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Is It Possible To Test The Maximum Repetition For
The Inspiratory Muscle?
Feasibility, Reliability and a Comparison with the
Maximum Dynamic Inspiratory Pressure

Thiago Queiroz Pires, Bruno Prata Martinez, Fabio Santos de Jesus, Saaid Freitas Pires,
Mansueto Gomes Neto

Abstract— To analyze the feasibility and use maximum
repetition test (MR) as a way to measure inspiratory muscle
strength, comparing it with the maximum dynamic inspiratory
pressure. A cross-sectional observational study was conducted.
Two moments of evaluations were performed, in the first,
evaluating the reliability of the MR test, then comparing it with
the maximum dynamic inspiratory pressure (S-index). The MR
test was started with 30% of the S-index, with the load being
increased by 10cmH20 in each maneuver, until the concentric
failure was registered. A sample consisted of 146 subjects, the
CCI for intra-examiner testing was 0.99, the MR test also
demonstrated excellent inter-examiners with an ICC of 0.99. In
the comparison between two measures, there was an average
difference of 17.7 + 11.4cmH20 (p: <0.001), despite the high
correlation between them.lIt is feasible and reliable to evaluate
the maximum repetition of the inspiratory muscles, the mean
values obtained were different from the S-Index values.

Index Terms— Maximum inspiratory pressure; maximum
repetition; inspiratory muscle training; pulmonary function.

I. INTRODUCTION

Muscle strength is an important parameter in the
evaluation of health outcomes. Studies have shown that lower
muscle strength is associated with greater mortality and
morbidity [1]-[3].Inspiratory muscle strength is also
associated with mobility decline in older
people/subjectsregardless lower peripheralmuscle strength
and physical activity [4]. In addition, inspiratory muscle
weakness is associated with a wide range of adverse health
outcomes in chronic diseases [5]-[7].Thus, the ability to
accurately determine peripheral or inspiratory muscle
strength isclinicallyimportant.

Inspiratory muscle weakness is routinely treated with
inspiratory muscle training (IMT), performed using linear
load devices, which impose resistance to inspiratory incursion
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by the patient, however the way of titrating the load for IMT is
still very questionable [7]-[8].

For the peripheral muscle strength, measures of the
incremental tests are precise and validated. The incremental
test determines the maximum load that can be overcome by
the skeletal muscle, thus estimating its maximal strength [8].
As for inspiratory muscles, tests performed in clinical practice
are important to monitor the improvement or worsening of
strength, but they may not be as accurate for titrating the IMT
load, since during its execution the individual performs a free
inspiratory incursion, without any resistance, only capturing
the maximum pressure generated during inspiration, which
does not guarantee an ideal load titration during the IMT
[8]-[9].Non-invasive measures such as direct inspiratory
pressure measurement, using the analog or digital
manovacuometer or measure of inspiratory muscle strength as
the measurement of maximal dynamic inspiratory pressure
(S-index) performed through the Power Breathe K5® device
are routinely applied to assess inspiratory muscle
strength[9]-[10]. These measurements are performed without
using an incremental load and estimate only the highest
pressure generated in the system, thus it does not represent the
maximum load tolerated by the inspiratory muscle, this can
lead to inadequate prescribing, especially when this
individual performs analogue device training at home, where
it usually cannot generate an effective trigger of the device,
becoming a placebo training.

Lima et al., identified that incremental tests are little used in
clinical practice. They observed that only 22.1% of the
professionals interviewed used an incremental load test to
assess inspiratory strength*’. In addition, those who have
already used did not perform the test for a maximal repetition
correctly.

On the other hand, the measurement of maximal respiratory
muscle strength is also important for respiratory muscle
training. Training with maximum repetition zones for skeletal
muscles in order to maintain activity until concentric failure
already has evidence demonstrating a more effective potential
than submaximal training [12]. However, due to the lack of
the maximum force measure for the respiratory muscles, the
inspiratory muscle strength training can be underestimated.
Thus, the absence of an evaluation method that can identify
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the maximum load tolerated by this musculature, makes it
impossible to prescribe more precisely the effort to be
generated by this muscle group.

In this way, to validate a test that uses incremental load, can
be important,because it is a dynamic evaluation, that
simulates training tool, allowing greater practical
applicability, avoiding failure of device triggering or
prescription of ineffective load for inspiratory musclestrength
gain training[8].The hypothesis of this study is that an
incremental test toassess respiratory muscle strength using
maximal repetition test is reliable and viable. Thus, the present
study aims to analyze the viability and reliability of the
maximal repetition test as a means of measuring inspiratory
muscle strength in healthy individuals, comparing it with
maximal dynamic inspiratory pressure.

