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Abstract
Objectives: To compare and establish the degree of agreement between the values of Maximal Inspiratory Pressure (MIP) and Maximal 
Expiratory Pressure (MEP) measured with a plastic mouthpiece and a scuba type mouthpiece in adults. The secondary objective was 
to evaluate the degree of agreement between the values calculated with the equations by Evans and Whitelaw and the maximal values 
attained with each interface. 
Materials and Method: We conducted an observational, descriptive, prospective transversal study. We carried out a consecutive, 
non-probabilistic sampling of Argentinian subjects aged between 18 and 69 years. We measured the MIP and MEP with a unidirectional 
valve system and an aneroid manovacuometer, with a plastic mouthpiece and a scuba type mouthpiece.
Results: A total of 240 subjects were included and completed all the measurements with both interfaces. MEP values were higher when 
measured with a plastic mouthpiece compared to the scuba type (p < 0.01), with an Intraclass Correlation Coefficient (ICC) between 
them of 0.80 (95% CI [confidence interval]: 0.74-0.84). There were no differences in the MIP between both interfaces, with an ICC 
of 0.88 (95% CI: 0.85-0.91). The ICC between the equations by Evans and Whitelaw and the maximal values attained by the subjects 
varied from -0.15 to 0.09, showing a low degree of agreement.
Conclusion: MEP values attained with a plastic mouthpiece are greater than those attained with the scuba type mouthpiece. There are 
no differences between both interfaces for the MIP. Evans and Whitelaw equations were not successful in predicting maximal pressures 
in the population under study.
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Introduction 

The measurement of pressures generated at the mouth level during maximal respiratory efforts is 
a simple way to evaluate the strength of inspiratory and expiratory muscles. This measurement can 
be performed through noninvasive, well-tolerated examinations by which it is possible to know the 
maximal static inspiratory pressure (MIP) and the maximal static expiratory pressure (MEP) that a 
person can generate during an effort1, 2. In these tests, the patient generates the maximal inspiratory 
and expiratory pressures against a closed system that translates such effort into an absolute value. 
Measuring these pressures is very useful from the clinical point of view for the diagnosis and follow-up 
of diseases affecting the respiratory muscles1, 3.

The device necessary to perform the measurements is an interface connected to a small camera with 
a valve system linked to a pressure transducer, that can be aneroid or digital4. The system needs an exit 
site with an internal diameter of approximately 2 mm in order to prevent the glottic closure during the 
MIP measurement and reduce the use of the mouth’s muscles during the MEP maneuver1, 2. There is 
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a broad variety of interfaces that can be used for this maneuver. The literature has described the use 
of the scuba type mouthpiece1-2, 5-9, the cylindrical mouthpiece5, 7, 10-14, and the plastic mouthpiece9, and 
there is even some evidence of authors who have performed such measurements with a mask10, 15-16.

By convention, and in order to standardize the measurements, the MIP is measured starting from 
the residual volume or the closest value, and the MEP is measured starting from the total lung capacity 
or the closest value1, 14. As regards the amount of measurements needed in an evaluation, the American 
Thoracic Society (ATS) and the European Respiratory Society (ERS) suggest performing 3 maneuvers as 
a maximum, with less than 20% variability between them. Also, they have established previous training 
guidelines and instructions1. Various studies have reported normality ranges and regression equations 
that allow for the estimation of MIP and MEP values in healthy subjects1-2, 5-6, 11, 14, 17-19. The equations 
we use in our institution are those formulated by Evans and Whitelaw in 2009. These authors, just like 
the ATS and the ERS, recommend the use of the scuba type mouthpiece. Those equations are divided 
by gender and take into account the age of the subjects, showing little variation until 69 years. They 
also include formulae to calculate the Lower Limit of Normal (LLN) of each maneuver1-2.

