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Effect of respiratory muscle warm-up on performance and
cardiorespiratory responses in cycling

Takaaki Adachi Hidekazu Takemura

Abstract

The purpose of this study was to investigate the effect of respiratory muscle warm-up on
performance and cardiorespiratory responses in cycling. Six male collegiate triathletes participated
in this study and underwent two experiments as follows using a bicycle ergometer: a cycling of 30
min at 70% of maximal oxygen up take (VOzmax) (experiment 1), a cycling to exhaustion at 90% of
VOzmax (experiment 2). Maximal expiratory mouth pressure (PEmax), maximal inspiratory mouth
pressure (PImax), cardiorespiratory response, blood lactate (BLa), rating of perceived exertion
(RPE), visual analogue scale (VAS) were measured under two different warm-up protocols of the
normal warm-up trial (NWUT) and the respiratory warm-up trial (RWUT). In addition, exercise
duration was measured in RWUT. The normal warm-up consisted of self-selected static stretching
of 10 min followed by a cycling of 15 min at 50% of VOsmax. The respiratory warm-up consisted of
two sets of 30 breaths at 40% of PImax and was performed before the normal warm-up. All subjects
performed in both warm-up trials for each experiment. In the experiment 2, there were no
significant differences in PEmax, BLa, RPE, VAS and cardiorespiratory responses between both
trials, whereas PImax after exercise in RWUT was significantly higher than that in NWUT
(150.0+29.6cmH20 vs 137.8+28.1cmH20, p<0.05). The exercise duration in RWUT was also
tendency to prolong compared with NWUT (468.8+164.0 sec vs 419.7+141.9 sec). However, there
were no significant differences in all parameters in the experiment 1. These results suggest that
inspiratory muscle warm-up was effective to reduce of inspiratory muscle fatigue and it may be
helpful for improvement of performance with high intensity exercise.

Key words: respiratory muscle warm-up, high intensity exercise, exercise duration,
maximal inspiratory mouth pressure
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FRIR R/ 5) 413108 406114 69.9%7.9 664103
HAZEME 095005  0.88=£0.05 108006  1.08::0.06
DR/ 1475106 14932123 181277 184.3%7.8
(4) . Sl ey B

M ELERREE L, ZEREE, @E W-up %, FiE
BEFTOWVTNICB W T HmERITRE TEEEILR
ootz Fie, FEEK TERZIZOWNT
%, NWUT 7% 11.4%0.9mmol/1, RWUT I 11.8=%
0.5mmol/1 ZmRL, AEEIIROLNLN-T.
7o, MRS W-up BB A M ILERIEEIL 1.6
+0.4mmol/1 #RL, LEELIZIFELVWVETH

27,

(5) ZEHEZNIREE (RPE), MR A #E% (VAS)
FIEEFETE®D RPE & NWUT A% 19.0=0. 6,
RWUT 1£19.520.5 2R L, BEZEITFED 2N
o7, [ERRIZ, BE Wup B OV THEITAD
N> 7=. VAS %, NWUT O EBHE THEEL
84.8+18. 8mm, RWUT Ti% 92.4+10.5mm #RL,
FEOR R R T MR T ICB D CIRIERBE TH o 7.
2B, BEV-upEOVASIZOWT HEEEITAD
Lo T,

V. 2

1. 326k 1 (h o EE))

HEATHFSE (Loke et al., 1982) 2 kiuis, <=5V
RN % O 7] & B KR E S ERATIC
BERETZRL, BRHGESHELCZ L E2H
HFLTWD., ZOXDITHHRERSPEL L &
No<7 Y OFEBMEIL, K 70~80%V0,max
TH D (A - 118, 1994). LaL, FAEOES
78 (70 % VO,max) % FH V72 ABF 28 ik, NWUT -
RWUT & &I FEEE T B 1% O FRR Al 7105 ZER I
ERBEOEEZR LI ENG, TV e_FY
C T EBNOBEEROEWVIIH D L DD, 30 4R
O G EEEE) CILEBIR R A E <, FER AR 1L
EURnWZ ERRBEENT. L L—FT, Hue
et al. (199X 9L D P TA T A L BFEENS

