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DANE O KANDYDACIE

Data uzyskania tytutu magistra: 8.09.2006 r.

Nazwa jednostki organizacyjnej, w ktorej nadany zostat tytut: Akademia Muzyczna im. 1.]. Pade-
rewskiego w Poznaniu.

Kandydat nie ubiegat sie uprzednio o nadanie stopnia doktora.

Aktualne miejsce pracy: Pracownia Gimnastyki, Akademia Wychowania Fizycznego im. E. Pia-
seckiego w Poznaniu.

Zajmowane stanowisko: od 1.03.2007 r. - instruktor.
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WYKAZ SKROTOW

ADL (ang. activities of daily living) - czynnosci dnia codziennego

CG (ang. control group) - grupa kontrolna

COP (ang. center of pressure) - Srodek nacisku stop

COP_AD (ang. center of pressure area deviation) - obszar odchylenia COP

COP_PL (ang. center of pressure path length) - dtugo$¢ sciezki COP

COP_RT (ang. center of pressure reaction time) - czas reakcji COP

COP_TT (ang. center of pressure total time) - taczny czas poruszania COP

DT (ang. dual-task) - model podwojnego zadania

DTC (ang. dual-task cost) - koszt podwéjnego zadania

IG (ang. intervention group) - grupa eksperymentalna

JDE (ang. Jaques-Dalcroze eurhythmics) - rytmika Emile’a Jaques’a-Dalcroze’a

n - liczebno$¢

RCT (ang. randomized controlled trial) - randomizowane badanie kontrolowane

ST (ang. single-task) - model pojedynczego zadania

TUG (ang. Timed Up and Go) - test ,wstan i idZ"

TUG_DT (ang. Timed Up and Go dual-task) - TUG w warunkach podwojnego zadania
TUG_ST (ang. Timed Up and Go single-task) - TUG w warunkach pojedynczego zadania
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STRESZCZENIE

Wstep. Wraz z wiekiem w organizmie zachodzi szereg degeneracyjnych zmian, ktérych
skutkiem jest m.in. pogorszenie stabilno$ci posturalnej. Wzrasta ryzyko upadkéw, ktére
moga prowadzi¢ do ciezkich powiktan oraz Smierci. Osoby starsze poprzez odpowiednio
dobrane ¢wiczenia, w tym te w modelu podwdjnego zadania (DT), s3 w stanie utrzymy-
wac, a nawet poprawia¢ poziom swojej stabilno$ci posturalnej. W pracy zbadano wptyw
¢éwiczen z wykorzystaniem rytmiki Emile’a Jaques’a-Dalcroze’a (JDE) na stabilno$¢ postu-
ralng w dynamice (publikacja 1) oraz w statyce (publikacja 2) kobiet po 65. roku zycia.

Metody. Wykorzystano model randomizowanych badan kontrolowanych (RCT) w sche-
macie grup rownolegtych. Uczestniczki eksperymentu podzielono na grupe eksperymen-
talng (IG) oraz na grupe kontrolng (CG). Badane z IG braty udziat w zajeciach z wykorzy-
staniem metody JDE dwa razy w tygodniu po 45 minut przez okres 12 tygodni. Odbyty sie
dwie sesje pomiarowe - przed programem (wiczen oraz po jego zakonczeniu, podczas
ktérych badano stabilno$¢ posturalng w dynamice (proby w tescie ,wstan i idz”, publika-
cja 1) oraz w statyce (préby na platformie posturograficznej, publikacja 2).

Wyniki. W kazdym z testéw okreslajacych stabilno$¢ posturalng w dynamice wskutek
uczestnictwa w programie wykorzystujacym metode JDE odnotowano istotng poprawe
wynikéw 1G wzgledem CG, zaré6wno w warunkach modelu pojedynczego zadania (ST), jak
i DT (publikacja 1). Rowniez w testach oceniajacych stabilno$¢ posturalng w statyce uczest-
niczki z IG odnotowaty istotng poprawe wynikéw wzgledem oséb z CG (publikacja 2).

Whioski. Udziat w 12-tygodniowym programie ¢wiczen metoda JDE istotnie wptywa na
poprawe stabilnosci posturalnej u kobiet po 65. roku zycia - zaré6wno w warunkach sztucz-
nie stworzonych (publikacja 2), jak i zblizonych do tych wystepujacych w zyciu codzien-
nym (publikacja 1). Poprawie ulegly parametry kontroli oraz ptynnosci ruchow tutowia
w czasie znacznych wychylen ciata (publikacja 2), polepszyt sie rowniez poziom sprawno-
$ci proceséw poznawczych oraz zmniejszyto ryzyko wystapienia upadkéw (publikacja 1).
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ABSTRACT

Introduction. With age, the body undergoes a number of degenerative changes that re-
sult in, among other things, a deterioration of postural stability. There is an increased risk
of falls which can lead to severe complications and death. The elderly through appropria-
tely selected exercises, including those in DT conditions, can maintain and even improve
the level of their postural stability. This study investigated the effects of ]DE exercises on
postural stability in dynamics (publication 1) and statics (publication 2) in women over
65 years of age.

Methods. An RCT research model in a parallel group design was used. Participants in
the experiment were divided into IG and CG. The IG subjects took part in JDE method in-
tervention twice a week for 45 minutes each for a period of 12 weeks. Two measurement
sessions took place - before and after the exercise programme, during which postural sta-
bility was tested in dynamics (TUG test trials, publication 1) and in statics (posturography
platform trials, publication 2).

Results. In each of the tests assessing postural stability in dynamics there was a signifi-
cant improvement in IG scores relative to CG in both ST and DT conditions as a result of
participation in the JDE method programme (publication 1). Also, in tests assessing postu-
ral stability in statics, participants with 1G had a significant improvement in performance
relative to those with CG (publication 2).

Conclusions. Participation in a 12-week JDE exercise programme significantly improved
postural stability in women over 65 years of age, both under artificially created conditions
(publication 2) and conditions similar to those encountered in everyday life (publication 1).
Control parameters and the smoothness of torso movements during body leaning impro-
ved (publication 2), cognitive performance also improved and the risk of falls decreased
(publication 1).
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1. wsTEP

Zgodnie z danymi Gtéwnego Urzedu Statystycznego, w Polsce nastepuje powszechne, nie-
odwracalne, postepujace starzenie sie populacji. W roku 2020 udziatl w populacji ludnosci
w wieku 65 lat i wiecej ogétem wynosit 18,6%, natomiast prognozy na rok 2050 ukazuja
wzrost tego wskaznika do 32,7%. Trwanie zycia w Polsce w roku 2020 wyniosto $rednio
80,7 roku u kobiet oraz 72,6 roku w przypadku mezczyzn - a wedtug prognoz narok 2050
nastapi wzrost w tym zakresie odpowiednio do 88,4 roku oraz 83 lat (Gtéwny Urzad Sta-
tystyczny 2014, 2021). Wobec tak dynamicznie postepujgcego procesu starzenia sie lud-
nosci istnieje pilna potrzeba poszukiwania rozwigzan, ktére pozwola osobom starszym
jak najdtuzej utrzymac odpowiedni poziom sprawno$ci funkcjonalne;j.

Do waznych aspektéw godnej staroSci nalezy zachowanie samodzielnosci i niezalez-
nosci. Nie jest to tatwe, gdyz proces starzenia sie niesie za sobg wiele degeneracyjnych
zmian, ktére wptywaja na obnizenie poziomu sprawnosci. Wsréd najistotniejszych, wpty-
wajacych na codzienne funkcjonowanie znajduje sie utrata masy mieSniowej potgczona
ze wzrostem zawartosci tkanki ttuszczowej (Muscaritoli i in. 2010) oraz choroba zwy-
rodnieniowa stawow, dotykajaca ponad 50% populacji w wieku powyzej 65. roku zycia
(McKenzie i Torkington 2010). Ponadto obniza sie poziom sprawnos$ci funkcjonowania
wiekszoSci proceséw poznawczych, takich jak: pamie¢, logiczne wnioskowanie, wyobraz-
nia przestrzenna i szybkos$¢ proceséw myslowych (Salthouse 2010). Obserwuje sie row-
niez pogorszenie funkcjonowania zmystéw, w tym wzroku odpowiedzialnego m.in. za
kontrolowanie stabilno$ci posturalnej ciata (Osoba i in. 2019). W wieku starszym wyste-
puja rowniez: delirium, stabo$¢, zawroty gtowy oraz omdlenia — wszystkie wymienione
schorzenia razem sktadajg sie na zespét geriatryczny i prowadza do obnizenia sprawno-
$ci funkcjonalnej, czyli zdolno$ci do wykonywania podstawowych codziennych czynno$ci
samodzielnie oraz bez szybkiego i nadmiernego zmeczenia (Inouye i in. 2007; Kosti¢ i in.
2011). Obnizona sprawno$¢ funkcjonalna przektada sie m.in. na wystepowanie znacznych
ograniczen w mozliwo$ciach mobilnych, szczegdlnie u kobiet (Aijanseppa i in. 2005), po-
garsza sie bowiem jako$¢ parametrow chodu i stabilno$ci posturalnej. Wskutek zaburze-
nia zdolno$ci utrzymywania stabilnosci posturalnej zwieksza sie rowniez ryzyko upad-
kow (Hsuiin. 2019; Osobaiin. 2019), ktore u senioréw sg szczegolnie niebezpieczne - ich
konsekwencja czesto jest trwate kalectwo, a nawet Smier¢ (Alamgir i in. 2012; Evans i in.
2015; Middleton i in. 2022).

Wplyw zmian degeneracyjnych w obrebie uktadu mieSniowo-szkieletowego na
obnizenie parametréw chodu nie budzi watpliwosci. Poniewaz jednak chéd to ztozony
proces biomechaniczny, ktéry wymaga ciggtej kontroli ze strony mézgu (Yogeviin. 2008),
wcigz trwajg badania nad wptywem zmian w obrebie funkcji poznawczych na parametry
chodu (MacAulay i in. 2022; da Silva i in. 2022). Wykazano Scisty zwigzek pomiedzy pa-
rametrami chodu a rozwojem demencji - uposledzona funkcja chodu jest wskaznikiem
rozwoju otepienia w ciggu nastepnych okoto 4 lat od jej ujawnienia (Marquis i in. 2002).
Terapie obejmujace sfere poznawcza maja pozytywny wptyw na parametry chodu, a co
za tym idzie - zmniejszenie ryzyka upadkow (Segev-Jacubovski i in. 2011). Dlatego roz-
sadne wydaje sie modelowanie terapii pod katem wielozadaniowoSci, z wykorzystaniem
np. modelu podwdjnego zadania (DT), poniewaZz osoba ¢wiczgca angazuje wéwczas jed-
noczes$nie zar6wno strone motoryczng, jak i sfere mentalng. Wykazano, ze réznica w ja-
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ko$ci wykonania tego samego zadania jako pojedynczego zadania (ST) wzgledem DT jest
istotnie powigzana z funkcjami poznawczymi (Muir-Hunter i in. 2014) oraz ze stopniem
ryzyka upadkéw u 0sob starszych (Beauchetiin. 2009; Muhaidat i in. 2014). Udowodnio-
no pozytywne efekty treningdw o charakterze wielozadaniowym, angazujacych funkcje
motoryczne oraz poznawcze zarowno u os0b zdrowych (Schwenkiin. 2010; Wollesen i in.
2017), jak i tych z osteoporoza (Conradsson i Halvarsson 2019) czy choroba Parkinsona
(Assis i in. 2018). Jednak - jak wskazujg wyniki badan - nawet tak zaprojektowany pro-
gram ¢wiczen rowniez moze nie przynosic¢ jednoznacznych efektdw. Z jednej strony Jiejiao
Zhengiin. (2013) dowiedli, Ze u 0s6b starszych trening wykorzystujacy DT, polegajacy na
jednoczesnym wykonywaniu zadan kognitywnych w trakcie ¢wiczen fizycznych, tzw. co-
gnicise — termin uzyty przez Takao Suzukiego i in. (2015) - wplywa na poprawe kontroli
posturalnej w wyzszym stopniu niz sam trening fizyczny. Z drugiej strony Jacques Vaillant
iin. (2006) nie zaobserwowali istotnych korzysci z powodu postuzenia sie modelem DT.
By¢ moze réznica wynika z liczby odbytych treningéw - w pierwszym przypadku badani
uczestniczyli w 24 sesjach treningowych, w drugim - w 12.

