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ABSTRACT:  Cycle ergometer training plays an important role in the rehabili-
tation of patients with chronic obstructive pulmonary disease (COPD), but the
usefulness of specific inspiratory muscle training as part of pulmonary rehabili-
tation remains uncertain.

To determine whether inspiratory muscle training could intensify the known
beneficial effects of cycle ergometer training on exercise performance in these
patients, we compared the effect of an 8 week inspiratory muscle training com-
bined with cycle ergometer training with that of an 8 week cycle ergometer train-
ing alone on inspiratory muscle performance and general exercise capacity.
Patients were randomly assigned to the two training groups;  21 patients received
additional inspiratory muscle training (Group 1) and 21 did not (Group 2).  Maxi-
mal sniff assessed oesophageal and transdiaphragmatic pressures served as
parameters for global inspiratory muscle strength and diaphragmatic strength,
respectively.  The duration for which the patient could breathe against a constant
inspiratory pressure load was used as an index of inspiratory muscle endurance.
Exercise capacity was determined by an incremental symptom-limited cycle ergo-
meter test.

After the training period, inspiratory muscle performance improved signifi-
cantly in the patients with inspiratory muscle training, but not in those without.
Both training regimens increased maximal power output and oxygen uptake, but
this improvement was significantly greater in the patients with inspiratory muscle
training than in those without.

We conclude that inspiratory muscle training in addition to cycle ergometer train-
ing, can intensify the beneficial effects of cycle ergometer training on exercise per-
formance in COPD patients.
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To improve physical capacity is one of the main aims
of rehabilitation programmes for patients with chronic
obstructive pulmonary disease (COPD) [1].  Exercise
reconditioning has been shown to increase work toler-
ance and reduce dyspnoea [2, 3].  It is an essential com-
ponent of pulmonary rehabilitation [4].  Some authors
have also mentioned specific training of the respiratory
muscles for improving physical endurance in COPD
patients [5–8]. The reason for using inspiratory muscle
training (IMT) is that the respiratory muscles of COPD
patients are suspected to be weak and their exercise tol-
erance is limited.  Therefore, successful training of the
respiratory muscles should increase maximal exercise
ventilation and improve exercise capacity.  However,
there are many doubts about the use of such specific
training for three very different reasons, depending on
whether the respiratory muscles of the COPD patients

are considered weak, chronically fatigued or normal: 1)  If
they are weak, they may already be close to their fatiguing
threshold, since the mechanical load on these muscles is
increased due to lung function abnormalities.  Any fur-
ther increase in the work of breathing by IMT may, there-
fore, not strengthen the inspiratory muscles but, on the
contrary, be potentially hazardous.  IMT is thought to
be dangerous in patients with neuromuscular diseases
and in patients with COPD [9, 10], because a weakened
muscle is more susceptible to damage and fibre splitting
[10].  2)  If they are chronically fatigued, rest and not
training should be the treatment to improve respiratory
muscle function [11].  3)  It probably makes no sense to train
respiratory muscles if their function is well-preserved
[12].

General exercise training is a cornerstone of rehabili-
tation programmes for patients with COPD for improving



their exercise capacity.  In itself, it increases the mech-
anical load on the ventilatory muscles by increasing the
level of ventilation.  When IMT is added, it may have
an extra theoretical benefit on exercise tolerance, or may
be hazardous by causing "overwork weakness" of the res-
piratory muscles, or may have no extra effect at all.

The purpose of our study was to determine whether
combining general exercise training with specific respir-
atory muscle training is of value.

Methods

Patient characteristics

For the purpose of this study, we define chronic air-
flow obstruction as clinically stable primary pulmonary
disease with the following features: 1) ratio of forced
expiratory volume in one second to forced vital capa-
city (FEV1/FVC) of less than 70%; 2) total lung capac-
ity (TLC) greater than 80% of the predicted value; and
3)  change in FEV1 after bronchodilator inhalation of less
than 15%.  The ventilatory limitation of exercise is de-
fined as: a) a maximal heart rate that is below two stan-
dard deviations of the predicted maximal heart rate; b)
an exercise ventilation that is higher than 80% of the
maximal voluntary ventilation (MVV); and c) dyspnoea
without other limiting symptoms at maximal exercise
[13].

