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I[LVWD VNUyWyZ X*\ZDQ\FK Z WHN FLH

ZBK -]JHVSya4d EyORZ\ NU JRVaxsD

LBP -EyO GROQHM F] FL SOHFyZ

PHE - test wyprostu w stawie biodrowym

BST - testBiering- Sorensena

SEMG - elektromiografia powierzchniowa

ES -PL VLH SURVWRZQLN JU]JELHWX

GM -PL VLH SR ODGNRZ\ ZLHONL

BF -PL VLH GzXJaRzZ\ XGD

BMI -ZVND(QLN PDV\ FLDaD

MDT McKenzie - Mechaniczne Diagnozowanie i Terapia McKenziego

VAS -wzrokowec DQDORJRZD VNDOD EyOX

SD - odchylenie standardowe

CT - tomografia komputerowa

MF - UHGQLD F] VWRWOLZR @

RES -SuUubDz\ PL VLH SURVWRZQLN JU]JELHWX
LES -OHzZ\ PL VLH SURVWRZQLN JUJELHWX

NMFs ZVSyaF]\QQLN piobiéj keyesjiQ L D
MFi -F] VWRWOLZR i SRF] WNRZD
MFe -F] VWRWOLZR U NR FRZD
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11 VW S

%yOH NU JRVaAXSD WR ZVSyaF]H QLH SRzZD*Q\ SUREOHP
ZLDWRZHM 2B6LRUZIDFMIRW\NDM RQH QD Uy*Q\FK HWDSD
i VQDMF] VWV] SU]J\F]\Q QLHVSUDZQR FL X GRURVa\FK RVYE
42- RVYE NWyYyUH GR ZLDGF]\a\ SLHUZV]HJR HSL]RGX EyO]
GR]QDMH QbakslrRiN w&p. 2006 :\Uy*QLD VL WU]\ JAyZQH NODV\ F]
SRMDZLHQLD VL ]J]HVSRaX EyORZHJR NU JRVAXSD ]EN
LQG\ZLGXDOQH L ]ZL I1DQH ]H VW\OHP *\FLD
fizyczne i biomechaniczne oraz
SV\FKRVSRaHF]QH SXELQ
'\NRQ\ZDQLH QLHNW ydhieF¢odAegnmedd Rtj.Fdiedzenie, pochylanie i
VNU FDQLH WXaRzZLD SU]J\F]J\QLD VL GR SRZVWDQLD HSL]R
FKRURERZ\FK 5XELQ = Uy*Q\FK GRQLHVLH QDXNRZ\F
GROHJOLZR FL EyORZ\RKN P]B JRLVRLHZLRJGFLQND O G(ZLRZH
IDWRPLDVW aDJRG]JHQLH REMDZyZ SDFMHQFL ]JaAaDV]DOL SF
Z\PXV]DM FHM SU]J\M FLH SR]\FML SUJHSURVWX OF.HQ]JLH L
&XU\AR L ZVS 3UMHNUDFR FLLHI Z]\F]QHM OXE Z\GROQR
PL QL NR FL L VWDZyzZ 2JXUNRZVND SURZDG]L GR SR
SUJHFL *HQLRZ\P
'RVW SQH EDGDQLD ZVND]XM *H JayZQ SU]J\F]\Q SRZ'
EyOX RNROMWB\N@® |&(RZRM V ]PLDQ\ Z XNADG]LH PL QLRZ\P N
ZV]\VWNLP QD J]DEXU]JHQLX UyZQRZDJL DQWDJRQLVWYZ L D
NWyUH SURZDG] GR |JPLDQ VWDELOQR FL NU JRVAXSD ODKD!'
PL QLRKHMN ERZLHP NRQWUROD UXFKX L VWDELOL]DFMD V

RFKURQD SUJHG QDGPLHUQ\PL REFL *HQLDPL SRGF]DV F]\C



NU JRVAXS SU]JHG XV]NRG]JHQLHP MHGQDN Z Z\QLNX Gax.
niewydolre, aREFL *HQLD JRVWDM SUJHQRV]RQH QD ELHUQ\ XNaD
VWDZyZ PL G]\NU JRZ\FK -H OL SU]JHFL *DM F\ UXFK E G]LH
WR GR XVINRG]HQLD NU *ND PL G]\NU JRZHJR L |®RycBQ PRUIF
2JXUNRZVND L .DZDaHN

'R SU]JHFL *DQLD NU JRVaAXSD PR*H GRFKRG]LU Z WUDNF
FRGJLHQQHJR SUDF\ ]JDZRGRZHM D WDN*H Z\F]\QRZHJR X
.DZD&HN $NWXDOQH EDGDQLD XNRZYM MW RRY&PSIH QI F
Z JUXSLH SUDFRZQLNYZ IL]\F]Q\FK DOH UyZQLH* Z UyG SUDF
SU]\ VWDQRZLVNDFK NRPSXWHURZ\FK OF.HQ]JLH L 0D\
ZVS NWyUH Z\PXV]DM SR]\FMGYIL® G]] EHGQLH] NRDLNDG
VDPD SR]J\FMD QLH SRZRGXMH SUJHFL *H Z REU ELH RGFL
SUJHE\ZDQLH Z SR]\FMDFK QLHZ\JRGQ\FK SU]H] SRQDG Sya
3RZVWDM FH ]DE X Ujki6lét@verdolneQd RAD NU JRVAaXSD VWDM VL
SUJHZOHN4HM QLHSHAQRVSUDZQR FL V]F]HJYyOQLH Z SURG
FIJARZLHND OF.HQJLH L 0D\

2HXO00OLYDQ L ZVS RNUH OLOL ]JDOH*QR i SRPL G]\
PL QLRZ L GRIOHIIOEZRRZ\PL X SUDFRZQLNyYZ SUJHP\VARZ\F
NUJ\*D ]ZL ]DQ\ ]JH ]JL FLHP RGFLQND O G(ZLRZHJR NU JRV:
VLWWLQJ SURZDG] GR SRZVWDQLD G\VIXQNFML PL QL \
zmniejszenieichwyd® QR FL D Z NRQVHNZHQFML ]ZL NV]JHQLH SU]JRGF
XVWDZLHQLH NU JRVaXSD PR*H SURZDG]Li GR HVNDODFML F
L JPQLHMV]HQLD DNW\ZQR FL F]\QQ\FK VWDELOL]DWRUyYZ N
UXFKSW\F]\Q GROHJOLZR FL EYyORZ\FK NWyUH VNXWNXM ]L

XWUZDODQLHP QLHZAD FLZHJR Z]J]RUFD UXFKX 'ODWHJR |]LC



SRI\FML VWDW\F]Q\FK F]\ QLHSUDZLGAaRZR Z\NRQ\ZDQ\FK L S
2 XOO0OLYDQ L ZVS %DGDQELD ZVND]XM QD WR *H SR
GROQHJR RGFLQND NU JRVaxXSD V ]zZL ]JDQH ] QLHUYZQRZD
DNW\ZDFML PL -@PLHGQIAIRZKR SRGF]DV Z\NRQ\ZDQLD Uy*Q\FK

Ocena zEXU]H F]\QQR FLRZ\FK >kkieRtGneg® wykeywRzaRest
]D SRPRF WHVWyYZ NOLQLF]JQ\FK -HGQ\P ] QLFK MHVW 3UR(
-DQG\ NWyU\ Z\NRUJ\VWXMH VL GR SRPLDUX VFKHPDWyZ
miednicznym. T&/ W SROHJD QD XQRV]JHQLX Z\SURVWRZDQHM Z VWD
Z SR]\FML OH*HQLD SU]JRGHP -DQGD MDNR SLHUZV]\ RNUH
SDWRORJL 2GQRWRZDQR SRGF]DV Z Z WHVWX EUDN Uy
UHNUXPWDRM O G(ELRERLF]Q\FK X RVYE ]| EyYOHPDNGABEYY ViD Q
*H ]PLDQD DNW\ZDFML PL QLRZHM\*RERKLMB\U]OF B @LRZRL
GHVWUXNF\MQHJR RGG]LDa\ZzDQLD QD XN&ADG VWDELOL]DW
GROHJOLER ORDWL SOHFyZ PL QLH NU JRVAXSD O G(ZLRZHJ
Z SRUyZQDQLX ] RVREDPL JGURZ\PL 9RJW L ZVS

'R RFHQ\ Z\WU]\PD4R FL PL QL SOHFyZ PRSo@BsepBVWRVR
(Biering- Sorensen Test, BST). Wykorzystywany j@3tQ UyZQLH* MDNR QDU] G]LF
SUJHZLG\ZDQLD U\]\ND SRMDZLHQLD VL EyOX RGFLQND O
Z QLP PDNV\PDOQ\ FIDV XWU]J\PDQLD SR]J\FML Z NWyUHM PL
SNW\ZXM VL UQPAIGILREWIF]\ ELRGURZHM WM PL VLH GZXJ
SR ODGNRZ\ ZLHONL .DQNDDQSIIHW P&R UH Q VHEXDG [DXLADF IR O
LP E\a NUyWV]\ FIDV wWwUuzZzDQLD WHVWX W\P F] FLHM-SRMDZL
Sorensen, 1984 %67 Z\NRUJ\VW\ZDQ\ MHVW V]F]HJyOQLH SU]JHG L

DO 2VRE\ EH] REMDZyZ EyORZ\FK RGFLQND O G(ZLR.



Z\]QDF]RQ SR]\FM FLD&D G&X*HM QL* JUXSD RVYE ] /%3 /D
2008.

]ZL INX ] W\P *H /%3 MHVW VLOQLH VNRUHORZDQH ]I
WXaRzZzLD LVWQLHMH SRWU]JHED SU]J\ZUyFHQLD PL QLRP SH.
VSRVREyZ ZDONL ] SUJHZOHN&\P EYyOHP SOHFyZ MHVW PHW
VNXWHF]QR FL LQQH SU]JHFLZEyORZ tethda WidKeZAeGFMH UHK
PHFKDQLF]QH GLDJQR]RZDQLH L WHUDSLD J]HVSRA4yZ EyORZ)\
]JQDMRPR il ZJRUFyZ EyORZ\FK RUD] DQDOL] ]DFKRZDQLD VL
i przedmiotowym. Mechaniczne diagnozowanie polega na ocenie reakcji symptomatycznych
SRG ZS&4\ZHP SRZWDU]DQ\FK UXFKyZ ;iéMapBuUlyczn8dd ReBHV X G L
]JMDZLVNR FHQWUDOL]DFML OXE SHU\IHUDOL]DFML REMDZy
roNRZDQLH /DP L ZVS 2NUH ODQD MHVW SUHIHUHQFM]I
NWyUHM GRELHUD VL NRQNUHWQH UZLFJHQLH GOD EDGDC
XVXQL FLH EyOX

%»DGDQLH RFHQLDM FH VNXWHF]JQR 0 PHWRWGDAOR.BQ]HH
/IRQJD L ZVS '\ND]J]DQR *H X RVYyE NWyUH Z\NRQ\
SUHIHUHQFM NLHUXQNRZ GROHJOLZR FL EYORZH XOHJDa\
Z NLHUXQNX SU]JHFLZQ\P ZL ]D4R VL ]H ]JPQLHM¥]HQRWPELF|
I1DOH*\ Z W\P PLHMVFX SRGNUH OLU L* Z GRVW SQHM OLWH
OF.HQ]JLHJR Z UyG SDFMHQWYZ ] GROHJOLZR FLDPL EYyORZ\PLl
EDGD VL Z\NRUJ\WWWXM F W\ONR PHVERRY LNMNWE QU H M R®N DHD| L ZE
RSUDFRZDQLH NZHVWLRQDULXV]D RFHQLDM Z VSRVYE

QLHSHAQRVSUDZQR FL &ODUH L ZVS



: ]ZL INX ] SRZ\*V]\P LVWRWQH MHVW DE\ Z SU]\V]J4\FK EDG
rzetelne metody badawyed |D SRPRF NWyU\FK GRNRQD VL NRPSOHNV

HIHNWyZ WHUDSLL ZHG&XJ OF.HQ]JLHJR

1.2. &HO EDGD

*ayZQ\P FHOHP Siahizéhaniex@aDocena terapii wg metody McKenziego,

SUJHSURZDG]RQHM X RVYE ] G\WNRSIRJF ML &(HR|ZFMDF XM

6IRUPX4RZDQR QDVW SXM FH FHOH V]F]HJyaRZH

Xx 2FHQD SR]JLRPX QDVLOHQLD FI] VWRWOLZR FL L ORN
NU JRVAXSD SUJHSURZDG]RQ\FK X RVYE SUDFXM F\FK Z .

X %DGDQLH |DOH*QR FISSBPLELXWRZIHMIR. OLF]JE JRG]LQ S
SR]\FML VLHG] FHM D SR]JLRPHP GROHJOLZR FL EYyORZ\F|

X 2FHQD Z\QLNYyZ Ntergpi/wyRnatady McKindiegpoprzez badanie zmian
UHNUXWDES GMPIBFRUD] XVWDOHQLH SR]JLRPX EyOX SRGHF
Extension (PHE) (publikacja 2)

Xx 2FHQD Z\QLNyZ NUyWNRWUZDaHM WHUDSLL ZJ PHWRG\ ¢
wykonania testu Bieringa 6 RUHQVHQD RUD] XVWDOHQLH SR]JLRP
(publikacja 3)

x BDGDQLH ]ZL ][NX SRPL G]\ SDUDPHWUDPL HOHNWUR
]P FIHQLH PS, GRILIi BF a czasem trwania testu Bieringa Sorensena

(publikacja 3)



X

%DGDQLH ]ZL ]NX SRPL G]\ SDUDPHWUDPL HOHNWUF
]P FIHQLH BS, GR LBF podczas testu Bieringa Sorensena a poziomem
RGF]XZDQHJR EyOX Z REV]IDU]JH RGFLQND O G(ZLRZHJR I
%DGDQLH ]ZL ]NX SRPL G]\ SDUDPHWUDPL HOHNWUF
]JP FIHQLH PL QL (6 *0 L %) D Z\EUD Q\FI (PREKXPRVYEW
G\WVNRSDWL O G(ZLRZ SXEOLNDFMD

2FHQD zZ\VW SRzZDQLD DV\PHWULL Z REV]DU]JH PL QL

]P F]H@pdcgas testu BieringeSorensena (publikacja 3)

Hipotezy badawcze:

V.

VI.

SR]LRP QDVLOHQLD FORNWRWODERDIN ®GRROHJIJOLZR FL Ey
SUDFXM F\FK Z SR]\FML VLHG] FHM V JUy*QLFRZDQH Sa¥
6WD* SUDF\ RUD] OLF]JED JRGJLQ VS G]JRQ\FK SUJ\
SUJ\F]\QLDM VL GR Z\VW SRZDQLD ]JPLDQ SU]JHFL *HQLF
odcinkakU JRVA&XSD

.UyWNRWUZDA4D WHUDSLD OF.HQ]JLHJR ZSES, M iBP SRSUD
podczas testu Prone Hip Extension.

.UyWNRWUZDAD WHUDSLD OF.HQ]JLHJR ZSa\zZzD QD zZ\GaXx*
+Sorensena.

.UYyYWNRWUZDAD WHUDSZD QB.HBRQLHMVASALH SR]JLRPX E
O G(ZLRZHJR NU JRVaxsb

8 RVYE SRGGDQ\FK WHUDSLL OF.HQ]JLHJR QLH ]DXZD*D
VXELHNW\ZQ RFHQ EyOX D Z\QLNDPL SRPLDUyZ HOHN

]P FIHQLH PL QL SR@®&}bovendeHay WX % HU



VII. 8 RVYE SRGGDQ\FK WHUDSLL OF.HQ]JLHJR QLH ]DXzZD*D
czasem trwania testu Bieringax 6RUHQVHQD D Z\QLNDPL S
HOHNWURPLRJUDILF]JQ\FK RSLVXM F\FK ]P FIHQLH PL QL

VIII. 8 RVYE ] G\ WNRSDWL O G(ELBZD Z\WRWW PDWUD] %0, Z
]ZL NV]JHQLH VL ]P FIJHQLD PL QL (6 *0 HSetensemRGF]DV

IX. 8 RVYE ] SUIHZOHNA\P |[HVSRAHP EYORZ\P RGFLQND O G(-
WHUDSLL OF.HQJLHJR ]DXZD*D ¥dymelf\@ tbidAdreefDlQ LH. SR]LF

(6 *0O L %) NWyUH X (pbdtzas {a3turBietiQoaSorensena.

