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The effect of inspiratory muscle training (IMT) on
inspiratory muscle performance has been generally evalu-
ated through the changes it imposes on strength and/or
endurance of these muscles, which mainly depend on the
type of load employed for training [1]. Based on data ob-
tained with limb skeletal muscle training, it is generally
agreed that skeletal muscle training is stimuli specific [2].
Regarding respiratory muscles, TZELEPIS et al. [3] have stud-
ied the specificity of IMT in terms of changes in pressure
(strength) and flow (velocity of shortening) in normal sub-
jects. Using three different training protocols: 1) high
inspiratory pressure-low flow; 2) low pressure-high flow;
3) intermediate inspiratory pressure and flow, they con-
cluded that training with an intermediate load increases
both maximal pressure and maximal flow in a fashion
similar to that obtained using either high pressure or high
flow, respectively, enhancing therefore the maximal power
of inspiratory muscles. Since the endurance of respiratory
muscles is related to power, these authors suggested that
IMT protocols that result in an increase in power output
(PO) are likely to be the most beneficial in terms of
improving exercise tolerance.

We have recently demonstrated that in patients with
chronic obstructive pulmonary disease (COPD), IMT us-
ing an intermediate threshold load (30% of maximal

inspiratory pressure (PI,max)) increases the maximal in-
spiratory muscle power output (POmax) [4]. Our hypothe-
sis is that this increase in POmax depends on the breathing
pattern used for training at a particular load, and hence on
the level of flow and pressure developed during the train-
ing manoeuvres. To further investigate the effects of IMT
on POmax of inspiratory muscles, we studied the response
to an incremental threshold loading test before and after
IMT, and the relationship between the increase in POmax
after IMT with: 1) the breathing pattern; and 2) the change
in both pressure and flow developed during the training
manoeuvres.

Materials and methods

Subjects

The study was performed on three different groups of
patients who participated in two different protocols.

Protocol 1. Twenty patients with COPD were random-
ly allocated to IMT with either 30% (Group 1) or 10%
(Group 2) of peak PI,max as a training load. Their base-
line characteristics are summarized in table 1. In these
two groups of patients we assessed the effects of IMT on
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ABSTRACT: There is very little information about the effect of inspiratory muscle
training on inspiratory flow (V 'I) and thus on power output (PO) in patients with
chronic obstructive pulmonary disease (COPD). In this study we aimed to evaluate
the changes induced by training on the determinants of PO.

Thirty one patients with severe COPD were randomly divided into: Group 1,
trained with 30% maximal inspiratory pressure (PI,max); Group 2, with 10% PI,max;
and Group 3 also trained with 30% PI,max, but the breathing pattern was evaluated
while performing the training manoeuvres along inspiratory muscle training (IMT).
All groups used a threshold device for 10 weeks. The PO for each of the loads during
an incremental threshold test was evaluated prior to and after training.

Maximal PO (POmax) increased in all groups, but the increment was higher in
groups trained with 30% PI,max (p<0.005), mainly due to an increase in V 'I. Group 3
showed a progressive increase in V 'I (p<0.001) during the training manoeuvres in
spite of an increase in load along IMT. In addition, the load after IMT was overcome
with a shorter inspiratory time (tI) (p<0.02), a smaller tI/total duration of the respira-
tory cycle (ttot), (p<0.001) with no change in tidal volume or ttot. The increment in
POmax in this group correlated with the V 'I generated while training (r=0.85;
p<0.0001).

We conclude that in patients with chronic obstructive pulmonary disease, the use of
an intermediate threshold load for training improves power output mainly by
increasing inspiratory flow, an effect consistent with an increase in shortening veloc-
ity of inspiratory muscles.
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pressure and inspiratory flow (V 'I) during breathing ag-
ainst externally progressive added threshold loads, while
measuring the POmax.

Protocol 2. Group 3 included 11 other COPD patients who
were trained with 30% PI,max. In addition to the measure-
ment of POmax, in these patients, we evaluated the changes
in V 'I and in the pattern of breathing adopted during the
training manoeuvres with the threshold inspiratory trainer,
along the training period. Their baseline characteristics
are summarized in table 1.

