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Abstract

Background: Chronic Obstructive Pulmonary Disease
(COPD) is characterized by air flow limitation and mucus
hypersecreastion.

Aimof Sudy: The present study was conducted to inves-
tigate the efficacy of inspiratory muscle training versus
expiratory muscle training on thickness fraction in patients
with chronic obstructive pulmonary disease.

Material and Methods: Forty patients (men) with chronic
obstructive pulmonary disease were included in this study,
their age ranged from 40-50 years, they had Body Mass Index
(BMI) ranged from 18.5-29.9 (kg/m ?). Patients were selected
from outpatient clinic Faculty of Medicine, Cairo University,
They were assigned randomly into two equal groups. Group
Expiratory Muscle Training (EMT) which received expiratory
muscle training by Positive Expiratory Pressure device (PEP)
in addition to routine physiotherapy program according to
department protocol in form of, percussion, vibration, shaking
and postural drainage. Group Inspiratory Muscle Training
(IMT), whom received inspiratory muscle training by inspir-
atory trainer in addition to the same physical therapy program
that applied in group (EMT), both groups received treatment
program 3 times/week for 12 weeks. The variable that used
on this study is diaphragmatic thickness fraction measured
by ultrasonography, was assessed before and after treatment
program in both groups.

Results: The results revealed that there was no-significant
improvement in diaphragmatic thickness fraction in two groups
after twelve successive weeks, also revealed no significant
difference when compared the two groups after treatment.

Conclusion: Within the limitation of the present study it
could be concluded that EMT and IMT results in non-
significant improvement in diaphragmatic thickness fraction.
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Introduction

GLOBAL Initiative for Chronic Obstructive Lung
Disease (GOLD) defined COPD in more general-
ized acceptance: "COPD is a disease state charac-
terized by airflow limitation that is not fully
reversible”, the airflow limitation is usually both
progressive and associated with an abnormal in-
flammatory response of the lungs to noxious par-
ticlesor gases [1] .

The real prevalence is masked by the burden
of un diagnosed COPD when the British Lung
Foundation found that the prevalence of COPD is
10.2% (4.4% having GOLD Il or worse) and only
aquarter having a prior diagnosis [2] .

The most disabling symptom of COPD is dys-
pnea, which primarily results from adecrease in
the capacity of the respiratory muscles to meet an
increased mechanical load, several mechanisms
contribute to the imbal ance between load and
capacity and consequent respiratory muscle dys-
function, hyperinflation that associated with COPD
patients decreases the resting length of the dia-
phragm and, less so, of the rib cage muscles [3].

Shortening in diaphragm that associated with
COPD was entirely due to adecrease in the length
of the zone of apposition, which causes a decrease
in the pressure generated by the diaphragm, the
zone of apposition normally constitutes 60% of
the diaphragm's total area, but only 40% in patients
with COPD [4].

The majority of studies dealing with factors
contributing to respiratory muscle dysfunction in


http://www.medicaljournalofcairouniversity.net
mailto:hebaemad2005@hotmail.com

884 Diaphragmatic Response to Inspiratory vs. Expiratory Training in Patients with COPD

COPD have focused mainly on the diaphragm,
because it is the principle muscle of respiration

(5]

Pulmonary rehabilitation is an important com-
ponent in the management of COPD. It has been
shown to improve exercise capacity and health
related quality of life, and to reduce breathl essness,
anxiety or depression, and the frequency and length
of hospitalizations related to COPD [g].

Training of the inspiratory musclesis one com-
ponent of a pulmonary rehabilitation program that
can be applied in either combination with physical
exercise, or as an independent intervention. IMT
(inspiratory muscle training) has a growing evi-
dence base to support its efficacy as a method of
improving breathl essness, exercise tolerance and
quality of life, it offersalifeline to many patientsfor
whom pharmacological treatment options have
been exhausted [7].

Expiratory muscle training improves functional
exercise capacity and decreased dyspnea during
daily living activities ,resulting in a better health
related quality of lifein patients with severe COPD
8.

Subjectsand Methods

I- Subjects:

The study was conducted at the out-patient
clinic, Faculty of Medicine, Cairo University at
the period between September 2018 and September
2019, patient referred by chest physician.

