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Objektivni hodnoceni posturalni funkce briSnich svali a nitrob¥isniho tlaku

Abstrakt

Hlavnim tématem této disertacni prace je posturalni funkce nitrobfisniho tlaku, ktera je
dalezitym mechanismem pii stabilizaci patefe a celého trupu. Nitrobiisni tlak je vytvoien
koordinovanou aktivitou mezi branici, svaly panevniho dna a svaly bfi$ni stény. Tlak expanduje
do vSech stran, stabilizuje a odlehcuje patet. Jeho zvyseni je dilezité zejména béhem posturalné
naro¢nych aktivit, které vyzaduji stabilizaci trupu. Nitrobfis$ni tlak 1ze hodnotit neinvazivné
iinvazivn¢ pomocich riznych zpiisobi meéfeni. V rehabilitaci se vyuziva nejCastéji
anorektalnich nebo gastroezofagedlnich sond casto v kombinaci s méfenim svalové aktivity
pomoci elektromyografie. Tyto postupy jsou vSak pro pacienty neptijemné, financné nakladné
a narocné na Cas. V rehabilita¢ni klinické praxi se bézn¢ hodnoti kvalita trupové stabilizace
pomoci palpacniho vySetieni aktivity bfisni stény, coz je ale vySetfeni znacné subjektivni.
Z vyse uvedenych divodu byly sestrojeny nové tlakové senzory umoziujici neinvazivni méteni
tenze biiSni stény a tim i trupové stabilizace. Vyzkumna Cast prace se zaméfuje v ramci
pilotniho vyzkumu na hodnoceni posturdlni aktivity trupového svalstva pomoci dvou typt
novych senzorl (piistroje Ohmbelt a DNS Brace) za rtiznych posturdlnich situaci. Hlavnim
vysledkem predkladané vyzkumné préace je korelace aktivity trupového svalstva se zménami
nitrobfi$niho tlaku. Pomoci senzorii jsme déle zjiStovali efekt terapie u pacienta s low back
pain ¢i reliabilitu palpacnich vySetfeni. V ramci intervencni studie jsme také hodnotili efekt
terapie vyuzivajici trupovou stabilizaci u pacientil s anorektalni dysfunkcei a v reSerSni publikaci
jsme piedstavili idedlni design klinické studie zaméfené na pacienty s low back pain. Tato

r~r

diserta¢ni prace pfinasi novou moznost objektivniho vySetieni posturalni stabilizace trupu.

Klic¢ova slova: nitrobfisni tlak, trupova stabilizace, bolesti bederni patefe, expanze bfisni stény,

objektivizace posturalnich funkci, dechovy stereotyp



Objective evaluation of postural function of abdominal muscles and intra-abdominal

pressure

Abstract

This dissertation deals with an important mechanism of trunk stabilization, the increase
of intra-abdominal pressure. Intra-abdominal pressure is created by the coordinated contraction
of the diaphragm, along with the abdominal and pelvic floor muscles. Intra-abdominal pressure
works in all directions, stabilizing the trunk while reduceing axillary compression of the spine.
Intra-abdominal pressure is increased during activities that require demands on the stabilization
of the spine. Intra-abdominal pressure and trunk muscle activity can be measured in several
different invasive and non-invasive ways. In rehabilitation medicine, anorectal
or gastroesophageal probes are most often used to measure intra-abdominal pressure
and measurements are often supplemented by evaluation of muscle activation using
electromyography. However, these measurements are costly, time consuming and inconvenient
for patients. The most common tool for evaluating trunk stabilization in rehabilitation practice
is digital palpation of abdominal wall tension. However, this evaluation method is subjective.
Therefore, new pressure sensors have been developed that allow non-invasive assessment
of abdominal wall tensionand thus also the trunk stabilization. This pilot project focuses
on the evaluation of postural activity of the trunk muscles using two types of new sensors
(Ohmbelt and DNS Brace devices) in different postural situations. The main result of the
presented research is the correlation of trunk muscle activity with intra-abdominal pressure
changes. Sensors were used to determine the effect of therapy on patients with low back pain
and the reliability of palpation examinations. As part of this project, the effect of therapy using
trunk stabilization in patients with anorectal dysfunction was evaluated. A review paper
presents an ideal design of a clinical study focused on low back pain patients. This dissertation

demonstrates a new possible objective examination of postural stabilization of the trunk.

Keywords: intra-abdominal pressure, trunk stabilization, low back pain, abdominal wall

expansion, objectification of postural functions, breathing stereotype



Seznam zkratek

CNS = centralni nervovy systém

DNS = Dynamicka neuromuskularni stabilizace
m. ES =m. erector spinae

EMG = elektromyografie

HRAM = high resolution anorectal manometry (Anorektalni manometrie)
IAP = intra-abdominal pressure (nitrobfisni tlak)
kPa = kilopascal

L(x) = bederni obratel

LBP = low back pain

Lp = bederni patet

m./mm = musculus, musculi (sval, svaly)

mm Hg = milimetry rtutového sloupce

MRI = magnetickd rezonance

m. OEA = m. obliquus externus abdominis

m. OIA = m. obliquus internus abdominis

PD = panevni dno

m. RA = m. rectus abdominis

m. TA = m. transversus abdominis

TLS = trigonum lumbale superius

RS = roztrousena sklerdza
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1. Uvod

Posturalni stabilizace je pro pohyb lidského téla nezbytna (Feldman, 2016). Béhem
jakéhokoliv pohybu plisobi na naSe t€lo vnéjsi sily, na které reagujeme pomoci sil vnitinich,
realizovanych ptevazné svalovou aktivitou. Tento jev nazyvame ,,posturalni aktivita® (Hodges
et al., 2001). Posturalni aktivita je reprezentovana stabilizacni funkci branice, bfiSnich svali
a panevniho dna a jejich schopnosti vytvofit nitrobtisni tlak (intra-abdominal pressure, dale také
IAP) v zavislosti na fizeni centralni nervovou soustavou (CNS) (Hodges et al., 2005). Posturalni
funkce téchto svali je vSak neoddélitelnd od funkce respiracni. Pti zaté€zi, napt. zdvihani
tézkych biemen, se aktivuji svaly ohranicujici bfisni a hrudni dutinu a formuji “ohraniceny

valec”, ¢imz zajist'uji stabilitu patefe (Goldish et al., 1994).

IAP se uvniti bfisni dutiny chova jako hydraulicky tlak. Je produkovan koordinovanou
svalovou souhrou mezi branici, panevnim dnem (PD) bfiSnimi a zadovymi svaly. Hodnota IAP
se méni podle potieby respiracnich a posturdlnich narokd (stabilizovat patef a trup proti vnéjSim
silam a gravitaci) (Cobb et al., 2005; Hodges and Gandevia, 2000). V oboru rehabilitace je IAP
Casto diskutovanym tématem a jeho vliv na posturalni stabilitu a vznik bolesti bederni pateie
(low back pain - LPB) je ¢astym predmétem védeckych vyzkumt zabyvajicich se jeho funkci
pii stabilizaci a odlehCeni patefe (spinal unloading). Je vSak tfeba zdiiraznit, Ze posturdlné-
respiracni funkce trupovych sval je neoddélitelnou jednotkou (Goldish et al., 1994). Poznatka
o regulaci AP se vyuziva téZ v problematice panevniho dna ¢i v respiracni fyzioterapii.
V piipadé¢ dysfunkce svalového systému, ktery reguluje IAP, mohou vznikat patologické stavy,
které mohou byt v klinické praxi podcenovany. Objektivni hodnoceni IAP mé v jak praxi, tak
1 v odbornych studiich dilezité misto. Moznosti hodnoceni IAP jsou vSak stale limitovany

(Iberti et al., 1987).



2. Posturalni funkce nitrobriSniho tlaku
2.1.Anatomické poznatky

Z kostnich struktur ohranicuji bfiSni dutinu bederni obratle L1-L5, kost kifizova, kost
panevni, kost hrudni a 7.-12. Zebro (Cihak, 2016). Bfisni dutina obsahuje visceralni organy
a nervoveé-cévni svazky (Kos 2014). Je kaudaln¢ ohranicena svaly a vazy PD. Kranidln¢ se
nachazi brénice, ventralné musculus (m.) rectus abdominis (RA), laterdln¢ m. transversus
abdominis (TA), m. obliquus externus abdominis (OEA), m. obliquus internus abdominis (OIA)
a dorzalné patet spolu se zadovymi svaly (zejména musculi quadrati lumborum a extenzory

patere) (Hudak and Kachlik, 2017; Kos, 2014; Sugrue, 1995).

Brénice anatomicky oddéluje bfiSni a hrudni dutinu. Plni roli jak respiracni, tak
posturdlni. Skladé se ze 3 ¢asti (pars lumbalis, pars costalis a pars sternalis), které se upinaji
do ¢asti nazyvané centrum tendineum, jenz obsahuje minimum kontraktilnich vlaken
a prevlada zde vazivova tkan. Skrze tuto §lasitou ¢ast prochazi vena cava inferior. Sternalni ¢ast
branice ma zacatek ve vazivové pochvé m. RA a na processus xiphoideus. Pars costalis ma
zacatek v oblasti 7.-12- Zebra a jeji vldkna zde ptfechazeji do vlaken m. TA, coz anatomicky
potvrzuje jejich vyznamnou funkéni souvislost. Lumbalni ¢ast se upina na bederni obratle (L1-
L4) a ptes ligamentum arcuatum laterale az na 12. zebro. Skrz pars lumbalis prochézi aorta
a jicen, coz opét poukazuje na funkéni souvislost s kardiovaskularnim systémem a roli branice
jako jicnového sfinkteru (Bitnar et al., 2016). Branice se diky orientaci svych vlaken b&éhem
kontrakce oplosti, ¢imZ zvétsi objem hrudni dutiny, tim se sniZi nitrohrudniho tlak a nasledné

dojde k nasati vzduchu do plic (Hudak, Kachlik 2017; Cihak 2016).

Jak jiz bylo zminéno, v rdmci dechové 1 posturalni funkce jsou s branici uzce spjaty biisni
svaly. Propojuji oblast hrudniku s panvi a obklopuji bfi$ni dutinu prakticky ze vSech stran mimo
oblasti patefe. Maji rliznou orientaci vldken a nachézeji se v nékolika vrstvach propojenych
vazivovou tkéani. Podileji se na zvySeni AP a zajiStuji svou aktivitou spravné nastaveni trupu
pro praci branice. Mezi bfisni svaly fadime m. RA, m. TA, m. OEA, m. OIA, m. pyramidalis,

m. cremaster a m. quadratus lumborum (Hudék, Kachlik 2017).

Svaly trupu maji riznou schopnost zvysovat IAP a tim padem i riznou schopnost odleh¢it
patet (Daggfeldt and Thorstensson, 1997; Mokhtarzadeh et al., 2012; Stokes et al., 2010). M.
TA a m. OIA maji nejvice horizontalni prubéh svalovych vlaken, a tudiz jsou schopni velmi
efektivné generovat IAP a odlehcit zejména bederni ¢ast patefe. M. OEA ma svalova vlakna

do 60° sklonu vuci vertikale, coz umoziuje za urcitych situacich ¢astecny efekt na odlehceni
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patetfe. Svaly s orientaci vlaken nad 60° (m. ES, m. RA, m. latissimus dorsi) nejsou schopny
vytvaret IAP a kvili jejich vertikdlnimu sméru vlaken mohou zvySovat axialni zatizeni v oblasti
patete (Mokhtarzadeh et al., 2012). Dalsi autofi popisuji, ze behem submaximalnich kontrakci
se vzdy aktivuje m. TA. Svaly se Sikm¢jsim sklonem vlaken se podileji na zvySovani IAP

az za maximalniho usili (Daggfeldt and Thorstensson, 1997).

Pénevni dno kaudaln¢ ohranicuje btisni dutinu v oblasti malé panve a obsahuje mnozstvi
drobnych svall, které se podileji mimo jiné na vytvafeni a regulaci IAP. Podepiraji btisni
organy a zaroven se z divodu prichodu mocopohlavniho a traviciho ustroji  podili
na sfinkterové funkci pro tyto soustavy (Hudak, Kachlik 2017; Hodges, Sapsford, Pengel
2007).

2.2.Fyziologické poznatky o nitrobriSnim tlaku

Stabilizace trupu je uzce spojena s dulezitou vitadlni funkci — dychanim (Bradley
and Esformes, 2014; Kang et al., 2016; Park and Lee, 2019). Branice nezastava pouze ulohu
dechového svalu, funguje také jako jicnovy svéra¢ a v neposledni fadé ma funkci posturalni
(Bitnar et al., 2016; Hodges and Gandevia, 2000). Jeji kontrakce je modulovana posturalnimi
i ventilaénimi naroky (Hodges and Gandevia, 2000). Pracuje-li branice fyziologicky, centrum
tendineum se pii kontrakci — nddechu — posouvé kaudalné a vytvari tlakovy gradient, ktery vede
vzduch do plic. Pii tom se diky aktivité€ panevniho dna a bfi$ni stény zvysuje tlak v bfi$ni dutiné
(Talasz et al., 2012, 2011). Bfi$ni dutinu a jeji obsah Ize zjednodusené predstavovat jako balon
s kapalinou. Pfi kontrakci stén balonu (branice, bfiSni svaly a panevni dno) se tlak §ifi vSemi
sméry jako by Slo o tekutinu (Christensen and Craft, 2018). V oblasti bfiSni dutiny se vSak,
na rozdil od mice, bude zvySujici se IAP snaZit unikat v mistech s vétsi poddajnosti bfisni stény,

nebo kde neni dostatecna kontrakce trupovych svall (Talasz et al., 2012).

Vysledky méteni IAP se nejcastéji uvadi v jednotkdch mmHg. Hodnota IAP se neustéle
méni podle aktivit konkrétniho jedince. Fyziologicka klidova hodnota IAP u zdravych jedinct
je 0-7 mm Hg (De Keulenaer et al., 2009; Sugrue, 1995). Tato hodnota se méfi vleze
ve vodorovné pozici na konci klidového exspiria (Malbrain et al., 2006a). U obéznich pacientl
nebo v téhotenstvi byva tato hodnota vys$i — pohybuje se Casto mezi 9-14 mm Hg (De

Keulenaer et al., 2009; Malbrain et al., 2006b).

vvvvvv

V koordinované aktivité s bfiSnimi svaly a panevnim dnem vytvaii svalovou souhru, kterd méni
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béhem dechového cyklu hodnotu TAP. Tyto trupové svaly méni hodnoty IAP 1 béhem
posturdlniho zatizeni lidského téla, jako je vertikalizace, zvedani bfemen a dalsi pohybové

projevy (Talasz et al., 2012).

Nadechova faze dechového cyklu zacind koncentrickou aktivitou branice vedouci
k jejimu oplosténi a pohybem centralni ¢asti branice kaudalnim smérem. Tento pohyb ma vliv
na bfis$ni organy, které jsou tlaceny smérem do panve a do stran. Na kaudalni posun branice
reaguje biisni svalstvo a svalstvo PD excentrickou kontrakei, ¢imz se bfi$ni sténa a panevni dno
mirn¢ vyklenuji smérem ven z trupu. Nitrohrudni tlak se snizi, (dojde k nasati vzduchu do plic)
a naopak tlak v bfiSni dutiné stoupa (Talasz et al., 2012, 2011). Béhem klidového vydechu
branice relaxuje a vraci se kranialné. Bfi$ni sténa spolu s panevnim dnem se diky predpéti
z ptedchozi nadechové faze vraci zpét a objem biisni dutiny se zmensuje. Béhem silového
vydechu dochazi ke koncentrické aktivaci bfiSnich svali a svalii panevniho dna, ¢emuz
excentricky ustupuje branice a zvysSuje se IAP (Kim and Lee, 2013; Talasz et al., 2012).
K nejvétsimu nartstu IAP dochazi pii kasli ve stoji (107,6 mm Hg) a pti skoku (171 mm Hg).
Primérné hodnoty pfi stani a sezeni jsou 20 a 16,7 mm Hg. Aktivity, jako je tzv. bicepsovy
zdvih s ¢inkou vazici 4.5kg, nebo pokréeni v kolenou, zvySuji IAP zieteln€ méné (25,5 a 20,6

mmHg) (Cobb et al., 2005).

2.3. Vliv nitrobfiSniho tlaku na stabilitu patere

JiZ v roce 1923 Keith zacal zkoumat posturalni funkci IAP béhem zatiZeni patefe
(Keith, 1923). Nasledovali ho v roce 1942 Bradford a Spurling, kteti zméfili, Ze aktivita mm.
erectores spinae mtize béhem pohybu vytvofit na patet zaté¢z az 680 kg (Bradford and Spurling,
1945). Vroce 1957 provedl Bartelink zatéZové testy na meziobratlové ploténky. Zjistil,
ze strukturdlni zmény na meziobratlovych ploténkach vznikaly jiz pfi zatizeni 136 kg
(Bartelink, 1957). Vliv zvySeni IAP béhem zdvihani bfemene podrobné popsal také Davis
v roce 1959 (Davis, 1959). Z téchto studii mimo jiné vyplyva, ze pokud by neexistovaly zadné
kompenzac¢ni mechanismy, které umoziluji snizit zatizeni patefe, snadno by dochéazelo k jejimu
poskozeni, a to prfedev§im v oblasti intervertebralnich diskli, béhem jakéhokoliv naméhavého
pohybu. Pfelomové studie publikoval Hodges et al., kde potvrdil, Ze pouhy IAP bez jakékoliv

aktivity trupového svalstva zvySuje stabilitu bederni patefe, chrani ji pfed excesivnim
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zatizenim, snizuje axialni kompresi patete a pomaha rozlozit zatizeni na vétsi cast téla (Hodges

etal., 2005).

Aktivita branice zvysuje tlak v bfisni dutin€. Nasledkem toho ma obsah biisni dutiny
tendence se pohybovat lateralné a kaudaln€, ¢emuz brani kontrakce bfiSnich svalii a svalli
panevniho dna (Chaitow et al., 2014; Hodges, 1999; Hodges and Gandevia, 2000). TAP je
vlastné hydraulicky tlak efektivni ve vSech smérech, stabilizujici trup a snizujici axidlni zatizeni
behem aktivit, které maji zvySené naroky na stabilizaci patefe jako napt. zdvihani tézkych
biemen (Cobb et al., 2005; Grillner et al., 1978). Aktivita trupového svalstva udrzuje vSechny
segmenty patefe béhem pohybu v biomechanicky neutralni pozici (Bartelink, 1957). Panev
a bederni patet jsou vzdy reflexné stabilizovany jiz pted zacatkem pohybu koncetin (Aruin and
Latash, 1995; Hodges et al., 2000; Hodges and Richardson, 1997). Tento ,,feed forward*
mechanismus stabilizace, tedy urcita adjustace pohybu, je zajiStén pravé svalstvem trupu

(Wallden, 2017).

I kdyz je fenomén nitrobfisniho tlaku dilezitym a Casto studovanym tématem v oblasti
rehabilitace, jeho specifické funkce a konkrétni role stale neni detailn€ objasnéna (Arjmand and
Shirazi-Adl, 2006; Stokes et al., 2010). Prekdzkou pfi vyzkumech zamétenych na IAP je
problematika méfeni v experimentdlnich podminkach in vivo. I kdyz byl jiz mnoha autory
popsan pozitivni efekt IAP na stabilitu patete, stale pretrvava problém objektivizace a méfeni
IAP (Stokes et al., 2010). Nekolik studii sice prokazalo souvislost mezi zvySenim IAP
a stabilitou patete (Cholewicki et al., 1999; Hodges, 1999; Stokes et al., 2011; Hodges et al.,
2005), ale stale neni zcela jasné, zda prave zvySeni AP je procesem zajist'ujicim mechanickou

podporu patete, Ci je to sama aktivita bfiSnich svall (Talasz et al., 2011; Hodges et al., 2005).

Hodges et al. ve svych studiich prokazal, Ze tuhost bederni patefe béhem rtznych
pohybtl se zvySuje v zavislosti na zvyseni AP, a to i bez simultanni aktivity trupového svalstva.
Piedpoklada, Ze IAP je pro CNS vyhodnym nastrojem, jak zvysit stabilitu patefe ve vSech
smérech (Hodges et al., 2005). Vysledky Hodgese potvrdil Stokes et al. (Stokes et al., 2010).
Hodges et al. vSak na rozdil od ostatnich popsal také proces, kdy crura diafragmatica svou
kontrakci zplisobuji pfimou trakci v ose bederni patetre v oblastech jejich iponu, coz podporuje
efekt IAP (Hodges et al., 2005). McGill et al. uvadi, Ze nartust IAP zvySuje stabilitu bederni
patefe prostfednictvim eliminace rotace a transla¢niho pohybu mezi obratli (McGill

and Norman, 1987). VySe uvedeni autofi se shoduji, Ze IAP pomaha udrzeni spravné pozice
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pohyblivych ¢asti patete, a to minimalizaci ¢i tplnou eliminaci drobnych pohybti zptisobenych
stfiznymi silami v oblasti facetovych kloubti. Tato hypotéza miize vysvétlit fenomén, kdy
pacienti s bolesti bederni patete pii bolestivém pohybu zadrzuji dech a zvysuji IAP (Aruin and

Latash, 1995; McGill and Norman, 1987).

Arshad at al. vytvofil biomechanicky model trupu, ktery ukdzal snizeni kompresivnich
sil v oblasti patefe a zaroven snizenou potiebu aktivity okolnich svali (Arshad et al., 2016).
Nektefi autofi se naopak domnivaji, ze ptilis vysoké hodnoty IAP, které vznikaji naptiklad
pii Valsalvové manévru, zvysSuji zatizeni patefe z divodu nadmeérné aktivace svalii trupu
(Mokhtarzadeh et al., 2012). Naopak Stokes at al. pfiSel s tvrzenim, Ze velké kompresni sily
vytvorené aktivitou svalll trupu jsou kompenzovany trak¢nim vlivem IAP na patet. Prokézal to
na biomechanickém modelu patete, kde zvySeni IAP snizilo zatiZzeni patefe (Stokes et al.,
2010). Hodges at al. zase popsali, jak IAP tvoii trakéni moment diky silam, které tlaci kaudalné
do panevniho dna a kranidln¢ do branice (Hodges et al., 2005). Trakéni schopnost zvyseného
IAP je doprovazena aktivitou flexorti a extenzort trupu, které pomahaji ve stabilizaci patete
(Hodges et al., 2005). Dalsi autofi popisuji, ze diky trakéni schopnosti IAP neni potieba tak
vysoké aktivity extenzorll patete pro vyvazeni aktivity flexort (Daggfeldt and Thorstensson,
1997). Toto tvrzeni podporuje i Cholewicki et al., s tvrzenim, Ze se pfi aktivitach vyzadujici
extenzi trupu (zvedani bfemen, vyskok) zvySuje IAP a vytvoii tak potfebnou stabilitu trupu
bez nutnosti nadmérné aktivity extenzort patete (Cholewicki et al., 1999). Za idealni situace
by mél byt prifez trupu v horizontdlnim roviné co nejvétsi, coz zajisti dostatecny pienos sil,
a tak 1 ochranu pro patef. Branice a panevni dno tudiZ musi pracovat proti sobé (Daggfeldt and
Thorstensson, 1997). Je proto dulezité, ze IAP udrzuje kruhovity prifez btisni dutiny, ¢imz
brani ve zkraceni svali trupu a jejich kolapsu do bfiSni dutiny, coZz by omezilo schopnost

kontrakce téchto svali (McGill and Norman, 1987).

Excesivni selektivni aktivita jednotlivych bfisnich svalli mlize zpisobit snizeni aktivace
ostatnich bfi$nich svald a negativné ovlivnit stabilizaci patete (Stokes et al., 2011). Vhodny
tonus a aktivace bfisni stény tak, aby fungovala jako jedna harmonicka jednotka se svalstvem
panevniho dna, je kritickou stabilizacni slozkou, kterd optimalizuje tlak na bfiSni orgény, ¢imz
napomaha expanzi dolniho hrudniho koSe pro dychani (Wallden, 2017). Tedy nejen velikost
aktivace bfiSni stény, ale také typ koaktivace (excentrickd vs. koncentrickd) hraje dileZitou roli
pii spravné trupové stabilizaci. Pfi posturdlni zatézi zvysi branice svym kaudalnim pohybem

tlak v bfi$ni dutiné a jelikoZ je jeji obsah nestlacitelny, bfiSni sténa a pAnevni dno musi reagovat
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excentrickou kontrakci. Nedostatecna expanze nebo koncentricka aktivace btiSnich svalti mtize
narusit posturalni stabiliza¢ni funkci (Hodges and Richardson, 1999; Kalpakcioglu et al., 2009;
Kolar et al., 2010).
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3. Patologie nitrobrisniho tlaku

Posturalni funkce je s pohybem a lokomoci velmi izce spjata: mobilita a stabilita tvori
funk¢ni jednotku, kterd je pod stalou kontrolou CNS (Ivanenko and Gurfinkel, 2018). Podle
nekterych studii se zda, ze LBP je Casto spojena s naruSenou ¢i zménénou funkci trupovych
svall (Hemming et al., 2019; Jung et al., 2020; Lin et al., 2018). LBP je pfitom jednim
z hlavnich problémt vefejného zdravi zpasobujici disabilitu se zna¢nymi zdravotnimi
a socioekonomickymi nasledky, a to v celosvétovém méfitku (Hoy et al., 2012). LBP je také
jeden znejcastéjSich divodi navstévy lékare aneziidka je pfiCinou vystaveni pracovni
neschopnosti, jelikoz postihuje jedince v produktivnim véku (Bonetti et al., 2005; Jenkins,
2002). Insuficientni stabilizace bederni patefe ma vétsinou neurologicky ¢i muskuloskeletalni

puvod (Barr et al., 2005; Kuukkanen and Milkié, 2000; Tsao et al., 2010).

Neidealni koordinace posturalniho svalstva a deficit ve stabiliza¢ni funkci je povazovan
za dulezity etiologicky faktor v ptipadé poruch patefe spojenych s bolesti zad jako jsou napft.
spondyloartréza, vyhfez meziobratlového disku ¢i spondylolistéza (Cresswell et al., 1994;
Hodges, 1999; Tsao et al., 2010). Komplex bederni patefe je adaptovan ke schopnosti nést
externi zat¢z. Tlak je pfenaSen do pevnych tél obratli a relativné elastickych diskd. Excesivni
mechanické zatizeni vSak vede k poSkozeni téchto struktur (Adams and Roughley, 2006).
Vysledky studii potvrzuji, Zze abnormality v fizeni motoriky mohou byt nejen pti¢inou LBP,
ale i jejim dusledkem (Hodges et al., 2003; Nelson-Wong and Callaghan, 2010). Porucha
posturalni kontroly a zpozdéni reakéniho Casu trupového svalstva je pfedpokladem pro vznik
patologie v bederni patefi. Tato porucha mize byt vyznamnym rizikovym faktorem pro vznik
poranéni bederni patefe (Cholewicki et al., 2005). Klinicky je insuficientni aktivace latero-
dorsalni ¢asti biisni stény (tedy v oblasti trigonum lumbale superius - TLS) a spodni ¢asti bfisni
stény pifimo nad tiisly castym nalezem u pacienti s LBP (Frank et al., 2013; Kobesova et al.,

2016).

S IAP a trupovou stabilizaci Gzce souvisi 1 dysfunkce panevniho dna. ZvySeni tlaku intra-
vaginaln¢€ ¢asove predchazi zvyseni IAP, coZ naznacuje zvySeni aktivity svali panevniho dna
jeste pied nartistem IAP jako odpovéd’ na posturalni zatizeni (Hodges et al., 2007; Sapsford and
Hodges, 2001). Fyziologicky by svalova aktivace panevniho dna m¢la predchazet zvyseni IAP
z diivodu udrZeni kontinence, udrZeni pozice panevnich organi, ale téz pro zajisténi stability

patere (Hodges et al., 2007; Madill and McLean, 2006; Sapsford and Hodges, 2001). Dysfunkce
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komplexu panevniho dna je Casto soucasti neidealni globalni posturdlni koaktivace, nejenom
lokalni poruchou svalti PD. Proto pti neidedlnim zapojeni posturdlnich svalli u pacientti s LBP
je dulezité vysetfit a terapeuticky ovlivnit i svaly panevniho dna, které maji vyznamnou funkci
ve vztahu k IAP a stabilizaci bederni patete, jak potvrdil naptiklad Junginger et al. (Junginger

etal., 2010).

Na IAP musime pohlizet i v kontextu jinych télesnych systémui nez jenom pohybového
aparatu. Akutné, nebo 1 dlouhodobé nefyziologicky zvysend hodnota IAP je nazyvéna jako
intra-abdominalni hypertenze (Smit et al., 2016). Tato situace patologicky ovliviiuje mnoho
télesnych systémil jako naptiklad gastrointestindlni, respiracni, kardiovaskularni nebo renalni
(Christensen and Craft, 2018). Jedna se o klinicky zdvazny stav, ktery Casto pozorujeme
u chronicky nemocnych pacientil nebo u pacientil na jednotce intenzivni péce (De Waele et al.,
2011). ZvySeny IAP muze vést ke vzniku kyly, gastroesofagealni refluxni choroby jicnu,
hemoroidu, vyhiezii v panevnich organt, stresové inkontinenci a mnoha dalSich patologickych

stavi (Bitnar et al., 2016; Noblett et al., 1997; Sanchez and Chinn, 2011; Schaffer et al., 2005).

Ovlivnéni nitrobfisniho tlaku ve smyslu trénovani jeho narustu je Castym piistupem
v terapii LBP a v silovém tréninku (Aleksiev, 2014; Lee et al., 2014; Tayashiki et al., 2015).
Opatrnost s pfiliSnym zvySovanim IAP by meéla byt v pfipad€, Ze pracujeme s pacienty
po bfisnich operacich, s kylou nebo u inkontinence a prolapsti PD (da Silva Borin et al., 2013).
ZvySeni IAP zvySuje nasledné i krevni tlak, coz muize byt rizikové napiiklad u pacientll
s hypertenzi nebo pro pacienty se srde¢nim selhanim, kdy by se kvtli vysSimu tlaku v aorté
zvysily naroky na praci levé srde¢ni komory (Hackett and Chow, 2013; Sugerman et al., 1999).
Nasledkem zvySeni tlaku v bfiSni dutin€ se i1 sniZuje navrat Zilni krve z dolnich koncetin,
coz mize zhorSovat otoky v této oblasti. Prudké zvySeni IAP muize u spindlnich pacientd
vyprovokovat autonomni dysreflexii. V neposledni fadé€, pii zvySeni IAP se nésledné zvySuje
1 intrakranialni tlak, coZ miize byt nebezpecné naptiklad pro pacienty s rizikem hemoragické
cévni mozkové piihody (McGill and Norman, 1987). Terapeutickym cilem by mélo byt spise

optimalizace regulace a distribuce IAP neZ absolutni zvySeni hodnot IAP.
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4. Vyuziti nitrobriSniho tlaku v terapii

Dechovy stereotyp ovliviiuje koordinaci trupového svalstva a modifikuje pohyb, a proto
specificky trénink dechového stereotypu tvoii kliCovou cast tfady cvicebnich protokoll
zamétujicich se na stabilizaci trupu (Bradley and Esformes, 2014; Kang et al., 2016; Park
and Lee, 2019). Pacienti s LBP Casto vykazuji suboptimalni respira¢ni parametry a je u nich
popsan pozitivni efekt dechovych cviceni (Anderson and Bliven, 2017; Calvo-Lobo et al., 2019;
Janssens et al., 2015; Shah et al., 2019).

Poruchy ve stabilizaci bederni patefe jsou predevsim ptivodu svalového a neurogenniho,
a proto miva léCebny efekt vhodné zvolena fyzioterapie a trénink motorického fizeni, které
navodi spravnou koaktivaci mezi trupovymi svaly (Barr et al., 2005; Kuukkanen and Malki,
2000; Tsao et al., 2010). Cviceni zamétfené na stabilizaci trupu a bederni patefe se vyuzivaji
nejen v 1é¢bé, ale i v prevenci LBP (Horsak et al., 2017). Kromé¢ terapie LBP se nacvik trupové
stabilizace vyuziva pfi 1écbé dalSich muskuloskeletalnich poruch (Huxel Bliven and Anderson,

2013).

Selektivni aktivace izolovanych skupin bfi§niho svalstva signifikantn& nezvysSuje stabilitu
patete (Stokes et al., 2011). Proto by se posturalni trénink mél zamétit na globalni koordinaci
vSech svalil Gi€astnicich se stabiliza¢ni funkce a regulace IAP. Naopak, cileny trénink zamétujici
se izolované na jednotlivé svaly mize byt kontraproduktivni (Stokes et al., 2011). Své misto
ma IAP 1 v silovém tréninku, kdy napomdhd zajiStovat stabilitu patefe a udrzet spravné
nastaveni segmentli béhem zatéZe a pusobi tak preventivné na rozvoj bolesti z pfetizeni

¢i poranéni (Hackett and Chow, 2013).

Nécvik kontroly nitrobfiSniho tlaku se vyuZiva i v terapii panevniho dna. Koordinovana
aktivita PD béhem zvyseni tlaku v bfi$ni dutin€ ma za nasledek stlaceni uretry a kranidlni posun
PD v reakci na tlaceni obsahu bfisni dutiny do malé panve. Spravn¢ instruované zvySeni IAP
nemusi tedy znamenat zhorSeni inkontinence, ale miize mit naopak terapeuticky efekt (Talasz

etal., 2012).

