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Zména aktivity horniho a dolniho jicnového svérace pri zméné respira¢nich a
posturalnich podminek

Abstrakt

Prace se zabyva vlivem posturdlné respirac¢ni funkce na tlaky v hornim jicnovém svéraci
(upper esophageal sphincter - UES) a v dolnim jicnovém svéraci (lower esophageal sphincter
- LES). Pomoci vySetfeni high resolution manometry (HRM) byly méfeny tlaky UES a LES.
Pti elevaci dolnich koncetin nad podlozku vleZe na zadech dochéazi k signifikantnimu
zvySeni tlaku v UES a LES. Trakce kréni patete a stabilizace hrudniku v neutrélni poloze
signifikantné snizuje tlak UES a signifikantn¢ zvySuje tlak LES. Pomoci senzortt Ohm Belt
byla méfena aktivita biiSni stény, tj. neptimo nitrobiisni tlak (NBT), ktery ovlivituje funkci
UES a LES. NBT souvisi s polohou téla, tedy s posturou. Cilenymi verbalnimi a manualnimi
instrukcemi lze probanda instruovat, jak zvysit aktivitu bfisni stény, a tak regulovat (zvysit)
NBT. Z péti sledovanych poloh (sed, leh na zadech s flexi DK nad podlozkou, "medvéd",
drep a vis) doslo k nejvétsimu nartistu NBT v poloze medvéda, tj. v poloze na Ctyfech s
oporou o obé ruce a nohy. Aktivace NBT, kterd je vyznamné zavisla na aktivaci branice
miZze potencionalné ovlivnit tlaky LES a UES. Na zaklad¢ provedené systematické reserSe
lze konstatovat, ze dechova cvicni jsou efektivni v terapii symptomu gastroesofagedlni

refluxni choroby (GERD).

Klic¢ova slova: horni jicnovy svérag, dolni jicnovy svérac, vysokorozliSovaci manometrie,

kréni patet, branice, fyzioterapie



Abstract

This work explores the effect of postural respiratory function on pressures in the upper
esophageal sphincter (UES) and the lower esophageal sphincter (LES). UES and LES
pressures were measured using a high-resolution manometry (HRM). Leg raise in a supine
position results in significant pressure increase in the UES and LES. Traction of the cervical
spine and chest stabilization maneuver significantly reduces pressure in the UES and
significantly increases pressure in the LES. Abdominal wall activity, i.e. intra-abdominal
pressure (IAP) affecting UES and LES function, was measured using Ohm Belt sensors. [AP
is related to body position, i.e. posture. Using verbal and manual guides, the subject can be
instructed to increase abdominal wall activity and thus regulate (increase) IAP. Of the five
monitored positions (sitting, lying on the back with leg raise, "bear", squat and hang), the
greatest increase in IAP occurred in the bear position, i.e. in the position on all fours with a
support on both hands and feet. IAP activation, which is significantly dependent on
diaphragm activation, can potentially affect LES pressure and UES pressures. Based on the
systematic review, it can be concluded that breathing exercises are effective in the therapy

of gastroesophageal reflux disease (GERD) symptoms.

Key words: upper esophageal sphincter, lower esophageal sphincter, high resolution

manometry, cervical spine, diaphragm, physiotherapy



Seznam zKkratek
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dolni koncetiny

Dynamickd Neuromuskularni Stabilizace

extraezofagealni reflux

ezofagogastricka junkce

gastroezofageal reflux disease (gastroezofagealni refluxni
choroba jicnu)

Gastroesophageal Reflux Disease - Health Related Quality of Life
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gastrointestinalni trakt

hyperalgesic zone (hyperalgicka kozni zona)
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horni koncetiny

high-resolution manometry (vysokorozliSovaci jicnova
manometrie)

lower exoaphageal sphincter (dolni jicnovy svérac)

lower exoaphageal sphincter pressure (tlak v dolnim jicnovém
svéraci)
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potential of Hydrogen (mira kyselosti ¢i zasaditosti)
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maximalni inspiracni tlak maximalni inspiracni tlak

proton pump inhibitors (inhibitory protonové pumpy)

quality of life (skore kvality Zivota)

hrudni patet

Transient lower esophageal sphincter relaxation (transientni
relaxace dolniho jicnového svérace)

upper esophageal sphincter (horni jicnovy svérac)

upper esophageal sphincter pressure (tlak v hornim jicnovém
svéraci)
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Uvod

Choroby jicnu patii mezi nejcastéj$i pfiiny vysetfeni pacientli na gastroenterologii.
Jednou z nejcastéjSich diagnéz je GERD, tj. gastroezofageal reflux disease neboli
gastroezofagealni refluxni choroba jicnu, ktera je obvykle 1é¢ena symptomaticky pomoci
farmak, které mohou mit fadu vedlejSich ¢inkti. GERD je diagnoza spojena s funk¢énimi
poruchami jicnu na urovni sfinkterd, které jsou z velké ¢asti tvofeny kosterni svalovinou,
a proto muze byt jejich funkce ovlivnitelna 1 postupy fyzioterapie a rehabilitace. Dolni
jicnovy svéra¢ je navic spoluvytvaren branici, tj. svalem skombinovanou funkci
posturalni, respiracni a také sfinkterovou, které se navzajem ovliviiuji. Posturalni slozka
¢asto méni respiracni funkce branice a zména respira¢niho vzoru Casto vede k porucham
posturalné-stabilizacnim. Cilem ptfedlozené disertacni prace bylo identifikovat, zda a jak
poruchy posturalnich a respiracnich funkei ovliviiuji sfinkterové funkce v oblasti jicnu
azda lze funkci jicnovych svéracl ovlivnit pomoci vybranych technik fyzioterapie.
Vysledky ptedlozené prace mohou mit dopad do klinické praxi internisti i rehabilitacnich
odbornikti, ale mohou ovlivnit i interpretaci funkce a poruch funkce jicnu v ramci

aplikované fyziologie.



1 Literarni piehled
1.1 Horni jicnovy svérac

Horni jicnovy svéra¢ (dale jen UES z anglického upper esophageal sphincter) je
muskulokartilagindzni struktura (Obr. 1), kterd ma funkci sfinkterovou a jejiz primarni
funkeci je ochrana dechovych cest pred refluxatem z jicnu a zaludku (Sivarao and Goyal,
2000). Jeho hlavni soucasti je m. cricopharyngeus, ktery je svalem pti¢n¢ pruhovanym.
Soucasti UES jsou i dalsi struktury (hrtanové chrupavky, m. thyropharyngeus, funkéné
1 hypoidni svaly). M. cricopharyngeus je sval zacinajici na dorsolateralnim okraji dolni
¢asti chrupavky prstencové, vytvari horizontalni svalovy pas, ktery obiha okolo dolni
¢asti hltanu a horniho okraje jicnu, kde piechézi ve svalovinu kréniho jicnu. Kranialn¢ se
nad cricopharyngeédlnim svalem nachézi dolni constricor pharyngu. Sval nema stfedovou
vazivovou pirepazku tzv. raphe a neni tak rozdélen na levé a pravé btisko, ale plisobi jako
jeden kompaktni sval (Lang, 2006). M. cricopharyngeus je stale tonicky mirn¢ aktivni,
ma vysoky stupen pruznosti a je slozen ze smési pomalych a rychlych svalovych vlaken
(Sivarao and Goyal, 2000). Je to sval pificn€ pruhovany, ktery je sloZzen ze
svalovych vldken o priméru 25-35 mm. Myofibrily m. cricopharyngeus jsou dvojiho typu
a to vlakna pomald oxidacni (typ 1) a vldkna bild rychla glykolytickd (typ II).
M. cricopharyngeus je tedy tvofen vladkny typickymi pro kosterni svalstvo, avSak
architektonika téchto vlaken neni zcela typicka (longitudinalni upotadani) a vytvaii spise
sitovinu, kterd tak pfipomina svalovinu srde¢ni (Lang, 2006). Tyto vlastnosti umoZiiuji
cricopharyngealnimu svalu udrzovat klidové napéti a pfitom dynamicky reagovat
na polykani a na hyoidni a laryngealni exkurze (Sivarao and Goyal, 2000).

Motoricka inervace svalu je zabezpecena cestou pharyngealnich vétvi bloudivého nervu
(n. vagus), ktera se také nc¢kdy nazyvaji pharyngoesofagealni nervem. Senzoricka
aferentace je z oblasti tohoto svalu zabezpecena cestou glosopharyngealniho nervu
a horniho laryngalniho nervu (nervus laryngeus superior) (Lang, 2006; Cihak, 2016).
DalSim svalem, ktery dopliiuje m. cricopharyngeus a tvoii UES je sval thyropharyngedlni
(m. thyropharyngeus). Tento sval je anatomicky podobny cricopharyngedlnimu svalu a

taktéz jeho inervace a funkce jsou analogické (Sivarao and Goyal, 2000).
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Muscles of Pharynx: Lateral View Muscles of Pharynx: Partially Opened Posterior View

Obr.1: Svaly oblasti UES. Ptevzato z: F. Netter, 2003

Pro umoznéni prichodu sousta z hltanu do jicnu je nezbytné, aby se oblast UES vcas
rozsifila a oteviela a jeho svalovina v¢as relaxovala. Otevieni horniho jicnového svérace
je komplexni a kineziologicky slozity akt. Nepodili se na ném pouze svaly UES ale také
svaly suprahyoidni a infrahyoidni. Proto je polykdni vzdy spojeno s ventrokranialnim
pohybem hrtanového komplexu a jazylky. Jako prvni je béhem polykaciho aktu
aktivovéana elevace hyo-laryngedlniho komplexu a to pomoci suprahyoidniho svalstva
(Cock et al., 2017). Nasledn¢ o nékolik desitek az stovek milisekund dochazi k relaxaci
svalstva dolniho jicnového svérace a to zejména m. cricopharyngeus a ptestupu bolusu
do oblasti cervikalniho jicnu. Relaxace UES také souvisi s pozici hlavy (Mcculloch,
Hoffman and Ciucci, 2010), nebylo ale jednoznaéné prokazano jak. Této problematice se

vénujeme v experimentalni ¢asti prace.

1.2 Dolni jicnovy svéraé

Vyznamnou funkci dolniho jicnového svérae ma hlavni dechovy sval, tj. branice. Vedle
zajiSténi respirace ma branice u ¢loveéka i dalsi dvé vyznamné funkce, a to funkci
sfinkterovou (je vyznamnou soucasti LES) a funkci posturalni. Posturalni funkce branice
se projevuje zejména pii zajiSténi trupové stabilizace, ovliviiuje ale i prostfednictvim
stabilizacni funkce ¢innost LES. Brénice reaguje na aktivaci trupového svalstva, ale i
svalstva v oblasti hornich koncetin (Hodges and Richardson, 1997). Pti aktivaci brénice
dochazi k nartstu nitrobfisniho tlaku, coz je dilezity mechanismus ventralni stabilizace
patete (W Hodges et al., 2005; Kolaf et al., 2009). Pro toto tvrzeni svédci i hypertrofie

branice u vzpéraci, kterd neni zplisobena zvySenou nutnosti respirace, ale extrémnimi
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naroky na trupovou stabilizaci (Al-Bilbeisi and DENNIS McCOOL, 2000). Branice musi
byt vramci funkce posturalné-stabilizacni ale 1 pro plnéni funkce LES ve spravné
koordinaci a koaktivaci s bfisnimi svaly a svaly panevniho dna. Optimalni aktivace
branice je zavisld na pozici hrudniho koSe oproti pateti a panvi. Pfi tzv. vadném drzeni
téla, dochdzi mimo jiné 1 k ovlivnéni komplexni, tj. respiracné-stabilizacné-sfinkteroveé
funkce bréanice (Kolaf et al., 2009). Poruchy postury se tak pfimo projevuji zménou v
aktivaci branice (Hodges and Richardson, 1997; Hodges and Gandevia, 2000). Tato

situace muze ovlivnit i funkci LES.

Porusena funkce branice je ¢astou pti¢inou VAS i GERD. Smith uvadi, Ze u pacientt
s vertebrogennimi poruchami dochdzi ke zvySenému vyskytu funkénich poruch
gastrointestinalniho charakteru (Smith, Russell and Hodges, 2008). Sfinkterova funkce
branice je uzce provazana s funkci posturdlni a respiracni. Z funkéniho pohledu mizeme
branici rozdélit na dvé zakladni ¢asti, a to na ¢ast sternokostalni a zadni ¢ast kruralni.
Kazda cast ma jiny fylogeneticky i embryonalni pivod. Krurdlni ¢ast brénice je
fylogeneticky starSi, je vyvinuta jiz u obojzivelnikid, kde vytvaii cirkuldrni smycku
v oblasti jicnu a mé cisté¢ sfinkterovou funkci (napf. zdby rodu Xenopus laevis).
V prubéhu fylogeneze se pak tato cirkularni svalovina jicnu spojila s evolu¢né novéjsi
sternokostalni ¢asti branice a obé casti nasledné splynuly v jeden anatomicky
a neoddélitelny celek (Pickering and Jones, 2002). Zadni (krurdlni) ¢ast branice si
zachovala funkéni vztah k jicnu a 1 u ¢lovéka vytvaii svalovou klicku kolem distalniho
jicnu a ma blizky vztah cirkularni hladké svaloviné distalniho jicnu, se kterym vytvaii
funk¢ni jednotku tzv. ,high pressure zone* jicnu (dadle HPZ). (Liu et al., 2005; Vela et
al., 2015)

Krurélni ¢ast branice (crural diaphragm - CD) (Obr. 2) musi rychle a pfesn¢ reagovat na
aktudlni stav a potieby tradviciho systému. Pti polykani musi dojit k relaxaci CD, coz
umozni prechod sousta z jicnu do zaludku (Liu et al, 2000). Naopak pii zvySeni
nitrobfi$niho nebo intragastrického tlaku se tonus CD zvySuje a stoupa tak i tlak v oblasti
HPZ jicnu. Toto zabranuje zp€tnému toku zalude¢niho obsahu do jicnu (Shafik et al.,
2005). Zadni cast branice se tak podili na funkci antirefluxni bariéry v oblasti
esofagogastrické junkce (Pandolfino et al., 2007). Té&sné provazani funkce branice a
gastrointestinalniho traktu také vyplyva z toho, Ze branice je inervovana nejen n. frenicus,

ale 1 bloudivym nervem, stejn¢ jako GIT (Niedringhaus et al., 2008; Young et al., 2010).
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Ant. branch of left inferior

Lateral branch ¢

Post. branc

Obr.2: Branice, pohled kaudokranialnim smérem: vztah branice k ezofagogastricke
junkci a k patefi. Zluta Sipka: ukazuje na brani¢ni hiatus a kruralni ¢ast branice, kterd je
zasadni komponentou LES a HPZ. Pievzato z: Skandalakis’ Surgical Anatomy: the
Embryologic and Anatomic Basis of Modern Surgery, 2004

Vliv brénice na zmény tlaku v oblasti LES se projevuje béhem respirace. Klidovy tlak
LES, jenZ se méfi na konci expiria, se pohybuje mezi 10 a 30 mmHg (Mittal, Rochester
and McCallum, 1988; Weijenborg, Kessing and Smout, 2013). Podle Mittala pfi
maximalnim volnim nadechu vzroste tlak v LES na 90 mmHg (Mittal, Rochester and
McCallum, 1988), Weijenborg uvadi hodnoty tlaku v LES na konci inspiria 30—50 mmHg
a pii forsirovaném dychéani az 150 mmHg (Weijenborg, Kessing and Smout, 2013).
Oblast vysokotlaké zony jicnu je tedy pod vyznamnym vlivem respira¢niho cyklu
a respiracnich funkci. Manometricka ktivka (signal) ma diky tomu tvar obraceného
V a zvySeni tlaku v oblasti LES a aktivita brani¢nich krur je evidentné synchronizovana
s nadechem (Nicodeéme et al., 2013). V prib¢hu inspiria branice zdvojnasobi nebo i vice
zvysi tlak v HPZ jicnu ve srovnani s vydechem (Kwiatek, Pandolfino and Kahrilas,
2011). Dobra funkce brénice a jeji optimalni respiracni funkce je tedy piedpokladem
dobré funkce (a idedlniho tlaku) v oblasti LES. Jako urcitou zajimavost mizeme uvést
pozorovani funkce branice u aligatora amerického (Alligator mississipensis). U tohoto
plaza se tlak v LES béhem nadechu zvysuje o 200 az 3000 % oproti vydechu. ZvySeni

tlaku az 0 3000 % bylo u n¢j naméfeno beéhem apnoe (Uriona et al., 2005). I tento nalez
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doklada dtilezitost branice v roli jicnového svérace. Branice je zcela nedilnou soucasti
tzv. dolniho jicnového svérace a brani zpétnému toku obsahu zaludku do jicnu. Ma tedy
funkci antirefluxni bariéry a chréni tak sliznici jicnu pfed poskozenim (Mittal et al., 1995;

Hershcovici, Mashimo and Fass, 2011).

Porucha sfinkterové funkce branice mize byt pfi¢nou rozvoje GERD i dalSich funkénich
poruch v oblasti HPZ. Protoze se jedné o funk¢éni poruchu pii¢né pruhovaného svalu, 1ze
piedpokladat, ze cilenou terapeutickou intervenci, kterd branici aktivuje, je mozné
dosahnout zmény aktivity v oblasti HPZ jicnu a ovlivnit tak pritbéh GERD (Ding et al.,
2013; Nobre e Souza et al., 2013; Bitnar et al., 2016). Pozitivni efekt respiraéniho
tréninku na symptomy GERD byl prokazéan v fadé¢ studii (Carvalho de Miranda Chaves
et al., 2012; Eherer et al., 2012; Nobre ¢ Souza et al., 2013). Této problematice se vice

vénujeme v kapitole popisujici moznosti konzervativni terapie GERD.

1.3 Funkéni poruchy horniho jicnového svérace

1.3.1 Extraezophagealni reflux

Pti extraesophageéalnim refluxu (EER) nékdy téz nazyvaném laryngopharyngealni reflux
(LPR), dochazi k priniku (duodeno)gastrického obsahu nad uroveit horniho jicnového
svérace a ke kontaktu refluxatu s tkdnémi horniho aerodigestivniho traktu. Patofyziologie
EER nebyla zatim jednozna¢né vysvétlena (Ali, 2008). Mezi nejcastéjsi piiznaky EER
patii chrapot, bolest v krku, kaSel, zahlenéni ¢i globus faryngeus (de Bortoli, 2012), dale
pak postizeni hrtanu, hltanu, sttedniho ucha a paranazélnich dutin (Ali, 2008). EER je
nejpravdépodobnéji spojen s gastroezofagedlnim refluxem a s periodami TLESR
(transient lower esophageal sphincter relaxation), ale pfi¢inny vztah mezi GERD a jeho
extraezofagalnimi projevy nebyl explicitné prokézan (Kotby et al., 2010). N&kteti autofi
uvadi, ze EER je zcela jind klinickd entita oproti GERD, a to i sohledem na
diagnostikujiciho Iékate. Pro diagnézu GERD je klicovym Iékafem gastroenterolog a pro
EER je to obvykle ORL specialista (Altman, Prufer and Vaezi, 2011). Klasické projevy
a komplikace EER jsou oproti GERD vice variabilni a nespecifické. Mohou to byt
bronchidlni projevy jakym je napf. astma bronchiale, nebo projevy laryngeélni jakymi
jsou globus, dysfonie, laryngitida s edémem a jiné (Kotby et al, 2010). Napiiklad
ezofagitidu mé endoskopickym vySetienim prokdzanou méné nez 50 % pacientt s EER.
Epitel hornich dychacich cest je ve srovnani s epitelem jicnu mnohem citlivejsi

na pusobeni refluxu, takze i mensi mnozstvi refluxatu, ktery obsahuje HCI a pepsin miize
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byt jiz dostatecnym patogenem pro oblast nad hornim jicnovym svéracem a zpusobovat
lokalni zanétlivou reakci (Kotby et al., 2010). Pepsin se u pacienti s EER podafilo
prokézat v laryngealnim epitelu, pficemz v bézné populaci zdravych osob se na daném

misté nevyskytuje (Ali, 2008).

1.3.2 Globus faryngeus

Globus faryngeus (dale GF) je fazen mezi funk¢ni poruchy traviciho traktu. Dle fimské
klasifikace (klasifikace ROMA III) jsou jednotlivé funkéni poruchy oznaceny jako souhrn
izolovanych symptomt, nebo jejich proménlivych kombinaci bez prokazatelnych
organickych, biochemickych, ultrazvukovych ¢i endoskopickych abnormalit, které
postihuji travici trubici ¢i biliarni systém (Lukas and Hep, 2007). GF patii mezi funkéni
onemocnéni jicnu a je klasifikovan pod oznacenim A4. Jde o trvaly nebo intermitentni
nebolestivy pocit ciziho télesa v krku nebo uvizlé potravy, ¢i pocit zuZzeného hrdla,
po dobu nejméné dvandcti tydnt, ktery se vyskytuje mezi jidly a €asto se po poziti potravy
zlepsi. GF neni provazen dysfagickymi obtizemi, bolestmi pfi polykéani a nejsou pfitomny
ani poruchy motility jicnu (Lukas$ and Hep, 2007; Cashman and Donnelly, 2010). Mezi
diagnosticka kritéria GF patfi: a) trvaly nebo intermitentni, nebolestivy pocit ciziho télesa
v hrdle, b) pocity se objevuji mezi jidly; c) prikaz, ze gastroezofagealni kysely reflux
neni pfi¢inou symptomu; d) neni prokazana porucha motility jicnu e) neni pfitomen
novotvar. Pro stanoveni diagnézy GF je nutné splnéni vSech vySe uvedenych podminek
(Luka$ and Hep, 2007). Globus je pomérn¢ Castym stavem neznamé etiologie. Se
symptomy GF pfichazi az 4 % novych pacientii ORL klinik (Cashman and Donnelly,
2010). Harar et al uvadi, ze mirmé formy GF se mohou vyskytovat az u 35 %
muzské a u 53 % zenské populace a jsou obvykle spojeny s emocné vypjatymi situacemi
(Harar et al., 2004). Jednou z moznosti etiopatogeneze GF jsou chronické zmény v napéti
m. cricopharyngeus, ¢i afekce jinych slozek UES oblasti, hlasivek nebo jicnu

(heterotopicka Zaludec¢ni sliznice v jicnu, hidtova kyla apod.)

Ne&kteti autofi uvadi, ze GF vznikd na podklad€¢ zvySeného bazalniho tlaku horniho
jicnového svérace, tedy Ze pocit ciziho télesa v krku souvisi se zménami napéti a funkce
UES. Studie vSak nehovoii jednotné (Lee, 2012). Signifikantni asociaci mezi zvySenym
tlakem v oblasti UES a GF potvrzuje retrospektivni studie Corso et al (Corso et al., 1998),
kterd ale uvadi, Ze neexistuje souvislost mezi GF a GERD. Oproti tomu Tokashiki et al

konstatuje, ze GF vznikd v dusledku zvyseného tlaku v UES v souvislosti s GERD,
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piicemz nemusi ale dochazet k pfimé expozici UES refluxdtem, resp. kyselinou
(Tokashiki, Funato and Suzuki, 2010). U pacientt s GF byly pomoci HRM t¢éZ prokazany
vyssi vykyvy tlaku v oblasti UES béhem dechového cyklu, tj. abnormalni respiraéni

variabilita tlaku v UES (Kwiatek et al., 2009).

1.3.3 Dysfagie

Jedna se o poruchu polykani, pocit vaznuti sousta ¢i prekazky v jicnu bez soucasné
bolesti. V tézkych ptipadech dochazi az k afagii, tedy neschopnosti polknout. Je-li
porucha polykani doprovazena bolesti, oznaCuje se jako odynofagie. D¢l se
na orofaryngedlni (horni typ) a jicnové dysfagie (dolni typ). Zvlastni jednotkou je
paradoxni typ, kdy je porucha polykani tekutiny, zatimco s tuhou stravou nemaji pacienti
problém (Duda, 2012). Dysfagie je spojena s poruchou otevirani horniho jicnového
svérace a muze byt spojena s neurologickymi obtizemi, jako je naptiklad Parkinsonsky
syndrom (Born ef al., 1996). Za rozvojem onemocnéni stoji nejcasteji porucha relaxace
cricopharyngeédlniho svalu. Nasledkem této dysfunkce pak byva rozvoj Zenkerova
divertiklu (Tieu and Hunter, 2011). Choroba se muze vzacné vyskytnout i u déti

(Jayawardena et al., 2020).

Dysfagie muze byt i funkéniho ptivodu. Choroba je charakterizovana pocity
abnormalniho priichodu bolusu potravy télem jicnu, tuhého nebo tekutého charakteru.
Ke stanoveni diagnozy tzv. funkéni dysfagie je nejprve nutné vyloucit strukturdlni léze
jicnu, refluxni chorobu jicnu a histopatologicky prokdzané onemocnéni motility.
Diagnosticka kritéria musi spliiovat vSechny nasledujici podminky: a) pocit, Ze solidni
a/nebo tekuté sousto ulpiva, zlstane ulozeno nebo prochazi abnormalné jicnem; b) ziejmy
diikaz, ze gastroezofagealni kysely reflux neni pfi¢inou symptomu; c) histopatologicky

neni prok4zéano jicnové onemocnéni motility (Lukas and Hep, 2007).

1.4 Funk¢ni poruchy dolniho jicnového svérace

1.4.1 Gastroesofagealni refluxni choroba

Gastrooesophagealni refluxni choroba je zplisobena abnormalnim tokem intragastrického
obsahu zpét do lumen jicnu. Tento stav se muze vyskytnout u zdravého clovéka
a do ur¢ité miry je normalnim fyziologickym procesem, vyskytujici se 1 u zdravych
jedincii 1 vicekrat za den a slouZici zejména k odvodu plynil ze Zaludku. Dojde-1i vSak k

nepomeéru mezi agresivnimi faktory a obrannymi mechanismy, vzniké refluxni choroba
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jicnu — GERD (Bures, 2002). GERD mitize zpiisobit poskozeni jicnu, faryngu, laryngu
a respirac¢niho traktu (Lukas, 2003). Pti opakujicim se patologickém refluxu, kdy dojde
k poruseni vSech antirefluxnich bariér, hovofime o refluxni chorob¢ jicnu. GERD je
narozdil od prostého refluxu spojena s komplikacemi (Folsch, KOCHSIEK and
SHMIDT, 2000), nej¢asteji refluxni oesophagitidou, ktera je diisledkem prolongovaného
kontaktu zalude¢niho a duodendlniho obsahu s jicnovym epitelem. Vznikat mohou
jicnové eroze a ulcerace, které predchazeji strikturam a Barrettove jicnu (Lukas, 1998).

Nejcastéjsim subjektivnim symptomem GERD je pyroza.

1.4.2 Epidemiologie GERD

Lidi trpicich GERD stdle pfibyva, coz souvisi s pozménénym zivotnim stylem
a stravovacimi navyky (Matuska J, 2001). Odhad prevalence refluxni choroby jicnu
v USA je 18.1% - 27.8%, v Evropé 8.8% -25.9%, ve vychodni Asii 2.5% - 7.8%
na sttednim vychod¢ 8.7% to 33.1%, v Australii 11.6% a v jizni Americe 23.0%. Pro UK
a USA je udavana incidence 5 pacientil na 1000 obyvatel za rok a 0.84 pro détskou
populaci ve véku 1-17 let. Prevalence GERD stoupa od roku 1995 hlavné v severni
Americe a vychodni Asii (El-Serag ef al., 2014). 5-7 % svétové populace (muzi, Zeny,
déti) ma pyrozu denné (Mashimo and Goyal, 2006). U 15 % endoskopicky vySetfenych
pacientll je nalézana oesophagitida (Lukas, 2003). Prevalence pyrozy, nejcastéjSiho
projevu refluxu, stoupa s vékem. Az 59 % lidi ve véku nad 65 let ma pyrozu (Lukas,

1998).

