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Maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) are simple,
convenient, and noninvasive indices of respiratory muscle strength at the mouth, but standards
are not clearly established. We review recent literature, update the 2002 American Thoracic
Society/European Respiratory Society statement, and propose as the best choice using a flanged
mouthpiece for reference values and lower limit of normal (LLN) values as a function of age for
adults age up to about 70 years. Because male pressures are higher than female and MEP
exceeds MIP, we present 4 linear regression reference equations as a function of age for adults
age up to approximately 70 years: Male MIP � 120 – (0.41 � age), and male MIP LLN � 62
– (0.15 � age). Male MEP � 174 – (0.83 � age), and male MEP LLN � 117 – (0.83 � age).
Female MIP � 108 – (0.61 � age), and female MIP LLN � 62 – (0.50 � age). Female MEP �
131 – (0.86 � age), and female MEP LLN � 95 – (0.57 � age). (Pressure in cm H2O and age
in years.) We discuss normal values in older subjects, estimation of LLN values, and the
relationship between vital capacity and respiratory muscle strength, and offer a guide to
interpretation of maximal pressure measurements. The approach should allow direct imple-
mentation of MIP and MEP in a pulmonary function laboratory. Key words: maximal inspiratory
pressure, MIP, maximal expiratory pressure, MEP, muscle strength, respiratory pressures, mouth
pressures, normal values, prediction equations, reference equations, mouthpiece. [Respir Care 2009;
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Introduction

This paper is intended to supplement guidelines for use
of maximal inspiratory pressure (MIP) and maximal expi-
ratory pressure (MEP) given in the American Thoracic
Society/European Respiratory Society (ATS/ERS) state-
ment1 on respiratory muscle testing of 2002, in order to aid
their implementation in a pulmonary function laboratory.

SEE THE RELATED EDITORIAL ON PAGE 1304

Results of some of the basic tests used to assess pul-
monary function depend not only on the lungs themselves
but also on the respiratory muscles. Total lung capacity
(TLC), the volume reached at the end of a maximal inspi-
ration, is usually determined by lungs that cannot be ex-
panded further, even by very large negative pressures, but
if inspiratory muscles are weak, their maximum effort may
not be enough to fully expand the lungs. Similarly, if
expiratory muscles are weak, they may not be able to
compress the lungs to the normal residual volume. A low
vital capacity (VC) or TLC can thus be a sign of either
“restrictive” lung disease or weakness of inspiratory mus-
cles, while a high residual volume or small expiratory
reserve volume can be a sign of either gas trapping from
airways obstruction or weakness of expiratory muscles. To
decide between muscle weakness and lung disease requires
tests of respiratory muscle strength that are independent of
the condition of the lung. Maximal inspiratory pressure
(MIP) and maximal expiratory mouth pressure (MEP) are
simple tests in which patients generate as much inspiratory
or expiratory pressure as possible against a blocked mouth-
piece. Because lung volume cannot change significantly
during measurement, results are to a large extent indepen-
dent of the properties of the lungs. They are general tests
of neuromuscular function of the combined diaphragm,
abdominal, intercostal, and accessory muscles.

The simple apparatus needed consists of a well fitting
mouthpiece connected to a small chamber, to which a pres-
sure gauge is connected (Fig. 1). A small leak in the chamber
prevents the patient from using buccal muscles to generate
the pressure. For MIP the patient stops breathing at a set
volume, usually residual volume, and tries to sustain a max-
imal negative pressure, usually for one second or more. For
MEP the volume is usually TLC, and positive pressure is
generated. Details of how the test is performed, from choice
of mouthpiece to instructions and motivation of the subjects
to analysis of the data, make important differences to the
result. Standardization of these is very important.

MIP and MEP are not usually done on all patients re-
ferred for pulmonary function tests (PFTs). They are in-
dicated if muscle weakness could be contributing to ab-
normal results from routine testing, such as a low VC

without signs of obstruction or an abnormality of the flow-
volume loop that is recognized to be associated with mus-
cle weakness, or if muscle weakness is a possibility given
the clinical scenario. Respiratory muscle weakness may be
present in patients with dyspnea, respiratory failure, mal-
nourishment, or debility,2 in neuromuscular diseases such
as myasthenia gravis, Guillain-Barré syndrome, amyotro-
phic lateral sclerosis, stroke, polio, or quadriplegia,3-7 and
in multisystem diseases such as polymyositis and sarcoid-
osis. MIP is used to monitor patients with acute conditions
such as myasthenia gravis at risk of rapid loss of strength
of the diaphragm, to follow the progress of patients with
chronic diseases such as muscular dystrophy, and to detect
muscle weakness in undiagnosed patients.