Sixty ambulatory patients, 39 men and 21 women, each
fulfilling the study's definitions of chronic airflow ob-
struction and ventilatory limitation of exercise, were
recruited for the study.  Their respiratory impairment
ranged from mild to severe [14].  None of them had evi-
dence of endocrine, orthopaedic or primary cardiac dis-
orders.  Patients with clinical or electrocardiographic
evidence of coronary artery disease, hypertension or cor
pulmonale were excluded.  Chronic medications included
aminophylline and inhaled beta-adrenergic agents in all
patients.  The serum aminophylline level was in the
therapeutic range in each patient.  No patient was on oral
steroids.  Before entering the study, the patients were
randomly assigned to either receive or not receive spe-
cific inspiratory muscle training in addition to cycle
ergometer training.  All patients gave informed consent
for participation in this study, which was approved by
the local Ethics Committee.

Measurements

Lung function. Lung function analysis consisted of
spirometry and plethysmography.  Spirometry was per-
formed using an open system with integration of the flow
signal;  whole-body plethysmography was carried out by
the constant volume method (Jaeger, Würzburg, Germany).
The patients' lung function parameters were compared
with the reference values given by the European Community
for Steel and Coal [15].

Exercise testing. Progressive incremental tests were
performed on an electrically-braked cycle ergometer
(Jaeger, Würzburg, Germany), whilst the patient breathed
room air.  Each patient sat at rest on the bicycle for 4
min.  Work rate was then increased by 10 or 25 W every
2 min, until the patient was unable to continue cycling.
If the FEV1 of the patient was less than 1 l, the incre-
ment in power was 10 W;  if it was greater than 1 l, the
increment was 25 W.  Minute ventilation (VE), tidal vol-
ume (VT), breathing frequency (fR), oxygen uptake (VO2)
and carbon dioxide output were measured from the analy-
sis of the expirate every 30 s by using a computerized
system (EOS Sprint, Jaeger, Würzburg, Germany).  This
system features pneumotachographic airflow measure-
ment and a mixing chamber for metabolic rate mea-
surement.  Heart rate was monitored throughout the test.
Capillary blood from the hyperaemic earlobe was taken
at rest and at maximal exercise to estimate arterial oxy-
gen (PaO2) and carbon dioxide tension (PaCO2).  The maxi-
mal workload and heart rate achieved were compared
with the predicted normal values given by JONES [16].
At end-exercise the subjective degree of dyspnoea was
rated on a modified Borg scale [17].  The incremental
cycle ergometer test was performed 2 weeks before
training started and repeated one day after its termin-
ation to evaluate the effects of training on exercise per-
formance.

Inspiratory muscle strength. Sniff-assessed maximal
oesophageal and transdiaphragmatic pressure values
served as parameters for global inspiratory muscle
strength and diaphragmatic strength, respectively [18,
19].  To measure oesophageal (Poes) and transdiaphrag-
matic pressure (Pdi), a flexible, distilled water-perfused,
double-lumen catheter was used.  The catheter-pressure
transducer-system was described in detail previously
[20].  Pdi was obtained by subtracting Poes from gastric
pressure (Pga).  Poes, Pga and Pdi obtained during the
sniff manoeuvres were stored in a PC-AT (with a sam-
pling rate of 20 Hz and resolution of 12 bits).  When a
plateau of sniff Poes and Pdi was reached (usually with-
in five sniffs), an extra 10 maximal sniffs were carried
out to ensure no further increase.  The highest Poes and
Pdi values were then selected for analysis.  Sniff trials
were performed at resting end-expiration.  Poes and Pga
were arbitrarily assigned zero at the start of each sniff;
therefore, only pressure changes relative to the initial
level were recorded.

