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Effect of different intensities of inspiratory muscle warm-up on inspiratory muscle strength
Hidekazu TAKEMURAY

Abstract

In previous studies, the protocol for inspiratory muscle warm-up has been commonly used at 40% of
maximal inspiratory pressure (MIP) with two sets of 30 breaths. However, it is not clear which protocol is
appropriate for inspiratory muscle warm-up. The purpose of this study was to investigate the effect of
different intensities of inspiratory muscle warm-up on inspiratory muscle strength. Twelve healthy male
subjects aged 20-22 years performed four inspiratory muscle warm-up protocols on separate, randomly
assigned days. The inspiratory muscle warm-up consisted of two sets of 30 breaths using a POWERbreathe
inspiratory muscle trainer (POWERbreathe International Ltd., Warwickshire, UK) at each intensity of 40%,
50%, 60%, and 70% of MIP, with one minute of rest between sets. MIP as an index of inspiratory muscle
strength was measured before and after inspiratory muscle warm-up. Rest interval of five minutes was
allowed between inspiratory muscle warm-up and MIP measurements. In addition, the perception of
breathlessness in subjects using the visual analog scale was measured after inspiratory muscle warm-up.
There were no significant differences in MIP values before inspiratory muscle warm-up among the four
protocols. The MIP value after inspiratory muscle warm-up was significantly higher than that of before
inspiratory muscle warm-up in all protocols (p<0.01), while the percent increase in MIP was not
significantly difference among the protocols (40%MIP: 8.0%+3.7%, 50%MIP: 8.6+4.7%, 60%MIP:
7.8+6.8%, 70%MIP: 9.7+8.0%). Furthermore, the perception of breathlessness in subjects after
inspiratory muscle warm-up at 70%MIP tended to be higher than that in other protocols. These results
suggest that inspiratory muscle strength was improved by inspiratory muscle warm-up at each intensity of
40%, 50%, 60%, and 70%MIP with two sets of 30 breaths. In this study, however, it was shown that no
differences observed in the percent increase of MIP among the protocols. Therefore, it is necessary to
investigate the effects of combined intensity and number of breaths for inspiratory muscle warm-up on

inspiratory muscle strength in further studies.
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1. #

AR—=VHEG T, HECRANMICY A —LT7 v 7L LTCOML RIEEFBNTONS. b DiEENT
FEENCN 3 R - OER R ICALE D T b, Y)Y+ — AT v T OEREIL R -
TBBRBERE, MHRHERE/x & D B IRGEBEREICIT B 2 RIS T C L W S hT w2 (EEE, 2019). %72, &
DY 4 —LT v 770 s I 0E, YaFvIrRA MLy FREETI MY+ —LT v 7L, Fil
By & ARk E 72 (FFA L 2 8FRk X0 EB 2 v 2 EM Y + — 47 v I I (W, 2015,
pp.120). V4 — LT v I TCEMBINZNREILHETH 55, 20ho—oL LT, WERFHES) (W%
VA —LT v 7) WY ANSHABBTORATND,

ull

WEIR S & 1%, WEA & IR D cd 5 (i, 2011, pp.1137). FRIRIC 1%, # A ZHL D AT IRE &,
PR T 2R 0 2 DO REAH Y, AT X VIR O Z N i X » THZE YLK -fi/h o1 b i,
MBI Il & i & @ v 2 (Friln, 2011, pp.1137). 7xds, WREHIC (G RERE <> f A B h R,  SmhR
a3 % & e b, EHRHC I RIR-CRH A, g, MSEFLZER, JRsmBEm e LCH)
Bahz (FH,1998,pp.19). —7, FEEMICO VT, ZEHHEC LR O BbEE IC £ > T Z B i
FofE/h (EE) 2fTbhd7-0FML 2Wwd 00, SR KT 2 3EBNRE 13 AN < EE,
HERHE, RERERN 72 & 2SEE DN 2 BT 2 % 20> Tw 2 (EH, 1998, pp.19). 2D X Hic, MHRIC
FWRE LR OXIT D o T2 b 0o, WY + — 47 v 7 CIREHOKGR 2 VT, FFiC
WE At L CAmRME 52 5 2 L 3%\,