1.3. ODWHULD& L PHWRG\ EDGDZF]H

ODWHULD&a EDGDZF]\

8]\ WVNDQR ]JRG .RPLVML %LRHW\FIQHM 8QLZHUV\WHW
Marcinkowskiego w Poznamni(KB- QD SUJHSURZDG]JHQLH EDGD :V]\\
EDGDZF]H JRVWDa\ RSUDFRZDQH ]JRGQLH ] '"HNODUDFM +}F
SUJHELHJLHP HNVSHU\PHQWX RUD] SRLQIRUPRZDQR R PR*(
GDOV]\FK EDGDQRIHVKD IITHNEHGWRQLHF]QR FL SRGDZDQLD ¢

XG]LD4 Z EDGDQLDFK SR ZLDGF]\4\ IRUPXODU] ZLDGRPH

ZADVQRU F]Q\P SRGSLVHP



Publikacja 1

Assessment of overload changes in the lumbar spine of employees with sedentary nature of
work. Fizjoterapia Polska 2018; 18(1):623

ODWHULD&a EDGDZF]\ VWDQRZLA&\ RVRE\ F]J\QQH ]DZRG

: ODW Z\VRNR FL FLDRDVD FtLDa&OFP * NJ 9%)0, :
]H VWD*HP SUDF\ R VLHG] F\P FKDUDNWHU]H : ODW RUD]
ODW Z\VRNR FL FLDAaD . FP PDVD FLDaD ]JH“VWDNHP%O

SUDF\ R VLHG] FNR FKDUDMNDMHU:V]\VF\ SUDFRZQLF\ Z\NRQ\:

]DZRGRZH Z SR]\FML VLHG] FHM Z\NRQXM F VSRUDG\F]QLH V

BUJHSURZDG]RQH EDGDQLD DQNLHWRZH RUD] ZVW S
Z\NRUJ\VWXM FD SURWRNyAH RRCMNWNRVOXGED ZHGaXJ PHWR(

SR]ZROLAD VWZRU]J\U JUXS RVYE NWyU |]DNZDOLILNRZDQR

.U\WWHULD Z4&4 FIHQLD GR HNVSHU\PHQWX WR REHFQR 0
]JDEXU]JH VWUXNWXUDOQ\FK GHUDQJR&BIQWSUBH] WRER UW]®
ZIDMHPQHJR XNabGX VWUXNWXU Z VHIPHQFLH UXFKRZ\P QS
SURZDG] FH GR XVINRG]J]HQLD SLHU FLHQLD Z4AyNQLVWHJIR |
zjawisko centralizacji i peryferalizacji oraz preferenkjerunkowej (Lam et al., 2018).
8VWDORQR NU\WHULD Z\NOXF]DM FH KLVWRULD RSHUDFML

NU JR]P\N KLVWRULD EyOX VWDZX ELRGURZHJR NRODQRZH
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Publikacja 2

Electromyographic evaluation of selected muscles during active hip extension in men treated
McKenzie methodActa of Bioengineering and Biomechanics 2020; 22(332DO0I:
10.37190/ABB)1578202003

EDGDQLX XFJHVWQLF]J\4R P *HA3todchyleni¢ Gtantdd@le H N X
6' UHGQLD ERG\ PDVV LQGH] NJ P 6 UHGQLD
UHGQLD Z\VRNR i FP 6° ] SUIHZOHNA\P QLHVSHF\
F] FL O G(NURZRZHM NU JRVAXSBRBBMEXWLAGIKFHM SUJHG N

UHGQL VWD* SUDF\ ODW &6

Publikacja 3

Electromyographic assessment of muscle fatigue after the Bigdransen test in subjects
with low back pain who underwent the McKenzie treatnfeits of Bioengieering and
Biomechanics 2021; 23(87-96, DOI: 10.37190/ABB)18232021-03

SURMHNFLH Z]L 4R XG]LDa& P *F]\]Q UHGQLD ZLHNX
6' ] SUJHZOHNA\P QLHVSHF\ILF]Q\P JHVSR&HP EyC
NUJ\*RZHM NU SRD&XS F\FK Z SR]\FML VLHG] FHM SU]JHG NRF

13.53, SD 6.19).
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1.3.2. Metody badawcze

Publikacja 1

Assessment of overload changes in the lumbar spine of employees with sedentary nature of
work. Fizjoterapia Polska 201818(1):6273

BUJHSURZDG]RQR EDGDQLD DQNLHWRZH Z PLHMVFEFX SUDF\ U

X Autorska ankieta

SUDF\ |DVWRVRZDQR DXWRUVN DOQNLHW NWyUD F
SRGPLRWRZHJR PHWRG\ 0'7 OF.HQ]JLH $QNLHWD VNA&DGDa
GROHJOLZR FL EYyORZ\FK NU JRVAXSD =DVWRVRZDQR S\W
]DPNQL WH ] Z\WVNDORZDQ RGSRZLHG]L RUD] S\WDQLD RW
PLHMVFX SUDF\ UHVSRQGHQWYZ 'RNRQDQR SRG]LDaX DQNL
danych antropometrycznych, druglG ROHJOLZR FL EYORZ\FK RGFLQND O G
ostatnia - RGFLQND V]J\MQHJR NU JRVaXSD RUD] ZVSyazZ\VW S

O G(ZLRZ\P : DQNLHFLH Z\NRU]J\VWDQR

o Skala VAS (ang. Visual Analogue Scale)
6NDO Z]UBRQ@BQRJRZ OF&RUPDFN L ZVS Z\NRU

RNUH OHQLD QDVLOHQLD GROHJOLZR FL EYORZ\FK SDFMEG
LOQWHQV\ZQR 0 EyOX QD VNDOL Z\U\VRZDQHM QD NDUWFH
o0 Kwestionariusz Rolanda Morrisa
Roland Morris Disah OLW\ 4 XHVWLRQQDLUH 5RODQG L )DLUEDQ
Z FHOX RFHQ\ zZzsa\zX EyOX RGFLQND NU JRVaXSD O G(ZLR

FRG]JLHQQ\P UHVSRQGHQWYyYZ
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Publikacja 2

Electromyographic evaluation of selected muscles during active l@psah in men treated
McKenzie methodActa of Bioengineering and Biomechanics 2020; 22(3R23
DOI: 10.37190/ABB)15782020:03

Uczestnicy projektu otrzymali od lekarza ortopedy skierowanie na badanie Tomografii

Komputerowej odcinND O G(ZLRZHJR NU JRVaXxXSD

X Badania Tomografii Komputerowej (ang. E€omputed tomography)
Badania przeprowadzono w Pracowni Diagnostyki Obrazowej TOMMA, przy ulicy
6WDUR& FNLHM Z 3R]IQDQLX 2SLV\]GM U &7 NU JRVAXSD O

lekarza radiologa.

*ayZQ\ HNVSHU\PHQW Z\NRQDQR Z ODER kime¥jodgidznyP ELRPHF

=DNADGX %LRPHFKDQLNL $NDGHPLL :\FKRZDQLD )L]J\F]JQHJR

X Metoda McKenziego (ang. MDTmechanical diagnosis and therapy)
=JRGQLH ] |DVDGDPL PHWRG\ OF.HQ]JLHJR SU]JHSURZDC(
REHMPXM F RGFLQHN O G(ZLRZ\+NURB84XSD :OMRU]J\VWDQR
EDGDQLD SR]ZzDODM F |DNODV\MILNRZDU SDFMHQWYZ GR RNL
NU JRVAXSD BRGF]DV EDGD NRUJ\VWDQR ] SURFHGXU
G\QDPLF]Q\FK ]JRGQLH ] ]DVDE® SRIRHIUMHAMD IV IZAN RRG\WZDS® L X
UXFKX WXaRZLHP Z WUDNFLH NWyUHJR GRFKRG]LaAaR GR FHQ

terapeutyczny wykonano w 4 seriach, poo10 SRZWyU]H
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x Test wyprostu w stawie biodrowym, Trest Jandy (ang. PHtest Prone Hip Extension
Test)
7THVW 3+( -DQGD Z\NRUJ\VWDQR MDNR QDU] G]L
NUYyWNRWUZD&4HM WHUDSLL ZHGaxXJ PHWRG\ OF.HQ]JLHJR
Z\NRQ\ZD4& Z SR]\FML OH*HQLD -SUYR\GRERQ hny SRR WistawieN
ELRGURZ\P 5\F 8wu]\P\zDa M Z WHM SR]\FML SU]JH] WU
SRZURWHP QD NR]JHWN '\NRQDQR SL 0 SUYE WHVWX 3+( ] MI

HOHNWURPLRJUDILFIQHJR OLHU]JRQRQNROHMQR U L F]DV DN

5\F ,OXVWUDFMD SUJHGVWDZLDM FD VWDQRZLVNR |

x Badania elektromiograficzne (ang. SEMGurface electromyography)
SRPLDU V(0* Z\NRQDQRNIDPQ®RRRAJR WHOHPHWU\F]QHJR
typu TeleMyo 2400T G2 (Noraxon8 6 $ $QDOL]IRZDQR UHNUXWDFM Z\E
RNROLF\ O-BUEGRAF]QHM OHZ\ L SUDZ\ PL VLH SURVWRZQ
SR ODGNRZ\ ZLHONL L SUDz\ PL VLH GzXJaRzZ\ XGD SRGF]D

SENIAM UyZQROHJOH GRASNIMHBLHIX QLRZ\FK XPLHV]FJRQR
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samoprzylepne elektrody Ag/AgCl (SORIMEX, Poland, 1 cm diameter) (Cram i wsp. 1998).
SUJHWZDU]DQLH V\JQDaX SUJHSURZDG]RQR ]D SRPRF RSURJ

Edition (Noraxon, USA).

X Autoterapia
BadaQL RWU]J\PDOL LQVWUXNWD* | KDUPRQRJUDPHP SU]H

dni. Zalecano wykonywanie procedury statycznej i dynamicznej cyklicznie, co 2 lub 3 godziny,
SUJHU\ZDMSRISBRF VLHG] F QD NLOND PLQXW 3R]D W\P Z

GROHJOLZR FLVEARORZBKRLH DXWRWHUDSLL GRUD(QLH

x Skala VAS (ang. Visual Analogue Scale)
1D ND*G\P HWDSLH EDGD Z\NRDQNVWRDIRZ VANDPO 0F&XWD O,
wsp. 1988). Skala VAS to wizuanorDQDORJRZD VNDOD VaX® W H Q3/RZRRUFL

GR]QD EYyORZ\FK JG]LH EUDN EyOX R]QDF]DSXOXN@N®WYyZ D E

X Analiza statystyczna
$QDOL] VWDW\VW\F]Q Z\QLNyZ EDGD Z\NRQDQR SU]\ ¢

STATISTICA 10 (StatSoft Inc).:\QLNL ]JPLHQQ\FK LOR FLRZ\FK X*\W!
SUJHGVWDZLRQR ]D SRPRF UHGQLFK RGFK\OHQLD VWDQ
MDNR FLRZH SUJHGVWDZLRQR |]D SRPRF SURFHQWX L OLF]
RFHQ JJRGQR FL SUJHSURDDGIRMR WHWRNVNB\GKP]R\ SRILRP
SUJ]\M WR S $QDOL] LVWRWOQR FL Uy*QLF SRPL G]\

SUJHSURZDG]RQR ]D SRPRF WHVWX :LOFR[RQD ] Z\NRUJ\VW
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.RUHODFMH SRPL G]\ VNDO EFRK PLVBNZHOFSUREKN I®QR

nieparametrycznego testu korelacji rang Spearmana.

Publikacja 3

Electromyographic assessment of muscle fatigue after the Bigdrensen test in subjects
with low back pain who underwent the McKenzie treatnfgta ofBioengineering and
Biomechanics 2021; 23(37-96, DOI: 10.37190/ABE)18232021-03

Eksperyment wykonano w laboratorium biomechaniczno- kinezjologicznym

=DNaDGX %YLRPHFKDQLNL $NDGHPLL :\FKRZDQLD )L]\F]JQHJR

X Test Bieringa Sorensena

Biering- 6RUHQVHQ 7HVW J]RVWDA& Z\NRUJ\VWDQ\ GR RFHQ\ .
2NUH OD VL Z QLP PDNV\PDOQ\ F]IDV XWU]\PDQLD SR]\F
izometrycznie (Biering6 RUHQVHQ 8FIHVWQLF\ SUJ]\MPRZDOL RNU
icKk NROFH ELRGURZH SU]JHGQLH JyUQH E\a\ Z\UyZQDQH ] NU
Ssbv\ VWDELOL]XM FH MHGHQ Z RNROLF\ PLHGQLF\ D GU.:
S3RF] WNRZR EDGDQL SRGSLHUDOL VZyM WXayZ QD NR F]J\QCL
rocSRF]\QDa VL RG ]aR*HQLD UDPLRQ VNU]J\*QLH QD NODWFH
QHXWUDOQ\P SRaR*HQLX SRSU]JH] VNXUF] LIRPHWU\F]Q\ S
3R]\FMD JaRZ\ VWDQRZL4D SU]JHGAX*HQLH OLQLL WX&aRZLLCL
horyzontalnej (BieringRUHQVHQ 5R]SRF] FLH WHVWX SRSU]H
EDGDF]ID QDWRPLDVW ]DNR FIJHQLH WHVWX QDVW SLaR ZHG

SR]J\FMD WXa4RZLD XOHJ4D REQL*HQLX 6WRVRZDAXM EXVGRD QG

MDN QDMGaX*V]HJR XWUJ\PDQLD SR]\FML
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5\F ,OXVWUDFMD SUJHGVWDZLDM FD VWDrénBetd. VNR EDGII

X Badania elektromiograficzne (ang. sEMGurface electromyography)

BURFHGXU SU]JHSURZDG]RQR JJRGQLH ] |IDOHFHQLDPL 61
E\4\ SU]\NOHMDQH Z QDVW- BEMVAN WBSRYY¥H GPFPDR(G Z\URV W N\
RNROLF\ NU JX- QDGORGNX OLQLL &4 F] FHM 6 ] NAc® UJHP Zl1
QD URGNX OLQLL SRPL G]\ IDaGHP SR ODGNRZ\P D GF
.DVPDQ +ROW] 1DVW SQLH SU]H®WRER G jRIQ&esytv W % L
SRPLDUHP HOHNWURPLRJUDILF]Q\P Z\PLHQ-IND@\B&KRZHJIRQL

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

median frequency

MFi

MFe

time Te

5\F =DOH*QR U PHGLDQ\ F] VWRWOLZR FL RG |
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=DVWRVRZDQR DQDOL] PHGLDQ F] VWRWOLZR FL 0)
HOHNWURPLRJUDILF]Q\FK MDNR WHFKQLN EDGDQLDOHW U]\
QDGPLH@HIGL'BIQD F] VWRWOLZR FL 0) V\JQDaXx (0* MHVW
VaX* F\P GR RFHQ\ ]P FIJHQLD PL QL SU]J\NU JRVaXSRZ\FK
'XOFLQD HW DO =DOH*QR i 0) RG F]DeY XastasdWanie X ]\V N L
WUDQVIRUPDW)\ )RXULHUD GR F]JDVRZHJR SUJHELHJX V\JQDa

DSURNV\PRZDU UHJUHVM OLQLRZ

MF(t) = MFslopeT w 0) L

gdzie: MRiope >+] V@ MHVW ZVSYyaF]\QQLNLHP QDFK\OHQLD SU
0)L >+]@ WRLERVIWRRF] WNRZD 0)L 0)
0)H >+]@ WR F] VWRWOLZR i NR FRZD O0)H 0) 7H

Te [s] to czas trwania testu Bierin§orensena.

'RGDWNRZR RNUH ORQR Z\VW SRZDQLH DV\PHWU\F]Q\FK Z]RI

/X HW DO ZHGAaxXJ IRUPXAa\
0;  RriEX(|

gdzie: X}, Xt WR ZLHONR FL SDUDPHWU\ OHZHJR L SUDZHJR PL

X Analiza statystyczna

'R DQDOL]\ VWDW\VW\FIQHM ]DVWRVRZDQR SURJUDP
QRUPDOQR FL URJNADGX JPLHQQ\FRKLONBQDQRNWHYVWHHUGPK

EDGD SRGGDQR DQDOL]JLH $129% 7HVW ) 6QHGHFRUD RUD]

18



weryfikaFML MHGQRURGQR FL ZDULDQFML ,ZVWRWQR 0 VWD

Z\]|QDF]RQ\FK ZLHONR FL SDUDPHWUyZ Z WHUPLQDFK ED

SRQL*V]H EDGDQLD JRVWDa\ Z\NRQDQH Z VSRVYE DQDORJLF]

x Badania Tomogrii Komputerowej (ang. CTcomputed tomography)
X Metoda McKenziego (ang. MDTmechanical diagnosis and therapy)
X Autoterapia

x Skala VAS (ang. Visual Analogue Scale)

14. :\QLNL EDGD

Publikacja 1

Assessment of overload changes in the lumbar spine of employees with sedentary nature of
work. Fizjoterapia Polska 2018; 18(1):623

= SUJHSURZDG]RQ\FK EDGD Z\QLND *H D* DQNLHWR:
EyOX Z RGFLQOQN-XNO]|GRARRUXS® =DXZD*D VL *H X RVYE
QDMF] FLHM SRMDZLD VL NLONBR%W B\ Z FD XX PLHRVyED
GROHJOLZR FL SRMDZLDM VL N-L23% M24%)] U Z8,Ph (K28V\JR G Q L
M- UHVSRQGHQWYZ BY®(NULRZRVBXSDW SXMH W\ONR NLONI
QDWRPLDVW X Z W\P Jayg@IMH X PSRMORLD VL FRG]LH
$NWXDOQH EDGDQLD SRNU\ZDM -WRUHWYHBOYB]HQLHB R
ADWZLHMV]HM P F]OMZR WyGPR *@L\REHFR ZL *H VL ] ZL NV]\

RGF]Xi EYORZ\FK
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1DMF] FLHM ZVND]\ZDQD ORNDOL]|DFMD REMDZyZ EyORZ
NUJ\*RZD X R Vkokiety, 45,5% P *F]\(QL : QDVW SQHM NROHMQ!|
EyOH SURWEHQLNWYUH SR]D RGFLQNLHP O G(ZLRZ\P REHNMN
SR ODG22#, M 21%), czy udo (K19%, M 24%). Istotne ale i charakterystyczne dla
JHVSRa4yZ EYyORZ\FK NU JRVAXSD MHVW Z\VW SRZDQLH HSL]R

badawczej 22NRELHW\ L P *F]\]Q ]JaRVLaR NLONXNURWQH Z\VYV

= EDGD Z\QLND *H SRQDG UHVSRQGHQWYZ SRWZ
HUJRQRPLL Z SUDF\ -HGQDN SRGF]DV Z\NRQ\ZDQLD RERZL
]JJ4DV]D EyO RGIRIHIR O] GYZHZLHON SUJHZDJ P *F]\]Q
RGFLQND V]\MQHJR D MHGQRF]HVQH Z\VW SRZDQLH GROHJ
NU JRVAXSD UHVSRQGHQWYZ 5\F %DGDQLD %ODFN L Z
*H SUI\MPRZDQLHFQQHMUSRQWPZ\ FLD4D QLHMHGQRNURWQL!

