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Introduction

One of the most commonly used methods for diagnosing the 
functional capacity of the respiratory muscles is to measure 
maximal inspiratory mouth pressure (PImax) in the oral cavity 
[1]. This is a simple, reproducible and non-invasive method 
for assessing the strength of respiratory muscles, one that is gen-
erally used to diagnose lung diseases in specialized clinics [2, 3, 
4, 5]. This parameter also corresponds to the ability to generate 
force through the combined, maximal effort of the respiratory 
muscles during a short, almost static contraction throughout 
which the air flow through the air passages remains almost en-
tirely restricted. It bears mentioning that published PImax val-
ues vary greatly depending on such factors as the study popula-
tion, the measurement technique and the test subjects' motiva-
tion [2]. For this reason, it is suggested that each laboratory work 
out its own frame of reference.

The question that interested the authors was to assess the 
influence of endurance training on the functioning of respira-
tory muscles. PImax measurements were taken of representa-
tive groups of female and male athletes with high levels of fit-
ness and many years of training, and the results obtained were 
compared to values obtained for young, non-training but physi-
cally active students from the University of Physical Education. 
The objective of the study was to determine the PImax value 
of highly trained athletes competing in endurance sports and 

of non-training students, as well as to investigate fundamental 
relationships between the value of this index and somatic in-
dices and training experience. An important aspect of the study 
was to determine the reproducibility of the method for measur-
ing PImax index.

Material and methods

Tests were conducted on 78 women (45 training and 33 non-
training) and 156 men (80 training and 76 non-training), or a to-
tal of 234 people. The test subjects are characterized in table 1. 
The groups of non-training individuals consisted of healthy stu-
dents at the University of Physical Education, while the training 
groups consisted of male and female athletes, ranging in cate-
gory from junior to senior, and primarily participating in en-
durance sports: biathlon, kayaking, rowing, swimming and team 
sports. In the groups of non-training male and female students, 
12 of the 109 subjects (11%) smoked cigarettes. The test subjects 
had no previous experience in taking spirometric measure-
ments, and immediately prior to the study they were briefed on 
the measurement procedure and study methodology. In a group 
of 59 women and men (training and non-training) the study was 
conducted a second time within 5-7 days under the same labo-
ratory conditions and at the same time of day. The measure-
ments were all taken by the same technician.
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The measurements were carried out using the electronic 
equipment supplied with the Lungtest 1000 computer software 
(MES, Krakow, Poland) capable of transmitting the pressure 
from the site of the measurement (the mouthpiece) to the pres-
sure sensors.

Anthropometric measurements
Body height and mass were determined using conventional 

methods. Body composition (body fat and lean body mass) were 
only measured for non-training male and female students using 
bioimpedence analysis (BIA) with the aid of BC-418 MA analyz-
ers produced by Tanita (Japan).

Statistical calculations
The results were subject to statistical analysis, calculating: 

the mean values of the examined characteristics, standard de-
viation (SD) and total error (TE).

In assessing whether the distribution of the examined vari-
ables conforms to normal distribution, the Shapiro-Wilk test 
was applied. The degree of dependence between the variables 
was assessed based on calculations of Pearson product-moment 
correlation coefficients. In cases where the distributions of the 
variables deviated significantly from normal distribution, Spear-
man's rank correlation coefficients were calculated. The sig-
nificance of the differences between the means was assessed 
using Student's t-test (for dependent and independent samples). 
In con-ducting the statistical analysis, the value of p<0.05 was 
defined as significant.

Calculations and statistical analysis were conducted using 
the following computer programs: Statistica v. 8.0 (StatSoft) and 
Excel 2007 (Microsoft Office).

Results

No statistically significant differences were observed be-
tween the first and second measurements taken 5-7 days apart 
for: PImax, inspiration time, active time, passive time and di-
aphragm relaxation time, which shows that the method is re-
producible (tab. 2). In all cases, analysis of the correlation coef-
ficients for the aforementioned spirometric indices indicated 
statistically significant dependencies between the first and sec-
ond test, along with relatively differentiated relative total error 
(between 11.1 and 24.3%).

The measurements made it possible, above all, to specify ref-
erence ranges for PImax, assuming an average range for the 
arithmetic mean of ± ½ SD (tab. 3). The PImax values obtained 
for male and female athletes were significantly higher than corre-
sponding values registered for non-training male and female 
students.

The subjects agreed to participate in the study, and the study 
program was approved by the Senate Ethics Committee for 
Scientific Research of the Józef Pi³sudski University of Physical 
Education in Warsaw and the Research Ethics Committee of the 
Institute of Sport in Warsaw.

