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Lista skrotow uzywanych w tekscie:

ZBK
LBP
PHE
BST
SEMG
ES
GM
BF
BMI
MDT McKenzie
VAS
SD
CT
MF
RES
LES
NMFs
MFi
MFe

- zespot bolowy kregostupa

- b6l dolnej czgscei plecow

- test wyprostu w stawie biodrowym

- test Biering- Sorensena

- elektromiografia powierzchniowa

- migsien prostownik grzbietu

- migsien posladkowy wielki

- migsien dwuglowy uda

- wskaznik masy ciata

- Mechaniczne Diagnozowanie i Terapia McKenziego
- wzrokowo- analogowa skala bolu

- odchylenie standardowe

- tomografia komputerowa

- §rednia czestotliwosé

- prawy migsien prostownik grzbietu

- lewy migsien prostownik grzbietu

- wspotczynnik nachylenia prostej regresji
- czgstotliwo$¢é poczatkowa

- czestotliwos¢ koncowa



1. AUTOREFERAT

Rozprawe doktorska oparto o cykl publikacji pod wspolnym tytutem: ,,Biomechaniczna
ocena terapii wg metody McKenziego u 0sob z dyskopatig ledzwiowa pracujacych w pozycji
siedzacej”. W sktad dysertacji wchodza trzy opublikowane artykuly, przygotowane na
podstawie wynikow badan dofinansowanych z dotacji Ministerstwa Nauki i Szkolnictwa
Wyzszego -,,Rozw6j Mlodych Pracownikow Nauki”. W pierwszej publikacji przedstawiono
wyniki badan wstepnych projektu, ktore mialy na celu dokonanie oceny wystepowania
dolegliwos$ci bolowych kregostupa wsrod pracownikow biurowych. Pozostate dwie stanowig

wlasciwg czes$¢ eksperymentu badawczego oceniajacego wybrang terapi¢ lecznicza.

Publikacja nr 1.
M. Zygmanska, A. Blaszczyk, K. Wegner, W. Samborski, M. Ogurkowska Assessment of
overload changes in the lumbar spine of employees with sedentary nature of work. Fizjoterapia
Polska 2018; 18(1): 62-73 punktacja MNiSW — 10 pkt

Publikacja nr 2.
M. Jablonska, A. Fryzowicz, M.B. Ogurkowska Electromyographic evaluation of selected
muscles during active hip extension in men treated McKenzie method. Acta of Bioengineering
and Biomechanics 2020; 22(3):23-31; DOI: 10.37190/ABB-01578-2020-03
Impact Factor — 1.073, punktacja MNiSW — 100 pkt

Publikacja nr 3.
M. Jabtonska, J. Maczynski, A. Fryzowicz, M.B. Ogurkowska Electromyographic assessment
of muscle fatigue after the Biering-Sorensen test in subjects with low back pain who underwent
the McKenzie treatment. Acta of Bioengineering and Biomechanics 2021; 23(3):87-96; DOI:
10.37190/ABB-01823-2021-03
Impact Factor — 1.073, punktacja MNiSW — 100 pkt



Prace opublikowane poza cyklem:

Podgorski T., Nowak A., Domaszewska K., Maczynski J, Jabtonska M., Janowski J,
Ogurkowska M. Muscle strength and inflammatory response to the training load in
rowers. Peer J. 2020, 16(8):10355 IF=2,38, punktacja MNiSW — 100 pkt

Blaszczyk A., Zygmanska- Jabtonska M., Wegner- Czerniak K., Ogurkowska M.
Evaluating Progressive Overload Changes of the Musculoskeletal System in Automobile
Industry Workers. Pol. J. Environ. Stud. 2020, 29(4):2579-2586

IF= 1,120, punktacja MNiSW — 40 pkt

Wegner K., Blaszczyk A., Zygmanska M., Ogurkowska M.B.: Ocena zmian
przecigzeniowych kregostupa u pracownikow przemystu motoryzacyjnego. Zeszyty
Naukowe Matopolskiej Wyzszej Szkoly Ekonomicznej w Tarnowie, 2017, 3(35):93-
103 punktacja MNiSW — 9 pkt

Ogurkowska M., Kawatek K., Zygmanska M.: Biomechanical characteristics of
rowing. Trends in Sport Sciences, 2015, 22(2):61-69, punktacja MNiSW — 9 pkt

Michalak E., Zygmanska M.: Ocena tolerancji wysitkowej mezczyzn w starszym wieku
uprawiajqgcych Nordic Walking. Postgpy Rehabilitacji, 2015, 29(3):29-34
punktacja MNiSW — 9 pkt



1.1  Wstep

Bole krggostupa to wspotczesnie powazny problem spoteczny i ekonomiczny. Wedtug
Swiatowej Organizacji Zdrowia dotykaja one na réznych etapach zycia 80% populacji
I sg najczestszg przyczyng niesprawno$ci u dorostych osob. Dane epidemiologiczne mowig, ze
42-75% osob, ktore doswiadczyly pierwszego epizodu bolu dolnego odcinka kregostupa
doznaje nawrotow (Airaksinen i wsp. 2006). Wyroznia sie trzy gtowne klasy czynnikow ryzyka
pojawienia si¢ zespotu bolowego kregostupa (zbk):

— indywidualne 1 zwigzane ze stylem zZycia,
— fizyczne i biomechaniczne oraz
— psychospoteczne ( Rubin 2007)

Wykonywanie niektorych czynno$ci dnia codziennego (tj. siedzenie, pochylanie i
skrecanie tulowia) przyczynia si¢ do powstania epizodu zbk, a takze do progresji objawow
chorobowych (Rubin 2007). Z réznych doniesien naukowych wynika, ze zaostrzanie si¢
dolegliwosci bolowych ma Scisty zwigzek ze zgieciem odcinka ledzwiowego kregostupa.
Natomiast tagodzenie objawdw pacjenci zglaszali podczas chodzenia, aktywnosci fizycznej
wymuszajace] przyjecie pozycji przeprostu (McKenzie 1 May 2011, Wieche¢ 1 wsp. 2015,
Curylo 1 wsp. 2017). Przekraczanie wytrzymatosci fizycznej lub wydolnosci czynno$ciowej
miesni, kosci 1 stawow (Ogurkowska 2007) prowadzi do powstawania zmian o charakterze
przecigzeniowym.

Dostepne badania wskazuja, ze gldéwng przyczyng powstajacych nieprawidtowosci 1
bolu okolicy ledzwiowo-krzyzowej sa zmiany w uktadzie migsniowym, ktore polegaja przede
wszystkim na zaburzeniu rownowagi antagonistow 1 agonistOw czy aktywacji migsniowe;,
ktore prowadzg do zmian stabilnosci kregostupa (Mahato 2017, Ferrari 2015). Zadaniem uktadu
mig$niowego jest bowiem kontrola ruchu i stabilizacja struktur kregostupowych, a tym samym

ochrona przed nadmiernymi obcigzeniami podczas czynno$ci ruchowych. Migsnie chronig



kregostup przed uszkodzeniem, jednak w wyniku dlugotrwatego przecigzenia stajg si¢
niewydolne, a obcigzenia zostajg przenoszone na bierny uktad stabilizacyjny (wigzadta, torebki
stawow miedzykregowych). Jesli przeciazajacy ruch bedzie dalej powtarzany, to doprowadzi
to do uszkodzenia krazka migdzykrggowego i zmian morfologicznych w trzonach krggowych
(Ogurkowska i Kawatek 2016).

Do przecigzania kregostupa moze dochodzi¢ w trakcie wykonywania aktywnos$ci dnia
codziennego, pracy zawodowej, a takze wyczynowego uprawiania sportu (Ogurkowska i
Kawalek 2016). Aktualne badania ukazuja problem zespotow bolowych kregostupa nie tylko
w grupie pracownikow fizycznych ale rowniez wsrod pracownikdéw umystowych, pracujacych
przy stanowiskach komputerowych (McKenzie i May 2011, Wieche¢ i wsp. 2015, Curyto i
wsp. 2017), ktore wymuszaja pozycje siedzaca przez kilka godzin dziennie. Dowiedziono, ze
sama pozycja nie powoduje przecigzen w obregbie odcinka ledzwiowego kregostupa lecz
przebywanie w pozycjach niewygodnych przez ponad pdt dnia pracy (Vogt i wsp. 2003).
Powstajace zaburzenia mig$niowo-szkieletowe dolnego odcinka kregostupa staja si¢ przyczyna
przewlektej niepetnosprawnosci szczegolnie w produktywnym, Srodkowym okresie zycia
cztowieka (McKenzie i May 2011).

O’Sullivan 1 wsp. (2006) okreslili zaleznos¢ pomiedzy postawg ciata, wytrzymatoscia
mig$niowg 1 dolegliwosciami bolowymi u pracownikéw przemystowych skarzacych si¢ na bol
krzyza zwigzany ze zgigciem odcinka ledzwiowego krggostupa. Postawy pasywne (slump
sitting) prowadza do powstania dysfunkcji migsni stabilizujacych kregostup. Nastepuje
zmniejszenie ich wydolnosci a w konsekwencji zwigkszenie przodopochylenia miednicy. Takie
ustawienie krggostupa moze prowadzi¢ do eskalacji obcigzen na uktad biernych stabilizatorow
1 zmniejszenia aktywnos$ci czynnych stabilizatoréw kregostupa. Tego typu zmiany narzadu
ruchu sg przyczyng dolegliwosci bolowych, ktore skutkujg zaburzeniem ruchowym a w efekcie

utrwalaniem niewlasciwego wzorca ruchu. Dlatego zaleca si¢ unikanie dlugotrwajacych



pozycji statycznych czy nieprawidtowo wykonywanych i powtarzanych aktywnos$ci ruchowych
(O’Sullivan i1 wsp. 2006). Badania wskazuja na to, ze pojawiajace si¢ dolegliwos$ci ze strony
dolnego odcinka kregostupa sg zwigzane z nierOwnowaga mie¢$niowg oraz zmiang wzorca
aktywacji migéni ledzwiowo-miedniczych podczas wykonywania réznych zadan.

Ocena zaburzen czynnosciowych uktadu migsniowo-szkieletowego wykonywana jest
za pomoca testow klinicznych. Jednym z nich jest Prone Hip Extension Test (PHE, in. Test
Jandy), ktéry wykorzystuje si¢ do pomiaru schematéw ruchowych w obszarze ledzwiowo-
miednicznym. Test polega na unoszeniu wyprostowanej w stawie kolanowym konczyny dolne;j
w pozycji lezenia przodem. Janda jako pierwszy okreslit dysfunkcje rekrutacji migéni jako
patologie. Odnotowano, podczas w/w testu, brak réwnowagi mig$niowej oraz zmieniong
rekrutacjg miesni ledzwiowo - miednicznych u 0s6b z bolem plecow (Janda 1983). Zaktada sie,
ze zmiana aktywacji migsniowej okolicy ledzwiowo-krzyzowej przyczynia si¢ do
destrukcyjnego oddziatywania na uklad stabilizatorow. Badania dowodza, ze u o0so6b z
dolegliwosciami bolowymi plecéw migsnie kregostupa ledzwiowego aktywuja si¢ zbyt szybko
W poroéwnaniu z osobami zdrowymi (Vogt 1 wsp. 2003).

Do oceny wytrzymatosci migsni plecow mozna zastosowac test Bieringa - Sorensena
(Biering- Sorensen Test, BST). Wykorzystywany jest on rowniez jako narzedzie do oceny
przewidywania ryzyka pojawienia si¢ bolu odcinka ledzwiowego kregostupa. Okresla si¢
w nim maksymalny czas utrzymania pozycji, w ktorej migsnie grzbietu pracujg izometrycznie.
Aktywujg si¢ réwniez miesnie obreczy biodrowej tj. migsien dwuglowy uda czy migsien
posladkowy wielki (Kankaanpadet al., 98). W badaniach Bieringa — Sorensena zauwazono, ze
im byt krotszy czas trwania testu tym czesciej pojawiat si¢ bol odcinka ledzwiowego (Biering-
Sorensen, 1984). BST wykorzystywany jest szczegdlnie przed i po rehabilitacji (Demoulin et

al., 2006). Osoby bez objawow bolowych odcinka ledzwiowego kregostupa utrzymywaty



wyznaczong pozycj¢ ciata dtuzej niz grupa oséb z LBP (Latimer et al., 1999;Coorevits et al.,
2008).

W zwiagzku z tym, ze LBP jest silnie skorelowane ze stanem gorsetu mig¢$niowego
tutowia, istnieje potrzeba przywrocenia migsniom pelnej sprawnosci 1 wydolnos$ci. Jednym ze
sposobow walki z przewlektym bolem plecow jest metoda McKenziego, ktora przewyzsza
skuteczno$cig inne przeciwbolowe interwencje rehabilitacyjne. Metoda McKenziego to
mechaniczne diagnozowanie i terapia zespotow bolowych kregostupa i konczyn w oparciu o
znajomo$¢ wzorcoOw bolowych oraz analiz¢ zachowania si¢ objawow, w badaniu podmiotowym
I przedmiotowym. Mechaniczne diagnozowanie polega na ocenie reakcji symptomatycznych
pod wplywem powtarzanych ruchow. Istotg procesu diagnostyczno-terapeutycznego jest
zjawisko centralizacji lub peryferalizacji objawow bodlowych, ktére wskazuje na dalsze
rokowanie (Lam 1 wsp. 2018). Okreslana jest preferencja kierunkowa ruchu tutowia, dzigki
ktérej dobiera si¢ konkretne ¢wiczenie dla badanego. Celem jest poprawa lub catkowite
usunigcie bolu.

Badanie oceniajace skuteczno$¢ metody McKenziego przeprowadzone zostato przez
Longa 1 wsp. (2004). Wykazano, ze u 95% oso6b, ktore wykonywaty ¢wiczenia zgodne z
preferencja kierunkows, dolegliwosci bolowe ulegaty poprawie. Natomiast poruszanie tutowia
w kierunku przeciwnym wigzato si¢ ze zmniejszeniem ich odczuwania jedynie u 23% osob.
Nalezy w tym miejscu podkresli¢, iz w dostepnej literaturze skutecznos¢ zastosowania metody
McKenziego wsrdd pacjentow z dolegliwosciami bolowymi odcinka ledzwiowego krggostupa,
bada si¢ wykorzystujac tylko metody, ktore poprzez wybranie odpowiedniej skali bolu lub
opracowanie kwestionariusza, = oceniajg w sposob subiektywny poziom odczuwanej

niepetnosprawnosci (Clare 1 wsp. 2004).



W zwigzku z powyzszym, istotne jest aby w przysztych badaniach naukowych pojawiaty si¢
rzetelne metody badawcze, za pomoca ktorych dokona si¢ kompleksowej, obiektywnej oceny

efektow terapii wedtug McKenziego.

1.2. Cel badan

Gléwnym celem pracy byta biomechaniczna ocena terapii wg metody McKenziego,

przeprowadzonej u os6b z dyskopatig ledZwiowa pracujacych w pozycji siedzace;.
Sformutowano nastepujace cele szczegotowe:

e Ocena poziomu nasilenia, czestotliwosei 1 lokalizacji dolegliwosci bélowych
kregostupa przeprowadzonych u 0s6b pracujacych w pozycji siedzacej (publikacja 1)

e Badanie zalezno$ci pomiedzy stazem pracy biurowe;j i liczbg godzin przebywania w
pozycji siedzacej a poziomem dolegliwosci bolowych kregostupa (publikacja 1)

e Ocena wynikow krotkotrwatej terapii wg metody McKenziego, poprzez badanie zmian
rekrutacji migsni ES, GM i BF oraz ustalenie poziomu bolu podczas testu Prone Hip
Extension (PHE) (publikacja 2)

e Ocena wynikow krotkotrwatej terapii wg metody McKenziego, poprzez pomiar czasu
wykonania testu Bieringa - Sorensena oraz ustalenie poziomu odczuwanego bolu
(publikacja 3)

e Badanie zwigzku pomigdzy parametrami elektromiograficznymi opisujacymi
zmeczenie migéni ES, GM | BF a czasem trwania testu Bieringa — Sorensena

(publikacja 3)



VI.

Badanie zwigzku pomigdzy parametrami elektromiograficznymi opisujacymi
zmeczenie migsni ES, GM 1 BF podczas testu Bieringa - Sorensena a poziomem
odczuwanego bolu w obszarze odcinka ledzwiowego krggostupa  (publikacja 3)
Badanie zwigzku pomigdzy parametrami elektromiograficznymi opisujacymi
zmeczenie miesni ES, GM 1 BF a wybranymi cechami antropometrycznymi u 0sob z
dyskopatig ledzwiowa (publikacja 3)

Ocena wystgpowania asymetrii w obszarze miegsni ES, GM 1 BF, ktore ulegly

zmeczeniu podczas testu Bieringa - Sorensena (publikacja 3)

Hipotezy badawcze:

Poziom nasilenia, czestotliwo$¢ oraz lokalizacja dolegliwosci bdlowych u oséb
pracujacych w pozycji siedzacej sg zroznicowane ptciowo.

Staz pracy oraz liczba godzin spedzonych przy stanowisku komputerowym
przyczyniaja si¢ do wystgpowania zmian przecigzeniowych w obszarze ledzwiowego
odcinka kregostupa

Kroétkotrwata terapia McKenziego wplywa na poprawe rekrutacji migéni ES, GM i BF
podczas testu Prone Hip Extension.

Krotkotrwata terapia McKenziego wptywa na wydluzenie czasu trwania testu Bieringa
— Sorensena.

Krotkotrwata terapia McKenziego wptywa na zmniejszenie poziomu bodlu odcinka
ledzwiowego kregostupa.

U os6b poddanych terapii McKenziego, nie zauwaza si¢ istotnego zwigzku pomig¢dzy
subiektywng oceng bolu a wynikami pomiarow elektromiograficznych opisujacych

zmeczenie migsni podczas testu Beringa — Sorensena.



VIl. U os6b poddanych terapii McKenziego, nie zauwaza si¢ istotnego zwigzku pomiedzy
czasem trwania testu Bieringa — Sorensena a wynikami pomiar6w
elektromiograficznych opisujacych zmeczenie mig$ni.

VIIl. U osoéb z dyskopatig ledzwiowa, wzrost masy ciata, wysokosci oraz BMI wptywa na
zwigkszenie si¢ zmeczenia mig$ni ES, GM i1 BF, podczas testu Bieringa — Sorensena.

IX. U osoéb z przewleklym zespotem bolowym odcinka ledzwiowego kregostupa poddanych

terapii McKenziego, zauwaza si¢ zmniejszanie poziomu asymetrii w obszarze mig$ni

ES, GM i BF, ktore ulegly zmeczeniu podczas testu Bieringa — Sorensena.

1.3. Material i metody badawcze

1.3.1. Material badawczy

Uzyskano zgode Komisji Bioetycznej Uniwersytetu Medycznego 1m. Karola
Marcinkowskiego w Poznaniu (KB- 570/14) na przeprowadzenie badan. Wszystkie procedury
badawcze zostaly opracowane zgodnie z Deklaracja Helsinskg. Zapoznano uczestnikéw z
przebiegiem eksperymentu oraz poinformowano o mozliwosci zrezygnowania z udziatu w
dalszych badaniach, na kazdym etapie, bez konieczno$ci podawania przyczyn. Osoby biorace
udziat w badaniach poswiadczyly formularz $§wiadomej zgody na badania naukowe,

wlasnorecznym podpisem.