(2, 30 EDREY v 7EE A+ Skn DT =S
(CR &, 305D F = 7 +5kmDF =27
(R-R) 2 Ejfi S WH7-/ER, 30 HRIOFY /&
gL T = ST R RIS EICEN A DI
Pof=b®DD, 5km DT =27 TiX C-RIZEW
THEIBRIECHERE, BERTLYENLRR &L
BLABICREEZRLEZ D, XY U IE
BB A EE2 0B ERY Y g o TIIEBRBED
BEPRESh, FRHETEZFRETHI 2R
BLTWS., ZOMROMEL, EBRTEALE
HEEOEWILIAbDLEZ BNE. 2T
%, ¥V TEHICHBEE L IA—X—%H
W22, Hue et al. (1999) ORFZEClIEER A DB
BEPANZZ LD, BEHEBROMEIZL VI
LR D HEEISNEFRENEL BND. B
BHOREESI AN FAEZEFOMBELERICL -
TERINDZEND, SRIIBHEAOBEREL
FAWTHER T W-up OFBEEZRETT04ERD
H1EAS. 2B, B TIIAX Y v ViEEidE]
5% 70 [BER/ 5 ERRE LD, & LBRFERZ2
U 2 THEEIL 40~T70 Blds/ 55 ThH D 2 E B L
MZENTEY (FA, 2001), FEEHELELESE
THIEEHIZH T DEBEMREEFENICER L
WZ BRI TWS GEINED, 2001). L
D30T, ABFFEIZR L CEEREOFEI 2N E D
EEZLNS.

FIFEB) P OMERIEERIGE OV T RITR T
FEOEZRL, BEEIGRO N0, —
77, 8% W-up #&£ T # D PImax % RWUT A3 NWUT & b
REEEZRTER (p=0.08) IZH o7, 2D Lh
B, FEERF W-up ZEET D LICLBRKRA~
DORFEDFE 720, BE W-up OHRDESE L X
e I m b T 2 ERICH D EEZBND. L
LR S, EBEFETHO Plnax [ZIXERRE
NP oleZ &b, FERF W-up H b EEEE
TOREMIZOVWTHEFT L TWSUERHBEA
2.
BRI S W—up DFEMEIZ LV BREERNEDSH b
DBOMNTLUEZIIND Z E NIRRT, ARHFET
WX EFEBBRLS 1 55 B ORI REEICEIEZA LN
Rinolo. L, EEERET 1 a0 L IER
B OWT, BEERE, #ohKE BREE
Buzg, HAZHb, DR mEERITRE CREROME
ERLcboo, —E#SKEZX NWUT 23 1740+
338ml, RWUT |Z 1834+281ml 2R L, RWUT 25&u>
BmcdH o7 £z, FEREIZOWTIE NWUT 23



ZHEII D

59.7+10.9 [A]/4y, RWUT 1% 57.1+11.1 [B/455 %5
L, RWT 20§70 Tiddh 5 L ODIEVWERIZSH -
. ZOZ liX, BEERESE ARSI LESN
MR IS I EZRH N DERZR L TED,
XV ERRIC L SEREEMET S 2 L TRERE
BRICEDOENPREL RDAREENEZBNS.
IRLDI LD, 10%V0max BWEICL S 30
57 8 D 5 EEE By TIN5 A U7,
R, TEOETRE, HRRERERS X OE
BEHPIZRBIT ABBERESCHEIBREER LD

WABERIGEIZ B ERH DRV L RIR S iz,

L L7enib, EEEHET 1 a0 R IEERIGE
IZBT 5 —EHMRE L FRHIT, b TiEHD
LODOERRONTZ LD, 5#%I1TL Y B
DOEFNTIBIT B ES W-up OF RS KRET 5
VEENRDD EEZ NS,