1.4.3 Antirefluxni bariéra

Dilezitou roli v prevenci ¢i rozvoji GERD hraji ochranni faktory, tj. antirefluxni bariéra,
luminalni ocista a tkanova rezistence. Normalni antirefluxni bariéru tvofi tfi zakladni
komponenty, a to jicnovd svalovina, crura branice a anatomické parametry jicnu
a zaludku (Spechler, 2011). Mezi dilleZité anatomické parametry Zaludku patfi Hisstiv
uhel (obr. 3), tj. ezofagogastricky thel, ktery se nachazi na ptechodu jicnu do zaludku.
Fyziologicky ostry Hisstiv tthel funguje jako jednocestny ventil a brani uniku obsahu
zaludku do jicnu, naopak otupeny uhel, ktery zjiStujeme napi. u hiatové hernie muze

GERD vyvolavat ¢i zhorSovat (Kala, 2003; Lukas, 2003).
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Obr. 3: Hisstav uhel. Pfevzato z: https://commons.wikimedia.org/wiki/File:Stomach-fr.svg

Dals$imi anatomickymi faktory které podporuji funkci antirefluxni bariéry jsou fixace
jicnu a kardie, mukozni roseta (zesilend cirkuldrni svalovina distalniho jicnu), délka
(respektive kratkost) intraabdominalni ¢asti jicnu a myoskeletalni aparat, hlavné krurdlni
Cast branice (Kala, 2003). Tyto komponenty oznacujeme za prvky dolniho jicnového
svérace (LES), nebo téz zony zvyseného tlaku — high pressure zone (HPZ). Hodnota tlaku
v oblasti dolniho jicnového svérace se pohybuje v rozmezi 10-30 mmHg a musi byt tedy
vy$$§i, nez je tlak v Zaludku, tj. tlak intragastricky (Spechler, 2011). Tlak v oblasti HPZ
jicnu vSak neni setrvaly a konstantni, ale pfechodné dochazi k jeho fyziologickému
poklesu 1mimo polykdni. Tyto epizody piechodného sniZeni tlaku nazyvame
tranzitivnimi relaxacemi a je pro né vzita zkratka TLESR (transient low esophageal
sphincter relaxation). TLESR jsou nutné pro fyziologicky odvod plynu ze zaludku a jsou
ovlivitovany vago-vagalnim reflexem s centrem v mozkovém kmeni (Mashimo and
Goyal, 2006). U pacientti s GERD jsou vsak tyto transientni relaxace mnohem castéjsi,
a hlavné v daleko del§im ¢asovém useku a fadové trvaji desitky sekund (Lukas, 2003).
U postizenych refluxni chorobou jicnu pii nich nedochézi k pouhému odvodu plynu
ze zaludku, ale téZz k souCasnému piechodu kapalného obsahu Zzaludku do jicnu.
Patologické TLESR se dnes povazuji za jednu z hlavnich pficin patofyziologie refluxni
choroby jicnu (Spechler, 2011). SniZeni tlaku v LES béhem TLESR miize byt zptsobeno
distenzi fundu zaludku a/nebo aktivaci receptori v jicnu a v hltanu. I pouhd aktivace
receptori v Zaludku miiZze zplsobit soucasnou relaxaci LES a unik Zalude¢nich $tav

do jicnu (Pouderoux, Verdier and Kabhrilas, 2003).
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Obr. 4: Antirefluxni bariéra, HPZ, oblast dolniho jicnového svérace. Pfevzato z: Miranda
EA, Medical terminology daily https://clinicalanatomy.com/mtd

1.4.4 Luminalni ocista a tkanova rezistence

Tento ochranny faktor se zapojuje do obranné funkce az po probéhnuti refluxni piihody.
Faktory pfispivajici k luminalni ocisté zahrnuji peristaltiku, gravitaci, sekreci slin a
sekreci jicnovych slizni¢nich a podslizni¢nich zlazek (Lukas, 2003). Jako nejvyznamné;jsi
z téchto komponent lumindlni o€isty se povazuje jicnova peristaltika, kterd ma za kol
posun refluxatu zpét gastrickym, tj. aboralnim smérem. U pacientii s GERD byla zjisténa
porucha peristaltiky jicnu az ve 48 % ptipadu (Spechler, 2011). Porucha luminalni o¢isty
vede k prodlouzeni doby, po kterou je jicnova sliznice exponovéna refluxatu, coz mize
vyustit aZ ve vznik esophagitidy. Boiron et al. potvrdil signifikantné delsi transitni jicnovy
¢as pro vlhkeé i suché polknuti u pacienti s GERD (Boiron ef al., 1999), coz mtize platit
i pro refluxat, ktery se u pacientti s GERD delsi dobu vraci do zaludku. Nalez tedy zapada
do obrazu postizené motility jicnu u lidi s diagnostikovanou refluxni chorobou jicnu. Pro
neutralizaci snizeného pH v jicnu po probé&hlé refluxni epizod¢€ je nutnd jeste¢ lumindlni
ocista pomoci slin a neutralizace kyseliny exudatem mukoznich Z1az jicnu, ktery obsahuje
bikarbonat (Spechler, 2011). Tkéanova rezistence mukézy jicnu je ddna schopnosti
jicnovych slizni¢nich bunék odolavat agresivité refluxatu. Obecné ale sliznice jicnu neni
schopna odolavat dlouhodobé ¢i opakované expozici Zalude¢nim $t'advam, které obsahuji
HCl a enzymy (Mashimo and Goyal, 2006). Nasledkem pak mtze byt vznik esophagitidy
event. 1 rozvoj prekancerozy, tj. Barretova jicnu, pokud po poskozeni epitelu refluxatem

nedojde k rychlé epitelialni restituci.
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1.4.5 Faktory agresivni

Pti duodenogastrooesophagealnim refluxu se do kontaktu s jicnovou sliznici dostavaji
navic (mimo HCl a gastrickych enzymt) pankreatické enzymy a zlu¢ové kyseliny (Lukas,
1998). Za fyziologickych podminek jsou pankreatické enzymy inaktivovany kyselym
prostiedim Zaludku a zlucové soli jsou v kyselém prostfedi Zzaludku konjugovany.
Problém vsak muze nastat u pacientli s dlouhodob¢ vyssim pH v zaludku, kdy jsou tyto
procesy vyznamné snizeny. Mezi tyto jedince patii zejména lidé na dlouhodobé
antirefluxni 1é€b€ pomoci inhibitord protonové pumpy. U téchto pacientl totiz
k inaktivaci enymi a ke konjugaci zlu€ovych soli a barviv nedochazi v dostatecné mite.
(Weijenborg, Kessing and Smout, 2013). Tomu nasvédcuji také signifikantné Castéjsi
nalezy Barretova jicnu u lidi s alkalickym, ¢i smiSenym refluxem (Kala, 2003).
Agresivnimi faktory tedy jsou: kyselina chlorovodikova, zalude¢ni enzymy (pepsin)

a dale nekonjugované zlucové kyseliny a pankreatické enzymy.

1.4.6 Klinicky obraz GERD

Symptomatologii refluxni choroby je mozné rozdélit na symptomatologii jicnovou
a symptomatologii mimojicnovou. Pyroza je nejcastéj$im a hlavnim symptomem GERD.
Jedna se o typicky jicnovy pfiznak, ktery se vyskytuje u 73—83 % nemocnych (Lukas,
1998). Pyrodza je subjektivni vjem pacienta a je popisovana jako palcivy, fezavy az algicky
pocit za hrudni kosti, ktery byva lokalizovan v nékterych piipadech az do kréni oblasti
nad manubriem sterni. N&kteii pacienti pak udavaji 1 palcivé bolesti zad a ramen.
U pacientll s vyznamnou pyrézou je incidence oesophagitidy 50 - 60 % (Lukas, 2003).
Regurgitace (vtok refluxatu az do dutiny Ustni) je pfiznakem 66 % nemocnych (Lukas,
1998). Dalsimi ptiznaky GERD mohou byt, tézké a bolestivé polykani, zachvatovité

slinéni, fihani, zapach z Gst a dyspepsie (Lukas, 2003).

Gastrooesophagealni reflux nemusi vZdy postihovat pouze travici trubici, ale miZe se
manifestovat 1 v jinych oblastech a strukturach téla. Takovémuto typu refluxu fikdme
extraeosphagedlni reflux. Jeho nej€astéjSimi klinickymi projevy jsou zanéty dychacich
cest, astma bronchiale, zvySena kazivost zubli a u malych déti téZ chronické ¢1 opakuyjici
se zancty stfedousi. Zavaznym nasledkem GERD jsou poruchy kardidlniho rytmu
(Zelenik, 2013). Poruchy srde¢niho rytmu jsou zplisobeny vagem zprostfedkovanym
ezofago-kardidlnim reflexem. Mlze tak dojit ke vzniku bradykardie i tachykardie, ¢i

k pfed€asnym silovym i komorovym kontrakcim (Lukas, 2003).
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1.4.7 Nasledky a komplikace GERD

Pti chronické expozici jicnové sliznice zaludecnimu refluxatu, dochazi k jejimu zaniceni
a ke vzniku ezofagitidy. Chronicka oesophagitida mize probihat ve form¢ mikro i makro
zanétu. Makroskopicky zanét je diagnostikovan pti endoskopii, o mikroskopickém zanétu
rozhoduje az biopsie (Kala, 2003). Chronicky zanét ma negativni vliv na fyziologii
mukoznich bunék jicnu, coz mize vést az k jejich zni¢eni ¢i metaplastické preméne.
ulcerace, striktury, krvaceni, poruchy myenterického plexu (achalazie) nebo Barretiv
jicen, ktery je obecné povazovan za prekancerdzni stav. U Barretova jicnu dochazi ke
zméné puvodniho dlazdicového epitelu na epitel cylindricky a tato metaplasticka zména
je povazovana za predvoj adenokarcinomu (Mashimo and Goyal, 2006). Barretiiv jicen

ma prevalenci 15 % u pacientd s chronickou oesophagitidou (Lukas, 2003).

GERD miize ovliviiovat i respiracni systém s rozvojem piiznaki jako je chronicky kasel,
bronchitida, rekurentni pneumonie, plicni absces, CHOPN, astma bronchiale, laryngitida,
chrapot ¢i idiopaticka plicni fibréza. Mimojicnovym pusobenim refluxu je Casto téz
postizen chrup. Az 47 % pacienti s GERD je nuceno pouZzivat kompletni zubni ndhradu.
ZvySena kazivost zubil, je zplsobend erozivnim pusobenim kyseliny chlorovodikové

na zubni sklovinu (Cebrian Carretero and Lopez-Arcas Calleja 2006).

1.5 Vysetiovaci postupy u funkénich poruch UES a LES

1.5.1 Endoskopie

Endoskopické vySetteni (obr. 5) je pouzivano zejména k prokézéani strukturalnich zmén
jicnu, Zaludku ¢i dvanéctniku. Endoskopicky nélez je rozhodujici pro zahéjeni u¢inné
terapie 1 pro predikci progndzy pacienta (Sami and Ragunath, 2013). Slouzi také v ramci
diferencialni diagnostiky, k vylouceni rakoviny jicnu a Zaludku, eosinofilni ezofagitidy,
nebo infekce (Bredenoord, Pandolfino and Smout, 2013). Pomoci endoskopického
vySetieni lze identifikovat eroze (naruSeni kontinuity sliznice a ukladani fibrinu
charakteristické pro ezofagitidu), viedy (poruSeni kontinuity sliznice az do svalové
vrstvy), Barrettiiv jicen a ezofagedlni stendzy, soucasné je mozné provést tkanovou
biopsii pro nasledné histologické vySetfeni. Pro urfeni zavaZnosti endoskopicky
diagnostikované ezofagitidy lze vyuzit Los Angeles Classification (Henry, 2014). Skala

publikovana v roce 1999 ma ¢tyti stupné A — D. Jeden ¢i vice defekta velikosti do 5 mm
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odpovida stupni A; pokud je zjisténa alespon jedna slizni¢ni 1éze vEétsi nez Smm, kterd
nesplyva, jedna se o stupent B; pokud 1éze splyva s vrcholy sousednich slizni¢nich fas, ale
neobkruzuje celou cirkumferenci, pak je takovy ndlez klasifikovan jako stupen C;
slizni¢ni defekty, které zasahuji minimalné 75 % obvodu jicnu ptedstavuji stupeit D (Sami
and Ragunath, 2013). Endoskopické vySetifeni ma vysokou specificitu, ale nizkou
citlivost pro GERD. Ezofagitida je diagnostikovana pouze u 40 % pacientti s GERD a jeji
zavaznost nekoreluje s intenzitou piiznakti (Henry, 2014). Pacienti s vice rizikovymi
faktory pro vznik adenokarcinomu jicnu, tj. vék nad 50 let, muzské pohlavi, bila rasa,
GERD, hiatova hernie, zvySen¢ BMI by méli vzdy podstoupit endoskopii jako
screeningové vysetfeni (Badillo, 2014). Biopsie z oblasti gastroezofagealni junkce mutize

odhalit Barrettiiv jicen, ktery je povazovan za prekancerozu (Gregar, 2005).

Obr. 5: Endoskopie jicnu. Pohled na esophagogastrickou junkci (shora-aboralng).
Autorské foto

1.5.2 High-resolution manometrie jicnu (HRM)

HRM (obr. 6) je neinvazivni vySetfovaci metoda, kterd je povazovana za zlaty standard
v diagnostice poruch esofagedlni motility (Rohof and Bredenoord, 2017). Tato
vySetfovaci metoda umoziuje méfit tlaky v LES 1 UES 1 v téle jicnu pfi polknuti. HRM
je moderni sofistikovand metoda vySetfeni jicnu, ktera vyuzivd monitoring az ze 36
tlakovych senzort najednou. Tyto senzory jsou umistény na tenkém katetru a mohou byt
doplnény jesté¢ o impedancni senzory, jez slouzi pro posouzeni chemického slozeni
refluxatu. Naméfend data jsou zpracovana pocitacovym programem, ktery pfevadi ¢iselné
udaje do barevnych grafickych plotri. Kazdé tlakové urovni odpovidad urcita barva.
Grafickym zpracovanim barevného spektra vznika vysledna mapa izobarickych kontur
intraezofagealnich tlakovych zmén v ¢ase (Dolina ef al, 2008). Pomoci HRM lze

zhodnotit jak peristaltiku jicnu, tak funkci obou jicnovych svéraci. Béhem HRM
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vySetfeni jsou vSechny casti jicnu od UES az po LES aproximalni cast zaludku

pozorovatelné soucasné a v realném case (obr. 7).

e 1 8 3l

Obr. 6: Technické vybaveni a grafické znazornéni HRM jicnu. Fotomontéz: autorské foto
+ zdroj Roman S, Pandolfino J, Mion F. 2009 (DOI:10.1016/j.gc¢b.2009.06.014)
a https://www.ibihealthcare.com/

Ll

"

Obr.7: Fyziologicky obraz vysetfeni HRM - aktivita jicnu a obou svéraci pred, béhem
a po polknuti. Zluta Sipka: aktivita UES; bil Sipka: peristalticka aktivita téla jicnu;
cervené Srafované Sipky: aktivita LES. Kolisava ,,sinusoidealni* aktivita LES je
dasledkem dechového cyklu a respiracni aktivity branice. Vodorovné Srafovana Sipka:
aktivita LES pfi vydechu; svisle Srafovana Sipka: aktivita LES béhem nadechu. Barevné
plotry zobrazuji tlakové parametry: Cim modiejsi barva, tim nizsi tlak, ¢im Servengjsi
barva, tim vy$si tlak. Zelend barva odpovida tlaku 10-20 Torr, zlutd barva = 20—40
Torr. Autorsky obrazek
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1.5.3 24hodinova pH-metrie

Ambulantni 24hodinova pH-metrie je povazovana za zlaty standard v diagnostice
gastroezofagealniho refluxu (Sararu ef al., 2021). Je vétsinou pacientii dobfe tolerovana
a ma vysokou senzitivitu, kolem 80 % (Zelenik, 2013). pH-metrické vySetieni se provadi
bézné ambulantné a pacienti maji katétr zavedeny obvykle 24 hodin. Vysettujicim jsou
ponauceni, ze maji vykonavat standardni denni aktivity a nejlépe ty, které vyvolavaji
subjektivni symptomy a zhorSeni stavu. VySetfovani pisemné¢ zaznamenavaji denni
stravovaci rytmus a slozeni potravy a v neposledni fad¢ také polohu téla ve které se
behem dne nachazeji a kdy se symptomy objevily (stoj, sed, leh). Nejcastéji hodnocenym
parametrem pro kvantifikaci expozice jicnu refluxdtem je procento Casu, kdy byla
hodnota pH niZ8i nez 4. Tak zvany acid exposure time (AET) je fyziologicky do 4%,
hodnoty nad 6% jsou povazovany za patologické, pfi hodnotdch mezi 4-6% se jedna
o podezieni na GERD (Roman et al., 2017; Sararu et al., 2021). Pro analyzu a naslednou
interpretaci dat ziskanych béhem 24-hodinové pH-metrie (obr. 8) se vyuziva DeMeester
skore (Neto ef al., 2019; Sararu et al., 2021), které zohlediiuje 6 parametri: celkovy cas
kdy bylo pH<4 (v %), % ¢asu kdy bylo pH<4 ve svislé poloze, % casu kdy bylo pH<4
vleze, pocet refluxnich epizod béhem méieni, pocet refluxnich epizod delSich nez 5 minut
a délka trvani nejdelsi refluxni epizody. Vysledek se vypocita dle vzorce a jeho hodnota
u zdravych jedincl nepiesahuje 14,7 (Tutuian et al., 2003). Pro zjisténi objektivity
ziskanych hodnot je tfeba vysadit vSechny Iéky ovliviiujici pH Zaludku a jeho motilitu 7
dni pied vySettenim (Hrdlicka, 2001). Hlavni nevyhodou pH-metrie je, Ze pH sensory
umoziuji detekci pouze kyselého refluxu, s pH niz$im nez 4. Pokud ale pacient uziva PPI
medikaci, azdvé tfetiny epizod refluxu nejsou kyselé, ale presto mohou vyvolat
symptomy (Bredenoord, Pandolfino and Smout, 2013; Gourcerol et al., 2014; Sararu et
al., 2021). Falesn¢ negativni vysledky muze téZ zapfticinit infekce Helicobacter pylori

zpusobuyjici alkalizaci Zalude¢niho obsahu.
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Obr. 8: Graficky zaznam 24hodinové pH-metrie. Autorsky obrazek

24hodinovou pH-metrii lze kombinovat s multikanalovou intraluminarni impedanci
(MII-pH), coZ je metoda, kterd méfi odpor stfidavého proudu, tj. impedanci v jicnu.
Pfitomnost kapaliny v jicnu impedanci snizuje, naopak ptitomnost plynu ji zvysuje. MII-
pH je vhodna u pacientd s pietrvavajicimi symptomy i pies systematickou PPI terapii
(Tutuian et al., 2003). Multikanalov4 impedance umoznuje monitoring zasaditého a slabé
kyselého refluxu a také smér pohybu a vysku refluxu v jicnu. Nevyhodou 24hodinové Ph-
metrie ¢i MII-pH je urcity dyskomfort pacienti. Gourcerol et al argumentuji,
ze tithodinové post-prandidlni MII-pH-metrie miize byt pro diagnostiku GERD

dostate¢na (Gourcerol ef al., 2014).

Pro detailni zobrazeni polykaciho aktu, pfedevsim ve fazi oralni a faryngeélni se pouziva
vySetteni videofluoroskopické. VySetieni pomédha zjistit, pro¢ ma pacient poruchy

polykani, coz je dulezité pro nasledné urceni vhodné terapie.

1.5.4 Dotaznikové Setieni

Pro hodnoceni subjektivnich pifiznakti GERD existuje nékolik dotaznikii. Pro typické
symptomy GERD, tedy paleni Zdhy a regurgitaci, maji dotazniky relativné vysokou
citlivost. AvSak specificita dotazniki je nizka, nebot’ napiiklad pyroza se objevuje
1 u ezofagitidy ¢i achalazie. Bolesti na hrudniku mohou mit 1 kardialni ptivod, proto musi
byt pacienti v pfipadé jakychkoliv diagnostickych rozpaki vySetfeni na kardiologii
k vylouceni ischemické choroby srde¢ni. Z tohoto diivodu nejsou v béZné praxi dotazniky

rutinné vyuzivany, uplatnéni nachazi spiSe v klinickych studiich pro sledovani vyskytu
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a zavaznosti priznakid. Pfesto svij vyznam v diagnostice a primarni péci o pacienty
s GERD dotazniky maji (Vela ef al., 2015). Dotaznik kvality zivota u pacientii s GERD
(Gastro-oesophageal reflux disease-health-related quality of life = GERD-HRQL)
hodnoti pomoci deseti otazek na stupni 0 az 5 pyrézu, dysfagii/odynofagii a vliv
medikace. Vyhodou tohoto dotazniku je, Ze je kratky, tudiz rychle vyplnény. Vyznamnou
nevyhodou je ale absence polozek tykajicich se extraezofagealnich ptiznaka (Chassany
et al., 2008).

U GERD pacienti se dale uzivaji dotazniky, které jsou jen upraveny pro potieby GERD:
SF-36 (Short Form), dotaznik Quality of Life in Reflux and Dyspepsia (QOLRAD),
Gastrointestinal Quality of Life Index (GIQLI), Functional Digestive Disorders Quality
of life Questionnaire (FDDQL). Déle existuji dotazniky specialné vytvoiené pro refluxni
chorobu jicnu: Quality of Life After Anti-reflux Surgery (QOLARS), GER-Dyzer,
GERD-QOL - Health-related Quality of Life questionnaire for gastro-oesophageal reflux
disease (GERD-QOL), GERD Symptom Assessment Scale (GSAS), Gastro-
OEsophageal Reflux Questionnaire (GERQ), Gastrointestinal Symptom Rating Scale
(GSRS), HRQOL-batteries. (Chassany et al., 2008). Dle systematického review
Chassanyho, ale zadny z dotaznikli nespliluje potifebna kritéria z hlediska dostate¢né
spolehlivosti, validity, specificity, hodnoceni vysledkl terapie a vyuzitelnosti v rdmci
klinickych studii. Dal§imi alternativami jsou obecné dotazniky na kvalitu Zivota jako
EUROQoLS5 ¢i PGWS (Psychological General Well-Being Scale) (Chassany et al., 2008;
Vela et al., 2015). Posledni z nich byl pouZit ve §védské studii, které se zaucastnilo témet
1500 pacientl a ktera potvrdila vyznamné nizsi kvalitu Zivota pacientii s GERD oproti
zdravym jedinciim. Kvalita Zivota klesd, jakmile je frekvence pyrozy alespon 2x tydné
o stfedni intenzité¢ (Wiklund, Carlsson and Vakil, 2006). Dysfagii a globus lze hodnotit
napi. pomoci Glasgow Edinburgh Throat Scale (Deary et al., 1995) ¢i Esophageal
symptoms questionnaire (Kwiatek et al., 2011). VétSina vySe jmenovanych dotazniki

nebyla ale pfeloZena do ¢estiny, standardizovana a validizovana.

1.6 Terapie funk¢énich poruch UES a LES

1.6.1 Lécba extraesofagealniho refluxu

EER muze vzniknout v disledku snizeného tonu a tlaku UES a na polykani nezavislé
abnormalni transientni relaxaci UES (Szczesniak, Williams and Cook, 2011; Shaker,

Babaei and Naini, 2014; Babaei ef al., 2015). Je relativné malo studii a odborné literatury,
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¢i terapeutickych postupii, které se na tuto problematiku zaméiuji. Jednou z mala
moznosti neinvazivni terapie pro pacienty s EER, ktefi maji soucasné snizeny tlak
v oblasti UES je 1é¢ba pomoci tlakovych nédhrdelnikd, jako je napi. Reza Band ¢i Reflux
band (obr. 9) (Yadlapati et al., 2022). V podstaté se jedna o tlakovy obojek, ktery se
piipeviiuje na noc do oblasti krku a jugula, ktery mechanicky zvysuje tlak v oblasti UES.
Jedna se o relativné novou terapeutickou metodu, jejiz ucinky nebyly jesté potvrzeny
viceCetnymi randomizovanymi zaslepenymi studiemi, nicmén¢ vysledky pilotnich studii
poukazuji na pozitivni efekt v terapii symptomu EER (Babaei et al., 2012, 2014; Shaker,
Babaei and Naini, 2014; Silvers, 2014; Vaezi et al., 2014; Yadlapati ef al., 2022).

=N
~

Obr. 9: Tlakovy nahrdelnik REZA BAND ®. Ptevzato z:
https://www.edsmedtech.com/reza-band-diagram/

Vyskyt EER mze byt téZ spojen s apnoickymi spankovymi pauzami. Pro asociaci EER
se spankovou apnoe svédci jak vyssi prevalence EER a GERD u apnoickych pacienti,
tak také pozitivni reakce v oblasti jicnu na 1é¢bu spankové apnoe pomoci CPAP masek,
kdy u pacientl u kterych byla indikovana a aplikovana CPAP lécba doSlo soucasné
k vyznamnému snizeni symptomti EER a GERD a to vcetné kyselé expozice pH v jicnu
(Zanation and Senior, 2005). U pacient, ktefi maji diagnostikovan EER je tedy zapotiebi,
aby se vySetfujici zaméfil 1 na ovéfeni spankového profilu a lécbu pak skloubil
dohromady s lécbou spankové apnoe. Lécba extraesofagealniho refluxu (EER) je svou
podstatou zaméfena na primarni pficinu tohoto onemocnéni a tim je GERD. Principy

1é€by EER jsou proto do znacné miry identické s postupy vyuzivanymi v 1é¢bé GERD,
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tj. dietni a rezimova opatieni, indikace medikament6zni terapie, zejména PPI, prokinetik
event. indikaci chirurgického feSeni ve form¢ fundoplikace. V ramci terapie rehabilitacni
je nutny holisticky piistup se zaméfenim na korekci komplexni posturdlné-respiracné-

sfinkterové funkce (viz dale).

1.6.2 Lécba globus faryngeus

V soucasné dob¢ je GF povazovan za funk¢éni onemocnéni jicnu (Jarvenpéd, Arkkila and
Aaltonen, 2018), dle nékterych autort hlavni roli hraje pharyngoesophageélni zanét
a iritace (Lechien et al., 2022). Vzhledem k tom, ze pfiina GF stéle neni jasna, neexistuji

ani jasnd terapeutickd doporuceni ve formé guidlines (Kiese-Himmel, 2010).

GF byl v minulosti nazyvan téz terminem globus hystericus, nebot’ obvykle nebyla
nalezena pfiCina pacientovych obtizi, tj. pocitu ciziho télesa v krku, svirani, vaznuti
sousta ¢1 nemoznosti polknout. Néktefi pacienti s diagndzou GF jsou stale internimi 1ékari
odkazovani na 1écbu psychologickou a psychiatrickou, nebot’ nékteré studie potvrzuji, ze
pacienti s GF vykazuji zvySenou troven deprese, uzkosti, ¢i poruch osobnosti (Tawil and
Fass, 2018; Bouchoucha et al., 2019; Pang, Sareen and Gorecki, 2021). Pacientim se
somatomorfnimi poruchami a jinymi organicky nevysvétlitelnymi ptiznaky v oblasti GIT
jako je napf. drazdivy tracnik, je doporucovana v ramci komplexni 1écby kognitivné
behavioralni terapie (North, 2007). Nejsou vsak k dispozici studie, které by prokazovaly
efekt kognitivné behavioralni terapie konkrétné u pacientti s GF (Karkos and Wilson,
2008; Lee, 2012). Kiebels et al se zamétili na moznost ovlivnéni GF pomoci hypnoticko-
relaxacni terapie. Do studie zaradili 10 pacientli s GF. Lécba byla vedena pouze
psychoterapeutem. V terapii byly vyuZivany vizudlni metafory a predstavivost k navozeni
pocitu hluboké relaxace se zaméfenim do oblasti krku a jicnu (Kiebles ef al., 2010).
Po terapii doslo k vyraznému snizeni zdvaznosti pfiznakti GF u 9 pacientd. Manometrické
vySetieni nasledné podstoupilo 8 probandi, ale vysledky vykazovaly vysokou miru
variability a pfi nizkém poctu pacientl ve studii nebyl zji§tén signifikantni vliv terapie na
klidovy, inspiracni a expiracni tlak UES. Jedna se o studii s malym poctem probandii, na
zéklad¢ které nelze ucinit jakékoliv relevantni zavéry. Nicméné publikace nasvédcuje
tomu, Ze vyuziti psychologické intervence u pacientii se zdanlive refrakternim GF miize
mit efekt a soucasné podporuje teorii vlivu CNS na vznik pfiznakti GF (Kiebles et al.,

2010). Z medikace byvaji indikovana antidepresiva, kterd mohou byt i€inna u pacientti
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s pocitem knedliku v krku (GF), ktefi maji soucasn¢ doprovodné duSevni onemocnéni,

¢i poruchy jakymi jsou napft. panika, somatizace, deprese nebo agorafobie (Lee, 2012).

Vzhledem k tomu, ze GF je Casto davan do souvislosti s GERD, resp. je povazovan
za priznak GERD (Tawil and Fass, 2018; Chen and Brady, 2019), mize byt doporu¢enou
terapii v indikovanych piipadech i chirurgické feSeni. Nekolik studii prokazalo,
ze laparoskopické fundoplikace muze byt G¢inna ve zmirnovani piiznakia GF. Wykypiel
(Wykypiel et al., 2008) upozoriiuje na dobry efekt Castecné zadni laparoskopické
fundoplikace na symptomy GF, narozdil od klasické fundoplikace podle Nissena ktera
podle autort této studie efekt na GF nema. Naopak Antoniou et al (Antoniou ef al., 2008)
uvadi, ze u pacientt s GERD refrakterni na medikament6zni terapii, kteti maji ptiznaky
GF, se tyto symptomy signifikantn€ zmirniuji po fundoplikaci dle Nissena. Tym Antoniou
hodnotil symptomy na zakladé standardizovaného dotazniku pied operaci a 12 mésict po
operaci. Celkové vysledné hodnoceni bylo ziskdno od 30 pacienti. Mezi hlavnimi
priznaky pted operaci byly fazeny regurgitace (93 %), paleni zadhy (60 %), bolest v
epigastriu (47 %) a GF (47 %). Poopera¢né u vSech pacientl zaniklo paleni zdhy, navaly
na zvraceni €1 funkéni zvraceni a taktéz globus faryngeus. Na druhou stranu se ale u 9 %
operovanych probandii objevila dysfagie, a to jako novy symptom. V piipadé
rezistentniho GERD a GF, se tedy operacni feSeni v dolni ¢asti jicnu zda byt efektivni
lécebnou strategii 1 pro symptomy v oblasti jicnu cervikalniho (Antoniou ef al., 2008).
Dobry efekt laparoskopickych antirefluxnich chirurgickych intervenci na ptiznaky GERD
véetné GF téz dokumentuje studie Weltz et al. VSechny studie ale zdiraziuji postupy
personalizované mediciny, tedy dikladné vySetieni pacientti s peclivou identifikaci téch,

kteti jsou indikovani k chirurgickému feseni (Weltz ef al., 2021).

Jak je uvedeno vyse, GF je povazovan za projev funkcni poruchy v oblasti jicnu, a proto
mayji v terapii své misto i postupy rehabilitace a fyzioterapie, o cemz bude pojednano nize

jak v ¢asti teoretické, tak v ¢asti experimentalni.