Publikacja 1

Assessment of overload changes in the lumbar spine of employees with sedentary nature of
work. Fizjoterapia Polska 2018; 18(1):62-73

Materiat badawczy stanowily 62 osoby czynne zawodowo: kobiety (n=29) w wieku
35,4+7,26 lat (wysokoéci ciata 168,3+5,75 cm, masa ciata 64,8+11,8 kg, BMI 22,8+3,9 kg/m?)
ze stazem pracy o siedzagcym charakterze 7,6+6,1 lat oraz m¢zczyzni (n=33) w wieku 37,1+9,41
lat (wysokosci ciata 180+6,65 cm, masa ciata 80,8+9,36 kg, BMI 24,9+2,77 kg/m?) ze stazem
pracy o siedzacym charakterze 8,1+6,3 lat. Wszyscy pracownicy wykonywali obowigzki

zawodowe w pozycji siedzacej, wykonujac sporadycznie skrety i pochylanie tutowia do przodu.

Przeprowadzone badania ankietowe oraz wstgpna kwalifikacja respondentow
wykorzystujaca protokot odcinka ledzwiowego kregostupa wedlug metody McKenziego

pozwolita stworzy¢ grupe osob, ktora zakwalifikowano do dalszych badan.

Kryteria wiaczenia do eksperymentu to obecnos¢ charakterystycznych cech zespotu
zaburzen strukturalnych (derangement). Sa to m.in.: bdl wywotany przez zaburzenie
wzajemnego uktadu struktur w segmencie ruchowym (np. przemieszczenie jadra miazdzystego
prowadzace do uszkodzenia pierscienia wtoknistego, a nawet ucisku na struktury nerwowe);
zjawisko centralizacji i peryferalizacji oraz preferencji kierunkowej (Lam et al., 2018).
Ustalono kryteria wykluczajace: historia operacji kregostupa ledzwiowego, zdiagnozowany

kregozmyk, historia bolu stawu biodrowego, kolanowego i1 skokowego, pte¢ zenska.
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Publikacja 2

Electromyographic evaluation of selected muscles during active hip extension in men treated
McKenzie method. Acta of Bioengineering and Biomechanics 2020; 22(3):23-31, DOI:
10.37190/ABB-01578-2020-03

W badaniu uczestniczyto 17 mezczyzn (Srednia wieku 41.2 lat, odchylenie standardowe
(SD) 6.89, srednia body mass index 27.39 kg/m2, SD 3.86, srednia masa ciata 87.9 kg, SD 11.7,
Srednia wysoko$¢ 178.9 cm, SD 5.9) z przewleklym niespecyficznym zespolem bolowym
czescei ledzwiowo-krzyzowej kregostupa, pracujacych w pozycji siedzacej przed komputerem

(Sredni staz pracy 13.3 lat, SD 6.59).

Publikacja 3

Electromyographic assessment of muscle fatigue after the Biering-Sorensen test in subjects
with low back pain who underwent the McKenzie treatment. Acta of Bioengineering and
Biomechanics 2021; 23(3):87-96, DOI: 10.37190/ABB-01823-2021-03

W projekcie wzigto udziat 19 mezczyzn (Srednia wieku 41.4, SD 6.55, $rednia BMI
27.16, SD 3.81) z przewlektym niespecyficznym zespotem bolowym czgéci ledZwiowo-
krzyzowej krggostupa, pracujacych w pozycji siedzacej przed komputerem ($redni staz pracy

13.53, SD 6.19).

11



1.3.2. Metody badawcze

Publikacja 1

Assessment of overload changes in the lumbar spine of employees with sedentary nature of
work. Fizjoterapia Polska 2018; 18(1):62-73

Przeprowadzono badania ankietowe w miejscu pracy respondentow.

e Autorska ankieta

W pracy zastosowano autorska ankiete, ktéra opierala si¢ na karcie badania
podmiotowego metody MDT McKenzie. Ankieta skladala si¢ z 38 pytan dotyczacych
dolegliwosci bolowych kregostupa. Zastosowano pytania wieloalternatywne, zamknigte,
zamknigte z wyskalowana odpowiedzig oraz pytania otwarte. Ankiete przeprowadzono w
miejscu pracy respondentéw. Dokonano podzialu ankiety na trzy cze$ci: pierwsza dotyczyta
danych antropometrycznych, druga - dolegliwosci bélowych odcinka ledzwiowego, natomiast
ostatnia - odcinka szyjnego kregostupa oraz wspotwystgpowania bolu z odcinkiem

ledzwiowym. W ankiecie wykorzystano:

o Skala VAS (ang. Visual Analogue Scale)

Skale wzrokowo-analogowa (McCormack i wsp. 1988) wykorzystano w celu
okreslenia nasilenia dolegliwosci bolowych pacjenta. Pacjentowi poleca si¢ okresli¢
intensywnos$¢ bolu na skali wyrysowanej na kartce.

o Kwestionariusz Rolanda Morrisa

Roland Morris Disability Questionnaire (Roland i Fairbank 2000) zostal wykorzystany

w celu oceny wplywu bélu odcinka kregostupa ledzwiowego na funkcjonowanie w zyciu

codziennym respondentow.
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Publikacja 2

Electromyographic evaluation of selected muscles during active hip extension in men treated
McKenzie method. Acta of Bioengineering and Biomechanics 2020; 22(3):23-31,
DOI: 10.37190/ABB-01578-2020-03

Uczestnicy projektu otrzymali od lekarza ortopedy skierowanie na badanie Tomografii

Komputerowej odcinka ledzwiowego kregostupa.

e Badania Tomografii Komputerowej (ang. CT - computed tomography)
Badania przeprowadzono w Pracowni Diagnostyki Obrazowej TOMMA, przy ulicy
Staroteckiej 42 w Poznaniu. Opisy zdj¢¢ CT kregostupa ledzwiowego zostaly wykonane przez

lekarza radiologa.

Glowny eksperyment wykonano w laboratorium biomechaniczno - Kinezjologicznym

Zakladu Biomechaniki Akademii Wychowania Fizycznego w Poznaniu.

e Metoda McKenziego (ang. MDT - mechanical diagnosis and therapy)

Zgodnie z zasadami metody McKenziego przeprowadzono diagnostyke 1 terapie
obejmujaca odcinek ledzwiowy kregostupa (May 2006, Hefford 2008). Wykorzystano karte
badania, pozwalajacg zaklasyfikowac pacjentow do okreslonego klinicznego zespotu bolowego
kregostupa. Podczas badan korzystano z procedur mechanicznych (statycznych 1
dynamicznych) zgodnie z zasadg progresji sity. Terapia polegata na wykonywaniu okreslonego
ruchu tutlowiem w trakcie ktérego dochodzito do centralizacji lub eliminacji objawow. Zabieg

terapeutyczny wykonano w 4 seriach, po 10 - 15 powtorzen.
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e Testwyprostu w stawie biodrowym, in. Test Jandy (ang. PHE test- Prone Hip Extension

Test)

Test PHE (Janda 1983) wykorzystano jako narzedzie do oceny skutecznosci
krotkotrwatej terapii wedlug metody McKenziego. Pacjent, na polecenie badajacego,
wykonywat w pozycji lezenia przodem, wyprost (ok. 20-30 stopni) konczyny dolnej w stawie
biodrowym (Ryc. 1). Utrzymywal ja w tej pozycji przez trzy sekundy, po czym opuszczatl z
powrotem na kozetke. Wykonano pi¢¢ prob testu PHE z jednoczesnym analizowaniem sygnatu

elektromiograficznego. Mierzono kolejnos$¢ i czas aktywacji migsni.

Ryc. 1. Tlustracja przedstawiajaca stanowisko badawcze w tescie Jandy.

e Badania elektromiograficzne (ang. SEMG - surface electromyography)

Pomiar sSEMG wykonano za pomocg 16-kanatlowego telemetrycznego systemu sSEMG
typu TeleMyo 2400T G2 (Noraxon, USA). Analizowano rekrutacje wybranych 4 migéni
okolicy ledzwiowo-miednicznej (lewy 1 prawy migsien prostownik grzbietu, prawy migsien
posladkowy wielki 1 prawy migsien dwugtowy uda) podczas testu PHE. Zgodnie z zaleceniami

SENIAM rownolegle do przebiegu widkien migsniowych umieszczono jednorazowe,
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samoprzylepne elektrody Ag/AgCl (SORIMEX, Poland, 1 cm diameter) (Cram i wsp. 1998).
Przetwarzanie sygnatu przeprowadzono za pomoca oprogramowania MyoResearch XP Master

Edition (Noraxon, USA).

e Autoterapia
Badani otrzymali instruktaz z harmonogramem przeprowadzania autoterapii przez 7

dni. Zalecano wykonywanie procedury statycznej i dynamicznej cyklicznie, co 2 lub 3 godziny,
przerywajac prace/pozycje siedzaca na kilka minut. Poza tym, w przypadku pojawiania sie

dolegliwos$ci bolowych - stosowanie autoterapii doraznie.

e Skala VAS (ang. Visual Analogue Scale)
Na kazdym etapie badan wykorzystano skalg wizualno-analogowa VAS (McCormack i
wsp. 1988). Skala VAS to wizualno - analogowa skala stuzgca do okreslenia intensywnosci

doznan bolowych, gdzie brak bolu oznacza 0 punktdéw, a bol najsilniejszy - 10 punktow.

e Analiza statystyczna

Analize statystyczng wynikoéw badan wykonano przy pomocy pakietu statystycznego
STATISTICA 10 (StatSoft Inc.). Wyniki zmiennych iloSciowych uzytych w pracy
przedstawiono za pomocg S$rednich, odchylenia standardowego (SD), natomiast zmienne
jakosciowe przedstawiono za pomocg procentu i licznosci. Zbadano normalno$¢ rozktadu,
ocene zgodno$ci przeprowadzono testem Shapiro- Wilka. Jako krytyczny poziom istotno$ci
przyjeto p=0.05. Analiz¢ istotnosci roéznic pomiedzy dwoma badaniami w czasie,

przeprowadzono za pomocg testu Wilcoxona z wykorzystaniem procentowego testu znakow.
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Korelacje pomigdzy skala bolu a sekwencja aktywacji migsni przeprowadzono za pomoca

nieparametrycznego testu korelacji rang Spearmana.

Publikacja 3

Electromyographic assessment of muscle fatigue after the Biering-Sorensen test in subjects
with low back pain who underwent the McKenzie treatment. Acta of Bioengineering and
Biomechanics 2021; 23(3):87-96, DOI: 10.37190/ABB-01823-2021-03

Eksperyment wykonano w laboratorium biomechaniczno - kinezjologicznym

Zakladu Biomechaniki Akademii Wychowania Fizycznego w Poznaniu.

e Test Bieringa - Sorensena

Biering - Sorensen Test zostat wykorzystany do oceny wytrzymatosci migéni grzbietu.
Okresla si¢ w nim maksymalny czas utrzymania pozycji, w ktérej mieg$nie pracuja
izometrycznie (Biering- Sorensen 1984). Uczestnicy przyjmowali okreslong pozycje, w ktorej
ich kolce biodrowe przednie gorne byly wyrownane z krawedzig kozetki. Zastosowano dwa
pasy stabilizujgce, jeden w okolicy miednicy a drugi w okolicy stawow kolanowych.
Poczatkowo badani podpierali swoj tutow na konczynach gérnych opartych o podtoze. Test
rozpoczynat si¢ od ztozenia ramion skrzyznie na klatce piersiowej i utrzymywania tulowia w
neutralnym potozeniu poprzez skurcz izometryczny prostownikéw kregostupa (Ryc. 2).
Pozycja glowy stanowila przedtuzenie linii tulowia. Mierzono czas utrzymania pozycji
horyzontalnej (Biering-Sorensen, 1984). Rozpoczecie testu poprzedzata komenda stowna
badacza, natomiast zakonczenie testu nastapitlo wedtug uznania uczestnika lub w chwili, gdy
pozycja tutowia ulegta obnizeniu. Stosowano ustandaryzowang zachg¢te stowng motywujaca do

jak najdtuzszego utrzymania pozycji.
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Ryc. 2. Tlustracja przedstawiajaca stanowisko badawcze w te$cie Bieringa - Sorensena.

e Badania elektromiograficzne (ang. SEMG - surface electromyography)

Procedure przeprowadzono zgodnie z zaleceniami SENIAM. Samoprzylepne elektrody
byty przyklejane w nastepujacy sposob: dla ES - obustronnie 2 cm od wyrostkow kolczystych
okolicy kregu L3, dla GM - na $rodku linii taczacej S2 z kretarzem wigkszym, dla BF - bocznie
na S$rodku linii pomigdzy faldem posladkowym a dotem podkolanowym (Cram,
Kasman&Holtz, 1998). Nastepnie przeprowadzono test Bieringa - Sorensena z jednoczesnym
pomiarem elektromiograficznym wymienionych migéni za pomoca 16-kanatowego

telemetrycznego systemu EMG typu TeleMyo 2400T G2 (Noraxon, USA).

median frequency

MFi

MFe

time Te

Ryc. 3. Zalezno$¢ mediany czestotliwosci od czasu.
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Zastosowano analiz¢ median czgstotliwosci (MF median frequencies) sygnalow
elektromiograficznych jako technike badania wytrzymato$ci migsni (Lu et al., 2001). Nalezy
nadmieni¢, ze mediana czgstotliwosci (MF) sygnalu EMG jest wiarygodnym parametrem
stuzacym do oceny zmeczenia mig$ni przykregostupowych (Coorevits et al., 2008, Rose -
Dulcina et al. 2019). Zalezno$¢ MF od czasu (ryc.3) uzyskiwana jest poprzez zastosowanie
transformaty Fouriera do czasowego przebiegu sygnatu EMG. Zalezno$¢ MF od czasu mozna

aproksymowac regresja liniow3a:

MF(t) = MFslope X t+ MFi

gdzie: MFsiope [Hz/s] jest wspotczynnikiem nachylenia prostej regres;ji,
MFi [Hz] to czestotliwosé poczatkowa, MFi = MF(0),
MFe [Hz] to czestotliwosé koncowa, MFe = MF(Te),

Te [s] to czas trwania testu Biering- Sorensena.

Dodatkowo okreslono wystgpowanie asymetrycznych wzorcow aktywnosci skurczowej migsni

(Lu et al., 2001), wedtug formuty:

AX = [Xr— X(|

gdzie: Xgr, XL to wielkosci (parametry) lewego i prawego mig$nia.

e Analiza statystyczna

Do analizy statystycznej zastosowano program Statistica (wersja 13.3). Oceng
normalnosci rozktadu zmiennych wykonano testem Shapiro — Wilka. Wyniki z 3 termindéw

badan poddano analizie ANOVA. Test F Snedecora oraz test Levene uzyto do analizy /oraz
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weryfikacji jednorodno$ci wariancji. Istotno$¢ statystyczng rdéznic miedzy Srednimi

wyznaczonych wielko$ci (parametrow) w 3 terminach badano testem post hoc Tukeya.

Ponizsze badania zostaly wykonane w sposéb analogiczny jak opisano w Publikacji 2.:

e Badania Tomografii Komputerowej (ang. CT - computed tomography)
e Metoda McKenziego (ang. MDT - mechanical diagnosis and therapy)
e Autoterapia

e Skala VAS (ang. Visual Analogue Scale)

1.4.  Wyniki badan

Publikacja 1

Assessment of overload changes in the lumbar spine of employees with sedentary nature of
work. Fizjoterapia Polska 2018; 18(1):62-73

Z przeprowadzonych badan wynika, ze az 87% ankietowanych zglosito wystepowanie
bolu w odcinku ledzwiowo - krzyzowym kregostupa. Zauwaza sie, ze u 28,1% osob bol plecow
najczesciej pojawia si¢ kilka razy w ciggu miesigca (K- 32%, M- 24%), a u 23,4% osbéb
dolegliwosci pojawiajg sie kilka razy w ciagu tygodnia (K- 23%, M24%). U 18,7% (K- 23%,
M- 15%) respondentow bdl kregostupa ledzwiowego wystepuje tylko kilka razy w ciggu roku,
natomiast u 17,2%, w tym glownie u mezczyzn (K- 6%, M- 27%) pojawia si¢ codziennie.
Aktualne badania pokrywaja si¢ z twierdzeniem Biering - Sorensen’a (1984) dotyczacym
tatwiejszej meczliwosci migsniowej wsrod mezcezyzn, co wigze si¢ z wigkszym nasileniem

odczu¢ bélowych.
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Najczesciej wskazywana lokalizacja objawow bolowych plecow to okolica ledzwiowo-
krzyzowa (u 41% osob: 54,8% kobiety, 45,5% me¢zczyzni). W nastepnej kolejnosci zgtaszano
bole promieniujace, ktére poza odcinkiem ledzwiowym obejmowaly swoim zasiggiem
posladek (K- 22%, M- 21%), czy udo (K- 19%, M- 24%). Istotne ale i charakterystyczne dla
zespolow bolowych kregostupa jest wystepowanie epizodow w przesztosci. 68,7% 0sdb grupy

badawczej (22 kobiety i 22 mgzczyzn) zglosito kilkukrotne wystepowanie zdarzen boélowych.

Z badan wynika, ze ponad 60% respondentow potwierdza przestrzeganie zasad
ergonomii w pracy. Jednak podczas wykonywania obowiazkow stluzbowych, az 84% osob
zglasza bol odcinka ledzwiowego (z niewielka przewaga mezczyzn), 59% badanych bol
odcinka szyjnego a jednoczesne wystepowanie dolegliwosci boélowych obu w/w odcinkow
kregostupa 16% respondentéw (Ryc. 4). Badania Black i wsp. (2016) konsekwentnie wskazuja,
Ze przyjmowanie nieergonomicznej postawy ciata niejednokrotnie wigze si¢ z wystepowaniem

odczu¢ bélowych plecow w czasie pracy.

Back pain:
External circle - lumbar spine
Middle circle - cervical spine

Internal circle - co-occurrence of lumbar and cervical pain

Ryc. 4. . Wystepowanie dolegliwo$ci bolowych odcinka ledzwiowego 1 szyjnego kregostupa
oraz ich wspotwystepowanie wsrod pracownikow o siedzagcym charakterze pracy.
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W pracy oceniono nasilenie bolu wsérod trzech grup wiekowych (Ryc. 5). Najmtodsza
grupa ,,do 30 lat” ocenita poziom natezenia boélu wynoszacy 3-5 w skali VAS. W grupie ,,od 31
do 40 lat” pracownicy zgtaszali dolegliwo$ci o nasileniu 4-6. Najstarsi pracownicy ,,powyzej

40 lat” zaznaczali najczeSciej na skali VAS punkty 61 7.

p = 0,0027

’7 p =0,0599

pain intesity [ VAS ]

Kruskal-Wallis ANOVA: H ( 2, N= 55) =11,531 p = 0,0031

Up to 30 years 31 - 40 years Above 40 years
* Median [ 25%-75% L Non-deviant results

Ryec. 5. Zaleznos¢ trzech grup wiekowych wzgledem nasilenia dolegliwosci bolowych wsrod
pracownikow o siedzacym charakterze pracy.

