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ABSTRACT

Previous studies have reported that respiratory muscle training improves performance
during prolonged high-intensity exercise; however, the mechanism remains unclear.
With an aim to gain insights into the underlying mechanism, we simultaneously
monitored respiratory and lower limb muscle oxygenation patterns using near-infrared
spectroscopy (NIRS) during high-intensity cycling exercise before and after 6 weeks
of inspiratory muscle training. Sixteen healthy young men were assigned to either
experimental (inspiratory muscle training : IMT) or sham (SHAM) training groups
and underwent inspiratory muscle training for more than 5 days per week for 6 weeks.

The subjects underwent constant load test at 90% VOZmaX on a cycle ergometer until
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exhaustion both before and after training. Oxygenation in both intercostal and vastus

lateralis muscles were measured using NIRS during the test. In addition, maximal

inspiratory pressure (MIP) was measured using spirometer every 2 weeks for the

duration of the training. After inspiratory muscle training, MIP increased significantly

in the IMT group but not in the SHAM group. Furthermore, time to the limit of

exercise tolerance prolonged significantly in the IMT group but not in the SHAM

group. However, no significant changes were found in oxygenation in both intercostal

and vastus lateralis muscles in both the groups. These findings suggest that inspiratory

muscle training improves high-intensity cycling exercise performance by factors other

than enhanced oxygenation in both respiratory and lower limb muscles.

2 B

INFTOMRICBNT, HEHNL—=2 7
IS ER M ERIEEE O T 3 —< v A% A &
LI LEWRMESINTERLD, ZOXAHZALIZD
WTIERZHL NI R > TR, Felx, 20
A ZAXLNZDOWT OG5 72012, FRIE
#ortE: (NIRS) # VT, @ik HimaiEs)
RO B & O ECE &R 12 B 1) % iR EhRE
6 EMOWEN b L —= v ZHi TR E
ZH )T LT 16 HOBELREERED, 2
NETITHEDED SN TV L AN CTEMT 58
(inspiratory muscle training : IMT) & &)EAE 51
BWESNLAMTERT 58 (SHAM ) o
WINPT e, AL HUE, 6 HMIZES
TREMH ML —= v 7 FERL 72 PBaE 51,
90%VOomax HE CTHEHHMWIZEL T TOHERHE
FEEMT A N2 b L— =Y FHith THERE L 7.
7 A M2, NIRS % Hv-Cbi B & Ol
NI B B EEEEIEASHIE Sz, & 51T, b
L=y IR, ANI O A—=5%2 v
2 MR R AUE (MIP) A3ElE S vfz. 1k
Wb L —= v 7tk IMT BB\ Cid MIP 7F
BEICEINL 7278, SHAM B2 B W TITHEE %
BIMIRo onerorz. F/2, EHREIZES

I COEBEMIE, IMTHIZBWTARICERL
7275, SHAM BEICB W TIIHBELERIZZED SN
Lol Lo Lad s, WO L O
HLFC B DEEREIEICIE, AEREIERED
bivempoiz, TNHOHEIE, WA ML —=
IR B & OV RCE SR I BT B FRIRE)E
DYFHEL Y DMORTIZ L > T, HilEHEEHE
BN T =<V AR EESELTEERIET 5.

B

Jll]

W, D57 1%, EE) ST 4 —~ 2 ZADOHIBRKA
FTThreEionTwal ZoZbps, I
Wiia N —=r 7952 bk, RIS R
PNZHIR % =20 5 2 & C, EE) 2 FhE T 72 13806
T5ZENREEE 7 D XD RERANBSE B
PHZEMERT R B EEIZ & > THETH 5. HIETI,
BE L 7B 2 RIS T B & AT & B IR
EHO N —= 7 aE (R L —F—)
HWL LT, BEOFANER TIIEZ 52
EDEHEL WD b L == IAUREE R D
WAE, UL > CEE ST + —< 2 ADM E)S
RONBTEPHESNTVE Y. Lo,
SBIEE SR ML — =y IR LTl
ZENTREENG.

LA LA S, W b L —= 2 7 A o

T v AR—=UEEE Vol. 37



109

5 1 Physical characteristics of IMT and SHAM groups

Characteristics IMT group (n=8) SHAM group (n=38) p value
Age, years 193 = 1.0 195 = 1.1 n.s.
Height, cm 1725 = 8.7 1751 £ 55 n.s.
Weight, kg 64.4 = 8.7 66.9 £ 59 n.s.
Lean body mass, kg 564 £ 7.6 596 = 4.3 n.s.
Fat,% 124 = 36 108 = 3.7 n.s.
Skinfold thickness of intercostal, mm 43 £09 42 11 n.s.
Skinfold thickness of vastus lateralis, mm 51 18 48 =19 n.s.
VOomax, mLkg ! ‘min! 488 * 6.0 495 * 53 ns.
Power at 90% VOsmax, W 252 = 48 257 = 26 ns.
Values are mean = SD.
Abbreviation: VOsay» maximal oxygen uptake
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72. 728, RPE, NIRS B X 5/ 7 X — 413,
P2 57 RBRE |2 B\ T e L7z A EOKEE
5% i & L7z,
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2. 1 [fitsEs LU HDZEIL

W ML — = A AL ZWMBEENENR
DOHERES & DM I 2R 2 1R L7z, A
b L == 7 A A OMiTEEE S X O T
BT AMHEICIE, BERICBUWTHEREVIZR
OONehodz F7z, WELMEREOHEE
(VC, FVC, FEV 1.0, FEV 1.0%, MVV) ® 9 b,
VC, FEV 1.0% B L UMVV 2BV, M#Ee
SIS L — =Y 7 A X D E R ZAIERE
DHNHP o7 FVCB LU FEV 10 1E, WA
b L —= v AT E R L CHERIKT 252
HHN7 MEP I, WA ML —= > 74 AT
EHELTC, FERENFRO N 51,

