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Inspiratory muscle force in normal subjects and
patients with interstitial lung disease
ANDRE DE TROYER AND JEAN-CLAUDE YERNAULT
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ABSTRACT Measurements of the lowest mouth pressures developed during maximum static
inspiratory efforts are related to the recoil force of the lung and occasionally are influenced by
glottic closure. The measurement of minimal pleural pressures (P pl min) over the entire range o

inspiratory capacity eliminates both problems and, in addition, provides a good estimate of the
subject's cooperation. Using this technique, we have investigated the inspiratory muscle force in 120
healthy adults (60 men, 60 women) aged 21 to 76 years, and 15 healthy children (eight boys, seven

girls) aged7to 13 years. Twelve patients withinterstitial lungdiseasewere studied for comparison. In the
healthy adults, at any fixed (fractional) lung volume, P pl min increased, that is, became less negative
with advancing age, both in males and females (all r > 0.56, p < 0.001). This pattern was not modified
after correction of the data for the static recoil pressure of the chest wall, indicating that the inspira-
tory muscle force actually decreases with age. In any age group, and after correction of lung volume
for the difference in stature, the P pl min values in women were between 80 and 90% of the values
found in men; moreover the children generated pressures that were as low as those developed by the
younger adults. This is probably because women and children have a smaller thorax than men and
are therefore able to generate low pressures despite weaker muscles. When the reduction in lung
volume was taken into account, the relationship between lung volume and P pl min was normal in the
patients with interstitial lung disease. These patients showed a close relationship between the degree
of lung volume restriction and the increase of the static recoil pressure of the lung at full inflation,
suggesting that their thorax is normally compliant. It appears therefore that these patients have
normal inspiratory muscle force, at least when they are not in an advanced stage of the disease.

Respiratory muscle weakness is a recognised
consequence of myopathic diseases. In the last two
decades measurements of maximal static mouth
pressures have proved useful in establishing the
existence of respiratory muscle involvement in
myopathic patients and in quantifying the degree
of involvement. Although maximal airway pressures
give some idea as to the total effect of the respiratory
muscles, glottic closure is a problem that often
occurs and gives misleading results,' and the intro-
duction of a small air leak at the mouth does not
suppress completely the possibility of developing
substantial pressure with the cheeks. A second
problem, that may be of importance when dealing
with patients who have very reduced or clearly
increased transpulmonary pressure as a result of
lung disease, arises from the fact that the recoil
force of the lung contributes to the maximum

Address for reprint requests: Dr A De Troyer, Chest Service, Erasme
University Hospital, 808 Route de Lennick, 1070 Brussels, Belgium.

static mouth pressures. For these reasons, evalu-
ation of respiratory muscle force using maximum
static airway pressures occasionally will be approxi-
mate. Measurement of oesophageal rather than
mouth pressures developed during maximum static
respiratory efforts, although requiring the patient
to swallow a tube, eliminates both problems.

Using this technique, we examined a large group
of healthy adults and children of both sexes, in
order to establish prediction equations and evaluate
the influence of age, sex, and height upon the
inspiratory muscle force. We also studied a group
of patients with interstitial lung disease to define
the impact of a large reduction in lung size on the
inspiratory muscle force and its relationship with
the lung retractive properties.

Principles

The static mechanical properties of the normal
92

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.35.2.92 on 1 F

ebruary 1980. D
ow

nloaded from
 

http://thorax.bmj.com/


Inspiratory muscle force in normal subjects and patients with interstitial lung disease

100

Maximum
inspirciten l/

40 1 FRC

-100 50 0 * 50
(cm H20)

Fig 1 Static pressure-volume relationship of lungs (L),
chest wall (W), and total respiratory system (RS) above
FRC in a sitting, awake, subject. The solid lines in the
left part of the diagram represent the volume-mouth
pressure (Pm) and the volume-pleural pressure (Ppl)
curves obtained during maximum static inspiratory
efforts. The broken line (Pmus) indicates the pressure
contributed by the muscles.

respiratory system during voluntary relaxation and
maximum inspiratory effort have been well docu-
mented.2 3 If the respiratory muscles are completely
relaxed against a closed shutter, the pressure
measured at the mouth, Pm, at any lung volume is
the sum of the static recoil pressures of the lungs
(Pst(L)) and of the chest wall (Pst(W)), or