As for other PFTs, interpretation of results depends in
part on comparison with population normal values. An
important purpose of this paper is to try to make a syn-
thesis of the many published sets of normative data. In
many cases, however, comparison with normal values does
not give a definite answer. Judgment must then be based
on analysis of all the clinical and pulmonary function data
and sometimes more extensive testing. During the last
5 years our pulmonary function laboratory in one tertiary
referral center in Calgary, Alberta, Canada, performed MIP
and MEP on approximately 5% of the patients having
general PFTs.

Unresolved Issues

The ATS statement1 discusses normal values only briefly,
indicating that reported normal values in the literature vary
considerably, probably because of differences in technique,
and recommends the normal values of Wilson et al,8 who
used a protocol similar to the one proposed as the ATS
standard. The ATS authors review studies of flanged ver-
sus tube mouthpieces. They make the point that with a
flanged mouthpiece the values obtained are less than with
a tube mouthpiece, but recommend the flanged mouth-
pieces as the standard because they are easier for patients
to use. Since 2002, 2 large studies have added to the lit-

Fig. 1. Apparatus for testing maximal inspiratory pressure and
maximal expiratory pressure.
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erature on normal subjects. Wohlgemuth et al9 in 2003
reported MIP and MEP data using a mask. Windisch et al10

in 2004 reported MIP data using a flanged mouthpiece and
discussed methods of analyzing MIP and MEP pressure
tracings. Hautmann et al11 reported MIP in healthy sub-
jects using “a stiff rubber mouthpiece,” clarified as “an
oval, rubber, flanged (“scuba”) mouthpiece” in a personal
communication (Hubert Hautmann MD, Pneumologie,
Klinikum Innenstadt, Medizinische Klinik, Muenchen,
Germany, 2008).

While reference mean values are reasonably well estab-
lished, the lower limit of normal (LLN) values remain
uncertain. Authors have employed a variety of statistical
expressions to describe central tendency, variation, and the
LLN values. The 2002 ATS statement7 indicates that a
MIP of �80 cm H2O usually excludes clinically important
inspiratory muscle weakness. However, Ruppel, in his
2003 textbook,12 states that a MIP greater than �60 cm H2O
is normal.

Review of the Literature

Normal Values

Predicted normals and LLN values vary considerably.8-

11,13-31 There are relatively few studies for MEP, with fewer
for females than males, and many of them have relatively
few subjects. We reviewed all periodical sources available
to us and made a selection based on the following criteria

• Study population and sampling method

• Number of subjects

• Number of test trials

• Rest time between trials

• Duration of each trial

• Definition of maximum pressure

• Maneuver used to generate maximal effort

• Number and experience of technologists performing tests

• Type of mouthpiece

• Type of pressure gauge

• Technique (including feedback to the subject and one-
second duration of measurement)

• Method of defining limits of normal

Various methods are used to measure maximal respiratory
mouth pressures. The choices made of mouthpiece, ma-
neuver made by the subject, and definition of maximum
pressure make a difference to the result.

Rounded “tube” mouthpieces inserted in the mouth for
MIP, and placed on the lips, like a bugle, for MEP, gen-
erally give the highest values and have been used for most
published reference data. Somewhat lower values are found
in studies that used “flanged” mouthpieces.8,10,11,18 By com-
paring MIP and MEP results with flange and tube mouth-
pieces in the same subjects, Koulouris et al31 confirmed
this in males and females, and Tully et al6 found that tube
MEP exceeded flange MEP in men by a mean difference
of 20.7 cm H2O. The reason for the difference is unknown.
The ATS/ERS statement nevertheless recommends the
flanged mouthpiece, because it ensures the least leak at the
mouthpiece, particularly in subjects with weakness of the
mouth muscles.1 A mask held to the patient’s face can also
be used for such patients; MIP and MEP using a mask,
compared to values obtained in the same patients with a
flanged mouthpiece, were found to be 3% and 16% lower,
respectively.9

The maneuver made by the subject is usually a maximal
inspiration or expiration sustained for at least one second
against a blocked airway, These are evidently effort-de-
pendent tests, and the maneuvers required are not natural
ones, so they are not easy for patients to perform well. For
this reason, a maximal sniff pressure is sometimes used for
MIP. Maximal inspiratory sniff pressure from the oral cav-
ity proved to be 22% less than MIP from a flanged or
“scuba” mouthpiece in normal subjects.32 In dystrophy
patients, after repeated visits, MIP results with the stan-
dard maneuver become similar to nasal sniff MIP.33

