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Maximal Inspiratory Pressure: A Lost Point Trying to Explain a S-Index Func-
tion Line Index  
 
Dear Editor-in-chief, 
 
Minahan et al. (2015) recently published a study that 
examined respiratory strength using a new device, POW-
ERbreathe K5, before and after a strenuous exercise, in 
comparison with an well-established maneuver to evalu-
ate the maximum inspiratory pressure (MIP). 

In this study, authors have compared a dynamic 
evaluation of the inspiratory muscles (S-Index) with a 
quasi-isometric evaluation (MIP) including a scientific 
rational about an isokinetic and isometric limb muscles 
evaluation, even considering that the S-index is not an 
isokinetic parameter.  

The authors did not find respiratory muscle fatigue 
evaluated by these two different parameters before and 
after whole body exercise protocol. However, the present 
results may have been influenced by two confounders: 1) 
The exercise protocol used to induce respiratory muscle 
fatigue and 2) The learning effect of the test. 

1- Exercise protocol  
Early publications about respiratory muscle fatigue 

(Bellemare and Grassino, 1982; Ramonatxo et al., 1995) 
demonstrated a critical point based on tension time index 
of the diaphragm or respiratory muscle. In these studies, 
45 to 60 minutes of exercise at 40% of maximum inspira-
tory pressure (MIP), were necessary to induce respiratory 
muscle fatigue. In Roussos et al. (1979) study, 40 minutes 
at 55% of MIP were necessary to produce fatigue (Figure 
1). Also, Ouellet et al. (1969) has demonstrate that a max-
imal exercise protocol may reach 55% of the MIP. In this 
sense, a longer whole body exercise protocol may have 
been required to induce a respiratory muscle fatigue.  

 
 

 

 
 

 
 

Figure 1. The correlation between respiratory work rate 
(Pdi/Pdi.max %) and fatigue time point (TLIM). Adapted 
from (Roussos et al. 1979) data. 

 
2- The learning effects  

The MIP assessment can be influenced by patient 
motivation to perform higher pulmonary volumes and 
also the repeated measurement effect upon the excitability 
of the motor pathway (Hawkes et al., 2007; Volianitis et 
al., 2001). It has been showed a considerable effect of the 
repeated measurement on MIP, even in experienced par-
ticipants. (Volianitis et al., 2001) has demonstrated that 
after 18 repeated trials, MIP was 11.4% higher than the 
best of the first three measurements. In this sense, an 
inspiratory muscle ‘warm-up’ has been used to reduce 
variability, number of measurements required to achieve 
consistency and to remove the effects of changes in motor 
pathway excitability (Volianitis et al., 2001). According 
to that, similar confounders might be related to S-index 
assessment, a warm-up period could be necessary to reach 
accurate values of S-Index. 

In conclusion, we suggest that the results found out 
by Minahan et al. (2015) were certainly influenced by 
both presented confounders: 1) The exercise protocol 
used to induce respiratory muscle fatigue and 2) The 
learning effect of the test. 
 
Paulo Eugênio Silva , João Luiz Quaglioti 
Durigan and Gerson Cipriano  
Physical Therapy Division, University of Brasilia, Brasíl-
ia, Brazil. 
 
