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Effects of Inspiratory Muscle Training and Calisthenics-and-Breathing
Exercises in COPD With and Without Respiratory Muscle Weakness
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BACKGROUND: Patients with COPD may experience respiratory muscle weakness. Two thera-
peutic approaches to the respiratory muscles are inspiratory muscle training and calisthenics-and-
breathing exercises. The aims of the study are to compare the effects of inspiratory muscle training
and calisthenics-and-breathing exercises associated with physical training in subjects with COPD as
an additional benefit of strength and endurance of the inspiratory muscles, thoracoabdominal
mobility, physical exercise capacity, and reduction in dyspnea on exertion. In addition, these gains
were compared between subjects with and without respiratory muscle weakness. METHODS: 25
subjects completed the study: 13 composed the inspiratory muscle training group, and 12 composed
the calisthenics-and-breathing exercises group. Subjects were assessed before and after training by
spirometry, measurements of respiratory muscle strength and test of inspiratory muscle endurance,
thoracoabdominal excursion measurements, and the 6-min walk test. Moreover, scores for the
Modified Medical Research Council dyspnea scale were reported. RESULTS: After intervention,
there was a significant improvement in both groups of respiratory muscle strength and endurance,
thoracoabdominal mobility, and walking distance in the 6-min walk test. Additionally, there was a
decrease of dyspnea in the 6-min walk test peak. A difference was found between groups, with
higher values of respiratory muscle strength and thoracoabdominal mobility and lower values of
dyspnea in the 6-min walk test peak and the Modified Medical Research Council dyspnea scale in
the inspiratory muscle training group. In the inspiratory muscle training group, subjects with respira-
tory muscle weakness had greater gains in inspiratory muscle strength and endurance. CONCLUSIONS:
Both interventions increased exercise capacity and decreased dyspnea during physical effort. However,
inspiratory muscle training was more effective in increasing inspiratory muscle strength and endurance,
which could result in a decreased sensation of dyspnea. In addition, subjects with respiratory muscle
weakness that performed inspiratory muscle training had higher gains in inspiratory muscle strength
and endurance but not of dyspnea and submaximal exercise capacity. (ClinicalTrials.gov registration
NCT01510041.) Key words: COPD; respiratory muscles; breathing exercises; dyspnea; physical therapy.
[Respir Care 0;0(0):1--. © 0 Daedalus Enterprises]

Introduction

COPD, characterized by not fully reversible air flow
obstruction,! causes impairment of respiratory and periph-
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eral muscles, leading to a decreased capacity for exer-
cise.>? According to Singer et al,* by compromising either
respiratory or lower limb muscles independently, exercise
capacity in subjects with COPD may be reduced. That
emphasizes the importance of training both respiratory and
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peripheral muscles in pulmonary rehabilitation programs
to maximize the effects of exercise training in general.

Respiratory muscles in patients with COPD experience
reduction in strength and/or endurance, leading to mus-
cle dysfunction.> This occurs due to changes in the rib cage
geometry caused by lung hyperinflation, which alters the
length-tension curve of the diaphragm muscle. It also occurs
due to systemic factors and structural changes in those mus-
cles,>” since strength mainly depends on muscle mass, and
endurance is related to muscle fiber aerobic properties.®

In the literature, the forms of therapeutic approach to
respiratory muscles are inspiratory muscle training,® which
uses overload for such training, and calisthenics-and-
breathing exercises, which are characterized by breathing
exercises and stretching of respiratory muscles and/or by
exercises involving the trunk and upper limbs to improve
mobility of the rib cage muscles.-!2

As for inspiratory muscle training, a meta-analysis8
showed that it is an effective type of training for subjects
with COPD, for increasing the strength and endurance of
inspiratory muscles, reducing dyspnea, and improving func-
tional capacity. The authors further suggest that those who
would benefit most are those with inspiratory muscle weak-
ness. However, additional effects of inspiratory muscle
training on general physical exercise on the functional
capacity of subjects with COPD are not well defined.'?

Calisthenics-and-breathing exercises, in turn, are able to
readjust the length-tension ratio of the respiratory muscles,
increase thoracoabdominal mobility, reduce the sensation of
dyspnea, and increase the capacity for exercise.’-!'> However,
despite being frequently employed in clinical practice, scien-
tific evidence of these benefits is scarce, because there is a
lack of reports in the literature about such an approach.

