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Abstract

Introduction. The study was to assess the effectiveness of a comprehensive physical rehabilitation program based on the
dynamics of the functional parameters of the respiratory and cardiovascular systems, and the tolerance of daily stress in middle-
-aged patients with chronic obstructive pulmonary disease (COPD). The incidence of COPD continues to grow, and life expec-
tancy of the patients is shortened by an average of 8 years. Globally, losses from COPD are projected to increase over the coming
decades owing to the long-term exposure to risk factors and population aging. A significant role in improving COPD patients
condition and preventing the disease is played by physical rehabilitation.

Methods. Analysis of modern scientific literature, content analysis of outpatient documentation, conclusions of X-ray examina-
tions, anthropometric measurements, pulse oximetry, arterial tonometry, spirographic studies, 6-minute walk distance, methods
of mathematical statistics.

Results. A comprehensive physical rehabilitation program was developed for use in a polyclinic, which included a common
set of physical exercises combined with breathing gymnastics with elements of superficial breathing, sound gymnastics, the-
rapeutic massage, nebulizer therapy, Nordic walking. After the program application, chest excursion increased and airway
patency statistically significantly improved. The exercise tolerance of the cardiovascular system increased.

Conclusions. The physical rehabilitation program for middle-aged COPD patients contributed to the economization of the
respiratory system, slowing down the recovery of cardiovascular parameters, and improving the tolerance of daily exercise, which

was confirmed by mathematical processing.
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Introduction

According to World Health Organization (WHO) fore-
casts, the incidence of chronic obstructive pulmonary dis-
ease (COPD) in 2020 will take 5" place in the world among
all diseases, and by 2030 COPD will constitute the 4"
cause of total mortality. The incidence of COPD continues
to grow steadily, and the life expectancy of patients is
shortened by an average of 8 years, whereas recently a
decrease has been observed in the rate of mortality from
myocardial infarction, tuberculosis, and oncological dis-
eases [1-5]. In Ukraine, approximately 3 million people had
a diagnosis of COPD in 2015 [6].

There are a number of reasons for the increase in the
incidence and prevalence of COPD, including environmen-
tal pollution or progressive aging of the population; the
most significant factor, however, remains smoking. WHO
estimates that about 1/3 of the world’s adult population are
smokers. In our country, 58% of men and 14% of women
consider themselves to be smokers. The prevalence of
smoking among adolescents aged 13-16 is striking — it al-
ready reaches 50%. According to the British Enhanced Re-
source Company, Ukraine ranks 2" in the world in the num-
ber of cigarettes smoked per person per year. On average,
a Ukrainian smokes 2500 cigarettes per year, or 7 pieces

per day. Taking into account the demographic situation in
our country associated with the aging of the population, the
growing number of smokers, as well as the deterioration of
the environment, we can most likely assume an increase in
morbidity and mortality from COPD in Ukraine. Globally,
losses from COPD are projected to increase over the com-
ing decades owing to the long-term exposure to COPD risk
factors and population aging [7-10].

A significant role in improving the condition of patients
with COPD and preventing this disease is played by physi-
cal rehabilitation, including medical physical culture, mas-
sage, physiotherapy, or diet. These help patients to get rid
of bad habits, in particular, smoking, improve the respira-
tory and cardiovascular systems condition, strengthen the
muscular system, increase immunoreactivity. So far, the
need for a physical rehabilitation appointment in COPD has
not been sufficiently substantiated, which has led to the rel-
evance of this work and the need to develop a comprehen-
sive physical rehabilitation program for patients in the clinic
[8, 9]

The purpose of the study was to evaluate the effective-
ness of a comprehensive program of physical rehabilitation
on the basis of the dynamics of the respiratory and cardio-
vascular system functional parameters among middle-
aged patients with COPD.
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Subjects and methods
Participants

The study was conducted in the conditions of the De-
partment of Physical Therapy at the Kharkov City Polyclinic
No. 8. The study included 52 male patients diagnosed with
COPD, stage IIB of severity, in remission. They were ran-
domly divided into 2 groups. The main group (MG) con-
sisted of 35 patients, who along with the standard drug
therapy were engaged in a comprehensive program of
physical rehabilitation developed by the authors. The con-
trol group (CG) involved 17 patients with a similar diagnosis
of COPD, who received standard drug therapy and were
engaged in the regular physiotherapy program at the De-
partment. The groups were balanced with regard to sex
and age; 78% of subjects in both groups were smokers.

