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Effect of exercise rehabilitation on breath muscles in COPD patients

Efecto de la rehabilitacion con ejercicios sobre los misculos respiratorios en pacientes con EPOC
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Abstract. This study aimed to determine the effect of exercise rehabilitation on the breathing muscles of Chronic Obstructive Pulmo-
nary Discase (COPD) patients. Thirty patients (age 52 * 0.66 years; body mass 66.15 £ 0.75 kg; height 176.17 + 2.45 cm) with
COPD were included in the study. The study used the experimental method by designing a three-month exercise rehabilitation pro-
gram and using specific exercises to help patients reduce shortness of breath and strengthen their inspiratory and expiratory muscles.
The current study was conducted at Babylon's pulmonary rehabilitation center. The Forced Expiratory Volume in the first second
(FEV1), the Maximum Inspiratory Pressure (PImax), the maximum expiratory pressure (PEmax), and shortness of breath were all
measured. The result shows that the difference in the shortness of breath (Borg Scale) between the pre and post-tests is insignificant at
the error rate (5%). Furthermore, the value of calculated T (1.66) is smaller than the value of tabular T (2.57), indicating that there
has been no improvement in the level of shortness of breath for the control group.

The difference in the level of shortness of breath shown in the table is significant at the error rate (5%). Furthermore, the pre- and
post-tests are calculated as T(3.24), greater than the value of tabular T (2.57). Exercise rehabilitation altered FEV1, PImax, PEmax,
and shortness of breath in COPD patients in the experimental group, pre-and post-tests supporting the experimental community,
suggesting that physical activity affected FEV1, PImax, PEmax, and shortness of breath. According to our study, physical exercise
improves COPD patients' respiratory muscles. This study concluded that patients expressed a desire to continue the exercise.
Keywords: physical exercise, breathing muscles, COPD patients.

Resumen. Este estudio tuvo como objetivo determinar el efecto de la rehabilitacion con ejercicios en los musculos respiratorios de
pacientes con enfermedad pulmonar obstructiva cronica (EPOC). Se incluyeron en el estudio treinta pacientes (edad 52 £ 0,66 afios;
masa corporal 66,15 £ 0,75 kg; altura 176,17 £ 2,45 cm) con EPOC. El estudio utiliz6 el método experimental disefiando un programa
de rehabilitacion de ejercicios de tres meses y utilizando ejercicios especificos para ayudar a los pacientes a reducir la dificultad para
respirar y fortalecer sus musculos inspiratorios y espiratorios. El estudio actual se realizo en el centro de rehabilitacion pulmonar de
Babylon. Se midieron el volumen espiratorio forzado en el primer segundo (FEV1), la presion inspiratoria maxima (PImax), la presion
espiratoria maxima (PEmax) y la dificultad para respirar. El resultado muestra que la diferencia en la dificultad para respirar (escala de
Borg) entre las pruebas previas y posteriores es insignificante con una tasa de error (5%). Ademas, el valor de T calculado (1,66) es
menor que el valor de T tabular (2,57), lo que indica que no ha habido ninguna mejora en el nivel de dificultad para respirar para el
grupo de control. El nivel de dificultad para respirar muestra en la tabla que la diferencia es significativa en la tasa de error (5%).
Ademas, las pruebas previas y posteriores se calculan como T (3,24), mayor que el valor de la T tabular (2,57). La rehabilitacion con
ejercicios alter6 el FEV1, PImax, PEmax y la dificultad para respirar en pacientes con EPOC en el grupo experimental, pruebas previas
y posteriores que respaldaron a la comunidad experimental, lo que sugiere que la actividad fisica afect6 el FEV1, PImax, PEmax y la
dificultad para respirar. El ejercicio fisico mejora la musculatura respiratoria de los pacientes con EPOC, seglin nuestro estudio. Este
estudio concluyo que los pacientes expresaron el deseo de continuar con el ejercicio.

