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ABSTRACT

Background and purpose: This study was to find the effect of inspiratory muscle training on dyspnoea
and exercise tolerance among chronic obstructive pulmonary disease patients. Methods: It is a
randomized control study of 30 COPD participants with 15 in each control and experimental group.
Experimental group underwent inspiratory muscle training with threshold IMT device in the
physiotherapy department, where subjects have to breathe against various threshold levels,
30sets/sessions where as control group underwent only breathing and general mobility exercises at
home. The training lasted for 20-30 minutes, twice daily 6days per week, and was continued over the
course of 4 weeks duration. Parameters included were 6minutes walk test, MRC dyspnoea grade, PEFR
values. The data collected data of control and experimental group was compared to find the outcome.
Results: Before interventions, all patients showed increased dyspnoea levels and reduced exercise
tolerance. After interventions they all exhibited reduced dyspnea and increased exercise tolerance
based on 6min walk test, MRC dyspnoea grade, PERF Parameters. Control group patients didn’t exhibit
any improvement in any of the parameters. Conclusion: The results support that inspiratory muscle
training is more effective on reducing dyspnoea and increasing exercise tolerance among COPD
patients.
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INTRODUCTION

Chronic obstructive pulmonary disease is a
condition characterized by narrowing of airway
tract with symptoms of chronic cough,
expectoration, wheeze and exertion dyspnoea.
COPD can develop and progress by 25% risk
factors of smoking and to mortality by 15%
with addiction of smoking ™.

Diaphragm is the main inspiratory muscle
morphologically and functionally responds to
the inspiratory muscle training. There are
evidence documented in possibility of resultant
accumulation of co, takes place even after
resolution of acute exacerbation of conditions
and relative obstruction of airway *°.

The IMT device can help to do inspiratory
training exercise which can increase strength of
inspiratory muscle; there by it can improve the
threshold of inspiratory resistance. Overall
health related quality of life (HRQL) can
improve by repeated inspiratory muscle
training. The exercise training decrease
dyspnoea and work of breathing becomes
easier in patients with COPD. Regular
inspiratory training can facilitate to perform
physical activities more easily **°.

Aims and objectives of the study was to find
the effect of inspiratory muscle strength and
endurance to increase exercise tolerance,
decrease work of breathing, and to improve
functional exercise capacity and also to
increase overall health related quality of life.

METHODOLOGY

The study Design was Randomized control
study. Data collected were from the patients
recruited from pulmonology OPD and treated
in the physiotherapy department, Nizam’s
institute of medical sciences, punjagutta

Hyderabad. Patients were assessed thoroughly
and treated during the trails. Period of study
intervention was 4 weeks and materials used

were threshold inspiratory muscle trainer.

Figure 1: Peak Expiratory Flow Meter

Peak expiratory flow meter is used to record
the peak expiratory air flow rate of a person.
The forced expiratory volume of a person is
measured using this device. The forced
expiratory volume of a person is measured
using this device. The forced expiratory volume
is given in liters’/minute. In COPD patients the
PEFR is altered due to biomechanics of chest.

GAIAMS*Power breathe provides a threshold
resistance during inspiratory phase. It helps in
increasing strength and endurance of
respiratory muscles, reduce severity of
dyspnoea and improves exercise capacity
patients with COPD, asthma, cystic fibrosis,
chronic heart failure, chronic spinal injury,
muscular dystrophy, before cardio thoracic
surgery. Materials required for the study was
Sphygmomanometer, Stop watch, and Measure
tape 1

It has got 9 levels and load varies from level 1
to level 9, approximately as follows: Load (-cm
H,0)
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Model Level Level Level Level Level Level Level Level Level
1 2 3 4 6 7 8 9
Wellness 10 20 30 40 60 70 80 90

Table 1: 9 levels and load

Intensity: 10% to 52% of maximal inspiratory
pressure (Pl Max).most commonly used
training device in these studies is threshold
IMT. Frequency of the study duration was
7days/week and total duration of the study was
4 weeks, 20-30 min session, twice a day.

Procedure: Subject has to sit in a high sitting
position on a couch, hold the apparatus close
to the mouth and take deep breathe against
the resistance set with in the threshold IMT
apparatus and blow air out relax. Patient has to
repeat the same for 30 times. This procedure
should be done twice a day, 30 minute every
session. Patient is instructed properly and to
discontinue usage if they have symptoms of

breathlessness and cough.