Nadal brakuje ujednoliconych programéw ¢wiczen w warunkach DT, ktére poza sku-
tecznos$cig bylyby jednoczes$nie dostepne, tanie, a przede wszystkim bezpieczne i atrak-
cyjne dla uczestnikow w starszym wieku. Brakuje tez wystandaryzowanych wytycznych
dotyczacych konkretnych rodzajéw zadan dodatkowych podczas testow DT (Yamada i in.
2011). Dokonanie takiej standaryzacji, przy jednoczesnej intensyfikacji badan z zakresu
treningu w warunkach DT, moze przynie$¢ korzysci w postaci wiekszego poznania wpty-
wu ich wynikéw na ryzyko upadkéw u oséb starszych (Sarofim 2012). Weihong Zhang
iin. (2019) w swoim systematycznym przegladzie piSmiennictwa stwierdzili, ze ¢wiczenia
dynamiczne (w ruchu) przynosza lepsze efekty niz te wykonywane w warunkach statycz-
nych (oporowe i gibko$ciowe), a jednoczesne wykonywanie ¢wiczen angazujacych sfere fi-
zyczng i umystowaq przynosi lepsze rezultaty niz rozdzielenie tych ¢wiczen. Do podobnych
wnioskéw doszli Chenchen Yang i in. (2020), ktérzy na podstawie przegladu piSmiennic-
twa stwierdzili, Ze istniejg wstepne dowody potwierdzajace pozytywne skutki treningéw
wielozadaniowych w celu poprawy zdolnosci poznawczo-motorycznych u os6b starszych.
Jednoczes$nie zaznaczyli, ze w wielu przypadkach efekty interwencji, ktore taczyty sfere
poznawczg z fizyczna, byty poréwnywalne z tymi, w ktoérych ¢wiczenia rozdzielono, pod
wzgledem ich wptywu na funkcje wykonawcze, szybkos$¢ przetwarzania informacji, uwa-
ge, nastrdj i wydolnos$¢ krazeniowo-oddechowa. W zwigzku z tym badacze wskazali na
potrzebe dalszych badan w tym obszarze.

Trzydziesci lat temu William J. Evans i Wayne W. Campbell (1993) opublikowali ar-
tykut, w ktérym wnioskowali, Ze nie istniejg dziatania farmakologiczne, ktore dawatyby
wieksze nadzieje na poprawe zdrowia i utrzymanie niezaleznosci przed dtugi czas u oséb
starszych niz ¢wiczenia fizyczne. DziS$, dzieki dziesigtkom publikacji naukowych, pozytyw-
ny wpltyw aktywnos$ci ruchowej na zdrowie oso6b starszych nie budzi watpliwoSci. Jako ze
zmiany strukturalne i funkcjonalne zwigzane z procesem starzenia sie prowadza do po-
gorszenia wydajnosci procesow kontrolowanych i realizowanych przez uktady nerwowy
i mieSniowy, przyczyniajac sie znacznie do ograniczenia mozliwos$ci wykonywania czyn-
nosci dnia codziennego (ADL) (Haslinger i in. 2015), nalezy zwréci¢ szczeg6lng uwage na
aktywizacje ruchowa o0so6b starszych, proponujac im bezpieczne, ogélnie dostepne, tanie
oraz atrakcyjne formy zaje¢ ruchowych. M. Elaine Cress (2006) stwierdzita, Ze ¢wiczenia
umystu i ciata stanowig doskonata propozycje dla os6b starszych dzieki:

— rozsadnemu wykorzystaniu energii, gdyz symultaniczne ¢wiczenia umystu i ciata

prowadza do zwiekszenia zasobow energii poprzez obnizenie stresu i napiecia mie-
$niowego, co poprawia wykonanie ruchu;
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- rozsadnemu wykorzystaniu czasu, poniewaz przy jednoczesnym ¢wiczeniu umystu
i ciata poprawiaja sie zar6wno funkcje poznawcze, jak i fizyczne - czas wiec zostaje
lepiej rozdysponowany w poréwnaniu z treningiem obejmujacym ¢wiczenia tylko
fizyczne lub tylko umystowe - a dbanie o czas jest wazne dla os6b starszych, ktére
maja trudnosci z wykonaniem niezbednych codziennych czynnosci;

— zwiekszaniu pragnienia uczestnictwa, gdyz dowiedziono, Ze ¢wiczenia umystu i ciata

moga zwieksza¢ motywacje do uczestnictwa w zajeciach.

Jednym z programéw aktywnoSci typu cognicise sa zajecia ruchowe z wykorzystaniem
rytmiki wedtug metody Emile’a Jaques’a-Dalcroze’a (JDE). Metoda ta, opracowana na po-
czatku XX wieku z mys$lg o dzieciach, z czasem zaczeta systematycznie zyskiwa¢ na po-
pularnosci jako nadajgca sie do zastosowania réwniez u os6b dorostych oraz seniorow.
Jak dotad - nie wliczajac artykutéw, na ktérych oparta jest ta rozprawa - opublikowano
niewiele badan z wykorzystaniem metody JDE wsréd osoéb starszych. Wynika z nich jed-
nak, ze tego rodzaju ¢wiczenia wptywaja na poprawe wynikdw w testach oceniajacych
zdolnos$ci koordynacyjne u 0séb starszych - gtbwnie na parametry chodu oraz stabilno$ci
posturalnej. Autorzy okres$lajg ¢wiczenia JDE jako wielozadaniowe, wymuszajace na ¢wi-
czacych ciggte skupienie.

Reto Kressig i in. (2005) zbadali wptyw dtugotrwatego uczestnictwa w zajeciach mu-
zyczno-ruchowych z wykorzystaniem metody JDE na sprawnos$¢ funkcjonalng senioréw,
ze szczegOlnym uwzglednieniem rownowagi dynamicznej w warunkach DT. Badaniami
objeto 21 kobiet po 70. roku zycia, z ktérych 10, stanowigcych grupe eksperymentalng, od
40 lat regularnie uczestniczyto w zajeciach JDE. Wyniki pokazaty, ze wskutek uczestnic-
twa w programie ¢wiczen obcigzenie dodatkowym zadaniem w trakcie chodu nie wpty-
neto na poziom réwnowagi w grupie eksperymentalnej, natomiast w grupie kontrolnej
zaobserwowano pogorszenie wynikdéw w warunkach DT.

Andrea Trombetti i in. (2011) zbadali wptyw udziatu w 25-tygodniowym programie
(1 x tyg., 60 min), opartym na ¢wiczeniach muzyczno-ruchowych przy akompaniamen-
cie pianina, z wykorzystaniem elementéw metody JDE na sprawno$¢ funkcjonalng oséb
po 65. roku zycia. Badaniami objeto 134 osoby, w tym 129 kobiet; autorzy podkreslili
pionierskos$¢ i odkrywczos¢ swoich badan przeprowadzonych na tak licznej grupie. Po-
twierdzono, ze udziat w programie wptynat istotnie na poprawe parametréw czasowo
-przestrzennych chodu zaré6wno w warunkach ST, jak i DT. Odnotowano poprawe réwno-
wagi statycznej i dynamicznej oraz obnizenie ryzyka upadkéw. Autorzy zwrdcili rowniez
uwage, ze udziat w programie ¢wiczen ruchowych opartych na JDE motywuje do jego
kontynuacji.

Po trzech latach Mélany Hars i in. (2014) postanowili ponownie zbada¢ uczestnikdw
wyzej opisanego eksperymentu, korzystajgc z pierwotnie uzytych metod. Celem byta oce-
na trwatosci efektéw uzyskanych dzieki uczestnictwu w zajeciach rytmicznych z wykorzy-
staniem metody JDE. Wybrano 52 osoby, ktore podzielono na dwie grupy: 1) eksperymen-
talng - osoby, ktdére przez okres 4 lat kontynuowaty udziat w programie ¢wiczen, n = 23,
oraz 2) kontrolng - osoby, ktore zaprzestaty udziatu w zajeciach, n = 29. Analiza rezulta-
tow ukazata istotng poprawe w grupie eksperymentalnej wzgledem kontrolnej, dotyczaca
parametréw chodu oraz stabilnosci posturalnej. Dodatkowo u 0séb z grupy eksperymen-
talnej zmniejszyto sie ryzyko wystgapienia upadkdow.

Lisa Ferguson-Stegall i in. (2017) opublikowali artykutl, w ktérym opisali wptyw ¢éwi-
czen z wykorzystaniem metody JDE na szybko$¢ chodu w warunkach ST oraz DT oraz na
stabilno$¢ posturalng oso6b pomiedzy 60. a 80. rokiem Zycia. Dziewiecioro uczestnikéw
uczeszczato na zajecia przez 9 tygodni (1 x tyg., 60 min). Wyniki pokazaty istotng popra-
we szybkosci chodu w warunkach ST oraz DT.
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Niewatpliwg zaletg, elementem zarazem wyro6zniajagcym ¢wiczenia JDE, jest wykony-
wanie ich w duzej mierze przy akompaniamencie pianina lub fortepianu. Poza wymia-
rem praktycznym (muzyka nadaje tempo, okres$la liczbe powtérzen, wykorzystywana jest
jako zadanie dodatkowe w modelu DT) obcowanie z muzyka wykonywang na zywo sta-
nowi dodatkowg warto$¢ dla uczestnikdw zaje¢ - pozytywny wptyw muzyki na cztowieka
zostal wielokrotnie udowodniony (Diaz Abrahan i in. 2019; Lin i in. 2011; Ruscello i in.
2014). Wszystko to tworzy alternatywe wobec innych popularnych form ¢wiczen dla se-
nioréw - zajecia sg postrzegane jako atrakcyjne, a odsetek oséb rezygnujacych w trakcie
trwania programu niewielki.

Majac na uwadze to, ze: 1) wraz z wiekiem nastepuje naturalny proces pogarszania
sie zdolno$ci utrzymania stabilnos$ci posturalnej, prowadzacy do zwiekszenia sie ryzyka
upadkéw, ktorych skutki czesto sg bardzo powazne; 2) ograniczenia w wykonywaniu ADL
w zakresie mobilnos$ci pojawiajg sie czesSciej u kobiet; 3) dzieki odpowiednio dobranym
¢wiczeniom istnieje mozliwo$¢ poprawy parametréow stabilno$ci posturalnej; 4) wyniki
dotychczasowych badan, m.in. z wykorzystaniem modelu DT, w tym metody JDE, s3 obie-
cujace - postanowiono oceni¢ wptyw programu aktywnosci fizycznej (programu gimna-
styczno-rytmicznych ¢wiczen metoda JDE trwajacego 12 tygodni) na stabilno$¢ postural-
ng kobiet po 65. roku zycia, mierzong w statyce oraz dynamice.

Obserwujac zréznicowane wyniki innych badaczy, uznano za wazne nie tylko zasto-
sowanie odpowiedniego dla os6b starszych programu treningowego, ale rowniez spraw-
dzenie efektywnoS$ci opracowanego programu: 1) w warunkach sztucznie stworzonych,
tj. probach laboratoryjnych pozwalajacych wyznaczy¢ precyzyjne, ale uznawane czasem
za dyskusyjne parametry stabilnos$ci posturalnej, oraz 2) w zadaniach dynamicznych bar-
dzo zblizonych do tych z Zycia codziennego, w ktérych poprzez powigzane z rownowaga
koordynacyjne zdolnosci motoryczne obserwujemy skutek, czyli efekt motoryczny. Miato
to pozwoli¢ na szersza analize struktury wptywu treningu metoda JDE.
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2. CELE I HIPOTEZY

Celem gtéwnym podjetych badan byto okreslenie wptywu uczestnictwa w 12-tygodnio-
wym programie ¢wiczen metoda JDE na stabilno$¢ posturalng kobiet po 65. roku zycia.