Il. METHODS

Study design: An observational cross-sectional study was
conducted. The inclusion criteria werehealthy volunteers
from both sexes required to be between 18 and 60 years old
who had no history of pulmonary, cardiac, or neuromuscular
disease. Initially we measured age, weight, height, and body
mass index (BMI) Body weight was measured using a scale
accurate to 100 g. Height was measured by a stadiometer with
barefoot subjects. BMI was calculated by dividing body
weight (kg) by height squared (m?). All the subjects followed
a sequence of evaluations based on operational protocol used
to this study.

The device used for evaluation was the Power Breathe K5®,
monitored using the Breathe Link software, which in its test
mode, allows the measurement of the maximum dynamic
inspiratory pressure. In training mode, it is possible to set the
load manually, with a precise variation of up to 1cmH20.

Patients were consecutively invited to enter the protocol
following the signature of an informed consent. The project
was approved by the Institutional Ethics Research
Committee.

Procedures

The evaluations took place in two stages, at first, the objective
was to test the reliability of the test of a maximum repetition,
being recruited 30 individuals. However, the initial test load
of a maximum repetition was titrated to 30% of the S-index,
so, it was necessary to titrate the maximum dynamic
inspiratory pressure before starting the 1MR test. In all
measurements, the subject was positioned and instructed to
use the Power Breathe K5® mouthpiece connected to the
nasal clip to prevent air leakage. Individuals performed a full
expiration up to residual volume level, followed by
inspiration with greater strength and speed, repeating the
maneuver three times, with an interval of two minutes
between them, the best measure being considered the
S-Index[10]. The maneuvers were performed with the
subjects seated in a chair and wearing nose clips following
American Thoracic Society (ATS) standards on respiratory
muscle testing[13].
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For the maximum repetition measurement, an initial load of
30% of the S-index was stipulated[14]. The participants
performed a single maximal inspiration, and it was verified if
the effort was able to fire the electronic valve of the device
(trigger), also it was recorded the volume of air inspired with
this resistance. In subsequent evaluations, if there was a
decrease of 10% of the initial volume (generated with 30% of
the S-index), a cycle execution failure would be detected.
Between the series, a two-minute interval was performed,
sufficient time to recompose the short-term energy production
path (via ATP-CP), as described by Ydfors et al[15]. Then an
increase in the load of only 10 cmH,O was performed (aiming
at gradual increase in order to avoid fatigue) and again a
maximum inspiration was requested, and the inspiratory
cycles lasted until the moment the patient could not trigger the
valve again or presented a drop/reduction of more than 10%
in the volume of inspired air. At this time, a decrease in the
resistance offered in 01 cmH,O was initiated, and further
maximum incursions were made to each reduction, always
respecting the proposed interval, until the moment the patient
achieved an effective effort to trigger the valve and maintain
the proposed volume. This last load found was titled as the
measure of a maximum repetition.

The evaluation of intra- and inter-examiner reliability was
performed by two evaluators (Al and A2) trained in relation
to the evaluation procedures. At the beginning of the testing
sessions, instructions about the procedure were given in a
standardized manner and all measurements were performed
by an appropriately trained examiner. Before the
measurements, each participant performed 5 maximum
inspiratory and 5 maximum expiratory warm-up efforts to
familiarize with the procedure. To test intra-examiner
reliability, participants were given the guidance of the
investigator Al and after a minimum interval of 72 hours, they
repeated the same procedure. To assess intra-examiner
reliability, the investigator Al assessed the same participants
twice.To assess inter-examiner reliability, two investigators
(Al and A2) were blinded to one another’s readings. The
measurements occurred at the same time of day for each
participant. Participants were randomized to define which of
the evaluators would first perform the measurement. After the
first measurement, the participant evaluated by Al
investigator was evaluated by A2 and the individual evaluated
by A2 was evaluated by Al.

The second stage consisted of comparing the values obtained
in the test of a maximum repetition with the S-index, aiming to
identify if there would really be a significant difference
between the measures. Thus, over 116 individuals were
recruited. All of them performed both tests only once,
following the methods described above.A summary of the
evaluation methods is shown in figures S1 and S2 of the
supplement.
Statistical Analyses

Data of continuous variables were analyzed by using
measures of central tendency and dispersion and expressed as
mean and standard deviation. Categorical or dichotomous
variables were analyzed by using measures of frequency. We
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performed Shapiro-Wilk statistical testto evaluate normality
for all variables. Intra- and inter-rater reliability were tested
using intra-class correlation coefficient (ICC), standard error
of measurement, and Bland and Altman analysis. ICCs were
calculated with 95% Cis for all measures of inspiratory
muscle performance using a two-way mixed-effects model for
single measurements and absolute agreement. An ICC
generally implies poor stability for values <0.40, fair stability
for values between 0.40 and 0.59, good stability for values
between 0.60 and 0.74 and an excellent agreement for values
>0.74'°. Sample size calculation revealed that the appropriate
sample size for ICC values > 0.9 was 11 participants (w=0.2,
a= .05). 30 participants were recruited to increase the
magnitude of the study effect [17].