Kolejnym waznym tematem badan bylo dokonanie oceny wplywu czasu pracy (w
latach) na intensywno$¢ doznan bolowych (skala VAS) (Ryc. 6). Zgodnie z przypuszczeniami
nasilenie bolu wzrasta wraz ze wzrostem przepracowanych lat pracy na stanowiskach
komputerowych. Jednak, co ciekawe pojedyncze 0soby juz po pierwszym roku pracy zgtaszaly
dolegliwosci bolowe o natezeniu od 2 do 8 punktéw w skali VAS. Zauwaza si¢ rowniez, ze

osoby ktore przepracowaty powyzej 10 lat na stanowisku biurowym zglaszaty natgzenie bolu

w przedziale 5-8 punktéw w skali VAS.
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Ryc. 6. Zalezno$¢ miedzy czasem pracy [lata] a skalg bolu [VAS] wsrod pracownikow
biurowych.

Nastgpnym istotnym zagadnieniem jest wystepowanie bolu podczas wykonywania
pracy. Respondenci wskazywali, Ze najczesciej bol plecow pojawia si¢ pomigdzy 4 a 6 godzing
pracy i wowczas jego nasilenie znajduje si¢ w przedziale 3- 8 w skali VAS (Ryc. 7). Pojedyncze
osoby zglaszaja silny bol powyzej 5 w skali VAS juz po pierwszej godzinie pracy. Zmiany
zwigzane z bezruchem dotykaja struktur pasywnych (wiezadta, krazki miedzykregowe), co
oznacza, ze cykliczne 1 dtugotrwale obciazenia doprowadzaja w konsekwencji do degeneracji

struktur elastycznych, co wywotuje odczucia bolowe (Adams i Dolan 1996).
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Ryc. 7. Zalezno$¢ migdzy wystepowaniem bolu podczas pracy [godz.] a nasileniem bolu
[VAS] wsrod pracownikéw biurowych.

Publikacja 2

Electromyographic evaluation of selected muscles during active hip extension in men treated
McKenzie method. Acta of Bioengineering and Biomechanics 2020; 22(3):23-31, DOI:
10.37190/ABB-01578-2020-03

Nalezy podkresli¢, iz zagadnienie opisane w Publikacji 2, a dotyczace badania wptywu
krotkotrwatej sesji terapeutycznej wg metody McKenziego na rekrutacje migsni podczas testu
funkcjonalnego, jakim byl test Jandy (test wyprostu biodra, PHE test), nie zostato jeszcze

opisane w innych artykutach naukowych, réwniez o zasiegu §wiatowym.

Kolejnos¢ wybranych migsni podczas testu okreslano wzgledem mig$nia dwugltowego
uda (BF-biceps femoris), ktory zgodnie z normami Jandy (Page i wsp. 2010), powinien

aktywowac sie¢ jako pierwszy.
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Migsien BF wykazat znaczaca poprawg pomigdzy badaniem pierwszym a trzecim. Jako
pierwszy na poczatku badan aktywowat si¢ u 29% badanych. Zauwazalna poprawa pojawita

si¢ na koncu badan, gdzie BF zgodnie z normami aktywowal si¢ u 47% badanych.

Drugim w kolejnosci migsniem powinien by¢ GM (gluteus maximus), ale jak wskazuja
badania u pacjentéw z przewlektym LBP wykazuje opdznienie swojej aktywacji (Bruno i
Bagust 2007). W pierwszym badaniu aktywowatl si¢ w prawidtowej kolejnosci u 6% osob, w

drugim badaniu u 12% os6b a w trzecim u 18% os6b badanych.

Trzecim z kolei mig$niem jest LES (left erector spinae), ktory u 41% os6b aktywowat
si¢ zgodnie z normami podczas badania pierwszego. Jego aktywno$¢ pogorszyta si¢ 1 jako trzeci

aktywowat si¢ w nastepnych pomiarach juz tylko u 18% osob.

Ostatnim migsniem, powinien by¢ RES (right erector spinae), ktory jako czwarty
aktywowal si¢ we wszystkich badaniach u 18% badanych. Nalezy podkresli¢, ze
przedwczesnie, bo jako pierwszy uruchamiat si¢ u 47% os6b w pierwszym badaniu.
Zastosowana terapia spowodowata, ze w drugim badaniu jako pierwszy aktywowat si¢ u 35%

osOb, a w ostatnim badaniu juz tylko u 24 % osob (Tab. 1).
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Tabela 1. Sredni czas poczatku aktywacji wybranych miesni u wszystkich pacjentéw w trzech

badaniach.
Number Average time of the onset activation of selected muscles (ms) in three consecutive tests (I-III)
of patients BF (1) GM (2) LES (3) RES (4) ORDER (1-4)
I-II tests | Itest ‘ 11 test ‘ I test | Itest | 11 test ‘ I0I test | Itest | 11 test | I test | Itest | 11 test | TII test

1 0 -21.0 17.3 -14.7 =53 19.3 -14.3 -19.3 18.0 64.9 1342 3421 4132
2 0 -11.0 -11.3 -5.7 =73 -4.0 -26.7 11.7 23 -21.2 4132 1432 1243
3 0 -35.0 -16.0 -15.3 2347 46.3 -17.7 33 -58.3 -9.7 4132 3124 1423
4 0 -29.7 1.7 1.0 -6.0 -5.0 -13 112.0 -2.7 -79.3 4132 2143 2134
5 0 -10.3 -10.0 -30.3 -12.3 -41.3 -19.7 -10.4 -29.3 0.1 1243 1243 1432
6 0 -56.3 -54.3 -79.3 -76.0 -37.0 -69.7 -56.0 -45.0 -71.3 1423 1342 1342
7 0 -8.3 -6.3 -5.0 2.3 5.0 2.3 86.8 263.5 1.3 4312 4312 3412
8 0 -30.3 -42.7 6.7 -28.3 -24.7 2327 -19.7 38.7 -23.3 1432 4132 2143
9 0 -5.0 -3.0 -7.0 19.7 3.0 8.0 237 7.3 1.0 4312 4312 3412
10 0 -38.7 -47.3 -48.2 -32.7 15.7 -74.5 -1.7 109.2 -37.2 1432 4312 1423
11 0 -4.7 -27.3 -15.0 3.7 10.7 -3.0 -75.7 -5.8 -51.0 3124 3142 1324
12 0 -0.7 -6.7 -8.0 137.8 4.7 -7.0 333 0.1 -16.0 3412 3412 1324
13 0 -4.0 5.0 -6.3 12.0 21.3 0.1 -8.7 20.7 12.3 3124 3421 4312
14 0 25.2 -28.7 -1.0 -37.8 -37.3 -51.7 -70.5 -54.3 0.3 2134 1234 4123
15 0 -4.7 -1.7 -8.0 -1742 1 -169.0  -445.0 | 259.3 | 265.0 -76.3 4123 4123 1243
16 0 -23.1 -6.7 70.4 -18.4 2.7 -57.7 3.0 106.1 -33.0 4132 4312 2143
17 0 -7.0 -0.7 13.3 =73 39.0 2.7 1.0 17.7 15.0 4123 3412 4213

Mean 0 -15.56 @ -14.39 -8.96 -15.58 -8.96 -47.84 16.01 38.15 -19.02 |- - -

S.D 0 18.73 19.47 29.89 59.53 48.26 | 105.58 78.89 96.82 37.12 |- - -

BF — Bicens Femoris. GM — Gluteus Maximus. LES — left Erector Spinae. RES —right Erector Spinae. ms — milliseconds. SD — Standard Deviation

Badania Danneels (2002) rowniez dowodza, ze u pracownikow z dolegliwos$ciami
bolowymi plecéw miesnie kregostupa lgdzwiowego aktywuja si¢ zbyt szybko w poroéwnaniu z

osobami zdrowymi.

Przeprowadzono analiz¢ zmian nasilenia dolegliwos$ci ocenianych subiektywna skala
VAS. W pierwszym badaniu $redni poziom boélu w 10-stopniowej skali VAS wynosit 6 (5-7
punktow VAS). Po pierwszej terapii Sredni poziom bolu obnizyt si¢ do 4 (1-6 punktow VAS),
obnizenie to nastgpilo u 94% badanych. Zmiana ta byta istotna statystycznie. Po drugiej terapii,
w trzecim badaniu poziom bolu obnizyt si¢ Srednio o 3 punkty w skali VAS, do $redniego
poziomu 3. Obnizenie w skali VAS nastapito u wszystkich badanych. Zmiana ta byla wysoce
istotna statystycznie. Porownujac spadek odczu¢ boélowych pomigdzy badaniem pierwszym a
drugim, zauwaza si¢ ze, u 41% o0sob bol zmniejszyt si¢ o 2 punkt w skali VAS, u 18% -0 1
punkt. U 12% o0s6b nastgpito zmniejszenie bolu o 3 punkty, u kolejnych 12% o0s6b o 4 punkty,

aWw nastepnej grupie 12% osdb az o 5 punktow. Badania oceniajgce skuteczno$¢ przeciwbolowa
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terapii McKenziego wskazuja, ze krotkoterminowa terapia, obejmujaca 15 dni, skutecznie

zmniejsza $redni poziom bolu z wartosci 9 do 2 w skali VAS ( Ibrahimaj i wsp 2015).

Publikacja 3

Electromyographic assessment of muscle fatigue after the Biering-Sorensen test in subjects
with low back pain who underwent the McKenzie treatment. Acta of Bioengineering and
Biomechanics 2021; 23(3):87-96, DOI: 10.37190/ABB-01823-2021-03

Innowacja badania opisanego w Publikacji 3 byto przeprowadzenie oceny wptywu
krotkotrwatej terapii McKenziego na zmegczenie migsni i pojawienie si¢ asymetrii podczas

Biering - Sorensen Test.

Wyniki wskazujg na zwigkszenie si¢ czasu trwania BST w trzecim terminie (112.7 s) w
porownaniu do pierwszego (98.8 s) i drugiego terminu badan (96.5 s). Podobny rezultat
uzyskano w przypadku oceny bodlu, czyli istotny statystycznie spadek tego parametru w
kolejnych 3 terminach badan (Tab. 2). Wartos¢ wskaznika Cohena (3.033) zwtaszcza dotyczaca
oceny bolu migdzy I 1 Il terminem badan $wiadczy o istotnym wyniku statystycznym
(zmniejszenie parametru poziomu bolu z 6.22 do 2.89). Uzyskany efekt jest potwierdzeniem

skutecznosci metody McKenziego.

Tabela 2. Czasy trwania BST 1 ocena bolu oraz ich istotno$¢ r6znic migedzy terminami badan.

mean p value
SD ES
| I Il I-11 I-111 1-111
Te [s] 98.8 96.5 | 1127 0.905 0.043* | 0.015*
n=19 37.6 22.4 33.2 0.074 0.392 0.572
PA [VAS] 6.22 3.94 2.89 0.000* 0.000* | 0.004*
n=18 0.65 1.39 141 2.101 3.033 0.750

*p<0.05, Tukey test, ES Cohen efekt size
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Analiza

wspotczynnikiem nachylenia NMFs a czasem trwania testu dla wszystkich 3 par mig$ni (ES,

sygnalow EMG wskazuje

istotng

statystycznie

GM, BF) (Tab. 3). Uzyskane korelacje wykazuja tendencje rosnaca (Ryc. 8).

zaleznos$é

miedzy

Tabela 3. Korelacje migdzy parametrami elektromiograficznymi a czasem trwania testu i

oceng bolu.

Parameters MFi MFe NMFs dim ANMF's Adim

ES
Te 0.203° -0.427° 0.449 0.548° -0.069 0.236
0.177 0.003* 0.000* 0.000* 0.612 0.077
A -0.197 -0.093 0.056 -0.122 0.146 0.128
0.153 0.505 0.687 0.380 0.293 0.355

GM
Te -0.023° -0.228° 0.348 0.165 -0.362 -0.032
0.880 0.128 0.012* 0.248 0.009* 0.823
PA -0.181 0.139 0.300 -0.318 0.057 0.054
0.218 0.347 0.036* 0.028* 0.701 0.716

BF
Te 0.068° 0.045P 0.480 0.152 -0.048 0.429
0.653 0.767 0.000* 0.281 0.734 0.002*
A -0.065 -0.052 -0.116 0.063 -0.114 -0.189
0.657 0.724 0.428 0.666 0.436 0.193

*p<0.05 (istotnoSci statystyczne podano ponizej wspotczynnikow korelacji)

PPearson correlation, n=46 (w pozostalych przypadkach korelacje Spearmana, n=48 - 57)
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Te:NMFs ES: y =-66.3425 + 0.2263*x; r> =0.2418
Te:NMFs GM: y =-28.5013 + 0.1188*x; r> = 0.1590
Te:NMFs BF: y =-37.9139 + 0.192*x; r? = 0.3276
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Ryc. 8. Ilustracja korelacji miedzy wspdtczynnikiem nachylenia NMFs a czasem trwania BST
dla trzech par migéni (ES, GM, BF)

Ponadto wspotczynniki nachylenia NMFs badanych migéni koreluja z podstawowymi
parametrami antropometrycznymi (w 6 przypadkach na 9 mozliwych, Tab. 4). Zauwaza si¢
tendencje¢ malejaca korelacji co oznacza wystgpienie efektu wigkszego zmeczenia badanych
miegs$ni wraz ze wzrostem masy, wysokosci ciata 1 wskaznika BMI pacjentow.

Uzyskano brak zmian w asymetrii zm¢czenia migsni pod wptywem terapii McKenziego
(Tab. 5).

Tabela 4. Korelacje miedzy unormowanymi wspolczynnikami nachylenia a parametrami
antropometrycznymi

Anthropometric | Muscles NMFs
parameters r; p values
ES -0.308; 0.020*
mass GM -0.164; 0.247

BF | -0.424;0.002*
ES | -0.356; 0.007*
height GM | -0.457;0.001*
BF | -0.161;0.254

ES | -0.327;0.013*
BMI GM | -0.122;0.301

BF | -0.457;0.001*

*p<0.05
Spearman correlation , n=52-57
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Tabela 5. Parametry elektromiograficzne oraz ich istotno$¢ roznic miedzy trzema terminami
badan.

Mean p value Mean p value
SD SD
| I Il I-11 I-111 1-111 | I Il I-11 I-111 -1
MFi[Hz] MFe [Hz]
ES 75.6 763 | 736 | 0911 | 0.528 | 0.303 | 42.7 | 450 | 399 | 0.474 | 0.326 | 0.033*
16.5 172 | 131 125 | 11.2 9.2
GM 43.0 440 | 440 | 0138 | 0.244 | 0944 | 36.7 | 37.3 | 359 | 0517 | 0.607 0.114
2.7 2.9 43 4.6 3.8 4.6
BF 83.3 86.8 | 87.8 | 0.230 | 0.059 | 0.758 | 689 | 73.2 | 727 | 0.318 | 0.762 0.725
12.9 165 | 149 144 | 153 | 159
10* x NMFs [s]* dim [%]*
ES -454 | -414 | -425| 0233 | 0447 | 0.899 | 419 | 395 | 445 | 0547 | 0.480 | 0.081
16.3 106 | 16.9 159 | 132 | 130
GM -155 | -15.7 | -17.7 | 0.832 | 0.716 | 0977 | 145 | 151 | 181 | 0.929 | 0.142 0.267
9.4 9.8 9.9 101 | 83 8.2
BF -216 | -174 | -174 | 0480 | 0.679 | 0.943 | 175 | 156 | 17.3 | 0.921 | 0.531 0.320
13.0 8.9 10.8 9.4 6.0 8.1
10% x ANMFs [s]* Adim [%]*
ES 7.0 7.0 5.2 1.000 | 0.564 | 0.563 | 6.5 6.7 6.0 | 0998 | 0.959 | 0.939
6.4 5.6 4.9 6.6 6.0 5.8
GM 53 6.0 4.8 0.909 | 0915 | 0.694 | 44 5.2 48 | 0.713 | 0971 0.844
5.3 4.5 4.9 31 2.7 3.9
BF 5.0 5.6 6.8 0.732 | 0516 | 0933 | 4.1 5.4 76 | 0476 | 0.084 | 0.555
4.0 4.0 4.0 34 4.1 4.5

*p<0.05, Tukey test

Maksymalna warto$¢ wskaznika Cohena rowna jest 0.498

ES: n=19 (LIL,1IT), GM: n=18 (1), 17 (1), 16 (111), BF: n=15 (1), 19 (1), 18 (II1).

1Czynnik multiplikatywny 10* przy NMFs i ANMFs wprowadzono do unifikacji zapisu réznych danych w tabeli,
z analogicznego powodu dim i Adim wyrazono w %

W zwigzku z brakiem zr6znicowania wskaznikow asymetrii (Tab. 5) wykonano testy
istotnosci roznic parametrow elektromiograficznych odregbnie dla lewego 1 prawego migénia
(Tab. 6). Istotny statystycznie efekt asymetrii uzyskano tylko dla pary mig$ni ES i parametru
MFi w III terminie badan, jednak asymetria nie pojawia si¢ dla parametru MFe w tym terminie.
Asymetria parametrow MFi (MFe) oznacza réznicg (left/right) napigcia mie$ni na poczatku
(koncu) BST. Brak roznic istotnych statystycznie we wskaznikach NMFs (left/right) i dim dla

migéni ES, GM, BF w trzech terminach badan potwierdza wczeéniej podany rezultat o braku
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zmian w asymetrii zmg¢czenia migéni (Tab. 6). Istotno$¢ réznic miedzy terminami badan
parametréw elektromiograficznych z Tabeli 6 przedstawiono w Tabeli 7. Istotne statystycznie
roznice miedzy terminami badan uzyskano tylko dla 3 przypadkéw: parametru MFi (migsien
RBF, 11 III termin), oraz parametru MFe (mig¢sien LES i LGM, I i III termin). Podsumowujac,
wyniki zawarte w Tabelach 5, 6 1 7 wskazuja na to, ze badania elektromiograficzne nie daja

poza nielicznymi wyjatkami znaczacego statystycznie efektu zmiennosci w 3 terminach badan.

Tabela 6. Parametry elektromiograficzne lewych i prawych migéni oraz ich istotno$¢ réznic w
trzech terminach badan.

