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Objasnienia stosowanych w pracy symboli

ACSM — Amerykanskie Stowarzyszenie Medycyny Sportowej (ang. American College of
Sports Medicine)

BMI — wskaznik masy ciata (ang. body mass index)

BP — Bungy Pump

B-V — punkty antropometryczne, podstawa—wierzchotek (ang. basis—vertex)

CG — grupa kontrolna (ang. control group)

COP — $rodek nacisku (ang. centre of pressure)

DT — podwdjne zadanie (ang. dual task)

EC — grupa eksperymentalna (ang. experimental group)

EC — oczy zamknigte (ang. eyes closed)

EO — oczy otwarte (ang. eyes open)

EWGSOP — Migdzynarodowa Grupa Robocza ds. Sarkopenii u Osob Starszych (ang. The
European Working Group on Sarcopenia in Older People)

HR — czestos¢ skurczow serca (ang. heart rate)

H-RF — sprawno$¢ ukierunkowana na zdrowie (ang. Health—Related Fitness)

NW — Nordic walking

PA — aktywnos¢ fizyczna (ang. physical activity)

PFNW — Polska Federacja Nordic Walking

RSA — element oporowy (ang. resistance shock absorber)

SFT— test sprawnosci fizycznej osob starszych (ang. Senior Fitness Test)


https://pl.wikipedia.org/wiki/Health-Related_Fitness
https://pl.wikipedia.org/wiki/Health-Related_Fitness

|. Autoreferat

Rozprawe doktorska oparto o cykl publikacji pod wspolnym tytutem:

»Wpltyw treningu Nordic walking z wykorzystaniem kijow ze zintegrowanym elementem
oporowym na sprawno$¢ funkcjonalng kobiet w wieku powyzej 60 lat”, na ktérg sktadajg si¢
dwie prace opublikowane w czasopismach indeksowanych o zasiggu miedzynarodowym.

W pracach opublikowano wyniki badan eksperymentalnych, ktore wigzaly si¢ z ocenag
efektywnosci treningu marszowego z wykorzystaniem kijow ze zintegrowanym elementem
oporowym (RSA, ang. resistance shock absorber) oraz kijow klasycznych, na zmiany w
sprawno$ci funkcjonalnej oraz stabilno$ci posturalnej u starszych kobiet. Eksperyment

badawczy przeprowadzono w dwodch turach, w latach 2016-2019.
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1. Wstep

Proces starzenia skutkuje obnizeniem potencjatu biologicznego cztowieka, co prowadzi
do zmniejszenia sprawnos$ci fizycznej (Martone i wsp., 2017). Jednym z probleméw
zwigzanych z wiekiem jest sarkopenia. W 2011 roku Mig¢dzynarodowa Grupa Robocza ds.
Sarkopenii u Osob Starszych (ang. The European Working Group on Sarcopenia in Older
People - EWGSOP) zdefiniowata ja jako proces stopniowego zmniejszania si¢ Mmasy
mig$niowej z ostabieniem funkcji migs$ni szkieletowych, w wyniku starzenia si¢ (Fielding i
wsp., 2011). Sarkopenia postrzegana jest jako zespol problemow geriatrycznych stanowi
powazne obcigzenie dla zdrowia publicznego (Schlicht, Camaione i Owen, 2001; Beaudart i
Reginster, 2015; Ossowski i wsp., 2016).

Zwigzane z sarkopenig zmiany inwolucyjne w uktadzie migsniowym, ze wzgledu na
lokalizacje proprioreceptoréw w Sciggnach 1 wrzecionkach migsniowych, wplywaja
niekorzystnie na czucie gltebokie i w konsekwencji na poziom réwnowagi ciata (Michalska i
wsp., 2021). Utrzymanie réwnowagi wymaga koordynacji uktadow: mig$niowo-
szkieletowego 1 nerwowego, a takze wlasciwej interakcji pomiedzy nimi (Michalska i wsp.,
2021). Sygnaly z proprioreceptorow (czucia glebokiego) znajdujacych si¢ w strukturach
migsni, Sciegien i1 stawow, docierajac do rdzenia kregowego daja poczatek reakcjom
odruchowym. Wspoétzalezno$¢ propriocepcji i zwrotnych reakcji nerwowo—mig$niowych jest
waznym czynnikiem wplywajacym na zachowanie czynnoSciowej stabilnoSci stawow,
zachowania rownowagi, regulacji napi¢cia migsniowego oraz koordynacji ruchowej (Lephart,
2000).

Obnizona sita migéni konczyn dolnych, gtéwnie migs$ni prostujacych staw biodrowy oraz
zginajacych grzbietowo staw skokowy prowadzi do zwigkszenia niestabilno$ci postawy i1
podwyzszonego ryzyka upadkow (Barak, Wagenaar 1 Holt, 2006). Konsekwencja upadku
moze by¢ utrata sprawno$ci ruchowej, samodzielno$ci, a nawet $mier¢ (Sample, 2016;
Gomeinuka, 2019; Michalska i wsp., 2021).

Biorac pod uwage powazne konsekwencje upadkéw 1 znajomo$¢ mechanizméw
regulujagcych réwnowage, w programach interwencyjnych dla starszych oséb powinny
znalez¢é si¢ ¢wiczenia majace znaczenie dla poprawy poziomu réwnowagi, w tym

ukierunkowane na poprawe sily i masy mig$niowej oraz zwinnos$ci tych osob. Regularna 1



dostosowana aktywnos$¢ fizyczna (ang. physical activity, PA) jest szansg na utrzymanie
sprawnosci oraz samodzielno$ci w p6znym okresie zycia oraz przyczynia si¢ do polepszenia
sprawnosci funkcjonalnej, w tym rownowagi ciata (Belza, 2006; Holviala, 2012; Virag i wsp.
2015). Umiarkowana PA jest zalecana dla senioréw, poniewaz ma kluczowe znaczenie dla
utrzymania mozliwie wysokiego poziomu zdrowia (Blair, 2009; Garber i wsp., 2011; Chase,
2013; Milanovi¢, Panteli¢ 1 Trajkovi¢, 2013; Halaweh i wsp., 2015; Langhammer, Bergland i
Rydwik, 2018; Fahey, Insel i Roth, 2018; Rivera-Torres, Fahey i Rivera, 2019). Skuteczna
pomoc osobom starszym w utrzymaniu zdrowego i aktywnego zycia jest bardzo potrzebna,
poniewaz po 60. roku zycia obserwuje si¢ nawet czterokrotny wzrost ograniczen fizycznych
oraz dwukrotny wzrost niepelnosprawnosci, w poréwnaniu do oséb mtodszych (Milanovi¢ i
wsp., 2013).

W raporcie American College of Sports Medicine (ACSM) stwierdza si¢, ze regularna PA jest
niezbedna dla zdrowego starzenia si¢, a korzy$ci zdrowotne z podejmowania ¢wiczen
wystepuja przez cale zycie. Sugeruje si¢ roéwniez konieczno$¢ promowania zaje¢ ruchowych
dla os6b starszych, z powodu niedostatecznej aktywnosci tej populacji (Chodzko-Zajko i
wsp., 2009; Keogh, 2014). Chodzko-Zajko i wsp. (2009) podkreslaja, ze program treningowy
dla seniordw powinien zawiera¢ ¢wiczenia aerobowe, wzmacniajace mig¢snie oraz ¢wiczenia
rownowazne dla ograniczenia ryzyka upadkow, a wigc wpltywaé na te komponenty
sprawno$ci fizycznej, ktore zgodnie z koncepcja Health—Related Fitness (H-RF) sa
pozytywnie powigzane ze zdrowiem (Shephard i Bouchard, 1994).

Podstawowga aktywnoscig zycia codziennego, ktéra moze pomodc osobom w kazdym wieku w
zachowaniu samodzielno$ci oraz swobody przemieszczania si¢ jest chod. Przeprowadzono
wiele badan w zakresie wptywu tej formy PA na sprawnos¢ fizyczna, z ktorych wynika, ze
regularne spacery i marsze moga spowalnia¢ postepujace wraz z wiekiem obnizanie si¢
sprawnosci fizycznej (Sun, Norman i While, 2013; Frew i wsp., 2014; Jessen i Lund, 2017;
Kilingback, Tsofliou i Clark, 2017).

Prawidlowy chod wymaga odpowiedniej sily miesni, wlasciwego zakresu ruchomosci we
wszystkich stawach konczyn dolnych i zachowania rownowagi w warunkach dynamicznych
(Cadore i Izquierdo, 2013). Marsz jest zalecany w rehabilitacji, rowniez jako profilaktyka
sarkopenii, lecz spacer w wolnym tempie moze nie by¢ wystarczajacym bodzcem do zmian.
Wigksze pozytywne zmiany w sile mig$ni oraz predkosci chodu zaobserwowano w wyniku
zintensyfikowania PA (Sanchez-Sanchez 1 wsp., 2019). Szybki marsz, jako prosta i

bezpieczna forma ¢wiczen jest bezsprzecznie skutecznym $rodkiem przeciwdziatania


https://pubmed.ncbi.nlm.nih.gov/?term=Shephard+RJ&cauthor_id=8081320
https://pubmed.ncbi.nlm.nih.gov/?term=Bouchard+C&cauthor_id=8081320

negatywnym efektom siedzacego trybu zycia, nawet w przypadku oséb o niewystarczajacej
sprawnosci 1 moze prowadzi¢ do zmniejszenia czgstosci wystepowania chordb przewlektych
(Tschentscher, Niederseer i Niebauer, 2013; Ossowski i wsp., 2016). Jednakze wciaz niejasne
pozostaje, czy taki bodziec jest wystarczajacy dla poprawy wszystkich parametrow
niezbe¢dnych do utrzymania sprawnos$ci funkcjonalnej senioréw.

Sherrington 1 wsp. (2008) wicksze efekty poprawy stabilnosci posturalnej zaobserwowali w
programach, ktore zawieraly ¢wiczenia réwnowazne, ale nie obejmowaly programu
chodzenia. Martins i wsp. (2011) potwierdzili pozytywny wplyw treningu sitowego i
aerobowego na sprawnos$¢ funkcjonalng starszych osob. Wykazano takze, ze przeciwdziatanie
sarkopenii jest mozliwe dzigki wykonywaniu ¢wiczen wytrzymato$ciowych (Evans, 2010;
Montero-Fernandez i Serra-Rexach, 2013). Clemson i wsp. (2009) w swoich badaniach
potwierdzili wplyw ¢wiczen silowych na poprawe wskaznikéw zwigzanych z dynamiczng
rownowaga ciala. Rowniez Romsbottom i wsp. (2004) wykazali poprawe dynamicznej
rownowagi ciata, jak rowniez sity migsni konczyn dolnych po zastosowaniu ¢wiczen
sitowych.

Jedna z form aktywnosci opartej na chodzie jest Nordic walking (NW). Wérdd korzysci z
zastosowania NW wskazuje si¢ na popraw¢ w zakresie wytrzymatosci (Virag i wsp., 2015),
sity miesni (Song 1 wsp., 2013; Keogh i wsp., 2014; Lee i Park, 2015), oraz rownowagi ciata
(Virag i wsp., 2015; Lee i Park, 2015; Franzoni i wsp., 2018). Badacze odnotowali u seniorow
poprawe rOwnowagi statycznej juz po 8-12 tygodniach interwencji NW (Kocur i wsp., 2015;
Franzoni i wsp., 2018; Gomefiuka i wsp., 2019). Wskazuje si¢, ze NW, jest bardziej
intensywng forma chodzenia, angazujaca migsnie dolnej 1 gornej czesci ciata. Rytmiczny i
naprzemianstronny ruch catego ciala w NW, moze skuteczniej zapobiega¢ zmianom w jakos$ci
chodu zwigzanym z procesem starzenia si¢ organizmu, niz zwykly marsz (Figueiredo i wsp.,

2013; Mansour i wsp., 2018).

Uzasadnienie podjecia badan

Poziom sprawnosci funkcjonalnej, zwlaszcza rozpatrywany ze wzgledu na upadki i
niestabilnos¢, jest kluczowa kwestia dla populacji geriatrycznej (Bird i wsp., 2010;
Stemplewski, 2012; Sample i wsp., 2016). Wedtug Sample i wsp. (2016) upadki wystepuja
nawet u 33% osoéb starszych. Konsekwencje upadkow stanowig powazne zagrozenie dla
zdrowia, a nawet zycia senioroOw. Powazny uraz, ktory jest czestym nastepstwem upadku,

moze spowodowaé trwalg utratg¢ samodzielno$ci (Gomenuka i wsp., 2019). W krajach
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wysokorozwinigtych stale zwigksza si¢ odsetek osob w podesztym wieku wymagajacych
catodobowej, czesto dlugoterminowej hospitalizacji, dlatego zapewnienie pomys$inej starosci
oraz niezalezno$ci w pdéznym okresie zycia wydaja si¢ by¢ wazniejsze od wydtuzania
ludzkiego zycia. Zapewnienie profesjonalnej opieki nad osobami starszymi jest bardzo
kosztowne i1 stanowi powazne wyzwanie dla finansow publicznych, jednakze podkresla si¢
spoteczne i ekonomiczne korzysci z programéw interwencyjnych w zakresie poprawy PA
wsrdd seniorow (Frew 1 wsp., 2014).

Biorgc pod uwage powyzsze informacje, nasuwa si¢ pytanie o forme treningu, ktéry bytaby
atrakcyjna dla seniorow, nie wigzala si¢ z duzymi kosztami, a zawierataby wszystkie
elementy wazne dla zachowania fizycznej sprawnosci i zdrowia.