1.6.3 Lécba dysfagie

Dysfagie horniho typu, tedy dysfagie vznikajici z poruchy relaxace UES, se nejcastéji
feSi chirurgickou cricotomii. Tento pfistup je dominantni v 1é¢bé poruch UES.
Rozeznavame oteviené a uzaviené operativni feseni, pticemz vysledky a tispéSnost obou

piistupt zdaji se byt shodné. V soucasné dobé dominuje endoskopicky ptistup, ktery je
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rychlejsi, zkracuje 1 dobu hospitalizace, a pacienti diive piistupuji k peroralnimu piijmu
potravy. Endoskopicka intervence vykazuje také niz§i miru komplikaci (Tieu and Hunter,
2011). Cilem operace je zlepSeni polykani a prevence rozvoje Zenkerova divertiklu.
U déti se vice pouziva otevieny operacni postup. I u pediatrickych pacienti ma operacni

feSeni dysfagie dobré vysledky (Jayawardena et al., 2020).

Konzervativni terapie dysfagie je zaméfend na zlepSeni orofaryngealniho tranzitu
a prevenci aspirace, a to nehled¢ na etiologii dysfagie (Lim, 2009). Vyuzivany jsou
behavioralni intervence, postupy fyzioterapie vCetné manévri podporujicich polykani,
uprava stravy, krmeni sondou, vyuziti protetickych pomicek a postupy logopedie.
Fyzioterapie se uplatituje zejména u pacientl, u kterych dysfagie vznikla v dusledku
neurologického postizeni (CMP, Parkinsonova choroba, DMO atd.). Fyzioterapie mé své
misto i v terapii funkéni dysfagie a odynofagie, ackoliv na rozdil od neurologickych
diagnéz je védecka evidence efektu u funkénich poruch polykani vyrazné omezena.
Z manualnich technik jsou vyuzivany zejména nasledujici manévry a postupy (Chang et

al., 2021):

Mendelsohniiv manévr: Jednd se o manudlni elevaci hrtanového komplexu béhem
polykani. Manévr ma pomoci uzavfit epiglottis béhem polykani a zabranit tak aspiraci

potravy do dechovych cest.

Supraglotické polykani: Pfed samotnym polknutim pacient provede hluboky nadech,
nasledné 2x za sebou mohutné polkne a nasleduje volni zakaslani ¢i huffing. Manévr ma

branit aspiraci potravy a slouZi soucasné i k ocist¢ dechovych cest od ptipadného aspiratu.

Masako manévr: Jedna se o manévr vyuzivany zejména u pacientl se slabosti jazyka
a s omezenim elevace jeho kofene. Elevace kofene jazyka je nezbytna jak pro uzavieni
choan, tak pro elevaci hrtanového komplexu. Technika se provadi tak, Ze pacient vysune
Spicku jazyka pted fezaky a nasledn€ jemnym skousnutim zafixuje Spicku jazyka mezi
pfednimi zuby. Nasledné trénuje polykani s fixovanou Spickou jazyka. Technika vede

k posilovani elevace kofene jazyka.

Chin Tuck: Cvik slouZi k posilovani suprahyoidniho svalstva, které je nezbytné pro

antero-kranidlni pohyb hrtanového komplexu. Pacient umisti maly micek pod bradu
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a nasledné vykonava predkyv hlavou tak, aby mic¢ek komprimoval. Cvik opakuje se

do tnavy.

Shaker cviceni: Je urCeno k posileni suprahyoidniho i infrahyoidniho svalstva, véetné m.
cricopharyngeus. Cviceni se vyuziva u pacienti s GF a EER. Pacient lezi na zadech
a nacvicuje elevaci hlavy obloukovou flexi kréni patete, tj. bradu tlaci na prsa, provede
izometrickou kontrakci v maximalni mozné flexi Cp a pozici drzi 1 minutu. Poté hlavu
polozi zpét na podlozku a 1 minutu odpociva. Cvic¢eni opakuje 10x. Cilem je posileni jak

elevace hrtanového komplexu, tak UES (Logemann et al., 2009).

Mobilizace Cp: Dysfunkce kréni patefe mize zplsobovat ¢i zhorSovat dysfagii
a mobilizace Cp mize zlepsit polykani (Bautmans et al., 2008; Grgi¢, 2013). Studie Hepa
a Draské (Hep, 1998), ktera se zabyvala zménou aktivity hltanu pied a po manipulaci
kréni patefe konstatuje, ze u pacientl s prodlouzenym hltanovym transitnim ¢asem, doslo
ke zkraceni prichodu bolusu hltanem po mobilizaci kréni patete. Tyto ojedin€lé studie
poukazuji na mozné propojeni funkénich poruch myoskeletalniho aparatu s funkéni

dysfagii.

1.6.4 Lécba GERD

Nejlogictéjsi 1écbou GERD by mélo byt ovlivnéni pficiny, tedy zlepSeni domykani
dolniho jicnového svérace. Mezi hlavni postupy terapie GERD ale patii lécba
farmakologickd a chirurgickd. Oba pfistupy jsou doplnény reZimovymi opatfenimi

a zménou stravovacich navyki.

Medikamentézni 1é¢ba je zaméfend na redukci posSkozeni vznikajici refluxem, zejména
vlivem kyseliny a pepsinu a na redukci subjektivnich obtizi. V 1é¢bé farmaky jsou dnes

uzivana zejména antacida, prokinetika a antisekretorika (Lukas, 2004).

Antacida neutralizuji kyselinu a pfinaseji symptomatickou tlevu, tj. snizuji pyrozu asi 20
% pacientt. Jejich pouzivani vSak v dneSni dob¢ klesa, nebot’ doba jejich ti¢inku je kratka
(Spechler, 2011). Antisekretorika suprimujici tvorbu HCI jsou t.¢. nejuzivang;si skupinou
1é¢iv. Souvisi to zejména s tim, Ze jejich ucinnost je vysoka, relativné dlouhodoba,
a vedlejsi ucinky nizké. Nicméné se stale nejedna o 1écbu kauzalni, protoze tyto léky
neovliviiuji tonus dolniho jicnového svérace a postupné se miize vyvinout terapeuticka

rezistence. Antisekretorika predstavuji dvé 1ékové skupiny, a to antagonisty H2 receptorti
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a inhibitory protonové pumpy. Antagonisté H2 receptorii redukuji produkci kyseliny
chlorovodikové, snizuji tak obsah zaludku a tim i objem refluxatu. Inhibitory protonové
pumpy (PPI) jsou v sou€asnosti nejucinnéj$im a nejrozsirenéj$im lékem v 1é¢bé GERD.
Léky této skupiny plsobi prolongovanou 24hodinovou inhibici kyselé sekrece
reverzibilni blokadou enzymu H+/K+-ATPazy, oznacovaného jako protonova pumpa.
Tato pumpa, lokalizovana v parietalnich buiikach zaludku, je nutna k uvolnéni kyseliny
chlorovodikové do lumen zaludku (Kahrilas, 2003). VétSina pacientd nereagujicich
na 1écbu PPI mé neerozivni refluxni chorobu (NERD). Mezi divody nedostate¢né reakce
u osob s NERD patii slabé kysely reflux, opozdéna motilita, hypersenzitivita jicnu
a reflux obsahujici zlu¢ové kyseliny (Patrick, 2011). Uziti 1éku 30-60 minut pied snidani
se stalo obecnym pravidlem uzivani inhibitorti protonové pumpy u pacientii s GERD.
Dlouhodobé uzivani PPI vSak muze vyvolat proliferaci parietdlnich bun¢k, coz vede
k hyperacidité po vysazeni 1é€by a k zavislosti na PPI. SniZeni kyselosti Zalude¢niho
obsahu znamenda odstranéni pfirozené bariéry proti priniku mikroorganismil z potravy
do stfeva. Dochazi tak ke kolonizaci stfeva Helicobacter pylori, Clostridium difficile
¢i ke vzniku atrofické gastritidy (Patrick, 2011). Pti 1é€bé PPI je tieba brat v ivahu také
znacné riziko vzniku osteoporozy a fraktur zejména u postmenopauzalnich Zen a omezené

vstiebavani zeleza a vapniku (Kroupa, Je¢menkova and Dolina, 2013).

Dalsi skupinou 1€kt jsou prokinetika, ktera snizuji  frekvenci epizod
gastrooesophagedlniho refluxu a zkracuji kontakt refluxatu se senzitivni sliznici jicnu.
Prokinetika zvysuji bazalni tonus LES, zvySuji amplitudu peristaltickych kontrakci jicnu
a tim zlepSuji clearence. Léky tohoto typu téZ zrychluji evakuaci Zaludku, ¢imz dochazi
ke zmenSeni Zaludecni distenze a ndslednému snizeni provokaci k TLESR. Zlepsi se

1 antroduodendlni koordinace motility (Batovsky et al., 1999).

Ve strategii 1é€by GERD se uplatiiuje tzv. stupnovitd 1écba, ktera ma dvé moznosti, tzv.
postup smérem nahoru nebo smérem doll. Lécba smérem nahoru je metodou, pii které
zac¢indme nejprve nejleh¢i formou 1é¢by, a tou jsou Casto jen reZimova opatieni, a posléze
piidavame 1éky dle potieb (subjektivnich symptomt 1 objektivnich nélezi) pacienta.
Lécba smérem nahoru mé dva stupné. Prvni stupeii zahrnuje reZimova opatieni a 1écbu
antacidy. Druhy stupen pak obsahuje 1é€bu pomoci H2 blokatord, ¢i inhibitorti protonové
pump. Lécba smérem dolll je metodou, pii které hned od zacatku nasadime nejucinnéjsi

1€k (PPI) ve vyssi davce a tuto davku postupné snizujeme tak, aby byla udrzena remise.
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Tuto metodu Iécby volime u pacientii s té¢z§im nastupem a prabéhem onemocnéni

(Batovsky et al., 1999; Lukas, 2003).

Chirurgicka l1écba: Je-li konzervativni Iécba GERD dlouhodobé netcinna, je indikovana
operacni 1écba, s cilem ovlivnit regurgitaci a obnovit antirefluxni mechanismus mezi
jicnem a zaludkem a zlepsit pasdz potravy jicnem do zaludku. Podstatou operace je
vytvofeni manzety, kterd zajisti dostate¢ny tlak v distalnim jicnu a obnoveni anatomie
kardie s restituci Hissova uhlu. Nejcastéji je provadéna operace je fundoplikace dle
Nissena (obr. 10) nebo modfikace dle Nissena-Rossettiho, pii které je ¢ast fundu zaludku
reponovana tak, ze kompletné obkruzuje jicen a vytvoti zénu vysokého tlaku. Operace
ma dobry efekt na pyrézu, zlepsuje peristaltiku dolniho jicnu a zalude¢ni vyprazdnovani,
ale néktefi autofi popisuji vedlejsi G€inky, mezi které mize pattit dysfagie, pocity plnosti,
neschopnost odifhnout a zvracet (Kala, 2003). Uspé&$nost operaci je vysoka. Drahofiovsky
popisuje ustup zakladnich pfiznakit GERD az u 97 % pacientti po 5 letech od operace
(Drahonovsky, Vrbensky and Kmet’, 2006). Podle Martinka ale po del$im ¢ase dochazi k
rekurenci ptiznaki az 50 % pacientii se po 10 letech od operace musi opét 1écit
farmakologicky (Martinek, 2006). Dle Kaly je postopera¢ni recidiva GERD u svétovych

autor udavana v rozmezi od 3,5-13 % (Kala, 2003).

Obr.10: Schéma operace dle Nissena. Pfevzato z:
https://www.mayoclinic.org/diseases-
conditions/gerd/multimedia/gerd-surgery/img-
20006950

Tlak v LES lze také podpofit prostfednictvim magnetického krouzku (obr. 11). Je
to alternativni 1éCba pro pacienty, u kterych terapie PPI pfinasi jen parcidlni Gispéch, nebo
pro pacienty kteti povazuji fundoplikaci za pfili§ extenzivni zdkrok. Cilem magnetického
krouzku je zlepSeni funkce LES jako antirefluxni bariéry, aniz by se zménila anatomie

hiatu ¢i Zaludku nebo narusila schopnost polykani, fihani ¢i zvraceni (Mittal, 2013).
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Krouzek se implantuje laparoskopicky tak, aby obkruzoval distalni jicen bez komprese
organu. Jednd se o naramek tvofeny magnetickymi titanovymi koralky, které jsou mezi
sebou spojené tenkymi dratky. Magneticka pfitazlivost mezi koralky je dostatecné silna
pro udrzeni antirefluxni bariéry, ale neomezuje polykani a prichod stravy. Po 3 letech
od operace byla u 87 % operovanych zcela eliminovana 1écba PPI (Bonavina, DeMeester
and Ganz, 2012).

A Device in closed position B Device in open position

Magnetic
device

Obr.11: Magneticky krouzek LINX. Pievzato z: Clin Gastroenterol Hepatol, 2016. DOI:
10.1016/j.cgh.2015.05.028

ReZimova opati‘eni jsou nedilnou soucasti 1écby GERD a jsou také metodou prvni volby
(Lukas, 1998). Rezimova opatfeni zahrnuji zmény stravovacich navykt, dietni opatfeni
a dosaZeni idedlni télesné hmotnosti (Lukas, 2003). Mezi nevhodna jidla patii zejména
cokolada, kynuté pecivo (zejména Cerstvé), peprmint, cibule, ¢esnek, kofenéna jidla apod.
Z napoju jsou to predevsim kéva, alkohol, ¢aj, kyselé napoje (dZzusy) a napoje sycené
kyslicnikem uhlic¢itym (Lukas, 1998; Bures, 2002; Spechler, 2011). Dilezité také je, aby
pacienti nejedli velké porce jidel najednou (1épe jist vicekrat denné) a aby dobie kousali
— zkracuje se tak doba pasaze potravy zaludkem a tim epizod TLESR. Posledni jidlo by
mélo byt konzumovano mezi 17. — 18. hodinou, nikdy vSak méné nez 4 hodiny pied

ulehnutim k spanku (Bures, 2002).

Vliv hraje 1 poloha téla ve smyslu vyvarovani se pozic a pohybu, které zvySuji
intraabdominalni tlak, resp. vyvolavaji pyrézu (Kaltenbach, Crockett and Gerson, 2006).
Vétsinou dela problémy préace v predklonu a zvedani biemen (Lukas, 2003), ale zhorSovat
ptiznaky GERD muze i té€sné oblecCeni a utaZzeny pasek. Pacienti pocituji pyrézu casto
po ulehnuti na lizko, protoze nedostatecné plisobeni gravitace zhorSuje ocistou jicnu

(Lukas, 1998; Batovsky et al., 1999). Pacientiim proto radime zvySené podloZeni hlavy
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a doporucujeme spat na levém boku (Kaltenbach, Crockett and Gerson, 2006). Stejné
jako u mnoha dalSich nemoci, stav pacienta zhorsuje kouieni (Lukas, 1998). Lukas ve své
monografii pise, ze u 20 % nemocnych s refluxem staci rezimova opatfeni k upravé stavu
(Lukas, 2003). Kaltebach et al. vSak zkoumal 2039 studii o refluxu a zmén¢ zivotniho
stylu (z let 1974-2004) a zjistil, ze jen 100 studii je skutecné relevantnich, a ze neni
prokazatelné, Ze by pouze rezimova opatieni, napt. samotné omezeni alkoholu a cigaret
zlepsovalo pribéh a snizovalo tizi GERD. Nejvyznamnéjsi vliv z vyse uvedenych
rezimovych opatieni je pfipisovan zvyseni pozice horni poloviny téla a lezeni na levém

boku bé¢hem spanku (Kaltenbach, Crockett and Gerson, 2006).

Lécebna rehabilitace je v posledni dobé povazovana za dilezitou a rutinni soucast
komplexni terapie GERD (Zdrhova et al., 2022). Rada studii poukazuje na pozitivni vliv
respiracni fyzioterapie (Qiu et al., 2020; Zdrhova et al., 2022). Na druhé stran¢ ale
nadmérnd intenzita ¢i nevhodny fyzicky trénink vcéetn€¢ aerobniho tréninku jako je
cyklistika ¢i béh mize vyvolavat zvysenou frekvenci TLESR a AET a ptiznaky GERD
zhorSovat (Ma, Patel and Yadlapati, 2022). Nelze proto zaménovat fyzicky trénink
a aerobni cviCeni za rehabilitaci a v rdmci rehabilitace je nutné vyuzit postupy, které
prokazatelné zvySuji kompetenci LES a redukuji ptiznaky GERD. Pro stanoveni
efektivniho rehabilitacniho postupu je nutné brat v Givahu vzajemné provazani postury,
funkce hybného systému a funkce GIT, zejména jicnovych svéract. V nasledujici ¢asti
se v ramci reSerSe dostupné védecké literatury zamétujeme na vliv hybného systému na
funkci jicnovych svéraci. Z téchto poznatkli pak vychdzi experimentalni ¢ast prace,

kterou prezentujeme ve formatu 4 publikovanych autorskych praci.

1.7 Vliv pohybového aparatu na svérace jicnu

1.7.1 Vliv pohybového aparatu na horni jicnovy svéra¢

Vztah hybného systému k funkci, resp. dysfunkcim UES, neni doposud zcela jasny
z hlediska fyziologie a patofyziologie. Z hlediska strukturalniho, byla prokazana tizka
korelace mezi GF a vyskytem osteofytl kréni patefe na urovni C4-C7 (Ko et al., 2012).
Dysfagie mlze byt zpiisobena ventradlnimi osteofyty ¢i Forestierovou chorobou (difuzni
idiopatické skeletalni hyperostdza kréni patete) Byl popsan piipad pacienta u kterého se
vyvinula akutné dysfagie v disledku kalcifikujici tendinitidy m. longus colli (Abou

Dargham et al., 2017). Tyto prace svéd¢i pro souvislosti mezi kréni patefi a funkci UES.
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Z klinické praxe ale vime, Ze u pacientti, ktefi maji pocit bolestivého polykani, ¢i pocit
ciziho teélesa v krku nachazime velice ¢asto poruchy a bolesti v oblasti kréni patefe,
ve smyslu poruch funkcnich, bez jasné souvislosti s degenerativnimi ¢i jinymi
strukturdlnimi zménami na patefi. VIiv funk¢nich poruch kréni patefe na poruchy
polykéni dokumentuje studie Hepa (Hep, 1998). V této praci byla provedena dynamicka
scintiagrafie jicnu u 43 pacienti s bolestmi kréni patete a u 37 zdravych
asymptomatickych osob. Primérnéd doba priichodu znacené tekutiny (30Mbq S-koloid)
jicnem byla u zdravych osob 7,9 s (smérodatna odchylka 1,7s), u skupiny 43 pacient
s cervikalgiemi byl zjistén primérny cas 18,1 s (smérodatna odchylka 14,8). Nasledné
bylo ze souboru 43 nemocnych 22 pacienti oSetfeno myoskeletdlnimi technikami
(manipulace kréni patete, PIR k oSetieni bolestivych bodl v krénich svalech, techniky
mékkych tkani, edukace autoterapie). Po provedeni 1é¢by pomocich technik manudlni
mediciny doSlo u intervencni skupiny 22 pacientl ke zkraceni primérné doby priichodu
znacené latky jicnem na 9,5 s (smérodatna odchylka 6,6 s). V porovnani se zdravymi
kontrolami (MTT 7,9 s) byl sice transitni Cas stale delsi, avSak rozdil mezi obéma
skupinami jiz nebyl statisticky vyznamny (Hep, 1998). Vysledky této studie sveédci
o uzkém vztahu mezi funkénimi poruchami hybného systému a dysfunkcemi v oblasti

horni ¢asti traviciho traktu.

Studie McCullocha (Mcculloch, Hoffman and Ciucci, 2010) prezentuje vliv postaveni
hlavy na funkeci hltanu a tonus UES. V této praci bylo pomoci 36 kanalové manometrie
jicnu monitorovano tzv. vlhké polknuti (opakované polknuti 5 ml vody) u sedmi
probandu ve tfech odlisnych pozicich hlavy, a to v neutralnim postaveni hlavy, pfi rotaci
hlavy na stranu zavedeného katetru a pfi "chin-tuck" pozici ("zastréeni brady").
Analyzovéana byla oblast velofaryngu a baze jazyka ohledné vytvofeni maximalniho
tlaku, dale rychlost nartstu tlaku a tlakovy gradient. V oblasti horniho jicnového svérace
(UES) byla analyzovéna doba trvani poklesu tlaku (relaxace UES) a dale minimalni tlak
pfi otevirani UES a maximalni tlaky pfed a po otevieni UES. Pfi rotaci hlavy pfetrvavalo
zvySeni tlaku ve velofaryngu oproti vychozi hodnoté, ostatni manévry nemély
na velofarynx a bazi jazyka signifikantni vliv. Maximalni tlak UES pied polknutim byl
signifikantné vysSi v neutralnim postaveni oproti rotaci hlavy a maximalni tlak
po polknuti byl vyrazné niz$i pii vtazeni brady. Byl zjiStén trend prodlouZeni doby
poklesu tlaku UES pii obou manévrech, ale zjiSténé rozdily nebyly signifikantni

(Mcculloch, Hoffman and Ciucci, 2010). Tato zjisténi odpovidaji naSemu klinickému
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1 experimentalnimu pozorovani, kdy jsme prokazali, ze trakce kréni patefe meéni klidovy
tonus UES (Bitnar et al., 2021). Prace McCullocha byla provedena pouze na malém
vzorku zdravych jedincti. Neni jasné, jak ovlivni rotace hlavy a zasunuti brady, resp.
zména polohy hlavy tlaky v UES u pacienti s patologicky zménénym UES tonem
(dysfagie, GF, EER) nebo u pacientti s bolestmi a dysfunkci kréni patete.

Babei monitoroval pomoci HRM a pH impedance tlaky UES u 10 dobrovolnikl v pozici
na levém boku a ve stoje po poziti jidla v kalorické hodnoté 1000 kcal. Béhem transientni
relaxace dolniho jicnového svérace (TLESR) doslo ke snizeni tonu a tlaku v oblasti UES
v pozici vertikalni, naopak v horizontalni poloze na boku (lezmo), doslo béhem TLESR
k zvySeni tonu UES. Prakticky vSechny TLESR (93 %) byly spojeny s jicnovym
refluxem (méfeno pH impedanci). Nejvétsi relaxace UES byly zaznamenany pti plynném
refluxu ve vertikalni pozici, nejvyssi narist tlaku v UES byl zméten pii kapalném refluxu
v horizontalni pozici (Babaei, Bhargava and Mittal, 2010). Pti odiihnuti tedy tonus UES
klesa, naopak pii kapalném refluxu stoupd, coze je dilezity mechanismus zabezpeceni
ochrany dechovych cest a prevence aspirace. Ackoliv je tato studie provedena na malém
vzorku probandli a zaméfend na reakce UES bcéhem poruch, ¢i snizeni tonu LES

(TLESR), tak také dokumentuje reakce UES na zmény polohy téla, resp. postury.

Aktivaci a zméné tonu (klesnuti tlaku) UES béhem polykani ptedchdzi aktivace
submentalniho a suprahyoidniho svalstva, pfi¢emZ béhem polykani musi byt cely
hrtanovy komplex tazen ventrokranidlné, tak aby doSlo k uzavieni epiglotis, rozsifeni
pharyngu a otevieni horniho jicnového svérace (Cock et al., 2017). Téchto fyziologickych
mechanismi, je mozno vyuzit také pro posileni polykani u pacienti po cévni mozkové
piihod¢. Existuje mnozstvi cvi¢ebnich manévri a pozic, které zlepSuji funkci polykani
a ovliviuji funkci UES. Jsou to napi. Masako manévr, Mendelsohniv manévr apod. (viz
vyse). V praxi je Casto vyuzivano Shaker cvieni, pti kterém se pro posileni polknuti
a zlepSeni otevieni UES vyuziva posileni submentélnich svalii protrahovanou flexi kréni
patete v leZe na zddech nebo CTAR cviceni, pii kterém se macka balonek umistény mezi
bradou a krkem v pozici v sedé€. Obé¢ tato cviceni maji obdobnou Uc¢innost a zlepSuji jak
polykéni, tak i psychicky stav jedince (Gao and Zhang, 2017). Obé metody, Shaker
a CTAR, vyuzivaji aktivaci posturalnich svali ke zlepSeni polykani a prokazuji, ze horni
casti travici soustavy (farynx, UES, horni jicen) reaguje na posturu a Ze se funkce

posturalni a GIT navz4jem ovliviuji.
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Z uvedenych studii vyplyva vztah mezi myoskeletalnim aparatem a funkcemi horniho
jicnového svérace. V zadné z vyse uvedenych studii ale neni pouzita trakce kréni patete
jakozto experimentalniho manévru, ktera pfitom patii k zdkladnim a velmi rozSifenym
terapeutickym technikam. Uvedené studie také nezkoumaly vztah mezi UES a posturalni
z4tézi, jakou je napft. elevace dolnich koncetin nad podlozku, ¢i vliv dechového cyklu na
tonus UES. Na tuto problematiku jsme se proto zaméfili my v rdmci experimentalnich

praci. Metodika a vysledky jsou uvedeny v ptilozenych publikovanych studiich nize.

1.7.2 Vliv pohybového aparatu na dolni jicnovy svérac

O vlivu brénice na funkci LES pojednava fada odbornych publikaci (Sidhu and lopoulos,
2008; Tawil and Fass, 2018). V posledni dobé téz nartista pocet praci, které zkoumaji
a potvrzuji, Ze tréninkem branice lze ovlivnit symptomy GERD. VétSina praci se
zaméfuje na postupy respiracni fyzioterapie a moznost ovlivnéni kompetence LES
pomoci abdominalniho, resp. brani¢niho dychani (Casale et al., 2016; Qiu et al., 2020;

Talley and Zand Irani, 2021).

Eherara (Eherer ef al., 2012), zkoumal vliv brani¢niho dychani na potlaceni symptomii
jicnového refluxu u 19 pacientd. Deset pacientll experimentédlni skupiny provadélo
brani¢ni dychani, které odpovidalo dechovym cvi¢enim vyuZzivanym pro trénink opernich
pevcetl pod vedenim lektora operniho zpévu. U vSech probandi byl reflux diagnostikovan
pomoci pH-metrie bez manometrické kontroly. Cviceni probihalo po dobu 4 tydni pod
odbornym dohledem a dalSich devét mésicti experimentalni skupina cvicila doma sama.
Vysledky byly posouzeny pomoci dotaznikového Setfeni a pomoci snizené¢ho poctu
uzivanych lékia (PPI). Ve vysledcich autofi konstatuji signifikantni zlepSeni subjektivniho
vnimani symptomil nemoci a snizeni mnozstvi aplikovanych 1€k (Eherer et al., 2012).
Z naSeho pohledu je ur€itym limitem, Ze cviceni nezohlediovalo posturdlni nastaveni
jedince, stav myoskeletalniho aparatu ani posouzeni dechového vzoru a posouzeni sily
branice pomoci spirometrie. Cviceni nebylo vedeno odbornikem na posturdlné-respiracni
obtize (fyzioterapeut, rhb Iékar), ale opernim pévcem, ¢imz mohly byt vysledky
ovlivnény. Lze ptfedpokladat, Ze personalizovany trénink rehabilitaénim odbornikem,
ktery pfi terapii zohledni posturu a oSetii pfipadné funkéni poruchy myoskeletadlniho
aparatu by mohl vést jesté k vyznamnéj$im pozitivnim vysledklim, a na to jsme se proto

my zaméfili v rdmcei naSich experimentt 1 prace reSerSni. Viz pfiloZzené publikace niZe.
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Préace brazilskych autort hodnotila zmény tlaku LES a zmény subjektivniho prozivani
symptomtt GERD u 20 pacientii. Do kontrolni skupiny bylo zatazeno 7 pacientii S GERD.
U probandt byla pted cvicenim, které trvalo 4 tydny vySetfena celéd baterie testl, ktera
zahrnovala: vySetfeni heart rate variability, jicnovou manometrii a pH-metrii, posouzeni
TLESR. Intervence probihala ve form¢ ¢tyitydenniho cvi¢eni maximalnich expiracnich
a inspiracnich manévrii pomoci respiracniho aparatku Treshold pétkrat tydné po deseti
opakovanich v péti cyklech denné.  Vysledky prokézaly signifikantni zvySeni
prumérného tlaku v oblasti LES (z 19 mm/Hg na 29 mm/Hg), signifikantni zvySeni tlaku
LES na konci maximalniho inspira¢niho manévru, snizeni kumulativniho po¢tu TLESR
a snizeni expozice proximalniho jicnu zalude¢ni kyselinou. Nedoslo ke snizeni acidity
v abdominalni ¢asti jicnu, ale doslo ke =zlepSeni vSech subjektivnich parametrii
a symptoml nemoci v experimentalni skupiné (Nobre e Souza ef al., 2013). Vysledky
tedy potvrdily pozitivni vliv inspira¢niho tréninku branice na funkci GIT. Limity této
prace opét spatfujeme v tom, Ze v terapii nebyl zohlednén dechovy vzor, nebot’ samotné
cvic¢eni s pomuckou Tresholdem nevede automaticky ke zlepSeni dechového stereotypu.
V uvedené préci nebyla téZ analyzovéna a korigovdna piipadnd posturdlni porucha
a dysfunkce hlubokého stabilizacniho systému pétete, coz je situace, kterou v klinické

praxi Casto pozorujeme.

