U
O =
A ]
—]

Respiracni trenink (RMT)

Specifické formy tréninku




Uvod

— Regulace dychani (viz napr. BP Janousek, Minarikova)

— Dychaci svalstvo
— InspiraCni X expiracni
— Hlavni X pomocné

— Stereotyp dychani (Stackeova, 2011)
— abdominalni (bfisni) neboli branicni dychani;
— kostalni neboli dolni hrudni i dolni zeberni dychani;
— klavikularni neboli horni zeberni dychani
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Dechoveé objemy

A
Inspiraéni
rezervni
IRV
bjem
Inspiraéni o
kapacita (IRV)
Y Ve (1) Vitalni
* ka{r::é:;ta Dechovy Celkova
TV objem plicni
(V) kapacita
1' (TLC)
Exspiracni
rezervni
objem Funkeéni
FRC (ERV) rezidulni
kapacita
+ Rezidudlni Rezidudlni (FRC)
RV objem objem
+ (RV) (RV)
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Dynamické objemy

— VE = VT * BF (minutova ventilace = dechovy objem * frekvence)

— V klidu ~8 L/min, v zatézi az ~200 L/min.

— Usilovné vydechnuty objem za 1 sekundu (FEV1) objem vzduchu
vydechnuty behem 1 sekundy usilovneho vydechu

— Tiffeanuuv index (FEV1/FVC) je pomér usilovné vydechnutého
objemu za 1 sekundu v procentech vitalni kapacity pri usilovhém
vydechu

=
—
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Dychani pri zatezi

— V klidu BF = 10-15 d/min, objem ~0,51. VE=7,51

— P¥i zatézi BF = 40 — 50 d/min a dechovy objem se také zvy3uje. Cim vice je
jedinec trénovany, tim vice se zvysuje dechovy objem. Vyzaduje to silngjSi a
rychlejsi kontrakci dechoveého svalstva

— plice nemaji schopnost v zavislosti na tréninku zvetsit svoji kapacitu! Ale
zlepsSuje se plicni funkce

— V klidu je vydech zajiStovan zejména elasticitou hrudniho koSe. Se vzrustajici
intenzitou zatéze zapojovani expiracnich svald.

— Bez ohledu na intenzitu zateze je vetSina prace vykonana inspiracnimi svaly
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— ZvySeni minutové ventilace neni linearni a velmi prudce vzrlsta pfiblizné ve dvou tfetinach maximalniho zatizeni.

— VE na urovni 80% maximalni kapacity neni dvakrat vétSi nez na urovni 40% maximalni kapacity, nybrz je Ctyfikrat az pétkrat
VySSi.

— Pokud se dechovy objem pfestane zvySovat, ale naroky na pfisun kysliku jsou stale vysoké, za¢ne strmé stoupat dechova
frekvence, aby byla udrzena potfebna minutova ventilace. ZvySuijici se zavislost na dechové frekvenci k udrzeni minutove
ventilace pfi vysokych zatéZich je zplsobena nemoznosti zvysit dechovy objem. Cim vice dechovy objem vzrista, tim vice
vzrastaji naroky na silu inspiraénich svalu. ZvySena sila je nutna k dosazeni vétSiho roztazeni hrudniho koSe. VyS$S8i naroky
na silu s sebou pfinaseji zvySené usili a vysSi diskomfort pfi dychani. Nakonec zpétna vazba z receptord v dychacich
svalech signalizuje respiraCnimu centru nutnost zmény strategie dychani. Centrum misto zvySeni dechového objemu zvysSi
dechovou frekvenci. Dechové centrum ma vynikajici systém, ktery minimalizuje diskomfort pfi dychani, ¢imz i optimalizuje
ucinnost dychani.