With respect to the previously described mouthpieces, in our workplace we use the hard plastic 
mouthpiece, which we can easily get since it can be found within the nebulizer set. Also, this interface 
has the advantage of being economical and sterilizable. Though we do not have an analysis of registered 
objective data, we have observed in the daily practice that when performing MIP and MEP measure-
ments with the plastic mouthpiece, the frequency of perioral air leaks seemed to be lower compared to 
the scuba type mouthpiece. On the other hand, the values reached by our patients in several occasions 
exceeded the calculated theoretical values, regardless of the interface. Since we haven´t found any 
evidence of the use of a plastic mouthpiece with an aneroid manovacuometer, we developed a study 
whose primary objective is to compare and establish the degree of agreement between the MIP and 
MEP values measured with a plastic mouthpiece and a scuba type mouthpiece in adults. The second-
ary objective is to evaluate the degree of agreement between the theoretical values calculated with the 
formula by Evans and Whitelaw and the maximal values attained with each interface. 

Materials and Method 

We conducted an observational, descriptive, prospective transversal study. This study has been authorized 
by the Teaching and Research Committee, the Bioethics Committee and the Hospital Management. 

Setting: measurements were taken between December, 2015 and December 2016 in the gymnasium 
and outpatient service area of the Kinesiology Inpatient Care Unit.

Subjects: the study participants were registered through consecutive, non-probabilistic sampling. 
Inclusion criteria: Caucasian subjects aged between 18 and 69 years who verbally declared they were not 
suffering acute or chronic respiratory diseases the moment the measurements were taken. Exclusion 
criteria: subjects who claimed to have alterations in the chest wall, cardiovascular diseases, neurologic 
disorders or neuromuscular diseases; or those going through an immediate post-surgical period, or 
with difficulty to achieve complete lip closure; and subjects who did not agree to sign the informed 
consent. In order to maintain the anonymity of participants and guarantee the reliability of the data, 
we assigned a number to each subject. 

Variables: the primary variables of the study were the MIP and the MEP, defined as the maximal 
inspiratory and expiratory static pressures registered during a maximal voluntary effort. To take the 
measurements we used a Meco® manovacuometer with a pressure range ± 150 cmH2O and recordings 
every 2.5 cmH2O, using a continuous quantitative scale. The device had been previously calibrated by the 
manufacturer at the beginning of the study by the water column method in ascending and descending 
values of pressure and vacuum; then, we followed the frequency recommended by him for recalibration. 
The secondary variables were: age, in years (discrete quantitative scale), gender (dichotomous qualita-
tive scale), weight in kilograms (discrete quantitative scale), height in meters (continuous quantitative 
scale) and mass body index defined as the result of weight in kilograms divided by the square of height 
in meters (continuous quantitative scale). 
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To take the measurements, we used a unidirectional valve system based on the model described 
by Arce and De Vito20 (Figure 1). The mouthpieces that we used were the IST® silicone scuba type 
mouthpiece, model MP-1 (Figure 2) and the plastic mouthpiece included in the Hudson RCI® nebu-
lizer set, model Micro Mist (ref. 1882) (Figure 3). They both present an adjustable 22 mm connector.

Randomization: measurements were divided in 4 groups according to requested effort and interface 
to be used. MIP with plastic mouthpiece (MIPPM), MIP with scuba type mouthpiece (MIPSM), MEP 
with plastic mouthpiece (MEPPM) and MEP with scuba type mouthpiece (MEPSM). These 4 groups 

Figure 1. System based on the one described by Arce and De Vito

Figure 2. Scuba type mouthpiece
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can be combined in 24 different ways so that measurements can be carried out in every possible order. 
That is why the order of the maneuvers was randomized in blocks of 24 different combinations, placing 
each assigned order in a closed opaque envelope. Each subject took an envelope after being included 
in the study.

Sample size and power: The sample size was defined in 240 subjects, after repeating 10 times the 
randomized blocks of 24 possible combinations. With this n, 98% power was achieved, assuming an 
alpha error of 5% for a minimum expected difference of 10 cmH2O for both methods (SD ± 27 cmH2O). 
Dispersion was obtained out of a pilot sample of 48 subjects (2 blocks of 24).

