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Abstract This study investigated the effect of 8 weeks,
three times weekly, of aerobic exercise (AE), diaphragmatic inspiratory resistive breathing (DR), and aerobic
exercise combined with diaphragmatic inspiratory resistive
breathing (CE) on pulmonary function and abdominal
and thoracic dimensions and kinematics in asthmatics.
Eighty-eight inactive, moderate-persistent asthmatics were
matched and randomly assigned to AE, DR, CE, or nonexercise control (NE) groups (n = 22 each). AE subjects
walked and/or jogged at 60% of age-predicted maximum
heart rate. DR subjects performed diaphragmatic breathing
combined with inspiratory resistive breathing at varying
inspiration, expiration ratios. CE subjects utilized a combination of the AE and DR programs. AE, DR, and CE
significantly (p B 0.05) improved chest dimensions and
kinematics during inspiration at the height of the second
intercostal space, during inspiration and expiration at the
height of the xiphoid process, and during inspiration and
expiration at the height of the midpoint between the
xiphoid process and umbilicus. All exercise interventions
significantly improved FVC, FEV1, PEF, and IVC, while
MVV improved following AE and CE. However, CE
proved superior to AE at improving FVC (p = 0.001),
FEV1 (p = 0.001), and IVC (p = 0.009). There were no
significant changes (p [ 0.05) in any of the measured

B. S. Shaw (&)
Department of Sport, Rehabilitation and Dental Sciences,
Tshwane University of Technology, Private Bag X680, Pretoria,
Gauteng 0001, Republic of South Africa
e-mail: shawbs@tut.ac.za
I. Shaw
Department of Marketing and Sport Management,
Vaal University of Technology, Private Bag X02,
Vanderbijlpark, Gauteng 1900, Republic of South Africa

parameters in the NE group. CE produces adaptations
greater than those for single-mode training in moderatepersistent asthmatics. The results suggest synergy rather
than interference between aerobic exercise and diaphragmatic inspiratory resistive breathing and that this mode of
training might be useful as an adjunct therapy in asthmatic
patients.
Keywords Chest excursion  Endurance training 
Exercise  Spirometry

Introduction
Even though 300 million individuals suffer from asthma and
180,000 asthma-related deaths occur annually worldwide
[1], there is still conflicting evidence on the rehabilitative
effects of exercise on asthma, with some studies having
demonstrated no improvements in asthmatic symptomology
[2, 3]. On the other hand, there are those studies that have
demonstrated significant improvements in asthmatic symptoms following a period of exercise training stemming from
exercise’s role in reducing minute ventilation (VE) at high
workloads by stabilizing the variability in expiratory airflow
parameters and decreasing bronchodilation, dyspnea, airway
resistance, and airway sensitivity [2–4]. Other benefits from
exercise training in improving asthmatic symptomology
include increases in maximum heart rate (thus an increased
oxygen pulse), decreases in airway inflammation, decreases
in exertional breathlessness by desensitizing the asthmatic to
the uncomfortable breathless sensation, increases in the
usage of the ventilatory reserve, and decreases in ventilatory
requirements through the increases in aerobic capacity and
exercise efficiency [3, 5, 6]. Furthermore, research on asthmatics that has specifically focused on spirometry changes
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following exercise rehabilitation has mainly come from
aerobic exercise programs, despite other modes of training
possibly having pulmonary function benefits.
In this regard, diaphragmatic breathing exercise may
prove essential to an asthmatic since asthmatics perform
thoracic-type breathing in association with decreased chest
expansion and chest deformity as a result of a shortened
diaphragm, intercostals, and accessory muscles from prolonged spasm causing stenosis of the major airways leading
to an abnormal respiratory pattern [7]. Diaphragmatic
breathing exercise has also been deemed essential in the
treatment of asthma since it results in a compression of the
abdominal contents, which increases intra-abdominal
pressure causing a lateral transmission of pressure to the
lower ribs laterally, upward and outward motion of the
lower ribs, and anterior/posterior motion of the upper ribs.
This in turn results in an increase in thoracic volume that
decreases intrathoracic pressure which facilitates inspiration [8].
The physiological effects of diaphragmatic breathing
exercise are varied, and it is claimed that this mode of
exercise can decrease the work of breathing and dyspnea
and improve ventilation distribution [9]. These changes
could occur by shortening inspiration and lengthening
expiration [10] by performing expiration via the pulling in
of the abdominal muscles dorsally toward the spine while
relaxing the abdominal, intercostals, and neck musculature
[8]. This is achieved by using weights or belts to increase
intra-abdominal pressure, by applying compression to the
lower ribs to facilitate expiratory ascent of the diaphragm
during expiration which can increase the movement of
secretions from the small bronchi into the respiratory
passages, by exhaling through a resistive breathing device,
or by breathing while creating a hissing noise in order to
reduce bronchial constriction [8].
Diaphragmatic breathing exercise has been shown to
psychologically reduce anxiety, improve attitudes toward
work, and improve quality of life, while physiologically
decreasing bronchodilator use and acute exacerbations
and improving maximal exercise tolerance and ventilation
and oxygen consumption [11–13]. This is achieved by
improving expansile forces in hypoventilated areas,
dilating airways by forcing mucus into larger airways,
re-educating the autonomic diaphragmatic movements,
relaxing spasmodic muscle contractions, and mobilizing
the ribs and chest wall [7]. However, these physiological
benefits have not been unequivocally substantiated through
spirometry testing.
Despite the numerous possible benefits of diaphragmatic
breathing training, the current use of this mode of exercise
in asthmatics to improve pulmonary function and abdominal and thoracic dimensions and kinematics is presently
insufficient and its clinical benefits not yet justified, hence
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the present study’s investigation on the effects of this mode
of exercise on moderate-persistent asthmatics [14]. In the
present study we examined the hypothesis that aerobic
exercise and diaphragmatic inspiratory resistive breathing
and a combination of these modes of exercise will result in
improvements in pulmonary function and abdominal and
thoracic dimensions and kinematics in order to elicit the
unique benefits that each mode of exercise has to offer.