Naptiklad pacienti s roztrousenou skler6zou (RS) maji celkové snizenou pohybovou
aktivitu vcetné Spatné funkce panevniho dna projevujici se inkontinenci moci 1 stolice. Proto
byva témto pacientim doporucena kromé jinych ptistupl i fyzioterapie zaméfena na nacvik
spravného tonu a koordinace svali panevniho dna a na jejich aktivaci v ramci komplexniho

nacviku trupové stabilizace (Motl et al., 2017; Newsome et al., 2017; Saldana Ruiz and Kaiser,
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2017). Jednim z pfistupti k dysfunkci panevniho dna u RS pacientd muize byt metoda
Dynamické neuromuskularni stabilizace (DNS), kdy je terapie cilena na spravnou trupovou
stabilizaci 1 v situacich jako je kasel, diep, skdkani, zvedani zatéze a v dalSich situacich, které
mohou byt spojeny se stresovou inkontinenci (Frank et al., 2013; Kobesova et al., 2016; Kovari

etal., 2021).
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5. Moznosti objektivizace nitrobriSniho tlaku

80 % zapadni populace se béhem zivota setka s bolesti dolni ¢asti zad (Alhowimel et al.,
2018). K tomu, abychom LBP spravné 1écili a dosahli dlouhodobych vysledkt, je nutné umét
objektivné hodnotit trupovou stabilizaci. V klinické praxi je dilezité hodnotit kvalitu posturalni
stabilizace a objektivné hodnotit schopnost pacienta regulovat IAP v posturdlné zatézovych
situacich. Nicméné objektivni hodnoceni posturdlni stability trupu stale neni jednoznacné
definované a bézné pouzivané. Evidence based data pomahaji nastavit optimalni lé¢ebny pléan,
hodnotit terapeutické vysledky, vysledky autoterapie a porovnavat efekt rtiznych l1é¢ebnych
ptistupti. Monitoring a trénink posturalni stabilizace hraje roli také ve sportovni oblasti, kde
figuruje pti 1é¢be a prevenci bolesti zad z pretizeni a zaroven napomaha zlepsit sportovni vykon

(Akmoglu and Kocahan, 2019; Mckeon et al., 2008; Zech et al., 2014).

Jak jiz bylo zminéno, IAP G¢inn¢ stabilizuje patet a jeho hodnoceni v rdmci posturalni
stabilizace je zdsadni soucasti klinického vySetfeni jedinct s muskuloskeletdlnimi obtizemi.
Z vysledki publikovanych studii vyplyva ze IAP koreluje s posturalni stabilitou, a proto jeho
vySetieni miZe ozfejmit kvalitu posturalni stabilizace (Cresswell, 1993; Hodges, 1999; Hodges

et al., 2005).

Posturalni aktivita svali trupu mize byt hodnocena mnoha zplisoby, napf. pomoci
ultrasonografie, elektromyografie, tedy neptimo pomoci hodnoceni funkce zucastnénych svali,
nebo piimym métenim [AP (Brown and McGill, 2010; Essendrop et al., 2002). Tyto ptistupy
umi méfit velmi presné jak aktivitu konkrétniho svalu, tak pfimo IAP. VétSina téchto metod se
ale v rehabilitaci vyuZiva pouze pro vyzkumné ucely, jelikoZ méfeni jsou subjektivné
nepiijemna, ¢asove a technicky naro¢na a vysledky se obtizné vyhodnocuji. Tenzi bfi$ni stény
jako nasledek posturalni aktivity mizeme vySetfovat palpaci, ktera bohuzel vykazuje nizkou
senzitivitu a pfesnost pro hodnoceni IAP (Elgueta-Cancino et al., 2014; Frank et al., 2013;
Kirkpatrick et al., 2000; Kobesova et al., 2020, 2016). Méfeni obvodu trupu se také ukazalo

jako nepfesna metoda s nizkou reliabilitou (Triffoni-Melo et al., 2019).

Jelikoz je lidska postura dynamicky proces, potiebujeme néstroj, ktery bude schopen
hodnotit IAP a svalovou stabilizaci trupu v riznych posturdlnich situacich. Dale je dilezité

zkombinovat klinické vySetfeni s objektivnim hodnocenim zminéné aktivity.
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5.1.Klinické vySetieni

Nejbéznéjsi zpusob jak v rehabilitaci hodnotime posturdlni stabilizaci trupu je subjektivni
klinické vySetfeni. VySetfujici pii ném palpuje pomoci prsti kvalitu a symetrii bfisni stény
behem aktivace trupové stabilizace a tim nepiimo hodnoti IAP (Elgueta-Cancino et al., 2014;
Jacisko et al., 2020; Kobesova et al., 2020; Shamsi et al., 2015). Podkladem této metody jsou
studie, které popisuji rostouci tuhost bfisni stény s rostoucim IAP (Tayebi et al., 2021; van
Ramshorst et al., 2011). Jeden z konceptd, ktery se zaméfuje na definici optimalni postury
a vyuziva sadu funkénich testl k posouzeni postury je Dynamicka neuromuskulérni stabilizace

(DNS) (Kobesova et al., 2020).

Palpace se vétsinou soustiedi na oblast nad tfiselnym vazem a na oblast TLS (Kobesova
et al., 2020). Stejné oblasti trupu pro hodnoceni aktivity btisni stény ve vztahu k IAP vyuzivali
1 dalsi autoii (Kumar et al., 2012; Malatova et al., 2013; Novak et al., 2020). V téchto oblastech
btisni stény nachdzime pouze Upony plochych bfisnich svali a tudiz je zde dobte ptistupna
bfisni dutina a vétsi pravdépodobnost, ze tlak palpovany ¢i monitorovany senzory je IAP,
nikoliv lokalni aktivace jednoho svalu (Grevious et al., 2006). Neidealni aktivaci v téchto

mistech miizeme velmi Casto nalézt u pacientti s LBP (Frank et al., 2013; Kobesova et al., 2016).

5.2.Testovani nitrobriSniho tlaku pristrojové

5.2.1. Transperitonealni méreni

Nejptesnéjsi formou hodnoceni IAP je pfimé laparoskopické meétfeni pomoci intra-
abdomindlniho katetru (Cresswell, 1993; Malbrain et al., 2006a). V klinické praxi se vyuziva
pro pacienty s peritonealni dialyzou nebo kontinualni paracentézou. Pro védecké ucely je tato
metoda zlatym standardem méteni a hodnoceni IAP. Transperitonealni monitoring vSak neni
v bézné klinické praxi ani v rehabilitanim vyzkumu vyuzivan z divodu své invazivity

(Malbrain, 2004; Malbrain et al., 2006a).
5.2.2. Intra-cavalni méreni

Dalsim piikladem pfimého hodnoceni IAP je intra-cavalni métfeni. Katetr se zavadi skrz

venu femoralis az do vena cava inferior pod ultrazvukovou nebo rentgenovou kontrolou. Tato
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metoda umoziuje presné a kontinualni méteni IAP. Je zde vSak riziko infekce, krvaceni,
a zaroven musime pocitat s ¢asovou naro¢nosti a nutnosti specidlné¢ vyskoleného zdravotnické
personalu (Malbrain et al., 2013). Tato metoda je z vySe uvedenych divodi velmi nevhodna

pro monitoraci IAP v ramci posturalnich funkci.

5.2.3. Intra-vesicalni méreni

v

Intra-vesicalni méfeni je nevyuzivanéjsi a nejspolehlivéjsi metodou nepfimého méteni
IAP, a to pfedevSim pii vySetfeni intra-abdominalni hypertenze. Je tedy standardem
pii monitoraci intra-abdominalniho kompartment syndromu. S vyhodou se vyuziva u pacienti
s jiz zavedenym intra-vesicalnim katetrem. Tato metoda je zalozena na principu pienosu IAP
na mocovy méchyt a jeho obsah. Méfeni se provadi v pozici v leze na zadech. Nevyhodou je
riziko zaneseni infekce do moc€ového ustroji ¢i poranéni uretry, proto tato metoda neni ideélni

pro vyzkum posturdlnich funkci (Malbrain, 2004; Malbrain et al., 2013; Wise et al., 2017).
5.2.4. Intra-gastrické méreni

Dalsi moznost, jak métit IAP nepiimo je pomoci nasogastrické ¢i gastrostomické sondy,
které jsou zavedeny do Zaludku, a ptindsi veelku presnou metodu méfeni IAP (Grillner et al.,
1978; W Hodges et al., 2005; Wauters et al., 2012). Pro pacienty je to metoda velmi subjektivné
nepiijemna, proto se v rehabilitacnich studiich rutinné nepouziva. Jde také o metodu financné
nakladnéj$i napt. oproti intra-vesicalnimu méteni. Dalsi nevyhodou tohoto méfeni je ovlivnéni
IAP fyziologickymi stahy zaludku (Sugrue et al., 1994). Naopak mezi vyhody patii moZznost
kontinudlniho snimani IAP, a to i béhem pfirozenych pohybil jako je chiize ¢i béh (Grillner
etal., 1978). V rehabilitaci se tato metoda vyuzivd v rédmci experimentd u pacientl
s gastroesofagedlnim refluxem ¢i s poruchami polykani, ale neni typickou soucasti bézného

klinického vySetfeni (Malbrain et al., 2006a).

5.2.5. Anorektalni manometrie

Anorektalni manometrie (high resolution anorectal manometry — HRAM), tedy méteni
IAP pfes rektum, se provadi pomoci specialniho katetru nebo sondy. Tyto sondy jsou velice
citlivé na zmény tlaku, ktery snimaji v redlném case. Jsou velmi malé (primér je 10 mm), tedy
dobfe tolerované pacienty, a témet bez rizik jakéhokoliv poranéni (Malbrain, 2004; Sugrue
etal., 1994). Vyznamnou vyhodou je také moznost volného pohybu pacienta béhem celého
méteni. Proto je HRAM vyuZivana v mnoha studiich zabyvajicich se zménami IAP v riznych

posturdlnich situacich (Kawabata et al., 2010; Sapsford et al., 2013).
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Anorektéalni sonda je vybavena 12 senzory, z nichz kazdy méii tlak ve 12 po obvodu
rozlozenych mistech, diky ¢emuze tato metoda umoziuje snimat simultanné tlak ze 144 bodu.
Tlak je sniman v mmHg a jeho hodnoty jsou nasledné konvertovany na elektrické signaly
a zpracovany pocitaCem (Pfeifer and Oliveira, 2006). Dva distdlné¢ polozené senzory jsou
uloZeny za analnimi svéraci v oblasti ampulla rectum, kde méfi intra-analni tlak. Zbyvajicich
10 sensorti snima tlak vytvoteny svéraci. Pfed zacatkem méfeni se sonda kalibruje na nulovy

atmosféricky tlak (Novak et al., 2021b).

2004; Malbrain et al., 2013). Méfeni intra-analniho tlaku je spolehlivou metodou zjistovani
IAP, i kdyz neni tak pfesna jako napf. intra-vesicalni méteni (Wise et al., 2017). Méfeni muize
komplikovat pfitomnost rezidudlni stolice, Spatnd poloha zavedené sondy a stud pacienta
(Bhatia and Bergman, 1986; Pfeifer and Oliveira, 2006). Kontraindikaci méfeni je krvaceni
z dolniho gastrointestinalniho traktu ¢i prijmovitd onemocnéni (Kawabata et al., 2010).

Nevyhodou je také vysoka potfizovaci cena zatizeni (Pfeifer and Oliveira, 2006).

Na podobném principu, jako je HRAM, pracuje intra-vaginalni hodnoceni IAP. Probiha
opet pomoci senzord (i bezdratovych) a lze tak dobie hodnotit IAP pii béznych dennich
aktivitach nebo pfi riznych posturdlnich zatézovych situacich. Z logiky véci vSak tato varianta

muze byt pouZita pouze u Zen (Coleman et al., 2012; Shaw et al., 2014).

5.3.Méreni aktivity trupovych svali

5.3.1. Elektromyografie

BéZnou metodou pro hodnoceni aktivity svalii trupu je elektromyografie (EMQG).
Pro méfeni lze vyuZit jeji povrchovou nebo jehlovou variantu. Nevyhoda tohoto méfeni je
moznost hodnoceni aktivity pouze nékolika konkrétnich svalli, nikoliv globalni trupové
stabilizace a koordinace vSech svalt trupu. Povrchovou EMG miizeme snimat pouze povrchové
svaly, jehlova varianta, kterd by obsdhla svaly hloubé&ji uloZené, je nepfijemnd a invazivni
metoda. Navic je méfeni zatiZeno vznikem mnoha artefakti. EMG je proto vyuZivana pfevazné
ve vyzkumu vice, nez v klinické praxi (De Luca et al., 2006; Henry and Westervelt, 2005;
Junginger et al., 2010).
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5.3.2. Ultrasonografie

Aktivita trupovych svall mtize byt méfena také pomoci diagnostického ultrazvuku
hodnocenim Sitky prifezu jednotlivych svalt. Ultrazvukem Ize hodnotit i hluboko ulozené
svaly a zaroven je tato metoda nenakladné a neinvazivni. Pfesnost méteni a reliabilita je vSak
zavisla na zkuSenostech a schopnostech vysetfujiciho (Hodges et al., 2003). Ultrazvukové
vysetieni, stejné jako EMG, umoziiuje objektivizaci aktivace jednotlivych vall, ale nikoliv

globalni trupové koordinace.
5.4.Méreni expanze briSni stény

Tenze btisni stény je dalsi projev aktivace trupovych svali a miry IAP, ktery je méfitelny.

Tento neinvazivni ptistup hodnoti vné&jsi tlak, ktery produkuje expanze bfisni stény.
5.4.1. Ohmbelt senzor

Pro neinvazivni méfeni expanze biisni stény v ramci testovani posturalni stabilizace trupu
lze vyuzit Ohmbelt (Nilus Medical LLC, 2019 ¢ OHMBELT, Redwood City, CA, USA).
Varianta, kterd byla vyvinuta pro védecké ucely obsahuje dva kapacitni senzory (prumér 15
mm, tloustka 0,35 mm, maximalni rozsah 0,45kg, minimalni registrovatelna sila je 0,9g), které
se upevni specidlnimi popruhy na trup. Komer¢ni varianta, ur€ena pouze pro biofeedback
v ramci tréninku ¢i terapie, obsahuje pouze jeden senzor. Kapacitni senzor (béZné vyuzivany
v medicinském vyzkumu (Ahmad and Barbosa, 2019; Salpavaara et al., 2008)) detekuje silu,
ktera je na n¢j aplikovana. Senzory jsou v kontaktu se sténou trupu a inicidlni pfitlak je nastaven
mirou utaZeni popruht, které senzory fixuji. Senzory se umist'uji podle potieby na riizné oblasti
trupu, nejcastéji do oblasti TL a do oblasti nad tfiselnym vazem, kde je dobte pfistupna bifisni

sténa a nejsou zde velka svalova btiSka, jejichz kontrakce by mohla negativné ovlivnit méfeni.

Expanze bfisni stény béhem dechovych a posturalnich manévrt vyviji tlak na senzory a je
snimand jako sila v gramech za ¢asovou jednotku (1 g =0,01N). Hodnoty jsou pienaseny
do pocitace, kde jsou graficky zobrazeny v redlném cCase a automaticky ulozeny pro dalsi
statistické zpracovani. Senzory jsou vybaveny také akcelerometry, které detekuji vychylky
trupu béhem méfeni. Ohmbelt je vhodnou moznosti, jak neinvazivné hodnotit IAP skrze tenzi
bfisni stény. Hodnoti celkovou trupovou stabilizaci a nejen lokalni svalové aktivace. Vyhodou

je také skladnost piistroje, nizka potizovaci cena a jednoduchost samotného méteni.
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Pfi méfeni je nutné nejprve bez kontaktu s trupem nakalibrovat senzor na nulovou
hodnotu a poté utdhnou pomoci popruhi na télo probanda tlakem 110 g + 10 g, coz zajisti
dostatecnou citlivost méfeni, ale zaroven neptedstavuje pfili§ velky tlak proti dechovym
exkurzim trupu a neni subjektivné nepiijemné pro meéfené¢ho probanda. Pfi dynamickych
testech je zde riziko posunu senzort z TL a oblasti tfisla, coz maze ovlivnit vysledky. Navic
u probandli s vy$§im procentem podkozniho bfisniho tuku mutze dojit z davodu vétsi
vzdalenosti mezi tlakovym senzorem a bfiSni svalovinou k ovlivnéni méfeni. V komeréni
variant¢, kdy vyuzivdme pouze jeden senzor, nemame informace z kontralateralni ¢asti trupu

(Novak et al., 2021a).

5.4.2. Dynamic Neuromuscular Stabilization Brace (DNS Brace)

DNS je koncept zaméiujici se na klinické hodnoceni posturdlné respiracnich funkci
na zékladé poznatkli z vyvojové kineziologie. Pfinadsi komplexni pohled se zaméfenim
na posturalni stabilizaci, dechovy vzor a dynamickou kloubni centraci. Zaroven nabizi funkéni
1écbu zejména muskuloskeletalnich a neurologickych obtizi (Casas et al., 2019; Kim et al.,
2018; Kobesova et al., 2020, 2018, 2016, 2015; Mohammad Rahimi et al., 2019). Nicmén¢ je
dilezité objektivné zhodnotit vySetieni a pribéh terapie. Proto byl vyvinut pfistroj DNS Brace,
ktery neinvazivné a objektivné hodnoti expanzi bfisni stény a nepifimo tak méfi miru IAP

béhem posturalné respiracni aktivity trupu (Chaitow et al., 2014; Terjung, 2011).

DNS Brace (vyvoj: Ortotika, FN Motol V Uvalu 84, Praha) je plastové trupova ortéza
vybavena ¢tyfmi elektricko — mechanickymi sensory. Béhem vySetieni se na trup nasadi korzet,
ktery naléhd pevné na kosténé trupove struktury, ale neomezuje expanze mékké biisni stény.
Sensory umoziuji rizné individudlni nastaveni a umistuji se bilateralné do oblasti TLS
a nad tfiselny vaz. Silikonové koncové €asti maji polokruhovity tvar a obsahuji vzduchovou
komoru, kterd se pfi zvySeném tlaku bfiSni stény deformuje a tato aktivita je registrovana
digitalnim tlakovym senzorem umisténym na ortéze. Data jsou registrovana v kPa a pomoci

Bluetooth pfenesena do mobilni aplikace, kde mohou byt dale vyhodnocena.

DNS Brace mlze méfit volni, ale i reflexni odpovéd’ posturalni aktivaci trupu. Kromé
vyzkumnych ucell mize byt ortéza vyuzita pro objektivizaci vySetieni a terapie nebo jako
biofeedback pro pacienta pfi nadcviku spravné trupové stabilizace. Vyhodou oproti Ohmbelt je
schopnost snimat expanzi trupu simultanné pomoci 4 senzort ¢imz pfistroj poskytuje
komplexnéjsi prehled o trupové stabilizaci. Samotné méteni a ziskdvani dat pomoci DNS Brace

je relativné jednoduché, musi se ale dodrzet zakladni pravidla. Senzory by mély byt umistény
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co nejpiesnéji v oblasti nad tfiselnym vazem, aby neregistrovaly aktivaci svalovych btisek m.
rectus abdominis pokud by byly pfili§ medialn€. V oblasti TL mohou nespravné snimat tlak
zeber nebo aktivaci extenzorl patete. U obéznich pacientd mize byt problém s piili§ velkym
obvodem trupu, coz znemoziiuje nasazeni DNS Brace na trup pacienta. Je zde také velka
vzdalenost mezi bfisni dutinou a senzory z divodu velkého mnozstvi podkozniho tuku. Naopak
u probandl s velmi tzkym pasem nemusi senzory byt v dostatecném kontaktu se bfi$ni st€nou,
coz negativné ovlivni vysledky. Limitem jsou posturdlni situace (dynamické pozice v leze,
vyrazna flexe nebo extenze trupu), kde mize vlivem pohybu trupu dojit k posunuti DNS Brace,

a tim k ovlivnéni méteni (Jacisko et al., 2020; Novak et al., 2021b).

5.4.3. Dalsi pristupy

Podobny princip méfeni expanze biisni st€ény pouzili i jini autofi, napt. Maldtova et al.,
kter4 hodnotila expanzi bfi$ni st€ny pomoci Ctyfi dynamometra ptipevnénych na trup. Ve studii
popsala mechanismus, jak 1ze pomoci dynamometrti méfit aktivitu trupové stabilizace. VSechny
svaly trupu musi fungovat jako jedna funkéni jednotka, aby se vysledek projevil ve zvySeni
IAP, ktery ovlivni tenzi bfisni stény. Autofi také objektivizovali efekt Sestitydenni terapie
zamétené pravé na aktivitu stabilizacniho systému patefe (Malatova et al., 2013, 2008;

Malatova and Dievikovska, 2009).

Analogicky k méfeni ptistoupil ve své studii van Ramshorst et al., ktery koreloval tenzi
bfisni stény a vzestup IAP. V této studii byly pouZity specidlni dynamometry k méfeni tuhosti
biisni stény na kadaverech poté, co insuflaci zvySovali tlak bfi$ni dutiny. Studie potvrdila,
ze za laboratornich podminek (studie neméfila zivé probandy) tenze btiSni stény reflektuje

zmény IAP (van Ramshorst et al., 2011).

Korelaci mezi méfenim tuhosti bfiSni stény snimané tenzometrem a IAP méfenym
pomoci tlaku v mo¢ovém méchyii béhem dechového cyklu u zivych probandi potvrdil i Chen
et al. (Chen et al., 2015). Tito autofi zaroven prokazali, Ze body mass index nemad vliv
na korelaci mezi tenzi bfisni stény a IAP. Pro hodnoceni aktivity zejména m. TA byl dal§Sim
tymem autort pouzit piistroj Pressure biofeedback unit, ktery sesklada ze tfi tlakovych sond
(vzduchem naplnénych vaki). Pro méfeni timto piistrojem je mozné vyuzit pouze pozice v leze.
Tlakové sondy se vlozi pod lumbalni ¢ast patete. Pacient je poté vyzvan, aby pomoci aktivity
trupovych svall udrzel tuto ¢ast patete v kontaktu s podlozkou a tim vytvofil pozadovany tlak

na sondy. Pacienti mohou podobnym postupem v lezZe na bfiSe vytvaret tlak na sondy umisténé
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tentokrat v oblasti nad tfiselnym vazem (Lima et al., 2012). Obdobn¢ méfil aktivitu svall trupu
i Kumar et al. kdy umistil tlakové sondy pod leziciho pacienta v oblasti tfisla a zvySenim
nitrobfisniho tlaku dochazelo i1 ke zvySeni tlaku biisni stény na sondu. (Kumar et al., 2012).
Limitem u téchto pfistupti mize byt fakt, ze k pritlaku bfisni stény k na senzor mohlo dojit

1 pomoci pohybu panve (substituci svalti naptiklad dolnich koncetin) a ne pouze zvySenim IAP.
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6. Vyzkum

Nasledujici ¢ast prace prezentuje publikované vysledky Sesti védeckych praci autora,
které se vztahuji k tématu disertacni prace, tj. objektivni hodnoceni posturalni funkce btisnich

svala a nitrobfi$niho tlaku.

6.1.Postural and respiratory function of the abdominal muscles: A pilot

study to measure abdominal wall activity using belt sensors
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Abstract.

BACKGROUND: The abdominal muscles play an important respiratory and stabilization role, and in coordination with other
muscles regulate intra-abdominal pressure (IAP) to stabilize the spine.

OBJECTIVE: To examine a new, non-invasive method to measure activation of the abdominal wall and compare changes in
muscle activation during respiration while breathing under a load, and during instructed breathing.

METHODS: Thirty-five healthy individuals completed this observational crossover study. Two capacitive force sensors registered
the abdominal wall force during resting breathing stereotype, instructed breathing stereotype and under a load.

RESULTS: Mean abdominal wall force increased significantly on both sensors when holding the load compared to resting
breathing (Upper Sensor: P < 0.0005, d = —0.46, Lower Sensor: P < 0.0005, d = —0.56). The pressure on both sensors also
significantly increased during instructed breathing compared to resting breathing (US: P < 0.0005, d = —0.76, LS: P < 0.0005,
d = —0.78).

CONCLUSIONS: The use of capacitive force-sensors represent a new, non-invasive method to measure abdominal wall activity.
Clinically, belts with capacitive force sensors can be used as a feedback tool to train abdominal wall activation.

Keywords: Spinal stabilization, respiration stereotype, intra-abdominal pressure (IAP), capacitive force sensors

1. Introduction which forms an important spinal stabilization mecha-

nism [7-9]. The pelvis and lumbar spine are reflexively

Over the past two decades, numerous authors have
investigated lumbar spine stabilization [1,2], motor con-
trol of the trunk muscles [3,4], and the regulation of
intra-abdominal pressure [5,6]. Balanced coordination
between the diaphragm, pelvic floor muscles, and ab-
dominal wall musculature is critical for IAP regulation

*Corresponding author: Jakub Novak, Department of Rehabili-
tation and Sports Medicine, Second Faculty of Medicine, Charles
University and University Hospital Motol, V Uvalu 84, Prague 5, 150
06, Czech Republic. Tel.: + 420 22443 9264: Fax: +420 22443 9220;
E-mail: kuba-novak @seznam.cz.

stabilized before the limb movements start [10-12].
This feed forward stabilization mechanism is secured
by the trunk muscles. The diaphragm works in conjunc-
tion with the pelvic floor and deep intrinsic muscles of
the spine and the transversus abdominis to create stiff-
ness and minimize other intrinsic and extrinsic stressors
to the spine during motion [13]. Biomechanical studies
confirm that pressurization of the abdomen increases
lumbar spinal stability, but the degree of spinal stability
is not substantially influenced by selective activation
of certain abdominal muscles [7]. Forced activity of
transversus or obliques may cause reductions in the ac-

ISSN 0959-3020 (© 2021 — The authors. Published by IOS Press. This is an Open Access article distributed under the terms of the Creative
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tivation of other abdominal muscles and even produce
decreased lumbar stability [7].

Appropriate functional tone and conditioning the ab-
dominal wall to work as one harmonic unit with the
pelvic floor musculature is a critical stabilization com-
ponent that optimizes the “push back™ of the viscera
up into the diaphragm, helping expansion of the lower
rib cage for respiration [13]. According to Wallden a
deconditioned or inhibited abdominal wall causes vis-
ceroptosis, reducing the pressure the viscera exerts into
the diaphragm to open the lower rib cage for inhala-
tion, and driving the diaphragm back upward during
full exhalation [13]. The postural-respiratory function
of the trunk muscles is inseparable. With heavy load
lifting, trunk muscle activation in the abdominal and
thoracic cavities act like a rigged-walled cylinder, pro-
viding increased spinal stability [14]. The regulation
of IAP within the abdominal wall in coordination with
diaphragm and pelvic floor muscles significantly con-
tributes to spinal stabilization and protects the spine dur-
ing loading [15,16]. Perhaps not only the amount of the
abdominal wall activation but also the type of contrac-
tion, i.e. eccentric vs. concentric plays a role in spinal
stabilization. With postural activites, the diaphragm
descends caudally to pressurize intra-abdominal con-
tents [17]. The pelvic floor must support the viscera
from bellow. Since the viscera are non-compressible,
one can assume that the abdominal wall must react to
diaphragmatic descend by eccentric contraction. Insuf-
ficient distension or exccesive initial concentric con-
traction of the abdominals preventing diaphragmatic
descend during postural activites may compromise the
whole stabilization mechanism. Poor coordination of
postural muscles and insufficient stabilizing function of
deep back muscles, diaphragm, abdominal and pelvic
floor muscles may result in spinal disorders associated
with back pain, such as deformation spondyloarthro-
sis, intervertebral disc protrusion or spondylolisthe-
sis [18,19].

Various measurement procedures have been used to
investigate the postural-respiratory function of the ab-
dominal muscles and related IAP changes. Esohpageal,
gastric [20], intravesical [21], anal [22,23], and vagi-
nal [24] probes can measure IAP, yet these methods
are often time consuming and uncomfortable for pa-
tients. Electromyography [23] and ultrasound [25] as-
sessments have also been used to analyze activity of the
abdominal muscles, but these methods can be burden-
some, technically demanding to perform while the for-
mer poses serious difficulty regarding its reproducibility
and hence interpretation.

Table 1
Descriptive statistics of the sample

Age (years)  Height (cm)  Weight (kg)  BMI
Mean  21.26 170.51 63.17 24.07
SD 1.62 6.49 7.94 3.02
Min 19 160 41 17.27
Max 25 185 80 2762

This paper presents a new, non-invasive method to
measure force of the abdominal wall using capacitive
force sensors, which may help medical practicioners
provide quick, visual information to patients regarding
their postural-respiratory function.

Therefore, the purpose of this research was to com-
pare how activation of abdominal muscles changes dur-
ing respiration while breathing under a load and when
being instructed to modify breathing stereotype in a
healthy population.

2. Methods
2.1. Participants

This study included 35 healthy individuals, 8 males
and 27 females, aged 19-25 years. Table 1 shows de-
scriptive statistics of the sample. The participants have
not experienced acute or chronic musculoskeletal pain,
reported no pain during the measurements, never suf-
fered from any serious trunk pathologies, never under-
gone any trunk operations and have never received any
therapy or training focusing on intra-abdominal pres-
sure activation or abdominal wall expansion. Individ-
uals with body mass index (BMI) over 30 were ex-
cluded from the study. Written informed consent was
obtained from each participant, and this study was ap-
proved by an Institutional Ethics Committee (Ethics
Committee of the University Hospital Motol and 2™
Faculty of Medicine, Charles University in Prague. No.
1263.1.15/19; approval date: November 6, 2019). The
study conforms with The Code of Ethics of the World
Medical Association.

2.2. Instruments

For the noninvasive examination of abdominal mus-
cles function, a unique device called Ohm Belt (Nilus
Medical LLC, 2019 (c) OHMBELT, Redwood City, CA,
USA). A research version of the device was designed
by the manufacturer for the trial purposes, which dif-
fers from the commercial version in that two sensors
recorded data simultaneously with a software app to
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CAPACITIVE FORCE SENSOR

EXPANSION OF THE ABDOMINAL WALL

ADJUSTABLE STRAP

Fig. 1. Close-up picture of the capacitive force sensor and a scheme of abdominal cavity with expansion of the abdominal wall and attached sensor.

display and record both sensor force data. It consists
of two capacitive force sensors of 15 mm diameter,
0.35 mm thickness, full scale range 0.45 kg, minimal
detectable force 0.9 g (Fig. 1), attached to the abdomi-
nal wall by adjustable straps. The device utilizes force-
sensing capacitor type of sensor, which consists of a
material whose capacitance changes when a force is ap-
plied. Such sensors are also known as “force-sensitive
capacitors” and reported to be used in other medical
research projects [26—28]. This sensor is an example
of parallel plate capacitator (see Fig. 1). For small de-
flections, there is a linear relationship between applied
force and change in capacitance. Force sensor, facing
the subject’s skin, is pressed against the abdominal wall
by the adjustable firm strap (see Fig. 1). Abdominal
wall expansion and retraction is recorded by the sensor
as a force (The “abdominal wall force™). The sensors
register the force exerted by the abdominal wall during
respiration and various postural tasks. The abdominal
wall force is measured in grams over a period of time,
where 1 g = 0.01 N. The gram scale was selected to
provide users with feedback in integer rather than deci-
mal values. Abdominal wall force was measured by the
sensor and recorded in grams over a period of time. The
force displayed on the graph scale in grams is, there-
fore, technically in the gram-force unit (gf). The dual-
channel pressure sensor consists of two sensors which
monitor simultaneously the instantaneous muscle force
at two different locations. Both the amount of the force
and its dynamics over time can be analyzed. The sensors
are also equipped with accelerometers to capture any
kyphotic trunk synkinesis, i.e. substitutive trunk move-
ment replacing abdominal muscle activation. A built-in
tensometric transducer converts the force to the digital

signal that is transmitted wirelessly via bluetooth to the
computer where the software graphically displays the
results. The program records any time sequences with
the numerical values being automatically exported into
MS Excel. Immediate data analysis, graphical imaging
and data saving is available.

2.3. Assessments

The assessments of all participants were performed
under the same conditions (daytime, assessment room,
temperature), and by the same examiner. Each partic-
ipant was in an upright seated position, with hips and
knees flexed at 90°, and both feet supported on the
floor (Fig. 2). First, a pilot study was performed on 20
healthy individuals to measure abdominal wall activity
in various postural and breathing situations, using dif-
ferent ways of fixation and placement of the sensors to
achieve maximal measurement accuracy and sensitivity.
By repeated measurements, it was determined that fix-
ation with firm but flexible belts under the pressure of
of 120 grams =+ 10 g for the upper sensor (US) and 140
grams = 10 g for the lower sensor (LS) allows for suffi-
ciently accurate measurements while not limiting trunk
and abdominal wall movements. Before each measure-
ment, boths sensors were calibrated to a baseline of zero
and positioned on each participant using palpation by
a skilled manual therapist. The US was placed on the
superior trigonum lumbale, bellow the floating ribs, and
the LS was placed above the groin at the intersection
of the mammilar and bispinal connecting line. Sensors
were randomly placed on the left or right side of the
body. The sensors were fixed during tidal expirium.