Forty patients (men) with mild to moderate
chronic obstructive pulmonary disease (class I-11)
according to (GOLD 2019) classification were
included in this study, their age ranged from 40-
50 years, they were assigned randomly into two
equal groups (A (EMT) and B (IMT)).

* Group A (EMT): Who received expiratory muscle
training by threshold PEP positive expiratory
pressure device in addition to conventional chest
physiotherapy about 30 minutes 3 times/week
for twelve weeks.

* Group B (IMT): Who received inspiratory training
by IMT device in addition to conventional phys-
iotherapy (same program that applied in group
EMT), 30 minutes 3 times/week for twelve
weeks.

The participated patients were selected accord-
ing to the following inclusion criteria: Their Body
Mass Index (BMI) would be ranged from 18.5-

29.9Kg/m?, all patients would be diagnosed as
mild to moderate chronic obstructive pulmonary
disease (Class I-11) according to GOLD classifica-
tion (FEV 1 50-80% predicted) with Smoking index
>400 (chronic heavy smoker), al patients would
be clinically and medically stable.

Those patients who were excluded from the
study: Patients with chronic respiratory failure
(PaO» lower than 60), bronchia asthma, coronary
artery disease, chronic metabolic diseases, recent
abdominal or thoracic surgery, treatment with
corticosteroids, hormones or chemotherapy, neu-
rological disorders and increased intracranial pres-
sure.

[1- Material and Methods:

A- Evaluation instrumentation:

1- Spirometer: Spirometer (Jeager-Master Screen
Pulmonary Function Test (MS-PFT) analyzer
unit made in Germany) was used to initially
diagnose the patients as Chronic Obstructive
Pulmonary Disease (COPD).

For measurement of Forced Vital Capacity
(FVC) and forced expiratory volume in 1sec
(FEV 1), the patient was instructed to do 3 normal
quite breathing (tidal volume) then the patient
takes a deep breath in, aslarge as possible, and
blows out as hard and as fast as possible and keeps
going until thereisno air left (asthey blowing a
candle) [9].

2- Ultrasonography: Portable unite ultrasonography
(Hitachi EUB-7000 made in Japan) used to
evaluate the diaphragmatic fraction of thickness
before and after treatment for both groups.
Changes of diaphragm thickness were studied
by B mode (two dimensional) ultrasound, Probe
held perpendicular to the chest wall in the line
of aright intercostal space between the anterior
axillary and mid axillary lines to observe the
diaphragm in the zone of apposition 1-2cm
bel ow the costophrenic angle, the changes of
thickness were observed at end of resting expi-
ration (functional residual capacity level) and
at end of deep inspiration (total lung capacity
level), the patient should have a supine lying
position, turning off his clothesto bein arelaxed
position, fraction thickness calculated as follow:
Inspiratory thickness-expiratory thickness/ ex-
piratory thickness [10].

B- Treatment measurement;

For Group A (EMT): Received expiratory mus-
cletraining using expiratory muscle trainer, about
30 minutes 3 times/week for twelve weeks, in
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addition to conventional physical therapy program
was applied in form of the following: Postural
drainage: It isimportant to clear mucus through
specific positions that used the gravity to drain
segment's secretions so that emphasi ze the expan-
sion of the segments, percussion, vibration, shaking:
Doneto help break up secretions.

For group B (IMT): This group received the
same physical therapy program that applied in
group A in addition to inspiratory muscle training
using inspiratory muscle trainer 3 times/week for
twelve weeks.

Expiratory muscle trainer: (Model REF-HS730,
Threshold® PEP Philips-Respironic, USA) is de-
signed to strength expiratory muscles through the
use of resistance during expiratory effort. Threshold
PEP incorporates a flow-independent one-way
valve to ensure consistent resistance with adjustable
specific pressure settings (in cm H 20), it can be
graded from 5 to 20cm H20. Made of durable,
high-impact acrylic, contains a spring-loaded valve
at one end and a mouthpiece on the other, the valve
blocks air flow until the patient generates sufficient
expiratory pressure to overcome the resistance
provided by the spring-loaded valve, when patients
exhale through threshold PEP, the resistive load
creates positive pressure that hel ps open the airways
and allows mucus to be expelled during “ huff”
coughing (forced expiratory technique) [11].

