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Abstract

Ohjective: To investigate four parameters defining maximal respiratory pressures and to evaluate their correlations
and agreements among those parameters for the determination of MIP and MEP. Methods: This was a cross-
sectional study involving 49 healthy, well-nourished males and females. The mean age was 23.08 + 2.5 years.
Measurements were carried out using a pressure transducer, and the estimated values for the parameters peak
pressure (Ppeak), plateau pressure (Pplateau), mean maximal pressure (Pmean), and pressure according to the area
(Parea) were determined with an algorithm developed for the study. To characterize the study sample, we used
descriptive statistics, followed by repeated measures ANOVA and Bonferroni post hoc test or by the Friedman test
and the Wilcoxon post hoc test, as well as by Pearson’s or Spearman’s correlation coefficients, depending on the
normality of the data. The agreement between the variables was assessed with Bland & Altman plots. Results: There
were significant differences among all of the parameters studied for MIP (Ppeak = 95.69 + 27.89 cmH,0;
Parea = 88.53 + 26.45 cmH,O; Pplateau = 82.48 + 25.11 cmH, O; Pmean = 89.01 + 26.41 cmH,0; p < 0.05 for all)
and for MEP (Ppeak = 109.98 + 40.67 cmH,0; Parea = 103.85 + 36.63 cmH,0; Pplateau = 98.93 + 32.10 cmH,0;
Pmean = 104.43 + 36.74 cmH,0; p < 0.0083 for all). Poor agreement was found among almost all of the
parameters. Higher pressure values resulted in larger differences between the variables. Conclusions: The maximal
respiratory pressure parameters evaluated do not seem to be interchangeable, and higher pressure values result
in larger differences among the parameters.

Keywords: Respiratory system; Muscle strength; Respiratory function tests.

Resumo

Objetivo: Investigar quatro parametros de definicdo de pressdo respiratéria maxima e avaliar suas correlagdes e
concordancia para medidas de Plméx e PEméax. Métodos: Estudo transversal com 49 sujeitos saudaveis, eutroficos,
de ambos os sexos, com média de idade de 23,08 + 2,50 anos. As medidas foram realizadas utilizando-se um
transdutor de pressdo, e os parametros foram estimados a partir de um algoritmo matematico desenvolvido para
a pesquisa: pressdes de pico (Ppico), de plato (Pplatd), média maxima (Pmédia) e segundo a area (Parea). Foi
empregada a estatistica descritiva para caracterizacdo da amostra, sequida por ANOVA para medidas repetidas
e teste post hoc de Bonferroni ou teste de Friedman e teste post hoc de Wilcoxon, assim como correlagdes de
Pearson ou Spearman, segundo a normalidade dos dados. A concordancia entre as varidveis foi avaliada pelo
método grafico de Bland & Altman. Resultados: Houve diferencas significativas entre todos os pardmetros,
tanto para Plmax (Ppico = 95,69 + 27,89 cmH,0; Parea = 88,53 + 26,45 cmH,0; Pplat6 = 82,48 + 25,11 cmH 0;
Pmédia = 89,01 + 26,41 ¢cmH,0; p < 0,05 entre todos) quanto para PEméx (Ppico = 109,98 + 40,67 cmH,0;
Pérea = 103,85 + 36,63 cmH,0; Pplatd = 98,93 + 32,10 cmH,0; Pmédia = 104,43 + 36,74 cmH,0; p < 0,0083
entre todos). Houve baixa concordéncia entre a maior parte das medidas, sendo as diferencas entre os pardmetros
maiores quanto mais elevados os valores pressoricos considerados. Conclusdes: Os pardmetros avaliados néo
sdo intercambidveis, sendo as diferencas entre eles maiores a medida que valores pressoricos mais elevados sdo
atingidos.

Descritores: Sistema respiratorio; Forca muscular; Testes de fungdo respiratoria.
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Introduction

Chief among the available methods for
evaluating respiratory muscle strength is the
measurement of maximal respiratory pressures at
the mouth (i.e., MIP and MEP), a method that is
widely used in clinical practice. The methodological
basis for this method of assessment and the first
reference values for healthy individuals date from
the 1960s.? Since then, various reference values
and predictive equations have been proposed,”
all having the common characteristic of yielding
widely varying results. This can be attributed, at
least in part, to differences in methodology across
studies.*” Methodological factors influencing the
results include the number of maneuvers performed
by individuals,®® the choice of mouthpiece® and
interfaces,'” the presence of an air leak and the
size of it,") and the parameters used in order
to define maximal pressure.('?