RGF]XuU EYyYORZ\FK SOHFyZ Z FIDVLH SUDF\

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

Internal circle - co-occurrence of lumbar and cervical pain

5\F ‘\WW SRZDQLH GROHJOLZR FL EYORZ\FK RGFLQND O
RUD] LFK ZVSYyaZ\VW SRZDQLH Z UychaBkieizE Rda®LNyZ R VLF
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SUDF\ RFHQLRQR QDVLOHQLH EyOX Z UyG WUJHFK JUX
JUXSD AGR ODW  RFHQLAD SR]LRPZQUIND OH QI$SB E:y DKXBGR X
GR ODW’  SUDFRZQLF\ ]J4DV]D GE.NGNMROW DO NZRSEIDRRZQVED K

ODW’ |D]QDF]DOL QDMF] FLHM QD VNDOL 9%6 SXQNW\ L

p = 0,0027

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

5\F =DOH*QR U0 WU]JHFK JUXS ZLHNRZ\FK Z]JO GHP QDVLO|
SUDFRZQLNyZ R VLHG] F\P FKDUDNWHU]H SUDF

.ROHMQ\P ZD*Q\P WHPDWNR@ED@EMH EFHHRQ\GZSa\zX F]DV)
ODWDFK QD LQWHQV\ZQR U GR]JQD EYORZ\FK VNDOD 9%6 !
QDVLOHQLH EyOX zZ]J]UDVWD ZzZUD] |]H ZJURVWHP SU]JHSUDFF
komputerowych. Jednak, co ciekawe pojedynczeeosoM X* SR SLHUZV]\P URNX SUD
GROHJOLZR FL EYORZH R QDW *HQLX RG GR SXQNWyz 72
RVRE\ NWyUH SU]J]HSUDFRZD&a\ SRZ\*HM ODW QD VWDQRZL\

w przedziale5 SXQNWyZ Z VNDOL 9%6
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R =0,4378; p = 0,0008

time spent working at a computer desk [ years ]

0 2 4 6 8 10
pain intesity [ VAS ]

5\F =DOH*QR U PL G]\ FIDVHP SUDF\ > ODWD@ D VNDO E
biurowych.

1DVW SQ\P LVWRWQ\P ]DJDGQLHQLHP MHVW Z\VW SRZEL
SUDF\ 5HVSRQGHQFL ZVND]\ZDOL *H QDMF] FLBMMGEYQ SOH]
SUDF\ L ZyZF]DV MHJR QDVLO H Q-8k KaD/MSY Ry A). Pdjedincsd) JH G | L [
RVRE\ ]JADV]DM VLOQ\ EyO SRZ\*HM Z VNDOL 9$6 MX* SR
]ZL ]DQH ] EHJUXFKHP GRW\NDM VWUXNWXUGSDN\ZI@REHK FLF
R]QDF]D *H F\NOLF]QH L GAXJRWUZD4H REFL *HQLD GRSUR:

VWUXNWXU HODVW\F]Q\FK FR Z\ZR4XMH RGF]XFLD EyORZH
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occurrence of pain during office work [ hours ]

R =-0,4204; p = 0,0017

0 2 4 6 8 10
pain intesity [ VAS ]

5\F =DOH*QR U PL G]\ Z\VW SRZDQLHP EYODXHSR.GP] EY CBXL
>9%$6@ Z UyG SUDFRZQLNyYZ ELXURZ\FK

Publikacja 2

Electromyographic evaluation of selected muscles during active hip extension in men treated
McKenzie methodActa of Bioengineering and Biomechanics 2020; 22(3323DOI:
10.37190/ABB)1578202003

1DOH*\ SRGNUH OLU L* |DIJDGQLHQLH REDLEDQHDZZBREDNL
NUYWNRWUZD4HM VHVML WHUDSHXW\F]QHM ZJ PHWRG\ OF.H
IXQNFMRQDOQHJR MDNLP E\4& WHVW VDIQ\GN WQHMHW | R VSAUIRARY
RSLVDQH Z LQQ\FK DUW\NX4aDFK QDXNRZ\FK UyZQLH* R ]DVI

.ROHMQR U0 Z\EUDQ\FK PL QL SRGF]DV WHVWX RNUH OD
uda (BFELFHSV IHPRULYV NWyU\ JJRGQLH ] QRUPDPén -DQG\
DNW\ZRzZzDu VL MDNR SLHUZV]\
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OL VLH %) Z\ND]D& ]QDF] F SRSUDZ SRPL G]\ EDGDQLH]I
SLHUZV]\ QD SRF] WNX EDGD DNW\ZRzDa VL X EDGDQ\F

VL QD NR FX EDGD JG]LH %) ]JJRGQDH | CGFOUFDPEKWNW\ZRZI

'UXJLP Z NROHMQR FL PL QLHP SRZLQLHQ E\i *0 JOXWH
EDGDQLD X SDFMHQWYZ ] SUJHZOHNA\P /%3 Z\ND]XMH RSy(
%DJIXVW . SLHUZV]\P EDGDQLX DNW\ZR4DX4 VLRVZYyBEURZL

GUXJLP EDGDQLX X RVYE D Z WU]JHFLP X RVYE EDGDQ\F

7TUJHFLP ] NROHL PL QLHP MHVW /(6 OHIW HUHFWRU VS
VL ]JRGQLH ] QRUPDPL SRGF]DV EDGDQLD SLHUZV]JHJR -HJR

akW\ZRzDa VL Z QDVW SQ\FK SRPLDUDFK MX* W\ONR X RV

2VWDWQLP PL QLHP SRZLQLHQ E\0 5(6 ULJKW HUHFV
DNW\ZRZD& VL ZH ZV]\VWNLFK EDGDQLDFK X EDGDC
SUJHGZF]H QLH ER MDNR ¥YLHUZV]\ RVUXEKDPEDHUZV]\P EL
=DVWRVRZDQD WHUDSLD VSRZRGRzZDab *H Z GUXJLP EDGDC

RVYE D Z RVWDWQLP EDGDQLX MX* W\ONR X RVyE 7DE
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7DEHOD UHGQL F]DV SRF] WNX DAMY\W N NM E KZ SEDUFIMQH\ © K \PZ

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'DQQHHOV UyZQLH* GRZRG] *H X SUDFRZQL
EYyORZ\PL SOHFyZ PL QLH NU JRVAXSD O G(ZLRZHJR DNW\ZX

osobami zdrowymi.

3UJHSURZDG]RQR DQDGLOPERQHQOVZR FL RFHQLDQ\FK
9$6 : SLHUZV]\P EDGDQLX UHG/QRSRIFRAHBYOXDD 9$6 Z\Q
SXQNWyZ 9$6 3R SLHUZV]HM WHUDSLL UHGRDMRVZRP$SEYO:
REQL*HQLH WR QDD @\BKARPXLDQEDD E\4D LVWRWQD VWDW\\
Z WU]JHFLP EDGDQLX SR]JLRP EyOX REQL*\4& VL UHGQLR R
SRJLRPX 2EQL*HQLH Z VNDOL 9$6 QDVW SL4aR X ZV]\VWWNLF
istotna statystF ]QLH 3RUyZQXM F VSDGHN RGF]Xi EyORZ\FK SRPL
GUXJLP ]DXZD*D VL *H X RVYE EyO ]JPQLHMV}P@&IVL R
SXQNW 8 RVYE QDVW SL4aR JPQLHMV]HQLH EyOX R SXQN

awnDVW SQHM JUXSLH RVYE D* R SXQNWyZ %DGDQLD RFF
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WHUDSLL OF.HQ]JLHJR ZVND]XM *H NUYWNRWHUPLQRZD WFE

JPQLHMV]D UHGQL SR]JLRP EyOX ] ZDUWR FL GR Z VNDOL

Publikacja 3

Electromyographic assessment of muscle fatigue after the Bi&drensen test in subjects
with low back pain who underwent the McKenzie treatnfgta of Bioengineeringral
Biomechanics 2021; 23(B7-96, DOI: 10.37190/ABB)18232021-03

,QQRZDFM EDGDQLD RSLVDQHJR Z 3XEOLNDFML E\aRr
NUYyYWNRWUZD4HM WHUDSLL OF.HQJLHJR QD ]JP FIHQLH PL Q
Biering - Sorensen Test.

'\QLNL ZVND]XM QD ]ZL NV]JHQLH VL FhdeKINAEID QLD %6
SRUYZQDQLX GR SLHUZV]HJR V L GUXJLHJR WHUPLQX
X]J\WNDQR Z SUJ]\SDGNX RFHQ\ EyOX F]J\OL LVWRWQ\ VWDW
NROHMQ\FK WHUPLQDEKVRDIGDVNDEBLND ZREONQPTO D GRW\F] F
RFHQ\ EyOoX PL G]\ , L ,,, WHUPLQHP EDGD ZLDGF]\ R L\
]JPQLHMV]HQLH SDUDPHWUX SR]JLRPX EyOX ] GR 8]\

VNXWHF]QR FL PHWRG\ OF.HQ]JLHJR

7TDEHOD &]DV\ WUZDQLD %67 L RFHQD EyOX RUD] LFK LVWI

mean p value
SD ES
I ] 11 [-11 [-111 (-1
Te [s] 98.8 | 96.5 | 112.7 0.905 | 0.043* | 0.015*
n=19 37.6 224 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 1.41 2.101 3.033 0.750

*p<0.05, Tukey test, ES Cohen efekt size
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$QDOL]D V\JQDayz (0* ZVND]XMH LVWRWQ VWDW\V

ZVSY4F]\QQLNLHP QDFK\OHQLD 10)V D FIDVHP WUZDQLD WH!

*0 %) 7DE 8]\WVNDQH NRUHODFMH Z\ND]XM WHQGHQFM
7TDEHOD . R dzy paambtidmPdlektromiograficznymi a czasem trwania testu i
RFHQ EyOX
Parameters MFi MFe NMFs dim a10)Vv aGLP
ES
Te 0.20% -0.427F 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 -0.02% -0.228 0.348 0.165 -0.362 -0.032
0.880 0.128 0.012* 0.248 0.009* 0.823
oA -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 0.048 0.480 0.152 -0.048 0.429
0.653 0.767 0.000* 0.281 0.734 0.002*
oA -0.065 -0.052 -0.116 0.063 -0.114 -0.189
0.657 0.724 0.428 0.666 0.436 0.193
S LVWRWQR FL VWDW\VW\F]QH SRGDQR SRQL*HM ZVSyaF]\QQLNyZ N
PPearsofFRUUHODWLRQ Q Z SRIRVWDA\FK SU]\S&YGNDFK NRUHODFMH 6SH
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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

0f O
* 00 IE.ED
o3p oo’e
m *
—-20f
@
= 40F
=
S
T 60t
o ~o NMFs ES
o) “&. NMFs GM
80t o o ~e_ NMFs BF
O
0 30 60 90 120 150 180
Te [s]
5\F ,OXVWUDFMD NRUHODFML PL G]\ ZVSYaAF]\QQLNLHP QU

GOD WU]JHFK SDU PL QL (6 *0 %)

3RQDGWR ZVSyaF]\QQLNL QDFX\OE R INR W &)X KD G BRE KW
SDUDPHWUDPL DQWURSRPHWU\F]JQ\PL Z SU]J\SDGNDFK QD
WHQGHQFM PDOHM FD NRUHODFML FR R]JQDF]D Z\VW SLHQL
PL QL ZUD] ]JH ZJURVWHP PDV\D(QVRD R6 6L FDOM B QWAZN

UzyskanoEUDN J]PLDQ Z DV\PHWULL ]JP FIHQLD PL QL SRG ZS

(Tab. 5).
7TDEHOD .RUHODFMH PL G]\ XQRUPRZDQ\PL ZVSYaF]\QQLN
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;0.391
BF | -0.457;0.001*

*p<0.05
Spearman correlation , n=57
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7TDEHOD SDUDPHWU\ HOHNWURPLRJUDILF]QH RUD] LFK LVYV
EDGD

Mean p value Mean p value
SD SD
I I 1 I-11 I-111 (-1 I 1 1] I-11 [-11 -1
MFi[HZ] MFe [HZ]

ES 756 | 763 | 73.6 | 0911 | 0.528 | 0.303 | 42.7 | 45.0 | 39.9 | 0.474| 0.326 | 0.033*
165 | 17.2 | 131 125 | 11.2 | 9.2

GM 43.0 | 440 | 440 | 0.138 | 0.244 | 0.944 | 36.7 | 37.3 | 359 | 0.517| 0.607 | 0.114
2.7 2.9 4.3 4.6 3.8 4.6

BF 83.3 | 86.8 | 87.8 | 0.230 | 0.059 | 0.758 | 68.9 | 73.2 | 72.7 | 0.318| 0.762 | 0.725
129 | 16.5 | 149 144 | 153 | 159

10T 10)VHV dim [%]*

ES -454 | -414 | -425| 0.233 | 0.447 | 0.899 | 419 | 395 | 445 | 0.547| 0.480 | 0.081
16.3 | 10.6 | 16.9 159 | 13.2 | 13.0

GM -155 | -15.7 | -17.7| 0.832 | 0.716 | 0.977 | 145 | 15.1 | 181 | 0.929| 0.142 | 0.267
9.4 9.8 9.9 10.1 | 83 8.2

BE -216 | -174 | -17.4| 0.480 | 0.679 | 0943 | 175 | 156 | 17.3 | 0.921| 0.531 | 0.320
13.0 8.9 10.8 9.4 6.0 8.1

10°7T 010)ViP vV UGLP > @

ES 7.0 7.0 5.2 1.000 | 0.564 | 0.563 | 6.5 6.7 6.0 | 0.998| 0.959 | 0.939
6.4 5.6 4.9 6.6 6.0 5.8

GM 5.3 6.0 48 | 0909 | 0915 | 0.694 | 4.4 5.2 48 | 0.713| 0971 | 0.844
5.3 4.5 4.9 3.1 2.7 3.9

BF 5.0 5.6 6.8 | 0.732 | 0516 | 0933 | 4.1 5.4 7.6 | 0.476| 0.084 | 0.555
4.0 4.0 4.0 34 4.1 45

*p<0.05, Tukey test

ODNV\PDOQD ZDUWR 0 ZVND(QLND &RKHQD UyZQD MHVW

ES: n=19 (I,IL1II), GM: n=18 (1), 17 (II), 16 (IIl), BF: n=15 (1), 19 (I1), 18 (lII).