Procedure: all of the subjects remained seated on a chair with their hands on their thighs and their 
arms in a relaxed position, holding their back against the back of the chair and their feet on the floor. A 
nose clip was placed to avoid leaks and the subjects were only allowed to use their hands to adjust the 
plastic or scuba type mouthpiece inside their mouth. Once the mouthpiece was adjusted, the subjects 
were asked to provide the MIP and MEP effort according to the randomized maneuvers. Before taking 
the measurements, the following instructions were explained to the subjects: “During repetitions, you 
must close your lips strongly to avoid air leaks around the plastic or scuba type mouthpiece, and if you 
actually feel there is a leak, you must inform us. Since our objective is to record the highest pressures 
you are able to achieve, we will encourage you during every repetition and will tell you when to stop the 
effort. You will be given a break between each repetition and you must inform us if there is any kind of 
discomfort or problem to continue”. 

Before each maneuver, the following instructions were given: MIP: “Make a maximal expiration fol-
lowed by the greatest inspiratory effort you can make. At this time, the system will let you breathe out but 
not in.” MEP: “Breathe in as much air as you can and then put forth your maximum expiratory effort. 
At this time, the system will let you breathe in but not out”. We defined words of motivation that were 
repeated continuously during the MIP and MEP maneuvers: “Breathe in deep, deep, deep!” and “Blow 
strong, strong, strong!”, respectively.

Every subject performed the necessary repetitions until 3 measurements were recorded, with less 
than 20% variability between them. Data was recorded in two forms: Form A, of individual use, for 

Figure 3. Plastic mouthpiece
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TABLE 1. Demographic and anthropometric data

Population n (%) Age (years)* Height (meters)* BMI (kg/m²)+

total n 240 (100) 33 (19-68) 72 (45-124) 25.67 ± 4.41

Women 137 (57.1) 32 (21-68) 64 (45-115) 25.01 ± 4.73

Men 103 (42.9) 34 (19-65) 82 (45-124) 26.54 ± 3.79

personal data, the assigned order and the values achieved in every MIP and MEP repetition with both 
interfaces; and Form B, of general use, containing all the data from Form A and the theoretical pres-
sure values according to the Evans and Whitelaw equations for each subject. 

The evaluators were physiotherapists trained in taking measurements. There were two professionals 
per each measurement. One was in charge of holding the valve system in front of the subject, control-
ling the correct development of the technique and verbal motivation; whereas the other physiotherapist 
recorded in the individual form the maximum value reached in the manovacuometer for each repetition, 
ensuring that the variation was lower than 20%. Every effort was considered as finished if, after at 
least 5 seconds, the peak pressure had not been exceeded. We established a one minute break between 
each repetition, and a three minute break between each effort group. 

The assessed subjects who did not reach the LLN suggested by the Evans and Whitelaw formulae, 
were referred to the Neumotisiology Service in order to discard associated respiratory disease by means 
of a spirometry.

Statistical Analysis: continuous numerical variables were expressed through measures of central 
tendency and dispersion according to the presented distribution. The variables measured in categori-
cal scale are represented as absolute frequency and its percentage by category. In order to define the 
normality of continuous variables we used the Kolmogorov-Smirnov test. To compare continuous 
variables, we used the Wilcoxon test for dependent samples, and to compare categorical variables, the 
Chi2 test or the Fisher’s exact test, according to the structure of the crosstable. The comparison be-
tween the order in which measurements were taken and the values obtained was analyzed by means 
of a one-factor ANOVA test. The intraclass correlation coefficient (ICC) was calculated to establish the 
degree of agreement between both methods21,22, and we used the Bland-Altman23 graphic to analyze the 
behavior of the measurements taken with plastic or scuba type mouthpieces (inspiratory and expira-
tory) to detect systematic mistakes. We also estimated the ICC to establish the degree of agreement 
between the theoretical values calculated with the Evans and Whitelaw formula and the maximal val-
ues attained with each interface in men and women. For statistical purposes, a value of p < 0.05 was 
defined as significant. The statistical analysis was made with the IBM SPSS Statistics Base software, 
version 22.0 for Windows.