Trening sprawnosci funkcjonalnej, nazywany roéwniez treningiem neuromotorycznym (Bird i
wsp., 2010; Garber i wsp., 2011), ktory obejmuje zdolnosci motoryczne, takie jak:
rownowaga, koordynacja, chod i zwinno$¢ oraz trening proprioceptywny powinny znalez¢
zastosowanie jako czgs¢ kompleksowego programu ¢wiczen dla osob starszych, szczegdlnie
w celu poprawy réwnowagi, zwinnosci, sity mig¢sni 1 zmniejszenia ryzyka upadkéw (Bird 1
wsp., 2010). Wskazuje si¢, ze NW to prosta i bezpieczna forma ruchu, ktéra mozna zalecaé
seniorom (Tschentscher, Niederseer i Niebauer, 2013; Lee i Park, 2015). W trakcie NW
uczestnicy chodzg i rozmawiaja ze sobg, co wymaga przetwarzania informacji wraz z
utrzymaniem koordynacji, rownowagi i predkosci chodzenia. Mozna wiec przyjac, ze NW
zapewnia uczestnikom trening rownowagi w warunkach wykonywania podwojnego zadania.
W bazach danych mozna znalez¢ wiele publikacji dotyczacych wptywu klasycznego NW na
wskazniki zdrowia osob w starszym wieku (Parkatti, Perttunen i Wacker, 2012; Takeshima i
wsp., 2013; Lee i Park, 2015; Virag i wsp., 2015; Bieler i wsp., 2017).

Nowga formg treningu NW jest trening z kijami RSA. Dzigki konstrukcji tych kijow, w fazie
dociskania kija do podtoza migsnie wykonuja dodatkowa prace. Taki trening umozliwia
przeprowadzenie treningu wytrzymatosciowego oraz oporowego w jednym czasie, a wigc
moze przynosi¢ wigcej korzySci. Jednakze dotychczas brakuje badan w podejmowanym
temacie. Posrednie wnioski mozna wyciagna¢ z badan nad wplywem zroéznicowanego
treningu na sprawnos¢ fizyczng, w tym réwnowagg statyczng u senioréw, lecz ich wyniki sa
niejednoznaczne i zroznicowane. Z jednej strony Schlicht, Camaione i Owen (2001) wykazali
poprawe parametrow, ktore zwigzane s3 z ryzykiem upadkéw: sity migsni konczyn dolnych
oraz szybkosci chodzenia, w wyniku zastosowania intensywnego treningu oporowego u

starszych. Z drugiej strony, Behm i1 wsp., (2015) stwierdzili brak wpltywu na sile i



wytrzymalo$¢ migsniowg oraz rownowage zarOwno statyczng, jak dynamiczng, jako efekt
treningu silowego na niestabilnych powierzchniach.

Przed rozpocze¢ciem wilasnego eksperymentu nie stwierdzono w bazach danych prac
dotyczacych wptywu treningu marszowego z RSA na sprawnos$¢ funkcjonalng seniorow.
Dotychczas nie badano wptywu tej formy treningu na podstawowe elementy sprawnosci, tj.:
site mig$ni, wytrzymatos$¢, rownowage ciata, zwinno$¢, a ktorych poziom bezposrednio wigze
si¢ z mozliwoscig dhuzszego utrzymania samodzielno$ci 1 dobrej jakosci zycia ludzi w
starszym wieku.

W kontek$cie przeprowadzonych badan nalezy rowniez podkresli¢ ich aspekt praktyczny,
ekonomiczny i spoteczny, poniewaz promocja korzystnych dla zdrowia form PA i ich
wykorzystanie, moze przelozy¢ sie na lepszy poziom zdrowia publicznego, a nawet

zmniejszy¢ obcigzenie w sektorze finanséw publicznych.

2. Cele i Hipotezy

2.1. Cele badan
Celem glownym pracy byla ocena zmian poziomu sprawnosci funkcjonalnej, w tym
rownowagi ciata w wyniku zastosowania treningu NW z kijami klasycznymi i z RSA u kobiet

po 60. roku zycia

Sformutowano nastepujace cele szczegotowe:

1) Poroéwnanie wptywu treningu Nordic walking z zastosowaniem dwoch rodzajow
kijow: z RSA oraz klasycznych na sprawno$¢ funkcjonalng starszych kobiet w
zakresie:

- sity mig$ni gornej czesci tutowia,

- sity migs$ni dolnej czgsci tutowia,

- wytrzymato$ci aerobowe;,

- zwinno$ci starszych kobiet (publikacja 1).

2) Poréwnanie wptywu treningu Nordic walking z zastosowaniem kijéw z RSA oraz

klasycznych na poziom rownowagi statycznej badanych kobiet (publikacja 2).
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2.2. Hipotezy badawcze

Dla realizacji powyzszych celow poddano weryfikacji nastepujace hipotezy dotyczace
kobiet w wieku powyzej 60. roku zycia:

1) lking z kijami z RSA umozliwia uzyskanie wigkszych pozytywnych zmian w:

- sile mig$ni gornej czesci ciala,

- sile mig$ni dolnej czes$ci ciata,

- poziomie wytrzymato$ci acrobowej,

- poziomie zwinnos$ci badanych osob,

niz w przypadku treningu NW z kijami klasycznymi (publikacja 1).

2) Trening z kijami z RSA ma wigkszy pozytywny wplyw na poprawe poziomu

rownowagi statycznej badanych osob, niz NW z kijami klasycznymi (publikacja 2).

3. Grupa badana i metody badan

3.1. Grupa badana

Badania zostaly zaakceptowane przez Komisj¢ Bioetyczng Uniwersytetu Medycznego
w Poznaniu (Decyzja nr 421/16; rozszerzenie nr 1041/18). Zgodnie z Deklaracja Helsinska
uczestnicy zostali poproszeni o wyrazenie $wiadomej pisemnej zgody na udziat w badaniach.
Podjeto wszelkie $rodki ostroznos$ci w celu ochrony prywatno$ci uczestnikow 1 poufnosci ich
danych osobowych. Ponadto kazdy uczestnik zostal powiadomiony o przystugujacej mu
prawie do odmowy udziatu w badaniu lub wycofania zgody w dowolnym momencie, bez
zadnych konsekwencji. Badani zapoznali si¢ z procedurg eksperymentalng wraz ze
wszystkimi aspektami badania, takimi jak: cele eksperymentu, metody, sekwencja testow,
ryzyko zwigzane z eksperymentem i oczekiwane korzysci, a takze niedogodnosci, jakie moze
powodowac.
Uczestnicy zostali zakwalifikowani do udziatu w projekcie na podstawie historii medycznej i
badania kardiologicznego.

Kryteria wigczenia:

Zastosowane zostaly nastepujace kryteria wiaczenia do badan:

- wiek powyzej 60. roku zycia;

- brak medycznych przeciwwskazan do umiarkowanych ¢wiczen fizycznych;
- brak doswiadczenia w treningu Nordic walking;

- dobry kontakt werbalny;

- mozliwo$¢ udzielenia przemyslanych i logicznych odpowiedzi.
11



Kryteria wykluczenia:

Wykluczono osoby z obecnoscia co najmniej jednego z czynnikow:

- regularne uczestnictwo w zajeciach rekreacyjnych i sportowych, czesciej niz jeden raz w
tygodniu przez ponad 20 minut, z umiarkowang intensywno$cig, np.. jogging, jazda na
rowerze, ptywanie itp.;

- zaburzenia w obrebie ukladu mig$niowo—szkieletowego uniemozliwiajace samodzielne
poruszanie si¢;

- choroby, majace wplyw na zaburzenia rownowagi (np. zapalenie nerwu przedsionkowego,
stwardnienie rozsiane, zawroty glowy);

- cukrzyca typu 2;

- otylo$¢ trzeciego stopnia (BMI>40 kg/m?);

- stosowanie lekow obnizajacych cis$nienie krwi.

Publikacja 1
Do badan zakwalifikowano 47 kobiet w wieku od 60-71 lat. Kobiety zostaty losowo
przydzielone do jednej z dwoch grup za pomoca funkcji randomizacji w oprogramowaniu
Excel:
e Grupa eksperymentalna (EG, ang. experimental group) — NW z kijami z RSA —
poczatkowe: n = 23, koncowe: n = 21;
e Grupa kontrolna (CG, ang. control group) — NW z kijami klasycznymi — poczatkowe:
n =24, koncowe: n = 21.
2 kobiety w grupie eksperymentalnej 1 3 kobiety w grupie kontrolnej zrezygnowaty z
uczestnictwa w badaniu bez podania przyczyny, w wyniku czego w obu grupach pozostato po
21 kobiet (rycina 1).
Kobiety nie byly poinformowane, ktora z grup byta eksperymentalna.

Przyjeto minimalng wymagang frekwencje na zajeciach na poziomie 80%.
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REKRUTACJA
(Lokalne media, Internet)

v
Osoby zakwalifikowane do
udziatu w badaniu (n=47)

v

Randomizacja (n=47)

'

PRZYDZIAL DO GRUP

|
v v

EG (n=23) CG (n=24)

v y
1

Wykluczono

A 4

EG (n=2)

A 4

60-minutowa sesja
instruktazowa

v

INTERWENCJA
16 sesji treningowych (75 min kazda),
8 tygodni (dwa razy w tygodniu)

|

Minimalna wymagana frekwencja 80%
uczestnictwa, w co najmniej 13 sesjach | Wykluczono,
treningowych n=0

\ 4

CG (n=3)

A

v v

EG (n=21) CG (n=21)

| |
v

ANALIZA STATYSYCZNA

Zrodto: The Effect of Nordic Walking Training with Poles with an Integrated Resistance Shock
Absorber on the Functional Fitness of Women over the Age of 60.

Rycina 1. Zmiany liczby uczestnikow w poszczegélnych grupach (EG, CG), w trakcie
procesu badawczego (Publikacja 1).
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Publikacja 2
Poczatkowo do badania zrekrutowano 50 kobiet. Po uwzglednieniu kryteriow
wykluczenia do badan zakwalifikowano 40 kobiet w wieku od 60-75 lat. Kobiety zostaty
podzielone losowo (program Excel) na dwie grupy:
e Grupa eksperymentalna (EG) — NW z kijami z RSA — poczatkowe: n = 20, koncowe:
n=17,
e Grupa kontrolna (CG) — NW z kijami klasycznymi — poczatkowe: n = 20, koncowe: n
=17.
5 kobiet nie ukonczylo o$miotygodniowego okresu interwencji, w tym 1 osoba, ktora
zrezygnowala z powodu urazu, 2 z powodu choroby i 2 z nieujawnionych powodow
osobistych. Pozostale 35 osob ukonczylo szkolenie. Ostatecznie efekt interwencji oceniono u
34 kobiet, poniewaz jedna osoba (bez podania przyczyny) nie wzicta udzialu w testach po
programie interwencyjnym (rycina 2).
Kobiety nie zostaty poinformowane, ktora z grup byta eksperymentalna.

Minimalng frekwencj¢ na zajg¢ciach ustalono na poziomie 80%.
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REKRUTACJA
(lokalne organizacje dla senioréw, ogloszenia w
lokalnej prasie, media spotecznosciowe)

v

Osoby zakwalifikowane do
badan (n=40)

v

Randomizacja (n=40)

v
PRZYDZIAL DO GRUP

| : |
EG (n=20) CG (n=20)
R Wykluczono
Y | EG (n=0), CG (n=0)
60-minutowa sesja instruktazowa
A 4
INTERWENCJA
16 SESJI (75 min kazda),
8 tygodni (dwa razy w tygodniu)

. ¢ X Wykluczono,
Minimalna wymagana frekwencja > EG (n=23)
80% udziatu, co najmniej 13 sesji

treningowych
| Wykluczono,
v v CG (n=2)
EG (n=17) CG (n=18)
.| Wykluczono,
v CG (n=1)
CG (n=17)
I

ANALIZA STATYSYCZNA

Zrédto: Effect Of Nordic Walking Training With Poles With An Integrated Resistance Shock Absorber
On The Body Balance Of Women Over The Age Of 60.

Rycina 2. Zmiany liczby uczestnikow w poszczegdlnych grupach (EG, CG), w trakcie
procesu badawczego (Publikacja 2).
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3.2. Metody badan
3.2.1. Ogdlny schemat badan.

Badania przeprowadzono dwukrotnie w latach 2016-2019, wedtug tego
samego schematu (rycina 3). Catos¢ eksperymentu zostala poprzedzona badaniami
wstepnymi. Przed i po interwencji przeprowadzono pomiary wiasciwe. Interwencja
oparta byta o trening marszowy Nordic walking z uzyciem dwoch rodzajow kijow —

zawierajacych elastyczny element oporowy oraz klasycznych.

Pomiary Pomiary wlasciwe Interwencja Pomiary wlasciwe
wstepne (przed interwencja) (po interwencji)
e N\ 4 o ) ( A e - N
Wywiad - Senior Fitness - Senior Fitness
;ne dyV(\:I;?w Test 2 X 75 min Test
yczny (publikacja 1) dwa razy w (publikacja 1)
- Podstawowe - Pomiary ¢ A - Pomiary
. . ygodniu .
charakterystyki posturograficzne - posturograficzne
somatyczne -Romberg (16 ses;ji - Romberg
tandem test treningowych) tandem test
ublikacja 2 ublikacja 2
\ Y, \. ® 122) J \ J . G 122) J

Rycina 3. Og6lny schemat badania.

