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Abstract

Background: Rehabilitation of pulmonary diseases has
several types and is beneficial for COPD patients to enhance
their level of daily activity, and getting back independence,
social integration, self-confidence and mental abilities. The
primary shape of pulmonary rehabilitation is exercise which
may be aerobic that depends mainly on oxygen for production
of energy through alow to high intensity, or resisted exercises
which aim to improve strength of skeletal muscles, and till
now There is awide debate about the preference of both
exercise shapes over each other.

Aim of Sudy: Comparison between the effect of aerobic
training and resisted exercises on peak expiratory flow rate
on patients with chronic obstructive pulmonary disease.

Subject and Methods: This study is a cross sectional study.
Forty male patients, aged 30-40 years, suffer from moderate
COPD (FEV 1 is 50%-80% of predicted value), were recruited
from Outpatient Clinic of Chest Medicine, Al-Zahraa Univer-
sity Hospital. Practical work was done from October 2020
till February 2021. They were assigned into two equal groups.
Group (A) received aerobic training in the form of jogging
on elliptical trainer at intensity of 60-70% of maximum heart
rate for twelve weeks (3 days per week). Group (B) received
resisted exercises by elastic rubber bands with intensity of
60% of one repetition maximum for twelve weeks (3 days
per week). Peak expiratory flow rate was measured for each
patient in the two groups before and after completion of the
treatment program, it was measured by the Peak Flow Meter.

Results: There was a statistically significant increase in
the PEFR in both groups (A and B) with p-value=0.001 in
both groups, also the post PEFR of Group A is statistically
higher than that of Group B with p-value=0.006.

Conclusion: Both aerobic and resisted exercises has
positive effects on ventilator functions, exercise tolerance,
and dyspnealevel, but aerobic training is better than resisted
exercises in improvement of peak expiratory flow rate.
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Introduction

COPD isrelated to Long-term inhalation of poi-

sonous substances, smoking of tobacco is consid-
ered the main cause of this disease that leads
chronic inflammation of the lungs. Other causes
include occupational dust exposure, poisonous
fumes and steam, air pollution delivered from
burning of biomass, and environmental air pollu-
tion. According to the tests of pulmonary function,

COPD causes obstruction of the pulmonary airflow
that isirreversible and progressive. The obstruction
of airflow is considered a result of sophisticated
effects of airflow lesions and the lesions of em-

physema that affect the pathology in different ratio
[1-3].

The symptoms and signs of COPD may be
imperceptible. Nonetheless, as the disease advances,
the majority of COPD patients will suffer from-
breathing difficulty and shortness; cough which
resultsin alot of mucus production, wheezing and
tightness of the chest, and other symptoms. Clini-
cally, other findings that may be observed include
gases of arterial blood that indicate chronic hyper-
capnia or high CO2 of the arterial blood and low
to medium hypoxemia and hyperinflation signs
that may be seenin chest X-ray [4].

Chronic obstructive pulmonary diseaseis de-
veloped through chronic inflammation which is
characterized by raised count of inflammatory
cells, and changes of the structural tissue of the
lung. These inflammatory changes are present in
pulmonary vessels, functional tissue of the lung,
and large airways. An increase of lymphocytes,
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neutrophils, and macrophages is considered as an
evidence of chronic inflammation of the lung in
COPD, caused by the imbalance between proteases
and antiproteases which will result in connective
tissue damage [5].

Patients with COPD are more susceptible to
develop diseases of the cardiovascular system,
with an incidence that may reach two to five times
higher than normal in developing ischemia of the
heart, dysrhythmia of the heart, pulmonary circu-
lation disease, and arterial diseases. In addition to
these diseases, COPD patients may develop diabe-
tes mellitus and hypertension [6].

Diagnosis of lung disease is done by evaluating
the efficiency and functional capacity of the lungs
through measuring the different volumes of lung
which are called ventilator function. The most
important variables of ventilatory function include:
Forced expiratory volume in the first second
(FEV 1), and forced vital capacity (FVC) [7].

