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ABSTRACT: The usefulness of inspiratory muscle training (IMT) in chronic airflow
limitation (CAL) patients is a controversial issue, mainly due to differences in the
training load.  To further evaluate this aspect, we studied the effect of the magnitude
of the load using a threshold pressure trainer.

Ten CAL patients (5 males, 5 females), 67±2 yrs (mean±SEM) and forced expiratory
volume in one second (FEV1) 36±2% pred, were trained for 30 min a day using a
load of 30% of their maximal inspiratory mouth pressure (PImax) (Group 1).
Another 10 CAL patients (5 males, 5 females), 73±2 yrs and FEV1 37±2% pred),
were trained using only 12% of their PImax (Group 2).  Training was assessed by
PImax, inspiratory muscle power output (IMPO), sustainable inspiratory pressure
(SIP), maximal inspiratory flow rate (VImax), pattern of breathing during loaded
breathing, Mahler's dyspnoea score, and the 6 min walking distance (6MWD).

After 5 weeks of training, Group 1 exhibited significant increments in: PImax
(34±11%); IMPO (92±16%); SIP (36±9%); and VImax (34±13%).  Dyspnoea was
also reduced, and the 6MWD increased by 48±22 m.  We observed no significant
changes in Group 2.  During loaded breathing, Group 1 showed a significant
increment in tidal volume (VT) and mean inspiratory flow (VT/TI), and a reduction
in inspiratory time (TI).  In Group 2, VT and VT/TI also increased significantly,  but
the breathing frequency increased with a reduction of expiratory time.  When
comparing both groups after training,  significant differences in PImax, IMPO,
VImax and dyspnoea were observed, with no significant changes in the other
parameters.

We conclude that, in patients with chronic airflow limitation, inspiratory muscle
training with a high enough load improves inspiratory muscle strength and power
output, reduces dyspnoea, and makes the pattern of breathing adequate during
loaded breathing.  These changes may allow patients to cope better with increased
loads imposed by physical effort and exacerbation of symptoms.
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Inspiratory muscle training (IMT) has been used in
patients with chronic airflow limitation (CAL) for many
years, but results have been controversial [1–8].  This
may be attributed, in part, to the different type and
magnitude of the load used for training.  It is well known
that to obtain a given effect when training a skeletal
muscle, the stimulus must be specific and sufficient in
intensity and duration.  Most of the studies in patients
with CAL have used an external resistive load which is
highly dependent on the pattern of breathing; and, there-
fore, it is not possible to assure a constant target load
which trains the respiratory muscles effectively [8].  This
problem can be solved if the patient uses a system to
control the pressure or flow developed during training
or uses a threshold pressure device, which is independent
of the flow rate [9–14].  Whilst studies in which the load
is not controlled are controversial, the results of those in
which a target load is achieved and maintained have

demonstrated that IMT improves inspiratory muscle
strength and/or endurance in patients with CAL [9–14].

The magnitude of the load in the studies that use a
resistive valve and have a positive effect on inspiratory
muscle function is generally over 30% of their maximal
inspiratory mouth pressure (PImax).  BELMAN and SHADMEHR

used over 50% PImax [10]; HARVER et al. employed
around 30% [11]; DEKHUIJZEN et al. [14] trained with a
load of 70%; and PATESSIO et al. [13] used 50% PImax.
With threshold inspiratory trainers, on the other hand,
the loads used have been between 30–43% PImax [9,
12].

To further evaluate the importance of the target load
in patients with CAL, we studied the effects of two
different loads using a threshold pressure trainer device.
Several indices of respiratory muscle function, together
with the breathing strategy, dyspnoea and physical capa-
city were compared.
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Subjects and methods

Subjects

We studied 20 consecutive CAL patients (10 females
and 10 males), aged 60–83 yrs, attending our out-patient
clinic.  In 16 patients, chronic obstruction was asso-
ciated with smoking; in two with chronic asthma; and in
the other two with extensive tuberculosis sequelae.  All
were in a stable period of their disease and agreed to parti-
cipate in the protocol, which was approved by the Ethics
Committee of our School of Medicine.  Their character-
istics are summarized in table 1.  Inclusion criteria were
nonreversible chronic airflow obstruction with dyspnoea
on exercise.  We excluded patients with unstable obstruc-
tive pulmonary disease, cardiac and neoplastic disease,
and PImax lower than 40 cmH2O.