1Czynnik multiplikatywny 16 SU]\ 10)V L 010)V ZSURZDG]RQR GR XQLILNDFML ]DSLVX
] DQDORJLFIQHJR SRZRGX GLP L GGLP Z\UD*RQR Z

: ]ZL INX ] EUDNLHP ]DYNQUPRERPDLUIDV\PHWULL 7DE Z\
LVWRWQR FL Uy*QLF SDUDPHWUyYZ HOHNWURPLRJUDILF]Q\FI
7DE ,VWRWQ\ VWDW\VW\F]QLH HIHNW DV\PHWULL X]\VNE
o)L Z,,, WHUPLBGBEND®GD\PMWULD QLH SRMDZLD VL GOD SD
$V\PHWULD SDUDPHWUyZ 0)L O0)H R]QDF]D Uy*QLF OHIW L
NR FX %67 %UDN Uy*QLF LVWRWQ\FK VWDW\VW\F]QLH ZH 2

PL QL*® %) Z WUJHFK WHUPLQDFK EDGD SRWZLHUG]D ZF]F
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]JPLDQ Z DV\PHWULL ]P FIHQLD PL QL 7DE ,ZVWRWQR U
SDUDPHWUyZ HOHNWURPLRJUDILF]Q\FK ] 7TDEHOL SUJHGVW
ry*QLFH PL G]\ WHUPLQDPL EDGD X]J\VNDQR W\ONR GOD S
5%) ,L,,, WHUPLQ RUD] SDUDPHWUX O)H PL VLH /(6 L /*0
Z\QLNL ]|DZDUWH Z 7TDEHODEFK L ZVND]XH]QDQWR GBIME

SR]D QLHOLF]Q\PL Z\M WNDPL ]JQDF] FHJR VWDW\VW\F]QLH H

7TDEHOD SDUDPHWU\ HOHNWURPLRJUDILF]QH OHZ\FK L SUL
WU]JHFK WHUPLQDFK EDGD

MFi [Hz] MFe [Hz] 10°7T 10)VHV dim [%]
Mean Mean Mean mean
Test date sSD P sD D SD D sD b
L R L R L R L R
ES

734 | 77.8 | 0.095| 428 | 42.6 | 1.000 | -43.6 | -47.3 | 0.367 | 40.4 | 43.4 | 0.622
16.7 17.1 11.2 14.5 146 | 189 14.2 18.5

741 | 78.6 | 0.076 | 445 | 455 | 0974 | -400 | -428 | 0.676 | 38.2 | 40.9 | 0.722
174 | 178 10.1 | 128 116 | 113 13.7 | 141

71.1 | 76.2 | 0.030*| 39.3 | 405 | 0.958 | -41.4 | -435 | 0869 | 43.1 | 459 | 0.703
14.2 12.8 9.3 9.8 18.6 | 158 14.3 12.8

GM

43.1 | 425 | 0999 | 370 | 36.2 | 0.793 | -14.6 | -15.6 | 0.886 | 14.0 | 14.3 | 0.973
3.1 3.5 5.0 4.2 10.2 | 10.3 111 | 101

442 | 435 | 0982 | 383 | 36.3 | 0.102 | -146 | -17.9 | 0.607 | 135 16.1 | 0.641
3.0 3.6 4.2 3.6 8.7 111 8.0 9.2

441 | 433 | 0998 | 365 | 36.1 | 1.000 | -16.8 | -16.2 | 1.000 | 17.2 16.4 | 1.000
4.5 4.8 5.2 4.8 10.3 | 113 9.7 9.0

BF

834 | 822 | 0963 | 698 | 679 | 0.943 | -19.8 | -21.8 | 1.000 | 16.4 | 17.6 | 1.000
134 | 144 144 | 149 128 | 141 9.8 9.7

876 | 860 | 0.987 | 739 | 724 | 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 53

88.2 | 885 | 0994 | 73.7 | 73.3 | 0.990| -16.8 | -17.2 | 1.000 | 16.8 17.2 | 1.000
154 | 176 16.7 18.0 10.2 | 129 7.8 10.8

S 7XNH\ WHVW ODNV\PDOQD ZDUWR i ZVND(QLND &RKHQD UyZQD M
n=18 (1,11), 17 (Il); RGM: n=19 (1), 18 (IL,ll), LBF: n=17 (I), 19 (ILIll); RBF: n=18), 19 (1), 18 (Ill)
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7TDEHOD ,ZVWRWQR FL Uy*QLF SDUDPHWUYZ HOHNWURPLRJI
EDGD

MFi MFe NMFs dim

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 | 0.976 | 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
ODNV\PDOQD ZDUWR U0 ZVND(QLND &RKHQD UyZQD MHVW

1.5.

Whioski

UyG SUDFRZQLNyYZ Z\NRQXM F\FK F]\QQR FL ]JDZRGRZH
VL Z\VW SRZDQLH FKDUDNWHU\VW\F]Q\FK FHFK ]JPLDQ S
FKDUDNWHU]H SUJHZOHNAa\P QLH]JUY*QLFRZDQ\FK SAaFLF
O G(ZURZNU JRVAXSD SXEOLNDEFMD QU
.UyWNRWUZD4D WHUDSLD RSDUWD QD ]DVDGDFK PHWR
VHNZHQFEML DNW\ZDFML PL QL (6 *0 L %) X RVYE ] GRO
O G(ZLRZHJR NU JRVaXSD SXEOLNDFMD QU
.UyWNRWUZDAaDUWBUQBLIDWEGDFK PHWRG\ OF.HQJLHJR
Z\WU]J\PD4aR FL PL QL HUHFWRU VSLQDH JOXWHXV PD|
GROHJOLZR FLDPL EyORZ\PL RGFLQND O G(ZLRZHJR NU
8 RVYE ] G\WNRSDWL O G(ZLRZRESRIURW® PIV\PHWE LL0 L %
XOHJD ]JPLDQLH SRG ZSa\ZHP NUyWNRWUZD&HM WHUDS
8 RVYE ] G\WWNRSDWL O G(ZLRZ SUDZLGaRzZD PDVD
SUJ\F]\QLDM VL GR JPQLHMV]DQLD HSL]JRGYZ /%3 SXEC
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x .UNWRWUZDAD WHUDSLD OF.HQ]JLHJR ZSa\zZzD QD JPQLHMV]

O G(ZLRZHJR RGFLQND NU JRVAXSD X RVYE ] G\WNRSDWIL
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2. STRESZCZENIE

&HO EDGD

*ayZQ\P FHOHP ShidnEdhafidzn® ocena terapii wg metody McKenziego,
SUJHSURZDG]JRQHM X RVYE ] G\ WNRSDWL O G(ZLRZ SUDFXM

ODWHULDa L OHWRG\

%DGDQLD DQNLHWRZH SU]JHSURZDG]RQR Z UyG SUDFRZ
wiekowym 23 ODW NRVYUPDGE]DOL HSL]RGYyZ EYyORZ\FK O G(Z
NU JRVAXSD 6SR UyG UHVSRQGHQWYZ ]DNZDOLILNRZDQR
RVYyE SafFL P VNLHMODWLHNXSHU\PHQW SU]J]HELHJD& DQDOR
badawczych, jednak wykorzystanimny test funkcjonalny. Badanych poddano terapii
OF.HQJLHJR QDVW SQLH RFHQLDQR MHM VNXWHF]QR U ]D
ELRGURZ\P GOD MHGQHM JUBBURQYYHQ@DWHO/V & UXLIHHMQ J3R
badania wykonywano pomiary elektromicJ DILF]QH PL QL RUD] SR]JLRPX EyO»>

Wyniki

%yO RGFLQND O G(ZLRZHJR SRMDZLD VL X ZVI\VWNLFK U
RG ZLHNX SaFL VWD*X SUDF\ OLF]E\ JRG]JLQ VS G]JRQ\FK Sl
FRG]JLHQQHJRVL=DXAHDSDDZLG4RZ VHNZHQFM SREXG]DQLD P
GR GDQ\FK QRUPDW\ZQ\FK SRGF]DV WHVWX Z\SURVWX ELR
DNW\ZQR 0 PL QLD GzXJaRZHJR XGD L SR ODGNRZHJR ZLF
]ZL NVIHQLH Z\WPLNPR&R FURVWRZQLND JUJELHWX GzZXJaRZz
ZLHONLHJR 6WZLHUG]J]RQR WDN*H Z]JURVWPPVR]HQYBNR FQL
FLDaD L ZVND(QLND %0, SDFMHQWYZ 6NDOD 9%$6 ZVND]\zZzDacCL

Whioski

UyG SUDFRZQIRN}YXMZF\FK F]\QQR FL ]DZRGRZH Z SR]\FML
]JPLDQ\ SU]JHFL *HQLRZH OQLH]JUY*QLFRZDQH SA&4FLRZR RGF
NU JRVAXSD .UyWNRWUZD&4D LQWHUZHQFMD WHUDSHXW\F]!
QDU] G]JLHP Z JPQLHMWV]BQ@X ORILRIPRZHJR RUD] ZSA&a\zD

Z\WU]J\PD4R FL L VHNZHQFML DNW\ZDFML PL QL (6 *0 L %
DV\PHWULL PL QL (6 *0 L %) 3UDZLG&4RZD PDVD FLDA&aD
]JPQLHMV]HQLHP HSL]RGYZ /%3
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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 Methaosl

A survey was conducted amongd@f2porate employeeaged 2361,who experienced episodes

of low backpain. Among the respondents, 2 research groups were qualifiesistog of 17

and 19 maleaged 335 years.The experiment was similar for two research groups, but a
different functional test was usedhd subjects underwent McKenzie's therapy, then its
effectiveness was assessed using the hip extensibriotesne group and the Biering
Sorensen test for the other. During each examination, electromyographic measurements of the
muscles and the paindel were performed using the VAS scale.

Results

Lumbar pain occurreth 84% of all respondentiis severity dependeah age, gendenffice

work seniority, number of hours spent at the computer, and daily activifiesre wasan
abnormal sequence of muscle stimulation with respect to the normative data during the hip
extension test. Shetérm therapy improved the activity of the hamstring and gluteus muscles.
In addition, an increase in muscle endurance was obsarextorspinae, biceps femoris and
gluteus maximusMuscle fatigue was also found to increase with increasing weight, body

height and BMI of patientd’he VAS scale indicated a reduction in pain levels.
Conclusions

Among employees performing occupational actigitie a sitting position, there are overload
changes that are ngenderelated in the cervical and lumbar spin&.shortterm therapeutic
intervention using the McKenzie method is an effective tool in reducing the lelsl dfack
painand improves thendurance and activation sequence of the ES, GM and BF mudutes.
therapy does not change the level of asymmetry of the ES, GM and BF muscles. Normal body
weight and BMIrelated tadecreased episodes of LBP.

34



3.
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DOKTORANTKI

Konferencje naukowe:

X

%aDV]F]\N $ =\JPD VND 0 gdmpdiéshbVmBRimanlalues of
muscle torque between righand leftsided long paddle rower&uropean Society of

Biomechanics, July-10, 2019 Vienna, Austria

=\JPD VND 0 %A&aDV]F]\N $ :HJQ HQerloa2al XidRsBieN D 0
among administrative staffnternational Seminar of Ergonomics, Maj19, 2017
7DUQyYZ

5RVRaHN 0 -DMRU - =\JUPD VANDWOZQFEDBHRVUDFNQAD: VHQL|
aspekcieietrzymania moczu ;,,, 20V]JW\ VNL ']JLH )L]MRWHUDSLL OC

6NRZURQ 1 =\JPD VND O $ Q G UhéleffectiieNess of wbrerig N 5
and green tea supplementation in patients with down syndeeeneew. Konferencja
Edukacyjne6 [NROHQLRZD 803 :LHORG\VF\SOLQDUQH ZVSDUFI
'RzQD &HORZDQD LQWHUZHQFMD IDUPDNRORJLF]QD *U

1RZDNRZVND = .ZLDWNRZVNL 0 7XWDN $ 6NRZURQ 1
Samborski W.Ocena wiedzy ngemat metod fizjoterapii klatki piersiowej u dzieci z
smatypu 1+ SUJHJO G SL PLHQRYBOWZD)L]MRWHUB Q017 .ZLHFL

Warszawa

=\JPD VND O ILVRZVND $ "HIQHU . 6]Q\FHU $ 2JXUN
The impact of a musculoskeletystem load method on resulting overload changes.
.RQIHUHQFMD 1DXNRZD ODMYyZND O0OaRG\FK %LRPHFKD(
Tejszerskiej, Maj 20 8VWUR
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Xx ILVRZVND $ "HIQHU . 6]Q\FHU $ =\JPD VND O 2JXUN
Evaluation ofoverload changes of Kata Karate Shotokan competitotsrnational
&RQIHUHQFH RI WKH 3ROLVK 6RFLHW\ RI %l OR&TH B R B Q DR

X [LVRZVND $ "HIQHU . 6]Q\FHU $ =\JPD VND O 2JXUN
Analysis of progressiveoverload changes in automotive industry employees.
,(QWHUQDWLRQDO &RQIHUHQFH RI WKH 3ROLVKIG6RFLHW
%LDabD 3RGODVND

$NWV\ZQR U0 ]IDZRGRZD

x Asystent, Klinika Reumatologii i Rehabilitacji, Uniwersytet Medyczny im. Karola
Mardnkowskiego w Poznaniu (2012019)
'RGDWNRZH IXQNFMH SHaQLRQH Z .OLQLFH

'VSYaWZRU]JHQLH Opea Ph3bthektRjZ8IDRL GU 5RNVDQ ODODN

6\WWHPDW\F]QH VSRWNDQLD Z Z NR4&D QDXNRZHJR PLDa\ Q
otwarte dyskusje dotF] FH SRMDZLDM F\FK VL LQQRZDFML Z G]LHG]L
XPLHM WQR FL SUDNW\F]Q\FK SRGF]DV F] FL ZDUV]WDWRZ\F
EDGD QDXNRZ\FK ZH ZVND]DQ\FK SRODFK ]JDLQWHUHVRZD

:VSYaRUJDQL]RZDQLH , plenidv®  HNatkGwejM:IL HOINRSROVNL ']L|

Fizjoterapii 2 czerwca 2017

x 2015 obecnie Praktyka fizjoterapeutyczna
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8NR FIRQH NXUV\ VI]NROHQLD

x

0'7 OF.HQ]JLH ORGXa |,

x

Ortopedyczna Terapia Manualna Kaltenberf MHQWKD ORGXa

x

Trening funkcjonalnyfFMS

X THUDSLD WNDQHN Ja-BRNLFK RZHLURI®RXZFELDQLH

X

Prorioceptive Neuromuscular Facilitation (PNF) Poziom podstawowy

X SHKDELOLWDFMD Z |IDEXU]JHQLDFkK URIZRWMREZVNFK QLHPRZ
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Poznan, 19.10.2021 r.

prof. AWF dr hab. Malgorzata Ogurkowska
Zaktad Biomechaniki

Akademia Wychowania Fizycznego

im. Eugeniusza Piaseckiego w Poznaniu

Dotyczy wniosku o przeprowadzenie postgpowania doktorskiego mgr Magdaleny Jabloriskiej
Oswiadczenie wspélautora

MG6j udziat w powstawaniu nizej wymienionych publikacji polegal na przygotowaniu
koncepcji pracy badawczej, analizie i interpretacji wynikow badan oraz opracowaniu i
weryfikacji tekstu publikacji.

Swdj udziat w kazdym projekcie oceniam na 25%

1. 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

2. Jablonska M., Fryzowicz A., Ogurkowska M.B. 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 L

Impact Factor - 1.073, punktacja MNiSW:100

3. Jablonska M., Maczynski J., Fryzowicz A., Ogurkowska M.B. 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):1-20, DOI: 10.37190/ABB-01823-2021-03

Impact Factor - 1.073, punktacja MNiSW:100

Potwierdzenie wspoétautora:

Ogurkowska Malgorzata




Poznan, 19.10.2021 r.

mgr Jacek Maczynski

Zaktad Biomechaniki

Akademia Wychowania Fizycznego

im. Eugeniusza Piaseckiego w Poznaniu

Dotyczy wniosku o przeprowadzenie postgpowania doktorskiego mgr Magdaleny Jablonskiej

Os$wiadczenie wspoélautora

Méj udzial w powstawaniu nizej wymienionej pracy polegal na: interpretacji danych.
opracowaniu analizy statystycznej, przygotowaniu manuskryptu

Swoj udzial w kazdym projekcie oceniam na 10%

1. Jablonska M., Maczynski J.. Fryzowicz A., Ogurkowska M.B. 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):1-20, DOI: 10.37190/ABB-01823-2021-03

Impact Factor - 1.073, punktacja MNiSW:100

Potwierdzenie wspétautora:



Poznan, 19.10.2021 r.

mgr Anna Blaszczyk

Zaklad Biomechaniki

Akademia Wychowania Fizycznego

im. Eugeniusza Piaseckiego w Poznaniu

Dotyczy wniosku o przeprowadzenie postgpowania doktorskiego mgr Magdaleny Jablonskiej
Oswiadczenie wspélautora

Méj udzial w powstawaniu nizej wymienionych publikacji polegal na realizacji czesci
eksperymentalnej projektu.

Swdj udziat w kazdym projekcie oceniam na 10%

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

Potwierdzenie wspétautora:
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dr Anna Fryzowicz
Zaktad Biomechaniki

Akademia Wychowania Fizycznego

im. Eugeniusza Piaseckiego w Poznaniu

Dotyczy wniosku o przeprowadzenie post¢powania doktorskiego mgr Magdaleny Jabtonskiej

Oswiadczenie wspélautora

Moéj udziat w powstawaniu nizej wymienionych publikacji polegat na realizacji czeéci
eksperymentalnej projektu, analizie wynikoéw oraz weryfikacji tekstu publikacji.

Swoj udziat w kazdym projekcie oceniam na 10%

1. Jablonska M., Fryzowicz A., Ogurkowska M.B. 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
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Jabtonska M., Maczynski J., Fryzowicz A., Ogurkowska M.B. 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):1-20, DOI: 10.37190/ABB-01823-2021-03

Impact Factor - 1.073, punktacja MNiSW:100

Potwierdzenie wspotautora:
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Poznan, 19.10.2021 r.

prof. dr hab. Wtodzimierz Samborski

Kierownik \ : L % il l,
Katedry i Kliniki Eizjeterapii, Reumatologii ) Rehabilitacji ¢ Chovob (1o j ta(
Uniwersytetu Medycznego

im. K. Marcinkowskiego

Dotyczy wniosku o przeprowadzenie postgpowania doktorskiego mgr Magdaleny Jabtonskiej

Oswiadczenie wspolautora

Moj udzial w powstawaniu nizej wymienionej pracy polegat na opracowaniu i weryfikacji
tekstu publikacji.

Swoj udzial w kazdym projekcie oceniam na 10%

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

Potwierdzenie wspotautora: \

Samborski Wiodzimierz.
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mgr Katarzyna Wegner - Czerniak
Zaklad Biomechaniki

Akademia Wychowania Fizycznego

im. Eugeniusza Piaseckiego w Poznaniu

Dotyczy wniosku o przeprowadzenie postgpowania doktorskiego mgr Magdaleny Jablonskiej

Oswiadczenie wspélautora

Mé6j udziat w powstawaniu nizej wymicnionej pracy polegal na realizacji czgsci
cksperymentalnej projektu.