Peak expiratory flow rate may be a good re-
placement of FEV ! indicating the severity of dis-
ease and response to therapy, to overcome the
disadvantages of spirometer. PEFR is the highest
flow of air reached during expiration forcefully;
normally it can be reached during 100 Msec, and
is measured by the peak flow meter [8,9].

Pulmonary rehabilitation is a must for COPD
patients or every patient who's FEV 1 less than
60% according to the American society of thoracic
diseases. PR isimportant because of its positive
effect on the patient's exercise tolerance. PR also
has behavioral and biological benefits on COPD
patients via increasing development of certain
neurotransmitters like norepinephrine, dopamine,
and serotonin which all are affected biologically
in depressed COPD patients. Other effects of ex-
ercises are decreased secretion of pro-inflammatory
cytokines and increased secretion of endorphins
which also affects patient's behavior [10,11].

Several shapes of exercises are important for
COPD patients. Aerobic exercises, like walking,
runningand swimming, are beneficia for improving
the chest flexibility, lung oxygen capacity, the heart
pumping ability, and oxygen saturation. Also,
resisted exercises, like training by weights or elastic
bands are important for increasing strength of
skeletal muscles, improves patients walking and
effort ability, and strengthening of the immune
system, via strengthening antioxidant mechanism,
decreasing long-term inflammation and chance of
development of new inflammation [12,13].

Subjectsand Methods

Design of the study: This study is a cross sec-
tional study.

Subject: Forty male patients, aged 30-40 years,
suffer from moderate COPD (FEV 1 is 50%-80%
of predicted value), were recruited from Outpatient
Clinic of Chest Medicine, Al-Zahraa University
Hospital. Practical work was done from October
2020 till February 2021. They were assigned into
two equal groups. Group (A) received aerobic
training in the form of jogging on elliptical trainer
at intensity of 60-70% of maximum heart rate for
twelve weeks (3 days per week). Group (B) re-
ceived resisted exercises by elastic rubber bands
with intensity of 60% of one repetition maximum
for twelve weeks (3 days per week). Peak expiratory
flow rate was measured for each patient in the two
groups before and after completion of the treatment
program, it was measured by the Peak Flow Meter.

Inclusion criteria: Patients have moderate
COPD or stage 2 according to GOLD staging
system (2019 report), patients are male only, aged
from 30 to 40 years old, and their BMI ranged
from 25 to 29.9kg/m?.

Exclusion criteria: Very severe cases of exac-
erbation, Cases of respiratory failure, cases with
decompensated comorbid disease, unstable cardiac
disease. (Myocardial infarction), neuromuscul ar
condition that would interfere with the exercise
test, and inability to follow instructions, and un-
controlled hypertension and angina.

Methods: Ethical consideration: The study pro-
tocol was approved by The Department of Cardio-
vascular/Respiratory Disorders and Geriatrics,
Faculty of Physical Therapy, Cairo University by
the No: REC/012/002444.

Before the initiation of the study a consent form
will be obtained from each subject as an agreement
to be included in the present study.

Anthropometric measurements. Body weight
(BW), body length (BL), and body mass index
(BMI) were taken initially.

Material:
A- Evaluative tools:

Peak flow meter: Used to measure the peak
expiratory flow rate (PEFR).

B- Therapeutic tools:

1- Elliptical trainer: Which is a stationary exercise
machine used for combined upper and lower
limb aerobic exercises.
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2- Elastic rubber bands: Thick elastic bands that
provide away to strengthen muscles.

Procedure:

History was taken to collect data about patient's
general condition, physical therapy and current
medication.

The procedure of this study was divided into
the following main parts:

A- Preparatory procedure:

All medical and demographic data of subjects
will be collected. Vital signswill be measured to
ensure that all subjects are medically stable.