In 2002, the American Thoracic Society (ATS), in
partnership with the European Respiratory Society
(ERS)," proposed that the methods for measuring
maximal respiratory pressures be standardized.
Among the proposed recommendations was the
use of pressure transducers in place of aneroid
manometers, which, despite their historical use,
have major limitations."” However, the parameters
defining maximal pressure as measured by pressure
transducers remain a matter of debate. On the
basis of the pressure curve generated during the
tests, maximal pressure can be defined as the
highest pressure value obtained—peak pressure
(Ppeak)—the highest pressure value sustained over
a minimum period—plateau pressure (Pplateau)—or
the highest mean pressure value sustained for
one second—mean maximal pressure (Pmean).®
Because it is more reproducible, Pmean has been
recommended over Ppeak.!” However, that
recommendation was not based on evidence,
which is why a large study!'” comparing the
use of Ppeak with the use of Pplateau for the
characterization of MIP was conducted. Although
absolute Ppeak values were significantly higher,
the two variables were found to be similar in terms
of reproducibility. Similar results were reported
by other authors for Ppeak and Pplateau,!'*'
as well as for Ppeak and Pmean.""?

The choice of parameter defining maximal
pressure is believed to have a direct influence on
the interpretation and reliability of test results.
However, we found no studies systematically
comparing the use of Ppeak, Pplateau, and Pmean
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for MIP and MEP measurements. Therefore, the
objective of the present study was to investigate
four parameters defining maximal respiratory
pressures and to evaluate the correlations and
agreements among those parameters for the
determination of MIP and MEP.

Methods

Healthy young individuals over 18 years of
age and studying physiotherapy or physical
education at the Federal University of Juiz de
Fora, located in the city of Juiz de Fora, Brazil,
were selected to participate in the present study
after advertisement of the study by word of
mouth. After one of the researchers had personally
contacted the individuals who were interested
in participating in the study, those who met the
inclusion criteria were invited to undergo testing,
the study sample being therefore a convenience
sample. The exclusion criteria were as follows:
being a current smoker; being obese, obesity
having been defined as a body mass index (BMI)
> 30 kg/m?; being underweight, malnutrition
having been defined as a BM1 < 18.5 kg/m?('%);
having had upper airway infection in the two
weeks preceding data collection!'”'¥; having
reported a diagnosis of lung, cardiovascular,
or neuromuscular disease®; and continuously
using oral/inhaled corticosteroids or any other
medication that could interfere with skeletal
muscle contractility.(”)

The present study was approved by the Human
Research Ethics Committee of the Federal University
of Juiz de Fora University Hospital (Ruling no.
0121/2009), and all of the participants gave
written informed consent.

Initially, we evaluated the anthropometric
characteristics of all volunteers (body mass, height,
and BMI) using an anthropometric scale with a
stadiometer (LD1050; Lider, Aracatuba, Brazil).
Subsequently, we measured blood pressure and
HR at rest.?” Because these measurements are
highly effort-dependent and with the objective
of ensuring the safety of the tests, subsequent
testing was performed only if blood pressure was
below 180/110 mmHg!"® and HR was below 85%
of the age-predicted maximal HR.(0:2)

All of the participants underwent spirometry
(MasterScreen PFT; Jaeger, Wiirzburg, Germany).
Volume calibration of the equipment was performed
daily, prior to the tests, with a 3-L syringe (Jaeger).
We analyzed the following parameters: FVC; FEV ;
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and FEV]/FVC. All tests were conducted by the
same examiner, in accordance with the acceptability
and reproducibility criteria recommended by the
ATS.?2 We used the reference values reported
by Knudson et al.??

Maximal respiratory pressures were measured
with the individuals in a sitting position and
using a nose clip and a scuba-type, semirigid
rubber mouthpiece (Jaeger) with an orifice of
2 mm in internal diameter.®)» We used a pressure
transducer (EMG System do Brasil Ltda., Sdo José
dos Campos, Brazil)—the distal end of which
was closed—equipped with a 16-bit analog-
digital converter, high-pass filters at a cut-off
frequency of 20 Hz, and low-pass filters at a
cut-off frequency of 500 Hz (two-pole analog
Butterworth filter) and a sampling frequency of
240 Hz. Before data collection, the equipment
was calibrated against a water column by the
manufacturer. This generated a calibration file,
which was saved and used in all subsequent
evaluations. Although some of the volunteers
reported being familiar with maximal respiratory
pressure measurements, none of the volunteers
reported having previously used scuba-type
mouthpieces during testing. The volunteers were
blinded to the objectives of the study, and all
tests were conducted by the same examiner.