Palabras clave: ejercicio fisico, inspiratorio y espiratorio, pacientes con EPOC.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
prevalent and sometimes fatal illness that affects people
worldwide (World Health Organization 2019). Patients
with COPD experience higher work of breath and dysp-
nea due to pathophysiological alterations in the tissue, air-
way, and vascular supply to the lungs, these changes addi-
tionally raise resistance to the airway and obstruction of
air and impair lung compliance(Goldstein et al., 2023).
Patients with COPD frequently restrict or avoid physical
activity to prevent dyspnea; this lowers exercise tolerance
and increases anxiety, and a lower quality of life
(QoL)(Xiang et al., 2022). Therefore, this population re-
quires comprehensive therapy, to reduce dyspnea sensa-
tion and enhance exercise tolerance and quality of
life(Patino & Ramirez, 2024).

In healthy people, respiratory muscles adapt to over-
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load stimulation during exercise training, substantially in-
creasing respiratory muscle function and individual im-
provement (Anziska & Sternberg, 2013). Conversely, the
respiratory musculature's weakness (decreased strength and
resistance) has significant clinical effects on COPD patients.
This can account for typical symptoms such as effort dysp-
nea, hypercapnia, and reduced tolerance to exercise train-
ing (Crisafulli et al., 2007; Mendes et al., 2022). As with
most chronic diseases and the healthy population, exercise
training is essential for addressing extra-pulmonary signs of
COPD, such as reduced muscular and respiratory func-
tion(Wang et al., 2020).

The management of COPD relies heavily on exercise
rehabilitation, which produces several physiological adapta-
tions, such as enhanced exercise capacity and structural and
muscle changes(Jakobsson et al., 2022). Exercise rehabili-
tation for the breathing muscles is a critical component of
the treatment of patients with COPD; however, its appli-
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cation is contingent on the management of scientific and ob-
jective evaluations for COPD patients to achieve optimal
function and health, as well as high quality of life, for indi-
viduals who suffer from weakness and disability as a result
of chronicrespiratory discase (Buist, 1987). In addition, ex-
ercise rehabilitation is also critical in guiding COPD pa-
tients to use all available treatment services in a structured
manner, whether through substance use or exercise reha-
bilitation programs (Wijkstra et al., 1994).

People with COPD who regularly exercise can improve
their respiratory fitness partly because of increased oxida-
tive enzyme activity and mitochondrial density(Holland et
al., 2021). Significantly, exercise rehabilitation has also
been demonstrated to enhance health-related quality of life
and lessen fatigue and dyspnea during everyday activities
(Hoult et al., 2022). Exercise rehabilitation helps COPD
patients with many extra-pulmonary symptoms. Nonethe-
less, it is frequently noted that the acute physiological re-
sponse and the degree of chronic adaptations differ and are
altered in COPD patients compared to healthy individuals
without the disease(Machado et al., 2021).

To accomplish the objective of exercise rehabilitation
for individuals with COPD, it is necessary to concentrate
on the criteria that result in good achievement and are met
through a variety of rehabilitation services that are appro-
priate for each individual's status, in addition to the com-
prehensiveness and range of these programs for patient out-
comes (do Nascimento et al., 2015; Faraj et al., 2015). The
increase in stress-bearing following recovery programs typ-
ically results in an improved status of the respiratory muscle
and an increase in mechanical performance and adaptability
that is beneficial to the breathing pattern, as well as the abil-
ity of the patient to withstand oxidative stress and lack of
pulmonary inflation(Barreiro & Gea, 2015; Wilson et al.,
2015).

In Iraq, the majority of doctors are interested in pre-
scribing medication without advising patients to follow ex-
ercise rehabilitation. Thus, many studies have attempted to
change this perception by using exercise rehabilitation to
treat patients with COPD. For example,(Hamad, Hadi, et
al., 2023) used exercise instead of medication to treat pa-
tients with COPD. However, numerous studies have not
specialized hospitals in treating COPD. According to(Zeng
etal., 2023) , acrobic exercise training is a type of pulmo-
nary rehabilitation for lung disorders and is crucial for en-
hancing the quality of life connected to health and reducing
dyspnea. Moreover, this study showed that aerobic exercise
training can safely and effectively enhance stable COPD
therapy by reducing the incidence of adverse events (acro-
bic exercise) and potentially boosting immunological func-
tion. Whereas, (Kjaergaard et al., 2020) found in stable
COPD patients, evidence of a significant improvements in
cardiopulmonary fitness as well as reports of therapeutic ef-
ficacy after exercise rehabilitation have been made. There-
fore, we consider all these problems the main reason to
study the effect of exercise rehabilitation on breath muscles
in COPD patients. The general purpose of this study was to
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investigate the exercise rehabilitation effects on patients
with COPD compared to a control group, Specifically, the
study will address the question: Are there differences in
chronic adaptations such (as level of shortness of breath,
FEV1, PI,max, and PE ,max) to exercise rehabilitation in
people with COPD? The primary objective is to identify the
chronic adaptations response to exercise rehabilitation in
experimental and control groups who perform the different
exercise interventions. The secondary objective is to com-
pare the chronic adaptations response to exercise rehabili-
tation in experimental and control groups who performed
different exercise interventions.