Materials and Methods
Patient Recruitment and Protocol
The present study made use of a single-blind, comparative,
randomized controlled trial over an 8-week period, using
pre- and post-tests to determine the effects of the various
cost-effective, supervised, home-based exercise interventions on moderate-persistent asthmatics. Subjects were
matched by age (using years) and gender and randomly
assigned using concealed envelopes to one of the following
four groups: nonexercise control (NE) group, an aerobic
exercise (AE) group, diaphragmatic breathing (DR) group,
and combined aerobic exercise and diaphragmatic breathing (CE) group. Each group had a total of 22 subjects with
a male:female ratio of 14:8. Group assignment was issued
prior to baseline assessments and was not revealed to those
conducting baseline tests. The study was approved by the
Institutional Review Boards at the University of Johannesburg. All subjects received medical clearance from their
personal physician and gave informed consent before
participation.
Inactive, moderate-persistent asthmatic males (n = 56)
and females (n = 32) aged between 18 and 34 years and
who met the criteria of moderate-persistent asthma based
on the National Institutes of Health (NIH) guidelines
(60-80% of predicted FVC, FEV1 and/or PEF) [15] were
included in the study. Furthermore, subjects were nonsmokers, were free from any influenza-like or respiratory
infection symptoms 2-3 weeks prior to the evaluations,
exhibited daily asthmatic symptoms, exhibited nocturnal
asthmatic symptoms more than one night weekly, and had
peak flow variability of more than 30%. Potential subjects
were excluded from participation in the study if they had
relative and absolute contraindications to exercise [16],
suffered from asthma exacerbations within that last 7 days
prior to the inception into the study, were unable to abstain
from their prescribed asthma medication use 12 h before
each evaluation, and were not weight stable for at least
6 months prior to the study. None of the subjects exhibited
preprogram FEV1 or peak expiratory flow reductions of
more than 15% during the maximal cycle ergometer test
and could thus not be classified as having exercise-induced
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Table 1 Anthropometrical and pulmonary function features of control and intervention groups
Variables

NE group (n = 22)

AE group (n = 22)

DR group (n = 22)

CE group (n = 22)

Age (years)

21.90 ± 3.89

21.95 ± 3.87

21.93 ± 3.95

22.00 ± 3.95

Stature (cm)

169.37 ± 10.68

170.88 ± 9.17

168.66 ± 7.53

172.00 ± 10.14

Body mass (kg)
Forced vital capacity (FVC) (L)

76.05 ± 13.95

78.40 ± 17.80

75.18 ± 12.66

77.08 ± 9.74

2.82 ± 0.57

2.77 ± 0.48

3.01 ± 0.58

2.87 ± 0.67

NE nonexercise control, AE aerobic exercise, DR diaphragmatic inspiratory resistive breathing, CE aerobic exercise combined with diaphragmatic inspiratory resistive breathing
Values are mean ± SD

asthma. The anthropometrical and pulmonary function
features of the intervention and control groups are presented in Table 1. When the groups were compared, no
statistically significant differences (p [ 0.05) were found
for age, stature, body mass, and forced vital capacity
(FVC).

at least 48 h after the last training session [18] using a FX
System spirometer (Cosmed, Rome, Italy) which was calibrated as per FX System requirements prior to each test.
Each test was performed at least three times, with each test
not differing by more than 5% or 100 mL. In the final
analysis, the largest value obtained from the three tests was
used [19].