Minaguchi et al'® compared the effects of inspiratory
muscle training and calisthenics-and-breathing exercises
separately and noticed that both were able to increase sub-
maximal exercise capacity, but due to different mecha-
nisms. Given this finding, questions regarding the differ-
ences in results between inspiratory muscle training and
calisthenics-and-breathing exercises still prevail, especially
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QUICK LOOK

Current knowledge

COPD is characterized by irreversible airflow obstruc-
tion that causes impairment of the respiratory and skel-
etal muscles, leading to decreased exercise capacity.
Training both respiratory and peripheral muscles in pul-
monary rehabilitation programs is encouraged to max-
imize the positive effects of exercise training.

What this paper contributes to our knowledge

In a small group of COPD subjects, both inspiratory
muscle training and callisthenic exercises increased ex-
ercise capacity and decreased dyspnea during physical
effort. Inspiratory muscle training was more effective
in improving inspiratory muscle strength and endur-
ance. In subjects with respiratory muscle weakness,
inspiratory muscle training resulted in greater gains in
inspiratory muscle strength and endurance but not in
dyspnea or submaximal exercise capacity.

when associated with physical training, characterized by
aerobic training. Also, there are many questions about the
existence of differences in the effects of these interven-
tions between patients with and without respiratory muscle
weakness. Such problems led to the hypothesis that
inspiratory muscle training could provide increased in-
spiratory muscle strength and endurance, whereas calis-
thenics-and-breathing exercises could increase thoracoab-
dominal mobility. However, both approaches would lead
to clinical improvement through a decrease in dyspnea and
an increase in exercise capacity. In addition, those subjects
with respiratory muscle weakness would have more sig-
nificant gains.

Hence, the main objectives of this study were to com-
pare the effects of inspiratory muscle training and calis-
thenics-and-breathing exercises associated with physical
training in subjects with COPD, as an additional benefit of
strength and endurance of the inspiratory muscles, thora-
coabdominal mobility, physical exercise capacity, and dys-
pnea on exertion. A secondary objective was to compare
those gains between COPD subjects with and without re-
spiratory muscle weakness in each intervention.

Methods
Subjects

This is a prospective randomized study conducted at the
Health School Institute and at the Respiratory Physiother-
apy Special Institute at the Universidade Federal de Sédo
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Carlos. Subjects with COPD referred to those institutes
were evaluated, treated, and divided into 2 treatment groups
according to a randomizing plan generated by a computer
program.'4 All subjects provided written consent. The study
was approved by the Ethics and Research Committee
(Report 141/2010).

Subjects were of both sexes, >50 y old, and had a
clinical diagnosis of moderate to very severe COPD de-
termined by spirometry before and after bronchodilator,
classified according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD).! They were also clin-
ically stable, with no history of infection or exacerbation
of respiratory symptoms for at least 1 month before the
beginning of data collection. Subjects had not participated
in or attended a pulmonary rehabilitation program for at
least 6 months.

Those with other respiratory, cardiovascular, and mus-
culoskeletal diseases or with neurological or orthopedic
sequel that would make it impossible to perform the tests
were excluded. Those who were taking 3 blockers and/or
undergoing prolonged oxygen therapy were also excluded.

Experimental Protocol

All subjects underwent an initial history taking. Before
and after the training period, they underwent the following
tests, performed by the same evaluator: spirometry, mea-
surement of respiratory muscle strength, endurance test of
inspiratory muscles, thoracoabdominal excursion measure-
ments, 6-min walk test, and exercise treadmill test. The
Modified Medical Research Council dyspnea scale
(MMRC) was also applied.

Spirometry was performed by using a portable spirom-
eter (Easy One, ndd Medical, Zurich, Switzerland), ac-
cording to the standards of the American Thoracic Soci-
ety/European Respiratory Society,'> with the subject sitting
and wearing a nose clip. The values obtained were com-
pared with those expected according to Pereira et al.'®

The assessment of respiratory muscle strength consisted
of measurements of maximal inspiratory pressure from
residual volume and of measurements of maximum expi-
ratory pressure, starting from total lung capacity, with the
subject seated and wearing a nose clip, according to Black
and Hyatt,!” with an analog manovacuometer graduated in
cm H,O (Ger-Ar, Sdo Paulo, Brazil). It was carried out for
a maximum of 5 maneuvers, of which at least 3 were
reproducible, and the highest value was chosen for anal-
ysis. The obtained values were compared with those pre-
dicted by Neder et al.'8

The assessment of inspiratory muscle endurance was
performed by using PowerBreathe (Gaiam, Southam,
United Kingdom), coupled to an analog manovacuometer
(Ger-Ar, Sao Paulo, Brazil). The latter was used to control
the stipulated load that was being generated and to give
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feedback to the subject during the test. The assessment
was performed with the subject seated and wearing a nose
clip. That evaluation consisted of 2 tests, an incremental
test and a constant one, performed on the same day with an
interval of 30 min between them, and the methods de-
scribed in the literature were adapted for this study.!®-2!