Inspiratory muscle trainer: (Model REF-HS730,
Threshold® IMT Philips-Respironic, USA) isused
as inspiratory muscle trainer, commercially avail-
able lightweight clear plastic cylinder (weight,
36.4q; diameter, 4.06cm) that contains a spring-
loaded valve at one end and a mouthpiece on the
other, the valve blocks air flow until the patient
generates sufficient inspiratory pressure to over-
come the resistance provided by the spring-loaded
valve, the threshold pressure is independent of
airflow rate or breathing frequency, thisdeviceis
mainly used in patients with chronic obstructive
pulmonary disease [12] .
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Analysis of results:

Sample size: The sample-size calculation
showed that 40 subjects were needed in this study
at an alphalevel of 0.05 with 80% power and large
effect size. Sample size calculation was performed
prior to the study using G* POWER statistical
software (version 3.1.9.2; Franz Faul, Universitat
Kiel, Germany).

Data analysis:

All statistical analyses were performed using
IBM SPSS statistical package version 25 for Win-
dows (IBM SPSS, Chicago, IL, USA). Mean and
standard deviation were calculated for descriptive
statistics. Statistical significance was defined as p
<0.05. Subject characteristics were compared be-
tween groups using t-test. Shapiro-Wilk test was
used to check the normal distribution of data and
Levene's test for homogeneity of variances was
conducted to test the homogeneity between groups.
Within and between groups comparisons were
carried through mixed design MANOVA.. Post-hoc
tests using the Bonferroni correction were carried
out for subsequent multiple comparison.

Results

Subject characteristics:

Forty subjects were participated in this study.
The mean = SD of the group A (EMT) was 46.05+
3.13 and that of group B (IMT) was 45.5 +3.51.
There was no significant difference in the mean
age between both groups (p=0.6).

Effect of treatment on thickness fraction:

Mixed MANOVA revealed that there was no
significant interaction of treatment and time (Wilks
Lambda=0.98; F (4,35)=0.15, p=0.96), there was
asignificant main effect of time (Wilks Lambda
=0.04; F (4,35)=176.38, p=0.001), there was no
significant main effect of treatment (Wilks Lambda
=0.94; F (4,35)=0.54, p=0.7) (Table 1) showed
descriptive statistics of thickness fraction as well
asthe significant level of comparison between
groups and the significant level of comparison
between pre and post-treatment in each group.

Table (1): Mean thickness fraction pre and post-treatment of group A (EMT) and B (IMT).

Pre-treatment Post-treatment Repeated  Repeated
p- p-  measures Mmeasures
Group EMT  Group IMT value GroupEMT  Group IMT  value (Group  (Group
X *SD X +SD %z SD X*SD EMT) IMT)
Thickness fraction (%) 113.47+3882 109.3+3331 O.71  107.17+36.77 105.56+30.77 0.88 0.11 0.33
X : Mean. p-vaue: Level of significance.

SD: Standard Deviation. * : Significant.
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Within group comparison:
Both groups showed that was no significant

change in thickness fraction of both groups post-
treatment (p>0.05) (Table 1) Figs. (1,2)

Between groups comparison:

There was no significant difference thickness
fraction between both groups pre-treatment (p
>0.05). Comparison between groups post-treatment
revealed non significant difference in thickness
fraction between groups post-treatment ( p>0.05).
(Table 1) Fig. (3).
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Fig. (1): Pre and post-treatment mean values of thickness
fraction of the group A (EMT) with percent of im-
provement 5.55%.
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Fig. (2): Pre and post-treatment mean values of thickness
fraction of the group B (IMT) with percent of im-
provement 3.42%.
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Fig. (3): Post-treatment mean values of thickness fraction of

group A (EMT) and B (IMT) with percent of im-
provement 1.61 %.
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Discussion

The present work was essentially planned to
investigate the efficacy of inspiratory muscle train-
ing versus expiratory muscle training on diaphragm
in patients with chronic obstructive pulmonary
disease measured by thickness fraction.

The current study was applied as the process
of rehabilitation of COPD patientsis an important
clinical problem. In the near past, the implementa-
tion of COPD management programs aimed to
overcome symptoms and lifestyle modifications
to improve health status and reduce hospital ad-
mission [13] . So, this study was conducted in an
effort for successful establishing of arehabilitation
program which could be beneficial for COPD
patients.