Inspiratory muscle endurance. To determine inspira-
tory muscle endurance, a device similar to that proposed
by NICKERSON and KEENS [21] was used.  Subjects in-
spired through a two-way valve, the inspiratory part of
which was connected to a chamber and plunger to which
weights could be added externally (Segadat, Vienna,
Austria).  The duration for which the patient could in-
hale against a certain weight was used as an index of
endurance.  A certain weight was selected for each pa-
tient so that he/she had to generate a Pdi 70% of the
maximal sniff-assessed Pdi with each inspiration.  Pdi
was continuously displayed on the screen of a PC-AT
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in front of the patients with the 70% of Pdimax marked.
Poes and Pga were not controlled during the resistive
breathing runs, so that the patients could use predomi-
nantly the rib cage muscles or the diaphragm to gener-
ate the target Pdi.  Breathing frequency (fR) was held
constant throughout, and corresponded to the patient's
resting fR, which was assessed during 10 min before the
test began.  Two different sounds produced by the com-
puter were used as an audible cue for maintaining fR;
inspiratory and expiratory times were adapted according
to the patient's duty cycle.  Resistive breathing manoeu-
vres were stopped when the patients could not generate
target Pdi for three consecutive breaths.  Immediately
after the fatigue run, the patients performed 10 sniff
manoeuvres, and the highest Poes and Pdi values were
selected for comparison with baseline.

The test for assessing inspiratory muscle strength and
endurance was performed one day before training start-
ed and repeated one day after its cessation.

Training protocol

Cycle ergometer training (CET) consisted of exercise
on a calibrated cycle ergometer under the supervision of
a physical therapist.  Patients exercised 4 days a week
(Monday, Tuesday, Thursday and Friday) for 8 weeks.
The daily training session lasted 20 min at the begin-
ning, and was increased after 3 weeks to 25 and after 6
weeks to 30 min.  Training intensity (TI) was defined
by a training heart rate (THR) which was continuously
monitored during each session by a heart rate monitor.
Workload could be increased, if necessary, to maintain
a constant TI throughout the 8 week period.  Patients
were allowed to exercise at a range from THR to THR
+10 beats.  THR was calculated as 60% of the maximal
heart rate reserve by the formula [22]: 

(maximal HR - resting HR) × 0.6 + resting HR

Maximal heart rate was derived from the incremental
cycle ergometer test, performed two weeks before train-
ing began.

Inspiratory muscle training. In addition to CET, 30 of
the 60 patients (20 males and 10 females) participated
in a specific training programme for the inspiratory
muscles.  IMT consisted of strength and endurance train-
ing.  For strength training, patients had to perform daily
12 maximal static inspiratory efforts against an almost
completely occluded resistance at residual volume, as
described by BLACK and HYATT [23].  A 15 s interval
between the manoeuvres was allowed, each lasting ≥2 s.
The pressure values generated were measured with a ±300
cmH2O differential pressure transducer (model 142 PC,
Honeywell, Freeport, Ill, USA) and displayed in arbi-
trary units as a vertical beam on the screen of a PC/AT.
One day before training began, the first 12 of these
manoeuvres were performed by the patients to determine
the maximal achievable pressure.  During the 8 week

training period they had to generate, with each maximal
contraction, a pressure of at least 80% of this predeter-
mined value.  The pressure target was marked on the screen
of the PC in front of the patient.  When the generated pres-
sure exceeded this target three times or more during one
session, the pressure target was readjusted.

For endurance training, the same kind of pressure
threshold breathing device was used to evaluate endurance.
During the 8 week training, patients had to daily breathe
for 10 min at a given inspiratory pressure, namely 70%
of the maximal sniff-assessed Pdi.  Expiration was
unloaded.  The appropriate weight was determined with-
in the scope of the tests for measuring inspiratory mus-
cle endurance one day before training started.  If the
patient's endurance time was less than 10 min, the weight
against which he had to train was reduced, so that he
had to generate a pressure only 60% of the maximal
sniff Pdi.  During training, the weight was increased
every 2 weeks by 5–10% of the original weight.  At   the
end of the 8 week training programme, the patients had
to breathe on average against a weight 25% higher than
the initial weight.