Measurements
Abdominal and Thoracic Dimensions and Kinematics
Anthropometric
All subjects completed the same battery of tests before and
after the 8-week period. For descriptive purposes, anthropometric measurements were taken at baseline. Body mass
was measured in kilograms (kg) to the nearest 0.1 kg on a
calibrated digital medical scale (Seca 843, Switzerland)
with participants dressed in a standard T-shirts and shorts.
Stature was measured in centimeters (cm) to the nearest
0.5 cm via a standard wall-mounted stadiometer.
Pulmonary Function
Forced vital capacity (FVC) (in liters, L), forced expiratory
volume in 1 second (FEV1) (L), forced expiratory volume
in 1 second/forced vital capacity ratio (FEV1/FVC) (%),
25% of forced expiratory flow (FEF25) (liters per second,
L s-1), 50% of forced expiratory flow (FEF50) (L s-1),
75% of forced expiratory flow (FEF75) (L s-1), 25-75% of
forced expiratory flow (FEF25-75) (L s-1), peak expiratory
flow (PEF) (L), inspiratory vital capacity (IVC) (L), minute
ventilation (VE) (liters per minute, L min-1), breathing
frequency (Fb) (breaths min-1), and tidal volume (VT)
(L) were measured with the subject in the upright position
with a nose clip tightly fitted to the subject’s nostrils. The
FVC maneuver required each subject to expire as hard and
as fast as possible, then completed the cycle by inspiring as
hard and rapidly as possible. The maximal voluntary ventilation (MVV) (L min-1) was measured after each subject
completed forceful maximal inspirations and expirations
over a period of 12 s [17]. All spirometry tests were conducted before and after the 8-week experimental period and

Abdominal and thoracic dimensions and kinematics measurements can be used as an evaluative method for diaphragmatic breathing excursion to quantify possible
alterations in thoracic capacity and abdominal and chest
wall compliance as achieved by all expiratory and inspiratory muscles [8]. By measuring the abdomen and thorax
with a measuring tape over the second intercostals space,
xiphoid process, and midpoint between the xiphoid process
and umbilicus, a competency in diaphragmatic breathing
can be demonstrated by a reduction in rib cage excursion.
These indirect measurements of abdominal and chest wall
excursion have an intrarater reliability of 0.96-0.98 and an
interrater reliability of 0.84-0.87 with correlation coefficients not less than 0.84 [8, 20]. Abdominal and thoracic
dimensions and kinematics were measured by placing a
tape measure over the second intercostal space, the xiphoid
process, and midpoint between the xiphoid process and the
umbilicus [8]. These measurements were taken during rest,
maximal inspiration, and expiration using a nondistendable
sliding measuring tape in centimeters to the nearest 0.1 cm.
In addition to this, this evaluation was used to quantify
possible alterations in thoracic capacity and possibly
abdominal and chest wall compliance as achieved by all
inspiratory and expiratory muscles.
Periodized Exercise Programs
Nonexercise control group subjects were instructed to
maintain their normal daily activities throughout the 8-week
experimental period and were phoned three times weekly to
ensure compliance. All subjects in the intervention groups
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were trained on how to perform the exercises by a qualified
practitioner in exercise therapy and rehabilitation. For each
of the exercises, subjects were firstly familiarized with their
respective exercise programs and then provided with simple
step-by-step written instructions accompanied by illustrations. Exercise sessions were supervised at all times in the
home setting by a qualified practitioner and records were
kept of each training session to ensure fidelity and promote
adherence to the interventions. Sessions were preceded by a
5-min warm-up consisting of easy walking at a heart rate of
less than 100 beats per minute [21] and concluded with six