[Pm=Pst(L) +Pst(W)=Pst(RS)] (1)

where Pst(RS) is the static transrespiratory pressure.
Figure 1 represents the normal pressure-volume
behaviour of lungs (L), chest wall (W), and total
respiratory system (RS) in a sitting awake subject.
In this diagram, and in the following equations,
all pressures are expressed relative to the pressure
at the body surface, Pb.
As the lungs and chest wall are in series with one

another, the total pressure required to displace the
respiratory system is the sum of the pressures acting
across the lungs and chest wall. So that, during
voluntary maximum inspiratory efforts exerted
against a closed shutter (there is no gas flow and
thus, no change in lung volume), the change in
mouth pressure is equal to the transrespiratory
pressure of the relaxed system plus the net pressure
exerted by the contraction of the respiratory muscles
(P mus):

[Pm=Pst(RS) +Pmus =Pst(L) +Pst(W) +Pmus] (2)

During the same maximum inspiratory effort, the

change in pleural pressure (Ppl) relative to Pb
will be:

[Ppl (-Pb) =Pst(W) +Pmus] (3)

and the difference between Pm and Ppl is the static
recoil pressure of the lung, or

[Pm=Ppl+Pst(L)] (4)

In the left part of fig 1, the solid lines represent the
volume-mouth pressure and the volume-pleural
pressure relationships of the system during maximum
static inspiratory efforts. The horizontal distance
between these two curves is the static recoil pressure
of the lung, and the horizontal distance between
the volume-pleural pressure curve and the volume-
pressure curve of the relaxed chest wall (W) gives
the net pressure exerted by the inspiratory muscles
(broken line-Pmus). Thus the minimal (greatest
negative) pleural pressure (P pl min) developed
during a maximum static inspiratory effort will be
independent of the static recoil pressure of the lung
at the volume at which the manoeuvre is performed,
and it will depend only on the net pressure exerted
by the contraction of the muscles and on the static
recoil pressure of the relaxed chest wall.

It must be emphasised that mouth and pleural
pressures during maximal static inspiratory efforts
are subatmospheric and thus, negative in sign. In
this paper, all the pressures will be expressed
with their proper sign-for example, a fall in
inspiratory muscle force will be reflected by an
increase in P pl min.

Subjects and methods

The study was performed on 120 healthy adults
(60 men, 60 women), 21 to 76 years of age, 15
healthy children (eight boys, seven girls), 7 to 13
years of age, and 12 patients with diffuse interstitial
lung disease.
The healthy subjects were recruited from people

working in the hospital or their relatives; all of
them were lifelong non-smokers and were free from
respiratory or cardiac disease. They were sub-
divided into 12 groups according to sex and age.
The number of individuals in each group, their
average age, height, and lung volumes are shown
in table 1. Among the 120 adults, there were about
10 men and 10 women in each decade from 30 to
60 years and in a group of subjects older than
60 years in which the oldest man was 75 years old
and the oldest woman 76. Only four of the
subjects (all young men) were trained in respiratory
manoeuvres, and none was an athlete.
Of the 12 patients with interstitial lung disease
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Table 1 Sex, age, height, and lung volumes (mean ± SD) in the 135 normal subjects studied

Age group Sex Number of subiects Age (yr) Height (cm) Vital capacity Total lung capacity
(yr)
7-13 M 8 9-6+1-5 133±9 2-26±0-50 2-93±0-65

F 7 9-6±2-3 138±16 2-24±0-75 3-06±1-06
20-29 M 20 26-3±2-4 176±9 5-65±1-16 7-84±1-58

F 20 25-1±2-3 164±6 3-95±0-64 5-66±0-77
30-39 M 10 35-8±2-7 177±8 5-52±0-76 7-94±1-27

F 9 35-6±3.4 163±7 4-12±0*60 6-26±1-07
40-49 M 10 45-8±2-0 175±8 4-95±0-73 7-33±0-90

F 10 46-0±2-4 159±8 3-43±0-49 5-61±0-93
50-59 M 10 55-4±2-7 176±7 5-000-83 7-81 ±0-76

F 11 54-7±2-8 159±8 3-27±0-45 5-20±0-51
> 60 M 10 66-0±4-5 173±6 3-94±0-45 7-01±0-79

F 10 68-2±5-3 156±6 2-53±0-34 4-91 ±0-88

who were investigated, seven had sarcoidosis and
extensive pulmonary involvement; two patients
had longstanding asbestosis and pulmonary fibrosis
but did not show any evidence of pleural involve-
ment on chest radiographs; the three other patients
had pulmonary fibrosis caused by scleroderma
(two cases) and pigeon breeder's disease (one case).
In each case, the diagnosis rested upon clinical,
radiological, and histological data. There were
seven men and five women, with a mean (±SD)
age of 47-0+12-4 years. The main pulmonary
function data are given in table 2. The patients had
clear restrictive ventilatory impairment, with VC
62-7% of predicted, and TLC 75-4% of predicted.
At the time they were investigated, all these patients
were in a chronically stable state. They were
moderately disabled, and most of them had only
mild dyspnoea on exertion. All subjects gave
informed consent to the studies.