Figure 2: Patient performing inspiratory muscle
training

Inclusive criteria for this study was Mild and
moderate exacerbation of COPD

Exclusive criteria for this study was Severe
exacerbation of COPD, Pulmonary tuberculosis,
Restrictive lung disease, Severe asthma, neuro
muscular disorders, musculo skeletal problems
of spine, Heart failure/unstable angina and
Peripheral vascular diseases.

The data collected ranged from parameters: 6
min walk test, Peak expiratory flow rate, and
MRC dyspnoea grading.

During study period 60 patients were examined
who were all COPDS associated with other
problems but only 30 met the inclusive
criteria.15 patients were assigned for group A
and remaining 15 for group B according to
randomized control study. Their mean ages
(group A 58.13; group B 52.06) were calculated.

Data analysis and results: All data analysis was
computed with statistics, paired T-test .within
groups, student T-test between groups and
mean values were used for both groups to
determine the difference between outcome
measures of 6 min walk test, MRC dyspnoea
and PEFR. Level of significance was fixed as 5 %
for the present study.

Out of large proportion COPD with mild and
moderate exacerbation the sample taken for
the study is 30,based on convenience sampling
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method after thorough examination based on
inclusive criteria from the department of
physiotherapy.30 participants were present for
the whole duration of the study 4 (week).

During 4 week of study course the parameters
studied were 6 min walk test, MRC dyspnoea
scale, Peak expiratory flow rate.

The data was collected on subject on 1°* week
and 4™ week, and raw data was arranged in
order to maintain the master chart, which was
subjected to further statistical analysis.

To find out of the average line score in above
mentioned parameters in each subject the
means were calculated at 1** week and these
values were considered as base line values for
the study simultaneously the same parameters
are studied at 4™ week and average variations
were recorded in terms of means of each
parameters and the variations from the mean
were also calculated.

The difference in each parameter from 1-4
weeks was tested with paired T-test, within
group and student T-test between groups,
finally the observed variations in each
parameter was represented in graphical format
for easy understanding.

RESULTS

From 1°* week to 4™ week all the parameters
collected from the data are arranged in master
chart for further statistical analysis .The
difference in each parameter from 1%
week(initial )to the end of 4™ week(final),of the
subject is shown in the following tables.

6 Min Walk Test: The performance of 6min
walk test was conducted for both the groups
(Experimental and control group) that to in
particular time schedule (1* week to 4™ week).
1* week taken as base period which is
compared with other time factors, combination
allay. Different variables were studied
between: 1% week-4" week. For with group
paired T-test was performed and among two
different groups student T-test was used; same
tests are used for other parameters MRC
dyspnea, PEFR too.

Within Control Group: Among all the variables
within the control group, paired T-test
calculated value for 1% -4™ week is 1.00000 and
the table value is 2.145 at 5%level of
significance with 14 degrees of freedom.

Variables under study Paired T- values D.F Table value
1 week vs. 4™ week 1.00 14 2.145
Table 2: 6min walk test within control Group
Variables under study Paired T- values DF Table value
1° week vs. 4™ week 14.584 14 2.145

Table 3: 6min walk test within Experimental Group
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Within Experimental Group: Among all the
variables within the experimental group, paired
T —test calculated value for 1% week -4"weeks
is 14.58441 and the table value is 2.145 at 5%

level of significance improvement in 6minute
walk in experimental group to control

Variable | Mean Mean | SD SD DF T-CAL T-TAB P-VALUE
CG EG CG EG
6MWT 332.8 406.0 83.38 95.373 | 28 2.24 2.049 0.003

Table 4: 6min walk test between control and Experimental Group

Between Control Group and Experimental
Group: Between control and experimental
group student T-test was performed. Among all
the variables the student T- test calculated
values for 1** and 4™ week (2.24).

The tabulated value at 5% level of significance
with 28 degree of freedom is 2.049 showing
the significant difference.

Variables under study

Paired T- values

D.F Table value

1% week vs. 4" week <1.00000

14 2.145

Table 5: MRC Grading of Dyspnea within Control Group

MRC Grading of Dyspnea within Control
Group: Among all the variables with in control
group, paired T-test calculated value for 1%

week-4" week is less than 1.000 and the Table

value is 2.145 at 5%level of significance with 14
degrees of freedom.