stretching exercises for the major muscle groups (erector
spine, chest muscles, shoulder muscles, hip flexors, hamstrings, and quadriceps), performed for two sets of 30 seconds on each muscle/limb [22] and a 5-min cool-down
consisting of walking at a heart rate of less than 100 beats
per minute [21].
Subjects in the AE group walked and/or jogged for
30 min at an intensity of 60% of their individual age-predicted maximum heart rate (HRmax) [23], which was
determined by subtracting age from 220. Individual agepredicted HRmax was utilized instead of the directly tested
HRmax since it was the aim of the present study to develop
a suitable program for all subjects without the need for
expensive equipment and direct maximal testing to allow
its use by increased numbers of asthmatic patients. To
ensure appropriate progressive overload, aerobic exercise
intensity was readjusted at week 4 with a general 5%
increase in heart rate [24].
Subjects in the DR group were instructed to perform
diaphragmatic breathing combined with inspiratory resistive breathing in the semirecumbent position with posterior
pelvic tilting, knees flexed, and neck extended [8]. This
was achieved by inspiring and expiring maximally through
a tube that was 10 cm long and 1 cm in diameter principally using abdominal motion, while reducing upperrib-cage motion. One hand of the subject was utilized to
stabilize a 2.5-kg (weeks 1-4) or a 5-kg weight (weeks 5-8)
on the abdominal cavity. The other hand was used to cover
the nose to avoid inspiration and expiration through the
nose. The subjects were further instructed to watch the rib
cage carefully for visual feedback in order to avoid
excessive rib movement [9]. The subjects were required to
maintain eye contact with a second-timer clock, which was
provided to them at the start of the study, while exercising
in order to maintain the pace of the exercises effectively.
The subjects in the DR group had to complete three sets of
5-10 repetitions using 1 s of inspiration and 2 s of expiration (1:2 inspiration-to-expiration ratio) [24, 25], three
sets of 10-15 repetitions of a 2:4 inspiration-to-expiration
ratio, and three sets of 15-20 repetitions of a 3:6 inspiration-to-expiration ratio with a 60-90-s rest period between
each set [24].
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Subjects in the CE group utilized a combination of
aerobic exercise and diaphragmatic breathing. The aerobic
exercise portion required the patients to perform 15 min of
walking and/or jogging at 60% of their individual agepredicted HRmax [23], while the diaphragmatic breathing
portion was similar to that of the DB group but only
required patients to perform two sets of 5-10 repetitions of
1:2 inspiration-to-expiration ratio [24, 25], two sets of
10-15 repetitions of 2:4 inspiration-to-expiration ratio, and
two sets of 15-20 repetitions of 3:6 inspiration-to-expiration ratio with 60-90-s rest periods between each set [24].
Statistical Analysis
Statistical analysis consisted of descriptive statistics, and
differences between the groups at baseline and after
8 weeks were analyzed with paired-samples t tests.
Levene’s test was used to determine the homogeneity or
heterogeneity of pulmonary function parameters between
the groups at baseline. An analysis of variance was applied
to the data to create a value representing the ratio of
between-group and within-group variance. The Scheffe and
Dunnett T3 tests were then applied to the variances in order
to determine the significance of possible combinations of
cell contrasts in order to determine which of the programs
was the most effective. A priori, a two-sided level of significance was set at 0.05. Baseline results and differences
after 8 weeks are presented as mean ± SD. All analyses
were performed using commercially available software
(Statistical Package of Social Sciences ver. 14, SPSS, Inc.,
Chicago, IL, USA).