B- Evaluating procedure:

Both groups were evaluated by the peak flow
meter before and after completion of the treatment
program.

Peak expiratory flow testing:

It istested by the using of peak flow meter
which measures how fast the air moves out of the
lungs when exhaling forcefully after inhaling fully,
the test is repeated 2 times and the highest of the
3 readingsis the PEFR, the test measures how well
the lungs work.

C- Therapeutic procedure:

1- Group (A) Aerobic training: Its patients trained
by elliptical trainer which combined upper and
lower limbs cycling, three sessions per week
(day after day), for 30 minutes each session
divided into (5min. warming up, 20min. active
phase and 5min. cooling down), and with inten-
sity of 60-70% of maximum heart rate.

2- Group (B) Resisted exercises: Its patients trained
by the elastic rubber bands (Theraband loops),
which combined resisted exercises for upper
and lower limbs, three sessions per week, for
30 minutes each session divided into (5min.
warming up, 20min. active phase and 5min.
cooling down), and with intensity of 60% of
one repetition maximum.

D- Statistical procedure:

Results are expressed as mean * standard devi-
ation. Test of normality, Kolmogorov-Smirnova
test, was performed to measure the distribution of
data. Comparison between normally distributed
data (variables) in the two groups was performed
using unpaired t-test. Analysis of covariance (AN-
COVA) test was used to compare the pre-treatment
values of the two groups and on the same time
between post-treatment values on controlling the
effect of pre-treatment values. Comparison between
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pre- and post-treatment datain the same group was
performed using paired t-test. Comparison between
not normally distributed data (variables) in the two
groups was performed using Mann Whitney test.

Comparison between pre- and post-treatment data
in the same group was performed using Wilcoxon
Signed Ranks test. Statistical Package for Socia

Sciences (SPSS) computer program (version 19
windows) was used for data analysis. p-value <0.05
was considered significant.

Results

1- General characteristics of the patients:
As presented in Table (1), there was no stetis-
tical difference of the values of age, weight, height,

and body mass index between group A and group
B.

Table (1): General characteristics of the two studied groups.

Group A Group B

(n=20) (n=20) t-value p-value
Age (yrs) 35.05+3.78 34.45+350 0.521 0.605 (NS)
Weight (kg.) 83.58+8.17 85.48+8.42 -0.724 0.473 (NS)
Height (m) 1.75+£0.08 1.74+*0.07 0431 0.669 (NS)

BMI (kg/m?) 27.29+1.86 28.19+1.48 -1.708 0.096 (S

Data are expressed as mean * SD.
NS = p> 0.05 = Not significant.

Peak Expiratory Flow (PEF):

Within group comparison (intra-group compar -
ison):

In group A, there was a statistical significant
increase in the mean value of PEF measured at
post-treatment (545.00 £55.49) when compared
with its corresponding value measured at pre-
treatment (488.50+54.51) with t-value=—5.722 and
p-value=0.001 (Table 2; Fig. 1).

Also in group B, there was a statistical signif-
icant increase in the mean value of PEF measured
at post-treatment (531.50+74.92) when compared
with its corresponding value measured at pre-
treatment (507.50+70.48) with t-value=—6.564 and
p-value=0.001 (Table 2; Fig. 1).

Between groups comparison (inter-groups com-
parison):

ANCOVA test was used to compare the post-
treatment val ues of the two groups on controlling
the effect of pre-treatment value. The results of
PEF revealed that there was a statistical significant
increase initsvaluesin group A (545.00+55.49)
when compared with its corresponding value meas-
ured in group B (531.50+74.92) (F=8.363 & p=
0.006) (Table 2; Fig. 1).
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Table (2): Inter- and intra-groups comparison between mean
values of PEF in the two studied groups measured
at pre- and post-treatment.