The manoeuvres for IMT were performed at least 30
min after CET.  Strength training was always performed
first, and followed by endurance training after at least
10 min.

Data analysis

Breathing pattern was examined using the familiar Hey
plot:  VE was plotted against VT [24].  Statistical com-
parisons within a group and between groups were per-
formed with a paired and unpaired t-test, respectively.
A two-tailed p-value of less than 0.05 was considered to
indicate statistical significance.  Values throughout the
text and tables are expressed as means±SD.

Results

Of the 60 patients who were initially included in
the study, 42 completed the whole training programme.
Most patients dropped out because of exacerbation of
COPD or insufficient compliance.  When these were
compared with those who completed the study, no sig-
nificant differences could be detected in their physical
characteristics, lung function parameters, exercise perfor-
mance or inspiratory muscle function.  Furthermore, the
number of drop-outs was similar in the two training
groups.  The anthropomorphic and resting pulmonary
function data from the remaining 42 patients are shown
in table 1.  Twenty one of the 42 patients (Group 1) (12
males and 9 females) performed the CET combined with
IMT; the remaining 21 (Group 2) (10 males and 11
females) performed the CET programme only.  There
were no significant differences regarding physical char-
acteristics and pulmonary function indices.  No signifi-
cant changes of the pulmonary function indices were
found in either group after training.

·



Effect of training on inspiratory muscle performance 

Baseline inspiratory muscle function data were simi-
lar in both groups (table 2).  This table further indicates
that patients who had both IMT and CET showed a sig-
nificant increase in global inspiratory muscle strength
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Table 1  –  Physical characteristics,  resting lung func-
tion data and blood gas values in the two study groups

Group 1     Group 2
CET + IMT   CET

n=21    n=21

Age  yrs 55±5 57±6
Height  cm 168±8 166±8
Weight kg 72.3±9.4 70.8±10.6
FVC  l 3.03±0.89 3.12±0.67

% pred 81±18 83±18
FEV1 l 1.31±0.52 1.34±0.44

% pred 44±19 48±17
FEV1/FVC % 44±15 43±14
TLC  l 6.9±1.6 6.4±1.1

% pred 129±20 121±19
FRC  % pred 162±49 137±31
RV   % pred 206±55 190±51
Raw  kPa·l-1·s 0.32±0.22 0.30±0.19
PaO2 kPa 9.1±1.2 9.4±1.4
PaCO2 kPa 5.6±0.8 5.3±0.9

Data are presented as mean±SD.  CET: cycle ergometer train-
ing; IMT: inspiratory muscle training; FVC: forced vital capac-
ity; FEV1: forced expiratory volume in one second; TLC: total
lung capacity; FRC: functional residual capacity; RV: residual
volume; Raw: mean airway resistance; PaO2: arterial oxygen
tension; PaCO2: arterial carbon dioxide tension; % pred: per-
centage of predicted value: Sources of predicted values are
given in the text.

Table 2.  –  Inspiratory muscle function parameters in the two study groups

Group 1  CET + IMT    Group 2  CET

Pre†   Post† Pre†   Post†
Poes,max  cmH2O 57.9±19.3  80.8±26.6** 62.3±20.9 65.4±22.8+

Pdi,max  cmH2O 80.5±24.4 110.8±32.2** 87.8±18.9 90.9±21.5+

Tlim  min 12.0±6.7 16.5±7.4** 12.2±6.2 12.3±7.2

Data are presented as mean±SD.  CET: cycle ergometer training; IMT: inspiratory muscle training; †: pre- and post-training val-
ues; Poes,max: maximal sniff-assessed oesophageal pressure; Pdi,max: maximal transdiaphragmatic pressure; Tlim: endurance
time.  **: p<0.001 vs baseline value; +: p<0.05 vs Group 1.  