Results

A total of 240 subjects were included and completed all the measurements. No subject was excluded or 
removed. Demographic and anthropometric data can be observed in Table 1.

By means of the Wilcoxon test, we found statistically significant differences between MEPSM and 
MEPPM, with highest values obtained with the plastic mouthpiece (p < 0.001). However, there were 
no differences when comparing the MIP values with such interface (p = 0.44). We made a subgroup 
analysis per gender and age, with the purpose of investigating the behavior of these differences (Tables 
2 and 3). 

*median (range); +mean ± standard deviation 
Abbreviations: BMI: body mass index; n: number of participants
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TABLE 2. MIP and MEP values with scuba type and plastic mouthpieces in women

MIP MEP

Group Plastic mouthpiece Scuba type mouthpiece Plastic mouthpiece Scuba type outhpiece

Total n  (137) 90 85 100a 90b

(75-102.5) (73.75-107.5) (82.5-112.5) (78.75-107.5)

18-34 years (n = 78) 90 85 100 91.25

(75-102.5) (75-103.75) (82.5-110) (80-108.12)

35-51 years (n = 40) 95 91.25 105a 95b

(80.62-108.75) (75-114.62) (88.12-123.75) (80-109.37)

52-68 years (n = 19) 77.5 72.5 87.5a 75b

(55-110) (60-100) (75-105) (60-100)

Wilcoxon test. a>b= significant difference (p< 0.01). Data are expressed as median (interquartile range), in cmH2O. 
Abbreviations: MIP: maximal inspiratory pressure. MEP: maximal expiratory pressure.

TABLE 3. MIP and MEP values with scuba type and plastic mouthpieces in men

MIP MEP

Grupo Plastic mouthpiece Scuba type mouthpiece Plastic mouthpiece Scuba type mouthpiece

Total n (103) 120 125 127.5 130

 (102.5-150) (102.5-150) (115-150) (110-150)

18-34 years (n = 52) 122.5 126.25 125 130

 (105-150) (110-150) (100,62-150) (98.75-150)

35-51 years (n = 28) 130 125 147.5a 143.75b

 (103.12-147.5) (130.12-146.25) (118.12-150) (111.25-150)

52-68 years (n = 23) 115 110 132.5a 127.5b

(100-130) (95-130) (117.5-150) (107.5-150)

Wilcoxon test. a>b= significant difference (p< 0.01). Data are expressed as median (interquartile range), in cmH2O. 
Abbreviations: MIP: maximal inspiratory pressure. MEP: maximal expiratory pressure. 

Comparison of two mouthpieces in MIP and MEP

Regarding the possible influence of the assigned order of the maneuvers on the obtained values, we 
observed that the global MEPSM values were higher when carried out in the first order, in comparison 
with the third and fourth order (p < 0.01). When analyzing this data in the subgroups under study, we 
noted that the findings maintained their statistical significance only in women. In the case of the MIP, 
we observed higher values with the MIPPM as the last maneuver only in men.

When evaluating the degree of concordance between the two interfaces, we obtained ICCs of almost 
perfect agreement for MIP and substantial agreement for MEP, according to the Landis and Koch24 
classification (Table 4). On the other hand, Figures 4 and 5 show the Bland-Altman analysis for the 
MIP and MEP maneuvers, respectively.

In the analysis of concordance between the obtained values and the values calculated by the Evans 
and Whitelaw equations, we achieved an ICC with a “Poor” degree of agreement (Table 5).

