How many manoeuvres should be done to measure
maximal inspiratory mouth pressure in patients with
chronic airflow obstruction?
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To determine the number of maximal mouth pressure manoeuvres needed to obtain a
reproducible value ofmaximal inspiratory mouth pressure (MIP), we studied 44 patients with chronic
airflow obstruction, with a mean (SD) % predicted FEVy value of 53-9 (25), who were clinically stable.
Maximal inspiratory mouth pressure was determined with an anaeroid manometer during maximal
inspiratory efforts in a quasi static condition at residual volume. All patients performed 20
consecutive maximal inspiratory mouth manoeuvres, each one separated by 30-40 seconds. The

ABSTRACT

mean (SD) values of MIP varied from 71

5 (25-5) cm H20 at the first measurement to 80-1 (27) cm H20
at the last measurement. Maximal values of MIP were usually achieved after nine determinations. It is
concluded that to obtain a reproducible MIP value in patients with chronic airflow obstruction who
are untrained and unexperienced in such manoeuvres a minimum of nine technically acceptable
maximal mouth pressure manoeuvres should be performed.

Introduction
The measurement of maximal inspiratory pressure
generated at the mouth (MIP) is an accepted noninvasive clinical method for evaluating the strength of
respiratory muscles. There is, however, wide variation
in reference normal values,' probably in part due to a
learning effect. In a previous study we evaluated the
learning effect in 10 healthy people and found that the
mean (SEM) for MIP increased from 138 (7-8) to 158
(4 90) cm H20 when repetitive studies of muscular
strength are carried out three times, one day a week,
for six consecutive weeks.6 Although MIP measurement has gained an established place in the management of patients with chronic airflow obstruction,78 it
is not clear how many manoeuvres should be carried
out to achieve a maximal MIP. We have analysed 20
consecutive MIP measurements in 44 patients with
chronic airflow obstruction to determine the minimal
number of MIP manoeuvres necessary to obtain a
maximal value for MIP.

Methods

We studied 44 patients with chronic airflow obstruction (34 male and 10 female) attending our chest clinic.
The mean (SD) age was 55*5 (11-3) years. The patients
selected had clinical and functional evidence of
chronic airflow limitation and were clinically stable at
the time of the study. The spirometric values (mean
(SD), expressed as percentages of the normal values9)
were: FEV, 53-9 (25), forced vital capacity (FVC) 66 5
(17) and FEV,/FVC ratio 50 6 (15). None had been
trained or had carried out maximal mouth pressure
manoeuvres before. Patients with coexisting diseases
were excluded. Maximal inspiratory mouth pressure
was obtained with an anaeroid manometer (inspiratory force meter, model 4101, Boehringer Laboratories, Wynnewood, Pennsylvania) during maximal
inspiratory efforts in a quasi static condition at
residual volume (RV). The manometer range was
± 150 cm H20 with an accuracy ± 3%. It was
calibrated against a water column system every two
weeks during the study and was linear from - 10 to at
least 80 cm H20. All determinations were performed
by the same physician (JAF). Each patient received
Address for reprint requests: Dr J M Montserrat, Canal Servei de exactly the same instructions. The patients inspired
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08036, through a mouthpiece with a small leak (15 mm
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diameter) to prevent the use of buccinator muscles. If
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this manoeuvre was rejected. All patients performed
20 consecutive maximal inspiratory mouth manoeuvres, separated by 30- 40 seconds.
Results are expressed as means with SD or SEM in
parentheses. Two way analysis of variance and
Scheffe's test'" were used to compare results.

Results
mean (SEM) MIP values obtained in the 20
manoeuvres are shown in the figure. The mean (SD)
values of MIP varied from 71 5 (25) cm H,O at the first
determination to 80 1 (27) cm H2O at the last
measurement. Maximal values of MIP were usually
achieved at the ninth or tenth determination. There
were significant intrasubject differences (two way
analysis of variance, F = 2 99, p < 0-05) and

The

significant differences between the highest value (the
20th determination) and the first eight determinations
(Scheffe's test). The difference between the ninth and
the twentieth determinations were not significant.
Discussion

The need to quantify the performance of the respiratory muscles has been highlighted by recent
studies on muscle fatigue and muscle training."-"
There is general agreement that for clinical purposes

MIP is the measure of choice of muscle strength.)

Although some data are available on normal maximal
inspiratory pressure, especially at residual volume
(RV),' little work has been done on the effect of'
learning on MIP determinations. We measured MIP
at RV, following the recommendations of several
authors.'4 Our results show that a minimum of nine
technically acceptable manoeuvres of maximal mouth
pressure manoeuvres are necessary to obtain a
reproducible MIP in untrained and unexperienced
patients with chronic airflow obstruction. Our conclusions differ from those of Black et al,' who studied
normal values of MIP in 120 patients. They tested the
effect of learning in only six individuals over three
consecutive days and found no significant differences
between the mean values on the first day and on the
second and third days. The highest value for MIP on
the third day was less than 10% greater than the value
on the first day in three subjects and was unchanged or
lower in the other three subjects. Black et a! concluded
that the short term learning effect is slight. The limited
number of subjects and manoeuvres used to analyse
the learning effect may explain the discrepancy between these results and ours. Ringquist et al4 studied
normal values of MIP using 10 or more measurements
of MIP, and reported higher maximal pressures than
Black et al and Leech et al,S who used only two and
three measurements respectively to determine their
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