The participants were instructed to maintain the up-
right sitting position throughout the course of the whole
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Fig. 2. Resting breathing assessment. Force sensors are placed under the belts.
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Fig. 3. Load breathing assessment. At the 10th second the weight was put into participant’s hands (note the steep increase of both lines in the
graph).

assessment, avoiding increased spinal kyphosis or lor- each scenario. Abdominal activity fluctuated when each
dosis. In all individuals, the abdominal wall activity participant began to hold the load, and upon releasing
was recorded for a total period of 15-20 seconds for the load, so only 10-second intervals of stable activation
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Fig. 4. Instructed breathing assessment. First, the individual breathes normally, then at the 10th second he/she was instructed to direct the breath

towards both sensors (steep increase of both lines in the graph).

were used for the mean statistical analysis calculated
separately for each sensor. First, the natural stereotype
of resting breathing (RB) was monitored (scenario 1,
Fig. 2). Then, the participants were breathing naturally
when sitting upright and holding a load corresponding
to 20% of their body weight with elbows flexed at 90°.
This was scenario 2, i.e. load breathing (LB), (Fig. 3).
And finally, instructed breathing (IB) was monitored
(Fig. 4). The participants were instructed to voluntarily
and maximally expand their abdominal wall, directing
inspiration towards the sensors and maintaining maxi-
mum pressure contact with the sensors during expira-
tion.

2.4. Statistical analysis

Descriptive statistics were calculated for each mea-
sure. Paired-samples ¢ tests were used to compare ab-
dominal wall pressure in both sensors during resting
breathing with the interventions, and also to compare
inter-sensor differences between measurements during
each condition. Cohen’s d effect sizes were calculated
for the differences between breathing conditions as the
difference between groups divided by the pooled stan-
dard deviation. Effect sizes were interpreted as very

small (< 0.2), small (0.2-0.5), medium (0.5-0.8), or
large (> 0.8). Power analysis, using G*Power 3.1, in-
dicated an 80% chance of detecting a medium effect
size of 0.5 in 34 subjects with statistical significance
determined a priori at p < 0.05 (two-tailed). Data anal-
yses were conducted using the Statistical Package for
the Social Sciences (SPSS version 26.0 for Mac; IMB
Corp, Armonk, NY).

3. Results

Thirty-five participants completed the study. Table 2
presents the amount of force of the abdominal wall
(g) during resting breathing, loaded breathing and in-
structed breathing (n = 35) for both sensors. The paired
sample t-test indicated that the mean abdominal wall
force increased significantly on both sensors when hold-
ing the load compared to the resting breathing (P for
both sensors < 0.0005). The force on both sensors also
significantly increased during instructed breathing com-
pared to the resting breathing (P for both sensors <
0.0005). Figure 5 depicts the results.

The inter-sensor difference was also compared for
all three measured scenarios (resting, under load, and
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Table 2
External force changes of the abdominal wall (g) during loaded breathing and instructed breathing (n = 35)

Breathing Resting 10 second

Mean 95% CI of

Measure intervention mean (SD) mean (SD) difference (SD) difference Effect size P Value
Upper sensor  Loaded 123.75(21.95)**  165.07 (39.44)** —41.32 (38.00) (—54.38, —28.27) —0.46 < 0.0005*
Instructed 228.31 (64.96) —104.56 (60.64) (—125.39, —83.73) —0.76 < 0.0005*

Lower sensor  Loaded 14198 (18.19)** 19174 (4051)** —49.76 (39.79) (63.43, —36.09) —0.56 < 0.0005*
Instructed 249.02 (66.09) —107.04 (63.79) (—128.95, —85.13) —0.78 < 0.0005*

* Statistical difference observed between conditions (P < 0.05). ** Statistical difference observed between sensors (P < 0.03). Note: Values are

(g). Effect size = calculated Cohen’s d.

Force Changes in Upper and Lower Sensors (g)

400

165,07

350
300
250
200
150 12475 i
100

50

a

Resting

Loaded Breathing

191,74

Instructed Breathing

Upper ™ Lower

Fig. 5. Statistical comparison of forces on both sensors at resting, loaded, and instructed breathing.

instructed breathing). There was a significantly greater
force on the lower sensor in the resting condition (p <
0.0005), and in the loaded condition (p = 0.001), but
not in the instructed breathing condition (p = 0.068).
Figure 5 depicts the inter-sensor difference.

4. Discussion

This study presents a new method to analyze activity
of the abdominal wall using capacitive force sensors.
Originally, the sensors were produced by a medical
technology developer to offer feedback to LBP clients
training optimal breathing stereotype. Research sug-
gests patients with low back pain (LBP) often demon-
strate sub-optimal respiratory parameters [29,30] and
confirms a positive effect of breathing exercises on
LBP [31,32]. Clinically, insufficient activation of the
latero-dorsal sections of the abdominal wall (i.e. in su-
perior trigonum lumbale and over the lower abdominal
wall just above the groin) are common findings in LBP
patients [33,34]. Therefore, the sensors were placed in
these locations because they are usually the most diffi-

cult to voluntarily activate in an eccentric manner. Also,
a similar placement of abdominal wall pressure measur-
ing device was previously used in studies published by
other authors [35,36]. Synergy between the diaphragm,
pelvic floor, abdominal wall and spinal extensors is
necessary to stabilize the spine. During stabilization,
the concentric activity of the diaphragm is followed by
the eccentric activity of the entire abdominal wall. This
synergy increases intra-abdominal pressure (IAP) that
stabilizes the lumbar spine anteriorly, balancing with
the spinal extensors that secure stabilization posteri-
orly [37]. Based on existing literature [6,38,39], we as-
sume the pressure monitored by the sensors is not only
activity exerted by the abdominal muscles but mainly
the TAP resulting from the complex coordination of all
core stabilizers.

This study confirms that pressure exerted by the ab-
dominal wall increases with increased postural load,
because the activity measured on both sensors during
LB was significantly higher comparing to RB. This fur-
ther supports electromyography (EMG) studies report-
ing increased abdominal muscle activity during postu-
rally challenging situations [40] and when lifting the
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load [41], as well as studies confirming IAP elevation
during postural tasks and load lifting [9,37]. Within-
limb movements, and coactivation of the diaphragm
with abdominal muscles cause an increase in IAP [37].
This is a very important stabilizing mechanism be-
cause IAP elevation increases stiffness of the lumbar
spine [9,42]. Applying simple and non-invasive capaci-
tive force sensors, we obtained similar results reported
by other complicated and sophistic methods such as
multichannel EMG analysis or IAP gastric, esophageal
or intra-annal pressure measurements [23,25]. Further-
more, we statistically confirmed that healthy, young
individuals are able to voluntarily activate the coor-
dination between the diaphragm, abdominal muscles
and pelvic floor muscles, because the force on both
sensors significantly increased during IB comparing to
RB. This again, supports other studies showing how
breath control and abdominal muscle control influences
IAP [23.,43]. We purposefully performed the IB test at
the end of the assessment to exclude any learning pro-
cess. First resting and loaded breathing spontaneous un-
corrected stereotypes were analyzed and only then were
instructions given on how to breath. The individuals
were cued to direct the breath towards both sensors. The
goal was to measure the amount of voluntary pressure
exerted on sensors during maximum inhalation directed
to the sensors. The second goal was to confirm it is ac-
tually possible to teach participants how to voluntarily
activate the abdominal wall sections under the sensors.
This may be of potential benefit in the treatment and
training of LBP individuals who frequently demonstrate
an inability to activate such areas of the abdominal wall
both during breathing and postural tasks [33,34]. Fur-
ther studies are needed to confirm.

Interestingly, this study showed that postural activa-
tion when holding a load corresponding to 20% body
weight (LB scenario) requires, on average, about two-
thirds of the maximum muscle coactivation generated
by the conscious maximum force of the abdominal wall
against the sensors (IB scenario). Similarly, Essendrop
et al. reported IAP increased from 0 to 40% when hold-
ing a load of 15% body weight [42]. However, it re-
mains questionable what amount of activation would
occur when holding a heavier gload, which is common
during activities of daily living or sport.

A similar measurement of the abdominal wall ex-
pansion was done by Malatova et al. using an elec-
tromechanical dynamometer [44-46]. The authors de-
scribe how muscular dynamometers can be used to eval-
uate activation of the whole deep stabilizing spine sys-
tem (DSSS) because abdominal muscles comprise the

DSSS, arguing that the DSSS works as one functional
unit and dysfunction of just one DSSS muscle is related
to total dysfunction of the whole muscle system [44].
Malatova also used the dynamometer to analyze the
effect of a six-week intervention program focusing on
optimal body posture and DSSS training [46]. Com-
paring to Malatova’s rather big muscular dynamometer,
these sensors are smaller in size and transmit signals to
a PC via Bluetooth, allowing practicioners to analyze
more dynamic situations including all types of exer-
cises. Also, unlike Malatova’s measuring device, the
sensors used in this study are commercially available
(Nilus Medical LLC, 2019 (©) OHMBELT).

In a study on 45 asymptomatic women, Malatova
identified more excessive activation of the upper sec-
tions of the abdominal wall compared to lower sections,
questioning if this is a natural or pathological stereo-
type [44]. Our study demonstrated significantly greater
pressure on the lower sensor in the RB condition (p <
0.0005), and in the LB condition (p = 0.001), for the
IB condition the activity on the lower sensor was also
greater but not statistically significant (p = 0.068). This
topic deserves more research attention. It is necessary
to determine how much difference can be considered
physiological and what is already abnormal. Postural re-
sponses of the abdominal muscles differ between body
positions, the recruitment and contribution of abdom-
inal muscle regions to stabilize the trunk varies, and
regional differentiation in abdominal muscle activity
may be a natural stabilization mechanism [47].

It has been shown that selective activation of the in-
dividual abdominal muscles does not significantly in-
crease spinal stability [7]. Spinal stabilization train-
ing should therefore focus on global coordination of
all muscles involved in stabilization function and IAP
regulation rather then addressing individual abdomi-
nal muscles. Abdominal wall pressure changes were
previously monitored by other authors [35,36] report-
ing inverse significant correlations between ability to
activate the abdominal wall and pain severity in LBP
population [36]. Esophageal, gastric, anal or vaginal
sensory measuring IAP [9,48] as well as EMG [3,48]
or ultrasound [49] examination procedures help to an-
alyze activity of the abdominal wall muscles. These
techniques inform us about muscle activity but do not
distinguish eccentric from concentric types of contrac-
tion and as a result do not provide information about
an individual’s ability to expand their abdominal wall.
Abdominal wall expansion can be assessed clinically
by palpation [33,34], but clinical abdominal assessment
showed poor sensitivity and accuracy for IAP pressure
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changes [50]. Trunk and abdominal circumference mea-
surements can be highly influenced by the adipose tis-
sues, therefore may also be unreliable [51]. The pro-
posed method using capacitive force sensors may be-
come a new, simple and non-invasive method to mea-
sure abdominal wall force. Future studies are needed to
determine its sensitivity, accuracy and correlation with
direct IAP measurements.

This study has some limitations. Based on available
research [6,38,39] we assume the detected amount of
abdominal wall force is related to IAP changes, but IAP
was not directly measured in this study. Future research
correlating IAP with abdominal wall force would be
useful in strengthening the findings of this study. This
method of IAP detection may lose sensitivity in very
obese individuals. The exact placement of the sensors
would be less consistent due to difficult palpation of
the anatomical landmarks, and the pressure measure-
ment accuracy limited by a sick adipose tissue. Obese
clients with BMI > 30 were excluded. Additionally,
the sensor’s fixation may alter the measurements. Too
loose fixation of the belts reduces the sensitivity of the
sensors, whereas too tight of fixation limits the ability
to expand the abdominal wall, compromising the mea-
sured function. Placement of each sensor was unilat-
erally randomized, however in future studies we plan
to use four sensors placed on both sides of the trunk to
distinguish bilateral differences. Finally, this pilot study
was performed on asymptomatic individuals, which
does not mean all measured subjects performed with op-
timal muscular co-activation. In future studies, a larger
number of individuals should be involved, comparing
asymptomatic subjects with those suffering from LBP
or other types of musculoskeletal problems.

5. Conclusions

This study presenst a new non-invasive method to
measure abdominal wall force using belts with capaci-
tive force sensors. The activity of the abdominal wall
muscles significantly increases when lifting a load and
with a purposeful activation during instructed breathing
stereotype comparing to resting breathing. Future stud-
ies need to confirm if abdominal wall activation mea-
sured by the sensors correlates with direct IAP mea-
surements.

Acknowledgments

‘We would like to thank Dr. Miroslav Navratil for
providing us with the sensors.

Author contributions

CONCEPTION: Jakub Novak, Pavel Kolar and Alena
Kobesova.

PERFORMANCE OF WORK: Jakub Novak.
INTERPRETATION OR ANALYSIS OF DATA: Jakub
Novak and Andrew Busch.

PREPARATION OF THE MANUSCRIPT: Jakub No-
vak, Andrew Busch and Alena Kobesova.
SUPERVISION: Alena Kobesova.

Ethical considerations

Written informed consent was obtained from each
participant, and this study was approved by the Ethics
Committee of the University Hospital Motol and 2™
Faculty of Medicine, Charles University in Prague. No.
1263.1.15/19; approval date: November 6, 2019. The
study conforms with The Code of Ethics of the World
Medical Association.

Conflict of interest

There are no conflicts of interest to disclose.

Funding

This study was supported by The Charles University
Grant Agency (GAUK No. 340220), and by Institu-
tional research program Progres Q41.

References

[1] Cresswell AG, Oddsson L, Thorstensson A. The influence
of sudden perturbations on trunk muscle activity and intra-
abdominal pressure while standing. Exp Brain Res. 1994;
98(2): 336-41.

[2] duRose A. Have studies that measure lumbar kinematics and
muscle activity concurrently during sagittal bending improved
understanding of spinal stability and sub-system interactions?
A systematic review. Healthcare (Basel). 2018 Sep 8: 6(3).

[3] Hodges PW, Moseley GL, Gabrielsson A, Gandevia SC.
Experimental muscle pain changes feedforward postural re-
sponses of the trunk muscles. Exp Brain Res. 2003 Jul: 151(2):
262-T1.

[4] Hirata RP, Salomoni SE, Christensen SW, Graven-Nielsen T.
Reorganised motor control strategies of trunk muscles due to
acute low back pain. Hum Mov Sci. 2015 Jun: 41: 282-94.

[5] Hodges PW, Cresswell AG, Daggfeldt K, Thorstensson A. In
vive measurement of the effect of intra-abdominal pressure on
the human spine. J Biomech. 2001 Mar; 34(3): 347-53.

36



[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

122]

[23]

J. Novak et al. / Postural and respiratory function of the abdominal muscles 183

Cholewicki J, Juluru K, McGill SM. Intra-abdominal pres-
sure mechanism for stabilizing the lumbar spine. Joumal of
Biomechanics. 1999 Jan 1; 32(1) 13-7.

Stokes IAF, Gardner-Morse MG, Henry SM. Abdominal mus-
cle activation increases lumbar spinal stability: analysis of con-
tributions of different muscle groups. Clin Biomech (Bristol,
Avon). 2011 Oct: 26(8): 797-803.

Neumann P, Gill V. Pelvic floor and abdominal muscle inter-
action: EMG activity and intra-abdominal pressure. Int Urog-
ynecol J Pelvic Floor Dysfunct. 2002; 13(2): 125-32.
Hodges PW, Eriksson AEM, Shirley D, Gandevia SC. Intra-
abdominal pressure increases stiffness of the lumbar spine. J
Biomech. 2005 Sep: 38(9): 1873-80.

Aruin AS, Latash ML. Directional specificity of postural mus-
cles in feed-forward postural reactions during fast voluntary
arm movements. Exp Brain Res. 1995: 103(2): 323-32.
Hodges PW, Richardson CA. Relationship between limb
movement speed and associated contraction of the trunk mus-
cles. Ergonomics. 1997 Nov: 40(11): 1220-30.

Hodges PW, Cresswell AG, Daggfeldt K, Thorstensson A.
Three dimensional preparatory trunk motion precedes asym-
metrical upper limb movement. Gait Posture. 2000 Apr: 11(2):
92-101.

Wallden M. The diaphragm — more than an inspired design.
Journal of Bodywork and Movement Therapies. 2017 Apr:
21(2): 342-9.

Goldish GD, Quast JE, Blow ]I, Kuskowski MA. Postural
effects on intra-abdominal pressure during valsalva maneuver.
Archives of Physical Medicine and Rehabilitation. 1994 Mar;
T5(3): 324-1.

Stokes IAF, Gardner-Morse MG, Henry SM. Intra-abdominal
pressure and abdominal wall muscular function: spinal unload-
ing mechanism. Clinical Biomechanics. 2010 Nov 1: 25(9):
859-66.

Cholewicki J, Juluru K, Radebold A, Panjabi MM, McGill SM.
Lumbar spine stability can be augmented with an abdominal
belt and/or increased intra-abdominal pressure. Eur Spine J.
1999; 8(5): 388-95.

Kolar P, Sulc J, Kyncl M, Sanda J, Neuwirth J, Bokarius AV,
et al. Stabilizing function of the diaphragm: dynamic MRI and
synchronized spirometric assessment. J Appl Physiol. 2010
Oct; 109(4): 1064-71.

Hodges PW, Richardson CA. Altered trunk muscle recruitment
in people with low back pain with upper limb movement at
different speeds. Arch Phys Med Rehabil. 1999 Sep: 80(9):
1005-12.

Kalpakcioglu B, Altinbilek T, Senel K. Determination of
spondylolisthesis in low back pain by clinical evaluation. J
Back Musculoskelet Rehabil. 2000 22(1): 27-32.

Sugrue M, Buist MD, Lee A, Sanchez DJ, Hillman KM. Intra-
abdominal pressure measurement using a modified nasogastric
tube: description and validation of a new technique. Intensive
Care Med. 1994 Nov; 20(8): 588-90.

Sugrue M, De Waele J1, De Keulenaer BL, Roberts DJ, Mal-
brain MLNG. A user’s guide to intra-abdominal pressure mea-
surement. Anaesthesiol Intensive Ther. 2015; 47(3): 241-51.
Kawabata M, Shima N, Hamada H, Nakamura I, Nishizono H.
Changes in intra-abdominal pressure and spontaneous breath
volume by magnitude of lifting effort: highly trained athletes
versus healthy men. Eur J Appl Physiol. 2010 May: 109(2):
279-86.

Tayashiki K, Takai Y, Maeo S, Kanehisa H. Intra-abdominal
pressure and trunk muscular activities during abdominal brac-
ing and hollowing. Int J Sports Med. 2016 Feb: 37(2): 134-43.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

37

Guaderrama NM, Nager CW, Liu J, Pretorius DH, Mittal RK.
The vaginal pressure profile. Neurourol Urodyn. 2003: 24(3):
243-7.

Cresswell AG, Grundstrin H, Thorstensson A. Observations
on intra-abdominal pressure and patterns of abdominal intra-
muscular activity in man. Acta Physiol Scand. 1992 Apr;
144(4): 409-18.

Egorov V, Sarvazyan AP. Mechanical imaging of the breast.
IEEE Trans Med Imaging. 2008 Sep: 27(9): 1275-87.
Salpavaara TJ, Verho JA, Lekkala JO, Halttunen JE. Embedded
capacitive sensor system for hip surgery rehabilitation: Online
measurements and long-term stability. In: 2008 30th Annual
International Conference of the IEEE Engineering in Medicine
and Biology Society. 2008. pp. 935-8.

Ahmad HN, Barbosa TM. The effects of backpack carriage on
gait kinematics and kinetics of schoolchildren. Sci Rep. 2019
04; 9(1): 3364.

Shah SG, Choezom T, Prabu Raja G. Comparison of respira-
tory parameters in participants with and without chronic low
back pain. J Bodyw Mov Ther. 2019 Oct: 23(4): 894-900.
Calvo-Lobo C, Almazin-Polo J, Becerro-de-Bengoa-Vallejo
R, Losa-Iglesias ME, Palomo-Lopez P, Rodriguez-Sanz D, et
al. Ultrasonography comparison of diaphragm thickness and
excursion between athletes with and without lumbopelvic pain.
Phys Ther Sport. 2019 May: 37: 128-37.

Anderson BE, Bliven KCH. The use of breathing exercises in
the treatment of chronic, nonspecific low back pain. J Sport
Rehabil. 2017 Sep: 26(5): 452-8.

Janssens L, McConnell AK, Pijnenburg M, Claeys K,
Goossens N, Lysens R, et al. Inspiratory muscle training af-
fects proprioceptive use and low back pain. Med Sci Sports
Exerc. 2015 Jan: 47(1): 12-9.

Kobesova A, Safarova, Marcela RM, Kolar, Pavel. Dynamic
neuromuscular stabilization: exercise in developmental posi-
tions to achieve spinal stability and functional joint centration.
In: Textbook of musculoskeletal medicine [Internet]. Oxford:
Oxford University Press: 2016 [cited 2016 Apr 25]. Available
from: http:/Awww.tandfonline.com/toc/rwhi20/.

Frank C, Kobesova A, Kolar P. Dynamic neuromuscular stabi-
lization & sports rehabilitation. Int J Sports Phys Ther. 2013
Feb: 8(1): 62-73.

Kumar S, Sharma VP, Aggarwal A, Shukla R, Dev R. Effect
of dynamic muscular stabilization technique on low back pain
of different durations. J Back Musculoskelet Rehabil. 2012;
25(2): 73-9.

Kumar S. The spinal column and abdominal pressure changes
and their relationship with pain severity in patients with low
back pain. Journal of Rheumatology and Medical Rehabilita-
tion. 2009 Jan 1; 13: 1-6.

Hodges PW, Gandevia SC. Changes in intra-abdominal pres-
sure during postural and respiratory activation of the human
diaphragm. J Appl Physiol. 2000 Sep: 89(3): 967-76.

van Ramshorst GH, Salih M, Hop WCJ, var Waes OJF, Klein-
rensink G-J, Goossens RHM, et al. Noninvasive assessment of
intra-abdominal pressure by measurement of abdominal wall
tensionl. Journal of Surgical Research. 2011 Nov 1: 171(1):
240-4.

Cresswell AG. Responses of intra-abdominal pressure and
abdominal muscle activity during dynamic trunk loading in
man. Eur J Appl Physiol Occup Physiol. 1993: 66(4): 315-20.
Mesquita Montes A, Gouveia S, Crasto C, de Melo CA, Car-
valho P, Santos R, et al. Abdominal muscle activity during
breathing in different postural sets in healthy subjects. ] Bodyw
Mov Ther. 2017 Apr: 21(2): 354-61.



[41]

[42]

[43]

[44]

[45]

[46]

J. Novak et al. / Postural and respiratory function of the abdominal muscles

Ershad N, Kahrizi S, Abadi MF, Zadeh SF. Evaluation of
trunk muscle activity in chronic low back pain patients and
healthy individuals during holding loads. ] Back Musculoskelet
Rehabil. 2009: 22(3): 165-72.

Essendrop M, Andersen TB, Schibye B. Increase in spinal
stability obtained at levels of intra-abdominal pressure and
back muscle activity realistic to work situations. Appl Ergon.
2002 Sep: 33(5): 471-6.

Hagins M, Pietrek M, Sheikhzadeh A, Nordin M. The effects of
breath control on maximum force and IAP during a maximum
isometric lifting task. Clin Biomech (Bristol, Avon). 2006 Oct;
21(8): 775-80.

Maldtovd R, Drevikovskd P. Testing procedures for abdominal
muscles using the muscle dynamometer SD02. Proc Inst Mech
Eng H. 2009 Nov: 223(8): 1041-8.

Maldtovd R, Pucelik J, Rokytovir J, Koldr P. Technical means
for objectification of medical treatments in the area of the deep
stabilisation spinal system. Neuro Endocrinol Lett. 2008 Feb:
29(1): 125-30.

Malatov R, Rokytovd J, Stumbauer J. The use of muscle dy-
namometer for correction of muscle imbalances in the area of
deep stabilising spine system. Proc Inst Mech Eng H. 2013
Aug: 227(8): 896-903.

[47]

[48]

[49]

[50]

[51]

38

Urquhart DM, Hodges PW, Story IH. Postural activity of the
abdominal muscles varies between regions of these muscles
and between body positions. Gait Posture. 2005 Dec: 22(4):
295-301.

Sapsford RR, Hodges PW. Contraction of the pelvic floor mus-
cles during abdominal maneuvers. Arch Phys Med Rehabil.
2001 Aug: 82(8): 1081-8.

Hodges PW, Pengel LHM, Herbert RD, Gandevia SC. Mea-
surement of muscle contraction with ultrasound imaging. Mus-
cle Nerve. 2003 Jun; 27(6): 682-92.

Kirkpatrick AW, Brenneman FD, McLean RF, Rapanos T,
Boulanger BR. Is clinical examination an accurate indicator of
raised intra-abdominal pressure in critically injured patients?
Can J Surg. 2000 Jun: 43(3): 207-11.

Triffoni-Melo A de T, Monte-Alegre F de A, Leandro-Merhi
VA, Diez-Garcia RW, Triffoni-Melo A de T, Monte-Alegre F
de A, etal. Additional abdominal measurements are a useful
tool to evaluate body composition in obese women. Arquivos
de Gastroenterologia. 2019 Sep: 56(3): 294-9.



6.2.Intra-abdominal pressure correlates with abdominal wall tension

during clinical evaluation tests

39



Clinical Biomechanics 88 (2021) 105426

Contents lists available at ScienceDirect

Clinical Biomechanics

ELSEVIER

journal homepage: www.elsevier.com/locate/clinbiomech

Original Articles ;.)
Intra-abdominal pressure correlates with abdominal wall tension during e

clinical evaluation tests

Jakub Novak ®, Jakub Jacisko", Andrew Busch ", Pavel Cerny “, Martin Stribrny *,
Martina Kovari®, Patricie Podskalska ®, Pavel Kolar®, Alena Kobesova "
* Department of Rehabilitation and Sports Medicine, Second Faculty of Medicine, Charles University and University Hospital Motol, Prague, Czech Republic

" Department of Health and Human Kinetics, Ohio Wesleyan University, Delaware, OH, United States
® Faculty of Health Care Studies, University of West Bohemia, Plzen, Csech Republic

ARTICLE INFO ABSTRACT

Keywords:
Intra-abdominal pressure

Background: The abdominal muscles play an important respiratory and stabilization role, and in coordination
with other muscles regulate the intra-abdominal pressure stabilizing the spine. The evaluation of postural trunk
muscle function is critical in clinical assessments of patients with musculoskeletal pain and dysfunction. This
study evaluates the relationship between intra-abdominal pressure measured as anorectal pressure with objective
abdominal wall tension recorded by mechanical-pneumatic-electronic sensors.

Methods: In a cross-sectional observational study, thirty-one asymptomatic participants (mean age = 26.77 +
3.01 years) underwent testing to measure intra-abdominal pressure via anorectal manometry, along with
abdominal wall tension measured by sensors attached to a trunk brace (DNS Brace). They were evaluated in five
different standing postural-respiratory situations: resting breathing, Valsalva maneuver, Miiller's maneuver,
instructed breathing, loaded breathing when holding a dumbbell.

Findings: Strong comrelations were demonstrated between anorectal manometry and DNS Brace measurements in
all scenarios; and DNS Brace values significantly predicted intra-abdominal pressure values for all scenarios:
resting breathing (r = 0.735, ¥ = 0.541, p < 0.001), Valsalva maneuver (r = 0.836, r° = 0.699, p < 0.001),
Miiller's maneuver (r = 0.651, r° = 0.423, p < 0.001), instructed breathing (r = 0.708, r* = 0.501, p < 0.001),
and loaded breathing (r = 0.921, r* = 0.848, p < 0.001).

Interpretation: Intra-abdominal pressure is strongly correlated with, and predicted by abdominal wall tension
monitored above the inguinal ligament and in the area of superior trigonum lumbale. This study demonstrates
that intra-abdominal pressure can be evaluated indirectly by monitoring the abdominal wall tension.

Abdominal wall tension
Anorectal manometry
Respiration

Trunk stabilization

1. Introduction as lifting heavy loads (Cobb et al., 2005; Grillner et al., 1978). Hodges

et al. has confirmed that an increase in IAP alone without activity of

Spinal stability is secured by the bone structures, ligaments, and via
coordinated activation between spinal extensors and flexors and all
muscles regulating the intra-abdominal pressure (IAP) (Cholewicki and
MeGill, 1996; Hodges et al., 2005). The diaphragm and pelvic floor form
two pistons which push against each other increasing the pressure in the
abdominal cavity. Contraction of the abdominal muscles resists lateral
movement of the contents within the abdominal cavity (Chaitow et al.,
2014; Hodges, 1999). IAP is essentially a hydraulic pressure effective in
all directions, stabilizing the torso and reducing axillary compression
during activities that increase the demands on spinal stabilization, such

abdominal or back muscles still enhances the stability of the lumbar
spine (Hodges et al., 2005).

The amount of IAP can be measured by several different invasive and
non-invasive methods. The most accurate is direct laparoscopic mea-
surement using an intra-abdominal catheter (Malbrain et al., 2006).
Indirect urethral measurement is considered to be the most frequent and
reliable method to monitor IAP; however, this can result in urinary tract
infections or urethral injury, therefore, it is not often used in postural
function research (Malbrain et al., 2013; Wise et al., 2017).

In rehabilitation medicine, instrumental IAP measurement via rectal
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or gastric probes are mainly used in experimental studies, and are not
typically used in routine clinical assessment (Malbrain et al., 2006).
Gastric or nasogastric tubes inserted into the stomach provide quite
accurate IAP measurements, however, it is quite uncomfortable for pa-
tients and an expensive method requiring highly trained personnel
(Grillner et al., 1978; Hodges et al., 2005; Wauters et al., 2012). Special
catheters or probes inserted into the rectum are used for anorectal
measurements. Such pressure sensitive devices convert mechanical
signals into electrical signals recorded and displayed on a computer
monitor (Pfeifer and Oliveira, 2006). Recently, thin electric probes have
become available. Smaller devices lead to fewer artifacts thus offering
more exact display and measurement. Small probes are easy to install,
temperature resistant, very sensitive to pressure changes and well
tolerated by patients, with infrequent side effects (Malbrain et al., 2006;
Sugrue et al., 2015). The disadvantage is the high purchase price (Pfeifer
and Oliveira, 2006). Such IAP recording has been reported in many
studies exploring IAP changes in various postural situations (Kawabata
et al., 2010; Sapsford et al., 2013).

IAP measurement has also been combined with simultaneous elec-
tromyography or ultrasound assessments of core muscles. However,
these methods do not evaluate the global coordination of the trunk
muscles but rather local musele activation. In addition, significant
inaccuracies during such recording have been reported (Henry and
Westervelt, 2005; Junginger et al., 2010).

In clinical practice, palpation of the abdominal wall tension (AWT),
especially in the area above the inguinal ligament and in the upper
trigonum lumbale is used to evaluate an individual’s ability to regulate
their IAP (Kobesova et al., 2020). Available studies suggest that the AWT
occurs as a result of increased IAP (Cresswell, 1993; Kumar et al., 2012;
Tayebi et al.,, 2021; van Ramshorst et al, 2011). Different types of
sensors have been used to measure the AWT during various postural
tasks related to IAP changes (Chen et al., 2015; Malatova et al., 2013,
2008; Novak et al, 2020; van Ramshorst et al., 2011). This study pre-
sents simultaneous recording of IAP measured as anorectal pressure and
AWT measured via four sensors attached to a trunk brace. In an attempt
to further understand the relationship between IAP and outward tension
of the abdominal wall, the purpose of this research was to compare
anorectal manometry measurements, largely considered the gold stan-
dard in ambulatory patients, with abdominal wall outward tension
measured by a trunk brace during clinical assessments.

2. Methods
2.1. Participants

Thirty-one asymptomatic volunteers were recruited for the study.
Written informed consent was obtained from each participant, and de-
mographic characteristics of the sample including age, weight, height
and BMI are shown in Table 1. Exclusion criteria were any symptomatic
neurologic, orthopedic, respiratory, internal or musculoskeletal disor-
der, spine or abdominal surgery, severe trauma during the last year,
pregnancy, and history of therapy focusing on IAP training. The study
conforms with The Code of Ethics of the World Medical Association and
was approved by an Institutional Ethies Committee (Ethics Committee of
the University Hospital Motol and 2nd Faculty of Medicine, Charles
University in Prague. No.1263.1.15/19; approval date: November 6,
2019). This study adhered to the Helsinki declaration.

Table 1
Participant’s anthropometric characteristics. N = 31, 15 males, 16 females.
Age (years) Height (cm) Weight (kg) BMI
Mean 21.3 170.5 63.2 24.1
SD 1.6 6.5 79 3
Min 19 160 47 17.3
Max 25 185 80 27.6
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2.2. DNS Brace

To monitor AWT, a special new device called DNS Brace was used
(Fig. 1 — A,C). The DNS abbreviation is derived from the rehabilitation
concept called Dynamic Neuromuscular Stabilization (DNS) (Kobesova
et al., 2019, 2016). DNS emphasizes the importance of IAP in spinal
stabilization and treatment. The diaphragm, pelvic floor and abdominal
wall muscles regulate the IAP (Hodges et al., 2007). IAP increases during
postural activity (Hodges and Gandevia, 2000), resulting in a contrac-
tion and expansion of the abdominal wall due to muscle activity.
Abdominal wall expansion and contraction result in pressure that
compresses the DNS Brace sensors. The Brace is an original device
produced by Ortotika, FN Motol V Uvalu 84, Praha. Four mechanical-
pneumatic-electronic sensors are placed on the inner wall of plastic
trunk orthosis. Two ventral sensors are located bilaterally above the
groin and two sensors are located on the brace parts adhering to latero-
dorsal sections of the abdominal wall (trigonum lumbale superius).
Silicon brace sensors contain the inner air-chamber that is deformed by
the abdominal wall pressure. The values recorded in kilopascals (kPa)
are transferred via Bluetooth, stored and graphically displayed in a
smart-phone device. More details about the brace can be found else-
where (Jacisko et al., 2020). The brace sensors measure the pressure
exerted by the abdominal wall in kilopaseals (kPa) (Figs. 2. B, 3. B, 4. B)
and transfer the data via Bluetooth to a smart-phone or computer so the
data can be statistically processed and graphically displayed.

