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Abstract

Background: This study aimed to investigate the agreement between 
the measured and estimated respiratory muscle strength in children 
and adolescents. We hypothesized that when using reference muscle 
strength equation consistent with the characteristics of the sample 
population, there would not be differences between the measured and 
predicted values.

Methods: This was a cross-sectional study. One hundred seventy-
nine participants were healthy volunteers between 6 and 18 years of 
age. Those who had lung disease in the previous 4 weeks, abnormali-
ties in the pulmonary function test, chronic cardiopulmonary disease, 
prematurity or inadequacy when performing the tests were excluded. 
Maximal inspiratory and expiratory pressures (MIP and MEP) were 
assessed according to recommendations. The measured MIP and MEP 
values were compared to predicted values of the six most frequently 
cited prediction equations for children and adolescents.

Results: Mean age was 12.3 ± 3.7 years and 54% were male. The 
mean MIP was 87.5 ± 27.1 cm H2O and MEP was 90.8 ± 23.6 cm 
H2O. Three predicted MIP equations had similar results to the meas-
ured values (P > 0.05). For MEP, only one equation had similar val-
ues (P = 0.12). Instead, there was weak to moderate agreement of all 
equations. At Bland-Altman plots, the mean bias was greater than 6 

cm H2O for all equations, and the 95% confidence interval (CI) was 
about 30 cm H2O.

Conclusion: There is significant variability between measured and 
predicted MIP and MEP values. Some equations showed similarity to 
measured values; however, the reliability was poor.

Keywords: Respiratory muscle strength; Reference equation; Chil-
dren

Introduction

The assessment of respiratory muscle strength allows the iden-
tification of respiratory muscle weakness and is indicative of 
the severity of several pulmonary [1, 2] and neuromuscular [3, 
4] dysfunctions. It is also used to evaluate responses to the in-
tervention [5, 6] and in the decision to wean and extubate the 
subjects [7]. Transdiaphragmatic pressure and phrenic nerve 
stimulation are considered the gold standard for assessing res-
piratory muscle strength [6]. However, these methods require 
costly equipment and highly trained professionals. In this con-
text, voluntary and non-invasive methods stand out because they 
are inexpensive and can be performed in clinical practice [8].

To accurately interpret the results of the respiratory mus-
cle strength evaluation, it is necessary to compare them with 
normative values. There are several prediction equations for 
respiratory muscle strength [9-15] and established mean values 
for inspiratory and expiratory pressures [16, 17] in the pediatric 
population. These equations usually consider the age, sex, and 
anthropometric characteristics (weight and height) as predic-
tions variables. Inter and intrasubject variabilities in volitional 
measurements [18] lead to different values between the meas-
ured and predicted inspiratory and expiratory pressures. How-
ever, this has yet to be investigated in the pediatric population.

It is worth identifying whether the prediction equation pre-
sents better concordance with the actual measured value in the 
pediatric population. Thus, a question arises: which prediction 
equation or established mean value of the inspiratory and ex-
piratory muscle strength would be more representative of the 
measured value in the pediatric population? We hypothesized 
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that when using equations consistent with the characteristics 
of the sample population, there would not be differences be-
tween the measured and predicted values. This study aimed to 
investigate the agreement between the measured and estimated 
respiratory muscle strength in children and adolescents.

Materials and Methods

Subjects

Healthy volunteers between 6 and 18 years of age were recruited 
in public schools of Porto Alegre, Brazil. They were excluded if 
they had experienced acute pulmonary disease in the previous 
4 weeks, abnormalities in the lung function test (< 80% of the 
predicted value), some chronic cardiopulmonary disease, born 
prematurely, or improper performance on the tests.

Ethical issues and informed consent

Subjects were enrolled in the study after the informed consent 
form had been read, agreed to, and signed by both the subject 
and legal guardian. The study was approved by the local ethi-
cal committee (#483692) and was conducted in compliance 
with the ethical standards of the responsible institution on hu-
man subjects as well as with the Helsinki Declaration.