Variables under study

Paired T- values

DF Table value

1% week vs. 4™ week 5.69

14 2.15

Table 6: MRC Grading of Dyspnea within experimental Group

MRC Grading of Dyspnea within Experimental
Group: Among all the variables within the
experimental group, paired T —test calculated
value for 1% week -4" weeks is 5.69 and the

table value is 2.15 at 5% level of significance
improvement in  dyspnoea levels in

experimental group to control
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Variable | Mean Mean | SD SD DF T-CAL T-TAB P-VALUE
CG EG CG EG
MRC 0 1.33 0 0.97 28 6.25 2.05 0.005

Table 7: MRC Grading of Dyspnea between Control Group and experimental Group

MRC Grading of Dyspnea between Control
Group and Experimental Group: Between
control and experimental group student T-test
was performed. Among all the variables the

student T- test calculated values between1®
and 4™ week (6.25).The tabulated value at 5%
level of significance with 28 degree of freedom
is 2.05 showing the significant difference.

Variables under study

Paired T- values

D.F Table value

1 week vs. 4" week 1.46759

14 2.145

Table 8: Peak expiratory flow rate within control Group

Peak expiratory flow rate within Control
Group:Among all the variables within the
control group, paired T-test calculated value for

1% -4™ week is 1.46759 and the table value is
2.145 at 5%level of significance with 14 degrees
of freedom.

Variables under study

Paired T- values

DF Table value

1% week vs. 4™ week 9.57556

14 2.145

Table 9: Peak expiratory flow rate within Experimental Group

Peak expiratory flow rate within Experimental
Group: Among all the variables within the
experimental group, paired T —test calculated
value for 1% week -4" weeks is 9.57556 and the

table value is 2.145 at 5% level of significance
with 14 degrees of freedom showing
significant improvement in PEFR values in
experimental group compared to control

Variable | Mean Mean SD SD DF T-CAL T-TAB P-VALUE
CG EG CG EG
PEFR 1.33 78.66 3.51 31.81 28 4.09 2.05 0.05
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Table 10: Peak expiratory flow rate between control and Experimental Group

Between Control Group and Experimental
Group: Between control and experimental
group student T-test was performed. Among all
the variables the student T- test calculated
values for 1% and 4™ week (4.09).The tabulated
value at 5% level of significance with 28 degree
of freedom is 2.05 showing the significant
difference.

DISCUSSION

COPD is progressive and irreversible disorder of
airway. Therefore even after resolution of
acute exacerbation of condition there may be
relative obstruction of airway. So complete
expiration is not possible after resultant
accumulation of Co,. Therefore, these patients
frequently report dyspnoea related to activities
of daily living, such patients are considered as
stable COPD patients. The symptom induced
inactivity leading to deconditioning and muscle
weakness & thus resulting into crucial impact
of functional and health status™™’.

The present study has done on patients with
mild and moderate COPD for 4 weeks showed
significant effects of IMT on dyspnoea
&exercise tolerance. Many studies have
reported the effect of inspiratory muscle
training on dyspnoea and exercise tolerance
among COPD Patients. Parameters included in
this study are 6 minute walk distance test,
PEFR, and MRC grading of dyspnoea.

In experimental group in present study the
mean improvement in 6 minute walk distance
at the end of 4 weeks of training is 109.4 m, T
cal values 14.584, T ., value 2.145, showing
significant improvement. In control group the
mean difference in 6 min walk is 3.2 m at the

end of 4™ week T ., values 1.000, T ., value
2.145, showing no significant improvement.
The limiting factors for reduced exercise
tolerance in patients with COPD are dyspnoea.
The increase in 6 min walk distance could be
because of reduction in dyspnoea, increased
exercise tolerance.

PEFR mean difference within the experimental
group is78.66 T ., values at the end of 4™ week
is 9.576 and the, T ., value 2.145, showing
significant improvement compared to control
group where the mean difference is 1.33, T
values 1.468, T .,, value 2.145. MRC grading of
dyspnoea within experimental group at end of
4™ week the mean difference is 1.33, T o
values 5.69, T ,, value 2.15, showing significant
changes in dyspnoea levels in experimental
group compared to control where there is no
significant changes in mean values, at the end
of 4™ week T «a Values is less than 1.000, and T
b Value is 2.145.