Results
No significant differences in compliance to the exercise
programs were found between the groups, with all subjects
having 100% adherence to their respective exercise interventions. Further, no dropout of subjects occurred in the
present study. At baseline, pulmonary function variables
were not significantly different between groups [i.e., FVC
(p = 0.544), FEV1 (p = 0.609), FEV1/FVC (p = 0.148),
PEF (p = 0.999), FEF25 (p = 0.273), FEF50 (p = 0.223),
FEF75 (p = 0.737), FEF25-75 (p = 0.428), MVV (p =
0.900), IVC (p = 0.765), VE (p = 0.385), Fb (p = 0.074),
and VT (p = 0.092)]. Similarly, abdominal and thoracic
dimensions and kinematic characteristics were equal for all
groups at baseline [i.e., resting (p = 0.961), inspiratory
(p = 0.968), and expiratory (p = 0.968) chest dimensions
at the height of the second intercostal space; resting
(p = 0.881), inspiratory (p = 0.801), and expiratory (p =
0.928) chest dimensions at the height of the xiphoid
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process; resting (p = 0.932), inspiratory (p = 0.955),
and expiratory (p = 0.981) abdominal dimensions at the
height of the midpoint between the xiphoid process and
umbilicus].
Pulmonary Function
Pre- and post-test pulmonary function test responses of the
control and intervention groups are presented in Table 2.
Spirometry testing showed that AE resulted in significant
(p B 0.05) improvements in FVC (p = 0.001), FEV1
(p = 0.000), PEF (p = 0.012), MVV (p = 0.000), and
IVC (p = 0.006), but had no significant effect on FEV1/
FVC ratio (p = 0.254), FEF25 (p = 0.854), FEF50
(p = 0.501), FEF75 (p = 0.095), FEF25-75 (p = 0.700),
VE (p = 0.188), Fb (p = 0.439), and VT (p = 0.078). Eight
weeks of DR resulted in significant changes in FVC
(p = 0.000), FEV1 (p = 0.000), FEV1/FVC ratio (p =
0.003), PEF (p = 0.008), and IVC (p = 0.000). However,
DR did not result in any significant improvements in
FEF25 (p = 0.067), FEF50 (p = 0.431), FEF75 (p =
0.175), FEF25-75 (p = 0.308), MVV (p = 0.701), VE
(p = 0.706), Fb (p = 0.204), and VT (p = 0.425). Following CE, FVC (p = 0.000), FEV1 (p = 0.000), FEV1/
FVC ratio (p = 0.031), PEF (p = 0.001), MVV (p =
0.001), and IVC (p = 0.000) changed significantly from
baseline, but no significant improvements were found in
FEF25 (p = 0.332), FEF50 (p = 0.569), FEF75 (p =
0.077), FEF25-75 (p = 0.922), VE (p = 0.331), Fb (p =
0.075), and VT (p = 0.581). No significant changes were
found in any of the measured pulmonary function variables
in the NE group.
In order to support the superiority of any particular
exercise intervention, post hoc analysis revealed that
8 weeks of CE was found to be more effective than AE
(p = 0.001) at improving FVC but equally effective as DR
training (p = 0.070), while DR and AE were found to be
equally effective at improving FVC (p = 0.504). CE was
shown to be more effective than AE (p = 0.001) at altering
FEV1, but equally effective as DR (p = 0.070). However,
DR and AE were found to be equally effective at
improving FEV1 (p = 0.582). Although there were differences in PEF from baseline to post-tests following AE, DR,
and CE, it was found that CE was equally effective as DR
(p = 0.813) and AE (p = 0.513) and DR was equally
effective as AE (p = 0.960). Further, MVV was equally
improved following CE and AE (p = 0.788). Eight weeks
of DR was found to be equally effective at improving IVC
when compared to CE and AE (p = 0.858 and p = 0.084,
respectively), while CE proved more effective than AE
(p = 0.009).
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Abdominal and Thoracic Dimensions and Kinematics
Pre- and post-test abdominal and thoracic dimensions and
kinematics responses of the control and intervention groups
are presented in Table 3. Significant (p B 0.05) improvements were found in chest circumferences during inspiration at the height of the second intercostal space following
AE, DR, and CE (p = 0.000, p = 0.000, and p = 0.000,
respectively). However, no significant improvements were
found in chest circumferences following AE, DR, and CE
during rest (p = 0.831, p = 0.090, and p = 0.699,
respectively) and expiration (p = 0.224, p = 0.054, and
p = 0.171, respectively) at the height of the second intercostal space. Eight weeks of AE, DR, and CE resulted in
significant improvements in chest circumferences during
inspiration (p = 0.000, p = 0.000, and p = 0.000, respectively) and expiration (p = 0.005, p = 0.000, and p =
0.002, respectively) at the height of the xiphoid process.
Significant improvements were also found in the DR and
CE groups’ resting circumferences at the height of the
xiphoid process (p = 0.000 and p = 0.023, respectively),
while no significant improvement was seen following AE
(p = 0.177). All training groups demonstrated significant
improvements in abdominal circumferences during inspiration (AE: p = 0.000; DR: p = 0.000; and CE: p =
0.000) and expiration (AE: p = 0.000; DR: p = 0.000; CE:
p = 0.000) at the height of the midpoint between the
xiphoid process and umbilicus. Significant improvements
were found in the resting circumferences at the height of
the midpoint between the xiphoid process and umbilicus in
the DR group (p = 0.000) but not following AE (p =
0.190) and CE (p = 0.353). No significant (p [ 0.05)
changes were observed in the NE group in any of the
measured test abdominal and thoracic dimensions and
kinematic variables.