Study design and protocol

This was a cross-sectional study. During a single visit, sub-
jects underwent spirometry, and their maximal inspiratory and 
expiratory respiratory pressures were measured. Spirometry 
was performed using MiniSpir (MIR Medical International 
Research, Roma, Italy) with a calibrated pneumotachograph 
(CPFS/D USB; Medical Graphics, St. Paul, MN, USA). The 
technical procedure, acceptance criteria and reproducibil-
ity were in accordance with the American Thoracic Society 
(ATS)/European Respiratory Society (ERS) statement [19]. 
The forced vital capacity (FVC), forced expiratory volume at 
the first second (FEV1), the relation FEV1/FVC, and forced 
expiratory flow at 25-75% of FVC (FEF25-75) were expressed 
in liters and as a percentage of the predicted value [20].

The maximal inspiratory pressure (MIP) and maximal 
expiratory pressure (MEP) were obtained using the following 
guidelines [6]. Respiratory muscle strength was measured us-
ing an aneroid-type manometer (± 150 cm H2O for children 
and ± 300 cm H2O for adolescents; MVD 300, GeRar®, Porto 
Alegre, RS, Brazil). An experienced operator briefly explained 
the required maneuver and demonstrated it visually to the vol-
unteer. The MIP was measured after maximal expiration (from 
residual volume), and the MEP was measured after maximal 
inspiration (from total lung capacity). The volunteers stood 
and wore nose clips during the test. The maneuver was re-
corded when there was a plateau of at least 1 s, visually ob-
served. At least five measurements were performed, and the 
test was concluded when three of them did not differ by more 

than 10%. A resting period of 1 min was allowed between each 
MIP and MEP maneuver. The best MIP and MEP values were 
used for analysis.

For comparisons between the measured respiratory mus-
cle strength and the predicted values, the equations used were 
from Heinzmann-Filho et al [11], Mendes et al [13], and Lanza 
et al [9] because these studies used the same population as the 
present one. Additionally, this study utilized the most common 
MIP and MEP prediction equations, including the equation by 
Domenech-Clar et al [10] that was developed in Spain with a 
large number of volunteers (n = 392), the equations of Wilson 
et al [14] and Gaultier et al [15], which were the first created 
for the infant population. Because each prediction equation 
was described for subjects with different ages (4 - 12 years 
[11], 12 - 18 years [13], 6 - 18 years [9], 8 - 17 years [10], 7 - 
17 years [14], and 7 - 13 years [15]), comparisons were made 
between those equations with similar age groupings. Table 1 
describes the equations used. Studies from the Netherlands 
[17] and Canada [16] described normality values, but no equa-
tions were used. For this reason, no comparisons were made.

Statistical analyses

The normality of the data was analyzed using the Kolmogo-
rov-Smirnov test. The data showed a parametric distribution 
and were expressed as mean (standard deviation) or 95% con-
fidence interval (CI).

The measured respiratory muscle strengths (MIP and 
MEP) were considered the value assessed of the 179 included 
volunteers. Thus, the measured MIP and MEP were compared 
to the predicted values by repeated analysis of variance (ANO-
VA) and Bonferroni post hoc test. Considering the different 
ages for each equation, the measured MIP and MEP were com-
pared to the predicted equations for children [9, 11, 15], pre-
dicted equations for adolescents [9, 13], and predicted equa-
tions for whole pediatric group [9, 10, 14].

The intraclass correlation coefficient (ICC) and 95% CI 
were used to assess the agreement between the measured res-
piratory muscle strength and predicted values of each equa-
tion. The measured values were correlated to the predicted 
values for children, then for adolescents, and then for whole 
sample. Agreement was classified as follows: 0.00 = absence, 
0.00 - 0.39 = mild, 0.40 - 0.59 = moderate, 0.60 - 0.79 = sub-
stantial, > 0.80 = excellent [21]. The Bland-Altman analysis 
was performed between the measured and predicted MIP and 
MEP [22].

The probability of a type I error was established at 0.05 
for all tests. The SPSS statistical package version 20 (SPSS, 
Chicago, IL, USA) was used.

Results

A total of 197 volunteers were selected, and of these, 18 were 
excluded (four did not accept to participate, eight had acute 
lung disease or were born prematurely, three missed school 
the day of the assessment, two had reduced lung function tests, 
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and one failed to perform the maneuvers). Thus, 179 volun-
teers completed the assessment of respiratory muscle strength, 
and 96 (54%) were male, mean age of 12.3 ± 3.7 years old; 
body mass index of 20.1 ± 4.1 kg/m2; mean MIP of 87.5 ± 27.1 
cm H2O, mean MEP of 90.8 ± 23.6 cm H2O. Of the total sam-
ple, 51% (n = 92) were between 6 and 12 years old, and 49% 
(n = 87) were between 13 and 18 years old.

