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Abstract: Dynamic hyperinflation has important clinical consequences in patients with chronic 

obstructive pulmonary disease (COPD). Given that most of these patients have respiratory and 

peripheral muscle weakness, dyspnea and functional exercise capacity may improve as a result 

of inspiratory muscle training (IMT). The aim of the study was to analyze the effects of IMT 

on exercise capacity, dyspnea, and inspiratory fraction (IF) during exercise in patients with 

COPD. Daily inspiratory muscle strength and endurance training was performed for 8 weeks in 

10 patients with COPD GOLD II and III. Ten patients with COPD II and III served as a control 

group. Maximal inspiratory pressure (Pimax) and endurance time during resistive breathing 

maneuvers (tlim) served as parameter for inspiratory muscle capacity. Before and after train-

ing, the patients performed an incremental symptom limited exercise test to maximum and a 

constant load test on a cycle ergometer at 75% of the peak work rate obtained in the pretraining 

incremental test. ET was defined as the duration of loaded pedaling. Following IMT, there was a 

statistically significant increase in inspiratory muscle performance of the Pimax from 7.75 ± 0.47 

to 9.15 ± 0.73 kPa (P , 0.01) and of tlim from 348 ± 54 to 467 ± 58 seconds (P , 0.01). 

A significant increase in IF, indicating decreased dynamic hyperinflation, was observed dur-

ing both exercise tests. Further, the ratio of breathing frequency to minute ventilation (bf/V′
E
) 

decreased significantly, indicating an improved breathing pattern. A significant decrease in 

perception of dyspnea was also measured. Peak work rate during the incremental cycle ergom-

eter test remained constant, while ET during the constant load test increased significantly from 

597.1 ± 80.8 seconds at baseline to 733.6 ± 74.3 seconds (P , 0.01). No significant changes 

during either exercise tests were measured in the control group. The present study found that in 

patients with COPD, IMT results in improvement in performance, exercise capacity, sensation 

of dyspnea, and improvement in the IF prognostic factor.

Keywords: chronic obstructive pulmonary disease, cycle ergometer test, dynamic hyperinflation, 

dyspnea, inspiratory muscle training

Introduction
Chronic obstructive pulmonary disease (COPD) is a common disease that can 

substantially impair one’s quality of life and increase the risk of premature 

death. 

It is a progressive disorder characterized by a partially reversible expiratory airflow 

limitation. The pathological hallmarks of COPD are inflammation of the peripheral 

airways and destruction of lung parenchyma or emphysema. It encompasses both 

emphysema and chronic bronchitis. The airflow limitation is usually progressive 

and is associated with an abnormal inflammatory response of the lungs to inhaled 

noxious particles or gases.
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Expiratory airflow limitation and loss of the lung’s 

elastic recoil promotes air trapping with an increase in end-

expiratory lung volume (EELV), a decrease in inspiratory 

capacity (IC), and lung hyperinflation. Consistent reduction 

in IC during physical activities reflects dynamic hyperinfla-

tion. Dynamic hyperinflation appears to be the main cause 

of exertional breathlessness and exercise performance in 

patients with COPD.1

Inspiratory muscle training (IMT) is known to be “an 

adjunctive therapy in pulmonary rehabilitation, primarily 

in patients with suspected or proven respiratory muscle 

weakness.”2 IMT positively influences exercise capacity in 

COPD,3 but its effects on dynamic hyperinflation are still 

controversial.

We examined the benefits of a short outpatient program 

of IMT on inspiratory muscle performance, exercise capacity, 

perception of dyspnea, and inspiratory fraction ([IF] = IC/ 

total lung capacity [TLC]). The objective of this study was 

to analyze the effects of IMT on IF during exercise, exercise 

capacity, and sensation of dyspnea in patients with COPD.