AUTHORS’ REPLY 

 
Dear Editor-in-chief,  

 
We thank Silva, Durigan, and Cipriano for their com-
ments regarding our conclusions that repeated-sprint 
cycling does not induce respiratory muscle fatigue and 
that the POWERbreathe® S-Index is a moderately relia-
ble, but not equivalent, measure of MIP determined dur-
ing a Mueller maneuver. These authors raise two im-
portant points that have the potential to alter respiratory 
muscle strength: i. The Exercise Protocol, and ii. A Learn-
ing Effect. Indeed, we agree that longer-duration whole 
body exercise has the potential to induce respiratory mus-
cle fatigue. Nevertheless, before our research findings it 
was not known whether repeated-sprint exercise could 
also elicit respiratory muscle fatigue. Although repeated-
sprint exercise duration is typically less (about 10-15 min) 
compared to submaximal exercise, we clearly argue that 
average minute ventilation during repeated-sprinting (incl. 
recovery periods) can be greater than 120 L∙min-1, often 
peaking above 200 L∙min-1. It is therefore reasonable to 
hypothesize that the higher intensity of repeated-sprint 
exercise compared to submaximal exercise could also 
induce inspiratory muscle fatigue despite the shorter dura-
tion.   
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We did not choose to state explicitly, however it is 
implied in our manuscript, that participants were familiar-
ized with all testing procedures, and multiple breathing 
maneuvers were performed during Session 1. Therefore, 
we are confident our subjects were well familiarized with 
the technique. We argue that this thorough familiarization 
session would act to negate the “Learning Effect” on trials 
performed in Session 2 and 3. The suggestion by Silva, 
Durigan, and Cipriano that a warm-up may be necessary 
to reach maximal values warrants further examination. 
Indeed, we determined and reported strong trial-to-trial 
and day-to-day intra-class coefficients for the S-Index. 
Our findings suggest that once thorough familiarization 
has been performed by the subjects any potential learning 
effect of the maneuver is removed. It also suggests that 
warm-up efforts are not necessary to reach reliable maxi-
mal values of the S-Index in young health adults. We 
therefore retain our view that the POWERbreathe® S-
Index is a moderately reliable, but not equivalent, meas-
ure of MIP determined during a Mueller maneuver. Fur-
thermore, repeated-sprint cycling does not induce respira-
tory muscle fatigue in recreationally-active adults.  
 
Clare Minahan, PhD 
Troy  Cross, PhD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

References  
 
Bellemare, F. and Grassino, A. (1982) Effect of pressure and timing of 

contraction on human diaphragm fatigue. Journal of Applied 
Physiology: Respiratory, Environmental and Exercise Physiol-
ogy 53(5), 1190-1195. 

Hawkes, E.Z., Nowicky, A.V. and McConnell, A.K. (2007) Diaphragm 
and intercostal surface EMG and muscle performance after 
acute inspiratory muscle loading. Respiratory Physiology and 
Neurobiology 155(3), 213-219. 

Johnson, B.D. Babcock, M.A., Suman, O.E. and Dempsey, J.A. (1993) 
Exercise-induced diaphragmatic fatigue in healthy humans. 
Journal Physiology 460, 385-405. 

Mador, M.J. Magalang, U.J., Rodis, A. and Kufel, T.J. (1993) Dia-
phragmatic fatigue after exercise in healthy human subjects. 
The American Review of Respiratory Disease 148(6 Pt 1), 
1571-1575.  

Minahan, C. Sheehan, B., Doutreband, R., Kirkwood, T., Reeves, D. and 
Cross, T. (2015) Repeated-sprint cycling does not induce res-
piratory muscle fatigue in active adults: measurements from the 
powerbreathe® inspiratory muscle trainer. Journal of Sports 
Science and Medicine 14(1), 233-238.  

Ouellet, Y., Poh, S.C. and Becklake, M.R. (1969) Circulatory factors 
limiting maximal aerobic exercise capacity. Journal of Applied 
Physiology  27(6),  874-880.  

Ramonatxo, M., Boulard, P. and Préfaut, C. (1995) Validation of a 
noninvasive tension-time index of inspiratory muscles. Journal 
of Applied Physiology 78(2), 646-653. 

Roussos, C., Fixley, M., Gross, D. and Macklem, P.T. (1979) Fatigue of 
inspiratory muscles and their synergic behavior. Journal of Ap-
plied Physiology: Respiratory, Environmental and Exercise 
Physiology 46, 897-904.  

Volianitis, S., McConnell, A. and Jones, D. (2001) Assessment of 
maximum inspiratory pressure. Prior submaximal respiratory 
muscle activity (’warm-up') enhances maximum inspiratory ac-
tivity and attenuates the learning effect of repeated measure-
ment. Respiration 68(1), 22-27. 

 
 Paulo Eugênio Silva  
Centro Metropolitano, conjunto A, lote 01, University of 
Brasília,  Physical Therapy Division Brasília – DF, Brazil; ZIP 
CODE: 72220-900.  
E-mail: pauloeugenio.bsb@gmail.com 
 
 
 