The incremental test started with 10 cm H,O (minimum
load of the device), held for 2 min, followed by 1 min of
rest. After that, the load was increased by 10 cm H,O, and
so on. The heaviest load that could be sustained for at least
1 min was considered the value of sustained maximum
inspiratory pressure.

The constant test was performed at 80% of sustained
maximum inspiratory pressure, with the time limit run of
30 min in this study. Such a protocol has already been
described in a study by Dias et al.??

For both tests, a breathing pattern was not fixed, but the
respiratory rate was constantly monitored and recorded.?!
The tests were considered finished when the subject could
not generate the determined load in 3 successive attempts
or spontaneously, due to dyspnea and/or fatigue. Verbal
encouragement was given to stimulate maximum perfor-
mance.

Thoracoabdominal excursion measurements were per-
formed by a measuring tape, scaled in cm, placed hori-
zontally into 3 levels: axillary, xiphoidian, and abdominal
(at the umbilicus level). The subject was in an orthostatic
position, with the upper body relaxed and with a bare
chest. For each of these levels, the subject was instructed
to perform a maximal inspiration followed by a maxi-
mal expiration, without directing the air to any specific
region. This was repeated 3 times. The highest value of
difference between inspiration and expiration was used
to analysis.??

The 6-min walk test was performed on a 30-m-long,
1.5-m-wide track in accordance with the standards of the
American Thoracic Society.?* Two tests were performed
on the same day with an interval of 30 min, and the longest
walked distance was computed. SpOz’ heart rate, and blood
pressure were monitored. In addition, the sensations of
dyspnea and fatigue of the lower limbs were assessed by
the Borg CR 10 scale.

An exercise treadmill test was performed in accordance
with the American Thoracic Society/American College of
Chest Physicians,> by using the modified Bruce proto-
col.?26 It was a limited symptom test, whose objectives
were to determine the intensity of the aerobic training and
the existence of cardiovascular comorbidities that would
prevent the performance of physical training. A validated
version of the MMRC was used, a scale that determines
the degree of dyspnea; the greater the score, the worse the
limit of the subject.?’
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Physical Training Program

The subjects were divided into 2 groups. Both groups
underwent physical training, but one of them also per-
formed inspiratory muscle training (the inspiratory muscle
training group); the other, together with physical training,
performed calisthenics-and-breathing exercises (the calis-
thenics-and-breathing exercises group).

The whole training regime was carried out for 4 months,
3 times a week on alternate days, for a total of 48 sessions.
It consisted of stretching of the upper and lower limbs and
treadmill exercise started at 80% of the speed and incli-
nation obtained in the exercise treadmill test.?® The train-
ing intensity was adjusted over the weeks by using the
sensation of dyspnea as a parameter, keeping it between 4
and 6 on the Borg CR 10 scale,?” and always keeping the
heart rate at 85% of maximum. Oxygen was supplemented
during exercise, when the Spoz was below 88%. The initial
time was 20 min, progressing to 30 min. Lower limb (flexor
and extensor group) resistance exercises were performed
with free weights, with increases of 1-2 kg every 2 weeks
according to subject tolerance.30-3!

In the inspiratory muscle training group, the training of
the inspiratory muscles was carried out by PowerBreathe.
The subject inspired and expired in the equipment for 2
min and rested for 1 min. This was repeated 7 times, and
the total training time was 21 min. It began with 10 cm H,O
(minimum load of the device) in the first week for all
subjects, and it was increased in 10-cm H,O increments
until 60% of the initial maximum inspiratory pressure at
the end of the first month. After the first month, the load
was adjusted every 2 weeks for the updated 60% of max-
imum inspiratory pressure, for the period of 4 months. The
breathing pattern was kept free. This protocol is an adap-
tation of the protocols of Hill et al?! and Beckerman et al.32

The calisthenics-and-breathing exercises group per-
formed a program of specific exercises aimed at improv-
ing biomechanics and chest mobility, adapted from the
program described by Probst et al.!' The sequence of ex-
ercises was designed so that the complexity progressively
increased every month. A series of 9 exercises, each one
performed 15 times, was carried out (Table 1).

