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Abstract  
This study examined respiratory muscle strength using the 
POWERbreathe® inspiratory muscle trainer (i.e., ‘S-Index’) 
before and after repeated-sprint cycling for comparison with 
maximal inspiratory pressure (MIP) values obtained during a 
Mueller maneuver. The S-Index was measured during six trials 
across two sessions using the POWERbreathe® and MIP was 
measured during three trials in a single session using a custom-
made manometer in seven recreationally active adults. Global 
respiratory muscle strength was measured using both devices 
before and after the performance of sixteen, 6-s sprints on a 
cycle ergometer. Intraclass correlation coefficients for the 
POWERbreathe® S-index indicated excellent (p < 0.05) trial-to-
trial (r = 0.87) and day-to-day (r = 0.90) reliability yet there was 
no significant correlation (r = -0.35, p = 0.43) between the S-
Index measured using the POWERbreathe® and MIP measured 
during a Mueller maneuver. Repeated-sprint cycling had no 
effect on respiratory muscle strength as measured by the POW-
ERbreathe® (p > 0.99) and during the Mueller maneuver (p > 
0.99). The POWERbreathe® S-Index is a moderately reliable, 
but not equivalent, measure of MIP determined during a Mueller 
maneuver. Furthermore, repeated-sprint cycling does not induce 
globalized respiratory muscle fatigue in recreationally-active 
adults. 
 
Key words: Maximal inspiratory pressure, respiratory muscle 
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Introduction 
 
Inspiratory muscle fatigue can occur after prolonged (i.e., 
>2 h) submaximal running and after short-term maximal 
exercise (i.e., <15 min; approx. 95% peak oxygen uptake; 
Inbar et al., 2000; Johnson et al., 1993; Volianitis et al., 
2001). It is however not known whether repeated-sprint 
exercise elicits respiratory muscle fatigue. The total dura-
tion of a repeated-sprint exercise protocol is typically 
between 10 and 15 min, (Mendez-Villaneuva et al., 2008; 
Spencer et al., 2005) and the average minute ventilation 
during repeated-sprinting (including the recovery periods) 
is >120 L∙min-1, often peaking above 200 L∙min-1 in elite 
male team-sport athletes, it is therefore reasonable to 
hypothesize that repeated-sprint exercise would result in 
inspiratory muscle fatigue.    

Maximum inspiratory pressure (MIP) is an effec-
tive, non-invasive measure of global inspiratory muscle 
strength, particularly the strength of the diaphragm (Loke 
et al., 1982). The determination of MIP is simple, and is 

typically obtained by measuring mouth pressure during a 
maximal isometric inspiratory maneuver performed at 
residual lung volume (i.e., Mueller maneuver). MIP is 
then determined as the most negative 1-s average of 
mouth pressure generated during the maximal inspiratory 
effort (reported in units of centimeters of water; cmH2O). 
The Mueller maneuver is currently the gold standard for 
measuring MIP and several authors have demonstrated its 
validity and reliability (Hamnegard et al., 1994; 
McConnell and Copestake, 1999; Sachs et al., 2009). 

With advancing technology there are now com-
mercially available handheld devices such as the POW-
ERbreathe® K5 inspiratory muscle trainer (POWER-
breathe International Ltd, Warwickshire, UK) that pro-
vides an index of global inspiratory muscle strength 
(termed the ‘S-index’), enabling respiratory muscle per-
formance to be monitored and evaluated in the field. 
Whereas MIP is typically obtained with a maximal static 
inspiratory effort, the POWERbreathe® S-index is meas-
ured during an unobstructed, dynamic maximal inspirato-
ry maneuver. While the POWERbreathe® S-index cannot 
measure an individual’s true MIP, we hypothesize that the 
POWERbreathe® S-index can offer a reliable alternate 
measure of respiratory muscle fatigue to the gold-standard 
technique, the Mueller maneuver.  