Some older studies derived the peak pressure reached
during a brief maximal effort by watching the needle on
the dial of an aneroid manometer. Modern apparatus dis-
plays the time course of pressure during the effort. From
this can be measured the peak value, or the highest value
sustained for some minimum period (plateau pressure), or
the maximum mean pressure over one second. A recent
comparison between peak pressure and highest value sus-
tained for one second (plateau pressure) has shown that the
plateau so defined is approximately 84% of peak pres-
sure.10 The ATS guidelines recommend using the maxi-
mum mean pressure over one second, which requires spe-
cific software to calculate.1 By definition it must lie between
peak and plateau pressure, but it has not been directly
compared with them. Most published reference values are
for 1-s plateau pressures.

We amalgamated results from published normal values
for adults using flange mouthpieces to give composite mean
MIP and MEP reference values as a function of age. For
this purpose, only studies that report data as a function of
age could be used. Reports of multiple regressions were
also difficult to integrate into a composite. Studies using
older aneroid manometers were omitted. Excluded studies
are presented in Table 1, where sources of normal data for
tube mouthpieces may be found.
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Male and female data and norm sets are reported sepa-
rately. Male exceeds female MIP by 34–66%, and male
exceeds female MEP by 41–57%, depending on age.11,17-19

Aside from sex, the correlation with age is the strongest in
most of the studies mentioned11 and was therefore used as

the independent variable in our plots and prediction equa-
tions. For male and female MIP we used the weighted
means of the slopes and intercepts for flange mouthpiece
data of Hautmann et al11 and Windisch et al.10 Since the
number of subjects tested was high, an electronic trans-

Fig. 2. Relationship between reference and lower limit of normal (LLN) in male maximal inspiratory pressure (MIP) versus age.

Table 1. Studies Excluded From This Review of Flanged Maximal Inspiratory Pressure and Maximal Expiratory Pressure

First Author Year Subjects (n)
Mouthpiece

Type
Gauge
Type

Notes

Arora2 1982 16 Tube Aneroid Unclear technique
Berry15 1996 101 Tube Both Varying gauges with data pooling
Black23 1969 120 Tube Aneroid Unclear technique
Bruschi20 1992 625 Tube Electric Multivariate predictors
Carpenter29 1999 13,005 Tube Electric Multivariate predictors
Charfi24 1991 253 Tube? Electric No pressure-age relationship
Cook26 1964 56 Tube Aneroid —
Harik-Khan19 1998 267 Tube Electric Multivariate predictors
Karvonen17 1994 200 Tube Aneroid Age grouping, not continuous
Leech21 1983 924 Flange Electric Physiologically untenable LLN
McConnell32 1999 41 Flange Electric Multivariate predictors
McElvaney16 1989 104 Tube Electric No pressure-age relationship
Ringqvist25 1966 110 Not stated Electric Mouthpiece not described
Rubinstein27 1988 28 Tube Electric MEP (only) from FRC
Tully6 1997 50 Both Electric MEP only in spinal-cord-injured patients: not

repeated measures

LLN � lower limit of normal
MEP � maximal expiratory pressure
FRC � functional residual capacity
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ducer was used to obtain a one-second plateau value, and
a flanged mouthpiece allowed testing without leaks of air.
Both used the 5th percentile for LLN, while Wilson et al8

and Vincken et al,18 smaller studies, did not. Similarly, for
male MEP we recommend the weighted means of the slopes
and intercepts for flange mouthpiece data from Vincken
et al,18 Wilson et al,8 and Neder et al.28 (Hautmann et al11

and Windisch et al10 looked only at MIP). For female MEP
we used the data of Neder et al,28 since they were the only
ones reporting a slope with age. They used an aneroid
transducer but had a chart readout and took the peak pres-
sure from tracings that lasted at least one second. We
plotted predicted lines for flanged mouthpieces and de-
rived a predicted normal line with the MEP versus age for
each of the male and female data from the selected studies
(male MIP, male MEP, female MIP, and female MEP)
(Figs. 2 to 5). The difference between the tube and flange
mouthpieces in the same subjects, as determined by Kou-
louris et al,31 is shown on each plot. The range for these
predicted mean values, the percent of predicted, and the
LLN values are plotted for age 20–80 years.