Methods

The first 10 patients (Group 1) were submitted to
inspiratory muscle training (IMT) using a load of 30%
of their PImax.  The next 10 patients (Group 2) followed
the same training routine but used the minimal load of
the training device (7 cmH2O); this represented approxi-
mately 12% of PImax in 7 patients, and approximately
17% of PImax in 3 patients, because of their very low

baseline PImax (3.9 kPa).  Training with a threshold
inspiratory muscle trainer (Healthscan Products Inc., NJ,
USA) was performed at home, for 15 min twice a day,
during 6 days a week.  All patients were controlled weekly
in the laboratory to measure their PImax and to assure a
proper use of the training device, maintaining a duty
cycle (TI/Ttot) of approximately 0.4.  In the first group,
the load was adjusted when necessary, to maintain it
equal to 30% of their PImax, whilst in Group 2 the load
was not modified.

Before training, patients had a one month run-in
period, during which treatment with bronchodilators was
optimized (including a daily dose of 30 mg of prednisone
for the first 7 days).  Baseline measurements were
performed after this trial.  Four patients not included in
the study decided not to continue after the run-in period.
Their functional data were not different from those of
the subjects who completed the study.  During this period,
spirometry, inspiratory muscle function and dyspnoea
were evaluated on three different occasions, and the mean
value was used for results.  The six minute walking
distance (6MWD) was also evaluated on three different
occasions, and the highest distance was used for the
result.  Measurements were performed after the patients
had inhaled 300 µg of salbutamol through a reservoir.
The two groups were not significantly different at the
end of the run-in period (tables 1 and 2).

Vital capacity (VC) and forced expiratory volume in
one second (FEV1) were measured with a dry spirometer
(Vitalograph, London, UK).  PImax was determined at
functional residual capacity (FRC) in a quasistatic way,
as proposed by BLACK and HYATT [15] with a Valy-
dine PM 45±150 cmH2O pressure transducer (Northridge,
CA, USA).  The values were recorded in a strip-chart
recorder (Hewlett Packard, Palo Alto, CA, USA) and the
highest value of five technically satisfactory measure-
ments obtained on each study occasion was used for
results.  Maximal inspiratory flow (VImax) was measured
with a Fleisch No. 4 pneumotachograph attached to a
Statham PM5 differential pressure transducer (Hato Rey,
Puerto Rico).

Inspiratory muscle power output was measured with
the 2 min incremental load method, proposed by MARTYN

et al. [16], using a modification of the device described
by NICKERSON and KEENS [17].  The patient breathed
during 2 min against the intrinsic load of the device and,
subsequently, external weights were added every 2 min.

Table 1.  –  Baseline characteristics of patients

Group 1                  Group 2

Sex M/F 5/5 5/5
Age  yrs 67 (2) 73 (2)
FEV1 % pred 36 (2) 37 (2)
FVC % pred 81 (4) 70 (6)
Dyspnoea score 4.0 (0.5) 4.2 (0.5)
PaO2 kPa 8.4 (0.4) 8.4 (0.2)
PaCO2 kPa 5.2 (0.1) 5.7 (0.2)

Values are presented as mean with SEM in parenthesis; M: male;
F: female; FEV1: forced expiratory volume in one second;
FVC: forced vital capacity; PaO2 and PaCO2: arterial oxygen and
carbon dioxide tension, respectively; % pred: percentage of
predicted.  No significant differences were observed between
groups.

Table 2.  –  Effect of training on inspiratory muscle function and on the distance walked in 6 min

Group 1 Group 2 
IMT differences

Basal IMT                    Basal IMT             between groups

PImax  kPa 6.4  (0.6) 8.4  (0.6)*** 5.4  (0.4) 5.8  (0.4) *
IMPO  kPa·l·s-1 2.8  (0.4) 5.2  (0.7)** 2.2  (0.3) 2.7  (0.5) *
SIP  kPa 4.2  (0.4) 5.7  (0.6)** 3.5  (0.4) 3.9  (0.5)
VImax  l·s-1 2.2  (0.3) 2.9  (0.2)* 2.3  (0.2) 2.2  (0.1) *
6MWD  m 373 (49) 432  (33)* 298 (34) 321  (44)