Materials and Methods

Participant

Thirty male patients (age 52 * 0.66 years; body mass
66.15 £ 0.75 kg; height 176.17 £ 2.45 cm) from Babylon-
Iraq with a low to severe COPD prevalence were recruited
to participate in this study. Patients were randomly divided
into groups (control and experimental groups), each con-
sisting of 15 patients. Written informed consent was ob-
tained from the patients. Thus, the study was conducted un-
der the declaration of Helsinki. In addition, Table (1) shows
participant speciﬁcations.

Table 1.
Participant specifications

Variables Mean Standard deviation
The amount of smoking Half baguette 0.50 0.5
How long smoking 6 years 1.7
FEV1% predicted 65 1.16
Pl,max % 72.14 1.23
PE,max % 92.19 1.64
Shortness of breath level 5 1.37

Experimental design

The study used an experimental method. This study de-
signed a three-month exercise rehabilitation program and
used specific exercises to help patients reduce shortness of
breath and strengthen their respiratory and expiratory mus-
cles. In addition, this study included load, volume, and rest
periods appropriate for the sample to achieve positive re-
sults.

Measurements

Measurement of FEV1

We used the Pneumotachometer spirometer, which is
model( IN-SP-100 Digital Spirometer). All participants com-
pleted a three-month exercise rehabilitation program. Spi-
rometer measurements were taken following American
Thoracic Society (ATS) and ERS Consensus Classification
of the Idiopathic Interstitial Pneumonias, (Travis et al.,
2002) .using previously collected reference values from safe
members of our community(Enright et al., 2003). Each
participant's smoking status was classified as a never-smoker
at cach test. In addition, the following are excluded from
the 12MWT: regular use of an ambulatory aid (walker); in-
ability to walk due to musculoskeletal problems; chest pain
in the preceding two weeks; a heart attack or heart surgery
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in the preceding four months; heart rate 55 beats/min at
rest (unless a physician or nurse determined that an AV
block or conduction problem was not the cause of the brad-
ycardia); heart rate 60 beats/min at rest. These exclusions
were possibly prudent (they excluded many participants
who might have willingly and safely completed the test) be-
cause physicians could not be present in the clinics for all
exams to diagnose and treat symptomatic participants.

Measurement of the level of dyspnea

The Borg scale (Borg, 1982) was a rating system for
dyspnea with a linear scale ranging from none—0 to a maxi-
mum—10 (Borg, 1982).

Pulmonary Rehabilitation Program:

Patients in our hospital's Pulmonary Rehabilitation (PR)
Unit participated in a hospital-based outpatient PR program
for ten weeks, three times a week. PR was specifically de-
signed to meet the needs of a subject. Counseling and su-
pervised exercise training comprised the PR program. We
selected exercises for each patient based on their dyspnoca
severity and ability to tolerate exercise. Exercises involved
the following: treadmill (min. 10-20 minutes), cycle train-
ing (10-20 minutes), breathing exercises (10-15 minutes),
peripheral muscle training (20-30 minutes), and stretching
(10 minutes). The trainer also offered the patients tips on
relaxing to lessen dyspnea (pruit et al., 2013). Exercises for
strengthening and extending the lower and upper extremi-
ties were done. We started the strengthening exercises
without using any weight. Every four workout cycles, a
half-kilogram weight was added by the BORG scale
(Gloeckl et al., 2013). However, for aerobic workouts, the
treadmill and bicycle/arm ergometer were utilized. The
speed of the treadmill and bicycle/arm ergometer started
from 3MPH to 6MPH. During patient training, 50% to
80% of the maximum heart rate was used. To control ex-
ercise loads and duration, we employed BORG dyspnea
scores. Patients' progress was found to correlate with in-
creased exercise intensity. We monitored the patients using
pulse oximetry during the activity, and if the SpO2 fell be-
low 90% oxygen, supplements were given. FEV1 measure-
ments were taken both before and after PR (GOLD Execu-
tive Committee 2016, Spruit et al., 2013).