Statistical Analysis

In order to investigate the distribution of data, we em-
ployed the Shapiro-Wilk test. Descriptive statistics were
performed to characterize the sample, and the data were
expressed as mean = SD and median (interquartile range)
for variables with parametric and nonparametric distribu-
tion, respectively. The absolute difference (A = post —
pre) was calculated for all variables, and for this differ-
ence, we assessed the difference between subjects with
and without respiratory muscle weakness. The cutoff value
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for respiratory muscle weakness was set as =60 cm H,0.3
For variables with parametric distribution, the paired Stu-
dent ¢ test was used to analyze intragroup variance. The
independent Student ¢ test was used to compare intergroup
variance. For the nonparametric distributions, Mann-Whit-
ney and Wilcoxon tests were used. Two-way analysis of
variance with Tukey’s post hoc test was used for the com-
parisons between subjects with and without respiratory
muscle weakness, within and between groups. The statis-
tical program used was SPSS for Windows 17.0 (SPSS,
Chicago, Illinois). The level of significance was 5%. The
effect size was calculated by using Cohen’s d, and the
results were interpreted based on Cohen,?3 as follows: small
(0.21-0.49), medium (0.50-0.79), or large (=0.80).

The sample size was calculated according to a pilot
study based on the absolute value of respiratory muscle
strength (maximum inspiratory pressure = 88.6 % 17.5/
66.6 = 12.1) and endurance (sustained maximum inspira-
tory pressure = 83.3 = 12.1/46.6 = 23.3) and dyspnea
(MMRC = 0.8 £ 0.4/1.3 = 0.5) variables, which revealed
that to achieve 80% power with a significance level of 5%,
the sample for each group should be 12 subjects with
COPD. The program used was Ene 2.0.

Results

There were 54 eligible subjects with COPD, of which
25 were excluded for not meeting the established criteria.
The 29 enrolled subjects were assessed and randomized:
16 composed the inspiratory muscle training group, and 13
composed the calisthenics-and-breathing exercises group.
There was a sample loss of 4 subjects; thus, 13 subjects in
the inspiratory muscle training group and 12 in calisthen-
ics-and-breathing exercises group completed the study, con-
stituting the final sample with 25 subjects (Fig. 1). All of
the subjects were on continuous use of long-acting bron-
chodilators and inhaled corticosteroids, and there was no
change in medication during the intervention period.

The characteristics of each group are presented in Table
2, with no difference between groups in the pre-interven-
tion variables. According to the new GOLD classification,
there were 2 subjects classified at A grade, 3 at B, 3 at C,
and 5 at D in the inspiratory muscle training group and 1
subject at A, 2 at B, 4 at C, and 5 at D in the calisthenics-
and-breathing exercises group. After the intervention, the
points in the MMRC scale decreased in the inspiratory
muscle training group, with a significant difference be-
tween groups.

Table 3 shows that after intervention, there was signif-
icant increase in maximum inspiratory pressure, percent-
of-predicted maximum inspiratory pressure, and sustained
maximum inspiratory pressure in both groups, with a greater
increase in the inspiratory muscle training group. For these
variables, the improvement averaged 26 cm H,O in max-
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Table 1.  Monthly Calisthenics-and-Breathing Program

1st Month

2nd Month

3rd Month

4th Month

Orientation about
respiratory patterns
and pursed lip
breathing.

Abdominal exercise with
elevated DD.

Bridge exercise.

In elevated DD with
flexed and supported
LL, flex chin.

Sitting, raise RUL,
flexing the
contralateral torso.

Sitting on the chair, lift
to the UL with the bat
at shoulder line.

Sitting on the chair to
take shoulders back,
adduct the scapula.

Standing, perform lateral
flexion of the torso
with the UL extended
to the side of the
torso.

Standing with LL
extended and abducted
to hold the bat behind
the head, perform
diaphragmatic
breathing.

DD = dorsal decubitus
LL = lower limbs

UL = upper limbs

RUL = right upper limb

Abdominal exercise: In DD
horizontally, with LL
flexed and resting on the
floor, flex the upper
torso, with UL behind
the head.

Abdominal exercise: In
DD, drop LL to one side
and then to the other
side.

Abdominal exercise: In
horizontal DD with LL
flexed and resting on the
floor, extend and raise
one LL at a time.

Sitting on a chair, holding
bat with extended UL at
the shoulder line,
perform torso rotation.