FATIRFE IS LR, WA ) DR & 75 2 i KIAUTE I (Maximal inspiratory pressure, LA TMIP |
LEET) D 40% BT (40%MIP) - 30 [a] - 2 & v F DEFEEHGEZMERAGY + — L7 v 7IC X - T,
AR=VBEF L —BEADO T NICE TS RG] (R B¥EML7zZ &2®EL TS
(Arend et al., 2016; Johnson et al., 2014; Lin et al., 2007; Lomax et al., 2011; Ohya et al., 2015; Ozdal,
2016; Tong and Fu, 2006; Volianitis et al., 2001). —J5C, B/ X O5iE 1 1 B 3 2 FR @ BkE
TR LTz, HEARD bzt oA (Lin et al., 2007; Lomax et al., 2011; Tong and Fu, 2006;
Volianitis etal., 2001) 285 % b ® D, HEM Y (Arend etal., 2015; Johnson et al., 2014; Ohya et al.,
2015) bAZIFLNTEY, —EDRMABELN T, Tz, BITEIFEEE (40%MIP - 30 [9] -
2y b)) ODEETIHTONTVEDDRKREKTHY, R dAMELHOCERE IV Vo HRT
5.

BRI 7 4+ — L7 v 792 40%MIP - 30 [8] - 2 & v P S KA EIN T W2 HHE L TiE, & DA
JEDSERREIE DS 24 U X & 3 LIRIBECH 2 L D EiTiI5eRi % (Roussos and Macklem, 1977) Ic K>
&, WIHAOWIZEIC BT Volianitis et al. (2001) 237 4 — A7 v 75 L LT AN Z L 3% T 5
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na. LaL, EFETE, /R dEME (GAEME) ZHwsZeickoT, IHICKELIMED
W c& 2 L DIRFICEED S HET (Arend et al,, 2016; Merola et al., 2019) R EhTH Y, Hx 7k
FtEEH RO LB G S 11T (Arend et al., 2015, 2016).

Z 2RISR, EBEO X R —Y GG T 5 720 OREFEBRE & LT, B/ 55 O Y + —
LT ORI RIT T BT O WTH S 2T 5 2 L 2 HIE L7z

2. B ik
2.1 WRE

MRF L, WPRIGERAR R R OBEES R ER R BT REA 12 4 & Lz, WRE O B iR,
WS 212407 5%, BE 1 171.6%5.1cm, {AHE :72.3+7.3kg, BMI: 245120 TH »7-. £k
Vb, WREWCEAMED BN FiE R E 2 HoICHAL, FHICTRMFKICSNT 2 2L ~DFEE
B7. d, KRG R HMEEEROER LG TEML 7.

2.2 FEBRT YA v

RIFFE T, WNRFICN L CTRE 2 4 EHOARMEE ARG Y +— L7 v 72 EEE €, Z0
R ISR DIEIE L 72 2 MIP %IE L7z, £72, WIRATY + — 47 v 7O MR IRER (BHL
X) I DOWTEHIL 7=,
FAMELFCET2HERINHICIT) 2 e L, §XCOHEER 2 BEMLNICKRT X272, kb,
FRENEIE 7 v 2l L, F—REOHEE LS~ CH—FREF AT o 72, WEDEMICH - - T, B
IR BENAZATRERR Y FE—Ic$ 2 L & bic, RMBICHEELRIST IR THEINE LS4
WMLWESZITOARVIINRECH R L, 72, Tra—Aeh7zA4 v, 370 X b oERUIC
DWLTHIR L 72 HIERF BRI Z, il 22.1£0.5~22.7£0.5°C, {JF13 37.5£4.0~40.4+4.5%
ThoT.

2.3 WERITH Y A — LT v T

WEIRA 7 4 — LT v 7%, FEMIE@0% - 50% - 60% - 70%MIP) i §%7E L 7= POWERbreathe PLUS
(POWERbreathe International #1:81) % v, BFEALICT30[E% 2 2y FEME 7=, &b, v MHE
ORBIX T ofE L, EfET 2B, 7/ —X2 )y 72EELRETY YA —2%bx, T
EZ-TEEECTH L, FRL, L, O2OAREARR Y B2 BvIAT ez, $7-, BEH L&
i, NEANTICWSL YV T RTCOEEZA»LHEEH X &7,
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2.4 MIP D #lE

MIP OHFE X, TEFRBWH A Y4 v X —% (Autospiro AS-507 ; I F F ERMAHERD) I X OFERT
J1EEASS (2 PEREEARD) 2RV, KERESE2 (American Thoracic Society: ATS) « BRIN s
*¢ %> (European Respiratory Society: ERS) ® # 4 F 7 4 ~ (American Thoracic Society/European
Respiratory Society, 2002, pp.528-547) (CHE U CHEE L 7. HIERNLIIHIEILE L, WNRFIX /) — X7
Uy TaEELRETY Y A =2 % bz, mAPRN GEREN) » b mAKBRETo 7. &b,
) —=R7 Yy 7D NWT, ATS & ERS DA A F 74 v TRIEEFEL ST 523, KFECTIRHA
DR ) ) F—vave=aT it (HERRTT - Ve ) F— a VEXFRY AL ) F— 3
VRELT —% v 7 U —FIEME, 2012, pp.138) & 5E AFERIT B C Lk LI,