Table 3.  –  Maximal exercise data in the two study groups

Group 1  CET + IMT Group 2  CET

Pre† Post† Pre† Post†
VO2max  l·min-1 1.09±0.37 1.32±0.41** 1.14±0.28 1.24±0.35*

% pred 63±12 76±14** 66±11 73±14*
Wmax W 80.4±31.6 98.8±37.9** 83.2±27.1 92.8±32.7*

% pred 58±13 73±15** 60±12 67±12*
HRmax beats·min-1 135±13 146±13** 138±15 136±13

% pred 77±7 83±9** 80±8 78±8
Vemax l·min-1 47.6±15.3 54.8±16.9** 48.5±11.9 48.4±0.5
VTmax l 1.41±0.39 1.60±0.44** 1.42±0.41 1.43±0.5
PaO2 kPa 8.7±1.2 8.8±1.2 8.9±1.2 8.9±1.3
PaCO2 kPa 5.3±0.8 5.0±1.0 5.2±0.8 5.1±1.0

Data are presented as mean±SD. †: pre- and post-training values; VO2max: maximal oxygen uptake; Wmax: maximal power out-
put; HRmax: maximal heart rate; VEmax: maximal minute ventilation; VTmax: maximal tidal volume.  For further abbreviations see leg-
end to table 1.  Sources of predicted values are given in the text.  *: p<0.001 vs pre-training values; *: p<0.05 vs pre-training values.

and diaphragmatic strength.  Their inspiratory muscle
endurance time also increased significantly.  Conversely,
these parameters remained unchanged in Group 2.  For
the Group 1 patients, the maximal sniff-induced Poes and
Pdi, evaluated immediately after the resistive breathing
test, were 41.2±15.0 cmH2O (71% of control) and 60.8±18.7
cmH2O (76% of control) before training, and 59.2±18.9
cmH2O (74% of control) and 77.5±25.1 cmH2O (70% of
control) after training, respectively.  

For the Group 2 patients, with exhaustion the mean
Poes,max and mean Pdi,max were 48.1±15.4 cmH2O
(77% of control) and 66.3±16.0 cmH2O (76% of control)
before training, and 47.4±16.9 cmH2O (72% of control)
and 68.2±16.6 cmH2O (75% of control) after training,
respectively.  This shows that the resistive breathing
manoeuvres caused a similar degree of exhaustion,
before and after training in both groups.

Maximal exercise data 

The data of the exercise tests before and after training
are shown in table 4. Both patient groups showed a
significant increase in maximal power output (Wmax)
and maximal oxygen uptake (VO2max) after training.
However, this improvement was significantly greater in
Group 1 (fig. 1).  Furthermore, Group 1 patients could im-
prove their maximal exercise ventilation (VEmax) and
maximal tidal volume (VTmax) significantly.  No such
changes could be observed in Group 2.  Both before and
after training, VE was not significantly different between
the two groups at comparable levels of power output (fig.
2).  When analysing the breathing pattern using the Hey-
plot, we again observed no significant differences between
the two groups.  The VT values were similar in the two
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groups at comparable levels of VE, before and after train-
ing (fig. 3).  Although, after training, the Group 1 patients
achieved higher VEmax and Wmax values than the Group
2 patients (table 1), the rating of dyspnoea at end-exercise
was similar in both groups (7.2±1.7 vs 7.0±1.4 units).
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Fig. 1.  –  Percentage increase of maximal exercise data induced by
training in the two study groups.  Vo2max: maximal oxygen uptake;
Wmax: maximal power output; VEmax: maximal exercise ventilation;
VTmax: maximal tidal volume; NS: nonsignificant.  Statistical signifi-
cance is indicated both between and within groups.        : Group 1,
cycle ergometer training + inspiratory muscle training;        : Group
2, cycle ergometer training alone. 
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Fig. 2.  –  Group mean values of minute ventilation (VE) versus power
output of 25, 50, 75 W and at end-exercise before and after training
for: a) the Group 1 patients; and b) the Group 2 patients. Group 1:
cycle ergometer training + inspiratory muscle training;  Group 2: cycle
ergometer training.  Bars indicate±SD. ■: before training; ▲: after
training 

Fig. 3.  –  Group mean values of minute ventilation (VE) versus tidal
volume (VT) at power output of 25, 50, 75 W and at end-exercise
before and after training for: a) the Group 1 patients; and b) the
Group 2 patients.  Group 1: cycle ergometer training + inspiratory
muscle training; Group 2: cycle ergometer training.  Bars indicate±SD.
■: before training; ▲: after training.