Measurement of maximal inspiratory mouth pressure 
(PImax)
PImax was measured based on a procedure that has already 

been described by other authors [2, 5, 6, 7]. A minimum of 10 
and a maximum of 15 technically satisfactory inspirations are 
performed. The three highest measurements exhibiting no more 
than 5% variability are designated as the maximum. The initial 
positioning of the respiratory muscles was controlled by begin-
ning each effort from residual volume (RV). All of the actions 
were performed from a standing position. The subjects were 
verbally encouraged to make a maximum effort, and they ob-
tained feedback information on a monitor screen (visual feed-
back) concerning the inspiratory pressure of each attempt (fig. 
1). The following were registered:

- active time (Tactive) – segment on the time axis between 
the point of intersection of the tangents indicated on the 
time axis and the intersection of the tangent and the axis 
on the rising portion of the graph),

- passive time (Tpassive) – segment on the time axis be-
tween the point of intersection of the tangents indicated 
on the time axis and the intersection of the tangent and 
the axis on the falling portion of the graph),

- inspiration time (Tin),
- respiratory muscle relaxation time (tD), defined as the 

time it takes for the pressure to fall from its highest value 
(PImax) to zero (PIo). Points PImax and PIo are calcu-
lated from the tangent to the middle segment (50-80%) 
of the relaxation time curve [8].
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21.8±1.5
Non-training

female students

Table 1. Characterization of male and female test subjects 
(mean ± SD), total n=234

167±533

Group N

59.5±7.3 21.3±2.4 –

Age
 (years)

Body height
 (cm)

Body mass
 (kg)

BMI
2 (kg/m )

Training
experience 

 (years)

21.0±3.7

22.3±1.9

24.1±3.7

Female
athletes

Non-training
male students

Male
athletes

172±8

180±6

184±8

45

76

80

66.0±9.4

77.1±9.9

82.6±11.3

22.2±2.0

23.7±2.5

24.3±2.4

–

7.7±4.5

10.5±4.2

102±33

599±159

260±72

215±75

115±25

PImax (cm H O)2

Tin (ms)

Tactive (ms)

Tpassive (ms)

tD (ms)

Table 2. Values of maximal inspiratory mouth pressure (PImax), 
inspiration time (Tin), active time (Tactive), passive time (Tpassive), 
diaphragm relaxation time (tD), correlation coefficient (R), 
total error (TE) and relative total error (TE, %) in studies repeated 
among women and men (n=59)

Variable/Test

NS
 – insignificant statistical differences between 1 and 2 (p>0.05),

* – significance of the correlation coefficient (p<0.001).

Test 1
NS104±30

571±162

245±80

208±72

111±21

NS

NS

NS

NS

0.94*

0.77*

0.67*

0.83*

0.70*

11.3

111

63

42

19

11.1

18.5

24.3

19.7

16.1
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Figure 1. Curve indicating changes in inspiratory pressure during 
an vigorous inspiration with characteristic measuring points



With regard to dependencies between PImax values and 
somatic indices, significant correlation indexes were noted 
among women (students) and between PImax and height 
(r=0.38), body mass (r=0.39) and lean body mass (r=0.46). 
However, in the group of men, PImax correlated significantly to 
body mass (r=0.32), BMI (r=0.39) (athletes) and lean body 
mass (r=0.23) (students), (tab. 4).

Discussion

One of the most significant problems involved in intro-
ducing a new measurement method into the laboratory is as-
sessing its reproducibility. In the literature on the subject, there 
are not many studies on the reproducibility of non-invasive 
measurements of the functioning of respiratory muscles. Romer 
et al. [7] obtained high reproducibility for non-invasive mea-
surements of maximal inspiratory pressure (MIP) and maximal 
expiratory pressure (MEP), expressed in terms of the agreement 
ratios ranged from 1.05 to 1.06. Comparably high reproducibil-
ity for measurements of maximal inspiratory mouth pressure 
(PImax) and maximal expiratory mouth pressure (PEmax) were 
obtained by McConnell and Copestake [9], with reproducibility 
coefficients of 10.2 and 12.8%, respectively. It should be em-
phasized that two factors exerted a large influence on the mea-
surements: how skillfully the personnel conducted the test and 
how motivated the test subject was [10]. Tests conducted by the 
authors to evaluate the reproducibility of measurements of se-

lected spirometric indices confirmed the reliability of the ap-
plied methodology. No statistically significant differences were 
found between the repeated measurements, and high values 
were noted for correlation coefficients between the first and 
second measurement. It bears mentioning that total error was at 
its highest for active time (24.3%), and at its lowest for PImax 
(11.1%). This is probably because the test subject has more of 
a chance to influence how this measurement is taken than to 
influence the value of maximal inspiratory mouth pressure 
itself, for which the differences between the mean values of the 
two measurements was 2%. The relative total error values for 
the remaining indices (Tin, Tpassive and tD), which greatly ex-
ceeded 10%, confirm the relatively high variability of the values 
obtained from repeated spirometric measurements (tab. 2).