All the measurements were carried out with the
subject in the sitting position. The static lung volumes,
including the functional residual capacity (FRC),
and maximum expiratory flow-volume curves were
obtained in a constant volume plethysmograph.
Expiratory pressure-volume (PV) curves of the lung
were obtained by a quasi-static method5 6 with an
oesophageal latex balloon (length 10 cm; perimeter

Table 2 Mainpulmonary function data in 12patients
with interstitial lung disease

Subjects VC FRC TLC FEVs-o/VC Pst(L) at TLC
(1) (1) (1) (%) (cm H20)

Patients
Mean 2-86 2-97 4 79 73 0 51-2
SE 0-23 028 0*45 2-8 4 5

Predicted
Mean 4 56 3-32 635 >70 29-0
SE 0 30 0-21 0-34 - 1-0

The predicted values for lung volumes are those of Amrein et a14;
predicted values for static recoil pressure of the lung (Pst(L) ) are
derived from measurements performed in the 120 healthy adults
reported in the present study.

3*5 cm; air volume 02-0-4 ml) introduced via the
nose into the oesophagus. A marker was placed on
the polyethylene tubing exactly 42 cm from the
balloon tip and balloon adjustment began when
this marker appeared at the external nares. Record-
ing of the curves was preceded by three full in-
flations to assure a constant volume history. Lung
volume was plotted against transpulmonary pressure
on a direct-writing X-Y recorder. Several PV
curves were performed in each subject and a line of
best fit was drawn by eye through at least three
sets of PV data that agreed to ±1 cm H20. The
static recoil pressure of the lung (Pst (L)) was
measured at various percentages of TLC which was
calculated by adding to FRC the mean inspiratory
capacity measured during the X-Y recording of the
PV curves. The same technique was used for
obtaining expiratory PV curves in the children of
the present study, except for the distance between
balloon tip and nares.7
Minimal (negative) pleural pressures (Pplmin)

were obtained by repeated measurements at various
lung volumes while the subject, seated outside the
body plethysmograph, attempted maximum inspira-
tory efforts against a closed shutter. The pressure
transducer was calibrated with a mercury mano-
meter; it was linear to minus 130cm H20 inspiratory
pressure. A conventional mouthpiece and noseclip
were used, and pressures sustained for one second
were recorded. At least 15 maximal efforts were
recorded on each subject at different lung volumes
between the resting level (FRC) and TLC, and at
each level of lung volume the lowest recorded value
was used to construct a curve ofP pl min against lung
volume.
A tracing obtained in a 28-year-old man is shown

in fig 2. As illustrated in this graph, P plmin was
lower than transpulmonary pressure at TLC in
most of the subjects. This could appear somewhat
surprising, since P mouth at TLC must be zero.
The difference between P pl min and Pst (L) at TLC
is explained by the way both measurements are
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"V.Fig 2 Recordings of lung recoil pressure (Pst (L))
(quasi-static method) and of the mirror image of minimal
pleural pressures (Ppl min) versus lung volume in a
healthy 28-year-old man.

performed: Pst (L) at TLC is that value of trans-
pulmonary pressure sustained for several seconds
breath-holding at full inflation, whereas P pl min is a
peak pressure. Also shown in the figure is the fact
that the volume-P pl min diagram was curvilinear in
each subject: the shape was close to a parabola with
its vertex between 50 and 60% TLC. To render
comparisons between different individuals possible,
the volume was expressed as a percentage of TLC.

Results

NORMAL SUBJECTS
In no age group and at no given lung volume was
there any significant difference in Pst (L) between
males and females; therefore no differentiation
between men and women was made in the analysis
of Pst (L) data. Lung recoil pressures, measured at
fixed percentages of TLC, decreased significantly
with age. The regression coefficients, constants,
correlation coefficients, and standard errors of all
lung volumes examined are given in table 3. Pressure
was found to decrease with advancing age, more
markedly so at higher lung volumes.

