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Abstract 

Background and Objective: Bronchiectasis is a chronic lung disease caused by a cycle of infection and 

inflammation that results in permanent structural damage to the small airways and sometimes causes 

destruction of adjacent lung parenchyma. It consist of major symptoms as cough, excessive secretions, 

dyspnoea, exercise intolerance and fatigue. Respiratory muscle weakness is present in patients with 

bronchiectasis. Current evidences suggest that Inspiratory muscle weakness may lead dyspnoea, 

decreased exercise tolerance, hypoventilation and respiratory failure. So the purpose of the study is to 

find out the effect of high intensity inspiratory muscle training (H-IMT) to increase exercise capacity in 

bronchiectasis. 

Methodology: 30 subjects who fulfill the inclusion criteria were recruited for the after obtaining an 

informed consent. Then the subjects were divided into two equal groups. Group A as experimental Group 

B as control. Group A subjects received H-IMT and conventional physiotherapy, Group B subjects 

received conventional physiotherapy. Each techniques was given 3 days per week for 5 weeks. Exercise 

capacity was measured using 6 minute’s walk test (6MWT) and dyspnoea by modified Borg scale 

(MBS). 

Results: The post test score of 6MWT and modified Borg scale of experimental and control group were 

analysed using two sample test and paired t test. The data analysis showed that statistically significance 

difference in the post test scores of 6MWT and modified Borg scale of experimental group over control 

group at 5% level. 

Conclusion: The result of the study shows that High intensity inspiratory muscle training along with 

conventional physiotherapy have greater effect on increasing exercise capacity and reducing dyspnoea in 

patients with bronchiectasis. 

 

Keywords: High intensity inspiratory muscle training, six minutes-walk test, modified borg scale, 

inspiratory muscle training 

 

Introduction 

Bronchiectasis is a chronic lung disease caused by a cycle of infection and inflammation that 

results in permanent structural damage to the small airways and sometimes causes destruction 

of adjacent lung parenchyma. It is a heterogeneous disease severity is variable and is impacted 

by the extent of lung involvement, the microbiologic complications and co-existing disorders 
[1]. Bronchiectasis may be caused by a variety of underlying conditions, including genetic 

abnormalities, immunologic conditions, autoimmune diseases, obstructing airway lesions or 

chronic aspiration. It can also be related to pre-existing chronic obstructive pulmonary disease 

or asthma [2]. 

The European lung white book says that bronchiectasis prevalence in Asian higher than 

compared to Africans and Europeans Americans [3]. In 2014 The European multicentre 

bronchiectasis audit and research collaboration (EMBARC) was establish an Indian 

bronchiectasis registry. It is the first result of the Indian national bronchiectasis registry 

describing the clinical characteristics, severity of disease and clinical phenotypes of 

bronchiectasis in India. They found that marked difference were observed between India, 

Europe and USA. Patients in India were younger (median age 56 years) more likely to be men 

(56.9%). The most frequent cause was tuberculosis (35.5%) followed by post infection 

(22.4%). Allergic bronchopulmonary aspergillosis was also highly prevalent as a cause of 

bronchiectasis (8.9%). Pseudomonas aeruginosa was the most common organism in sputum 

culture (13.7%) in India [4].
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Bronchiectasis is a chronic lung disease not traditionally 

included in the definition of COPD. It consist of major 

symptoms as cough, excessive secretions, dyspnoea, exercise 

intolerance and fatigue [5, 6]. Patients with bronchiectasis have 

impaired mucociliary clearance and accumulation of 

secretions, pre dispose them to a vicious circle of bacterial 

infection and inflammation and the excessive inflammation 

causes damage or weakness of bronchial wall and impairment 

of effectiveness of cough [7]. 

In healthy subjects, exercise is limited by cardiac 

mechanisms, i.e.; the circulatory delivery of oxygen, not the 

lung. Oxygen consumption generally increases till it reaches a 

plateau and minute ventilation and cardiac output increase 

linearly with work rate. The arterial oxygen and carbon 

dioxide levels remain relatively stable during exercise. In 

contrast aerobic capacity and maximal ventilation achieved by 

patients with bronchiectasis were both significantly lower 

than age and sex. The inability to exercise maximally was 

mainly due to failure to increase minute ventilation which 

could not meet the increased oxygen demand during exercise. 

Maximal uptake correlated with resting FVC and negatively 

with RV/TLC ratio indicating that a reduced vital capacity 

and hyperinflation adversely affect exercise tolerance [8]. 

 Respiratory muscle weakness is present in patients with 

bronchiectasis [7]. The underlying cause is not known, but the 

possible mechanisms are primary weakness and 

hyperinflation related functional weakness [9]. Inspiratory 

muscle weakness may lead to muscle load and capacity 

discordance and there by dyspnoea, decreased exercise 

tolerance, hypoventilation and respiratory failure. Decrease in 

expiratory muscle strength impairs the effectiveness of 

coughing and decreased the removal of airway secretions [10]. 