Intervention

Classes with surveyed contingents of MG and CG were
performed by group method 4 times a week, with the
course of treatment lasting 28 days.

In the procedure of medical gymnastics, CG performed
general exercises for muscles of the upper shoulder girdle,
trunk, lower limbs, alternating with breathing exercises.
The alternation of respiratory and general developmental
exercises was 2:1, followed by 3:1 in the initial position —
sitting and standing, the rate of execution was slow with a
maximum amplitude. The number of exercise repetitions
was 8-10, with the procedure duration of 30-40 minutes.
Shallow breast technique was applied during the program
construction. The mechanism of action of superficial respi-
ration consists in the fact that owing to the peculiarity of
this type of respiration, the air during inhalation and exhala-
tion passes only in the upper respiratory tract, which leads
to the accumulation of carbon dioxide in the blood and re-
flex stimulation of the respiratory centre; this in turn causes
the expansion of the bronchial trees and improves the pas-
sage of the respiratory tract. Independent classes included
acoustic gymnastics, which extends the exhalation phase
and facilitates the relaxation of spasmodic bronchi and
bronchioles. At exhalation, various sounds are pronounced
at a slow pace, with an average amplitude, without forcing
the breath. Depending on the period, exhalation lasted
6-15 seconds. After 2 weeks, the patients were supple-
mented with the following exercises: breathing in the cor-
ners of the mouth, breathing alternately with each corner of
the mouth, breathing through the clenched nose, breathing
alternately with each nostril. The number of exercises, dos-
age, and duration were determined individually.

The prescribed massage of the lower and upper ex-
tremities was aimed to improve blood and lymph flow and
eliminate congestion on the periphery, stimulating the rush
of venous blood to the heart. The duration of the massage
was 20 minutes. With physiotherapeutic agents, inhala-
tions were administered with Decasan via a nebulizer. The
advantages of inhalation through a nebulizer are as follows:
the inhalation technique is easy to perform since it does not
require a forced manoeuver; more often, coordination of
inhalation and inhalation of the drug is not necessary; there
is a possibility to administer a high dose of a drug; drugs
are sprayed through a nebulizer; there are no freons or
other propellants in the solutions. Long-term and regular
use of nebulizer therapy leads to an improvement in muco-
ciliary clearance and bronchial patency, and a decrease in

the frequency and severity of asthma attacks. The treat-
ment regimen constituted in 1 inhalation per day using
5-10 ml of Decasan, with a course of 10 treatments.

The comprehensive program of physical rehabilitation
for MG patients included Nordic walking [11, 12]. Given the
active work of the entire body while walking, the respiratory
volume of the lungs increases by about 30%. To date, it
has been proven that this progressive walking is 46% more
effective than normal walking or jogging and contributes to
the normalization of vascular tone [5, 8]. CG patients
passed a distance of 1500-2500 meters per day on a flat
terrain, with a breathing rhythm of inhalation in 2-3 steps
and exhalation in 5-6 steps.

Patients in CG were treated with physiotherapy 4 times
a week, in accordance with the generally accepted method,
in an exercise room. They performed general development
exercises with the control of the act of respiration, and stat-
ic and dynamic breathing exercises. CG patients received
therapeutic massage 5 times a week, with the classical
technique: they started the procedure from the back of the
body, after which the finger pads were thoroughly rubbed
between the intercostal intervals and the area of the hypo-
chondrium and the edge of the palm — under the shoulder
blade. At the end of the massage, light tapping was per-
formed all over the surface, and stroking was applied. Ther-
apeutic percussion of the chest was carried out with drain-
ing in minute cycles with a frequency of 40-60 beats per
minute and a subsequent pause (1 minute), for 15 minutes
[13]. Alkaline inhalations with bronchodilators, a course of
8-10 procedures, were used with physiotherapeutic means
for the dilution and sputum discharge.