3.2.2. Pomiary wstepne

Przed badaniem wykonano pomiary wskaznikow somatycznych, tj. wysokosci
i masy ciata oraz obliczono wskaznik masy ciata (BMI, ang. body mass index). Mase
ciata badano w pozycji stojacej przy uzyciu wagi Seca Optima z doktadnoscia do 1 kg.
Do pomiaru wysokos$ci ciala zostal uzyty antropometr firmy GMP. Wysokos$¢ ciata
mierzona byla jako dlugos$¢ odcinka wyznaczonego punktami antropometrycznymi B—
V (ang. basis—vertex) — przy postawie wyprostowanej, z opuszczonymi wzdiuz
tulowia 1 wyprostowanymi kofnczynami goérnymi. Pomiar zostal dokonany z
doktadnoscia do 0,1 cm.
Nie stwierdzono istotnych statystycznie réznic miedzy grupami. Srednie wartosci

wieku, wysokosci ciata i BMI byly podobne w obu grupach.
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3.2.3. Pomiary wlasciwe

Publikacja 1

Pomiar sprawnosci funkcjonalnej

W pracy wykorzystano cztery testy z baterii Senior Fitness Test (SFT), sScisle

wedlug oryginalnych zalecen Rikli i Jones (1999), do oceny tych zdolnosci, ktore sg

niezbedne do utrzymania niezalezno$ci i1 bezpiecznego wykonywania codziennych

CZynnosci:

1.

The 30-second chair stand test: test stuzy do oceny sity dolnej czeSci ciata potrzebnej

do chodzenia, wchodzenia po schodach, wstawania z krzesta itp.

Sposob wykonania:

- siedzenie z plecami wyprostowanymi, z przedramionami skrzyzowanymi na klatce
piersiowej i stopami postawionymi ptasko na podtodze,

- na sygnat ,start” jak najszybsze wstawanie do pozycji wyprostowanej i powrot do
pozycji siedzace;.

Wynikiem testu jest liczba petnych cykli wykonanych w ciggu 30 sekund.

Arm curl test: testem ocenia si¢ wytrzymato$¢ gornej czeSci ciata potrzebnej do

czynno$ci wymagajacych podnoszenia lub przesuwania przedmiotow.

Sposob wykonania:

- pozycja siedzaca na krzesle, konczyna gorna (sprawniejsza) z cigzarkiem w rece
opuszczona wzdhuz tutowia,

- na sygnat ,,start” zginanie 1 prostowanie konczyny goérnej w stawie fokciowym,

- w trakcie zginania staw tokciowy znajduje si¢ blisko tulowia oraz nastgpuje
odwroécenie przedramienia i skierowaniem reki z cigzarkiem w strong barku,

- kobiety wykonuja zadanie z cigzarkiem o masie 2,27 kg (1 Ib — 0,454 kg).

Wynikiem tego testu jest liczba petnych cykli wykonanych w ciggu 30 sekund.

The 2-minute step test: test stosuje si¢ do oceny poziomu wydolnosci tlenowej

(tolerancji wysitku).

Sposob wykonania:

- na sygnat ,,start” badany rozpoczyna marsz w miejscu, Unoszac naprzemiennie nogi
do wyznaczonej indywidualnie wysokos$ci potowy uda, mierzonej od grzebienia
biodrowego do rzepki,

- dopuszcza si¢ pomoc w utrzymaniu rownowagi poprzez np. oparcie reki o §ciang.
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Rezultatem testu jest liczba uniesien prawego kolana do wymaganej wysokosci w
ciggu 2 minut.

4. The 8-foot up and go test: test stuzy do oceny zwinno$ci/dynamicznego poziomu

rownowagi, niezb¢dnego w zadaniach wymagajacych szybkich manewrow, takich jak
np. wsiadanie i wysiadanie z transportu publicznego.

Sposob wykonania:

- pozycja siedzaca na krzesle,

- na sygnal ,start” badany wstaje i mozliwie jak najszybciej pokonuje marszem
wyznaczony dystans 8 stop (2,44 m),

- ponowne zajecie miejsca na krzesle.

Wynikiem testu jest czas wykonania zadania, liczony w sekundach.

Publikacja Il
Do oceny zmian poziomu rownowagi statycznej u badanych oséb wykorzystano pomiary
posturograficzne oraz Tandem Romberg test.

1. Pomiary posturograficzne zostalty wykonane w oparciu o pomiar przemieszczen $srodka

nacisku (ang. centre of pressure, COP), przy uzyciu platformy ™ AccuGait (AMTI PJB-

101, Watertown, MA) z oprogramowaniem Balance Trainer, ktéra jest czesto

wykorzystywana w badaniach osob starszych (Melzer, 2009; McNamara 1 wsp., 2013).

Warunki dokonywania pomiardw zostaty wystandaryzowane zgodnie z ponizszym opisem.
Sposob wykonywania pomiaru:

Platforma zostatla umieszczona na plaskiej i stabilnej powierzchni. Podczas badania
osoby staty boso, przyjmujac wyprostowang, pionowa pozycj¢ ciala, z opuszczonymi wzdtuz
ciata konczynami gérnymi, ze zblizonym do naturalnego ustawieniem stop — pigty w jedne]
linii, z zachowaniem okoto 5 cm odstepu migdzy pigtami (Stemplewski, 2012).

W tej pozycji wykonano trzy 30 sekundowe analizy posturograficzne oddzielone od siebie
dwiema dwuminutowymi przerwami:

- stanie przy oczach otwartych (EO, ang. eyes open),

- stanie przy oczach zamknietych (EC, ang. eyes closed),

- badanie stabilnosci ciata w warunkach podwojnego zadania (DT, ang. dual task).

DT — zadanie kognitywne polegato na odliczaniu wstecz co trzy, zaczynajac od liczby 200

(Sample i wsp., 2016).
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2. Tandem Romberg test (znany réwniez jako Romberg sharpened test), jest narzedziem

pomiarowym, ktdre znajduje zastosowanie do oceny zmian funkcjonalnych w rownowadze
ciala (Lee, 1998; Herdman i Clendaniel, 2010), w zalezno$ci od poziomu propriocepcji
badanych osob (Maranhéo-Filho i wsp., 2011).

Sposob wykonywania pomiaru:

W trakcie pomiaré6w badani stali boso z przedramionami skrzyzowanymi na klatce
piersiowej, ze stopami ustawionymi w jednej linii — stopa nogi dominujacej z przodu (rycina
4). W celu ustalenia strony dominujacej wydano badanemu polecenie: ,,prosz¢ kopnaé w
wyimaginowany przedmiot”, ktorego skutkiem bylo wykonanie zadania dominujaca
konczyna.

Poczatkowo badany stat z oczami otwartymi (EO) i wzrokiem skupionym w punkcie
oddalonym o 1 metr, a nast¢pnie pozostawat w tej samej pozycji z oczami zamknigtymi (EC).
Uzyskanym wynikiem byta liczba sekund, podczas ktérych badany utrzymywal pozycje bez
utraty rownowagi, z dopuszczeniem niewielkich oscylacji ciala (Maranhao-Filho 1 wsp.,
2011). Za maksymalny czas pomiaru przyjeto 30 sekund. Wszyscy badani osiagneli
maksymalne wyniki w tescie EO, w zwigzku z tym w dalszej analizie wzigto pod uwagg tylko

wyniki testu w warunkach EC.

Zrédto: zdjecie whasne autorki
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Rycina 4. Prawidlowe ustawienie stop w teScie Tandem Romberg - dominujaca konczyna

dolna z przodu.

3.2.4.Interwencja

Publikacja 1, Publikacja 2

W publikacjach opisano efekty interwencji, ktora polegata na przeprowadzeniu cyklu
treningdéw NW. Obie grupy (EG i CG) trenowaty w tym samym czasie. Treningi odbywaly si¢
dwa razy w tygodniu przez 8 tygodni, w sumie 16 sesji treningowych, kazda po okoto 75
minut. Wedhlug Park i Yu (2015), taki cykl treningowy moze by¢ wystarczajacy do uzyskania
poprawy poziomu zdolno$ci motorycznych.
Przed rozpoczgciem treningdw uczestnicy zostali zapoznani z technikg marszu oraz sposobem
bezpiecznego korzystania ze sprzetu. Kobiety z EG uzywaty kijkow z wbudowanym
amortyzatorem oporowym 4 kg (Slimline Bungy Pump, Sports Progress International AB,
Szwecja), natomiast kobiety z CG maszerowaly z klasycznymi kijami NW (Nordic Walking
Race 80% Carbon, Fizan, Wlochy). Plan treningu uwzgledniat zalecenia ACSM (Chodzko-
Zajko 1 wsp., 2009). Kazdy trening rozpoczynal si¢ rozgrzewka gtownych partii migéni,
dynamicznymi ¢wiczeniami z wykorzystaniem kijéw, w tempie dostosowanym do
mozliwosci uczestnikow. Podczas rozgrzewki uczestnicy wykonywali np.: wymachy rak, nég,
w roznych ptaszczyznach i kierunkach, w r6znym ustawieniu ciala.
Nastepnie badani chodzili alejami parku po zréznicowanym podtozu, w tempie
umozliwiajgcym prowadzenie swobodnej rozmowy, okoto 1 km w 10 min (intensywnos¢
odpowiadajagca 100-120 czestosci skurczu serca na minutg). Po przejsciu polowy
planowanego dystansu, uczestnicy zaje¢ wykonywali ¢wiczenia o charakterze sitowym oraz
trening réwnowagi. Trening rownowagi polegal na utrzymaniu stabilnej postawy przy
zmniejszonym polu podparcia i wychyleniach ciata w roznych kierunkach. Po przejéciu reszty
planowanego dystansu, na zakonczenie treningu odbywaty si¢ ¢wiczenia rozciggajace
gléwnych partii mie$ni, np.: migsni prostych uda, migsni powierzchownych 1 glebokich
goleni, migs$ni kulszowo—goleniowych, rozcigganie migs$ni grzbietu, ,,rolowanie kregostupa”
itp. Dlugos¢ trasy zmierzono za pomoca aplikacji Endomondo (Padulo i wsp., 2018). W
trakcie spotkan stopniowo wydtuzono dystans marszu z 3,5 km do 4,5 km, a takze liczbg
wykonywanych ¢wiczen sitowych z 8 powtdrzen na 12 powtodrzen. Przyjeto minimalng

frekwencje na poziomie 80%, co wymagalo udziatu w co najmniej 13 sesjach szkoleniowych.
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Treningi prowadzita osoba posiadajaca odpowiednie kwalifikacje instruktorskie Polskiej
Federacji Nordic Walking (PFNW).

Technika marszu z kijami

Marsz z kijami to cykliczny, powtarzalny i naprzemianstronny ruch catego ciala. Ruch
lokomocyjny jest zgodny z poszczegdlnymi fazami chodu, a ruch w stawach ramiennych
odbywa si¢ w podobnym =zakresie, jak podczas dynamicznego, swobodnego marszu. W
trakcie marszu nastgpuje wzmozona aktywizacja nie tylko miesni konczyn, ale rowniez
migséni tutowia. Czynno$¢ lokomocji z wykorzystaniem kijow rozpoczyna si¢ wysunieciem
jednej konczyny goérnej z kijem w przdéd i osadzeniem grota kija na podlozu wraz z
postawieniem pigty stopy przeciwnej, w tym samym czasie. Rgka znajdujacej si¢ z przodu
konczyny gornej zacisnigta jest na rgkojesci kija wszystkimi palcami (od I-V), co
automatycznie ustawia kij uko$nie w stosunku do podtoza (okoto 45 °). W tej fazie ruchu
bierze udzial nie tylko konczyna gorna lecz cata obrecz barkowa, poniewaz przeniesienie rgki
w przdéd odbywa si¢ z rownoczesnym wysunigciem topatki. Taka pozycja ciala powoduje
ustawienie tutowia w rotacji.

Kolejny ruch to odbicie si¢ kijem od podioza z rownoczesnym przetoczeniem stopy z pigty na
palce (propulsja) i odepchni¢ciem si¢ z przodostopia, po czym nast¢puje przeniesienie
podporu na stron¢ przeciwng z towarzyszacg rotacjg tutowia w przeciwng strong. W wyniku
pochylenia ciala do przodu nastgpuje zwigkszenie pracy migsni konczyn i tutowia, czego
efektem jest zwigkszenie tempa marszu.

Kije z RSA posiadaja wbudowany amortyzator o catkowitej dtugosci 20 cm, co zmienia
ustawienie konczyn gornych w trakcie marszu. Réznice w ustawieniu ciala w trakcie marszu,
wynikajacg z réznic w diugosci kijow (RSA 1 klasycznych) przedstawiono na rycinie 5.
Maszerujac z RSA ¢wiczacy nie majg stabilnego podparcia w przeciwienstwie do osob
uzywajacych w marszu kijow klasycznych, poniewaz kije skracaja si¢ w kontakcie z
podlozem. Podczas dociskania RSA do podioza mig$nie wykonuja dodatkowg prace
pokonujac opér stawiany przez elastyczny amortyzator kija. Docisnigcie amortyzatora
powoduje zmiane dlugosci kija, ktory w chwili maksymalnego skrocenia osigga dhugosc
tradycyjnego kija NW. Zwolnienie nacisku powoduje odksztatcenie kija do pierwotne]
dtugosci z tg samag sita, co moze powodowac wrazenie zmian w rownowadze ciata.

Na rycinie 6 przedstawiono konstrukcje kija RSA oraz instrukcje regulacji dtugosci kija do
wysokosci uzytkownika, regulacji paskéw oraz prawidlowe ustawienie ciatla w trakcie

marszu.
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NW with classic poles NW with RSA poles }-

(B)
Zrodto: The Effect of Nordic Walking Training with Poles with an Integrated Resistance Shock
Absorber on the Body Balance of Women over the Age of 60

Rycina 5. Schemat przedstawiajacy roznicg w ustawieniu konczyn goérnych w NW z kijami
RSA a klasycznymi kijami (A) oraz budowa kijow (B).