This study will provide coaches and sport scien-
tists with preliminary information regarding the ability of 
the POWERbreathe® S-index to reliably provide infor-
mation about the development of respiratory muscle fa-
tigue during repeated-sprint exercise.  
 
Methods 
 
Experimental approach to the problem 
Subjects attended the Griffith University Sport Science 
laboratory on three separate days (Session 1, 2, and 3). 
Session 1 involved preliminary health screening, explana-
tion of the testing procedures, and familiarization will all 
testing equipment. The chief investigator described and 
demonstrated the correct techniques for the measurement 
of MIP during the Mueller maneuver, and the S-index 
using a POWERbreathe® inspiratory muscle trainer 
(Ironman K5, HaB Ltd, UK). Subjects were then instruct-
ed to sit on the cycle ergometer (Wattbike cycle ergome-
ter, Wattbike Ltd, Nottingham, UK) and asked to practice 
the inspiratory maneuvers. Due to reliability of MIP 
measurements being highly dependent on subject effort 
and technique (Aldrich and Spiro, 1995), multiple breath-
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ing maneuvers were performed. Subjects were also famil-
iarized with the Wattbike cycle ergometer and allowed to 
change both the handlebar and seat height before pedaling 
at the load to be applied during the repeated-sprint cycling 
protocol. During Session 2, six maximal inspiratory 
breathing maneuvers were performed; three trials using 
the POWERbreathe® and three trials of the Mueller ma-
neuver. The order of the six trials was determined ran-
domly using a coin flip until three breathing maneuvers 
had been performed on each device. At least 3 min of rest 
was allowed between trials. The repeated-sprint cycling 
protocol was performed during Session 3 and both devic-
es were used only before and immediately after the re-
peated-sprint cycling protocol. The order of the devices 
both before and after the repeated-sprint exercise was 
determined by a coin flip. Heart rate (RS100, Polar, Oy 
Finland) and blood pressure was monitored throughout 
exercise during Session 3.  
 
Subjects 
Seven recreationally-active individuals (3 men, 4 women; 
age mean 22, sd = 1 yr, body mass mean 61.1, sd = 9.2 
kg, stature mean 1.71, sd = 0.08 m) volunteered and pro-
vided written informed consent to participate in this 
study. All subjects were classified as “low risk” according 
to guidelines of the American College of Sports Medicine 
(2009, p. 20). The present study conformed to the princi-
ples outlined in the Declaration of Helsinki and was ap-
proved by the Griffith University Human Research Ethics 
Committee.  
 
Procedures 
Subjects performed a 10-min cycling warm up by pedal-
ing at 60 rev∙min-1 against a wind-only resistance setting 
of four. At minutes 6, 7 and 8 subjects were instructed to 
perform an ‘all-out’ sprint for 3 s against a wind-only 
resistance setting of 4. Following the warm up, subjects 
rested passively for 10 min. Subjects then returned to the 
cycle ergometer and performed four sets of, 4 x 6-s max-
imal sprint efforts on a 30-s cycle with sets separated by 2 
min of passive rest. The wind-resistance setting was fixed 
at ten for both men and women whereas the magnetic 
setting was five for men and three for women. These 
settings were applied so to achieve the highest power 
output during sprinting and were predetermined in a pilot 
study in this laboratory. After the repeated-sprint exercise 
protocol was completed, subjects performed a 10-min 
warm down by cycling against a ‘wind-only’ resistance 
setting of four. 

MIP was assessed on a custom-made Manometer 
by performing the Mueller maneuver immediately before 
and after the repeated-sprint protocol. The Mueller ma-
neuver requires the subject to first exhale to residual lung 
volume, from which they are instructed to maximally, and 
then forcefully inhale against an obstructed mouthpiece 
for ~1.5–3.0 s (Green et al., 2002), while wearing a nose 
clip. Accordingly, the Mueller maneuver may be consid-
ered as a static contraction of the inspiratory muscles. 
Mouth pressure was sampled via a lateral port on the 
mouthpiece connected to a calibrated differential pressure 
transducer (PX138-005D5V, Omega Engineering Inc., 

Stamford, CT, USA). MIP was taken as the most negative 
1-s average in mouth pressure during the maneuver.  