Discussion
The results of the study clearly showed improvements in
FVC, FEV1, PEF, and IVC following AE, DR, and CE,
while increases in MVV were found following only AE and
CE. Chest dimensions and kinematics improved (1) during
inspiration (but not expiration) at the height of the second
intercostal space, (2) during inspiration and expiration at
the height of the xiphoid process, and (3) during inspiration
and expiration at the height of the midpoint between
the xiphoid process and umbilicus following all three
interventions. This indicates that aerobic exercise, when
combined with diaphragmatic inspiratory resistive breathing, is the optimal exercise strategy for simultaneous
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2.77 ± 2.4
4.10 ± 0.93
6.33 ± 1.55
3.77 ± 0.91

25% of forced expiratory flow (FEF25) (L s-1)

50% of forced expiratory flow (FEF50) (L s-1)

75% of forced expiratory flow (FEF75) (L s-1)

25-75% of forced expiratory flow (FEF25-75)
(L s-1)
3.78 ± 1.0

6.16 ± 1.36

4.16 ± 1.07

2.30 ± 0.71

4.30 ± 0.98

6.74 ± 1.30

4.79 ± 1.00

2.58 ± 0.72

7.15 ± 1.45

96.77 ± 2.52

2.72 ± 0.53

2.77 ± 0.48

4.36 ± 0.89

7.0 ± 1.27

4.88 ± 0.93

2.56 ± 0.64

7.57 ± 1.47*

95.59 ± 3.87

2.97 ± 0.65*

3.11 ± 0.71*

4.07 ± 1.13

6.39 ± 1.56

4.51 ± 1.23

2.51 ± 0.87

7.10 ± 1.57

94.86 ± 4.94

2.85 ± 0.57

3.01 ± 0.58

Pretest

2.70 ± 0.67

2.87 ± 0.67

Pretest

3.87 ± 1.04

6.72 ± 1.50

4.32 ± 1.16

2.19 ± 0.63

7.68 ± 1.26*

3.90 ± 1.44

6.24 ± 1.87

4.21 ± 1.50

2.46 ± 1.09

7.14 ± 2.22

3.88 ± 0.85

6.61 ± 1.51

4.31 ± 1.03

2.29 ± 0.56

7.99 ± 2.22*

91.23 ± 5.74*

3.30 ± 0.70*

3.68 ± 0.82*

Post-test

CE group (n = 22)

90.64 ± 6.67* 93.82 ± 5.47

3.22 ± 0.63*

3.52 ± 0.74*

Post-test

DR group (n = 22)

0.85 ± 0.49

0.77 ± 0.48

24.41 ± 6.67

15.12 ± 8.51

3.02 ± 0.64

0.51 ± 0.31

25.35 ± 8.26

11.57 ± 6.53

3.03 ± 0.71

0.64 ± 0.48

24.60 ± 5.90

13.41 ± 8.72

3.17 ± 0.68*

0.77 ± 0.52

23.00 ± 8.33

14.19 ± 8.60

3.24 ± 0.86

0.72 ± 0.57

24.14 ± 7.83

13.73 ± 8.70

3.67 ± 0.73*

0.72 ± 0.48

23.57 ± 8.18

14.38 ± 9.76

3.26 ± 0.97

0.75 ± 0.59

26.08 ± 8.48

16.00 ± 11.82

3.78 ± 0.93*

* Statistically significant, p B 0.05

Data are presented as mean ± SD

NE nonexercise control, AE aerobic exercise, DR diaphragmatic inspiratory resistive breathing, CE aerobic exercise combined with diaphragmatic inspiratory resistive breathing

Tidal volume (VT) (L)

15.90 ± 8.01
23.05 ± 6.77

Breathing frequency (Fb) (breaths min-1)

3.13 ± 0.76

Minute ventilation (VE) (L min )

-1

Inspiratory vital capacity (IVC) (L)

Maximal voluntary ventilation (MVV) (L min-1) 106.41 ± 37.85 106.94 ± 37.32 103.65 ± 27.86 128.97 ± 27.56* 107.43 ± 34.65 109.62 ± 38.91 99.90 ± 41.79 119.01 ± 43.93*

7.09 ± 1.97

7.04 ± 1.65

93.09 ± 6.49

94.18 ± 4.76

Peak expiratory flow (PEF) (L)

FEV1/FVC ratio (%)

2.70 ± 0.5

2.62 ± 0.53

2.93 ± 0.57

2.82 ± 0.57

Forced vital capacity (FVC) (L)

Post-test

Pretest

Pretest

Post-test

AE group (n = 22)

NE group (n = 22)

Forced expiratory volume in 1 second (FEV1) (L)

Variables

Table 2 Pre- and post-test pulmonary function test responses of the control and intervention groups
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* Statistically significant, p B 0.05

NE nonexercise control, AE aerobic exercise, DR diaphragmatic inspiratory resistive breathing, CE aerobic exercise combined with diaphragmatic inspiratory resistive breathing

Data are presented as mean ± SD

78.40 ± 8.90*

69.65 ± 8.29*
72.54 ± 8.58
70.87 ± 11.83*
71.88 ± 11.78
68.00 ± 8.57*
71.45 ± 8.71
72.06 ± 8.71
Expiratory circumference (cm)

72.10 ± 8.85

73.60 ± 8.56
74.23 ± 7.95

75.42 ± 8.49
76.35 ± 11.72*

70.81 ± 1.35*
73.23 ± 11.47

74.93 ± 11.48
77.03 ± 10.22*

72.54 ± 8.61
72.43 ± 8.55

74.07 ± 8.95
73.84 ± 8.74
74.14 ± 7.86
Inspiratory circumference (cm)