The decision of whether to measure MIP or
MEP first was made by random drawing. For the
measurement of MIP, the participants were asked
to exhale to RV; subsequently, they were asked to
put on the mouthpiece and perform a maximal
inspiratory maneuver. For the measurement of
MEP, the participants were asked to inhale to
TLC; subsequently, they were asked to put on the
mouthpiece and perform a maximal expiratory
maneuver® while supporting the cheeks with
the hands. For each variable, there were two
learning trials,® followed by three test trials.

In order to ensure the reproducibility of the
measurements, we established that the difference
between the two highest values obtained in
the three test trials should not be greater than
10%.%4 1f the difference between those values
was found to be no greater than 10%, the tests
were repeated (a maximum of six attempts) until
two reproducible values were obtained. In order
to evaluate reproducibility, we used the peak
value.('” Given the possibilities offered by the
program used, this was the only parameter that
could be objectively measured during testing. In
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addition, in order to be accepted, the maneuvers
had to last > 5 s, as determined by a digital
stopwatch (Cronobio SW2018; Pastbio, Séo
Paulo, Brazil). This was due to the fact that,
during the test trials, some of the volunteers
were unable to reach their peak values before 3
s into the maneuver. Furthermore, there should
be no air leaks around the mouthpiece while
the maneuvers were being performed.?¥ The
volunteers received strong verbal encouragement
from the examiner and were allowed to rest for
1 min or more between trials,2*?9 on the basis
of self-reported fatigue.

After the tests, the maximal respiratory pressure
curves were selected by the program WinDaq®,
version 3.36 (Dataq Instruments, Akron, OH,
USA), were saved in electronic format (Microsoft
Excel), and were then exported for analysis with
the mathematical program Matlab® R2009a (The
MathWorks®; Natick, MA, USA, user license having
been obtained via FAPEMIG project no. APQ
01284/09), the algorithm having been developed
for the present study.

Of the three respiratory pressure curves that
met the acceptability and reproducibility criteria
for each of the measurements of MIP and MEP,
the curve with the highest absolute peak value
was used for subsequent calculations, its values
being expressed in absolute terms. On the basis of
the definitions proposed by Evans and Whitelaw,"
the parameters Ppeak, Pplateau, and Pmean were
calculated. We defined Ppeak as the highest
pressure value obtained during testing. We defined
Pplateau as the highest pressure value sustained
for 1 s. We calculated Pplateau by using a sliding
window of 240 samples in length (equivalent to
1 s), thus seeking to identify, along the entire
curve, pressure values that were sustained for 1-s
intervals, the highest value being selected. We
defined Pmean as the highest mean value of the
samples within one 1-s interval. We calculated
Pmean by using a sliding window of 240 samples
in length, thus seeking to identify, along the
entire curve, the mean values that were within
1-s intervals. In order to calculate Pmean, we
summed all pressure values within the window
and subsequently divided each result by 240,
the highest value being selected for analysis. In
addition to the aforementioned parameters, we
calculated the maximal pressure according to the
area (Parea), as suggested by Windisch et al.(?
We calculated Parea by using a sliding window of
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240 samples in length, the trapezoid method®®
being used in order to calculate the areas. After
having obtained all area values within 1-s intervals
of the pressure curve, we selected the highest
value for analysis. For all cases, maximum values
were defined as those obtained at any given
time point during testing.

In the statistical analysis, the anthropometric
and spirometric variables, as well as the age of the
volunteers, were used in order to characterize the
sample, being expressed as mean and standard
deviation. Data normality was tested with the
Kolmogorov-Smirnov test. For variables with
normal distribution, we used repeated measures
ANQVA, followed by the Bonferroni post hoc test.
For variables with non-normal distribution, we
used the Friedman test, followed by the Wilcoxon
post hoc test with Bonferroni correction (the level
of significance being set at p < 0.0083). We also
calculated Pearson’s or Spearman’s correlation
coefficients (depending on the normality of
the data) for the study variables. For all tests
except the Wilcoxon post hoc test, the level
of significance was set at 5%. The agreement
among the different parameters was evaluated
by Bland & Altman plots.®”

Results

Of the individuals who agreed to participate
in the present study, 50 met the inclusion criteria.
Of those 50 individuals, 1 was unable to attend
all testing sessions for personal reasons, being
therefore excluded from the analysis of the
results. Therefore, the final sample consisted
of 49 healthy individuals (23 males and
26 females). Mean age was 23.08 + 2.50 years,
mean body mass was 66.63 + 11.05 kg, mean
height was 168.9 + 8.56 cm, and mean BMI
was 23.22 + 2.44 kg/m?. Mean spirometric
values (in % of predicted)® were as follows:
FEVI =103.8 + 11.14%; FVC = 102.47 + 9.46%;
and FEV]/FVC =98.63 + 7.11%.