Materials and methods
Subjects
Twenty subjects with moderate to severe COPD GOLD II 

and III were recruited from our outpatient clinic for the 

study. According to the criteria of the American Thoracic 

Society (ATS),4 COPD is defined as postbronchodilator 

forced expiratory volume in 1 second (FEV
1
) of 30% to 79% 

of the predicted value and a ratio of FEV
1
 to forced vital 

capacity (FVC) ,70%.

Ten subjects (6  male and 4 female) underwent IMT, 

while the other ten patients (5 male and 5 female) served as 

a control group. The baseline characteristics of the patients 

are summarized in Table 1. There were no significant dif-

ferences in anthropometric data, lung function parameters, 

and exercise capacity between groups.

All patients were initially observed over a 4-week obser-

vation period while their regular treatment was maintained. 

During this period, no patients experienced symptoms of 

respiratory infection. Inclusion criteria required subjects 

to be less than 70 years old and to have moderate to severe 

nonreversible airflow obstruction. Exclusion criteria were 

the exacerbation of COPD within the previous 6 weeks, 

neoplastic disease or the presence of a disease that could 

contribute to dyspnea, or exercise limitation (cardiovascular, 

neuromuscular, or other respiratory diseases). No patients 

had received treatment with systemic cortisone over the last 

6 months.

Study design
The effects of IMT were investigated by using a random-

ized controlled study. All measurements were performed 

before the IMT and within 1 week after its completion. After 

familiarization with testing procedures, subjects underwent 

pulmonary function testing. Pulmonary function testing is a 

symptom-limited incremental test that defines the peak work 

rate according to ATS standards.5 A constant work test at 75% 

of peak work rate taken was performed the following day. 

Ten subjects received specific inspiratory muscle training on 

a daily basis for 8 weeks, with the other ten patients serving 

as a control group.

All subjects provided their written consent for the study, 

which was approved by the Vienna Health Authority research 

ethics committee.

Baseline pulmonary function test
In order to confirm diagnosis and determine severity of the 

disease, standard forced expiratory spirometry (FEV
1
 and 

FVC) and body plethysmography (residual volume, func-

tional residual capacity, TLC) were evaluated in both groups, 

according to ATS4 before and after IMT using a computerized 

spirometer (Masterlab; Jaeger, Wuerzburg, Germany).

Incremental cycle ergometer testing and constant 
load cycle ergometer testing
At the start and the end of the study, all patients performed 

a symptom-limited incremental exercise test on the Ergoline 

Table 1 Baseline characteristics of the patients

Parameter Control group Training group

Subjects (n) 10 10
Male/female 5/5 6/4
Age (years) 60.3 ± 5.3 58.7 ± 5.2
Height (cm) 171.0 ± 6.0 171.0 ± 7.6
Weight (kg) 71.3 ± 13.9 71.4 ± 17.4
BMI (kg ⋅ m-2) 24.2 ± 3.4 24.3 ± 4.0
Lung function parameters
  FEV1 (L) 1.85 ± 0.37 1.97 ± 0.38
  FEV1 (%) 54.80 ± 8.17 55.90 ± 6.70
  FVC (L) 3.47 ± 0.40 3.62 ± 0.69
  RV (L) 2.59 ± 0.63 2.69 ± 0.64
  FEV1:FVC (%) 58.5 ± 6.9 60.2 ± 5.6
  TLC 7.120 ± 0.434 7.025 ± 1.267
  IC 3.039 ± 0.203 3.107 ± 1.106
Exercise performance
  Work rate in watts (min/max) 105 ± 28 109 ± 43

Note: Data are presented as mean ± 1 SD.
Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 second; 
FVC, forced vital capacity; IC, inspiratory capacity; RV, residual volume; TLC, total 
lung capacity.
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800 electronically braked cycle ergometer (Ergoline, Bitz, 

Germany). Incremental exercise tests consisted of a steady 

state resting period of 3  minutes followed by stepwise 

protocol increases of 20–30 watts every 2 minutes depending 

on the baseline fitness of the participant. The test ended at 

the point of peak exercise, which is defined as an inability to 

maintain the load reached. A constant load test on the elec-

tronically braked cycle ergometer was set at 75% of the peak 

work rate obtained in the pre-training incremental test.