MFi [Hz] MFe [Hz] 10* x NMFs [s] dim [%)]
Mean Mean Mean mean
Test date ) P SD P SD P sSD P
L R L R L R L R
ES

734 778 | 0.095 | 428 426 | 1000 | -436 | -47.3 | 0.367 | 404 434 | 0.622
16.7 17.1 11.2 14.5 14.6 18.9 14.2 18.5

741 78.6 | 0.076 | 445 455 | 0974 | -40.0 | -428 | 0.676 | 382 409 | 0.722
174 17.8 10.1 12.8 11.6 11.3 13.7 141

711 76.2 | 0.030* | 39.3 405 | 0958 | -414 | -435 | 0.869 | 43.1 459 | 0.703
142 12.8 9.3 9.8 18.6 15.8 14.3 12.8

GM

431 425 | 0999 | 37.0 36.2 | 0.793 | -146 | -156 | 0.886 | 14.0 143 | 0.973
3.1 3.5 5.0 4.2 10.2 10.3 111 10.1

442 435 0.982 38.3 36.3 | 0.102 | -146 | -17.9 | 0.607 | 13.5 16.1 | 0.641
3.0 3.6 4.2 3.6 8.7 111 8.0 9.2

441 433 0.998 36.5 36.1 | 1.000 | -16.8 | -16.2 | 1.000 | 17.2 16.4 | 1.000
45 4.8 5.2 4.8 10.3 113 9.7 9.0

BF

83.4 82.2 | 0.963 69.8 679 | 0943 | -19.8 | -21.8 | 1.000 | 16.4 17.6 | 1.000
13.4 14.4 14.4 14.9 12.8 14.1 9.8 9.7

87.6 86.0 | 0.987 73.9 724 | 0972 | -17.2 | -17.6 | 1.000 | 155 158 | 1.000
15.6 18.8 14.7 16.6 104 8.5 8.3 53

88.2 88.5 0.994 73.7 733 | 0990 | -16.8 | -17.2 | 1.000 | 16.8 17.2 | 1.000
154 17.6 16.7 18.0 10.2 12.9 7.8 10.8

*p<0.05, Tukey test, Maksymalna warto$¢ wskaznika Cohena réwna jest 0.377 L/RES: n=19 (LILIII); LGM:
n=18 (1,11), 17 (1l1); RGM: n=19 (1), 18 (I1,111), LBF: n=17 (1), 19 (11,111); RBF: n=15 (1), 19 (1), 18 (I11)
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Tabela 7. Istotno$ci r6znic parametrow elektromiograficznych z Tabeli 6 migdzy terminami

badan.
MFi MFe NMFs dim

I-11 I-111 -1 I-11 I-111 1-111 I-11 -1 | -1 I-11 -1 | H-1
LES 0.953 | 0.551 | 0.379 | 0.608 | 0.117 | 0.013* | 0.339 | 0.667 | 0.841 | 0.628 | 0.490 | 0.109
RES 0.888 | 0.648 | 0.372 | 0.448 | 0.652 | 0.102 | 0.272 | 0.397 | 0.965 | 0.624 | 0.631 | 0.167
LGM 0.155 | 0.371 | 0.854 | 0.178 | 0.603 | 0.023* | 0.999 | 0.619 | 0.651 | 0.977 | 0.175 | 0.119
RGM 0.262 | 0.361 | 0976 | 0.952 | 0.999 | 0.937 | 0.616 | 0.997 | 0.662 | 0.702 | 0.559 | 0.971
LBF 0.388 | 0.595 | 0.934 | 0.460 | 0.997 | 0.505 | 0.688 | 0.788 | 0.984 | 0.996 | 0.617 | 0.565
RBF 0.276 | 0.003* | 0.108 | 0.495 | 0.500 | 1.000 | 0.555 | 0.722 | 0.960 | 0.951 | 0.526 | 0.357

*p<0.05, Tukey test
Maksymalna warto$¢ wskaznika Cohena rowna jest 0.536

1.5.

Whioski

Wsréd pracownikow wykonujacych czynnosci zawodowe w pozycji siedzacej zauwaza
sie¢ wystepowanie charakterystycznych cech zmian przecigzeniowych 0
charakterze przewlekltym, niezrdznicowanych piciowo w obrebie odcinka szyjnego i
ledzwiowego kreggostupa (publikacja nr 1).

Krotkotrwata terapia oparta na zasadach metody McKenziego wplywa na poprawe
sekwencji aktywacji mig$ni ES, GM 1 BF u 0s6b z dolegliwosciami bélowymi odcinka
ledzwiowego kregostupa (publikacja nr 2).

Krotkotrwata terapia oparta na zasadach metody McKenziego wplywa na poprawe
wytrzymato$ci migsni erector spinae, gluteus maximus 1 biceps femoris u o0soéb z
dolegliwosciami bolowymi odcinka ledzwiowego kregostupa (publikacja nr 3).

U o0s0b z dyskopatig ledzwiowa, poziom asymetrii w obszarze migsni ES, GM 1 BF nie
ulega zmianie, pod wplywem krotkotrwatej terapii McKenziego (publikacja nr 3).

U oso6b z dyskopatia ledzwiowa prawidlowa masa ciala oraz wskaznik BMI
przyczyniaja si¢ do zmniejszania epizodow LBP (publikacja nr 3).
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e Kirotkotrwata terapia McKenziego wptywa na zmniejszenie poziomu bolu w obszarze

ledzwiowego odcinka kregostupa u 0sob z dyskopatia ledzwiows (publikacja nr 2, 3).
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2. STRESZCZENIE

Cel badan

Glownym celem pracy byla biomechaniczna ocena terapii wg metody McKenziego,

przeprowadzonej u oséb z dyskopatia ledzwiowa pracujacych w pozycji siedzace;.
Materiat 1 Metody

Badania ankietowe przeprowadzono wsréd 62 pracownikdw korporacji, w przedziale
wiekowym 23-61 lat, ktorzy do$wiadczali epizodow bolowych ledzwiowego odcinka
kregostupa. Sposrod respondentow zakwalifikowano 2 grupy badawcze stanowigce 17 1 19
0sob, ptci meskiej w wieku 33-55 lat. Eksperyment przebiegat analogicznie dla dwdch grup
badawczych, jednak wykorzystano inny test funkcjonalny. Badanych poddano terapii
McKenziego, nast¢gpnie oceniano jej skuteczno$¢ za pomocg testu wyprostu w stawie
biodrowym, dla jednej grupy oséb i testu Biering- Sorensena dla drugiej. Podczas kazdego

badania wykonywano pomiary elektromiograficzne migéni oraz poziomu bolu skalg VAS.
Wyniki

B4l odcinka ledzwiowego pojawia si¢ u 84% wszystkich respondentow. Jego nasilenie zalezy
od wieku, ptci, stazu pracy, liczby godzin spedzonych przy komputerze a takze czynno$ci dnia
codziennego. Zauwaza si¢ nieprawidlowa sekwencj¢ pobudzania mig§niowego w odniesieniu
do danych normatywnych podczas testu wyprostu biodra. Krotkotrwata terapia poprawila
aktywno$¢ migsnia dwuglowego uda 1 posladkowego wielkiego. Ponadto zaobserwowano
zwiekszenie wytrzymatosci mig$ni: prostownika grzbietu, dwuglowego uda i posladkowego
wielkiego. Stwierdzono takze wzrost zmeczenia migsni wraz ze wzrostem masy, wysokosci

ciala i wskaznika BMI pacjentow. Skala VAS wskazywata na obnizenie poziomu bolu.
Whioski

Wsrod pracownikow wykonujacych czynnosci zawodowe w pozycji siedzacej wystepuja
zmiany przecigzeniowe niezroznicowane plciowo, odcinka szyjnego 1 lgdzwiowego
kregostupa. Krotkotrwata interwencja terapeutyczna metoda McKenziego jest skutecznym
narzedziem Ww zmniejszaniu poziomu boélu lgedzwiowego oraz wplywa na poprawe
wytrzymatosci 1 sekwencji aktywacji migsni ES, GM 1 BF. Terapia nie zmienia poziomu
asymetrii migsni ES, GM 1 BF. Prawidlowa masa ciala oraz wskaznik BMI skutkujg

zmniejszeniem epizodow LBP.
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Abstract

Objective

The aim of this study was the biomechanical evaluation of the therapy according to the

McKenzie method, carried out in people with lumbar discopathy working in a sitting position.
Material and Methods

A survey was conducted among 62 corporate employees, aged 23-61, who experienced episodes
of low back pain. Among the respondents, 2 research groups were qualified, consisting of 17
and 19 male aged 33-55 years. The experiment was similar for two research groups, but a
different functional test was used. The subjects underwent McKenzie's therapy, then its
effectiveness was assessed using the hip extension test for one group and the Biering -
Sorensen test for the other. During each examination, electromyographic measurements of the
muscles and the pain level were performed using the VAS scale.

Results

Lumbar pain occurred in 84% of all respondents. Its severity depended on age, gender, office
work seniority, number of hours spent at the computer, and daily activities. There was an
abnormal sequence of muscle stimulation with respect to the normative data during the hip
extension test. Short-term therapy improved the activity of the hamstring and gluteus muscles.
In addition, an increase in muscle endurance was observed: erector spinae, biceps femoris and
gluteus maximus. Muscle fatigue was also found to increase with increasing weight, body

height and BMI of patients. The VAS scale indicated a reduction in pain levels.
Conclusions

Among employees performing occupational activities in a sitting position, there are overload
changes that are not gender related, in the cervical and lumbar spine. A short-term therapeutic
intervention using the McKenzie method is an effective tool in reducing the level of low back
pain and improves the endurance and activation sequence of the ES, GM and BF muscles. The
therapy does not change the level of asymmetry of the ES, GM and BF muscles. Normal body
weight and BMI related to decreased episodes of LBP.
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3.

AKTYWNOSC NAUKOWA I ZAWODOWA

DOKTORANTKI

Konferencje naukowe:

Blaszczyk A., Zygmanska M., Ogurkowska M.B.: Comparison of maximum values of
muscle torque between right- and left-sided long paddle rowers. European Society of

Biomechanics, July 7-10, 2019 Vienna, Austria

Zygmanska M., Blaszczyk A., Wegner K., Ogurkowska M.: Overload of lumbar spine
among administrative staff. International Seminar of Ergonomics, Maj 9-11, 2017

Tarnow

Rosolek M., Jajor J., Zygmanska M., Samborski W.: Aktywnos¢ fizyczna seniorow w
aspekcie nietrzymania moczu. XIII Olsztynski Dzien Fizjoterapii, Maj 12, 2017 Olsztyn

Skowron N., Zygmanska M., Andrzejczak J., Malak R.: The effectiveness of turmeric
and green tea supplementation in patients with down syndrome —review. Konferencja
Edukacyjno-Szkoleniowa UMP Wielodyscyplinarne wsparcie rozwoju 0sob z zespotem

Downa. Celowana interwencja farmakologiczna. Grudzien 2, 2017 Poznan

Nowakowska Z., Kwiatkowski M., Tutak A., Skowron N., Zygmanska M., Malak R.,
Samborski W.: Ocena wiedzy na temat metod fizjoterapii klatki piersiowej u dzieci z
sma typu 1 — przeglgd pismiennictwa. X1 Wiosna z Fizjoterapia, Kwiecien 7-8, 2017

Warszawa

Zygmanska M., Lisowska A., Wegner K., Sznycer A., Ogurkowska M., Gabryelski J.:
The impact of a musculoskeletal system load method on resulting overload changes.
Konferencja Naukowa Majowka Mtlodych Biomechanikow im. prof. Dagmary

Tejszerskiej, Maj 20-22, 2016 Ustron
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e Lisowska A., Wegner K., Sznycer A., Zygmanska M., Ogurkowska M., Gabryelski J.:
Evaluation of overload changes of Kata Karate Shotokan competitors. International

Conference of the Polish Society of Biomechanics, Wrzesien 5-7, 2016 Biata Podlaska

o Lisowska A., Wegner K., Sznycer A., Zygmanska M., Ogurkowska M., Gabryelski J.:
Analysis of progressive overload changes in automotive industry employees.
International Conference of the Polish Society of Biomechanics, Wrzesien 5-7, 2016

Biala Podlaska

Aktywnos¢ zawodowa:

e Asystent, Klinika Reumatologii i Rehabilitacji, Uniwersytet Medyczny im. Karola
Marcinkowskiego w Poznaniu (2016- 2019)

Dodatkowe funkcje petnione w Klinice:
1. Wspottworzenie kota naukowego Open Physiotherapy z Panig dr Roksang Malak.

Systematyczne spotkania w/w kota naukowego miaty na celu zaangazowanie studentéw w
otwarte dyskusje dotyczace pojawiajacych si¢ innowacji w dziedzinie Fizjoterapii, rozwijanie
umiejetnosci praktycznych podczas czgsci warsztatowych spotkan oraz planowanie przysztych

badan naukowych we wskazanych polach zainteresowan.

2. Wspolorganizowanie III Konferencji Szkoleniowo - Naukowej Wielkopolski Dzien

Fizjoterapii 2 czerwca 2017

e 2015- obecnie- Praktyka fizjoterapeutyczna
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Ukonczone kursy/ szkolenia:

e MDT McKenzie Modut I-1V

e Ortopedyczna Terapia Manualna Kaltenborna- Evjentha Modut I

e Trening funkcjonalny FMS

e Terapia tkanek glebokich 1 mig§niowo- powieziowe rozluznianie

e Prorioceptive Neuromuscular Facilitation (PNF) Poziom podstawowy

e Rehabilitacja w zaburzeniach rozwojowych niemowlat od 0 - 12 miesiecy
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Ocena zmian przecigzeniowych kregostupa ledzwiowego
pracownikoéw o siedzacym charakterze pracy

Assessment of overload changes in the lumbar spine of employees with sedentary nature of work
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Streszczenie

Cel pracy. Celem badan byto okreslenie zmian przecigzeniowych odcinka ledZzwiowego kregostupa wystepujacych
u kobiet i mezczyzn pracujacych w pozycji siedzacej oraz okreslenie jednostki czasu zwigzanej z nasileniem
dyskomfortu.

Statyczna pozycja ciata przyjmowana przez dtugi czas, powoduje powstawanie zmian przecigzeniowych odcinka
ledzwiowego kregostupa. Poza zawodowymi czynnikami ryzyka, réwniez sedenteryjny tryb zycia lub prace
domowe wykonywane przy niedbatej pozycji ciata, majg niebywaty wplyw na zmiany degeneracyjne krazkéw
miedzykregowych.

Materiat i Metodyka. Badania ankietowe przeprowadzono wsrdéd 62 pracownikéw biurowych wybranej korporacji.
Materiat badawczy stanowito 29 kobiet oraz 33 mezczyzn w przedziale wiekowym 23-61 lat, ktérzy doswiadczali
epizodow boélowych ledZzwiowego odcinka kregostupa. Ankieta byta oparta na cze$ci podmiotowej karty badan
metody McKenziego, uzupelniona o cze$¢ antropometryczna.

Wyniki. Na bél odcinka ledzwiowego uskarza sie 84% wszystkich ankietowanych, przy czym objawy somatyczne
roznia sie ptciowo. Ponadto odnotowano wspoétwystepowanie dyskomfortu bélowego w odcinku szyjnym

i ledZwiowym kregostupa. Nasilenie dolegliwos$ci wzrasta nie tylko proporcjonalnie do wieku ankietowanych ale
rowniez podczas codziennych obowigzkéw zawodowych.

Whioski. Praca siedzaca, pomimo doniesien na temat powstawania zmian przecigzeniowych, w dalszym ciggu
przysparza bdle plecéw. Dyskomfort odcinka szyjnego i ledZzwiowego kregostupa swiadczy o zjawisku kompensacji.
Niedbata pozycja siedzgca jest przyczyng szybszego pojawiania sie zmian przecigzeniowych i zwigzanych z tym
dolegliwosci bolowych.

Stowa kluczowe:
kregostup, béle kregostupa, uktad miesniowo-szkieletowy, ergonomia pracy; ryzyko zawodowe

Abstract

Objective. The objective of the study was to specify the lumbar spine overload changes in women and men working
in a sitting position and to establish when the feeling of discomfort intensifies.

Static position for a long periods of time leads to lumbar spine overload changes. Apart from professional risk
factors, sedentary lifestyle also has a tremendous impact on degenerative changes in intervertebral discs.

Material and Methodology. A survey was conducted among 62 office employees, 29 women and 33 men aged 23-61,
from a selected corporation, who experienced lumbar pain episodes. The survey was based on the subjective part of
the McKenzie method test supplemented with an anthropometric part.

Results. Lumbar pain was reported by 84% percent of the subjects, with the somatic symptoms gender-
differentiated and co-occurrence of neck and lumbar pain/discomfort. The pain intensified proportionately to the
subjects' age and when performing professional duties.

Conclusion. Although there are reports on the development of overload changes, sedentary work continues to cause
back pain. Cervical and lumbar discomfort is indicative of compensation. An inappropriate sitting position is the
reason for accelerated development of overload changes and the related pain.

Key words:
spine, low back pain, musculoskeletal system, work ergonomics, occupational risk
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Introduction

Back pain still constitutes a serious social and economic
problem. Latest scientific research suggests that lumbar pain
is reaching epidemic proportions. According to the World
Health Organisation, such pain affects 80% of population at
various life stages and constitutes the most frequent reason
for a decrease in physical efficiency, which is one of the
main reasons for absence at work [1-4]. The pain may occur
as a result of an injury or overloading, i.e. performing
repeated movements over a long period of time, as a result of
which physical endurance or functional performance of
muscles, bones and joints is exceeded [5].

According to epidemiological research, there are three main
classes of risk factors of developing back pain syndrome.
These include individual and lifestyle-related factors,
physical and biomechanical factors as well as psychosocial
factors. Examples of the biomechanical factors include:
lifting heavy objects, hard work, incorrect body position,
exposition to vibrations, driving a car, leaning forward,
sitting, twisting the torso [6]. Biomechanical factors
contribute to the occurrence of a back pain syndrome episode
as well as persistence and exacerbation of symptoms. Various
scientific studies suggest that aggravation of pain is closely
connected to bent trunk positions, i.e. sitting, standing up
from the seated position, leaning forward and driving a car.
Patients reported alleviation of the symptoms while walking
and performing a physical activity which requires
a hyperextended position. According to epidemiological data,
there is a high frequency of the occurrence of lumbar pain in
blue-collar workers. Current research presents the issue of
spine pain syndromes in white-collar employees working at
computer desks [7-9]. The type of work performed in today's
office environment involves sitting for long periods of time,
which is related to a lack of knowledge on the
pathobiomechanism of the development of lumbar spine
overload changes.

According to the Multi-centre National Population Health
Examination Survey (WOBASZ), 55% of Polish women and
49% of Polish men prefer a sedentary lifestyle with either no
or incidental physical activity. To compare with, the
percentage of people who prefer a sedentary lifestyle in
Finland is 10.5%. The result was similar in Germany, i.e.
11.6%; in Russia and Hungary the percentage was 27.3 and
43 .4 respectively [10].

In prophylaxis and work ergonomics, a specific way of
sitting is recommended to prevent and reduce potential back
pain. An inappropriate body position with the trunk bent has
a negative impact on the spine structures, which is why the
recommended seated position is a position with lordotic
curvature of the lumbar spine and a position with slight
bending of the lumbar spine [11]. Research confirms that
assuming a particular body position, using armrests and
personalised location of peripherals translates into
employees' increased work comfort [12].

Lumbar spine ailments usually affect men more often than
women. The higher proportion men is due to not only
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a higher level of mechanical load, but also gender-specific
factors which are still subject to research. The lumbar spine
pain syndrome is an ailment which concerns a significant
part of the society and usually occurs in middle-aged
individuals, i.c. at the peak of their professional efficiency.
Back pain symptoms usually occur at the end of the third
decade of life, i.e. at the age of about 40. Sharp pain in the
lumbar area or sciatic neuralgia are often not related to
a particular external reason [7].