Presence tidal expiratory flow limitation in patients with 

bronchiectasis related to an increase dyspnoea and a reduced 

exercise tolerance was also postulated to be a result of 

dynamic hyperinflation and consequent inspiratory muscle 

loading [11]. 

Threshold devices are used for inspiratory muscle training. It 

is a light weight clear plastic cylinder that contains a spring 

loaded valve at one end and a mouth piece on the other. 

Subjects can generate flow through the device to achieve a 

predetermined pressure independent of inspiratory flow rate 

and obtain constant specific resistance. In addition threshold 

loading enhances the velocity of inspiratory contraction which 

appears favorable by shortening inspiratory time thus 

allowing more time for exhalation and lung emptying [12, 13]. 

Six minute walk test is a practical simple test requires a 100 

feet hallway but no exercise equipment or advanced training 

for technicians. The test measure the distance that a patient 

can quickly walk on a flat, hard surface in a period of six 

minutes. It evaluates the global and integrated responses of all 

the systems involved during exercise. Strongest indication for 

six minute walk test is for measuring the response to medical 

interventions in patients with moderated to severe heart or 

lung disease. It can used as a one-time measure of functional 

status of a patients as well as a predictor of morbidity and 

mortality [14]. The modified Borg scale is a reliable and valid 

assessment tool for dyspnoea [15]. 

Some studies are explore the effect of high intensity 

inspiratory muscle training (H-IMT) and low intensity 

inspiratory muscle training (L-IMT) on exercise capacity in 

patients with clinically stable non-cystic fibrosis 

bronchiectasis. Studies done to ensure the benefits of H-IMT 

with other components of pulmonary rehabilitation is limited 
[10]. Based on this information present study trying to find out 

the effect of H-IMT to increase exercise capacity in patients 

with bronchiectasis. 

 

Methodology 
Sample design: Non-probability convenient sampling. 

Sample size: 30 (15 in each group). 

Study design: Experimental study design with pre-test post-

test. 

 

Control group 

Study setting: K.V.M Hospital Cherthala. 

Study duration: 6 month. 

 

Outcome measures 

 6 minute walk test. 

 Modified Borg scale. 

 

Inclusion criteria 

 BSI score low (0-4) to moderate (5-8). 

 Non cystic fibrosis bronchiectasis. 

 Age 18-65. 

 Both male and female. 

 Ability to walk. 

 Willingness to cooperate study. 

 No coexisting disease affecting ability to undertake 

exercise. 

 

Exclusion criteria 

 Patients with neurological complication. 

 Advanced orthopaedic condition. 

 Heart failure. 

 Acute exacerbation in last 3 week. 

 Lung carcinoma. 

 

Procedure 
Thirty subjects who fulfill the inclusion criteria will be 

selected and divide into two groups, Group A and Group B 

with fifteen in each group. 

On the first day pre-test will be conducted on Group A 

(experimental) and Group B (control) by 6 minute’s walk test 

and modified Borg scale. 

After a brief demonstration Group A subjects will given high 

intensity inspiratory muscle training (H-IMT) and 

conventional physiotherapy. 

After a brief demonstration Group B subjects will given 

conventional physiotherapy shall includes local chest 

expansion breathing exercise and free weight peripheral 

muscle strengthening exercise. 

Post-test will be conducted on Group A and Group B by 6 

minute’s walk test and modified Borg scale after 5 weeks. 

 

H-IMT procedure 

 H-IMT given with threshold inspiratory muscle training 

devices. 

 Muscle load calculated according to the maximum 

inspiratory pressure (MIP) value. 

 MIP value measured using portable capsule sensing 

pressure gauge. 

 In the first session H-IMT given with one minutes warm 

up on an inspiratory load about 15% of maximum 

inspiratory pressure. 

 In the second session inspiratory load about 30% of 

maximum inspiratory pressure. 

 In the third session inspiratory load is targeted at least 

70% of maximum inspiratory pressure. 
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 During exercise training rest ratio is 2:1. Two minutes 

loaded breathing with one minute rest. 

 Each session lasted 21 minutes that means 3 minutes 

cycle (2:1) repeated seven times. 

 Total period of 14 minutes loaded breathing and 7 

minutes recovery. 

 Programme conducted 3 days per week for 5 weeks. 
 

Conventional therapy procedure 

Local chest expansion exercise 

a) Apical 

b) Bilateral basal 

 

Free weight upper and lower limb peripheral muscle 

strengthening exercise for following muscles; 

a) Deltoid 

b) Bicep brachii 

c) Quadriceps 

d) Hamstrings 

 

10 repetitions 3 days a week for 5 weeks. 
 