During these tests, gas exchange, ventilatory parameters, 

and heart rate were recorded breath by breath (Oxycon Pro; 

Jaeger). Constant load test endurance time (ET) was defined 

as the duration of loaded pedaling. IC and IF were measured 

every second minute during both ergometer exercise tests 

and also served as parameter for dynamic hyperinflation. 

It is assumed that TLC remains constant during exercise 

in COPD.6

In order to reach satisfactory reproducibility of IC 

maneuvers, patients were given a few breath warnings 

before the maneuver started. Subjects were instructed to 

breathe in until their lungs were full and then asked to try 

to fill up even more (ie, to inspire to TLC) before returning 

to normal breathing. If efforts appeared submaximal, then 

IC was not accepted.

The sensation of dyspnea during exercise was measured 

every 2  minutes using the Borg Category Ratio scale.7 

Measurements of IC, BORG dyspnea ratings, and ET during 

cycle exercise testing are known to be highly reproducible 

and responsive to change in patients with COPD.8

Inspiratory muscle training
Subjects were instructed to perform IMT sessions once per 

day, 7 days per week, for 8 weeks. Daily training sessions 

started with strength training and were followed by endur-

ance training 15 minutes later. Patients had to perform the 

training seated and using a nose clip.

Daily inspiratory muscle strength and endurance training 

were performed using the same training device (Respifit S™; 

Mauerbach,  Austria).9 Maximal inspiratory pressure (Pimax) 

and ET during resistive breathing maneuvers (tlim) served 

as parameters for inspiratory muscle capacity. Pimax is a 

reliable, noninvasive parameter for assessing the respiratory 

muscle strength.

Strength exercises
Patients performed ten inspiratory maneuvers against close-

to-maximum resistance and had to reach at least 80% of 

Pimax for a minimum of 1 second in order to complete the 

strength training. This subjects the respiratory muscles, and 

the diaphragm in particular, to maximum strain. The strength 

exercise involves the constriction of the air duct allowing 

only for a minimal amount of air to be inhaled. Each inspira-

tory maneuver starts from the point of maximum expiration 

(residual volume).

Each training (block of exercises) included ten individual 

exercises. If all individual exercises were completed success-

fully, the training was considered a success and was stored 

as such on the chipcard.

The length of the break between each individual exer-

cise was 10  seconds. If the specified minimum pressure 

was not reached twice during the training session, training 

was terminated and stored as unsuccessful on the patient’s 

chipcard. Training intensity was increased every 2 weeks 

by reevaluating Pimax. Fifteen efforts were performed at 

level functional residual capacity to determine Pimax and 

the highest value was used.

Endurance exercises
The exercise was performed by breathing against a pre-

defined level of resistance. tlim, a parameter of respiratory 

muscle endurance, is defined as the time until the onset of 

muscle exhaustion of the respiratory pump (muscle fatigue) 

during resistive breathing against a predefined inspiratory 

load.

During the exercise, the patients breathed at normal 

breathing frequency until the specified target value could 

not be achieved for four subsequent breaths (sign of muscle 

exhaustion). The subjects had to achieve a target pressure of 

60% of the previously determined Pimax value. The elapsed 

time in seconds from the beginning of the exercise until the 

onset of muscle exhaustion was determined as tlim.

Inspiratory muscle endurance training consisted of ten 

loaded breathing cycles against a variable flow-dependent 

inspiratory resistance of 1-minute duration each, separated 

by 20-second intervals. The intensity of endurance training 

was also increased every 2 weeks.