— Pokud budeme napfiklad pfi béhu potiebovat vyménit v plicich 54 | za minutu, jsou dva mozné zpUsoby, jak tuto potifebu
pokryt. Pfi mélkém dychani se musi dechova frekvence vyrazné zvysit, pokud se nebude zvySovat dechovy objem. Av8ak
tato strategie je mnohem meéneé ucinna, nez kdyz se zvysi dechovy objem. Pfi mélkém dychani neni mozné vyuzit elasticitu
hrudniho koSe, tudiz se snizuje mechanicka uc€innost. Je proto nezbytné najit rovnovahu mezi témito parametry.

— Hledani rovnovahy (paralela s délkou a frekvenci krokl u béhu), kdy je vykonavana prace jak uc€inna, tak nevyvolavajici

pocity diskomfortu. I\II U I\I I




Trénink dechoveého svalstva (RMT)

— specifickym tréninkem ovlivnit pomoci metod RMT muizeme,
jsou svaly zapojujici se do procesu dychani

— Proc€ nestaci normalni trénink, ale je potfeba RMT 0

— pfi cvieni se frekvence a hloubka dechu zvysSuje, coz zpusobi,
Ze kontrakce dychacich svall jsou rychlejsi a siln&jsi proti
klidovému stavu (viz graf). Aby sval posilil, musi délat aktivitu,
na kterou neni zvykly. VétSina cviCeni probiha v aerobni
.komfortni“ zoné (aktivitu Ize provadét déle nez 30 minut). V
tomto pfipadé jsou dychaci svaly zatéZzovany velmi malo a je tu
nizsi efekt adaptace na trénink. Jako cviCeni vysokeé intenzity,
oznacujeme cvi¢eni se zonou diskomfortu dychacich svall
(sem patfi aktivity, jez je mozno provadét po dobu 10-30
minut). CviCeni velmi vysoké intenzity (neni mozno provadét
déle nez po dobu 10 sekund) jiz lezi v zéné ,intolerance” pro 10 e
dychaci svaly. Pfi tomto cviCeni je zatizeni pro posileni
dychacich svalu dostate¢né, ale neni je mozno povédét 1 2 ; %0 50
dostate¢né dlouho. Jinymi slovy, intenzita vhodna pro posileni Intenzita cviéeni (v procentech)
dychaciho svalstva, je ta, ktera jiz nuti cviCici osobu zpomalit
nebo cviceni ukoncit.

100 - Zona intolerance
Aktualni pozadavky na dychani

=== Potfebny kyslik k dodani do pracujicich svall Z6na

1 diskomfortu

Prahova hodnota laktatu

1 Komfortni
zona

Minutova ventilace (v procentech)

=
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— V klidu 2 %, ve velmi tézké zatézi 10 % U netrénovanych az 15 %)
metabolickych pozadavku na samotné dychani

- >80 % VO muzeme pozorovat zatézi zpusobenou unavu
branice

2max

— Kombinace vysSe uvedeného =» vazokonstrinstricke a snizeni toku
krve do pracujich koncCenin (Harms et al, 1997)

=
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Vliiv na vytrvalost
dychacich svalu

— Trénink pomoci izokapnické
objemové hyperventilace s
cilem udrzet ventilaci az po
dobu 30 minut. Typicky 3-5
TJ/tyden po dobu 4-5 tydnt

30 minutes of RM work equal
to 50 to 60% of 15-second MVV
using a fb of 50 to 60
breaths/min for 5 weeks)

— https://link.springer.com/article/10.2165/0

Study® Participants RM training Change in resting RM Exercise load Change in
function (%) performance (%)

Leith and Untrained: E1: static inspiration and E1: no change breathing Exercise not NA
Bradley!*!! n=4E1, expiration at 20% intervals  endurance performed