Dalsi zajimavou praci, na toto téma, je prace opét brazilskych autorii, kterd ovétovala,
zda postupy respiracni fyzioterapie mohou zvysit tlak v dolnim jicnovém svéraci u GERD
pacientli (Carvalho de Miranda Chaves et al., 2012). Této studie se zucastnilo 29
probandi s objektivizovanym GERD, pficemz 20 probandi bylo zatfazeno
do experimentalni skupiny a 9 pacienti do kontrolni skupiny. VSichni probandi méli
manometricky objektivné snizeny klidovy tlak LES na 5-10 mm/Hg. VSichni probandi
podstoupili méfeni sily respiracniho svalstva béhem maximalni expiracnich
a inspiracnich manévria (PImax a PEmax) za soucasné sondaze jicnovym katétrem.
Trénink respira¢niho svalstva probihal po dobu osmi tydnli a obdobné jako u vysSe
uvedené prace u né¢j bylo vyuzito respiratniho aparatku — Treshold. V experimentalni
skupin€ byl odpor Tresholdu progresivné zvySovan, u kontrolni skupiny byl také pouzit
trénink Tresholdem, ale tlak byl udrzovan po celou dobu 8 tydnti konstantni na 7 mm/Hg.
Z vysledki studie vyplyva, Ze po osmitydenni terapii u vSech pacientli stouply hodnoty
PImax a PEmax. U pacientli v experimentalni skupin¢ doslo ke zvySeni tlaku v oblasti

LES pfi koncovém respiracnim tlaku (end expiratory pressure (EEP) a pii stfednim
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respiratnim tlaku (mid-respiratory pressure (MRP)). 1 v kontrolni skupiné¢ doslo
ke statisticky vyznamnému zvyseni tlaki v LES, i kdyz o néco nizSimu nez
v experimentdlni skupin€. Meziskupinovy rozdil nebyl signifikantni (Carvalho de
Miranda Chaves et al., 2012). Studie potvrdila, ze respiracnim tréninkem lze u GERD
pacientli zvysit PImax a PEmax a hlavné respira¢ni tlak LES a to v obou skupinéch, coz
by mohlo svédcCit pro benefit jakéhokoli respiraéniho cviceni pro pacienty s GERD.
V publikované praci chybi hodnoceni efektu terapie pacienty. Neni znamo, jak
subjektivné pacienti vnimali cviCeni, zda se u nich snizil pocet refluxnich epizod, zda
doslo k subjektivnimu zmirnéni symptomt GERD (kasel, pyroza apod.), ani jestli méla

terapie vliv na spotiebu symptomatické medikace (antacida, PPI).

Moznosti 1écebné rehabilitacni intervence u GERD pacienti hodnoti i dalsi brazilska
studie (da Silva et al., 2013). V této praci je posuzovan vliv osteopatické intervence na
oblast branice a jeji vliv na zmény tlakli v oblasti dolniho jicnového svérace. U 22
pacienti bylo provedeno Cétytkrat v prubéhu Etyt tydnd (tj. jednou tydné) manualni
uvolnéni branice dle Costera a Polarise. Pii této metodé€ je proveden manudlni strecink
branice ve vydechu po ¢tyfech hlubokych nadesSich umocnénych kontaktnim dychanim.
U 16 pacientl zatfazenych do kontrolni skupiny byl proveden falesny manévr, od kterého
nebyl ocekavan zadny terapeuticky efekt. V kontrolnim méfeni bylo u experimentalni
skupiny, na rozdil od kontrolni (placebo) skupiny, zjist€no signifikantni zvySeni
primérného respiracni tlaku v oblasti LES a maximalniho vydechového LES tlaku (MEP-
maximal expiratory pressure) (da Silva et al., 2013). Tim autofi prokazali, Ze 1 parcidlni
myoskeletalni ovlivnéni branice miize byt efektivni v terapii GERD a Ze poruchy branice
muZou zplsobovat nebo se podilet na vzniku poruch v oblasti LES. Opét bohuzel prace
nereferuje, zda pacienti po terapii hlésili zmirnéni ptiznakt GERD. Chybi i1 informace,
jak se zménila funkce LES jako celku a zda a jak se zménily ostatni manometrické
parametry jakymi jsou naptiklad klidovy tonus svérace mezi polknutimi, tlak svérace pfi

polknuti, relaxace svérace atd.

Meta-analyza Casale et al konstatuje, Ze vedle chirurgickych a farmakologickych
intervenci u pacient s GERD miize byt efektivni 1 trénink a manualni oSetfeni branice
(Casale et al., 2016). Stejné tak meta-analyza z roku 2020 uvadi, Ze dechovy trénink
a dechova cvi¢eni mohou pomoci v 1é€bé GERD u pacientii s diagnostikovanym

jicnovym refluxem (Qiu ef al., 2020).
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Na zéklad¢ vySe uvedenych studii Ize tedy konstatovat, ze byl prokazan vliv funkce
branice a jejiho tréninku na funkci LES a redukci symptomid GERD. Nicméné, vétSina
publikovanych praci se zamétuje specificky pouze na dechovy trénink, s ptredpokladem,
ze hlavni roli v patogenezi GERD hraje funk¢ni respiracni oslabeni branice. Pouze studie
da Silva et al (da Silva et al., 2013) se zaméfuje téZ na pripadné myoskeletalni pti¢iny
oslabeni branice pii vzniku GERD. V zadné z vySe uvedenych studii neni zminéno
mozné oslabeni krurdlni ¢asti branice z divodu posturdlnich, myalgickych ¢i
visceralnich. A pravé na mozné posturalni a myoskeletalni pfi¢iny oslabeni branice u
GERD pacientii se mimo jiné zamétuji nase prace (Bitnar et al., 2016, 2021; Zdrhova et

al., 2022)(viz ptilozené publikace nize).

Z hlediska fyzioterapie miizeme hovoftit o dvou pfistupech, a to je posturdlné-respiracni
a visceralné-peritonealni pfistup. Na zaklad¢ osobni dlouhodobé zkuSenosti s terapii
pacienti s GERD Ize konstatovat, ze oba piistupy je vramci komplexniho oSetfeni
pacienta vhodné kombinovat. Stav myoskeletalniho aparatu, zadsadné ovlivituje funkci
antirefluxni bariéry (Sugimoto et al., 2016; Sun et al., 2016; Imagama et al., 2019; Kim
et al., 2019). V ramci posturalné-respiracniho pfistupu oSetfujeme zejména brénici,
hrudnik, zebra, hrudni a bederni patet v¢éetné Th/L prechodu. Funkéni zmény branice,
jakymi je naptiklad poruseny dechovy vzor, oslabeni ¢i bolestivé spasmy (TrPs) mohou
pfimo ovliviiovat funkci dolniho jicnového svérace. Trigger pointy v branici navic
nejenze mohou ovlivilovat aktivitu krurdlni ¢éasti branice, mohou také imitovat
gastrointestinalni obtiZze véetné abdominalni migrény, jicnového refluxu apod (Simons,
Travell and Simons, 1999). Stejné tak funkéni poruchy zeber a patefe (blokady, rotace
atd.) dle naSich zkuSenosti modifikuji aktivitu branice a podporuji sniZenou funkci
antirefluxni bariéry. U pacienti s GERD casto nachazime funkéni blokady patete,
a to zejména tzv. exten¢ni blokady s rotaci obratlového téla. Zména v postaveni hrudniku
a patefe zhorsuje stabilizaci zacatkli branice na sternu, Zebrech a lumbalnich obratlich a
tim maze negativné ovlivnit silu celé branice, kterd se pak nemiiZe optimalné uplatnit ani
jako dechovy sval, ani jako jicnovy sfinkter. U pacientli s GERD nachdzime casto vadny
dechovy stereotyp, pfi némz je patrnd abnormalni aktivita pomocného nadechového
svalstva a Casto téZ kranialni posun hrudniho koSe s omezenou moznosti expanze dolni
hrudni apertury. U pacienti s GERD je sila dechovych svali ve srovnéani se zdravymi
kontrolami snizena. Proto by u GERD pacientii méla byt pravidelné¢ hodnocena funkce

dychacich svalii a v pfipadé¢ abnormalnich nalezii by méla byt indikovéana respiracni
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fyzioterapie (Neumannova et al., 2020). Z vlastni zkuSenosti vime, Ze naptfimeni patete a
zlepSeni jeji stability zejména v oblasti ThL ptfechodu a kaudalizace hrudniku jsou
zakladnimi pilifi v 1é¢be jicnového refluxu, coz jsme i experimentalné potvrdili (Bitnar

etal.,2021).

Kromé& zmén v napéti branice a postaveni hrudniho koSe pfispiva k vzniku GERD také
zvyseny intraabdomindlni tlak, ktery mize byt zpiisoben bud’ pietizenim bfisni stény
ajeji hypertonii, coz vidime u pacientli s nevhodnymi ¢i nadmérnymi sportovnimi
aktivitami (Jozkow et al., 2006), ¢i naopak u pacientii s obezitou (Paris et al., 2021), kdy
je nitrobfisni tlak zvySen kumulaci tukové tkané, zejména visceralniho tuku. I v téchto
pfipadech je rehabilitace a spravné vedené kondi¢ni cviceni idedlnim pomocnikem

a leckdy jedinou kauzalni 1é€bou u pacienti s GERD.

U pacientt s refluxni chorobou jicnu nachazime kromé¢ myoskeletalnich obtizi také tzv.
funkéni poruchy traviciho traktu. GERD casto doprovazen dyspeptickym syndromem,
GF, syndromem drazdivého tracniku, gas-bloat syndromem, obstipacemi, syndromem
levator ani a podobné. To tedy znamend, ze v ramci vySetfeni pacienti s GERD
nachazime velice ¢asto organové hypertonie a hypotonie a fascialni adheze zaveést organt
€1 jizvy v nich. V ramci komprehenzivniho pfistupu je u pacienti s GRED nutno oSetfit
1 funk¢ni poruchy a vyuZit postupy tzv. visceralni rehabilitace ¢i visceralni terapie (Barral
and Mercier, 2006). U pacientli s GERD pfi funkénim vySetfeni ¢asto zjiStujeme zmény
v napéti dvanactniku a sekundarni zmény v napéti biiSni stény, napéti v oblasti kardie,
pyloru, duodenogastrické junkce, Treitzova ligamenta a ileocekalni junkce. Tyto oblasti
jsou vétsinou palpacné tuhé a citlivé, resp. bolestivé a tento obraz se méni pii manudlni
praci s témito organy, dle zasad visceralni rehabilitace. Obdobné jako se zkracuje vazivo
v myoskletadlnim aparatu, mizeme retrakce najit 1 v oblasti visceralnich organt (Barral
and Mercier, 2006). Zmény v pozici a napéti zavésn€ho aparatu visceralnich organii méni
jejich anatomické postaveni, které ma vliv na jejich funkci. V obraze GERD nejcastéji
nachazime zmény napéti vaziv v oblasti Leimerovy membrany a Treitzeho ligamenta,
které obsahuje téz svalové snopce z branice, a jednd se tedy o velice dynamické
ligamentum. Vé&tSina visceralnich zavési je palpaéné pfistupnych a manudlné
oSetfitelnych, proto se pii 1écbe refluxni choroby jicnu zamétfujeme i na tuto oblast.
V obraze pacienta s GERD jsou také Casté obtize s defekaci (Baran et al., 2017,

Ahmadipour et al., 2022), v tom pfipad¢ vyuzivame v terapii visceralni abdominalni
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masaz. V neposledni fad¢ je tfeba zminit aktivni jizvy a adheze, a to nejCastéji
po zlu¢niku, ale téz napt. po apendectomiich a hysterektomiich. Prace s organy, jejich
napétim a zavésy je tedy v nasi praci nedilnou soucdasti prace s pacienty postizenymi

refluxni chorobou jicnu.
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2 Cast vyzkumna

V ramci vyzkumné ¢ésti prezentujeme Ctyii prace publikované ve védeckych casopisech.
Viz ptiloha 1-4. Tti prace byly publikovany v ¢asopise s IF, jedna praci v mezinarodnim
recenzovaném casopisu s Impact Score. V kapitolach 2.1-2.8 jsou struc¢né uvedeny
souhrnné cile, hypotézy, vysledky a diskuze pro vSechny Ctyii prace publikované
na spolec¢né téma. Detaily k metodice, vysledktim a podrobna diskuze ke kazdé jednotlivé

studii jsou uvedeny v ptilohach ve formé kopii publikovanych praci.

2.1 Uvod

S ohledem na vySe uvedené teoretické poznatky jsme se v ramci zpracovani disertacni
prace soustiedili na nékolik vyzkumnych otazek a cill. Vzhledem k roztfiSténosti
a nekompletnosti poznatkli, které jsou na téma vlivu posturdlné-respirac¢nich funkci
na funkci GIT, specificky na funkci UES a LES dostupné, bylo nutné provést kvalitni
systematickou reSersi a identifikovat nejlepsi zplisob vySetfovani pacienti s GERD, ktery
napomuze stanoveni optimalniho 1écebného planu vcetné postupti rehabilitacnich
ve smyslu nejen respiracni fyzioterapie ale i postupti ovliviiujicich posturdlni aktivitu.
Z hlediska experimentalniho jsme se rozhodli zaméfit na souvislost mezi regulaci nitro-
bfisniho tlaku (NBT) a posturou, protoZe byl prokdzano, ze postura, resp. aktivita
posturdlniho svalstva ma zésadni vliv na nitrobfiSni tlak (Hodges and Gandevia, 2000),
ktery stabilizuje patef (Arjmand and Shirazi-Adl, 2006). Stabilizace patefe a funkce
branice (O’Sullivan, 2000; Kolat ef al., 2012; Kocjan et al., 2017) jsou vzajemné zavisleé.
O kritickém vlivu branice na funkci UES a LES (Liu et al., 2005; Pandolfino et al., 2007)
bylo pojednano vyse. Do soucasnosti ale nebylo zndmo, které postury, resp. polohy téla
maji na generovani nitrobfiSniho tlaku nejvétsi vliv. To je potencionalné dulezité pro
praxi, protoze je znamo, Ze n¢které polohy reflux vyvolavaji, resp. ho zhorSuji napft. prace
v ptedklonu (Ferguson and DeVault, 2007), jiné naopak obtiZze zmiriiuji, napi. pro spanek
je doporucovano zvyseni polohy hlavy nebo leh na levém boku (Dagli and Kalkan, 2020).
Navic jsme zjiStovali, zda specifické instrukce podle konceptu Dynamicka
Neuromuskularni stabilizace (DNS) mohou ovlivnit schopnost aktivace bfisni stény a tim
i volné¢ regulovat NBT. Princip edukace pacienta jak spravné stabilizovat je
pro rehabilitacni praxi kriticky dilezity (Stuge, 2019). V dalsi praci jsme se zaméfili
na to, jak posturdlni aktivita, konkrétné zvednuti dolnich koncetin nad podlozku v leze
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na zadech pfimo ovliviiuje tlaky v UES a LES. Tento experiment je opét dulezity
pro rehabilitacni praxi, protoze rutinn¢ pouzivané rehabilitacni techniky zaméfené na
trénink posturalni aktivity mohu potenciondlné ovliviiovat i tlaky v jicnovych svéracich.
Zajimalo nas tedy, jak specificky tyto manévry tlaky v LES a UES ovlivilji, coz
napomuze interpretaci, které ptiznaky UES a LES dysfunkce muze nacvik posturalni
stabilizace aktivace zlepsit, resp. zhorsit.  Ctvrta &ast vyzkumné prace pak byla
uz konkrétn¢ zamétena na to, jak specifické postupy fyzioterapie, konkrétné trakce kréni
patete a stabilizace hrudniku v neutralni poloze ovliviiuje tlaky v UES a LES. Souhrnné
tedy bylo naSim cilem analyzovat moderni poznatky o souvislostech mezi posturalné-
respirani funkci a funkci jicnu a jicnovych svéracl, a v navazujicich vyzkumnych
projektech zjistit, jak konkrétné posturalni aktivita ovlivituje tlaky v UES a LES a zda lze

tlakové poméry v téchto oblastech ovlivnit postupy fyzioterapie.

2.2 Cile prace

1. Vypracovat systematickou resersi (systematic review) zkoumajici u¢innost dechovych
cviceni u pacienti s GERD a zjistit, identifikovat optimalni vySetfovaci postup

pro nasledny lé€ebny plan vcetné terapie rehabilitacni.

2. Zjistit, jak poloha téla ovliviiuje nitrobfisni tlak, coz ma vliv na stabilizaci patete, a tak
nepiimo 1 na tlaky v LES a UES. Zjistit, zda verbalni a manualni instrukce pro aktivaci

bfisni st€ény budou mit vliv na NBT.

3. Zjistit, jak tlak v oblasti horniho a dolniho jicnového svérace reaguje na posturalni

zatéz.

4. Popsat vliv dvou rutinné pouZzivanych rehabilita¢nich technik, tj. trakce kréni patete

a stabilizace hrudniku v neutradlnim postaveni ovliviiuje tlaky v UES a LES.

2.3 Hypotézy

1. Posturdlni situace, resp. poloha téla signifikantné¢ ovliviluje nitrobfisni tlak.
Manualnimi a verbalnimi instrukcemi podle konceptu DNS lze probanda edukovat, jak

aktivovat bfisSni sténu a tim ovlivnit NBT.

2. Posturalni zatéz signifikantné ovliviiuje tlaky v UES a LES.
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3. Trakce kréni patefe a stabilizace hrudniku v neutrdlnim postaveni signifikantné

ovliviiyje tlaky v UES a LES.

2.4 Metodika

1. Systematicka resSerse byla provedena Setienim v databazich Pubmed, Cochrane library
a Google Scholar vyhledavanim praci publikovanych v recenzovanych casopisech
po roce 2000 podle klicovych slov: reflux; reflux disease GERD gastroesophageal reflux
disease diaphragmatic breathing diaphragmatic breathing training breathing exercises

respiratory physiotherapy abdominal breathing inspiratory muscle training.

2. Zmény NBT v poloze v sed¢, vleze na zddech s DKK nad podlozkou, v pozici
"medvéda" tj, pozice opory o ob¢€ dlan€ a obé nohy, v poloze diepu a v poloze zavésu
za ob¢ ruce s DKK nad podlozkou byly méfeny u 30 zdravych jedincii pomoci senzorii
Ohm Belt, které monitoruji napéti bfi$ni stény a tim nepiimo bfisni tlak (Novak et al.,

2021).

3. Zmény jicnovych tlakl v oblasti UES a LES béhem posturalni aktivace, tj. zvednuti
DKK nad podlozku byly méteny pomoci metody HRM v soboru 58 pacienti s GERD.

4. Zmény jicnovych tlakl v oblasti UES a LES pfi provedeni trakce kréni patete a béhem
stabilizacniho manévru hrudniku byly méteny pomoci HRM u 54 pacienti s GRERD.

Detaily metodiky jednotlivych praci jsou uvedeny v publikovanych pracich. Viz ptilohy
¢. 1-4.

2.5 Vysledky

1. Na zaklad¢ systematické reSerSe publikované v ¢asopisu Dysphagia (IF2021 2.733)
muzeme konstatovat, Ze soucasné¢ dostupné studie potvrzuji pozitivni efekt dechovych
cvieni v 1écbé GERD; Metoda HRM se jevi jako vhodna, ale zatim ne dostate¢né

potvrzena, pro spravny vybér pacientil a indikaci fyzioterapie u GERD.

2. Manuélni a verbalni instrukce podle konceptu DNS signifikantn€ zvySuji aktivaci
bfisni stény a tim nepiimo NBT ve srovnani se spontanni aktivaci. Z péti meéfenych poloh

(sed, leh na zadech s DKK nad podlozkou, diep, "medvéd" a vis) byla nejvétsi aktivace

46



zaznamenana v poloze medvéda, tj v poloze opory na obou dlanich a chodidlech. Nebyly
zjiStény statisticky vyznamné rozdily v aktivaci bfi$ni stény mezi Zenami a muzi v zadné
poloze. Prace bude publikovana (in press) v Casopisu Musculoskeletal Science and

Practice (IF2021 2.658).

3. Posturdlni aktivita vyvolana zvednutim DKK nad podlozku vleze na zadech
signifikantné zvysuje tlak v UES a LES. Nalezy prokazuji vliv NBT jak na UESP, tak
na LESP u pacienti s GERD. Zvyseni UESP a LESP béhem posturalni aktivace je zavislé
na klidovych LESP a UESP. Zvyseni NBT ovliviiuje intraezofagedlni tlak. Vysledky
studie potvrzuji kombinovanou posturdlni funkci branice a svérate. HRM hodnoti nejen
funkci svérace, ale nepfimo i posturalni brani¢ni funkci. Prace byla publikovana
v recenzovaném casopise Journal of Bodywork and Movement Therapies (Impact Score,

IS2015 1.46).

4. U pacientt s diagnostikovanou GERD cervikdlni trakce a stabilizace trupu v neutralnim
postaveni signifikantné snizuji UESP a signifikantn€ zvySuji LESP. Prace byla

publikovana v Journal of Manipulative and Physiological Therapeutics (IF2021 = 1.300).

2.6 Diskuze

Funkéni poruchy vnitinich orgdnt mohou souviset s poruchami pohybového ustroji. Je-
li primarni porucha v pohybovém aparatu, ktera zptisobuje dysfunkci vnitiniho organu,
hovofime o vertebro-visceralnich vztazich. Pokud je tomu naopak, tedy dysfunkce
¢i strukturdlni porucha vnitiniho organu vyvolava poruchu myoskeletalniho aparatu,
hovofime o viscero-vertebralnim vzoru. Tyto souvislosti vznikaji v disledku toho, Ze
informace z vnitinich organ a struktur pohybové soustavy, které jsou inervovany
ze stejného miSniho segmentu, konverguji na misnich interneuronech a vzajemné se tak
ovliviiuji. Viscero-vertebralni a vertebro-visceralni vztahy, tedy vz4jemny vliv
pohybového aparatu a vnitinich orgénd, byly popsany i pro oblast jicnu (Komleva et al.,
2017). Ackoliv je rehabilitace povazovéna za dulezitou soucdst multidisciplinarniho
ptistupu k pacientiim s poruchami zaZivaciho aparatu (Allen et al., 2020), do dne$ni doby
se rehabilitacni techniky omezuji hlavné na dechova cviceni u pacientii s GERD (Qiu et
al., 2020; Ahmadi et al., 2021). Respiracni fyzioterapie se uplatituje hlavné proto, ze
ovlivituje funkci branice, kterd je povaZzovana za dominantni slozku antirefluxni bariéry.

Zejména pacienti s lehkou formou GERD a pacienti s NERD z respiracni fyzioterapie
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profituji (Zdrhova et al., 2022). Zatimco vétSina autort reportujicich pozitivni efekt
respiracnich cviceni se soustfedila hlavné na nacvik sily dechovych svalii (Carvalho de
Miranda Chaves et al., 2012; Eherer et al., 2012; Nobre e Souza et al., 2013), my jsme se
soustiedili 1 na vliv postury na tlaky v UES a LES (Bitnar et al., 2016, 2021).

Pti zméné postaveni hrudniku a zlepSeni jeho stabilizace, doslo k signifikantnimu poklesu
UESP a ke zvyseni LEPS pti méfeni pomoci HRM (Bitnar ef al., 2021). Zména postaveni
hrudniku méni postaveni branice a méni se téZ postaveni v oblasti celé¢ dolni a horni
hrudni apertury. Tato posturalni zména pak vede ke zmén¢ dechového stereotypu, snizeni
prace pomocnych nadechovych svalii a také ke zméné postaveni kréni patete a C/Th
prechodu. Pacienti, kteti maji GERD vykazuji ¢asto typickou poruchu postury, kterou
lze nazyvat syndrom otevienych ntzek (Zdrhova et al., 2022). Tento syndrom v sobé
zahrnuje zejména hyperinflacni postaveni hrudniho koSe, zvySenou nestabilitu bederni
patetre, vyznamngjsi zapojeni auxiliarniho svalstva a fixovanou kyfotizaci hrudni pateie
véetné C/Th prechodu (Kolar and Lewit, 2005). Tato neidealni ,,posturalné-respiracni®
situace pak vede k pretézovani kréni patete. Porucha distribuce svalového tonu v krénim
kosternim svalstvu souvisi s tlakem v oblasti UES. GF, dysfagie, a odynofagie jsou stavy
u kterych klinicky Casto zjistujeme vysoké napéti v krénim svalstvu, TrPs, zménu v
posunlivosti mekkych tkani 1 blokady kréni patete, C/Th piechodu, i sternoklavikularniho
a sternoskostalnich skloubeni. K nékterym typtim dysfagickych obtizi mize vést i
zhorSena relaxace UES v dusledku myoskeletalnich poruch v krénim regionu (Hep,
1998). Recentni studie Rumbacha udava, ze s nartistem popularity posilovani a vzpirani
také nartista pocet klienti s GF, bolestmi v krku a chrapténim (Rumbach et al., 2020). I
tento fakt podporuje teorii uzké souvislosti mezi fyzickou aktivitou, resp. posturalni
aktivaci a funkci laryngeoesofagealni. Rumbach uzavird, ze pfi€iny téchto obtiZi nejsou
znamé (Rumbach et al., 2020). Zajimavé by bylo zjistit, zda obtizemi v oblast krku trpi
vice ti klienti, ktefi pfi vzpirani a posilovani vyuZzivaji neoptimalni posturalné stabiliza¢ni
vzor. NaSe studie potvrdila, ze pfi zlepSeni postaveni hrudniku dochézi ke sniZeni tonu
UES oblasti a téZ ke zvySeni tlaku v LES oblasti, coZ povazujeme za diisledek zlepSeni

funkce branice (Bitnar et al., 2021).

Na UESP ma vliv i trakce kréni patefe, kterd UESP snizuje (Bitnar et al., 2021).
Z klinického pohledu je tento fakt dulezity, nebot’ poukazuje na souvislost mezi funkci

kréni patefe a funkci, resp. dysfunkci UES a také na moznosti rehabilitacni intervence
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u pacientit s GF ¢i dysfagii, ackoliv skute¢ny efekt manualnich technik v oblasti kréni
patete na GF, dysfagii, odynofagii a jiné poruchy této oblasti musi teprve byt prokazan.
Prokézali jsme, ze bézny rehabilitacni manévr jako je trakce kréni patefe neovliviiuje jen
funkci kréni patete, ale i funkci esofagedlni. VIiv postaveni hlavy, kréni patete, Ci
hrtanového komplexu na funkci jicnu zkoumal také McCulloch, ktery prokazal ze manévr
pfitazeni brady ("chin tuck") ovliviiuje tonus a reaktivitu horniho jicnového svérace
(Mcculloch, Hoffman and Ciucci, 2010). Nase prace a poznatky tuto praci dopliuji a
vysledky McCullochovy studie potvrzuji. I kdyz jsme se v naSem experimentu zaméfili
jen na zmény klidového tlaku, mizeme potvrdit, ze UES na zmény postaveni kréni patete
signifikantné reaguje. Pacienti s GF a funk¢nich dysfagii, tak mohou potencionalné
profitovat z myoskeletalniho oSetfeni. Stejné tak pacienti s inkompetenci antirefluxni
bariéry mohou kaudalizaci hrudniku a nacvikem brani¢niho dychéani v tomto posturdlnim

zajisténi dosdhnout zvySeni LESP, a tak dosdhnout tlevy od symptomt GERD.

Trojflexe DKK nad podlozku patii mezi zakladni prvky nacviku stability bederni patete.
Cvik je hojné€ vyuzivan v technikach a metodach zaloZenych na vyvojové kineziologii
(Kobesova et al., 2020). Tento manévr, tedy elevace a trojflexe dolnich koncetin nad
podlozku v leze na zadech odpovida tzv. tii mési¢nimu modelu, ktery vychazi z vyvojové
kineziologie a je jednim z jeho zakladnich kineziologickych prvkl (Frank, Kobesova and
Kolar, 2013). Tento manévr vSak také vyZzaduje zvySené naroky na stabilitu kréni patete
a je obvykle doprovazen zvySenou aktivitou hlubokého svalstva kréniho regionu. NaSim
cilem bylo tedy zjistit, jak oblast UES a LES reaguje béhem tohoto posturalné naro¢né¢ho
manévru. Z nasich vysledkt vyplyva, Ze tonus a tlak v oblasti horniho jicnového svérace,
signifikantné nariistd pii elevaci dolnich koncetin nad podlozku v leZze na zadech.
Klinicky je této reakce mozné vyuzit pro zvySeni sily a napéti UES u pacientl, ktefi maji
jeho hypotonii (no¢ni reflux, nékteré typy aerofagie) (Norton et al., 2021). Pfi kaudalizaci
hrudniku a trakci kréni patete ale UESP naopak klesa. To znamena, ze pti cviceni s DKK
nad podlozkou je dilezité dbat na posturdlni zajisténi ve smyslu polohy hrudniku a
elongace kréni patefe. V nasi praci zabyvajici se souvislosti mezi polohou téla a NBT
jsme potvrdili, Ze manualni a verbalni instrukce jak spravné stabilizovat trup v této poloze
podle konceptu DNS vedou k signifikantnimu zvySeni NBT ktery stabilizuje patet (Madle
et al., 2022). Soucasné v této poloze stoupad LESP (Bitnar et al., 2016). Pfi kvalitni
koordinaci trupového svalstva a neutrdlni poloze hrudniku lze tedy tento manévr pouzit i

pro zvySeni LESP s cilem ovlivnit gastroesofageélni reflux.

49



Z hlediska souvislosti mezi polohou téla a NTB jsme zjistili, Ze k nejvyznamnéjSimu
nartstu NBT z péti monitorovanych pozic dochazi v poloze "medvéda" kdy je tclo
predklonéno a opira se o ruce a nohy (Madle et al., 2022). Je to poloha podobna situaci,
ktera Casto vyvolava reflux, tj. prace v predklonu (Ferguson and DeVault, 2007). Nelze
ale tvrdit, ze pti¢inou refluxu v predklonu je zvySeny NBT. Naopak, pfedpokladame, ze
dobra regulace NBT souvisi s kvalitni funkcei branice, kterd refluxu brani. My jsme NBT
v predklonu méfili u mladych, zdravych probandi, ktefi netrpéli zddnymi piiznaky
visceralni dysfunkce, tedy ani GERD (Madle et al., 2022). Spekulujeme, ze u pacientt
s GERD by v poloze medvéda ke stejnému navySeni NBT nedoslo, nebot’ pacienti
s GERD maji ¢asto insuficientni posturalni stabilizaci (Kocjan ef al., 2017; Bordoni et
al., 2018) a nemusi byt tedy schopni adekvatné aktivovat svalstvo trupu a NBT zvysit.
Vzhledem k tomu Ze i v poloze medvéda pti verbalnich a manudlnich instrukcich, jak
spravné stabilizovat, doslo k signifikantnimu néristu NBT (Madle et al., 2022), Ize
predpokladat, Ze cilenym tréninkem posturdlni stabilizace v ptedklonu by mohlo byt
mozné i u pacientd s GERD natolik nacvicit trupovou stabilizace, regulaci NBT, potazmo
aktivaci LES, Ze by 1 tito pacienti mohli piestat trpét refluxem v poloze ptedklonu.