73.62 ± 7.95
73.36 ± 7.86
Resting circumference (cm)

78.16 ± 7.21

Mean abdominal circumferences at the height of the midpoint between the xiphoid process and umbilicus

87.48 ± 6.88*

77.82 ± 7.57*
79.06 ± 7.06
76.96 ± 9.66*
77.85 ± 10.11
76.13 ± 7.56*
77.48 ± 7.88

79.07 ± 7.03*

Expiratory circumference (cm)

78.66 ± 7.25

84.30 ± 6.66

80.18 ± 6.55
75.62 ± 8.58*

85.69 ± 10.65*
82.41 ± 9.81

78.91 ± 9.53
78.96 ± 7.38

84.92 ± 8.48*
82.94 ± 7.85

78.83 ± 7.42

83.00 ± 7.21
Inspiratory circumference (cm)

79.70 ± 7.0
79.42 ± 7.02
Resting circumference (cm)

Mean chest circumferences at the height of the xiphoid process

82.88 ± 7.65

86.04 ± 6.95
86.21 ± 6.96
87.02 ± 11.85
87.19 ± 11.75
86.24 ± 8.68

94.76 ± 6.49*

137

86.32 ± 8.69
87.36 ± 9.98
Expiratory circumference (cm)

87.12 ± 10.24

92.18 ± 6.38

87.52 ± 6.36
87.45 ± 12.4

95.36 ± 12.53*
91.17 ± 11.94

87.61 ± 2.32
87.73 ± 8.46

94.87 ± 8.80*
92.33 ± 8.71

87.76 ± 8.64

92.51 ± 10.06
Inspiratory circumference (cm)

89.30 ± 10.73
88.91 ± 10.42
Resting circumference (cm)

Mean chest circumferences at the height of the second intercostal space

92.54 ± 10.49

Pretest
Pretest
Pretest
Post-test
Pretest

Post-test

DR group (n = 22)
AE group (n = 22)
NE group (n = 22)
Variables

Table 3 Pre- and post-test abdominal and thoracic dimensions and kinematics responses of the control and intervention groups

Post-test

CE group (n = 22)