Among the participants in both groups, 78% were
smokers. Therefore, as one of the main tasks in the training
of patients with COPD, we proposed smoking cessation.
When working with patients, in individual communication,
with the help of visual aids, we explained the structure of
the lungs and bronchi, the causes and consequences of
COPD, as well as the harm from smoking and pollutants of
the environment.

Assessment

To evaluate the effectiveness of the developed program
of physical rehabilitation, the following research methods
were applied: analysis of modern scientific literature, con-
tent analysis of outpatient documentation, conclusions of
X-ray examinations, anthropometric measurements, pulse
oximetry, arterial tonometry, spirographic studies, and
6-minute walk distance (6MWD).

Spirographic studies were carried out with the use of a
Spirolab computer system (produced by the KhAl Medica
Research Institute, Kharkov). The parameters of the lung
ventilation function were analysed with the Pistelli norms
(1986). Selected features of the respiratory system that
characterize its functional and reserve capabilities were
considered: respiratory rate (RR), respiratory volume (RV),
minute volume of respiration (MVR), vital capacity (VC),
forced vital capacity (FVC), maximal ventilation of the lungs
(MVL), volume of forced exhalation in the 1%t second (VFE,),
percentage ratio of VFE, to FVC, peak expiratory flow
(PEF), maximum expiratory flow at the level of 25-50-75%
FVC (MEF,s, MEF,,, MEF,;).

With the help of hypoxic Stange and Genchi samples, in
accordance with the generally accepted method, the
body’s resistance to hypoxia and hypercapnia was studied.
To assess the cardiovascular system function, pulse oxim-
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etry (measurement of heart rate with the palpation method
for 10 seconds, 3 times until a stable figure was obtained
after 2-3 minutes of rest, with recalculation for 1 minute)
and arterial tonometry (with systolic [BPs], diastolic [BPd], and
pulse [BPp] blood pressure determination) were performed.

The 6MWD was used to detect daily load tolerance. The
distance in meters was measured for 6 minutes and com-
pared with the proper 6BMWD, calculated with the formula
considering age, body weight, and height [9].

Statistical analysis

Statistical processing was performed with the use of the
general-purpose data package of Statistica for Windows
version 6.0. The data are presented in the form of an arith-
metic mean (X), its error (m), Student’s reliability criterion (f),
degree of reliability (p). For all the analyses conducted, the dif-
ferences were considered reliable at the significance level
of p < 0.05, where the minimum reliability of the differences
was 95%. The empirical data were tested with the W crite-
rion of Shapiro-Wilk and it was concluded that the data in
our sample corresponded to a normal distribution at the 0.05
significance level.

Ethical approval

The research related to human use has been complied
with all the relevant national regulations and institutional poli-
cies, has followed the tenets of the Declaration of Helsinki,
and has been approved by the authors’ institutional review
board or an equivalent committee.

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results

In the content analysis of outpatient charts for lung X-ray
examination in COPD stage |IB patients, only 2% of the indi-
viduals showed no changes in severity, 11% had emphysema-
tous pulmonary fields with moderate signs of pneumoscle-
rosis, 13% presented with high standing and sealing of the
diaphragm dome due to fibrous pleural adhesions, and in
74% there were pulmonary fields without infiltrative changes.
Structural roots and compensatory basal emphysema were
observed. With clinical evidence, chronic bronchitis could
not be ruled out.

As a result of evaluating the indicators of physical de-
velopment, in accordance with the measurements of height
and weight, no statistically significant differences in CG and
MG patients as for the magnitude of chest excursions were
revealed in the primary examination (p > 0.05).

The analysis of external respiration indicators, character-
izing the volumetric parameters of the lungs, pulmonary ven-
tilation, reserve respiratory system, resistance to hypoxia, and
bronchial and aerobic performance, did not determine sta-
tistically significant differences between the groups during
the primary examination (p > 0.05) (Table 1).

All these changes indicate the presence of obstruction and
a decrease in lung tissue elasticity, that is, restrictive changes.

