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Abstract

The aim of this study was to analyze the effectiveness of kinesiotherapy in the rehabilitation of
children with recurrent obstructive bronchitis (ROB) who had COVID-19 by determining
spirometric indicators. The subjects were children aged 7 to 15 years with recurrent obstructive
bronchitis, and the initial indicators of their external respiratory function (FER) were determined
during the exacerbation period. In the experimental group, rehabilitation measures included the
effective integration of kinesiotherapy (KT). A comparative study of the respiratory function in
children with recurrent obstructive bronchitis after a six-month course of kinesiotherapy
demonstrated the positive effectiveness of the method: an increase in the number of children with
standard values of VC from 76.4% to 98.7%, FVC from 51.4% to 82.3%, FEV1 from 52.3% t0 93.1%,
IT from 64.5% to 89%, POS from 61.2% to 94.1%, MOS-75 from 65.9% to 92.2%, and MVL on
average from 27.2 L to 46.3 L was observed. In children with ROB, there was a decrease in the
number of hospitalizations, the frequency of recurrent bronchial obstruction, and the duration of
exacerbations; doses of medications were reduced or discontinued during the recovery period. The
results showed that the use of kinesiotherapy in patients with ROB increases the functional
capabilities of the respiratory system and has a positive effect on rehabilitation.
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Pe3rome
Ananmn3 3G GEeKTUBHOCTH KUHE3UOTEPAIIUN B PeabMIUTAIIUN JIeTeH ¢ PEKYPPEHTHBIM TeUEHHEM
obcrpyktuBHoro Oponxuta (POB) mepenécmmx COVID-19 METO/IOM  OTIPEJIeJIEHUS

CIIMPOMETPUYECKHX TTOKA3ATeJIEH SIBUJIOCH [IEJIbIO HaIllel paboThl. MarepuasioM st HaOII0AeH s
OBLIN JIeTU C PEKYPPEHTHBIM TeueHHeM OOCTPYKTHUBHOI'O OpPOHXHUTa B BO3pacTe OT 7 70 15 JIET, ¥
KOTOPBIX B IIepuofi OOOCTPEHUs OIpe/iesieHbl HCXOJIHble IoKazaTeard (YHKIUN BHEIIHETO
npixanua (®B/]). B skcnepuMeHTaJIBHON TIpyIle  PEKOMEH/IOBaHBI  peabuIuTalMOHHbIE
MeporpusiTis ¢ 3¢pdextuBHbIM BrIoueHueM kuHe3uortepanun (KT). CpaBHuUTEIBHOE
HceyieioBaHue  (DYHKIUKM BHEIHETO JIBIXAaHUS Y JIETed ¢ PeruUBUPYIONIETO OOCTPYKTHUBHOTO
O6ponxura mnepenécmnx COVID-19 mocjie MpoBe/ieHUsS MOJIyTOAOBOTO Kypca KHUHE3UOTepanus
MOKa3ayJ IOJIOXKUTEJbHYI0 3(QEeKTUBHOCTh MeTO/a: OTMEYasoCh yBeJIMYEHHE Yucaa JieTed ¢
pelruINBUPYIONIEro OOCTPYKTUBHOrO OpoHXUTA ¢ HOpMaTUBHBIMU 3HaueHUAMH 2KEJI c- 76,4% no
98,7%, ®XKEJI ¢ -51,4% 1o 82,3% , OOPB1- ¢ 52,3% 10 93,1%, UT- 64,5% no 89%, I10C c 61,2% 10
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94,1%, MOC-75 ¢ 65,0% 5o 92,2% u MBJI B cpegHeMm c¢ 27,21 1m0 46,3 ia. Y pgereir ¢ POb
Ha0JII0IAJIOCh YMEHBIIIEHNE KOJIWYECTBA TOCIUTAIM3AIMNEN, YaCTOTHl PEIUANBAa OpOHXUAIBHOU
OOCTPYKITUHM W JIUTUTEILHOCTH ODOCTPEHUM , CHU3WJIMCH JIO3bI MJIM ObLIa OTMEHA IMPUMEHSEMBIX
MpernapaToB B IEPHUOJ] BOCCTAHOBJIEHWsA. Pe3ysibTaThl HUCC/IEIOBAHUN IMOKA3aJId, YTO
WCIIOJIb30BaHUE KuHe3uoTepanusi y OoiapHbIX ¢ POB mepenécmmx COVID-19  moBbIIIaer
(YHKIIMOHAJIbHBIE BO3MOXKHOCTH /IBIXaTE€JIbHOH CHUCTEMBI U JIaeT IOJIOXKUTEIbHBIA 3(PdeKT B
peaduINTaIHH.

KiaroueBbie cioBa: JieTd, OpOHXUT, OOCTPYKIHA, peaOWIUTAIUsA, KUHE3UOoTepamus,
CITUPOMETPUSA

Introduction

Respiratory diseases are prevalent in early childhood pathology, significantly affecting infant
mortality, causing persistent deviations in children’s health, and representing one of the most
pressing issues in modern pediatrics. Due to the difficulty of early diagnosis, long remission
periods, and ineffective anti-relapse treatment, recurrent bronchitis with bronchial obstruction
syndrome (BOS) has become widespread in recent years. The high interest of scientists and
practitioners in recurrent bronchial obstruction (RBO) in children is associated with the frequent
recurrent course and transition of the disease to a chronic form, particularly bronchial asthma
(BA) [2,7]. Studies have shown that the immunological, functional, and anatomical immaturity of
the child’s body, along with a wide range of possible pathogens, contribute to the high frequency of
respiratory diseases, diagnosed in approximately 20, 40, and 10 per 1000 children aged <1 year,
preschool, and adolescence, respectively (Shamsiev F.M., Mirsalikhova N.Kh. 2015).