The S-index was obtained using the POWER-
breathe® K5 inspiratory muscle trainer during an unob-
structed, maximal inspiratory effort from residual volume 
to total lung capacity. In this manner, the S-index was 
obtained during dynamic contraction of the inspiratory 
muscles. Subjects were coached by the investigators to 
achieve the highest inspiratory flow-rate possible during 
these tests. The PC software provided with the device 
(Breathe-Link, Version 1.0, 2012) was used to calculate 
the S-index, which is an indirect estimate of the subject’s 
“true” MIP (represented in cmH2O) obtained by using 
algorithms based on peak inspiratory flow, and a typical 
inspiratory muscle force-velocity profile. For comparison 
between the two devices, the maximum value of three 
maneuvers which varied by less than 20% was reported 
for each subject on each device (Green et al., 2002). All 
maneuvers were performed seated on the cycle ergometer 
in the exercise position.   
 
Statistical analyses 
Mean and standard deviation (s) values were calculated 
for the subjects’ physical characteristics, power output 
during cycling, as well as MIP and S-Index values. A 
fully factorial ANOVA with repeated-measures for trial 
and day was used to compare S-Index values across all six 
trials for the POWERbreathe® while a simple 1-way 
repeated measures ANOVA was used to determine differ-
ences in MIP values across three trials for the Mueller 
maneuver. When differences were detected, pairwise 
comparisons were performed to determine their source. 
Reliability was determined from intraclass correlation 
coefficients (ICC’s) calculated using S-Index values from 
all six trials of the POWERbreathe® and MIP values from 
all three trials of the Mueller maneuver. The coefficients 
for Trial 1 and Trial 2 were determined to investigate 
trial-to-trial reliability for both apparatus. Day-to-day 
reliability for the POWERbreathe® was determined by 
calculating the coefficients associated with the S-Index 
measured in Trial 3 during Session 1 and Trial 3 during 
Session 2 (i.e., Trial 6). The interpretation of the ICC’s 
was based on a scale described previously by Rosner 
(2005). Typical error and change in mean values were also 
used to characterize reliability. To examine the validity of 
the POWERbreathe®, a Pearson’s correlation coefficient 
was calculated using the highest values (cmH2O) recorded 
in Session 2 for both devices. Agreement between the two 
measurements was analyzed in a mean difference plot 
using all three trials for each subject (Bland and Altman, 
1986). Statistical significance was set at P < 0.05 for all 
statistical tests. 
 
Results 
 
There were no differences in the S-Index among all six 
trials performed using the POWERbreathe® (F = 3.62, p 
= 0.06). Table 1 presents the ICC values, change in mean 
and typical error for S-Index using the POWERbreathe® 
calculated for Trial 1 and Trial 2 (trial-to-trial) as well as 
Trial 3 and Trial 6 (day-to-day) of testing. The  ICC  of all  
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Table 1. Determinants of reliability for maximal inspiratory strength (i.e., S-Index) measured with a POWER-
breathe® inspiratory muscle trainer in seven recreationally-active individuals. 

 ICC  Change in mean Typical error 
All 6 trials .88     
Trial 1 & 2 .87 Mean (cmH2O) 

90% CI’s 
Mean (%) 
90% CI’s 

3.79 
-3.93 – 11.52 

5.2 
-4.3 – 15.5 

7.44 
.36 – .99 

9.5 
6.5 – 18.9 

Trial 3 & 6 .90 Mean (cmH2O) 
90% CI’s 
Mean (%) 
90% CI’s  

4.36 
-2.85 – 11.58 

3.9 
-3.0 – 11.1 

6.95 
4.80 – 13.31 

6.7 
4.6 – 13.3 

Six maximal dynamic inspiratory breathing maneuvers (trials) were performed over two days; three trials 
each day. Trial-to-trial reliability (All 6 trials and Trial 1 & Trial 2) and day-to-day reliability (Session 1, 
Trial 3 and Session 2, Trial 3 i.e., Trial 6) was assessed. There were no differences in the mean values be-
tween Trial 1 & Trial 2 or between Trial 3 & Trial 6 (p > 0.05). ICC = intraclass correlation coefficient.  