2.3. High resolution anorectal manometry

The intra-abdominal pressure was measured using the ManoScan™
AR HRM system (Given imaging, 15 Hampshire Street, Mansfield, MA
02048 US). It allows for complex assessment of anorectal pressures
(Fig. 1 — B,C). The anorectal probe is equipped with 12 channels each
measuring 12 circumferentially located spots thus recording pressures
from 144 points simultaneously. The diameter of the probe is 10 mm.
The pressure values are measured in mmHg (Figs. 2. A, 3. A, 4. A) and
transferred at 0.1 s intervals to a computer, where the data can be
further processed. The ManoView™ software color-visualizes the
measured pressures. Two distal sensors located behind the anal
sphincters in the ampulla of rectum monitor the IAP. The remaining 10
probe sensors record the pressures produced by the sphincters. Before
starting the measurement, the probe must always be calibrated to 0 at-
mospheric pressure and a ManoShield rubber protection must be fitted.
The probe records pressure in real time.

2.4. Assessments

The assessment of all participants was performed by the same ex-
aminers under similar conditions (time of day, assessment room, tem-
perature). All participants were first informed about the procedure in
detail. After calibration, the anorectal probe was inserted into the par-
ticipant’s anus in a side lying position. Then, the participant stood up
and the correct location of the probe was ensured. By activating the
sphincters, it was verified that the 2 distal sensors are located in the
rectal ampulla monitoring the IAP but not the activity of the sphincters
(McCarthy, 1982; Pfeifer and Oliveira, 2006; Shafik et al., 1997). Then,
DNS Brace was fixed to the participant’s trunk and the sensors were
calibrated to 0 kPa during the tidal exhalation prior to each measure-
ment. The dorsal sensors were adjusted to be placed bilaterally in the
superior trigonum lumbale, bellow the floating ribs, and the ventral
sensors were placed bilaterally above the groin at the intersection of the
mammilar and bispinal connecting line. Then, the participants were
instructed to maintain the upright standing position throughout the
whole measurement, avoiding increased spinal kyphosis, lordosis or
extremity movements. Five postural tests were performed by each sub-
ject and evaluated by DNS Brace and Anorectal manometry simulta-
neously in the same order. The anorectal pressure and AWT values were
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Fig. 1. A: DNS Brace, B: Anorectal probe, C: Participant equipped with DNS Brace and anorectal probe during assessment.
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Fig. 2. Example of graphical visualization of the measured pressures (A: anorectal manometry, B: DNS Brace) during Valsalva maneuver scenario. A minor delay in
DNS Brace measurement relative to ARM is caused by a minimal delay of AWT relative to IAP and by the fact, that DNS Brace measures AWT in 0.5 s. intervals while
ABRM measures IAP in 0.1 s intervals. Additionally, brace sensors identify only pressure changes over 1 kPa. These factors may cause negligible inaccuracy. The
starting pressure before the maneuver is around 5 mmHg for ARM whereas the DNS system starts from zero and returns to zero after the maneuver. DNS Brace
automatically reset to zero starting pressure for user friendly reasons. This has no impact on the results because all indirect measurement techniques are able to
monitor the IAP changes rather than estimating the absolute IAP value (Tayebi et al., 2021).

both collected for 10 s during each of the five scenarios, and the average
value of each measurement was used for statistical analysis.
The measured scenarios:

1) Resting breathing: The participant was breathing naturally in a
standing position.

2) Valsalva maneuver: The participant was forcefully exhaling against
closed nostrils and mouth (Talasz et al., 2012, 2011).

3) Miiller maneuver: The participant was forcefully inhaling against
closed glottis (Mattos Soares et al., 2009).

4) Instructed breathing (The diaphragm test): The participant was
expanding the abdominal wall pushing as much as possible against
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Fig. 3. Example of graphical visualization of the measured pressures (A: anorectal manometry, B: DNS Brace) during Miiller maneuver scenario.

Resting Breathing A

iz

10

Anorectal pressure [mmHg]

010407 1 13 16 19 22 25 28 31 34 37 4 43 456 49 52 55 58
time [s]

Resting Breathing B

14

12

pressure via DNS system [kPa]

05 1 15 2 25 3 35 4 45 5 55 & 65 7 75 8
time [s]

Fig. 4. Example of graphical visualization of the measured pressures (A: anorectal manometry, B: DNS Brace) during resting breathing scenario.

all four sensors both during inhalation and exhalation (I{obesova
et al., 2020).

5) Holding a load of 20% of participant’s body weight in hands in front
of the trunk - loaded breathing (Fig. 1C).

2.5. Statistical analysis

Data analyses were conducted using the Statistical Package for the
Social Sciences v27.0 for Mac (IMBCorp, Armonk, NY).. Pearson’s cor-
relations and linear regression tests were used to assess the relationship
between the 10-s mean anorectal manometry values and DNS Brace
values under all five scenarios. Statistical significance was determined a
priori at p < 0.05, and power analyses revealed in order to achieve a
power of 0.80, 29 subjects were needed to identify a large effect size of
0.50 for Pearson’s correlations, and 26 subjects were needed to achieve
a large effect size of 0.35 for linear regression analyses. The strength of
correlations were interpreted as weak (< 0.30), moderate (0.30-0.50),
or strong (> 0.50), and the strength of regression predictions were
internreted as weak (< 0.02). maderate (0.15-0.35) or strong (> 0.35)

3. Results

Preliminary analyses showed linear relationships, with no outliers as
assessed by scatterplots, but not all variables were normally distributed,
as assessed by Shapiro-Wilk's test (p < 0.05). Data are mean =+ standard
deviation unless otherwise stated. Pearson’s correlations demonstrated
strong statistically significant positive relationships between anorectal
manometry pressures and DNS Brace pressures, under all five scenarios:
resting breathing: r(31) = 0.735, p < 0.001; Valsalva maneuver: r(31) =
0.836, p < 0.001; Miiller's maneuver: 1(31) = 0.651, p < 0.001;
instructed breathing: 1(31) = 0.708, p < 0.001; and loaded breathing: r
(31) = 0.921, p < 0.001 (Table 2). Simple linear regression models
established that anorectal manometry pressure could significantly be
predicted from the DNS Brace values under all five scenarios: resting
breathing: F(1, 29) = 34.14, p < 0.001; Valsalva maneuver: F(1, 29) =
67.42, p < 0.001; Miiller's maneuver: F(1, 29) = 21.29, p < 0.001;
instructed breathing: F(1, 29) = 29.14, p < 0.001; and loaded breathing:
F(1, 29) =161.2, p < 0.001 (Figs 5 - 9). Table 3 depicts all results from
regression analyses.
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Table 2
Correlations between Intra-Anal Manometer and DNS Brace Pressures. Values
are Mean [Standard Deviation].

Condition Manometric probe DNS Brace Pearson Sig
pressure pressure r

1-Resting 22,73 [12.38] 20.34 [11.68] 0.735 <
Breathing 0.001

2-Valsalva 47.20 [27.09] 35.93 [20.19] 0.836 <
Maneuver 0.001

3-Miller's 35.92 [24.96] 20.87 [10.45] 0.651 <
Maneuver 0.001

4-Instructed 34.72 [17.45] 26.57 [15.05] 0.708 <
Breathing 0.001

5-Loaded 36.35 [21.46] 30.97 [25.86] 0.921 <
Breathing 0.001

Note: DNS = Dynamic neuromuscular stabilization.
- Statistically significant correlation (P < 0.01).

4. Discussion
4.1. IAP measurement methods

Currently, various methods to measure the IAP are available. It can
be monitored directly via sensors located intraperitoneally or in the
inferior caval vein. Intra-vesical, intra-gastric intra-anal or intra-vaginal
recording allow to measure the IAP indirectly (Malbrain et al., 2006;
Wise et al., 2017). This study utilized intra-anal, i.e. measurement using
anorectal manometry, which has been determined the safest and easiest
method of assessment (Malbrain et al., 2013, 2006). Other methods
posed different challenges, such as intra-vesical catheters may cause
urinal infection and urethral trauma, intra-gastric measurement is un-
comfortable for participants, and intra-vaginal measurement would
exclude male participants. The intra-anal pressure measurement is a
reliable way to monitor the IAP, although it does not match with the IAP
as accurately as the intra-vesical pressure (Wise et al., 2017). There are
only a few inconveniences of intra-anal pressure monitoring such as the
presence of residual faeces, incorrect insertion of the probe and partic-
ipant’s embarrassment (Bhatia and Bergman, 1986; Pfeifer and Oliveira,
2006).

In a clinical practice, practitioners often palpate the abdominal wall
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assuming it to be a non-invasive and indirect way of IAP evaluation. The
abdominal wall expands with the IAP increase (van Ramshorst et al.,
2011). Palpation can be performed in the area above the inguinal liga-
ment and in the superior lumbar triangle (Kobesova et al., 2020). Poor
activation in these specific areas of the abdominal wall are commonly
found in individuals with low back pain (LBP) (Frank et al., 2013;
Kobesova et al., 2016). The same trunk sections were previously
assessed by other researchers when evaluating abdominal wall activity
in relation to IAP regulation (I{umar et al., 2012; Malatova et al., 2013;
Nowval et al., 2020). Therefore, the sensors are placed on the DNS Brace
in the parts adhering to the abdominal wall above the inguinal ligaments
and in the superior lumbar triangles. Here, only the attachments of the
flat abdominal muscles are located and therefore the abdominal wall is
easily accessible (Grevious et al., 2006).

Our in vivo correlations between IAP and AWT in asymptomatic
individuals are in line with the study by Ramshorst et al. previously
performed on corpses. Ramshorst used a special dynamometer to
monitor AWT resulting from IAP changes in corpses, in which the IAP
was changed artificially by insufflation (van Ramshorst et al., 2011).
Ramshorst’s study reports that AWT reflects the IAP. The findings from
this study demonstrate significant correlations between the natural IAP
regulation and AWT in all five measured scenarios with Pearson’s co-
efficient ranging 0.651 to 0.921 which indicates strong correlations,
with the ability to predict the IAP from the measured tension values.

4.2. Changes in IAP in response to respiration and postural load

The findings of the current study support prior experiments reported
by Davis (Davis, 1959) and Cholewicki (Cholewicki et al., 1999), con-
firming that IAP increases with progressing demands on postural sta-
bility. The IAP increase results in the proportional activation of the
abdominal wall which can be objectively monitored by the sensors or
subjectively palpated in the area above the inguinal ligament and in the
superior lumbar triangle. In other words, these results confirm that
subjective palpation of the abdominal wall is an indirect evaluation of
IAP.

Breathing has been shown to considerably influence AP, trunk sta-
bility and movement (Bradley and Esformes, 2014). In this study,
inhalation during resting breathing caused only slight increases in the
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Fig. 5. Simple linear regression analysis of anorectal manometry values (mmHg) and DNS Brace values (kPa) measured during resting breathing.
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Fig. 7. Simple linear regression analysis of anorectal manometry values (mmHg) and DNS Brace values (kPa) measured during Miiller maneuver.

IAP. During exhalation, the AWT and the IAP returned to the basic value.
This physiological fluctuation of IAP is normal within the respiratory
cycle. Permanent excessive resting IAP would cause organ function
failure (Cobb et al., 2005; De Waele et al., 2011; Smit et al., 2016). In
this study, the largest increase in the IAP was noted during the Valsalva
maneuver. Perhaps this is due to the fact that the muscles of the torso do
not have to perform a respiratory function during the Valsalva when the
air is not flowing out of the body, the intra-thoracic pressure increases
and the cranial displacement of the diaphragm is smaller than with a
normal exhalation (Talasz et al., 2012, 2011). During the Miiller ma-
neuver, the intra-thoracic pressure is significantly reduced, the

diaphragm descends towards the abdominal cavity but no air flows into
the lungs (Iushida, 2013). In our study, Pearson’s correlation coefficient
was the smallest in this scenario (0.651) which was also the most
difficult task for the participants to understand and perform. The
instructed breathing represents the Diaphragm Test according to DNS
concept. The participants voluntarily expand the abdominal wall to-
wards all four sensors, keeping the abdominal cavity pressurized during
the entire respiratory cycle (Kobesova et al., 2020). With this scenario,
the participant must be able to combine the respiratory and postural
functions of the diaphragm, which is a frequent problem in clinical
practice (Kawabata et al., 201 0; Shirley et al., 2003). It is speculated that
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individuals unable to do so maybe in a greater risk of developing IBP in
the future (Ostwal and Wani, 2014; O'Sullivan and Beales, 2007).
During the last scenario, the participants were holding a barbell of a
weight corresponding with 20% of body weight. This situation caused
less IAP increase than the Valsalva maneuver but more than resting and
instructed breathing and Miiller maneuver. Other studies also report
significant increases in abdominal muscle activity monitored by EMG
(Ershad et al., 2009; Mesquita Montes et al., 2017) and in the IAP
monitored by anorectal probe (Hodges et al., 2005; Tayashiki et al.,
2015) during posturally challenging situations. With normal resting
breathing, a decrease in the IAP during exhalation ocecurs. However,

there is only slight pressure fluctuation within the respiratory cycle with
postural loading when the IAP must be reflexively maintained on a
higher level throughout the whole respiratory cycle. In this test, the
correlation between the values obtained from the manometry and from
the DNS Brace sensors was the strongest (Pearson r = 0.921). When
holding a load, the stabilization strategy is purely reflexive, i.e. invol-
untary, and therefore diagnostically valuable in determining possible
risks associated with poor trunk stabilization.
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Table 3
Summary of Simple Regression Analyses for Predicting Intra-Anal Manometer
Pressure using DNS Brace Pressure (n = 31).

Condition B SEB R? Adjusted 95% CI Effect Size
R ()

1-Resting 078 013 054 053 051, 1.18
Breathing 1.05

2-Valsalva 112 014 070 0.69 0.84, 2.32
Maneuver 1.40

3-Miller's 155 034 042 040 0.87, 073
Maneuver 2.24

4-Instructed 082 015 050 048 0.51, 1.00
Breathing 113

5-Loaded 076 006 085 0.84 0.64, 5.58
Breathing 0.89

Note: DNS = Dynamic neuromuscular stabilization.
R? = R square: proportion of variance explained by model in sample.
Adjusted R proportion of variance explained by model in population.

4.3. Methods to measure abdominal wall tension and abdominal wall
activation

The DNS Brace helps to assess both voluntary control and reflex
postural activation. It can be used as a feedback tool to train abdominal
wall activation and the IAP fluctuations. The DNS Brace can be fixed to
the trunk keeping all four sensors in stable contact with the abdominal
wall thus allowing evaluation in various body positions. Future studies
need to identify the AWT in other postural situations. Other devices like
a pressure Biofeedback Unit (Lima et al., 201 1) and muscle dynamom-
etry (Malatova etal., 2013), designed to measure or train trunk muscles
and lumbopelvie stability may not allow such positional variability.
Electromyography (Marshall and Murphy, 2010) or ultrasound (Amer-
ijelx et al., 2020) analyze mainly local activation of the abdominal
muscles. The information from the four DNS Brace sensors monitor more
global co-activation of all abdominal muscles. Based on the strong cor-
relations identified with the DNS Brace and anorectal manometry it can
be concluded that the DNS Brace presents a new simple and non-invasive
method to evaluate IAP indirectly. The DNS Brace may prove to be
useful in physical rehabilitation medicine and research to monitor AWT
in response to postural-respiratory demands, and may help to objectivize
therapeutic effects, while also providing biofeedback during self-
treatment. In the ideal condition, the DNS system is able to track IAP
fluctuations and not measure absolute values of IAP, and therefore
would not be suitable for IAP monitoring at intensive care units.

4.4. Study limitations

This study has several limitations. An average value from the four
DNS Brace sensors was calculated and used for statistical analysis.
Therefore, possible asymmetric tension of the abdominal could not be
taken into account. The cwrent version of the DNS Brace is not
commercially available, but sensors working on a similar principle
called Ohm Track (Novak et al., 2020) can be purchased and used in a
similar way. DNS Brace cannot be applied to any participants with very
narrow or extremely wide waistlines, therefore a different version of the
DNS Brace is needed to increase the variability in testing individuals
with different corset circumferences. While BMI seems to have no
impact on indirect IAP measurements (Chen et al., 2015), the thickness
of the abdominal fat layer may play a role. The relationship between the
AWT changes measured by the brace sensors and subcutaneous fat
thickness measured by a caliper can be explored in future studies. The
research was performed on 31 asymptomatic and rather young in-
dividuals. Further studies should investigate larger cohorts of in-
dividuals comprised of both asymptomatic and LBP or other
musculoskeletal problems.
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5. Conclusions

This study established strong correlations between IAP measured as
the anorectal pressure through high resolution manometry with AWT
measured by the DNS Brace. Such manometry values could be predicted
through the measurement of AWT. Strong correlations were identified
during various breathing modifications and also during postural stabi-
lization situations when holding a load. It was confirmed that with
progressing demands on postural stability, the IAP increases in a direct
correlation with proportional tension of the abdominal wall. The AWT
was identified by four DNS Brace sensors located above inguinal liga-
ments and in the upper lumbar triangle bilaterally. For clinical appli-
cations, subjective palpation may be an effective indirect evaluation of
intra-abdominal pressure.
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Abstract.

BACKGROUND: The evaluation of postural trunk muscle function is a critical component of clinical assessment in patients
with musculoskeletal pain and dysfunction. Postural activation of the trunk muscles has been evaluated by various methods. This
study evaluates the correlation between subjective assessment of postural trunk muscle function with an objective measurement of
abdominal wall expansion.

METHODS: Twenty-five healthy participants (16 women, 9 men, age 22.4 years) were assessed. The subjective assessment was
performed by two experienced Dynamic Neuromuscular Stabilization (DNS) clinicians evaluating the quality of trunk stabilization
using five postural stability tests through palpation and observation. Interrater reliability was determined using an intraclass
correlation coefficients (ICC). Objective measurement was performed using a new device (DNS Brace) which externally measures
abdominal wall pressure. Spearman rank correlations were calculated for both palpation and observation measures with DNS
Brace data.

RESULTS: The interrater reliability (ICC2 k) estimates demonstrated moderate reliability in palpation measures for three DNS
tests: Hip flexion test, Diaphragm test, & Intra-abdominal pressure regulation test (IAPRT) (ICC = 0.645-0.707). For observation
measures, good reliability was found in IAPRT (ICC = 0.835), and three tests demonstrated moderate reliability: Hip flexion test,
Diaphragm test, & Breathing Stereotype (ICC = 0.577-0.695). Correlation analysis demonstrated several moderate to strong
correlations between palpation and DNS brace values (Assessor 1): [APRT, r¢ = 0.580, p = 0.002, Diaphragm test, rs = 0.543,
p = 0.005, (Assessor 2): [APRT, r. = 0.776, p < 0.001, Breathing Stereotype, 7. = 0.625, p = 0.001, Diaphragm test, rs =
0.519, p = 0.008, Hip Flexion test, r. = 0.536, p = 0.006, and Arm Elevation test, r. = 0.460, p = 0.021. For observation,
several moderate correlations were demonstrated with DNS brace values (Assessor 1): Arm Elevation test, r. = 0472, p =0.017,
(Assessor 2) Diaphragm test, r, = 0.540, p = 0.005, IAPRT r, = 0.475, p = 0.016, Hip Flexion test, r, = 0.485, p =0.014, and
Arm Elevation, rs = 0.451, p = 0.024.

CONCLUSION: Based on inter-rater reliability and DNS brace correlations with trained DNS professionals, the IAPRT,
Diaphragm test, and Hip Flexion test may prove useful when assessing asymptomatic individuals. More research is needed in
order to establish the utility of DNS brace and clinical testing both in asymptomatic and back pain populations. DNS tests must be
supplemented by further examinations for definitive clinical decision making.

Keywords: Postural stabilization, breathing, abdominal muscles, intra-abdominal pressure, Dynamic Neuromuscular Stabilization
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1. Introduction

Evaluation of postural trunk muscle function is a crit-
ical component of clinical assessment in patients with
musculoskeletal pain and dysfunction. Activation of
the postural trunk muscles is essential for maintaining
IAP (Intra-Abdominal Pressure) [1,2]. Appropriate IAP
regulation secures stability of the lumbar spine [3,4].
Altered function of trunk muscles is associated with low
back pain (LBP) [5,6] which is a major public health
problem worldwide causing significant personal and fi-
nancial burden [7]. Numerous studies suggest that trunk
and lumbar spine stabilization exercises may help in
LBP treatment and contribute to LBP prevention [8].

Postural activation of the trunk muscles has been
evaluated by various methods such as ultrasonogra-
phy [9], electromyography [9], pressure biofeedback
unit [10], dynamometry [11] or direct AP measure-
ment [3,4]. Although some of these methods can mea-
sure the core activity or even IAP quite accurately, most
of them serve for research purpose rather than clinical
practice because the procedures may be uncomfortable
for the patient, invasive, time consuming and often dif-
ficult to interpret the results. In routine clinical practice
subjective assessment via various clinical tests is the
most common way to evaluate postural function of the
trunk muscles [12,13].

One concept offering a complete set of clinical tests
to evaluate closely inter-related postural-respiratory
functions [14] is Dynamic Neuromuscular Stabiliza-
tion (DNS) [13]. DNS is a functional diagnostic and
therapeutic approach based on human ontogenesis ap-
plying principles of movement and posture develop-
ment during the first years of a healthy individual’s
life [15,16]. The complete set of DNS testing [13] cap-
tures the stereotype of postural stabilization and move-
ment [17], respiratory pattern [14,18], functional joint
centration [15] and segmental movement [19], while
offering a functional treatment plan for musculoskele-
tal [20,21] or neurological patients [22]. Still, there is a
need for more objective data to demonstrate the relia-
bility of DNS procedures and to monitor the progress
or improvements based on DNS principles.

Therefore, this study presents a new, non-invasive
device called DNS Brace which objectively measures
the expansion of the abdominal wall, a function which
purportedly correlates with IAP changes and breath-
ing [1]. Expansion of the abdominal wall related to
IAP regulation is an important mechanism of trunk and
spinal stabilization [14]. Additionally, this study ex-
amines the correlation between a clinician’s subjective

postural function assessment and objective measure-
ment of the abdominal wall expansion using the DNS
Brace.

2. Methods
2.1. Participants

The study was approved by the local ethics commit-
tee (Protocol number 17954, 8.1. 2020, Ethics commit-
tee of the Second Faculty of Medicine, Charles Uni-
versity and University Hospital Motol, Prague, Czech
Republic). Participants were addressed via social me-
dia. Exclusion criteria were any symptomatic neuro-
logic, orthopedic, respiratory or musculoskeletal disor-
der, spine or abdominal surgery, severe trauma during
the last year, pregnancy, and undergoing DNS therapy
in the past. In total 25 participants, 16 women and 9
men were involved in the study. Before the assessment,
every participant received the same detailed information
about the testing procedure. Every participant signed
the informed consent. Basic descriptive data includ-
ing gender, age, anthropometric data were recorded for
each participant. Table 1 shows general characteristics
for the whole group.

2.2. Instrumentation

The DNS Brace (Produced by Ortotika, FN Motol V
Uvalu 84, Praha, (Fig. 1) which is mechanically config-
ured as a trunk orthosis is equipped with four sensors
working on a mechanical-pneumatic-electronic princi-
ple. For assessment, the brace fits tightly to bony struc-
tures allowing the expansion of soft tissues. The sensors
are fixed on the inner wall of the brace. Two sensors
are located on the brace parts adhering to laterodorsal
sections (trigonum lumbale) of the abdominal wall and
two are placed above the groin. The position of the sen-
sors can be easily adjusted to fit each individual. The
sensor heads are hemispheric in shape, allowing them to
adhere to soft tissues in the monitored locations. Each
sensor head contains an inner-air chamber and is made
from silicone, which provides stable mechanical quality
in a wide range of temperatures. The inner-air chamber
is connected to a digital pressure sensor via a capillary
tube. When recording measurements, each sensor’s sil-
icone head is deformed by the applied pressure, which
causes a reduction of volume in the inner-air chamber,
thus increasing pneumatic pressure in the inner cap-
illary system. Pneumatic pressure is registered via an
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Fig. 1. DNS brace A. Front view: B. Top view, f — two sensors in the front, b — two sensors in the back: C. Back view, Brace on a man.

pressure [KPa]

35 7
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Table 1
Participant’s anthropometric characteristics. 7 = 25, 9 males, 16 females
Age (year) Height(m) Weight (kg BMI (kg!mg) Waist (cm)
Mean 224 172.68 68.88 23.02 77.16
SD 1.76 7.26 8.66 1.58 5.98
Min 20 161 58 19.82 67
Max 25 190 85 25.85 90

Deep breathing

——Left anterior sensor

——L eft posterior sensor

——Right posterior sensor

——Right anterior sensor

2 3 4 5 5 7 8 9 10 11 12 13
time [s]

Fig. 2. Data from DNS Brace measuring deep breathing displayed in a graph.
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auxiliary electric device (digital pressure sensor) on the
orthosis. The sensors register the pressure exerted by
the abdominal wall. The values recorded in kilopascals
(kPa) are transferred via Bluetooth, stored and graph-
ically displayed in a smart-phone device (Fig. 2). The
sampling rate is 240 Hz.

2.3. Procedure

Participants (n = 25) were randomly assigned to two
groups. Participants from group 1 (n = 13, female 8,

male 5) were first assessed by the two DNS assessors in
a random order (some participants were first assessed
by assessor #1 and then by assessor #2 or vice versa),
and subsequently by DNS Brace which was applied by
another clinician. Participants from group 2 (n = 12,
female 8, male 4) were first assessed by DNS Brace,
and subsequently by the two DNS assessors in random
order. The measurements were always performed under
the same environmental conditions.

DNS assessors evaluated the five postural tests ac-
cording to DNS (as described below) consecutively in
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no activation

ideal activation

Fig. 3. Visual-analogue scale for subjective assessment of postural tests (the assessors made two lines on VAS — one for aspection, one for

palpation).

the same order on each participant. Every participant
was given exactly the same instructions before each
test. After assessing all 5 tests by the first DNS assessor,
the participant was assessed by the other DNS asses-
sor, who gave the same instructions to evaluate each
test. There was no time limit for the evaluation. Both
assessors assessed each participant first by palpation
and then visually using VAS (visual analogue scale)
from O (no activation) to 100 (ideal activation) [23]
(Fig. 3). Palpation by DNS assessors was performed at
the same body regions where the DNS Brace sensors
were placed, i.e. in trigonum lumbale bilaterally and
above the groin bilaterally. DNS tests were reported as
reliable assessment methods in other research projects
previously [24].

2.4. Subjective assessment

Five DNS postural tests were performed by each
participant and evaluated by two experienced assessors
(certified DNS instructors) by palpation and inspection
using VAS from 0 to 100 points where 0 represents
absolute inability to perform required activity and 100
represents ideal activation (Fig. 3).

During all five tests the participants were seated,
their hips and knees flexed in 90° angle, feet touching
the ground while keeping spine upright and shoulders
relaxed. With each participant the tests were evaluated
in the following order:

1. Breathing stereotype test. (Fig. 4) The participant
was instructed to take five deep breaths. The as-
sessor first palpated the activation in the lower
intercostal spaces and below the lower ribs bilat-
erally and then above the groin. Then, the assessor
performed visual observation focusing on lower
ribs and shoulder movement.

2. Intra-abdominal pressure regulation test. (Fig. 5)
The assessor palpated bilaterally the lower ab-
dominal sections above the groin. The partici-
pant was instructed to activate the IAP by pushing
against assessor’s fingers. Amount and symmetry
of activation is assessed by palpation. Then, visual
observation of abdominal contour, umbilicus and
shoulder movement was performed.

3. The diaphragm test. (Fig. 6) The assessor was po-

Fig. 4. Breathing stereotype test. A. Optimal pattern. Spine upright,
trunk in neutral position, relaxed auxiliary breathing muscles, propor-
tional expansion of abdominal wall occurs with inhalation. B. Patho-
logical stereotype. The chest moves superiorly, shoulders moves su-
periorly and into protraction during inhalation, insufficient or no
expansion of the abdominal wall.

Fig. 5. Intra-abdominal pressure regulation test. A. Optimal pattern.
Proportional tensing of abdominal wall in all sections. B. Pathological
stereotype. Inability to expand lower abdominal wall, asymmetrical
activation, overactivity of upper rectus abdominis muscle, ribcage
elevation.

sitioned behind the participant palpating bilater-
ally below participant’s lower ribs. The partici-
pant was instructed to take a deep breath and push
towards assessor’s fingers to activate the abdomi-
nal wall. The assessor evaluated the amount and
symmetry of activation of the abdominal wall.
Then, the assessor visually observed lateral move-
ment of the lower ribs while monitoring the spine
(upright and stable) and the presence of shoulder
movement or pathological synkinesis (Fig. 6).
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Fig. 6. Diaphragm test. A. Optimal pattern. Abdominal wall eccen-
tric expansion, upright spine, without shoulder movements cranially.
B. Pathological stereotype. Inability to expand latero-dorsal parts of
the abdominal wall, asymmetrical activation, rib cage or shoulder
elevation, substitutive mechanism with spinal kyphosis compensating
for lack of eccentric abdominal wall activation.

Fig. 7. Hip flexion test. A. Optimal pattern. Chest and pelvis in neutral
position, spine upright. B. Pathological stereotype. Inability to keep
the spine upright and pelvis stable, lateral shift of the trunk.

4. Hip flexion test. (Fig. 7) The assessor instructed
the participant to slowly lift up right leg (approxi-
mately 10 to 20 cm) above the ground. Participant
breathed naturally while maintaining this posi-
tion. The activity of the latero-dorsal sections of
abdominal wall was assessed bilaterally by pal-
pation (as in diaphragm test). Then, any spinal
and pelvic movements were assessed by visual
inspection.

5. Arm lifting test. (Fig. 8) The participant lifted a
dumbbell that corresponded to 20% of the body
weight. Elbows were flexed to 90° and participant
breathed naturally in this position. The assessor
palpated bilaterally the abdominal wall activation
first in trigonum lumbale, then above the groin.

=
oo,

Fig. 8. Arm lifting test. A. Optimal pattern. Ribcage in neutral posi-
tion, thoracolumbar junction stable, symmetrical expansion of abdom-
inal wall. B. Pathological stereotype. Chest elevation, thoracolumbar
instability, hyperlordosis of the lumbar spine.

Spinal or pelvic movements were assessed visu-
ally.)

All DNS tests were performed according to the de-
tailed procedures described by Kobesova et al. 2020,
which include all signs of optimal and abnormal pre-
sentations [13].

2.5. DNS Brace measurements

The DNS Brace was applied by another clinician
and was attached around the participant’s trunk. The
activity of the abdominal wall was monitored during
the same five DNS tests and in the same order as with
the subjective assessment. The same instructions were
given for DNS Brace measurement as for the subjective
testing. The sensors were always calibrated to O kPa in
resting exhalation position prior to each measurement.
Afterwards the participants were instructed to take two
natural breaths and then the test was performed and
the abdominal wall activity recorded. A total of 3 to 7
breathing cycles were recorded (recording time was be-
tween 6 to 20 seconds depending on individual breath-
ing speed). Afterwards, the average pressure against
all four sensors was calculated and used for correlation
with the subjective clinical assessment. The assessors
were not allowed to view results received from the DNS
Brace measurements nor were they allowed to consult
each other during testing.

2.6. Statistical analysis

Descriptive data were calculated, including means
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Table 2
Interrater reliability of different DNS tests using palpation and observation (ICC; )
Palpation Observation
DNS test ICC 95% CI Sig ICC 95% C1 Sig

1-Breathing stereotype  0.446 (—0.258, 0.756)  0.078 0.695* (0.308, 0.866) 0.003
2-IAPRT 0707 (0.334,0.871) 0.002 0.835**  (0.626,0.927) 0.000
3-Diaphragm test 0.646°  (0.197,0.844) 0.007 0.668* (0.246, 0.854) 0.005
4-Hip flexion test 0.645*  (0.194, 0.843) 0.007 U5 77" (0,04, 0.814) 0.020
5-Arm elevation 0.308 (—0.570, 0.695) 0.187 0464 (—0.217,0.764)  0.067

Note: DNS = Dynamic neuromuscular stabilization; ICC = Intraclass correlation coefficient; IAP = Intra
abdominal pressure regulation test; Both examiners were trained DNS professionals. * Denotes: Moderate

reliability. ** Denotes: Good reliability.