Lower Limit of Normal

In medical practice, mean normal population values are
of very little interest. To decide whether a patient has
pathological weakness of respiratory muscles, the value of
interest is the LLN. Unfortunately, it has not been possible
to establish any but vague LLN values for MIP and MEP.
To decide whether the muscles are weak enough to explain

either dyspnea or a low VC may require not only MIP or
MEP but additional measurements, such as a lung pres-
sure-volume curve or an exercise test.

Limits for the range of normal are usually given as
mean less 2 standard deviations or 95% of the mean, which
assumes a normal distribution. A possible problem is that
the distribution may be significantly skewed, especially in
older patients, where normal mean MIP and MEP are small,
because the distribution cannot go below zero. For such
populations a better indicator is the lower 5th percentile,
which does not assume the distribution is symmetrical
about the mean. The calculation has to make an assump-
tion about whether variance of the distribution is the same
at all ages. Since the degree of skewness cannot be as-
sumed to be the same at all ages, the better indicator
theoretically is the 5th percentile in each age group, as
reported by Hautmann et al11 with MIP. However, a very
large number of subjects would be required to estimate
this with any accuracy. Confidence intervals for any pro-
posed cutoff value must therefore be very broad. The LLN
lines shown in Figures 1 to 4 are based on 1.96 � SD,
except for the data of Windisch et al10 and Hautmann
et al.11

It is important to remember that MIP and MEP are
generated by muscles that are used for many purposes
other than respiration. Their strength is not determined
primarily by requirements for breathing. If MIP or MEP
falls below the LLN, it may still be well above that needed
to maintain normal VC and to support breathing during
exercise. However, the minimum possible values of MIP

Fig. 3. Relationship between reference and lower limit of normal (LLN) in male maximal expiratory pressure (MEP) versus age.
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and MEP are those required to sustain respiration at rest.
Higher values are needed to support exercise.

Most studies show a decline in mean MIP and MEP
with age, and the slope of decline with age is similar from

one study to another. However, it is not so clear that the
LLN changes with age. Review of all the data suggests
that the LLN for MIP is constant up to age 70, approxi-
mately 60 cm H2O for men and 40 cm H2O for women.

Fig. 4. Relationship between reference and lower limit of normal (LLN) in female maximal inspiratory pressure (MIP) versus age.

Fig. 5. Relationship between reference and lower limit of normal (LLN) in female maximal expiratory pressure (MEP) versus age.
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Certainly, there are not enough data to refute that possi-
bility. It is physiologically plausible, given that the respi-
ratory muscles, certainly in normal young people, are much
stronger than needed for respiration, because they are used
for non-respiratory purposes. But even deconditioned sub-
jects must have the minimum strength reserve needed for
respiration, and that will not change much with age. Mc-
Connell et al32 calculated from known resistance and
elastance of the respiratory system plus data on fatigability
of respiratory muscles that 35 cm H2O should be the min-
imum MIP compatible with sustained exercise with oxy-
gen consumption of 1 L per minute. A lower value would
suffice for a sedentary person. Such an approach is prob-
ably more valid than looking at population statistics, but
still needs to be supported by clinical data. Experience in
intensive care indicates that MIP must be greater than
about 20 cm H2O before a patient can be successfully
weaned from a ventilator.

For MIP on flange mouthpieces we suggest combining
the Hautmann et al11 and Windisch et al10 values for LLN.
This is not much different from the numbers given by the
Enright et al studies on old people.13,14 Because of the
wide confidence intervals on any value of the LLN, it
seemed most reasonable to choose simple numbers and
straight-line approximations, as we have calculated in Ta-
ble 2.

Values of MIP below the LLN, like all “abnormal”
values in PFTs, have to be interpreted in relation to the
clinical situation. The LLN is a statistical definition de-
rived from studies of normal people. Of these normal sub-
jects, none of whom had a clinical problem, 5% had results
outside the range defined as normal. A low MIP may
therefore be found in a normal subject. On the other hand,
a person who begins by being very strong, with a value of
MIP well above average, can suffer a major loss of respi-
ratory muscle strength due to disease and still be able to
generate MIP well within the normal range. As with other
respiratory function tests, MIP is much more reliable for
following the progress of a disease by repeated testing

than for deciding at the outset if muscles are affected by a
disease.