In studies devoted to mechanisms influencing respiratory 
muscle fatigue among patients, particular attention is paid to 
the diaphragm [11, 12]. Thus, the Institute of Tuberculosis and 
Lung Diseases developed a computerized method for analyzing 
diaphragm relaxation time – an important aspect of patient di-
agnosis. During diaphragm relaxation time, the muscle returns 
to its initial length and tension. This phase plays a fundamental 
role in the perfusion of blood through the muscle. The mecha-
nism responsible for slowing relaxation after fatigue has set in 
seems to be the reduced tempo of calcium influx into the sar-
coplasmic reticulum and the distribution of the lateral bridges 
[12]. In the authors' own tests mentioned above, the diaphragm 
relaxation time was 115±25 ms for the first measurement and 
underwent an insignificant reduction of 3.5% for the second 
measurement. It is assumed that under normal conditions this 
time varies between 60 and 120 ms and grows longer propor-
tionate to the degree of diaphragm muscle fatigue. Assessing 
the suitability of the measurement of diaphragm relaxation time 
for healthy individuals after intense physical exertion remains 
an open question.

The goal of the authors' own tests, apart from verifying 
the reproducibility of the method used to measure PImax, was 
to determine reference values for this index for persons of both 
sexes at different training levels (tab. 3). In conducting the tests, 
the characteristic in question was given in terms of three levels: 
low, average and high. For the average level, an arithmetic mean 
of ±0.5 SD was assumed. The collected data confirmed ear-
lier observations [2], i.e. a significantly higher PImax value 
among athletes as compared to non-training individuals. In 
other studies, Fuso et al. [6] indicate that measuring respiratory 
muscle strength from functional residual capacity (PImaxFRC) 
is more diagnostic in distinguishing non-training individuals 
from athletes than the most common method: measuring from 
the initial position of respiratory muscles from residual volume 
(PImaxRV). Adding gender to the equation, studies by Haut-
manna et al. [10] involving large groups of women and men 
(total n=504) between the ages of 18 and 82 yielded a mean 
PImax value for women that was 25% lower than for men 
(p<0.001) [10].

The PImax value for male and female students obtained 
from the authors' tests was around 20% lower (tab. 5) as com-
pared to data from the literature for non-training individuals 
[10, 13, 14]. For athletes, the authors provide more differen-
tiated values, from 104 to 130 cm H O among female athletes [2, 2

15] and from 100 to 158 cm H O among male athletes [3, 6, 16, 2

17]. However, the authors' own data, 113±25 and 141±29 cm 
H O, respectively, fit within the scope in question and ap-2

proximated (women) or exceeded (men) mean interval values. 
Among female students, PImax values were 68% of the values 
for groups of male students, while female athletes measured 
80% of the values for male athletes.
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72±18
Non-training

female students

Table 3. Value of maximal inspiratory mouth pressure (PImax) 
registered in test groups of non-training and training women 
and men (mean ± SD)

≤ 6233 63-81 ≥ 82

Mean±SD

PImax (cm H O)2

113±25*

106±24

141±29*

Female
athletes

Non-training
male students

Male
athletes

≤ 99

≤ 93

≤ 125

45

76

80

100-126

94-118

126-156

≥ 127

≥ 119

≥ 157

Group N
Low Average High

* – statistically significant difference (p<0.001) between non-training and training 
subjects, Student's t-test.

Body height (cm)

Body mass (kg)
2BMI (kg/m )

Body fat (kg)

Lean body mass (kg)

Training experience (years)

Table 4. Values of correlation coefficients between maximal 
inspiratory mouth pressure (PImax) and somatic indices and training 
experience registered for groups of non-training male and female 
students and male and female athletes

* – significance of correlation coefficients p<0.05.

Female
students
(n=33)

Male
students
(n=76)

Female
athletes
(n=45)

Male
athletes
(n=80)

PImax (cm H O)2

0.38*

0.39*

0.24

0.27

0.46*

-

0.05

0.18

0.19

0.08

0.23*

-

0.10

-0.01

-0.14

-0.05

-

-

0.09

0.32*

0.39*

-

-

-0.09



Also noteworthy are the considerable inter-group variations 
between PImax values, in groups of both male students and 
male athletes (fig. 2). Minimal values in these groups were al-
most three times lower than maximum values, and the coeffi-
cient of variation was from 21 to 26%, respectively. As Haut-
mann et al. [10] point out, most publications state that the index 
in question exhibits high interindividual variability. In the 
opinion of McConnell et al. [16], individuals with low PImax 
values exhibit greater susceptibility to respiratory muscle fa-
tigue under exertion. In order to improve the strength (power) 
of this group of muscles, it is essential to conduct separate, spe-
cific training with the use of special equipment that increases 
inspiratory resistance, as numerous studies have confirmed [3, 
4, 15, 17, 18, 19].