Sitting on a chair holding a
bat with extended UL at
the shoulder line, adduct
the scapula.

Sitting on a chair, push one
hand against the other at
midline.

Standing with the UL
crossed in front of the
torso, perform torso
rotation.

Standing with bat behind
the head, perform lateral
flexion of the torso.

Standing, flex and extend
the UP at the shoulders;
holding a bat, adduct the
scapula.

Abdominal exercise: In DD
horizontally, with LL
flexed and supported,
flex upper torso with UL
behind the head.

Abdominal exercise: In DD
horizontally, with LL
flexed and supported,
drop LL to one side and
then to the other side.

Abdominal exercise: In DD
horizontally, with LL
flexed and supported,
extend a LL associated
with UL contralateral
elevation.

Sitting on a chair, push one
hand against the other at
the midline and perform
torso rotation.

Sitting on a chair holding a
bat with the UL
extended at the shoulder
line, rotate the torso.

Sitting on a chair, adduct
and abduct the UL at
horizontal in front of the
torso.

Standing to hold the bat
behind the head, perform
torso rotation.

Standing to hold the bat
with UL extended at the
shoulder line, perform
torso rotation.

Standing, hold the bat with
UL extended at shoulder,
adduct the scapula.

Abdominal exercise: In DD
horizontally, with LL
flexed and resting on the
floor, flex upper torso
with UL crossed in front
of the torso.

Abdominal exercise: In DD
horizontally, with LL
flexed and resting on a
chair, flex upper torso
with UL crossed in front
of the torso.

Sitting on a chair, lift a LL
and then the other,
holding a bat at the
shoulder line.

Sitting on a chair, adduct
and abduct UL extended
at horizontal with 1 kg.

Sitting on a chair with
extended UL at the
shoulder line holding 1
kg, flex and extend
elbows, adducting the
scapula.

Sitting with the bat behind
the head, perform torso
rotation.

Standing, keep the bat with
UL extended at the
shoulder line and abduct
LL, once on each side.

Standing, hold the bat over
the head and lower and
raise the UL, holding the
bat behind the head.

Standing, with crossed UP
in front of the torso,
perform lateral flexion of
torso.

imum inspiratory pressure, 26% in percent-of-predicted
maximum inspiratory pressure, and 19 cm H,O in sustained
maximum inspiratory pressure for the inspiratory muscle
training group and 10 cm H,O in maximum inspiratory
pressure, 10.6% in percent-of-predicted maximum inspira-
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tory pressure, and 4 cm H,O in sustained maximum in-
spiratory pressure for the calisthenics-and-breathing exer-
cises group. The relation sustained maximum inspiratory
pressure and maximum inspiratory pressure showed a sig-
nificant decrease after intervention for the calisthenics-

5



RESPIRATORY CARE Paper in Press. Published on November 10, 2015 as DOI: 10.4187/respcare.03947
RESPIRATORY MUSCLE TRAINING IN COPD SUBJECTS

Assessed for eligibility

54
Excluded
25
__| Did not meet inclusion
criteria: 22
Declined to participate: 2
Other: 1
Included

29

I
Y v

Physical training + IMT Physical training + calisthenics

16 and breathing exercises

13
Discontinued
3 - Withdrew
Exacerbation: 1 1
Withdrew: 2
\ Y
Analyzed Analyzed

13 12

Fig. 1. Flow chart. IMT = inspiratory muscle training.

and-breathing exercises group, with a significant differ-
ence between the groups. Regarding the time limit, there
was no difference between groups; however, it increased
significantly in the inspiratory muscle training group after
the intervention, with an average rise of 468 s. The sizes of
the effects on maximum inspiratory pressure, sustained
maximum inspiratory pressure, and time limit were greater
in the inspiratory muscle training group when compared with
the calisthenics-and-breathing exercises group (Table 3).

There was a significant increase of both axillary and
abdominal mobility in the inspiratory muscle training group
and an increase of the 3 levels in the calisthenics-and-
breathing exercises group. A significant difference between
the groups was noticed only in the values of abdominal
mobility. However, the effect size for this variable was
higher in both groups.

It was noticed that the 6-min walk distance increased
significantly after intervention in both groups, with an
average gain of 46 m in the inspiratory muscle training
group and 34 m in the calisthenics-and-breathing exercises
group, with no significant difference between groups. The
effect size was medium for this variable in the inspiratory
muscle training group and small in the calisthenics-and-
breathing exercises group (Table 3).