Swdj udziat w kazdym projekcie oceniam na 10%

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

Potwierdzenie wspolautora:
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Zgoda Komisji Bioetyczngprzy Uniwersytecie Medycznym

Im. Karola Marcinkowskiego w Poznaniu

POZNAN UNIVERSITY OF MEDICAL SCIENCES

BIOETHICS COMMITTEE

no. 70, Bukowska Str. Phone: + 48 61 854 73 36
6G0-812, Poznarn

Poland

www. bioelyka ump. edu.pl

Poznan, April 2, 2019

KB- 570/14
To whom it may concern,

This is to certify that Bioethics Committee
at Poznan University of Medical Sciences
on the session on June 12, 2014 reviewed and accepted
a project submitted
by Malgorzata Ogurkowska
Magdalena Zygmanska

(name of investigaror)

Porznan Universitly of Physical Education

titled:

» Biomechanism of the therapy of overload changes in the lumbar
spine by the McKenzie method”

Bioethics Committee was established and works in accordance
to GCP and Polish law.

Chairman of Committee
Professor Pawet Checiriski, MD, PhD
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(OHFWURP\RJUDSKLF HYDOXDWLRQ R
GXULQJ DFWLYH KLS H[WHQVLRQ LQ PHOQ

0$*'$/(1% -$%a2 6.3 $13$)5<=2:,&=0%$2*25=37965%%$58*85.2:6.$

'"HSDUWPHQW RL BM RPRIPLW \ SRILYK\VY PD®R QG XRPQD 3RODQG

Purpose 7KH DLP RI WKLV VWXG\ ZDV WR RYWOWBWP W B M BMAR B QB QEILRNO MR IFRRIXUDIS
GHWHUPLQH FKDQJHV LQ PXVFOH UHWHRNVWRE QWH GW WKL® K IRRBQHY ISEDRMGY RASHVIS D WQ Z |
WKH OF.HQ]LHMaAthbeisD WWHH QW XGLHG JURXS FRQVLVWHG RI ZIRR X RHIWEHQAR WNZHRU M [ |
VHVVLRQV FRPSULPHQ@QWRID @& MWXHUBF. PQHKD RHWKR G [REBAQ ROH 7 WWRSP VRKH BRRK L F H [
Rl VHOHFWHG PXVFOQGDMXWEQY WKH I VRMHAVME VQFRD Q HRIVWR) DVKHLU DFWLYLWWERIR DI ®
WKH 9LVXDO $QDORIXNWRFDWOWHH ¥V WREHItO AXHOHRZ 5\D IDQW H @ GHQFL MDROAHUDBW WKH E
DFWLYDWLRQ EHWZHHQ WKH ILUVRW /@G QHir RAEFOHY® IRBRIWSKDHWOHOQW WHUWERKW RQV
GHFUHDVHG ZKLFK LV LQGLFDWLYH R IVAPWILIHAW. DO F WILR@L IRIF B QNVYEBKQ JPIXVZH
FOHV 6WDWLVWRFDO VLIXZDMLEDWHFBHYHG EHWZHHQ WHK B H LW WV IDEVERW KM.3JLG) WHH P VI
WKH RQVHW DFWLYHLDWHRQL YL P HRZ DWKHREEWALEMIQHWY LQFUHDVHG E\ DV PRBEKIDDMG L@
WKH WKLUG WHVW FRPSDUHG WRRWHWHIU UWKSRBDRDWHAAVIDWLRQVVEHDWLHHUOFRAQB WH
VWDWLVWLF D3or@lushs) QKH- WMQME\ VKRZHG REMHFWLYH FKRQJIJHWOHF WHKEB PXW EYOMHWL
FKDQJHV LQ SDLQ IROORZLQJ VKRUW WHUP OF.HQ]JLH WKHUD S\

Key wordslow back pain, SEMG, movemeadttern, prone hip extension

QWURGXFWLRE VHG RQ WKH HYDOXDWLRQ RI V
' GXULQJ SHUIRUPDQFH RI UHSHDWH

WLHQWYV WDVN LV WR GHWHUPLQF

1RZDGD\V EDFN SDLQ FRQVWEMWRWHY ®XVHQLRXYGVRIMABO® WKH P
DQG HFRQRPLF SUREOHP ,W DIGHWWUPERKWZKHWKISBSMKH V\PSWR
ODWLRQ DW YDULRXV VWDJHV FSIHOMWHGD © B YIHW HYWW B & GP R VW H IWZD L
TXHQW FDXVH RI GLVDELOLW)\ DBRDB VWIGRXDWNR Q§ L § WRELHROLBKMUHLPL
FDO GDWD VKRZ WKDW * Rl FHROSWUIDDKRHIERQLRIQEHPGWRPV >
WKH ILUVW HSLVRGH Rl ORZ EDFNGIIR) W3 EHOWR VI EBUHYV HYDO
HQFH UHODSVHV > @ 7KH OF.HRJLWKRH WK RQ@]LAK RUMW KRG ZDV FDU L
IHFWLYHQHVV H[FHHGV WKDW RDCRWSKH® WHHKD E MOLGN DIWLRHYY \L GV HA
YHQWLRQV LV RQH Rl WKH ZDWHWRLWH FHSHULRHOH G REREWMH SDWL
FKURQLF VDFUDO SDLQ 7KH OFLQPLH URNBKRG SIVWD HRHWY ZKR SH
FKDQLFDO GLDJQRVLV DQG WKHWIDGHMRW NG LLOH OOFF® WA PEF$SDZ QWK W
VIQGURPHV EDVHG RQ WKH NQRZXKRZ®JHQRW BB L®L B DWRVMLEVSUR FH
DQG WKH DQDO\VLV RI FKDQJLGD YW IWB PR YLHOP HQWHRY LAHZP SOH W |
DQG SK\VLFDO H[DPLQDWLRQ &HPKRIDLFDWL BQ EMRR BHEDEWLMHQEV H |

BBEBBBBBEBBBBBEBBBBBBBBBBBBBBBBBB

&RUUHVSRQGLQJ DX\WERB \ONDD G DHGSHDQBVFPKDQOWL FR/I BRR®DQ 8QLYHUVLW\ RI 3K\VLF
-DGZLJL 3RQED ( BROO PDJGHD#ABDS|OIPDQV

SHFHLYHG )HEUXDU\ WK

$FFHSWHG IRU SXEOLFDWLRQ 0D\ WK



0 s$waz2 6.$HW DO

LQ WKH RSSRVLWH GLUHFWLRQ OXRIEBHSEDW LOFQ FLP\SFURHY HDFFRQLWY DLV@L R
RI SDWLHQWYV +XQJHUIRUG HW DO > @ GHVFULE
+RZHYHU OLWHUDWXUH UHYLMR 1LWQIEI DRV DY WL ¥YXEMROWILLY HSD W I

HYDOXDWLRQ HRQMMWHRH I WK DF. HOPUHHBHWRREHDOWK\ VXEMHFWYV G

ZLWK SDWLHQWY QRWLFLQJ D UHRXFWGERIQLEQ | O B LIOR R U L&L W\DKEH. O\ WY1

DIWHU WKH OF.HQ]JLH PHWKRG RVMRZDWPFHKOWIH@Q WKH VWUDWHJ\
$YDLODEOH VWXGLHV LQGLFDWBHFSRYQOLPGHMRRRWAN RKLUB43 PD\ UH

JLUVW RI DOO WKH SUHVHQFH WU DRXD B UHW KIUR XWKHWRKXVEEBYLV >

VIVWHP LV PHQWLRQHG DV WKHHPDRIQQFBXSBWRIHDEWQR ZPWRL/ %3 XU

WLHVY 6SLQH VWDELOLW\ GLVRUGHWLR @ WDH) 6 DK WHIEQ E L K5Q V \W R D @/3H3/

DQWDJRQLVW DJRILOWYEHDORKQFM\EFELHY DEXMLO PXVFOHV ZHUH DOVR |

YDWLRQ > @ ORUHRYHU LQ WKID D ONN BOHEXFHVE DO XMW HXW XD [L P X V

> @ D ORZHU PXVFOH DFWLYLWWVZEZDVRRENHYUNGGLQZRHRKX KHOSHG

FRPSDUHG WR ZRPHQ GXULQJ QR RAMNW D RO\UE KIHE LAKHUBIWLRQ RV

IRUH WKH WDVN RI WKH PXVFOH \WORWRB 5\ WWHRQWUROL@BYMLG XL

PHQW DQG VWDELOL]H VSLQDO VEMU XFVBXOXHDW HAGK HIQH E'D § Q R VDHE WAL I\

DIJDLQVW RYHUORDGLQJ GXULQXBSROQH KRS BIEWH QMR Q0 X340 MWH V W

SURWHFW WKH VSLQH IURP GDPPAH VEZXMG HOA X WHGE X\ORV PRIDYXRI H W

ORQJHG RYHUORDGLQJ WKH\ EPFRMWH SIDQMWMH BIQH QAK HD QVGH WK HF R Q V L

ORDGV ZLOO EH WUDQVIHUUHG OWREWKH\BDU VLKW WW B BL ¥ R]IDQW. RQ

VIVWHP OLJDPHQWYV FDSVXOHV-RQ&QD WH @ HWDW HE K B Ol MRV WWR  GIH

WKH PRYHPHQW ZKLFK FDXVHV RNOGWORD/GXQF W NVRQHBMDIIS®WKRO

LW FDXVHV GDPDJH WR WKH SRV T X Q/FHEYD & KW Y FH HD@ G/ RRHUU J LV W L

ORJLFDO FKDQJHV LQ WKH YH UWHEUWDHGERK®IFWLRQ®0O PRYHPHQWYV
2YHUORDGLQJ RI WKH VSLQH PBWRFEWY GHUX®QRAHWHUYQ SHRSOH

GD\ DFWLYLWLHV SURIHVVLRQDCOKEARON B QSUREPFHHPWLWDREH LIRBRVV

> @ 2IILFH ZRUNHUV DUH OLNHIHFW R LWSPHHIGN OFOQUWKHRXQW XU LQ J \

D IRUFHG VHDWHG SRVLWLRQ L® QUIRREMD D @F ARPISRWHROHW ZQ8 FK

SURYHQ WKDW WKH VHDWHG SRUKWER G BORIQHPLXW DRMV L QD BAR UHIC

WKH GHYHORSPHQW RI EDFN SDREVEUWHBRYN@QJIJW. QVXR¥FRRPHG WKI

IRUWDEOH SRVLWLRQV IRU PRUMDWKDQ RRQF®HGDRML ZIRWNRQVFR QW

ORUHRYHU WKH WLPH VSHQW ZRUNE®JR@® WHKH WVANDMWRGRERWDELOL

WLRQ DIIHFWV WKH LQWHQVLW\L®IZRABN BBR Q@IL\ER XEDFRO®DILQ WK H

ZRUNHUV DV ZHOO DV LQ 6X0O HYPROHD VR R RIXNLIAN®Y\ 20 FRPSDULVRQ

HW DO > @ GHWHUPLQHG WKH UHUBWWRQNEKQS EWWGEHHY HERBO XD

SRVWXUH PXVFOH HQGXUDQFHWRI® ®FSIHDQ{L H. ® HMWXFRG/ WQ LDOGLYLG

ZRUNHUV FRPSODLQLQJ RI EDFN S®G&QRPHY RFKBWH G \Z MWK /& K/ R P H

EHQGLQJ RI WKH OXPEDU VSLQ L PN QFDWL 3 IDR)YGI @ WHKIDMP BQW R Wk

VLYH VOXPS VLWWLQJ SRVWXUNW OGIDHY WR GEWRKWYWHAWLRE® RIYWRND

PXVFVWDE WKH VSLQH GHFUHDPRHL@O WP XMDPOHGHRQ VXEMHFWLYH V

GXUDQFH LQFUHDVH RI SHOYLRDUEAWDXR W WKW VLQHW KR QVHDW BB\

SRVLWLRQ DQG VSLQDO IOH[LRQ BWX\W W GRUPWW ¥ IRW RHKWP R E LSOOLW/L\

UDQJH GXULQJ *QRUPDO’" VLWWSQIQ7KQVWIKGIL EQRH YW IRR BAWKHHF W L Y |

VSLQH PD\ OHDG WR LQFUHDVH® @RD\FYVRQ WKH SDVVLYH V\V

WHP VWDE DQG GHFUHDVHG DFWEXHWLRIRDMWKLYHVWXG\ ZDV WR H

VWDE RI WKH VSLQH L H WKHVROWAORIVVKWH® VBHUP WUHDWPHQ!

PDQHQW DQG F\FOLFDOO\ UHSHB®HBWURPRR PDDS RRWR0*DP\QGY WR

LW\ DQG VLWWLQJ LQ DQ DEQR U®DRX SRV WIHFEQ X RW PSHURD BEIH®@ J V

SHULRGV RI WLPH PD\ FRQW UL EXOWH ZW W KF KEKQ RV A @ PXEFOHD QG V|

WLVVXH DQG LWV G\VIXQFWLRQXH W QLK HVOFHIEQ L\ HDWRKHDIQN A B Q W

PRYHPHQW SDWWHUQ SDLQ RU BIRUIQRNHDD OG L IPRWHRQF BV VERHUN ZHH

GHUV > @ 6WXGLHV LQGLFDWHMMEKDW Y/ 3J HV XIDM/ R ARLID WHIRGU WL W K U F

PXVFXODU LPEDODQFH DQG D FRPEGIHHG DNXG HYMWWHBHWE GR |
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ODWHULDOV DQGSF“F-IVWF(RFQ’G)‘{;“| 'XULQJ WKH WH)\
WR VHH ZKRHDIOHSUGILHHRWEH DC

VDWLRQ FRXOG EH GHWHUPLQHG 3

(WKLFV VWDWHFMH-? WO SUHIHUHQFH DQG FHQWUD(
H HIFOXGHG IURP WKH VWXG\

7KH VWXG\ ZDV DSSURYHG E\ WKH %LRHWKLFV &RP
PLWWHH RI WKH 3R]QD 8QLYHUVLW\ RI OHGLFDO 6FLHQFHV
$00 VXEMHFWV WHRUHQVRIGPHGLARQVHQW WR
SDUWLFLSDWH LQ WKH VWXG\ $00 SURFHGXUHV ZHUH FRQGXFWHG
DFFRUGLQJ WR WKH '"HFODUDWLRQ RI +HOVLQNL

SDUWLFLSDQWYV

7KH VWXGLHG JURXS FRPSULVHG PHQ DYHUDJH DJH

\HDUV VWDQGDUG GHYLDWLRQ 6" DYHUDJH ERG\
PDVV LQGH] 6'NJ P DYHUDJH ERG\
ZHLJIJKW NJ 6' ER® YHHLDXKW FP
6' ZLWK FKURQLF QRQ VSHFLILF OXPEDU DQG VDFUDO
SDLQ VIQGURPH ZRUNLQJ LQ WKH VHDWHG SRVLWLRQ LQ IURQW
RI D FRPSXWHU DYHUDJH ZRUN H[SHULHQFH \HDUV
6

3DWLHQWY ZHUH SUHOLPLQDULO\ FODVVLILHG ZLWK WKH XVH
RI D OXPEDU VSLQH H[DPLQDWLRQ SURWRFRO DFFRUGLQJ WR
WKH OF.HQ]JLH PHWKRG ORUHRYHU DQWKURSRPHWULF GDWD
LQIRUPDWLRQ RQ WKH MRE VHQLRL§|L_{V;V\ DQ Vb%DW)éUH RI ZRUNSDWLH
DFWLYLWLHY DQG WDVNV SHUIRUP ‘
NQRZOHGJH RI HUJRQRPLF SULQFLSOHE\%?{P O(?B%%% | WKH
5HVSRQGHQWY LQGLFDWHG WKH IUHTXHQF\ Rl SDLQ IXQF
WLRQDO OLPLWDWLRQV GDLO\ YDBUWKELOHRMRQR! VI BﬂQ\&KWK/NVX
LQIOXHQFH RI ERG\ SRVLWLRQVXIGHHYLZH QW &RPSXWHG 7RPRJUDS!