A graphical display on the training device gave visual 

feedback on training results to indicate whether the strength 

or endurance training was completed successfully. The 

number of correctly and incorrectly performed exercises was 

saved on individual memory cards, enabling the physician 

to check each patient’s training.

Statistical analysis
Results of the baseline and descriptive statistical analysis in 

tables are expressed as mean  ±  1 standard deviation (SD) 
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or median  ±  95% confidence interval (CI). Values shown 

in figures are described as mean ± 1 standard error of the 

mean (SEM) or median ± 95% CI. The Shapiro–Wilk test 

was used for preliminary testing to evaluate if grouped data 

were normally distributed (P , 0.05). Based on general linear 

models, univariate analysis of variance with repeated measures 

(Greenhouse–Geisser correction) was used to compare the 

effects of IMT on: (1) inspiratory muscle capacity (Pimax, 

tlim); (2) incremental exercise capacity (IF, V’O
2
, bf/V′

E
); 

(3) constant work rate (ET, bf/V′
E
); and (4) sensation of 

dyspnea (BORG Scale). Analysis of variance results between 

groups and between subjects (both with Bonferroni correc-

tion for pairwise comparisons) and interactions with values 

of P , 0.05 were considered significant. Statistical analysis 

and graphs were generated using the SPSS (v 17; IBM 

Corporation, Armonk, NY), Excel 2007 (Microsoft Corpo-

ration, Redmond, WA), and R (v 2.10.1; R Foundation for 

Statistical Computing, Vienna, Austria) software programs.10

Results
Effects of IMT on inspiratory  
muscle capacity
The training group showed a significant increase of inspira-

tory muscle performance following 8 weeks of daily 

IMT. Pimax increased by 18% (from 7.75 ±  0.47  kPa to 

9.15 ± 0.73 kPa, respectively; P , 0.001). ET during tlim 

increased from 348 ± 54 seconds to 467 ± 58 seconds, which 

means an increase of 34% (P , 0.001; Table 2).

In contrast, these parameters remained unchanged in the 

control group.

Effects of IMT on incremental  
exercise capacity
Following the training period, there was a statistically 

significant increase of IC (from 2.98 ± 0.77 to 3.31 ± 0.89, 

P , 0.001) during the incremental cycle ergometer test and 

therefore an increase of IF, which increased by 9.8% (from 

0.41 ± 0.05 to 0.45 ± 0.05, P , 0.001), indicating decreased 

dynamic hyperinflation (Figure 1; Table 3).

Exercise performance was assessed by evaluating VO
2
 

max and was also higher after training (increase of 2% from 

1887.6 ± 263.1 mL to 1925.0 ± 244.3 mL). The peak work 

rate (watt max) remained constant.

The ratio of breathing frequency to minute ventilation 

(bf/V′
E
) showed a significant decrease from 0.48 ± 0.11 to 

0.46 ± 0.13 (P , 0.001; Figure 2; Table 3). Mean inspiratory 

flow increased from 2.19 ± 0.32 to 2.30 ± 0.31 (P , 0.001; 

Figure 3; Table 3). The level of dyspnea (BORG Scale) also 

showed a significant decrease (from 5.0 ± 1.0 to 4.0 ± 1.1; 

P , 0.01; Table 3).

The difference between the training group and the control 

group was significant for IC (P , 0.032), IF (P , 0.001), 

and bf/V′
E
 (P , 0.001) after the 8-week observation period. 

No changes occurred in the control group.

Effects of IMT on constant work rate
ET during the constant load test on a cycle ergometer 

increased significantly from 597.1 ± 80.8 seconds at baseline 

to 733.6 ± 74.3 seconds in the training group, which is an 

improvement of 22.9% (P , 0.001; Table 3).

bf/V′
E
 significantly improved, decreasing from 0.5 ± 0.11 

to 0.48 ± 0.11 in the training group (P , 0.001; Figure 4; 

Table 3) and mean inspiratory flow increase from 2.16 ± 0.31 

to 2.31 ± 0.30 (P , 0.001; Figure 5; Table 3).