In practice, MIP is usually performed only in patients
with a recognized or suspected respiratory muscle prob-
lem. They may have a low VC, with no obvious explana-
tion, or dyspnea on exertion of unknown cause, or a known
muscle disease where the question is whether the respira-
tory muscles are affected, or unexplained ventilatory fail-
ure. A patient with systemic lupus erythrematosus who has
shortness of breath, a low VC, and a chest radiograph
showing normal but small lungs (vanishing lung syndrome),
needs only a MIP low enough to cause a decrease in VC
to confirm paralysis of the diaphragm, a recognized com-
plication of the disease. A patient with fatigue and an
unexplained high arterial PCO2

with a low MIP may have
a rare muscle disease, such as acid maltase deficiency. On
the other hand, a person with normal exercise capacity and
normal pulmonary function whose MIP is somewhat be-
low the LLN can be considered normal. When a patient
with reasons for suspecting weakness of respiratory mus-
cles has inconclusive results, repeating the tests at inter-
vals may show progression and confirm a diagnosis.

Maximal Inspiratory Pressure and Maximal
Expiratory Pressure in the Elderly

For older subjects there is more uncertainty in predict-
ing values for diverse reasons. In most studies the number
of normal subjects older than 75 years is small. When
subjects are grouped according to age, the oldest group in
the study is often listed simply as � 74.9 years,19

� 70 years,9-11,16 or 85� years.13 In addition, it is likely
that the relationship of MIP to age is nonlinear, having a
greater negative slope when age exceeds 60 years. Dis-
agreement among studies about this conclusion can be
explained by selection and small numbers of subjects. Some
small studies did not find a significant relationship be-
tween MIP and age in older subjects.34 The larger studies
of older people by Enright et al14 and Wijkstra et al22

found greater negative slopes than those reported for whole
sets of subjects with ages ranging from 20 to 70 or 80 years.
A huge and definitive study reported by Carpenter et al29

was done with cardboard tube mouthpieces held between
the lips on 13,005 subjects age 47–68 years, as part of the
Atherosclerosis Risk in the Community (ARIC) project.
Mean peak MIP at age 55 was above the values obtained
in studies with flange mouthpieces: about 10 cm H2O for
men, and about 6 cm H2O for women. MIP showed very
similar declines with age, of 1.1 cm H2O per year in men,
and 0.9 cm H2O in women. These slopes are greater than
those for populations that run in age from 20 to 60 or
70 years, and close to the values reported by Enright at al14

and Wijkstra et al.22

Table 2. Prediction of Maximal Mouth Pressures in Adults With a
Flanged Mouthpiece

Male MIP reference �
120 – (0.41 � age)

Male MIP LLN �
62 – (0.15 � age)

Male MEP reference �
174 – (0.83 � age)

Male MEP LLN �
117 – (0.83 � age)

Female MIP reference �
108 – (0.61 � age)

Female MIP LLN �
62 – (0.50 � age)

Female MEP reference �
131 – (0.86 � age)

Female MEP LLN �
95 – (0.57 � age)

MIP � maximal inspiratory pressure
LLN � lower limit of normal
MEP � maximal expiratory pressure
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These studies verify that there is a decline in MIP with
age, and that extrapolation of regression lines for MIP
against age in younger populations is not a valid way to
estimate normal values for older people. They provide
reliable values for mean MIP in male and female subjects
for ages up to about 70 years. However, age and sex ac-
count for only a small percentage in the observed variation
between subjects. The ARIC study found that male current
smokers averaged about 10 cm H2O less than never-smok-
ers; that there was a curvilinear relation between body
mass index and MIP, with both low and high body mass
index associated with lower MIP than intermediate values;
and that height was positively correlated with MIP. Even
with these and other factors taken into account, a great
deal of the variance in MIP was left unexplained.

The best available estimates for mean MIP in normal
older people using tube mouthpieces are those reported by
Enright et al as a function of age.14 They had very few
male subjects over 80 years old, however. It is reasonable
to use the age-MIP relations from the ARIC study with a
correction for the bias produced by a different mouthpiece.