7KH FULWHULD IRU LQFOXVLRBDIW MR UQH H)L v HV WAK HQht[dd- 1e® W
WKH SUHVHQFH RI IHDWXUHYV FKBU PRV EHQIGHPIHQRH @WH GG-HUYRRYVH L
PHQW V\QGURPH LQ ZKLFK SDLYVIFWLIFPKVRGVERIPYMKXIDH[DPLQDWL
GLVWXUEDQFH RI VWUXFWXUHVSIDY WK H PRWRD GUHRIPROIWWH $00
GLVSODFHPHQW RI WKH QXFOHXWUWK®&:RYRR \GHESEE /JHRKJ YR 'Y H
QXOXV ILEURVXV GDPDJH DQG HHAWKHHRWEURIRHU B WWYRHMRQ RI L
VWUXFWXUHV QG GWMUDSKNDWQEDWHRQFHRWHBOQQGELYNVEG&BEGVL (Ft
DV GLUHFWLRQDO SUHIHUHQFH ZRAUHW ¥bGHREWVRUY LY WIKFWR ¥ b& Heu LK W
VSLQDO SDLQ V\@Q'GBRPHVKBUBGEDYV b QPHILEXRPV ZHUH GLDJQRVHC
SPRYHPHQW EORFNDJH" SDLQ LG QM H Ut IECBHRED &/ \BUPRFH RFPK MW H U
EXWWRFNV RU WKLJKV KLVWRWY\WRWJ W 4H bH U QsSSP HEWVY R GHMW HD?
LQ WKH SDVW DQG D FKDQJLYWXHIVEPWRHH RI VI\PSWRPV
WKURXJKRXW WKH GD\ DQG RYHU7WHPWKEKS VROIRHZ RO IWKH VWXG)
FOXVLRQ FULWHULD ZHUH GHILYHEVKRQWRUQ RKdX AW VsH WWL R C
VXUJHU\ GLDJQRVHG VSRQG\OMPRA& WMH V¥ RFOKGHER UADRIP KNS , HY

NQHH DQG DQNOH MRLQW SDLQ FIRWP®IOH WHR VDIOHR DX N D GV (0*
PHDVXUHPHQW GXULQJ 3+( WHVW

W WKHUDS\ 7KHQ DIWHU D

([SHULPHQWDO SU%%%@?%SE SHUIRUPHG ,, SDLQ

WR WKH 9$6 VFDOH DQG ,, V(0* PF

,Q WKH ILUVW VWDJH RhWKH ¥WX\EHVMO 07 8B WHFRWYE VHVVLRQ V
XQGHUZHQW DQ H[DPLQDWLRQ WRMHGSRQ MARU GEQIQMWR WKH OF.
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IRUPHG LQGLYLGXDOO\ DW KRPH DQG IZ\A/‘(OZ"RVMJQUOSISURFHV\,
WLHQWY GHFLGHG QRW WR FRQWLQXH DIWHU WKH ILUVW VHVVLF

n 'XULQJ WKH VHFRQG VHVVLRQ SDWLHQWV XQ
GHUZHQW ,,, SDLQ DVVHVVPHQWNﬁHhHHU'bTQLbHW\NOWKWFsﬂsstdsGHG UH\

VFDOH DQG ,,, V(0* PHDVXUHPRQROBAKYL P BAROWRVYRFHVVLQJ ZD
yLJ 0\R5HVHDUFK ;3 ODVWHU (GLWLRQ V

86 SUWHIDFWVUBIQGLQRDOD\ZHQV SH
V(0* VLIJQDO zZDV IXO0O ZDYH UHFWL
XVLQJ D URRW PHDQ VTXDUH DOJRI
VHFRQG ZLQGRZ 7KH VHTXHQFH DQC
Rl (6 *0 DQG %) PXVFOHV ZHUH PHI
DVVXPHG WKDW WKH RQVHW RI P
ZKHQ WKH V(0* VLJQDO ZDV PDLQMW
RYHU VWDQGDUG GHYLDWLRQV I1UF
WKH VLIQDO UHFRUGHG DW UHVW I
D PLQLPXP SHULRG RI VHFRQGYV
Rl WKH %) PXVFOH zZDV VHW DV WK
ZKLFK WKH UHODWLYH DFWLYDWLRC

)LJ  6FKHGXOH RI WkH WkLUG VAWM rWWH VRORWLYH DFWLYDWLRQ
DPLQHG PXVFOHVY ZDV FDOFXODWHC
ORZLQJ IRUPXOD

V(0* PHDVXUHPHQW

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

3+( WHVW ZDV XVHG WR DV D WRRQip¥bgte Adfivation ¥mdoKrhiusdid ) F
WLYHQHVV Rl VKRUW WHUP WKHUDS\ DFFRUGLQJ WR WKH OF.HQ

JLH PHWKRG 'XULQJ WKH 3+( WHVW KW (HNXOWK URP PXWIFOHY WKDW
ZHUH SHUIRUPHG ZLWK WKH XVBRNLWKH ZAPIQOHO WiKKbHDVH RI
PHWULF V(0* 7THOHO\R 7 * VIPWHR %R WoqR@ HVXOW LV QHIDWLY
86% 7KH V(0* VLIJQDO ZDV VDPSOHKHDWHIHURRBIHYJURXS ZDV HVWD
WKHQ ILOWHUHG EDQGZLGWK Rt VWPQGRHGXLWAHWMKHRIFRUUHFW
VHOHFWHG OXPER SHOYLF PXVEKBRQFHzZOGXUbLQD NYKHGE+OMMVW DFF
DQG ULJKW HUHFWRU VSLQDH PX@OGR W X{8HVING/ sWkK DWW LWKW UHJIXO
JOXWHXV PD[LPXV PXVFOH DQG QJLKkW EURRSIV H[MHQAMMRQ LV DV
PXVFOH %) 7KH VXEMHFWV ZHRQ ORAHEG BWR* ©QLHRGRRBHHIGQ E\ FRQ\
WKH SURQH SRVLWLRQ RQ WKH PRXHK A\W-I5 KLISBHW HYMQ KPP LWLHYV
UHVWLQJ DORQJ WKH ERG\ 1H[W WKH SDWLHQWﬂV VNLQ ZDV
VKDYHG DQG FOHDQHG $FFRUGLQJ WR 1};‘51;(335 R
PHQGDWLRQV GLVSRVDEOH VHOIDGKH LY ]lﬂ Hﬂ%ﬁBG WKF
WURGHV 625,0(; 3RODQG FP LQ GLDPHWHU ZHUH
SODFHG LQ D ELSRODU FRQILJXUDWHR®QK FHWDDO®MHOL QIR WKKH | PXYW
FOH ILEUHV 7KH HOHFWURGHVWXHUBFWMYEN EMWKRBEB\\RUIROHFKDQL!
WKHUDSLVW ,Q RUGHU WR FRODKHWD ¥\(0*W IERIDVQ.Y WWM GHRH GHIFJ | R U
WURGHYV ZHUH SODFHG DV IROPRQ@W RRWEKH6 VDRWGY R(6GROLQJI ZKLFK
ERWK VLGHVY DW OHDVW FP | WRFD Q/KVH & SRLQ RIXOW PRLUOMAMYE H&W D W L
RI WKH / YHUWHEUD IRU *0 *ZHQHWXIE PLHEG OMKHRILWKW SURFHG:
OLQH FRQQHFWLQJ 6 ZLWK WHKHIDHDWDHWLWUREFKDQWNXSIRUWHC
%) + ODWHUDOO\ LQ WKH PLGGPHQRWWYH 7®& HQHWEHW @ HGIMP MK B UR F
EXWWRFN IROG DQG WKH KROOKRZBHUHWKHQNQR &F s ERQIMQW HE L G
UHTXHVWHG WKH SDWLHQW GLWRIVRQK\SHISHRMWBYVRRQNVQ MXH S
SUR[ DQJOH RI * GHJUHHV BCOH G WUBPQY FRHQWRHQBS\ ZzDV EU
WKLV SRVLWLRQ IRU WKUHH VHRRGIGEV DQ®R WKHOSHWWWUREB G MIRF K K
LQLWLDO SRVLWLRQ )LYH 3+( WHSWVWHKH HEBURLHGKRXWURW WHKMN\
ULJKW ORZHU OLPE FHLYHG LQVWUXFWLRQV ZLWK WKH
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WKHUDS\ 7KH GXUDWLRQ RI WKH @&HUD S\ZZDN F RIDAVG HW HZ® W P D 0 O
UHFRPPHQGHG WR SHUIRUP WKHHNWXFLD @®G G\QDFPUFHSUR
FHGXUH F\FOLFDO &R XWYH W\Q WRIW LBXEDWLQUWW.RBEO DQDO\VLV RI WKH
ZRUN VHDWHG SRVLWLRQ IRU DLW \WK®XXWHV R | QVEE GAMBZREY , & $
LQ FDVH RI SDLQ WKH XVH RI DWHB| BWKBIWBBAMMR@QPQ DG KRF
EDVLV ZDV DOVR UHFRPPHQGHG $00 SDWLHQWV ZHUH LQ
IRUPHG DERXW WKH SKHQRPHQRQ RI FHQWUDOLVDWLRQ DQG
SHULSKHUDOLVDWLRQ DQG WKH QHFHVVLW\ WRHUOHXRYW VQWHQVLI
FDWLRQ RI SDLQ VI\PSWRPV E\ SKRQH

7DEOH VKRZV WKH DFWLYDWLRQ
9$6 VFDOH PXVFOHV RQ WKUHH WHVW GDWHV
FUXLWPHQW LQ DOO WKH VXEMHFW
7KH 9%$6 VFDOH ZDV XVHG DW HDFKXMWYPHHGRIUWE Y WWKG3+( WHVW
7KH 9$6 VFDOH LV D YLVXDO D QUWPHIRUVHD VK DPOR WKH SKYARKQMEOE EH
WHUPLQH WKH LQWHQVLW)\ Rl SWRODEMQAWDWIHRQV 1R SDLQ FRU
UHVSRQGV WR DQG XQEHDUDEQHKHS®Y QP XWKOHO ZKRIHKW RRONG E
D SDWLHQW FDQ LPDJLQH FRUUWHMWIR QGVDWR W KHHyVENYWNVHQWR ZH
LV UHFRPPHQGHG WR GHWHUPL®H QWK i H\RQ WHIY LbWK 1R | LSDAVR RQG W
D VFDOH GUDZQ RQ D SLHFH RI ¥4 >LV@® ZDV WKH ILUVW WR DFW
VXEMHFWYVY D GHWHULRUDWLRQ ZD

SDUWLFLSDQWYV ZK
6WDWLVWLFDO Dwg%\GVEFgLPSURYHPHQW ZLWK %)
RI WKH VXEMHFWYV )LJ 'K

7KH DLP RI WKH DQDO\VLV ZDgRMR @H W BUWR KG/) LZRMMN KBS WZ I/ K HV
D VKRUW WHUP OF.HQJLH LQWHW¥FMWQWDR® DQYHFWYV WKH QRALIH G XD C
RI PXVFOH DFWLYDWLRQ GXULQZDVKREIAHUW HE W IMQHG) WWKKHH GVHKYHHUD S\
RI SDLQ H[SHULHQFHG E\ SDWLHQWWKKHBHMHQWRLBHEWLYRRH LQ
WKUHH WHVWV RI PXVFOH DFW DQBWLER QHRI/MRKIOXDW FD O F X O [ IVEGSH
7KLV FRQVWLWXWHG WKH EDVLV |RKHGHWRU\PEQH QIKWXE GRE B HUKRI V
PXVFOH UHFUXLWPHQW LQ DOO SO WK WW V% MGE/LWW LRQ Z B ¥ DIRFW V
LQ SDLQ VHQVDWLRQV ZHUH GHMIEMMFQHG R® WHKHH WHKERKDHS W/HH\XAW
GDWHV ZLWK WKH XVH RI WKH 9$%6KYBBOMHVW RI WKH VXEMt
7KH WKLUG PXVFOH LV /(6 ZKLFK Z
VXEMHFWYV LQ WKH |
6WDWLVWLFDO PE%E\)%%?%M PXVFOH GHWHULRUDWHC
LQ WKH VHFRQG DQG WKLUG WHVW
SEHVXOWY Rl TXDQWLWDWLYH WEKUUBE®RVDXWHY D\ HWER & O WG \
ZHUH SUHVHQWHG DV PHDQ Y DOKHYY HUW DYGIDW BREWKLQ RWR QY WK
6' ZKLOH TXDOLWDWLYH YDUEBDEORWY Z®EWH B H & KWWK BV QD W\ L Y
SHUFHQWDJH DQG QXPEHU 1R UPIUJYVIVW WRN®LNVW ZIDEX W KRQI DWW K W
H[DPLQHG DQG FRQIRUPLW\ DV WHKH PAHXEWM HZDNVV S H QI RUKHI G/ HFRQ G
ZLWK WKH 6KDSLUR+:LON WHVWWEHLW{EDBFW\WQDIQEDIQFHVEHYW®&L
ZDV DVVYPHG DWKH DQDO\VLV RRIWKSOLVXEMMFNWY 7DEOH
RI GLIIHUHQFHV EHWZHHQ WKH WZXR WAVWVPRYHYHWLKRXIOVEH WK
FDUULHG RXW ZLWK WKH :LOFRPRQWKHWVMRXWW KRR BOWWY.RWW LQ
EHWZHHQ WKH SDLQ VFDOH D®G WKN POXE MDHFRW.Y D WRLIR@QH VH 7KH 5
TXHQFH ZHUH SHUIRUPHG XVLQWE&SHDLURMWWR DFGN. FIRWH H. Q WKH |
ODWLRQ FRHIILFLHQW WHVW RI WKH VXEMHFWV )ROORZLQJ
7R GHVFULEH GLIIHUHQFHV UW®BWHGE RIS \WZHRV \B Y HDU B HHFW H D V H
HIITHFWdVIAHVYH FDOFXODWHG DWHUWHGLIDRGHRPHHEHDQRWKHU WK
WZHHQ PHDQV GLYLGHG E\ WKHNER ROKLG & WIHYGWD WEK 6 Y& 0P X VF O k
WLRQ 8VLQJ &RKHQYV FULWHULRQ®\@QDQ HIIHFRM WIKH ¥XEMHEWYV
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$YHUDJH WLPH PV RI WHKIH PXWHWHM DFWLYDWLRQ RI V
LQ UHODWLRQ WR %LFHSV )HPRULYQ WK UHK MHVWIVPH LQ DOO SDV

$YHUDJH WLPH Rl WKH RQVHW D FWQ WORMLHR-Q FRRIQWHHG X MWL M B WXWROH V
R1|XSF)§1/%/&)Q\A N *0 /(6 5(6 25'(5 ¢
E,,, WHYWN WHYW/| | WV |, WRNWW |, WHHWW |, WHV W | WHWH VW W H?
+ + + + +
+ + + + + + + +
+ + + + t + +
+ + + tt + +
+ + + + + + + +
+ + + + + * + + +
+ + +
+ + + + + + +
+ + +
+ + + + + + +
+ + + tt + + +
+ + + 1 +
+ + +
+ + + + * + +
+ + + + + + +
+ + + 3 +
+ + + tt
OHDQ + + + = + + + +
6 ' + + *
%) + %LFHSV JHPRULV *0 + *OXWHXVSLILRA X5 (6/E6 UL DHWWRINEMPR/® BSY BPRQGYV 6’

GDUG '"HYLDWLRQ

WLYHQHVV LQFUHDVHG E\ DV PXFK L
VLIQLILFDQW FKDQJHV ZHUH REVHL
PXVFOHYV

7KH OHYHO RI SDLQ DVVHVVHG DI
VFDOH GHFUHDVHG LQ WKH WKLUG
RQHp +RZHYHU WKH FKDQJH |
WLRQV EHWZHHQ WKH ILUVW DQG V&I
FDOO\ VLIJQLILFDQW &RPSDULVRQ R
WHVWYVY LV SUHVHQWHG LQ )LJ