Among the pressures obtained, 44 subjects (18.33% of the total population) did not get to the LLN 
suggested by the Evans and Whitelaw formula (Figure 6). We performed spirometries in 31 of these 
individuals, obtaining normal values in every case.
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TABLE 4. ICC between plastic mouthpiece and scuba type mouthpiece

Group ICC 95% IC

MIP total n 0.88 0.85-0.91

MIP in men 0.83 0.76-0.88

MIP in women 0.84 0.78-0,88

MEP total n 0.80 0.74-0.84

MEP in men 0.79 0.71-0.86

MEP in women 0.68 0.58-0.76

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

Figure 4. Bland-Altman graphic to evaluate concordance be-
tween the MIPPM and MIPSM
Abbreviations: MIPPM: MIP with plastic mouthpiece; MIPSM: 
MIP with scuba type mouthpiece

TABLE 5. Concordancia entre los valores obtenidos con los de las ecuaciones de Evans y Whitelaw

Group ICC IC 95%

MIP vs. MIPPM W 0.03 -0.14 a 0.20

MIP vs. MIPPM M 0.06 -0.13 a 0.25

MIP vs. MIPSM W 0.02 -0.15 a 0.18

MIP vs. MIPSM M 0.09 -0.11 a 0.28

MEP vs. MEPPM W 0.00 -0.17 a 0.17

MEP vs. MEPPM M -0.15 -0.34 a 0.04

MEP vs. MEPSM W 0.07 -0.10 a 0.24

MEP vs. MEPSM M -0.04 -0.23 a 0.15

Abbreviations: MIP: maximal inspiratory pressure according to Evans and Whitelaw equation; MEP: maximal expiratory 
pressure according to Evans and Whitelaw equation; MIPPM: MIP with plastic mouthpiece; MIPSM: MIP with scuba type 
mouthpiece; MEPPM: MEP with plastic mouthpiece; MEPSM: MEP with scuba type mouthpiece; W: women; M: men; 
ICC: intraclass correlation coefficient; CI: confidence interval. 

Figure 5. Bland-Altman graphic to evaluate concordance bet-
ween the MEPPM and the MEPSM
Abbreviations: MEPPM: MEP with plastic mouthpiece; MEPSM: 
MEP with scuba type mouthpiece
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Discussion   

The results of our study show that MEP values using a plastic mouthpiece are higher than those with a 
scuba type mouthpiece. However, the MIP values did not show any differences between both interfaces, 
thus the type of interface to be used was chosen by the evaluator, taking into account the comfort of 
the patient. 

These results agree with previous research, which compared the use of a scuba type mouthpiece with 
different types of rigid, tubular interfaces5, 7, 8. Koulouris et al conclude that the use of the scuba type 
mouthpiece underestimates not only the MEP but also the MIP values in healthy subjects8. However, 
Montemezzo et al compared in 2012 the use of the same plastic mouthpiece of our study with a scuba 
type mouthpiece and did not obtain any differences when taking the measurements with a digital 
manovacuometer9. 

The ATS/ERS guidelines recommend the use of the scuba type mouthpiece, since it ensures there will 
be less leaks and improves comfort, mostly in subjects with oral muscle weakness1. But other authors 
report that lower values with the same interface may be due to the existence of perioral leaks5, 25. On 
the other hand, Rubinstein et al state that differences may be paralleled if the oral cavity is manually 
sealed with the scuba type mouthpiece7.

Windisch and Evans mention in their articles that the peak pressure can be much easily calculated 
than the trough pressure, since it does not need computer software and can be measured by means of 
an aneroid manovacuometer2, 17. Whereas some authors like Arce and De Vito suggest measuring the 
trough pressure value in a second with an aneroid manovacuometer20, in our study we did not find the 
way to do so without producing a greater measurement bias. In turn, it has been reported that the 
trough pressure in healthy subjects corresponds to 82-86.3% of the peak pressure in the MIP17.

We have observed that women obtained lower static pressure values: MIP, 68-75% and MEP, 69-78% of 
the values registered in men. These ranges are similar to those reported by various authors2, 6, 11, 14, 18, 26, 27.

Some studies have reported the existence of a learning effect with the MIP maneuver28-30. However, 
the only case in which we found this tendency was the subgroup of men using the plastic mouthpiece. 