Bland-Altman plots were also used to determine if any
systematic differences across the range of values occurred
between the two testing sessions.We used the Bland-Altman
method, which includes a scatter plot of the differences
between test and retest against their mean, to determine the
magnitude of disagreement between tests values. This method
also includes the 95% limits of agreement of differences and
the mean difference. To evaluate changes over time in an
individual the magnitude of the change has to exceed the
inherent variability of the outcome. Thus, if the limits of
agreement are very broad and clinically important, it suggests
that test/retest could result in a clinically meaningful
intra-patient difference[18].

A (p)-value, of 0.05 was considered significant. Statistical
analyses were conducted by using the Statistical Package for
the Social Sciences, version 21.0 (SPSS Inc., Chicago, IL,
EUA). The difference between the means of the S-Index and
the MR were analyzed using the Student T test for paired
samples, in which a (p)-value less than 0.05 was considered
significant.

1. RESULTS

A total study sample consisted of 146 subjects, with mean age
of 36.0 = 9 years old; BMI 26.4 + 4.6 kg/m? and male
predominance (n = 106; 72.6%). Participants characteristics
are described in table 1.

Intra- and inter-examiner reliability

The estimated intra-examiner reliability of the 2-day tests
using the 1CC showed that the ICC for the intra-examiner test
was 0.996 (IC 95%= 0,993-0,998). The MR test also
demonstrated excellent inter-examiner reliability with a 0,997
ICC (IC 95%= 0,994-0,999).The results for Intra- and
inter-examiner reliability of MR in the study sample are
summarized in Table 2.

Difference between maximum repetition and maximum
dynamic inspiratorypressure
In the comparison between the two measurements, the
average found in the evaluation of the S-Index was 111.8 +
19.7 cm H,0, while in the evaluation of the MR method it was
94.0 + 20.7cmH,0, with an average difference of 17.7 +
11.4cmH,0 (p: <0.001).
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Correlation between the two measures and failure
detection methods
According to figure 1, the intraclass correlation coefficient
(ICC) between the S-Index and MR showed a R =0.913 (95%
Cl =0.88 — 0.94), with p value = 0.0001, which demonstrates
a strong correlation for linear relationship between the two
variables. When analyzing the precision between the two
variables by the Bland-Altman method, an average bias of
17.8cmH,0 was observed, with lower agreement limits of
-5¢cmH,0 and upper agreement of 40.6cmH,0 (figure 2).The
other inter and intra-examiner correlations are shown in
figures 3 and 4.

Regarding the way of detecting the failure, 21.2% of the
participants showed a reduction in the volume of inspired air
during the incursion, whereas the majority of the group
(78.8%) presented a trigger failure during the execution of the
test.

IV. DISCUSSION

The one-repetition maximum test was reproducible as a
means of assessing inspiratory muscle strength, with no need
to interrupt the test, no adverse events associated with its
performance in the study population, and high reliability
being feasible and safe. The values of the MR test and the
maximum dynamic inspiratory pressure revealed an average
difference of 15.9%, with the S-index always being higher.
This difference could have been higher because, in this study,
the individuals performed the S-Index maneuver for three
repetitions, identifying the greatest measure, yet in Silva et. al
studypublished after the conclusion of this study, in which it
was verified that a previous warm up could potentiate the
S-Index, which would possibly increase the disparity between
the values found in both methods evaluated[19].

The different values found suggest that not necessarily the
highest pressure generated only by the inspiratory muscle will
be the load it will support, which may have a direct impact on
the changes in the training prescription for this muscle group.
Several factors may influence inspiratory muscle capacity,
Romer et. al., in 2008, when discussing causal factors of
inspiratory muscle fatigue, cited the fact that not necessarily
the respiratory muscle needs to be under direct stress to reach
its activity limit, however, Arend applied in his study a
preheating protocol, with incremental loads, where it was
found that previously stimulation of inspiratory muscles
increased the value of S-index[20]-[21].Minahan, on the other
hand, sought to evaluate whether high-intensity exercise
series on an exercise bike could modify the dynamic maximal
inspiratory pressure, finding a negative result for this
outcome, raising questions about the peripheral muscle
interference on inspiratory muscle performance, which
reinforces the need to find the maximum load supported for
this muscle group, given its high physiological specificity
[22].