Table 3
Correlations of DNS instructor values with average DNS brace values in five DNS tests (mean [standard deviation])

Palpation Observation
DNS test DNS brace average values Score Spearman 7 Sig Score Spearman 75 Sig
DNS Assessor 1
1-Breathing stereotype 4.89 (3.18) 70.28 (19.43) 0.443 0.026 65.56 (20.85) 0.290 0.159
2-IAPRT 12.19 (8.47) 84.12 (14.27) 0.580 0.002* 76.88 (16.25) 0.380 0.061
3-Diaphragm test 11.73(9.11) 76.16 (17.06) 0.543 0.005* 71.32 (16.86) —0.105 0.616
4-Hip flexion test 6.28 (5.52) 65.44(19.53) 0.338 0.009* 70.20 (17.34) —0.039 0.852
5-Arm elevation 9.44 (8.80) 77.12(14.12) 0.303 0.142 75.80 (10.91) 0472 0.017*
DNS Assessor 2
1-Breathing stereotype 4.89 (3.18) 43.60(13.32) 0.625 0.001* 41.68 (15.87) 0.342 0.094
2-IAPRT 12.19 (8.47) 53.40(20.58) 0.776 < 0.001* 47.60 (19.35) 0475 0.016+
3-Diaphragm test 11.73(9.11) 52.40(16.83) 0.519 0.008* 49.64 (21.75) 0.540 0.005*
4-Hip flexion test 6.28 (5.52) 47.20 (13.00) 0.536 0.006* 45.68 (15.23) 0.485 0.014*
5-Arm elevation 9.44 (8.80) 46.08 (15.79) 0.460 0.021* 45.68 (20.43) 0451 0.024*

Note: DNS = Dynamic neuromuscular stabilization; IAPRT = Intra-abdominal pressure regulation test: Both examiners were trained DNS
professionals. * Statistically significant correlation (Bonferroni Correction P < 0.025).

and standard deviations (SD) for each DNS assessor’s
palpation and observation using the VAS, and the DNS
brace values. Interrater reliability was determined us-
ing intraclass correlation coefficients (ICC, ) and their
95% confidence intervals (CI) between the two DNS as-
sessors’ measures of either palpation or observation for
all five DNS tests based on a mean-rating (= = 2), con-
sistency, 2-way random model. Reliability was defined
as poor (ICC < 0.50), moderate (ICC 0.50-0.75), or
good (ICC > 0.75). Spearman’s rank order correlations
were used to analyze the relationship between different
DNS assessors measures with the average DNS Brace
values. The strength of correlations were interpreted as
weak (< 0.3), moderate (0.4-0.6), or strong (> 0.7),
as reported by Akoglu [25]. The alpha level used for
significance, with Bonferroni corrections, was set a pri-
ori at p < 0.025. All data was analyzed using SPSS
statistical package v26 (SPSS Inc, Chicago, IL).

3. Results

Descriptive data for all participants are presented in
Table 1. Not all variables were normally distributed, as

assessed by Shapiro-Wilk’s test (p < 0.05). Interrater
reliability ICC estimates are shown in Table 2. For pal-
pation, moderate reliability was demonstrated duirng
three DNS tests: Hip flexion test, Diaphragm test, &
IAPRT (ICC = 0.645-0.707). For observation, mod-
erate reliability was again demonstrated in three tests:
Hip flexion test, Diaphragm test, & Breathing Stereo-
type (ICC = 0.577-0.695) while a good reliability was
found in IAPRT (ICC = 0.835).

All correlational data with 95 % confidence intervals
are presented in Table 3. For DNS Assessor 1, palpa-
tion demonstrated moderate correlations between the
DNS brace values with IAPRT, r; (23) = 0.580, p =
0.002 and the Diaphragm test, rs (23) = 0.543, p =
0.005 while observation demonstrated a lower correla-
tion with the Arm Elevation test, rs (23) =0.472, p =
0.017. For DNS instructor 2, palpation demonstrated
a strong correlation for for IAPRT, rs (23) = 0.776,
p < 0.001 and modetate correlations for the Breathing
Stereotype, rs (23) = 0.625, p = 0.001, Diaphragm
test, ry (23) = 0.519, p = 0.008, and Hip Flexion test,
rs (23) = 0.536, p = 0.006. A lower correlation was
demonstrated with the Arm Elevation test, rs (23) =
0.460, p = 0.021. Observation for DNS Assessor 2
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demonstrated moderate correlations in the Diaphragm
test, rs (23) = 0.540, p = 0.005, IAPRT r (23) =
0.475, p = 0.016, Hip Flexion test, rs (23) = 0.485,
p = 0.014, and Arm Elevation, rs (23) = 0451, p =
0.024.

4. Discussion

Trunk stabilization analysis is critical part of clini-
cal assessment. Postural function is closely related to
movement and locomotion; mobility and stability form
a functional unit that is under the constant control of
central nervous system [26]. Another function closely
related to trunk stabilization is respiration. The respira-
tory stereotype affects trunk muscle coordination and
modifies the movement [27] therefore specific breath-
ing instructions form a critical part of many stabiliza-
tion exercise protocols [28,29]. Some studies indicate,
that impaired postural control is associated with chronic
low back pain [30]. Trunk stabilization training is of-
ten applied to treat and prevent back pain and other
musculoskeletal problems and injuries [31].

The first step to analyze the influence of postural
stabilization training on movement performance and
musculoskeletal pain is to define the optimal pattern
of postural stabilization. Due to extreme postural vari-
ability the exact definition of optimal posture is still
ambiguous with each author defining the ideal posture
differently [32-34]. One concept that aims to define op-
timal postural stabilization is Dynamic Neuromuscular
Stabilization [35]. This DNS concept derives an ideal
stabilization stereotype from genetically predetermined
developmental patterns observed during normal early
human ontogenesis. DNS offers a set of a functional di-
agnostic tests and evaluation to monitor a patient’s pos-
ture [13]. However, the reliability of DNS clinical tests
has not been demonstrated yet. This study correlates
subjective assessment via five DNS tests performed by
two experienced DNS clinicians with objective mea-
surement of abdominal wall activity using new device
called DNS Brace. The correlation between the sub-
jective DNS assessments and objective measurement
of abdominal wall expansion may help to determine
the reliability of clinical DINS tests. At the same time
this study reports interrater reliability for the five DNS
tests. Additionally, this study introduces a new, simple
and non-invasive device to measure the activity of the
abdominal wall.

For both palpation (ICC = 0.707) and observation
(ICC = 0.835) assessments, the IAPRT test demon-

strated the best reliability between assessors. We iden-
tified moderate interrater reliability for both palpation
and observation for the Diaphragm and the Hip Flex-
ion test. Considering the complexity of DNS assess-
ment, which emphasizes much detail and nuance both
in palpation and observation assessment, the findings
of moderate-good ICC’s for 3/5 DNS tests was encour-
raging. These findings are similar to other well estab-
lished systems, such as Mechanical Diagnosis and Ther-
apy (MDT), where reported inter-rater reliability ranges
from 0.11 to 1.00 [36]. Much more reasearch is needed
to establish the relevance of DNS testing both in normal
cohorts and in populations with various musculoskeletal
problems.

The results of this study confirmed a positive corre-
lation between objectively measured expansion of the
abdominal wall and subjective palpatory assessment of
postural trunk muscle function according to the DNS
approach. For assessor 1, statistically significant corre-
lation was identified for three DNS tests (IAPRT, Di-
aphragm and Hip Flexion test) and for assessor 2, palpa-
tion significantly correlated with all 5 DNS tests Brace
measurements. The increase in pressure against the sen-
sors was the highest in the situations when the measured
participant was instructed to activate the IAP, i.e. when
he or she had to push specifically against the sensors
above the groin (IAPRT; average pressure = 12.19 kPa)
or against the sensors placed in trigonum lumbale (di-
aphragm test; average pressure = 11.73 kPa). The third
highest value was recorded during the arm elevation
test holding the weight (average pressure = 9.44 kPa).
The hip flexion test required 6.28 kPa average pressure
increase only, yet such change was appropriately rec-
ognized by palpating assessors. During all these tests
positive correlation between subjective and objective
assessment was confirmed. The only exception was the
breathing stereotype test where significant correlation
between objective DNS Brace testing and subjective
palpatory assessment was reached in one assessor only
(see Table 2). During the breathing stereotype test the
lowest average pressure increase (4.89 kPa) was mea-
sured by DNS Brace. It can be assumed that the smaller
the change in the activation, the more difficult it is to
estimate the amount of change by mere palpation.

Based on these results, instructed activation tests such
as IAPRT or the Diaphragm test appear potentially use-
ful in evaluating trunk stabilization function in clini-
cal practice. Still, such tests need to be supplemented
by further examinations for definitive clinical decision
making. Surprisingly, lifting the weight corresponding
to 20% of the participant’s body weight evoked less pos-
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tural stabilization activity than an instructed increase in
IAPRT. Apparently, in healthy individuals such weight
does not require much activity of the abdominal wall.
This result further supports the study published by Es-
sendrop et al. who report IAP increase from 0 to 40%
when holding a load of 15% body weight [4].

The DNS Brace measures both voluntarily controlled
and automatic subconscious postural activation. We can
either instruct the individual to activate their abdominal
wall pushing against the sensors, thus the brace can also
be used for feedback training or we can monitor spon-
taneous level of activation during various movements.
Both situations may be convenient in clinical practice
and in research. Advantages of using the DNS Brace lie
in it’s fixed position of all 4 sensors that maintains con-
tact with the trunk allowing the assessment in various
positions and when moving. Such modifications may
not be available when using other devices designed to
measure and train abdominal muscles and lumbopelvic
stability such as a Pressure Biofeedback Unit [37] or
ultrasound which analyze mainly local activation of the
abdominal muscles. The information from the four DNS
Brace sensors is a more global monitoring of abdominal
muscle co-activation. Also, it is very easy to apply the
DNS Brace and to record and analyze results. Unlike
electromyography, ultrasound or direct IAP measure-
ment techniques, there is no need for special personnel
training.

The entire assessment took approximately 8 minutes
with each assessor, i.e. 24 minutes all together (2 sub-
jective assessments + DNS brace assessments). The
measurement order between assessor 1, 2 and DNS
Brace was random to exclude the influence of any mo-
tor learning. The participants considered the exami-
nation to be both physically and mentally easy. The
DNS Brace measurement starts from a fully relaxed
state that does not require any pre-tensioning. In a study
using a Pressure Biofeedback Unit, participants were
instructed to maintain the target pressure range (40 +
10 mmHg) [38]. This may exclude some individuals
who are unable to reach such starting pressure. The
DNS brace does not require any minimum prerequisite
pressure to start the measurement, making the proce-
dure simple, convenient and clinically useful. The DNS
Brace measurement range is 0 to 500 kPa. The values
measured by the brace are absolute thus comparable in
time or among raters.

Correlation and statistical significance for palpation
was in most cases better than that for observation. Pal-
pation is an integral skill forming the vital component
of many hands-on clinical examinations [39] including

DNS concept. The results of this study support the use
of the DNS tests described above when performed by
skilled DNS clinicians. In this study the tests were eval-
uated by experienced DNS clinicians with more than
five years clinical experience. This is an important as-
pect to consider since the palpation accuracy is closely
related to examiner’s experience and training [40]. To
our knowledge this is the first study correlating subjec-
tive assessment of postural function of the trunk mus-
cles with objective measurement of the abdominal wall
expansion. The inspection should rather be complemen-
tary to palpation.

Future studies should investigate the correlation be-
tween abdominal wall expansion and direct IAP mea-
surement to find out if DNS brace can actually replace
invasive and uncomfortable techniques of direct [AP
monitoring such as intravesical, anal or vaginal pressure
measurements. Also, inter- and intra-rater reliability for
DNS Brace needs to be established. Finally, the rela-
tionship between LBP and abdominal wall expansion
needs to be explored as well as the effect of abdominal
wall training. In the future DNS Brace may become a
useful clinical and research tool.

There are some limitations to this study. First, this
study was done in asymptomatic individuals. It is un-
known if such DNS tests would show similar results in
LBP patients or in individuals with other musculoskele-
tal disorders. Future studies in patients with LBP are
warranted. Second, the average pressure against all four
sensors was calculated and used for statistical analysis
and the symmetry of the abdominal wall expansion was
not considered. The brace could not be properly used in
one extremely slim individual who had to be excluded
from the study. In the future, smaller versions of DNS
Braces will be constructed. Finally, DNS tests were as-
sessed by DNS professionals (DNS instructors) with
more than 5 years DNS experience. Future research
could compare novice pracitioners with experienced, to
learn differences.

5. Conclusion

Based on interrater reliability and DNS brace cor-
relations with trained DNS professionals, the IAPRT,
Diaphragm test, and Hip Flexion test may be useful
for clinicians when assessing normal individuals. More
research is needed in order to establish the utility of
DNS brace and DNS clinical testing both in normal and
back pain populations.
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ABSTRACT

Intra-abdominal pressure is a hydraulic pressure within the abdominal cavity. Previous studies confirmed its
direct association with both spinal stability and spinal unloading. The literature review part of the paper
summarizes intra-abdominal pressure physiology and pathophysiology and explains the underlying
mechanisms of intra-abdominal pressure regulation and its effects on the human body, especially spinal
stability. Current methods of invasive and non-invasive intra-abdominal pressure measurement are described
in detail. Second part of a paper presents a case report of a competitive athlete suffering from low back pain.
The functional assessment and treatment focused on quality of patient’s trunk stabilization. Training
following principles of Dynamic Neuromuscular Stabilization resulted in better ability to activate abdominal
wall muscles which is a critical mechanism of intra-abdominal pressure regulation and in this case caused
significant low back pain reduction. The effect of the therapy was evaluated by DNS Brace which measures
activity of the abdominal wall, thus intra-abdominal pressure indirectly, along with clinical Dynamic
Neuromuscular Stabilization assessment tests.

Keywords: Intra-abdominal pressure, diaphragm, abdominal wall, spinal stability, objectification of postural
stabilization
DOT: https://doi.org/10.24040/sjss.2021.7.2.3-18

INTRODUCTION IAP (4). It is all under the control of the central
Stabilization of the lumbar spine - physiology nervous system (CNS). The consequences of the
Postural stabilization 1is necessary for pathological action of internal forces are often
human body movement (1). External forces affect underestimated and the measurement options are
the human body during each movement. The body still limited. The evaluation of IAP may be useful
responds with the formation of internal forces in a variety of clinical outcomes (5).
mainly by muscular activity. This is so-called The postural role of IAP has been subject
postural activity (2). The abdominal cavity is the to research for almost 100 years. Dating back to
space limited by the diaphragm superiorly 1923, Keith et al. suggested that IAP may affect
and the musculo-aponeurotic perineum inferiorly, spinal loading (6). In 1942 Bradford a Spurling
the lumbar spine posteriorly and the walls published a study stating that spinal erectors put a
of the abdominal cavity anterolaterally (3). 680 kg load on the spine during movement (7). In
Postural activity 1s represented by 1957 Bartelink experimented with a stress tests on
strengthening/stabilizing function of these muscles intervertebral discs reporting structural damage
and its ability to create intra-abdominal pressure occurring at the level of 136 kg load (8). In 1959
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Davis reported IAP increase during load lifting (9).
Without any compensatory unloading mechanism,
the spine and especially the intervertebral discs
would easily be damaged with every strenuous
movement. Ground-breaking studies conducted by
Hodges and colleagues have confirmed that IAP
alone without any trunk muscle activity increases
the stability of the lumbar spine, protects the spine
axillary
compression, and transfers the load to a larger area
(4,10).
necessary proper coactivation between previously

from excessive loading, reduces

For the stability in the lumbar spine is

mentioned muscles that regulate IAP such as the
diaphragm, pelvic floor muscles, abdominal
muscles and spine extensors (4,11). It is important
to mention that the diaphragm not only provides
respiration and sphincter function but also a
postural function (12,13). Electromyography
(EMG) has shown that diaphragmatic contraction
is modulated by postural and ventilation
requirements (12). If the diaphragm contracts
the tendon of the

diaphragm drops inferiorly, creating a pressure

physiologically, central
gradient that drives air into the lungs and with the
help of pelvic floor and abdominal wall activity
mncreases the pressure in the abdominal cavity
(14,15).

Activation of the trunk muscles keeps all
segments of the spine in a biomechanically neutral
position during movement (8). The pelvis and
lumbar spine are reflexively stabilized before limb
movements (12,16). Even if IAP is an important
phenomenon in rehabilitation and is often studied,
its specific function and role remains unclear
(17,18). An obstacle in the studying IAP is the
measurement complexity in  experimental
conditions especially in vivo. Many authors have
already described the positive effect of IAP on
spinal stability and spinal unloading but its
mmportance still needs to be objectively studied

(18).
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Although several studies (4,11,19,20) have
shown a connection between the increased IAP
and spinal stability, it is not entirely clear whether
this mechanical support for the spine is due to the
increased IAP or the abdominal muscle activity
itself which contributes to IAP (4). According to
Mokhtarzadeh et al., the relative role of the IAP in
spine mechanics has remained controversial and
IAP alone without current muscle co-activation is
not sufficient (15). On the other hand, Hodges et
al. showed in their study that the stiffness of the
lumbar spine during various functional movements
1s increased when IAP is elevated even without
simultaneous muscle contraction (3). They suggest
that AP may be a beneficial tool for the CNS to
increase spinal stability in all directions (4).
Similarly, Stokes et al. reported that elevated IAP
increased lumbar spine stability regardless of the
primary muscle involved (18). Among others,
Hodges et al. also described the fact that crura of
diaphragm, by 1its contraction, causes direct
traction of the lumbar spine in the area of their
attachment and it promotes the effect of IAP (4).
McGill et al. created a theory that elevated IAP
increases lumbar spine stability by limiting
intervertebral rotation and translation (16).
According to these authors, the IAP helps to
maintain the correct position of the moving parts
of the spine by minimizing, or even completely
eliminating, very small movements of shear forces
in the area of the facet joints. This hypothesis could
be a possible reason why patients, who are forced
to move even with severe lumbar spine pain, hold
their breath (21).

The lumbar spine complex is adapted to
carry an external load. Stress is transmitted to the
solid bodies of the vertebrae and relatively elastic
disks. Excessive mechanical loading leads to
damage to the intervertebral discs (22). Arshad et
al. showed in a biomechanical model that IAP
significantly reduced the compressive forces on
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the spine and at the same time reduced the need for
muscle force involvement (23). According to some
authors, higher IAP values lead to spinal relief, but
maximum challenging activation such as the
Valsalva maneuver have got the opposite effect
due to the hight levels of muscle coactivation (24).
However, Stokes et al. argue that the extension
effect of IAP is greater than the flexion moment
created by the abdominal wall muscles. In a
biomechanical model of the spine, they have
shown that IAP has the effect of relieving the spine
in all directions of movement (18).

Other authors suggest that IAP creates a
force caudally against the pelvic floor and
cranially against the diaphragm, thus creating an
extension moment of the spinal (4). Although IAP
alone does not produce spine extension, it is
associated with an antagonistic co-activation of
flexors and extensors that increases the stability
and strength of the spine (4). In addition, according
to Daggfeldt et al., this mechanism could help
reduce lumbar spine overloading indirectly by
creating an extension moment thus reducing the
need for spinal extensors activation (25).
This thought is also supported by Cholewicki et al.
that IAP is active in movements that require trunk
strength for extension such as lifting objects or
jumping can increase the stability of the spine
without simultaneous co-activation of the spinal
erectors (20). In order to achieve the greatest
possible spinal protection, the cross-section of the
lumbar part of the trunk must be as large as
possible. The diaphragm and the pelvic floor must
work exactly opposite each other (25). According
to some authors, it is also important that IAP
maintains the hoop-like shape of the muscles
around the abdominal cavity, thus preventing their
shortening and collapse towards the abdominal
cavity which could impair their ability to contract
(21).
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Impairment of the trunk stabilization

Low back pain (LBP) is one of the most
common reasons for seeing a health care provider
(26). This is also often the cause of inability to
work, as it mainly affects individuals of working
age (26,27). Deficits
stabilization are mostly of muscular or neural

in the lumbar spine

origin so the right chosen physical therapy and
motor control training that would induce proper
co-activation between muscles is recommended
(28-30).

Poor postural muscle coordination and
deficiency in its stabilizing function is considered
to be an mmportant etiological factor in spinal
disorders associated with back pain such as
deformed spondyloarthritis, intervertebral disc
protrusion or spondylolisthesis (19,28,31). The
results of studies confirm that abnormalities in
motor control may be not only the cause of LBP
but also its consequence (32,33). The dependence
between the disorder of postural control and the
delay in the reaction time of the trunk muscles is
a prerequisite for the development of pathology in
the lumbar spine. This disorder can be a significant
risk factor for lumbar spine injuries (34).

Based on the research results stated above,
in clinical practice it appears to be important to
evaluate the quality of postural stabilization, to
measure AP and to objectivize individual’s ability
to regulate the IAP in response to postural load.
However, the methods of objective postural trunk
assessment and especially of IAP evaluation in
relation to postural stabilization are still not
unequivocally defined and routinely used. This
paper further summarizes currently available
methods to evaluate the IAP within clinical
assessment.

TAP evaluation

If IAP corresponds with postural stability
(4,19,35), we can evaluate postural stability
by assessing the IAP. There are various methods of
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IAP evaluation with its pros and cons. IAP
measurement can be divided mto direct and
mdirect methods. Invasive measurement of the
IAP can be done using the caval catheter or
transperitoneal measurement during laparoscopic
operation. Indirect measurement of IAP can be
done using gastric/anorectal/vesical or vaginal
probe. The common disadvantage of such IAP
evaluation methods is that it is invasive and
uncomfortable for the subject. On the other hand,
it is the most accurate way of assessing the IAP
(37,38).

A. Transperitoneal measurement
This method of direct IAP evaluation is the most
accurate (36). In clinical applications it is used for
peritoneal dialysis or continuous paracentesis. In
the research field it is considered the gold standard
for comparison with other invasive methods in
case of evaluating IAP. However, it is not used in
the rehabilitation and musculoskeletal research
and practice because of its invasiveness (37,38).

B. Intracaval measurement
Another example of direct [AP measuring is
intracaval measurement. The catheter is inserted
via femoral vein to inferior vena cava. The position
of the catheter is monitored by ultrasound or x-ray.
This procedure is time consuming but allows
continuous and accurate results. Disadvantage of
this method is possibility of circulatory system
mfection, bleeding or thrombosis (39).

C. Intravesical measurement
Intravesical measurement is the most common and
the most reliable indirect method of monitoring
intra-abdominal hypertension (39). This method is
recognized as the gold standard for monitoring
intra-abdominal compartment syndrome. It may be
advantageous way of IAP monitoring i patients
having an intravesical catheter because of urinary
drainage (39). This method is based on the fact that
the urinary bladder can transduce IAP. The
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measuring itself is done in laying supine position
(38).

D. Intravaginal measurement
In this method the pressure sensor is situated in the
vagina. Advantage of this method is that wireless
sensors can be used, so the IAP can be evaluated
during everyday activities (40,41). Disadvantage is
that it can only be used in women.

E. Intrarectal measurement
Another method is performed via the rectum.
Advantage of this method is that the patient can
move and do some physical activities, while the
IAP is measured (42). According to Dolan et al.,
20% of women refuse to undergo this examination
because of fear and they prefer intravaginal
measuring (43). Contraindications for examination
are bleeding from lower gastrointestinal tract or
diarrhea (38).

F. Intragastric measurement
The last option of indirect IAP measuring is a
naso/orogastric or gastrostomy probe. Gastric
measurement is not used in daily praxis because
the patients report it as very uncomfortable.
Moreover, it is more expensive compared to
intravesical measurement. The other disadvantage
of gastric measurement is that the IAP can be
influenced by stomach contractions, which occur
every 90 minutes lasting about 2 minutes (44).
Advantage of this approach is that the IAP can be
recorded continuously and can be measured during
natural movements such as walking or running
(45).
In conclusion, because of its invasiveness these
methods are used more for evaluating IAP
hypertension, compartment syndrome and for
research, then in clinical care.
Trunk muscle activity evaluation

A. Electromyography (EMG)
A standard testing method for muscle activation is
EMG. It can be assessed either by non-invasive
EMG or needle EMG.

surface nvasive
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Disadvantage to both is that they evaluate more
local muscle changes versus coordination of all
trunk muscles. Surface EMG cannot be used to
assess deep spinal stabilizing muscles. EMG is
used more in research than in clinical care (46).

B. Ultrasonography (US) evaluation
Trunk muscle activation can be assessed by real
time US to measure the thickness of abdominal or
spinal muscles. This method is non-invasive and
quite inexpensive, but its reliability is dependent
on the experience of the examiner. Compared to
EMG, US evaluation can be utilized to assess the
deep muscles (47). Similarly to EMG ultrasound
provides information about local muscle
contraction rather than global muscle coordination.

C. Dynamometry
Dynamometry represents another method to
evaluate trunk muscle activation. This non-
mvasive method measures external forces
produced by abdominal wall expansion. Malatova
et al. described a tool which consists of four
sensors attached to the human body (48). Similar
method was introduced by van Ramshorst et al.
who correlated IAP with abdominal wall tension.
Ramshorst et al. used a special dynamometer to
monitor abdominal wall tension resulting from
IAP changes in corpses, in which the IAP was
changed artificially by insufflation. This study
reports that abdominal wall tension reflects the
IAP (49).

D. Pressure biofeedback unit
Another possibility of evaluating trunk muscle
activation is pressure biofeedback unit. It is
basically a tool made from three air chambers and
pressure sensors that is placed under the patient.
Disadvantage of this method is that activation of
the trunk muscles can be evaluated only in certain
positions such as lying down. This method of
assessment is not useful in dynamic evaluation in
difficult postural positions (50).

E. OhmTrak sensor
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A non-invasive measurement of the force
production of the abdominal wall are sensors
inserted in belt such as Ohmbelt device with the
OhmTrak sensor (Ohm Belt, Nilus Medical LLC,
2019 © OHMBELT, Redwood City, CA, USA). It
1s a core activation and breathing tracker. A
research version of the device was designed by the
manufacturer for the trial purposes, which differs
from the commercial version operating with one
sensor. The research version utilizes two sensors
recording data simultaneously with a software app
to display and record both sensor force data. It
consists of two capacitive force sensors of 15 mm
diameter, 0.35 mm thickness, full scale range 0.45
kg, minimal detectable force 0.9 g, attached to the
abdominal wall by adjustable straps. The force
sensor which faces the subject’s skin, is pressed
against the abdominal wall by an adjustable strap.
Abdominal wall expansion and retraction is
recorded by the sensor as a force. The sensors
register the force exerted by the abdominal wall
during respiration and various postural tasks. The
research version of Ohmbelt allows to monitor
simultaneously the instantaneous muscle force at
two different trunk locations. Both the amount of
the force and its dynamics over time can be
analyzed. The sensors are also equipped with
accelerometers to capture any Kkyphotic trunk
synkinesis, i.e. substitutive trunk movement
replacing abdominal muscle activation. A built-in
tensometric transducer converts the force to the
digital signal that is transmitted wirelessly via
Bluetooth to the computer where the software
graphically displays the results. The program
records any time sequences with the numerical
values being automatically exported
Microsoft Excel. data
graphical imaging and data saving is available

(51).

nto

Immediate analysis,
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F. Dynamic Neuromuscular Stabilization (DNS)
Brace

DNS Brace device (Produced by Ortotika,
FN Motol V Uvalu 84, Praha) is a trunk orthosis
equipped with four sensors working on a
mechanical-pneumatic-electronic principle. The
brace can be fixed firmly to the trunk while not
preventing the expansion of soft tissues.
Four mechanical-pneumatic-electronic sensors are
placed on the inner wall of plastic trunk orthosis.
Two ventral sensors are located bilaterally above
the groin and two sensors are located on the brace
parts adhering to latero-dorsal sections of the
abdominal wall specifically the trigonum lumbale
superius. The sensors consist of an air chamber,
which detects changes in hydraulic pressure when
the sensor is deformed. This chamber is connected
by a capillary silicone tube to a digital pressure
sensor. As the abdominal wall expands, the IAP
increases, which is monitored through the pressure
sensor and the pressure value is transmitted via a
tube to the digital sensor. The brace sensors
measure the pressure exerted by the abdominal
wall in kilopascals (kPa) and transfer the data via
Bluetooth to a smart-phone or computer so the data
can be statistically processed and graphically
displayed (52).

G. Clinical fests
The most common and used approach for trunk
muscle activation assessment is subjective
evaluation using clinical tests (53). Clinicians use
their fingers to palpate the quality and symmetry
of abdominal wall during client’s activation.
Further description of clinical tests can be found
elsewhere (52,54,55).

Suggestions for clinical practice

80% of western population will experience
a LBP at some time during their lives (56). To treat
LBP properly and to achieve long lasting results it
1s necessary to measure trunk stabilization

objectively. Evidence based data will help to set up
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optimal treatment plan, to review the therapy
results, to evaluate self-treatment effect and to
compare various methods of treatment. Monitoring
and training postural stabilization also plays an
important role in athletic population to treat and
prevent repetitive strain back pain and to promote
sports performance (57-59). Since human posture
1s dynamic, we need a tool to measure IAP and
trunk muscle stabilization function in various
postural situations. We need to combine clinical
assessment with objective measurement. One way
to do it, is to use core activation trackers such as
Ohmbelt, DNS Brace and alike during dynamic
clinical testing. Sensors attached to trunk can
inform us objectively about trunk stabilization
function and TAP regulation since the IAP
correlates with the abdominal wall tension
monitored by the sensors (60,61). Body position
has significant effects on abdominal wall tension
thus also IAP (62). Bellow we present a short case
study of a patient with LBP demonstrating how a
core tracker device specifically the DNS Brace can
be used in an athlete to evaluate and train postural
stabilization.

CASE REPORT

An 18-year-old male, competitive canoeist,
training 5 times a week 4 hours a day (2 hours
rowing, 2 hours gym work) presented with acute
low back pain, radiating in L5 nerve root
projection to his left leg and thumb. He reported
5/10 intensity of pain on visual analogue scale
(VAS). During the preparation for a championship
canoeing event, the patient could no longer
straighten up after training. Magnetic resonance
imaging (MRI) revealed narrowing of the spinal
canal at the level of a broadly mediodorsally
arched disc L4/5 (3 mm), small dorsal osteophytes
L4-S1 and hypertrophic intervertebral joints L4-S1
bilaterally due to spondylarthrosis.
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Clinical examination consisted of three
tests according to DNS examination protocol, i.e.
resting breathing, loaded breathing and the
diaphragm test (52,54). All three tests showed that
the patient was not able to sufficiently activate the
dorsolateral parts of the abdominal wall, lacked
lateral expansion of the lower part of the thorax,
there was cranial migration of the ribs and the
thoracic spine became Kkyphotic during DNS
testing. At the same time, there was excessive
activity of the upper part of the rectus abdominis
muscle, cranial migration of the umbilicus,
concavities of the abdominal wall above the
inguinal canal and there was shoulder protraction.
Clinically, these are the signs of compromised
core stabilization and poor IAP regulation (54,63~
65). When analyzing the patient's sport training
stereotypes, the same abnormal patterns as in DNS
testing were identified including insufficient
uprighting of the lumbar and thoracic spine, lack
of rotation at the thoracic spine, protraction of the
head and shoulders along with de-centration of the
shoulder blades. Such signs of suboptimal postural
stabilization were present also in sitting positions
which is a basic position for canoeing. For
objective assessment DNS Brace measurement
were performed to analyze abdominal wall activity
during resting breathing, diaphragm testing and
loaded breathing (51,52)(see Fig. 1.2, and 3 and
Table 1).

The patient underwent 12 individual
therapies provided by an  experienced
physiotherapist. During each 60 minutes

physiotherapy session soft tissue and mobilization
techniques were first applied to treat trigger points
and joint blockages in thoracic and lumbopelvic
area. Following this, the main part of the therapy
focused on trunk stabilization training utilizing
DNS principles (63—65). Another goal was to train
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1solated movement in the hip and shoulder joints
while maintaining optimal core stabilization and
correct sitting position. During the first few
physiotherapy mostly DNS
developmental positions were trained (63-65).

sessions static
Later the training focused on dynamic variants of
the DNS development exercises. At the end of the
3 months rehabilitation period load was added to
the exercises. The patient was advised to perform
DNS self-treatment daily and to
principles of DNS to sport training.

integrate

The clinical assessment after the therapy
revealed improvement. In all three tests, resting
breathing, loaded breathing and the diaphragm
test, patient’s lower chest aperture expanded
proportionally in all directions during inhalation,
the intercostal spaces expanded appropriately and
the patient was able to keep the spine upright
during the entire tests. Balanced activation of all
portions of the abdominal wall was observed and
the ability to keep the chest in a neutral position
was established. In the sitting position typical for
canoeing, there was a noticeable adjustment in
trunk stabilization, straightening of the thoracic
and lumbar spine as well as proportional activation
of all sections of the abdominal wall. Stability of
the trunk allowed for improved optimal functional
stereotypes of the upper limbs. At the end of the 3
months therapeutic intervention, the patient
reported a VAS score of 1/10.

DNS Brace measurements

To monitor abdominal wall tension, a DNS Brace
(52) was utilized. This was chosen specifically
over other approaches because it allows non-
invasive assessment with simultaneous recording
from four sensors. It 1s safe, easy and fast method
providing the most comprehensive information
about the abdominal wall activity.
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Figure 1 Imnaz’ posmon of the patient with DNS Brace before measurement

The following measured scenarios were taken with
the patient sitting (Figure 1):

1)

2)

3)

Resting breathing: The participant was
breathing naturally

Loaded breathing: The participant held
a load of 20 % of his body weight in
hands in front of the trunk

Diaphragm test: The participant was
expanding the abdominal wall pushing
as much as possible against all four

sensors attached to DNS Brace (two

sensors located above iInguinal
ligament, two sensors in upper lumbar
triangle bilaterally) both during

inhalation and exhalation (54)

Fig 2-4 and Table 1 depict abdominal wall activity
measured before and after the therapy. An

improvement was identified in all three DNS

Brace tests after the 3 months treatment period.