Discussion

Our study has yielded the following results: 1) In
COPD patients, a rehabilitation programme consisting
of IMT and CET improves inspiratory muscle perfor-
mance, whereas CET alone does not affect the func-
tioning of these muscles; and 2) IMT combined with
CET, and CET alone improve exercise performance.
This improvement, however, is significantly greater
when IMT is included in the programme.

In COPD, exercise tolerance is believed to be limit-
ed both by lung mechanics and respiratory muscle per-
formance.  Therefore, methods to improve respiratory
muscle function have received considerable attention, such
as pharmacological therapy, oxygen, nutrition, rest and
training [4].  But the role of specific IMT in patients
with COPD remains uncertain.

Respiratory muscles exhibit similar adaptions to train-
ing as other skeletal muscles, provided that the training
follows the basic training principles for any striated
muscle, with regard to intensity, duration of the stimu-
lus and the specificity of the training [25].  It has been
shown several times that IMT has a beneficial effect
on exercise performance in COPD patients.  Depending
on which tests were used to evaluate performance, im-
provements could be demonstrated in maximal exercise
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ventilation and oxygen uptake measured by an incre-
mental cycle ergometer test [5, 7], in the endurance time
whilst cycling at a constant submaximal work load [5–7],
and in the 12 min walking distance [6, 7].  In a recent
paper, IMT in addition to pulmonary rehabilitation was
shown to have an extra beneficial effect on exercise per-
formance evaluated with the 12 min walking distance
[26].  In another paper, IMT combined with general exer-
cise reconditioning provided greater improvement in exer-
cise tolerance than general exercise reconditioning alone
[27].  In that study, the endurance time whilst cycling at
a constant submaximal workload and the 12 min walk-
ing test were used as parameters.  Other authors, how-
ever, could not demonstrate any beneficial effects of
IMT on exercise performance [28, 29].  Because of
these controversial results, the positive effects of IMT
are considered to be uncertain [30, 31], and it has been
pointed out that, at present, IMT cannot be recommended
as part of the routine management of COPD patients
[32].

The results of our study have demonstrated, however,
that IMT, when combined with CET, improves exercise
capacity significantly more than does CET alone.  When
WEINER et al. [27] compared the effects of IMT com-
bined with general exercise reconditioning with that of
general exercise reconditioning alone, they also found
greater improvements in cycle ergometer performance
when IMT was included.  In that study, the patients'
endurance time, while cycling at a constant submaximal
workload until exhaustion, served as parameter for ex-
ercise tolerance.  They did not evaluate exercise perform-
ance by incremental cycle ergometer tests.  Incremental
or progressive exercise tests are now being used increas-
ingly in clinical evaluation of ventilatory control and
exercise tolerance.  The choice of progressive exercise
in our study could evaluate the effects of combined IMT
and CET on rapidly changing ventilatory variables and
maximal exercise performance.  WEINER et al. [27] did
not change the intensity of general exercise training
after the first month of training until the end (after 6
months).  Therefore, one could argue that the training
intensity in that study was too low during the last
months of the training period, which might have influ-
enced the results.  In our study, the intensity of CET
remained constant and sufficiently high throughout the
whole training period.  The results of our study clearly
demonstrate that it makes sense to offer COPD patients
IMT in addition to CET.