Zrodto internetowe (online): www.bungypump.se/de/walking (za zgoda osoby figurujacej na zdjeciu)
Rycina 6. Podstawowe informacje nt. kijow RSA:

Szczegoly konstrukcyjne Instrukcja uzytkowania

A. cze$é stata kija; 1. Prawidtowa wysokos¢ kija z RSA;

B. amortyzator o dtugosci 20 cm; 2.3. Pasek na reke regulowany jest do  wielkosci

dloni;

4. Ustawienie kijow podczas marszu ukosnie do
tytu (w przyblizeniu pod kqtem 45 °).

C. czesé regulowana kija
(umozliwia dostosowanie diugosci kija
do wysokosci osoby ¢wiczgcej).
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3.2.5. Metody statystyczne

3.2.5. Metody statystyczne

Obliczenia wykonano przy uzyciu oprogramowania Statistica v. 13.0 (TIBCO
Software Inc., Palo Alto, CA, USA). Istotnos¢ statystyczna przyjeto na poziomie p <
0,05. Gléwne obliczenia do oceny zmiennych zaleznych oparto na metodzie
dwuczynnikowej analizy wariancji ANOVA ( F — test) . Przeprowadzono analize z
czynnikiem powtarzanego pomiaru (czynnik ,,czas” — przed i po treningu) oraz z
dwoma poziomami czynnika miedzygrupowego (,.grupa” — EG i CG). Obliczono
efekty interakcji (,,czas x grupa”), efekty glowne (,,czas” i ,,grupa”) oraz w kazdym
przypadku oceniono wielko$¢ efektu, eta—kwadrat. Wielkos$¢ efektu wskazuje procent
wariancji wyjasniony przez poszczeg6Olne efekty zmiennej zaleznej. Szczegdétowego
poréwnania dokonano przy uzyciu testu post-hoc Scheffe (Publikacja 1) oraz

poroéwnania post—hoc Bonferroniego (Publikacja 2).

4. Wyniki oraz ich omdéwienie

Publikacja 1

The Effect of Nordic Walking Training with Poles with an Integrated Resistance Shock
Absorber on the Functional Fitness of Women over the Age of 60. Int J Environ Res Public
Health, 25;17(7):2197, d0i:10.3390/ijerph17072197.

Celem badania byta ocena zmian poziomu sprawnos$ci funkcjonalnej w zakresie sity
dolnej 1 goérnej czeSci tutowia, wytrzymato$ci aerobowej oraz zwinnosci, w wyniku
zastosowania treningu marszowego z kijami RSA, u zdrowych kobiet po 60. roku zycia.
Zaobserwowano statystycznie istotny efekt czasu dla wszystkich parametrow sprawnosci
funkcjonalnej: sity mieéni dolnej czesci ciata (F= 14,42, p< 0,001, = 0,27), sily i
wytrzymatoéci mieéni gornej czesci ciata (F = 44,20, p < 0,001, 7%= 0,52), wytrzymatosci
aerobowej (F = 26,54, p < 0,001, 7% = 0,40) i zwinnosci (F = 88,27, p < 0,001, 5> = 0,69).

W badaniu sity mie$ni dolnej czesci ciata mierzonej testem The 30-second chair stand test
wartosci po treningu w EG byly istotnie wyzsze niz wartosci poczatkowe (Scheffe post—hoc

p < 0,01). Nie stwierdzono jednakze r6znic miedzy grupami, prawdopodobnie ze wzgledu na
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podobne obcigzenie treningowe dolnych czgsci ciata dla obu rodzajow treningu, jak réwniez
zastosowania w trakcie sesji treningowych tego samego rodzaju ¢wiczen koordynacyjnych.

W tescie Arm curl do oceny sity migsni gornej czesci ciata zaobserwowano znaczgcy
efekt interakcji (F = 5,98, p < 0,05, 2 = 0,13). Wartosci po treningu byly wyzsze niz wartosci
przed treningiem w grupach, odpowiednio o 24% i 12%. Roéznica pomiedzy warto$ciami
potreningowymi w grupach EC i CG byla istotna statystycznie (p < 0,001) na korzys$¢ grupy
EG. Uzyskany wynik zwickszenia sity mie$ni gornej czgsci ciata, moze mie¢ zwigzek z
koniecznoscig pokonywania oporu stawianego przez amortyzator kija (RSA) w trakcie
marszu. Podobny pozytywny wplyw na sile mig$ni podczas porownywania NW i treningu
oporowego zaobserwowali Song i wsp. (2013). W innych badaniach mozna réwniez znalez¢
potwierdzenie na skuteczno$¢ treningu oporowego w poprawie sity migsniowej (Schlicht,
Camaione i Owen, 2001; Oesen i wsp., 2015).

W ocenie wytrzymatosci mierzonej testem 2 minute Step — in Place Test wykazano istotnie
wigkszg poprawg zaobserwowang u uczestnikow maszerujacych z RSA. Wykazano efekt
interakcji (F = 14,47, p < 0,001, 5% = 0,27), ze wzrostem warto$ci po treningu o 21% w EG
(p < 0,001). Badania innych autorow wykazuja pozytywny wplyw treningu marszowego na
wytrzymato$¢ aerobowag (Takeshima i wsp., 2013; Holviala i wsp., 2012). Do pomiaru
wytrzymato$ci zastosowano test zgodnie z wytycznymi Rikli i Jones (1999). Przyj¢to zatem,
ze wynik okresla poprawe zdolnosci 0sob badanych do podejmowania wysitku i jest zwigzany
z poprawg ogdlnej kondycji.

W badaniu zwinno$ci mierzonej testem The_8-foot up and go test podobnie jak w przypadku
badania sity dolnej cz¢sci ciata nie stwierdzono réznic miedzy grupami, by¢ moze rowniez ze
wzgledu na podobne obcigzenie treningowe dolnych czgsci ciata oraz zastosowanie tego
samego rodzaju ¢wiczen koordynacyjnych. Tym samym nie potwierdzono postawionej
hipotezy dotyczacej tego zagadnienia. Natomiast w obu grupach warto$ci po treningu byty
istotnie nizsze niz wartosci poczatkowe (p < 0,001). W tescie oceniajgcym zwinno$¢
badanych kobiet stwierdzono poprawe wynikéw odpowiednio o 16% 1 12% w EG 1 CG.
Uzyskane efekty gldwne czasu w zakresie: sity, wytrzymatosci i zwinnosci zarowno dla EG,
jak 1 CG s3 podobne do tych z innych badan, w ktorych u oséb starszych zastosowano
mieszane programy ¢wiczen obejmujgce trening z ¢wiczeniami aerobowymi i oporowymi
(Belza i wsp., 2006; Keogh i wsp., 2014; Virag i wsp., 2015; Ossowski i wsp., 2016; Todde i
wsp., 2016).
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To badanie jest wedlug posiadanej wiedzy pierwszym, w ktorym dokonano porownania
efektow marszu z nowymi kijami zawierajacymi element oporowy do marszu z klasycznymi
kijami, dlatego nie ma mozliwo$ci porownania uzyskanych wynikow do innych podobnych
badan. Jednakze w wyniku niniejszego eksperymentu stwierdzono poprawe wskaznikow

sprawnosci funkcjonalnej, uwazanych za istotne dla zdrowia senioréw.

Publikacja 2

The Effect Of Nordic Walking Training With Poles With An Integrated Resistance Shock
Absorber On The Body Balance Of Women Over The Age Of 60. Healthcare 2021, 9, 267;
doi:10.3390/healtcare9030267.

Celem badania byta ocena wpltywu treningu z wykorzystaniem RSA na poziom
rownowagi statycznej u zdrowych, starszych kobiet.
W pracy oceniono poziom réownowagi na platformie pomiarowej w réznych warunkach: z
EO, EC, jak i podczas wykonywania dodatkowego zadania kognitywnego.
Do oceny zmian wykorzystano rowniez Tandem Romberg test, podczas ktorego badani stali
w zmniejszonym polu podparcia oraz z redukcja bodzcéw wzrokowych (EC). Zatozono, ze
chodzenie z kijkami RSA odbywa si¢ z dodatkowym oporem, w poréwnaniu do pracy
wykonywane] podczas treningu z kijami klasycznymi. Dodatkowe bodZzce moglty miec
wiekszy, pozytywny wpltyw na zmiany w réwnowadze badanych kobiet niz w klasycznym
NW.
W przypadku badan posturograficznych nie zaobserwowano statystycznie istotnego efektu
interakcji, ani gldwnego efektu ,,czasu” dla wigkszosci zmiennych. Ponadto, nie stwierdzono
innych istotnych tendencji w zré6znicowaniu mi¢dzygrupowym.
Odnotowano jedynie znaczaca warto$¢ czynnika powtarzanego pomiaru ,,czas”, w warunkach
EC dla obszaru 95% przemieszczen COP. Wigzalo si¢ to z wyzszymi wynikami w CG po
treningu. Mozliwe, ze uzyskany wynik jest tylko ,.artefaktem” zwigzanym ze stosunkowo
nizsza rzetelnoscig tego parametru w porownaniu ze $rednig predkoscig przemieszczenia COP
(Stemplewski i wsp., 2013)
W wyniku badania probag Tandem Romberg stwierdzono istotny statystycznie efekt gtowny
»czas”. Obie grupy poprawily swoje wyniki po interwencji w stosunku do wartosci
wyjsciowych. Natomiast nie stwierdzono istotnego efektu interakcji ,,czas X grupa”. Nie
stwierdzono rowniez istotnego  statystycznie efektu glownego dla  czynnika

mig¢dzygrupowego. Wedlug Maranhdo-Filho i wsp., (2011) test Romberga zwigzany jest z
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poziomem propriocepcji, co moze wskazywa¢ na pozytywny wplyw eksperymentu na
poprawg rownowagi u osob starszych. Jednakze uzyskane w tescie funkcjonalnym wyniki
moga wigza¢ si¢ z poprawa ogolnej kondycji uczestnikow zaobserwowanej w poprzednim
badaniu (Publikacja 1). Efekty interwencji nie pozwolilty na wykazanie istotnego wptywu
rodzaju kijow na zmiany w rownowadze ciala w testach posturagraficznych oraz w testach
funkcjonalnych. Tym samym nie potwierdzono hipotezy o wigckszym wptywie NW z kijami
RSA na poprawe poziomu roéwnowagi badanych osob. Jednakze, gdy w tescie funkcjonalnym
Romberga zastosowano ograniczenie podstawy podparcia (Romberg sharpened) w warunkach
oczu zamknigtych, w obu grupach stwierdzono statystycznie istotny gtowny efekt ,,czasu”.
Bioragc pod uwage, ze wyniki tego badania sg zwigzane z mozliwo$cig wykrycia brakow w
propriocepcji, moze to wskazywac na korzystny wptyw chodzenia na rGwnowage statyczng u
kobiet, na skutek poprawy percepcji i przetwarzania informacji sensorycznych. Moze to by¢

wynikiem interwencji, niezaleznie od rodzaju zastosowanego szkolenia.

5. Whnioski

1. Po 8 tygodniach treningu stwierdzono poprawe wskaznikow sprawnos$ci funkcjonalnej
w zakresie: sily mie$niowej gornej i dolnej czgsci ciata, wytrzymatosci oraz
zwinnosci. W przypadku wytrzymato$ci i sity migsni gornej czgsci ciata wigkszy efekt
zaobserwowano w EG, co mogto by¢ wynikiem zwigkszenia intensywnosci wysitku
poprzez pokonywanie w trakcie marszu oporu stawianego przez amortyzator kija RSA
(Publikacja 1).

2. W testach posturograficznych nie wykazano wplywu rodzaju kijow na poziom
rownowagi badanych kobiet. W tescie Tandem Romberg zaobserwowano
statystycznie istotny gtowny efekt ,,czasu” w obu grupach, co moglo wskazywa¢ na
pozytywny wplyw szkolenia na poziom percepcji i przetwarzania informacji
sensorycznych u badanych kobiet. Efekty eksperymentu moga wskazywaé na
korzystny wplyw NW na réwnowagg statyczna u kobiet, jednakze konieczne sg dalsze
badania z wydluzonymi czasami interwencji 1 trudniejszymi zadaniami podczas testow

posturograficznych (Publikacja 2).
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I11. Streszczenie/Abstract

Streszczenie
Wstep. Poziom sprawnos$ci funkcjonalnej jest kluczowa kwestig dla populacji geriatryczne;.
Nordic walking (NW) to prosta i bezpieczna forma ruchu, ktérag mozna zaleca¢ seniorom dla
poprawy sprawnosci funkcjonalnej. Nowa forma jest NW z kijami ze zintegrowanym
elementem oporowym (RSA), ktory daje mozliwo$¢ przeprowadzenia w jednym czasie
treningu aerobowego oraz pracy z oporem. Taki trening moze by¢ bardziej korzystny dla
seniorow, niz NW z kijami klasycznymi.
Cel badan. Celem badan byta ocena wplywu treningu NW z zastosowaniem dwoch rodzajow
kijéw: z RSA oraz klasycznych na wybrane parametry sprawnosci funkcjonalnej, w tym na
poziom rownowagi kobiet po 60. roku zycia.
Metody badan. W badaniu wzigty udzial starsze, zdrowe kobiety, w przedziale wiekowym
60-75 lat, ktére zostaly przydzielone do dwodch grup: eksperymentalnej (EG) i kontrolnej
(CG), w oparciu o rodzaj uzytych w treningu NW kijow. Grupa EG korzystata z kijow RSA,
ktére zawieraja elastyczny element oporowy o sile oporu 4 kg, a kobiety z CG chodzity z
kijami klasycznymi. Gléwne pomiary poziomu sprawnosci funkcjonalnej i rownowagi ciata
zostaly przeprowadzone dwukrotnie, przed i po interwencji, ktora polegata na cyklu
treningdw NW. Treningi odbywalty si¢ dwa razy w tygodniu przez 8 tygodni- 16 Sesji
treningowych x 75 minut. Obie grupy (EG i CG) braty udzial w treningu w tym samym
czasie. Przed badaniami wykonano pomiary podstawowych wskaznikow somatycznych. Do
oceny wybranych parametrow sprawnosci funkcjonalnej (sity mig$ni gornej oraz dolnej czesci
ciata, wytrzymatosci aerobowej oraz zwinnosci) wykorzystano cztery testy z baterii Senior
Fitness Test. Do oceny zmian poziomu réwnowagi statycznej u badanych kobiet
wykorzystano platforme posturograficzng typu AccuGaitTM- analizowano catkowitg dtugos¢
$ciezki 1 pole przemieszczen $rodka nacisku ciata (COP) oraz test funkcjonalny Tandem
Romberg. Testy posturograficzne przeprowadzono w roznych warunkach: przy oczach
otwartych, zamknietych oraz z dodatkowym zadaniem kognitywnym.
Wyniki. Zaobserwowano statystycznie istotny efekt czasu dla wszystkich zbadanych
parametrow sprawnosci funkcjonalnej. W tescie Arm curl do oceny sity mig$ni gornej czesci
cialta zaobserwowano znaczacy efekt interakcji. Rodznica pomiedzy wartosciami
potreningowymi w grupach EG i CG byla istotna statystycznie, z wigkszym wzrostem
wartosci po treningu w EG (p < 0,001). W ocenie wytrzymalo$ci mierzonej testem 2 minute