Cele szczegotowe:

- ocena zmian stabilnoSci posturalnej kobiet po 65. roku zycia uczestniczacych
w 12-tygodniowym programie ¢wiczen metoda JDE w rozréznieniu na: 1) stabil-
nos$¢ posturalng mierzong w statyce w warunkach laboratoryjnych, 2) stabilnos¢
posturalng mierzong w dynamice w warunkach symulujgcych czynnoSci z zycia co-
dziennego;

- ocena wptywu udziatu w 12-tygodniowym programie ¢wiczen metoda JDE kobiet
po 65. roku zycia na stabilno$¢ posturalng w dynamice w warunkach ST oraz DT.

Hipotezy:

- udziat w 12-tygodniowym programie ¢wiczen rytmicznych metoda JDE istotnie
poprawia stabilno$¢ posturalng kobiet po 65. roku Zycia, zaréwno w statyce, jak
i w dynamice;

— udziat w 12-tygodniowym programie ¢wiczen rytmicznych metoda JDE istotnie po-
prawia zdolno$¢ do wykonania zadan motorycznych w warunkach DT wzgledem
ST u kobiet po 65. roku zycia.
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3. CYKL PUBLIKAC]I

Niniejsza dysertacje napisano na podstawie cyklu publikacji naukowych pod wspo6lnym
tytutem Wptyw éwiczen rytmicznych metodq Emile’a Jaques’a-Dalcroze’a na stabilnosé
posturalng w statyce i dynamice kobiet po 65. roku zycia. W sktad cyklu wchodza dwie
powigzane tematycznie publikacje naukowe:

1. Adamczyk ], Celka R., Stemplewski R., Ceynowa K., Kaminska P, Maciaszek ]J. (2020)
The impact of 12-week Jaques-Dalcroze eurhythmics programme on the dynamic agi-

lity in single-dual-task conditions in older women: a randomized controlled trial. Bio-
Med Research International, 9080697. https://doi.org/10.1155/2020/9080697

punktacja MEiN: 70; Impact Factor: 3,246; Impact Factor 5-letni: 3,767

2. Adamczyk]., Celka R., Stemplewski R., Ceynowa K., Maciaszek J. (2022) Effects of Jaqu-
es-Dalcroze eurhythmics program on postural stability in elderly women. Scientific
Reports, 12, 7073. https://doi.org/10.1038/s41598-022-11095-x

punktacja MEiN: 140; Impact Factor: 4,997; Impact Factor 5-letni: 5,516

Lacznie: punktacja MEiN: 210; Impact Factor: 8,243; Impact Factor 5-letni: 9,283

Niniejszy autoreferat zostat opracowany w ujeciu syntetycznym - w formie zwiezte-
go zaprezentowania informacji zawartych i szerzej omowionych w artykutach opubliko-
wanych w ramach cyklu. Zdecydowano sie nie zamieszcza¢ wiekszosci tabel oraz rycin
wystepujacych w Zrédtowych publikacjach. Zrezygnowano réwniez z klasycznego uktadu
pracy naukowej, zastepujac rozdziaty Wyniki oraz Dyskusja rozdziatem Omdwienie wyni-
kéw. Uznano bowiem za bezzasadne powtarzanie informacji, ktére zostaty juz zawarte
w rzeczonych artykutach.

Autor uznat zamieszczenie powyzszego wyjasnienia za niezwykle istotne w Swietle
tego, ze opracowywanie dysertacji na podstawie publikacji naukowych jest wciaz novum,
a co za tym idzie - metoda przygotowania autoreferatu oraz ostateczny sposéb jego oceny
bywaja wysoce zréznicowane.
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4. METODY
4.1. Interwencja - metoda rytmiki Emile’a Jaques’a-Dalcroze’a

Kazda sesja treningowa trwata 45 minut, zajecia odbywaty sie dwa razy w tygodniu przez
okres 12 tygodni w sali gimnastycznej Akademii Wychowania Fizycznego w Poznaniu.
Wszystkie zajecia zawieraty ¢wiczenia z wykorzystaniem metody JDE, zar6wno przy zy-
wym akompaniamencie pianina, jak i z wykorzystaniem muzyki odtwarzanej elektronicz-
nie. Treningi prowadzita specjalistka z zakresu metody JDE. Nalezy zaznaczy¢, Ze zajecia
byty dla uczestnikow atrakcyjne (co potwierdzity wyniki ankiety przeprowadzonej po in-
terwencji) - w trakcie programu z udziatu w zajeciach zrezygnowato mniej niz 8% oséb,
a pozostali badani uczestniczyli w ¢wiczeniach z co najmniej 90-procentowg frekwencja.

Kazde zajecia sktadaty sie z trzech podstawowych czes$ci: rozgrzewka (~10 min), cze$¢
gléwna (~30 min) oraz ¢wiczenia uspokajajace i oddechowe (~5 min). Cwiczenia z wyko-
rzystaniem metody ]DE polegaty przede wszystkim na odtwarzaniu przez osoby ¢wiczace
zadanych przebiegdw muzycznych za pomoca ruchdw ciata. Obok strony fizycznej rownie
wazna byta warstwa kognitywna: uczestniczki, wykonujgc dane ¢wiczenie ruchowe, mu-
siaty utrzymywac skupienie, aby odpowiednio reagowa¢ na dodatkowe zadania, takie jak
zmiany wysokos$ci dzwiekdw (np. w przypadku wysokich dzwiekéw uczestniczki miaty
za zadanie i$¢ we wspieciu na palcach, a gdy dzwieki byty niskie - w potprzysiadzie) oraz
zmiany tempa, dynamiki czy tez artykulacji w muzyce. Wsr6d wykonywanych zadan zna-
lazty sie m.in. realizacje ruchowe tematow rytmicznych, podwdjna i potrojna szybkos¢
ruchéw, podwdjne i potréjne zwolnienie, przeksztatcanie rytmiczne tematéw muzycz-
nych oraz polirytmie (np. ramiona poruszajg sie w innym rytmie niz nogi). Wykonywa-
no réwniez ¢wiczenia inhibicyjno-incytacyjne (zatrzymywanie oraz wznawianie ruchu,
np. nalezato sie zatrzymac¢, gdy akompaniator przerywat gre, a nastepnie niezwtocznie
wznowi¢ chdd, gdy muzyka pojawiata sie ponownie), improwizacje ruchowa oraz ¢wi-
czenia ksztattujace kontrole stabilno$ci posturalnej ciata, niezaleznos¢ ruchéw i ich ko-
ordynacje.

4.2. Uczestniczki

Nabor uczestniczek zostat przeprowadzony na podstawie zgtoszen w odpowiedzi na ogto-
szenia zamieszczone w lokalnej prasie oraz internecie i obejmowat obszar aglomeracji
poznanskiej. Kryteria kwalifikacyjne byty nastepujace: kobiety w wieku powyzej 65. roku
zycia, mieszkajace w Srodowisku domowym, bez przeciwwskazan do udziatu w zajeciach
ruchowych. Uczestniczki wyrazity $wiadomg zgode na udzial w eksperymencie, a takze
uzyskaty co najmniej 8 punktéw w Skréconym TeScie Sprawnosci Umystowej. Do progra-
mu nie byty kwalifikowane osoby przyjmujace leki mogace zaburza¢ naturalng kontrole
stabilno$ci posturalnej, korzystajace ze sprzetu ortopedycznego, osoby z choroba neuro-
logiczng (Parkinsona lub Alzheimera), osoby z istotnymi zaburzeniami percepcji wzroko-
wej i/lub stuchowej oraz osoby, ktore podejmujg lub podejmowaty regularng aktywnos¢
fizyczng w ciggu ostatnich trzech lat.
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Publikacja 1

Do programu zakwalifikowaty sie 82 kobiety. W toku randomizacji przeprowadzonej przy
uzyciu programu Statistica 10 (Dell Inc., Tulsa, OK, USA) uczestniczki zostaly podzielo-
ne na dwie rowne liczebnie grupy: eksperymentalng (IG) oraz kontrolng (CG). Koicowa
analiza statystyczna dotyczaca okresSlenia wplywu JDE na stabilno$¢ posturalng w dyna-
mice objeta tagcznie 73 kobiety, w tym 34 osoby z IG oraz 39 z CG, ktére uczestniczyty
w zajeciach z minimum 90-procentowa frekwencjg oraz wziety udziat w obydwu sesjach
pomiarowych. Tabela 1 przedstawia charakterystyke wieku badanych.

Tabela 1. Charakterystyka wieku uczestniczek badan opisanych w publikacji 1

Srednia Odchylenie Wiek Wiek
wieku standardowe minimalny maksymalny
Wszystkie uczestniczki 69,87 323 65 79
(n=73)
IG
(n = 34) 69,71 3,17 65 76
CG
(n = 39) 70,03 3,31 65 79
Publikacja 2

W celu rozwigzania kolejnego problemu badawczego, tj. okreslenia wptywu JDE na sta-
bilno$¢ posturalng w statyce, analizie statystycznej poddano wyniki 26 uczestniczek z IG
oraz 33 z CG, ktore w petni uczestniczyty w testach posturograficznych. Tabela 2 przedsta-
wia charakterystyke wieku badanych.

Tabela 2. Charakterystyka wieku uczestniczek badan opisanych w publikacji 2

Srednia Odchylenie Wiek Wiek
wieku standardowe minimalny maksymalny
Wszystkie uczestniczki 69,84 3,29 65 79
(n=59)
G 69,58 3,05 65 76
(n=26) ’ ’
CG
(n=33) 70,06 3,51 65 79

4.3. Protokot badawczy

Wykorzystano model badan oparty na randomizowanych badaniach kontrolowanych
(RCT) w schemacie grup rownolegtych. Kobiety z IG uczestniczylty w programie zajec¢
ruchowych, natomiast osoby z CG dostaty zalecenie, aby nic nie zmienia¢ w ich dotych-
czasowym stylu zycia, a w szczegdlnosci nie podejmowac nowych, usystematyzowanych
form aktywnoSci fizycznej. By méc oceni¢ wpltyw interwencji na stabilno$¢ posturalna, jej
poziom u kazdej uczestniczki zostat zmierzony dwukrotnie. Pierwsza sesja pomiarowa
odbyta sie w ciggu tygodnia poprzedzajgcego rozpoczecie ¢wiczen, a druga w ciggu tygo-
dnia po ich zakonczeniu.

Projekt badawczy zostat pozytywnie zaopiniowany przez Komisje Bioetyczng przy
Uniwersytecie Medycznym im. Karola Marcinkowskiego w Poznaniu (uchwata 1046/15).
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4.4. Pomiar - ocena stabilnosci posturalnej
4.4.1. Ocena stabilnosci posturalnej w dynamice (publikacja 1)

Do oceny stabilnosci posturalnej w dynamice wykorzystano test Timed Up and Go (TUG),
opracowany i szczegdétowo opisany przez Diane Podsiadlo i Sandre Richardson (1991).
Zdecydowano sie przeprowadzi¢ test w dwéch wersjach: 1) wykonanie zadania w warun-
kach pojedynczego zadania (TUG_ST), gdzie badana skupiata sie wytacznie na sprawnym
chodzie, oraz 2) wykonanie zadania w warunkach podwoéjnego zadania (TUG_DT), gdzie
badana, poza chodem, wykonywata jednoczes$nie dodatkowe zadanie umystowe: gto$ne
wymienianie zmniejszajacych sie liczb od 60 co trzecig liczbe. W instrukcji przekazywanej
uczestniczkom nie zostato sprecyzowane, na ktorej czynnosci badana powinna skupic sie
bardziej. Relacja pomiedzy zmiang wynikéw w warunkach ST-DT, czyli tzw. koszt podwoj-
nego zadania (DTC), jest istotnie powigzana z procesami poznawczymi (Muir-Hunter i in.
2014) oraz ze stopniem ryzyka upadkow u oséb starszych (Beauchet i in. 2009; Muhaidat
iin. 2014).