)LJ &RPSDULVRQ RI PXVFOHV ZKLFK ZHUH WKH ILUVW

WR DFWLYDWH LQ WKH WKUHH WHVWYV

&RPSDULVRQ RI PXVFOH UHFUXLWPHQW EHWZHHQ WKH
WHVWV VKRZHG WKDW WKHUH ZDV D WHQGHQF\ IRU UHOHYDQFH
DW WKH RQVHW Rl DFWLYDWLRQ EHWZHHQ WKH ILUVW DQG VHFRQG
WHVW IRU WKIig /(6 PXVEQH
RI WKH VXEMHFWY DQ LQFUHDVH LQ WKH RQVHW DFWLYDWLRQ WLPI
Rl WKLV PXVFOH ZzDV REVHUYHG 7KHUHIRUH LQ
RI SDWLHQWYVY WKH RQVHW DFWLYDWLRQ WLPH GHFUHDVHG ZKLFK
LV LQGLFDWLYH RI FRUUHFW GLUHFWJL R Qs&Re s DVRHAI s®OW® SHWHW LLIHD
VLIQLILFDQFH EHWZHHQ WKH WHVWYVY RI PXVFOH
UHFUXLWPHQW WLPH RFFXUUHG ERRWYZKH QL WMVH WIHOANW B RIKE DNYKILUDG F
WHVW IRU WKH /(6 PXVFOH $ GHBPUHDYS6 VF DFH ZVYYW L BQWWMUPWKH |
ZDV REVHUYHG LQ RI WAKUHD VEK BENDHHRWOHYHBRFGHFUHDVHG W
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RI WKH VXEMHFWYV 7KLV FKDQMHTZRNQWFW DVOL WK MFRDHDI @ W I EEQRBAL KU HL V
FDQWO\ YDULHG DQG WKH HIIHMWKHR I VUKW PKRBUD SADY QKGL JKQ W K H
p d $IWHU WKH VHFR®G WHKMIUWEHUDBWKHRZHYHU WKH D
WKLUG WHVW WKH OHYHO RI SPRDQ GRWUFPYWIGY W& QDAY HZWBVKH TEAL W
SRLQWV RQ WKH 9$6 VFDOH UH® FAKKB JRW K H VD YRH UDB W LO/HDWWICR Q L (
RI' $ GHFUHDVH RQ WKH 9$6 VED®HRENW RENG UNKDBW. @V O ®FWLYL
WKH VXEMHFWYV 7KLV FKDQJH ZMKD §WHDW T X WA AD\OLAI\Q K LLIFKOIDQ WQ U D |\
QLILFDQW DQG WKH HIIHFW ZDWHROY KLKKWH RXKWIFQ EHWERKQG EF
WKH ILUVW DQ@G VHFRQG WHVW FKDQJH ZDV REVHUYHG LQ WKH VHF
&RPSDULQJ WKH GHFUHDVH LQ%S DAV NERZWGRIY LPISURYHPHQ
WZHHQ WKH ILUVW DQG WKH VHERQWE MM \Z\WB V DWW XDV OQ RWKHHG O\ K Y\
RI WKH VXEMHFWYV H[SHS$IWHF MX D GHFWHDVH HQO DV WKH
SDLQ E\ SRLQWV RQ WKH 9$6 DRDQRSURYHPHRWWLKHM WKH DFWLYD
VXEMHFWV + E\' SRLQW DQG SDNVF GHiF MADLWHDB\WR ZRQWK QRWLG
SRLQWV ZDV H[SHULHQFHG E\WKHUDS\REDMKH ¥XEDO PXVFOHV E
MHFWV HDFK ,Q RI WKH LQGQY LEEDWIOYW WKHFXHPHDQM WKDW
SDLQ LQFUHDVHG E\ SRLQW REMRHK I S8 KH PAMFRR P SDKULLFK VKR XC
VRQ RI WKH ILUVW WHVW ZLWWH®KHRW KRLRYGH MHOWW VHKHRWZHHI® UMK [
OHYHO RI SDLQ GHFUHDVHG LQVIOH & HTXHQAK XXOIOWKHQRQVHW R
RI WKH VXEMHFWYV SDLQ GHPXWPOH® ELWKRRQWQHIDIOQ WHQGH
UHGXFWLRQ E\ DQG SRLQWWHQRQY WRKGIORSEL @ & DOHBFSBHINWWALHFU PQW H
UHSRUWHG LQ HTXDO QXPEHU RDFAFRRWGD QB HVRLWY KWKWLFH H QU R XFSH/W K
RI RI WKH VXEMHFWV ,W VKRX®WGE\BMVDGGEGFWWHWWKDW W
IRU LQGLYLGXDOV WKH FKDQJ5%(6EHWEZHBBWWKBWHURXF KD QPGRR T X
VHFRQG WHVW ZDV WKH VDPH D34 E HWZVHW Q ZKKIFK LB YW BH) @ QWKL D
WKLUG WHVW VWUDLQ RQ VSLQDO VWUXFWXUHYV
7KHUH ZDV QR FRUUHODWLR Q CEFHW.2ZH.MQ WHKHH REMM-GWR YW HUHLD O
VXOWV REWDLQHG LQ WKH WHWWMURN W KN FRJ HF KOOFQUILHWD IMQ RAQK B HL Q W
TXHQFH DQG VXEMHFWLYH UHVXQWNFBWYFHLEHGE QRW R DVDKWHWX\DH Q
RI WKH 9% VFDOH FRQWULEXWHY WR IXUWKHU ZHDNHQ
7KHUHIRUH VWDELOL]DWLRQ FRQW
E\ WKH V\VWHP RI DFWLYH VWDELC
'LVFXVVLRQ VWUDWLQJ H[FHVVLYH DFWLYLW\ >
ZRUNHUV ZLWK EDFN SDLQ OXPEDU
TXLFNO\ LQ FRPSDULVRQ WR KHDOV

7KLV VWXG\ DVVHVVHG WKH FRIQUHPHG WM BDEWEDBWUR Q
VHTXHQFH RI VHOHFWHG WRUVR TKHGUBGR XOW \O EREHRX 2 OO NXH N Q V
GXULQJ WKH 3+( WHVW LQ LQGIWKIB X-DIDHFWILWRR\RKURBRSKEFOXPWLY LV
EDU VSLQH SDLRHXQRGHQJRHL QUKWDMI\HR@ ZLWK FKURQLF OXPEDU
LWV LQIOXHQFH RQ SDLQ VHQVDMWIGRYYGXRB W KBWRORUP ROIR BHIWD U N \
WHVW LQGLFDWH DQ DEQR UP D ODPXWKFROUH VINDLVPRX @ BIW B R QVMGH § K\R RGFRIU
LQ UHODWLRQ WR QRUPDWLYH OO ®IDWRRQD WKW EZREY I HILX HHUFHHY/!
RI ORZHU OLPE DQG SDUDVSLQID®MBXVF\PISW R P EW L6FX WK GBR LYWL Q G L °
DO > @ IRXQG WKDW SHRSOH MRIVOKV FBOLRQ I6E PLDPWIDO S WVIXELHV
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WKH 3+( WHVW $ FRQVLGHUDEMHQGPBYRXNPBAW XQLOYKMWKH 3+( W
TXHQFH ZDV REVHUYHG LQ WKH %R PXNED®JL QY KMUKHH WKH\GX WH F WQ W V
DV DQ LQFUHDVLQJ QXPEHU RI LQGIPHG XD GWK ED&KDRW HY/DW VE O LHW I
LQ WKH FRUUHFW RUGHU *0DPX\PSORYHPIDQWR L\DK\RZH G F/QYDW
SURYHPHQW DQG FDPH VHFRQGHL8UFKWHPXYWE H YHFQW.LYFTDQVERQ REV
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Electromyographic assessment of muscle fatigue
after the Biering—Sorensen test in subjects with low back pain
who underwent the McKenzie treatment
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Poznan University of Physical Education, PozriRoland.

Purpose Chronic low back pain is a common disorder affecting aBo&t of the population, caused by a disorder in the muscular
system. The main aim of this study wassess muscle fatigue during the Biering—Ss#erTest in people with chronic low lggain
who underwent the McKenzie treatmeliethods Tests were conducted on 19 men (meanddgH. .4 years) with chronic non-specific
lumbar-sacral pain syndrome, working ire theated position in front @f computer. Assessment of changes in fatigue of erggioae,
gluteus maximus and bicefsmoris using surface electroography during the Biering—Sorensensfand subjective pain assessine
using Visual Analog Scale wemnducted on three tedates. Time-frequency representataf the electromyographic signal (Feer
transform) was used for the examination of muscle fatigue. ThéeMge method of diagnosis atiderapy was applied before and
between the testResultsThe McKenzie therapy resulted in increased enduraasedtration) of the examined spinal muscles between
the 1st and 3rd test datp € 0.043), and a systematic decrease in pasessment on the three test dgpes 0.000—0.004). Correlations
were obtained between slope coefficientthef simple regression of median frequentglectromyographic signals on the ormet and
duration of the BST f§ = 0.000-0.012) and anthropometparameters (body mass, height and body mass ipde®,001-0.020) on the
other.ConclusionsThe McKenzie method is an effective tool in redudimg level of lumbar pain and improving muscle endurance.

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

1. Introduction include, but are not limiteth, musculoskeletal changes,
alterations in muscle functional capacity (e.g., strength
and endurance), changes in muscle activation patterns

Chronic low back pain (LBP) is an extremely comf18] or psychological changes associated with LBP.
mon disorder, affecting about 80% of the populatiobysfunctions of spine abilising muscles, decreased
and appearing at different stages of adult life [3], [21inuscle capacity or increased anterior pelvic tilt and
Characteristic features of back pain are its recurrenicereased lumbar lordosis are the consequence of pas-
(in 60% of the population) but also spontaneous reive flexion postures (slump sitting). Such a posture
covery or reduction of pain (75-90% of the populamay lead to a decrease irethctivity of active spinal
tion) [16]. Available studies indicate that the mairstabilisers, i.e., the muscular system, and an increase
cause of abnormalities and pain in the lumbar and sac-the load on the passive stabilisers [33].Moreover,
ral spine are changes inettmuscular system, such ast is even claimed thateduced muscle endurance is
disturbances of muscle balance or muscle activaticmpredictor of LBP development [26], [42].
which lead to spinal stability disorders [14], [41]. Ma- One of the most advanced muscle endurance test-
hato [23] identifies potential LBP risk factors. Theséng techniques is based on the analysis of median fre-
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guencies (MF) of electromyographic signals. Wheimg in the seated position. Moreover, the asymmetry
erector spinae muscles (ES) get tired, time shifts @ifect and the relationship between subjective pain
MF towards lower frequencies can be observed [LHssessment and electromyographic parameters of fa-
[37]. During electromyographic assessment of musdigued muscles and also anthropometric parameters
fatigue, asymmetric patternef muscle contraction were studied.

activity are also observed. Such an imbalance of lon-

gissimus component of the lumbar ES was detected in ]

LBP subjects while lifting [2]. It contributes to asym- 2. Materials and methods

metric back movements and, consequently, to spinal

load imbalance and pain during everyday activities )
[35]. Ethics statement

The Biering—Sorensen Test (BST) can be usc_ed 10 The study was approved by the Bioethics Com-
assess the endurance of back muscles. It consistsyfiftee of the Poznan University of Medical Sciences.
determining the maximum time of maintaining a poa|| subjects expressed informed consent in writing to

sition in which back muscles work isometrically. Theyarticipate in the study. All procedures were conducted
authors of the test analysed the results of 900 peoplecording to the Declaration of Helsinki.

and came to the conclusiomathshorter time of main-

taining such position was a predictor of LBP in the next Participants
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 o
the BST used to evaluate the endurance of tru . o ) .
muscles. It provides a reliable measure of how lo ronic non-specn‘!g Iumbar and sacral pain, working
a particular position can be maintained and thus c trlle seated position in front of a computher I(meém
help distinguish between subjects with and witho)YO'k €xperience: 13.53 years, SD: 6.19). The lumbar
non-specific LBP. Individuals without lumbar painprotocql a_lccordmg t_o_the_ MCKen2|9 method was used
were able to maintain a position much longer thsfcr(?r prellml_nar_y cIaSS|_f|cat|o_n Of.SUbJeCtS [43]. :
people with LBP [9], [22]. In the BST, the involve- The criterion for inclusion in subsequent tests in-
ment of hip extens:or m.uscles (e.g ' BE — picefiuded the presence of characteristic features of the
femoris, GM — gluteus maximus) is also noted. Thefferangement syndrom&he following exclusion cri-
fatigue indicates that load is distributed between tHgMNa Were defined: history of lumbar spine surgery,

back muscles and hip extensor muscles during the t gnqs_ed spondylolisthesisi,story of hip, knee and
[19] ankle joint pain, female sex.

Project participants included 19 men (mean age:
4 years, standard deviation (SD): 6.55; mean body
ss index (BMI): 27.16 kgfn SD: 3.81) with

Many researchers emphasise the close relationship
between subjective and objective assessment of muscle
fatigue, [6], [12], [27]. According to the above-men- The whole experiment involved three stages of
tioned authors, not being able to maintain a positidasts. In the first stage, 19 participants were included,
for long was associated with certain mental disordeasnong whom a qualified McKenzie therapist determined
or negative beliefs concerning the efficiency of thdirectional preference and centralization of symptoms.
participants’ backs. Due tihe fact that LBP strongly In the second stage € 19), the participants under-
correlates with the conditioof the trunk muscle corset, went a Computed Tomography (CT) scan of the
there is a need to restdigl muscle efficiency and ca- lumbar spine. The examination was carried out in an
pacity. The McKenzie method is a method of mechanindependent diagnostic imaging laboratory. Descrip-
cal diagnosis and therapy of spinal and extremity paiions of the test results were prepared by a radiologist.
syndromes. It consists of the assessment of symp#dl examined subjects were diagnosed with overload
matic reactions during a physical examination. Witdegenerative changes in the form of protrusion of
this information, the therapist can note the peripheraliatervertebral discs. Thexclusion criteria at this
sation or centralisation of pain symptoms [21]. stage were: neoplastic disease, previous fractures of

The main aim of this study was to assess musdlee spine. The ihd stage took place in the Biome-
fatigue during the BST in people with chronic lumbarehanics Laboratory. The participants were obliged to
sacral pain who underwent the McKenzie therapwgttend in two independent sessions, during which the
The activity of ES, GM and BF was analysed usinfatigue of lumbar and hip joint extensors following
surface electromyography (EMG) in adult men workthe McKenzie therapy was evaluated. The break

Experimental procedures
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between the sessions was 7 days. Prior to the tesith two belts at pelvis and knee level. The test began

subjects each time took part in a warm-up on a cydby folding the arms across the chest and keeping the

ergometer. torso in a neutral positionrbugh isometric contraction
During the first session, a modified BST was perf the spinal extensor muss. The time of maintaining

formed for the first timewith simultaneous meas- the horizontal position and keeping the head in line

urement of EMG followed by the McKenzie therapywith the torso was measured [7]. The beginning of the

(n = 19). After about an hour of rest, a second BSfEst was announced by the researcher, the test ended at

with EMG was performed. During the 7-day breakhe discretion of the participant or when the position

between the sessions, the participants followed affithe trunk lowered. A standardised verbal incentive

autotherapy schedule. It was recommended to perfomas used to help the paipants maintain the position

the procedure cyclically, every 2 or 3 hours, intemas long as possible.

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/AgCI 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 Fig. 1. lllustration of the testing position
the greater trochanter, for BF — laterally in the middle for the Biering—Sorensen test
of the line between the buttb fold and the knee pit
[10]. Then the respondents were given detailed in- McKenzie method therapy
structions on the performance of the BST. During the

BST elect hi ¢ During the McKenzie therapy, each participant
’ ee(_: romyographic - measurements - were p_ erformed an individual torso movement, thanks to
formed with the use of the 16-channel telemetr

Which the symptoms were centralised or eliminated.
EMG TeleMyo 2400T G2 system (Noraxon, USA)Both static and dynamic @cedures were applied ac-

The EMG signal was sampled at 1000 Hz and th%% - o - :

) L . rding to the principle odlifficulty grading. The dy-

filtered (bandW|dt.h. 10-50B1z). Fatigue of 6 selected namic hyperextension modehs performed in 4 series,

lumbar and pelvic muscles was analysed. Three 55 e
: . —15 repetitions each.

corded tests were analysed. Signal processing was

performed with the MyoResearch XP Master Edition \/ag gcale

software (Noraxon, USA). Artefacts and noise were _

visually inspected. The EMG signal was full-wave At each stage of the testie visual analogue scale

rectified and smoothed usiregroot mean square algo-(VAS) was used to determine the intensity of back

rithm (RMS) with a 50 millisecond window. pain [28].

Biering—Sorensen test Numerical and statistical methods

The participants were placed on a couch so that the The median frequency (MF) of the EMG signal is
anterior superior iliac spines were aligned with th@ reliable parameter used for the analysis of spinal
edge of the couch (Fig. 1). A modification was aphuscle fatigue [9], [36]. The relationship between MF
plied consisting in the use of fewer stabilising belt8nd time (Fig. 3) is obtained by applying a fast Fou-
(no belt around the ankle joints). Initially, the particifier transform to the time course of the EMG signal.
pants supported their torso with their arms placed diie relationship between MF and time can be ap-
the ground. Both lower limbs were tied to the coucBroximated by the linear regression model:
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Statistica (version 13.3) was used for statistical
analysis. The Shapiro-Willest was used for evalua-
tion of the normality of distribution of variables. Re-
sults from the 3 test dates were analysed by ANOVA.
Snedecor'$=-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
Fig. 2. Relationship betwed¢he median frequency and time

; Normal distributions were obtained for 41 out of

MF(t) = MFgiope X t + MFI 1 : o .

® slope @) a total of 56 variables (taking into account all vari-
where: . N _ ables from the 3 test dates). Levene’s test showed
MFsiope [H2/s] is the slope coefficient of the simpleequality of variances of all the analysed variables. In
regression, the F-test of variance analysis, statistical significance

MFi [Hz] is the initial frequency, MFi = MF(0),  was obtained only for the PA (pain assessment) pa-
MFe [HZz] is the final frequency, MFe = MF(Te), rameter.

