0.07) 0.17 (0.21) ~0.03 (0.79) 0.16 (0.21)
reaction time
Choice reaction time —0.01 (0.91) 0.07 (0.58) —0.01 (0.93) 0.05 (0.73) 0.08 (0.52) 0.02 (0.86) 0.04 (0.75) 0.01 (0.93)
Variability of choice 0.24 (0.07) 0.17 (0.19) —0.05 (0.69) 0.13 (0.34) 0.39* (<0.01) —0.27% (0.04) 0.00 (1.00) —0.26* (0.05)
reaction time
Motor time ~0.18 (0.18) 0.02 (0.85) 0.02 (0.88) 0.03 (0.83) —0.13 (0.34) 0.09 (0.48) 0.09 (0.50) 0.09 (0.48)
Variability of motor 0.01 (0.94) 0.13 (0.32) 0.06 (0.66) 0.11 (0.42) 0.09 (0.51) 0.01 (0.92) 0.19 (0.14) 0.03 (0.82)
time
Decision time 0.07 (0.60) 0.13 (0.31) —0.02 (0.88) 0.09 (0.49) 0.42* (<0.01) —0.19 (0.14) —0.06 (0.63) —0.22 (0.09)
Correct rejections in ~0.05 (0.73) —0.06 (0.73) ~0.10 (0.47) —0.07 (0.61) ~0.09 (0.48) 0.15(0.27) 0.03 (0.80) 0.13(0.32)
the Cognitrone test
Correct acceptances —0.05 (0.72) ~0.07 (0.58) 0.03 (0.85) —0.08 (0.55) ~0.19 (0.15) 0.18 (0.16) —0.04 (0.79) 0.17 (0.19)
in the Cognitrone test
Correct answers in —0.20 (0.13) —0.14 (0.29) —0.07 (0.58) —0.13 (0.33) —0.21 (0.11) 0.04 (0.77) —0.25 (0.06) —0.01 (0.95)
the Cognitrone test
Time duration of the —0.02 (0.85) 0.01 (0.95) —0.02 (0.90) 0.00 (1.00) —0.11 (0.40) 0.09 (0.49) —0.14 (0.30) 0.08 (0.55)
Cognitrone test
Handedness 0.09 (0.51) —0.27% (0.04) | —0.24(0.07) —0.30% (0.02) 0.08 (0.56) 0.20 (0.14) 0.16 (0.23) 0.20 (0.13)

*Statistically significant; IPSI, the ipsilateral joint position matching task; CONTRA, the contralateral joint position matching task; CE, constant error; AE, absolute error; VE, variable error;

RMSE, root mean square error.

this effect. One possible explanation is the “familiarity effect,” as
research suggests older adults are more inclined to engage in activities
with which they are familiar (46).

In the CONTRA condition, no statistically significant changes
were observed for any type of error. However, a trend emerged,
indicating a deterioration in performance for both JUGG and CON
compared to BASE. Interestingly, despite this decline, the JUGG group
remained close to the reference values.

Compared to BASE, JUGG showed deterioration in each error
type, while in CON, AE, VE, and RMSE improved noticeably relative
to BASE. These differences, particularly the decline in accuracy for
JUGG, are intriguing. Given the documented brain changes following
juggling training—such as increased gray matter volume in the
visuomotor complex (24-26, 47)—the observed difference may
be related to neuroplastic changes that occur in the brain after
bimanual tasks (48-50). Another possibility is that participants had
not previously engaged their upper limbs to the same extent as during
the juggling intervention, leading to changes in limb activation (53).
However, since these differences were not statistically significant,
further research is needed to explore changes in interhemispheric
communication during bimanual task improvement.

Of the two joint position matching conditions used, previous
scientific data (12) indicated that the smallest AE, relative to the
reference value, should be characteristic of the IPSI condition, which
involves memory requirements. In contrast, higher AE values are
usually observed in the CONTRA condition, during which memory
is no longer involved. However, this condition requires more
interhemispheric interaction during task performance (12). In our
research, these speculations were confirmed. We observed significant
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differences between conditions in both JUGG and CON for AE and
RMSE. The BASE was characterized by no significant differences
between conditions for all types of error but better accuracy between
conditions. Thus, it can be speculated that the interhemispheric
interaction that occurs during the CONTRA condition in older
women affects both the accuracy of item matching and the
repeatability of matching attempts.

4.2 Cognitive abilities

In the Vienna Test System, the only significant change was
observed in the number of correct answers on the Cognitrone test.
However, no significant differences were found between the JUGG
and CON groups in terms of correct answers. The results for other
cognitive abilities did not differ significantly across all TPs.

However, most variables showed better (though not statistically
significant) results across the TPs following the familiarization phase.
This suggests that, similar to joint position matching, familiarity with
the tasks prior to the main research sessions is essential for obtaining
reliable results in cognitive testing. This trend highlights the
importance of conducting familiarization sessions before the primary
evaluations to ensure more accurate and consistent outcomes.

In summary, the juggling training intervention did not have any
measurable effect on the cognitive abilities of older women studied in the
chosen cognitive tests. Previous studies (54-56) have shown that physical
activity can significantly improve cognitive abilities, especially attention
(55, 56). Unfortunately, our results did not support the idea that juggling
produces similar cognitive benefits in older adults. However, research on
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healthy older adults (47-50) has demonstrated that the effect size of
cognitive changes following physical activity interventions varies, ranging
from non-significant (47, 48) to 0.48 and higher (56-58). It is likely that
older, physically active women may be a population in which changes in
cognitive abilities are more difficult to discern.