Back pain episodes are not identical. The course of the
disease differs from patient to patient, which is due to
individual predispositions, including persistence of
symptoms, their gravity and functional impairment. Given
the development of musculoskeletal disorders, back pain
syndromes become the reason for chronic disability,
especially in middle-aged patients in the period of their
highest productivity [7]. It can be concluded that a between
a half and three fourths of adults will experience the so-
called "low back pain" at some point in their lives. Research
on general population suggests that 40% of the subjects
experienced at least one lumboscaral (L-S) pain episode at
least once a year, while 15-20% experienced such pain all
the time. Similar statistics are included in overviews and
studies in various countries around the world. These
statistics suggest that as few as 10-20% of people did not
experience such back pains. The stercotypical image of
natural, short and self-limiting course of back pain syndrome
is not consistent with the latest scientific findings. It should
be emphasised, however, that the majority of severe pain
episodes end quickly and spontaneously [13].

Office work involves remaining in the seated position for
long periods of time. Therefore, an employee is exposed to
lumbar spine overload changes. In spite of the development
of work ergonomics, the musculoskeletal overload disease
still constitutes a large problem.

Objective

The objective of this paper is to establish the correlation
between the intensity, frequency and location of lumbar
spine pain in people of different genders working at
computer desks and their office work seniority as well as the
number of hours spent in the seated position.

Material and methods

The research group comprised 62 professionally active
individuals. The subjects included 29 women and 33 men
aged 23-61, all of whom complained of lumbar pain. The
eligibility criteria for participation in the study were the
following: similar episodes of pain in the lumbosacral spine,
buttocks or thighs experienced in the past and symptoms
which varied during the day and with passage of time.
People who underwent a surgery, a fracture or with
neoplastic changes in the spine did not qualify. The research
group included employees of a corporation who work in
a sedentary position in front of their computers. Table 1
presents characteristics of the studied groups.

www.fizjoterapiapolska.pl
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All the employees perform their professional duties in the se-
ated position. Following the assessment of their workstations,
it was observed that the employees assumed sitting positions
which were conducive to overloading, moreover office chairs
and peripherals were not adjusted. The individuals assumed
a static seated position and performed infrequent twists of the
trunk and leaned forward. They rested their forearms on their
desks, instead of chair armrests. The employees participated in
organised trainings on work ergonomics.

The employees included in the study answered a number of
questions concerning back pain. The survey was created on
the basis of the McKenzie MDT self-test. It was divided into
three parts; the first concerned anthropometric data, the se-
cond referred to lumbar pain and the last part concerned ce-
rvical pain and its co-occurrence with lumbar pain.
Information on the location, type and intensity (VAS scale)
of pain was collected and instances of pain were characteri-
sed in detail. The subjects indicated the frequency and loca-
tion of pain and the correlation between the pain and specific
body positions. Information on the number of years doing
computer work and adherence to the rules of ergonomics was
also provided. The employees provided information on ways
of spending their free time as well. The survey was conduc-
ted in person, at the respondent's place of work.

Table 1. Characteristics of the research material

Women Men
Variable n=29 n=33
x £ SD (Me; Q1+Q3) X * SD (Me; Q1+Q3)

Age [years] 35,4+ 7,26 (35; 30 = 39) 37,1 £9,41 (36; 30 +~ 40) 0,6670
Height [cm] 168,3 £ 5,75 (168; 164 + 173) 180 + 6,65 (180; 176 + 184) <0,0001
Weight [kg] 64,8 + 11,8 (62; 54 ~75) 80,8 + 9,36 (82; 74 +~ 87) <0,0001

BMI [kg/m2] 22,8+3,9(22;19,5+26) 24,9+2,77 (24,7; 23,2 +26,8) 0,0059
Staz pracy [lata] 7,6 £6,1 (6;1+12) 8,1+£6,3(6;2+13) <0,0001

work experience [years]

Results

In the course of the study, it was established that 54 out of
62 of the surveyed individuals reported lumbosacral pain.
Among them, 28.1% experienced pain several times
a month, 23.4% several times a week and 18.7% several
times a year and as many as 17.2% every day.

Local pain in the lumbosacral area was reported by 40.6% of
all the subjects (54.8% women and 45.5% men). Pain
radiating from the lumbar spine to the buttock and thigh was
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reported by 21.8% women and men. What is significant and
characteristic of spine pain syndromes is their occurrence in
the past. As many as 68.7% of the research group (22 women
and 22 men) reported they had experienced pain incidents.
Physical activities performed by the subjects outside work
included housework (78%) and cycling (74%), which they
performed several times a week (57.8%). Few subjects
(12%) performed additional physical activities every day.
Slightly more than 60% confirmed compliance with the rules
of ergonomics at work (54.8% women and 66.66% men).
However, as many as 84.37% of the respondents, slightly
more men than women, reported lumbar pain during work.
Cervical pain was reported by 59.37% of the subjects
(58.06% women, 60.60% men). Simultaneous lumbar pain
and cervical pain was reported by 17.18% of the
respondents.

The frequency of pain also differed depending on the gender
(Fig. 1). Women (32.25%) experienced pain several times
a month, whereas men (27.27%) experienced pain on a daily
basis.

27%
23% - 23% 22
. ' 5

Kilka razy wciggu Kilka razy

wciggu Kilka razy w ciggu Codziennie /

roku / Few times  miesigca/ Few  tygodnia / Few Everyday
ayear times a month times a week

Fig. 1. Frequency of lumbar pain

H Kobiety / Women W Mezczyini / Men

Figure 2 presents the location of pain accompanying lumbar
pain in all the subjects. Lumbosacral pain was the most
frequent, while pain limited to the area of the buttocks was
the least frequent.

I ' l - via g Fig. 2. Location of pain symptoms

L-Sdo uda / L- tylko posladek  tylko udo / accompanying lumbar pain in all the subjects

L-Sdo
poéladka / L-S
to buttock

Stothigh /onlybuttock only thigh
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Figure 3 presents the differences in location of lumbar pain
depending on the gender. The lumbosacral spine was the
most frequent location of pain reported by women. In men,
apart from local pain, radiating pain to the buttocks or thighs
also occurred.

48%

50%
45%
40%
35%
30% 24%
25% 2200 21% 19%
20%
15% 9%
o 2 v
0%
L-Sdo  L-Sdouda/L- tylko posladek tylko udo / Fig. 3. Percentage distribution of lumbar pain
posladka/L-S Stothigh /onlybuttock only thigh reported by women and men
to buttock
M Kobiety / Women M Mezczyzni / Men
Figure 4 presents pain accompanying cervical pain. Local
pain and pain radiating to the shoulder were the most
frequently reported locations of pain accompanying cervical
pain in all the subjects.
30%

25%

20%
15%
10%
5% ' . Fig. 4. Location of pain symptoms

0% accompanying cervical pain in all the subjects

Cdobarku/Cto Cdotokcia/Cto Cdoreki/Cto
shoulder elbow hand

Figure 5 presents gender differences in terms of the location
of pain accompanying cervical pain. Pain in the cervical
spine area and pain in the cervical spine area radiating to the
shoulder were the most frequent locations of pain reported
by men. The dominant type of pain in women was local pain
and pain radiating to the elbow and arm.
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Fig. 5. Percentage distribution of cervical pain

reported by women and men.

The pie chart (Fig. 6) presents percentage values of the
occurrence of pain in various sections of the spine. As many
as 84% of the respondents reported lumbar pain and 59%

reported pain originating in the cervical

spine. Pain

originating both in the cervical spine and the lumbar spine

was reported by 16% of the respondents.

The occurrence of back pain
outer circle: lumbar spine

middle circle: cervical spine
internal circle: co-occurrence of pain in the cervical and lumbar spine

Fig. 6. Occurrence of lumbar and cervical pain and their co-occurrence among employees with sedentary work.
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Figure 7 presents the relationship between pain intensity in the
three age groups. In the group of respondents up to the age of 30,
50% complained of pain whose intensity was 3-5. Respondents
aged between 31 and 40 experienced pain whose intensity was 4-
6. Respondents over the age of 40 usually marked 6 and 7 on the
VAS scale. There was a statistically significant relation between
the groups of respondents below 30 and above 40. The highest
value among all the respondents was 8. The lowest value in the
first group was 2, in the second group it was 1 and in the oldest
group of employees the lowest value was 5 on the VAS scale.
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ANOVA Kruskal -Wallis : H (2, N=55) =11,531 p = 0,0031

e median | 25-75% T non-diverged range

Fig. 7. Relationship between age and pain intensity in the three studied groups performing sedentary work

Figure 8 presents the relationship between work seniority (in
years) and pain intensity with statistical dependence at p =
0.0008. The intensity of pain increased together with the
increase in the number of years spent working at a computer
desk. Single individuals reported pain of intensity of 2-8
(VAS scale) as early as after one year at work. The pain
intensity after 10 years at work was 5-8 (VAS scale).
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Fig. 8. Relationship between work seniority [years] and pain intensity [VAS] in office employees
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occurrence of pain during office work [hours]

Another issue is the occurrence of pain when performing
work (Fig. 9). Statistically significant relation (p = 0.0017).
The highest concentration of pain was between the 4th and
6th hour of work. It is then that the respondents reported
pain of 3-8 points in terms of intensity (VAS scale) most
frequently. Single individuals reported strong pain, i.e. over
5 on the VAS scale, as ecarly as after one hour at work.

. . .
.
. . . . . . .
. . . . . .
. . . . . .
. . . .
. . . .
. . . .
R = - 0,4204; p = 0,0017
2 4 6 8 10
VAS scale

Fig. 9. Relationship between the occurrence of pain during work [hours] and pain intensity [VAS] in office employees
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Discussion

Office or administrative work involves remaining in a static
seated position for several hours a day. The perception of
musculoskelatal pain in the employees of the selected
corporation was studies with respect to gender. The study
also referred to the number of years spent working at
a computer desk, which is related to the intensification of
pain sensations.

Cervical spine and low back were the locations of pain most
frequently reported by office employees. Shoulder and knee
pain was not reported nearly as frequently [14]. Research by
Black et al. consequently indicates that people who have
a tendency to stoop, sit with the head protracted or assume
a non-ergonomic body position are prone to upper and low
back pain while working [15]. Out of the 312 office
employees studied, as many as 45.5% reported cervical pain.
It was also observed that — as in the case of the above study
— people over 30 are 2.61 times more likely to experience
neck pain compared to younger employees [16]. It should be
emphasised that co-existence of cervical pain and lumbar
pain is related to the compensation mechanism which
transfers loads according to the rules of biomechanics.
Changing position while sitting entail changing the angles of
lumbar lordosis, which undoubtedly leads to changes in the
curvature of the cervical spine [17].
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The ailments are related to the number of hours spent in the
seated position. All-day observation of office employees
allowed to establish that they were sitting with hunched back
for at least 2.6% - 78.7% of the time at work. The subjects
assumed a slouchy sitting position irrespective of the time of
the day, however, the frequency was higher late in the
morning and late in the afternoon than early in the morning
[15]. The most frequent position among employees was
a slouchy sitting position with kyphotic lumbar spine.
According to the results of SEMG scans performed during
office work, there were long periods of low or very low
activity of the lumbar muscles [18]. Changes related to
inactivity affect passive structures such as ligaments or
intervertebral discs. This means that cyclical, long-term
loading leads to the degeneration of flexible structures,
which causes pain [19]. These data may be reflected in this
study due to the fact that pain occurred most frequently after
4 hours of work.

Latest findings from 2016 show that people who have more
breaks and often change position while sitting experience
less pain related to the static seated position. The upright
position and the forward inclined position are the most
frequent among the seven seated positions. It was also noted
that a perfect ergonomic position which could be maintained
over longer periods of time does not exist. It was
demonstrated that the seated position assumed by subjects
with slight back pain during the day was more static than in
the case of individuals without any discomfort whatsoever
[20]. Loads on the spine related to slouching positions were
studied by Wilke et al. It was proven that the pressure on
intervertebral discs increased when subjects assumed
a slouchy seated position with the trunk inclined forward on
the sagittal plane, which accelerated the process of
degeneration [21].

Differences in experiencing pain originating in the lumbar
spine in women and men were analysed. Men complained of
pain more often than women and pointed to a wider range of
pain locations. A global study conducted in 2010 concerning
occupational loads showed that men aged 35-55 constituted
62% of people with low back pain [22]. Easy paravertebral
muscle fatigability associated with a higher pain intensity
was observed in the male population. This was not observed
in women [23]. Anthropometric measurements demonstrated
an increased risk of lumbago in tall men (180 cm) and
women over 170 cm, which may result from the tendency to
lift weights with the end of the longer lever arm. A higher
body mass index in men, as opposed to women, was also
found to constitute a risk factor in prolapse of the
intervertebral disc [24]. Biological tests, however, prove that
women experience pain more often due to a lower pain
threshold and tolerance to nociceptive stimuli than in men
[25- 26].

There is a correlation between pain intensity and the
employee's work seniority and age. The group below the age
of 30 reported pain of lowest intensity. Individuals over the
age of 40 pointed to highest values on the VAS scale, which
proves the pathobiomechanism of overload changes in the
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lumbar spine. This is indicative of progressive pathological
changes in the intervertebral disc in the lumbar spine, which
translates into an increase in pain intensity. With age, it under-
goes degeneration and dehydration. Incorrect positions of the
body which overload the spine, repeated movements or incor-
rect carrying of objects accelerate degenerative processes in
the intervertebral disc. Shear strengths lead to the protrusion
of the disc and incorrect transfer of loads by the nucleus pul-
posus. In the last stage of degenerative changes, the interver-
tebral disc undergoes fibrosis, which limits the mobility of the
spine and, therefore, reduces the pain [27- 28]. The lumbar
spine pain syndrome is an ailment which concerns a signifi-
cant part of the society and usually occurs in middle-aged in-
dividuals, i.e. at the peak of their professional efficiency.
Research confirms that, at the earliest, back pain occurs at the
end of the third decade of life, i.e. at the age of about 40 [7].
Given the high costs of diagnostics and treatment of musculo-
skeletal conditions, which affect mainly the lumbar spine, the
efficiency of primary and secondary prophylaxis is analysed.
Primary prophylaxis involves preventive interventions which
prevent diseases in employees and whose aim is to alleviate
pain; secondary prophylaxis involves non-specific exercise
programmes and patient education on returning to work after
a disease. Clinical scientists agree that ensuring quick preven-
tive interventions is the most effective method of preventing
the development of chronic diseases. Research confirms high
effectiveness of prophylaxis based on the decrease in general
costs related to employees taking sick leaves, specialist medi-
cal consultations and analgesics [29- 30].

This study shows that over 60% of the respondents follow
work ergonomics rules. However, as many as 87% of all the
respondents reported lumbar pain and 59% reported cervical
pain. Therefore, in the selected group of office employees, er-
gonomic guidelines did not contribute to a reduction of the
ailments. However, Pillastrini proved that personalised and
detailed instructions in terms of ergonomics of the seated po-
sition reduce the occurrence of low back pain [31]. Apart from
trying to find the perfect seated position, researchers are try-
ing to introduce an alternative way of working. One of the
proposals was made at the beginning of 2017 and its aim is to
reduce the time spent in the static seated position by combi-
ning a desk with a bike [32]. A standing workplace or a tread-
mill were also applied in order to limit pathogenic body
positions [33].

Authors present various possibilities with numerous advanta-
ges. Implementation of new office work standards should be
considered. Such standards should not constitute an additional
financial burden for the company and should be available for
each employee, irrespective of the way they perform their
professional duties and what the loads involved are.

Conclusions

Pain located primarily in the area of the lumbar spine, in the
arca of the cervical spine and simultaneous occurrence of
lumbar and cervical pain was observed in employees
performing their professional duties in the seated position.
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The location and frequency of spine pain is gender-
differentiated, with men being the dominant group.

In spite of theoretical knowledge of the scientific community
concerning the pathobiomechanism of the occurrence of
spine overload changes, the recurrence of pain episodes still
remains an issue, which may be indicative of the lack of
awareness and knowledge among society in general.
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Electromyographic evaluation of selected muscles
during active hip extension in men treated McKenzie method
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Purpose: The aim of this study was to evaluate objective results of short-term treatment with the use of electromyography and to
determine changes in muscle recruitment during the prone hip extension test in individuals with chronic low back pain who underwent
the McKenzie treatment. Methods: The studied group consisted of 17 male office workers aged 33—55 who underwent two experimental
sessions comprising of 3 measurements and the McKenzie method of mechanical diagnosis and therapy. Electromyographic examination
of selected muscles was performed during the test in order to assess changes in their activity before and after the McKenzie method and
the Visual Analogue Scale was used to assess the level of pain. Results: There was a tendency towards significance at the beginning of
activation between the first and second test for the left erector spinaec muscle ( p = 0.0684). In 18% of patients, the onset activation time
decreased, which is indicative of correct direction of changes. No statistically significant changes were observed in the remaining mus-
cles. Statistical significance (p = 0.0131) was observed between the first and third test for the left erector spinae muscle. A decrease in
the onset activation time was observed in 75% of the subjects. Effectiveness increased by as much as 57%. The level of pain decreased in
the third test compared to the first one ( p = 0.0240). However, the change in pain sensations between the first and second test was not
statistically significant. Conclusions: The study showed objective changes in the activation sequence of selected muscles and subjective

changes in pain following short term McKenzie therapy.

Key words: low back pain, sSEMG, movement pattern, prone hip extension

1. Introduction

Nowadays, back pain constitutes a serious social
and economic problem. It affects about 80% of popu-
lation at various stages of life and it is the most fre-
quent cause of disability among adults. Epidemiologi-
cal data show that 42—75% of people who experienced
the first episode of low back pain (LBP) also experi-
ence relapses [1]. The McKenzie method, whose ef-
fectiveness exceeds that of other rehabilitation inter-
ventions, is one of the ways to effectively combat
chronic sacral pain. The McKenzie method is a me-
chanical diagnosis and therapy of spine and limb pain
syndromes based on the knowledge of pain patterns
and the analysis of changing symptoms in interview
and physical examination. Mechanical diagnosis is

based on the evaluation of symptomatic reactions
during performance of repeated movements. The pa-
tient’s task is to determine the symptoms occurring
before, during and after the movements, and then to
determine whether the symptoms change during re-
peated movement and afterwards. Evaluation of the
reactions consists in determining peripheralisation and
centralisation of symptoms [16].

One of the best studies evaluating the effectiveness
of the McKenzie method was carried out by Long et
al. [19]. The study assessed the importance of the
exercise performed by the patient. It was shown that
in a group of patients who performed the exercise
selected in accordance with the directional preference
shown in the diagnostic process, there was a signifi-
cant improvement or complete relief of pain in 95%
of the patients. In patients who performed exercises
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in the opposite direction, there was an improvement in
23% of patients.

However, literature review indicates a subjective
evaluation of the effectiveness of the McKenzie method
with patients noticing a reduction in pain or disability
after the McKenzie method of treatment [6].