Result 
 

Table 1: Comparison of the Pre 6MWT Score of the two groups 
 

Pre6 

MWT 
Number Mean S.D 

Value of t 

statistic 
d.f Significance 

Group A 

Group B 

15 

15 

581.56 

520.67 

95.43 

85.76 
1.84 28 

0.077 

Not Significant 

 

Table 2: Comparison of the pre MB scale score of the two groups 
 

Pre MB 

Scale 
Number Mean S.D 

Value of t 

statistic 
d.f Significance 

Group A 

Group B 

15 

15 

2.93 

3.33 

0.88 

0.82 
1.29 28 

0.208 

Not Significant 

 

Table 3: Comparison of the Post 6MWT Score of the two groups 
 

Post6MWT Number Mean S.D 
Value of t 

statistic 
d.f Significance 

Group A 

Group B 

15 

15 

595.5 

526.79 

98.80 

81.91 
2.074 28 

0.047 

Not Significant 

 

Table 4: Comparison of the post MB scale score of the two groups 
 

Post MB 

Scale 
Number Mean S.D 

Value of t 

statistic 
d.f Significance 

Group A 

Group B 

15 

15 

1.60 

2.27 

0.80 

0.88 
2.158 28 

0.04 

Not Significant 

 

Effectiveness of experimental group (Group A) 

 
Table 5: Comparison of Pre 6MWT and Post 6MWTScores 

 

Variable Value of t d.f Correlation Significance 

6MWT 
Pre6MWT 

9.47 14 0.99 
0.000 

(Significant) Post6MWT 

 

Table 6: Comparison of Pre MB Scale and Post MB Scale Scores 
 

Variable Value of t d.f Correlation Significance 

MB Scale 
Pre MB Scale 

11.48 14 0.862 
0.000 

(Significant) Post MB Scale 

 

Effectiveness of controlled group (Group B) 

 

Table 7: Comparison of Pre 6MWT and Post 6MWTScores 
 

Variable Value of t d.f Correlation Significance 

6MWT 
Pre 6MWT 

3.11 14 0.97 
0.008 

(Significant) Post 6MWT 

 

Table 8: Comparison of Pre MB Scale and Post MB Scale Scores 
 

Variable Value of t d.f Correlation Significance 

MB Scale 
Pre MB Scale 

12.47 14 0.913 
0.000 

(Significant) Post MB Scale 

 

Descriptive statistics 

 
Table 9: Frequency distribution of age of two groups 

 

Age Frequency Percentage 

Group A 

40-50 4 26.665 

50-60 8 53.335 

60-70 3 20 

Total 15 100 

Group B 

40-50 6 40 

50-60 7 46.665 

60-70 2 13.335 

Total 15 100 

 
Table 10: Frequency distribution of sex of two groups 

 

Group Frequency Percentage 

Group A Valid 

Male 8 53.335 

Female 7 46.665 

Total 15 100.0 

Group B Valid 

Male 6 40 

Female 9 60 

Total 15 100.0 

 
Table 11: Mean and Standard deviation of pre and post 6 MWT and 

MB SCALE in both groups 
 

 Mean N Std. Deviation 

Pair 1 
Pre 6MWT A 581.560 15 95.4303 

Post 6MWT A 595.500 15 98.8052 

Pair 2 
Pre MBSCALE A 2.933 15 .8837 

Post MBSCALE A 1.600 15 .8062 

Pair 3 
Pre 6MWT B 520.673 15 85.7641 

Post 6MWT B 526.787 15 81.9109 

Pair 4 
Pre MBSCALE B 3.333 15 .8165 

Post MBSCALE B 2.200 15 .8619 

 

Graphs 

 

 
 

Graph 1: Comparison of Age of Group A and Group B 
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Graph 2: Comparison of Sex of Group A and Group B 

 

 
 

Graph 3: Comparison of mean Pre 6MWT and Post 6MWT of 

Group A and Group B 

 

 
 

Graph 4: Comparison of mean Pre MB SCALE SCORE and Post 

MB SCALE SCORE of Group A and Group B 

Discussion 
This study was conducted to investigate the effects of high 

intensity inspiratory muscle training (H-IMT) to increase 

exercise capacity in bronchiectasis. 30 subjects who fulfill in 

the inclusion criteria were recruited for the study. Then they 

allocated into two groups using non-probability convenient 

sampling design Group A (experimental group) Group B 

(control group), 15 in each group. 

A brief explanation about the procedure of the intervention 

and possible risk factors are given to the subjects. A written 

consent form was obtained from each of the subjects. Group 

A subjects received H-IMT and conventional physiotherapy. 