With regard to changes in the function of the cardiovas-
cular system during the initial examination in both groups,
there was approximately the same heart rate value, BPs, BPd,
BPp at rest; recovery was noted after deceleration of these
indicators of physical activity. The values of physical load tol-
erance, according to the BMWD test, were reduced: 512.13
+13.10 min MG patients, 532.18 + 12.87 m in CG patients,
in comparison with the proper values (calculated as 700—
852 m and 719-872 m for MG and CG patients, respec-
tively). When assessing the type of cardiovascular system
response to the load, in 5 MG patients and 6 CG patients,
a normotonic type of reaction to physical activity was ob-

Table 1. Respiratory function indicators in patients of both groups during the initial examination (x £ m)

No. Indicators MG (n = 35) & CG (n=17) t, Norm
1. | RR (per minute) 18.58 + 0.28 0.09 18.24 + 0.25 0.06 16-18
2. | RV () 0.59 + 0.02 0.58 0.66 + 0.09 0.48 0.3-0.8
3. | MVR () 14.60 + 0.92* 7.58 13.98 + 0.27* 6.58 5-6
4. | VC (%) 70.29 + 2.68* 4.61 71.72 + 1.44* 4.89 87
5. | FVC (%) 63.57 + 2.16* 7.62 64.28 + 2.29* 7.82 88
6. | VFE, (%) 62.24 + 2.37* 7.51 63.19 + 2.18* 7.69 87
7. | VFE,/FVC (%) 65.05 £ 2.47* 7.42 67.05 £ 1.29* 7.22 90
8. | PEF (%) 61.58 + 1.81* 7.15 63.51 + 1.81* 7.09 84
9. | MEF, (%) 63.16 £ 1.41* 5.94 64.41 £ 1.75* 4.98 5.94

10. | MEF,, (%) 54.37 £ 1.91* 8.42 56.62 + 2.19* 8.56 8.42

11. | MEF,; (%) 42.31 £ 2.18* 9.06 45.43 +2.81* 9.12 9.06

12. | MVL (/min) 65.12 + 4.80* 10.09 61.18 + 4.21* 10.11 10.09

13. | Stange sample (s) 28.89 + 2.26* 6.55 32.54 +2.19* 6.35 6.55

14. | Genchi sample (s) 18.36 £ 1.20 1.46 21.21+1.14 1.32 1.46

" statistically significant difference as compared with norm (p < 0.05)

MG — main group, CG — control group, t, — statistically significant difference in MG (p < 0.05), t, — statistically significant difference in CG
(p > 0.05), RR — respiratory rate, RV — respiratory volume, MVR — minute volume of respiration, VC — vital capacity, FVC — forced vital
capacity, VFE, — volume of forced exhalation in the 1t second, PEF — peak expiratory flow, MEF,;, MEF,,, MEF_; — maximum expiratory
flow at the level of 25-50-75% FVC, MVL — maximal ventilation of the lungs

13
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Table 2. Dynamics of chest excursion in patients of both groups (x + m)

Indicator Stage MG (n = 35) CG (n=17) it t, t,
1 2.86 + 0.05 2.91 +0.09

Chest excursion (cm) 7.76 1.65 5.91
2 4.31+0.18 3.12 £ 0.09

MG — main group, CG — control group, t, — statistically significant difference in MG (p < 0.05), t, — statistically significant difference in CG
(p > 0.05), t, — statistically significant difference between MG and CG (p < 0.05)

served. Among atypical reactions, hypertonic (12 MG sub-
jects and 5 CG subjects) and hypotonic ones (10 MG partici-
pants and 4 CG participants) were most common; dystonic
response was noted in 8 MG patients and 2 CG patients.

Thus, during the initial examination of the cardiovascu-
lar system in patients with COPD stage 1B, the economiza-
tion of heart activity was violated at rest and during exercise,
and a decrease in exercise tolerance was observed.

To assess the effectiveness of the developed compre-
hensive program of physical rehabilitation, a comparative
analysis of the respiratory and cardiovascular systems and
of the adaptation of the body to the daily load was con-
ducted among patients from MG and CG.