3.PImax and PEmax

The Black and Hyatt technique executed maximum in-
spiratory pressure and PEmax maneuvers (Black & Hyatt,
1969). The PImax and PEmax were calculated at the mouth
from residual volume and total lung capacity. A tube-type
mouthpiece was connected to the pressure transducer (P23
ID, Gould Instrument Systems, Valley View, Obhio)
through 60 cm of pressure tubing. A small hole (diameter
= 1.6 mm) was drilled in the mouthpiece to reduce the con-
tribution of buccal muscles during the maneuver. Both ma-
neuvers were carried out while seated in a chair upright. To
exhaustion, data collection was paced as follows: five PImax
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and five PEmax maneuvers were conducted with one-mi-
nute rest intervals; patients rested for five minutes before
performing another five PImax and five PEmax tricks with
one-minute rest intervals. The PImax and PEmax trials had
the highest sustained negative and positive pressures against
an occluded airway. The PImax percent predicted (percent
predicted) was estimated using Black and Hyatt's prediction
equations: PImax percent predicted = 120 - (0.25 age) for
men and 122 - (0.79 age) for women.

Statistical analysis

Data were initially assessed for normality of distribution
by using a Shaprio-Wilk test. Data are presented as mean *
standard deviation (SD). Data analysis was performed using
SPSS (23 Amonk, NY: IBM Corp). The paired sample t-test
was used to compare the pre-test and post-tests of the con-
trol and experimental groups for the four variables (FEV1,
Pimax, PEmax, and shortness of breath). In addition, an in-
dependent sample t-test was used to compare post-tests be-
tween control and experimental groups.

Results

Paired t-test was conducted to examine the differences
between the pre-and post-test for control and experimental
groups of the variables (FEV1, Pl,max, PE,max and short-
ness of breath), Table (2) showed that there was no signifi-
cant difference between the pre-test and post-test for the
control group (FEV1, Pl,max, and PE,max) respectively t
=-1.000, p=10.334,t=-1.000, p = 0.334, and t = -
1.000, p = 0.334. However, there was a significant differ-
ence between pre-test and post-test for shortness of breath
(t=3.500, p = 0.004)

For the experimental group, Paired t-test was also con-
ducted to examine the differences between the pre-and
post-test for the experimental group of the variables (FEV1,
Pl,max, PE,max and shortness of breath), Table (3) showed
that there was a significant difference between pre-and
post-test for the experimental group in (FEV1, Pl,max,
PE,max and shortness of breath) as shown in Table 3, re-
spectively (t = - 4.627,p = 0.001, t = - 6.481, p < 0.001,
t=-7.581,p <0.001 and t = 8.789, p < 0.001) this in-
dicated that there was improvement occurred as a result of
medication treatment.

Table 2.
Paired sample t-test results in Respiratory Data for comparing pre-and post-tests
of the Control group

Pre Post

Tests Variables t-test Sig
mean SD mean SD
FEV1 68.33 1.98 68.40 2.02 -1.000 p=0.334
PI,max 68.26 1.86 68.40 1.91 -1.000 p=0.334
PE,max 90.26 1.79 90.40 1.84 -1.000 p=0.334
Breath of Shortness 4.93 1.27 4.00 1.25 3.500 p = 0.004 *

Sd. Dev. = Standard Deviation; Sig = Level of Significance (n=15)
Significant difference, *p < 0.05 , **p < 0.01 .
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Table 3.
Paired sample t test results in Respiratory Data for comparing pre- and post-tests
of Experimental group

iabl Pre Post R
Tests Variables mean SD_ Mean_SD t-test Sig
FEV1 68.26 1.48 71.93 2.68 -4.627 p =0.001 *
PI,max 68.13 1.95 72.13 1.76 -6.481 p < 0.001 **
PE,max 90.60 1.45 9433 144 -7.581 p < 0.001 **
Breath of Shortness 5.06 1.03 2.40 0.98  8.789 p < 0.001%**

Sd. Dev. = Standard Deviation; Sig = Level of Significance (n=15)
Significant difference, *p < 0.05 , **p < 0.01 .