IF showed a significant increase, from 0.43 ±  0.03 to 

0.44 ± 0.03 (P , 0.001; Figure 6; Table 3), and sensation of 

dyspnea was significantly lower, decreasing from 7.0 ± 0.7 

to 5.0 ± 0.9 (P , 0.001; Table 3).

After the 8-week observation period, differences between 

the training and control groups were significant for IC 

(P , 0.001), IF (P , 0.001), and bf/V′
E
 (P , 0.018).

The control group showed no significant change in ET, 

breathing pattern, BORG Scale, or dynamic hyperinflation.

Discussion
Both inspiratory muscle capacity and peripheral muscle 

force are negatively affected in patients with COPD. 

Skeletal muscle weakness is known to contribute to exercise 

Table 2 Respiratory muscle function parameters at the beginning and end of observation

Test Control group Training group ANOVA

Baseline Week 8 Baseline Week 8 Pa Pb Pc

tlim (s) 287.3 ± 48.1 254.0 ± 43.2 348.4 ± 54.4 467.4 ± 58.3 ,0.001 ,0.001 ,0.001
Pimax (kPa) 7.91 ± 0.67 7.57 ± 0.73 7.75 ± 0.47 9.15 ± 0.73 ,0.001 0.023 ,0.001

Notes: Data are presented as mean ± 1 SD unless otherwise stated. Pa: results of analysis of variance (ANOVA) comparison of control group versus training group 
with repeated measurements (within-subject effects); Pb: results of ANOVA comparison of control versus training group (between-group effects); Pc: results of ANOVA 
comparison of baseline versus week 8 with repeated measurements (within-subject effects). 
Abbreviations: ANOVA, analysis of variance; Pimax, maximal inspiratory pressure; tlim, resistive breathing maneuvers.
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Figure 1 Measurements of inspiratory capacity (IF) during incremental load test. Solid symbols •: subjects with inspiratory muscle training; open symbols : control group. 
(A) Time courses of changes at baseline and after 8 weeks. Values represented as stepwise means ± 1 standard error (SE) of the mean every 2 min; (B) results of analysis of 
variance (ANOVA) (repeated measurement design) representing interactions of within-subject and between-group effects.
Note: Values represented as mean ± 95% confidence interval (CI).

Table 3 Comparison of spirometric data at the beginning and end of observation

Test Control group Training group ANOVA

Baseline Week 8 Baseline Week 8 Pa Pb Pc

Constant load test
  IC 2.95 ± 0.42 2.46 ± 0.41 3.06 ± 0.47 3.11 ± 0.58 ,0.001 ,0.001 ,0.001
  IF (IC/TLC) 0.41 ± 0.05 0.34 ± 0.05 0.43 ± 0.03 0.44 ± 0.03 ,0.001 ,0.001 ,0.001
  bf/V′E 0.52 ± 0.09 0.54 ± 0.09 0.50 ± 0.11 0.48 ± 0.11 ,0.001 0.018 0.649
  Vt/ti (L/sec) 2.22 ± 0.27 2.19 ± 0.27 2.16 ± 0.31 2.31 ± 0.30 ,0.001 0.184 ,0.001
  V’O2 (mL ⋅ min-1) 1644.8 ± 208.9 1617.6 ± 190.1 1779.7 ± 268.8 1805.3 ± 276.8 ,0.001 0.148 0.901