Among MG participants, in 77% of cases, no shortness
of breath was observed during the day at physical exertion
and at rest, and isolated shortness of breath was noted in
those who stopped using shallow breathing and did not require
the use of inhaled bronchodilators (33%). In MG patients,
the excursion of the chest showed a statistically significant
difference compared with the primary examination (p < 0.05);
in CG subjects, chest excursion increased, but the change
did not achieve statistical significance (p > 0.05) (Table 2).

We associate the statistically significant dynamics in MG
with the practice of Nordic walking within the physical reha-
bilitation program, by which the back is straightened, the
posture is corrected, and the thorax is revealed.

When analysing the indices of respiratory function in MG
patients after repeated examination, a statistically significant
decrease in RR to 16.80 + 0.80 respiratory movements per
minute was revealed (t = 3.71; p < 0.05), as well as a decrease
in the value of MVR t0 11.35 + 0.77 | (t = 2.71; p < 0.05). All
this points at some development of the economization of the
respiratory system activity in MG participants. In CG patients,
positive dynamics was observed, but not reaching statistical
significance (p > 0.05).

The dynamics of the VC indicator in MG patients statisti-
cally significantly increased (p < 0.05). CG subjects showed
an improvement, but did not obtain statistically significant
changes (p > 0.05) (Figure 1).

In the analysis of the dynamics of bronchial obstruction
indicators, in MG patients, the values of FVC, VFE,, and
VFE,/FVC statistically significantly increased: 1.12 times (f =
2.39), 1.11 times (t = 2.02), and 1.10 times (t = 2.18), respec-
tively (p < 0.05); in CG patients, they increased 1.02 times

Table 3. Dynamics of bronchial obstruction indicators
in the studied COPD patients

Parameters
Groups
FVC VFEA VFE1/FVC
MG (stage 1) 63.57 62.24 65.05
MG (stage 2) 72.52¢ 69.18 72.18
CG (stage 1) 64.28 63.19 67.05
CG (stage 2) 66.72 65.12 68.67

100
O stage 1
80 — 9
o stage 2
60
" 87
40 70,29 | 77,73 71,72
20
0
MG Norm CG

* statistically significant difference in MG (t = 2.16; p < 0.05)
MG — main group, CG — control group

Figure 1. Dynamics of the VC index in the studied COPD patients

* statistically significant difference in MG (t = 2.39; p < 0.05)
MG — main group, CG — control group, FVC — forced vital capacity,
VFE, - volume of forced exhalation in the 1%t second

Table 4. Dynamics of speed indices of bronchial patency
in the studied COPD patients

Parameters
Groups
REE MEF25 | MEF50 | MEF75
MG (stage 1) 61.58 63.16 54.37 42.31
MG (stage 2) 70.34 68.75 60.12 48.87
CG (stage 1) 63.51 64.41 56.62 45.43
CG (stage 2) 65.43 65.87 58.47 49.14

MG — main group, CG — control group, PEF — peak expiratory
flow, MEF,, MEF,, MEF,; — maximum expiratory flow at the level
of 25-50-75% FVC

(t=1.41), 1.08 times (t = 0.72), and 1.02 times, respectively
(p > 0.05) (Table 3).

As for the dynamics of the speed indicators characteriz-
ing airway patency, in MG patients, the PEF parameter in-
creased statistically significantly 1.14 times (t = 3.29; p < 0.05),
MEF,; increased 1.08 times (t = 2.58; p < 0.05), MEF, in-
creased 1.10 times (t = 2.20; p < 0.05), MEF; increased 1.15
times (t = 2.09; p < 0.05). In CG participants, these indica-
tors tended to increase, but the change did not reach sta-
tistical significance (p > 0.05): PEF increased 1.03 times (f =
0.88), MEF; increased 1.02 times (t = 0.69), MEF, increased
1.03 times (f = 0.73), MEF,; increased 1.08 times (f = 1.20)
(Table 4).

In the medical observation in accordance with the results
of the Stange and Genchi tests in MG and CG patients, the
change of the body resistance to hypoxia and hypercapnia
conditions was statistically significant (p < 0.05).