 
six trials was not notably different to the coefficient cal-
culated for S-Index values determined during Trial 1 and 
Trial 2 only or compared to Trial 3 and Trial 6. There 
were no differences in MIP among all three Mueller ma-
neuvers (F = 0.47, p = 0.63). The ICC’s for all three 
Mueller maneuvers was 0.95. The change in mean and 
typical error for MIP obtained during the Mueller maneu-
ver calculated for Trial 1 and Trial 2 (trial-to-trial) was 
1.60 and 8.32 cmH2O, respectively. 

The peak power output determined for each set of 
4 x 6-s sprints was significantly different (F = 10.80, p < 
0.01) and is shown in Figure 1. The mean peak power of 
715, s = 207 W determined for Set 1 was significantly 
higher than the mean peak power of 555, s = 174 W de-
termined for Set 4 (p = 0.01). Also, Figure 1 illustrates no 
change in MIP (p = 0.57) or the S-Index (0.081) when 
measured before, compared to after the repeated-sprint 
protocol. 

Figure 2a illustrates the relationship between  
peak MIP measured during a maximal isometric inspira-
tion using the Manometer (i.e., Mueller maneuver) and 
the S-Index determined during a maximal dynamic inspi-
ration using the POWERbreathe®. The Pearson’s correla-
tion coefficient was -0.35 (p = 0.43) indicating that the 
two measurements were not closely related. Furthermore,  

 
 

agreement  between  the two measurements using all three 
trials for each subject is presented in Figure 2b. The in-
creasing variance toward higher values implies that 
agreement between the two methods is poor.   
 

Discussion 
 

The main findings of the present study demonstrate that 
the S-index provided by the POWERbreathe® is “accept-
ably” reliable (Cardinet et al., 2011). However, the 
POWERbreathe® S-index is not an equivalent measure of 
MIP when obtained during the gold-standard test, the 
Mueller maneuver. In addition to these findings, it is 
reported that repeated-sprint cycling does not induce 
globalized inspiratory muscle fatigue in recreationally-
active men and women.  

The measurement of MIP during the Mueller ma-
neuver yielded an ICC of 0.95 indicating “almost perfect” 
reliability. These findings are consistent with the results 
of Dimitriadis et al. (2011) who reported excellent relia-
bility of a handheld manometer (ICC > 0.90). The MIP 
values recorded during the Mueller maneuver for men and 
women  in  the  present study (mean 109, sd = 27 cmH2O) 
were similar to the values previously reported in a meta-
analysis by Sclauser et al. (2013) for men (approx. 116-
140 cmH2O) and women (approx. 88-105 cmH2O).  

 

 
 
 

Figure 1. Peak power output measured during four sets of 4 x 6 s sprints on a 30-s cycle separated by 2 min of rest between 
sets in seven recreationally-active individuals. The columns represent maximal inspiratory pressure (MIP) measured during 
the Mueller maneuver and maximal inspiratory strength (S-Index) measured during dynamic inspiratory breathing maneu-
vers before and after repeated sprinting. There was no difference between the two measures of respiratory muscle strength, or before com-
pared to after repeated sprinting (p < 0.05). 
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Figure 2. a. Left panel - The relationship between maximal inspiratory pressure (MIP) obtained during the Mueller 
maneuver and the S-Index determined using the POWERbreathe® (n = 21; 7 subjects x 3 trials); r = -0.35 (p = 
0.43). b. Right panel - A mean difference plot17 depicting the level of agreement between inspiratory pressures 
measured during a Mueller maneuver and estimated from S-Index values measured on a POWERbreathe® device. 