Step — in Place Test zaobserwowano istotnie wiekszg poprawe u uczestnikow maszerujacych
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z RSA. Wykazano istotny efekt interakcji, z wigkszym wzrostem warto$ci po treningu w EG
(p< 0,001). W przypadku badan posturograficznych nie zaobserwowano statystycznie
istotnego efektu interakcji, ani gtownego efektu "czasu" dla wigkszosci zmiennych.
Zarejestrowano jedynie znaczacg wartos¢ wspotczynnika powtarzajacego si¢ pomiaru "czas",
w warunkach EC dla obszaru 95% przemieszczen COP.

W wyniku badania probag Tandem Romberg stwierdzono istotny statystycznie efekt gtowny
»czas". Jednakze nie stwierdzono istotnego statystycznie efektu interakcji.

Whioski. Trening NW jest skuteczng formg aktywnos$ci dla poprawy sprawnosci osob w
starszym wieku. Pokonywanie w trakcie marszu oporu stawianego przez amortyzator kija z
RSA zwigksza intensywnos$¢ wysitku i skutkuje wigksza, niz w przypadku kijéw klasycznych
poprawg wytrzymatosci i sity miesni gornej czgsci ciata. W testach posturograficznych nie
wykazano wplywu rodzaju kijow na poziom réwnowagi badanych kobiet. W tescie
funkcjonalnym Tandem Romberg zaobserwowano istotnie statystyczng poprawe rownowagi
w obu grupach. Efekty eksperymentu moga wskazywaé na korzystny wpltyw NW na
rownowage statyczng u kobiet, jednakze konieczne sg dalsze badania z wydtuzonymi czasami

interwencji 1 trudniejszymi zadaniami w trakcie testow posturograficznych.
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Abstract

Introduction. Functional fitness level is a key issue for the geriatric population. Nordic
walking (NW) is a simple and safe form of exercise that can be recommended to seniors to
improve functional fitness. A new form is NW with poles with an integrated resistance shock
absorber (RSA), which provides the opportunity to perform aerobic training and resistance
training at the same time. Such training may be more beneficial for seniors than NW with
classic poles.
Aim. The aim of the study was to evaluate the effect of NW training with two types of poles:
with RSA and classical on selected parameters of functional fitness, including the level of
balance in women over the age of 60.
Methods. The study group consisted of elderly, healthy women, aged 60-75 years, who were
randomly assigned to two groups: experimental (EG) and control (CG), based on the type of
poles used in NW training. EG group used RSA poles, which contain a flexible element with
a resistance force of 4 kg, and CG women walked with classical poles. The main
measurements of functional fitness level and body balance were conducted twice, before and
after the intervention NW training. Workouts took place twice a week for 8 weeks, 16 training
sessions X 75 minutes. Both groups (EG and CG) participated in training at the same time.
Before the study basic somatic indices were measured. Four tests from the Senior Fitness Test
battery were used to assess selected functional fitness parameters (upper and lower body
strength, aerobic endurance and agility). The AccuGaitTM posturography platform and
Tandem Romberg functional test was used to assess changes in static balance in female
subjects. Posturography tests were performed under different conditions: with eyes open,
closed, and with an additional cognitive task.
Results. A statistically significant effect of time was observed for all examined parameters of
functional performance. A significant interaction effect was observed in the Arm curl test to
assess upper body muscle strength. The difference between post-training values in the EG and
CG groups was statistically significant, with a greater increase in post-training values in EG
(p < 0.001). In the endurance assessment measured by the 2 minute Step - in Place Test, a
significantly greater improvement was observed in participants marching with RSA. There
was a significant interaction effect, with a greater increase in values after training in EG (p <
0.001). For posturography testing, no statistically significant interaction effect or main effect
of "time" was observed for most variables. Only a significant coefficient of repeated measure
"time" was recorded, under EC conditions for the 95% COP displacement area. A statistically
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significant main effect of "time" was found from the Tandem Romberg test. However, no
statistically significant interaction effect was found.

Conclusions. NW is an effective form of activity for improving fitness in the elderly.
Overcoming the resistance of the RSA pole during walking increases the intensity of the
exercise and results in a greater improvement in endurance and upper body strength than with
classic poles. Posturography tests showed no effect of pole type on the balance levels of the
female subjects. In the Tandem Romberg functional test, a significant statistical improvement
in balance was observed in both groups. The effects of the experiment may indicate a
beneficial effect of NW on static balance in women, however, further studies with longer

intervention times and more difficult tasks during posturography tests are needed.
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1. Oswiadczenia wspdtautorow

2. Publikacje

— Publikacja nr 1: The Effect of Nordic Walking Training with Poles with an Integrated
Resistance Shock Absorber on the Functional Fitness of Women over the Age of 60.

— Publikacja nr 2: The Effect Of Nordic Walking Training With Poles With An Integrated
Resistance Shock Absorber On The Body Balance Of Women Over The Age Of 60.
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Abstract: Inadequate levels of physical activity among older people lead to a gradual decline in
self-reliance and consequent dependence on other people. The aim of the study was to evaluate
the impact of Nordic walking training with poles with an integrated resistance shock absorber on
the functional fitness of older women. Forty-two women (Mage = 64.7 £ 3.15 years) were randomly
assigned into the experimental group—training with poles with an integrated resistance shock
absorber, EG (1 = 21) and the control active group—training with classic poles, CG (n = 21). Functional
fitness was measured with the Senior Fitness Test before and after an intervention lasting for 8 weeks
(2 training sessions X 75 minutes per week). Two-way ANOVA revealed statistically significant
interaction effects for aerobic endurance (F = 14.47, p < 0.001) and upper body strength (F = 5.98,
p < 0.05), indicating greater improvement in the experimental group. Nordic walking training
both with classic poles and with poles with an integrated resistance shock absorber is beneficial for
older people and improves functional fitness over a short time period. However, the poles with an
integrated resistance shock absorber provide additional resistance effort during marching, which
causes increased muscle activation and results in improved muscle strength and aerobic endurance.
Based on these results, it can be concluded that this kind of training could be applied in the complex
health programs of seniors.

Keywords: physical activity; Nordic walking; functional fitness; Senior Fitness Test; functional
training; aging

1. Introduction

One of the basic activities of everyday life is walking, which might be crucial in delaying decline in
physical fitness and prevent limitation in self-reliance and consequent dependence on other people [1-6].
Nordic walking (NW) is one of the physical activities that can positively influence the walking ability.
Proper physiological gait requires adequate body coordination and the synchronization of individual
muscle groups. Gait quality depends on the proper range of mobility in all joints of the lower limbs
as well as the muscle strength necessary to ensure optimum control over joint movements. Muscle
strength decreases with age due to a decrease in the size and number of muscle fibers as a result of
sarcopenia [7,8].

Considering the impact of sarcopenia-related changes on functional fitness, marching is
recommended for older people as a form of prevention and rehabilitation [9,10]. The open question
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remains whether such a stimulus is sufficient. Sanchez-Sanchez et al. [11] noted the unclear impact of
walking on the health of older people. However, other studies have shown that endurance exercises
can even attenuate sarcopenia [12,13]. Martins et al. [14] compared the effects of strength training and
aerobic training, confirming the positive effect of both types of training on the functional fitness of
older people.

According to Sherrington et al. [15], a balance exercise program for seniors demonstrates an
improved response compared to that of aerobic exercise. Clemson et al. [16] in turn confirmed the
effect of strength and balance exercises on the improvement of the indicators related to the dynamic
balance of the body. The research by Ramsbottom et al. [17], which incorporated twenty-four weeks of
strength training, also showed increased muscle strength in the lower limbs and dynamic body balance.
Additionally, Martone et al. [18] showed the effectiveness of strength training in the maintenance of
adequate body mass and strength among seniors.

Given this information, it is important to determine the type of training that would include all
critical elements of physical fitness and thereby influence the maintenance of fitness levels or slow
down aging processes. It is equally important that physical activities could promote social contact
between people. NW is a popular type of physical activity among older people. The use of walking
poles causes additional muscle involvement during walking [19]. The results of Lee and Park [20]
confirmed a greater improvement in body balance and leg strength in the NW training group compared
to that in the group doing general exercises.

Additionally, Parkatti et al. [21] concluded that NW training significantly influenced the functional
fitness of older people. They reported that the application of 60 minutes of NW training conducted
over a 9-week period results in statistically significant improvement in the strength of the lower and
upper limbs and the flexibility of the body among older people, as measured by the Senior Fitness
Test (SFT).

The new form of NW is training with modified poles, which allows combining aerobic and
strength training. These modified poles contain a built-in resistance shock absorber (RSA). An elastic
tape between two permanent elements in RSA poles allows additional resistance to be obtained by
increasing the overall intensity of exercise, actual VO,, and calorie consumption. One can expect that
the effect of this kind of activity could be similar to those obtained during training with elastic bands,
which is a popular form of training. Oesen et al. [22] showed that low-intensity resistance exercises
using elastic bands are safe and beneficial in improving the functional performance of institutionalized
seniors. Usually, in combined training, endurance and resistance exercises are provided alternately. It
is a question of whether the effect of training with RSA poles will be different, taking into account
that elements of resistance training are simultaneously performed with endurance activity. It might
be necessary to take into account potential interference phenomena that occur in concurrent training
and may lead to decreased strength gain. However, this interference does not impair cardiovascular
adaptation [23].

According to the authors’ best knowledge, no research has been published thus far on the effect of
NW training with RSA poles on functional fitness in seniors.

The purpose of the study was to evaluate the effect of NW with RSA poles on the functional
fitness of women over the age of 60 years. We hypothesized that training with RSA poles is more
beneficial than Nordic walking with classic poles for the functional fitness of older women in terms of
the strength of the upper and lower limb muscles, aerobic endurance, and agility.

2. Methods

2.1. Participants

The study included 42 women aged over 60 years (Mage = 64.7 years, age range: 60-71 years).
All women were informed in detail of the study and gave their written consent to the experimental
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procedure. Before the implementation of the research project, the local Bioethical Committee granted
its approval (no. 421/16).

The recruitment was carried out using ads in social media such as the local newspapers and
the Internet. During the interview, the questions regarding the following were asked: age; type of
medication taken, illness, and lifestyle.

The following inclusion criteria were taken into account: age above 60; no medical restrictions on
participation; no experience in marching training or other regular sports activities (more than once a
week for more than 20 minutes with moderate-vigorous intensity, e.g., jogging, cycling, swimming,
etc.). Subjects with the presence of at least one of the factors: musculoskeletal disorders that prevent
independent movement, dizziness, diabetes type 2, obesity, and use of blood pressure-lowering drugs
were excluded. Before the research program was implemented, the women provided a primary care
physician’s certificate of no contraindications to moderate exercise.

Forty-seven women were randomly (Excel software) assigned to the study into two groups:

Experimental group (EG)—Nordic walking with RSA poles—initial n = 23;

Control group (CG)—Nordic walking with classic poles—initial 7 = 24.

Before the study, 2 women in the experimental group and 3 women in the control group resigned
from the trial without a reason, resulting in 21 women in both groups (Figure 1).

RECRUITMENT

(local media, the Internet)

.

Subjects who were assessed
for eligibility (n = 47)

v

| Randomization (n = 47) |

.

‘ ALLOCATION |

I
! .

Experimental group, EG [n = 23) | | Control group, CG (n = 24)

| |
!

| Lost to follow-up ‘ - EG(n=2)
CG(n=3)

‘ 60-minute instructional session ‘

v

INTERVENTION
16 session (75 min per session),
8 weeks (twice a week)

}

A minimum attendance of 80% was required Lost to follow-up,
participation in at least 13 training session — n=0

I
¢ .

| EG (n=21) | | CG(n=21) |

| |
B

| ANALYSIS [

Figure 1. Flowchart of the study participants.
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None of the subjects had experience in NW with RSA or classic poles. All people were familiarized
with the planned, detailed course of study, schedule, and program of classes. The informative
material also contained an outline of the exercises that should be implemented during training sessions.
Each exercise was thoroughly described and illustrated by an image (printed summary with photos).
The subjects’ characteristics of both groups are shown in Table 1.

Table 1. Average values and standard deviations for the general characteristics of the participants
before the start of the experiment.