The measured respiratory muscle strength of the volunteers 
between 6 and 13 years old was compared to the predicted val-
ues based on the equations by Gaultier et al [15], Heinzmann-
Filho et al [11], and Lanza et al [9]. The predicted equations 
from Gaultier et al [15] and Heinzmann-Filho et al [11] over-
estimated about 10% of the measured MIP (P < 0.05; Table 2); 
however, the MIP predicted by Lanza et al [9] was similar to 
the measured result (P = 0.12). Regarding MEP, the predicted 
values based on the equations by Heinzmann-Filho et al [11] 
and Lanza et al [9] overestimated more than 15% compared to 
the measured MEP (P < 0.05), while that of Gaultier et al [15] 
underestimated the measured MEP values (P = 0.036; Table 
2). The ICC between the measured MIP and the equation by 
Gaultier et al [15] was mild and non-significant (P = 0.94). For 

the other equations, the ICC was moderate (Table 2).
The measured values of MIP and MEP of adolescents be-

tween 12 and 18 years old were compared with the predicted 
values based on the equations by Lanza et al [9] and Mendes 
et al [13]. The equation by Lanza et al [9] overestimated about 
10% of the MIP measured (P = 0.002); however, the MIP val-
ues predicted by Mendes et al [13] were similar to the meas-
ured value (P > 0.05; Table 3). There was a small (less than 
10%) but significant difference between the MEP predicted by 
both equations and the measured value (P < 0.05, Table 3). 
The ICC was non-significant between the measured MIP and 
the predicted value using the equation by Lanza et al [9] (P = 
0.108). There was moderate agreement for the other equations 
(P < 0.05; Table 3).

Three prediction equations for MIP and MEP were de-
scribed for the entire population (6 to 17 years old: Lanza et al 
[9], Domenech-Clar et al [10], Wilson et al [14]). There was no 
significant difference between the measured MIP and the pre-
dicted value using the equation by Domenech-Clar et al [10] 
(P = 0.055). A small (less than 10%) but significant difference 
was observed between the measured value and the predicted 

Table 2.  Comparison Between Measured Respiratory Muscle Strength and Gaultier et al (7 - 13 Years Old), Heinzmann et al (4 - 12 
Years Old) and Lanza et al (6 - 11 Years Old) Predicted Equations

Respiratory 
muscle strength

Mean difference between measured 
and predicted values (95% CI) P ICC (95% CI) P

MIP, cm H2O
  Measured (n = 64) 80 ± 22 - - - -
  Predicted by Gaultier et al [15] 90 ± 6 -9 (-18 to -1) 0.013 -0.3 (-1.1 - 0.1) 0.94
  Predicted by Heinzmann et al [11] 90 ± 15 -10 (-17 to -3) 0.002 0.6 (0.3 - 0.7) < 0.001
  Predicted by Lanza et al [9] 86 ± 8 -6 (-13 to - 1) 0.129 0.5 (0.1 - 0.6) 0.004
MEP, cm H2O
  Measured (n = 64) 84 ± 21 - - - -
  Predicted by Gaultier et al [15] 76 ± 25 8 (0 - 15) 0.036 -0.6 (0.4 - 0.8) < 0.001
  Predicted by Heinzmann et al [11] 101 ± 15 -17 (-23 to -10) < 0.001 0.5 (-0.1 - 0.7) < 0.001
  Predicted by Lanza et al [9] 96 ± 7 -12 (-18 to -6) < 0.001 0.4 (0.1 - 0.7) 0.001

MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure; CI: confidence interval; ICC: intraclass correlation coefficient.