PImax: maximal inspiratory pressure; IMPO: maximal inspiratory muscle power output; SIP: sustainable inspiratory pressure; VImax:
maximal inspiratory flow; 6MWD: distance walked in 6 min; IMT: inspiratory muscle training. *: p<0.05; **: p<0.01; ***: p<0.001.
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The first 2 weighed 12.5 g each, and the rest 25 g each.
The test was finished when the patient was not able to
lift  the weights or had to stop because of severe dyspnoea.
Inspiratory mouth pressure (Pm), inspiratory flow and
tidal volume (integrated from flow) were simultaneously
registered during the last 30 s of breathing with each
load.  Inspiratory muscle power output (IMPO) was
calculated for each load by multiplying the inspiratory peak
flow (Vinsp) by the    peak Pm [16].  Maximal inspiratory
pressure which could be sustained for 2 min (SIP) was
measured as an index of inspiratory muscle endurance
[16].

In order to evaluate the effect of training on the
development of fatigue, we calculated the pressure time
index (PTX) during loaded breathing, according to
BELLEMARE and GRASSINO [18]: PTX is the product of
peak mouth pressure as a fraction of PImax, multiplied
by TI/Ttot for each incremental load.

Breathing pattern during loaded breathing was analysed
for each of the loads.  Tidal volume, inspiratory time
(TI), and total duration of the respiratory cycle (Ttot)
were measured, and the mean inspiratory flow (VT/TI)
and TI/Ttot were calculated.  In each individual patient,
the changes produced by training on the pattern of breath-
ing were practically the same with each of the loads.
Therefore, we averaged the values registered in each
patient for all of the loads.

Baseline dyspnoea was evaluated using the score
proposed by MAHLER et al. [19] and changes after training,
by means of their focal transitional index.  Physical
capacity was assessed with the 6 min walking distance
(6MWD) [20].

The training period lasted for 5±0.8 weeks in both
groups.  At the end of the 5 weeks, all of the measurements
taken in the run-in period were repeated, after inhalation
of 300 µg of salbutamol.

No other therapeutic interventions were performed, and
drug therapy was not modified during the study period
in either group.

Statistical analysis

Baseline and post-training data were compared within
groups using Student's t-test for paired samples.  Unpaired
Student's t-test was also used to compare pre- and post-
training data between groups.  Stepwise regression ana-
lysis was used to correlate changes in respiratory muscle
function with changes in dyspnoea and 6MWD.  Unless
otherwise stated, values are expressed as mean±SEM.  A
p-value ≤0.05 was considered significant.

Results

Inspiratory muscle strength (PImax)

Figure 1 shows the individual values before and after
training in both groups.  A significant increment (34±11%,
mean±1 SEM) was observed in Group 1 (p=0.0013) and
no changes were observed in Group 2 (table 2).  However,
in two Group 2 patients, whose baseline PImax was very
low, PImax increased 20 and 48%.  A significant differ-

ence (p<0.012) was found when comparing post-train-
ing data for both groups (table 2).

Inspiratory muscle power output (IMPO)

Figure 2 shows the individual values in IMPO, which
in Group 1 increased 92±16% (p=0.0035) with training.
This increase of IMPO was due to a mean increment of
51±19% in Vinsp and 38±12% in Pm.  In Group 2,
however, the average increment observed with training
was not significant (p=0.37) (table 2), although 3 of the
4 patients having the lowest baseline values of IMPO,
presented a marked increment in this index after training.
When comparing post-training data, IMPO was signifi-
cantly greater in Group 1 than in Group 2 (p<0.05).

Inspiratory muscle endurance (SIP)

Sustainable inspiratory pressure (SIP) increased signifi-
cantly with training in Group 1 (p<0.003) from 4.2±0.35
to 5.7±0.6 kPa (36±9%); whereas, no significant changes
were observed in Group 2 (3.5±0.4 vs 3.9±0.5 kPa)
(fig. 3 and table 2).  Although post-training SIP was
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Fig. 1.  –  Individual values of baseline PImax (horizontal axes) and
post-training PImax (IMT) (vertical axes): a) in Group 1 (■) and b) in
Group 2 (❏).  The diagonal line corresponds to the identity line.  PImax:
maximum inspiratory mouth pressure; IMT: inspiratory muscle training.
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higher in Group 1 than in Group 2, the difference did
not reach statistical significance.