Table 1 - Parameters defining maximal pressure.?
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Of the 49 individuals evaluated, 3 reported
having smoked in the past. However, all had
quit smoking and had spirometric values that
were within the normal range, having therefore
remained in the study sample.

Table 1 shows the values of the parameters
Ppeak, Parea, Pplateau, and Pmean, all of which
were obtained during the measurement of MIP
and MEP. There were significant differences
among all of the parameters defining MIP and
MEP. Figure 1 shows the box plots for the study
variables.

The limits of agreement among the parameters,
defined as mean + 1.96 x SD of the difference
between the variables, were calculated by Bland
& Altman plots®?” and can be seen in Figures 2
and 3. Visual analysis of the plots revealed a trend
toward a relationship of the differences between
variables with their mean values. This hypothesis
was tested by Spearman’s correlation coefficient,
and the results are shown in Figures 2 and 3.

Discussion

Previous studies involving healthy
individuals""®'2'%) or individuals with chronic
lung disease(" found Ppeak values that were
significantly higher than were Pplateau and Pmean
values. The results of the present study corroborate
those findings, and their clinical relevance is
evident because most of the reference values for
MIP and MEP published to date are based on
Pplateau sustained for 1 s.“) Therefore, the use of
different parameters defining maximal pressures
in prediction equations or tables derived from
Pplateau values can lead to a misinterpretation of
the respiratory muscle strength of the individuals
evaluated. However, because the present study
involved healthy individuals, further studies are
needed in order to determine whether the use of
different parameters defining maximal pressure
can influence the detection and classification of
respiratory muscle weakness in individuals with
respiratory muscle impairment.

Variables Ppeak Parea Pplateau Pmean p
MEP* 109.98 + 40.67 103.85 + 36.63 98.93 + 32.1 104.43 + 36.74 < 0.05*
MIP** 95.69 + 27.89 88.53 + 26.45 82.48 + 25.11 89.01 + 26.41 < 0.05%**

Ppeak: peak pressure; Parea: maximal pressure according to the area; Pplateau: plateau pressure; and Pmean: mean
maximal pressure. “Values expressed as mean + SD (cmH,0).*Wilcoxon post hoc test. **Friedman test, with significant
differences among all values. ***Bonferroni post hoc test. ****Repeated measures ANOVA, with significant differences

among all values.
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The calculation of linear correlations among the
variables showed that the variables were strongly
correlated, with values above 0.9 (Table 2). In
fact, given that the different parameters studied
were derived from the same pressure curve, it
is not surprising that they were found to be
strongly correlated. These results are consistent
with the reported Ppeak and Pplateau values
for MIP.U' According to the authors of that
study, the strong correlation between the two
variables suggests that they are interchangeable.
However, as was reported in that study,” the
parameters, although strongly correlated, were
statistically different from one another, indicating
that choosing one over the other might influence
the characterization of respiratory muscle strength
in the individuals evaluated.

Regarding the agreement among the parameters
investigated (Figures 2 and 3), we found that, in
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Figure 1 - Parameters defining maximal pressure. The
central horizontal lines represent the medians, whereas
the lower and upper horizontal lines represent the first
and third quartiles, respectively. The symbols © and *
represent, respectively, the outlier value and extreme
values. Ppeak: peak pressure; Parea: maximal pressure
according to the area; Pplateau: plateau pressure;
and Pmean: mean maximal pressure. tSignificantly
different from Ppeak. #Significantly different from
Parea. ¥Significantly different from Pplateau. For
MEP, we used the Friedman test with the Wilcoxon
post hoc test; for MIP, we used repeated measures
ANOVA with the Bonferroni post hoc test.
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general, there was poor agreement between the
study variables, especially between Ppeak and
the remaining variables. This was expected, given
that there were statistically significant differences
among the parameters evaluated. However, the
narrow limit of agreement between the variables
Parea and Pmean for MIP and MEP is of note.
Therefore, the question remains as to whether
the difference between the parameters Parea
and Pmean, although statistically significant,
is relevant from a clinical standpoint, given the
strong agreement between these two variables.