‘strength’ over vital capacity,

30 min/d, 5 d/wk, Swk

n=4E2, E2: ventilate to ‘exhaustion’, E2: +13% breathing

‘endurance’  3-5x 5 d/wk, Swk endurance (S)

n=4C C: no RM training C: no change bre

Morgan et all*®l  Trained:

n=4E

n=5C
Hanel and Untrained:
Secher!*e! n=10E

n=100C

Fairbam etal.*”! Trained:

n=5E
n=5C
Boutellierand  Untrained:
Piwkol*®! n=4
Boutellier et Trained:
al.4e n==8
Suzuki et al!®  Untrained
n=6E
n=6C
Spengler et Trained:
al 1l n=20
Inbaretall®!l  Trained:
n=10E
n=10C
Stuessi etal.®®  Untrained:
n=13E
n=15C
Sonetti etal*l  Trained:
n=9E
n=8C
Volianitis et Trained:
al %l n=7E
n=7C

Markov et al.®  Untrained:
n=13E
n=9C1

n=15C2

E: 85% MVV increasing
duration, 5 d/wk, 3wk

C:no RM training

E: 50% Plax, 10 min,
2/d, 27.5d

C: 0% Plmax, 10 min, 2/d,
27.5d

E: 2MSVC 3 sessions of 8
min, 3-4 d/wk, 4wk

C: no RM training

58-63% MVV 20-30 min,
5 diwk, 4wk

55-68% MVV 30 min,

5 diwk, 4wk

E: 30% Plmax, 15 min, 2/d,
4wk

C: no RM training

60-85% MVV, 30 min,

5 diwk, 4wk

E: 30-80%, Plmax, 30 min,
6 diwk, 10wks

C: same training,
no resistance

E: 40 (15wk) sessions of
30 min 65-70% MVV

C: no RM training

E: 5wk, 5 diwk, 30 min/d,
50-80% MVV and 4-5 min
50% Plmax

C: 5wk, 5 diwk, 30 min/d
placebo, *hypoxic trainer’

E: 50% Plmax 30 breaths,
2 % day, 7 diwk, 11wk

C: 15% Plmax, 60 breaths,
1 x day, 11wk

E: 60% MVV, 30 min,

40 sessions over 15wk
C1: 30 min cycling/running,
40 sessions over 15wk

C2: no RM training

endurance

E: +14% MYV (S),
+1575% endurance
breathing time (S)

C: 0% MVV (NS),

0% endurance breathing
time (NS)

E: +10% Plinag (S)

C: +4% Plmax (NS)

E: +12% breathing
endurance (S)
C:—4% breathing
endurance (NS)
+268% breathing
endurance (S)
+555% breathing
endurance (S)

E: Plmax +30% (S),
MVV +12% (S)

C: Pliaz 0% (NS),
MVV +4.8% (NS)

+532% breathing
endurance (S)

E: +25% Plmax (S)

and +27% breathing
endurance (S)

C: +1% Plyax (NS)

and +1% breathing
endurance (NS)

E: +632% breathing
endurance (S)

C: 2% breathing
endurance (NS)

E: +8% Plmax (S),

no change 15 sec MVY,
no change breathing
endurance

C: +3.7% Plmax (NS)

no change 15 sec MVV,
no change breathing
endurance

E: +45% Plyay (S)
C: +5% Plmax (NS)
Breathing endurance.
E:+770% (S)

C1: +45% (S)

C2: -25% (NS)

95% VOemax cycling
to exhaustion

Cooper's 12 min run
test

90% Winax cycling to
exhaustion

64% VOzpeak cycling
fo exhaustion

T7% VOopeak Cycling
to exhaustion
Incremental treadmill
to exhaustion or for

a maximum of 10 min

85% Winax cycling

Incremental running
test to exhaustion

70% Wimax cycling to
exhaustion

Cycling: 8km time
trial, and 80-85%
Winax to exhaustion

& min ‘all out’ rowing

70% Winax cycling to
exhaustion

E: -6% (NS)

C: 8% (NS)

E: +8% (NS)
C: +6% (NS)

E: +25% (NS)

C: +4% (NS)
+50% (S)

+38% (S)
Performance not
measured. No
change in VE or
‘respiratory
sensation’ atany
stage of exercise
+28% (S)
Perfarmance not
measured. No
change in VOzmax,
VEmax