 
The S-index measured using the POWERbreathe® 

inspiratory muscle trainer for seven recreationally-active 
individuals did not change across six trials, and there was 
no change in the ICC value when calculated for the first 
two trials (r = 0.87) compared with the value calculated 
for all six trials (r = 0.88). Furthermore, we established 
that the S-index could be measured reliably on separate 
days (r = 0.90). We conclude that the S-Index measured 
by the POWERbreathe® can be obtained from young, 
recreationally-active men and women with good trial-to-
trial and day-to-day reliability. 

The day-to-day reliability reported for the S-Index 
using the POWERbreathe® in the present study (6.7%) is 
similar to typical error values reported in previous studies 
that have investigated the reliability of power in physical 
performance tests (3.1 – 7.3%; Hopkins et al., 2001). An 
increase in MIP of ~24% has been reported for recrea-
tionally-active men and women (aged 22-40 yr) after 10 
wk of respiratory muscle training (Aldrich and Spiro, 
1995). The present study suggests that smaller changes in 
the S-Index measured before and after an intervention 
could be considered “worthwhile” (as defined by Hop-
kins, 2004) given the typical error value of 6.7% reported 
here for day-to-day reliability. For example, an increase in 
the S-Index of 3.35% (i.e., half the typical error), or about 
3.5 cmH2O, measured after respiratory muscle training 
would allow coaches to be “reasonably confident of a 
worthwhile change” (Hopkins, 2004). Equally, coaches 
could assume that a 3.5 cmH2O decrease in the S-Index 
measured after intense exercise indicates respiratory mus-
cle fatigue. Nevertheless, it should be noted that this error 
value was derived from a small group of subjects and 
therefore no firm conclusions can be drawn in relation to 
real changes in respiratory muscle strength using the 
POWERbreathe® respiratory muscle trainer.  

Various methods are used to measure maximal 
respiratory mouth pressure and aside from the subjects 
themselves, values for MIP will inherently vary due to 
numerous variables including: the chosen device and 
technique, trial duration, definition of maximum pressure, 

type of mouth piece and pressure gauge, etc. (Evans and 
Whitelaw, 2009; Green et al., 2002). Nonetheless, maxi-
mal static respiratory pressures generated at the mouth 
after full expiration (i.e., Mueller maneuver) is the most 
widely used method of measuring MIP (McConnell and 
Copesake, 1999; Sclauser et al., 2013) and has been con-
sidered as a useful voluntary test of respiratory muscle 
strength (Green et al., 2002). There are no previous data 
indicating whether the S-Index determined by a POWER-
breathe® during maximal dynamic inspiration is equiva-
lent to the MIP obtained during a Mueller maneuver in 
humans. The correlation coefficient and the mean differ-
ence plot presented in Figure 2 shows that the S-index and 
MIP are not linearly related, nor do these measurements 
exhibit an appreciable level of absolute agreement (Alt-
man and Bland, 1983).  

Before concluding that the S-Index determined by 
the POWERbreathe® is invalid, one should consider the 
distinct difference between the muscle function qualities 
being tested during the Mueller maneuver compared to 
the dynamic contraction of the respiratory muscle using 
the POWERbreathe® (Baker et al., 1994). The POWER-
breathe® demands a rapid and powerful dynamic contrac-
tion of the respiratory muscles (i.e., specific muscle func-
tion) whereas the inspiratory maneuver made during the 
Mueller maneuver is against a totally blocked airway and 
is therefore isometric (i.e., general muscle function). This 
distinction may help to explain both the absolute differ-
ence in the mean values, as well as the disagreement 
across the range of values measured. Furthermore, the 
small sample size in the present study should be consid-
ered as a limitation to the correlational analysis.  