BRI 7 4 — LT v ZHIC B 5 MIP OBIEIE, 10 pHoRERICEML 72, 7, WFERG Y + —
LTy THOBEX, VA —LT v T 5 RICHIRL 2. HIEIZR 3 MFEML, MIP D755 20%
R TH5HI L EMERLZ I 2T, RAMEZHEME L7 (American Thoracic Society/European
Respiratory Society, 2002, pp.528-547). 7z 35, 3 [HDHIEICE VT MIP 0723 20% LA ETH - 72856
ITlE, K5 EE COBMMEZFEML 72, E7z, WEDOFEMICH 7z o T, WRFE 2B INMERER
THolz7-®, FHANCHES XL PMNEZEML, AERMROBIMEICO W THEELL 7-.

2.5 MR R (B LX) oFFf

WEIRA 7 4+ — LT v T OMIRNER (B LX) 1, TBINAIEETH % Visual Analog Scale (LA
T [VAS] &889) ZHWTEIHEL 72z, XR&E I, 100 mm OER EIcE T TEFLEI 22 &RL
BWER] % 0mm, X ONAVIEEREELWEE] % 100mm & LT, B L XORELER LI

AT 7ads, VAS RN Y + — L7 v 7O THERITOE 7.

2.6 HratiLE

TRCOT— 213, FHEEERFLETRLZ. FHEOWEICE, WEDH 25 ¢ MEF 72 13—tk
BN E AWz, Ak, —JTRESETICE W THEREENRD bh-5AICE, % ELKRE
(Scheffé i) ZFEMEL 7. HREKEIZS%ANME L, p<0.05 F721% p<0.01 & LTHKL .

3. & OB
3.1 AW AMENTE (MIP)
K 1SRG +— L7 Y Z7ORZICE T2 MIP 25 L7. $7-, X2 ICEEGY +— 407 v 7
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IZBIF 3 MIP OBENRZ /R L 72, WG Y +— 47 v ZRiO MIP 13, &5&HEicBWTHEEENRD
LN otz —F, WY +— LT v TRt O TlE, 40%MIP OB WT, Y+ —LT v
THID 142.24+22.0 cmH,O, ¥ 4 — 247 v 713 153.3+£22.5 cmH,0O /5 L, HELMENNED b

3

7= (p<0.01). [IfkIC, 50%MIP D 4ffCl 140.3%£20.3 cmH,0 725 152.1%+21.3 ecmHO (p<0.01)

o

, 60%MIP D4effClE 139.3122.1 cmH,0 225 149.4£21.4 cmH,O (p<0.01) ic, 70%MIP D 5fF
Tl 140.3+21.7 cmH,0 205 153.5+23.1 cmH,0 (p<0.01) & WFNSIFILH Y + — LT v THRICE
WCHERAMMAEED bz, —J7, MIP ORI, 8.013.7%(40%MIP), 8.6+4.7%(50%MIP),
7.816.8%(60%MIP), 9.7£8.0%(70%MIP) Z R L, &EMFMICEWTHRETRD bR o7,

220
— ORI Y 4 — L7 v 7Hi
*%: p<0.01 vs WEURRAG & + — 17 v 7 .
200 | P * 70 WERG Y A — LT v TR
180 | * " . #
o
T 160
N
o,
S 140
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WEIRA D 4 — LT v 7 DA
3 MIP: Maximal inspiratory pressure; 5 AWk 5 e T
1 MY 4+ — L7 v T OHIRICE T 5 MIP O Ik
20
15
=
N
=10 }
m
S
=
= 5 L
0 1 1 1 ]
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WEIRA D 4 — LT v 7 D A
3 MIP: Maximal inspiratory pressure; fx AWk 5 e T

2 WRRFEY & — LT v TR BT 5 MIP o= o ik
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3.2 MPIRREER (B LX)

[ 3 1 VAS IC X B MR Y 4 — L7 v 7O EEHE (R LX) 2R L. R +— 247
v 71D VAS I, 37.7£15.4 mm (40%MIP), 49.3%15.7 mm (50%MIP), 48.9+16.8 mm (60%MIP),
67.3+14.0 mm (70%MIP) &MY +— L7 v 7O AMTENEE 3 & &z /R Efmicd v, 70%
MIP & o &fERIC B W THERE 72 I TABMEALFED b iz (40%MIP:p<0.01, 50%MIP:p=0.06,
60%MIP : p=0.05).