E: +24% (S)
C:—4% (S)

E: +1.8% 8km time
trial (S), +26% fixed
work-rate (S)

C: —0.3% 8km time

trial (NS), +16%
fixed work-rate (S)

+4% (S)
+2% (NS)

E: +24% (S)
C1: +41% (8)

C2: -0.05% (NS)

0007256-200232090-000073/figures/Tab2

a Studies listed in chronological order,
C = control; E = experimental; MSVC = maximal sustainable ventilatory capacity; MVV = maximal voluntary ventilation; NA = not applicable;

NS = not sta

tically significant (p > 0.05); Plmax = maximal inspiratory pressure; RM =
0.05); VE = minute ventilation; VEmex = maximal minute ventilation; VOzmax = maximal oxygen consumption; VOg,

consumption; Wmax = maximal power output,

y muscle; S =

p<
peak oxygen
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Efekt na silu respiracniho svalstva

— Zatéz ~ 15 az 50% maximalniho nadechového tlaku (PI_,.)] 3 az 5
TJ/tyden po dobu 5 az 20 minut

— Narust Pimax 8 az 45 %

— Asi stejny princip jako u jiného cviceni (mnozstvi X int) — viz
nejvétsi pfirustek byl u studie s vysokym % Pimax (Volianitis et al,
2001)

=
—
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Adaptace pohybove a dechove svalstva

cvicenim

— VétSinou na krysach (kdo by taky chtél
delat napriklad biopsii branice, ze?)

— Zlepseni ve ventilacnich vykonech jako
maximalni udrzitelna ventilacni
kapacita (MSVC) a maximalni
ventilace (MVV) (Clanton et al, 1987)

— Jsou taktez rozdily ve ventila¢nich
vykonech sportujicich a nesportujicich
(Martin & Stager, 1981) — 80 %
12sekundového MVV: 11 minut VS 3

minuty

Glycogen T
Number of mitochondria T
Mitochondrial volume T
Adenosine triphosphate T
Phosphocreatine T
Creatine T
Glycolytic enzymes T
Aerobic enzymes T
Maximal lactate T
Type | fibres T
Type |l fibres 1
Oxygen extraction e
Capillarisation T
T = increase; | = decrease.
MUN
SPO

ol |




Efekt na vykon

— Rozporuplné (metodologické problémy — odpor, testovani vykonu
v labu)

— Jedina studie s ,pravym" placebem — EXP +26% vs CON +16%

— Potentially, RM training may reduce diaphragm fatigue for a given
workload; however, to date, no data are available to address this
observation.

=
—
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Efekt na fyziologicke parametry

— Z dostupnych dat vime, Ze nedochazi k systematickému zlepseni
maximalni VE, VO2, HR, tepového objemu, saturaci
oxyhaemoglobinu béhem stupnovanych testii do maxima

— Fyziologicky mechanismus tedy lezi nékde jinde.

— Dychaci svaly, stejne jako jiné svaly, se unavuji cvicenim. =
hledejme tedy oporu zlepseni (pravdépodobné) v ratings of
breathing perception, delay of RM fatigue, ventilatory efficiency,
or blood-flow competition between respiratory and locomotor
muscles.

=
—
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Zavery metaanlyz/systematickych review

llli et al, 2012 Sheel, 2002

— RMT improves endurance exercise performance in Specific RM training has been shown to improve the endurance and
healthy individuals with greater improvements in strength of the RM in healthy humans. The effects of RM training

1 fit individual di ts of 1 d . on exercise performance remain controversial. When exercise
€SS Individuals and in sports ol longer durations. performance is evaluated using submaximal fixed work-rate tests,