The inclusion criteria were: chronic nonreversible air-
way obstruction with a forced expiratory volume in one
second (FEV1)/forced vital capacity (FVC) less than 60%,
stability of their disease; and presence of dyspnoea during
daily life activities. Patients with cardiac, neoplastic or
other diseases that could interfere with the training proto-
col were excluded.

Methods

During the month prior to entering the training pro-
gramme, baseline measurements were performed on pat-
ients of both protocols. Peak PI,max was measured once a
week and PO on two occasions. After this period, the
patients in Groups 1 and 2 were assigned by a random and
double blind fashion, for training with either 30% or 10%
of peak PI,max, according to LARSON et al. [5] and to our pre-
vious experience [4]. The last level corresponds to the
minimal load of the training device. All patients in proto-
col 2 were trained with 30% PI,max.

Peak PI,max was measured at functional residual capac-
ity (FRC) during maximal inspiratory efforts against a
semi-occluded airway [6], using a Validyne PM45±200
cmH2O pressure transducer (Northridge, CA, USA). To
avoid the use of the buccinator muscles during the man-
oeuvre, the inspiratory limb of the mouthpiece had a small
orifice of 1.5 mm acting as a leak. Pressures were rec-
orded in a strip chart recorder (Hewlett Packard, Palo
Alto, CA, USA), and the highest value of five technically
satisfactory manoeuvres was used for results.

PO was measured while breathing against threshold
loads using the 2 min incremental load method proposed
by MARTYN et al. [7] using a modified threshold device [8].
Briefly, in a seated position, the patients breathed through
the mouthpiece, with nose occluded, against the basal
intrinsic load of the device and, subsequently, external
weights were added every 2 min. The initial weight was

12.5 g followed by 25 g increments. In order to open the
inspiratory valve and thus allow an inspiratory flow,
patients had to generate a progressively negative threshold
pressure (Pth) to overcome the increasing weight. The test
ended when the patient was unable to generate flow or had
to stop because of dyspnoea assessed by the Borg's scale
[9]. The inspiratory mouth pressure and flow were simul-
taneously recorded, and the mean values obtained during
the last 30 s of breathing with each load were used for
results. Values of Pth and V 'I for each incremental load
were used to assess the performance of each patient dur-
ing the test. The inspiratory muscle PO was calculated by
multiplying peak V 'I by peak Pth for each load.

In the second protocol, the breathing pattern, V 'I and
mouth pressure were recorded while the patients were per-
forming the training manoeuvres. These measurements
were done on a weekly basis prior to and during the train-
ing period. For the analysis of results, the mean values
obtained during the baseline period were compared with
those obtained after 5 and 10 weeks of training.

Tidal volume (VT), inspiratory time (tI) and total dura-
tion of the respiratory cycle (ttot) were measured, whereas
mean inspiratory flow (VT/tI) and tI/ttot were calculated.

Training was carried out at home using a threshold
inspiratory trainer (Healthscan Products Inc., NJ, USA)
for 15 min twice a day and for 6 days a week. Each week,
patients returned to the laboratory to have their PI,max
measured in order to adjust the load, and in the case of the
patients in the second protocol, to record their breathing
pattern during the training manoeuvres.

Informed consent was obtained from all patients. The pro-
tocol was approved by our institutional ethics review board.

The results were analysed using the Student's t-test for
paired and unpaired samples, multiple linear regression
analysis and analysis of variance (ANOVA) for repeated
measures. A p-value of less than 0.05 was considered sta-
tistically significant. Values are expressed as mean±SEM.

Results

Protocol 1

After a 10 week period of IMT, the PI,max increased
significantly (p<0.05) in both groups of patients: 36±9%

Table 1.  –  Baseline characteristics of the patients

Group 1
30% PI,max

Group 2
10% PI,max

Group 3
30% PI,max

Patients  n
Sex  M/F
Age  yrs
FEV1/FVC  %
PI,max  cmH2O
POmax
cmH2O·L·s-1

10
6/4

61±1.7
40±3
70±5
24±6

10
7/3

64±1.6
38±1.8
68±4.5
27±2.7

11
6/5

71±3.0
42±2.4
61±4.2
21±4.0

Values are absolute values or mean±SEM. PI,max: maximal inspir-
atory pressure; M: male; F: female; FEV1: forced expiratory
volume in one second; FVC: forced vital capacity; POmax: max-
imal power output.
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Fig. 1.  –  Effect of inspiratory muscle training on the two components
of maximal inspiratory muscle power output. Threshold pressure (Pth)
increases significantly from baseline in both groups (p<0.05) with train-
ing, with no significant difference between groups: inspiratory flow (V 'I)
increased only in Group 1 (p<0.01). Differences between groups are
statistically significant (p<0.025).        : Group 1;         : Group 2. 