EG (n =21) CG (n=21)
Measure M SD M SD
Age (years) 64.24 2.86 65.14 3.43
Body height (cm) 160.57 4.80 160.57 7.36
Body weight (kg) 71.90 11.52 66.57 9.89
BMI (kg/m?) 27.86 4.10 25.84 3.56

BMI—body mass index; EG—experimental group, CG—control group.

2.2. Procedure

A general overview of the experiment is shown in Figure 2.

Pre Post

Intervention
Functional Test Functional Test

(Senior Fitness Test) (Senior Fitness Test)

2 x 75 min., twice a week
(16 sessions)

Figure 2. General overview of the experiment.

Intervention. Both groups trained at the same time, twice a week for 8 weeks, for a total of 16
training sessions. Women from the CG used classic NW poles (Nordic Walking Race 80% Carbon,
Fizan, Italy), while the experimental group used poles with a built-in resistance shock absorber—elastic
resistance of 4 kg (Slimline Bungy Pump, Sports Progress International AB, Sweden).

Each training session began with 10-15 minutes of warm-up, during which all participants
performed vigorous body movements, such as sweeping legs, and arms, climbing feet, bending knees,
and elbows. After half of the planned distance of walking (about 1.7-2.2 km with a speed of about
6 km/h), participants did strength exercises and balance training (15 minutes). Strength exercises
were based on overcoming the elastic resistance of the shock absorber of the RSA sticks in various
positions of the body. Balance exercises were performed in the conditions of a reduced base of support,
for example, standing on one leg. After going the rest of the distance, stretching exercises took
place (15 minutes). During the whole intervention, the distance and number of exercises performed
were gradually increased (from 3.5 to 4.5 km while walking; from 8 repetitions to 12 repetitions for
exercises, respectively). The training plan included American College of Sports Medicine (ACSM)
recommendations for adults and healthy older people: 1 set of 8-10 exercises for major muscle groups
at least 2 days a week with 8-12 repetitions for each exercise [1].

Classes were held in accordance with the principles of Nordic walking training, and the trainer
(KM.) had the appropriate qualifications of instructor and trainer (International Nordic Walking
Association). Participants were familiarized with the technique of marching and the use of equipment
during an additional 60-minute instructional session before starting the experiment. All participants
were instructed to achieve an exercise intensity corresponding to heart rate 100-120 bpm. The participant
was supposed to walk as fast as possible but at speeds that still allowed them to speak. Before each
session, five randomly selected women received a heart rate monitor (Polar monitor) to control the
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intensity of the exercise. The training took place in a city park. Subjects were walking along the park’s
inner lanes. The length of the gap was measured using the Endomondo application.

A minimum attendance of 80% was adopted, which required participation in at least 13
training sessions.

The technique of marching with RSA poles. The marching technique with RSA poles is similar
to that of classic NW. In both cases, the body’s movement is compatible with the individual phases of
the gait, but limbs work with more power and in a wider range of motion than that in free walking.
Unlike the NW poles, RSA poles do not give the exercising person stable support. Fitted against the
facing resistance, they bend in contact with the ground. The rhythmic, alternate movement of the
limbs and the repulsion of the poles from the ground increase the speed of the walk and require proper
coordination from the exercising person. The stance of the walking pole must be oblique to the rear
(approximately 45°). As a result of acceleration, the body is tilted forward with the center of gravity
being shifted to the body and a noticeable increase in the workings of the limbs and trunk. Release of
the pressure from the RSA might cause a sensation of changes in body balance.

Technical description of RSA poles. The Slimline 4, which was used for the intervention, has a
trekking handle with a strap that can attach to the hands. The bottom of the pole comprises two parts.
One of these parts hides inside the pole, and the other part is used to adjust the length. The adjustment
mechanism is simple. The pole lock is made by tightening the top of the screw with the plastic cap.
To adjust the length of the poles, consider the length of the shock absorber and add approximately
20 cm more than the NW poles. The correct height of the RSA poles is set midway between the points
defined by the nipples and armpit. The construction of the RSA poles slightly modifies body position
during walking in comparison to that of classic NW (Figure 3).

A B

—— NW with classic poles

- — = NW with RSA poles

recommended hight
of RSA poles —r
(between nipples and armpit)

Upper part
with handle
and buit-in
shock
absorber

Movable
middle part

Lower section
adjustable for
height of the
pole

Figure 3. Correct position of upper limbs during Nordic walking with classic and resistant shock
absorber (RSA) poles (A) and structure of RSA pole (B).

Measurement of functional fitness. There was blinding of all assessors who measured functional
fitness. The main researcher (K.M.) and the researcher calculating results (R.S.) were excluded from
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measurements. Functional fitness was measured before (D.S., ].M.) and after (M.C.-W., Z.M.) the
experiment (pre, post) with use of the SFT. Both phases of the study (pre, post) were completed at a
similar time during the morning hours. The SFT, which was used in this study, has been shown to
have content and construct validity as well as good test-retest reliability [24-26].

Four tests from the SFT were performed to evaluate these performance measures that are necessary
to maintain independence and safe daily activities:

A. The 30-second chair stand test: assessment of the lower body strength needed for walking,
climbing stairs, getting up from a chair, etc. The result of the test is the number of full stand-ups
from the chair within 30 seconds with upper limbs crossed on the chest.

B. Arm curl test: assessment of upper body strength needed for activities requiring lifting or moving
of objects. The result of this test is the number of full bends in the elbow in 30 seconds with a
weight of 2.27 kg.

C. The 2-minute step test: estimation of aerobic capacity. The result was the number of full steps
taken in place in 2 minutes—the number of right knee repetitions to the required height.

D. The 8-foot up and go test: agility score/dynamic balance level in tasks requiring fast maneuvers
such as getting in and out of public transport.

Tests were used strictly according to the original recommendations of Rikli and Jones [24].

2.3. Statistics

Statistical analyses were computed using Statistica v. 13.0 software (TIBCO Software Inc., Palo Alto,
CA, USA). Statistical significance was defined as p < 0.05. The main calculations for assessing the
variance of dependent variables were based on two-way ANOVA (F-test) analysis methods. An analysis
was made with repeated measurements before and after training (“time” factor with two levels—pre
and post) with two levels of an intergroup factor (“group”—EG and CG) being taken into account.
For interaction effects (“time X group”) and main effects (“time” and “group”), the eta-squared effect
size was calculated. The effect size indicates the percent of variance explained by particular effects of
the dependent variable. To compare the average values of dependent variables (pre—post within each
group), Scheffe detailed post hoc comparisons were conducted. There was also a calculated percentage
of differences between pre- and post-training.

3. Results

A statistically significant time effect for all parameters of functional fitness was observed: 30-second
chair stand (F = 14.42, p < 0.001, n? = 0.27), arm curl (F = 44.20, p < 0.001, n? = 0.52), 2-minute step
(F =26.54, p < 0.001, 7 = 0.40), and 8-foot up and go (F = 88.27, p < 0.001, /% = 0.69). In the 30-second
chair stand test (Figure 4A), there was an increase in post-training values of 20% for the EG (Scheffe
post hoc p < 0.01). In the 8-foot up and go test (Figure 4D), a decrease of 16% and 12%, respectively,
for in EG and CG, was found. In both cases, post-training values were significantly lower than initial
values (p < 0.001).

At the same time, the interaction effect was observed for the 2-minute step test (F = 14.47, p < 0.001,
M2 = 0.27). An increase in post-training values of 21% in the EG (p < 0.001) was observed (Figure 4C).
A significant interaction effect was also noticed for strength and endurance of the upper body in the
arm curl test (F = 5.98, p < 0.05, 72 = 0.13), with significant post-training changes in the EG (p < 0.001)
and the CG (p < 0.05). Post-training values were higher than pre-training values by 24% and 12%,
respectively (Figure 4B).
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Figure 4. Mean values and standard error of measurements for 30-second chair stand, arm curl,
2-minute step in place and 8-foot up and go tests ((A-D), respectively) for the “time” factor (pre—post)
in the experimental and control groups (EG and CG, respectively).* p < 0.05, ** p < 0.01, *** p < 0.001
(Scheffe post hoc test).

4. Discussion

Exercises for older people must be simple and easy to imitate and should not involve a high
financial cost if the goal is to maintain continuous participation in the classes. Marching with RSA
poles combines elements of an aerobic workout with resistance training which is under ACSM
recommendations [1]. In addition, this form of physical activity can be conducted in groups, which is
important for the development of social contacts. According to the recommendations of the ACSM,
a training plan for healthy older people should include aerobic exercises that influence endurance,
resistance, and exercise to improve flexibility.

The most important effect of the current experiment is an improvement in the evaluated variables
related to functional fitness in a short time period (8 weeks; only 16 training sessions). However, NW
with RSA poles seems to provide a greater overall benefit. As a result of the experiment, statistically
significant interaction effects were observed in the case of a 2-minute step test and arm curl test,
indicating a greater improvement in the EG. The effects of the experiment confirm the improvement of
performance parameters that are considered important for seniors’ health, i.e., aerobic endurance and
muscle strength.

Marching with RSA poles is a new form of the popular activity of Nordic walking, and comparable
data are limited. The obtained results might be compared to those of other studies involving training
with aerobic and resistance exercises among older people. As observed in this research, the main time
effects of marching training for both the EG and the CG on strength, endurance and agility are similar
to those of other studies in which mixed exercise programs were employed [10,25,27-29].
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As noted above, in the actual study, a higher improvement in endurance measured with the use of
a 2-minute step test was observed in participants marching with RSA poles. Generally, other research
has shown a positive effect of marching training on aerobic capacity [19,30]. However, a more recent
study by Ozaki et al. [31] showed the crucial role of the intensity of walking in combined training.
The authors suggested that the overall intensity of training should reach an effective level (50% VO,
max) for aerobic capacity improvement [32], which might explain the results obtained in our study.
Although both groups (EG and CG) participated in the same exercise program and covered the planned
distance at the same time, participants marching with RSA poles had to do additional work, each time
overcoming the elastic resistance of 4 kg. The walking speed (and consequently the distance) of the
participants could have been slightly different corresponding to the adopted intensity level.

In the analysis of the obtained results, it should be taken into account that characteristics of
gait with the use of various NW poles (as well as without poles) might be different as in case of
gait realized on a different surface. Shi et al. [33] observed differences in the structure of movement
during over-ground walking and treadmill walking. They found shorter stride length, less stride
time, and a reduced correlation between gait and upper trunk features on a treadmill. A similar
situation might have occurred in our study. It is an open question whether there is a difference in
the kinematics of gait with or without NW poles as well as whether applied training influenced on
biomechanical characteristics of gait realized in everyday life. Shi et al. [33] suggested that changes in
gait in nonstandard conditions might be related to fall risk prevention, which is very important among
older people. Undoubtedly, it is an important direction for future studies.

Improved strength is usually reported as an effect of resistance training [34]. However, the
results of research related to the effect of marching training on muscle strength are not consistent.
Takeshima et al. [19] showed a positive effect of NW and resistance exercises and no effect for marching
without poles. Similarly, Lee and Park [20] compared the effect of NW training with generalized
exercises, which resulted in a greater improvement in lower body muscle strength in the NW group.
There was no significant change in the strength of the upper body muscles. On the other hand,
Song et al. [34,35] observed a similar positive effect on upper limb strength when comparing NW and
resistance training. The current study has confirmed the hypothesis of a greater impact of NW with
RSA poles on upper body strength, which may be related to the need to work with upper-extremity
resistance. When individuals feel the pressure of the cradle shock, concentric work of the muscles of
the brachial extensors is performed. On the other hand, there were no differences in training effects
between groups on the strength of the lower body and agility, possibly due to the similar training load
of the lower body parts for both types of training as well as the same type of coordination exercises
used. It is also possible that the interference effect occurred, and the potential increase of muscle
strength was lowered.

5. Limitations

This study has several limitations. First, all the participants were females in the current study.
From this perspective, research on the participation of men is needed. Second, there was no comparison
to strength training alone, which might be useful for the exclusion of potential interference effects.
Third, not all environmental factors were controlled, such as the quality of food, caloric intake, lifestyle,
and other activities. On the other hand, to lower the potential Hawthorne effect, an active control
group was employed. Next, the differences in biomechanical characteristics of gait with NW poles and
RSA poles and potential changes in gait structure as the effect of applied training were not investigated.
This would make the analysis of results obtained in functional tests clearer as well as indicate possible
benefits in the context of fall risk decrease.

6. Conclusions

In the experiment, significant improvement in functional fitness was observed in both groups
after only 16 training sessions. However, to the best of our knowledge, this is the first time that
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NW with RSA poles, which combines classic NW and resistance exercises, seems to provide greater
overall benefits in endurance and upper body strength. Participants marching with RSA poles had
to do additional work with their upper extremities, thus increasing the overall exercise intensity in
comparison to that of classic NW. Moreover, NW with RSA poles probably makes it easier to reach the
physiologically effective level of exercise intensity in training among elderly women.

NW with RSA poles should be considered an engaging form of physical activity that is beneficial
and fulfills ACSM criteria for exercise among elderly women.
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Abstract: The aim of this study was to assess the changes in the balance of healthy, elderly women as a
result of Nordic walking training using of two types of poles: classic poles, and poles with an integrated
resistance shock absorber. Thirty-four women completed the experiment (Age = 66.8 £ 4.1 years).
They were randomly assigned into the experimental group—training with poles with an integrated
resistance shock absorber—EG (1 = 17), and the control active group—training with classic poles—CG
(n =17). Body balance was measured with Romberg sharpened test and using the AccuGait ™ force
platform before and after an intervention lasting for 8 weeks (2 training sessions x 75 min per week).