Available studies indicate possible causes of LBP.
First of all, the presence of changes in the muscle
system is mentioned as the main cause of abnormali-
ties. Spine stability disorders are caused by distorted
antagonist/agonist balance or low level of muscle acti-
vation [10]. Moreover, in the Tikkanen et al.’s study
[25], a lower muscle activity was observed in men,
compared to women, during normal daily life. There-
fore, the task of the muscle system is to control move-
ment and stabilize spinal structures, thereby protecting
against overloading during physical activity. Muscles
protect the spine from damage, but, as a result of pro-
longed overloading, they become inefficient and the
loads will be transferred to the passive stabilization
system (ligaments, capsules of intervertebral joints). If
the movement which causes overloading is repeated,
it causes damage to the intervertebral disc and morpho-
logical changes in the vertebral bodies [21].

Overloading of the spine may occur during every-
day activities, professional work and competitive sports
[21]. Office workers are likely to spend long hours in
a forced seated position in front of a computer. It was
proven that the seated position alone is not a factor in
the development of back pain, but working in uncom-
fortable positions for more than half a day’s work is.
Moreover, the time spent working in the seated posi-
tion affects the intensity of LBP among blue-collar
workers, as well as in white-collar workers. O’Sullivan
et al. [22] determined the relationship between body
posture, muscle endurance and pain in industrial
workers complaining of back pain associated with the
bending of the lumbar spine. It was proven that pas-
sive, slump sitting postures lead to dysfunction of the
muscles stabilizing the spine, decrease of muscle en-
durance, increase of pelvic frontal tilt in the seated
position and spinal flexion at the limits of the mobility
range during ‘“normal” sitting. This alignment of the
spine may lead to increased loads on the passive sys-
tem of stabilizers and decreased activity of active
stabilizers of the spine, i.e., the muscle system. Per-
manent and cyclically repeated abnormal motor activ-
ity and sitting in an abnormal position for prolonged
periods of time may contribute to changes in muscle
tissue and its dysfunctions, manifested by a changed
movement pattern, pain or, eventually, motor disor-
ders [22]. Studies indicate that LBP is associated with
muscular imbalance and a change in the pattern of

lumbo-pelvic muscle activation during various tasks
Hungerford et al. [12] described a delay in electro-
myographic activation in patients with LBP, com-
pared to healthy subjects, during a test which in-
volved hip flexion in the standing position. This
shows a change in the strategy of stabilization of the
sacroiliac joints, which may result in disorders in load
transfer through the pelvis [12]. Leinonen et al. [17]
examined patients with LBP. During the test of torso
flexion and extension, changes in the activation of
individual muscles were also observed in the sagittal
plane. Reduced gluteus maximus muscle (GM) activ-
ity was observed, which helped formulate guidelines
in terms of rehabilitation of these patients [17].

Motor patterns in individuals with back pain can
be evaluated in clinical tests. One of them is the
prone hip extension (PHE) test, developed by Janda.
It is widely used to measure the lumbo-pelvic move-
ment pattern. The test consists in lifting the lower
limb — straight knee joint — in the prone position.
Janda [14] was the first to describe muscle recruit-
ment dysfunction as a pathology. He examined the
sequencing between synergistic muscles during se-
lected functional movements. Comparison of muscle
activity sequences in people experiencing pain and
health problems made it possible to define specific
recruitment patterns. During the above mentioned test,
an imbalance of muscles and changed recruitment of
lumbo-pelvic muscles in patients with back pain were
observed [14]. It is assumed that the change in lumbo-
sacral muscle activation contributes to the destructive
effect on the system of stabilizers. Studies show that
in workers with back pain, the lumbar muscles acti-
vate too quickly in comparison to healthy people [26].

Despite many studies evaluating the efficacy of
the McKenzie method in individuals with spinal pain
syndrome, there is still some controversy in terms of
diagnosis and treatment of this group of patients, and
studies conducted to evaluate treatment results are
mainly based on subjective scales and question-
naires. For this reason, it was decided to evaluate the
results of treatment of patients with chronic lumbar
pain on the basis of objective methods of movement
analysis.

The aim of this study was to evaluate objective re-
sults of short-term treatment with the use of surface
electromyography (sEMG) and to determine changes
in muscle recruitment during the PHE test in individu-
als with chronic lumbar and sacral pain who under-
went the McKenzie treatment.

Moreover, differences between subjective and ob-
jective results of short-term McKenzie therapy were
compared and evaluated.
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2. Materials and methods

2.1. Ethics statement

The study was approved by the Bioethics Com-
mittee of the Poznan University of Medical Sciences.
All subjects expressed written informed consent to
participate in the study. All procedures were conducted
according to the Declaration of Helsinki.

2.2. Participants

The studied group comprised 17 men (average age:
41.2 years, standard deviation (SD): 6.89; average body
mass index: 27.39 kg/m®, SD 3.86; average body
weight: 87.9 kg, SD 11.7; average body height 178.9 cm,
SD 5.9) with chronic non-specific lumbar and sacral
pain syndrome, working in the seated position in front
of a computer (average work experience 13.3 years,
SD 6.59).

Patients were preliminarily classified with the use
of a lumbar spine examination protocol according to
the McKenzie method. Moreover, anthropometric data,
information on the job seniority and nature of work,
activities and tasks performed outside of work or
knowledge of ergonomic principles were collected.
Respondents indicated the frequency of pain, func-
tional limitations, daily variability of pain and the
influence of body positions on pain.

The criteria for inclusion in further tests included:
the presence of features characteristic of the derange-
ment syndrome, in which pain is caused by mutual
disturbance of structures in the motor segment (e.g.,
displacement of the nucleus pulposus leading to an-
nulus fibrosus damage and even pressure on nervous
structures). Centralisation and peripheralisation as well
as directional preference were characteristic only for this
spinal pain syndrome. In addition, there was a feeling of
“movement blockage”, pain in the lumbo-sacral region,
buttocks or thighs, history of similar pain episodes
in the past, and a changing picture of symptoms
throughout the day and over time. The following ex-
clusion criteria were defined: history of lumbar spine
surgery, diagnosed spondylolisthesis, history of hip,
knee and ankle joint pain, female sex.

2.3. Experimental procedures

In the first stage of the study, all patients (n = 44)
underwent an examination based on the McKenzie

protocol (Fig. 1). During the test, the therapist’s task
was to see whether directional preference and centrali-
sation could be determined. Patients in whom direc-
tional preference and centralisation were not defined
were excluded from the study.

I STAGE N=44
v
McKenzie
II STAGE N=19
v
Computer Tomography

III STAGE N=17
1 session 2 session
(N=19) 7 days oftherapy. (N=17)
e test o I test
e I test

Fig. 1. Diagram describing the number of patients
at particular stages of the study

In the second stage of the study, the patients (n = 19)
underwent Computed Tomography scan of the lum-
bar spine (Fig. 1). The examination was carried out
in an independent diagnostic imaging laboratory.
Descriptions of the examination results were pre-
pared by a radiologist. All examined individuals
were diagnosed with overload degenerative changes
in the form of protrusion of intervertebral discs lo-
cated centrally, bi-sided in 17 individuals; centrally,
left-sided or right-sided in the remaining individuals;
13 individuals were diagnosed with narrowing of
intervertebral space. The exclusion criteria at this
stage were: neoplastic disease, previous fractures of
the spine.

The third stage of the study was divided into two
sessions. In the first session 19 patients participated
and it included: warm-up, I evaluation of pain ac-
cording to the Visual Analogue Scale (VAS), I sSEMG
measurement during PHE test and the McKenzie
method therapy. Then, after an hour break, the fol-
lowing were performed: II pain evaluation according
to the VAS scale, and 11 SEMG measurement during
PHE test. The second session took place after 7-day
therapy according to the McKenzie method, per-
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formed individually at home and at work. Two pa-
tients decided not to continue after the first session
(n = 17). During the second session, patients un-
derwent III pain assessment according to the VAS
scale and III sEMG measurement during PHE test

(Fig. 2).

Session 1 Session 2

e Warm-up o Warm-up

e | VAS scale
e | sEMG measurement

o 3 VAS scale
e 3 sEMG measurement

o McKenzie therapy

e 2 VAS scale
o 2 sEMG measurement

« Exercise instructions

Fig. 2. Schedule of the third stage of the study

2.4. sSEMG measurement

PHE test was used to as a tool to assess the effec-
tiveness of short-term therapy according to the McKen-
zie method. During the PHE test, SEMG measurements
were performed with the use of the 16-channel tele-
metric SEMG TeleMyo 2400T G2 system (Noraxon,
USA). The sEMG signal was sampled at 1000 Hz and
then filtered (bandwidth: 10-500 Hz). Recruitment of
4 selected lumbo-pelvic muscles was analysed: left
and right erector spinae muscles (LES and RES), right
gluteus maximus muscle and right biceps femoris
muscle (BF). The subjects were asked to lie down in
the prone position on the couch with upper extremities
resting along the body. Next, the patient’s skin was
shaved and cleaned. According to SENIAM recom-
mendations, disposable, self-adhesive Ag/AgCl elec-
trodes (SORIMEX, Poland, 1 cm in diameter) were
placed in a bipolar configuration, parallel to the mus-
cle fibres. The electrodes were stuck by a physio-
therapist. In order to collect SEMG signals, the elec-
trodes were placed as follows: for RES and LES on
both sides at least 2 cm from the spinous processes
of the L3 vertebra, for GM — in the middle of the
line connecting S2 with the greater trochanter, for
BF — laterally in the middle of the line between the
buttock fold and the hollow of the knee [8]. When
requested, the patient did prone hip extensions, ap-
prox. angle of 20-30 degrees. The patient maintained
this position for three seconds and then returned to the
initial position. Five PHE tests were carried out for the
right lower limb.

2.5. sEMG signal processing

Three correctly recorded results were selected for
analysis. Signal processing was performed with the
MyoResearch XP Master Edition software (Noraxon,
USA). Artefacts and noise were visually inspected. The
sEMG signal was full-wave rectified and smoothed
using a root mean square algorithm with a 50 milli-
second window. The sequence and time of activation
of ES, GM and BF muscles were measured. It was
assumed that the onset of muscle activation was
when the sEMG signal was maintained at the level
over 3 standard deviations from the average value of
the signal recorded at rest in the prone position for
a minimum period of 0.3 seconds. The activation time
of the BF muscle was set as the reference point, for
which the relative activation time was marked as “0”.
Next, the relative activation time for each of the ex-
amined muscles was calculated according to the fol-
lowing formula:

Relative activation time of muscle X
= absolute activation time of BF
— absolute activation time of muscle X

The result for muscles that activated before BF is
positive, while in the case of muscles that activated
after BF the result is negative.

The reference group was established on the basis
of standards for the correct muscle activation se-
quence during the PHE test according to Janda [14].
Janda suggests that the regular activation pattern dur-
ing hip prone extension is as follows: hamstrings,
followed by GM, followed by contralateral ES, fol-
lowed by ipsilateral ES.

2.6. McKenzie method therapy

The therapy during the first session was based on
the McKenzie method of Mechanical Diagnosis and
Therapy. It consisted of performing a specific move-
ment of the torso during which symptoms were cen-
tralised or eliminated. Static and dynamic procedures
were applied. The first procedure consisted in assum-
ing a static forearm-supported prone position for five
minutes. Then the dynamic procedure followed. The
hyperextension pattern, which consisted in active
torso hyperextension in the prone position, was ap-
plied again. The therapy was broken down into 4 se-
ries, 10 to 15 repetitions each.

At the end of the first session, the subjects re-
ceived instructions with the schedule of the self-
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therapy. The duration of the therapy was 7 days. It was
recommended to perform the static and dynamic pro-
cedure cyclically, every 2 or 3 hours, interrupting the
work / seated position for a few minutes. In addition,
in case of pain, the use of self-therapy on an ad hoc
basis was also recommended. All patients were in-
formed about the phenomenon of centralisation and
peripheralisation and the necessity to report intensifi-
cation of pain symptoms by phone.

2.7. VAS scale

The VAS scale was used at each stage of the study.
The VAS scale is a visual-analogue scale used to de-
termine the intensity of pain sensations. No pain cor-
responds to 0, and unbearable pain, the largest that
a patient can imagine, corresponds to 10. The patient
is recommended to determine the intensity of pain on
a scale drawn on a piece of paper [20].

2.8. Statistical analysis

The aim of the analysis was to determine whether
a short-term McKenzie intervention affects the order
of muscle activation during the PHE test and the level
of pain experienced by patients. The mean time (from
three tests) of muscle activation onset was calculated.
This constituted the basis for determining the order of
muscle recruitment in all patients. In addition, changes
in pain sensations were determined on the three test
dates with the use of the VAS scale.

2.9. Statistical methods

Results of quantitative variables used in the study
were presented as mean values, standard deviations
(SD), while qualitative variables were presented as
percentage and number. Normality of distribution was
examined and conformity assessment was performed
with the Shapiro—Wilk test. Critical significance level
was assumed at p = 0.05. The analysis of significance
of differences between the two tests over time was
carried out with the Wilcoxon’s test. Correlations
between the pain scale and muscle activation se-
quence were performed using Spearman’s rank corre-
lation coefficient test.

To describe differences related to two averages,
effect sizes (d) were calculated as the difference be-
tween means divided by the pooled standard devia-
tion. Using Cohen’s criteria [7], an effect size > 0.20

and < 0.50 was considered small, > 0.50 and < 0.80
medium, and > 0.80 large.

Statistical analysis of the results was performed
with the use of the STATISTICA 10 statistical pack-
age (StatSoft Inc.).

3. Results

Table 1 shows the activation onset time of selected
muscles on three test dates and the sequence of re-
cruitment in all the subjects. The muscle activation
sequence during the PHE test was determined with
reference to the BF muscle, which should be the first
to activate.

The BF muscle, which should be the first to acti-
vate in all the tests, showed a significant improve-
ment between the first and the third test. In the first
study, it was the first to activate in 5/17 (29%) of the
subjects, a deterioration was observed in the second
test (4/17 participants, 24%), while the third test
showed an improvement, with BF the first to activate in
8/17 (47%) of the subjects (Fig. 3). What is also worth
noting, in the first test the BF muscle was the last to
activate in  8/17 (47%) individuals. Faster activation
was observed after the therapy, as in the second test it
was the last to activate in 6/17 (35%) of the subjects
and in the third test only in 4/17 (24%) (Table 1).

The GM muscle should be the second to activate.
In the first test it was activated second in 1/17 (6%)
subjects, in the second test: in 2/17 (12%) and in the
third test: 3/17 (18%) of the subjects (Table 1).

The third muscle is LES, which was the third to acti-
vate in 7/17 (41%) subjects in the first test. The activity
of the LES muscle deteriorated, which was observed
in the second and third test, where the muscle was the
third to activate only in 3/17 (18%) of the subjects.
However, it is worth noting that after the therapy, LES
became increasingly often the fourth to activate. In the
first test it was the fourth to activate in 2/17 (12%) of
the subjects, in the second test — in 4/17 (24%) of
the subjects, and in the third test — in 5/17 (29%)
of the subjects (Table 1).

The last muscle should be the RES muscle, which
was the fourth to activate in all the tests in 3/17 (18%)
of the subjects (Table 1). The RES muscle was also
the first to activate in the first test in as many as 8/17
(47%) of the subjects. Following the first therapy, in
the second test, a decrease to 6/17 (35%) was ob-
served, and after another therapeutic intervention, in
the third test, the RES muscle was the first to activate
only in 4/17 (24%) of the subjects (Fig. 3).
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Table 1. Average time (ms) of the onset of activation of selected muscles
in relation to Biceps Femoris (BF) firing time in all patients in three tests

Average time of the onset activation of selected muscles (ms) in three consecutive tests (I-I11)

Number
of patients BF (1) GM (2) LES (3) RES (4) ORDER (1-4)

I tests | Ttest | Itest | Mitest | Ttest | Mtest |Mtest| Ttest | Mtest | Ml test | Ttest | Mitest | Il test
1 0 -21.0 17.3 -14.7 -5.3 193  -143 | -19.3 18.0 64.9 | 1342 3421 4132
2 0 -11.0  -11.3 -5.7 -7.3 4.0 267 | 117 23 212 | 4132 1432 1243
3 0 =350 -16.0 -153 | =347 463 -17.7 33 -583 9.7 | 4132 3124 1423
4 0 -29.7 1.7 1.0 -6.0 -5.0 -1.3 | 112.0 2.7 -79.3 | 4132 2143 2134
5 0 -103 -100 -303 | -123 413 -19.7 | -104 -293 0.1 1243 1243 1432
6 0 -563 543 -793 | -76.0 -37.0 -69.7 | -56.0 450 -71.3 | 1423 1342 1342
7 0 -83 -6.3 -5.0 23 5.0 2.3 86.8 263.5 1.3 4312 4312 3412
8 0 -303 427 6.7 -283 247 327 | -19.7 387 233 | 1432 4132 2143
9 0 -5.0 -3.0 -7.0 19.7 3.0 8.0 23.7 73 1.0 4312 4312 3412
10 0 -38.7 473 482 | 327 157 745 | -1.7 109.2 372 | 1432 4312 1423
11 0 4.7 273 -15.0 3.7 10.7 -3.0 | =757 58 -51.0 | 3124 3142 1324
12 0 -0.7 -6.7 -8.0 137.8 4.7 -7.0 333 0.1 -16.0 | 3412 3412 1324
13 0 -4.0 5.0 -6.3 12.0 21.3 0.1 -8.7 20.7 12.3 | 3124 3421 4312
14 0 252 287 -1.0 -378 373 517 | -70.5 543 0.3 2134 1234 4123
15 0 —4.7 -7.7 -8.0 | 1742 -169.0 —4450| 259.3 2650 -76.3 | 4123 4123 1243
16 0 -23.1  -6.7 70.4 -18.4 2.7 -57.7 3.0 106.1 -33.0 | 4132 4312 2143
17 0 -7.0 -0.7 13.3 -7.3 39.0 2.7 1.0 17.7 15.0 | 4123 3412 4213
Mean 0 -15.56 -1439 -896 | -1558 896 —47.84| 16.01 38.15 -19.02| - - -
S.D 0 18.73 19.47 29.89 | 59.53 4826 105.58| 78.89 96.82 37.12 — — —

BF — Biceps Femoris, GM — Gluteus Maximus, LES — left Erector Spinae, RES — right Erector Spinae, ms — milliseconds, SD — Stan-

dard Deviation.
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Fig. 3. Comparison of muscles which were the first
to activate in the three tests

Comparison of muscle recruitment between the
tests showed that there was a tendency for relevance
at the onset of activation between the first and second
test for the LES muscle (p = 0.0684). In 14/17 (82%)
of the subjects an increase in the onset activation time
of this muscle was observed. Therefore, in 3/17 (18%)
of patients the onset activation time decreased, which
is indicative of correct direction of changes. Statistical
significance (p = 0.0131) between the tests of muscle
recruitment time occurred between the first and third
test for the LES muscle. A decrease in activation time
was observed in 13/17 (75%) of the subjects. Effec-

tiveness increased by as much as 57%. No statistically
significant changes were observed in the remaining
muscles.