Table 3 Statistical analysis of elastic recoil pressure
of the lungs at various levels of total lung capacity
versus age in 120 subjects aged 21-76 years

y a b SEE r

Pst(L) 100%TLC 41-80 -0-271 587 0 59
Pst(L) 90%TLC 20-27 -0 132 2-51 0 64
Pst(L) 80% TLC 15 40 -0115 1 99 0.67
Pst(L) 70%TLC 12 08 -0 103 1 72 0-68
Pst(L) 60% TLC 9 00 -0-084 1 57 0-64
Pst(L) 50% TLC 6-24 -0 064 1 46 0 52

a, b =coefficients in regression equations of the type y =a + bx,
where y is the measurement and x is age in yr; r=correlation
coefficient of measured variable versus age; all values are significant
at p < 0.001; SEE=one standard error of the estimate; Pst(L) is
given in cm H20.

20
Pressure ( cm H20)

40 60 80 100

Fig 3 Curves of lung recoil pressure (Pst (L)) and of the
mirror image ofminimal pleural pressure (Ppl min) versus
lung volume, expressed as a percentage of total lung
capacity (TLC), in normal subjects aged 20-29 years.
Closed symbols are mean values obtained in 20 men;
open symbols are average values obtained in 20 women
Bars indicate + I SEM.

During maximum static inspiratory efforts,
women developed on the average pressures that were
slightly less negative than those generated by men of
equivalent age. For the sake of illustration, the data
obtained in the 20-29 yr age groups are shown in
fig 3. At any fixed (fractional) lung volume, the
minimal (negative) pleural pressure was higher in
women than in men, more markedly so at lower than
at higher lung volumes. When expressed in that way,
there was no difference in P pl min values at TLC
between the two sexes. The results obtained after
correction of lung volume for the difference in
stature (TLC/height3) between males and females
are shown in fig 4. The right part of the diagram
presents the PV curves of the lung (solid lines)
obtained in the young males (closed circles) and
young females (open circles), and the chest-wall
PV curves. These latter, indicated as dashed lines,
are conjectural, in the sense that we haveassumed
that men and women of equivalent age have a
similar PV relationship of the chest wall. In the left
part of the diagram, are shown the volume-P pl min
curves obtained in the two groups of subjects (solid
lines). The heavy dashed lines are the corresponding
volume-P mus relationships, calculated for each
group as the horizontal distance between the
volume-P pl min and the chest wall PV curves
(equation 3). It appears evident from this graph
that, when the difference in stature between the
two sexes is taken into account, the volume-P mus
relationship has a parallel shape in men and in
women; at any comparable lung volume, P mus in
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Fig 4 Same data as in fig 3, with lung volume
corrected for the difference in stature (TLC/height3)
between men and women. In the right part of the graph,
are given the static pressure-volume curves of the lungs
(solid lines-L) and of the chest wall (dashed lines- W).
The solid lines in the left part of the diagram represent
the volume-pleural pressure (Ppl min) curves obtained
during maximum static inspiratory efforts. The heavy
dashed lines (Pmus) indicate the net pressure exerted by
the inspiratory muscles at the different lung volumes.
Closed circles are values ofyoung men; open circles are
values ofyoung women. See text for further
explanation.

young women is 85-90% of P mus in young men.
The same analysis may be applied to the various age
groups of this study: it shows that, in any age
group, and after the lung volume has been corrected
for the difference in stature, women developed P mus
between 80-90% of the values obtained in men.

Table 4 Statistical analysis of minimal pleural
pressure at various levels of total lung capacity versus
age in 120 subjects aged 21-76 years

y a b SEE r

Males
-P p1 min 100% TLC 57 20 -0 44 8-29 0-63
-P pl min 90% TLC 83-32 -0 59 10.54 0-65
-P pl min 80% TLC 100-56 -0-68 13-41 0-61
-P p1 min 70% TLC 110-28 -0 70 14-94 0 57
-P pl min 60% TLC 118-32 -0 74 15-85 0-58
-P pi min 50% TLC 122-21 -0-76 17-00 0-56