The two most common types of RMT (inspiratory significant improvements are seen and smaller, but significant
muscle strength and respiratory muscle endurance improvements have also been reported in placebo-trained
training) do not differ significantly in their effect, participants. When performance is measured using time-trial type

performance measures, performance is increased to a much lesser

while combined 1nsp1ratory/ expiratory strength extent with RM training. It appears that RM training influences

training might be superior. Improvements are relevant measures of physical performance to a limited extent at most.
similar between different types of sports. Changes in Interpretation of the collective literature is difficult because most
performance can be detected by constant load tests, studies have utilised relatively small sample sizes and very few

time trials and intermittent incremental tests studies have used appropriate control or placebo groups.
Mechanisms to explain the purported improvements in exercise

only. Thus, all types of RMT can be used to improve performance remain largely unknown. However, candidates include
exercise performance in healthy subjects but care must improved ratings of breathing perception, delay of RM fatigue,
be taken regarding the test used to investigate the ventilatory efficiency, or blood-flow competition between respiratory
improvements. and Iocomotor muscles. Future well cqntrolled studies thh larger
sample sizes are warranted to ascertain whether delaying or
attenuating RM fatigue does indeed improve athletic performance and
what physiological mechanisms might be responsible. I\ll U I\I I

SPORT
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Pristroje pouzivaneé k treninku dechoveého
svalstva ve sportu

zafizeni s pasivnim odporem prutoku vzduchu
zarizeni s pretlakovym ventilem
tréninkove vybaveni na podporu vytrvalosti

https://www.researchgate.net/profile/Lucas-Rodrigues-Nascimento/publication/325730850 A Review on_ Respiratory Muscle Training Devices/links/5efOb7ce458515814a74b98b/A-Review-on-Respiratory-Muscle-Training-Devices.pdf

Adeguate Possibility of Allows inspirato Cost
Device I:Hd:qr::;a Portability = Usability m-nulEpiana F‘H:Il'l'l&h-:'gﬂﬂ aﬁja:f;::;i and mfpirainr]rw E!ﬂ‘a-ctiwn_ﬁﬁ
sealing training training (inexpensive)
| _ _ ! Resistance-raining devices _ _
| PiexE [Mo ez | ¥es Mo fes |Yes |Ma Yes
Trainfirg g =] Mo Mo fas o ko Mo Mo
POWERbreathe® K-Series._|Yes Yes  [Yes  [Yes [Yes. |Yes_ No. No
EMST 150 ‘fes Yes s Mo fes = Mo Yes
Orygen-Dual Vahe® ‘fes Yes Yes Yes fes = ‘fes Yes
POWERbDreathe® Yes Yes Yes Yes fes ‘e Mo Yes
Powerlung & * Yes Yes Yes fes = ‘fes Mo
Respifit-5 ‘fes Yes Mo Yes Mo = Mo Mo
Threshold® IMT Mo Yes Yes Mo fes hi=H] Mo Yes
Threshold™ PEP Mo ¥es Yes Mo fes fas Mo Yes
Endurance-training device
SpiroTiger® ‘Yes es Mo Wes Mo Mo Yes Mo

* Mot reporbed

wn =

U
O =
ol |




Zarizeni s pasivhim odporem prutoku

vzduchu

— studie ukazuji na narust sily respiracniho svalstva o0 20 — 50 %.

— PFlex (Philips Respironics Inc., USA), nizka porizovaci cena (cca
700 KC) a jednoducha manipulace.

— odpor generovan vdechovanym proudem vzduchu.

— Nevyhoda: zatéz a pfinos pomucky lze tézko kvantifikovat.

— TrainAir pridany pridavné mereni tlaku, dalsi elektronika a
software. Vystupy ze zarizené jsou preneseny do laptopu k
zajisténi spolehlivych a kvantifikovatelnych vysledku. Trénink na
pristroji je Casové naroCny a namahavy (kolem 30 minut), cena
pristroje je vyssi kolem 15K K¢ il
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Zarizeni s pretlakovym ventilem

— Rozsah zatizeni, jehoz zakladni inspiracni sila (MIP) je pfiblizné

kolem hodnoty 60 cmH20. Typicka hodnota MIP (maximalni

inspiracni tlak) u mladych muzd je 130 cmH20, u mladych zen 100
cmH20.