  BORG (±95% CI) 4.0 ± 0.9 6.0 ± 1.0 7.0 ± 0.7 5.0 ± 0.9 ,0.001 0.215 0.124
  ET (s) 606.0 ± 126.4 573.4 ± 118.5 597.1 ± 80.8 733.6 ± 74.3 ,0.001 0.100 0.002
Incremental load test
  IC 2.98 ± 0.35 2.74 ± 0.44 2.98 ± 0.77 3.31 ± 0.89 ,0.001 0.032 0.125
  IF (IC/TLC) 0.42 ± 0.05 0.38 ± 0.06 0.41 ± 0.05 0.45 ± 0.05 ,0.001 0.001 0.268

  bf/V′E 0.57 ± 0.14 0.59 ± 0.14 0.48 ± 0.11 0.46 ± 0.13 ,0.001 ,0.001 0.780
  Vt/ti (l/s) 2.21 ± 0.33 2.20 ± 0.33 2.19 ± 0.32 2.30 ± 0.31 ,0.001 0.675 ,0.001
  V’O2 (mL ⋅ min-1) 1753.6 ± 226.2 1712.9 ± 209.1 1887.6 ± 263.1 1925.0 ± 244.3 ,0.001 0.118 0.845

  BORG (±95% CI) 4.0 ± 0.9 5.0 ± 1.2 5.0 ± 1.0 4.0 ± 1.1 ,0.001 0.738 0.282

Notes: Data are presented as mean ± 1 SD unless otherwise stated. Pa: results of analysis of variance (ANOVA) comparison of control group versus training group 
with repeated measurements (within-subject effects); Pb: results of ANOVA comparison of control versus training group (between-group effects); Pc: results of ANOVA 
comparison of baseline versus week 8 with repeated measurements (within-subject effects).
Abbreviations: bf, breathing frequency; BORG, Borg Category Ratio scale (1–10); CI, confidence interval; ET, endurance time; IC, inspiratory capacity; IF, insipratory 
fraction; TLC, total lung capacity; tlim, V′E, minute ventilation; V’O2, peak oxygen uptake; Vt/ti, mean inspiratory flow.

limitation.11,12 Respiratory muscle training has been shown 

to positively influence the sensations of dyspnea, exercise 

tolerance, and quality of life,13 but the exact mechanisms 

remain unclear.

The efficiency of IMT is known to be influenced by 

training strategy and patient characteristics.14 The most 

effective method for training the inspiratory muscles has yet 

to be defined.

The training device used was equipped with a visual 

feedback system allowing the patients to control the success 

of the training. This proved to be important in motivating the 

patients, as IMT is considered to be cumbersome, boring, 

and without immediate effects. In addition, this feedback 

system enables the patient to breathe with a constant inspira-

tory flow during tlim. Our training protocol contained both 

strength and endurance components. The endurance training 
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Figure 2 Measurements of breathing frequency (bf/V′E) during incremental load test. Solid symbols •: subjects with inspiratory muscle training; open symbols : control 
group. (A) Time courses of changes at baseline and after 8 weeks. Values represented as stepwise means ± 1 standard error (SE) of the mean every 2 min; (B) results of 
analysis of variance (ANOVA) (repeated measurement design) representing interactions of within-subject and between-group effects.
Notes: Values represented as mean ± 95% confidence interval (CI).
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Figure 3 Measurements of mean inspiratory flow (Vt/ti) during incremental load test. Solid symbols •: subjects with inspiratory muscle training; open symbols : control 
group. (A) Time courses of changes at baseline and after 8 weeks. Values represented as stepwise means ± 1 standard error (SE) of the mean every 2 min; (B) results of 
analysis of variance (ANOVA) (repeated measurement design) representing interactions of within-subject and between-group effects.
Note: Values represented as mean ± 95% confidence interval (CI).

was performed with at least 60% of Pimax because training 

with low pressures has been shown not to improve inspira-

tory muscle function.15

Dynamic hyperinflation appears to be the main cause 

of exertional breathlessness and exercise performance in 

patients with COPD. Hyperinflation causes profound dys-

pnea and activity limitations, which have very significant 

long term consequences.16 The primary goal for treatment of 

COPD patients should therefore be the deflation of the lungs, 

thus achieving a greater inspiratory capacity and relieving 

shortness of breath.