Previous studies have examined the relationship 
between isometric and dynamic muscle strength in skele-
tal muscle groups. Murphy and Wilson (1996) reported 
that isometric strength of the upper-limbs was a poor 
predictor of dynamic strength in the same muscle groups. 
They further illustrated that there are significant differ-
ences in the muscles’ neural activation patterns during 
isometric compared to dynamic contractions. Mechanisms 
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that contribute to dynamic strength maybe unrelated to the 
mechanisms that contribute to isometric strength. Conse-
quently, if respiratory muscle strength is contraction spe-
cific, this calls into question the efficacy of using the S-
Index measured during a dynamic contraction to estimate 
MIP during a Mueller maneuver. Therefore, the two 
methods of respiratory muscle strength measurement in 
the present study are not comparable; that is, the S-Index 
measured using the POWERbreathe® cannot replace MIP 
measured during a Mueller maneuver with sufficient 
accuracy.  

We found no change in the S-Index measured us-
ing the POWERbreathe® after compared to before re-
peated-sprint cycling. This result was confirmed by meas-
uring MIP before and after sprinting during a Mueller 
maneuver. Although respiratory muscle fatigue has been 
observed after short-term continuous maximal exercise 
(Coast et al., 1990), it is reasonable to suggest that the 
intermittent nature of repeated sprinting provides suffi-
cient time for the respiratory muscles to remove fatigue-
inducing metabolites and recover oxygen debt. This no-
tion is supported by McKenzie et al. (1991) who demon-
strated that the diaphragm has a significantly increased 
ability to recover from fatigue when compared to other 
muscle groups. Although respiratory muscle fatigue was 
not demonstrated after repeated-sprint cycling in the pre-
sent study, Romer et al. (2002) suggests that IMT might 
be warranted given the evidence that IMT improved re-
covery time and reduced blood lactate concentration dur-
ing repeated-sprint running in team-sport athletes. There-
fore, additional research is required to explore the effica-
cy of using IMT to improve RSA. It should also be noted 
that although reporting a “recreational” level of physical 
activity, peak aerobic power was not measured in the 
present study. Therefore, it is possible that some of the 
subjects were more than recreationally-active and this is 
why the sprint protocol was unsuccessful in inducing 
inspiratory-muscle fatigue.  

The ability to measure global respiratory muscle 
strength reliably using a POWERbreathe® K5 device 
enables coaches and sport scientists to conveniently: i. 
Monitor changes in global respiratory muscle strength as 
a result of an exercise session or in response to training, 
ii. Establish a goal for a respiratory muscle training pro-
gram, and iii. Establish normative values for global res-
piratory muscle strength specific to the POWERbreathe® 
device; all of which can be performed in the field. The 
change in mean and typical error values reported for the 
S-Index in the present study will allow coaches and Sport 
Scientists to identify physiologically meaningful changes 
in respiratory muscle strength. Furthermore, if the intend-
ed purpose of measurement is noted e.g., respiratory mus-
cle strength during a dynamic inspiratory maneuver, the 
POWERbreathe® can provide a reliable measure of res-
piratory muscle strength. It is also suggested that when 
determining the maximal values of repeated efforts, the 
relative variability that should be accepted could be re-
duced from 20% (Green et al., 2002) to 10%.  
 
Conclusion 
 
In conclusion, the POWERbreathe® S-Index is a reliable 

measure of respiratory muscle strength in recreationally-
active individuals. However, our results indicate that the 
S-Index does not accurately reflect MIP obtained from a 
Mueller maneuver. Finally, repeated-sprint cycling does 
not induce respiratory muscle fatigue as measured by the 
POWERbreathe® and the Manometer.  
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Key points 
 
• The S-Index as measured by the POWERbreathe® 

is a reliable measure of respiratory muscle strength  
• The S-Index does not accurately reflect maximal 

inspiratory pressure obtained from a Mueller ma-
neuver 

• Repeated-sprint cycling does not induce respiratory 
muscle fatigue as measured by the POWER-
breathe® and the Manometer 
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