’

In ANOVA analysis, the Romberg sharpened test showed a statistically significant effect of “time”

(F=18.62, p <0.001, na2._ 0.37). No interaction effect or clear “time” effect was observed in the
ANOVA analysis for the results of posturographic tests (p > 0.05). The lack of pre-post differences
in posturographic tests indicates that further research is necessary, where, e.g., there are extended
intervention times and more difficult examination tasks are performed. In the case of the Romberg
test, both groups improved their results, which may indicate an improvement in perception and
processing of sensory information, regardless of the type of training applied.

Keywords: physical activity; Nordic walking; Romberg sharpened test; posturographic evaluation;
functional training; aging; body balance

1. Introduction

The level of body balance depends on the feedback from the following three systems:
visual, proprioceptive, and vestibular [1,2].

Due to physiological changes linked to the aging process of the body, the deterioration
of all elements influencing the maintenance of proper body balance can be noticed [3].

Deficiencies in maintaining a stable upright posture during daily activities are a major
risk factor contributing to falls in elderly people [4]. Falls, along with their consequences,
pose a serious threat to seniors” health or even life. According to Sample et al. [5] they
occur in up to 33% of the elderly. A serious injury, which is a common aftereffect of a fall,
can result in permanent loss of the senior’s independence from others. With age, the ability
to perform complex motor tasks decreases. This change also applies to the gait. Even in
elderly people with good health and bodily functions a decrease in walking speed and
step length, as well as a shortened transfer phase can occur; thereby, the length of the
double support phase increases [6]. When there is a risk of falling, the elderly limit their
cognitive functions by focusing on keeping their balance [7]. Moderate physical activity
(PA) is highly recommended for seniors, as it is crucial for maintaining good health [8-13].
According to Yorston et al. [14], there is a significant positive link between taking up
physical activity and maintaining fitness and independence in adults. Therefore, various
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forms of PA willingly undertaken by the elderly are still being sought, as they are known
to improve their overall functional efficiency, including body balance.

Previous studies demonstrated positive effects of various forms of physical training
on the gait and body balance [15-17]. One of the frequently examined forms of physi-
cal activity is Nordic Walking (NW). Research confirms that NW can be more effective
than standard walking in preventing changes in gait quality, including reduced walking
speed [18,19]. Some benefits of NW include: an improvement in physical fitness [20],
muscle strength [21-23], and body balance [20,23,24]. Just after 8-12-week cycles of NW
interventions, there was an improvement in static balance in seniors, both in functional
tests [23] and in tests on a posturography platform [24-26]. However, so far, the NW
influence has been examined with the use of standard poles.

A relatively new form of NW is marching with poles containing a resistance shock
absorber (RSA). Such training combines aerobic exercise with strength training of the upper
limbs and upper torso muscles [27]. The American College of Sports Medicine (ACSM)
emphasizes the necessity of strength training in seniors as one of the pivotal elements for
comprehensive management to maintain the appropriate level of physical fitness in the
elderly [28]. People walking with RSA poles do not have stable support. This situation is
similar to exercises on unstable surfaces which are commonly used to improve the balance
of the body in rehabilitation [29]. RSA poles bend when walking, this movement may seem
to be moving on unstable ground. We assumed the dynamics of walking cause sudden
changes in the position of the whole body, including the limbs, necessitating the reflex
stabilization of the joints, which may result in improved proprioception and increased level
of balance in exercisers.

The aim of this study was to assess the changes in the balance of healthy, elderly
women as a result of NW training using of two types of poles: classic and RSA. We hypoth-
esized that training with RSA poles has a much more positive impact on body balance than
training with classic poles.

2. Methods
2.1. Study Design

A randomized parallel-group study design was used with a ratio of 1:1. Two groups
(experimental and control) took part in 8-weeks (twice a week, 75 min) PA intervention.
Nordic walking with two different kinds of poles was used. Before and after intervention
body balance was assessed. The assessors who did measurements were blinded (M.].;
C-WM.; RS.1). The main researcher (K.M.) who performed the intervention and the
researcher calculating the results (R.S.2) were excluded from the measurements.

A detailed study scheme is presented in Figure 1.

Post-intervention

measurements

Initial Pre-intervention Intervention
measurements measurements
Medical Body balance
Interview; (random order) 8-weeks
Basic somatic
characteristics E:) Romberg test
2 x 75 min

Posturograhic test
(EO,EC, DT)

twice a week

Body balance

(random order)

Romberg test
Posturograhic test
(EO,EC, DT)

Figure 1. General overview of the experiment. Note: EO—Eyes Open, EC—Eyes Open, DT —Dual Task.
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2.2. Participants

Initially, 50 women aged 60-75 were recruited for the study. Potential participants
were recruited from local senior centers, through ads in the local press and via social media.
The following inclusion criteria were taken into account: age over 60; good verbal and
intellectual contact; lack of contraindications to moderate exercise. Subjects were qualified
to participate in the project based on medical history and cardiology examination. Each per-
son was free from diseases that could directly affect the gait stereotype (e.g. vestibular
neuritis, multiple sclerosis). Persons who had one of the factors were excluded: dizziness,
diabetes 2, obesity, and drugs that lower blood pressure, disease of the musculoskeletal
system of the lower limbs and spine. Finally, 40 women over 60 years of age participated
in the experiment (Age = 66.8 years, age range: 60-75years).

The study was approved by the local Bioethics Committee in Poznari No. 1041/18.
in line with the Declaration of Helsinki, and the participants were asked to give their
informed written consent to take part in the research. All precautionary measures were
taken to protect the participants’ privacy and the confidentiality of their personal data.
Furthermore, each participant was notified of their right to refuse to participate in the
study or to withdraw their consent at any time, without any consequences. The subjects
familiarized themselves with the experimental procedure along with all aspects of the
study, such as: objectives of the experiment, methods, test sequence, risks associated with
the experiment and expected benefits, as well as inconveniences it may cause.

2.3. Intervention

The experiment lasted 8 weeks, with sessions twice a week (16 sessions), which was
sufficient to notice improvement in motor abilities [30]. All the women participated
in the training sessions at the same time. The women from the EG group used poles
with an integrated shock absorber with a resistance force of 4 kg (Slimline BungyPump,
Sport Progress International AB, Vasternorrland, Sweden), while women from the CG
group walked with classic NW poles. Before the intervention, the participants familiarized
themselves with the equipment and the correct marching technique during the 60-min
training session. The training took place in a city park, in the morning time.

After 10-15min of warm-up, both groups (EG, CG) walked along the inside lanes
of the park, on the varied ground. During the whole intervention, the distance was
gradually increased (from 3.5 to 4.5 km) with a speed of about 6 km/h. The length and
time of the route was measured using the Endomondo app [31]. After half of the planned
distance of walking participants did resistance exercises and balance training (15 min).
The training plan was compliant with the American College of Sports Medicine (ACSM)
recommendations for adults and healthy people: one set of 8-10 exercises for major muscle
groups at least 2 days a week with 8-12 repetitions for each exercise [32].

During each session, the participants performed a set of exercises, which consisted
of: exercises of the main muscles (warm-up), during which vigorous swings of arms, legs,
torso twists, bends, squats, etc., were performed (pace was adapted to the participants’
abilities). Then, in the main part, after half of the distance, everyone performed equivalent
exercises, where the position for exercises was standing on one leg with different variants
of body position and movement, e.g., tilting the torso, bending and moving the raised leg
forward, sideways, etc. In the end, static stretching of the main muscles was performed, i.e.,
the quadriceps muscle of the thigh, gluteal muscles, calves with stretching of the Achilles
tendons, as well as the muscles of the neck and upper limbs.

The minimum attendance was assumed at the level of 80%, which required participa-
tion in at least 13 training sessions [27]. The trainer (K.M.) had the required qualifications
as an instructor and trainer (International Nordic Walking Association).

2.4. Walking Technique with the Use of Poles

The technique of walking with poles (classic and RSA) consists of a cyclical, repetitive
and alternating movement of the whole body. During the walk, not only the muscles of the
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limbs are activated, but also the muscles of the torso. Locomotion with the use of poles
begins with coordinated movement of one hand being stretched forward, with the heel
of the opposite foot placed on the ground at the same time. The hand of the upper limb
stretched forward is clamped on the handle of the pole gripping it with all the fingers (from
I to V), which automatically positions the pole obliquely to the ground (about 45°). In this
phase, not only the upper limb is engaged, but also the entire shoulder girdle, because the
forward move of the hand takes place while the scapula is extended forward causing the
torso to be placed in a rotating position.

The next move is bouncing off the ground using the pole with the simultaneous rolling
of the foot from the heel to the toes (propulsion) and pushing the lower limb from the
forefoot, followed by the transfer of the prop to the opposite side with the accompanying
rotation of the torso to the opposite side. As a result of acceleration, there is a noticeable
increase in the work of the limbs and torso, and the body is tilted forward with the center
of gravity being shifted forward.

The whole process is alternating concentric and eccentric work of the opposing muscle
groups of the upper limbs, lower limbs and torso.

RSA poles have a built-in shock absorber with a total length of 20 cm; therefore,
the positioning of the upper limbs while marching with the RSA poles is different than
with NW poles, as shown in Figure 2.

NW with classic poles NW with RSA poles
= 20cm @
. ‘ | RSA
poles

\

(A) (B)

Classic
poles

:

Figure 2. Correct position of upper limbs during Nordic Walking with classic and resistant shock absorber (RSA) poles (A),

and differences between poles (B).

When walking with RSA poles, exercisers do not have a stable support, unlike people
using NW poles during the march, because the construction of the poles slightly changes
the body position while walking, compared to the classic NW. During the phase when
the RSA pole is pressed, muscles perform additional work overcoming resistance of the
elastic shock absorber in the pole. Pressing the shock absorber changes the length of the
stick, which, when shortened to the maximum, reaches the length of a traditional NW
stick. Releasing the pressure causes the stick to deform to its original length with the same
force, which can give the impression of a change in the body balance. A detailedtechnical
description of the Slimline 4 RSA poles that wereused for the intervention and the principles
of the NW and RSA pole adjustment are described in Marciniak et al. [27].
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2.5. Measurements
2.5.1. Romberg Sharpened Test

To evaluate functional changes in body balance, the Tandem Romberg test (known
as the Romberg sharpened test) was performed. This detects changes in body balance,
depending on the level of proprioception in the participating subjects [2]. The interpretation
of the test is analogous to that of the conventional Romberg test. According to Lee [33]
and Herdman and Clendaniel [34], the test has 49-60% sensitivity, 95% specificity and a
prediction of 82% [33].

The test subject should stand barefoot with arms crossed in front of the chest. This is
to determine which lower limb is dominant, for example by giving the following command
“please kick some imaginary object in front of you with your leg”. Then the subject stands
with the foot of the dominant leg in the front and the other foot with the toes just behind
the heel in one line.

The feet should be perfectly aligned so as not to form an angle (Figure 3).

Figure 3. Correct positioning of the feet “heel to toe” in the Romberg sharpened test—tandem stance
(the dominating lower limb at the front position).

Initially, the subject stands with the eyes open (EO) and vision set on a point 1 meter
away, then remains in the same position with the eyes closed (EC).

During the test, people were belayed by the researcher, and to ensure maximum safety
for the participants, gym mattresses were placed around the site.

The result obtained was the number of seconds during which the subject held the po-
sition without losing balance, allowing small oscillations [2]. The maximum measurement
time was assumed to be 30 s.

All the subjects passed the EO test and achieved maximum results. In the further
analysis, the results from EC test were analyzed, and the results of the EO test were
not considered.

2.5.2. Posturography Measurements

The research was conducted based on the measurement of the center of pressure (COP)
displacement using the AccuGait ™ force platform (AMTI PJB-101, Watertown, MA) with
the Balance Trainer software, which is often used in neurology and in the examination of
the elderly [35,36].

The platform was equipped with strain gauges that facilitated monitoring of the
changes in ground reaction forces. The device was placed on a hard and flat floor surface.
Based on the data collected by the platform, it is possible to estimate the position and
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deflection of the foot pressure center. The evaluation was carried out twice, before and
after the intervention.

Raw data were collected with frequency of 100 Hz and then low-pass filtering was
done to remove noise from the obtained signal of COP displacements—the fourth-order
Chebyshev II filter with cut-off frequency of 10 Hz was used [37].

During the examination, the subjects were asked to take an upright, vertical position,
stand still with the upper limbs alongside the body, remaining silent—no conversation was
allowed. The feet were placed in a position similar to their natural stance—heels in one
line, feet positioned at an angle of about 30—40° to each other, with a 5 cm gap between
the heels [31]. Before starting the study, an outline of each participant’s feet was made,
which allowed for a similar positioning of the subject during subsequent trials.

In this position, three 30-sposturographic analyses were consecutively performed.
They were separated by two 2-min breaks:

- standing with the eyes open (EO),
- standing with the eyes closed (EC),
- testing body stability under dual task (DT) conditions.

DT—while standing, counting down every 3 numbers, starting from 200 [5].

The body balance assessment took up to 15 min including rest breaks.

During the test, belaying was applied and, if necessary, the subjects could rest in a
sitting position.

To avoid the sequence being memorized, the trials were carried out at random.
Each trial was run twice, and the results were averaged. In the previous work, it was
found that averaging the results from two measurements allowed to obtain ICC (inter-class
correlation) at a level above 0.9 in the case of the average displacement velocity COP [38].

2.6. Outcomes
The primary outcomes of the study were:

(a) number of seconds during which the subject held the position without losing balance
in Romberg test;

(b) average velocity of COP displacements (and its components in anterior-posterior and
medio-lateral directions), as well as ellipse area of 95% in posturographic measurements.

The study population was characterized by age, body weight and height as well as
BMI (calculated as body weight/height?) as secondary outcomes.