Pharmacological therapy such as long-acting bronchodila-

tors has been documented to improve dynamic small airway 

function, leading to lung deflation and overall improve-

ment in exercise performance.17,18 In addition, a number of 

non-pharmacological therapies can also reduce dynamic 

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

802

Petrovic et al

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2012:7

0.30

0.40

0.50

0.60

0.70

0.80

Baseline Week 8

Visit

Within subjects
P*** (<0.001)

0 2 4 6 8 10 12 14

Minutes

0.30

0.40

0.50

0.60

0.70

0.80

0 2 4 6 8 10 12 14

Minutes

B
etw

een groups
P

* (<
0.018)

Baseline Week 8

 b
f/

V
'E 

(m
ea

n
 ±

 9
5%

 C
I)

 b
f/

V
'E

 (m
ea

n
 ±

 1
 S

E
)

Time course of changes in bf/V'E during
 constant load excercise 

ANOVA
 interactions

BA

Figure 4 Measurements of breathing frequency (bf/V’E) during constant load test. Solid symbols •: subjects with inspiratory muscle training; open symbols : control group. 
(A) Time courses of changes at baseline and after 8 weeks. Values represented as stepwise means ± 1 standard error (SE) of the mean every 2 min; (B) results of analysis of 
variance (ANOVA) (repeated measurement design) representing interactions of within-subject and between-group effects.
Note: Values represented as mean ± 95% confidence interval (CI).

hyperinflation such as oxygen therapy,19 heliox,20,21 lung volume 

reduction surgery,22,23 and general exercise training.24

The most important finding of our study is the observed 

increase in exercise capacity and the significant reduction 

in dynamic hyperinflation, as reflected by the significant 

increase in IF. This is the first study showing positive effects 

of IMT on dynamic hyperinflation in patients with COPD. 

Therefore, apart from the aforementioned pharmacological 

and non-pharmacological treatment modalities, IMT can be 

seen as an additional therapy modality to reduce dynamic 

hyperinflation.

IF can predict mortality in patients with COPD25 and we 

hypothesized that IMT positively influences the survival rate 

of COPD patients. One mechanism for the reduced dynamic 

hyperinflation induced by IMT may be the optimization of 

breathing patterns during exercise.
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Figure 5 Measurements of mean inspiratory flow (Vt/ti) during constant load test. Solid symbols •: subjects with inspiratory muscle training; open symbols : control group. 
(A) Time courses of changes at baseline and after 8 weeks. Values represented as stepwise means ± 1 standard error (SE) of the mean every 2 min; (B) results of analysis of 
variance (ANOVA) (repeated measurement design) representing interactions of within-subject and between-group effects.
Note: Values represented as mean ± 95% confidence interval (CI).
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Significant increase in the size of type 2 muscle fiber 

following IMT in patients with COPD were observed,26 and 

enhancement of velocity of inspiratory muscle shortening27 

was demonstrated. We hypothesize that IMT shortens inspira-

tory time. This allows more time for exhalation and relaxation 

and may reduce dynamic hyperinflation, facilitating lung 

emptying. This study showed that increased muscle capacity 

led to improvements in breathing patterns, with a significant 

decrease of the fraction breathing frequency (bf) to minute 

ventilation (Ve) and an increase of mean inspiratory flow both 

during incremental and constant load exercises. This pattern 

of breathing, in conjunction with greater respiratory muscle 

strength and endurance, seems to be the most important 

reason for the observed reduction in breathlessness during 

both kinds of exercise tests.

In conclusion, inspiratory muscle strength and endur-

ance training leads to an improvement of exercise capac-

ity and respiratory muscle endurance performance and 

reduces dynamic hyperinflation and breathlessness during 

exercise.

The results of this study may enhance the understanding 

of the mechanisms leading to improved exercise capacity 

when using IMT. Further studies are needed to verify the 

potential role of IMT during exercise rehabilitation programs 

in COPD patients.
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