For dyspnea, there was a significant decrease in post-
intervention tests of inspiratory muscle endurance only in
the inspiratory muscle training group, with no difference
between groups. For the 6-min walk test, there was a sig-
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nificant decrease in dyspnea in both groups. It was greater
in the inspiratory muscle training group, and only for this
group, there was a decrease in the fatigue of the lower
limbs. The effect size for these variables was large (Table 3).

Regarding the analysis between subjects with and with-
out respiratory muscle weakness in each group, it was
noted that in the inspiratory muscle training group, those
subjects with muscle weakness showed significantly greater
gains in maximum inspiratory pressure and sustained max-
imum inspiratory pressure. However, dyspnea, seen ac-
cording to the MMRC scale, decreased significantly in
subjects without respiratory muscle weakness. In the cal-
isthenics-and-breathing exercises group, there was no dif-
ference in gains after intervention between subjects with
and without respiratory muscle weakness (Table 4).

Comparing each one of the interventions, it may be
noticed that in the inspiratory muscle training group, both
subjects with and without respiratory muscle weakness
had a greater rise in strength and respiratory muscle en-
durance, compared with the calisthenics-and-breathing ex-
ercises group. However, in MMRC, subjects with respira-
tory muscle weakness in the calisthenics-and-breathing
exercises group had a significant decrease in dyspnea com-
pared with the inspiratory muscle training group, and sub-
jects without respiratory muscle weakness in the inspira-
tory muscle training group had a significant decrease
compared with the calisthenics-and-breathing exercises
group (Table 4).

Discussion

It can be seen that in both groups, there was an increase
of the strength and endurance of the inspiratory muscles as
well as thoracoabdominal mobility and exercise capacity,
characterized by the increase of 6-min walk distance and
decrease of dyspnea in the 6-min walk test. However, the
initial hypothesis that the specificity of the training was
instrumental in the changes was confirmed, since there
were higher strength and endurance gains of the inspira-
tory muscles in the inspiratory muscle training group when
compared with the results of the calisthenics-and-breath-
ing exercises group. This result is considered important
because only in the inspiratory muscle training group we
could see increases considered clinically relevant, accord-
ing to the meta-analysis by Gosselink et al,® in which the
considered increase was 13 cm H,O for maximum inspira-
tory pressure and sustained maximum inspiratory pressure
and 261 s for time limit.

With regard to the definition of respiratory muscle weak-
ness, there is no consensus in the scientific literature con-
cerning the best cutoff. However, a cutoff of =60 cm H,O
was chosen because it is referenced for COPD.3

It was observed that those subjects with respiratory mus-
cle weakness had greater strength and endurance improve-
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Table 2.  Demographic, Anthropometric, and Spirometric Values, Dyspnea Level, and Oxygen Saturation Before and After Intervention of Both

Groups

IMT Group (n = 13)

Calisthenics-and-Breathing Exercises Group

n=12)

Before After P Before After P

Sex, n
Male 11 9
Female 2 3

Ex-smokers/current smokers 112 11/1
Age, y 67 = 12.8 66 * 7.6
Weight, kg 62 =104 62 +99 .87 57 £9.8 59.5+9.5 .82
Height, cm 166 = 7.7 165 =75 43 159 = 11.1 159 = 10.1 .35
BMI, kg/m? 23 £39 23 £3.7 .83 23 £3.1 23 £2.5 .63
FEV,/FVC 50 = 11.7 51+ 11.7 .56 42 +11.2 41 = 11 .20
FEV,/FVC, % predicted
FEV,, L 1.2+0.5 1.3+0.5 .37 0.8 0.3 0.8 +0.2 .57
FEV,, % predicted 47 = 18.5 53 =20 28 36 £9.7 38 £ 10 40
FVC, L 24 +0.8 2.5+0.7 .55 1.9 0.6 2.0 0.6 A1
FVC, % predicted 75 = 23.1 80 £ 18.3 .69 66 £ 8.8 73 = 12.5 44
SVC, L 24 +0.8 2.5+0.7 .60 1.8 £0.7 2.0+0.7 12
SVC, % predicted 72 =21 81 = 16.6 .20 66 £ 13.8 73+ 12 .16
MVV, L/min 572293 60 =259 .79 38.2 £ 23.1 37 £ 15.6 .63
MVV, % predicted 49 =249 51 =22.6 94 37 £10.8 40 = 14.1 34
GOLD score 3(2-3.5) 2 (2-3) .08 3(3-3) 3(2-3) .65
MMRC score 2 (1-2) 1 (1-1)*7 .03 1.5 (1-2)* 1(1-2) .63
Spo, % 94 + 1.2 94 + 1.1 .29 93 +26 94 +2.0 .36

Data are expressed as mean *= SD or median (interquartile range).
IMT Group = physical training associated with inspiratory muscle training

Calisthenics-and-Breathing Exercises Group = physical training associated with calisthenics-and-breathing exercises.