A study on specific inspiratory and specific
expiratory muscle training has proved both are
effective on improving respiratory function,
specifically it could reduce dyspnoea and
improve exercise performance. There was no
difference in effect on the outcomes when the
patient performed combined specific
inspiratory and expiratory muscle training
exercise program among COPD Patients ‘>,

The effect of specific expiratory muscle training
for one year among COPD patients have shown,
it improves in respiratory muscle strength and
health related quality of life. The study has also
reported maximal inspiratory pressure and
improves 6 minute walk distance and a
decrease in the mean Borg score during
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breathing against resistance scores. Some
studies have reported inspiratory muscle
training has improved functional exercise

capacity and strength of respiratory muscles **
22

Present study even showed significant
improvement in dyspnoea, exercise tolerance
in COPD who underwent IMT for 4 weeks. Most
commonly used training device in these studies
is threshold IMT where intensity varied from
10% to 52% (high) of maximal inspiratory
pressure (Pl max) 20-30 min session, twice a
day.

The reduction in dyspnoea due to IMT could be
due to increased inspiratory muscle strength as
determined 20% Larson et al. study (1999), 34%
Lisboa et al(1997), 25%weiner et al (2000),50%,
Sachez Riera et al (2016).

Inspiratory muscle training for five weeks has
proved effect on external intercostals muscles
with strong evidence of biopsy report on
increase in size of type 2muscle fibers among
COPD patients.

A study among COPD patients in Spain, they
have analyzed health related quality of life
(HRQL) using Questionnaire after inspiratory
muscle training and found effect on outcomes
of sustained maximal inspiratory pressures,
shuttle walk test, in experimental group.

Comparatively the present study even showed
significant changes and improvement in
dyspnoea and exercise tolerance on mild and
moderate COPD patients where the duration of
the study was for 4 weeks and the outcome
measures used were 6 min walk test, MRC
dyspnoea grade and PEFR values. Experimental
group showed significant improvement in all
these outcome measures than the control

group.

In a study conducted at south Korea, the
effects of inspiratory muscle training has
reported the changes in outcome measures of
FEV1, level of dyspnoea based on Borgs score,
and 6 min walk distance, they were analyzed in
experimental group and showed decreased
perception of dyspnoea and improved exercise
capacity among moderate to severe obstructive
components in the presentation of COPD.

Comparatively in the present study subjects
were only mild, moderate COPD patients where
control group did not participate in IMT for 4
weeks but practiced general mobility exercises
and breathing exercises where as experimental
group who underwent inspiratory muscle
training showed significant improvement in
dyspnoea and exercise tolerance.

The meta-analysis has reported the effect of
inspiratory muscle training on inspiratory
muscle strength and endurance, improved
functional exercise capacity and decreased
dyspnoea in patients with COPD. The
documented effects of inspiratory muscle
training were examined in a meta-analysis. The
study is also recommended inspiratory muscle
training is a very essential addition to
pulmonary rehabilitation programs.

In the present study done on patients with mild
and moderate COPD for 4 weeks the
experimental group showed significant effects
of IMT on dyspnoea &exercise tolerance than
control group who underwent only breathing
and general mobility exercises.

The studies conducted were performed on a
limited number of subjects. Further study is
required on a large group to quantitatively
analyze the results of IMT on large scale.
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CONCLUSION

The study has concluded from the study that

inspiratory muscle training can reduce
dyspnoea and improved exercise tolerance in
COPD patients with mild and moderate
exacerbation. The study has also supported the
exercise program can improve overall health
related quality of life (HRQL) among COPD

patients.

Limitations: Limitations of the study were small
sample size, short time training period, IMT
apparatus is not accessible and it is cost
effective for the patients and study was limited
to a specific group of mild and moderate COPD.

Future Direction: The present study can be
extended for long term rehabilitation. Future
study can imply IMT on severe exacerbation of
COPD/chronic asthma, cystic fibrosis, pre op
lung  conditions such as lobectomy,
pneumonectomy. Pre and post training Pl Max
value of IMT can be taken to further strengthen
the study, and also can imply expiratory muscle

training.
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