In 2002, the American Thoracic Society (ATS) published a
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document with guidelines on respiratory muscle function
tests, in which the study by Johnson et. al, was cited,
describing a protocol, in which a linear load of 10cmH,0 was
established, with increments of 5cmH,0 every two minutes,
and the test was completed when the subject could not trigger
the pressure valve for two consecutive breaths[13], [23].
Martyn performed an incremental test starting from a load of
30% of the maximum static inspiratory pressure, incremented
in every two minutes, with the greatest load supported for two
minutes established as the maximum resistance[14].However,
none of the previously described studies used a load decrease
of only 1cmH,0, after noting the failure, seeking to verify the
greatest load overdue in a maximum inspiration. Applying the
MR test can identify the maximum load point supported,
facilitating the application of inspiratory muscle training
(IMT). For example, Fry, in 2007, applied a 10-week
inspiratory muscle training protocol in patients with
amyotrophic lateral sclerosis, guiding the initial load by the
static MIP, using a load of 30% of the value obtained in the
test, however, for load increment, scales of subjective
perception of effort were used, since one of the goals of a
training program is to find a load that keeps the principle of
active overload, however, without generating muscle damage
or simply placebo effect, when the individual cannottrigger
the device and ends up not performing the training session,
this point of work, corroborates with the idea that the
application of Incremental tests can facilitate not only the
initial training prescription but also assist in the progression
of loads[24].

The present study focused on the adaptation of
amethodto assess peripheral muscle strength to inspiratory
muscle strength, understanding that it is possible to increase
load until reaching maximum repetition of this musculature,
however, this test may have a prolonged time of application in
relation to the usual ones, which becomes a limiting point. An
equation that can predict a baseline value is required so that
the test can be started from this point, reducing the time
required for the evaluation. Other limiting point of the study is
the fact that the study was performed with healthy people, and
the individual needed to have agood level of cognition
preserved, directly impacting its applicability for
mechanically ventilated patients, who generally do not have
full ability to learn and perform the technique. The findings
lead to new/further research, now expanding to specific
groups, noting their results.

V. CONCLUSION

It is feasible and reliable to evaluate the maximum
repetition of inspiratory muscles in healthy individuals, the
mean values obtained were different from the values of the
maximum dynamic inspiratory pressure.
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Fig. 1. Interclass correlation coefficient between maximum repetition and
dynamic maximum inspiratory pressure. Data are expressed as values,

confidence interval and p value.
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Fig. 3. Precision analysis between the first and second evaluation of the Bland-

Altman method. Data are expressed as means and confidence interval.
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Fig. 2. Precision analysis between the two variables by the Bland-Altman method.

Data are expressed as mean and confidence interval.
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Fig. 4. Precision analysis between the first and third evaluation of the Bland-

Altman method. Data are expressed as means and confidence interval.
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Fig. S1. First phase of the evaluations, which consisted of testing the reliability of
the 1MR test.

Fig. 82. second phase of the evaluations, which consisted of comparing the 1RM
test with the S-Index.

VI. TABLES

Table 1- General data of the sample of evaluated individuals.

Variables Total sample (n = 146) p value
Mean age (SD) 36 (9)
Gender n (%)
Male 106 (72,6)
Female 40 (24,7)
Mean BMI(SD) 26,4 (4,6)
AverageHeight (SD) 1,69 (0,09)
Comorbidities, n (%)
Systemic arterial hypertension 10 (6,8)
Diabetes Mellitus 2(1,4)
Failuredetectionform, n (%)
Ineffectivetriggering 115 (78,8)
Vital capacity 31(21,2)
Mean S-Index(SD) 111,8 (19,7)
Mean MR (SD) 94 (20,7)
S-Index - MR, n (%) 17,75 (15,9%) <0,001

BMI = Body mass index, SD = standard deviation, S-Index = Maximum dynamic inspiratory pressure, MR = Maximum
repetition.

Table 2 — ICC values for intra-examiner and inter-examiner MR test

Variables Value Cl 95% p value
ICC for the intra-examiner 0,996 0,993-0,998 <0,001
ICC for the inter-examiner 0,997 0,994-0,999 <0,001

MR = Maximum repetition, ICC = interclass correlation coefficient.

-
Nﬂ“-t 56

www.ijntr.org


https://www.researchgate.net/publication/349497499