— NejznaméjSi POWERDbreathe, dostupna pomtucka (cena kolem
1600 K¢) je vyuzitelna i ve zdravotnictvi i ve sportu. UzZivatelé

dychaji pfes zafizeni, které obsahuje tlakové nastavitelny ventil pro

inspiraci a ventil vydechové klapky bez zatéze. Nékolik provedeni v
mechanicky (rozsahy cmH20) nebo elektronicky typu, které maji
vyhodu LCD displeje, pres které korigujeme nastaveni pfistroje a
vidime vysledky tréninku (~9K K&), vyssi fadu Ize propojit k PC a

pouZzit i pro testovani (cena az 20K K¢)

17 Zapati prezentace
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Tréninkoveé vybaveni na podporu vytrvalosti

— SpiroTiger (Idiag AG)

— Princip: pfi tréninku dochazi k hyperventilaci, ktera mize
vést ke ztraté CO2 a nasledné hypokapnii s pfiznaky
slabosti a svalovych kifeCi. Stimulace pfetizeni je zajisténa
intenzivni hyperventilaci po dobu 30 minut. Jako prevenci
hypokapnie je tfeba udrzet normalni hladinu CO2 v krvi —
isokapnii, to zajiStujeme okruhem pro recirkulaci CO2,
jenz je soucasti pfistroje SpiroTiger. Obsahuje okruh s
recirkulaci a uzpusobeni k monitoringu intenzity tréninku
- velky a drahy (~30K K¢)

— Casové i vykonnostné naroény trénink na Grovni intensity
60 - 90 % VEmax. Ackoli isokapnicka objemova
hyperventilace (VIH, voluntary isocapnic hyperventilation)
zajistuje navysSeni vytrvalosti respiracnich svald,
nezlepsSuje silu respiraCnich svald.

18 Zapati prezentace
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PowerBreathe K2

— Elektronicky nebo manualni rezim v rozsahu 10-200 cm H20

— K2: https://respiration.cz/index.php?controller=attachment&id attachment=10

— PLUS: https://respiration.cz/index.php?controller=attachment&id attachment=1

The POWERbreathe K-Series creates a variable load which
matches the length tension relationship of the inspiratory muscles
allowing more effective training than conventional constant load training.

Advanced Variable Loading S Conventional Constant Loading
(POWERDbreathe K-Series) v (POWERDreathe Classic/Plus models)

MIP MIP When constant loading is used, the
80% MIP 80% MIP breath must be stopped early
as load starts to exceed
inspiratory muscle
strength
RV IVC IVC
(Residual Volume) (Inspiratory Vital Capacity)

Up to 50% more training work (area under graph) achievable at 80% intensity using variable load training

19
Up to 125% more air inhaled per breath at 80% intensity using variable load training
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PowerBreathe jako warm-up nastroj

— the data suggest that IMW
improves 3,200-m performance
(2.8% £ 1.5% = cca 20 sec)
because of enhancements in
inspiratory muscle function
characteristics and reduction in

=
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125

3200-m Lime (min)

=
N

115

dyspnea.

11

10.5

10

MW CON

Barnes, Kyle R.; Ludge, Allie R. Inspiratory Muscle Warm-up Improves 3,200-m Running Performance in Distance
20 Runners, Journal of Strength and Conditioning Research: June 2021 - Volume 35 - Issue 6 - p 1739-1747 doi:
10.1519/JSC.0000000000002974
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Praktickeé cviceni s brckem
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Dychaci masky

SPORTSM/ 5K

GET THE CXVGEN ADVANTAGE®

USED WITH

PROVEN T0 SIMULATE

Gf" ALTITUDE TRAIHIHG m

‘ﬁ. =
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— Je to respiracni trenink, nikoli
hypoxicky!
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