Figure 2 Resting breathing - comparison of DNS brace values before and after intervention
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Resting breathing before intervention
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Figure 3 Loaded breathing - comparison of DNS brace values before and after intervention
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Loaded Breathing
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Figure 4 Diaphragm test - comparison of DNS brace values before and after intervention
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Table 1 DNS assessment protocol and DNS Brace measurenient results
RESTING LOADED
SCENARIO BREATIING BREATIING DIAPHRAGM TEST
DNS DNS DNS DNS DNS
assessment | DNS Brace | assessment Brace assessment Brace
protocol Average protocol Average protocol Average
(16 points | value (kPa) | (28 points value (28 points value
max) max) (kPa) max) (kPa)
. Defore 6 308 13 11,06 11 8,13
Intervention
. After. 14 10,09 24 21,02 24 26,42
intervention
Difference +57,2% +79,1% +45,8% +47,4% 54,2% +69,23%

Note: Clinical assessment performed according to DNS Assessment protocol (54): Breathing stereotype: 16

points = optimal stereotype; Loaded breathing and Diaphragm test: 28 points = optimal stereotype. The
smaller the number the worse the stereotype (54).

DNS Brace: the values are given as the average of all 4 sensors
DISCUSSION

69



Vol. 7 No. 2 (2021): Slovak Journal of Sport Science

After the 3 months therapeutic intervention
focusing on trunk stabilization training the patient
became almost painless and was able to return to
full training regime and competition. The critical
part of rehabilitation was integration of proper
postural stabilization in sports training to prevent
repetitive overstrain of the musculoskeletal
system. The positive effect of DNS training on the
reduction of pain and the enhancement of sport
performance has been previously demonstrated by
Davidek et al (66). Six weeks DNS training
resulted in significant increase of paddling force
measured at kayak ergometer and in reduced pain
when moving the arms above the head which is an
important aspect in paddling (66). DNS exercises
targeting trunk
movement in the mid-thoracic spine also proved to

stabilization and segmental
be effective in the population of competitive cross-
country skiers by decreasing back pain and
Improving sensory perception in thoracic region
(67). The positive effect of DNS stabilization
strategies on race walker performances has been
proven by Panse et al (68). Jebavy et al. report that
stabilization-oriented exercises prevent injury and
overloading in elite futsal players (69). Jebavy (69)
used the same DNS tests for deep stabilization
system assessment, however, they evaluated the
stabilization function only subjectively on a five-
pont scale using modified DNS examination
protocols (54) without any additional objective
measurement. Our case report combined clinical
DNS assessments with objective measurements of
abdominal wall tension using a DNS Brace.

The main goal of the canoeist’s DNS
treatment and training was to straighten the lumbar
spine, practice segmental rotation in the thoracic
spine segments and stabilize the pelvis when
moving the upper limbs. Such movements form the
basic paddling stereotypes. Similar strategy
previously proved to be effective in training of

other contralateral sport locomotion stereotypes
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such as flat water kayaking (66), cross country
skiing (67) or futsal. (69) At the end of the
therapy the patient was able to practice DNS
positions with good quality as defined by DNS
assessment protocols (54) as well as in the gym and
on the rowing machine. Both clinical and DNS
Brace measurements before therapy illustrate
almost no expansion of the abdominal wall during
resting inhalation. The red curve in the Figure 2
shows only a minimal increase in IAP during
inspiration relative to resting expiration baseline.
This is related to clinical observation that the
patient elevated his chest during inspiration, i.e.
used accessory respiratory muscles especially
sternocleidomastoid and scalenes to assist in the
rib cage elevation, instead of primary inspiratory
muscles such as the diaphragm and external
intercostal muscles. The post-treatment blue curve
depicts mmuch larger inspiratory wave which
reflected in clinical assessment as abdominal wall
expansion. At the end of quiet exhalation, the
curve returns to the baseline, which we consider to
be normal since at the end of quiet expiration the
IAP value should be minimal (70). Based on DNS
Brace and clinical assessment, it can be concluded
that after the therapy, the respiratory function of
the diaphragm and trunk muscle coordination were
optimized.

The aim of the second measurement
(Figure 3) was to verify how the patient reflexively
reacts to holding a load and whether he uses IAP
to stabilize the core during the postural challenging
situation. Comparing to the red curve before the
therapy, the blue post-treatment curve reflects
more intensive activation of the abdominal wall
both during inhalation and exhalation indicating
higher IAP and better stabilization throughout the
movement and more appropriate dual respiratory
and postural function of the diaphragm. IAP
increase during weight holding (31,35,61) is a
critical mechanism of spinal stabilization and
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protection from injury and should be noted both
clinically and by objective measurements.

The third test 1s called the diaphragm test
(Figure 4). It serves to
voluntary ability to engage the abdominal muscles

evaluate a patient's

with proper coactivation of the diaphragm and
pelvic floor (54). During clinical assessment the
individual is instructed to mhale and push actively
against clinician’s fingers palpating the latero-
dorsal sections of the abdominal wall. With the
DNS Brace he activates the abdominal wall against
all four sensors placed in the upper lumbar triangle
and above the inguinal ligament bilaterally. Prior
to therapy, the patient could exert only very little
force indicating an incorrect respiratory-
stabilization pattern. After the DNS training period
a similar increase in abdominal wall activation is
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Abstract.

BACKGROUND: Anorectal dysfunction (ARD), especially bowel incontinence, frequently compromises the quality of life
in multiple sclerosis (MS) patients. The effect of rehabilitation procedures has not been clearly established.

OBJECTIVE: To determine the effect of an individualized rehabilitation approach on bowel incontinence and anorectal
pressures.

METHODS: MS patients with ARD underwent 6-months of individually targeted biofeedback rehabilitation. High resolution
anorectal manometry (HRAM) and St. Mark’s Fecal Incontinence Scores (SMIS) were completed prior to rehabilitation, after
10 weeks of supervised physiotherapy, and after 3 months of self-treatment.

RESULTS: Ten patients (50%) completed the study. Repeated measures analysis of variance (ANOVA) demonstrated signif-
icant improvement in the SMIS questionnaire over time [14.00 baseline vs. 9.70 after supervised physiotherapy vs. 9.30 after
self-treatment (p =0.005)]. No significant improvements over time were noted in any HRAM readings: maximal pressure
[49.85 mmHg baseline vs. 57.60 after supervised physiotherapy vs. 60.88 after self-treatment (p=0.58)], pressure endurance
[36.41 vs. 46.89 vs. 49.95 (p =0.53)]. resting pressure [55.83, vs 52.69 vs. 51.84 (p=0.704)], or area under the curve [230.0
vs. 520.8 vs. 501.9 (p=0.16)].

CONCLUSIONS: The proposed individualized rehabilitation program supports a positive overall effect on anorectal dys-
function in MS patients.

Keywords: Multiple sclerosis. bowel incontinence, high resolution anorectal manometry, St. Mark’s fecal incontinence score,
biofeedback

1. Introduction

Multiple sclerosis (MS) is one of the most com-
mon neurological diseases affecting pelvic floor (PF)
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+420 22443 9220; E-mail: kuba-novak @ seznam.cz. tion (ARD) resulting from gastrointestinal autonomic
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disturbance is a frequent symptom in the multiple
sclerosis population (Pinter et al., 2015). Compro-
mised coordination of the anorectal musculature may
cause many symptoms such as difficult defecation,
incontinence, pelvic organs prolapse and pelvic or
perianal pain during defecation. These symptoms can
occur both separately, and in various combinations
(Preziosi & Emmanuel, 2009).

The incidence of ARD symptoms are broad, rang-
ing from 48 % (Munteis et al., 2006) to 68 % (Hinds
et al., 1990), which is perhaps due to a lack of patient
reporting, or specific questioning by clinicians. These
symptoms tend to increase with age, disease duration,
coincidence of urinary dysfunctions, and progressing
disability score (Munteis et al., 2006). Females seem
to be more frequently affected, especially during
menopause hormonal changes, or due to episiotomy
or labor trauma. ARD is more common in the pri-
mary progressive form of MS (Pinter et al., 2015).
The prevalence of ARD is higher with progressive
worsening of functional status, however, it can occur
at any stage of the disease (Nusrat et al., 2012;
Preziosi & Emmanuel, 2009). MS patients experi-
ence constipation in 18-43%, and stool incontinence
in 3-51% (Nusrat et al., 2012) with both symptoms
often coexisting (Wiesel, 2000). Coincidence of ARD
with urinary dysfunction is also frequently reported
(Chia et al., 1995).

Pathophysiology of ARD in MS patients is quite
complex, since MS may impair stool continence and
defecation at all levels of central nervous process-
ing. Stool incontinence may result from abnormal
peristalsis, anorectal hyposensitivity, anal sphinc-
ter weakness, prolonged rectoanal inhibitory reflex,
impaired rectal compliance or loss of voluntary con-
trol of defecation (Preziosi & Emmanuel, 2009).
Constipation is even more multifactorial with pro-
longed colonic transit, abdominal wall weakness,
anorectal hyposensitivity, PF dyssynergia, poor diet
and behavioral factors such as previous episodes of
fecal incontinence and problem to access the toi-
let playing the role (Preziosi & Emmanuel, 2009).
Overflow incontinence is associated with long-term
constipation, when sebum is formed in the rectum,
resulting in liquid stool and fluid leaks (Lensch &
Jost, 2011). MS patients often report limited move-
ment activities (Motl et al., 2017). Lack of movement
adversely affects muscle function, including the PF
muscles. Patients further reduce mobility to prevent
stool and urine leakage out of the house. Hypomo-
bility is related to obesity a reduced muscle power.
Thus, the vicious circle is formed. The clinical picture

of the ARD is variable. The symptoms can combine,
progress and change. Both the constipation and the
stool incontinence have negative impact on patient’s
quality of life (Nusrat et al., 2012).

ARD needs to be assessed and treated compre-
hensively including physiotherapeutic intervention
addressing PF dysfunction (Ruiz & Kaiser, 2017).
Conservative treatment affecting behavioral aspects,
adequate diet and fluid intake, biofeedback and defe-
cation reflex training as well as regular physical
activity are reported to be beneficial (Bywater &
While, 2006; Preziosi et al., 2018). Despite the high
prevalence of ARD in MS, exact treatment guide-
lines are still not available. The treatment is mostly
empirical and individually tailored based on patient’s
actual symptoms and treatment preferences (Preziosi
et al., 2018). Physiotherapy trains the awareness of
the PF muscles, the selective contraction and relax-
ation of the anal sphincter and PF (Bols et al., 2007)
aiming to restore adequate tone and coordination of
the PF musculature (Ruiz & Kaiser, 2017), and to
improve sensitivity of the rectum (Pedraza et al.,
2014). Endurance training may help to reduce bowel
urgency and the number of incontinence episodes
(Pedraza et al., 2014). The problem needs to be
explained to the patient in detail. Description of the
basic pelvic anatomy, therapeutic goals and time
needed for the training to achieve the goals may help
to motivate the patient (Pedraza et al., 2014). Cogni-
tive deficit prevents effective physiotherapy (Beer et
al., 2012).

Both, subjective and objective assessment is nec-
essary to set up optimal treatment strategy. Various
scores and subjective questionnaires evaluating the
quality of life of patients with incontinence and the
incontinence itself, and scoring its severity are avail-
able. The questionnaires also serve as a feedback
to evaluate the therapeutic results. For the purposes
of this study, the St. Mark ‘s Faecal Incontinence
Score questionnaire was used (Maeda et al., 2008).
High resolution anorectal manometry (HRAM) mea-
sures the anorectal resting and squeeze pressure,
squeeze endurance and propulsive force (Gosling et
al., 2019; Lee & Bharucha, 2016). In MS patients
impaired pelvic floor coordination (Marola et al.,
2016), decreased anal pressure at rest and reduced
maximum sphincter pressure often occurs (Munteis
et al., 2008; Nordenbo et al., 1996; Waldron et al.,
1993). According to Munteis et al. the maximum
sphincter pressure is more reduced in patients with
more severe disability and primary progressive form
of MS (Munteis et al., 2008).
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Table 1
Participants” anthropometric characteristics. n = 10, all females
Age (years) Height (cm) Weight (kg) BMI EDSS
Mean 47.15 169.07 73.46 2552 365
SD 11 8.09 14.7 343 155
Min 27 156 55 19.3 2
Max 62 188 109 3084 6.5

Note: SD=Standard deviation, BMI=body mass index,
EDSS =Expanded disability status scale.

The aim of this study was to analyze HRAM find-
ings in MS patients with ARD, specifically stool
incontinence, and to evaluate the effect of individual
physiotherapy and self-treatment with biofeedback
on stool incontinence episodes, anal sphincter func-
tion and the quality of life.

2. Materials and methods
2.1. Participants

Initially, 20 patients (3 males, 17 females) with
various types of relapsing-remitting, primary or sec-
ondary progressive (RS) reporting unwanted leakage
of stool at least once a month were recruited to the
study. Only 10 female patients completed the entire
study, due to various reasons. Three patients reported
low self-treatment compliance, and their third assess-
ment was not performed. Two patients did not finish
because they suffered MS relapse resulting in inabil-
ity to perform regular self-treatment. One patient
encountered concurrent infectious disease during the
study period. Two patients found HRAM uncomfort-
able and refused to undergo the HRAM repeatedly,
and two patients found regular treatment too chal-
lenging and did not follow the prescribed exercise
protocol. Written informed consent was obtained
from each participant, and demographic character-
istics of the sample including gender, age, weight
height and MS stage measured by Expanded Disabil-
ity Status Scale (EDSS) are shown in Table 1. The
study conforms with The Code of Ethics of the World
Medical Association and was approved by the Insti-
tutional Ethical Board of University Hospital Motol,
Prague, Czech Republic on 17 June 2020.

2.2. Procedires

First, all patients completed a standardized St
Marks Incontinence Score (SMIS) questionnaire and
underwent HRAM. Anal sphincter pressure at rest,
maximal pressure increment and endurance were

measured. Then, they received individual physiother-
apy from the same skilled physiotherapists 1 time
per week, 10 times in total. Patients were advised
to perform self-treatment at least 4 times per week
reporting the length and frequency of self-treatment
in a diary. After the 10 weeks HRAM and SMIS were
performed again. Subsequently, the patients under-
went three months self-treatment period reporting
the exercise in the diary and the final HRAM and
SMIS were recorded once more after the 3 months
self-treatment period.

2.3. Assessment methods

2.3.1. High resolution anorectal manometry
{HRAM)

HRAM was performed using GI Solar system
(Medical Measurement Systems=MMS) by the
same skilled gastroenterologist with more than 10
years HRAM experience. Before the examination
itself, the patient needs to be emptied. During the
assessment the patient was laying on the left side with
his legs flexed. Calibrated and lubricated water per-
fused catheter with 8 circumferential sensor elements
was gently inserted into the rectum to a depth of about
6cm, with the most distal sensor remaining exter-
nally thus registering the atmospheric pressure and
the most proximal sensor registering the pressures at
the depth of the anal canal (Kang et al., 2015; Lee &
Bharucha, 2016).

The following 3 variables were measured:

1. Resting pressure mean is the average pressure
(mmHg) monitored in the anal canal for a period
of 20 seconds (Lee & Bharucha, 2016). The
subjects were instructed not to perform any PF
muscle contractions just to remain relaxed.

2. Maximal pressure increment: The subjects
were instructed to squeeze and suck in the PF
with maximum force and hold. The examiner
verbally motivated the subject to perform maxi-
mum contraction for a period of 5 seconds. After
30 seconds of relaxation the same measure-
ment was repeated (Carringtonet al., 2014). The
higher value was used for the statistical analysis.
The maximal squeeze increment is calculated as
the difference between maximum anal squeeze
pressure and anal resting pressure (Noelting et
al., 2012).

3. Maximal squeeze pressure endurance: The
subjects were challenged to maintain the
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maximum contraction for a period of 20 sec-
onds. Standard protocols suggest to measure
endurance over a period of 30 seconds (Carring-
ton et al., 2014; Scott & Carrington, 2020) but
this was too challenging for our MS patients and
therefore we reduced this period to 20 seconds.
The examiner verbally motivated the patients to
maintain maximum contraction informing them
when the half of the required time (10 s) had
elapsed and then five seconds before the end of
the maneuver. For statistical analysis the aver-
age pressure from the monitored 20 seconds was
used. A numerical value denoted as the area
under the curve, calculated by the MMS pro-
gram as the area between the markers indicating
the beginning and end of the 20 second con-
traction, was also used for statistical analysis to
evaluate the overall endurance ability.

2.3.2. 5t. Mark’s incontinence score

The subjects completed the St. Mark’s inconti-
nence score (SMIS) three times (Maeda et al., 2008).
At the start of the study before the first physiother-
apy, after the 10 weeks of physiotherapy under the
therapist’s supervision and at the end of the study,
i.e. after another 3 months of self-treatment. SMIS
provides the information about the nature of inconti-
nence, patient’s need for lifestyle changes, the use of
plugs or pads, the ability to delay defecation and the
need to take any antidiarrheal medication (Norderval
et al., 2019; Vaizey et al., 1999). SMIS is sensitive
to subjective changes in ARD regardless the type of
incontinence, age or sex of the patient (Maedaet al.,
2008), and has been shown to be positively correlated
with quality of life measures in patients experiencing
incontinence (Roos et al., 2009).

2.4. Rehabilitation procedures

All participants patients underwent 10 individual
therapies provided by an experienced physiothera-
pist. During each 60 minutes physiotherapy session
soft tissue and mobilization techniques in the lum-
bopelvic area were applied to treat trigger points
and joint blockages (Pedraza et al., 2014). Visceral
therapy to treat any resistances in the abdominal cav-
ity including vaginal and rectal manual treatment of
muscle spasms was applied as well as any scar treat-
ment in cases where needed. Assessment according
to PERFECT scheme (Laycock & Jerwood, 2001)
defined patients with muscle weakness less than 2/5
(manual muscle testing) who received electric PF

muscle stimulation once a week, i.e. 10 times in total
using Enraf — Nonius, Myomed 632 X device. Other
patients used biofeedback anal probe to train pelvic
flor activation. Postural correction was applied by the
therapist following Dynamic Neuromuscular Stabi-
lization (DNS) principles and protocols to improve
core stability (Frank et al., 2013; Kobesova et al.,
2016). All patients were instructed in PF contraction
training, executing exercises in supine, sitting and
standing postures, along with more challenging situ-
ations such as: coughing, squatting, jumping, lifting
a load or jogging if able to perform such activities.

The patients were educated about PF anatomy
and function. Using the PERFECT scheme (Lay-
cock & Jerwood, 2001) which evaluates PF power,
number of squeezes the patient can perform and the
endurance, individually tailored self-treatment pro-
tocol was defined for each patient consisting of the
following parts:

1) Reeducation of the defecation act in patients
with the constipation - increased position of
lower extremities, voluntary relaxation of the
PF with subsequent training of the targeted
localized pressure to the rectum and abdomi-
nal massage (Cotterill et al., 2018; Khera et al.,
2019).

2) Bowel drill/bladder drill — during urgency the
individual pulls the PF in and squeezes the
sphincters to stop the urgency and avoid the
leaks (Booth et al., 2020).

3) Postural training according to DNS approach
to achieve optimal trunk stabilization and intra-
abdominal pressure regulation (Frank et al.,
2013; Kobesova et al., 2016). Training of PF
squeeze in DNS exercise positions: supine,
prone, sitting, standing, squatting, jumping and
when lifting a load.

4) Stretching of hamstrings, adductors and tensor
fascia lata muscle. Patients suffering from spas-
ticity preformed progressive stretching for at
least 10 minutes daily (Halabchi et al., 2017;
Smania et al., 2010), patients with trigger points
without spasticity were advised to stretch each
group following trigger point treatment man-
uals (Majlesi & Unalan, 2010; Yumpu.com,
n.d.).

5) Patients were advised to perform dynamic phys-
ical activity 2-3 times a week and resistance
training 2-3 times per week following physical
activity guidelines for MS patients (Kim et al.,
2019).
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Table 2
Comparison of SMIS scores and HRAM readings across supervised physiotherapy and self-treatment sessions. Values are Mean (Standard
Deviation)

Measure Baseline Post supervised Post self- Effect size P value

mean (SD) freatment mean treatment

(SD) mean (SD)
SMIS 14.00 (4.97) 9.70 (4.88) 9.30 (3.13) 0.449 0.005*
Resting pressure® 55.83(18.93) 52.69 (21.62) 51.84 (16.58) 0.038 0.704
Maximal pressure increment* 4985 (36.71) 57.60 (55.59) 60.88 (46.46) 0.058 0.582
Maximal pressure endurance® 36.41(33.30) 46.80 (44.38) 49,95 (52.81) 0.055 0.529
Area under curve” 230.0(233.6) 520.8 (423.5) 501.9 (532.00 0.248 0.107

Note: HRAM =High resolution anal manometry. SMIS = St. Marks Incontinence Score. *“HRAM measures in (mmHg). P Area under curve
measures in (mmHg/s). “Effect size = Partial eta squared (5% ). *Statistically significantly difference observed (p<0.03).

6) Patients were advised to respect exhaustion and
prefer shorter exercise sessions (10-15 min-
utes) several times (2-3 times) a day.

2.5. Statistical analysis

Descriptive statistics were calculated for all vari-
ables. Data are mean =+ standard deviation, unless
otherwise stated. A one-way repeated measures anal-
ysis of variance (ANOVA) was used to determine
whether there were differences in HRAM readings
(resting pressure, maximal pressure increment, max-
imal pressure endurance) and SMIS scores over three
months of supervised physiotherapy and three addi-
tional months of self-treatment. There were several
outliers in the data, as assessed by boxplots. However,
due to the small sample size, outliers were retained in
the data; with no appreciable differences comparing
results after modifying to larger or smaller than next
closest values. Not all data was normally distributed
foreach time point, as assessed by Shapiro-Wilk s test
(p>.05), however such data were not transformed, as
ANOVAs are robust to non-normality. In data where
sphericity was violated, Greenhouse-Geisser correc-
tions were applied. Main effects were run for time,
and post-hoc tests were conducted when necessary.
Data analyses were conducted with the Statistical
Package for the Social Sciences (SPSS version 27.0
for Mac; IMB Corp, Armonk, NY).

3. Results

Ten patients completed the entire study. Descrip-
tive statistics are presented for the participants in
Table 1, with all HRAM and SMIS data pre-
sented in Table 2. For the SMIS, the main effect
of time showed a statistically significant difference

St. Mark's Incontinence Score

Points

Baseline Supervised Treatment® Self-Treatment®

—Total Score

Fig. 1. St. Mark’s Incontinence Scores values for all time measure-
ments. *Significant difference observed from baseline, p<0.05.

between time points during the intervention period
(F(2, 18)=17.32, p=0.005, partial n2 = .45). Post-hoc
analyses revealed a decrease in SMIS from base-
line scores pre-intervention of 14.0+4.97 points
to 9.70 +=4.88 points three months after supervised
physiotherapy treatment sessions, a statistically sig-
nificant decrease of 4.30 (95% CI, 1.27 to 7.33)
points, p=0.007, and another decrease in SMIS to
9.30+3.13 points after three additional months of
self-treatment, a statistically significant decrease of
4.70 (95% CI, 0.58 to 8.83) points, p=0.026 com-
pared with to baseline. There was no significant
difference between the supervised and self-treatment
time points (Fig. 1). The observed power, analyzed
posi-hoe, was 0.82 for the SMIS. For the HRAM,
there were no statistically significant differences
in time for any of the readings including: resting
pressures (F(2, 18)=0.358, p=0.70), pressure incre-
ment (F(2, 18) =0.559, p=0.58), pressure endurance
(F(1.28, 11.55)=0.52, p=0.53), or area under the
curve (F(1.24, 11.18)=2.97, p=0.16) (Table 2 and
Fig 2).
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Fig. 2. 2A:Trend in resting pressure, 2B: Trend in maximum pres-
sure, 2C: Trend in endurance increase over the monitored time. No
significant differences noted from baseline.

4. Discussion

The results of this study demonstrate some initial
benefits from an individualized rehabilitation pro-
gram in MS patients suffering from ARD. Albeit
fecal incontinence is frequent in the MS patient
population (Chia et al., 1995; Hinds et al., 1990;
Munteis et al., 2006; Pinter et al., 2015; Preziosi
& Emmanuel, 2009), this topic is still somewhat
taboo (Preziosi et al., 2018) and patients are not
adequately investigated and treated. Although half
of our patients did not complete the whole study,
they were all grateful that we actively asked about
this delicate problem and offered targeted examina-
tions, therapy, and advice on how to deal with such
personally and socially devastating symptoms. This
was also reflected in the subjective evaluation of the
10 patients who completed the study and reported
a significant improvement. The effect of physiother-
apy and feedback exercise on fecal incontinence of
various origin was investigated by Norton et al (Nor-

ton & Cody, 2012) who analyzed the results of 21
studies. Although most papers publish uncontrolled
studies, ARD symptoms improvement is reported in
most of them. Norton concludes, that biofeedback,
electrical stimulation and exercise may have a ther-
apeutic effect, however, larger well-designed trials
are needed to enable safe conclusions. The ther-
apy effect was well proved in urinary incontinence
(Kopanska et al., 2020; Mazur-Bialy et al., 2020;
Nightingale, 2020). The PF muscles regulating stool
continence and defecation are also involved in the
physiological act of micturition, thus the similar exer-
cise effect could be expected in both stool and urinary
incontinence (Nusrat et al., 2012). The scientific lit-
erature mostly presents ARD functional assessment
and treatment procedures in diagnoses other than MS
(S.S.C.Raoetal., 2016). Albeit treatment principles
may be the same in various types of ARD (S. S. C.
Rao et al., 2016) not all types of conservative treat-
ment were tested in MS patients and available studies
are largely restricted to small case series (Nusrat et
al., 2012; Preziosi et al., 2018). Exercise protocols,
behavioral therapy and appropriate diet appears to
be beneficial for patients with MS despite the lack
of evidence (Nusrat et al., 2012; Preziosiet al., 2011,
2018). There are no precise therapeutic recommenda-
tions or guidelines, therefore the empirical treatment
based on clinical symptoms and experience is mostly
applied (Nusrat et al., 2012; Preziosi et al., 2018).
HRAM parameters measured in our study showed
statistically insignificant improvements, likely due
to the small sample who completed the study. Nev-
ertheless, these findings are valuable because such
research is lacking in the MS population. First, the
resting pressure was measured. The normal range of
anal pressures is relatively wide and dependent on
sex and age, fluctuating between 32 and 88 mmHg
(Lee & Bharucha, 2016; Noelting et al., 2012). In
our study, the average resting pressure before inter-
vention was 55.8 mmHg decreasing slightly after the
period of rehabilitation under the therapist’s super-
vision to 52.7mmHg while the last measurement
after 3 months of self-treatment remained at a similar
level (51.8 mmHg). Over 70% of resting anal pres-
sure depends on the tone generated by the internal
anal sphincter that is under the autonomic innerva-
tion (Keef & Cobine, 2019). So, it is not surprising
this variable demonstrated little change with rehabili-
tation that mainly addressed the skeletal muscle of the
external anal sphincter (Fig. 2A). Also, the physio-
therapist not only instructed patients how to activate
the PF muscles, but relaxation training was another
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important aspect of rehabilitation. Perhaps the slight
decrease in resting pressure resulted from patients’
improved ability in relaxing the PF. Hyperactivity
in the PF is associated with pelvic pain, urinary
urgency, incontinence, defecatory dysfunction, and
sexual symptoms; thus the relaxation procedures
form an important part of PF rehabilitation (Aw et
al., 2017).

The ability to increase anal pressure improved over
the observed time period. Initial maximal pressure
increment (maximal anal squeeze pressure minus
anal resting pressure (Noelting et al., 2012)) of
49.85mmHg increased to 57.60 on the second mea-
surement and even increased slightly to 60.88 mmHg
in the final measurement after 3 months of self-
treatment. Such trend (Fig. 2B) is desirable, even
though the difference was not great enough to reach
statistical significance (p=0.582) and none of the
measured values (between 124 £56 and 174 £ 81
mmHg) reached the defined norms for healthy pop-
ulations based on age and gender (Oblizajek et al.,
2019). Using the HRM apparatus in our gastroen-
terology center where this study was performed, 120
mmHg is considered to be normal for both gen-
ders, and incontinent patients typically demonstrate
lower values (Ramage et al., 2019). The low maxi-
mum sphincter pressure in our MS cohort may have
resulted from disturbed innervation of the external
anal sphincter, however, the effort of the patient can
also be a limitation (Lazarescu et al., 2009; Lee &
Bharucha, 2016). Therefore, it is necessary to moti-
vate patients during the examination (Heinrich et al.,
2013). The compliance and current emotional and
cognitive state of our MS patients could also possibly
influence the results of the measurements.

The last analyzed maneuver was the squeeze
pressure endurance. According to Carrington et al.
(Carrington et al., 2014), squeeze endurance has
such a wide variation in healthy populations that this
parameter is unlikely to be of diagnostic utility. Lee
and Bharucha further describe that the clinical signif-
icance of low squeeze duration is unknown (Lee &
Bharucha, 2016). Additionally, there are variations
in how researchers measure squeeze duration, thus
recording different norms (Fox et al., 2004; Heinrich
et al., 2013; Lee & Bharucha, 2016; Noelting et al.,
2012;Oblizajeketal., 2019; S. 5. Raoet al., 1999). In
our study we verbally motivated patients to maintain
maximum contraction for 20 seconds using average
pressure from the monitored 20 seconds for statis-
tical analysis. The trend (Fig. 2C) of this parameter
over the observed time was increasing but not reach-

ing statistical significance (p =0.107). The endurance
squeeze pressure reflects mainly external sphincter
function which can be addressed through training
(Booth et al., 2020; Preziosi et al., 2011). Reduced
endurance typically signifies external sphincter dam-
age or dysfunction and it also describes fatigue (Fox
et al., 2004). The endurance of the external anal
sphincter is an important factor in maintaining fecal
continence (Teng et al., 2018). Finally, for the pres-
sure endurance maneuver we also calculated the area
under the squeeze-duration curve, which is an indi-
cator of the contraction endurance and decrease in
muscle strength due to fatigue (Fox et al., 2004; Lay-
cock & Jerwood, 2001). From initial 230 mmHg/s this
parameter desirably increased to 520.8 mmHg/s after
the 3 months of guided intervention and then slightly
dropped to 501.9 after another 3 months of self-
treatment. The improving trend especially between
the first and second measurement, however, have not
reached statistical significance.

The only statistically significant improvement was
identified in subjective perception of ARD by patients
reported in the SMIS. The initial mean score of
14.00 points dropped to 9.70 after the series of
supervised rehabilitation and more or less the same
score (9.30 points) was reported after another three
months of self-treatment. The subjective improve-
ment was noted mainly in decreased incontinence
both for solid and liquid stool and in the ability to
defer the defection. Extensive research is available
on ARD treatment, however, only limited number
of studies describe patient’s subjective perception of
rehabilitation procedures on fecal incontinence in MS
population specifically. Preziozi et al. (Preziosi et al.,
2011) and Weisel (Wiesel, 2000) report positive effect
of biofeedback behavioral therapy in MS patients.
Posterior tibial nerve stimulation was identified as
possibly effective for fecal incontinence treatment in
MS patients (Sanagapallietal., 2018) as well as sacral
nerve stimulation which is discussed in the litera-
ture with inconsistent conclusions (Gulick & Namey,
2012; Preziosietal., 2018; Remmen & Dindo, 2013).
As far as exercise and physical activity, Gulick and
Namey (Gulick & Namey, 2012) state that structured
exercise programs, aerobic training and fitness may
bring improvement in bowel functioning, yet also
wams how bowel and bladder symptoms may worsen
with increased levels of physical activity. Pelvic floor
muscle training combined with biofeedback resulted
in subjective improvement of a MS patient with rectal
prolapse (Sandalcidi, 2016) but this is only one case
report. Still, the Consortium of Multiple Sclerosis
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Centers recommends exercise, physical therapy to
increase general mobility, and core strengthening
to treat bowel dysfunction (Newsome et al., 2017).
Since SMIS positively correlates with patients quality
of life (Roos et al., 2009) we consider the statistically
significant improvement in our cohort to be of critical
importance. From patient’s perspective this maybe of
more importance than any objective changes identi-
fied via HRAM.

Our treatment strategy involved patient’s edu-
cation, biofeedback, core stabilization exercises,
sphincter contraction control training, stretching and
relaxation procedures and manual treatment. While
the number, frequency and length of treatment ses-
sions were identical for all the subjects, the program
itself, i.e. the combination and the length of vari-
ous treatment procedures was individually tailored
to each patient.

As far as the study limits, we acknowledge the lack
of a control group and the small number of partici-
pants with only half of initially recruited participants
completing the whole study. The MS population
divers greatly in terms of clinical symptoms, speed
of progression disease fluctuation, and the level of
cognitive function which is decisive for rehabilitation
coping and results. Perhaps, future studies should be
done over a shorter period of time on more homoge-
neous sample of MS patients.