4.3 Correlation results

Correlation analysis revealed that in the IPSI condition, a higher
degree of right-handedness was associated with greater accuracy in
position matching with the right hand. However, attentional abilities
and reaction time were not related to accuracy in the joint position-
matching task in this condition. This could mean that for people who
use their left hand less frequently in daily activities, the right hand may
exhibit significantly better accuracy in detecting position. Moreover, it
appears that the participant’s reaction speed or fluctuations in attentional
abilities do not have a substantial impact on elbow joint position
matching in the IPSI condition.

In contrast, the CONTRA condition showed no relationship with
handedness, which confirms that this task requires communication
between both hemispheres (12). Correlation analysis showed that
participants who had slower reaction times tended to underestimate
position matching in the CONTRA condition. An inverse relationship
was observed for variability in choice reaction time and decision
time: greater variability in response to stimuli requiring decisions and
longer decision-making times were associated with respondents’
tendency to overestimate the elbow position matching task in the
CONTRA condition.

Interestingly, variability in choice reaction time was negatively
correlated with errors in item matching accuracy (AE and RMSE),
suggesting that less variability was associated with better joint
position-matching performance. This discrepancy may be due to
similar decision times across trials requiring choices between several
stimuli. Thus, longer decision-making times may lead to
overestimations in the joint position-matching tasks. However, greater
variability in decision response times was linked to fewer errors in
joint position matching in the CONTRA condition. These findings
suggest that improvements in the consistency of choice reaction time
and decision time are associated with better position-matching
accuracy in the CONTRA condition. Therefore, it may be worth
considering adjustments for decision time when evaluating elbow
joint position matching in the CONTRA condition, as it could
significantly influence the results.

No significant correlations were found between attention tasks
measured by the Cognitrone test and performance in the CONTRA
condition, indicating that attention may not play a critical role in
elbow position adjustment tasks in either the IPST or CONTRA
condition. Further research is needed to explore the role of attention
in joint position-matching tasks more comprehensively.

44 Limitations

Notably, our research has several limitations. We assessed the
effects of juggling only in a group of physically active women over
65 years of age. The participants were those who voluntarily responded
to announcements about the classes, making them unlikely to
represent the broader population of older women. Instead, they are
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probably more representative of individuals motivated to engage in
new activities.

Additionally, changes in cognitive functioning and proprioceptive
abilities can occur at different rates within a wide age range
(65-76years). Including both genders in a comparative analysis would
likely have enhanced the quality and generalizability of the results.
Notably, although the sample size was consistent with estimation
requirements and larger than many studies on elbow joint position
matching, it may still have been insufficient to detect clear differences
for variables with such subtle effects.

The chair used to measure elbow joint position was a custom-
made instrument that may have deviated from common standards.
However, this design allowed for precise adjustments to accommodate
participants’ body heights and individual limb segment lengths.
Despite using reliable tools to measure elbow flexion, the custom-
made chair may have slightly reduced the reliability of these tools.
Moreover, the maximal force in the upper extremities—used to
condition muscle spindles before the joint position matching test—
was only measured during the BASE phase, potentially changing
throughout the study.

Due to the length of the measurement sessions, we chose to assess
joint position matching only with the dominant hand, which
unfortunately limits the scope of the findings compared to examining
both limbs under the same conditions.

4.5 Strengths

A key strength of our study was the design, which included
familiarizing the participants with proprioception and cognitive
ability tests during separate TPs. Notably, participants’ performance
in both the IPSI and CONTRA conditions often deviated from the
reference values at the BASE, while better results were observed in the
JUGG and CON conditions. To obtain reliable results in
proprioception testing, particularly with the elbow joint position
adjustment method, it may be beneficial to conduct the familiarization
session on a different day from the main test, especially with
older adults.

An additional advantage of our study was the inclusion of average
differences between TPs and the percentage range of change across
conditions, providing a comprehensive view of the changes within
study group. To the best of our knowledge, this is the first time that
outliers for individual trials were rejected based on an internal analysis
of the participants” attempts at a given TP, rather than discarding all
results from a participant due to a single outlier in the group.

While this approach may have contributed to the normalization
of the study group’s results, it also risks excluding individuals who
could represent an interesting segment of the population, thus limiting
insights. In addition, correlating the results of attention and reaction
time tests with joint position matching performance provided a more
detailed understanding of the relationship between cognitive and
proprioceptive abilities, an area that warrants further investigation in
further research using joint position-matching tasks.

5 Conclusion

The present study did not confirm a significant effect of juggling on
joint position matching in either the IPSI or CONTRA conditions in
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healthy, physically active older women. No differences were found
between the JUGG and CON groups in terms of reaction time,
attention, or joint position-matching accuracy. However, some
fluctuations were observed, suggesting a possible influence of the
bimanual task on participants. A noticeable improvement in variable
error (VE) was seen following juggling, but the lack of statistical
significance prevents drawing firm conclusions for the wider population.

Additionally, relationships between variables pointed to a
potential role of decision speed and the stability of choice reaction
time in achieving more accurate position representation. However, no
evidence was found regarding a correlation between attention and
joint position matching in the IPSI condition. These relationships
warrant further investigation in future research.
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