BMI = body mass index

SVC = slow vital capacity

MVV = maximum voluntary ventilation

GOLD = Global Initiative for Chronic Obstructive Lung Disease
MMRC = Modified Medical Research Council dyspnea scale

* Mann-Whitney test, P < .05 (between-groups analysis).

T Wilcoxon test, P < .05 (within-groups analysis).

ment when the inspiratory muscle training was performed.
It is important to emphasize that the strength gains were
not clinically significant, unlike the increases in endur-
ance. In addition, dyspnea decreased more in those sub-
jects without muscle weakness. However, those who
were underwent calisthenics-and-breathing exercises
were not different from those with or without muscle
weakness.

Increases in inspiratory muscle strength and endurance
may reflect not only an adaptation of neuromuscular char-
acteristics, with greater recruitment of motor units, but
also structural changes in the respiratory muscles. Ramirez-
Sarmiento et al,'® after conducting 5 weeks of the inspira-
tory muscle training at 40-50% of maximum inspiratory
pressure, noticed an increase in fiber types I and II in the
external intercostal muscle. In our study, the training oc-
curred at 60% of maximum inspiratory pressure; therefore,
structural changes in the respiratory muscles may have
occurred as well. Also, despite the relatively high load, the

RESPIRATORY CARE @ @ @ VOL @ NO @

inspiratory muscle training was well tolerated by our sub-
jects.

As for the endurance test, it was noticed that only sus-
tained maximum inspiratory pressure was significantly dif-
ferent between the groups, which corroborates the results
of Hill et al,2! who concluded that sustained maximum
inspiratory pressure is more sensitive to detect differences
in the endurance of those who undergo inspiratory muscle
training. That is because the time limit is highly variable
among subjects, and it can be influenced by many external
factors, such as motivation, tolerance of unpleasant sen-
sations, and the very strength and endurance of inspiratory
muscles.

Additionally, there were significant increases in the in-
spiratory muscle training group compared with the calis-
thenics-and-breathing exercises group in abdominal excur-
sion measurements and reductions of MMRC and dyspnea
on exertion. Such reductions, when of 1 point or more, are
considered clinically important differences.®
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Table 4.

Improvement After the Intervention of the Variables Inspiratory Muscle Strength and Endurance, Exercise Capacity, and Dyspnea in

Subjects With and Without Respiratory Muscle Weakness in Each Group

IMT Group (n = 13)

Calisthenics-and-Breathing Exercises
Group (n = 12)

Maximum Inspiratory Maximum Inspiratory Effect

Maximum Inspiratory Maximum Inspiratory Effect

Pressure <60 cm Pressure >60 cm Size P Pressure <60 cm Pressure >60 cm Size P
H,O (n=6) H,O(n=7) (d) H,O (n = 6) H,O (n = 6) (d)
A Maximum inspiratory 26.6 = 5.7%F 21.4 £ 6.9 0.81 .02 125 %5 10*+0 0.71 .19
pressure, cm H,O
A Sustained maximum 40 = 10%F 17.1 £ 4.8% 3.0 .001 0+0 100 0 .55
inspiratory pressure, cm H,O
A Limit time, s 8533 £714.5 420.5 = 133.1 0.88 .59 —56.6 + 201.7 —180 £ 0 0.86 .95
A 6MWD, m 44 + 18 39.7 £ 53.7 021 .99 60.5 = 52.11 27 = 19.6 0.85 .96
A MMRC score —-0.3 £ 0.5t —1 £ 0%} 2.0 .040 -05=*1 —-0.5+0.5 0 .96

Data are expressed as mean = SD.
IMT Group = physical training associated with inspiratory muscle training

Calisthenics-and-Breathing Exercises Group = physical training associated with calisthenics-and-breathing exercises

6MWD = 6-min walk distance
MMRC = Modified Medical Research Council dyspnea scale

*2-way analysis of variance, P = .05 (between-groups analysis, = 60 cm H,O vs >60 cm H,0).

T 2-way analysis of variance, P = .05 (between-groups analysis, inspiratory muscle training vs calisthenics-and-breathing exercises).