5. Conclusions

This study presents a positive overall effect
of targeted physiotherapy programing on anorec-
tal dysfunction in MS patients. Stool incontinence,
measured through the SMIS, improved significantly.
Despite nonsignificant HRAM results, the trend in
data was favorable, with positive subjective percep-
tions suggesting that MS patients with ARD may
benefit from the proposed complex rehabilitation
approach. This rehabilitation approach may serve as
the groundwork for future randomized controlled tri-
als comparing rehabilitation strategies.
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How to prepare an optimal design of a clinical study focusing
on chronic low back pain: guidelines based on a review of scien-
tific papers published in 2014-2019

V. Pecka, J. Novak, S. Machac, A. Kobesova
Klinika rehabilitace a télovychovného lékafstvi 2. LF UK a FN Motol, Praha

Souhrn: Uvod: Chronické bolestiv bedrech (LBP - low back pain) jsou jednou z nej¢astéjsich diagndz v sou¢asné dospélé populaci, a protoje této
problematice vénovan extenzivni védecky vyzkum. Design jednotlivych védeckych studii se ale v mnoha aspektech zasadné lisi, coz znemoziuje
porovnavat vysledky studii mezi sebou. Na zakladé detailni reser$e recentnich praci publikovanych v mezinarodnich ¢asopisech s impakt
faktorem nabizi tento ¢lének navod, jak spravné designovat studie zamérené na hodnoceni efektu terapeutickych postupti u LBP. Metoda:
V databazi PubMed byly vybrany klinické studie publikované v éasopisech prvni poloviny Zebficku impakt faktoru v kategorii Rehabilitation dle
Joumal Citation Reports, které byly publikovany od biezna 2014 do ¢ervna 2019. Hlavnim parametrem vyhledavani byl MeSH (Medical Subjects
Headings) termin ,low back pain”. Analyzovéna byla data o velikosti souboru probandg, inkluzivnich a exkluzivnich kritériich, definici kontrolni
skupiny, designu zkoumané intervence, méfenych veli¢inach a nastrojich méfeni. Vysledky: Do vysledné analyzy bylo zafazeno 66 originélnich
praci. Median velikosti souboru probandi byl 72,5. Nej¢astéji hodnocenymi intervencemi byly cvic¢ebni programy (29/66). Nejcastéjsi délka
intervence byla 4-8 tydn(i (28/66), nej¢astéjsi frekvence intervence byla 2x tydné (15/40). Kontrolni skupiné bylo poskytnuto mensi mnozstvi
péce nez intervencni skupiné témér v poloviné pfipadt (25/55). Pro hodnoceni efektu intervence bylo nejcastéji pouzito dotaznikového setreni
(65/66). Hodnoceni pomoci pristrojovych metod (18/66) a klinickych testa (11/66) bylo méné ¢asté nez hodnoceni pacienty (patient reported
outcome measures, 65/66). Parametry, které byly hodnoceny dotaznikovymi metodami, byly nejcastéji bolest (58/66) a disabilita (58/66). Bolest
byla nejéastéji hodnocena pomoci numerické skaly intenzity bolesti (28/66) a vizualni analogové skaly (22/66). Disabilita nejéastéji pomoci
Roland-Morris Disability Questionnaire (28/65) a Oswestry Disability Index (18/65). Zavér: Na zakladé literarni rederie doporucujeme postup, jak
optimalné pripravit design studii zamérenych na objektivizaci riznych typi terapie u pacientti s LBP.

Klicova slova: bolesti bederni patefe — randomizovana kontrolovana studie — design vyzkumné studie LBP — doporucené postupy

Summary: Introduction: Chronic low back pain (LBP) is one of the most common diagnoses in the current adult population and has been
therefore subject to extensive scientific research. However, the design of individual scientific studies differs fundamentally in many respects,
which makes it impossible to compare their results. Based on a detailed research of recent papers published in intemational journals with impact
factor, this article offers guidelines how to appropriately design studies evaluating the effect of therapeutic procedures in LBP. Method: Clinical
studies published from March 2014 to June 2019 in journals ranked in the first half of the impact factor ranking in the Rehabilitation category
according to the Journal Citation Reports were selected in the PubMed database. The main search MeSH (Medical Subjects Headings) parameter
was “low back pain”. The following data were analysed:: number of participants in the experimental and control group, inclusive and exclusive
criteria, definition of the control group, intervention design, measured parameters and measurement tools. Results: A total of 66 original works
were included in the final analysis. The median number of participants included in a study was 72.5. The most frequently evaluated interventions
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were exercise programs (29/66). The most common duration of intervention was 4-8 weeks (28/66), the most common frequency of intervention
was twice a week (15/40). The control group received less care than the intervention group in almost half of the studies (25/55). A questionnaire
survey (65/66) was most often used to evaluate the effect of the intervention. Instrumental evaluating methods (18/66) and clinical tests (11/66)
were applied less frequently than patient reported outcome measures (65/66). The parameters that were evaluated by questionnaire methods
were most often pain (58/66) and disability (58/66). Pain was most often assessed via numeric pain rating scale (28/66) or visual analogue scale
(22/66). Disability was most often evaluated by the Roland-Morris Disability Questionnaire (28/65) and the Oswestry Disability Index (18/65).
Conclusion: Based on the literature search, this paper recommends procedures to optimally design studies objectifying different types of

treatment methods in LBP patients.

Key words: low back pain — randomised controlled trial - LBP research study design — guidelines

Uvod

Bolesti bederni patefe (LBP - low back
pain) jsou celosvétové nejcastéjsi pfi-
¢inou disability, a to zejména v ekono-
micky vyspélych zemich [1]. Pfedstavuji
zasadni ekonomickou zatéz pro celou
spole¢nost, zejména pro zdravotnicky
a socidlni systém [2,3]. Jedna se o jednu
z nejéastéjsich pficin snizené kvality Zi-
vota jednotlivce [4,5]. Pfedpokladem
identifikace efektivnich terapeutickych
postupl LBP v ramci mediciny zalo-
Zené na dikazech je kvalitni metodika
vyzkumnych studii. Zlatym standardem
na poli hodnoceni Gcinnosti intervence
je randomizovana kontrolovana studie
(RCT - randomised controlled trial) [6].
Dobfe navrZené a spravné provedené
RCT jsou zdrojem nejspolehlivéjiich
diikazt o ucinnosti zdravotnické inter-
vence. Naopak studie, ve kterych je po-
uzivano nevhodnych metod, jsou zdro-
jem zavadéjicich tvrzeni, byvaji spojeny
se zaujatosti, zejména s nadhodnoco-

vanim lé¢ebného Gc¢inku [7]. Pfinos RCT
zavisi na designu, provedeni a reportu
(popisu pribéhu RCT). Kvalitni design
a provedeni vyzkumného projektu jsou
pfedpokladem spolehlivych vysledkd.
Kvalitni report umozriuje ¢tenafim po-
soudit spolehlivost a platnost piedkla-
danych informaci [6].

Cilem tohoto ¢lanku je piinést piehled
nej¢astéji pouzivanych metodickych po-
stup, tj. designt RCT na téma LBP. Prace
vychazi z reserse praci publikovanych
v letech 2014-2019 v mezinarodnich ¢a-
sopisech s impakt faktorem, indexova-
nych v databazi PubMed. Hodnoceny
byly tyto parametry: velikost vzorku, in-
kluzivni a exkluzivni kritéria, design in-
tervencni skupiny, design kontrolni sku-
piny (KS) a pouZité méfici metody.

Metodika

Na zédkladé reserse bylo shromazdéno
66 klinickych studii a protokol ke kli-
nickym studiim. Ve viech byl hodno-
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Pocet studii ze souboru

Graf 1. Studie ze souboru podle poctu zafazenych probandi.
Graph 1. Studies from the set according to the number of probands included.

Graf uvadi odkazy na konkrétni studie z analyzovaného souboru 66 publikova-

nych praci.

cen efekt rdznych typl zdravotnické in-
tervence (fyzioterapeutické postupy,
semiinvazivni postupy, napt. obstfiky ¢i
injekéni aplikace hyaluronatu, i postupy
operaéni) u pacientl s diagnézou chro-
nickych bolesti bederni patefe (cLBP —
chronic LBP). Viyhledavani probihalo
v databazi PubMed. V3echny studie byly
publikovany od bfezna 2014 do ¢ervna
2019 v casopisech, které se nachazely
v prvni poloviné Zebfi¢ku impakt faktoru
dle Journal Citation Reports v kategorii
,Rehabilitation”. Mezi MeSH terminy bylo
uvedeno low back pain” a ve vybéru All
Fields” slovo,chronic” Tfi protokoly z p -
vodnich 69 vysledkd byly vyfazeny, pro-
toze se jednalo o duplicitni vysledky.

Data byla zpracovana pomoci tabul-
kového editoru, do kterého byly zazna-
mendny informace o velikosti vzorku
probandq, kritériich inkluze a exkluze,
designu intervenéni skupiny, designu
KS a pouzitych méficich metodach. Tyto
proménné byly vybrany na zakladé do-
poruc¢eni Consolidated Standards of Re-
porting Trials — CONSORT 2010 [6]. Jedna
se o seznam nutnych ¢asti reportu kli-
nické studie sestaveny skupinou editord,
védcl a metodolog. Iniciativa vznikla
v reakci na nedostatky v informacich
uvadénych v popisu klinickych studii [6].
Grafy 1-9 s vysledky uvadéji odkazy na
konkrétni studie z analyzovaného sou-
boru 66 publikovanych praci.

Vysledky
Velikost vzorku probandii

Velikost vzorku proband odpovidé ko-
ne¢nému poctu méfenych subjektd. Do-
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statecny pocet probandt v experimen-
talni i KS je zakladnim pfedpokladem pro
ziskani statisticky a zaroven klinicky vy-
znamnych vysledkd RCT [6]. Zjisténé ve-
likosti vzorku probandd byly rozdéleny
po decilech nejvy$ii pozorované hod-
noty. Nejvysii pozorovany pocet pro-
band( byl 461. Prvnimu decilu odpovida
interval 0-46, druhému decilu 47-92 atd.
Piehled vysledkt je uveden v grafu 1.
V souboru se nachézely pilotni stu-
die a studie proveditelnosti (feasibility)
s celkovym poctem probandl rovnym
10-40 proband(. Rozsahlé multicent-
rické (tj. z vice pracovist) studie zahrno-
valy stovky probandd. Median velikosti
vzorku proband(i v souboru je 72,5 (70
a 75). Nejvice studii (23/66) sledovalo
47-92 probandu v ramci kontrolni i in-
tervenéni skupiny dohromady (graf 1).

Kritéria inkluze a exkluze

Kritéria inkluze a exkluze jsou nastro-
jem pro pfedbézné vymezeni cilové po-
pulace (target population) [7]. Inkluzivni
kritéria definuji podminky pro zafazeni
probanda do studie (graf 2). Exkluzivni
kritéria definuji podminky pro vyfazeni
probanda. Probandi, ktefi splfuji krité-
ria, mohou byt povaZovani za modelovy

pfiklad cilové populace. Jejich reakce
na intervenci je pfikladem reakce ci-
lové populace. Jsou-li ostatni slozky de-
signu odpovidajici kvality, mizeme na
zékladé pozorovani chovani populace
studie (study population) uginit zavéry
o chovani celé cilové populace ve stej-
nych podminkéach [6,8]. Casto definova-
nymi kritérii jsou: vék, diagnéza a sta-
dium onemocnéni nebo problému. Mezi
nejcastéjsi exkluzivni kritéria patfi ko-
morbidity (tj. jind onemocnéni nez LBP),
které mohou ovlivnitsledované parame-
try. Vyfazovani jsou té7 probandi, ktefi
by pravdépodobné netolerovali testo-
vanou intervenci (napf. alergie na lepi-
dlo kineziotejpu apod.) nebo nevyhovuj
nalezitostem zajidtujicim pravni a etické
zazemi studie — typicky se jedna o poro-
zuméni a vyplnéni informovaného sou-
hlasu [6].

Tomu odpovidaji i vysledky nasi re-
serde (graf 2). Probandi byli nej¢astéji
v produktivnim véku (18-65 let). Nic-
méné se objevily i studie cilené na pro-
blematiku LBP u stardi populace. Sta-
dium nemoci bylo vymezeno akutnosti,
resp. chronicitou (v grafu 2 uvedeno jako
Ltrvani bolesti”). Hranice pro chronicitu
byla ¢asto uvadéna jako pfitomnost bo-

jiné
bolest (lokalita)

nalez (zobrazovaci metod
nebo klinicky test

disabilita (intenzita)
fyzicka schopnost

cilené sledovana porucha
porozuméni (textu, reci)
bolest (intenzita)

Kritéria inkluze

trvani bolesti
vék
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Graf 2. Studie ze souboru podle zvolenych inkluzivnich kritérii.

Graph 2. Studies from the set according to the selected inclusive criteria.
Graf uvadi odkazy na konkrétni studie z analyzovaného souboru 66 publikovanych praci.

Do kategorie  jiné” byly zafazeny viechny vysledky, jejichz cetnost vyskytu byla < 5, patfi sem: pracovni status [49,61,63,79],
pohlavi [49,63,84], pfistup k technickému vybaveni (telefon, televize) [45,99], mnoZstvi pohybové aktivity [44,53], psychome-
trické parametry [40,68], kritéria nebyla uvedena [45,93], za&ind s rehabilitaci[103,104], nezabrala konzervativni terapie [69],
nelep3ise [79], nespokojenost s fyzickou funkci [53], body mass index [44], ¢asové moznosti [77].

lesti nejméné po dobu 3 po sobé nasle-
dujicich mésict. Objevovaly se viak i jiné
definice chronické bolesti. Povaha one-
mocnéni byla nejéastéji uviddéna jako
nespecificka bolest bederni patefe (non-
-specific LBP). Jedna se o pfitomnost bo-
lesti z jinych nez zndmych pficin. O spe-
cifickou bolest se naopak jedn, pokud je
jasné stanovena pfi¢ina LBP v dusledku
jiného onemocnéni nebo poranéni.
Mnoho kritérii bylo zaméfeno pravé na
exkluzi pacientli se zndmou pfi¢inou
LBP nebo s vyznamnou komorbiditou.
Mezi nejéastéji se vyskytujici kritéria
exkluze patfila pldnovana nebo jiz usku-
te¢néna operace patefe, bficha nebo
dolnich kon¢etin, jina probihajici inter-
vence (v&. masai, jinych cvi¢eni apod.),
vyznamné degenerativni onemocnéni
patefe nebo nosnych kloub( dolnich
konéetin a v neposledni fadé téhoten-
stvi. Pfiblizné v poloviné pFipadt byli vy-
fazovani probandi s vyraznymi bolestmi
v jiné lokalité na téle (¢asto definované
jako bolesti nad urovni 12. Zzebra a pod
urovni glutedlnich ryh), s pfiznaky ra-
dikuldrniho drézdéni, se strukturdlnimi
deformitami patefe nebo dolnich kon-
¢etin, neurologickym deficitem, revma-
tickymi nebo onkologickymi onemoc-
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jiné
ortotické pomdicky
observacni studie

manualni medicina
nefyzioterapeuticka
intervence
kineziotejp
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fyzikalni terapie
kognitivné behaviorélni pfistup
cviceni

Zkoumani intervence
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10 15 20 25 30 35

Pocet studii ze souboru

48, 66,93, 101

47, 69,83, 88

67, 80,89, 93,96

55, 64,76, 82,85
50,68,71,73,76,77,94

51, 53,57,70,87,91,97,103

39, 41-43,51, 54, 56-63,65, 72,74, 79, 81, 84, 86,87, 90,
92,97,100, 103, 104

Referenc¢ni odkazy na studie ze souboru

Graf. 3. Pfehled studii ze souboru podle zkoumané intervence.

Graph 3. Overview of studies from the set according to the examined intervention.

Graf uvadi odkazy na konkrétni studie z analyzovaného souboru 66 publikovanych praci.
Do kategorie  jiné” byly zafazeny viechny vysledky, jejichZ ¢etnost vyskytu byla < 3, patfi sem: intervence na terapeutech
(napt. vzdélavani) [45,99], biofeedback [75].

nénimi a frakturami. Mensi ¢ast studii
vénovala pozornost vyfazeni probandu
s vyznamnymi kardiorespiraénimi one-
mocnénimi, déle probandd, pro které
je hodnocena intervence kontraindiko-
vana nebo u kterych probiha akutni in-
fekéni onemocnéni. V neposledni fadé
se vyskytovaly exkluze z divodu potizi
vyzadujicich psychologickou nebo psy-
chiatrickou péci, alergie na hodnocenou
proceduru, kognitivniho deficitu pro-
banda, probihajiciho pojistného fizeni

Frekvence poskytovani intervence

jednorazova intervence, observacni studie a nezaraditelné
neuvadi frekvenci sezeni (pouze pocet)

5x a vicekrat tydné

1-2x tydné (frekvence se v pribéhu studie méni)

po celou dobu (ortotické pomiicky)

pro bolesti zad nebo dana studie vyza-
dovala ur¢ity pracovni status (pracovni
neschopnost, starobni dlichod apod.).

Design intervencni skupiny

Intervence je v RCT hlavnim pfedmé-
tem z&jmu. Hodnoti se jeji vliv na zdra-
votni stav ve srovnani s placebo inter-
vencinebo jinou formou kontroly. Rozdil
vlivt intervenéni a KS je udavan jako ve-
likost uéinku (effect size) zkoumané in-
tervence [9,10]. Pro zékladni orientaci

3x tydné
2x tydné
1x tydné 43, 53,61, 81,90
1x za dva tydny 55
o 46,49, 98
0 5 10 15 20

Pocet studii ze souboru

44,45, 47,67, 69, 75,78, 80, 82, 83, 85, 88, 89, 95,99, 103
40, 70,87, 91, 93,97, 102

50, 63,68,71,77,79

42,52,72,73,75,94, 101

41, 48, 54, 57-59,62, 64, 65, 74, 84, 86, 96, 100, 104

51, 56, 60, 66,76, 92

v intervencich pouzivanych k |é¢bé LBP
uvadime tfi jednoduché charakteristiky:
— jakd intervence byla aplikovana (graf 3),
— jak ¢asto (graf 4),

- po jak dlouhou dobu (graf 5).

Nejcastéji (29/66 studii) byly hodno-
ceny cvi¢ebni intervence. Z konkrétnich
forem se nejéastéji vyskytovaly rizné
verze progresivniho zatéZzovani v po-
dobé aerobniho nebo odporového tré-
ninku zaméfeného na svaly trupu a dol-

Referencni odkazy na studie ze souboru

Graf 4. Studie ze souboru podle frekvence, s jakou je intervence poskytovana.
Graph 4. Studies from the set according to the frequency with which the intervention is provided.
Graf uvadi odkazy na konkrétni studie z analyzovaného souboru 66 publikovanych praci.

Nezafaditelna studie: soucasti studie jsou dvé nezavislé intervence, z nichZ jedna je pfistup k webové aplikaci po dobu 6 mé-
sicd, druha je telefonét po 8 tydnech a druhy telefonat po 12 tydnech [103].
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Délka intervenéniho obdobi

observacni studie

délka obdobineni uvedena

urcity pocet sezeni na rizné dlouha obdobi
12 a vice tydni

6-9 tydn

3-5 tydnd

2 tydny

jednorazova intervence

44, 45,75,78, 99
87,97,102
40, 70,91,93

68,71,74,76
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Pocet studii ze souboru

Graf 5. Studie ze souboru podle délky intervenéniho obdobi.
Graph 5. Studies from the set by length of intervention period.

Graf uvadi odkazy na konkrétni studie z analyzovaného souboru 66 publikovanych praci.

nich konéetin. V nékterych pfipadech
(4/66) bylo intervenci stupfiované cvi-
¢eni vedeno dle kognitivné behavioral-
nich postupt - tyto pFipady jsou uve-
deny v obou kategoriich. Nej¢ast&jsi
délka sledovaného obdobi, b&hem
kterého intervence probihala, byla
6-9 tydnu (19/66 studii), nejcastéjsi
frekvence sledované intervence byla
2x tydné (15/66).

Design kontrolni skupiny
Zéasadnim nastrojem RCT je KS. Zavede-
nim KS do studie uznavame limity nasi

neznamy rozsah intervence u KS

bez KS

KS na ¢ekaci listiné (jinak bez lé¢by)

KS bez jakékoli intervence

KS méla o (intervencni) proceduru méné
jiné

celkova fyzioterapie

klamava (sham) procedura u KS

jiné cvic¢eni u KS

Design intervencni skupiny

schopnosti zméfit a spravné interpreto-
vat vsechny vlivy na sledovany parametr.
Napf. ¢asto nedokazeme urcit vyznam
jednotlivych proménnych (vék, pohlavi,
stadium nemoci, spontanni uzdraveni
atd.) na zkoumany parametr (napf. sub-
jektivné vnimand bolest).

Do KS zafazujeme jedince se stejnou
diagndzou a se srovnatelnymi demogra-
fickymi parametry (pohlavi, vék, body
mass index (BMI)), event. s daldimi cha-
rakteristikami, které mohou vysledky
ovlivnit (vzdélani, pracovni zafazeni,
sport atd.), jako do intervenéni skupiny.

56,68,70,87
41,44,48,51,65,78, 83,88 102

5 10 15 20

Pocet studii ze souboru

Graf 6. Studie ze souboru podle designu kontrolni skupiny.
Graph 6. Study from the set according to the design of the control group.

Graf uvadi odkazy na konkrétni studie z analyzovaného souboru 66 publikovanych praci.
Do kategorie  jiné" byly zafazeny viechny vysledky, jejichz Eetnost vyskytu byla < 3, patfi sem: 3kola zad [76,90], pfiru¢ka
[82,85], jiny (neZ intervencni) feedback [75], injekce jiné (neZintervencni) latky [47].

KS - kontrolni skupina

41,43,53,54, 72,86, 103
42, 51,52,56-58, 60-64, 68, 81,84, 92, 94, 98, 100, 104
39, 46, 48-50, 55, 59,66, 73,77,79, 90, 96, 101

47, 67,69, 80, 82, 83, 85, 88, 89, 95

Referencni odkazy na studie ze souboru

Nasledné obé skupiny vystavime co nej-
srovnatelnéjsim vliviim. Rozdil bude jen
ve zkoumané ,i¢inné latce”. Ucinnou lat-
kou se rozumi cokoli od molekuly é¢iva
po komplexni, napt. cvicebni postupy.
V pfipadé, ze skupiny byly inicialné srov-
natelné ve viech charakteristikach a byly
podrobeny stejnym vliviim (az na sle-
dovanou ,u¢innou latku”, resp. inter-
venci), lze pfedpokladat, Zze pfipadné
rozdily pozorované v nasledujicich mé-
fenich byly dosazeny sledovanou inter-
venci [9] nebo nahodou. Pravdépodob-
nost ndhodného vysledku Ize stanovit

mensi casova nebo proceduralni dotace u KS; 50, 53, 98

mensi casova nebo procedurdlni dotace u KS; 42, 46, 49, 52, 54, 89

menéicasova nebo proceduralnidotace u KS; 45,55, 58,63, 64, 74, 77,79, 84, 93,95,99-101, 103
stejna casova a proceduralni dotace u obou skupin; 47, 75, 76, 82, 85, 90

stejna casova a procedurdlni dotace u obou skupin; 86, 91, 97, 104

stejnd Casova a proceduralni dotace u obou skupin; 40, 66, 67, 69, 71, 73, 80, 94, 96

stejnd casova a procedurdini dotace u obou skupin; 39, 43, 57, 59-62, 72, 81,92
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Méfena proménna; referenéni odkazy na studie ze souboru

nastroje khodnoceni: Jiné

jiné

McKenzie Institute Lumbal Spine Assessment
jiné

specifické nastroje; 51,71, 81, 93
specifické nastroje; 90

nespecifické indikatory; 81, 102, 104
nespecifické indikatory; 57, 79, 81, 82
spokojenost; 41, 48, 82, 91, 95
spokojenost; 66

pracovni neschopnost
jiné

Treatment Satisfaction Questionnaire

jiné divéryhodnost/ocekavani a proveditelnost; 41, 48, 69, 70, 99
Credibility/Expectancy Questionnaire divéryhodnost/ocekavani a proveditelnost; 41
jiné self efficacy; 52, 70, 80
Pain Self-Efficacy Questionnaire self efficacy; 52

protokol ke studii neuvadi presny néstroj
SF-6D
jiné

cenova efektivita; 70

cenova efektivita; 100

depresivita a Uzkost; 40, 51,70, 101
Hospital Anxiety and Depresion Scale depresivita a uzkost; 66, 79, 80
jiné a; 52
Baecke Physical Activity Questionnaire

jiné

yohybova aktivita; 57, 62, 97
strach z pohybu; 51, 55, 70, 76
strachz pohybu; 66, 79-81, 85

Fear-Avoidance Beliefs Questionnaire

Tampa Scale of Kinesiophobia strachz pohybu; 52, 54, 55, 57, 62, 64, 75, 76, 94, 100
jiné celkovy efekt terapie; 55, 70
Global Perceived Effect Scale celkovy efekt terapie; 60, 62, 72, 74, 80, 91, 92, 94

jiné
SF-12
SF-36

kvalita Zivota; 40, 53, 56, 69, 78, 101

kvalita Zivota; 48, 87, 97, 104

kvalita Zivota; 59, 62, 69, 72, 79, 81, 103

disabilita; 47, 51, 59, 64, 69-71, 76, 82, 83, 85, 87

disabilita; 44, 53, 60, 74, 86, 94, 99, 100

disabilita; 42, 43, 49, 50, 58, 61, 66, 68, 72-74, 77, 80, 81, 84, 88, 91,98
disabilita; 39, 40, 46, 48, 52-58, 62, 65, 66, 75, 78, 86, 89, 90, 92, 94-97,99-101, 104
bolest; 56, 70, 71, 79, 82, 83, 86, 87, 92, 102

bolest; 57, 59, 62, 66

bolest; 40,42, 43, 47-49, 54, 58-60, 63, 64, 66, 68, 71,72, 73,77, 79, 84, 88, 101
bolest; 39, 44, 50-52, 55, 57,61, 62, 65, 69, 74, 75, 78, 80, 81, 89

Rozsah kontorlni skupiny ve srovnéni s intervenéni skupinou

jiné

Patient Specific Functional Scale

Oswestry dotaznik (Oswestry Disability Index)
Roland-Marris Disability Questionnaire

jiné

Dotaznik bolesti McGillovy univerzity

Vizudlni analogova skala

Numericka skalaintenzity bolesti

0 5 10 15 20 25 30

Pocet studii ze souboru

Graf 7. Studie ze souboru podle pouZitych dotaznikovych méficich metod (PROM).

Graph 7. Studies from a set according to the questionnaire measurement methods used (PROM).

Do kategorii jiné” byly zafazeny:

Bolest: plan méfit bolest pomoci PROM v dopiedu publikovaném protokolu, ale nastroj neuvadi [70,82,87], Pain Perception
Scale a Main Pain Staging System [71], Defense & Veterans Pain Rating Scale [56], Dallas Pain Questionnaire [79], Graded
Chronic Pain Scale a Orebré musculoskeletal pain questionnaire [86], Sciatica Bothersomeness Index [102], StarT back
screening tool classification [92], Low Back Pain Rating Scale [83];

Disabilita: Quebec Back Pain Disability Scale [64,70,85], Pain Disability Index [71,76], plan méfit disabilitu pomoci PROM v do-
pfedu publikovaném protokolu, ale nastroj neuvadi [82,87], Waddel Disability Index [59], Pain Disability Questionnaire [47],
Hanover Functional Ability Questionnaire [51], Functional Rating Scale [69], Low Back Pain Rating Scale [83];

Kvalita Zzivota: PROMIS [53,56], HRQOL-4 [101], PedsQL [78], EQ-5D [40], NASS [69];

Celkovy efekt terapie: Patient Global Impression of Change [55], plan méfit celkovy efekt terapie pomoci PROM v dopiedu pu-
blikovaném protokolu, ale nastroj neuvadi [70];
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Strach z pohybu: mezi,,jiné” patfi: Pain Catastrophizing Scale [55,76], plan méfit kinesiofdbii a katastrofizaci pomoci PROM v
dopfedu publikovaném protokolu, ale néastroj neuvadi[70], Pain Vigilance and Awareness Questionnaire [76], Patient Anxiety

Symptom Scale [51];

Pohybovd aktivita: Rapid Assessment of Physical Activity [52], Global Physical activity Questionnaire [103], plan méfit pohy-
bovou aktivitu pomoci PROM v dopfedu publikovaném protokolu, ale nastroj neuvadi [87];

Depresivita a uzkost: Patient Health Questionnaire [40,101], Geriatric Depression Scale [51], plan méfit depresivitu a Uzkost
pomoci PROM v dopfedu publikovaném protokolu, ale nastroj neuvadi [70];
Self-efficacy (do cestiny nékdy jako,sebetcinnost” nebo,sebedtvéra”). Pain Self-Efficacy Questionnaire [52], Falls-Efficacy
Scale-International [52], plan méfit self-efficacy pomoci PROM v dopfedu publikovaném protokolu, ale nastroj neuvadi [70],

Chronic Pain Self-Efficacy Scale [80];

Dudvéryhodnost, o¢ekdvdni a proveditelnost: vedlejsi Gcinky [69], adherence [41,99], plan méfit proveditelnost [48], kredibilitu a
otekavani[70] pomoci PROM v dopfedu publikovaném protokolu, ale nastroj neuvadi;
Spokojenost: plan méfit spokojenost pomoci PROM v dopfedu publikovaném protokolu, ale nastroj neuvadi [48,82,91,95],

Numeric Treatment Satisfaction Scale [41];

Nespecifické indikdtory LBP: spotfeba analgetik [81,104], znovuobjeveni bolesti, operace, epiduraini obstfik [102];
Specifické ndstroje (vlastnich pro uréitou metodu i studii): vlastni dotaznik [71,81], Interview [51,93], Movement System Impair-

ment Classification System [81];

Jiné ndstroje PROM hodnoceni nez v grafu a v legendé vy3e uvedené: Borgova 3kéla [75], Revised lliness perception question-
naire a Pain Vigilance and Awareness Questionnaire [76], Intrinsic Motivation Inventory a adherence k procedufe [41],
Coping Strategies Questionnaire [53], The Multidimensional Assessment of Interoceptive Awareness [59], General Causality
Orientation Scale a Learning Self-regulation Questionnaire a Health Care Climate Questionnaire [45].

PROM - patient reported outcome measures, LBP - bolesti bederni patefe

pomoci statistickych metod. Nejvétiim
rizikem z(stava moznost, Ze nékteré vy-
znamné proménné nebyly identifiko-
vany a kontrolovany.

Ve zdravotnickém vyzkumu existuje
riziko, Ze samotny kontakt personalu
s probandy pozméni vystupni data. Ty-
pické vlivy jsou napf. mnozstvi véno-
vané péce, asu, vysetfovani, testovani,
zpétné vazby apod. Nehledé na kon-
krétni obsah muze mit samotny kontakt
méfitelny efekt [9]. Obecné plati, Ze ¢im
vice proménnych chceme kontrolovat,
tim méné by se intervenéni a KS mély
ligit (v charakteristikdch proband(, v po-
skytnuté pé¢i atd.).

V prostiedi farmaceutickych dvojité
zaslepenych RCT byva uzivano klasické
placebové KS [11]. V pfipadé placebo
kontroly nepfidavame zadnou promén-
nou navic. Na rozdil od farmaceutickych
studii nemohou studie v rehabilitaci vy-
uzit klasického placeba. Kvalitni design
KS je proto skute¢nou vyzvou [9]. Di-
leZitou roli hraje ¢asovd a proceduraini
dotace, tj. zda je KS podrobena stej-
nému mnozstvi procedur o stejné in-
tenzité, frekvenci a délce jako skupina
interven¢ni. Vétsinou je ,ucinna latka”

nahrazena jinym postupem ¢&i klama-
vou (sham) procedurou. Nékteré studie
Jucinnou latku” nenahrazuji, tj. KS ma
o tuto proceduru méné, event. KS neni
podrobena Zzadnym proceduram. Graf 6
uvadi nejcastéjsi typy intervenci apliko-
vanych u KS v rdmci 66 analyzovanych
studi.

Méfici metody, méiené veliciny

V souboru analyzovanych 66 studii bylo
v zasadé poufZito tfi typt méficich (hod-
noticich) metod. Jednalo se o méfici me-
tody pfistrojové, klinické testy a o tzv.
vysledky sdélované pacientem (PROM -
patient reported outcome measures).
PROM byly nejcastéjsim zplsobem mé-
feni efektu intervence a zéroven pokry-
valy nejsirdi spektrum méfenych pro-
ménnych (graf 7). Nejé¢astéji méfenymi
proménnymi byly disabilita a bolest.
Oba parametry byly néjakym zplsobem
hodnoceny v naprosté vétsiné (58/66)
studii v souboru. Bolest byla nejéastéji
hodnocena pomoci numerické $kdly bo-
lesti (NRS — numeric rating scale) (29/66)
a vizualni analogové skaly (VAS) (22/66),
z dotaznikovych skal hodnoticich disabi-
litu byl zcela nejfrekventovanéji pouzit

Roland-Morris Disability Questionnaire
(28/66). Hodnoceni dalsich proménnych
jiz nebylo pravidlem (graf 7). V nékte-
rych studiich dochéazelo k méfeni jedné
proménné vice nastroji, jak je patrné
z grafti 8 a 9. Piistrojové méfeni (graf 8)
bylo vyuZito podstatné méné éasto nez
PROM, nejcastéji byla provedena elektro-
myografie vydetieni (5/66); z klinickych
testl (graf 9) byla nejéastéji pouzita
Thomayerova zkouska (5/66). Pfistro-
jové a klinické hodnoceni je tedy oproti
PROM v analyzovanych 66 studiich pod-
statné méné pouzivané.