Maximal pressures in older subjects seem to depend
more on fitness of the subject than on age per se. Rendas
et al35 studied 2 groups of 25 height, weight, body mass
index, and age matched women, of mean age of 67 years.
The control group was sedentary while the active group
performed aerobic and gymnastic activity. MEP was 23%
higher in the active group, although the difference in MIP
was not statistically significant. Berry et al15 found that
MIP and MEP correlated with hand-grip strength in older
men and women. Watsford et al34 found that older people
with higher fitness, evaluated via a walking performance
test, had better respiratory muscle strength. McConnell
et al,32 in subjects with mean age 70 years, found poor
correlations of maximal pressures with age, height, and
weight, but a strong correlation with habitual physical ac-
tivity. The large ARIC study also showed a strong corre-
lation with physical activity.29

Lower limits of normal are even less well defined for
people over 65 years than for younger ones. McConnell
et al32 give an extensive and thoughtful discussion of the
problem of judging the importance of low MIP values, and
Zeleznik36 offers sound general advice on evaluation of
respiratory function in older people, emphasizing that they
have more variation in physiologic measurement and vary-
ing risk factors for disease.

Maximal Inspiratory Pressure and Maximal
Expiratory Pressure in Different Races

Few studies have looked systematically at racial or eth-
nic differences in mouth pressures. Chinese men in Sin-
gapore had higher MEP than Malays and Indian men, and
probably higher MIP than Malays, while mean MIP was

lower than published values for whites; there were no
differences for women.37 In North America, Carpenter
et al29 found no difference between whites and Afro-
Americans, although they may have missed a small dif-
ference because their large study was not designed to look
specifically at race, and in elderly subjects Enright et al13

found no differences.

Relationship Between Vital Capacity and Respiratory
Muscle Strength

How do VC and respiratory muscle strength interact in
neuromuscular disease? Vincken et al18 studied 2 groups
of neuromuscular patients, one with normal muscles (76–
122% of predicted), as measured via MIP and MEP, and a
second with weak respiratory muscles (16–61% of pre-
dicted) combined with restriction, normal diffusion, and
inspiratory and expiratory flow limitation. The second
group showed a 25% reduction in VC corresponded to a
60% reduction in MIP in neuromuscular patients. De Troyer
et al3 and Estenne et al38 showed similar effects, illustrated
in Figure 6, which illustrates the theoretical normal and
abnormal curvilinear relationships between VC and respi-
ratory muscle weakness (measured via pleural pressure).
However, they emphasized that chronic muscle weakness
is often associated with reduced pulmonary compliance,
which makes VC less insensitive than expected as an in-
dicator of weakness.

Considering disproportionately greater decrements in
MIP than in VC, Demedts et al39 investigated 2 groups
of patients with moderate neuromuscular disease who
had virtually no respiratory complaints. By fluoroscopy,
group A patients had radiologically preserved diaphragm
displacement; group B had a maximal diaphragm displace-
ment of less than 4 cm and generally sluggish movement.
Group A had an average VC of 88% of predicted but MIP
of 57% and MEP of 60% of predicted (from functional
residual capacity [FRC]), while group B showed a some-
what lower average VC of 75% but a very low average
MIP of 46% and MEP of 26% of predicted. They con-
cluded that maximal mouth pressures were disturbed ear-
liest and were the single most sensitive test for respiratory
muscle weakness.

Further decrements in VC and respiratory muscle
strength indicate progressive respiratory dysfunction.
Braun et al40 concluded that patients with uncomplicated
neuromuscular disease are likely to have hypercapnic re-
spiratory failure if MIP is less than 30% of predicted, but
in this situation a VC below 55% of predicted is equally
useful as an indicator.

Technique

The method of doing the tests varies: ATS1 covers
most details of the technique. For optimal results, testers
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need to consider the points in Table 3. A particular
factor affecting results is operator dependence. In the
ARIC study of 13,000 people,29 27 specifically trained
technicians took part, each one testing on average 480
subjects. The mean value of MIP obtained by one tech-
nician varied from 71 cm H2O to 103 cm H2O. (Omit-
ting the lowest as an outlier, the range was still from
82 cm H2O to 103 cm H2O). Not only some outliers, but
also the population means for MIP in series of several
hundred subjects may have been affected by technician
performance. Examples are the 2 papers by Enright
et al,13,14 both with large numbers of subjects in older
age groups. The sample populations are not quite the
same, but are not expected to have different MIP values.
Mean values from the study where the operators were
regular PFT technicians were nevertheless about
12 cm H2O lower than from the one where operators
were specially trained to do MIP. Another example is in
the study by Leech et al21 in young adults that found
much lower pressures than other authors, which is hard
to account for by anything except the operators. In cases
where a low MIP result is important in the clinical
evaluation, a repeat test with a second experienced tech-
nician should be considered. Technicians need to care-
fully judge radical outliers, which need to be eliminated

if the pressure reading showed no gradual increase to
the plateau value, suggesting a sharp peak value.