Te [s] is the duration of the BST. The Te duration of the BST (Table 1) increased on
The formula for Migope the third date (112.7 s) compared to the first (98.8 s)
MPFopdH2/s] = (MFe — MFi)/Te ) and second de_lte (96.5s). A similar 're_sult was o_b_tained in
. _ the case of pain assessment, aestatistically significant
is derived from Eq. (1). _ ~ decrease of this parameter on the 3 test dates (Table 1).
The slope coefficient of the simple regressiogohen's effect size coefficient (3.033), particularly con-
MFsiopeis normalized to the initial frequency MFi:  cerning the assessment of pain between the first and
NMFs [$Y] = MFqopd MFi. (3) the third test date, shows atstically significant result

) ) S (decrease in PA from 6.22 to 2.89, Table 1). The ef-
The dimensionless quantity dim is also used to dgscts of increased test duration and simultaneous de-
scribe the time course of the median frequencytMF( ¢rease in pain assessment confirm the effectiveness of

dim = (MFi — MFe)/MFi. (4) the McKenzie therapy.
There is a relationship between dim and NMFs:
dim = — NMFs x Te (5) Table 1. Duration of the BST and pain assessment

and the significance of diffenees between the test dates

The NMFs index is useful for the assessment of

’ ’ > Mean p-value
muscle fatigue, while Te is related to the assessment sD ES
of their endurance. [ I T Il = =
Asymmetry of electromyographic parameters dfTe [s] 98.8 | 96.5 | 112.7| 0.905 | 0.043* | 0.015*
the left and right muscle is assessed according to tHes 19 37.6|224]| 332 | 0074 | 0392 | 0.572
following formulas: PA[VAS] | 6.22 | 3.94 | 2.89 | 0.000* | 0.000* | 0.004*
' n=18 0.65]| 1.39 | 1.41 | 2.101 | 3.033 | 0.750
OX = Ke =X (6) *p < 0.05, Tukey'’s test.
fD(N — I>(R _XLI / maX{P(Rl, IXLl} (7) ES Cohen'’s effect size.

where 0X, Xy are the absolute and relative asymme- Six parameters were selected for the analysis of

try index, respectivelyXg, X, are the parameters for EMG signals, i.e., MFi and MFe (Table 2) and NMFs,

the left and right muscle, respectively. dim, (NMFs, (dim, determined according to formu-
The parameters Mk, MFi (Fourier transform in las (3), (4), (6). The ceelation coefficients between

1-s windows) and Te werelcalated in MyoResearch the test duration and pain assessment and mean elec-

XP Master software Edition 1.08.38 from Noraxontromyographic parameters (mean values for the left

The remaining parameters were calculated in Excel. and right muscle) are presented in Table 2. Statisti-
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Table 2. Correlations between electragyaphic parameters on the one hand anditestion and pain assessment on the other

Parameters MFi MFe NMFs dim (NMFs dim
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
bA -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 -0.02% -0.228 0.348 0.165 -0.362 -0.032
0.880 0.128 0.012* 0.248 0.009* 0.823
bA -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 0.048 0.480 0.152 -0.048 0.429
0.653 0.767 0.000* 0.281 0.734 0.002*
bA -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 (Statistical significance is given below correlation coefficiehBgarson correlatiom = 46 (in other cases
Spearman’s correlation,= 48-57).

cally significant correlatiorfor all 3 muscle pairs (ES, the 3 test dates did not show statistically significant
GM, BF) was obtained between the test duration awfferences, except for the MFe parameter for ES
NMFs slope coefficients. These correlations, all witmuscles between the second and third test date (Table 4).
increasing trends, are presented in Fig. 4. Moreover,Tlhe values of absolute asymmetry indexadMFs
was found that NMFs slope efficients of the examined and (dim for the ES, GM, BF muscles on the three
muscles correlate with basic anthropometric parametéest dates and their differences between the test dates
(in 6 out of 9 cases, Table 3). The decreasing tenderf&yil, 1-lll, 1I-IIl) are indicative of a lack of changes
obtained for the correlations presented in Table 3 is im the asymmetry of muscle fatigue following the
dicative of greater fatigue of the examined muscles thicKenzie therapy (Table 4).
gether with an increase the subjects mass, body height Asymmetry of electromyographic parameters (left/
and BMI, taking the relationships presented in Fig. 4 intight muscle) is expressed by thH#&MFs and (dim
account. Therefore, there dsrelationship between theasymmetry indexes. Standardization to tBRMFs
three basic anthropometric parameters and the enduraacd (dim asymmetry indexes Eq. (7) does not trans-
of the tested muscle pairs (measured in Te). late into a statistical improvement in the significance
of differences on the 3 test dates. Tealue after
standardization ofiNMFs and (dim changes from
Table 3. Correlations between standardised slope coefficientso_384 to 0.999. Given the lack of differentiation of
and anthropometric parameters . L .
asymmetry indexes (Table 4), the significance of dif-

Anthropometric NMFs ferences in electromyographic parameters was tested
Muscles . ;
parameters r; p-values separately for the left and right muscle (Table 5). A sta-
ES —0.308; 0.020* tistically significant asymmetry effect was obtained only
Mass GM ~0.164; 0.247 for the ES muscle and the MFi parameter on the 3rd
BF —0.424; 0.002 test date, however, the asymmetry does not appear for
ES -0.356; 0.007* .
Height GM _0.457: 0.001* the MFe parameter on this _te_st qlate. The asymmetry
BF —0.161: 0.254 of the MFi(MFe) parametersis indicative of the differ-
ES -0.327; 0.013* ence (left/right) in muscle tension at the beginning
BMI GM -0.122;0.391 (end) of the BST. The absence of statistically signifi-
BF —0.457; 0.001* cant differences in NMFs (left/right) and dim for the
* p<0.05. ES, GM, BF muscles on the three test dates confirms

Spearman correlation,= 52-57.

the previously provided result on lack of change in
muscle fatigue asymmetry (Table 5). The significance

Tukey's tests of six electromyographic parameteis differences between the dates of tests of electromyo-
(mean values for the left and right muscle) concernirgraphic parameters in Taleis presented in Table 6.
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Table 4. Electromyographic parameters and the significance of their differences between the three test dates

Mean -value Mean -value
SD P SD P
o o =0 fem Juew [0 o =T =
MFi [Hz] MFe [Hz]
es 756 | 76.3 | 73.6 | 0.911 | 0528| 0.303] 42.7 450 | 39.9 | 0474] 0326 0.033
165 | 17.2 | 131 125 | 11.2 | 92
o 430 | 440 | 440 | 0138 | 0.244| 0944 361 37.3| 359 | 0517| 0607| 0.114
27 | 29 | 43 46 | 38 | 46
- 833 | 868 | 87.8 | 0230 | 0.059| 0.758] 689 732 | 727 | 0318 0.762| 0.725
129 | 165 | 14.9 144 | 153 | 15.9
10" x NMFs [s7]* dim [%]*
Es 454 | —41.4 | —425] 0233 | 0447] 0899 419 395 | 445 | 0.547| 0480] 0.081
163 | 106 | 16.9 159 | 132 | 13.0
o 155 | —15.7 | —17.7| 0.832 | 0.716] 0977 148 151 | 181 | 0929| 0142| 0267
94 | 98 | 99 101 | 83 | 82
o 216 | —17.4 | —17.4| 0480 | 0679 | 0.943 | 175| 156 | 17.3 | 0.921]| 0531| 0.320
130 | 89 | 108 94 | 60 | 81
10* x (NMFs [sY]* odim [96]*
cs 70 | 70 | 52 | 1.000 | 0564] 0563 65| 6.7 | 60 |0998] 0959] 0939
64 | 56 | 49 66 | 6.0 | 5.8
o 53 | 60 | 48 | 0009 | 0915| 0694 44| 52 | 48 |0713]| 0971| 0844
53 | 45 | 49 31 | 27 | 3.9
ar 50 | 56 | 68 | 0732 | 0516]| 0933 41| 54 | 7.6 | 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 16 for NMFs and (NMFs was introduced to unify the format data in the table, for the same
reason, dim anddim are expressed in %.

Fig. 3. lllustration of the correlation between NMitspe coefficients and the duration of the BST

Statistically significant differences between the test datessults presented in Tables 4—6 are indicative of the fact
were obtained only for 3 cases: the MFi parameter (RBifrat electromyographic exanaitions did not result, with
muscle, 1st and 3rd date), and the MFe parameter (LEE®S/ exceptions, in a statisélly significant variability
muscle and LGM, 2nd and 3rd date). To summarize, teffect on the 3 test dates.
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Table 5. Electromyographic parameters €ifdad right muscles and the significarafeheir differences on the three testedat
MFi [Hz] MFe [Hz] 10* x NMFs [§7] dim [%]
Test date Mean Mean Mean Mean
SD p SD P SD SD p
L R L R L R L R
ES
| 734 | 778 | 0.095| 428 | 42.6 | 1.000 | -43.6| -47.3 | 0.367 | 40.4 | 43.4 | 0.622
16.7 17.1 11.2 14.5 14.6 18.9 14.2 18.5
" 741 | 786 | 0.076 | 445 | 455 | 0.974 | -40.0| -42.8 | 0.676 | 38.2| 409 | 0.722
174 | 17.8 10.1 12.8 11.6 11.3 13.7 14.1
" 711 | 76.2 | 0.030*| 39.3 | 405 | 0.958 | —-41.4| -435| 0.869 | 43.1| 459 | 0.703
14.2 12.8 9.3 9.8 18.6 15.8 14.3 12.8
GM
| 43.1 | 425 | 0999 | 37.0| 36.2 | 0.793 | -14.6| -156| 0.886 | 14.0 | 14.3 | 0.973
3.1 3.5 5.0 4.2 10.2 10.3 11.1 10.1
" 442 | 435 | 0982 | 38.3| 36.3 | 0.102 | -14.6| -17.9| 0.607 | 135 | 16.1 | 0.641
3.0 3.6 4.2 3.6 8.7 11.1 8.0 9.2
" 441 | 43.3 | 0.998 36.5| 36.1 | 1.000 | -16.8| —-16.2 | 1.000 | 17.2 | 16.4 | 1.000
4.5 4.8 5.2 4.8 10.3 11.3 9.7 9.0
BF
| 83.4 | 82.2 | 0.963 69.8 | 67.9 | 0943 | -19.8| -21.8| 1.000 | 16.4 | 17.6 | 1.000
134 | 144 144 | 14.9 12.8 14.1 9.8 9.7
" 87.6 | 86.0 | 0.987 739 | 724 | 0972 | -17.2| -17.6| 1.000 | 155 | 15.8 | 1.000
15.6 18.8 14.7 16.6 104 8.5 8.3 5.3
" 88.2 | 885 | 0994 | 737 | 733 | 0.990 | -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 differenc@selectromyographic parametdram Table 5 between the test dates
MFi MFe NMFs dim
-1l -1 11111 -1l -1 [1-11 11 1111 1=l I I+111 11111
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/ 0.374 0448 0.652 1@ | 0.272| 0.397| 0965 0.624 0.631 0.167
LGM 0.155 | 0.371| 0.854| 0.174§ 0.608 0@3* | 0.999 | 0.619| 0.651 0.977 0.176 0.119
RGM 0.262 | 0.361| 0.976] 0.957 0.999 987 | 0.616| 0.997| 0.662 0.702 0.559 0.971
LBF 0.388 | 0.595| 0.934] 0460 099y 505 | 0.688| 0.788| 0.984 0.996 0.617 0.565
RBF 0.276 | 0.003* 0.108/ 0.498 0.500 1.0000.555 | 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.

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-
The aim of this study was to assess the effectiveen of isometric tension of the tested muscles during
ness of the McKenzie method in subjects with badke BST was prolonged in the absence of increase in
pain by conducting an electromyographic analysis tifieir fatigue level and the pain level decreased on
selected muscles subjected to the BST on three teabsequent test dates. Comparison of the McKenzie
dates. No short-term evaluation of the above memethod with other physiotherapeutic techniques is
tioned physiotherapeutic method using electromy@ common practice used to confirm or evaluate its
graphic analysis of a specific group of subjects witaffectiveness [4], [5], [@]. According to Namnagani
LBP has been performed so far. The most importaet al. [27], the presented evidence confirms the effec-

4. Discussion
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tiveness of the McKenzie therapy compared to manuBhere were also publications analysing the influence of
therapy in reducing pain and disability levels in sulpsychological factors on theesults of the BST [27].
jects with chronic back pain. Schenk, Jozefczyk anthis study did not analyse these factors. According to
Kopf [35] and Ahmed et al. [2] also noted a reductioMannion et al. [24], higher levels of mental disorders
in lumbar pain following the McKenzie therapy. Itor negative beliefs are significant predictors of poor
should be noted that in all the analysed articles, suendurance test results.
jective assessment was based on, among others, VAS,Authors of other publications assess muscle endur-
Roland Morris Disability Questionnaire or Oswestryance using the BST by comparing healthy individuals
Disability Index. The modified Schober’s test was usedith LBP symptoms before and after rehabilitation.
for objective assessment of the flexion and extensidine BST was used in the Nassif et al. [28] study to
range of motion of the lumbar spine [4]. The advantagessess strength and endurance training. The physical
of this paper is the analysis of objective and subjectiagtivity proposed to automotive industry workers con-
results of tests proposed immediately before and affemed numerous health benefits, especially in the
the application of the McKenzie method. The objearoup of people with chronic LBP. Sung [37] studied
tive results include physical measurement (duration tfe impact of core stabilization and spinal flexibility
the test) and EMG, while pain levels were assesserercise on, among other things, back muscle endur-
subjectively. The analysis of BST duration and paiance in people with chronic LBP. Changes in muscle
levels confirm the beneficial effect of the McKenzidatigue following a 4-week therapy were not satisfac-
method in the selected group of subjects. The maiory.
findings of Biering—Sorensen [7] after a one-year ob- Electromyographic tests in this study did not show
servation of subjects were that high isometric enduany changes in asymmetry indices concerning fatigue
ance of back muscles carepent the first occurrence of the examined muscles on the three test dates, ex-
of LBP. Thanks to the application of the McKenzieept for the asymmetric ES muscle pair tension at the
method in this study, an improvement in muscle efpeginning of the BST on the third test date, but it iwas
durance was observed, which has practical applicatiant directly related to the effect of muscle fatigue, as
in the rehabilitation of LBP. the MFi parameter (also MFe) did not correlate with
Taking the anthropometric parameters in the stuthe duration of the BST. Thedfect of fatigue asymme-
ied group of men into account, a statistically signifitry in the LBP group appeared also in studies by Srini-
cant increase in muscle fatigue was observed alowgsan and Balasudomanian [36] after a short training
with an increase in body mass, body height and BMdession on a bicycle. The aim of the study was to
Earlier studies also showed significant correlatiorshow the consequences of short-term physical activity
between body mass and endurance in the BST [18],people with LBP, i.e., a higher and uneven level of
[32]. According to Kankaanaa et al. [18], in heavier muscle corset fatigue compared to a healthy group.
people, especially women and younger people, spingthe author emphasizes that the possibility of deterio-
muscle fatigue occurs earlier. All the more so, thetion of the subjects’ condition should be taken into
problem will occur in men in whom an increase iraccount when using bicycle as a rehabilitation tool
body mass is particularly méested by the occurrence[39]. In many publications [17], [29], [35], the con-
of abdominal obesity [15As a result, the torque of thecept of asymmetry is related to the occurrence of LBP
torso, which overloads the L1-S1 section, is going o subjects. There is a significant relationship between
increase by extending the lever arm of the gravitpeuromuscular imbalance of the ES and the occurrence
Thus, the muscular system, whose function is to staf LBP [35]. According to Hides et al. [16], asymmetry
bilise the lumbar spine, iadditionally loaded, which, may indicate that subjects suffer from unilateral pain.
in consequence, over time, causes greater chroiNadler et al. [26] studied the relationship between
overloads [1], [34]. Therefore, in this study, a groupBP episodes and hip muscle asymmetry in academic
of men with a higher body mass and height haathletes. The results showed that hip joint extensors in
weaker muscles stabilisinggtumbar spine already atfemale athletes with LBP had a 9.6% significantly
the beginning of the study, i.e., a higher muscle f&igher asymmetry compared to women without pain
tigue during the BST was to be expected. A signifsymptoms. Hence the conclusion that high levels of
cant correlation between body mass and BST resudtsymmetry are associated with posture problems and
was also observed in male fire fighters [32]. Therd-BP, and screening may be an important tool in their
fore, in addition to the previously mentioned increaggrevention [29]. Given the fact that muscular imbal-
in muscle endurance, a reduction in body mass widhce may predispose theseh of back pain, Rose-
also have an impact on preventing LBP in the futur®ulcina et al. [33] alsdocused on the asymmetry
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aspect of the LBP group. It turned out that the anB0] DAVARIAN S., MAROUFI N., EBRAHIMI I., FARAHMAND F.,
Iysed lumbar muscles did not show patterns of asym- PARNIANPOUR M., Trunk muscles strength and endurance in

metric fatigue, as it was the case in most published

papers [36].

5. Conclusions

The McKenzie method of diagnosis and therapy is

chronic low back pain patients with and without clinical insta-
bility, J. Back Musculoskelet. Rehabil., 2012, 25 (2), 123-129.

[11] DEDERING A., NEMETH G., HaRMS-RINGDAHL K., Correla-

tion between electromyographgpectral changes and sub-
jective assessment of lumbar muscle fatigue in subjects with-
out pain from the lower baclClin. Biomech., 1999, 14 (2),
103-111.

[12] DEmMOULIN C., VANDERTHOMMEN M., DUYSENS C., GRIELAARD

J.M., Spinal muscle evaluation using the Sorensen test: a critical
appraisal of the literatureJoint Bone Spine, 2006, 73 (1),
43-50.

an effective tool in reducing the level of lumbar paif3] Ferrari S., Manni T., BONETTIF., VILLAFARE J.H., VANTI C.,

and improving ES, GM and BF muscle endurance.

A literature review of clinical tests for lumbar instability in

The increase in the endurance of back muscles and low back pain: validity and applicalty in clinical practice
correct body mass contribute to the reduction of LBP _ Chiropr. Man Therap., 2015, 23, 14.

episodes. Electromyographic tests did not show s

tistically significant changes in ES, GM and BF mus-

l[‘C;Llff] FRILANDER H., SOLOVIEVA S., MUTANEN P., RHLAJAMAKI H.,

HELIOVAARA M., VIIKARI-JUNTURA E., Role of overweight and
obesity in low back disorders among men: a longitudinal study

cle fatigue asymmetry indexes during the BST at any with a life course approactBMJ Open, 2015, 5, €007805.

stage of the McKenzie therapy.
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