Diskuze a doporuceni

Cilem tohoto piehledu bylo shromazdit
a kvantitativné zhodnotitinformace o dil-
¢ich slozkach designu, které v sou¢asné
dobé pouzivaji autofi klinickych studii se
zaméfenim na vyzkum LBP. Vysledky 3et-
feni ukazuji zna¢né rozdily mezi studiemi
ve vsech slozkach designu. Lze pfedpo-
kladat, Ze ¢astéji pouzivané metody stu-
dii publikovanych v renomovanych ¢a-
sopisech jsou kvalitnéjsi nebo poskytuji
jinou vyhodu. Samotnéa Eetnost vyskytu
viak kvalitu metody nezarucuje. O kva-
litd¢ designu rozhoduje fada faktord, jako
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jiné

kinematicka analyza
ultrasonografie
posturografie
dynamometr
inklinometr

rucni tlakovy algometr
elektromyografie

Pouzité pristrojové méfici metody
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Graf 8. Studie ze souboru podle pouZitych pfistrojovych méficich metod.
Graph 8. Studies from a set according to the instrumental measurement methods

used.

Graf uvadi odkazy na konkrétni studie z analyzovaného souboru 66 publikova-

nych praci.

Do kategorie  jiné"byly zafazeny viechny vysledky, jejichZ ¢etnost vyskytu
byla < 2, patfi sem: akcelerometr [78], elektroencefalografie [82], rentgen [83],

magneticka rezonance [88].

je pocet probandd, existence KS, srov-
natelnost intervenéni a KS, kvalita po-
uzitych méficich néstrojl, zaslepenost
a mnoho dalsich. Nékteré ¢asti designu
(velikost vzorku probandi) je vidy Za-
douci pfizplsobit specifickym podmin-
kam. U jinych (definice sledované popu-

jiné
Schoberlv test
Timed Up & Go Test

Thomayerova zkouska

Pouzité klinické testy

0 5 10
Paocet studii ze souboru

lace pomaci inkluzivnich a exkluzivnich
kritérii, vybér méfici metody) Ize doporu-
¢it, aby se autofi drzeli zvyklosti v oboru.
Usnadni tim porovnavani vysledkt mezi
studiemi a tvorbu review studif.
Podivejme se, jak by vypadal design
RCT, pokud bychom ho vytvofili na za-

39, 58,65,67,73,79, 88

58,67, 101

53,57,62
55,58,67,77,79

Referencni odkazy
na studie ze souboru

15 20

Graf 9. Prehled studii v souboru podle klinickych testt pouzitych k hodnoceni.
Graph 9. Overview of studies in the set according to the clinical tests used for

evaluation.

Graf uvadi odkazy na konkrétni studie z analyzovaného souboru 66 publikova-

nych praci.

Do kategorie, jiné"byly zafazeny viechny vysledky, jejichZ ¢etnost vyskytu

byla < 3, tj.: Trendelenburgova zkou3ka (one-legged stand test) [39,58], Deep
Muscle Contraction Scale a Clinical Test for Thoracolumbar Dissociation a Pasive
Lumbar Extension test [65], Sit and reach test a Back saver sit and reach test [67],
Slump test [88], Ottova inklinacni a Ottova reklinacni vzdalenost a Index to floor -

Uklon [73], Sorensen and lto test [79].

klad& nejvyssi cetnosti vyskytu dilgich

¢asti designu ve zkoumaném souboru.

1. Pocet probandti: 72 (36 probandu v in-
tervenéni a 36 v KS).

2.Kritéria inkluze: vék 18-65 let, cLBP
(déle nez 3 mésice), pocateéni mira
bolesti nejméné 3/10 na 11stupfiové
(0-10) NRS (nebo 30 mm/100 mm dle
skaly VAS) [12,13], schopnost poro-
zumét slovnimu projevu i psanému
textu v lokdlnim jazyce, ve kterém je
studie provadéna.

3.Kritéria exkluze: operace (pateie, dol-
nich konéetin, panve nebo bficha), jina
probihajici lé¢ba nebo rehabilitace (ve.
masaZi, akupunktury aj.), jiné diagnos-
tikavané vybrané patologie jako napf.
tézka degenerativni onemocnéni pa-
tefe nebo nosnych kloub, téhoten-
stvi, jiné bolesti, bolest nad urovni
12. Zebra nebo pod urovni glutedl-
nich ryh, pfiznaky kofenového draz-
déni, strukturdlni deformita (skolidza,
jiné deformity patefe a dolnich konce-
tin), neurologicky deficit, revmatické
onemocnéni, onkologické onemoc-
néni, fraktura (patefe nebo dolnich
koncetin), jiné zdvazné onemocnéni,
kardiorespiraéni onemocnéni, kontra-
indikace k intervenci, akutni infekce,
psychiatrické onemocnéni, psychoso-
matické onemocnéni.

4. Intervencni skupina: cvi¢ebni program
(aerobni cviteni nebo posilovani svalt
trupu a dolnich konéetin; cvi¢eni kon-
troly pohybu, protahovaci cviceni za-
méfené nasvaly trupu a dolnich konge-
tin) 2x tydné po dobu 8 tydn(i. Cviéeni
probiha pod vedenim skolenych fyzio-
terapeut(i v kombinaci s autoterapii.

5.KS: totéZ co intervenéni skupina, ale
bez zkoumané intervence.

6.Méfici metody: NRS [12,13], Roland-
-Morris Disability Questionnaire [14—
16], SF-36 [17-20], skala celkového
pocitu zmény [21,22], Tampa Scale of
Kinesiophobia [23-25].

Wyse uvedena kritéria mizeme pova-
Zovat za vychozi model designu RCT za-
méfené na vyzkum cLBP s cilem zjistit
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vliv na bolest, disabilitu a kvalitu Zivota.
Tento model Ize doplnit o piehled vybra-
nych doporuéeni ze sou¢asnych guide-
lines [6,26,27]. CONSORT 2010 byl sice
sepsan za ucelem zlepseni kvality re-
portu (popisu) designu a pribéhu stu-
die, mGze viak byt ndpomocen uz pii
tvorbé designu. Napf. se jedna o uréeni
velikosti souboru probandt [6]. V rAmci
tvorby designu RCT lze doporucit jesté
nasledujici klicové body:

1.Jesté pied zahdjenim nédboru pro-
bandl definovat inkluzivni a exklu-
zivni kritéria. Probandy, ktefi inkluzivni
kritéria nespliuji, vyfadit a vést o ta-
kovych pfipadech dokumentaci. Tyto
konkrétni piiklady Ize uvést v reportu
podrobnéji, event. reportovat v ramci
tabulky (napt. ,flow diagram” dopo-
ru¢ovany CONSORT). Vysilame tak
signal, Ze vyfazeny pacient je redlna
osoba a osoby skute¢né byly vyfazo-
vany, pokud se u nich objevila poten-
cidlné ovliviujici komorbidita nebo
jiny davod k exkluzi. V ramci inkluziv-
nich kritérii je tfeba definovat spodni
hranici pro poéateéni (baseline) miru
disability nebo bolesti.

.V idedlnim pfipadé je Zadouci pou-
Zit tzv. stratifikovanou randomizaci.
Pomoci této metody rozfadime pro-
bandy do skupin tak, Ze v kazdé ze
skupin bude stejné zastoupeni vy-
znamnych proménnych. Zaroven
o zafazeni konkrétniho probanda do
jedné ze skupin nebude rozhodovat
ani vyzkumnik, ani samotny proband.
To je dlleZité, protoze nékteré pro-
ménné (napf. vék, pohlavi, BMI, po-
¢ate¢ni mira bolesti aj.) totiz mohou
ovliviovat vysledny efekt terapie.
Pokud by se v disledku tenden¢niho
vybéru nebo nahody dostalo do jedné
ze skupin napf. vyrazné vice mladych
osob, dvéra v prezentované vysledky,
které maji reprezentovat celou popu-
laci, bude logicky podkopéna. Stratifi-
kovana randomizace s sebou nicméné
pfinasi nékolik komplikaci, kterym
je nutné vénovat pozornost. Nejvy-
znamnéjsim problémem jsou organi-

M

zaéni ndroky. Je obtizné zajistit tento
stratifikovany zpUsob randomizace,
pokud dopfedu nezndme charakte-
ristiky viech proband(. Coz vétiinou
nezname, protoZe probandi jsou zpra-
vidla do studie nabirani postupné.
Vhodnou alternativou maze byt tzv.
adaptivni randomizace podle nezavis-
lych proménnych (covariete adaptive
randomization). V ramci této metody
roziadime ¢ast (polovinu) probandu
zcela nahodné. Druhou ¢ast proband
jiz cilené roziazujeme podle zvole-
ného kli¢e tak, aby vysledné skupiny
byly srovnatelné ve svych pocatecnich
charakteristikach. Vysledna skupina,
do které je proband v druhé &asti vy-
béru zafazen, je vysledkem piedcho-
ziho ndhodného rozfazeni prvni ¢asti
probandt a rozfazovaciho kli¢e. Viile
probanda ani vyzkumnika tak opét
nema na randomizaci vliv. U obou ran-
domizaénich metod je mnoZstvi neza-
vislych proménnych, podle nichz mu-
Zeme probandy rovnomérné rozdélit
do skupin, omezené a zavisi na cel-
kovém poctu probandt [28]. Principy
randomizace nejsou sloZité, je viak
tfeba v zdkladni mife pochopit néko-
lik moznosti randomizace a zvolit ten
spravny zplUsob pro dany vyzkum.
K orientaci v této problematice dobfe
poslouzi pfehledové ¢lanky Kanga et
al.[29] a Kima et al. [30].

.Obé intervence (experimentalni i kon-

trolni) je nutné detailné popsat jak
kvalitativné, tak kvantitativné (délka
kazdé intervence, frekvence, délka ce-
lého sledovaného obdobi, intervence
pod vedenim terapeuta vs. autote-
rapie atd.) tak, aby bylo mozné je zo-
pakovat [6]. V popisu cvi¢ebniho pro-
tokolu by mély byt obsazeny i prvky
motivaénich strategii, pravidel pro
zvyseni zatéze, jinych necvicebnich
soucasti terapie v¢. edukace probanda
atd.[27]. Zejména je vhodné rozpraco-
vat a uvést kritéria pro zvyseni, nebo
snizeni zatéze u cvi¢ebnich program.
Z hlediska mediciny zaloZzené na di-
kazech neni mozné bez detailniho po-

pisu intervence a kontrolni intervence
kriticky zhodnotit zjisténou velikost
ucinku [26].

4, P¥i designovani intervenéni skupiny je

vhodné dodrzovat existujici doporu-
¢eni publikovana v Template on Inter-
vention Description and Replication
[26], je-li intervence cvigebni, existuje
roziiteny checklist Consensus on Exer-
cise Reporting Template [27].

5.Dodrzet maximalné shodné pod-

minky a charakteristiky intervenéni
a KS. Na misto intervence je optimalni
u KS zafadit klamavou proceduru (ne-
pfedpokladédme klinicky vyznamny
ucinek), je-li to mozné, coz Ize pova-
Zovat za kvalitngjsi kontrolu, neZ je
alternativni intervence. Pro optima-
lizaci etické stranky RCT je mozné KS
nabidnout aktivni intervenci po uply-
nuti sledovaného obdobi, péce tak ne-
bude redukovéna, pouze odloZena. Je
nutné mit na paméti, ze KS zésadné
ovliviiuje vysledky studie. Poddimen-
zované KS mohou byt pfi¢inou pie-
kvapivé vyznamného Géinku inter-
venéni skupiny, jak uvadiLevack et al.
v trefné nazvaném ¢lanku: Ve srovnani
s ¢&im? v anglickém origindle Compa-
red to what? [9].

6.Volit standardni a v odborné litera-

tufe &asto reportované zpUsoby méfi-
cich metod, které |ze snadno repliko-
vat v budoucich studiich na podobné
téma. Nezbytnym minimem je méfeni
disability, bolesti, kvality Zivota a cel-
kového efektu terapie [31,32].

7.Disabilitu je vhodné méfit zejména

pomoci Roland-Morris Disability
Questionnaire [15-17] nebo Oswestry
Disability Index [14,15,33,34]. Oba do-
tazniky jsou zavedené, kvalitni, prak-
ticky totozné v klinimetrickych vlast-
nostech originalnich verzi a dostupné
v ¢eskych verzich.

8.Totéz plati pro $kalu VAS a NRS v pfi-

padé hodnoceni intenzity bolesti
[12,13]. Je-li k tomu dlvod, je moZné
hodnotit bolest pomoci ¢eské verze
kratké formy dotazniku bolesti
McGillovy univerzity. Dotaznik obsa-
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huje hodnoceni intenzity bolesti po-
moci skaly VAS, ale také dalsich di-
menzi bolesti [35,36].

9.Nemélo by chybét hodnoceni kva-
lity Zivota pomoci SF-36 nebo SF-12
[17-20].

10. Pro hodnoceni celkového efektu te-
rapie existuje napf. ¢eska verze sed-
mistupriové skaly Patient Global Im-
pression of Change [21].

Jednim ze zasadnich limiti ve vy-
zkumu LBP jsou vysoké naroky na pocet
proband( Géastnicich se studie. Dlvo-
dem je velké méfitko PROMs. K zachy-
cenf jakékoli (vétsi nez chyba méfeni)
zmény je zapotfebi pomérné velkého
posunu v ramci $kéaly. Je proto po-
tteba velké zmény u velkého mnozstvi
probandt (nebo ¢&astéji stfedné velké
zmény u opravdu velkého mnozstvi
proband(), abychom ziskali prikazna
data. Nastroje schopné zachytit mensi
zmény spolehlivé (napf. pfistrojové mé-
fici metody) obvykle neméfi relevantni
parametry, které jsou v pfimém vztahu
ke sledovanym veli¢indam, jako je bolest,
disabilita a kvalita Zivota. Zatim neexis-
tuje méfitelny parametr intervalového
charakteru (lineamé rostouci), ktery by
mél pfi¢innou souvislost s LBP, jako ma
napt. tlak krve s rizikem vzniku kardio-
vaskularniho onemocnéni. LBP je mul-
tifaktoridlni diagndza, jeji zkoumani vy-
#aduje kombinaci vyzkumnych metod
rizného druhu. PROMs nicméné v nej-
bliz$i budoucnosti nepochybné ziista-
nou zékladni méFici metodou vyzkumu
LBP.

Dulezity vliv ma téz stanoveni opti-
malniho poétu probandu. PFilis maly
pocet zvysuje pravdépodobnost, Ze zjis-
tény rozdil vznikl ndhodné, nikoli v di-
sledku sledované intervence [37]. PFilis
velky pocet mlze vést k tomu, Ze zjis-
tény rozdil bude sice nenahodny, ale na-
tolik maly, Ze nebude mit vyznam pro
praxi. Tedy zZjistime statisticky vyznamny,
ale klinicky nevyznamny rozdil. | z toho
ddvodu je vhodné vedle statistické vy-
znamnosti (hodnota p) uvadét také vy-

znamnost vécnou, napf. vypoctem Co-
henova d [10]. Piili§ velké studie jsou
v nékterych pfipadech zbyteéné na-
roéné, drahé a mohou vystavovat pa-
cienty v KS neetickému omezeni péce
[6,7,38]. Optimalni pocet proband( by
mél byt odhadnut jesté pied zahdjenim
studie. Lze tak uéinit vypoétem. Vzorce
se lisi dle designu studie a charakteru
méfenych veli¢in.V souvislostis touto te-
matikou Ize doporuéit napt. monografii
Hulleyho et al. [37], z ¢eské literatury pak
monografii Hendla [8].

Zavér

Clanek predklada analyzu 66 studii hod-
noticich efekt réznych typd rehabilitaé-
nich intervenci u pacientt s diagnézou
cLBP, publikovanych v prestiznich vé-
deckych ¢asopisech. Na zakladé této li-
terarni reserse doporuéujeme postup,
jak optimalné pfipravit design studie,
ktera je zaméfena na vyietfeni a terapii
pacientt s cLBP. Clanek by mél slouzit
zejména studentlm fyzioterapie a reha-
bilitace, ktefi pfipravuji vyzkumné pro-
jekty na dané téma pro zpracovani ba-
kalafskych, diplomovych a dizerta¢nich
pradi.
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7. Zavér

Resersni Cast této disertacni prace shrnuje poznatky o posturdlnich funkcich trupovych
svalli a roli IAP pfi stabilizaci patete. Dale informuje o moznostech jejich objektivniho
hodnoceni. Stabilita patefe je zajiSténa kosternim, vazivovym a svalovym aparatem. Praveé
svalova funkc¢ni stabilizace je dlouhodobé velmi dalezitym a Casto diskutovanym tématem
v rehabilitaci. Je zajiStovana koordinovanou aktivitou brénice, PD, bfiSnimi a zadovymi svaly.
Vysledkem této svalové souhry je zvyseni IAP, coz ma za nésledek stabilizovani celého trupu.
IAP ma také schopnost odlehcit patet pii axialnim zatiZzeni. Tato automatické posturalni reakce

je dulezita zejména pii fyzickém zatizeni jako je naptiklad zvedani biemene.

Ve védeckém vyzkumu je pro objektivizaci posturdlni role IAP nutné tento tlak méfit
piistrojové. K tomu slouZi invazivni i neinvazivni postupy. Casto se pouZivaji rektalni nebo
gastrické sondy, které jsou velmi nepfijemné pro vysetfovaného, a celkové jsou tato méteni
finanén€é nakladnd a casov€é narocnd. K hodnoceni funkce svalii trupu se vyuziva
elektromyografické nebo ultrasonografické vySetieni. Tyto pfistupy nam ale podavaji
informace spiSe o lokdlnich svalovych kontrakcich a neinformuji nas o celkové globalni

posturalni reakci trupu.

V klinické praxi se posturalni stabilita trupu nejcastéji hodnoti palpaci tenze biisni stény
v oblasti tiisla a v TLS. Palpaéni vySetieni je vSak subjektivni a jeho vyuZiti ve vyzkumu je
tudiz problematické. Proto byly v ramci praktické ¢asti této disertacni prace sestrojeny tlakové
senzory, které skrze monitoraci napéti bii$ni stény hodnoti posturalni aktivitu trupovych svalt.
Lze je vyuzit na zaklad¢ vysledki studii popisujicich zmény napéti btisni stény, respektive jeho
zvySeni v reakci na zvySeni IAP. Potvrzuji to jak studie provedené na kadaverech, tak novéjsi
studie in vivo, v¢etn¢ studie ,,Intra-abdominal pressure correlates with abdominal wall tension

during clinical evaluation tests* prezentované v ramci této disertacni prace.

V ramci pilotniho vyzkumu jsme pomoci tlakovych senzort Ohmbelt ptedstavili novy
neinvazivni zplsob objektivniho hodnoceni aktivity bfiSni stény v rGznych posturdlnich
situacich. Pomoci senzorti se podafilo prokazat, Ze ke zvySeni aktivity bfiSni stény dochazi
oproti klidovému dychani v situaci s externi zatézi a pti volni aktivaci bfisni stény. Proto mohou
byt senzory vyuzity jako objektivni vySetfovaci metoda nebo jako biofeedback v tréninku
silné korelace mezi tenzi bfiSni stény a zménami IAP. Tenze bfiSni stény v oblasti TLS

a tfiselného vazu byla méfena pomoci tlakovych senzorit DNS Brace, hodnoty IAP byly
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monitorovany pomoci HRAM. Prokézali jsme, Ze monitorovanim tenze bfiSni st€ény mizeme
nepiimo sledovat zmény IAP a potazmo tak hodnotit stabilizaci patefe. Nasledna studie
zjiStovala spolehlivost mezi vysSetfujicimi terapeuty a korelaci mezi tenzi bfisni stény métené
tlakovymi senzory se subjektivnim hodnocenim aktivity btisSni stény pii palpacnim vySetfeni
zkuSenymi terapeuty. Identifikovali jsme konkrétni testy hodnoceni posturalni stabilizace, které
lze povazovat za dostate¢né spolehlivé v klinické praxi. Test volniho zvySeni nitrobfiSniho
tlaku v oblasti TLS a tfisla spolu s testem flexe kycelniho kloubu jsou spolehlivé pfi klinickém

palpacnim vySetieni.

Ptedstavili jsme také kazuistiku vrcholového kanoisty trpiciho LBP. Terapie byla zamétena
na spravnou trupovou stabilizaci pomoci IAP. Pozitivni efekt terapie byl hodnocen objektivné
pomoci tlakovych senzor snimajicich aktivitu bfisni stény, palpaénim vySetfenim aktivity
bfisni stény terapeutem a subjektivnim vnimanim bolesti pacientem pomoci VAS. Nova
metodika prezentovana v rdmci publikované kazuistiky vyuZzivajici kombinaci pfistrojového,
klinického a subjektivniho hodnoceni terapie mize slouzit jako podklad pro budouci rozsahlejsi

studie u pacientti s LBP.

V dalsi studii jsme hodnotili efekt fyzioterapie zamétené mimo jiné na spravnou trupovou
stabilizaci u 10 pacientek s anorektalni dysfunkci. Méfeni funkce panevniho dna pomoci
HRAM ukézalo statisticky nevyznamné zlepSeni. Hodnoceni pomoci dotazniku SMIS ukazalo
signifikantni zlepSeni subjektivniho stavu pacientek a kvality jejich Zivota po konzervativni
terapii. Na uvedené experimentalni studie méa ndvaznost i reSerSni publikace ,,JJak pfipravit
optimalni design klinické studie zamétené na chronické bolesti bederni patefe: doporuceni
na zéakladé literarni reSerSe praci publikovanych v letech 2014-2019%. A¢koliv se jedna o ¢lanek
v Ceském neimpaktovaném periodiku, jednd se o vyznamnou metodologickou pomiicku
pro studenty fyzioterapie a rehabilitace, ktefi piipravuji vyzkumné projekty na dané téma

pro zpracovani bakalarskych, diplomovych a diserta¢nich praci.

Tato disertac¢ni prace v ramci reSerSni ¢asti a v navazujicich Sesti vyzkumnych pracich
piedstavuje uceleny pohled na posturdlni funkci bfiSnich svalii a TAP a také moznosti
objektivniho hodnoceni této aktivity a pozitivni efekt terapie zaméfené na aktivaci optimalni
trupové stabilizace u pacientll s poruchami pohybového aparatu. Novou metodiku hodnoceni
posturdlni stabilizace, kterou prezentujeme v rdmci této disertacni prace, bude mozné vyuzit

v navazujicich rozsahlejSich experimentalnich pracich a v dalsi vyzkumné ¢innosti.
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8. Souhrn

Postural and respiratory function of the abdominal muscles: A pilot study
to measure abdominal wall activity using belt sensors: V pilotnim vyzkumu jsme zméfili
tlakovymi senzory v oblasti tfisla a v oblasti trigonum lumbale superius (TLS) skupinu 35
zdravych mladych probandii ve tfech posturalné odlisnych situacich v sedé: pti klidovém
dychani, v situaci s piidanou externi zatézi a v situaci korigované¢ho dychani. Prokazali jsme
signifikantni zvySeni miry aktivace bfi$ni stény v situaci s externi zatézi (drzeni ¢inky v hornich
koncetinach) a pii korigovaném dychani (volni maximalni natlakovani bfi$ni stény) oproti
klidovému nekorigovanému respiraCnimu stereotypu. V rdmci prace byl prezentovan novy
metodicky postup objektivizace miry tenze bfiSni st€ény pomoci nového piistroje Ohmbelt.
Nové metoda méfeni pomoci senzortl prezentovand v ramci tohoto vyzkumu muze slouzit jako
objektivizace efektu terapie i jako terapeuticky biofeedback klientti s bolesti zad a s jinymi
funkénimi patologiemi pohybového systému, a to za rlznych posturdlnich situaci z diivodu

jednoduchého upevnéni a malé velikosti senzorti.

Intra-abdominal pressure correlates with abdominal wall tension during clinical
evaluation tests: Stézejnim vyzkumem této disertacni prace bylo stanovit silu korelace mezi
tenzi bfi$ni stény a nitrobfisnim tlakem (IAP). 31 zdravych probandil bylo zméfeno pomoci
simultanni anorektalni manometrii (high resolution anorectal manometry — HRAM) a pfistroje
DNS Brace, ktery méfi tenzi bfisni stény pomoci Ctyt tlakovych senzorti upevnénych na vnitini
stranu trupové ortézy. Testovano bylo pét situaci — klidové dychani, Valsalviiv manévr,
Miillertv manévr, brani¢ni test (volni zvySeni IAP) a statické drZzeni Ccinky
v pfedpaZenych hornich koncetinach. Ve vSech péti méfenych situacich jsme potvrdili silnou
korelaci hodnot tenze bfiSni stény IAP. Prokazali jsme, Ze IAP se zvySuje pii posturalnim
zatizeni a umérné ke zvySeni IAP dochazi k expanzi bfiSni st€ny v oblastech nad tiiselnymi
vazy a v oblasti trigonum lumbale suprius. Lze tedy tvrdit, Ze monitorovanim tenze bfisni stény

1ze nepfimo hodnotit velikost nitrobfisniho tlaku, ktery se vyznamné podili stabilizaci patete.

Correlation between palpatory assessment and pressure sensors in response
to postural trunk tests: V tomto vyzkumu bylo hodnoceno 25 zdravych probandt ve véku 20
az 25 let ptistrojem DNS Brace a posturdlnimi testy podle konceptu Dynamické
Neuromuskularni Stabilizace. Cilem préce bylo porovnat, zda existuje korelace mezi objektivné
pfistrojové méfenou mirou aktivace bfisni stény a subjektivnim hodnocenim kvality trupové

stabilizace, a jaka je palpacni spolehlivost mezi 2 terapeuty. Testovdno bylo pét posturalné
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odlisSnych situaci vychazejicich ze sedu — test dechového stereotypu, volni aktivace
nitrobfiSniho tlaku (intra-abdominal pressure — IAP) v tfislech, volni aktivace IAP v oblasti
trigonum lumbale superius (TLS). Stfedni az silnou korelaci mezi hodnotami namétenymi
na senzorech a pfi palpaci jsme identifikovali ve tfech klicovych klinickych testech: test
nitrobfisniho tlaku (volni natlakovani bfiSni dutiny v oblasti tfisla), brani¢ni test (volni
natlakovani bfisni dutiny v oblasti TLS) a test flexe v kycelnim kloubu. Tyto testy lze proto
povazovat za spolehlivé pro hodnoceni posturdlni stabilizace, pokud je provadi zkuSeny
vyskoleny terapeut. Zaroven tyto tii testy vykazovaly stfedni nebo silnou korelaci mezi dvéma

vySetiujicimi (inter-rater reliability), a to pro palpaci i1 aspekci.

The significance of intra-abdominal pressure on postural stabilization: A low back
pain case report: Efekt 1é¢by pacienta s bolestmi bederni patete (low back pain — LBP)
zamétené na trupovou stabilizaci je prezentovan na kazuistice vrcholového kanoisty. Terapie
vedla ke zlepSeni dle klinického palpacniho vySetfeni, v objektivnim hodnocenim pomoci
trupovych senzortit DNS Brace a v subjektivnim zlepSeni ve vnimané bolesti hodnocené pomoci
vizualni analogové skaly. Pouzitd metodika subjektivniho, klinického i pfistrojového méteni
efektu terapie u pacienta s LBP mlze slouzit jako podklad pro budouci rozsahlejsi kontrolované

studie s vice probandy.

Anorectal dysfunction in multiple sclerosis patients: A pilot study on the effect of
an individualized rehabilitation approach: Efekt terapie vyuZivajici mimo jiné nacvik
trupové stabilizace, resp. regulace nitrobfi$niho tlaku, byl zkouman na skupiné deseti pacientek
trpicich anorektalni dysfunkci v disledku roztrousené sklerozy. Pacientky podstoupily
rehabilitacni intervenci po dobu Sesti mésicti. Efekt terapie byl objektivizovan pomoci
anorektalni manometrie (high resolution anorectal manometry — HRAM). Vysetieni HRAM
sice neprokazalo signifikantni zlepSeni (nejspiSe z divodu malého poctu probandil), nicméné
pozorovali jsme pozitivni trend, tj. statisticky nevyznamné zlepSeni hodnot HRAM
po Sestimési¢ni terapii. Signifikantni zlepSeni bylo potvrzeno v subjektivnim hodnoceni

pacientek pomoci dotazniku St. Mark’s Fecal Incontinence Scores.

How to prepare an optimal design of a clinical study focusing on chronic low back
pain: guidelines based on a review of scientific papers published in 2014-2019: Clanek
predkladd analyzu 66 studii hodnoticich efekt rtznych typt rehabilita¢nich intervenci
u pacientil s diagndzou chronickych bolesti zad (LBP) publikovanych v prestiznich védeckych
casopisech. Na zakladé této literarni reSerSe je doporucen postup, jak optimalné ptipravit design
studie, ktera je zaméfena na vySetieni a terapii pacientti s LBP. Clanek by mél slouZit zejména
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studentim fyzioterapie a rehabilitace, ktefi pfipravuji vyzkumné projekty na dané téma

pro zpracovani bakalatskych, diplomovych a diserta¢nich praci.
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9. Summary

Postural and respiratory function of the abdominal muscles: A pilot study
to measure abdominal wall activity using belt sensors: In this pilot study, measurements
of'a group of 35 healthy young participants in groin and trigonum lumbale superius (TLS)
in three posturally different sitting situations: at rest, in a situation with added external load,
and in a situation of instructed breathing. It was demonstrated that a significant increase
of abdominal wall activation occurred in the situation of external load (holding the barbell
in the arms) and also during instructed breathing (free maximum pressure of the abdominal
wall) as compared to the rest with uncorrected respiratory stereotype. Also part of this pilot
study, a new methodical procedure for objectifying the level of abdominal tension using a new
Ohmbelt device was presented. This new measurement method using unique sensors presented
in this research can be used as objectification of the effect of therapy as well as therapeutic
biofeedback with clients with low back pain and other functional pathologies
of the musculoskeletal system in various postural situations due to easy attachment and small

Sensor size.

Intra-abdominal pressure correlates with abdominal wall tension during clinical
evaluation tests: The aim of this dissertation research was to determine the level of correlation
between intra-abdominal pressure (IAP) and abdominal wall tension. 31 healthy participants
were measured using simultaneous high resolution anorectal manometry (HRAM) and a DNS
Brace instrument. DNS Brace measures abdominal wall tension using four pressure sensors
placed on the inner wall of the torso orthosis. Five different situations were tested — calm
breathing, Valsalva maneuver, Miiller's maneuver, diaphragm test (voluntary voluntary
pressurization of the abdominal cavity) and static holding of the barbell in arms. In all five
monitored situations, it was confirmed that there is a strong correlation between intra-
abdominal pressure and abdominal wall tension. It was shown that rise of abdominal pressure
increases with increased demands on postural stability, and that with an increase with IAP, there
is a proportional expansion of the abdominal wall above the inguinal ligaments
and in the trigonum lumbale superius area. Thus, it can be argued that by monitoring the tension
of the abdominal walls, it is possible to indirectly assess the level of the intra-abdominal

pressure, which can significantly improves the stabilization of the spine.

Correlation between palpatory assessment and pressure sensors in response

to postural trunk tests: In this study, 25 healthy participants with ages between 20 to 25 years
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were evaluated with the DNS Brace device and postural tests according to the DNS concept.
The aim of this study was to compare whether there is a correlation between objectively
evaluations of abdominal wall activation and subjective evaluation of trunk stabilization
quality. Five posturally different situations in sit were tested — breath stereotype test, voluntary
activation of intra-abdominal pressure (IAP) in the groin, voluntary activation of (IAP)
in the trigonum lumble superius (TLS) area and Arm elevation test. It was identified that there
is a moderate to strong correlation between DNS Brace pressure sensors and palpation values
in three key clinical trials: intra-abdominal pressure test (voluntary voluntary pressurization
of the abdominal cavity in the groin area), diaphragmatic test (voluntary voluntary
pressurization of the abdominal cavity in the TLS area) and hip flexion test. These tests can
therefore be considered reliable for assessing postural stabilization when performed
by an experienced trained therapist. At the same time, these three tests showed a medium
or strong correlation between the two investigators (inter-rater reliability, both for palpation

and obseravtion.

The significance of intra-abdominal pressure on postural stabilization: A low back
pain case report: This case study demonstrates the effect of the treatment of a a top level
canoeist patient with low back pain (LBP) utlizing trunk stabilization. Throughout the therapy
there was improvements in clinical palpation, in objective evaluation using DNS Brace trunk
sensors and also in subjective improvement in perceived pain as assessed by visual analogue
scale. The used methodology of subjective, clinical and instrumental measurement of the effect
of therapy in patient with LBP can serve as a basis for future larger controlled studies with more

participants.

Anorectal dysfunction in multiple sclerosis patients: A pilot study on the effect
of an individualized rehabilitation approach: The effect of therapy using trunk stabilization
training respectively intra-abdominal pressure regulation was studied in a group of ten patients
suffering from anorectal dysfunction due to multiple sclerosis. The patients underwent
rehabilitation intervention for six months. The effect of the therapy was objectified using high
resulution anorectal manometry (HRAM). Although the HRAM test did not show a significant
improvement (probably due to the small number of participants), we nevertheless observed
a positive trend, i.a a statistically insignificant improvement in HRAM values after six months
of therapy. Significant improvement was confirmed in the subjective evaluation of patients

using the St. Mark’s Fecal Incontinence Scores questionnaire.
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How to prepare an optimal design of a clinical study focusing on chronic low back
pain: guidelines based on a review of scientific papers published in 2014-2019: The article
presents an analysis of 66 studies evaluating the effect of different types of rehabilitation
interventions in patients with a diagnosed chronic low back pain (LBP), published in prestigious
scientific journals. Based on this literature search, a procedure is recommended for optimally
preparing a study design that focuses on the examination and therapy of patients with chronic
LBP. The article could possibly be used by students of physiotherapy and rehabilitation
preparing research projects on a given topics for the elaboration of bachelor's, diploma

and dissertation thesis.
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