Altered Respiratory Sensation

The second putative mechanism for the improved rowing
performance may be that the reduced respiratory muscle
fatigue induced changes in the respiratory sensation. Respi-
ratory muscle fatigue has been documented after prolonged
submaximal exercise (23) as well as short-term maximal
exercise (19,25). There is some suggestion that the respira-
tory muscles of “athletic™ individuals have superior strength
and greater fatigue resistance (8). Our data showing signif-
icant inspiratory muscle fatigue after a 6-min all-out rowing
effort is in agreement with Johnson and colleagues (18),
who suggest that a high level of fitness does not protect the
diaphragm muscle from fatigue during heavy exercise (95% of
VO,max). After inspiratory muscle training, the IMT group
showed significantly reduced fatigue after the 6-min all-out
effort. Indeed, a recent report has shown that the baseline
strength of the inspiratory muscles influences their fatigability
(25). Interestingly, the fatigue of the placebo group remained
the same which suggests that normal training for rowing does
not elicit the same adaptations as a specific inspiratory muscle
training program. The increase in strength may have attenuated
the development of fatigue by decreasing the proportion of the
maximal force capacity required for each breath (16). Simi-
larly, with greater inspiratory muscle strength, a smaller frac-
tion of maximum tension is generated with each breath, and it
has been suggested that this reduces the motor output to the
respiratory muscles and decreases the perceived sense of re-
spiratory effort (10). Even though we do not have measures of
dyspnea duning the 5000-m test, when asked to describe their
feeling afterward most subjects said that either the onset of
breathlessness was delayed, allowing a longer maintenance of
the previous pace, or a higher pace was kept throughout the test
with the same breathing effort.

Altered Ventilatory Efficiency

Finally, it has been suggested that through inspiratory
muscle training an increase in the mechanical efficiency of
ventilation might take place, thereby reducing the metabolic
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requirements of the respiratory muscles. Previous studies
have shown that during maximal exercise the V O, of the
respiratory pump can reach values up to 15% of the total
VO, (1,2). Indeed, the metabolic cost of breathing becomes
so great that any additional increase in total V O, contributes
minimally to the external work. In studies conducted at
VO, ., the respiratory muscles have been perceived as
“stealing” blood flow from the peripheral musculature to
cover their metabolic requirements (14). Thus, decreasing
the metabolic requirements of the inspiratory muscles could
result in a diminished blood flow demand and reduce the
competition with the locomotor muscles for limited blood
flow. Because we did not see any significant differences in
the VO,max; by implication cardiac output was also un-
changed. Thus, we can assume that the fraction of the total
cardiac output distributed to leg mugcles may have in-
creased after IMT and this may have led to improvements in
performance (15).

In summary, significant improvements in the 6-min all-
out effort and 5000-m time trial performance were observed
after a period of inspiratory muscle training. These perfor-
mance improvements were accompanied by a decrease in
inspiratory muscle fatigue and perception of dyspnea. Even
though the small sample size does not allow us to make
inferences about the population from which the sample
was drawn, it has not escaped our attention that our
findings may have some bearing on rowing performance.
The elucidation of the precise mechanisms responsible
for our observations requires further studies involving the
cardiovascular consequences of inspiratory muscle train-
ing and larger sample sizes.
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