Badana siedziata na standardowym krzes$le opartym o $ciane, z rekami spoczywaja-
cymi na udach oraz stopami na podtodze. W odlegtosci trzech metréw od przedniej kra-
wedzi siedziska znajdowata sie tyczka slalomowa. Na komende ,start” badana wstawata
z krzesta (mogta positkowac sie rekami), szta w kierunku tyczki, okrazata ja z dowolnej
strony, po czym tg samg drogg wracata i siadata na krzesle. Osoba badana zostata poin-
formowana, Ze jest to préba czasowa i powinna postarac sie wykonac jg jak najszybciej,
jednak nie biegnac. Badajacy demonstrowatl poprawny przebieg testu, po czym badana
wykonywata jedng niemierzong prébe, w ramach ¢wiczenia. Nastepnie wykonywata dwie
wtasciwe préoby w warunkach ST oraz dwie w warunkach DT. Osoba badajgca stata w po-
blizu toru poruszania sie badanej, stuzac asekuracja, gdyby pojawito sie ryzyko upadku.
Na wyniki sktadaty sie: usrednione czasy wykonania préb TUG_ST, TUG_DT, jak i r6znica
pomiedzy nimi (DTC), tj. r6znica pomiedzy czasem wykonania zadania w warunkach DT
wzgledem warunkéw ST wyrazona procentowo zgodnie ze wzorem:

TUG_DT (s) — TUG_ST (s
DTC (%) = = Tgé S (S)‘ © 100

4.4.2. Ocena stabilnosci posturalnej w statyce (publikacja 2)

Stabilnos$¢ posturalng w statyce zbadano poprzez okreslenie zdolno$ci kontroli przemiesz-
czania Srodka ciezko$ci wyrazonego jako Srodek nacisku stop (COP) uczestniczek. W tym
celu wykorzystano platforme posturograficzng model AccuSway Plus, wraz z oprogramo-
waniem Balance Trainer, firmy AMTI (Watertown, MA 02472, USA). System rejestrowat
zmiany potozenia COP; czestotliwo$¢ prébkowania ustawiona zostata na 100 Hz. Zmiany
potozenia punktu COP sg wiarygodnym parametrem oceny stabilno$ci posturalnej oraz
kontroli rownowagi ciata w pozycji pionowej (Chien i Hsu 2018).

Platforma posturograficzna przytwierdzona byta do ptaskiego podtoza. Przed badana
w odlegtosci 1,5 metra na wysokoSci oczu znajdowat sie 27-calowy monitor. Pomieszcze-
nie byto wygtuszone, co zapewniato cisze i spokdj. Na platformie znajdowaty sie linie okre-
$lajace odpowiednie odlegtosci oraz katy utozenia stdp, tak aby przy kazdej kolejnej probie
badana stawata w podobny sposéb. Stopy na platformie ustawiano w sposéb naturalny,
jedna obok drugiej na szerokos¢ bioder, palce stop delikatnie skierowane na zewnatrz.
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Uzyto protokotu wykorzystujacego analize rownowagi z informacjg zwrotng - badane
na ekranie widziaty punkt bedacy odzwierciedleniem ich COP. Wychylajac ciato w réznych
kierunkach, mogly obserwowa¢ zmiany potozenia swojego COP w czasie rzeczywistym.
Zadaniem uczestniczek byto zrobienie tego w taki sposéb, aby kierowa¢ COP w odpowied-
nie, zaznaczone na monitorze obszary-cele w odpowiedniej kolejnosci.

Majac na uwadze wynikajacg z wieku badanych niejednorodnos$¢ grupy w zakresie
sprawnosci fizycznej, odlegtosci skrajnych obszarow wzgledem $rodkowego, a co za tym
idzie - zakres wychylen, zdecydowano sie wyznaczy¢ dla kazdej uczestniczki indywidu-
alnie. W tym celu najpierw okreslano maksymalne wychylenia tutowia w ptaszczyZnie
strzatkowej oraz czotowej, a nastepnie oprogramowanie automatycznie wyznaczato $rod-
ki obszaréw w odlegtosci 75% maksymalnego wychylenia w danym kierunku. Dzieki temu
kazda uczestniczka badania wychylata tutéw relatywnie tak samo daleko, a wykonanie
zadania znajdowato sie w jej mozliwosciach. Wyniki zakres6w maksymalnych wychylen
tutowia rowniez zostaty poddane analizie statystycznej. Sposob rozmieszczenia obsza-
réw-celow wraz z przyktadowym sladem $ciezki COP pokazano na rycinie 1.

Rycina 1. Schemat rozmieszczenia obszaréw-celéw wraz z przyktadowym $ladem $ciezki COP
(zrzut ekranu z oprogramowania uzytego do wykonania testu)

Test sktadat sie z dwéch podstawowych elementéw: 1) fazy ruchu punktu COP oraz
2) fazy utrzymania punktu COP. Zadanie polegato na przemieszczaniu punktu COP do
poszczeg6lnych obszaréw wedtug z géry ustalonej kolejnosci, przy czym nalezato utrzy-
mac¢ punkt COP wewnatrz kazdego celu przez co najmniej jedng sekunde, po czym cel
stawal sie nieaktywny (ciemniejszy), co byto sygnatem jego prawidtowego zaliczenia.
W tym samym momencie pod$wietlat sie kolejny obszar (aktywny), co byto informacja, Ze
nalezy tam przenie$¢ punkt COP i ponownie utrzymaé wewngtrz obszaru przez minimum
jedna sekunde.

Kazdej uczestniczce udzielono stownej instrukcji na temat przebiegu testu, ze szcze-
gbélnym zaznaczeniem, Ze: 1) podczas wychylen tulowia nalezy angazowac jedynie staw
skokowy, a stawy biodrowy oraz kolanowy powinny pozosta¢ wyprostowane, 2) podczas
testu rece przez caty czas powinny by¢ utozone wzdtuz tutowia, 3) prébe nalezy wykona¢
mozliwie szybko i doktadnie, przemieszczajgc punkt COP jak najkrotsza droga do celu,
a po jego osiagnieciu starac sie utrzymac punkt COP mozliwie nieruchomo w $rodku ob-
szaru, az stanie sie nieaktywny (zrobi sie ciemny). Uczestniczki zostaty rowniez poinfor-
mowane, ze podczas wychylen tutowia bedg asekurowane przez osobe badajaca. Nastep-
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nie osoba przeprowadzajgca badanie wykonywata pokaz catej préby. Ostatnim krokiem
byto wykonanie dwdch préb zapoznawczych przez uczestniczki badania, po czym naste-
powata préba trzecia, ktérej wyniki poddano analizie statystycznej. Tabela 3 przedstawia
dane wyj$ciowe - opis czterech parametréw, ktérych wyniki zostaty poddane analizie sta-
tystycznej.

Tabela 3. Opis analizowanych parametréw wraz ze skrétami, jednostkami oraz zdolno$ciami, ktd-
re badaja

Parametr Skrot Jednostka Oceniana zdolno$¢

Center of pressure path length: suma dtugosci  COP_PL  centymetr dokladnos$¢ przemieszczania

Sciezek od pozycji startowej do przeciecia (cm) COP (z wytaczeniem czasu

obwodu aktywnego celu utrzymania punktu COP
wewnatrz celu)

Center of pressure area deviation: suma pol, COP_AD  centymetr doktadnos¢ przemieszczania

w ktorych $ciezka COP odchyla sie wzgledem kwadratowy COP (z uwzglednieniem czasu

linii prostej przecinajacej pozycje poczatkowa (cm?) utrzymania punktu COP

oraz konicowa badanego wewnatrz celu)

Center of pressure total time: czas potrzebny =~ COP_TT sekunda  szybko$¢ przemieszczania COP

na wykonanie catej préoby (s)

Center of pressure reaction time: usredniony COP_RT sekunda  czas reakgcji prostej wzrokowo-

czas reakcji potrzebny na przeciecie obwodu (s) -ruchowej

celu, mierzony od momentu aktywowania
kolejnego celu

4.5. Analiza statystyczna

Wiek uczestniczek zostat przedstawiony jako Srednia wraz z odchyleniem standardowym
oraz warto$ciami minimalnymi i maksymalnymi. Normalnos$¢ rozktadéw wynikéw zosta-
ta sprawdzona za pomoca testu Shapiro-Wilka. Na podstawie wynikow testow stabilno-
$ci posturalnej przeprowadzona zostata dwuczynnikowa analiza wariancji (ANOVA). Dla
okreslenia wielko$ci efektu zastosowano analize eta kwadrat. W przypadku stwierdzenia
istotnych efektow gtownych lub interakcji pomiedzy przydziatem do grupy badawczej
a sesjg pomiarowg (grupa*czas) przeprowadzono test post-hoc Tukeya. R6Znice pomie-
dzy grupami w obszarze pojedynczej sesji badawczej oraz pomiedzy sesjami badawczymi
w obszarze danej grupy okreslono za pomoca testu U Manna-Whitneya z poprawka na
ciggtosc¢. Poziom istotnoSci statystycznej zostat ustawiony na 5%. Obliczenia wykonano za
pomocg programu Statistica 13.4 (TIBCO Software Inc., Palo Alto, CA).

18 ROZPRAWA DOKTORSKA AWF



5. OMOWIENIE WYNIKOW
5.1. Ocena stabilnosci posturalnej w dynamice (publikacja 1)

Zbadano wptyw wykonywania ¢wiczen metoda JDE na stabilno$¢ posturalng mierzong
w dynamice u seniorek. W kazdym z trzech testéw (TUG_ST, TUG_DT, DTC) odnotowano
istotng interakcje grupa*czas, to znaczy pomiedzy IG a CG wzgledem pierwszej i drugiej
sesji pomiarowej, co pozwolito stwierdzi¢, ze udziat w zaproponowanym programie ¢wi-
czen istotnie poprawit stabilno$¢ posturalng w dynamice (p < 0,001). U oséb z CG wyni-
ki ulegty pogorszeniu - mozna ttumaczy¢ to tym, ze u os6b starszych, szczeg6lnie tych
prowadzacych sedenteryjny tryb zycia, zdolno$¢ kontrolowania réwnowagi pogarsza sie
wraz z wiekiem (Silva Borges i in. 2014), podobnie jak pogarszajg sie funkcje kognityw-
ne moézgu (Su Xian Chong i in. 2019). W warunkach ST u Zadnej z grup nie odnotowa-
no istotnych zmian miedzy pierwszym a drugim pomiarem, podczas gdy w warunkach
DT taka réznica wystapita. Mozna zatem przypuszczacé, ze to wiasnie funkcje kognitywne
w wiekszej mierze niz fizyczne decydujg o pogorszeniu wynikdw w warunkach DT w CG.
W przypadku zmiennej TUG_ST u uczestniczek z IG nie zaobserwowano istotnej poprawy
wyniku wskutek udziatu w programie JDE, cho¢ przy p = 0,058 w analizie post-hoc mozna
mowic o wyraznej tendencji.

Eksperyment miat na celu potwierdzi¢ i wzbogaci¢ stan wiedzy o pozytywnym wpty-
wie metody JDE na stabilno$¢ posturalng w dynamice u seniorek. Niewatpliwie atutem
przeprowadzonych badan s3g: 1) wykorzystanie protokotu RTC, 2) duza grupa badawcza
oraz 3) istotna statystycznie interakcja badanych zmiennych u IG wzgledem CG w relatyw-
nie krotkim czasie.

5.2. Ocena stabilnosci posturalnej w statyce (publikacja 2)

Przeprowadzone na platformie posturograficznej proby z tzw. sprzezeniem zwrotnym,
na poczatku i na konicu eksperymentu, pokazaty, w jakim stopniu dobrze zaprogramo-
wany trening z uzyciem metody JDE moze przyczyni¢ sie do zwiekszenia efektywnoSci
wykorzystania wzroku w celu utrzymania ciata w stabilnym potozZeniu. Z ogélnego obra-
zu wychwian tutowia badanych kobiet wynika, Ze wszystkie analizowane parametry sie
poprawity.