30 C. VILLAFRANCA ET AL.

in Group 1 and 21±5% in Group 2. Differences between
groups at the end of the training period were not signifi-
cant.

POmax increased in both groups: 96±14% in Group 1
(p<0.005) and 27±9% in Group 2 (p<0.025). The differ-
ence between groups was significant (p<0.05). The effect
of IMT with 10 and 30% PI,max on the two components of
POmax (Pth and V 'I) are depicted in figure 1 as per cent
change with respect to baseline data. Pth increased signi-
ficantly in both groups (p<0.05), without any significant
difference between groups. On the contrary, V 'I showed a
significant increment only in Group 1 (p<0.01), with a
significant difference between groups (p<0.025).

Figure 2 shows several different patterns of change in
inspiratory muscle PO during the incremental loading test
with IMT. PO is presented in absolute values on the y-axis
and the increasing loads on the x-axis. Loads are shown as
Pth in cmH2O. Patients are grouped according to the
response pattern. An increase along both axes means that
the increase in PO after IMT was due to an increase in
both Pth and V 'I. An increase in PO with no increment in
Pth indicates that only V 'I increased with training. In six
patients of Group 1, the increment of PO was due to an
increase in both Pth and V 'I. None of the patients in Group
2 exhibited this pattern (fig. 2a). Two patients of each
group increased V 'I without any change in Pth (fig. 2b).
Four patients in Group 2 and none in Group 1 increased
only Pth (fig. 2c). No changes were observed in two

patients of Group 1 and in four patients of Group 2 (fig.
2d).

Figure 3 shows the effect of 10 weeks of IMT on PO for
each of the loads during an incremental threshold loading
test in both groups of patients. Data are expressed as per
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Fig. 2.  –  Different patterns of change in inspiratory muscle power output (PO) during the incremental loading test. Each graph illustrates complete
incremental tests prior to and after 10 weeks of inspiratory muscle training (IMT). Two baseline tests are shown (   ❍   ) together with the test per-
formed after 10 weeks of IMT (—■—). a) The increment in PO was due to an increase in both inspiratory flow (V 'I) and threshold pressure (Pth). This
pattern was observed in six patients in Group 1 and in none from Group 2. b) Increase in PO due to a larger V 'I was seen in two subjects from each
group. c) Four patients from Group 2 and none in Group 1 exhibited an increase in PO due to an increase in Pth only. d) Two patients in Group 1 and
four in Group 2 showed no change in PO with training.

∆P
O

  %

100

  80

  60

  40

  20

    0

-20

▲

■

▲

■

▲

■

▲

■

▲

■

▲

■

*

**

*

100
Load  g

0 20 40 60 80

Fig. 3.  –  Per cent change in power output (ýPO) (mean±SEM) during the
incremental loading test after 10 weeks of inspiratory muscle training
for patients in Group 1 (■) and in Group 2 (▲). Group data for the incre-
mental test are shown only up to a load that was overcome by all sub-
jects during the baseline test. Patients in Group 1 showed approximately
40% increase in power output (PO) with all loads. Subjects in Group 2
did not show a significant increase in PO with these loads. *: p<0.05;
**: p<0.01, compared to Group 2.
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cent of change in PO at each load during the test, only up
to 100 g, which was the load that all patients could attain
in the baseline test prior to training. In Group 1, PO
increased ~40% at all loads, no changes were observed for
patients in Group 2. Significant differences between groups
were observed at some of the loads.

Protocol 2: Group 3.

In this group of patients, PI,max increased 31±4.2%
(p<0.005) and POmax 78±24% (p<0.005).