Females
-P p1 min 100% TLC 54-06 -0-41 7-13 0-68
-Pplmin 90% TLC 71-03 -0-46 9-08 0-64
-Ppl min 80%/TLC 82-69 -0 51 10-18 0-63
-P p1 min 70% TLC 92-17 -057 11-29 0-64
-P pi min 60% TLC 99-90 -0-64 12-71 0-63
-P pl min 50% TLC 102-77 -0-64 13-98 0-60

a, b=coefficients in regression equations of the type y=a+bx,
where y is the measurement and x is age in yr; r=correlation
coefficient of measured variable versus age; all values are significant
at p < 0.001; SEE=one standard error of the estimate; P pl min is

given in cm H20.
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Fig 5 Effect of age on minimal pleural pressure at 90%
(upper panel) and 60% (lower panel) ofTLC in 60
normal men. Full and dashed lines represent regression
equations and + 1 SEE. Also plotted are the data
obtained in eight boys, 7-12 years of age.

Because of this difference, P pl min values were

analysed separately for men and women. All minimal
pleural pressures correlated positively and signifi-
cantly with age, both in males and females (table 4
figs 5, 6). The increase in P pl min with age was more
marked at lower lung volumes. A parabolic
regression line was also determined, but this did not
result in less residual variance than that obtained
from the linear regression. In no agegroup, inneither
sex, and at no given lung volume, were P pl min
values correlated with height.

Since the children studied here represented a

small sample and also a limited range of age, we

have not attempted to derive prediction equations
and to study the evolution ofP pl min during growth.
However it may be seen in figs 5 and 6 that the boys
and girls of our series generated pressures that were
as low as those developed by the younger men and
women, respectively.

PATIENTS WITH LUNG VOLUME RESTRICTION

Static lung recoil pressure at full inflation was clearly
increased in eight of the 12 patients with interstitial
lung disease. The mean (+SEM) observed value for
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Fig 6 Same data as in fig 6, for 60 normal women,
and seven girls aged 7-13years.

the whole group was 51L2 (+4 5) cm H20, while the
mean (±SEM) predicted value was 29 0 (±l 0) cm
H20. A significant relationship was found between
TLC and Pst(L) at full inflation (fig 7). Figure 8
shows the mean PV curve of the lung and the mirror
image of the mean P pl min-volume diagram for the
12 patients. When the reduction in lung volume
was taken into account, the patients, on an average,
tended to have normal P pl nm values at any com-
parable lung volume. This is also illustrated in fig 9
which shows the individual P pl min values at 60%
predicted TLC: most of these values fell within the
normal range.

Discussion

The present study shows that aging is associated
with a fall in lung retractive force. This is consistent
with most previous work,8-10 although Bode et all'
did not find any aging effect in females. Some
discrepancies also persist concerning the sex

differences; in the present series there was no

difference in lung elasticity between males and
females of equivalent age. Analysis of these
differences is beyond the scope of this paper and has
been reported in detail elsewhere.12

r=069
P<001

* " 0

0'%
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Li /
50 60
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Fig 7 Relationship between total lung capacity (TLC)
and static lung recoil pressure (Pst (L)) at full inflation
in patients with interstitial lung disease. Dashed line is
the line of regression.
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Fig 8 Curves of lung recoil pressure (Pst (L)) and of
the mirror image of minimal pleural pressure (Ppl min)
versus lung volume, expressed as a percentage of
predicted TLC, in patients with interstitial lung disease
(open symbols). Average data for 12 patients; bars
indicate ± 1 SEM. Also shown are the predicted
(mean + I SE) values for Pst (L) (closed symbols)
and Ppl min (shaded area).
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of vital capacity in a large group of healthy people
and at any (fractional) lung volume; they observed
less negative values in subjects aged between 47 and
64 years than in younger people. However, as
stressed previously, measurements of minimum
inspiratory pressures at the mouth are affected by the
lung retractive force (that is known to fall with
advancing age) and also by the static recoil of the
chest wall. Although measurements of minimal
pleural pressures are independent of lung elasticity
(equation 3), they are influenced by the elastic
properties of the chest wall. Therefore our observa-
tion that minimal (negative) pleural pressures

20 40 60 80 became less negative with age could reflect changes
in the chest wall pressure-volume curve, rather than

12 patients with a decrease in the inspiratory muscle force. This
ed lines represeni possibility seems however very unlikely, though we
tained in 60 have not measured chest wall PV curves in the
Ithy women present study. In the region of spontaneous breathing,

there is indeed very little change in Pst (W) with
advancing age,8 so that the differences in P mus
between older and younger healthy adults would