The differences between the study variables
were significantly correlated with the means of
the study variables, indicating that higher pressure
values resulted in larger differences between the
variables. Therefore, the question is whether
the differences among the parameters defining
maximal pressure would also be significant in
individuals with respiratory muscle impairment,
in whom lower pressure values are expected.
Further studies are needed in order to answer
this question.

Studies aiming at investigating different
parameters defining maximal pressure should
take into consideration the various methods
for calculating the variables. In the literature,
Ppeak has been defined as the maximal pressure
sustained for 0.01 s after the initiation of pressure
recording!™ and as the highest pressure value
obtained during the test.®'? Pplateau has been
defined as the pressure sustained for 1.0 s'" and
as the pressure sustained for 0.5 s.'” Pmean has
been defined as the mean of the pressure values
recorded at peak pressure over a 1-s period.”
Therefore, there is a clear need for standardizing

Table 2 - Linear correlation among the parameters
defining maximal pressure.

Variables Correlation Ppeak

Parea Pplateau Pmean

MEP Ppeak - 0.99* 0.98* 0.99*
Parea 0.99¢ - 0.99* 1%
Pplateau  0.98* 0.99* - 0.99*
Pmean 0.99* 1* 0.99* -

MIP Ppeak - 0.99% 0.97* 0.99*
Parea 0.99* - 0.99*  0.99%
Pplateau  0.97** 0.99** - 0.99**
Pmean 0.99** 0.99* 0.99* -

Ppeak: peak pressure; Parea: maximal pressure according
to the area; Pplateau: plateau pressure; and Pmean: mean
maximal pressure. *Spearman’s correlation coefficient
(p < 0.05). **Pearson’s correlation coefficient (p < 0.05).
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Figure 2 - Bland & Altman plots for the limits of agreement among the parameters defining MEP. The solid
line represents the mean of the differences between the parameters, whereas the dashed lines represent the
limits of agreement (mean + 1.96 x SD of the difference between the variables). EPpeak: peak expiratory
pressure; EParea: maximal expiratory pressure according to the area; EPplateau: plateau expiratory pressure;
and EPmean: mean maximal expiratory pressure. p: Spearman’s correlation coefficient. “p < 0.05.

the use of and the criteria for calculating the the same variable can significantly influence the
various parameters defining maximal pressure. pressure values obtained.

However, further studies are needed in order to The limitations of the present study include
investigate whether different criteria for calculating  the reference values for spirometry used in order
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Figure 3 - Bland & Altman plots for the limits of agreement among the parameters defining MIP. The solid
line represents the mean of the differences between the parameters, whereas the dashed lines represent the
limits of agreement (mean + 1.96 x SD of the difference between the variables). 1Ppeak: peak inspiratory
pressure; 1Parea: maximal inspiratory pressure according to the area; IPplateau: plateau inspiratory pressure;
and 1Pmean: mean maximal inspiratory pressure. p: Spearman’s correlation coefficient. *p < 0.05.

to characterize the sample,® given that the latest
reference values for the Brazilian population®®
are, on average, higher than are those proposed
by Knudson et al.?® However, the latter values

are similar to those obtained experimentally in
a sample of normal individuals in Brazil, the
only significant difference between the sets of
values being the FVC for males.?” Therefore,
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because the mean spirometric values in our study
sample were quite similar to or higher than the
predicted maximum values, it is unlikely that
individuals showing values below the normal
range were selected.

Another possible limitation of the present
study is related to the number of trials used for
measuring maximal respiratory pressures (two
learning trials plus three test trials, totaling five
maneuvers). In fact, studies involving children
with respiratory disorders® or adults with chronic
lung disease®” found that nine to ten maneuvers
are needed in order to measure MIP adequately.
However, aiming to bring the results obtained
in the present study closer to those obtained
in clinical practice, we chose to use the most
current methodological recommendations for the
assessment of maximal respiratory pressures, i.e.,
a minimum of three attempts""® and a maximum
of five attempts.*¥

In conclusion, the maximal respiratory
pressure parameters evaluated do not seem to
be interchangeable, given that there was poor
agreement among the parameters (except between
Parea and Pmean) and that there were significant
differences among them. In addition, higher
pressure values resulted in larger differences
between the variables. Further studies are needed
in order to determine whether the use of different
parameters can influence the characterization of
muscle strength in individuals with respiratory
muscle weakness.
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