Nicméné, tuto spekulaci je nutné teprve ovetit.

2.7 Zavér

Tato prace vznikla na podkladé dlouhodobé péce o pacienty s jicnovymi obtizemi,
a to zejména s poruchami polykani a gastroesophagedlnim refluxem. Zejména GERD je
chorobou se stdle se zvySujici incidenci u nés i ve svété, tradicni medikamentdzni
a chirurgicka terapie je draha a ma fadu vedlejSich ucinki. Jicnové svérace jsou parcidlné
tvofeny kosterni svalovinou, proto potencionalné ovlivnitelné fyzickou aktivitou
a rehabilitanimi postupy, které mohou byt v indikovanych ptipadech alternativou,
¢i doplitkovou 1écbou standardnich terapeutickych postupti. K objektivizaci jicnovych
funkci lze vyuzit semi-invazivnich vySetfovacich metod, zejména HRM a pH-metrii.
Pomoci HRM jsme popsali, jak jicnové sveérace reaguji na posturalng - respiracni zmény.
Pomoci senzortit Ohm Belt jsme monitorovali aktivitu bfi$ni stény, tj. nepiimo NBT, ktery

ma vliv na funkci UES a LES.

Pti relaxaci kréniho svalstva béhem trakce kréni patete a pii zlepSeni stability hrudniku
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podminkach, jakymi je napt. elevace dolnich koncetin nad podlozku v leze na zadech,

doslo k signifikantnimu nartistu UESP.

Dolni jicnovy svéra¢ (LES) je funkéné propojen s hybnym systémem a branice je
dominantni strukturou tohoto svérace. Popsali jsme, jak LES reaguje na posturalni
zmény. Zména postaveni hrudniho koSe a zlepSena stabilita dolni hrudni apertury, Th/L
piechodu a bederni patefe se projevuje signifikantnim zvySenim LESP. ZvySena
posturalni aktivita branice a zvySena potieba stability axialniho systému pii elevaci
a trojflexi dolnich koncetin nad podlozku v leze na zadech vyvola signifikantni nartst

LESP. Taktéz trakce kréni patefe vede k signifikantnimu nérastu tlaku v oblasti LES.

NBT souvisi s polohou téla, tedy s posturou. Cilenymi verbdlnimi a manualnimi
instrukcemi lze probanda instruovat, jak zvysit aktivitu bfiSni stény, a tak regulovat
(zvysit NBT). Z péti sledovanych poloh (sed, leh na zadech s flexi DK nad podlozkou,
"medved", diep a vis) doslo k nejvétsimu naristu NBT v poloze medvéda, tj. v poloze
na Ctyfech s oporou o ob€ ruce a nohy. Aktivace NBT, kterd je vyznamné zavisla

na aktivaci branice mize potencionalné ovlivnit i LESP (UESP).
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3 Souhrn

3.1 Breathing Exercises in Gastroesophageal Reflux Disease: A Systematic Review:
Lucie Zdrhova, Petr Bitnar, Karel Balihar, Pavel Kolar, Katerina Madle, Milan
Martinek, - John Erik Pandolfino, Jan Martinek. Dysphagia. 2022, In press. (IF2021 2.733)

Systematicka reserse potvrzuje, ze dechova cviceni mohou byt efektivni v 16cbé GERD.
Role HRM pii vybér pacientli a indikaci fyzioterapeutickych postupt neni zcela jasna
avyzaduje dalsi vyzkum. Budouci prace by mély sméfovat ke sjednoceni
fyzioterapeutickych postupti a k vytvoreni guidlines s definici standardizovanych metod
rehabilitace (fyzioterapie) v 1é¢bé GERD. Efekty jednotlivych postupt fyzioterapie

u pacienti s GERD musi teprve byt hodnoceny a potvrzeny kvalitnimi studiemi.

3.2 Abdominal wall tension increases using Dynamic Neuromuscular Stabilization
principles in different postural positions: Katerina Madle, Petr Svoboda, Martin
Stribrny, Jakub Novak, Pavel Kolar, Andrew Busch, Alena Kobesova, Petr Bitnar.
Musculoskeletal Science and Practice. 2022, In press. (IF2021 2.658).

Mg¢feni aktivity bfisni stény pomoci ptistroje Ohmbelt potvrzuje vyrazné vyssi aktivitu
ve spontanné€ zaujaté poloze vleze na zddech se zvednutim DKK nad podlozku a v poloze
medvéda ve srovnani s polohou v sed€. Prace potvrzuje, Ze je mozné volné modifikovat
aktivitu bfisni stény, tedy nepiimo NBT. Specifickymi verbalnimi a manualnimi
instrukcemi podle principi DNS lze signifikantné zvysit aktivitu bfi$ni stény ve Ctyfech
sledovanych polohach (vleze na zadech se zvednutim DKK, medvéd, vis a dfep). Nejvetsi
aktivace bfiSni stény byla zjiSt€éna v poloze medvéda jak pro spontanni, tak pro

instruované situace.

3.3 Leg raise increases pressure in lower and upper esophageal sphincter among
patients with gastroesophageal reflux disease: Petr Bitnar, Jan Stovicek, Ross Andel,
Josef Arlt, Marketa Arltova, Milan Smejkal, Pavel Kolar, Alena Kobesova

Journal of Bodywork and Movement Therapies, 2015 (Impact Score, 1S5 1.46).
http://dx.doi.org/10.1016/j.jbmt.2015.12.002

Nalezy prokazuji vliv intraabdominalniho tlaku jak na LESP, tak na UESP u pacienti
s GERD. Urovei zvyseni LESP a UESP béhem posturlni aktivace zavisi na klidovych
LESP a UESP. Vysledky ilustruji vliv zvySeného nitrobfi$niho tlaku na intra-ezofageéalni
tlak, a potvrzuji kombinovanou posturalni a sfinkterovou funkci branice. HRM hodnoti
nejen funkci svérace, ale nepifimo 1 posturdlni braniéni funkci. Zjisténi mohou pomoci pii

funk¢énim vySetfeni pacientii s GERD a ke stanoveni postupu konzervativni 1é€by jedincii
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s poruchami motility jicnu, ale také s poruchami dychéni a bolestmi zad, kde miize byt

spole¢nym jmenovatelem narusena kombinovana funkce branice.

3.4 Manual Cervical Traction and Trunk Stabilization Cause Significant Changes
in Upper and Lower Esophageal Sphincter: A Randomized Trial: Petr Bitnar, Jan
Stovicek, Stepan Hlava, Pavel Kolar, Josef Arlt, Marketa Arltova, Katerina Madle,
Andrew Busch, Alena Kobesova. Journal of Manipulative and Physiological
Therapeutics 2021 (IF 2021 = 1.300). https.//doi.org/10.1016/j.jmpt.2021.01.004

Cervikalni manudlni trakce a stabiliza¢ni manévr trupu snizuji tlak horniho jicnového
svérace (UESP) a zvysuji tlak dolniho jicnového svérace (LESP). Rehabilitace a manualni
terapie mohou byt vhodnou soucasti komplexniho léebného pfistupu k pacientim
s GERD, dysfagii a dal$imi gastroezofagealnimi symptomy souvisejicimi s abnormalni

regulaci UESP a LESP.
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4 Summary

4.1 Breathing Exercises in Gastroesophageal Reflux Disease: A Systematic Review:
Lucie Zdrhova, Petr Bitnar, Karel Balihar, Pavel Kolar, Katerina Madle, Milan
Martinek, - John Erik Pandolfino, Jan Martinek. Dysphagia. 2022, In press. (IF2021 2.733)
Current knowledge suggests the potential of breathing exer- cises in the treatment
of GERD; however, long-term efficacy, patient selection, and the role of HRM
in tailoring physio- therapeutic approaches requires further research. Future work should
also aim to unify physiotherapeutic procedures to obtain a standardized method in GERD

treatment, allowing for the better assessment of procedural effects in GERD patients.

4.2 Abdominal wall tension increases using Dynamic Neuromuscular Stabilization
principles in different postural positions: Katerina Madle, Petr Svoboda, Martin
Stribrny, Jakub Novak, Pavel Kolar, Andrew Busch, Alena Kobesova, Petr Bitnar.
Musculoskeletal Science and Practice. 2022, In press. (IF2021 2.658).

Measuring AWT using the Ohmbelt device confirms significantly higher activity
in the spontaneously adopted supine position with leg raise and bear position relative
to a sitting position. This work also confirms that it is possible to change AWT
voluntarily. ~ With specific verbal and manual instructions following Dynamic
Neuromuscular Stabilization principles, the amount of AWT significantly increased
in four monitored positions (supine with leg raise, bear, hang and squat). The greatest
abdominal wall activation was achieved in the bear position both for spontaneous and

instructed situations.

4.3 Leg raise increases pressure in lower and upper esophageal sphincter among
patients with gastroesophageal reflux disease: Petr Bitnar, Jan Stovicek, Ross Andel,
Josef Arlt, Marketa Arltova, Milan Smejkal, Pavel Kolar, Alena Kobesova

Journal of Bodywork and Movement Therapies, 2015 (Impact Score, 1S>015 1.46).
http://dx.doi.org/10.1016/j.jbmt.2015.12.002

The findings demonstrate the influence of intra-abdominal pressure both on LESP
and UESP in patients with GERD. We also found that the amount of LESP and UESP
increase during postural activation depended on resting LESP and UESP. The results
illustrate the influence of increased intra-abdominal pressure on intraesophageal pressure,
confirming combined diaphragmatic postural and sphincter function. HRM evaluates not

only sphincter, but indirectly also postural diaphragmatic function. This may aid

in the design of functional assessment and conservative treat- ment of individuals with
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esophageal motility disorders, but also respiratory disorders and back pain where compro-

mised combined diaphragmatic function maybe a common denominator.

4.4 Manual Cervical Traction and Trunk Stabilization Cause Significant Changes
in Upper and Lower Esophageal Sphincter: A Randomized Trial: Petr Bitnar, Jan
Stovicek, Stepan Hlava, Pavel Kolar, Josef Arlt, Marketa Arltova, Katerina Madle,
Andrew Busch, Alena Kobesova. Journal of Manipulative and Physiological
Therapeutics 2021 (IF 2021 = 1.300). https.//doi.org/10.1016/j.jmpt.2021.01.004

The findings suggest that cervical manual traction, and trunk stabilization maneuver may
decrease upper esophageal sphincter pressure (UESP) and increase lower esoph- ageal
sphincter pressure (LESP). Rehabilitation and manual therapy may be an appropriate part
of complex treatment approach to patients with GERD, dysphagia, and other

gastroesophageal symptoms related to abnormal UESP and LESP regulation.
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Abstract

The pathogenesis of gastroesophageal reflux disease (GERD) is multifactorial. The severity of abnormal reflux burden
corresponds to the dysfunction of the antireflux barrier and inability to clear refluxate. The crural diaphragm is one of the
main components of the esophagogastric junction and plays an important role in preventing gastroesophageal reflux. The
diaphragm, as a skeletal muscle, is partially under voluntary control and its dysfunction can be improved via breathing exer-
cises. Thus, diaphragmatic breathing training (DBT) has the potential to alleviate symptoms in selected patients with GERD.
High-resolution esophageal manometry (HRM) is a useful method for the assessment of antireflux barrier function and can
therefore elucidate the mechanisms responsible for gastroesophageal reflux. We hypothesize that HRM can help define patient
phenotypes that may benefit most from DBT, and that HRM can even help in the management of respiratory physiotherapy
in patients with GERD. This systematic review aimed to evaluate the current data supporting physiotherapeutic practices
in the treatment of GERD and to illustrate how HRM may guide treatment strategies focused on respiratory physiotherapy.

Keywords Diaphragmatic breathing training - Gastroesophageal reflux disease - High-resolution manometry

Introduction

Gastroesophageal reflux disease (GERD) is a global health
issue affecting a significant part of our population. Tradition-
ally, GERD has been considered a disease of middle-aged
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adults and the elderly, but in the last decade, there has been
an increase in the prevalence of GERD in younger patients—
probably due to the rise in obesity [1]. A combination of
multiple risk factors, most of which are related to lifestyle,
usually contributes to the development of reflux symptoms
[2].

In addition to lifestyle changes (including dietary changes,
weight reduction, and smoking cessation), antisecretory
treatment with proton pump inhibitors (PPIs) remains the
main therapeutic approach that improves both symptoms and
quality of life in most patients with GERD—especially in
those with reflux esophagitis. However, this treatment does
not target the mechanisms of reflux, as it does not strengthen
the antireflux barrier or promote esophageal refluxate clear-
ance. Thus, long-term antisecretory treatment is often nec-
essary. Patients who do not adequately respond to pharma-
ceutical interventions should undergo upper endoscopy and
esophageal testing—specifically, pH metry with impedance
to phenotype the GERD and optimize patient treatment [3].
Endoscopy and high-resolution esophageal manometry
(HRM) help define the integrity of the antireflux barrier
and the anatomy of the gastroesophageal flap valve. HRM
may also assess peristaltic function, which is important for
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refluxate clearance. Currently, the only standard therapeutic
procedure that results in the recovery of the antireflux bar-
rier is antireflux surgery. Laparoscopic fundoplication not
only restores the anatomical properties of esophagogastric
junction (EGJ), but also reduces the frequency of transient
lower esophageal sphincter relaxation (TLESr), including
reflux-associated TLESr, which is considered the main
pathophysiological mechanism of GERD [4, 5]. Conversely,
endoscopic techniques (for example, controlled delivery of
radiofrequency energy [Stretta] at the level of lower esopha-
geal sphincter [LES] or devices intended for transoral inci-
sionless fundoplication [Esophyx, MUSE]) mainly affect the
distensibility of the EGJ and do not target hiatus hernia or
the crural defect [6].

Respiratory physiotherapy to strengthen inspiratory mus-
cles, especially the diaphragm, can improve the function of
the antireflux barrier [7-9]. This approach is a comprehen-
sive procedure leading to an improvement of chest expansiv-
ity, airway clearance, and the enhancement of respiratory
muscles. Breathing exercises or diaphragmatic breathing
training (DBT), using various techniques to increase the
muscle tone of the diaphragm, are part of this procedure,
but specific devices with controllable resistance of inhaled
air can also be used. Besides DBT, effective physiothera-
peutic techniques involving visceral manipulation might
improve the function of myofascial tissue and respiratory
muscles, as a result. However, breathing exercises are still
not recognized as a standard means for GERD management
because scientific evidence is lacking in this area. Moreover,
the selection of patients who might benefit from respiratory
physiotherapy is not well understood.

This systematic review aimed to assess the effectiveness
of breathing exercises in patients with GERD and demon-
strate the usefulness of HRM in GERD treatment guidance.
Moreover, we characterized specific respiratory techniques,
using visual documentation, which may be of practical ben-
efit to both gastroenterologists and physiotherapists in under-
standing how breathing exercises affect the antireflux barrier

Role of the Diaphragm as an Antireflux Barrier

The diaphragm is a striated flat muscle separating the tho-
racic and abdominal cavities, and is considered to be the
main inspiratory muscle. It also serves as a postural stabi-
lizer, and the crural diaphragm (CD) is an important com-
ponent of the antireflux barrier [10, 11]. Studies quantifying
the CD within the EGJ concluded that approximately 85%
of overall EGJ contractility is attributable to the diaphragm
[12]. As a skeletal muscle, the diaphragm is partially under
voluntary control and its dysfunction can be improved by
various techniques of respiratory physiotherapy. Strength-
ening the diaphragm may also have beneficial effects on the
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other components of the antireflux barrier—not only the
EGJ.

Ideal involvement of the diaphragm in these functions
requires maintenance of the caudal position of the chest,
which is ensured by the balanced activity of the abdomi-
nal and pectoral muscles, and upper chest fixators [10].
Most patients with GERD typically have an imbalance in
the auxiliary respiratory muscles, with their chest taking
the inspiratory position that is labeled “open scissors syn-
drome” among respiratory physiotherapists (Fig. 1) [11].
Open scissors syndrome posture is an example of impaired
lumbar spine stabilization, with the disturbed position of
the thoracic and pelvic planes. This subsequently leads to
a change in breathing pattern, with reduced activity of the
CD. Moreover, it may also result in LES-CD separation,
which is considered a significant risk factor for GERD, fur-
ther leading to the development of hiatus hernia [13]. On
the other hand, all activities that increase the diaphragm's
demands on its postural function, such as coughing, the Val-
salva maneuver, or lifting the limbs, may lead to a reflex-
ive increase in LES tone [6, 14]. Additionally, due to the
increased activity of the diaphragm, both EGJ competence
and relaxation change. Reduced EGJ compliance forces the
esophagus to exert greater contractile vigor during swallow-
ing. Thus, improved diaphragmatic function may result in
better esophageal peristalsis, which is an essential compo-
nent of the antireflux barrier [15-17].

HRM as a Useful Tool in the Management
of Respiratory Physiotherapy

HRM has become a crucial part of the diagnostic procedure
in patients with PPI refractory symptoms. Evaluation of the
morphology and integrity of the EGJ has become a prior-
ity in the new version of the Chicago classification [12].
HRM not only provides parameters assessing the function
of the antireflux barrier, but also allows the evaluation of the
esophageal reserve, using various provocation maneuvers
[13, 18]. Basal LES tone, presence of LES-CD separation,
or esophageal contractile vigor are the main parameters
describing the integrity and function of the antireflux barrier.
HRM, and especially three-dimensional HRM, has enabled
detailed imaging of the EGJ and provided insight into the
functional contribution of indiviual EGJ components. This
reveals a number of new parameters, such as the EGJ con-
tractile integral (EGJ-CI), which also have predictive value
in assessing the severity of GERD [19, 20]. Moreover, a
number of these parameters directly reflect diaphragmatic
function, especially LES-CD separation or inspiratory aug-
mentation [16], supporting the importance of focusing on
the diaphragm in the therapeutic approach to GERD.

HRM may be a very useful tool in guiding respiratory
physiotherapy itself, since various respiratory techniques
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Fig.1 Open scissors syndrome. Left: An example of impaired lum-
bar spine stabilization. The red lines represent the plane of the chest
(diaphragm) and pelvis (with their incorrect positions), and lordotiza-
tion of the lumbar spine in the so-called “open scissors syndrome.”
The yellow circles indicate a loss of abdominal muscle function. The
black lines represent a defect in the position of the lower ribs. Right:

performed during manometric examination may reveal
not only EGJ dysfunction (Fig. 2), but also esophageal
reserves (Fig. 3) that may not be apparent from standard
assessments. This may help to understand the mechanism
of reflux in a particular patient, creating a more appro-
priate therapeutic approach, as well as determine the
appropriate load of breathing exercises. Signs indicating
a more severe degree of antireflux barrier incompetence
(for example, hypotensive LES or hiatus hernia), should
further influence the therapeutic process. Moreover,
patients who undergo DBT during treatment need to be
motivated, since only regularly performed exercises have

(e

Schematic representation of the ideal and disturbed positions of the
planes of the chest, pelvis, and lumbar spine. a Ideal position, with
the planes of the diaphragm and pelvis placed horizontally above
each other; b instability of the lumbar spine, with incorrect position
of individual body segments corresponding to open scissor posture
(reprinted with permission of Petr Bitnar)

the potential to improve the antireflux barrier over time.
HRM objectively and very clearly demonstrates the exact
changes in EGJ function and esophageal clearence, obvi-
ous to patients themselves (Figs. 4 and 5). Therefore, HRM
has the potential to be used as a method for biofeedback
treatment for GERD patients. Halland and colleagues have
used this approach in patients with rumination syndrome
[21]. The researchers used postprandial HRM not only
for diagnosis, but also for DBT in patients suffering from
rumination. The study demonstrated both good tolerance
of HRM during training, as well as its beneficial effect in
reducing the disturbed gastroesophageal pressure gradient
that is responsible for rumination.

Fig.2 Esophagogastric junction (EGJ) dysfunction revealed dur-
ing contraction of the abdominal muscles in the manometric study.
Increased EGJ compliance may not be apparent until intra-abdominal
pressure has increased. Various physical activities performed during
manometric examination may reveal EGJ dysfunction. In this case, an
abdominal strengthening exercise with leg raises showed the disrup-
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tion of the EGJ (c¢) with lower esophageal sphincter-crural diaphragm
separation of a size of 2.5 cm (white arrows), and by apparent tran-
sient lower esophageal sphincter relaxation (black arrow). EGJ dys-
function was visible neither during the resting phase (a) nor during
swallowing (b)
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Fig.3 Increase in esophageal contractility during diaphragmatic
breathing training (DBT). Provocative tests such as multiple rapid
swallow or rapid drink challenge are used to determine the contractile
reserve of the esophageal body during manometry. An increase in the
tonic activity of the crural diaphragm during DBT leads to a decrease
in esophagogastric junction (EGJ) relaxation during deglutition.

Fig.4 High-resolution manometry (HRM) before and after respira-
tory physiotherapy in a case of hypotensive lower esophageal sphinc-
ter (LES). The finding on HRM shows an increase in the tone of the
LES after respiratory physiotherapy was applied in a patient with

Reduced EGJ relaxation represents some degree of obstruction in
EGIJ flow that is accompanied by an increase in esophageal contractil-
ity (black arrows). Therefore, application of DBT may demonstrate
contractile reserve of the esophageal body that is not apparent when
using the provocative tests during standard manometry studies (white
arrows indicate where we usually expect augmented peristalsis)

initial hypotensive LES. Left: Evaluation in the landmark (a) and in
a swallow (b) before respiratory physiotherapy (mean LES pressure
7.9 mmHg). Right: Evaluation in the landmark (c) and in a swallow
(d) after respiratory physiotherapy (mean LES pressure 33.3 mmHg)

Fig.5 High-resolution manometry (HRM) before and after respira-
tory physiotherapy in a case of ineffective esophageal motility (IEM).
The finding on HRM shows an increase in the contractile vigor of the
esophagus after respiratory physiotherapy was applied in a patient
with initial IEM (assessed according Chicago classification v3.0). a
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Evaluation of esophageal contractility before respiratory physiother-
apy (mean distal contractile integral [DCI] 632 mmHg.cm.s; half
of all swallows were weak); b Evaluation of esophageal contractil-
ity after respiratory physiotherapy (mean DCI 1620 mmHg.cm.s; no
swallows were weak)
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Respiratory Physiotherapy in Patients with GERD

Although respiratory physiotherapy includes various tech-
niques focused particularly on improving diaphragmatic
function, there are many ways to perform breathing exer-
cises. The main goal is to change the breathing pattern from
thoracic to abdominal, where abdominal breathing is the
ideal breathing pattern. For optimal activation of the dia-
phragm during DBT, caudal position of the chest is nec-
essary [10, 11]. The caudalization of the chest itself will
increase the involvement of the diaphragm in the EGJ, as
showed in Fig. 6. Chest caudalization may also reduce
esophageal shortening—one of the key events leading to
EGIJ opening during TLESr [5]. The manual contact of
the therapist helps not only to maintain the correct posi-
tion of the chest during breathing exercises, but enables the
patient to focus on activating all parts of the diaphragm,
i.e., to breath into the ventral, lateral, and dorsal parts of
the abdominal cavity. Greater involvement of the diaphragm
is achieved by increasing diaphragmatic postural activity,
through various maneuvers [6, 10]. As shown in Fig. 6,
triflexion of the lower limbs, used by physiotherapists for
ideal co-activation of trunk muscles, increases the postural
demands on diaphragm, resulting in higher diaphragmatic
involvement in EGJ pressure. Triflexion of the lower limbs
also enables the gradual increase in exercise load, which is
very important in patients with suspected higher order EGJ
dysfunction. Despite the more severe degree of dysfunction
of the antireflux barrier, DBT is a suitable form of regu-
lar physical activity that can improve physical condition, in
addition to improving GERD symptoms [22]. DBT can also
prevent, for example, the development of lower back pain,
since this condition is highly associated with open scissor
syndrome [11].

The role of physiotherapists for patients with GERD is
not only in guiding physiotherapy. Physiotherapists also help

Fig.6 The caudalization of the chest during respiratory physiother-
apy. For ideal involvement of the diaphragm during breathing exer-
cises, manual correction of the chest to the caudal position is usually
necessary before respiratory physiotherapy. The greater engagement
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treat another musculoskeletal system dysfunctions, such as
reduced back muscle strength, scoliosis and kyphosis, or
cervical vertebropathy, which are closely related to GERD
[23-25]. Patients with GERD are generally less active than
those without GERD [26]; however, strenuous physical
activity in individuals with EGJ dysfunction may be predis-
posed to exercise-induced reflux. Increased EGJ compliance
presents in GERD patients (even in those without hiatus her-
nia) and is likely to be partially responsible for the reflux
that occurs during increased intra-abdominal pressure [27].

Methods

We performed an online search to identify relevant clini-
cal trials regarding the effect of respiratory physiotherapy
in patients with GERD. English language databases (Pub-
med, Cochrane library, Google scholar) were used for the
search, with the following keywords: “reflux”, “reflux dis-
ease”, “GERD”, “gastroesophageal reflux disease”, AND
“diaphragmatic breathing”, “diaphragmatic breathing train-
ing”, “breathing exercises”, “respiratory physiotherapy”,
abdominal breathing”, “inspiratory muscle training”. Only
studies published in peer-reviewed journals since 2000 were
included. Inclusion criteria were applied to adult patients
diagnosed with GERD, based on typical symptoms con-
firmed by endoscopic examination or 24 h esophageal pH
measurement. The study interventions were techniques of
respiratory physiotherapy aimed at increasing the activity of
diaphragmatic function, while control groups were treated
only pharmacologically or underwent sham breathing exer-
cises. The primary outcomes were reflux symptoms, quality
of life (QoL) evaluated by standardized questionnaires, con-
sumption of antireflux medication, and objective parameters
of antireflux barrier function demonstrated on esophageal
manometry or esophageal pH metry. The exclusion criteria

of the diaphragm in the function of the esophagogastric junction after
this adjustment is evident, using high-resolution manometry (HRM;
white arrow) (photo taken with permission of the patient)

@ Springer



L. Zdrhova et al.: Breathing Exercises in Gastroesophageal Reflux Disease

included a different publication format from the clinical
study (i.e., review, letter, or case report), duplicate stud-
ies, studies in the pediatric population, inappropriate study
groups such as patients suffering from a disease other than
GERD, and inconvenient interventions use or outcomes in
the study (i.e., parameters not corresponding to GERD).

Results

Our literature search (performed by LZ and KB) identi-
fied 163 studies. After examining the titles and abstracts,
we excluded 146 irrelevant studies, while the remaining 17
studies underwent full text reading. Additionally, six arti-
cles were discarded due to inapproprite study group use or
outcomes, or they were duplicates. Eleven eligible studies
were included in our systematic review. The flow diagram
of literature searching is shown in Fig. 7.

In a randomized controlled trial, Eherer and colleagues
[28] studied the effect of breathing exercises in patients with
nonerosive reflux disease (NERD) and healed esophagitis.
QoL, pH metry, and on-demand PPI usage were assessed
at baseline and after 4 weeks of training. Patients in the
training group practiced abdominal breathing techniques
for 30 min per day. QoL and PPI usage were also evaluated
after 9 months of continual training. A significant reduc-
tion in acid exposure time (AET) was found in the trained
group compared to controls. QoL also improved, and PPI
use decreased to one third of the initial dose after 9 months
in patients who continued practicing breathing exercises.

Studies identified from databases:
PubMed (n=77)

Da Silva et al. [29] performed a randomized controlled
study using 38 patients with GERD, where 22 patients
underwent osteopathic techniques and 16 were in the pla-
cebo group. The osteopathic techniques included respiratory
maneuvers, using manual contact of the physiotherapist on
the lower part of the thoracic cage during deep respiration.
An average respiratory pressure and maximum expiratory
pressure of the LES were measured by manometry before
and immediately after the osteopathy. An increase of 9-27%
in LES pressure was observed in patients who performed the
osteopathic maneuver.

Carvalho de Miranda Chaves et al. [30] performed a
prospective, sham-controlled study in GERD patients with
hypotensive LES. The researchers evaluated the effect of
inspiratory muscle training (IMT), using a specific device
with controllable resistance of inhaled air on esophageal
manometry and pulmonary function, after 8 weeks of train-
ing. Patients in the experimental group used a threshold
device twice a day with progressive loading, while the
threshold for sham-treated patients was stable for the whole
period. The mid-respiratory pressure (MRP) increased in
75% of patients in the experimental group, with average
increase of 46.6%. MRP increased in 66% of patients in
the sham group, with an average increase of 26.2%. The
researchers concluded that IMT increases LES pressure in
patients with GERD, regardless of the resistence load.

Nobre e Souza et al. [31] prospectively assessed the
impact of IMT on pH metry, manometry, and autonomic
function in GERD patients. The patients entered a 5 days
a week training program under progressive inspiratory

Titles and abstracts read and
excluded (n= 146)

Cochrane library (n= 10)
Google Scholar (n=76)

PubMed (n= 8)

* reviews, irrelevant articles,
pediatric population

Full text read and excluded
(n=6)

Cochrane library (n= 2)
Google Scholar (n=7)

duplicates, inappropriate
study group, intervention
or inconsistent outcomes in
study

Total studies included in the review (n=11)

Fig.7 Flow diagram of literature screening
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resistence, using a threshold IMT device. The authors
showed that IMT increased average EGJ pressure, decreased
the number and cumulative duration of TLESrs, and also
decreased the proximal progression of reflux. Heartburn and
regurgitation scores decreased significantly after 2 months
of training.