100

**; p<0.01vs 40%MIP
80

60
40
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0

40%MIP 50%MIP 60%MIP 70%MIP
WERSG ™ o+ — LT v 7 O AT
3 MIP: Maximal inspiratory pressure; 5 AWk 5 e T

3 VASIT X AW Y + — L7 v 7HOMRREK (AL &) ok

VAS (mm)

4. H %

AWFgECld, RxzmE (AfE) ZHWERE Y + — L7 v 753 RIETREICOWT
BEt L7z, ds, WIREY +— 47 v 7OHEIX 40% - 50% - 60% - 70%MIP & L, w3hd 30 [ -
2%y bOEEEH GV At CROoNFEERMA L LTk, [40% - 50% - 60% + 70%MIP D>
TNDOY 5 — LT v THEICE N TH MR BHEMT 2 ), THEEOE T X 2 W) o 2
FRDONR] T EBREFLND. £z, [T0%MIP OEMFTIEY + — 247 v 7 OIFRINER (5
ELX) PEEAEAICH L | b AMFEOTEEAMAOUOE DL RSB,

FATIFgEIC X, 40%MIP - 30 [6] - 2 & v P OFRIRFG Y + — L7 v 7% Efin L 7245 F, W0 /1
(MIP) 1% 5.1% (Arend et al., 2016) - 7.0% (Ozdal, 2016; Volianitis et al., 2001) + 7.8% (Lin et al.,
2007) - 8.0% (Johnson etal.,, 2014) - 9.1% (Tong and Fu, 2006) DML AR L7 & 2HEL T
5. RFFRICEBWT, FEEEZRAGZBOMRG Y +— L7 v 7HRICEREREMZ/R L, $nEx
FHIET 8.0% & SEATHIZE L 1BISRISETH 72, L7225 T, 40%MIP DEAFIC X 2 AWFZefERIE, 7k
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TR XT3 0D Wz 5. £72, WY + — 47 v 7ICBT 5 KSR D JLfTif%E <ld, 40%MIP
ERWTHRE 217> T3 25, Zo#pie LT, 40%MIP 2RO %24 L X ¢ % LIRMECTH
% & DT R (Roussos and Macklem, 1977) 15 wTw 3. LAL, ABFFETIE 50% - 60% -
70%MIP OB WThH, FRFHHOFERMMARD btz Lizn> T, kXY b iz i
IR Y 4 — LT v 7, MR OINCERTH 5 2 L ARE X Tz,

—77, AWIZEClE, T XTDEM (40% - 50% -« 60% + 7T0%MIP) 1C 35\ TR A 2588 L 72 % @
D, ZOWMERICEFZED LR >72. £z, T0%MIP DEETIZY + — LT v 7 O M R HE
(B LX) 2@ 2 AR bz,

WRIR A 7 A+ — LT v 7B B TR <k, EREREE LT (30 ] 8% CHwbsnTw5, %
7o, MERFICEMIE 52 5 L —=v 7 (ML —=v 7)) 8B WTH, 50%MIP O %
WC 130 [B]] oFEMEEE TS Z &A%\ (Ferndndez-Lizaro et al., 2021; Lorca-Santiago et al.,
2020). TNLDZ EER LT Z, AFFETETRTOEMFICE T 130 0] OEMAEEH 722, H
72 B CR O EMERER AR E L2 e h b, U4 — LT v 75&FCH T 2EHELIRALY, 2D
T & HINFIRA J) DHEINR LRI R EEE (B LX) ICHERZRIE L ZREESE 25N 5.

WENLET ™ 4 — LTy 7 SRR ) i BN 7 F — = v RIC KIS TREICO WL, BER SO A
BV CORET 2 BEMEAIER S T3 (Arend etal, 2015,2016). L7=23-> T, S350
LEMRIBOMASDEEEB L, HEEEF—IC L2 B 25E WY & — 4T v 7SR /)
ICSIETRHEIC OV THRE T 20 ERDH L L2 5.

5. &

AL, e B5REDOERG Y 4 — LT v 7B 11T RIE 3RO W TORET L 7z,

Z OFER, F—EE B0M -2+ b) 1T X 2855 (40% - 50% - 60% - 70%MIP) @ M-
VA —LT v 7, TR RGN EEME S ERAHL 2 E R oT. LAL, BEDEWICL D
WEIR A 1 DBEINERIC 13225580 SN > 72, £72, T0%MIP OL&MFCIRRIERINEK (B35 LX) 255
¥ AMAAICH B LARI NI
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