Group A Group B F- p-
(n=20) (n=20) vaue value

Pre-treatment 488,50+ 507.50+ 0.910 0.346 (NS)
5451 70.48

Post-treatment ~ 545.00+ 531.50+ 8.363 0.006 (S)
55.49 74.92

Mean difference 56.50 24.00

% change 115711 473 11

t-value -5.722 —6.564

p-value 0.001(S) 0.001(S)

Data are expressed as mean * SD. NS=p>0.05 = Not significant.
F-value= ANCOVA test. S =p<0.05 = Significant.
t-value = Paired t-test.
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Fig. (1): Mean values of mean PEF in the two studied groups
measured pre- and post-treatment.

Discussion

In the current study, the effect of aerobic training
on ventilator functions good results, there was
significant increase (p<0.05) in PEFR, after appli-
cation of treatment (post) when compared with the
corresponding mean value before beginning of
treatment (pre). In the other hand, although there
isadsignificant difference in the PEFR after appli-
cation of resisted exercises,but it is still significantly
lower than the PEFR after aerobic exercises.

The current study agreed with Eshaand Amit
(2016), who examined the effect of aerobic activ-
ities, in the form of running on treadmill, on lung
functions in healthy subjects, thisresulted in sta-
tistical significant increase in forced vital capacity
(FVC) and forced expiratory volumein first second
(FEV 1). They attributed thisimprovement to the
improved efficiency of respiratory muscles, in-
creased thoracic flexibility and balance between

chest elasticity and lung got from regular training
[14].

The current study agreed with Walid et al.,
(2016), who evaluated the effect of resisted exer-
cises, for upper and lower limbs, on COPD patients
ventilatory functions, there was significant increase
of the FEV | after training for 12 weeks, this result
support our study because there is a direct relation-
ship between FEV | and peak expiratory flow which
is measured by the peak flow meter, in this study,
in the first second of the patient's expiration [15].

The findings are more supported by Rawashdeh
and Alnawaiseh (2018), who preferred the use of
Aerobic exercise training with high intensity in
plans to decrease sedentary lifestyle, increase
aerobic endurance, and improve or at least keep
pulmonary efficiency in sedentary and lazy persons,
and recommended that a much longer exercise
prescription or higher exercise intensity may be
wanted to markedly improve lung capacity in
inactive people [16].

According to Chaitraand Vijay (2011), who
studied the impact of aerobic activities on the peak
expiratory flow rate in normal people. The effects
of aerobic exercise on ventilatory capacity depend
on intensity and time of training. We conclude that
aerobic exercise training leads to improvement in
PEFR in normal people; and thus gives further
support for the aerobic exercise being an essential
corner of lung system rehabilitation. The medical
care field should better experience aerobics as a
supplement to traditional medical service. This
will result in better and enhanced management of
COPD [17].

Roger and Thomas (2016), supported this study
by illustrating the processes by which aerobic
training enhances pulmonary capacity: Training
with endurance exercises decreases total lung
ventilation at any under maximal training intensity.
The processes of reduction of ventilation include
reduction of the blood circulating exciters (like
ions of hydrogen, potassium, and noradrenalin), a
decreased ventilatory sensitivity of the chemical
receptors to the serum exciters and delayed central
motor control owing to alatenessin limb dynamic

muscle tiredness. Generadlly, the tidal volume
becomes higher and the ventilation frequency is
reduced with endurance exercises. Uniform aerobic
training decreases the vagal parasympathetic stim-
ulus to the pulmonary airways, this withdraw of
vagal stimulus happens through a reaction comes
from activation of limb dynamic muscle mech-
anoreceptors during movement [18,19] .
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Combination of both aerobic and resisted exer-
cisesisthought to be beneficial for COPD patients
as they showed both statistical and clinical marked
effect.

Conclusion: From the obtained results of this
study aerobic training is better than resisted exer-
cisesin improvement of peak expiratory flow rate,
and combination of both aerobic and resisted ex-
ercises may be more beneficial.
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