Maximal inspiratory flow

VImax increased from baseline, 34±13% in Group 1
(p=0.014) and 1.3±5.8% (NS) in Group 2, after 5 weeks
of training.  Post-training, this index was also significan-
tly higher in Group 1 than in Group 2 (p<0.025).

Dyspnoea

Patients in Groups 1 and 2 had similar dyspnoea scores
before training (4±0.5 and 4.2±0.5, respectively).  The
transitional dyspnoea score, improved significantly only
in Group 1 (p<0.001).  This means that patients were
able to resume some of their daily activities and/or per-
form greater tasks or efforts with less dyspnoea.  Although
3 of the 10 patients in Group 2 presented a slight increase
of the transitional score, these changes were not signifi-
cant for the group (mean 0.6±0.54 points; p=NS).  Figure
4 illustrates the individual values observed in both groups.
The difference between groups after training was also
significant (p<0.01).

Fig. 2.  –  Individual values of inspiratory muscle power output (IMPO)
under basal conditions and after training (IMT).  a) in Group 1 (■);
and b) in Group 2 (❏).  The diagonal line corresponds to the identity
line. IMT: inspiratory muscle training.

Fig. 3.  –  Individual values of baseline sustainable inspiratory pressure
(SIP) and posttraining SIP (IMT).  a) in Group 1 (■); and b) in Group
2 (❏).  The diagonal line is the identity line.  IMT: inspiratory muscle
training.
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Fig. 4.  –  Individual values of the transition dyspnoea index in CAL
patients after 5 weeks of training in Group 1 (●) and in Group 2
(❍).  Horizontal lines are mean±1 SEM.  CAL: chronic airways limita-
tion.

Basal IMPO  kPa·l·s-1

9

8

6

4

2

0
0 2 4 6 8 9

a)

p=0.0035

IM
T 

IM
PO

  k
Pa

·l·
s-1

1

3

5

7

1 3 5 7

9

8

6

4

2

0
0 2 4 6 8 9

b)

p=0.3707
1

3

5

7

1 3 5 7

IM
T 

IM
PO

  k
Pa

·l·
s-1

10

8

6

4

2

0
0 2 4 6 8 10

a)

p=0.0028

IM
T 

SI
P 

 k
Pa

Basal SIP  kPa

10

8

6

4

2

0
0 2 4 6 8 10

b)

p=0.3157

IM
T 

SI
P 

 k
Pa

·



C. LISBOA ET AL.1270

Fig. 5.  –  Individual values of six minute walking distance (6MWD)
before (horizontal axes) and after 5 weeks of training (vertical axes):
a) in Group 1 (●); and b) in Group 2 (❍).

No significant relationship was observed in Group 1
between the improvement of dyspnoea at 5 weeks and
the changes in IMPO, PImax or SIP.  However, when
both groups were analysed together,   a significant correla-
tion between the percentage change in PImax and the
focal transitional index of dyspnoea was observed
(r=0.53; p<0.05) (not shown).

Table 3.  –  Breathing pattern during loaded breathing before and after training

Group 1 Group 2

Basal IMT Basal IMT

TI s 1.5 (0.16) 1.1  (0.15)*** 1.1 (0.08) 0.9  (0.06)*
TE s 2.2  (0.17) 2.7  (0.40) 2.2 (0.70) 2.0  (0.18)
TI/Ttot 0.40 (0.02) 0.27 (0.01)** 0.35 (0.05) 0.32 (0.07)
VT/TI ml·s-1 422  (45) 806  (58)*** 461  (36) 677  (91)*
VT ml 596 (74) 803 (98)** 515  (51) 601  (84)
RR  bpm 17.3 (1.1) 18.2 (2.0) 19.2 (1.3) 22.0 (1.8)

TI: inspiratory time; TE: expiratory time; TI/Ttot: relationship between inspiratory time and the duration of the respiratory
cycle; VT/TI: mean inspiratory flow; VT: tidal volume; RR: respiratory frequency; IMT: inspiratory muscle training.  No
differences were observed between groups after training.  *: p<0.05; **: p<0.01; ***: p<0.001.