As part of a PFT or as ordered alone, the MIP and MEP
may be recorded using a portable electronic pressure meter.
As part of a pulmonary neuromuscular test battery, the
MIP and MEP can be done on a recording system with
pressure-time waveforms to optimize validity of measure-
ment.1

Interpretation of Results

Normal and Abnormal Mouth Pressures

1. The normal values and especially the LLN values are
not securely based and should be regarded as rough guides.
This is especially true for people over 70 years of age.

2. Respiratory muscles have many non-respiratory pur-
poses and may be much stronger than needed simply for
respiration. A pressure well below the population mean
– 2 SD may be sufficient to give a normal VC, especially
in young people.

3. Inspiratory pressures are largest at residual volume,
smallest at TLC. The difference between values measured
at residual volume and FRC is relatively small, about 16%.39

This is helpful because patients who are generally weak

Fig. 6. Relationship between percentage vital capacity (VC) and percentage pressure in patients with and without neuromuscular disease.
The solid curve is a theoretical curve with normal pressure-volume relationship, normal chest wall, and uniform inspiratory and expiratory
muscle involvement. The dashed line is a log regression of patients with various neuromuscular diseases. Ppl � pleural pressure. MIP �
maximal inspiratory pressure. FRC � functional residual capacity. NM � neuromuscular disease. Pt � patient. (Based on data from
References 1–4 and 38.)
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cannot get down to predicted residual volume, and so have
their MIP measured from FRC.

4. In muscle weakness, the loss in VC may be more than
expected for a given loss in MIP. There are at least 2
reasons for this: people with chronic weakness develop
some lung stiffness, or loss of compliance, even if they
have no primary lung pathology; they do not get as much
volume for a given negative pleural pressure as normal.
When muscles shorten they lose force through the force-
length relationship. If they have asymmetrical muscle weak-
ness (eg, intercostal but not diaphragm loss), when they
inspire they get paradox (eg, rib cage goes in, diaphragm
descends much more than it would normally for the same
tidal volume) and can therefore lose pressure more rapidly
with increase in volume during inspiration than a normal
subject.

5. Some patients have a muscle disease that affects mainly
endurance. In that case they can get dyspnea or hypoven-
tilation in exercise but have normal results for VC and
MIP.

6. When in doubt, MIP and MEP need to be supple-
mented by additional tests, such as exercise, compliance,
transdiaphragmatic pressure, electromyogram, phrenic-
nerve conduction, and sleep studies.

There are 3 different questions that mouth pressure may
help to answer

Are the respiratory muscles at all weak? For this, ref-
erence should be made to the predicted values for normal
and LLN, as shown in Table 1 and Figures 2 to 5. A useful

rule of thumb is that muscles are probably weak if MIP is
less than 60% of predicted.

Are the muscles weak enough to be responsible for a
low VC? In patients with chronic neuromuscular disease,
male MIP less than 60 cm H2O or female MIP less than
40 cm H2O could be responsible for a VC less than 80%
of predicted. When there is a low VC and a question of
either muscle weakness or restrictive lung disease as a
cause, it should be helpful to measure a lung pressure-
volume curve from FRC to TLC. In normal subjects at
TLC, inspiration is halted, not because the muscles have
reached their maximum effort, but because the lungs just
cannot be expanded any further. This shows up in the
graph of lung volume against the pressure expanding the
lungs, which is mouth pressure minus pleural pressure.
This graph is a curve that ascends steeply from FRC but
flattens out at TLC, with further increases in pressure giv-
ing no further increase in volume. If a patient has TLC
limited by a disease that causes increased lung stiffness,
the lung pressure-volume curve will flatten out at the pa-
tient’s TLC. If the low TLC is caused by weak muscles,
however, the curve will still be rising when the patient
stops at TLC. The problem is failure to make more pres-
sure, rather than lungs that just won’t expand further. In
some diseases, polymyositis, for example, TLC may be
limited by both stiffness of lungs and weakness of respi-
ratory muscles. As well, in chronic neuromuscular disease,
the lungs tend to become somewhat stiffer and contribute
to the loss of TLC and VC (see Fig. 6).