Post-test

87.47 ± 6.33
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improvement of pulmonary function and abdominal and
thoracic dimensions and kinematics in moderate-persistent
asthmatics. This is so since CE, and not AE, improved
resting circumferences at the height of the xiphoid process.
Further, CE proved superior to AE at improving FVC,
FEV1, and IVC.
The results of the present study corroborate the
improvements of FVC following DR in asthmatics. In this
regard, Fluge et al. [26] previously showed a positive trend
toward the treatment effect of DR on FVC, with a mean
improvement of 225 ± 65.5 mL in their sample of asthmatics. Similarly, Weiner et al. [27] demonstrated that
inspiratory muscle training improved FVC by 11.32% in
moderate-severe asthmatics. In contrast, Ramazanoglu and
Kraemer [28] found no significant increase in FVC following AE. Their exercise was comparable with that of the
present study, however, differences existed in frequency
(three versus one session per week). The improvements in
FVC could be attributed to an increased inspiratory force,
as required during a FVC maneuver, which may have
resulted from the lengthening of the intercostals and
accessory muscle and a trained diaphragm being elongated
and thus placed at a mechanical advantage [7, 29]. This
improvement in FVC is essential to the treatment of asthma
since it could indicate a reduction in small-airway
obstruction [30].
Following AE, DR, and CE, improvements in FEV1
were seen in the present study. The observed improvement
in FEV1 following DR in the present study is supported by
Fluge et al. [26] when their study found a mean increase of
356.3 ± 146.2 mL. Similarly, the results of Weiner et al.
[27] demonstrated a 12.12% increase in FEV1 following
inspiratory muscle training in moderate-severe asthmatics.
However, the results of DR on FEV1 in the present study
are not supported by Anderson [31], possibly due to a
different breathing technique, namely, the Buteyko
Breathing Technique, and the greater variability in subject
age in their study (range = 12-70 years). Even though the
breathing technique was similar to that used in a study
conducted by Singh et al. [25], the results differed possibly
due to the shorter experimental period of 2 weeks and the
subjects having mild asthma. The improvements in FEV1
following AE differ from the results of Ramazanoglu and
Kraemer [28], likely because of the differences in the
prescribed frequency (three versus one session per week,
respectively), and the results of Nickerson et al. [32],
possibly because of a shorter (6-week) experimental period. Based on these observations, it is apparent that to
achieve improvements in FEV1, exercise training should
incorporate some form of breathing retraining.
Despite the improvement in FVC and FEV1 of the AE,
DR, and CE groups, this did not result in a significant
change in the FEV1/FVC in the AE group. This confirms
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that the FEV1/FVC ratio is not a reliable index of reversibility as the FVC can increase more than FEV1 causing the
FEV1/FVC to decrease (as in the case of the DR and CE
groups) in the presence of a useful degree of bronchodilation [33].
The present study showed that AE was effective at
improving PEF which was in contrast to the results of
Nickerson et al. [32], probably because of the shorter study
duration of 6 weeks and because their study required their
subjects to complete 3.2 km of running with no prescribed
intensity which could have resulted in the subjects training
at inadequate workloads to bring about significant changes
in PEF. Although the results of the present study demonstrated improvements in PEF following DR in asthmatics,
this is in contrast to the results of Anderson [31] and Singh
et al. [25] whose studies had a similar breathing program
but demonstrated no improvements in PEF following
breathing training. This is likely since the study by Singh
et al. [25] utilized a shorter period of training (6 weeks)
and shorter training durations (15 min daily). The
improvements observed in PEF following AE, DR, and CE
could signify a decrease in the obstruction of the large
airways and thus an increased bronchodilation [34], which
could be related to an increased number of motor unit
recruitment during forced inspiration and expiration,
increasing power and in effect the rate of muscle shortening [35].
Following AE, DR, and CE no improvements in 25-75%
of forced expiratory flow (FEF25-75) were seen possibly
because this parameter was considered effort-independent
[19].
Following AE and CE, improvements in MVV were
seen in the present study. This observed improvement is
contrary to the findings of Nickerson et al. [32], who
demonstrated no improvements in MVV following a
6-week running program. These findings on MVV were
likely in contrast since the study of Nickerson et al. [32]
did not prescribe a fixed intensity and had a shorter training
period which could have resulted in an inadequate training
stimulus. No improvements in MVV were seen following
DR; this finding alludes to the necessity of aerobic-type
exercise to improve MVV. This is likely due to the MVV
maneuver requiring a simulated ‘‘heavy-breathing’’ effect
[36]. The improvements in MVV could demonstrate a
reduction in airflow obstruction, airway hyperresponsiveness [3], and developing fatigue during activities of daily
living [37].
After AE, DR, and CE, improvements in IVC were
found and have not been reported previously. Since IVC is
the maximum amount of air that can be inhaled from
forced maximal expiration, improvements in this pulmonary function parameter are essential to asthmatics [38].
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None of the groups demonstrated improvements in VE,
which is an important determinant of exercise-induced
bronchospasm [3]. However, these findings are in contrast
to Anderson [31] who found improvements in VE following
breathing training.
The present study showed that AE, DR, and CE did not
change Fb, which is a pulmonary variable used to assess the
work of breathing of asthmatics [38]. Similarly, no changes
were found in VT following any of the exercise training
programs. This is disconcerting in that alveolar ventilation
increases in response to changes in breathing pattern,
which is exemplified by decreases in Fb and increases in
VT. However, since none of the groups in the present study
altered Fb and VT, no increase in alveolar ventilation could
have occurred [9].
Following 8 weeks of AE, DR, and CE, the changes in
inspiratory abdominal and chest dimensions at all levels
could possibly have been due to concomitant changes in
respiratory muscle strength. This increase in strength could
have assisted forced inspiration by elevating and expanding
the thoracic cage, effectively increasing thoracic anteroposterior diameter as measured by the abdominal and
thoracic dimensions and kinematics measurements [39,
40]. The abdominal and thoracic kinematics could have
been improved due to improved respiratory muscle
strength, efficacy, and/or mobilization of the costavertebral
articulations which would enable an improved interaction
between the diaphragm and intercostal muscles thereby
relaxing the inspiratory muscles leading to a decrease in the
end-expiratory resting volume and reduced hyperinflation
[7, 9, 28]. The improvements in abdominal and thoracic
dimensions and kinematics is notable in that they quantify
possible alterations in thoracic capacity and possibly
abdominal and chest wall compliance as achieved by all
expiratory and inspiratory muscles [8].

Conclusions
The improvements in pulmonary function and abdominal
and thoracic kinematics lend empirical support for exercise
programing and training in individuals with chronic lung
disease as endorsed by the position paper of the American
Association of Cardiovascular and Pulmonary Rehabilitation (AACVPR) [41]. The results of this study further
suggest synergy rather than interference between aerobic
exercise and diaphragmatic inspiratory resistive breathing
as demonstrated by the vast and superior pulmonary
function and abdominal and thoracic kinematics improvements following combined aerobic exercise and diaphragmatic breathing.
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