)f the changes. w.e be approximately equal to the one observed in
nuscle force, it s P pl min. We conclude, thus, that the inspiratory
is associated with muscle force actually decreases with advancing
ted. Development age, even though, at high volumes (where inspira-
ssures depends not tory muscles are at least mechanical advantage),
rdination of the the tendency of the chest wall to recoil outward
he motivation and seems to diminish with age8 and would therefore
ding of maximum lower P pl min relatively more in older than in
on t snglbjelutnsg younger people when compared to P mus.

uvres are repeated SEX DIFFERENCES
measurements are The present observations that during maximum
I measurements of inspiratory efforts, females developed pressures that
; over the entire were almost as low as those developed by males of
loubtedly will give equivalent age, and that young children generated
ooperation, as the pressures that were similar to those seen in young
l lung volume and adults are in agreement with previous studies.18-15
close to a parabola In this respect the respiratory muscles are quite
I% TLC. different from the other skeletal muscles. It is well

established that females have weaker muscles than
males of equivalent age; for example the maximal

ted measurements voluntary grip strength is much lower in females
th during maximal than in males, and there is practically no overlap.'6
groups of healthy By contrast the difference in Ppl min between males
erved that minimal and females was found to be very small in any age
r residual volume group. This difference between respiratory and other
th in males and skeletal muscles probably arises from the fact that

id Hyatt,14 though women have a smaller thoracic cage than men, even
trate a significant after lung volume has been corrected for differences
55 years, reported in stature (fig 4). Although there are obvious
res on inspiration difficulties in applying the Laplace relationship to
der than 55 years. the chest because of its complex shape, it may be
special apparatus, useful as a first approximation. The relation given
res over the range by Laplace equation for a sphere between pressure
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Inspiratory muscle force in normal subjects and patients with interstitial lung disease

(P), tension (T), and radius (R) is

2 T

R

Because females have smaller chests (R) than males,
they would be able on inspiration to generate
relatively low pressures (P) despite lower muscle
strength (T). This is also the most likely explanation
for the low pressures developed by the children.
For the sake of illustration, we have seen an un-
trained 3 year old boy (height = 0-86 m; weight =
13 kg) who developed inspiratory pressures as low
as -105 cm H20 at FRC, and Agostoni and Mead2
reported that inspiratory pressures of -70 cm H2O
were found in newborn humans.

PATIENTS WITH RESTRICTIVE LUNG DISEASE

No studies have been reported regarding the effect
of interstitial lung disease on the function of the
respiratory muscles. Results of the present study
indicate that lung volume restriction does not
modify the relationship between lung volume and
P pl min (fig 8). However, as stressed previously, the
P pl min values must be corrected for the static
recoil of the chest wall to assess the inspiratory
muscle force. We are not aware of any measurement
of chest wall elasticity in patients with interstitial
lung disease, but we believe the present data may be
relevant to this point.
Most of our patients had elevated static lung

recoil pressure at full inflation. Gibson and Pride17
have suggested that the high Pst (L) at full inflation
in patients with interstitial lung disease reflected the
greater mechanical advantage of the inspiratory
muscles in the presence of small lungs. This hypo-
thesis is supported by the finding that a close inverse
relationship existed in our patients between the
degree of lung volume restriction and the degree of
increase in Pst (L) at full inflation. The smaller the
TLC, the larger the Pst (L) at full inflation; this
observation strongly suggests that volume loss is an
important determinant of the change in lung
retractive force at high lung volumes. Implicitly this
would mean that, in patients with interstitial lung
disease, the mechanical properties of the chest wall
remain appropriate for a normal volume pair of
lungs. Thus, the present data support the view that
the chest wall of these patients remains normally
compliant and does not stiffen in parallel with the
lung volume restriction.

This means that, to compare values of P pl min in
patients with interstitial lung disease with those of
normal subjects, it is not necessary to correct the
predicted normal values for Pst (W). We conclude

therefore that the inspiratory muscle strength was, on
an average, normal in our patients. On a theoretical
basis, it might be suspected that the lung stiffness
imposed an increased load and thus, a training
effect upon the inspiratory muscles. In these
conditions, patients with interstitial lung disease
might be expected to develop progressively stronger
inspiratory muscles, at least as long as their general
nutritional status is well maintained.18 It must be
noted however that the patients studied here were
only moderately disabled.

We thank D Rodenstein who performed the
measurements in several healthy adults, and
M Douillet for the preparation of the figures. This
work was supported in part by grant 7244-00-056
from the Commission of the European Communi-
ties (Luxembourg).
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