Sun et al. [32] investigated the effectiveness of diaphragm
biofeedback training in 40 patients with GERD, in short-
term and long-term follow-up. Patients were randomized to
receive breathing exercises and PPI treatment (rabeprazole),
or rabeprazole alone. The diaphragm biofeedback train-
ing/rabeprazole group showed significant improvement in
reflux symptoms and EGJ pressure after 8 weeks compared
to baseline values. Acid suppressing drug use significantly
decreased at the 6-month mark, where 82% of patients in
the study group (diaphragm biofeedback training/rabepra-
zole) had ceased PPI use after breathing exercises, while
only 6.2% of patients in the control group (rabeprazole only)
had ceased PPI use.

In a study by Ong et al. [33], the effect of diaphragmatic
breathing was assessed in GERD patients who exhibited a
dominant symptom of supragastric belching. Fifteen patients
were enrolled in the training group, while 21 controls were
placed on a waitlist. Patients underwent four weekly sessions
over a period of 4 weeks. After training, 80% of participants
in the treatment group, compared to only 19% of participants
in the control group, had a significantly reduced belching
frequency, measured via a Visual Analog Scale score. Reflux
symptoms and QoL scores also significantly increased in
training group, and these changes were sustained 4 months
post treatment.

Moffa et al. [34] performed a prospective study in 21
patients with NERD and evaluated reflux symptoms and
laryngoscopic findings before and after IMT. Nineteen
patients completed the training program, which consisted
of modified breathing exercises in supine and sitting posi-
tions performed twice a day for 4 weeks. The questionnaire
scores of esophageal and extraesophageal symptoms (GERD
esophageal symptomatology [GERDQ], extra-esophageal
GERD symptomatology [RSI], GERD-Health-Related
Quality of Life Questionnaire [GERD-HRQL]) significantly
reduced after treatment, and laryngeal endoscopy scores
greatly improved.

Martinez-Hurtado et al. [35] aimed to demonstrate
whether diaphragmatic myofascial release (MFR) had any
effect on the symptoms, QoL, and use of antisecretory
medication in patients with NERD. The researchers ran-
domized 30 patients into either an MFR or a sham group.
Patients in the study group received MFR treatment com-
prising four sessions—each lasting 25 min, twice a week,
for 2 weeks. The experienced physiotherapist applied a
three-dimensional, low-load pressure to the fascial tis-
sue in the corresponding area to restore the myofascial
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properties of the CD. The sham group received exactly
the same type of contact treatment but without any fas-
cial stimulation or pressure. All variables were assessed
at the baseline, 1 week, and 4 weeks after the end of the
treatment. At week 4, patients receiving MFR techniques
showed significant improvements in reflux symptoms,
QoL, and PPI usage compared to the sham group.

The effect of osteopathic visceral treatment in patients
with GERD was evaluated in a study by Eguaras et al.
[36]. Sixty patients were equally randomized in a study
and control group. Reflux symptoms were assessed 1
week after the first intervention, which was performed by
an osteopath for 5 min. Cervical mobility and C4 spino-
sus process pressure pain threshold were assessed after
the second intervention, after 2 weeks. The application
of osteopathic manual treatment produced significant
improvements in all assessed variables in the study group
compared to the control group.

Halland et al. [37] studied the effect of diaphragmatic
breathing in GERD patients with upright reflux and aimed
to determine the impact of postprandial breathing maneuvers
on reflux, LES, and gastric pressure. Thirty-three subjects
were enrolled in the study. During high-resolution imped-
ance manometry, 23 study patients received a standardized
meal and were randomized to a DBT or sham group. After,
patients underwent 48 h of pH-impedance monitoring, with
another randomization to postprandial DBT on the second
day. The postprandial breathing training reduced the number
of postprandial reflux events in patients and healthy controls
and decreased reflux episodes on day two compared to day
one observations in all subjects. Comparing the DBT group
with the sham group, total AET on day two was not sig-
nificantly different, but AET in the two-hour window after
standardized meal administration was significantly reduced
on day two versus day one. According to the authors, DBT
reduces postprandial reflux by increasing the difference
between LES and gastric pressure.

Ahmadi et al. [38] compared the effect of diaphragmatic
breathing and aerobic exercise (AE) on LES pressure and
QoL in patients with moderate to severe GERD. Patients
were randomized into three equal groups. The control group
received 20 mg of omeprazole per day, while the other
groups received DBT or AE in addition to antireflux medi-
cation. Patients in the DBT group performed DBT with deep
respiration into the abdomen, 5 days a week and with five
sessions each day. Patients in the AE group ran for 20 min
per day, achieving 70% of maximum heart rate, for five ses-
sions a week. QoL and LES pressure were measured before
and after the study. DBT improved both LES pressure and
QoL in patients with reflux, where DBT had more of an
effect on QoL than AE did.

The results of all selected studies are summarized in
Table 1.
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Discussion

GERD is a global health issue with an increasing inci-
dence. Antisecretory medications remain the main thera-
peutic approach to controlling reflux symptoms in most
GERD patients; however, antisecretory medications do not
affect reflux mechanisms. Furthermore, patients themselves
become aware of the possible adverse effects of PPIs, creat-
ing reluctance in taking these medications over extended
periods. The second most often applied treatment in GERD
is surgical fundoplication, which is often considered too
invasive a procedure. The gap between these two main treat-
ment approaches principally consists of endoscopic methods
that are not recognized as standard treatments and, moreo-
ver, are not available to patients in many countries [39].

Respiratory physiotherapy is an approach providing
therapeutic relief in some GERD patients, since the dia-
phragm (which is the target of breathing exercises) is con-
sidered the dominant component of the antireflux barrier.

The effect of various respiratory physiotherapy tech-
niques was evaluated in selected studies examining both
GERD symptoms and QoL, with objective parameters such
as EGJ function and reflux parameters. The authors mostly
used validated questionnaires (GERDQ, RSI, GERD-
HROQL), whose scores, in general, significantly improved
in relation to reflux symptoms and QoL after the admin-
istration of respiratory physiotherapy training. Moreover,
the studies assessing PPI consumption before and after
breathing exercise training demonstrated a significant
reduction in PPI usage after breathing exercise training.
All studies assessing objective parameters showed overall
improvement in GERD outcomes. The measured param-
eters of EGJ function included an increase in LES or EGJ
pressure, decreased AET, decreased number or duration of
TLESTr or reduced postprandial reflux events.

The majority of patients in these studies suffered from
NERD or mild reflux disease (i.e., reflux esophagitis grade
A or B), but in a few studies, the GERD phenotype was
undefined, or patients were diagnosed based on typical
symptoms (such as responding to PPIs only). These studies
may have included patients with functional heartburn or
esophageal hypersensitivity—not GERD. The beneficial
effect of breathing exercises found in these patients could
have been the result of reduced hypersensitivity or hyper-
vigilance. On the contrary, four studies demonstrated the
effect of respiratory physiotherapy in patients with moder-
ate to severe GERD, or an even greater degree of EGJ dys-
function (e.g., hypotensive LES and hiatus hernia), which
highlights the potential of respiratory physiotherapy in a
broader spectrum of patients with GERD [30, 31, 33, 38].

Conventional manometry and pH metry without
impedance were used in most of the studies for objective
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evaluation of the EGJ and for determining the presence of
reflux events. These methods could have influenced the
accuracy of EGJ function assessment, since the sensitivity
of conventional manometry in evaluating diaphragmatic
function is not adequate [40]. Equally, pH metry is not
suitable for evaluating PPI refractory patients, since weak
acid reflux and proximal mixed episodes are responsible
for persistent symptoms in those patiens. The majority
of patients enrolled in those studies were symptomatic,
despite treatment with PPIs. As impedance detects approx-
imately 20% more reflux episodes, using pH metry with
impedance would have been of greater benefit due to the
increased sensitivity impedance brings [41].

Most study outcomes were evaluated after a relatively
short time. Only a few studies had a long-term follow-up
over several months, where long-term follow-up was better
in demonstrating the changes on antireflux barrier function
induced by regular breathing exercise training. Appropri-
ate diaphragmatic function depends on the restoration of
the ideal position of the body, which requires a longer time
to achieve; thus, the assessment of DBT effects, after only
a few weeks of use, on GERD symptoms may have been
underestimated.

Besides breathing exercises, MFR was applied in two of
the studies. Manipulation of the myofascial tissues, which
form a network throughout the body, affects the function of
muscles, bones, and visceral tissues, leading to the reduc-
tion of pain and improvement of muscle strength and range
of motion. Mechanical stimulation of the diaphragm can
increase its contractility and proprioception, and thus its par-
ticipation in EGJ competence. Moreover, visceral manipula-
tion releases increased tension within the abdominal cavity,
which may favorably affect the abdomino-thoracic pressure
gradient. This pressure gradient, together with the dysfunc-
tion of the antireflux barrier, is considered a critical point in
the development of gastroesophageal reflux [42].

There were several limitations among the analyzed
studies. Some studies included small numbers of patients.
Most of the studies did not have blinding and lacked effec-
tive implementation control of the recommended exercises
for patients. Furthermore, studies differed in terms of the
specific physiotherapeutic technique under examination.
Despite these limitations, the studies were prospective and
controlled, and all but four were randomized. Although the
studies generally showed an improvement in reflux symp-
toms, QoL, and EGJ contractility (including the reduction
of reflux episodes after treatment), the studies were often
heterogenous in their design, study outcomes, and particu-
larly study interventions. Thus, it would be difficult to assess
these the data in a meta-analysis.

DBT may be a useful therapeutic method in a large spec-
trum of GERD patients, as demonstrated by the presented
studies. Patients who are symptomatic despite lifestyle
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modifications and the use of antisecretory medication should
consider practicing DBT, since it may improve antireflux
barrier function and thus allow reduced PPI consumption.
We suggest that DBT should be part of the therapeutic
approach for all GERD phenotypes, including patients with
varying degrees of hiatus hernia. The use of HRM as a bio-
feedback therapy also allows the adjustment of ideal treat-
ment positions or techniques in patients with more severe
antireflux barrier dysfunction. Therefore, we do not assume
that some groups of patients are contraindicated to prac-
tice DBT. There are no data evaluating the effect of DBT
in patients who are indicated for or have undergone antire-
flux surgery. However, due to the possible effect of DBT on
esophageal contractility, we hypothesize improved surgical
outcomes in patients who practice DBT before surgery. This
hypothesis must be confirmed by future clinical studies.

Conclusion

Current knowledge suggests the potential of breathing exer-
cises in the treatment of GERD; however, long-term efficacy,
patient selection, and the role of HRM in tailoring physio-
therapeutic approaches requires further research. Future work
should also aim to unify physiotherapeutic procedures to
obtain a standardized method in GERD treatment, allowing for
the better assessment of procedural effects in GERD patients.
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Abdominal wall tension increases using Dynamic Neuromuscular Stabilization
principles in different postural positions

Abstract

Background: Intra-abdominal pressure (IAP) is an important mechanism stabilizing the spine
and trunk. IAP regulation depends on the coordination of abdominal muscles, diaphragm and
pelvic floor muscles.

Objective: To determine the differences in abdominal wall tension (AWT) of various postural
positions, first without any correction, then after verbal and manual instructions according to
Dynamic Neuromuscular Stabilization (DNS) principles.

Methods: In a cross-sectional observational study, thirty healthy individuals (mean age = 22.73
+ 1.91 years) were fitted with two Ohmbelt sensors contralaterally above the inguinal ligament
and in the upper lumbar triangle. AWT was measured during five postural positions: sitting,
supine with legs raised, squat, bear and hang position. First, spontaneous AWT was measured,
then again after manual and verbal instructions following DNS principles.

Results: AWT increased significantly with DNS instructions compared to spontaneous
activation. Both sensors recorded significant increases (p < 0.01; Cohen’s d =-1.13 to -2.06) in
all observed postural situations. The increase in activity occurred simultaneously on both
sensors, with no significant differences noted in pressure increases between the sensors. The
greatest activation for both sensors occurred in the bear position. Significant increases in
activity were identified for both sensors in the supine leg raise position and in the bear position
compared to spontaneous activation in sitting (p <.001). There were no statistically significant
differences (for both sensors) between women and men in any position.

Conclusion: The amount of AWT significantly increases after verbal and manual instructions

according to DNS. The greatest abdominal wall activation was achieved in the bear position.

Key words: postural stabilization, intra-abdominal pressure, abdominal wall tension, pressure

sensors, Dynamic Neuromuscular Stabilization

1.Introduction
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Optimal spinal stabilization is dependent on the balanced coordination between the
diaphragm, pelvic floor and abdominal muscles to regulate intra-abdominal pressure (IAP). IAP
provides ventral spinal stabilization (Stokes et al., 2010), reduces compressive loads on the
spine (Cholewicki et al., 1999; Stokes et al., 2010) and works in coordination with lumbar
paraspinal muscles to secure spinal stabilization dorsally (Cholewicki et al., 1999). Spinal
stabilization is closely related to respiratory stereotype (Hodges and Gandevia, 2000) and also
to diaphragmatic and pelvic floor sphincter function (Bitnar et al., 2021, 2015; Hwang et al.,
2021). Global coordination of core muscle activity stabilizes the trunk. Sole activation of a
single trunk muscle or one component of the trunk stabilization complex would not be sufficient
to dynamically generate adequate IAP in response to actual postural demands (Stokes et al.,
2011). Ineffective spinal stabilization, or poor postural function of the pelvic floor and
diaphragm can cause low back pain (LBP) (Panjabi, 2003). Previous research using
electromyography has demonstrated different trunk muscle activation patterns in patients with
LBP compared to individuals without LBP (Suchiro et al., 2021). An unbalanced activation of
the trunk stabilizers and insufficient regulation of IAP can be related to urinary incontinence
(Hwang et al., 2021), gastroesophageal reflux (Bitnar et al., 2021, 2015), hernias (Qandeel and
O’Dwyer, 2016), and LBP among other problems in the musculoskeletal system (Hagins and
Lamberg, 2011).

Activation of the diaphragm, pelvic floor and abdominal wall precede movements of the
limbs (Hodges and Gandevia, 2000). IAP increases in proportion to the reactive forces from the
limb movement (Hodges and Gandevia, 2000). Several studies have demonstrated various
positive effects of abdominal and core stabilization exercises which include increasing core
muscle strength (Kitagawa et al., 2020) and grip strength (Kobesova et al., 2015), promoting
athletic performance (Clark et al., n.d.; Davidek et al., 2018; Saeterbakken et al., 2021),
preventing sport injuries, and reducing LBP (Hlaing et al., 2021; Tsai et al., 2020).

Still, it remains questionable how optimal core function is defined, and how to best test
and measure trunk stabilization(Clark et al., n.d.; Maaswinkel et al., 2016). In clinical practice,
most clinicians rely on observation and palpation (Clark et al., n.d.; Hebert et al., 2015;
Kobesova et al., 2020; Valentin-Mazarracin et al., 2021). IAP is one such variable commonly
measured that closely relates to trunk muscle coordination and core stabilization. TAP can be
measured in various ways with wireless technology becoming popular in recent years. Most
techniques monitoring IAP can be highly invasive using intravesical sensors, peritoneal cavity
catheters, and intravaginal or intragastric sensors (Liao et al., 2021). Due to such invasiveness

of these techniques, they are not routinely used in clinical rehabilitation practice. It has recently
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been shown that IAP can be predicted from AWT through the use of a capaciative force sensor
(Novak et al., 2021). Since IAP correlates with the AWT (Jacisko et al., 2021; Novak et al.,
2021), it is possible to understand changes in IAP indirectly by monitoring AWT using
capacitive force sensors. For such purposes, devices called the DNS Brace (Jacisko et al., 2021;
Novak et al., 2021) and Ohmbelt (Novak et al., 2021) have been used.

Activation of the abdominal wall and the amount of IAP is posture and task specific
(Arjmand and Shirazi-Adl, 2006; Jacisko et al., 2021; Novak et al., 2021, 2021). Therefore in
attempt to further understand the impact of different postural positions on AWT (and
subsequent regulation of IAP), this study investigated which positions exhibit the greatest effect
on AWT, and determine if AWT can be increased with the instruction according to Dynamic
Neuromuscular Stabilization (DNS) principles (Kobesova et al., 2020, 2016).

In this study we measured AWT in the following positions correlating with
developmental positions: Sitting (9 months developmental position), Supine leg raise position
(3 months developmental position), Hand and feet support called Bear (12 months
developmental position), Squat (12 months developmental position), and Straight arms hang
which is not a developmental position but it is a frequently used exercise position in the gym
with trunk stabilization stereotype that correlates with the 3 month developmental position. It
was hypothesized that spontaneous AWT would be higher in the challenging postural positions
compared with sitting, and DNS instruction, provided by trained clinicians, would increase

AWT above values exhibited spontaneously.

2.Methods
2.1 Participants

Thirty healthy college students (15 males, 15 females; aged 20-25 years) with no prior
experience of physical therapy or IAP-training participated in this study. Exclusion criteria
constituted any presence of acute or chronic musculoskeletal pain, any neurological, internal or
other disease, and prior history of any trunk surgery or injury, and body mass index (BMI)
above 30. Participants were recruited via email, and all data collection occurred at a hospital
rehabilitation clinic. Demographic characteristics of all participants are presented in Table 1.
Participants were instructed not to consume any food 90 minutes before the measurement. A

written informed consent was signed by each participant. The study conforms with The Code
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of Ethics of the World Medical Association and was approved by an Institutional Ethics

Committee. This study adheres to the Helsinki declaration.

Table 1: Participant’s anthropometric characteristics. N =30, 15 males, 15 females

Age (years) Height (cm) Weight (kg) BMI

Mean 22.7 175.0 69.8 22.6
SD 1.9 9.2 13.0 2.7
Min 20.0 158.0 50.0 18.3
Max 25.0 191.0 97.0 29.3

2.2 Instruments

To measure the activity of the abdominal wall, the Ohmbelt device (Nilus Medical LLC,
OHMBELT, Redwood City, CA, USA) was used. The Ohmbelt registers increases in pressure
by the abdominal wall through a capacitive force sensor located in the device, and is attached
by an adjustable strap. For this study two devices were used. Data from both sensors were
recorded simultaneously and processed by a software application. Details of the device
technology and measurement is further explained in a previous study by Novak et al. (Novak
et al., 2021). The Ohmbelt software using Bluetooth digital signal graphically displays data
from the sensors, and exports data to MS Excel allowing for immediate statistical analysis

(Novak et al., 2021).

2.3 Assessments

All assessments were performed under the same conditions by a single trained clinician.
The Ohm belts were fixed to participant’s trunk, one to monitor the force of abdominal wall
expansion above the inguinal ligament (anterior sensor - Figure 1A) and the other one in upper
lumbar triangle contralaterally (posterior sensor - Figure 1B).The order of the measured
positions and the allocation of the sensors were randomized in each subject.

The Ohmbelt was attached under the force of 110g (+10g), which was determined by
repeated measures, in order to sufficiently maintain contact with the abdominal wall during the

whole measurement while not affecting trunk movement (Novak et al., 2021). Every participant
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was informed in detail how to adopt the positions: sitting, (Fig. 1 A-B), supine position with leg
raise (Fig. 1C) bear (Fig. 1D), squat (Fig. 1E) and hang (Fig. 1F).

Activity of the abdominal wall was monitored in each position for four breathing cycles,
1.e. approximately 15 seconds of activation in each position (Novak et al., 2021). Each subject
took one testing breath and then the measurement began at start of the inspiratory phase and
ended at the end of the expiratory phase of the fourth breathing cycle. The subject breathed
naturally using the spontaneous rhythm. First, the spontaneously adopted position was
measured without any corrections. Immediately after the spontaneous measurement the
participants were verbally and manually instructed by the clinician how to optimally stabilize
the trunk according to Dynamic Neuromuscular Stabilization (DNS) principles (Kobesova et
al., 2020, 2016). Detailed instructions on how to properly activate the trunk in each position are
explained in figure captions (Fig. 1A-1E). Subjects were asked to push against both sensors and
maintain expansion of the abdominal wall throughout the whole measurements, both during
inspiration and expiration while maintaining neutral spine position (avoiding increased spinal
kyphosis or lordosis) in the given position. After being instructed, the subject took one testing
breath and then, four breathing cycles were measured again starting with the inspiratory phase
of the first breath and ending at the end of expiratory phase of the fourth breath. The relaxation
time between each position was 5 minutes. The assessment of all subjects were performed under
the same conditions, the same verbal and manual instructions were given by the same examiner

(Kobesova et al., 2020).
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Figure 1

Figure 1 A-B: Initial sitting position: the arrows indicate location of the sensors. 1A — anterior
sensor, placed above the inguinal ligament, 1B — posterior sensor, placed in the upper lumbar
triangle contralaterally.

Manual and verbal instructions for optimal stabilization: Keep the spine upright, avoid
increasing kyphosis or lordosis, relax your shoulders, support the feet on the floor, push with
your abdominal wall against both sensors and maintain the pressure during the whole
measurement, i.e. both during inspiration and expiration.

Figure 1 C: Supine leg raise position

Manual and verbal instructions for optimal stabilization: Lift your legs above the floor, keep
90° flexion at hips and knees, with slight external hip rotation, establish pelvic support on the
upper sections of the gluteal muscles. Keep the whole spine, including the cervical spine upright
(i.e. straight). Support your head across the nuchal line and keep it in a midline position avoiding
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inclination. Relax your shoulders, maintain caudal position of your chest (do not pull your
shoulders cephalad) throughout the entire respiratory cycle. Push with your abdominal wall
against both sensors and maintain the pressure during the whole measurement, i.e. both during
inspiration and expiration.

Figure 1 D: Bear position

Manual and verbal instructions for optimal stabilization: Keep the support on hands and
forefeet. The hands are weight-bearing equally on thenar and hypothenar pads. Keep your
shoulder blades adhering to the rib cage, medial borders nearly parallel to the spine. Focus on
proportional weight bearing of feet, the support on the front of the foot needs to be evenly
distributed between the head of the first and fifth metatarsus, knees being in line with feet, hips
are slightly flexed with pelvis situated higher than the head. Keep your head in midline position
avoiding inclination. The spine is elongated and straight. Maintain neutral (caudal) position of
your chest throughout the entire respiratory cycle, do not pull your shoulders up. Push with your
abdominal wall against both sensors and maintain the pressure during the whole measurement,
i.e. both during inspiration and expiration.

Figure 1 E: Hang position

Manual and verbal instructions for optimal stabilization: Keep your spine upright including
your neck, pull your head towards the ceiling, pull your shoulders wide and down from your
ears, lower the lower ribs, maintain the caudal position of the thorax. Push with your abdominal
wall against both sensors and maintain the pressure during the whole measurement, i.e. both
during inspiration and expiration.

Figure 1 F: Squat

Manual and verbal instructions for optimal stabilization: Keep your spine straight including
your neck, relax your shoulders, maintain caudal chest position, load the entire soles of your
feet proportionally, the support must be evenly distributed between the head of the first and
fifth metatarsus, keep your knees in line with feet. Push with your abdominal wall against both
sensors and maintain the pressure during the whole measurement, i.e. both during inspiration
and expiration.

2.4 Statistical analysis

Descriptive statistics were calculated for all variables. Data are mean *+ standard
deviation, unless otherwise noted. The data was processed by averaging four monitored
breathing cycles. One variable (Hang-front sensor) was not normally distributed, as assessed
by Shapiro-Wilk’s test (p < 0.05), however all skewness and kurtosis values were within
acceptable range and z-scores were assessed with no values outside the range of -3-3 for all
variables (Hair et al., 2010). Twelve outliers were detected as univariate outliers in the data, as
assessed by boxplot, which did not all occur on the same variables. After winsorization (where
outlier values were replaced with the next largest or smallest value), there were no appreciable
differences found comparing true values to the winsorized values. Therefore we proceeded

with the raw data, and initial correlations were performed to assess the relationship between
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front and back sensors. Paired-samples t-tests were used to assess the abdominal wall activity
between normal sitting posture and spontaneous activation; and also to assess spontaneous
activation with activation after correction by a DNS instructor in all four DNS postural
positions. Power analysis, using G*Power 3.1, indicated an 80% chance of detecting a medium
effect size of 0.5 in 27 subjects with statistical significance determined a priori at p <0.05 (one
tailed). In highly correlated dependent variables, Bonferroni corrections were utilized to reduce
the chance of Type I error, in which statistical significance was determined a priori at p <
0.0125. Effect sizes were interpreted as very small (< 0.2), small (0.2-0.5), medium (0.5-0.8),
or large (>0.8). Data analyses were conducted with the Statistical Package for the Social

Sciences (SPSS v27 for Mac; IBM Corp, Armonk, NY).

3.Results

Descriptive data for all participants are presented in Table 1. All participants who met
the inclusion criteria completed the study. In comparing sensor readings between the initial
sitting position with spontaneous activation in the adopted postural positions, paired sample #-
tests revealed significantly higher activity in the supine leg- raise position (Front: p < .001,
Back: p =.001) and bear position (Front: p <.001, Back: p <.001), but not for the hang or squat
positions (Table 2). When comparing the spontaneous activation readings for the adopted
positions with activation readings after manual and verbal correction according to DNS, paired
t -tests revealed significantly higher activity in both sensors (Front: p <.001, Back: p <.001)
for all four postural positions (Table 3). There were no significant differences between the front
and back sensors in any monitored position; as they trended similarly with each increase. The
maximum sensor activity was identified in the bear position, both for spontaneous and
instructed situations (Fig. 2). There were no significant differences according to gender in our

cohort of healthy individuals.
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Figure 2: Abdominal wall activity changes before and after correction during trunk
stabilization interventions.

Table 2. Abdominal wall activity comparison of sitting and after spontaneous trunk stabilization

interventions (Mean [Standard Deviation])

Sensor

Spontaneous

Mean

" C o .
Position Location Sitting Activation 95% CI Difference Effect Size P Value
Supine leg Front 1322 (27.7) 171.4(45.9)  (-55.8,-22.7) -39.4 -0.89 <.001*

raise Back 137.5(34.0) 167.8(50.7)  (-47.5,-13.1) -30.3 -0.66 .001*
Bear Front 132.2 (27.7) 180.1 (61.5)  (-69.6, -26.3) -48.0 -0.83 <.001*
Back 137.5(34.0) 192.2(65.7)  (-79.0,-30.4) -54.7 -0.84 <.001*

Han Front 132.2(27.7)  158.9 (60.0) (-49.6, -3.8) -26.7 -0.81 .024

£ Back 137.5 (34.0) 166.4 (60.6) (-54.5,-3.3) -28.9 -0.42 .028

Squat Front 1322 (27.7) 1329 (27.4) (-11.3,9.9) -0.7 -0.03 .892

: Back 137.5(34.0) 150.6 (38.5) (-28.5,-2.3) -13.1 -0.32 .091

*Statistically significantly difference observed (Bonferroni Correction P < 0.0125)

Values are kilopascals (kPa)
Effect size = calculated Cohen's d



Table 3. Abdominal wall activity changes before and after correction during trunk stabilization
interventions (Mean [Standard Deviation])

Sensor Spontaneous After Mean Effect

.. o
Position Location Activation Correction 95% C1 Difference Size P Value
Supine Front 171.4 (45.9) 263.4 (67.5) (-108.9, -75.0) -92.0 -2.03 <.001*
Leg Raise Back 167.8 (50.7) 267.6 (64.9) (-117.91,-81.7) -99.8 -2.06 <.001*
Bear Front 180.1 (61.5) 276.3 (73.5) (-116.6, -75.5) -96.2 -1.76 <.001*

Back 192.2 (65.7) 288.0(73.9) (-120.5, -71.0) -95.8 -1.45 <.001*

Han Front 158.9 (60.0) 235.4 (70.8) (-93.9, -59.8) -76.5 -1.71 <.001*
g Back 166.4 (60.6) 248.7 (92.4) (-109.6, -55.0) -82.3 -1.13 <.001*
Squat Front 132.9 (27.4) 194.4 (38.4) (-76.1,-47.1) -61.6 -1.59 <.001*
q Back 150.6 (38.5) 228.9 (74.0) (-104.1, -52.5) -78.3 -1.13 <.001*

*Statistically significantly difference observed (Bonferroni Correction P < 0.0125)
Note:

Values are kilopascals (kPa)
Effect size = calculated Cohen's d

4. Discussion

The results of this study demonstrated that AWT increases in two of the monitored
postural positions when compared to the seated position. IAP is strongly correlated to AWT,
which can voluntarily be increased beyond spontaneous activation via specific instructions to
activate the abdominal wall with eccentric contraction. To measure the corrected positions,
subjects were instructed to push against both sensors and maintain expansion of the abdominal
wall throughout the whole measurement while keeping the spine neutral. Detailed instructions
for stabilizing the trunk appropriately were based on DNS method principles (Kobesova et al.,
2020, 2016). Since IAP plays a critical role in spinal stabilization (Cholewicki et al., 1999;
Hodges and Gandevia, 2000; Mokhtarzadeh et al., 2012; Stokes et al., 2011, 2010), the aim of
training is to increase IAP during posturally challenging situations or when lifting loads to

protect the spine (Cresswell et al., 1994; Cresswell and Thorstensson, 1989). Also, in patients
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with LBP the rehabilitation goal may be to activate muscles that generate IAP (Stokes et al.,
2011), or to use lumbar belts (Ludvig et al., 2019) to increase IAP and unload the spine.
According to Arjmand & Shirazi-Adl (Arjmand and Shirazi-Adl, 2006), the unloading and
stabilizing actions of IAP are posture and task specific. Therefore, it is important to identify the
positions and instructions that significantly increase AWT and thus also IAP.