Table 3. Emphases on Technique and Performance With Maximal Inspiratory Pressure and Maximal Expiratory Pressure

Issue Recommendation References

Type of mouthpiece Prefer flange to tube 1, 6, 31
Leak at the mouth Seal with fingers during MEP 24
Glottic closure 2-mm hole in apparatus, and 20–30 cm length 1, figure 1
Volume at which performed MIP from RV, MEP from TLC 1
Duration 1-s plateau in 3–4-s effort 1
Number of efforts Prefer 5 to ATS recommendation of 3 1
Time between efforts 1 min between trials 8-11, 29, 31
Criterion for stopping Highest pressure varying � 20% 1
Operator dependency In-services, coaching technique None
Diurnal variation Not important 41
Order of MIP and MEP MIP trials before MEP 42
Patient position Sitting is safer than standing. Sitting upright is preferred.

If inclined in a bed, record the approximate angle in report.
43

Patient fatigue Wait or rebook with patients with dyspnea during PFT None
MEP cheek “ballooning” Support cheeks with fingers and palms 1

MEP � maximal expiratory pressure
MIP � maximal inspiratory pressure
RV � residual volume
TLC � total lung capacity
ATS � American Thoracic Society
PFT � pulmonary function testing
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Are the muscles weak enough to be responsible for dys-
pnea? Patients with progressive weakness of respiratory
muscles would be expected to develop dyspnea on exer-
tion before muscles became weak enough to limit VC, but
there is no quantitative data from which to draw cutoff
values for this. In patients with sarcoidosis,44 chronic ob-
structive pulmonary disease,45 and general cardiorespira-
tory diseases,46 lower MIP is correlated with reduced ex-
ercise tolerance, but exercise may be limited by endurance
of leg muscles rather than respiratory muscles.

Discussion

Assessment of respiratory muscle function is difficult
and complicated. It begins by examining the patient, with
careful study of how the chest wall moves and which
observable respiratory muscles seem to be active. This is
followed by routine PFTs, MIP, and MEP. Further, more
elaborate or invasive tests that are often needed are not
covered in this review.

Maximum inspiratory and expiratory pressures are sim-
ple to do and a helpful indicator of muscle weakness. They
are also good for repeated testing to follow the course of
disease. Interpretation, as for all PFTs, must be based on
the clinical situation. They measure the combined effect of
all muscles used in the maximal effort, rather than just the
diaphragm in inspiration. In expiration they assess a large
array of muscles, many of which probably do not play an
important role in normal breathing. All of the muscles
used for breathing also serve other functions, and their
strength may depend to a large extent on what is needed
for these functions, rather than for breathing. Patients with
some muscle diseases can have MIP in the normal range
but develop fatigue abnormally rapidly on exercise. Some
patients with MIP below the LLN are just poor performers
of the test, and some have completely normal breathing. A
decision about whether a patient does or does not have
important respiratory muscle weakness cannot reliably be
based on MIP and MEP alone.

All available normal values have been drawn from
normal subjects. Since the pressure developed by respi-
ratory muscles depends on their resting length and me-
chanical advantage, it is bound to be abnormal in pa-
tients with any disease that changes the resting volume
and shape of the ribcage or diaphragm. For this reason,
maximal pressures are of little value for assessing mus-
cle function in these diseases, notably chronic obstruc-
tive pulmonary disease.

If weakness of respiratory muscles is present or sus-
pected, further, more detailed tests can be done. They are
reviewed extensively in the ATS statement1 and are
beyond the scope of this article. Strength and function
of the diaphragm can be assessed separately by mea-
suring transdiaphragmatic pressure by means of pres-

sure sensors placed in the esophagus and stomach. By
stimulating the phrenic nerve, the isolated muscle can
be made to contract, nerve conduction can be assessed,
and the question of patient effort and cooperation can be
bypassed. Participation and coordination of diaphragm,
intercostal, accessory, and abdominal muscles can be
studied by simultaneous measurement of ribcage and
abdominal expansion, along with lung volume and pleu-
ral and abdominal pressures. Exercise testing can ex-
pose problems of pathological fatigability of muscles,
as illustrated in the case study by Voduc et al.47

Summary

The purpose of this paper is to update and amplify the
recommendations of the ATS/ERS task force on respira-
tory muscle testing with respect to MIP and MEP. Based
on a critical review of the literature and amalgamation of
available data, reference equations are proposed for both
mean values and LLN values according to age and sex,
using a flanged mouthpiece. More data on MEP values,
especially female, with a flanged mouthpiece, are needed.
Details of technique are discussed. An approach to inter-
pretation is offered, with particular attention to LLN val-
ues, results in the elderly, and addressing specific clinical
questions. The information should aid optimal implemen-
tation of the findings from evidence-based literature di-
rectly into practice in a pulmonary function laboratory.
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