The level of pain assessed according to the VAS
scale decreased in the third test compared to the first
one (p = 0.0240). However, the change in pain sensa-
tions between the first and second test was not statisti-
cally significant. Comparison of pain level in the three
tests is presented in Fig. 4.
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Fig. 4. Comparison of pain level in the three tests

In the first test, the average pain level on the 10-de-
gree VAS scale was 6. After the first therapy, the av-
erage pain level decreased to 4, as reported by 94%
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of the subjects. This change was statistically signifi-
cantly varied and the effect of the change was high
(p =0.0005, d = 2.2). After the second therapy, in the
third test, the level of pain decreased on average by
3 points on the VAS scale, reaching the average level
of 3. A decrease on the VAS scale was observed in all
the subjects. This change was statistically highly sig-
nificant and the effect was even higher than between
the first and second test (p = 0.0003, d = 3.6).

Comparing the decrease in pain sensations be-
tween the first and the second test, it was noted that
7/17 (41%) of the subjects experienced a decrease in
pain by 2 points on the VAS scale, 3/17 (18%) of the
subjects — by 1 point, and pain decrease by 3, 4 and
5 points was experienced by 2/17 (12%) of the sub-
jects each. In 1/17 (6%) of the individuals the level of
pain increased by 1 point on the VAS scale. Compari-
son of the first test with the third test showed that the
level of pain decreased in all individuals. In 5/17
(29%) of the subjects pain decreased by 3 points; pain
reduction by 2, 4 and 5 points on the VAS scale was
reported in equal number of instances in three groups
of 4/17 (24%) of the subjects. It should be added that
for 2 individuals the change between the first and
second test was the same as between the first and the
third test.

There was no correlation between the objective re-
sults obtained in the test of muscle activation se-
quence and subjective results described with the use
of the VAS scale (p > 0.05).

4. Discussion

This study assessed the change in the activation
sequence of selected torso and lower limb muscles
during the PHE test in individuals with chronic lum-
bar spine pain undergoing the McKenzie therapy and
its influence on pain sensations. The results of the first
test indicate an abnormal muscle stimulation sequence
in relation to normative data on activation sequences
of lower limb and paraspinal muscles [23]. Suehiro et
al. [24] found that people with chronic sacral pain
apply a changed and inappropriate pattern of recruit-
ing torso muscles.

After short-term therapy, changes in the activation
sequence of selected muscles were observed during
the PHE test. A considerable improvement in the se-
quence was observed in the BF muscle in the third test,
as an increasing number of individuals was activating it
in the correct order. GM muscles also showed an im-
provement and came second in the muscle activation

sequence in the test, both in the second test prior to
the first therapy and in the third test after a week
of self-therapy. However, the activity of this muscle
was not consistent with quite significant differences
in the onset of activation in the tests carried out. It
was observed that the activity of paraspinal muscles
changes quite significantly after therapeutic interven-
tions. These muscles should be activated last and this
change was observed in the second and third test.

BF also showed an improvement in that in the first
test it was usually the last to activate instead of first.
After the first as well as the second therapy there was
an improvement in the activation sequence of this
muscle. It is also worth noting that as a result of the
therapy paraspinal muscles became active increas-
ingly later, which means that they did not activate
before the muscles which should initiate the hip ex-
tension movement. Therefore, there were changes in
the sequence of the onset of activation of selected
muscles with a general tendency towards improve-
ment following short-term therapeutic interventions
according to the McKenzie method.

The tests indicate that the paraspinal muscles
(RES, LES) activate much too quickly during the
PHE test, which may be indicative of excessive
strain on spinal structures resulting from their hyper-
activity. The study material showed features charac-
teristic of changes in the intervertebral discs, which is
indicative of abnormal strain on the lumbar spine. This
contributes to further weakening of passive stabilizers.
Therefore, stabilization control is mainly taken over
by the system of active stabilizers, thereby demon-
strating excessive activity [21]. Studies show that in
workers with back pain lumbar muscles activate too
quickly in comparison to healthy people [9], which is
confirmed in this paper.

The results confirm Danneels et al. thesis [9] that
the electromyographic activity of selected muscles in
patients with chronic lumbar pain differs from healthy
individuals performing the same motor tasks. Other
authors also obtained similar results in their studies. In
addition, there was a difference between symptomatic
and asymptomatic side in individuals with sacroiliac
joint pain. Similarly, studies conducted by Ji-Won Kim
et al. [15] report increased normalized amplitudes of
electromyographic signal in patients with back pain.

For the lower right extremity, a tendency towards
improvement of the relative activation time of the GM
and BF muscle during the PHE test was observed by
comparing three measurements. This was also con-
firmed by the Chance-Larsen et al. study [5], in which
an improvement in the activation sequence after a short
exercise intervention was observed.
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It was observed that the muscle activation pattern
also differs between healthy and injured persons [4].
In addition, the altered muscle activation appears not
only on the side of the injured lower limb, but also the
opposite side. The delay in the onset of GM activation
constituted a significant difference between the stud-
ied groups. Bullock-Saxton [4] found a statistically
significant delay in GM activation during the PHE test
in individuals after an ankle joint sprain episode.
There are studies that show the effect of nociception
on muscle activity. Results of studies performed by
Bruno and Bagust [2] indicate delays in GM activa-
tion during the PHE test in patients with chronic LBP,
which is indicative of a change in the correct move-
ment pattern observed in this study.

Lewis and Sahrmann [18] confirm the thesis con-
cerning the constancy of the order of muscle activa-
tion despite individual variability during the perform-
ance of specific motor tasks in healthy individuals. In
order to confirm the programmed movement pattern,
several other studies were carried out with a different
type of functional movements. A study by Friedli et al.
[11] also showed the correct, predicted order of re-
cruitment of muscles of the lower limbs and trunk
when performing specific motor tasks based on the
example of the elbow joint.

In this study, the activation sequence of the GM
evaluated during the lower right limb test was ana-
lysed. Considering its order of activation during PHE
in the first and second measurement, the highest value
of delay in activation in the established norm, i.e., as the
second to activate, was observed. In the first test it most
frequently initiated the movement, but after a short ther-
apy it was already one of the last muscles to be acti-
vated. Bruno et al. [3] also noticed a change in GM
activity. It was considered that the PHE test could be
a potential tool for assessing whether GM is a “weak
link” in motor control strategies. In addition, the PHE
test can be used as an indicator to recommend therapy
that restores the “normal” pattern of activation se-
quence of this muscle [3].

However, there are studies that showed delays in
GM activation in individuals with lumbar pain as well
as in healthy individuals [3]. Questioning the hypothe-
sis of predictable order of muscle activation was re-
lated to the results of electromyographic activity as-
sessment studies, which failed to distinguish between
people with and without sacral pain [3]. In this paper,
GM onset activation sequence of may be considered
inconsistent.

The results of subjective tests, conducted with the
use of the VAS scale, suggest very good analgesic ef-
fects of the McKenzie method. Authors of other studies

also confirm a significant improvement in the evalua-
tion of pain. Ibrahimaj et al. [13] stated that as early as
after 15 days of therapy the pain level decreased from
the average value of 9 to 2 on the VAS scale.

5. Conclusions

To the best of our knowledge, results of studies
evaluating the effect of the McKenzie method on the
change in the sequence of activation of selected mus-
cles during the PHE test have not been published. This
study evaluates the level of pain and the change in the
sequence of activation of selected muscles during the
PHE test in individuals with chronic sacral pain who
underwent the McKenzie treatment.

Based on objective research methods, the results
of muscle activation in patients with chronic lumbar
spine pain significantly differ from the standards set
for particular muscles. However, there was an im-
provement in the muscle activation sequence after the
application of a therapeutic procedure based on the
McKenzie method, according to tests conducted on
the right lower limb. Moreover, the application of the
McKenzie method considerably affects the subjective
reduction of pain levels.
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Electromyographic assessment of muscle fatigue
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who underwent the McKenzie treatment
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Purpose: Chronic low back pain is a common disorder affecting about 80% of the population, caused by a disorder in the muscular
system. The main aim of this study was to assess muscle fatigue during the Biering—Sorensen Test in people with chronic low back pain
who underwent the McKenzie treatment. Methods: Tests were conducted on 19 men (mean age of 41.4 years) with chronic non-specific
lumbar-sacral pain syndrome, working in the seated position in front of a computer. Assessment of changes in fatigue of erector spinae,
gluteus maximus and biceps femoris using surface electromyography during the Biering—Sorensen Test and subjective pain assessment
using Visual Analog Scale were conducted on three test dates. Time-frequency representation of the electromyographic signal (Fourier
transform) was used for the examination of muscle fatigue. The McKenzie method of diagnosis and therapy was applied before and
between the tests. Results: The McKenzie therapy resulted in increased endurance (test duration) of the examined spinal muscles between
the 1st and 3rd test date (p = 0.043), and a systematic decrease in pain assessment on the three test dates (p = 0.000-0.004). Correlations
were obtained between slope coefficients of the simple regression of median frequency of electromyographic signals on the one hand and
duration of the BST (p = 0.000-0.012) and anthropometric parameters (body mass, height and body mass index, p = 0.001-0.020) on the

other. Conclusions: The McKenzie method is an effective tool in reducing the level of lumbar pain and improving muscle endurance.

Key words: EMG, muscle fatigue, McKenzie method, low back pain, Biering—Sorensen test

1. Introduction

Chronic low back pain (LBP) is an extremely com-
mon disorder, affecting about 80% of the population
and appearing at different stages of adult life [3], [21].
Characteristic features of back pain are its recurrence
(in 60% of the population) but also spontaneous re-
covery or reduction of pain (75-90% of the popula-
tion) [16]. Available studies indicate that the main
cause of abnormalities and pain in the lumbar and sac-
ral spine are changes in the muscular system, such as
disturbances of muscle balance or muscle activation,
which lead to spinal stability disorders [14], [41]. Ma-
hato [23] identifies potential LBP risk factors. These

include, but are not limited to, musculoskeletal changes,
alterations in muscle functional capacity (e.g., strength
and endurance), changes in muscle activation patterns
[18] or psychological changes associated with LBP.
Dysfunctions of spine stabilising muscles, decreased
muscle capacity or increased anterior pelvic tilt and
increased lumbar lordosis are the consequence of pas-
sive flexion postures (slump sitting). Such a posture
may lead to a decrease in the activity of active spinal
stabilisers, i.e., the muscular system, and an increase
in the load on the passive stabilisers [33].Moreover,
it is even claimed that reduced muscle endurance is
a predictor of LBP development [26], [42].

One of the most advanced muscle endurance test-
ing techniques is based on the analysis of median fre-
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quencies (MF) of electromyographic signals. When
erector spinaec muscles (ES) get tired, time shifts in
MF towards lower frequencies can be observed [11],
[37]. During electromyographic assessment of muscle
fatigue, asymmetric patterns of muscle contraction
activity are also observed. Such an imbalance of lon-
gissimus component of the lumbar ES was detected in
LBP subjects while lifting [25]. It contributes to asym-
metric back movements and, consequently, to spinal
load imbalance and pain during everyday activities
[35].

The Biering—Sorensen Test (BST) can be used to
assess the endurance of back muscles. It consists of
determining the maximum time of maintaining a po-
sition in which back muscles work isometrically. The
authors of the test analysed the results of 900 people
and came to the conclusion that shorter time of main-
taining such position was a predictor of LBP in the next
year in men [7]. The BST is used particularly before and
after rehabilitation [13]. A number of studies on the
phenomenon of LBP confirmed the appropriateness of
the BST used to evaluate the endurance of trunk
muscles. It provides a reliable measure of how long
a particular position can be maintained and thus can
help distinguish between subjects with and without
non-specific LBP. Individuals without lumbar pain
were able to maintain a position much longer than
people with LBP [9], [22]. In the BST, the involve-
ment of hip extensor muscles (e.g., BF — biceps
femoris, GM — gluteus maximus) is also noted. Their
fatigue indicates that load is distributed between the
back muscles and hip extensor muscles during the test
[19].

Many researchers emphasise the close relationship
between subjective and objective assessment of muscle
fatigue, [6], [12], [27]. According to the above-men-
tioned authors, not being able to maintain a position
for long was associated with certain mental disorders
or negative beliefs concerning the efficiency of the
participants’ backs. Due to the fact that LBP strongly
correlates with the condition of the trunk muscle corset,
there is a need to restore full muscle efficiency and ca-
pacity. The McKenzie method is a method of mechani-
cal diagnosis and therapy of spinal and extremity pain
syndromes. It consists of the assessment of sympto-
matic reactions during a physical examination. With
this information, the therapist can note the peripherali-
sation or centralisation of pain symptoms [21].

The main aim of this study was to assess muscle
fatigue during the BST in people with chronic lumbar-
sacral pain who underwent the McKenzie therapy.
The activity of ES, GM and BF was analysed using
surface electromyography (EMG) in adult men work-

ing in the seated position. Moreover, the asymmetry
effect and the relationship between subjective pain
assessment and electromyographic parameters of fa-
tigued muscles and also anthropometric parameters
were studied.

2. Materials and methods

Ethics statement

The study was approved by the Bioethics Com-
mittee of the Poznan University of Medical Sciences.
All subjects expressed informed consent in writing to
participate in the study. All procedures were conducted
according to the Declaration of Helsinki.

Participants

Project participants included 19 men (mean age:
41.4 years, standard deviation (SD): 6.55; mean body
mass index (BMI): 27.16 kg/m’, SD: 3.81) with
chronic non-specific lumbar and sacral pain, working
in the seated position in front of a computer (mean
work experience: 13.53 years, SD: 6.19). The lumbar
protocol according to the McKenzie method was used
for preliminary classification of subjects [43].

The criterion for inclusion in subsequent tests in-
cluded the presence of characteristic features of the
derangement syndrome. The following exclusion cri-
teria were defined: history of lumbar spine surgery,
diagnosed spondylolisthesis, history of hip, knee and
ankle joint pain, female sex.

Experimental procedures

The whole experiment involved three stages of
tests. In the first stage, 19 participants were included,
among whom a qualified McKenzie therapist determined
directional preference and centralization of symptoms.
In the second stage (n = 19), the participants under-
went a Computed Tomography (CT) scan of the
lumbar spine. The examination was carried out in an
independent diagnostic imaging laboratory. Descrip-
tions of the test results were prepared by a radiologist.
All examined subjects were diagnosed with overload
degenerative changes in the form of protrusion of
intervertebral discs. The exclusion criteria at this
stage were: neoplastic disease, previous fractures of
the spine. The third stage took place in the Biome-
chanics Laboratory. The participants were obliged to
attend in two independent sessions, during which the
fatigue of lumbar and hip joint extensors following
the McKenzie therapy was evaluated. The break
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between the sessions was 7 days. Prior to the test,
subjects each time took part in a warm-up on a cycle
ergometer.

During the first session, a modified BST was per-
formed for the first time with simultaneous meas-
urement of EMG followed by the McKenzie therapy
(n = 19). After about an hour of rest, a second BST
with EMG was performed. During the 7-day break
between the sessions, the participants followed an
autotherapy schedule. It was recommended to perform
the procedure cyclically, every 2 or 3 hours, inter-
rupting work/seated position for a few minutes. Par-
ticipants had the opportunity to contact a physiothera-
pist by phone. During the second session the BST
with EMG was performed for the third time.

EMG measurement

The subjects were asked to lie face down on a couch
with arms along the body and to expose the test area.
Next, the subject’s skin was shaved and cleaned. Ac-
cording to SENIAM recommendations, disposable,
self-adhesive Ag/AgCl electrodes (SORIMEX, Poland,
1 cm diameter) were placed in a bipolar configuration,
parallel to the muscle fibres. The electrodes were placed
by a physiotherapist as follows: for ES — 2 cm on both
sides from the spinous processes of the L3 vertebra,
for GM — in the middle of the line connecting S2 with
the greater trochanter, for BF — laterally in the middle
of the line between the buttock fold and the knee pit
[10]. Then the respondents were given detailed in-
structions on the performance of the BST. During the
BST, electromyographic measurements were per-
formed with the use of the 16-channel telemetric
EMG TeleMyo 2400T G2 system (Noraxon, USA).
The EMG signal was sampled at 1000 Hz and then
filtered (bandwidth: 10-500 Hz). Fatigue of 6 selected
lumbar and pelvic muscles was analysed. Three re-
corded tests were analysed. Signal processing was
performed with the MyoResearch XP Master Edition
software (Noraxon, USA). Artefacts and noise were
visually inspected. The EMG signal was full-wave
rectified and smoothed using a root mean square algo-
rithm (RMS) with a 50 millisecond window.

Biering—Sorensen test

The participants were placed on a couch so that the
anterior superior iliac spines were aligned with the
edge of the couch (Fig. 1). A modification was ap-
plied consisting in the use of fewer stabilising belts
(no belt around the ankle joints). Initially, the partici-
pants supported their torso with their arms placed on
the ground. Both lower limbs were tied to the couch

with two belts at pelvis and knee level. The test began
by folding the arms across the chest and keeping the
torso in a neutral position through isometric contraction
of the spinal extensor muscles. The time of maintaining
the horizontal position and keeping the head in line
with the torso was measured [7]. The beginning of the
test was announced by the researcher, the test ended at
the discretion of the participant or when the position
of the trunk lowered. A standardised verbal incentive
was used to help the participants maintain the position
as long as possible.

Fig. 1. Illustration of the testing position
for the Biering—Sorensen test

McKenzie method therapy

During the McKenzie therapy, each participant
performed an individual torso movement, thanks to
which the symptoms were centralised or eliminated.
Both static and dynamic procedures were applied ac-
cording to the principle of difficulty grading. The dy-
namic hyperextension model was performed in 4 series,
1015 repetitions each.

VAS scale

At each stage of the tests, the visual analogue scale
(VAS) was used to determine the intensity of back
pain [28].

Numerical and statistical methods

The median frequency (MF) of the EMG signal is
a reliable parameter used for the analysis of spinal
muscle fatigue [9], [36]. The relationship between MF
and time (Fig. 3) is obtained by applying a fast Fou-
rier transform to the time course of the EMG signal.
The relationship between MF and time can be ap-
proximated by the linear regression model:
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Fig. 2. Relationship between the median frequency and time

MF(?) = MFjope % t + MFi )

where:
MFiope [Hz/s] is the slope coefficient of the simple
regression,
MFi [Hz] is the initial frequency, MFi = MF(0),
MFe [Hz] is the final frequency, MFe = MF(Te),
Te [s] is the duration of the BST.
The formula for MFep.:

MFope[Hz/s] = (MFe — MFi)/Te )

is derived from Eq. (1).
The slope coefficient of the simple regression
MFqp is normalized to the initial frequency MFi:

NMFs [s '] = MFjop/MFi. 3)

The dimensionless quantity dim is also used to de-
scribe the time course of the median frequency MF(?):

dim = (MFi — MFe)/MFi. “)
There is a relationship between dim and NMFs:
dim = - NMFs x Te. (5)

The NMFs index is useful for the assessment of
muscle fatigue, while Te is related to the assessment
of their endurance.

Asymmetry of electromyographic parameters of
the left and right muscle is assessed according to the
following formulas:

AX = |Xp — X (6)
AXy = |Xp — Xp| / max {|Xg|, |Xz|} @)

where AX, AXy are the absolute and relative asymme-
try index, respectively; Xz, X; are the parameters for
the left and right muscle, respectively.

