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Oxygen consumption of the respiratory muscles as a

factor influencing the aerobic work capacity

Nobukazu TAMAKI

The purpose of the present study was to elucidate whether
oxygen consumption of the respiratory muscles might influence
the oxygen supply to the working muscles.

Ten male long distance runners (trained) and 10 sedentary
male students (untrained) were served as the subjects. They
were exercised twice on a Monark bicycle ergometer. In the
first exercise, the work loaad was stepwisely increased every 6
minutes (300, 600 and 900 kgm/min), and then it was further increased
every one minute by 150 kgm/min to exhaustion at which the subjects
could not maintain to exercise at the 50 rpm of pedalling rate.
The work load of second exercise was equal to the three submaximal
stages of the first exercise, but throughout the exercise periods
the subjects were breathing about 2% CO7 in air in order to increase
pulmonary ventilation.

Oxygen intake and pulmonary ventilation were determined by
the Douglas bag method both in the first and second exercised.
Oxygen cost of breathing (in ml per unit ventilation) was given by
the following equation:
VOZ(COQ) - Voz(air)
Ve(COp) = VE(air)

Oxygen cost of breathing=

where Vo,(air) and VE(air) means oxygen intake and pulmonary
ventilation while breathing room air, and Vo2(co2) and VE(coz)
means oxygen intake and pulmonary ventilation while breathing 2%
COy in air. Oxygen consumption of the respiratory muscles over the
range of pulmonary ventilation studied was then calculated from
multiplying each level of pulmonary ventilation by oxygen cost of
breathing. Pulmonary resistance was measured with the airway
interruption method in the three submaximal stages of the first
exercise. Vital capacity, maximal voluntary ventilation and forced
expiratory volume were measured at rest by the spirometry.

Maximal oxygen intake of trained subjects was significantly
greater than that of untrained (p<0.01).
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Oxygen cost of breathing of trained subjects during exercise
was 3.6 ml/1 at lower pulmonary ventilation (about 45 1/min) and
4.4ml1/1 at higher pulmonary ventilation (75 1/min), while in
untrained the values were 4.7 ml/1 (45 1/min) and 5.5 ml/1
(85 1/min), respectively. The difference of trained and untrained
subjects was significant through pulmonary ventilation studied
(p<0.05). Oxygen consumption of the respiratory muscles and its
rate to the total oxygen intake in trained subjects at higher
pulmonary ventilation were 340ml/min and 17%, while in untrained
they were 500ml/min and 23%, respectively.

Though pulmonary resistance was increased with the work load,
its values were similar for the trained and untrained subjects.

Trained subjects had a significantly greater maximal voluntary
ventilation per unit body surface area (p<0.05).

From the present study it was concluded that the respiratory
movements of trained subjects were more economical than untrained,
and that oxygen consumption of the respiratory muscles affects more

the aerobic work capacity in untrained subjects than trained.
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Table 1. Physical characteristics of subjects.
Subjects n Age Welght Stature
yr - kg cm
Trained 10 20.3 55.6 168.0
E *1.6 4.6 *3.3
Untrained 10 23.1 62.8 168.1
2.1 £y, 3 *u.8 -
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Pulmonaﬁy ventilation and- oxygen fntake while

Table 2. _
o Dreatnl g Poom}alr and 2% CO7 in air; the .
‘ calculated oxygen icost of breathlng(VE cost); |
.. _the subdivision of the oxygen intake as its
1 resplratory(R) and nonresplrat?ry(NR) components
! durlng exer01sé I - B ]
Ve 1/min Voz ml/min Vgcost Voz ml/min
air Co, air 002 ml/1 Total R NR -
‘ " Trained
43,0 803 o
: 48.0 821 3.6 981 173 808 |
- 57.1 1310 i
i 62.0 1330 b.1 1487 254 1233 |
73.2 1881 :
: 78.6 1905 b.h 2050 346 1704
81l.4 2147 .
Untrained
43.3 836
48.4 860 4.7 1000 228 772
59.9 1389
' 64.2 1411 5.1 1511 327 1184 -
83.6 2018
90.1 2054 5.5 2156 496 1660
98.3 2335
ﬂ Total VO? dWPlng exercise at| equlvalent ventilation
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~during exercise..

}Table;3.iPuLmonary§r§§;st§nce(cmHQQ{l[§§c) at rest and

A Exercise kgm/min
: t rest
Subjects 300 600 900
Trained expiration 2.04%0.41 2.15%0.32 2.40£0.26 2.86%0.52
inspiration 1.92#0.41 ’2.0’+i0.'+0 2.22%0.38 2.58%£0.57
Untrained expiration 2.04%0.53 2.28%0.36 2.52%0.38 2.79%0.40
inspiration 1.87#0.41 2.21%0.37 2.43%0.32 2.61%£0.34
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Table k. The Qal&es;of &en?il#toby fUncﬁioq(BTPS)ﬁ

VC VC/BSA MVV MVV/BSA TEV

Subjects 1.
) ml ml/m? 1/min 1/m¥Ymin %
4787 2918 180 109.6 90. 4
- Trained +557.9 4254 .3 +27.9 +16.0 +4.9
4992 2889 157 91.0 87 .4
. )
ntrained 4953 +218.1 +20.9  411.0 +6.3
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. The comparls@n of heart rate(beats/mln) between

i

| Table 5.
. I wtnalnedgand'untralned sub;ects ‘while breathlng
; ! palelelii} alr and COg mixture during exercise.
Work load kgm/min
. 900
Subjects 300 ' 600 |
- air co,, air o, air co
; 84.8 85.9 110.5 108.9 138.3 134.1
Trained
+7.2 +6.2 +11.5 +6.7 +12.6 +11.
. 9y, 3 92. 126.4 122.4 160.7 157.8
Untrained
+8.5 +4.6 +15.9 +11.9 +9.9 +17.
1 ] % & & et EE
| [ | 7\{ “ ; ! i i *
] | 1 *  pKO.05. 1 %% p<0.0l
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|  Table 6. Pulmonany resistance in untrained smokers
i;iwwww"fg”fggmand;hoﬁémﬁkéhs‘during exercise.

7 Pulmonary resistance cmHZO/l/sec
‘Work toad Smokers Nonsmokers
kgm/min . .

exp insp exp insp
- 300 2.31+0.36 2.28%+0.35 2.25+0.40 2.1510.41‘ —
600 2.66+0.36 2.51+0.33 2.37+0.38 2.354+0.34
900 2.89+0.44 2.7140.30 2.704£0.39 2.5040.39
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| Table 7. Oxygen consumptlon of the respiratory muscles
. in untrained smokers and nonsmokers during
; exerclsq % | | |
, : v N !
77L I | Work load Vecost ml/1 ’
T - kgm/min Smokers Nonsmokers
i | .
. - 300 4.9%0.7 5.3%1.2
o 600 4.7%0.8 S5.u%1.2
o T 900 . 5.0%1.1 5.8%1.3
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‘Table 8. Pulmonary resistance of normal subjects.

T

Pdlmonary resistance
| Author n Method omba 0/1/sec
‘Mead & Whittenberger (1953) 7 E 2.02

Mead ¢ Whittenbergér (1954) 6 I 2.60
Cherniack (1956) 7 E 1.94
Attinger, et al. (1956) 9 E exp 2.81
insp 1.98
Clements, et al. (1959) 12 I 1.94
Ehrner (1960) 15 E 2.14
" Hedstrand (1962) 11 E exp 2.11
| | insp 1.74
Present study: Trained 10 I exp 2.04
. insp 1.92
Untrained 10 I exp 2.04
insp 1.87
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