The greatest increase in AWT noted was in bear position, i.e. quadruped position with
feet and hands support, and supine position with leg raise. We attribute this effect not only to
abdominal wall activation but also to the postural diaphragmatic function. Brown demonstrated
position-dependent demands on the diaphragm with ultrasound assessment (Brown et al.,
2018). Diaphragmatic activity measured as diaphragm thickening fractions significantly
increased in sitting and standing in comparison to supine position. Brown’s team suggest
differences in diaphragm contractility by position are attributable to gravitational forces on the
diaphragm and abdominal viscera, and the physiological response of the diaphragm and
abdominal wall muscles to these forces (Brown et al., 2018). Essendrop et al. (Essendrop et al.,
2002) confirmed increases in IAP as a response to small sudden loads, arguing this is due to the
concomitant increase in muscle co-activation needed to generate IAP, and the IAP itself. He
also reports that increases in IAP and spinal stiffness reduces movement caused by the sudden
loading (Essendrop et al., 2002).Chyba! Nenalezen zdroj odkazit. jonificant increases in AWT were
also confirmed during lifting a load of 20 % body weight compared to initial seated position by
Novak et al. (Novak et al., 2021). Such findings demonstrate the need for increasing IAP to
secure posture that is labile or requires power output. This was also demonstrated in the supine
position with leg raise, monitored in our study where it was necessary to keep the weight of the
lower limbs against gravity and for the bear position which is rather unstable and not entirely
natural for humans and thus physically challenging. In the hang and squat position, the change
in AWT did not differ significantly from the initial sitting position. We can only speculate why
only insignificant increases were recorded in those two positions. Perhaps stabilization in the
hang position is more dependent on shoulder girdle power and endurance with core strength
and endurance becoming a secondary determinant noted during climing (MacKenzie et al.,
2020). Yoon et al. (Yoon et al., 2015) compared trunk muscle activity in quadruped position
with a leg raise and arm raise, reporting significantly greater activity of back, abdominal and
trunk muscles during leg raise than during arm raise. Using dynamic magnetic resonance
imaging Kolar et al. (Kolar et al., 2010) identified significantly greater diaphragmatic
excursions during lower extremity movements than with upper extremity movements. So, it

seems that leg movement challenge postural stabilization more than arm movement. In the
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squat position there was almost no change on the front sensor and insignificant increases on the
back sensor compared with sitting. This is rather surprising because prior research has reported
significant IAP increases in squat positions (Blazek et al., 2019). These differences are likely
due to measuring AWT at a higher squat position (90 degrees of knee flexion) for a short period
of time (15 seconds) without any load. Perhaps the short duration squat does not result in IAP
increase but a longer lasting squat position or a squat with a load which is frequently applied in
strength training in various modifications would cause significant change (Blazek et al., 2019).
Lander reports the IAP changing throughout the squat motion, with the greatest IAP occurring
when the lifter is in the beginning movement of concentric muscle actions coming "out" of the
squat (Lander et al., 1992, 1986). AWT was only recorded during static positions, which may
not have captured the phase of maximum activation of the abdominal wall during squatting.

In all measured positions, significant increases in both front and back sensors were noted
when instructing the subjects to actively push against the sensors and maintain the targeted
pressure during the whole measured period of time (4 breathing cycles, approximately 15
seconds) both during inhalation, and exhalation. The highest pressures were identified in bear
position on both sensors, spontaneously and after instructing the subjects to actively push and
breathe toward the sensors. The variability of the measured pressures (minimum 132.9 kPa on
front sensor during spontaneous hang, maximum 288 kPa on back sensor during corrected bear)
is in line with studies reporting the activation of the abdominal wall and amount of [AP is
posture and task specific (Arjmand and Shirazi-Adl, 2006; Jacisko et al., 2021; Novak et al.,
2021, 2021). Egger et al.(Egger et al., 2015) suggest that some activities do not produce
consistent IAP, and certain activities with higher maximal AP tend to have greater variability
between sessions. We cannot confirm this hypothesis because we only performed one
measurement for each position for each subject.

Based on our data we can suggest bear and supine leg raise positions to be the most
powerful from the five monitored positions (sitting, supine with leg raise, bear, hang, squat) to
train AWT and IAP trunk stabilization. Increasing IAP may be part of an effective support
strategy for the spine and used in cases where trunk stability needs to be improved. At the same
time, we must keep in mind that the ultimate goal is to restore optimal coordination among
muscles stabilizing the trunk without reaching the absolute maximum IAP. Some authors warn
that maximum activity of the abdominal muscles and related IAP peak can cause an inguinal
hernia (Hemborg et al., 1985), pelvic girdle pain (Mens et al., 2006), pelvic floor dysfunction
(Rosenbluth et al., 2010), or increased blood pressure which can possibly result in

cerebrovascular and cardiovascular events (Hackett and Chow, 2013). A sustained increase in
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IAP can result in abdominal compartment syndrome and intra-abdominal hypertension which
is a life threatening condition (Pereira, 2019). From a practical perspective, it is important to
determine which exercises optimally stabilize the trunk and favorably regulate IAP, improve
physical performance, and offer preventive and therapeutic effects on musculoskeletal pain.
One aspect to consider is the difference between concentric and eccentric abdominal wall
activation. Vicente-Campos et al. (Vicente-Campos et al., 2021) state that hypopressive-
abdominal exercises increase diaphragm thickness, thus significantly activate the key stabilizer
assisting in IAP creation and regulation. The Canadian Society for Exercise Physiology states
that abdominal bracing has been shown to be more effective than abdominal hollowing in
optimizing spinal stability (Behm et al., 2010). In our study we have instructed the subjects to
push against the sensors (“corrected scenario” for all measured positions), i.e. to activate the
abdominal wall eccentrically. This maneuver resulted in significant AWT increases and thus
indirectly also increasing IAP (Novak et al., 2021). The diaphragm lowers its position and
flattens during inhalation and also during postural loading (Kolar et al., 2010, 2009), as this
mechanism pressurizes internal organs and pushes them caudally evoking higher activity in
pelvic floor muscles (Hodges et al., 2007) that must support viscera from below and ensure
continence. Since intra-abdominal contents are mostly liquid and therefore incompressible, the
abdominal wall must react eccentrically as the diaphragm descends. In our experiment, we
placed the sensors where only the attachments of the abdominal muscles are located (above the
inguinal ligament and in the upper lumbar triangle contralaterally) and therefore the abdominal
wall is easily accessible and IAP can be accurately measured. Previous research studies also
monitored abdominal wall activity in these specific locations to evaluate AWT and spinal
stabilization (Jacisko et al., 2021; Kumar et al., 2012; Novak et al., 2021, 2021). Reduced
diaphragmatic excursions (Kolar et al., 2012), delayed postural activity of trunk stabilizing
muscles (Hodges and Richardson, 1996) and changes in motor control of the abdominal muscles
were identified in LBP populations (Hides et al., 2009).

No significant differences were noted between front and back sensors in any monitored
position under both spontaneous or corrected scenarios. This results from the physical law
defining behavior of the fluid in a closed container. If the AWT reflects IAP (Novak et al.,
2021; Ramshorst et al., 2011) that is hydraulic pressure within the abdominal canister,
according to Pascal's law the fluid pressure is transmitted equally in all parts of the container
acting perpendicular to the enclosing walls. In addition, no significant differences were

evidenced between males and females, so it appears the amount of AWT and IAP in various
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body positions is not gender specific, which supports prior findings (Chen et al., 2015; Cobb et
al., 2005).

This study is not without limitations. First, only asymptomatic, 20-25 year old’s were
assessed. The results cannot be generalized for older populations, individuals with LBP, or
individuals who experience movement system or neurological disorders. Secondly, although
the Ohmbelt device was used previously to explore postural stabilization and the methodology
was described in detail (Novak et al., 2021), there may be influences that affect the
measurement results such as identical placement of the sensors in all subjects, sufficient
tightening of the straps fixing the sensors, or body mass index of analyzed subjects. Due to the
variability in thickness of subcutaneous abdominal fat, measurements could be adversely
affected due to a greater distance between the pressure sensor and the abdominal muscles. To
avoid such influence, only subjects with a BMI below 30 were included to participate in the
study. Also, only static positions were monitored for short periods of time. Dynamic

movement, endurance and loading may strongly affect the results.

5. Conclusion

Measuring AWT using the Ohmbelt device confirms significantly higher activity in the
spontaneously adopted supine position with leg raise and bear position relative to a sitting
position. This work also confirms that it is possible to change AWT voluntarily. With specific
verbal and manual instructions following Dynamic Neuromuscular Stabilization principles, the
amount of AWT significantly increased in four monitored positions (supine with leg raise, bear,
hang and squat). The greatest abdominal wall activation was achieved in the bear position both

for spontaneous and instructed situations.
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leg raise compared to the initial resting position. Individuals with initially higher pressure in
lower esophageal sphincter (>10 mmHg) exhibited a greater pressure increase during leg raise
than those with initially lower pressure (pressure <10 mmHg; P = 0.002). Similarly individuals
with higher resting upper esophageal sphincter pressure (>44 mmHg) showed a greater pres-
sure increase during leg raise than those with lower resting pressure (<44 mmHg;
P < 0.001). The results illustrate the influence of postural leg activities on intraesophageal
pressure in patients with gastroesophageal reflux disease, indicating by means of high resolu-
tion manometry that diaphragmatic postural and sphincter function are likely interrelated in

this population.

© 2015 Elsevier Ltd. All rights reserved.

Introduction

Gastroesophageal reflux disease (GERD) is a common and
serious problem. Anti-reflux barrier mechanisms have been
discussed extensively in the literature. An increased
thoraco-abdominal pressure gradient (Ayazi et al., 2011),
length of lower esophageal sphincter (LES), flap valve at
the gastroesophageal (GE) junction or the angle of His have
been considered (Mittal and Liu, 2005); transient LES
relaxation, hiatal hernia, impaired esophageal clearance
and reduced lower esophageal sphincter pressure (LESP)
have also been assessed (Rohof et al., 2009). Evidence for
the influence of intra-abdominal pressure on LESP has been
shown repeatedly (Ayazi et al., 2011; Dodds et al., 1975;
Kahrilas, 1999). Mittal and Liu (2005) suggest that two
structures contribute to the GE junction pressure —
intrinsic or smooth LES muscle and extrinsic or skeletal
muscle crural diaphragm. Diaphragm performs complex
postural, respiratory and sphincter function. Dual postural
and respiratory diaphragmatic function has been shown by
Hodges and Gandevia (2000). Abnormal diaphragmatic
function plays an important role in the gastroesophageal
reflex disease (GERD) (Kahrilas, 1999; Shafik et al., 2006).
However, exact correlation between diaphragmatic
postural and function has not yet been

sphincter

Fig. 1
raised.

High resolution manometry assessment with legs

illustrated, especially in patients with GERD. Also, it is not
clear whether posture-related intra-abdominal pressure
changes affect upper esophageal sphincter (UES). Using
high resolution manometry (HRM), we examined pressure
changes in LES and UES in the relaxed supine posture
relative to the supine posture with legs raised and actively
held against gravity in patients with GERD (Fig. 1). The aim
of this study was to assess the influence of increased intra-
abdominal pressure both on LESP and upper esophageal
sphincter pressure (UESP) and to explore whether this
activation differs in patients with normal vs. abnormal
resting LESP and UESP.

Material and methods
Subjects

A convenience sample of 58 volunteers, aged 20—66, 32
males and 26 females, were clinically ascertained to have
typical GERD symptoms, i.e. acid regurgitation and heart-
burn with or without other frequent symptoms such as
chronic dry cough, halitosis, epigastric pain, dyspepsia or
nausea. Descriptive statistics of the patient sample are
shown in Table 1. Exclusion criteria were: previous gastro-
esophageal surgery, concomitant other chronic disease that
would affect esophageal motility (neuromuscular disease,

achalasia, diffuse esophageal spasm, scleroderma) or

Table 1 Descriptive statistics of the sample.

Mean SD Min Max
Age 43 11 20 66
Height (cm) 172 10 152 196
Weight (kg) 78 16 47 110
Body mass index 26 5 19 39
LESP rest (mmHg) 14 10 —4 41
UESP rest (mmHg) 90 68 9 388
LESP leg raise (mmHg) 31 18 3 79
UESP leg raise (mmHg) 104 78 10 330
Notes. SD = standard deviation; LESP = lower esophageal
sphincter pressure; UESP = upper esophageal sphincter
pressure..
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structural pathology (pharyngeal pouch, diverticulum), and
massive hiatus hernia.

Methods

This study was approved by the institutional ethical com-
mittee. All subjects were questioned to ensure that they
met the inclusion criteria of the study. All testing pro-
cedures were thoroughly explained to the participants with
a detailed description of the HRM assessments. All subjects
reported that they understood the test procedures and
gave informed consent.

Routine HRM procedure was performed. Water-perfused
HRM catheter was applied transnasally with the patient in a
sitting position. UES and LES were identified, and the
catheter was fixed. Then the subject was instructed to lie
supine and perform a series of 10 swallows of 5 ml of water.
First, pressure was recorded in UES and LES at rest. Then
the patient’s lower extremities were passively raised by a
clinician and positioned to 90 degrees of flexion at the hips
and knees and the subject was instructed to maintain this
position actively (Fig. 1). Again, pressure was recorded in
UES and LES. After putting the legs down, the patient
performed one more swallow of 5 ml of water, and the
catheter was pulled out after the patient was seated. All
patients tolerated the measurement procedure well.

The member of our team with the most clinical experi-
ence (J.S.) performed all measurements; we paid careful
attention to assuring that the conditions under which
testing was conducted were uniform and we used the same
catheter for all assessments. Clinical diagnosis of GERD was
found to agree highly with HRM software-generated diag-
nosis (reliability k = 0.79) previously (Singendonk et al.,
2015).

The manometric data were analyzed using a MMS Solar
Gl HRM software.

Statistical analysis

The statistical analysis was performed using the software
Statgraphics Centurion XV, version 15.2.06. Paired sample
t-test were used to examine whether esophageal pressure
(lower and upper) would change with lower extremity
activation. Independent samples t-test were performed to

compare whether the change in lower or upper esophageal
pressure was different for those with initially low vs. high
esophageal pressure. Note that the groups with initially low
vs. high esophageal pressure did not differ significantly in
terms of potentially relevant variables age, sex, or body
mass index (p > 0.10). Therefore, we proceeded without
controlling for these variables, which allowed us to reduce
bias towards Type Il error due to a relatively small sample
size. The significance level was set at two-tailed 0.05.

Results

Aim 1: examine whether LESP and UESP would change as a
result of lower extremities activation in patients with
GERD

The paired sample t-test indicated that the mean LESP was
significantly higher with legs raised compared to the resting
supine position (Mean 30.5, SD 18.3 mm Hg vs.
Mean = 13.6, SD = 9.5 mmHg; P < 0.001). Fig. 2 illustrates
this result. Similarly, the mean UESP was significantly higher
with legs raised compared to the resting supine position
(Mean = 103.7, SD 78.4 mm Hg vs. Mean = 89.6,
SD = 67.7 mm Hg; P = 0.034). Fig. 3 illustrates this result. Of
note in relation to Fig. 3 is the outlier with very high resting
UES. We speculate that this value is the result of the in-
dividual’s extreme lumbar hyperlordosis in the supine posi-
tion. When the participant lifted his legs, the lumbar
hyperlordosis reduced greatly. The idea is that the posture
with legs lifted may have actually been more relaxing than the
supine position, resulting in lower readings with legs raised.

Aim 2: examine whether the change in LESP or UESP
with postural leg activation would be different in in-
dividuals with normal versus abnormal resting LESP and
UESP

Results of the independent samples t-test indicated that
the individuals with higher resting LESP (>10 mmHg)
experienced a significantly greater increase in LESP during
leg raise than those with lower resting LESP (Mean = 36.6,
SD = 18.7 mmHg vs. Mean = 23.0, SD = 14.9 mmHg;
P = 0.002). Fig. 4 illustrates this result. In terms of UESP,
those with higher resting UESP (>44 mmHg) experienced a
significantly greater increase in UESP during the leg raise
than those with lower resting pressure (<44 mmHg)

Resting LES

Leg raise LES

4 16

Fig. 2
leg raise.

36

56 76 96

Statistical comparison of lower esophageal sphincter pressure data (mmHg) measured at rest in supine position and with
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Fig. 3  Statistical comparison of upper esophageal sphincter pressure data (mmHg) measured at rest in supine and with leg raise.
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Fig. 4 Change in the lower esophageal sphincter pressure during leg raise in individuals with higher (>10 mmHg) vs. lower resting

LESP (<10 mmHg) in supine.

(Mean = 133.1, SD = 79.0 mmHg vs. Mean = 48.0,
SD = 36.0 mmHg; P <0.001). Fig. 5 illustrates this result.

Discussion

The aim of this study was to assess the influence of
increased intra-abdominal pressure on LESP and UESP and
to determine if this effect differs in individuals with normal
vs. abnormal resting LESP and UESP. In support of our hy-
potheses, we found a significant increase both in LESP and
UESP with legs raised compared to the initial resting

position. Patients with initially higher LESP (>10 mmHg)
exhibited a greater increase in LESP during the leg raise
than those with initially lower pressure. Similarly, patients
with higher resting UESP (>44 mmHg) showed a greater
increase in UESP during the leg raise than those with lower
resting pressure.

The overarching goal of this study was to explore the
relationship between intra-abdominal pressure changes and
LESP (UESP) dynamics. The LESP significantly increased
with the leg raise in the whole group of 58 subjects.
Following the ASGE Technology Committee (2012) criteria,
we compared an increase in LESP with legs raised between

Leg raise UES; resting UES>44

Leg raise UES; resting UES<=44 +

0 100

Fig. 5
resting UESP (in mmHg) in supine.

200 300 400

Change in the upper esophageal sphincter pressure during leg raise in individuals with higher (over 44 mmHg) vs. lower
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individuals with abnormally low resting LESP, i.e.
<10 mmHg (26 subjects) versus those with normal resting
LESP, i.e. >10 mmHg (32 individuals). LESP increased
significantly more with a leg raise for those who had normal
LESP at rest (more than 10 mmHg) than for those who had
abnormally low resting LESP (at or lower than 10 mmHg).
These results provide evidence for the influence of intra-
abdominal pressure changes on LESP.

In the context posturally related LESP changes, it is
likely that the observed results point to the critical role of
the diaphragm as an important respiratory, postural and
sphincter muscle. The crural diaphragm plays an important
role in the gastroesophageal competence mechanism
(Shafik et al., 2006), serving as a “second sphincter” during
abrupt increases in intra-abdominal pressure (Kahrilas,
1999). Mittal et al. illustrated an increase of LESP during
straight leg raising in healthy individuals and by means of
EMG confirmed that tonic contraction of the crural dia-
phragm is a mechanism for LESP increase (Mittal et al.,
1990). Future research should examine directly whether
results reported here truly are driven by the diaphragm
function.

During postural locomotion activities such as hip flexion,
postural activity of the diaphragm increases (Kolar et al.,
2012, 2010). This mechanism plays an important role in
reflux prevention during increases of intra-abdominal
pressure (Kahrilas, 1999) that is related to any physical
strain, locomotion or even an active static position. In a
study by Dodds et al., the LESP increases associated with
leg raising were unrelated to the initial sphincter pressure
(Dodds et al., 1975). The results of our study using patients
with GERD are not in line with the study by Dodds et al.
(1975). One possibility is that measurement differences
contributed to the differences in outcomes. Dodds et al.
used a relatively rough method (although the best method
available at the time) that may not have been able to
capture this phenomenon to the same extent as the new
HRM assessment used in this study. Also, our results support
the findings by Cohen and Harris (1970) and Mittal et al.
(1990), both of whom point to the increased pressure during
a leg raise on which we build to suggest a potential greater
increase in those with initially higher pressure.

Our results maybe indicative of a decreased LESP
response to the increase in intra-abdominal pressure,
causing reflux or even regurgitation especially during for-
ward bending or other postural challenges (e.g. weight
lifting). Perhaps both the resting LESP and the amount of
LESP increase during postural challenge are critical anti-
reflux barrier mechanisms. But we may speculate that also
the mode of diaphragmatic activation is different in GERD
patients comparing to healthy subjects.

The diaphragm is an important respiratory, postural and
sphincter muscle that consists of several sections. It can be
expected that in patients with GERD mainly its crural part,
which plays a role of the second sphincter, is dysfunctional
whereas in patients with chronic low back pain its costal
and middle sections have been identified as dysfunctional
(Kolar et al., 2012). Also, an abnormal position and a
steeper slope of the diaphragm was found in individuals
with chronic back pain in comparison with a healthy pop-
ulation (Kolar et al., 2012). Perhaps this change in dia-
phragmatic position and contour can be of some

importance in GERD as well. Abnormal diaphragmatic
function can be a common denominator in patients
suffering from both GERD and chronic back pain. Yamane
states that kyphosis is associated with gastric acid reflux,
osteoporotic vertebral fractures are associated with the
presence of hiatus hernia, aggravating GERD symptoms, and
that there is a strong positive correlation between intra-
abdominal pressure and the lumbar compression force
(Yamane et al., 2011). A longitudinal study published by
Smith et al. (2014) presents a relationship between incon-
tinence, breathing disorders, gastrointestinal symptoms,
and back pain. All individuals involved in our study reported
repetitive chronic back pain for which they were repeat-
edly treated at the rehabilitation department. Approaching
diaphragmatic activation with a rehabilitation treatment
can influence LESP and thus also GERD symptoms as
confirmed by previous research (Carvalho de Miranda
Chaves et al., 2012; da Silva et al., 2013; Eherer et al.,
2012; Nobre e Souza et al., 2013).

Probably the most unique part of this study is the
confirmation of intra-abdominal pressure influence on
UESP. In our study, the UESP significantly increased with the
leg raise. While extensive research addresses LES function
in patients with GERD, much less attention has been paid to
the role of the UESP. Resting UESP norms have been
established (Bremner et al., 2001; Jungheim et al., 2015)
but postural influence on UESP has not been clearly
defined. We followed the norms published by Bremner
et al. (2001; Neville et al., 2005) indicating 73 + 29 mmHg
for resting UESP. In the entire sample, 20 had resting UESP
bellow the lower limit of normal (44 mmHg) while 38 in-
dividuals had resting UESP above the lower limit of normal
and 20 had the resting UEP above the upper limit of normal
(102 mmHg).

Individuals with higher resting UESP (more than
44 mmHg) exhibited a significantly greater increase in UESP
during the leg raise than those with lower resting pressure
(Fig. 5). To confirm this statistical inference, we also con-
ducted an analysis with the 73 mmHg threshold (according
Bremner the UESP norm is 73 + 29 mmHg) (Bremner et al.,
2001; Neville et al., 2005), and the same relationship be-
tween resting UESP and an UESP increase during a leg raise
was confirmed. In individuals with resting UESP above
73 mmHg, the increase in resting UESP during a leg raise
was significantly more than for those with lower resting
pressure (Mean = 147.5, SD = 81.1 mmHg vs.
Mean = 60.0, SD = 45.0 mmHg; P < 0.001). In other words,
the selected threshold did not seem to play an important
role. Our results indicate that the rate of the increase in
intra-abdominal pressure is dependent on the level of the
initial resting UESP. This finding applied to all by one pa-
tient, in whom the opposite was true — the resting UESP
was higher than UESP during the leg raise.

The findings have clinical implications. Generally, in
patients with very low UESP, we expect an increased risk of
gastroesophageal refluxate aspiration (Patti et al., 1992),
while the high UESP may cause dysphagia, odynophagia or
globus (Peng et al., 2015). But consensus does not exist
even on this topic. For example, according to Choi et al., a
HRM analysis suggests that UESP is not associated with
globus (Choi et al., 2013). Kwiatek demonstrated that
respiration-related change in resting UESP is significantly
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amplified in globus patients (Kwiatek et al., 2009). Respi-
ration, as well as an intra-abdominal pressure increase due
to postural limb activation, are related to changes in dia-
phragmatic position (Kolar et al., 2010, 2009). The dia-
phragm constantly fulfills combined respiratory, postural
and sphincter function. These diaphragmatic roles are
interrelated. Our data support the notion that the postural
situation under which HRM LESP and UESP are measured
should be considered. Carmo et al. (2015) state that resting
UESP is significantly lower in the sitting posture compared
to supine, suggesting that obtained data should be inter-
preted with caution in light of accepted norms. Most studies
using HRM are conducted based on measurements in supine,
whereas deglutition but also other movements and activ-
ities occur mostly in the upright position (do Carmo et al.,
2015).

Combined diaphragmatic function (respiratory, postural
and sphincter) and its influence on UESP and LESP should be
evaluated not just in patients with GERD, but also in pa-
tients with back pain where diaphragmatic activation is
abnormal (Janssens et al., 2013; Kolar et al., 2012;
Vostatek et al., 2013) as well as in patients with respira-
tory disorders. HRM appears to be an appropriate method to
evaluate this combined diaphragmatic function.

There are a few limitations to this study. First, although
GERD was carefully clinically ascertained in the sample and
the presence of common associated diseases and conditions
was ruled out during the assessment, it is still possible that
some other physiological process or condition were pre-
sent. Second, all patients with GERD involved in the study
also complained of chronic pain in the musculoskeletal
system but a specific relationship between these symptoms
and obtained data was not addressed. This will be a topic of
a future study. Third, no direct diaphragm measurements
were done in this study. However, it has already been
demonstrated by Mittal et al. (1990) by means of EMG
diaphragmatic recording that increase in LES during periods
of increased intra-abdominal pressure is associated with a
tonic contraction of the crural diaphragm. Fourth, the
sample was relatively small, potentially compromising
explanatory power. However, a greater sample would only
be likely to provide stronger statistical evidence for our
hypotheses.

Finally, with these limitations in mind, and considering
that our findings are not in line with some of the previous
relevant research studies, our findings need to be inter-
preted with caution. Future research needs to address the
influence of postural situation on UESP and LESP in chronic
back pain patients and its relationship to GERD. The effects
of treatment (diaphragmatic training) on LESP and UESP
and on subjective symptoms in GERD and back pain popu-
lation should also be explored.

Conclusion

The findings demonstrate the influence of intra-abdominal
pressure both on LESP and UESP in patients with GERD. We
also found that the amount of LESP and UESP increase
during postural activation depended on resting LESP and
UESP. The results illustrate the influence of increased intra-
abdominal pressure on intraesophageal pressure,

confirming combined diaphragmatic postural and sphincter
function. HRM evaluates not only sphincter, but indirectly
also postural diaphragmatic function. This may aid in the
design of functional assessment and conservative treat-
ment of individuals with esophageal motility disorders, but
also respiratory disorders and back pain where compro-
mised combined diaphragmatic function maybe a common
denominator.

Funding

This study was supported by the Foundation “Movement
without Help”, Prague, Czech Republic, by Rehabilitation
Prague School (www.rehabps.com) and by a grant PRVOUK
38.

Conflict of interest

None of the authors has any conflict of interest.

References
ASGE Technology Committee, Wang, A., Pleskow, D.K.,
Banerjee, S., Barth, B.A., Bhat, Y.M., Desilets, D.J.,

Gottlieb, K.T., Maple, J.T., Pfau, P.R., Siddiqui, U.D.,
Tokar, J.L., Song, L.-M.W.K., Rodriguez, S.A., 2012. Esophageal
function testing. Gastrointest. Endosc. 76, 231—243. http:
//dx.doi.org/10.1016/j.gie.2012.02.022.

Ayazi, S., DeMeester, S.R., Hsieh, C.-C., Zehetner, J., Sharma, G.,
Grant, K.S., Oh, D.S., Lipham, J.C., Hagen, J.A,
DeMeester, T.R., 2011. Thoraco-abdominal pressure gradients
during the phases of respiration contribute to gastroesophageal
reflux disease. Dig. Dis. Sci. 56, 1718—1722. http:
//dx.doi.org/10.1007/s10620-011-1694-y.

Bremner, C.G., DeMeester, T.M., Bremner, R.M., Mason, R.J., 2001.
Esophageal Motility Testing Made Easy. Quality Medical Pub-
lishing, St. Louis.

Carvalho de Miranda Chaves, R., Suesada, M., Polisel, F., de
Sa, C.C., Navarro-Rodriguez, T., 2012. Respiratory physio-
therapy can increase lower esophageal sphincter pressure in
GERD patients. Respir. Med. 106, 1794—1799. http:
//dx.doi.org/10.1016/j.rmed.2012.08.023.

Choi, W.S., Kim, T.W., Kim, J.H., Lee, S.H., Hur, W.J., Choe, Y.G.,
Lee, S.H., Park, J.H., Sohn, C.l., 2013. High-resolution
manometry and globus: comparison of globus, gastroesophageal
reflux disease and normal controls using high-resolution
manometry. J. Neurogastroenterol. Motil. 19, 473—478. http:
//dx.doi.org/10.5056/jnm.2013.19.4.473.

Cohen, S., Harris, L.D., 1970. Lower esophageal sphincter pressure
as an index of lower esophageal sphincter strength. Gastroen-
terology 58, 157—162.

Da Silva, R.C.V., de Sa, C.C., Pascual-Vaca, A.0., de Souza
Fontes, L.H., Herbella Fernandes, F. a. M., Dib, R.A.,
Blanco, C.R., Queiroz, R.A., Navarro-Rodriguez, T., 2013. In-
crease of lower esophageal sphincter pressure after osteopathic
intervention on the diaphragm in patients with gastroesopha-
geal reflux. Dis. Esophagus 26, 451—456. http:
//dx.doi.org/10.1111/j.1442-2050.2012.01372.x.