Breathing pattern during the training manoeuvres. To ev-
aluate the strategy used by patients to cope with the train-
ing loads, we plotted the pressure developed at the mouth
(Pth) during the training manoeuvres against the V 'I before
and after training. Figure 4 shows the mean values of Pth
and V 'I before and after 5 and 10 weeks of training. A pro-
gressive increase in V 'I (p=0.001) and Pth (p<0.001) is
observed. The respiratory cycle during training was char-
acterized by a progressive shortening of tI (p<0.02) and tI/
tot (p<0.001), and a tendency to increase of VT/tI (p<0.077)
without any changes in VT (fig. 5). Figure 6 shows the

relationship between the changes in POmax induced by IMT
and the V 'I generated during the training manoeuvres (r=
0.85; p<0.0001).

Discussion

The results of the present study indicate that in patients
with COPD, IMT using a threshold load of 30% PI,max
increases inspiratory muscle PO. This change in PO was
mainly due to an increase in V 'I and correlated with the
magnitude of the V 'I developed while performing the
training manoeuvres. Although POmax also improved in
patients trained with a lower load (10% PI,max), the effect
in this group was smaller and mainly due to an increase in
pressure with no change in flow. In addition, after IMT,
the breathing pattern developed during the training man-
oeuvres changed to one characterized by a shorter tI, a de-
creased tI/ttot ratio, and no significant change in VT or ttot.

This study corresponds to another analysis [10], which
investigated the clinical effects of IMT on exercise per-
formance in a group of patients with COPD. In addition to
the increase in PI,max, we found in that study a reduction
in dyspnoea and an increase in the 6 min walking dis-
tance.

We believe that our findings are likely to be  due to a
true effect of IMT on PO of the inspiratory muscles and
not only due to a learning effect or to changes in the strat-
egy to cope with the load, since in the group trained with a
higher load, there are important clinical effects associated
to the increase in PO. In the group trained with a lower
load, the increment in POmax was mild and mainly due to
an increase in Pth. An increment in PO due to an increase
in flow was only seen in two patients in this group.

FAULKNER [2] has stated that training elicits specific struc-
tural and functional changes in skeletal muscle which
depend on the stimulus used for training. Thus, train-
ing with high force contractions increases maximal force,
whereas training with high velocity, low force contrac-
tions, increases maximal shortening velocity.

With regard to the effects of training on respiratory
muscles, these are also shown to be stimulus specific.
Recent data however, suggest that by using intermediate
loads it is possible to obtain responses that involve con-
comitant training for both strength and endurance [5].

Fig. 4.  –  Relationship between changes in threshold pressure at the
mouth level (Pth) and inspiratory flow (V 'I), while performing the train-
ing manoeuvres before (●) and after 5 (❍) and 10 weeks (ý) of inspira-
tory muscle training for patients in Group 3. Results are presented as
mean±SEM. Significant increments in both indexes were observed (p<0.001
and p=0.001, respectively, analysis of variance (for repeated measures).
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Fig. 5.  –  Respiratory cycle during the training manoeuvres before (●)
and at 5 (❍) and 10 weeks (ý) of inspiratory muscle training in patients
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As has been pointed out by several authors [11–13], the
best system for training the inspiratory muscles has yet to
be defined. Results of different training protocols depend
on several factors such as the magnitude and modulation
of the load, the shortening velocity and the breathing pat-
tern. In fact, the use of different modalities of ventilatory
training may explain the still-controversial results obtain-
ed, especially in COPD patients [13].

With regard to the type of training protocol, BELMAN et al.
[14] studied the workload imposed by different training
devices and breathing strategies upon the ventilatory mus-
cles of patients with COPD. They selected six different
methods going from high flow and low pressure to  low
flow and high pressure tasks, resulting in very different
ventilatory muscle loading. A targeted resistance or a
threshold device with a load of 30% PI,max, together with
a respiratory frequency of 30 breaths·min-1 were found to
combine a load for both pressure and flow. These types of
load appear to be the best for improving PO. Theoreti-
cally, a training protocol that improves PO, as found in our
COPD patients, should be more useful than training only
for strength, since the endurance of the inspiratory mus-
cles is related to their PO [3].