Six minute walking test (6MWD)

The baseline 6MWD was similar in both groups.  In
Group 1, a significant increment in the 6MWD was
observed after 5 weeks of training (mean 48.4±21.5 m)
(p<0.025), with no significant change in Group 2 (mean
22.3±16.6 m) (NS).  Figure 5 shows the individual values
of the 6MWD before and after 5 weeks of training in
both groups.  Post-training data between Groups 1 and
2 were not statistically significant.  A significant inverse
correlation between the basal 6MWD and the improve-
ment in walking distance was found in Group 1 (r=-0.82;
p<0.01), whilst we found no significant correlation bet-
ween the increment in 6MWD and either inspiratory
muscle function indices or dyspnoea.

Respiratory cycle during loaded breathing

The increment of VT in Group 1 was 207±33 ml
(p<0.01), whereas it was only 86±42 in Group 2.  Mean
inspiratory flow increased significantly in both groups
with training, but this increase was greater in Group 1
(384±60 versus 215±34 ml·s-1) (table 3).  Although
inspiratory time (TI) also decreased in both groups, it
decreased more markedly in Group 1 (-0.44±0.075 versus
-0.22±0.03 s) (table 3).

The total duration of the respiratory cycle increased
slightly in Group 1 (0.19±0.3 s) and decreased in Group
2 (-0.39±0.06).  These differences were significant
(p<0.001).  As a consequence, expiratory time (TE) in-
creased in Group 1 from 2.2±0.17 s before training to
2.7±0.41 s after training, whereas in Group 2 it decreased
from 2.2±0.71  to 2.0±0.18 s.  This difference, however,
was not significant.  Figure 6 shows the mean respira-
tory cycle during loaded breathing before and after training
in both groups.  No differences were found, however,
when comparing post-training data from Groups 1 and 2.

Figure 7a and b shows the mean pressure time index
(PTX) during breathing with incremental loads before
and after training in Groups 1 and 2.  As a reference
value, we have included the tension time isopleths of the
diaphragm (TTdi) described by BELLEMARE and GRASSINO

[18], which represent the TTdi levels at which diaphrag-
matic fatigue appears.  If we assume that the behaviour
of all inspiratory muscles is similar to that of the diaphragm,
it may be observed in both groups that the PTX values
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before training fell on the fatigue area when Pm was
40% PImax.  After training, this critical area is reached
in Group 1 only when a Pm of approximately 65% PImax
was used, because their TI/Ttot for each load diminished
with training.  In Group 2, although TI/Ttot was slightly
reduced, the PTX indices were practically unchanged.
This is true even if we use a PTX of 0.24 as a fatigue
threshold, with which 60% PImax could be indefin-
itely sustained [17, 21].

Spirometry

No significant changes in VC or FEV1 were observed
after training within or between groups.

INSPIRATORY MUSCLE TRAINING IN CAL 1271

0 1 2 3 4
0

500

1000
a)

0 1 2 3 4
0

500

1000
b)

T  s

VT
  m

l

1.0

0.8

0.6

0.4

0.2

0
0 0.2 0.4 0.6 0.8 1.0

a)

1.0

0.8

0.6

0.4

0.2

0
0 0.2 0.4 0.6 0.8 1.0

b)

Pm/PImax

TI
/T

to
t

TTdi
0.15 0.2

TTdi
0.15 0.2

Fig. 6.  –  Mean respiratory cycle during loaded breathing before and after inspiratory muscle training (IMT): a) in Group 1; and b) in Group 2.
Mean±1 SEM is represented for VT and TI.         : basal;          : post-IMT.  VT: tidal volume; TI: inspiratory time.

Fig. 7.  –  Pressure time index (PTX) during breathing with external loads before and after inspiratory muscle training (IMT): a) in Group 1; and
b) in Group 2.  Each dot corresponds to the mean value for each of the applied loads.  Curved lines enclose the area of critical tension time beyond
which diaphragmatic fatigue develops, according to BELLEMARE and GRASSINO [18].     ●  : basal;     ❍  : post-IMT: Pm: mouth pressure;
PImax: maximum inspiratory mouth pressure; TI/Ttot: duty cycle (fraction of inspiration to total duration of breathing cycle); TTdi: tension time
isopleths of the diaphragm.