Normal parameters and regression equations for MIP and MEP are different according to various 
authors2, 6, 11, 14, 17-18, 26, 28, 31-33, and at present there is standardized consensus regarding the reference 
values to be used2. The only equations we found with their respective LLNs for MIP and MEP were 
those published by Enright and Evans and Whitelaw2, 31. In this study, we assessed concordance with 

Figure 6. Subjects who did not get to the LLN formulated by Evans and Whitelaw
Abbreviations: MEPSM: MEP with scuba type mouthpiece; MEPPM: MEP with plastic 
mouthpiece; MIPSM: MIP with scuba type mouthpiece
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the formulae described by Evans and Whitelaw since to the best of our knowledge those are the only 
ones that allow for the calculation of the expected MIP and MEP values and their respective LLNs 
in healthy men and women up to 69 years old.2, 34. On the other hand, Enright equations have been 
formulated for subjects older than 65 years old31; and other authors have published LLN values but 
only for the MIP11, 17-18, 32. 

It is important to focus on the fact that for the development of the equations, Evans and Whitelaw 
have taken into account information of other authors who had used both aneroid and digital mano-
vacuometers. At the same time, in order to generate the LLN, they have included the values obtained 
with 1.96 SD below the mean value, even when the same authors have suggested the use of the 5th 
percentile2. We believe this could result in the LLN values underestimating the real values in some cases.

The LLNs formulated by Evans and Whitelaw are based on statistical definitions of other studies in 
healthy subjects, where 5% of those subjects did not reach such theoretical limits. This is why it is essen-
tial that the values obtained are interpreted in relation to the clinical situation of each individual, since 
there could be subjects without any kind of disease with records that do not reach the LLN2. In contrast 
to the 5% suggested by Evans, in our study, 18.33% of subjects (n= 44) did not reach the corresponding 
LLNs in at least one of four maneuvers. We haven’t observed any respiratory functional causes that jus-
tify these findings, since all the subjects claimed to be healthy and all the spirometries performed were 
within normal limits. It is worth mentioning that, except for one individual, the rest of the cases occurred 
during the MEP measurement, where the oral leakage during the maneuver or the fact that LLN values 
for MEP were too high for our population could be attributed to a mistake in the technique.

There is evidence that the values of respiratory pressures differ according to the different ethnic 
groups, countries or even regions within the same country35-36. In accordance with our results, the 
Evans and Whitelaw equations did not show concordance with the values obtained in our samples, 
thus they could not be compared. Also, we haven’t found any studies suggesting regression formulae 
or regional normal values, so the line of research continues towards the formulation of equations for 
both interfaces used with an aneroid manovacuometer.

Limitations: one of the limitations of this study was the abnormal distribution in the age variable; 
this may be due to the recruitment method and we believe it could be solved with randomized sampling. 
In addition, we have taken into account the information provided by the subject regarding the existence 
or non-existence of a pathological history, with the possibility of there being ill subjects unaware of their 
condition. There was another limitation regarding the instruments, as the manovacuometer that was 
used does not allow for the recording of values higher than ±150 cmH2O, and this could have influenced 
the results. In spite of this limitation, we think the values of greatest relevance in the clinical practice 
are those below the lower limit of each subject. As regards the reproducibility of measurements, various 
authors have reported almost perfect reliability values with digital and aneroid manovacuometers30, 35, 

37-40. We haven’t found a consensus regarding the specific instructions and motivation words intended 
for the subjects, so we designed a protocol based on recommendations and our own experience. Just like 
Evans, we believe the details regarding how the test is carried out, from the election of the interface 
to the instructions, motivation and analysis of the data, generate important differences in the result, 
thus their standardization is essential2. 

Conclusion

We may conclude that MEP values attained with a plastic mouthpiece are higher than those attained 
with the scuba type mouthpiece. In the case of the MIP, there are no differences between both interfaces. 
The pressure values attained and the ones estimated by the Evans and Whitelaw formulae had a poor 
correlation. Considering these equations were not successful when predicting the MIP and the MEP, it 
would be useful to formulate regression equations for the population under study.

We believe we need future research to have more information about the use of the plastic mouthpiece 
and the scuba type mouthpiece for the measurement of the MIP and MEP and their regional lower 
limits of normal. 
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