Such results are consistent with previous studies, which
showed that inspiratory muscle training increases abdom-
inal mobility!® and significantly decreases dyspnea,30-31-34
which is paramount in patients with COPD in pulmonary
rehabilitation programs.

According to the American Thoracic Society/European
Respiratory Society statement!? about pulmonary rehabil-
itation in patients with COPD, inspiratory muscle training
is associated with general physical training would not bring
additional benefits for dyspnea, and patients with respira-
tory muscle weakness could benefit more. However, our
results, as mentioned above, do not show that. The sub-
jects without respiratory muscle weakness who underwent
inspiratory muscle training were those who had a greater
reduction in dyspnea.

In the calisthenics-and-breathing exercises group, post-
intervention responses were not as expressive as in the
inspiratory muscle training group; however, we saw gains
in strength and endurance of the inspiratory muscles and
thoracoabdominal mobility and reduction of at least 1 point
in dyspnea, considered clinically important. It was also
noted that there was a greater gain of inspiratory muscle
strength than endurance, resulting in decreased post-inter-
vention sustained maximum inspiratory pressure/maximum
inspiratory pressure.

In previous studies,”!! in which only calisthenics-and-
breathing exercises had been proposed as an intervention,
similarly to our results, increased thoracic mobility was
noted, which was attributed to the reduction of dyspnea.
Those authors believe that there is a change in feedback
sensory and proprioceptive receptors of the rib cage, which
reduces the central nervous efferent command for a given
level of ventilation, providing desensitization to dyspnea.

RESPIRATORY CARE @ @ @ VOL @ NO @

The effects of calisthenics-and-breathing exercises are
dependent on the type of exercise applied. Minoguchi et al,'©
when implementing calisthenics-and-breathing exercises
based on stretching exercises, unlike in our study, did not
notice an increase in maximum inspiratory pressure. Be-
cause there is evidence in the literature that, in general,
physical training does not improve the strength and endur-
ance of the inspiratory muscles,?!34 it is likely that the
increased maximum inspiratory pressure of subjects with
COPD in this study has occurred due to the proposed
exercises.

Regarding the capacity to exercise, it was found that the
6-min walk distance was not different between groups.
Both groups had clinically important gains, greater than
the minimum difference of +25 m proposed in the litera-
ture®3; in the inspiratory muscle training group, the in-
crease was an average of 46 m, and in the calisthenics-
and-breathing exercises group, it was 34 m. In the study by
Reis et al,¢ an increase in 6-min walk distance of almost
101 m was seen after 6 months of inspiratory muscle train-
ing associated with physical training in subjects with COPD.
There are also studies that show that by adding inspiratory
muscle training to general physical training, an increase in
submaximal exercise capacity can be achieved, with clin-
ically important improvement in relation to general phys-
ical training.’?34 In our study, there was no difference
between those subjects with and without respiratory mus-
cle weakness for both interventions.

In the inspiratory muscle training group, we observed a
decrease in fatigue of the lower limbs on exertion. In
conditions of overload of the inspiratory muscles, there is
a reflex response to peripheral vasoconstriction directing
blood flow to the respiratory muscles, causing fatigue of
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the lower limbs. However, studies show that inspiratory
muscle training can attenuate such a response and improve
the redistribution of blood flow, reducing fatigue.?” None-
theless, further studies will be important to strengthen those
findings.

Methodological limitations to be considered are the lack
of a third group performing only general physical training.
Also, an analysis of dynamic hyperinflation and at rest
conditions will be needed to better explain the gains in
strength and endurance of inspiratory muscles.

The results obtained in this study will be relevant in
providing benefits to clinical practice, since we utilized 2
specific types of intervention that do not require expendi-
ture, are easy to perform, and can be adapted for home
care. More studies differentiating subjects with and with-
out respiratory muscle weakness will be needed to better
study the effects of such interventions.

Conclusions

We conclude that both programs of physiotherapy in-
tervention developed in this study provided clinically mean-
ingful benefits; they increased thoracoabdominal mobility
and physical exercise capacity and decreased dyspnea on
exertion. The main difference between the programs was
that inspiratory muscle training, due to the specificity of
training, was able to provide greater gains in inspiratory
muscle endurance and strength and to decrease dyspnea in
a clinically relevant manner. In addition, subjects with
respiratory muscle weakness who underwent inspiratory
muscle training had gains in strength and endurance of the
respiratory muscles but not in dyspnea and exercise sub-
maximal capacity.
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