Szczegbtowej ocenie zostaty poddane parametry okreslajace szybkos¢ ruchu prze-
mieszczajgcego sie COP, doktadnos$¢ oraz czas reakcji wzrokowo-ruchowej. W przypad-
ku oceny precyzji ruchu analizowano dwa parametry: 1) COP_PL, ktory okres$la doktad-
no$c¢ kontroli COP w fazie ruchu, oraz 2) COP_AD, ktéry dodatkowo wskazuje na zdolno$¢
utrzymania ciata w narzuconym potozeniu. W obu przypadkach stwierdzono istotnie sta-
tystyczng interakcje pomiedzy przydzialem do grupy a sesja pomiarowa. Mimo Ze test
post-hoc wykazat istotng zmiane - poprawe wynikow 1G tylko w przypadku COP_PL - kie-
runek zmian wynikéw obu analizowanych parametréw jest odwrotny w IG w stosunku
do CG. Oznacza to, ze trening JDE wptynat pozytywnie na zdolno$¢ do kontroli wychylen
ciata w trakcie narzuconych ruch6w na platformie posturograficznej. Manuel Hernandez
i in. (2012) zaobserwowali, ze starsze kobiety, wychylajac cate ciato (przemieszczajac
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swoj COP), wykonuja dodatkowe, mniejsze ruchy (ang. submovements). W odniesieniu
do naszych badan mozna wiec wnioskowa¢, ze w przypadku IG ¢wiczenia metoda JDE
ograniczyty liczbe ruchow, przez co w wiekszym stopniu wptynety na ptynnos¢ i precyzje
fazy ruchu niz na utrzymanie COP w narzuconym potozeniu (wewnatrz celu na ekranie
monitora).

Z przeprowadzonego eksperymentu, na podstawie zmian wszystkich analizowanych
parametréw wynika, Ze trening z wykorzystaniem JDE przyczynit sie do poprawy zaréw-
no precyzji, jak i predkosci wolicjonalnych przemieszczen COP w prébie oceniajacej sta-
bilno$¢ posturalng w statyce ze sprzezeniem zwrotnym. Ruchy wykonywane przez ba-
dane z IG byty mniej obszerne i wykonywane z wiekszg precyzja. Dzieki wolnym, lecz
trudnym koordynacyjnie ruchom, nauczanym i stosowanym przez okres 12 tygodni tre-
ningowych, wyraZnie poprawita sie kontrola nad catym ciatem oraz, jak mozna przypusz-
czac¢, propriocepcja.

5.3. Wplyw muzyki na wyniki (publikacje 1 2)

Jako ze program ¢wiczen w znacznej mierze opierat sie na wykorzystaniu muzyki, nalezy
rozwazy¢ rowniez jej wptyw na uzyskane wyniki. Brad Hageniin. (2003) dowiedli, Ze gru-
pa seniorow ¢wiczaca przy muzyce, w poroOwnaniu z grupg kontrolng ¢wiczaca bez muzy-
ki, uzyskata lepsze wyniki w obszarach réwnowagi, zakresu ruchéw w stawach, zdolnosci
kognitywnych, oceny behawioralnej oraz satysfakcji z zycia. Podobne pozytywne wyniki
uzyskaty Janet Hamburg i Alicia Clair (2003) - ich program polegat na dobieraniu mu-
zyki o rytmie odpowiadajagcym rytmowi wykonywanych ¢wiczen. Po pieciu tygodniach
¢wiczen u senioréw odnotowano istotng poprawe réwnowagi, gibkosci, koordynacji oraz
orientacji przestrzennej. Badania wskazuja réwniez na inne, poza zdolnoSciami moto-
rycznymi, pozytywne zmiany pod wptywem ¢wiczen przy muzyce, mozliwe do uzyska-
nia przez senioré6w. Cynthia Teel i in. (1999) odnotowatly niezwykle wazny w tej grupie
0s6b wysoki wskaznik uczestnictwa w takich zajeciach (>89%). Dodatkowo osoby badane
w samoocenie stwierdzily u siebie wysoka motywacje do ¢wiczen, zwiekszong Swiado-
mos$¢ postawy, poprawe rownowagi oraz zwiekszong tatwos$¢ w nawigzywaniu kontaktu
z innymi uczestnikami zaje¢. Natomiast Frederick Carricki in. (2007) w swoim RCT dowo-
dza, Ze nawet samo stuchanie muzyki moze poprawi¢ stabilno$¢ posturalng oraz obnizy¢
ryzyko wystgpienia upadku. Wszystkie wymienione powyzej cechy mogty przetozyc¢ sie
na uzyskanie lepszych wynikdw przez uczestniczki naszych eksperymentéw z IG.

5.4. Ograniczenia

Przeprowadzone badania obarczone sg ograniczeniami. Przede wszystkim nie moz-
na wskazac¢ zmian, jakie zachodzily w strukturach nerwowych uczestniczek, jako ze nie
przeprowadzano diagnostyki obrazowej mézgu. Takie dane mogtyby pokaza¢, co doktad-
nie jest przyczyna pozytywnych zmian wsréd uczestniczek z IG oraz negatywnych u tych
z CG - i pozwolityby podjac probe okreslenia proporcji pomiedzy wptywem sfery fizycznej
i sfery kognitywnej. Dodatkowo, w kolejnych badaniach, wskazane bytoby stworzenie do-
datkowych grup kontrolnych: 1) wykonujgcych wytgcznie ¢wiczenia fizyczne oraz 2) wy-
konujacych wytacznie ¢wiczenia kognitywne. Wowczas mozna by doktadniej poréwnac
i okresli¢ mechanizmy wptywu metody JDE na stabilno$¢ posturalna.
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6. WNIOSKI

Udziat w 12-tygodniowym programie ¢wiczen rytmicznych metoda JDE u kobiet po
65. roku zycia istotnie wptywa na poprawe stabilnosci posturalnej mierzonej w dynamice
w warunkach zblizonych do tych wystepujacych w zyciu codziennym (publikacja 1).

Udzial w 12-tygodniowym programie ¢wiczen rytmicznych metoda JDE u kobiet po
65. roku Zycia istotnie wptywa na stabilno$¢ posturalng mierzona w statyce poprzez po-
prawe kontroli oraz ptynnos$ci ruchéw tutowia w czasie znacznych wychylen ciata (publi-
kacja 2).

Udziat w 12-tygodniowym programie ¢wiczen rytmicznych metoda JDE u kobiet po
65. roku zycia istotnie wplywa na poprawe poziomu sprawnosci funkcjonowania proce-
séw poznawczych oraz zmniejszenie ryzyka wystgpienia upadkéw (publikacja 1).

Z uwagi na bezpieczenstwo oraz atrakcyjnos¢ zaje¢ metoda JDE, jak rowniez z powodu
obiecujacych wynikéw dotychczasowych badan, nalezy zaproponowac ten program jako
alternatywe dla szeroko dostepnych, popularnych programéw ruchowych. Jednocze$nie
powinno sie zgtebia¢ wiedze na temat mechanizmu wptywu ¢wiczen JDE nie tylko na sta-
bilno$¢ posturalng, lecz réwniez na pozostate elementy sprawnosci funkcjonalnej seniorow.
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Background. Progressive degenerative changes in the body of elderly people lead to a decrease in physical and mental fitness. Seniors
have a problem with performing tasks that involve both physical and mental health at the same time. The risk of falls increases, the
consequences of which in old age may be particularly dangerous. It was decided to investigate the impact of performing exercises
involving both physical and mental spheres on the dynamic agility in older women. Methods. 73 women (69.9 + 3.2) were divided
into two groups: intervention (IG, n=34) and control (CG, n=39). Individuals with IG participated in the Jaques-Dalcroze
Eurhythmics exercise programme for 12 weeks, twice a week for 45 minutes each. Dynamic agility was determined by the
Timed Up and Go test, which was conducted both in single-task (TUG_ST) and dual-task (TUG_DT) conditions, where the
participant was simultaneously counting down from 60 every 3. The percentage difference between the results of both tests
(dual-task cost, DTC) was also determined. Both groups had two measurement sessions: one week before the start of the
exercise programme and one week after the end of exercise programme. Results. After 12 weeks of exercise, IG participants
obtained significantly better results in TUG_DT (p < 0.001) and DTC (p = 0.003) tests. During this time, CG participants had
significantly worse results in TUG_DT (p < 0.001) and DTC (p < 0.001) tests. In the TUG_ST test, neither IG nor CG achieved
a significant change in the result. In each test, a significant interaction between the group assignment and the measurement
session was observed: TUG_ST: F=11.523, #?,=0.139, p=0.001; TUG_DT: F=60.227, n*,=0.458, p<0.001; DTC:
F=32.382, n*,=0.313, p<0.001. Conclusion. JDE exercises with a frequency of twice a week, for about 12 weeks, have a
significant impact on the improvement of the dynamic agility control in women over 65 years of age.

1. Introduction

With age, a number of degenerative changes occur in the
body of seniors. Among the most common is muscle mass
loss combined with an increase in body fat [1] and osteoar-
thritis, which affects more than 50% of the population over
65 years of age [2]. Most cognitive functions, such as mem-
ory, logical reasoning, spatial imagination, and the speed of
thought processes, are decreasing [3]. There is also a deterio-

ration in the sensory functions, including vision responsible
for maintaining body equilibrium [4]. Additionally, in old
age, delirium, frailty, dizziness, and fainting are often
observed—all of these disorders combine to form a geriatric
syndrome and lead to a decrease in functional fitness, i.e.,
the ability to perform basic daily activities on their own and
without rapid and excessive fatigue [5, 6]. Reduced functional
efficiency translates into a deterioration in walking per-
formance and body balance; it also increases the risk
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of falls [4, 7], which are particularly dangerous for
seniors—mortality from falls increases [8, 9].

Gait is a complex biomechanical process that requires
continuous brain control [10]. The influence of degenerative
changes in the musculoskeletal system on the reduction of
gait parameters is beyond doubt. However, studies on the
influence of changes in cognitive functions are still in prog-
ress. There is a close correlation between gait parameters
and dementia development—impaired gait function is an
indicator of dementia development in the next 4 years [11].
Cognitive therapies have a positive effect on gait parameters
and thus reduce the risk of falls [12].

Knowing that gait parameters and fall risk are influenced
by both biomechanical and cognitive processes, it seems
reasonable to model the therapy in terms of multitasking
(dual-task, DT), where the exercising person simultaneously
involves both processes. It has been shown that the difference
in the quality of single-task (ST) performance compared to
DT is significantly related to cognitive functions [13] and
the risk of falls in elderly people [14, 15]. Positive effects of
multitasking training involving motor and cognitive func-
tions have been demonstrated in both healthy individuals
[16, 17] and those with osteoporosis [18] and Parkinson’s
disease [19]. At the same time, some studies indicate a lack
of improvement in both the physical and cognitive spheres
under the influence of DT training [20].

There is a lack of uniform exercise programmes in DT
conditions, which, apart from being effective, would be
simultaneously available, cheap, and above all safe and
attractive for older participants. There is also a lack of stan-
dardized guidelines for specific types of additional tasks dur-
ing DT tests [21]. Such standardization and intensification of
DT experiments may bring benefits in the form of a better
understanding of the impact of their results on the risk of fall-
ing in the elderly [22]. [23] concluded in their systematic
review that dynamic exercises (in motion) bring better results
than in static conditions (resistance and flexibility), while the
simultaneous performance of exercises involving the physical
and mental spheres brings better results than performing
them separately.

Jaques-Dalcroze Eurhythmics (JDE) is one of still little
studied forms of exercises involving both spheres at the same
time. To the best of our knowledge, four papers have been
published so far describing the impact of JDE on motor skills
in older people. Since the results of these studies present JDE
as a prospectively effective therapy to improve functional
performance in older people, but they are inconclusive at
the same time, the authors of this paper decided to study
the impact of JDE performance over a 12-week period, twice
a week, on the dynamic agility of women over 65 years of age,
including multitasking.