A no less important problem is to analyze factors that influ-
ence the strength of respiratory muscles. Unfortunately, in the 
study presented here, no measurements were made of body 
composition in athletes, and the dependencies asserted be-
tween PImax and the analyzed indices (height and body mass, 
BMI) were not unequivocal (tab. 4). Among female students, 
a significant positive correlation was observed between PImax 
and variables characterizing body size (height and body mass) 

as well as lean body mass. However, these dependencies were 
not observed for female athletes. In groups of male students 
and athletes, only athletes exhibited a dependency of PImax 
on body mass and BMI. This significant positive dependency 
of BMI among male athletes may suggest the existence of a con-
nection between respiratory muscle strength and overall mus-
cle mass. This is a result of the fact that the male athletes en-
gaging in endurance disciplines generally have low body fat 
(8-14%), and the higher BMI values among subjects were most 
likely attributable to increases in active tissue due to years of 
training (tab. 1). The abovementioned dependencies indicate 
that respiratory muscle strength among women and men may 
be connected to body size. German authors, too [10], in a study 
of 256 female and 248 male non-athletes, confirmed the exis-
tence of strong dependencies between PImax and height, body 
mass and BMI, as well as forced expiratory volume in 1 second 
(FEV ), peak expiratory flow (PEF), and forced vital capacity 1

(FVC). The strongest correlation occurred in connection with 
gender and age. In other studies involving groups of non-train-
ing individuals numbering in the thousands, the positive pre-
dictors of maximal inspiratory pressure (MIP) were male gen-
der, forced vital capacity (FVC), hand grip strength and a high 
level of lean body mass [20]. However, a negative connection 
was asserted for age, cigarette smoking, a poor declared state 
of health and waistline.

In contrast to the above data, McConnel et al. [16], in con-
ducting measurements on moderately trained men, observed 
no significant correlations between PImax values and VO max, 2

height and body mass. Nor were correlations between PImax 
and test subjects' physical characteristics found to be signifi-
cant in other studies of healthy, non-training individuals [9]. 
As the aforementioned authors point out, respiratory muscle 
strength is conditioned by a multi-factor complex, in contradis-
tinction to the individual dependencies connected with age and 
somatic features, with consideration given to the strong influ-
ence exerted by physical activity.

Contrary to expectations, the correlation coefficients for 
PImax and training experience observed in the authors' study 
were not statistically significant, which may indicate that en-
durance training among highly trained individuals presumably 
does not influence the subsequent development of respiratory 
muscle strength, which has also been confirmed in other stud-
ies [2].
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Table 5. Values of maximal inspiratory mouth pressure (PImax) registered in groups of non-training individuals and groups of athletes 
from various athletic disciplines (modified after [2])

Author

123±25

135±33

107±24

106±24

158±29

114±32

102±6 E

100±6 C

E – test group, C – control group, UPE – University of Physical Education.

16-30

20-29

18-30

19-26

23±2.8

23±3

29.5±3.3 E

30.3±2.6 C

Age
(years) PImax (cm H O)2 PImax (cm H O)2N N

MenWomen
Group

Chen i Ching-Su [1989]

Fiz et al. [1998]

Hautmann  [2000]

Authors' study

McConnell et al. [1997]

Fuso et al. [1996]

et al.

Klusiewicz et al. [2008]

Klusiewicz [2008]

Authors' study

Romer et al. [2002]

Volianitis et al. [2001] 23.8±3.8

24.8±3.2

17-34

17-34

UPE Students

Moderately trained individuals

Elite footballers

Non-training individuals

Elite male rowers

Athletes engaged in endurance sports

Athletes involved primarily in endurance sports

Cyclists and triathletes

Elite female rowers

20

10

41

33

30

45

89±14

90±26

81±22

72±18

104±8 E

130±12 C
14

118±24

113±25

20

10

56

76

24

27

16

15

35

80

157±23

143±25

141±29

220

200

180

160

140

120

100

80

60

40

20
FS MSFA MA

Median        25%-75%       Min-Maks

PI
m

ax
 (c

m
 H

O
)

2

Figure 2. Characterization of maximal inspiratory mouth pressure 
(PImax) in study groups of non-training and training women and men 

(FS – female students n=33, FA – female athletes n=45, MS – male 
students n=76, MA – male athletes n=80)



Conclusions

Measurements taken of indexes for maximal, static mouth 
pressure (PImax) using apparatus produced by MES Sp. z o.o. 
were comparable to data in the literature and were confirmed 
as highly reproducible among healthy, adult women and men. 
The PImax reference values obtained from the study may be 
useful as a reference when distinguishing among test subjects 
for whom separate, specific training of respiratory muscles is ad-
visable. PImax values, regardless of gender, indicate a stronger 
dependence on body size and lean body mass than on training.
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