Also, the selection of the patients with COPD
in the present study was supported by Dos Santos
Y amaguti, et al., [14] who said that, patients with
COPD were characterized by impaired diaphrag-
matic mobility when compared with healthy, age
matched individuals. In addition, some patients
with COPD have significant involvement of the
lung parenchyma and yet retain their diaphragm
mobility. A number of pathophysiological mecha-
nisms of COPD, such as airway obstruction, pul-
monary hyperinflation and air trapping, might be
involved in this process of impairment of diaphrag-
matic function. However, the reduction in dia-
phragm mobility in COPD patientsis mainly due
to air trapping and is not influenced by respiratory
muscle strength or pulmonary hyperinflation so in
COPD patient we have to improve diaphragmatic
mobility rather than diaphragmatic strength.

Choosing thickness fraction was accepted with
Iwasawa, et a., [15 who said that, diaphragmatic
thickness fraction measurements have been reported
to be a potential tool for the assessment of disease
status and outcomes in patients with COPD. Some
authors who examined inspiratory muscular dys-
function in COPD, the main focus of interest was
the diaphragmatic muscle, because the diaphragm
is not only the major inspiratory muscle, but also
represents the muscular structure that is most
intensely affected by hyperinflation.

The previous results comes in agreement with
aEryiksel, et a., [16] who mentioned that, dia-
phragmatic thickness fraction measurements based
on diaphragmatic ultrasound assessment in subjects
with COPD seemed to be unable to identify subjects
at high risk of symptoms and exacerbations as
defined by the Global Initiative for Chronic Ob-
structive Lung Disease.
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Also, the findings of this study revealed that
the diaphragmatic dysfunction associated with
COPD patients doesn't concerning it's fraction of
thickness which agreed with Levine, et al., [17],
Similowski, et al., [18] who revealed that an in-
creased mechanical load on the diaphragm because
of airway obstruction, diaphragmatic myofibrils
exhibit an increased level of activity against an
increased mechanical load, and undergo structural
remodeling and chronic adaptation that lead to a
chronic endurance training-type effect on the dia-
phragmatic muscle.

On the other hand there is a study used inspir-
atory muscle training for patients with chronic
obstructive pulmonary disease, using initial training
load equivalent to at least 30% of person's maxi-
mum inspiratory pressure, 3 times aweek for 8
weeks, with load progressively increased as symp-
toms permit increased inspiratory muscle strength
and improvement in dyspnea and exercise capacity
[19].

Similarly, another study concluded that IMT
improves inspiratory muscle strength and endur-
ance, functional exercise capacity, dyspnea and
quality of life. Inspiratory muscle endurance train-
ing was shown to be |ess effective than respiratory
muscle strength training. In patients with inspiratory
muscle weakness, the addition of IMT to a genera
exercise training program improved Plmax and
tended to improve exercise performance [20].

Thereisstill debate as regards to which isthe
mechanism responsible for the enhanced inspiratory
muscle force following IMT, some authors argue
that inspiratory muscles of COPD patients are
already well adapted to chronic loading and do not
express any adaptation in response to training.
Nonetheless, a substantial increase in the proportion
of type | fibers of the external intercostal muscles
have been found after IMT [21].

Concerning expiratory training there is much
less datarelated to expiratory musclesin COPD,
impairment in abdominal muscles and internal
intercostal muscles significant in COPD patients
but they have been little studied, as evidenced by
either mild reduction inn maximal force and/or
endurance [21].

When Suzuki, et al., [22] studied the effect of
specific expiratory training in healthy individuals,
they were able to provide evidence of improved
strength and reduced sensation of respiratory effort.

To sum up, inspiratory and expiratory training
arevital partsin treatment of COPD patients. So,
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more studies are needed to clarify the effect of
inspiratory versus expiratory training on diaphrag-
matic fraction thickness.

Conclusion:

This study concluded that adding both inspira-
tory and expiratory muscle training to rehabilitation
program of chronic obstructive pulmonary disease
has non-significant effect on diaphragmatic fraction
of thickness.
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