2.7. Sample Size and Randomization

Taking into account one-factor effect of time in repeated measures (lack of data con-
nected to effect size for two-factors study structure “group”x”time” in case of two different
marching training), range of number of subjects is estimated from 13 to 22 with power
statistics = 0.8 and alpha level = 0.05.

Women qualified for the study were randomly assigned to one of two groups with
use of randomization generated using Excel software (first step—creation of column with
randomized numbers in range 0-0.99 for each participant; second step—assignment to

groups EG and CG in next column with function: if (value < 0.5;EG”;“CG”)).

2.8. Statistical Analysis

The main calculations of dependent variables were based on two-way ANOVA (F-test)
analysis methods. An analysis was made with repeated measurements before and after
training (“time” factor with two levels—pre and post), and with two levels of an intergroup
factor (“group”—EG and CG). For interaction effects (“time x group”) and main effects
(“time” and “group”), the eta-squared effect size was calculated. The effect size indicates the
percent of variance explained by particular effects of the dependent variable. To compare
the average values of primary outcomes (both within and between groups) Bonferroni
correction post hoc comparisons were conducted.
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Statistical analyses were computed using Statistica v. 13.0 software (TIBCO Software
Inc., Palo Alto, CA, USA). Statistical significance was defined as p < 0.05.

3. Results

Five participants did not complete the eight-week intervention period, including one
person who dropped out due to injury, two due to illness, and two for undisclosed personal
reasons. The remaining 35 people completed the training sessions with the attendance
maintained above the required 80%. Finally, the effect of the intervention was assessed
in 34 women (EG = 17, CG = 17)—one person did not take part in tests after intervention
program without giving any reasons (Figure 4).

[ Enrollment ]
Assessed for eligibility (n =50)

Excluded (n =10)

> Not meeting inclusion criteria (1 = 10)

Declined to participate (1 =0)

Other reasons (n = 0)

Randomized (n = 40)

v f ] v

L Allocation J
Allocated to intervention-EG (n = 20) Allocated to intervention (1 = 20)
Received allocated intervention (1 = 20) Received allocated intervention (1 = 20)
Did not receive allocated intervention (1 = 0) Did not receive allocated intervention (1 = 0)
y [ Follow-Up ] v
L J
Lost to follow-up (1 =3) Lost to follow-up (1 =2)
Discontinued intervention due to injury (n = 1), Discontinued intervention due to illness (7 =1) and
illness (n = 1), and undisclosed personal reason undisclosed personal reason (1 = 1)
\ 4 [ Analvsis ] \ 4
Analysed (n=17) Analysed (n=17)
Excluded from analysis (give reasons) (1 = 0) Excluded from analysis (due to lack of post-
intervention tests) (n =1)

Figure 4. Flowchart of the experiment participants.

Basic characteristics of both groups are presented in Table 1.
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Table 1. Mean values, standard deviations and results of between-group comparison (f-test for
independent samples) for basic characteristics of participants prior to the start of the experiment.

EG (n =20) CG (n=20) t(p)
Measure M SD M SD
Age (years) 67.71 4.16 65.88 4.09 1.29(0.207)
Body height (cm) 161.94 4.04 159.25 5.45 1.64(0.112)
Body weight (kg) 74.31 11.17 65.63 11.19 2.26(0.030)
BMI (kg/mz) 28.31 3.90 25.90 4.53 1.66(0.106)

BMI—body mass index; EG—experimental group, CG—control group.

Significant between-groups differences in body weight wereobserved. Average values
of age, body height and BMI were similar in both groups.

In the case of the Sharpened Romberg test, a statistically significant “time” effect
was found (Figure 5). Compared to the baseline, participants improved their scores

after the intervention (F = 18.62, p < 0.001, 12 = 0.37, power analysis = 0.98). Post hoc
analysis revealed statistically significant pre-post differences for EG and CG (p = 0.034 and
p = 0.022, respectively).

Interaction effect F(1, 32) = 0.014, p = 0.907
Main effect "group" F(1, 32) = 0.022, p = 0.882
Main effect "time" F(1, 32) = 18.619, p = 0.000

1
1

-

—_—————

1

- EG
% CG

pre post

Figure 5. Mean values, standard error of measurements andanalysis of variance ANOVA for results of Romberg sharpened

test. EG—experimental group, CG—control group.

In the case of the posturography test (Table 2) none of the statistically significant “time
x group” effects was found for any of the parameters tested (p > 0.05) under all study
conditions (eyes open, eyes closed, and dual-task).
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Table 2. Mean and standard deviation values for body balance for Eyes Open, Eyes Closed and Dual Task measures results

of analysis of variance.

Pre Post

Variable

M (sd)

M (sd) M (sd) M (sd) Interaction nz Group N2 Time n.2

EG CG EG CG F(p) F(p) F(p)

EO

Veop [cm/s] 1.14(046) 0.99(0.31) 1.17(043) 1.04026) 0.03(>0.05)  0.00 141(>0.05) 0.04 0.62(>0.05) 0.02
VeopY [em/s]  0.95(0.46) 0.83(0.29) 0.96(0.41) 0.81(0.20) 0.23(>0.05)  0.01 1.33(>0.05) 0.04 0.01(>0.05) 0.00
VeopX [em/s]  045(0.20) 0.39(0.12) 0.48(0.20) 0.48(0.20) 0.87(>0.05)  0.03 0.26(>0.05) 0.01  3.53(>0.05) 0.10
A95 [cm?] 1.71(0.68) 1.98(1.11) 2.10(1.44) 2.22(144) 0.12(>0.05)  0.00 0.32(>0.05) 0.01 2.16(>0.05) 0.06
EC

Veop [cm/s] 155(0.69) 1.36(0.45) 159(0.64) 1.46(0.69) 0.12(>0.05)  0.00  0.63(>0.05) 0.02  0.86(>0.05) 0.03
VeopY [em/s]  1.34(0.67) 1.19(0.41) 1.35(0.62) 1.21(0.60) 0.00 (>0.05)  0.00  0.62(>0.05) 0.02  0.07(>0.05) 0.00
VeopX[em/s]  053(0.27) 0.46(0.18) 058(0.27) 0.58(0.34) 0.56(>0.05)  0.02 0.13(>0.05) 0.00 3.42(>0.05) 0.10
A95 [cm?] 191(1.10) 2.08(1.11) 2.33(1.15) 2.64(1.75) 0.09(>0.05)  0.00 041(>0.05) 0.01  4.20(<0.05) 0.12
DT

Veop [cm/s] 1.63(0.91) 1.50(0.81) 1.54(0.57) 1.64(0.83) 1.23(>0.05)  0.04 0.00(>0.05) 0.00  0.06(>0.05) 0.00
VeopY [em/s]  1.29(0.60) 121(0.64) 1.26(0.48) 1.30(0.69) 0.66(>0.05  0.02  0.01(>0.05) 0.00  0.16(>0.05) 0.00
VeopX[em/s]  0.73(0.60) 0.65(0.41) 0.65(0.26) 0.74(042) 1.55(>0.05)  0.05 0.00(>0.05) 0.00  0.00(>0.05) 0.00
A95 [cm?] 332(3.79) 3.40(457) 2.84(1.96) 5.12(641) 3.52(>0.05 010 0.69(>0.05) 0.02 1.13(>0.05) 0.03

EG—experimental group; CG—control group; Vcop—velocity; VcopY—anterior-posterior; VcopX—medio-lateral; A95—area 95 percentile.

There were no statistically significant main effects for the “group” factor (p > 0.05) or
for detailed between-groups comparisons, either.

In the case of the test with the eyes closed for the area of 95% of COP displacements,
a significant value of the repeated measurement factor “time” was recorded (F = 4.20,

p <0.05, 112 = 0.12). This result was related to slightly higher results in the CG group after
training (within-group difference was not significant in post hoc analysis).

4. Discussion

The goal of this study was to determine the impact of marching with poles with an
integrated resistance shock absorber and classic poles on improving balance in women.
To the best of our knowledge, this study is the first to compare the effects of RSA and NW
on body balance in healthy women.

In previous studies, the effect of NW on body balance compared to resistance exercises
was evaluated [18,39,40]. However, no studies have been undertaken so far to assess the
effects of walking with additional resistance from the RSA cushioning system on improving
the static balance in senior females. It was assumed that workout consisting of walking with
the use of poles has the value of a motor-cognitive intervention and provides participants
with balance training in the conditions of performing a double task, as the participants
walk while talking with each other, which requires information to be processed along with
maintaining the balance and without changing the rhythm and walking speed. Another
assumption made was that walking with RSA poles causes the body to work in unstable
support conditions with additional resistance, compared to the work performed by the
body during the classic NW. Both of these factors provided an additional stimulus for the
marching women.

Research on the influence of NW training on the static balance in seniors gives results
that are varied and difficult to interpret. In the Lajoie [41] study, after the same period
of time (8 weeks, 16 sessions) there was no difference in postural sway observed, either.
Moreover, the results showed no significant change between the groups. On the other
hand, a statistically significant reduction in reaction time was observed in the elderly while
standing, compared to the control group, and the difference remained significant even
after a two-week retention period. Lee and Park [23] noticed a significant improvement
in one-leg stance after 12 weeks of NW training. Kocur et al. [25] after 12 weeks of the
NW training showed a significant improvement in static balance in the group ofwomen,
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which was measured by the Forward Reach Test (FRT) and Upward Reach Test (URT) by
standing on a balance training platform with a balancing measurement function. However,
Gobbo et al. [42], after analyzing eight experiments that met the assumed eligibility criteria,
did not indicate any potential relationship between exercise and the improvement of static
and dynamic balance during a dual task performed by healthy seniors.

Maranhao-Filho et al. [2] demonstrated that healthy elderly people are able to stand
with EC without falling for at least 30 s. In the case of healthy, physically fit females,
the standard posturographic tests used in this study proved too easy to demonstrate
changes that probably occurred in the system of maintaining postural stability. More-
over, it is noteworthy that the examined women were younger than in other studies in
which the influence of NW on balance was examined and where significant differences
were obtained [20,23].

In the case of posturographic research, we expected to see differences in effects be-
tween groups, but there was no statistically significant interaction effect or the main “time”
effect in most variables. Additionally, there were no other significant tendencies in the
intergroup differentiation.

Only a significant value of the factor of the repeating “time” measurement was
recorded, in the case of the EC test for the Area of 95% of COP displacements. It was
connected to higher results in CG after training. It is possible that the result obtained is just
an ‘artefact’ related to the relatively lower reliability of these parameters in comparison to
the average velocity of COP displacement [43].

Despite the lack of intergroup differences in BMI, women in the EG group were
characterized by higher weight, which could have influenced the results. In studies on
the influence of obesity on body postural stability [44,45], higher oscillation values were
observed in people with higher body weight; therefore, higher body weight values in
women with EG could have affected the overall result of the study. On the other hand,
in the studies of Carral et al. [46], it was found that postural control in obese elderly people
may depend on the amount of PA performed.

The results of the Romberg sharpened test showed the statistically significant main
effect, which is “time”, for both groups. The tandem stance of the feet in this test makes
it difficult to maintain a stable posture, as opposed to standing in a relaxed position.
The reduction in the field of support may activate the hip joint strategy, which is one of the
three major stability maintenance and recovery reactions. According to Horak [47], the use
of this strategy may also be associated with a reduced or unstable support plane. In a similar
test, Marciniak et al. [27] (after 8 weeks, 16 sessions) observed enhanced agility, endurance
and muscle strength. Therefore, improving participants” overall performance as a result
of the experiment may explain the results obtained in the functional test. According to
Maranhao-Filho et al. [2], Romberg’s test illustrates the level of proprioception, which may
indicate a positive impact of the experiment on the proprioceptive balance control in
the elderly.

The results of the Romberg test could be related to the potential improvement in strength
and endurance, which were not significant in the posturographic examination. They could stem
from the specificity of the examination itself: a reduced support plane while standing and a
strategy of maintaining balance other than in the posturographic examination.

The final result of the study could have been influenced by relatively short time during
which the intervention took place (8 weeks and 16 training sessions). The time in which
the study was conducted marked the period between the holidays. Further attempts to
continue could cause a change in the participants” behavior resulting from the traditional
involvement of women in holiday preparations, and a change in their eating habits.

5. Limitations

Finally, it should be mentioned that the study has some limitations. First, it only
includes a group of women. Studies involving both men and women would provide
stronger general evidence. Secondly, the training was relatively short. Perhaps continuing
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training would also result in significant differences in all tests used. On the other hand,
in other studies, eight-week periods of training made it possible to observe significant
changes in physical fitness among the elderly. Next, during each session, we focused on
the technical details of the march with poles, because proper execution of exercises and
walking technique were very important in our experiment. However, a large number of
people participated in the training at the same time, and the marching technique may not
always have been correct. Perhaps more personalized training should be used to ensure
better control of exercise execution in the next study. The very low effect of applied exercise
on results obtained in posturography tests is also interesting. As stated in the discussion,
perhaps the tests that were used were too simple, and the ceiling effect was met.

6. Conclusions

The training sessions and body balance tests did not allow any significant impact
of the type of poles on the change in the body balance using posturographic tests to
be demonstrated; and they seemed to have a similar effect on the results obtained in
functional tests.

Taking into account the limitations of the study, further research is necessary with
extended intervention times and more difficult tasks in posturographic examination.

On the other hand, when the base of support limitation was applied in the Romberg
functional test (Romberg sharpened), the statistically significant main effect of “time”
was found in both groups. Considering that the results of this test are linked to the
possibility of detecting deficiencies in proprioception, they may indicate the beneficial
effect of walking on the static balance inwomen. Compared to the baseline, both groups
improved their results, which may indicate an improvement in perception and processing
of sensory information. This may be the result of the intervention—regardless of the type
of training applied.
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