2. EBk 2 (B5a EER)

TR ECEE) T, FERAERIC LD T —~
VADRHIREXIND Z ERHE I N TYWA (Mador
and Acevedo, 1991). F7-, PImax O IIELER
oS ERL, BRENORTAFRIND Z
L CBEEREDK TCER T O EE L X038
TALEZBNTWA. Lin et al. (2007) 1%, i
HWAMICEAARI VMDD T7y hT—25F X b
ZEML, FOBBEREE T 4 —v2 AL LT
BB L7 & 2 A, FREURAS W-up OFEMEIZ X Y Plnax
DIRTEIHIT 5 Z LN TE, BEEENEEIZ
HEETELZEEREL TS, Z0Z &L, K
MERRLEFAKTH LS. EEBHOATEZ 90%
VO,max FREE|[ZHEMI S/ TR G EBIZES ET
DOIEENEFEFRTIZ, RWUT 7% 468.8+164.0 Fb &
NWUT @ 419. 7+141. 9% & L_EVMERICH o 7=,
AWFFEITBNT, ZEEFO PImax (X NWUT - RWUT
EBIZEZALNR ST b DD, EEBRTE
% TIX RWUT 25 NWUT & B L CHEICEMEEZ R L
7o, ESRELEENTIE, FANICITS W-up DIREEIC
Lo TRT 4 —< UV ANEET S Z ERH LM
INTWD (BEEE - A, 2005; Hajoglou et al,
2005). ZAHFFETIL NWUT « RWUT & & IT@E W-up
ORNEEFE—IT U= Z & D, RWUT OEEEGR
FAIERE CTX AMHEBEICH =D, FEWA W-up
DERBIZ X 0 BRSO R 5595 55 3 S h -
D ThBEELLNS.

EEIATRTZ 90%V0,max IZHIMN S B~ EHE D 14y
MICBIT 2BEBNESCEIBRRER L OF T

A—HZX, NWUT - RWUT & BICEEEOEZ = LT,
Fio, BEFEMBIZES ETOVEYBREEMEST
YWESHRESER IOV THLEEZEIIZRD LA
Drolo. —F, FEEET 1 alOMRIEREE
%, RWUT OESHRED NWUT (2K E E2 R
ErzH Y, BEERESDTHTELLEOD
EEEZT LTZ. 07, RWT TIHEBRERICE
T KRB DOIR T 20 L, EENAEG R 3 5
ECEAEMIIhHoTmLELBNS.

Volianitis et al. (2001) %, EPJEY W—up (20
Z RS W-up 2 EfEd 5 Z & TerMoein—
A v TEEBOMERREEAIE S hizZ b,
BRTESCKBIT A7 +—~  2ADHIRET &
LT, HESZEIDSEERERIEETHDI &
ERBLTWD, LALZRRE, ABFFETIE VAS
IZENRB LN oT=. Z0OZ &%, AHFRICE
T 5 EIGER N —ERE TIE R <, EHEMBICE
BETELELEEDLEEZLND., LIER-T, &
BEFEZF 1295 2 L TVAS ITEH 5 AleetE
BhdLEZLND.

IN6DZEhb, BWEERTIXEE W-up
WA FER RS W-up #EMETHZ & T, EHKRT
B OMERFESDIME EIND Z ERBELNE o
7. Fim, BEWORICBITAMERENDOIE T2
il =5 & & &ITERMEGERE S ERE T D HEMIC
boloZ &b, FEF W-up (XEREERNCE
WCHRTHD Z ERBENT.

V.£L

AT, FERAL W-up SHRIREER X OESEE
HEEEBI O T 4 —< o ZARERE RIS &
ETEEIZOVWTHLNITAZLEZEMAE L
7.

ZOFER, T0%V0,max BEIC L5 30 Syfoh
O EEEE) TIIRER AR S B E Uz e & bz, FE
Weih W—up OFEIZ X » TP ELEREEC B/
EENGRE, R RS X O R BRI A IS E N
HONBRNZ ERBE N, LinLens, &
BEHET 1 RO —EHRRE & MR DT
ZHD5LDODERHLNDIEMITH -T2 LD,
SRIT XL BREE O F iR EEEICIT D FFHRA
W-up OFRMEEZRFTILERRDLEEZD
na. A
—F, EREERTIX, M W-up OEEIZ
L0 EEEE TEAICBT ARG OETE2E



G + — A7 v THEEEEBCBIT /87 + — < Y A LPRBERILEICRITT HE

RIS A ENTE. Fe, EEFKT 1
SEIOESHEEIL, RWUT 25 NWUT & H_EE%
RTBEMICH o722 L A5, RWUT DEREE TR
- hTPTELALOOWEINDBERITH - 7.
oz, EHERESIERETAERICH -T2
En, MR W-up IXmEEEESICBWTCHEH
ThDHI ENnmBEIiueG.
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