We compared the effects of IMT combined with CET
with those of CET alone, but did not evaluate the effects
of a sole IMT regimen.  This was for two reasons.   Firstly,
it is already well-established that general exercise train-
ing is a cornerstone of rehabilitation programmes for
patients with COPD [2, 4];  therefore, we did not want
to withhold this from our patients.  Secondly, IMT for
the purpose of improving exercise tolerance violates the
principle of training specifity - that the training techni-
que should mirror the activity in which improvement is
desired - in this case whole body exercise.  Therefore,
we have chosen the combined IMT and CET programme
and refrained from performing IMT alone.  We have also

refrained from evaluating the effects of a training pro-
gramme consisting of sham IMT and CET.  Since both
CET and IMT increase the mechanical load on the inspi-
ratory muscles, we were mainly concerned with whether
IMT, when added to CET, is hazardous by causing
"overwork weakness" of the respiratory muscles.   A
sham IMT and CET programme would not provide us
with an answer to this question.

Maximal power output, maximal oxygen uptake and
maximal exercise ventilation were the parameters for
exercise capacity.  They increased in both patient groups,
but significantly more in the group with additional
IMT.  Several factors may account for this phenomenon:
1)  Exercise-induced VE increase places a substantial load
on the ventilatory muscles.  During ventilatory stress the
respiratory muscles produce lactate [33].  By improving
performance, these muscles might produce less lactate
during exercise-induced ventilatory stress.  2)  The con-
ditioning of the respiratory muscles might enable pa-
tients to tolerate higher PaCO2 levels.  3)  Furthermore,
improved inspiratory muscle performance might in-
crease ventilatory efficacy for CO2 clearance (physio-
logical dead space/tidal volume (VD/VT)) by increasing
tidal volume.  Since:VE=K×carbon dioxide output
(VCO2)/[PaCO2 × (1-VD/VT)], (where K is a constant),
a reduction of lactic acidosis by the respiratory muscles,
an increase in PaCO2, or an increased CO2 clearance by
a reduction of Vd/VT will reduce the ventilatory re-
quirement for a given level of work.  In our study, how-
ever, the ventilatory requirements were similar in both
groups at comparable levels of power output, and this
was true before and after training.  In addition, when
analysing the breathing pattern by plotting VE against
VT, we found that the VT values obtained at compar-
able levels of VE were similar in both groups.  Therefore,
the extra beneficial effect of IMT in our patients cannot
be explained by the above-mentioned factors.  Since, VE

was similar in both groups at equivalent workloads, and
patients with IMT achieved a higher maximal power
output than those without IMT, patients with IMT ob-
tained a higher maximal VE than those without IMT.
The VT at peak exercise was also higher in the IMT
group.  Although patients with IMT exhibited higher
VEmax and VTmax values, the intensity of dyspnoea was
similar in both groups.  Dyspnoea is closely correlated
with respiratory effort sensation [34].  Inspiratory flow
rate, VT, the pressure generated during inspiration and
the capacity of the respiratory muscle to generate pres-
sure all  determine the intensity of effort [17].  Our pat-
ients with IMT could significantly increase their
maximal sniff-induced Poes and Pdi values, which are
valid indices for global inspiratory muscle strength and
diaphragmatic strength, respectively.  The improved capac-
ity of their respiratory muscles to generate pressure may,
therefore, enable them to tolerate a higher exercise venti-
lation and, thus, achieve a higher workload.

Since none of our patients had a resting PaCO2 of
greater than 6.0 kPa, our results may not be applicable
to COPD patients with CO2 retention.  But they clearly
demonstrate that IMT, in combination with CET,
does not cause "overwork weakness" of the inspiratory
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muscles in patients without CO2 retention, even when
they have severe chronic airflow obstruction.

In summary, cycle ergometer training alone improves
maximum exercise capacity, but not inspiratory muscle
performance.  Additional IMT improves inspiratory
muscle strength and endurance, and enhances maxi-
mum exercise capacity significantly more than CET.
Our results indicate that IMT, when performed in addi-
tion to cycle ergometer training, can be a useful part of
pulmonary rehabilitation for COPD patients.
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