2. Methods

2.1. Participants. The selection of participants was conducted
on the basis of advertisements in the local press and on
the Internet and covered the area of Poznan agglomeration
(Poznan metropolitan area, Greater Poland Voivodeship,
West Poland). Qualification criteria included women aged

BioMed Research International

65+ community-dwelling. Candidates had no contraindica-
tions to participate in physical activities and agreed to par-
ticipate in the experiment. The participants whose results
were analysed obtained at least 8 points in the Abbreviated
Mental Test Score (AMTS) [24]. Individuals taking medi-
cation that disrupts natural control of body equilibrium,
using orthopaedic equipment, people with Parkinson’s or
Alzheimer’s disease, people with significant visual and/or
auditory perception impairment, and people who undertake
or have undertaken regular organized physical activity in
the last three years were not qualified for the programme.

As shown in Figure 1, 93 individuals have registered and
82 have qualified for the programme. In the course of ran-
domization carried out using the STATISTICA 10 computer
programme (Dell Inc. Tulsa OK., USA), the participants were
divided into two equal groups: intervention group (IG) and
control group (CG). The final statistical analysis included
73 women (mean =+ standard deviation): age 69.9 + 3.2 years,
including 34 with IG (69.7 + 3.2) and 39 with CG (70.0 + 3.3).
None of the participants had previously experienced JDE,
even in theory.

2.2. Protocol. The women with IG participated in the physical
activity programme, while the CG participants were recom-
mended not to change anything in their existing lifestyle,
and in particular not to undertake new, systematized forms
of physical activity. The degree of dynamic agility in each
participant was assessed twice. The first measurement session
(baseline) took place during the week preceding the begin-
ning of exercise and the second one (12-week follow-up) dur-
ing the week following the end of exercise. The experimenters
who made measurements were not aware if participants
belonged to the experimental or control group.

The research project was positively assessed by the
Bioethics Committee at the Karol Marcinkowski Medical
University in Poznan (Resolution 1046/15).

2.3. Exercise Programme. Activities were held twice a week
for a period of 12 weeks for 45 minutes. Each training session
included exercises in the field of rhythmic using the Jaques-
Dalcroze Eurhythmics method with piano accompaniment
and music played electronically. The activities were con-
ducted by a JDE specialist.

The JDE exercises consisted mainly of recreating the
musical course with the use of body movements. Their main
idea was to simultaneously engage the motor and cognitive
function. Among the exercises conducted were among others
movement exercises of rhythmic themes, double and triple
speed of movements, double and triple slowing down, rhyth-
mic transformation of themes, and polyrhythms. Apart from
rhythmic exercises, inhibition and stimulation of movement,
exercises reflecting dynamic, agogic, and articulatory courses
in music, improvisation of movements, and exercises shaping
independence of movements and their coordination were
performed.

2.4. Measurements. The Timed Up and Go (TUG) test,
described by [25], was used to assess dynamic agility. Each
participant received a verbal instruction followed by a show
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Enrollment

93 assessed for eligibility

11 excluded
(i) 8 not meeting inclusion criteria
(ii) 3 declined to participate

82 eligible, baseline assessment
and randomised

|

Allocation v
§ J

41 were allocated to intervention group
(i) 37 received allocated intervention
(ii) 4 did not receive allocated intervention
(had declining health)

L

12-week follow-up

41 were allocated to control group

J

3 lost to follow-up
(i) 2 had personal issues
(ii) 1 had declining health

12-week analysis

3 lost to follow-up
(i) 1 had personal issues
(ii) 1 had declining health
(iii) 1 unknown reason (no contact)

34 analysed

39 analysed

F1Gure 1: Flowchart for enrollment, randomization, and follow-up of study participants.

and one training round. The participants then proceeded to
the proper tests: first in single-task (TUG_ST) and then in
dual-task (TUG_DT) conditions, where the participant
counted down loudly from 60 every 3. No explicit instruction
for prioritization of either task was given.

The outcome measures consist of TUG_ST, TUG_DT, and
the difference between them (dual-task cost, DCT), expressed
as a percentage according to the equation: DTC (%)=
((TUG_DT (sec) — TUG-ST (sec))/TUG_ST (sec)) x 100.

2.5. Statistical Analysis. All the data were screened and
revised regarding missing, skewed, and outlier information.
The results of descriptive statistics were presented as averages
along with the standard deviation (mean + SD). The results
of TUG tests were shown as averages and confidence inter-
vals of 95%. Intergroup differences were determined using
the Mann-Whitney U test (with correction for continuity).
A repeated two-factor analysis of variance (ANOVA) was
carried out. In the case of significant main effects or interac-
tions, Tukey’s post hoc test was conducted. The statistical sig-
nificance level was set at 5%. All calculations were conducted
with STATISTICA 10 (Dell Inc. Tulsa, OK).

3. Results

Table 1 details the results for the two groups in the two
periods. The direction of changes in the results obtained by
IG and CG before and after the intervention is presented in

Figure 2. Significant interaction effects between the group
assignment and the measurement session were shown
for all measurements (TUG_ST: F=11.523, %, =0.139,
p=0.001; TUG_DT: F=60.227, #*,=0.458, p<0.001;
DTC: F=32.382, n*,=0.313, p<0.001). The results of
the post hoc test show significant differences in the
TUG_DT test between the first and second measurement
for IG (p<0.001) and CG (p <0.001). Also in the case of
DTG, the significant difference between the first and second
measurement for IG (p=0.003) and CG (p <0.001) was
found. In the TUG_ST test, post hoc analysis did not show
any significant differences (significance of follow-up changes
in relation to baseline for IG: p = 0.058). No significant main
effects were observed.

4. Discussion

The influence of JDE exercises on the dynamic agility in
seniors was investigated. In each of the three tests
(TUG_ST, TUG_DT, and DTC), a significant interaction
effect between the assignment to the group and the mea-
surement session was observed: the participation in pro-
posed exercise programme significantly improved the
dynamic agility (p <0.001). In CG participants, the results
deteriorated—this can be explained by the fact that in
older people, especially those with sedentary lifestyles, the
ability to control body equilibrium decreases with age
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TaBLE 1: Descriptive data (means and 95% confidence interval (CI)) of the time, in seconds, to perform the Timed Up and Go test without
(TUG_ST) and with (TUG_DT) dual-task and the dual-task cost (DTC), in percent, at the baseline and at the 12-week follow-up in both the
intervention group and the control group. Significance of differences between groups shown as p-value.

Baseline 12-week follow-up
Int ti 6.98 (6.63-7.33 6.71 (6.38-7.04
TUG_ST niervention ( ) p=0951 ( ) p=0.039
Control 6.94 (6.64-7.23) 7.15 (6.84-7.46)
Int ti 8.14 (7.57-8.71 7.40 (6.90-7.91
TUG_DT fiervention ( ) p=0.102 ( ) p=0.001
Control 7.45 (7.14-7.76) 8.17 (7.79-8.54)
I i 16.14 (12.33-19. 10.21 (5.86-14.
DTC ntervention 6.14 (12.33-19.96) =0.001 0.21 (5.86-14.55) p=0.011
Control 7.76 (5.14-10.39) 14.43 (11.45-17.40)
7.6 8.8
TUG_ST TUG_DT
F(1,71) = 11.523 8.6 { F(1,71) = 60.227
7.4 41, =0.139 1, = 0458
p=0.001 8.4 4 p<0.001
724 T S 824 e I 5
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FIGURE 2: Pre- and postintervention dynamic agility results for Timed Up and Go test in single-task conditions (TUG_ST), Timed Up and Go

test in dual-task conditions (TUG_DT), and dual-task cost (DTC).

[26], similarly to the cognitive functions of the brain [27].
Under ST conditions, none of the groups showed any signif-
icant changes between the first and second measurements,
while under DT conditions such a difference occurred. It
can be assumed that cognitive functions, to a greater extent

than physical functions, determine the deterioration of
results in DT conditions in CG.

In the aforementioned study [28], people practicing the
JDE method for 9 weeks once a week significantly increased
their walking speed both in ST and in DT, but in contrast
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to our results, the DTC index did not change. The
improvement of DTC results in our participants may be
due to a 3-week longer duration of the programme, its
higher intensity, or both. All these possibilities are partly
confirmed by World Health Organization data on physical
activity of older people at an increased risk of falling,
which recommend 3 or more times a week exercise. It
seems that the principle “the more the better” works
here—even up to 6 times a week for 45 minutes each ses-
sion of moderate-intensity training is recommended [29].
Therefore, in an easy way, by increasing the frequency of
dedicated training programmes, it is possible to improve
the effectiveness of proposed therapies.

In the case of the TUG_ST variable, our CG participants
did not see any significant improvement in the outcome
of their participation in the JDE programme, although at
p=0.058, it is possible to refer to a trend. In another study
[30], older people improved their performance by about 5%
(p =0.02) thanks to their participation in the 6-month JDE
test in the TUG_ST test. The difference in results may be
due to the difference in the duration of programme—ours
was half as long. An additional reason may be a significant
difference in the average age of respondents, which trans-
lates into significantly different average results obtained in
the TUG test. In Trobetti et al., the average age was 75 years
and the average TUG_ST test result was 10.25 seconds. In
our study, it was, respectively, 70 years and 6.7 seconds.

The aim of this paper was to confirm and enrich the
knowledge on the positive influence of the JDE method on
the functional efficiency of seniors. Undoubtedly, the
strengths of this study are the use of a random controlled trial
protocol (RTC), a large research group, and a statistically sig-
nificant interaction of IG variables with CG in each investi-
gated trait in a relatively short period of time.

The studies carried out are subject to limitations. Above
all, it is not possible to determine the changes that occurred
in the nervous structures of participants, as no imaging diag-
nostics of the brain was carried out. Such data could show
exactly what is behind the positive changes in IG and nega-
tive changes in CG—the proportions between the physical
and cognitive spheres could be determined. Furthermore,
there were some difficulties with interpreting results, caused
by significant differences between results of IG and CG
regarding DTC at the baseline, despite properly carried out
randomization. Perhaps, increasing the number of partici-
pants would level that difference. Additionally, in subsequent
studies, it would be advisable to create additional control
groups: (1) performing only physical exercises and (2) per-
forming only cognitive exercises. Then, it will be possible to
compare and determine more precisely the mechanisms of
impact of the JDE method on the dynamic agility of the body.

To sum up, this is the first randomized controlled trial
showing a significant effect of JDE exercises, which take place
twice a week for 12 weeks and improve dynamic agility
control in women over 65 years of age. At the same time,
it is worth emphasizing that JDE exercises are attractive
for participants, which seem to be a good prognosis for
planning and testing effective physical activity programmes
for seniors.
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Effects of Jaques—Dalcroze
eurhythmics program on postural
stability in elderly women

Jan Adamczyk'™, Roman Celka?, Rafat Stemplewski?, Kinga Ceynowa? & Janusz Maciaszek?

Decreased postural stability is observed in older adults. There is an increased risk of falls, which may
lead to serious complications and death. Elderly people can maintain and even improve their postural
stability through properly selected exercises. This study investigated the effect of exercise using the
Emil Jaques—Dalcroze’s Eurhythmics (JDE) method on the postural stability of women over 65 years
of age. The study model was based on a randomized controlled trial—parallel group design. Fifty-nine
women (69.85 £ 3.29) were divided into two groups: intervention (IG, n=26) and control (CG, n=33).
The IG subjects participated in a JDE exercise programme for 12 weeks, twice a week for 45 min each.
Postural stability was determined using a test on the AMTI AccuSway Plus posturography platform,
recording centre of pressure (COP) point displacement. A biofeedback model was used. Accuracy,
speed and reaction time of movements were assessed. Two measurement sessions were conducted
in both groups: 1 week before starting the exercise programme and immediately afterwards. After
12 weeks of exercise, subjects from |G scored significantly better in the test of accuracy (p <0.05) and
speed (p <0.05) of movements. Additionally, for parameters determining accuracy of movements,

an interaction between allocation to a group and a measurement session was shown (group x time).
A 12-week exercise program using the JDE method improves the postural stability of women over

65 years of age by improving the parameters of speed and accuracy of torso movements.