The parameters MFgope, MF1 (Fourier transform in
1-s windows) and Te were calculated in MyoResearch
XP Master software Edition 1.08.38 from Noraxon.
The remaining parameters were calculated in Excel.

Statistica (version 13.3) was used for statistical
analysis. The Shapiro—Wilk test was used for evalua-
tion of the normality of distribution of variables. Re-
sults from the 3 test dates were analysed by ANOVA.
Snedecor’s F-test and Levene’s test were used for the
analysis and verification of the equality of variances.
The statistical significance of differences between the
mean parameters determined on the 3 test dates was
tested with Tukey’s post hoc test.

3. Results

Normal distributions were obtained for 41 out of
a total of 56 variables (taking into account all vari-
ables from the 3 test dates). Levene’s test showed
equality of variances of all the analysed variables. In
the F-test of variance analysis, statistical significance
was obtained only for the PA (pain assessment) pa-
rameter.

The Te duration of the BST (Table 1) increased on
the third date (112.7 s) compared to the first (98.8 s)
and second date (96.5 s). A similar result was obtained in
the case of pain assessment, i.e., a statistically significant
decrease of this parameter on the 3 test dates (Table 1).
Cohen’s effect size coefficient (3.033), particularly con-
cerning the assessment of pain between the first and
the third test date, shows a statistically significant result
(decrease in PA from 6.22 to 2.89, Table 1). The ef-
fects of increased test duration and simultaneous de-
crease in pain assessment confirm the effectiveness of
the McKenzie therapy.

Table 1. Duration of the BST and pain assessment
and the significance of differences between the test dates

Mean p-value
SD ES
1 11 11T -1 -1 TI-111
Te [s] 98.8 | 96.5 | 112.7 | 0.905 | 0.043* | 0.015*
n=19 37.6 | 224 | 332 | 0.074 | 0.392 | 0.572
PA[VAS] | 6.22 | 3.94 | 2.89 | 0.000* | 0.000* | 0.004*
n=18 0.65 | 1.39 | 141 | 2.101 | 3.033 | 0.750

*p <0.05, Tukey’s test.
ES Cohen'’s effect size.

Six parameters were selected for the analysis of
EMG signals, i.e., MFi and MFe (Table 2) and NMFs,
dim, ANMFs, Adim, determined according to formu-
las (3), (4), (6). The correlation coefficients between
the test duration and pain assessment and mean elec-
tromyographic parameters (mean values for the left
and right muscle) are presented in Table 2. Statisti-
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Table 2. Correlations between electromyographic parameters on the one hand and test duration and pain assessment on the other

Parameters MFi MFe NMFs dim ANMFs Adim
ES
Te 0.203° —0.427° 0.449 0.548° —0.069 0.236
0.177 0.003* 0.000* 0.000%* 0.612 0.077
PA -0.197 ~0.093 0.056 —0.122 0.146 0.128
0.153 0.505 0.687 0.380 0.293 0.355
GM
Te —0.023° —0.228° 0.348 0.165 —0.362 -0.032
0.880 0.128 0.012% 0.248 0.009* 0.823
PA —0.181 0.139 0.300 —0.318 0.057 0.054
0.218 0.347 0.036* 0.028* 0.701 0.716
BF
Te 0.068° 0.045° 0.480 0.152 —0.048 0.429
0.653 0.767 0.000%* 0.281 0.734 0.002*
PA ~0.065 —0.052 —0.116 0.063 —0.114 —0.189
0.657 0.724 0.428 0.666 0.436 0.193

91

* p < 0.05 (Statistical significance is given below correlation coefficients), © Pearson correlation, n = 46 (in other cases

Spearman’s correlation, n = 48-57).

cally significant correlation for all 3 muscle pairs (ES,
GM, BF) was obtained between the test duration and
NMFs slope coefficients. These correlations, all with
increasing trends, are presented in Fig. 4. Moreover, it
was found that NMFs slope coefficients of the examined
muscles correlate with basic anthropometric parameters
(in 6 out of 9 cases, Table 3). The decreasing tendency
obtained for the correlations presented in Table 3 is in-
dicative of greater fatigue of the examined muscles to-
gether with an increase in the subjects mass, body height
and BMI, taking the relationships presented in Fig. 4 into
account. Therefore, there is a relationship between the
three basic anthropometric parameters and the endurance
of the tested muscle pairs (measured in Te).

Table 3. Correlations between standardised slope coefficients
and anthropometric parameters

Anthropometric NMFs
Muscles

parameters r; p-values
ES -0.308; 0.020*
Mass GM -0.164; 0.247
BF —0.424; 0.002*
ES —-0.356; 0.007*
Height GM -0.457; 0.001*
BF -0.161; 0.254
ES -0.327;0.013*
BMI GM -0.122; 0.391
BF —0.457;0.001*

*p<0.05.

Spearman correlation, n = 52-57.

Tukey’s tests of six electromyographic parameters
(mean values for the left and right muscle) concerning

the 3 test dates did not show statistically significant
differences, except for the MFe parameter for ES
muscles between the second and third test date (Table 4).
The values of absolute asymmetry indexes ANMFs
and Adim for the ES, GM, BF muscles on the three
test dates and their differences between the test dates
(I-11, I-I11, II-IIT) are indicative of a lack of changes
in the asymmetry of muscle fatigue following the
McKenzie therapy (Table 4).

Asymmetry of electromyographic parameters (left/
right muscle) is expressed by the ANMFs and Adim
asymmetry indexes. Standardization to the ANMFs
and Adim asymmetry indexes Eq. (7) does not trans-
late into a statistical improvement in the significance
of differences on the 3 test dates. The p-value after
standardization of ANMFs and Adim changes from
0.384 to 0.999. Given the lack of differentiation of
asymmetry indexes (Table 4), the significance of dif-
ferences in electromyographic parameters was tested
separately for the left and right muscle (Table 5). A sta-
tistically significant asymmetry effect was obtained only
for the ES muscle and the MFi parameter on the 3rd
test date, however, the asymmetry does not appear for
the MFe parameter on this test date. The asymmetry
of the MFi(MFe) parametersis indicative of the differ-
ence (left/right) in muscle tension at the beginning
(end) of the BST. The absence of statistically signifi-
cant differences in NMFs (left/right) and dim for the
ES, GM, BF muscles on the three test dates confirms
the previously provided result on lack of change in
muscle fatigue asymmetry (Table 5). The significance
of differences between the dates of tests of electromyo-
graphic parameters in Table 5 is presented in Table 6.
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Table 4. Electromyographic parameters and the significance of their differences between the three test dates

Mean alue Mean alue
SD p'V U SD p-V U
1| o | m b | rm om0 | oo | om | en | em | onom
MFi [Hz] MFe [Hz]
s 756 | 763 | 73.6 | 0911 | 0528 | 0303 | 427 | 450 | 399 | 0474 | 0326 | 0.033*
165 | 172 | 13.1 125 | 112 | 92
o 43.0 | 440 | 440 | 0.138 | 0244 | 0944 | 367 | 373 | 359 | 0517 | 0.607 | 0.114
27 | 29 | 43 46 | 38 | 46
ar 833 | 868 | 87.8 | 0230 | 0059 | 0.758 | 689 | 732 | 727 | 0318 | 0.762 | 0.725
129 | 165 | 149 144 | 153 | 159
10* x NMFs [s™']' dim [%]'
oS 454 | 414 | 425 ] 0233 | 0447 | 0899 | 419 | 395 | 445 | 0547 | 0480 | 0.081
163 | 106 | 169 159 | 132 | 130
o 155 | —15.7 | —17.7 | 0.832 | 0.716 | 0977 | 145 | 151 | 181 | 0929 | 0.142 | 0267
94 | 98 | 99 101 | 83 | 82
o 216 | —174 | —174 | 0480 | 0679 | 0943 | 175 | 156 | 173 | 0921 | 0531 | 0320
130 | 89 | 108 94 | 60 | 81
10* x ANMFs [s']' Adim [%]"
i 70 | 70 | 52 | 1.000 | 0564 | 0563 | 65 | 67 | 60 | 0998 ] 0959 | 0939
64 | 56 | 49 66 | 60 | 58
o 53 | 60 | 48 | 0909 | 0915 | 0694 | 44 | 52 | 48 | 0713 | 0971 | 0.844
53 | 45 | 49 31 | 27 | 39
or 50 | 56 | 68 | 0732 | 0516 | 0933 | 41 | 54 | 76 | 0476 | 0084 | 0555
40 | 40 | 40 34 | 41 | 45

* p <0.05, Tukey’s test.
The maximum value of Cohen’s effect size is 0.498.

"Multiplication index of 10* for NMFs and ANMFs was introduced to unify the format of data in the table, for the same

reason, dim and Adim are expressed in %.

Te:NMFs ES: y = -66.3425 + 0.2263"; r° =0.2418
Te:NMFs GM: y =-28.5013 + 0.1188"x; r = 0.1590
Te:NMFs BF: y =-37.9139 + 0.192*x; r? = 0.3276
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Fig. 3. Illustration of the correlation between NMFs slope coefficients and the duration of the BST

Statistically significant differences between the test dates
were obtained only for 3 cases: the MFi parameter (RBF
muscle, 1st and 3rd date), and the MFe parameter (LES
muscle and LGM, 2nd and 3rd date). To summarize, the

results presented in Tables 4—6 are indicative of the fact
that electromyographic examinations did not result, with
few exceptions, in a statistically significant variability
effect on the 3 test dates.
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Table 5. Electromyographic parameters of left and right muscles and the significance of their differences on the three test dates

MFi [Hz] MFe [Hz] 10* x NMFs [s™] dim [%]
Test date Mean Mean Mean Mean
SD p SD P SD SD p
L R L R L R L R
ES
I 73.4 77.8 0.095 42.8 42.6 1.000 | —43.6 | 473 | 0.367 40.4 434 0.622
16.7 17.1 11.2 14.5 14.6 18.9 14.2 18.5
I 74.1 78.6 0.076 44.5 45.5 0974 | —40.0 | 42.8 | 0.676 38.2 40.9 0.722
174 17.8 10.1 12.8 11.6 11.3 13.7 14.1
I 71.1 76.2 | 0.030* | 39.3 40.5 0958 | 414 | 435 | 0.869 43.1 45.9 0.703
14.2 12.8 9.3 9.8 18.6 15.8 14.3 12.8
GM
I 43.1 42.5 0.999 37.0 36.2 0.793 | —-14.6 | —-15.6 | 0.886 14.0 14.3 0.973
3.1 3.5 5.0 42 10.2 10.3 11.1 10.1
I 442 43.5 0.982 383 36.3 0.102 | —14.6 | —17.9 | 0.607 13.5 16.1 0.641
3.0 3.6 42 3.6 8.7 11.1 8.0 9.2
1 44.1 433 0.998 36.5 36.1 1.000 | -16.8 | —16.2 | 1.000 17.2 16.4 1.000
4.5 4.8 52 4.8 10.3 11.3 9.7 9.0
BF
I 83.4 82.2 0.963 69.8 67.9 0943 | -19.8 | -21.8 | 1.000 16.4 17.6 1.000
134 144 14.4 14.9 12.8 14.1 9.8 9.7
I 87.6 86.0 0.987 73.9 72.4 0972 | -17.2 | -17.6 | 1.000 15.5 15.8 1.000
15.6 18.8 14.7 16.6 10.4 8.5 8.3 5.3
I 88.2 88.5 0.994 73.7 73.3 0990 | -16.8 | —17.2 | 1.000 16.8 17.2 1.000
154 17.6 16.7 18.0 10.2 12.9 7.8 10.8
* p <0.05, Tukey’s test.
The maximum value of Cohen’s effect size is 0.377.
Table 6. Significance of differences in electromyographic parameters from Table 5 between the test dates
MFi MFe NMFs dim
I-1I 111 II-1I1 I-1I 111 -1 I-11 111 1111 I-1I -1 TI-1I1
LES 0.953 | 0.551 | 0379 | 0.608 | 0.117 | 0.013* | 0.339 | 0.667 | 0.841 | 0.628 | 0.490 | 0.109
RES 0.888 | 0.648 | 0372 | 0.448 | 0.652 | 0.102 | 0.272 | 0397 | 0.965 | 0.624 | 0.631 | 0.167
LGM 0.155 | 0.371 | 0.854 | 0.178 | 0.603 | 0.023* | 0.999 | 0.619 | 0.651 | 0.977 | 0.175 | 0.119
RGM 0.262 | 0.361 | 0976 | 0.952 | 0.999 | 0.937 | 0.616 | 0.997 | 0.662 | 0.702 | 0.559 | 0.971
LBF 0.388 | 0.595 | 0934 | 0460 | 0.997 | 0.505 | 0.688 | 0.788 | 0.984 | 0.996 | 0.617 | 0.565
RBF 0.276 | 0.003* | 0.108 | 0.495 | 0.500 | 1.000 | 0.555 | 0.722 | 0.960 | 0.951 | 0.526 | 0.357

p <0.05, Tukey’s test.
The maximum value of Cohen’s effect size is 0.536.

4. Discussion

The aim of this study was to assess the effective-
ness of the McKenzie method in subjects with back
pain by conducting an electromyographic analysis of
selected muscles subjected to the BST on three test
dates. No short-term evaluation of the above men-
tioned physiotherapeutic method using electromyo-
graphic analysis of a specific group of subjects with
LBP has been performed so far. The most important

results of these tests confirm the beneficial effect of
the McKenzie method on pain levels and muscle en-
durance in the selected group of subjects. The dura-
tion of isometric tension of the tested muscles during
the BST was prolonged in the absence of increase in
their fatigue level and the pain level decreased on
subsequent test dates. Comparison of the McKenzie
method with other physiotherapeutic techniques is
a common practice used to confirm or evaluate its
effectiveness [4], [5], [20]. According to Namnaqani
et al. [27], the presented evidence confirms the effec-
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tiveness of the McKenzie therapy compared to manual
therapy in reducing pain and disability levels in sub-
jects with chronic back pain. Schenk, Jozefczyk and
Kopf [35] and Ahmed et al. [2] also noted a reduction
in lumbar pain following the McKenzie therapy. It
should be noted that in all the analysed articles, sub-
jective assessment was based on, among others, VAS,
Roland Morris Disability Questionnaire or Oswestry
Disability Index. The modified Schober’s test was used
for objective assessment of the flexion and extension
range of motion of the lumbar spine [4]. The advantage
of this paper is the analysis of objective and subjective
results of tests proposed immediately before and after
the application of the McKenzie method. The objec-
tive results include physical measurement (duration of
the test) and EMG, while pain levels were assessed
subjectively. The analysis of BST duration and pain
levels confirm the beneficial effect of the McKenzie
method in the selected group of subjects. The main
findings of Biering—Sorensen [7] after a one-year ob-
servation of subjects were that high isometric endur-
ance of back muscles can prevent the first occurrence
of LBP. Thanks to the application of the McKenzie
method in this study, an improvement in muscle en-
durance was observed, which has practical application
in the rehabilitation of LBP.

Taking the anthropometric parameters in the stud-
ied group of men into account, a statistically signifi-
cant increase in muscle fatigue was observed along
with an increase in body mass, body height and BMI.
Earlier studies also showed significant correlations
between body mass and endurance in the BST [19],
[32]. According to Kankaanapaa et al. [18], in heavier
people, especially women and younger people, spinal
muscle fatigue occurs earlier. All the more so, the
problem will occur in men in whom an increase in
body mass is particularly manifested by the occurrence
of abdominal obesity [15]. As a result, the torque of the
torso, which overloads the L1-S1 section, is going to
increase by extending the lever arm of the gravity.
Thus, the muscular system, whose function is to sta-
bilise the lumbar spine, is additionally loaded, which,
in consequence, over time, causes greater chronic
overloads [1], [34]. Therefore, in this study, a group
of men with a higher body mass and height had
weaker muscles stabilising the lumbar spine already at
the beginning of the study, i.e., a higher muscle fa-
tigue during the BST was to be expected. A signifi-
cant correlation between body mass and BST results
was also observed in male fire fighters [32]. There-
fore, in addition to the previously mentioned increase
in muscle endurance, a reduction in body mass will
also have an impact on preventing LBP in the future.

There were also publications analysing the influence of
psychological factors on the results of the BST [27].
This study did not analyse these factors. According to
Mannion et al. [24], higher levels of mental disorders
or negative beliefs are significant predictors of poor
endurance test results.

Authors of other publications assess muscle endur-
ance using the BST by comparing healthy individuals
with LBP symptoms before and after rehabilitation.
The BST was used in the Nassif et al. [28] study to
assess strength and endurance training. The physical
activity proposed to automotive industry workers con-
firmed numerous health benefits, especially in the
group of people with chronic LBP. Sung [37] studied
the impact of core stabilization and spinal flexibility
exercise on, among other things, back muscle endur-
ance in people with chronic LBP. Changes in muscle
fatigue following a 4-week therapy were not satisfac-
tory.

Electromyographic tests in this study did not show
any changes in asymmetry indices concerning fatigue
of the examined muscles on the three test dates, ex-
cept for the asymmetric ES muscle pair tension at the
beginning of the BST on the third test date, but it iwas
not directly related to the effect of muscle fatigue, as
the MFi parameter (also MFe) did not correlate with
the duration of the BST. The effect of fatigue asymme-
try in the LBP group appeared also in studies by Srini-
vasan and Balasubramanian [36] after a short training
session on a bicycle. The aim of the study was to
show the consequences of short-term physical activity
in people with LBP, i.e., a higher and uneven level of
muscle corset fatigue compared to a healthy group.
The author emphasizes that the possibility of deterio-
ration of the subjects’ condition should be taken into
account when using bicycle as a rehabilitation tool
[39]. In many publications [17], [29], [35], the con-
cept of asymmetry is related to the occurrence of LBP
in subjects. There is a significant relationship between
neuromuscular imbalance of the ES and the occurrence
of LBP [35]. According to Hides et al. [16], asymmetry
may indicate that subjects suffer from unilateral pain.
Nadler et al. [26] studied the relationship between
LBP episodes and hip muscle asymmetry in academic
athletes. The results showed that hip joint extensors in
female athletes with LBP had a 9.6% significantly
higher asymmetry compared to women without pain
symptoms. Hence the conclusion that high levels of
asymmetry are associated with posture problems and
LBP, and screening may be an important tool in their
prevention [29]. Given the fact that muscular imbal-
ance may predispose the onset of back pain, Rose-
Dulcina et al. [33] also focused on the asymmetry
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aspect of the LBP group. It turned out that the ana-
lysed lumbar muscles did not show patterns of asym-
metric fatigue, as it was the case in most published
papers [36].

5. Conclusions

The McKenzie method of diagnosis and therapy is
an effective tool in reducing the level of lumbar pain
and improving ES, GM and BF muscle endurance.
The increase in the endurance of back muscles and
correct body mass contribute to the reduction of LBP
episodes. Electromyographic tests did not show sta-
tistically significant changes in ES, GM and BF mus-
cle fatigue asymmetry indexes during the BST at any
stage of the McKenzie therapy.
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