An independent sample t-test was conducted to exam-
ine the differences between control and experimental
groups for post-tests of the variables of (FEV1, Pl,max,
PE max and shortness of breath), Table (4) showed that
there was no significant difference between pre-test (pre-
control and post-test) for FEV1, Pl,max, PE,max and short-
ness of breath, respectively (t = - 4.067, p < 0.001, t = -
5.541, p <0.001, t = - 6.499, p < 0.001, and t = 3.886,
p = 0.001). Therefore, there was an improvement in favor
of the experimental group in (FEV1, Pl,max, PE,max and
shortness of breath) as shown in Table 4.

Table 4.

Independent sample t-test results of Respiratory Data, means, standard devia-
tions, T-test, and the significance level of the post-tests between control and ex-
perimental groups.

Control  Experimental
Tests Variables Post-test Post-test t-test Sig
mean SD  mean  SD
FEV1 68.40 2.02 71.93 2.68 -4.067 p <0.001 **
PI,max 68.40 1.91 72.13 1.76 -5.541 p <0.001 **
PE,max 90.40 1.84 94.33 1.44 -6.499 p < 0.001 **
Breath of Shortness 4.00 1.25 2.40 0.98 3.886 p = 0.001 *

Sd. Dev. = Standard Deviation; Sig = Level of Significance (n=15)
Significant difference, *p < 0.05 , **p < 0.01 .

Discussion

A form of COPD is progressive and persistent. Its dis-
tinct clinical changes are mostly observed in pulmonary pa-
renchyma, pulmonary arteries, chronic airway inflamma-
tion, and structural alterations brought on by repetitive
damage and repair(Brandsma et al., 2020). Because COPD
takes longer to cure, there will be various degrees of lung
function impairment. However, in addition to pharmaco-
logical treatment, pulmonary rehabilitation with non-drug
treatment is crucial.

The study's findings validate the benefits of exercise re-
habilitation for enhancing lung function and reducing dysp-
nea. Patients in an experimental group showed significant
improvement in FEV1, PI;max, PE,max, and shortness of
breath, indicating that COPD patients benefited from the
exercise rehabilitation program compared to the control
group. This result corroborates and clarifies the gains in ex-
ercise rehabilitation documented in earlier research(Burge
etal., 2020; Freedman, 2019). The trial's exercise rehabil-
itation program employed a mix of walking and resistance
exercises. The frequency of involvement in this study was
the most notable variation. Previous reports have noted in-
creases in involvement frequency, which varies from three
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to twelve weeks(Alexiou et al., 2021) According to the
trial's findings, patients with stable COPD may also benefit
from ecight weeks of exercise rehabilitation. Additionally,
the experimental group experienced a significant decrease
in dyspnea and other symptoms. Exercise rehabilitation
may have enhanced an individual's quality of life and stamina
for everyday activities. This suggests that physical activity
can prevent or delay the onset of COPD.

Prior research on the effectiveness of exercise rehabili-
tation in COPD patients reveals a dearth of patients who
have undergone a thorough assessment. Although methods
of effectiveness included a 6MWD and some other quality
measures, the results of previous studies suggested that ex-
ercise rehabilitation would be safe and valid for people with
stable COPD(HUANG et al., 2021). According to the re-
sults of one study, exercise training-based pulmonary reha-
bilitation is beneficial in reducing the symptoms of COPD,
strengthening muscular and cardiovascular function, in-
creasing tolerance to physical activity, and promoting qual-
ity of life. This study also demonstrated that the most pop-
ular types of pulmonary rehabilitation exercises are high-
intensity interval training (HIIT), resistance training, and
moderate-intensity acrobic exercise. Individualized pulmo-
nary rehabilitation exercise regimens are increasingly incor-
porating other forms of exercise, such as tai chi, yoga, water
exercise, and whole-body vibration training. However,
published guidelines indicate that individuals with stable
respiratory illness symptoms can benefit from pulmonary
rehabilitation, even if some patients may not respond ap-
propriately or respond inconsistently to specific training
programs(Theander et al., 2009).