Table 3.  Comparison Between Measured Respiratory Muscle Strength and Lanza et al (12 - 18 Years Old) and Mendes et al (12 - 18 
Years Old) Predicted Equations

Respiratory 
muscle strength

Mean difference between measured 
and predicted values (95% CI) P ICC (95% CI) P

MIP, cm H2O
  Measured (n = 100) 96 ± 28 - - - -
  Predicted by Lanza et al [9] 105 ± 5 -10 (-16 to -3) 0.002 0.2 (-0.1 - 0.5) 0.108
  Predicted by Mendes et al [13] 92 ± 15 4 (-3 - 10) 0.466 0.5 (0.2 - 0.6) 0.001
MEP, cm H2O
  Measured (n = 100) 98 ± 24 - - - -
  Predicted by Lanza et al [9] 104 ± 9 -6 (-11 - 1) 0.013 0.4 (0.2 - 0.6) 0.001
  Predicted by Mendes et al [13] 106 ± 17 -8 (-14 to -3) 0.001 0.6 (0.4 - 0.7) < 0.001

MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure; CI: confidence interval; ICC: intraclass correlation coefficient.
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value using the equation by Lanza et al [9] (P = 0.003; Table 
4). The predicted value by Wilson et al [14] underestimated 
the MIP (p < 0.001). The MEP predicted by Domenech-Clar 
et al [10] overestimated the measured value by more than 
25% (P < 0.001). The predicted value by Lanza et al [9] had a 
smaller difference (about 8%); however, this was still signifi-
cant (P < 0.001; Table 3). There was no difference between the 
measured MIP and that predicted by Wilson et al’s [14] equa-
tion. All these ICC measurements had moderate to substantial 
agreement (P < 0.05).

Figure 1 shows the measured and predicted maximal res-
piratory pressure values for each equation. Most of the equa-
tions overestimated the measured values of MIP and MEP. 
About the Bland-Altman graph, there is high variability be-
tween the measured respiratory muscle strength and the pre-
dicted values, the bias was higher than 6 cm H2O, and the 95% 
CI was between 20 and 40 cm H2O.

Discussion

This study compared the measured and predicted values of 
maximal respiratory pressure for children and adolescents us-
ing six equations from the literature. For three of them [9, 10, 
13], the predicted MIP value was similar to the measured one, 
and for only one of these [9], the predicted MEP was signifi-
cantly different from the measurement. The agreement of all 
equations was weak to moderate, with significant variability 
between the measured and predicted values.

Many reference equations for respiratory muscle strength 
have been developed in different countries because of the in-
fluence of anthropometric and ethnicity variables [10, 14, 23, 
24]. Johan et al [25] compared the maximal respiratory pres-
sures of the Chinese, Malaysian, and Indian populations and 
concluded that an equation needed to be developed for that 
population to avoid misinterpretation. In contrast, Sachs et 
al [26] did not observe differences in MIP among volunteers 
from four ethnic groups in the United States (whites, Hispan-

ics, African Americans, and American Chinese); however, all 
of them were born in the USA.

All of the results of the equations developed to predict res-
piratory muscle strength in children (< 12 years old) [9, 11, 15] 
were significantly different from the measured values, with the 
exception of MIP in one equation [9]. Although the equation 
by Gaultier et al [15] had different predicted values compared 
to the measured MIP and MEP, the difference was only about 
10%. Cox et al [27] suggested that a difference of less than 
10% between the predicted and measured values is feasible in 
clinical practice.

Regarding the predicted equations for adolescents, one 
properly predicted MIP but overestimated MEP (less than 
10%) [13]. The values from the equation by Lanza et al [9] 
were mathematically different from the measured MIP and 
MEP values, overestimating by approximately 12%.

For the equations that included volunteers 6 to 17 years 
old, one overestimated less than 10% of MIP and MEP [9]. The 
equation by Domenech-Clar et al [10] predicted a similar MIP 
but overestimated (> 25%) the MEP. The equation by Wilson 
et al [14] predicted a similar MEP but underestimated (about 
16%) the MIP.

This scenario seems to reinforce that reference respiratory 
muscle strength equations cannot predict exact value, particular-
ly for children. Some factors, such as the subject’s understanding, 
and the mathematical model, may explain the variability in these 
results. The most significant value for R2 between the studied 
equations and the measured value came from Heinzmann-Filho 
et al [11], who stated that height and weight explained 58% of 
the MIP and MEP variation. However, other variables such as 
the amount of free-fat mass, pubertal stage, and rib cage com-
pliance can influence respiratory muscle strength. This is why 
predicted equations cannot agree with 100% of the measured 
values, because some outcomes for the logistic equation model 
are difficult to measure in clinical practice.