Older people experience decreased postural stability"?, which causes, among others, problems in performing
Activities of Daily Living (ADL)>*. This in turn has a negative impact on both the psychological and physical
spheres®, as well as increase the risk of falls*®. The risk of serious complications due to falls is high”.

The elderly can maintain or improve their current level of postural control through well-chosen physical
exercises that influence the mechanisms regulating postural control, including improved muscle strength of
the lower extremity, flexibility and reaction time®-'. At the same time, there is evidence of heterogeneity in the
response of exercisers to regular physical activity'>. By one hand Bierbaum et al."* indicated the effectiveness
of only balance exercises suggesting that strength exercises do not have the intended effect. On the other hand,
Burke et al."* found that balance and strength exercises have the expected effect of improving postural stability
in older women.

Postural stability is the ability to control the position of the body in space in order to move while maintaining
balance’®. The process of maintaining postural stability is extremely complex, involving the visual along with
the central and peripheral nervous systems and the musculoskeletal system, which responds to stimuli. The
quality of these responses depends on motor skills and proprioception'® as well as cognitive condition'’. Taking
this into account, it seems that when choosing exercises to improve postural stability, not only the physical but
also the mental sphere should be involved. However, as the research results show, even such a designed exercise
programme may also fail to provide inconclusive effects. Zheng et al.'® showed that in older people, training
using a dual-task, involving simultaneous performance of cognitive tasks during physical exercise, so-called
“cognicise”—a term used by Suzuki et al.'”>—improves postural control to a higher extent than physical training
alone. Meanwhile, Vaillant et al.?* observed no significant benefit from additional cognitive exercise. Perhaps
the difference in results is due to the number of training sessions performed: in the former case the subjects
participated in 24 training sessions, in the latter only in 12.

1Department of Dance and Gymnastics, Faculty of Sport Sciences, Poznan University of Physical Education,
61-871 Poznan, Poland. 2Department of Physical Activity Sciences and Health Promotion, Faculty of Sport
Sciences, Poznan University of Physical Education, 61-871 Poznar, Poland. *Faculty of Compositions, Conducting,
Theory of Music and Eurhythmics, Academy of Music in Poznan, 61-808 Poznar, Poland. “email: adamczyk@
awf.poznan.pl
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Parameter

Abbr. Unit Ability

COP Path Length: sum of path lengths from the Subject Start Posi-
tion to the intersection of the active target perimeter

Accuracy of COP displacement (excluding the time to maintain the

COP_PL Centimetre (cm) COP within the target)

COP Area Deviation: sum of areas where the COP path deviates from
the straight line that intersects the Subject Start and End Positions

Accuracy of COP displacement (including the time to maintain the

COP_AD | Square centimetre (cm?) COP within the target)

COP Total Time: time taken to complete the entire trial COP_TT | Seconds (s) Movement rate of the COP

COP Reaction Time: average reaction time to cross the perimeter of
target, measured from the activation of the next target

COP_RT | Seconds (s) Simple visual-motor reaction time

Table 1. Description of the characteristics analysed with abbreviations, units, and abilities under study.

One of the cognicise exercise programmes is rhythmics according to the Emil Jaques-Dalcroze’s Eurhyth-
mics method (JDE). This method, originally developed for children, has been gaining popularity in recent years
also for the elderly, but to the best of our knowledge only a few studies involving its use have been published so
far?%. The results show that JDE improves coordination in older adults, mainly in gait and dynamic balance.
The authors describe the JDE exercises as multitasking, forcing the exercisers to focus constantly. It has been
proved that exercises that consist in performing cognitive and physical tasks simultaneously provide better results
than those performed separately®®. An additional, undoubted advantage distinguishing JDE exercises is the fact
that they are performed largely to the accompaniment of the piano. Apart from the practical dimension (music
sets the tempo, number of repetitions, etc.), contact with live music is extremely valuable for the participants
of training—the positive influence of listening to music on a person has been proven many times. It has also
been proven that adding music to exercise can (a) improve exercise capacity and increase patients’ motivation
to participate in cardiac and pulmonary exercise rehabilitation programs; (b) lead to improved balance, greater
ability to perform activities of daily living, and improved life satisfaction in elderly individuals; (c) enhance
adherence and function of individuals suffering from neurological diseases such as Alzheimer’s and Parkinson’s;
and (d) sustain these benefits if continued on a long-term basis?’. All of this creates an interesting alternative to
other popular forms of exercise for seniors. Trainings are perceived as attractive and the drop-out rate during
the programme is low?2.

Yang et al.? in their systematic review conclude that there is preliminary evidence supporting the positive
effects of multitasking training to improve cognitive-motor skills in older people. At the same time, they point out
that in many cases, the effects of interventions that combined cognitive and physical training were comparable to
those that practiced these elements separately, in terms of their effects on executive function, processing speed,
attention, mood and cardiorespiratory fitness. The authors point to the need for further research in this field.

In the present study, based on the experiments described above, it was decided to evaluate the effect of an
exercise programme based on a 12-week gymnastic-rhythmic exercise programme using the JDE method on
the postural stability of women over 65 years of age.

Materials and methods
A study model based on randomized controlled trial—parallel group design was used. The manuscript conforms
to the CONSORT Guidelines.

Participants. Participants were recruited through advertisements in local newspapers and on the Internet,
and covered the Poznan Metropolitan Area, Poland. Eligibility criteria were community-dwelling women aged
65+. Candidates had no contraindications to participation in physical activity and gave informed consent to
participate in the experiment. Participants scored at least 8 on the Abbreviated Mental Ability Test?. Subjects
taking medications that may interfere with natural control of postural stability, users of orthopaedic equipment,
patients with neurological disease (Parkinson’s or Alzheimer’s), with significant visual and/or auditory percep-
tion impairment, and subjects who undertake or have undertaken regular physical activity in the past 3 years
were not eligible for the programme.

Following randomization using the computer program Statistica 13.4 (TIBCO Software Inc., Palo Alto, CA),
the participants were divided into two groups: Intervention Group (IG) and Control Group (CG).

Research protocol.  The participants’ postural stability was investigated by determining their ability to con-
trol the displacement of the body’s centre of pressure (COP). For this purpose, the Balance Platform model
AccuSway Plus was used, together with the Balance Trainer software. The system recorded changes in COP
position in the anteroposterior (AP) and mediolateral (ML) directions. The sampling rate was set at 100 Hz. The
COP is a reliable parameter for evaluating postural stability and upright balance control®. The results of the four
COP parameters described in Table 1 were statistically analysed.

Trial design. Two measurement sessions were held: the first (baseline) took place during the week before
starting the exercise programme and the second (12-week follow-up) straight after its finish (March and June
2016 respectively). Women from IG participated in the exercise programme, while women from CG were
advised not to change anything about their current lifestyle, and in particular not to undertake any new struc-
tured physical activity. The participants, the JDE specialist as well as those conducting the measurements were
unaware of the purpose of this study and the fact of belonging to any group.
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Figure 1. Diagram of the targets deployment with an example of the COP path trace (a screenshot from the
software used for the tests).

The research project as well as all the experiments were positively assessed and approved by the Bioethics
Committee at the Poznan University of Medical Sciences (Resolution 1046/15).
The trial has been registered on 20/08/2021 at ClinicalTrials.gov (Identifier: NCT05015777).

Training programme.  Training sessions took place twice a week for 45 min each over a period of 12 weeks
and were held in the university gymnasium. Each training included rhythmic exercises using the Jaques-Dal-
croze Eurhythmics method with piano accompaniment and electronically played music. Training sessions were
conducted by a JDE specialist.

Each class consisted of three parts: warm-up (~ 10 min), main part (~ 30 min) and cool down (~ 5 min).
Exercises with the use of the JDE method consist mainly in the repetition of preset musical sequences using body
movements. In addition to the physical layer, the cognitive layer was equally important: while performing a given
movement exercise, participants had to focus in order to react appropriately to additional tasks, such as changes
in sound pitch of the piece (e.g. while pitch was high they had to walk on their toes, when low—in a half squat)
as well as changes of dynamic, agogic and articulatory sequences in music. Exercises included movements based
on rhythmic themes where participants had to adjust the speed of their movement to the tempo of the music,
rhythmic transformation of themes and polyrhythms (the arms move in a different rhythm than the legs). There
were also inhibition-incitation exercises (inhibition and stimulation of movement, i.e. stopping moving when
the music stops and resuming movement when the accompaniment starts again), improvisation of movements
and exercises developing control of body balance, independence of movements and their coordination®.

Balance platform test. Participants had to perform a movement task while standing on a posturographic
platform. A Feedback Balance Analysis protocol was used—the subjects saw a point on the screen that was a
reflection of their COP. By tilting their body in different directions, they could observe changes in the position of
their COP in real time. The participants task was to do it in such a way as to direct their COP into the appropri-
ate targets marked on the screen, in the right order (Fig. 1).

Taking into account the natural heterogeneity of the group in terms of physical fitness due to the age of
subjects, the distances of extreme areas in relation to the central area, and thus the range of deflection, were
decided to be determined for each participant individually. For this purpose, first the maximum deflections of
each subject in the AP and ML directions were determined, and then the software automatically determined the
centres of targets at a distance of 75% of the maximum deflection in a given direction. This ensured that each
subject leaned their torso relatively the same range and that the task was within their capabilities. The results of
maximum torso lean ranges were also statistically analysed.

The test consisted of two main elements: (1) the COP point movement phase and (2) the COP point maintain
phase. The task consisted of the COP point movement into individual targets (in a predetermined order), each
time the COP point had to be maintained inside the area of each target for at least one second, after which the
target became inactive (darker), which was a signal of its correct passing. At the same time, the next (active)
target would light up, indicating that the COP point had to be moved into that target, where it again had to be
held for a minimum of one second, and so on. Each time the extreme target was passed, it was necessary to return
into the central target. A similar trial measuring changes in postural stability in a biofeedback model under the
influence of training has already been used in other experiments®"*2.

The posturographic platform was fixed to a flat surface, in front of the subject at a distance of 1.5 m at eye
level was placed a 27 inch monitor. The room was soundproofed to ensure peace and quiet. On the platform
there were lines specifying the proper distances and angles of feet placement in order to ensure that the subject
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Enroliment

71 Assessed for eligibility
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> * 1 Not meeting inclusion criteria
* 3 Declined to participate

67 Eligible, baseline assessment
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l
l ST |

33 Were allocated to intervention group (IG)
e 28 Received allocated intervention 34 Were allocated to control group (CG)
* 5 Did not receive allocated intervention

(3 Had declining health, 2 unknown

reason)
l \12-Week Follow-UpJ l
2 Lost to follow-up 1 Lost to follow-up
* 1 Had personal issues * 1 Had declining health

* 1 Had declining health

l 12-Week Analysis l
S J

26 Analysed 33 Analysed

Figure 2. Flowchart for enrolment, randomization, and follow-up of study participants.

stood in the same place during each subsequent trial. The feet on the platform were placed naturally, one next
to the other at hip width, with the toes gently pointing outwards.

Each participant was given verbal instructions on how to perform the test, with particular emphasis on the
fact that the test had to be carried out as quickly and accurately as possible, moving the COP point by the shortest
possible route to the target, and once reached, trying to keep the COP point as still as possible in the centre of
target until it became inactive (turned dark). The person conducting the test next performed a demonstration
of the entire trial. The final step was for the subjects to perform two pre-test trials, followed by a third trial, the
results of which were statistically analysed.

Statistical analysis. The results of descriptive statistics were presented as means with standard devia-
tion (mean+SD). Postural stability test results were presented as means and confidence intervals at the 95%
level. A two-factor analysis of variance (ANOVA) was conducted. An eta square analysis was used to determine
effect size. The post-hoc Tukey test was conducted in case of significant main or interaction effects. Differences
between groups in the single study session area and between study sessions in the group area were determined
using the Mann-Whitney U test with correction for continuity. Statistical significance level was set at 5%. All
calculations were carried out using Statistica 13.4 (TIBCO Software Inc., Palo Alto, CA)*.