There is very little information about the effect of IMT
on inspiratory muscle PO in both normals and patients
with COPD. Using an intermediate resistive load, TZELEPIS

et al. [3] trained normal subjects and found an increment
in both PI,max and V 'I, which is indicative of an improve-
ment in PO. In a previous study we reported an increment
in POmax after 5 weeks of IMT with an intermediate in-
spiratory threshold load in patients with COPD [4]. In the
present study, we have also evaluated PO for each of the
loads during an incremental threshold loading test, prior
to and after IMT with both 10% and 30% PI,max. Figure 3
shows that after training with 30% PI,max, each load in
the incremental threshold test is overcome with a flow that
is approximately 40% higher than in the baseline in-
cremental test. This increase in V 'I and, therefore, in PO,
is probably more relevant for the patients than the incre-
ment in PI,max to cope with the ventilatory demands of
daily life activities. No significant changes in PO during
the incremental test were seen after training with 10%
PI,max.

Another study by BELMAN and SHADMEHR [15] has assessed
the effects of targeted resistive breathing training, using
the highest endurable load. Although they did not measure
the effect on PO, they speculated that the significant
increase in mean and peak mouth pressure as well as in
the work of breathing during loaded breathing, were
indicative of an improvement in PO.

The effect of IMT with either flow or pressure as a tar-
get load has recently been studied by TZELEPIS et al. [16] in
normal subjects. They found that flow-targeted training
diminished the time to reach the peak oesophageal pres-
sure by about 25%, when performing maximal inspiratory
efforts. On the contrary, no such change was observed
with pressure training. According to these authors, this
finding is consistent with an increase in the velocity of
shortening of the inspiratory muscles due to training. Fur-
ther support for an increase in shortening velocity of res-
piratory muscles has been given in animals by the study of
BISSCHOP et al. [17]. After 8 weeks of IMT using a moderate
resistive load in rats, they found a reduction in the time to
reach the peak tension (tPT) in an in vitro diaphragm prep-

aration. These investigators attributed this physiological
effect of training to specific structural changes in the dia-
phragm, namely hypertrophy of type IIa and IIx/b fibres
[17].

We have evaluated the effect of IMT on the velocity of
shortening of the inspiratory muscles in our patients in a
rather indirect way, by analysing the changes in tI, tI/ttot,
V 'I and VT/tI during the training manoeuvres. The changes
observed are also consistent with the notion that there is
an increase in shortening velocity of the inspiratory mus-
cles. In a previous study we showed a similar effect on the
duty cycle during incremental threshold loading [4]. This
pattern of breathing could be useful during exercise since
with this breathing strategy, the patients could be capable
of maintaining VT in spite of decreasing tI. FLYNN et al. [18]
evaluated this effect of IMT on the pattern of breathing
during exercise and failed to show changes in duty cycle
during maximal exercise, even though during resting and
threshold breathing, they did find a shorter tI and tI/ttot
ratio after training.

In our study we used an intermediate threshold load
with a mean respiratory frequency of 17 breaths·min-1 cho-
sen spontaneously by the patients and which was not mod-
ified by training. The main finding was the increase in PO
due to a larger V 'I as well as to a reduction in tI and tI/ttot
with a normal VT. These results, which are in agreement
with data from TZELEPIS et al. [16] and BISSCHOP et al. [17],
suggesting changes in shortening velocity of in-spiratory
muscles, allow us to speculate upon structural changes at
the level of muscle fibres in response to specific recruit-
ment patterns induced by training.

Since myosin heavy-chain composition is one of the
determinants of shortening velocity [19], a possible mech-
anism underlying the improvement in PO with train-
ing may be the changes in myosin heavy-chain subtypes
shown in the diaphragm of experimental animals [19]. GEA

et al. [20] have recently shown that in dogs, resistive
breathing for 2 h during four consecutive days, increased
the messenger ribonucleic acid (mRNA) expression of
specific myosin heavy-chain isoforms in the diaphragm.
Further research is needed, however, to establish the role
of such changes in the increase in PO due to inspiratory
muscle training.

In conclusion, the results of the present study, as well as
those reported by others in normal subjects [3, 16] suggest
that the use of moderate loads to train inspiratory muscles
elicits improvements in both strength and shortening vel-
ocity and thus, in power output. We believe that in patients
with chronic obstructive pulmonary disease, these outcomes
are more relevant for coping with the increased ventilatory
demands of daily life activities, than the improvement in
strength alone achieved by training with high pressure
loads [1].
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