% 2 Changes in pulmonary function and respiratory muscle strength

IMT group (n=8)

SHAM group (n=38) Two-way ANOVA (p-value)

Owk 2wk 4wk 6wk Owk 2wk 4wk 6wk Time Group Interaction
VC,L 480£0.72 472065 472069 471070 474054 469+051 470+061 464063 ns. ns.  ns.
FVC,L 465058 453+058 442%059  446+067 459+054 443050 4.38+054 443+063 <001 ns.  ns.
FEV1.0,L 413046 406=054 400+048 396061 411054 395+054 393+055 394062 <00l ns.  ns.
FEV1.0%,%  8).74%6.76 8991855 9125908 89.28+9.58 9096+4.64 89.06+5.20 89.74+4.72 89.14+58) ns. ns.  ns.
MVV,L 1678224 1723+248 1702+242 1702+27.3 1679%25.2 171.1+31.5 1644+318 1716240 ns. ns.  ns.
MIP,cmH,O  1427+85 1640+199" 171.3+159" 181.9+18.1"" 1442+241 1434+176 142.7+184 1420+157 <005 <001 <0.05
MEP,cmH;0  1585+376 1562290 159.0+255 166.1+25.1 144.6+228 1606+25.7 164.1+273 1716240 <005 ns.  ns.

Values are mean = SD.

T Significant difference between IMT group and SHAM group (p < 0.05). T TSignificant difference between IMT group and SHAM group
(p<0.01). “Significant difference from before training (p < 0.01) VC, vital capacity; FVC, forced vital capacity; FEV 1.0, forced expiratory
volume 1-second; FEV 1.0%, FEV 1.0/FVC; MVV, maximal voluntary ventilation; MIP, maximal inspiratory pressure; MEP, maximal

expiratory pressure.
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MIP I2B Wi, MIf L —= > 7 AR &
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2.2 BEREETEERT R MIS B ESH/N
T+ —< 2 ANEL

WSS b L — = 7 AR Tlim 1213,
WKCBWTHEREVIZROON -7, 638
BOWSM ML — =2 7/ Ak, SHAMEIZHE
W CHE Tm (S L5580 S Nk 20> 72— F T,
IMT #1238\ C Tlim 25FICIERE T 5 2 & %R
ooz (J1).

1207 OBefore W After

++ Time X Group :

1080 . p<0.01

% | sk Time :

- ,_l p <0.01

Group :

840 n.s.
720
26001

£
= 480 b
360
240 1
120 1
0

SHAM IMT

1 Changes in time to the limit of exercise tolerance
(Tlim) before and after imspiratory muscle training.

Data are presented as the mean+ SD.

“Significant difference from before the training (p < 0.01).

TTSigniﬁcant difference between groups after training (p <0.01).
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FNSICMATHRE /S5 A —% (VO,, Vg, Vg/
VO, Ty, RR, R) IZBWTL, WA L —
SV E AR R L LIS SN0 7
(F3).

3. £ =

RAFFE D T2 5L, 90%VO0omay 50 BE T/ %€
L7z HERHEEN 2 X 5 Tlim 725, #0809 72 B0
ML—=2 7% L7z IMT DA THEIZIE
BL7ZIZb b 5d, JEI7RER OGS X
OAMANA I BT 5 BRI R I IIA B2 L2 R
Shamolzl ETHD.
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£ 3 Changes in NIRS and pulmonary gas exchange parameters at exhaustion during contant load cycling exercise at 90% VO

IMT group (n=38)

SHAM group (n=28)

Before (Owk)

After (6wk) Before (Owk) After (6wk)

VO,, mLkg! ‘min’! 493 + 3.3
Vi, L 1316 * 237
Vi/VO,, L 411 =55
Tidal volume, mL 2,108 = 154
Respiratory rate, breaths/min 628 = 115
Respiratory quotient 1.12 = 0.05
A oxyHb/Mb of intercostal, AU -0.23 = 0.12
A deoxyHb/Mb of intercostal, AU 0.44 = 0.18
A totalHb/MD of intercostal, AU 0.21 £ 0.19
A oxyHb/Mb of vastus lateralis, AU -0.23 = 0.19
A deoxyHb/Mb of vastus lateralis, AU 0.49 = 0.17
A totalHb/MD of vastus lateralis, AU 0.26 = 0.08

487 = 45 479 * 6.5 49.1 = 6.6
1314 = 256 1256 = 25.3 136.0 = 30.6
423 £ 46 393 £ 44 416 = 8.2
2,106 = 186 2,089 = 297 2,144 + 396
62.2 95 60.1 =55 642 = 11.8
1.11 = 0.06 1.11 = 0.07 1.14 = 0.09
-0.17 = 0.10 -0.19 = 0.06 -0.18 = 0.08
0.36 = 0.15 0.30 = 0.09 0.34 = 0.15
0.18 = 0.14 0.11 = 0.12 0.17 = 0.14
-0.24 = 0.13 -0.24 = 0.09 -0.14 = 0.09
049 = 0.17 049 = 0.11 046 = 0.11
0.25 = 0.10 0.25 = 0.10 0.32 = 0.09

Values are mean *= SD.

Abbreviation: oxyHb/Mb, oxygenated hemoglobin and myoglobin; deoxyHb/Mb, deoxygenated hemoglobin and myoglobin; total Hb/Mb, the

sum of oxyHb/Mb and deoxyHb/Mb.
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