Ethical approval. All procedures performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Informed consent. Informed consent was obtained from all subjects involved in the study.

Results

A total of 71 subjects were initially accepted for the programme, of whom 67 were qualified for the study. The
final statistical analysis included a total of 59 women (Fig. 2). Table 2 presents characteristics describing the
participants, including their age and the results of measurements of somatic characteristics. No significant dif-
ferences were observed between IG and CG in any of the traits studied. Table 3 shows the results of postural
stability tests from both groups at both times in the form of means along with 95% confidence intervals. There
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ALL 1G CG
Participants, n 59 26 33
Age, X (SD), years 69.85 (3.29) 69.58 (3.05) 70.06 (3.51)
Height, X (SD), cm 159.93 (5.48) | 159.04 (5.05) | 160.6 (5.78)
Weight, X (SD), kg 73.3 (12.41) 72.57 (12.37) | 73.28 (12.68)
BML X (SD), kg/m? | 28.73 (5.08) |28.74(5.00) |28.47 (5.22)
Education level, n (%)
Secondary 31(52.5) 10 (38.5) 21(63.6)
Higher 17 (28.8) 11 (42.3) 6(18.8)
Vocational 6 (10.2) 3(11.5) 3(9.1)
PhD 4(6.8) 2(7.7) 2(6.1)
Primary 1(1.7) 0 (0) 1(3)
Marital status, n (%)
Married 25 (42.4) 12 (46.2) 13 (39.4)
Widow 22(37.3) 8(30.7) 14 (42.4)
Single 5(8.5) 1(3.9) 4(122)
Divorcée 4(6.8) 3(11.5) 1(3)
Separation 3(5.1) 2(7.7) 1(3)
‘Weekly PA frequency, n (%)
3-4x/week 17 (28.8) 7(26.9) 10 (30.3)
Every day 16 (27.1) 8(30.8) 8(24.2)
None 12 (20.3) 6(23.1) 6(18.2)
1-2x/week 8(13.6) 3(11.5) 5(15.2)
5-6 x/week 6(10.2) 2(7.7) 4(12.1)

Table 2. Descriptive characteristics of the female participants, whose results were statistically analysed. IG
Intervention Group, CG Control Group, n number of observations, X mean, SD standard deviation, PA physical

activity.

Baseline 12-Week follow-up
*COP_PL, cm
1G 97.58 (89.67-105.50) —p=0.01— 86.41 (82.21-90.62)
CG 90.81 (85.07-96.55) 92.21 (84.05-100.38)
*COP_AD, cm?
1G 105.40 (86.88-123.92) 88.91(79.81-98.01)
CG 91.25 (75.78-106.71) 95.84 (80.50-111.19)
COP_TT, s
IG 29.39 (27.50-31.28) —p<0.01— 24.79 (23.53-26.06)
CG 29.36 (27.84-30.89) —p<0.01— 26.02 (24.75-27.29)
COP_RT, s
1G 1.05 (0.93-1.18) 0.97 (0.9-1.04)
CG 1.11 (1.0-1.22) 0.98 (0.88-1.08)

Table 3. Descriptive data—means and 95% confidence interval (CI) of COP_PL (¢cm), COP_AD (cm?), COP_
TT (s) and COP_RT (s) at the baseline and at the 12-week follow-up in both intervention and control group.
COP_PL path length of the centre of pressure, COP_AD area deviation of the centre of pressure, COP_TT
total time of the centre of pressure activity, COP_RT reaction time of the centre of pressure, IG Intervention
Group, CG Control Group. Test marked with *—there was significant interaction (p <0.05) between group and
measurement session (Group x Time interaction). Differences within group between baseline and 12-week
follow-up are indicated as p value.

were no significant differences between the IG and CG groups at the baseline in any of the parameters tested.
A statistically significant interaction between group allocation and measurement session (group x time interac-
tion) was found for the parameters COP_PL (F(, 5;,=6.743, p=0.012, n%=0.106) and COP_AD (F, 5;)=5.215,
p=0.026, n?,=0.084). Post-hoc tests of the COP_PL parameter showed significant changes (p=0.016) for IG
between the first and second measurement sessions. Figure 3 shows graphs of the direction of change in the
analysed parameters along with the strength of effects and significance.
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Figure 3. Pre- and postintervention static balance results for Centre of Pressure Path Length (COP_PL), Centre
of Pressure Deviation Area Deviation (COP_AD), Centre of Pressure Total Time (COP_TT) and Centre of

Pressure Reaction Time (COP_RT).

Discussion

The biofeedback trials conducted on the posturography platform showed that the training with the JDE method
can contribute to increasing the efficiency of using vision in order to keep the body in a stable position. The
overall image of torso leaning of the female subjects shows that all analysed parameters improved. Parameters
determining the speed of movement of the moving COP, accuracy, and visuomotor reaction time were evaluated
in detail. For the assessment of movement precision, two parameters were analysed: (1) COP_PL, which deter-
mines the accuracy of COP control during the movement phase, and (2) COP_AD, which additionally indicates
the ability to maintain the body in a forced position. In both cases, a significant statistical interaction was found
between group allocation and measurement session. Although the post-hoc test showed a significant change—
improvement in IG performance—only in the case of COP_PL, the direction of change in the performance of
both analysed parameters is opposite in the IG group compared to the CG. This means that JDE training had a
positive effect on the ability to control body leaning during forced movements on the posturographic platform.
Hernandez et al.*® observed that older women leaning their whole body (moving their COP) performed addi-
tional corrective submovements. It can be concluded here that, in the case of IG, the JDE exercises reduced their
number, thus affecting the smoothness and precision of movement phase more than maintaining the COP in a
forced position (inside the target on the monitor screen).

In order to study not only the correctness of movements but also their speed, the total time to perform this
forced trial (COP_TT) was measured. It was assumed that the lower the score, the faster and therefore better the
COP movements performed. In order to exclude misinterpretation of this result, which could arise in a situation
in which the subject reacts too slowly to the target deactivation signal (significantly prolonging the maintenance
phase), it was also decided to analyse the reaction time (COP_RT) which was needed to leave the target after
passing it. No significant group x time interaction was found in any of the above parameters, but detailed statisti-
cal analysis showed a significant improvement in speed parameters in the 12-week Follow-Up for both groups.
It is possible that, despite the fact that subjects from both groups (including CG) were not allowed to change
their level of physical activity and perform balance exercises at home on their own, they performed body leaning
trials. It could have affected the ability to lean the body in different directions, resulting in changes of COP_TT
and COP_RT parameters, probably more easily trainable, in both groups. Additionally, there may have been a
learning effect. Furthermore, perhaps these two parameters are too sensitive to the effects of any training and
should only be used in combination with other posturographic parameters (e.g. COP_PL and COP_AD).

From the experiment, based on the changes in all analysed parameters, it is evident that the training with
JDE resulted in an improvement in both the precision and speed of volitional movements of the COP in the test
with biofeedback. The movements performed by subjects in the IG group were less extensive and thus performed
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with greater precision. With the slow but coordinationally challenging movements, learned and applied over a
period of 12 training weeks, the whole-body control and proprioception were clearly improved. Furthermore,
studies on the organization and control of human movements® show that it is not only the condition of internal
organs directly involved in the movements, or even the quality of nerve connections, that is important. Apart
from the automatism of the body’s functioning, there are structures of the cortex of brain where the decision
is made—whether or not to perform a movement despite sufficient data from the receptors. Information from
the receptors is constantly flowing into the brain, but making the right response is a matter of choice, and the
decision is made in the appropriate centres®. It is likely that the exercises, often complex in terms of coordina-
tion, resulted in an increase in confidence in the control of movements of the whole body and enabled faster
and better choices of the correct, accurate movement. The JDE training method is similar to Tai-Chi and dance
in its use of coordinative elements, which also have a significant influence on the control of movements—thus
leading to greater postural stability’>*® The JDE also requires adequate control of individual muscle activity.
Hence, in women undergoing JDE training, an improvement in performance was noted in the standing test on
the posturographic platform with feedback. This improvement should be associated with an increased ability to
use visual stimuli in order to gather information necessary to hold the body in the desired position. The torso
leaning of older women aimed at keeping the body upright on the platform in such a way that the COP was in
one specific position became more controlled and precise after 12 weeks of training.

As the exercise program was based on the use of music, its influence on the results should also be considered.
Hagen et al.”” found that a group of seniors who exercised with music, compared to a control group that exercised
without music, had better results in the areas of balance, joint range of motion, cognitive ability, behavioural
assessment and life satisfaction. Similar positive results were obtained by Hamburg and Clair**—the exercise
program consisted of a selection of music that matched the rhythm of exercises being performed. After 5 weeks
of exercise, seniors reported significant improvements in balance, flexibility, coordination, and spatial orientation.
The study also points to other positive changes in exercise with music besides motor skills that can be achieved
by seniors. Teel et al.* reported an extremely important high participation rate in such activities (>89%) in this
group of people. In addition, self-reported high motivation to exercise, increased postural awareness, improved
balance and increased social interaction were reported by the participants. Meanwhile, Carrick et al.* in their
randomized controlled trail show that even just listening to music can improve postural stability and reduce the
risk of falls. All of the above characteristics may have contributed to better outcomes for the IG participants in
this study.

This randomized, long-term experiment based on the JDE method obviously has some limitations: (1) In
order to draw conclusions about changes in brain structures due to JDE training, it would be necessary to deter-
mine in which brain regions there was an increase in activity. For this purpose functional Magnetic Resonance
Imaging (fMRI) should be used, which was not the case in this study. (2) It should be noted that the model of
study consisting of individual determination of the distance of extreme targets from the centre makes it impos-
sible to compare the subjects’ results with each other (and thus to define standards) due to the different distances
that the COP point has to cover. However, the creation of such standards would be of little scientific or practi-
cal interest. To create such comparisons, it would be necessary to adopt a qualifying criterion for subjects to
achieve a given minimum of torso lean in each of the four directions and then set the end of extreme targets at
that distance—but this, in turn, would significantly reduce the standardization of this type of measurement. (3)
The lack of calculation of sample size. In determining the minimum number of participants we relied on other
similar studies. It is advisable that for subsequent studies, the number of participants should be determined
based on the pilot study conducted earlier. (4) In designing the study, we decided to use only the platform test as
the outcome measure. We assumed that the biofeedback protocol assesses changes in the physical and cognitive
spheres simultaneously, i.e. those affected by the JDE exercises. However, in order to obtain more comprehensive
results, additional tests such as the Mini Balance Evaluation System Test, Timed Up and Go, One Leg Stand as
well as balance and falls confident skills tests should be used in future studies. (5) Comparing the intervention
group only with a control group whose participants do not participate in any activities. To better control for the
strength of social interaction effects, future studies should include not only the control group as here, but also
a social intervention group such as a book or cards club or other type of social gathering that does not involve
physical activity or exercise. (6) Participants should have had an extra day before baseline, dedicated to famil-
iarisation process on the platform, to educate them and have them practise before the actual baseline test day.

Conclusions
A 12-week exercise programme using the JDE method improves postural stability in the dynamics of women
over 65 years of age, by improving the smoothness of torso movements during body leaning similar to those
occurring in everyday life, thereby improving the performance of ADLs and reducing the risk of falls. This
form of exercise is safe, effective and attractive for seniors. Due to its nature (dance, music, rhythm, whole body
movements) this form can be used in activating and improving people who do not like traditional gymnastics
on a daily basis. The obtained results may be particularly interesting for people conducting physical activities in
nursing homes and centres for the elderly, where the proposed forms of therapy must be characterised by high
attractiveness and ease of evoking positive emotions.

In the light of the small number of publications to date that have examined the effects of JDE on older adults,
further research is needed to better understand the mechanism by which these exercises affect functional fitness
in elderly people.

Data availability

The data presented in this study are available on reasonable request from the corresponding author.
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