H-IMT given with threshold inspiratory muscle training 

device. Group B subject’s undergone conventional 

physiotherapy include local chest expansion breathing 

exercise and free weight peripheral muscle strengthening 

exercise. Programme conducted 3 days per week for 5 weeks. 

All subjects well tolerated the interventions given and no one 

was dropped out of the study. Exercise capacity and dyspnoea 

were measured using reliable and valid tools. Exercise 

capacity was measured using 6 minute’s walk test (6MWT) 

and dyspnoea were measured using modified Borg scale. All 

outcome measures were collected before on the first day and 

after on the last day of treatment session. 

Respiratory muscle weakness present in patients with 

bronchiectasis. Inspiratory muscle weakness may lead to 

dyspnoea and decreased exercise tolerance. The flow 

limitation and reduced exercise capacity are both associated 

with more severe dyspnoea. In healthy subjects arterial 

oxygen and carbondioxide levels remains relatively stable 

during exercise. In contrast aerobic capacity and maximal 

ventilation achieved by patients with bronchiectasis are lower. 

So the exercise limitation maximally was mainly due to 

failure to increase minute ventilation which could not meet 

the increased oxygen demand during exercise. This can also 

contribute the occurrence of dyspnoea by pulmonary 

ventilation not matching the drive to breathe. The above 

mentioned statement suggested the need for inspiratory 

muscle training in bronchiectasis. 

In the present study both groups paired t test was used to 

compare the pre and post-test values. The post-test scores of 

both groups were analyzed using two sample test. The result 

shows that there is significant improvement in the post-test 

experimental group mean value of 6 MWT from 581.560 – 

595.500, shows high significance with the t value of 2.074 

and p value of 0.047. While the modified Borg scale value of 

post-test experimental group with significant reduction of 

mean value from 2.933-1.600 and it shows high significance 

with t value of 2.158 and p value of 0.04. The study result 

shows that significant difference in post-test value of 

experimental and control group with 5% level of significance. 

So the study rejects the null hypothesis and hence concluded 

as high intensity inspiratory muscle training along with 

conventional physiotherapy shows drastic improvement of 

exercise capacity in bronchiectasis patients. 

The result of the study is in accord with Ozge Ozalp et al. 

(2018) observed that H-IMT increase exercise capacity in 

patients with non-cystic fibrosis bronchiectasis. It has also 

positive effects on respiratory muscle strength and endurance 

and social aspects of quality of life. It is also shows that an 

interval-based H-IMT protocol is a reliable method for 

adequate loading in bronchiectasis patients. It revealed that 

respiratory muscles are capable of H-IMT and it could used in 

home based. Here the authors explore the effects of H-IMT 

and L-IMT on exercise capacity in patients with clinically 
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stable non-cystic fibrosis bronchiectasis. But they not 

compare H-IMT with the other components of pulmonary 

rehabilitation. 

According to the study conducted by the Andrew LR et al, 

(2007) [11] concludes that pulmonary rehabilitation is 

beneficial for patients with COPD and other chronic lung 

diseases. Rational for applying inspiratory muscle training is 

that it can increase the strength and or endurance of the 

respiratory muscles. Major training method of inspiratory 

muscle training is threshold loading, resistive breathing and 

targeted flow. In which threshold loading which has the 

advantage of being independent of inspiratory flow rate but 

requires a buildup of negative pressure before flow begins. In 

addition threshold loading enhances the velocity of 

inspiratory muscle contraction, which appears favorable by 

shortening inspiratory time thus allowing more time for 

exhalation and lung emptying. 

Rochester DF et al. (1988) [26] observed an important 

information about the rational of applying inspiratory muscle 

training to bronchiectasis patients is that inspiratory muscle 

training can increase the strength and or endurance of 

respiratory muscle as the force generated by inspiratory 

threshold loading training can increase the cross-sectional 

surface areas of inspiratory muscles by hypertrophy which 

will then have an effect on exercise capacity, quality of life 

and perception of dyspnoea. 

According to the study conducted by Lisboa C et al. (1994) 
[23] observed that patients with chronic airflow limitation, 

inspiratory muscle training with high enough load improves 

inspiratory muscle strength and power output, reduce 

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. Also state that inspiratory muscle 

training using threshold devices can increases the velocity of 

contraction of inspiratory muscles and it’s a simple procedure 

since the load is practically independent of the breathing 

pattern and does not need constant supervision. 

The above mentioned studies suggested that inspiratory 

muscle training using threshold inspiratory muscle training 

devices can improve the respiratory muscle function, exercise 

capacity and dyspnoea.  

 

Conclusion 
The result of the study shows that High intensity inspiratory 

muscle training along with conventional physiotherapy have 

greater effect on increasing exercise capacity and reducing 

dyspnoea in patients with bronchiectasis. So this method can 

be recommended as simple cost effective method for the 

management of bronchiectasis. 
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