Discussion

In agreement with previous reports [9–14], our study
confirms that the magnitude of the load used for inspira-
tory muscle training is a critical determinant of the results
in patients with CAL; with an adequate load, IMT has
a favourable effect on inspiratory muscle function, dys-
pnoea and physical capacity.  Our study also shows that
maximal inspiratory muscle power output is useful for
evaluating the effects of training, and that patients can
develop a strategy to cope with respiratory loads without
reaching the critical area of inspiratory muscle fatigue
[18].

In the present study, we used 30% PImax as a target
load, based on the report of LARSON et al. [9], who



studies using a sufficient target load [9–11, 13].  Results
for endurance cannot be compared, since we used SIP,
whilst most of the other studies have evaluated Tlim
(endurance time).

In our study, we included measurements of maximal
inspiratory flow and muscle power output, and both
indices increased significantly with training, suggesting
that IMT increases the velocity of contraction of the
inspiratory muscles.  The improvement in power output
was considerably larger than that observed in the other
indices, probably representing the added effect of IMT
on strength and on velocity of contraction. In 6 of the
10 patients of Group 1, the improvement of IMPO was
due to an increase in both flow and pressure; in 3, it was
mainly due to an increase in flow; and, in the remaining
1, to an increase in pressure.  In Group 2 only 3 patients
increased their IMPO and it was due to an increment in
both factors.  These results are in agreement with those
reported by BELMAN and SHADMEHR [10], who also show-
ed that IMT increases Vmax.

Our data suggest that the velocity of contraction of
inspiratory muscles may be an important factor in the
performance of these muscles in CAL patients, in whom
power output is severely reduced.  The improvement of
Vmax and IMPO with training may be attributed to
changes in the intrinsic contractile properties of the muscle
fibres or, more probably, to a different recruitment of
muscle fibres.

During the measurement of inspiratory muscle power,
we also recorded the breathing pattern, so that it was
possible to evaluate how the patients breathed when
submitted to external loads.  After training with 30%
PImax, the pattern of breathing was characterized by an
increment of VT, whilst TI was reduced, indicating an
increase in mean inspiratory flow and, therefore, in the
velocity of contraction of the inspiratory muscles.  In
addition, as Ttot did not change, the expiratory time was
consequently prolonged.  This probably means that patients
were able to reduce their lung volume during expiration
and, thus, improve the mechanical position of the dia-
phragm before the next inspiration.  This pattern of
breathing, in conjunction with greater respiratory muscle
strength and endurance, may place these patients in an
advantageous situation for coping with increased loads.
In addition, the PTX values observed after training in
Group 1 demonstrated that their inspiratory muscles were
able to overcome greater loads and to develop greater
force without falling into the fatigue area described by
BELLEMARE and GRASSINO [18] for the diaphragm.

In the group trained with a low load, VT and VT/TI

also increased moderately, and TI was mildly reduced
but, as the frequency of breathing increased, TE decreased.

Few studies have evaluated the effect of training on
the pattern of breathing during loaded breathing [9, 25].
LARSON et al. [9] found no significant changes in TI/Ttot,
after 1 and 2 months of training, but their data show a
tendency to a shorter TI/Ttot.  FLYNN et al. [25], on the
other hand, observed a reduction in TI/Ttot and an increase
in VT/TI, consistent with our results.

Although the final aim of IMT is to improve the patient's
quality of life, we found very few studies that have
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employed the same training device.  With this load, all
our patients were able to breathe for 15 min without
discomfort.  When using the patients as their own controls,
IMT with 30% of PImax produced significant increment
in all of the parameters measured.  However, when the
two groups were compared after training, we did not
observe significant differences in endurance, pattern of
breathing and 6MWD, probably due to the fact that for
some patients, even the minimal load (7 cmH2O) might
have been high enough for endurance training.  Further-
more, breathing repetitively against a low load may have
increased inspiratory muscle endurance.

We believe that the changes observed in Group 1 are
attributable to IMT and not to other factors, such as
changes in treatment,  learning effect of repeated measure-
ments, or spontaneous variations of the disease.  During
the run-in period, medication was optimized in both
groups and all measurements were performed 10 min
after three puffs of 100 µg salbutamol, so that the possi-
bility of spontaneous variations of bronchomotor tone
was reduced.  No substantial changes in medication or
other medical interventions occurred in either of the two
groups during the study.  Placebo effect from frequent
contacts with the physician and/or nurse, and of repeated
measurements can be excluded, since the same protocol
was used for both groups.