Positive dynamics was observed in the cardiovascular
system); statistically significant increases were noted in both
groups for heart rate at rest, BPd after exercise, BPp after
exercise, and recovery time of heart rate and BP.

With regard to the physical load tolerance in the 6MWD
test, there were statistically significant increases in MG patients
(p < 0.05); in CG, the values tended to increase but did not
reach a statistically significant difference (p > 0.05) (Figure 2).
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Figure 2. Dynamics of daily load tolerance in patients
of both groups

Thus, the results of the study showed a statistically sig-
nificant dynamics of the parameters of the respiratory and
cardiovascular systems in MG patients after applying the
authors’ program of physical rehabilitation. In CG, a positive
trend was observed, but statistical significance was not
reached in all indicators.

Discussion

The coordinated statement of the European Respiratory
Society and the American Thoracic Society declares that pul-
monary rehabilitation is a multidisciplinary, evidence-based,
comprehensive system of measures for a patient with COPD
who has a clinically significant course of the disease and
a violation of the level of daily activity [7]. In the complex treat-
ment of patients with COPD, pulmonary rehabilitation is intro-
duced into the daily therapy; it reduces the manifestations of
the disease, optimizes the functional status of the patient, and
lowers the cost of treatment by stabilizing or decreasing the
systemic manifestations of the disease. Physical rehabilitation
in COPD remains an issue. The current literature provides
a description of pulmonary rehabilitation, which should be
recommended to all patients apart from the pharmacological
treatment [14—17]. Unfortunately, among the published re-
search results on the treatment of the disease, there are 9.8—
15.95% of rehabilitation studies and 3.8-11.5% of those
related to physiotherapy [16, 18].

Our study was conducted in the context of existing data
on the impact of physical rehabilitation on the condition of
COPD patients; it turns out to play a significant role in the
treatment and prevention of the disease. Many works are
devoted to the use of physiotherapy treatment in addition to
drug therapy [9, 10, 15, 19, 20]. In our opinion, to improve the
quality of life of COPD patients, it is necessary to employ
daily kinesiotherapy, whose main means is breathing exer-
cises, in combination with nebulizer therapy. Many studies
have shown the positive effect of respiratory gymnastics
[10, 14,17, 19] and physical training [1, 3, 9] on the indicators
of external respiration function, namely the increase in forced
expiratory volume in 1 second. The results of several random-
ized controlled studies have revealed that the use of manual
therapy with physical training helps to improve physical per-
formance [5, 20]. Some papers provide research results re-
lated to the application of Nordic walking [2, 6, 21], which can
be a useful practice for normalizing the work of the cardio-
vascular system. The use of our comprehensive physical
rehabilitation program contributed to statistically significant
positive changes in all indicators of respiratory function, slow-
ing the recovery of heart rate and blood pressure and in-
creasing exercise tolerance in middle-aged patients with COPD

stage IIB, which points at some development in the econo-
mization of the respiratory and cardiovascular systems. The
obtained data lead to a conclusion that the program of physi-
cal rehabilitation for COPD patients should be based not only
on changes in the respiratory system, but also on those con-
cerning the cardiovascular system, level of physical activity,
and tolerance of daily exercise.

Unfortunately, works devoted to the complex rehabilita-
tion of COPD patients with the use of various means of phys-
ical rehabilitation are insufficient in the scientific literature.
Therefore, the purpose of our study was to determine the
effectiveness of a physical rehabilitation program aimed at
improving the functional state of the respiratory and cardio-
vascular systems, as well as physical performance in middle-
aged patients with COPD.

Limitations

In the presented study, there are some limitations. Firstly,
the small number of patients who were involved, including
only men, limits the possibility to make generalizations for
other groups of the population. Secondly, the study was con-
ducted only within the framework of one institution, which
may restrain summarizing the results.

Conclusions

The findings of the study showed that the proposed physi-
cal rehabilitation program for middle-aged patients suffering
from COPD stage IIB for use in polyclinic conditions contrib-
uted to the development of respiratory system economization,
slowing down the recovery of cardiovascular parameters,
and improving the tolerance of daily exercise, which was con-
firmed by mathematical processing of the received data.
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