Patients in the control group displayed low percentages
of FEV1, Pl,max, PE,max, and high levels of dyspnea
brought on by damage to the airways and lungs, as well as a
lack of engagement in exercise rehabilitation and a limited
improvement in some variables as a result of medication
treatment. Additionally, a rehabilitation program that in-
corporates regular exercise is crucial in managing COPD
disease, as confirmed by(Petrovic et al., 2012). This is be-
cause the narrow airway caused by wall damage is one of
the reasons the patient is unable to inhale enough oxy-
gen(Barreiro & Gea, 2015). Furthermore, it was estab-
lished by (Duiverman et al., 2011) that regular sports par-
ticipation is necessary for both healthy individuals and those
with COPD to maintain better health.

The rehabilitation programs have a clear impact on a
tight airway through expansion due to increased amounts of
oxygen entering and pointed out the importance of sports
rehabilitation in improving the functioning of the lungs
(Cochrane & Clark, 1990). We believe that the rehabilita-
tion program has impacted patients with chronic COPD,
and it was observed that the rehabilitation program seems
to have improved the participants' feelings, so they rushed
toward regular sports training powerfully. However, for
COPD patients, pulmonary rehabilitation is a beneficial
strategy. The primary goal of pulmonary rehabilitation
training is to create a program that is appropriate for the
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patient's circumstances in order to enhance the patient's
quality of life, increase their level of endurance, and lessen
their dyspnea symptoms(Vagvolgyi et al., 2018).

FEV1, Pl,max, PE,max and dyspnea are frequently used
in clinical practice to evaluate how COPD patients' lung
functional ability has changed following pulmonary rehabil-
itation(Zhang et al., 2022). According to the pertinent lit-
erature, the pulmonary rehabilitation group in this study
demonstrated a significantly higher FEV1, Pl,max, PE,max,
and less dyspnoea after intervention as compared to the
control group on an individual basis (Theander et al.,
2009). This result supports earlier studies on COPD pa-
tients(Janssens et al., 2010; Molenaar et al., 2007a) which
suggested that FEV1, Pl, max, PE, max, and dyspnoea are
impacted by training. Furthermore, as exercise represents
the pressure produced by the inspiratory muscles,(Keogh &
Williams, 2021) demonstrated how exercise rehabilitation
affected the respiratory muscles and submaximal exercise
capability of COPD patients.

This study's findings regarding the impact of exercise re-
habilitation on the breath muscles have never been docu-
mented in the literature before (Mickleborough et al.,
2011), they evaluated the effect of upper limb and thoracic
muscular endurance on respiratory patients; however, the
authors did not include the breath muscles in their study.
Nonetheless, several authors have identified the effect of
lower-limb peripheral muscle function on exercise ability
in COPD patients, including (Hamad, Hadi, & Ahmad,
2023; Kortianou et al., 2010; Roig & Reid, 2009). In addi-
tion, there is substantial evidence that exercise rehabilita-
tion can significantly improve the symptoms of COPD pa-
tients. These muscles have been proven to directly connect
to walking (Jarosch et al., 2017; Pedersen & Saltin, 2015).
This may explain why many studies have been conducted to
determine the effect of exercise rehabilitation.

The influence of exercise rehabilitation can be demon-
strated because the pulldown exercise engages many acces-
sory respiratory muscles (Romer etal., 2017). The muscles
for this exercise include the latissimus dorsi, trapezius,
rhomboids, pectoralis major, and biceps (Molenaar et al.,
2007b). In addition, when the primary respiratory muscles
are defective or incapable of meeting ventilator require-
ments, some of these muscles may believe they are per-
forming an accessory respiratory role (Sakhaei etal., 2018).
This is consistent with previous research (Chen et al.,
2015), which demonstrated a significant positive impact of
exercise rehabilitation on the breathing muscles of COPD
patients and established this particular muscular endurance
as a predictor of 6MWD in healthy elderly individuals
(Calzetta etal., 2017; Spielmanns et al., 2016). Since exer-
cise rehabilitation directly improves respiratory muscle en-
durance and strength, our results assert that exercise reha-
bilitation improves breathing muscles.

Conclusions
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The present study found that exercise rehabilitation af-
fected the levels of FEV1, PI,max, PE,max, and shortness
of breath in COPD patients in the experimental group but
that pharmaceutical therapy alone was inadequate to
achieve full recovery in the control group. This study also
concluded that patients expressed a desire to continue the
exercise.
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