The higher variability observed in the present study can 
be because MIP and MEP are volitional tests, which are de-
pendent on the volunteer’s understanding and motivation [6]. 

Table 4.  Comparison Between Measured Respiratory Muscle Strength and Domenech-Clar et al (8 - 17 Years Old), Lanza et al (8 
- 18 Years Old), and Wilson et al (7 - 17 Years Old) Predicted Equations

Respiratory 
muscle strength

Mean difference between measured 
and predicted values (95% CI) P ICC (95% 

CI) P

MIP, cm H2O, n = 137
  Measured 92 ± 27 - - - -
  Predicted by Domenech-Clar et al [10] 98 ± 20 -6 (-12 - 0) 0.055 0.6 (0.4 - 0.7) < 0.00
  Predicted by Lanza et al [9] 99 ± 10 -8 (-13 to -2) 0.003 0.5 (0.3 - 0.6) < 0.001
  Predicted by Wilson et al [14] 77 ± 14 15 (9 - 21) < 0.001 0.5 (0.2 - 0.6) < 0.001
MEP, cm H2O, n = 138
  Measured 94 ± 23 - - - -
  Predicted by Domenech-Clar et al [10] 126 ± 34 -32 (-39 to -25) < 0.001 0.5 (-0.1 - 0.7) < 0.001
  Predicted by Lanza et al [9] 102 ± 9 -8 (-12 to -3) < 0.001 0.5 (0.3 - 0.7) < 0.001
  Predicted by Wilson et al [14] 96 ± 19 -2 (-6 - 3) 1.0 0.7 (0.6 - 0.8) < 0.001

MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure; CI: confidence interval; ICC: intraclass correlation coefficient.
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Although the studies used MIP and MEP according to interna-
tional standardization, this evaluation can present huge vari-
ability for young volunteers.

Unfortunately, contrary to the hypothesis of the authors, 
the ICC between measured and predicted values was weak, 
and there were wide CIs. These data show that the equations 
do not have good agreement with the measured values.

Similarly, the Bland-Altman analysis showed high vari-
ability among the measures. The mean bias was greater than 
6 cm H2O for all analyses, and the CI was around 30 cm H2O 
(about 30% of the measured value). In other words, the pre-
diction equations could be wrong by as much as 30% of the 
measured value.

Two recently published studies mentioned that prediction 

Figure 1. Measured and predicted maximal respiratory pressure values for each equation described [9-11, 13-15].
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equations for respiratory muscle strength may not adequately 
provide normal values. Delgado et al [28] observed large vari-
ability between measured and predicted values for 144 chil-
dren with ages 7 to 11 years. Similarly, Rodrigues et al [18] 
compared clinical diagnoses of respiratory muscle weakness 
in adults to those based on prediction equations. Most equa-
tions underestimated the respiratory muscle weakness, and the 
authors suggested MIP and MEP should be used for screening 
and not for definitive diagnoses.

In the present study, the equations tested did not have 
full agreement with measured maximal respiratory pressures. 
Some equations better predicted MIP [9, 10, 13], whereas oth-
ers were better for MEP [14, 15]. The equation by Lanza et al 
[9] had less than 10% difference for MIP and MEP.

This study implies that the reference equations for respira-
tory muscle strength for children and adolescents should be 
used with caution. Even if the average of the values measured 
was similar to some predicted values, there was great variabil-
ity between measured and predicted values. Thus, it is impor-
tant to have in mind that the cited reference equation may over-
estimate muscle strength values. In other words, a volunteer 
would present normal respiratory muscle strength based on the 
predicted equation; however, he/she might have a weakness. 
Thus, the choice of reference equation must be demanded by 
similarities between the measured population and the sample 
used in the reference equation’s study (age, sex, anthropomet-
ric values). Another suggestion is to have baseline measured 
values of each volunteer as reference values; therefore, if the 
gain is higher than the test variability after intervention, the 
test will be considered success.

Conclusion

We conclude that is possible to identify normal values of muscle 
strength based on some MIP [9, 10, 13] and MEP [14, 15] equa-
tions; however, there is significant variability between measured 
and predicted MIP/MEP values, especially for children.
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