Baseline inspiratory muscle function indices, although
slightly lower in Group 2, were not significantly diffe-
rent between the two groups, so it is unlikely that the
basal conditions may account for the lack of effect of
the low load observed in Group 2.  In addition, after
completing the study period, the patients in Group 2 were
submitted to further training with the 30% load for their
own benefit and only some of the parameters were
evaluated.  An increment of 30±8% in PImax, 89±28%
in IMPO, and 29±14% in SIP were observed.  The 6MWD
increased 56±20 m and the dyspnoea transition index
reached 4.2±0.8 points.  These results were comparable
to those observed after training in Group 1 and confirm
that the magnitude of the load used for training is critical.

It was not possible to blind the operators performing
the control measurements, because they had to adjust the
valve according to the measured PImax, but a conscious
effort was made to standardize coaching emphasis.
Limitations for double-blind IMT studies have been
pointed out by DEKHUIJZEN et al. [22] who questioned the
certainty of the blinding used by GUYATT et al. [23] in
a recent study.

The most likely explanation for our favourable results
is that we used a device that assures a constant and suffi-
cient target load (30% of the patient's PImax) independent
of the breathing pattern.  Other resistive training valves
require a complicated control system to assure that the
target pressure is reached and that the patient's breathing
pattern is maintained [10, 11, 14].  Since the threshold
valve does not require close supervision, it is adequate
for home training.  The good results of WEINER et al.
[24], who trained asthmatic patients with the same device,
are consistent with our observations.

Regarding the effect of training on inspiratory muscle
strength, our results are similar to those reported by other

·

·



evaluated changes in dyspnoea with training [11, 13].
The improvement that we observed is of the same magni-
tude as that reported by HARVER et al. [11], who also
used Mahler's transitional dyspnoea index.  In our study,
9 of the 10 patients trained with a high load showed a
reduction of dyspnoea.  These changes did not correlate
significantly with any of the physiological measurements,
but when both groups were analysed together, a signifi-
cant correlation between the changes in PImax and the
focal transitional index of dyspnoea was found.  HARVER

et al. [11] also showed a significant correlation between
the improvement in dyspnoea and the changes in PImax
measured at residual volume (RV), when they grouped
their study and control subjects.

PATTESSIO et al. [13] assessed breathlessness during
loaded breathing, and demonstrated that, after training,
Borg's scale score was significantly lower for each load
applied.  These authors also found a significant correla-
tion between PImax and Borg scale, before and after
training.  They concluded that training reduces the sensation
of breathlessness by means of an increase in inspiratory
muscle strength and endurance.

The lack of correlation between the improvement of
dyspnoea and the increment of PImax observed in our
patients after training with a high load, may be due to
the small number of subjects, or, more probably,  because
dyspnoea is not completely dependent on inspiratory
muscle strength.

In 3 of the Group 2 patients, who had a very low
PImax, the lowest load of the threshold pressure device
represented approximately 17% of their PImax.  In this
subgroup of patients, inspiratory muscle strength, power
output and endurance improved practically to the same
degree as in the high load group.

The increments in the 6MWD, which we observed
after training, were comparable to the values reported in
the literature [2, 9, 12, 13].  As shown in figure 4, the
improvement was more marked in those patients with
the lowest basal values.  We did not find a significant
relationship between this improvement and any of the
other measurements performed.

In a recently published meta-analysis, SMITH et al. [8]
concluded that there is little evidence for a clinical benefit
of IMT in patients with chronic airflow limitation.
However, they pointed out that the studies that use a
high load for training may warrant further investigation.
Indeed, in the five studies in which the load used for
training was controlled, a high enough load improved
strength and/or endurance.

The improvement in inspiratory muscle function with
training may represent an increase in inspiratory muscle
reserve, which may avoid or delay fatigue development
during acute increases of respiratory load, as suggested
in figure 7.  In addition, the breathing strategy employed
during loaded breathing, may also help during exacerbation
of symptoms.  This suggests that IMT in CAL patients
may be a useful therapeutic resource, provided that the
imposed load is high enough to obtain a training effect
on these muscles.  This can be achieved with the use of
the threshold inspiratory trainer, which simplifies the
procedure, since the load is practically independent of
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the breathing pattern and does not need constant super-
vision.
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