Do Carmo, G.C., Jafari, J., Sifrim, D., de Oliveira, R.B., 2015.
Normal esophageal pressure topography metrics for data
derived from the Sandhill-Unisensor high-resolution manometry
assembly in supine and sitting positions. Neurogastroenterol.
Motil. 27, 285—292. http://dx.doi.org/10.1111/nmo.12501.

Please cite this article in press as: Bitnar, P., et al., Leg raise increases pressure in lower and upper esophageal sphincter among patients
with gastroesophageal reflux disease, Journal of Bodywork & Movement Therapies (2015), http://dx.doi.org/10.1016/j.jbmt.2015.12.002

110



Leg raise effect on esophageal sphincter pressure

7

Dodds, W.J., Hogan, W.J., Miller, W.N., Stef, J.J., Arndorfer, R.C.,
Lydon, S.B., 1975. Effect of increased intra abdominal pressure
on lower esophageal sphincter pressure. Am. J. Dig. Dis. 20,
298-308.

Eherer, A.J., Netolitzky, F., Hogenauer, C., Puschnig, G.,
Hinterleitner, T.A., Scheidl, S., Kraxner, W., Krejs, G.J.,
Hoffmann, K.M., 2012. Positive effect of abdominal breathing
exercise on gastroesophageal reflux disease: a randomized,
controlled study. Am. J. Gastroenterol. 107, 372—378. http:
//dx.doi.org/10.1038/ajg.2011.420.

Hodges, P.W., Gandevia, S.C., 2000. Changes in intra-abdominal
pressure during postural and respiratory activation of the
human diaphragm. J. Appl. Physiol. 1985 (89), 967—976.

Janssens, L., Brumagne, S., McConnell, A.K., Hermans, G.,
Troosters, T., Gayan-Ramirez, G., 2013. Greater diaphragm
fatigability in individuals with recurrent low back pain. Respir.
Physiol. Neurobiol. 188, 119—123. http://dx.doi.org/10.1016/j.
resp.2013.05.028.

Jungheim, M., Schubert, C., Miller, S., Ptok, M., 2015. Normative
data of pharyngeal and upper esophageal sphincter high reso-
lution manometry. Laryngorhinootologie. http:
//dx.doi.org/10.1055/5-0034-1395532.

Kahrilas, P.J., 1999. The role of hiatus hernia in GERD. Yale J. Biol.
Med. 72, 101—-111.

Kolar, P., Neuwirth, J., Sanda, J., Suchanek, V., Svata, Z.,
Volejnik, J., Pivec, M., 2009. Analysis of diaphragm movement
during tidal breathing and during its activation while breath
holding using MRI synchronized with spirometry. Physiol. Res.
Acad. Sci. Bohemoslov. 58, 383—392.

Kolar, P., Sulc, J., Kyncl, M., Sanda, J., Cakrt, O., Andel, R.,
Kumagai, K., Kobesova, A., 2012. Postural function of the dia-
phragm in persons with and without chronic low back pain. J.
Orthop.  Sports Phys. Ther. 42, 352-362. http:
//dx.doi.org/10.2519/jospt.2012.3830.

Kolar, P., Sulc, J., Kyncl, M., Sanda, J., Neuwirth, J.,
Bokarius, A.V., Kriz, J., Kobesova, A., 2010. Stabilizing function
of the diaphragm: dynamic MRI and synchronized spirometric
assessment. J. Appl. Physiol. Bethesda Md 1985 (109),
1064—1071. http:
//dx.doi.org/10.1152/japplphysiol.01216.2009.

Kwiatek, M.A., Mirza, F., Kahrilas, P.J., Pandolfino, J.E., 2009.
Hyperdynamic upper esophageal sphincter pressure: a mano-
metric observation in patients reporting globus sensation. Am.
J. Gastroenterol. 104, 289—298. http://dx.doi.org/10.1038/
ajg.2008.150.

Mittal, R.K., Fisher, M., McCallum, R.W., Rochester, D.F., Dent, J.,
Sluss, J., 1990. Human lower esophageal sphincter pressure
response to increased intra-abdominal pressure. Am. J. Physiol.
258, G624—G630.

Mittal, R.K., Liu, J., 2005. Flow across the gastro-esophageal
junction: lessons from the sleeve sensor on the nature of anti-

reflux barrier. Neurogastroenterol. Motil. Off. J. Eur. Gastro-
intest. Motil. Soc. 17, 187—190. http://dx.doi.org/10.1111/j.
1365-2982.2004.00600.x.

Neville, A.L., Crookes, P., Velmahos, G.C., Vlahos, A.,
Theodorou, D., Lucas, C.E., 2005. Esophageal dysfunction in
cervical spinal cord injury: a potentially important mechanism
of aspiration. J. Trauma 59, 905—911.

Nobre e Souza, M.A., Lima, M.J.V., Martins, G.B., Nobre, R.A.,
Souza, M.H.L.P., de Oliveira, R.B., dos Santos, A.A., 2013.
Inspiratory muscle training improves antireflux barrier in GERD
patients. Am. J. Physiol. Gastrointest. Liver Physiol. 305,
G862—G867. http://dx.doi.org/10.1152/ajpgi.00054.2013.

Patti, M.G., Debas, H.T., Pellegrini, C.A., 1992. Esophageal
manometry and 24-hour pH monitoring in the diagnosis of pul-
monary aspiration secondary to gastroesophageal reflux. Am. J.
Surg. 163, 401—406.

Peng, L., Patel, A., Kushnir, V., Gyawali, C.P., 2015. Assessment of
upper esophageal sphincter function on high-resolution
manometry: identification of predictors of globus symptoms.
J. Clin. Gastroenterol. 49, 95—100. http://dx.doi.org/10.1097
/MCG.0000000000000078.

Rohof, W.0.A., Hirsch, D.P., Boeckxstaens, G.E.E., 2009. Patho-
physiology and management of gastroesophageal reflux disease.
Minerva Gastroenterol. Dietol 55, 289—300.

Shafik, A., Shafik, I., El Sibai, O., Mostafa, R.M., 2006. The effect of
esophageal and gastric distension on the crural diaphragm.
World J. Surg. 30, 199—204. http://dx.doi.org/10.1007/s00268-
005-0282-8.

Singendonk, M.M.J., Smits, M.J., Heijting, I.E., van Wijk, M.P.,
Nurko, S., Rosen, R., Weijenborg, P.W., Abu-Assi, R.,
Hoekman, D.R., Kuizenga-Wessel, S., Seiboth, G.,
Benninga, M.A., Omari, T.l., Kritas, S., 2015. Inter- and intra-
rater reliability of the Chicago classification in pediatric high-
resolution  esophageal manometry recordings. Neuro-
gastroenterol. Motil. Off. J. Eur. Gastrointest. Motil. Soc. 27,
269—276. http://dx.doi.org/10.1111/nmo.12488.

Smith, M.D., Russell, A., Hodges, P.W., 2014. The relationship be-
tween incontinence, breathing disorders, gastrointestinal
symptoms, and back pain in women: a longitudinal cohort study.
Clin. J. Pain 30, 162—167. http://dx.doi.org/10.1097/AJP.0
b013e31828b10fe.

Vostatek, P., Novak, D., Rychnovsky, T., Rychnovska, S., 2013.
Diaphragm postural function analysis using magnetic resonance
imaging. PloS One 8, e56724. http://dx.doi.org/10.1371/journ
al.pone.0056724.

Yamane, Y., Yamaguchi, T., Tsumori, M., Yamauchi, M., Yano, S.,
Yamamoto, M., Honda, C., Kinoshita, Y., Sugimoto, T., 2011.
Elcatonin is effective for lower back pain and the symptoms of
gastroesophageal reflux disease in elderly osteoporotic patients
with kyphosis. Geriatr. Gerontol. Int. 11, 215-220. http:
//dx.doi.org/10.1111/j.1447-0594.2010.00676.x.

Please cite this article in press as: Bitnar, P., et al., Leg raise increases pressure in lower and upper esophageal sphincter among patients
with gastroesophageal reflux disease, Journal of Bodywork & Movement Therapies (2015), http://dx.doi.org/10.1016/j.jbmt.2015.12.002

111



Priloha 4

Manual Cervical Traction and Trunk N

Stabilization Cause Significant Changes in

Check for
Updates

Upper and Lower Esophageal Sphincter:

A Randomized Trial

Petr Bitnar, DPT, “ Jan Stovicek, MD, PhD, o Stepan Hlava, MD, ® Pavel Kolar, PT, PhD,?
Josef Arlt, Ing, PhD,  Marketa Arltova, Ing, PhD, © Katerina Madle, PT,* Andrew Busch, EdD, © and

Alena Kobesova, MD, PhD ¢

| ABSTRACT II

Objectives: Dysfunctions in the lower esophageal sphincter (LES) and the upper esophageal sphincter (UES) levels
can occur owing to poor muscle coordination, contraction, or relaxation. Such condition can possibly be addressed by
functional rehabilitation. The aim of this study was to measure pressure changes in the UES and LES at rest and during
routine rehabilitation techniques, that is, cervical manual traction and trunk stabilization maneuver.

Methods: This study was conducted in a University Hospital Gastrointestinal Endoscopy Center. Cervical manual
traction and a trunk stabilization maneuver were performed in a convenient group of 54 adult patients with
gastroesophageal reflux disease. High-resolution manometry was used to measure pressure changes in the LES and
UES at rest and during manual cervical traction and trunk stabilization maneuver.

Results: Average initial resting UES pressure was 90.91 mmHg. A significant decrease was identified during both
cervical traction (average UES pressure =42.13 mmHg, P < .001) and trunk stabilization maneuver (average UES
pressure = 62.74 mmHg, P =.002). The average initial resting LES pressure was 14.31 mmHg. A significant increase
in LES pressure was identified both during cervical traction (average LES pressure =21.39 mmHg, P < .001) and
during the trunk stabilization maneuver, (average pressure = 24.09 mmHg, P < .001).

Conclusion: Cervical traction and trunk stabilization maneuvers can be used to decrease pressure in the UES and
increase LES pressure in patients with gastroesophageal reflux disease. (J Manipulative Physiol Ther 2021;44;344-
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INTRODUCTION

Gastroesophageal reflux disease (GERD) affects about a
quarter of the adult population in the United States and
Europe.! GERD significantly affects quality of life? and is
responsible for the greatest gastrointestinal (GI) disease
treatment cost in the United States.” In 2004, drugs pre-
scribed for dyspepsia in the United Kingdom cost 7% of
the primary care prescribing budget.4 Similarly common as
GERD is dysphagia, occurring in 8% to 22% of persons
over the age of 50, and even more frequently in older popu-
lations.” As a result, functional GI disorders are frequently
researched with the aim to decrease the prevalence of the
disorders, improve quality of life, and reduce financial bur-
dens associated with diagnosis and treatment. Although
there is a risk of side effects with medication,’ rehabilitation
and manual therapy that are proven to be effective’ ™"’
may offer few side effects while showing positive health
economic implications.'?

Within the GI tract, the esophagus is a common location
for disorders to manifest, specifically in the 2 sphincters
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located within the esophagus. The upper esophageal sphincter
(UES) consists of the cricopharyngeus muscle circular fibers,
which are closed at rest, preventing esophageal air intake
during inhalation. The UES permits both antegrade and retro-
grade flow of material during swallowing, belching, and vom-
iting,"* thus forming an important anatomic and functional
landmark.'* The lower esophageal sphincter (LES), together
with the crural part of the diaphragm, is the main anti-reflux
barrier, protecting the esophagus from regurgitating stomach
contents.

Apart from structural disorders such as neoplasms,
Zenker’s diverticulum, or thyroid disorders,"” the UES may
present with many types of dysfunction. The UES can fail
to relax, which may be a motor disorder caused by a medul-
lary lesion'® or a Parkinson’s disease symptom.'” The UES
opening can also become diminished, primarily owing to
weakness or insufficient pharyngeal propulsion. Both
conditions may be associated with neurologic disorders
such as generalized myopathy, amyotrophic lateral
sclerosis, Parkinson’s disease, and other neuromyogenic
conditions.'> UES incompetence may result in esophago-
pharyngeal regurgitation.'” The LES can also be structur-
ally affected by cancer, ulcers, or inflammation; however,
functional incompetence resulting in GERD is by far the
most frequent problem.”

Other than structural or neurologic causes, dysfunctions
in both the UES and LES levels can still occur owing to
poor muscle coordination, contraction, or relaxation. When
patients complain of digestive problems in the absence of
structural changes, functional GI disorders are conditions
frequently seen in gastroenterology practice.'® Often, no
organic, anatomic, histological, biochemical, ultrasono-
graphic, endoscopic, or even histochemical changes can be
identified. This suggests the cause could be an impaired
regulation, which may be reflected in the sphincter func-
tion, or a change in motility and tone. Impaired motility
combined with increased visceral sensitivity, psychosocial
conditions, and central nervous dysregulation are consid-
ered to be important etiopathogenic factors. A biopsycho-
social model as a basis for understanding and treating these
disorders has been proposed.'®

The UES and LES are partially formed by skeletal
muscles,'” and because certain maneuvers like changing
body position’’*? can alter UES or LES pressure, the
authors speculate that impairments at the sphincter level
can be improved by rehabilitation techniques. EXxisting
literature reports the positive effects adequate physical
activity,23 breathing exercises”"'*'" and osteopathic vis-
ceral treatment’ can have on GERD symptoms. However,
the exact mechanism of the rehabilitation treatment effect
has not been reported. To create an optimal rehabilitation
strategy and improve clinical outcomes, it is important to
first understand how certain techniques change the UES
and LES pressures. Therefore, the purpose of this study
was to examine the effect of manual cervical traction and a

Bitnar et al
Manual Techniques Change UESP and LESP

trunk stabilization maneuver, 2 common rehabilitation
procedures aimed to improve UES pressure (UESP) and
LES pressure (LESP) in patients diagnosed with GERD.
The 2 rehabilitation techniques were chosen based on long-
lasting positive clinical experience of the team working
with patients with GERD and dysphagia supported by stud-
ies demonstrating that trunk and neck positioning are impor-
tant for a normal feeding and swallowing process.”*”’ We
hypothesized that both procedures would relax UES and
activate the LES in a sample of patients with GERD.

METHODS

Participants

Fifty-seven participants, 29 male and 28 female, aged 20
to 66 years (weight 47 kg to 110 kg, height 152 cm to
196 cm, body mass index 18.6-39.0) were recruited to partici-
pate in this study. Participants were included if they presented
with typical GERD symptoms, that is, acid regurgitation and
heartburn with or without other frequent symptoms such as
chronic dry cough, halitosis, epigastric pain, dyspepsia, or
nausea. All testing procedures were thoroughly explained to
the participants with a detailed description of the assessments.
Any participant with a history of previous gastroesophageal
surgery, concomitant disease, other chronic diseases affecting
esophageal motility (neuromuscular disease, achalasia, diffuse
esophageal spasm, scleroderma) or structural pathology
(pharyngeal pouch, diverticulum), and massive hiatus hernia
were excluded from the study. A total of 3 participants were
excluded from the study owing to missing data on 1 or more
of the measures (Fig. 1). Written informed consent was
obtained from each participant, and this study was approved
by Institutional Ethical Board, University Hospital Motol,
Prague, Czech Republic. All authors of this article had
access to the study data and reviewed and approved the final
manuscript. This study was registered as a clinical trial
(registration number NCT03871426) and followed the
Consolidated Standards of Reporting Trials checklist (Fig. 1).

High-Resolution Manometry (HRM) Measurement and Intervention

Upon arrival at the hospital endoscopy center, partici-
pants were randomly assigned in an every-other fashion to
undergo cervical traction first, followed by the trunk stabili-
zation maneuver, or vice versa. Routine HRM procedures
using a solar GI manometry system were performed by the
same skilled gastroenterology specialist well trained for
over a decade in HRM performance and assessment. The
HRM assessment was performed according to the same
procedures described by Bitnar et al® A water-perfused
HRM catheter was applied transnasally with the patient in
a sitting position. The UES and LES were identified, and
the catheter was fixed. Then the participant was instructed
to lie supine and perform a series of 10 swallows of 5 mL
of water. First, initial resting pressures were recorded in the
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Enrollment

Assessed for eligibility (n=57)

Excluded (n=0)

+ Not meeting inclusion criteria (n= 0)
+ Declined to participate (n= 0)

+ Other reasons (n=0)

A 4

Randomized (n= 57)

}

¥ [ Allocation J ¥
Allocated to intervention (n= 28) Allocated to intervention (n= 29)
+ Received Manual Cervical Traction followed + Received Trunk Stabilization followed by
by Trunk Stabilization Manual Cervical Traction
v [ Follow-Up ] 1
Lost to missing data (n= 1) Lost to missing data (n= 2)
r [ Analysis 1 v
Analysed (n=27) Analysed (n=27)

Fig 1. A study flowchart according to the CONSORT. CONSORT, Consolidated Standards Of Reporting Trials.

UES and LES at rest. Both maneuvers were performed
within 1 measurement session. The cervical traction or
trunk stabilization maneuver was performed, depending on
which order the participant was assigned, and then UESP
and LESP were monitored to return to within 5 mmHg of
the initial resting pressure, and the second maneuver was
performed, recording the UESP and LESP values again.
All manual maneuvers were performed by the same
licensed physiotherapist, with 15 years of experience. The
manual cervical traction maneuver (Fig 2A) and the trunk
stabilization maneuver (Fig 2B) were performed according
to Dynamic Neuromuscular Stabilization principles pub-
lished previously in detail.”**’ To assure that manual pres-
sure applied on the trunk did not affect the HRM catheter,
that is, to rule out manual pressure increases the LES after
placing the therapist’s hand on top of the patient’s chest, it
was observed that LES pressures did not change. Only then
the trunk stabilization maneuver was performed, bringing
the chest in a caudal position while not pushing the
patient’s chest toward the table. With every participant,
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each maneuver was performed only once for a period of
approximately 30 seconds. After both measurements, the
patient performed 1 more swallow of 5 mL of water and
returned to the seated position, and the catheter was
removed. All participants tolerated the measurement proce-
dure well. The manometric data were analyzed using MMS
solar GI HRM software.

Statistical Analyses

Descriptive statistics were calculated for each measure.
Paired-samples ¢ tests were used to compare esophageal
pressure in both the UES and LES at rest and after both
manual procedures, with Bonferroni corrections applied
where necessary. Power analysis, using G¥Power 3.1, indi-
cated an 80% chance of detecting a medium effect size of
0.5 in 34 participants with statistical significance deter-
mined a priori at P < .05 (2-tailed). Cohen’s d effect sizes
were calculated for differences between pressures as the
mean difference between groups divided by the pooled
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Fig 2. A, Cervical traction. The participant rests supine with feet supported on the table. The therapist performs cervical traction while
centrating the neck according DNS principles, keeping the cervical spine neutral to avoid any flexion or extension of the neck. B, Trunk
stabilization maneuver. Using the right hand, the therapist stabilizes participant’s neck in the neutral position, avoiding extension,
while bringing the chest into the caudal, neutral position with the left hand.

standard deviation. Effect sizes were interpreted as very
small (<0.2), small (0.2-0.5), medium (0.5-0.8), or large
(>0.8).% Data analyses were conducted using Statgraphics
Centurion XV, version 15.2.06. Statistical significance was
determined a priori 2-tailed P < 0.05.

ResuLTs

Table 1 presents descriptive statistics of the sample
(n = 54). Fifty-four participants completed the study. Partic-
ipants were randomized to either first complete the manual
traction followed by trunk stabilization (n=28 of partici-
pants) or to complete the trunk stabilization followed by
manual traction (n= 29 of participants). There were 10 out-
liers in the data as assessed by box plot values greater than
1.5 times the interquartile range; however, they remained
in the data analysis, as the observation of large variances in
pressure is not unusual for individuals with GERD, and
because there were no differences in statistical outcomes.
Paired-samples ¢ tests indicated the mean UESP was
significantly lower with cervical traction compared to the
initial resting pressure (mean initial=90.91 £ 68.99

mmHg vs mean traction =42.13 4+ 33.27 mmHg; P < .001,
Cohen’s d =0.88). Upper esophageal sphincter was also
significantly lower during the trunk stabilization maneu-
ver compared to the initial resting pressure (mean ini-
tial =90.91 &+ 68.99 mmHg vs mean stabilization = 62.74
+ 69.55 mmHg; P=.002, Cohen’s d =0.43). Fig. 3 illus-
trates the results. The mean LESP was significantly higher
during cervical traction compared to the initial resting
pressure (mean initial=14.31 4+ 11.53 vs mean trac-
tion=21.39 &+ 13.42 mmHg; P < .001, Cohen’s d =0.52).
Lower esophageal sphincter pressure was also signifi-
cantly higher during the trunk stabilization maneuver
compared to the initial resting pressure (mean ini-
tial=14.31 4+ 11.53 vs mean stabilization=24.09 =+
12.72 mmHg; P < .001, Cohen’s d=0.98). Fig. 3 illus-
trates the results.

DISCUSSION

The results of this study confirm a significant influence
of routine manual rehabilitation techniques, that is, cervical
traction and trunk stabilization maneuver on UESP and

Table 1. Pressure Changes in the UES and LES (mmHg) During Manual Cervical Traction and Trunk Stabilization Interventions

(Mean [SD])
n=>54
DNS Maneuver Measure Initial Resting Pressure  Post Maneuver Pressure  95% CI Mean Difference  Effect Size P Value
Cervical traction UES 90.91 (68.99) 42.13 (33.27) (33.63-63.93) 48.78 0.88 <.001*
LES 14.31 (11.53) 21.39 (13.42) (—10.81t0 —3.34 7.08 0.52 <.001*
Trunk stabilization UES 90.91 (68.99) 62.74 (69.55) (10.40-45.93) 28.17 0.43 .002*
LES 14.31 (11.53) 24.09 (12.72) (—12.5t0 =7.06) 9.78 0.98 <.001*

Values are mmHg. Effect size = calculated Cohen’s d.

ClI, confidence interval; DNS, dynamic neuromuscular stabilization; LES, lower esophageal sphincter; SD, standard deviation; UES, upper esophageal sphincter.
 Statistically significantly difference observed (Bonferroni correction, P < .025).
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Pressure Changes in UES and LES (mmHg)

140

120

100

90,91
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0

Resting Pressure

42,13

Cervical Traction

62,74

Trunk Stabilization

UESP M LESP

Fig 3. Statistical overview of all measured pressures.

LESP. Both techniques decreased UESP and increased
LESP. In a clinical setting, however, cervical traction may
perhaps provide greater relevance for the UESP, owing
to the greater effect size (0.88) compared with trunk stabili-
zation. For the LESP, the trunk stabilization maneuver may
provide greater clinical application owing to its effect size
(0.98) compared with cervical traction. This fact may be
important for the management of common signs of gastro-
esophageal dysfunction. Routine treatment often starts with
an empiric trial of medication, such as proton pump
inhibitor therapy for GERD symptoms®' but also for
globus sensation, because a close relationship between
esophageal acid reflux and globus sensation has been
reported.’” In case of structural absence, globus sensation
may also be considered of a psychological origin and
antidepressants or antianxiety medications are often pre-
scribed.**** Such medication may have negative side
effects.® Lifestyle and or psychological interventions and
electrical stimulation of the LES *' have also been used in
treatment. Additional treatment options include more
invasive and costly methods including endoscopic and
surgical procedures.’>*°

The UES protects the aerodigestive tract from the effect
of digestive juices and aerosol, while regulating belching.
Its incompetence results in supraesophageal reflux’’ while
increased pressure’® or failure of relaxation’® may cause
oropharyngeal dysphagia and globus sensation. The UES
tone is responsive to body posture, esophageal content, and
volume.”” Babaei et al.”” reported in healthy populations
both liquid and air induces UES contraction in a supine
posture, while in the upright posture air-induced UES
relaxation occurs. According to Williams et al.,** most

esophagopharyngeal acid regurgitation occurs abruptly and
in the upright position.

Similarly, the LES is responsible for maintaining basal
pressure at the esophagogastric junction, forming a critical
anti-reflux barrier.*' The diaphragm acts as an external
lower esophageal sphincter that influences pressure, based
on respiration. Increased pressure occurs during inspiration
owing to contraction of the diaphragmatic crura that
involves the sphincter.*> During swallowing or belching,
the LES muscle must relax. Prolonged LES relaxation or
incompetence may be accompanied by reflux of gastric
contents causing GERD." Reflux symptoms are reported
to be posture dependent and patients are advised to sleep
with their head elevated, lying on the left side,”” or use a
positional therapy device to reduce nocturnal gastroesopha-
geal reflux symptoms.44

Additionally, the functions of the UES and LES are
interrelated. In patients with GERD with regurgitation, the
UES response to liquid esophageal distention is altered and
their esophago-UES contractile reflex is not as robust com-
pared to healthy individuals.>® Gastroesophageal reflux dis-
ease could be the major cause of globus, that is, persistent
or intermittent nonpainful sensation of a lump or foreign
body in the throat.””

Regular and mild-moderate physical activity has been
shown to reduce symptoms of GERD, whereas excessive
physical activity is a significant risk factor for the develop-
ment of reflux.”’ Because the diaphragm, which is the
main respiratory muscle, plays an important role in the
LES, breath training is often advised to treat GERD
symptoms.”'"'" Respiratory physiotherapy for GERD is
discussed even in infants and small children populations.*’
It is important to realize that the diaphragm plays a
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fundamental role in breathing, postural, and sphincter func-
tions.*® In this study, we positioned the patient’s thorax
into neutral alignment as defined by developmental kinesi-
ology and Dynamic Neuromuscular Stabilization con-
cepts.”®*” The crural part of the diaphragm may be
deconditioned or insufficient in individuals with GERD,?’
and its training may help in GERD symptom treatment.”
An optimal alignment of the rib cage bringing the lower
thoracic aperture into a parallel position with the pelvis
while lengthening the spine via cervical traction stimulates
abdominal breathing, which proved to be effective in
increasing LESP.'” It appears this may have improved the
diaphragm’s ability to function as an anti-reflux barrier,
while regulating LESP as needed.

We also examined the UESP reaction to the 2 manual
procedures. The elevated UESP and higher residual pres-
sures during the period of UES relaxation is often associ-
ated with globus sensation,”® which is a common clinical
condition that may be long lasting and difficult to treat, has
a tendency to recur,” and may be related to GERD.***®
Both cervical traction and the trunk stabilization maneuvers
significantly decreased UESP. This may result from the fact
that manual cervical traction reduces alpha-motoneuron
excitability,49 that is, causes muscle relaxation.

Based on the results of this study, we can speculate that
both manual procedures may potentially be used in treat-
ment of patients with globus, GERD, and other increased
UESP-related symptoms such as dysphagia. This would
support a previously published study demonstrating posi-
tive effects of osteopathic visceral treatment on GERD
symptoms.” Further studies are needed to confirm the
effect of cervical manual traction and trunk stabilization
maneuvers on symptoms and quality of life of patients
with such gastroesophageal diseases. It is unknown how
long these improvements last in patients with GERD. If
such treatments are effective, excessive and long-term
consumption of medication with extensive side effects
could possibly be reduced as well as more invasive and
costly treatment procedures. Close cooperation between
gastroenterology and rehabilitation specialists maybe of a
potential benefit.

In summary, these results demonstrate the potential
influence of the musculoskeletal system on the UES and
LES and that UESP and LESP are posturally dependent.
During the trunk stabilization maneuver, the diaphragm is
placed into a more efficient position to fulfill the dual
sphincter and respiratory functions. As a result, the LES
force increases. A stable trunk position is important for the
diaphragm to fully act as a chief inspiratory muscle, which
allows for relaxation of auxiliary respiratory neck muscles
and UESP can decrease as a result. Patients with GERD are
often chest breathers, using auxiliary respiratory muscles to
substitute for insufficient diaphragmatic breathing. With
such stereotype the thorax migrates cranially with each
breath, subjecting the neck muscles to repetitive strain,
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possibly creating neck pain commonly associated with
GERD symptoms.””

Limitations

Besides general technical HRM limitations,”" the results
of this study should be considered in light of some specific
limitations. All measurements were done on a convenience
sample of patients diagnosed with GERD. It is unknown
whether these maneuvers would have the same effect in
patients who are asymptomatic of GERD conditions, and
further research is required to reproduce and confirm the
effect of cervical traction and trunk stabilization maneuver
on UESP and LESP in other population samples. Also,
only immediate UESP and LESP response to the 2 manual
procedures was measured. It remains unknown if the inter-
ventions would have any longer effect. Also, further studies
need to confirm whether the manual techniques used would
be effective in treatment of GERD, globus sensation, or
any other gastroesophageal symptoms related to abnormal
UESP and LESP regulation and if self-treatment promoting
cervical traction and trunk stabilization would be effective.
All patients were instructed not to take any medication
24 hours before the assessment or for a longer time if nec-
essary.52 The HRM was always performed on an empty
stomach. The type of medication and dosage for each
patient were not recorded (prokinetics, proton pump inhibi-
tors or anti-acid, or any other). The influence of medication
on the effect of manual interventions should be further
explored as well.

CONCLUSIONS

This study attempted to identify the contribution of 2
common rehabilitation techniques on pressure changes in
the UESP and LESP. In patients diagnosed with GERD,
both the cervical traction and trunk stabilization maneuvers
showed positive effects on UESP and LESP. Both manual
techniques significantly decreased UESP and increased
LESP. Manual cervical traction and trunk stabilization
maneuvers could possibly be helpful noninvasive treat-
ments for patients with GERD, globus sensation, or any
other gastroesophageal symptoms related to abnormal
UESP and LESP regulation.
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Practical Applications

o The findings suggest that cervical manual
traction, and trunk stabilization maneuver
may decrease upper esophageal sphincter
pressure (UESP) and increase lower esoph-
ageal sphincter pressure (LESP).

¢ Rehabilitation and manual therapy may be an
appropriate part of complex treatment
approach to patients with GERD, dysphagia,
and other gastroesophageal symptoms related
to abnormal UESP and LESP regulation.
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