Recurrent (relapsing) bronchial diseases are a medical and social problem caused by untimely
treatment during relapses and a protracted course of the disease. Therefore, early diagnosis,
improved therapy, proper rehabilitation, and prevention of chronic inflammation in the bronchi
are crucial for reducing its prevalence and improving the prognosis and quality of life of affected
children.Rehabilitation of children with bronchopulmonary pathology (BLP) who have had
COVID-19 is a primary concern in modern pediatrics. During rehabilitation, it is essential to follow
the basic principles of drug rehabilitation and maximize the use of non-drug restorative
treatments. Currently, the main focus of non-drug methods for treating BLP is training the
respiratory system, which is underutilized in healthcare institutions. Almost all patients with BLP
require comprehensive rehabilitation, especially those with chronic obstructive pulmonary disease,
asthma, and protracted forms of RB. This underscores the need to enhance the effectiveness of
non-drug rehabilitation measures with an individualized approach [5,8].Pulmonary function
testing using spirometry is the preferred initial test to assess the presence and severity of airway
obstruction [6]. Spirometry is a reliable method for diagnosing bronchial diseases and chronic
obstructive pulmonary diseases (S.E. Tsyplenkova, Yu.L. Mizernitsky, 2015). Some scientists and
practitioners have studied the effect of KT on respiratory function in children with bronchial
asthma. Yashchuk A.V. and Yezhov S.N. provided a pathogenetic justification for kinesiotherapy at
the stage of long-term rehabilitation of children with bronchial asthma (BA). Their studies showed
that KT training reduces bronchial inflammation and increases respiratory function indices (FER)
[10]. Other authors studied spirography indices in children with recurrent bronchitis after thermal
exposure to ENT organs with low-frequency ultrasound and a magnetic field with inhalation of an
oxygen mixture.
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Therefore, KT should be considered a method of pathogenetic therapy, as it involves physiological
mechanisms in the general reaction of the body. The LFK method increases the body’s adaptation
to hypoxia and the effects of hardening, which are necessary for bronchial diseases.

Objective

The objective of our work was to analyze the effectiveness of kinesiotherapy in the rehabilitation of
children with recurrent bronchial obstruction who have had COVID-19 by conducting spirometry.
Materials and Methods

To achieve our objective, we set the following tasks: determining the clinical and anamnestic
parameters of the examined children, effectively implementing a six-month kinesiotherapy (KT)
program considering spirometry parameters, and conducting a comparative analysis of forced vital
capacity (FVC) in children with recurrent obstructive bronchitis (ROB) who have had COVID-19
before and after comprehensive rehabilitation with the inclusion of KT.We conducted a study
involving 67 children aged 7 to 15 years admitted for inpatient treatment with a diagnosis of
“Obstructive bronchitis, recurrent course” (ROB). Inpatients received traditional drug treatment
and physiotherapy, including UHF, medicinal electrophoresis, and inhalations. On the 2nd day of
fasting, initial indicators of respiratory function (ERF) were determined for children with ROB
during an exacerbation of their hospitalization.The diagnosis in patients with recurrent bronchitis
(RB) was established considering family and allergological history, clinical and laboratory data, in
accordance with the “Classification of clinical forms of bronchopulmonary diseases in children,”
adopted at a symposium of pediatricians to improve the classification of non-specific lung diseases
in children and ICD-10.The children with ROB were divided into two groups: the experimental
group (EG) consisting of 37 patients who underwent a six-month course of complex rehabilitation
with the effective inclusion of KT under the supervision of parents and exercise therapy specialists,
and the comparison group (CG) of 30 children of the same age with ROB who received traditional
recommendations upon discharge. Upon discharge, children in the EG were given
recommendations for complex rehabilitation and KT over the next six months. Parents of the EG
and CG were notified to bring their children back in six months for a clinical and functional study.
To analyze FVC disorders in the examined children, spirography was performed using the
Neurosoft spirometer initially on days 1-2 of the hospital stay and six months after the recovery
period. The main indicators analyzed in the obtained spirograms included: vital capacity of the
lungs (VC), forced vital capacity of the lungs (FVC), forced expiratory volume in the first second
(FEV1), Tiffeneau index (FEV1/VC), peak expiratory flow rate (PEF), instantaneous volumetric air
velocity (MVAV) at levels of 25% to 75% of the FVC volume (MVAV25-75), and maximum
voluntary ventilation (MVL).

The patients in the experimental group followed a kinesiotherapy program which included: 1)
general developmental breathing morning exercises in the open air (or in a ventilated room), 2)
exercise therapy with elements of track and field and game sports 2-3 times a week, and 3)
swimming with special recommended elements (butterfly, backstroke, breaststroke, front crawl,
underwater exercises with breath-holding, diving, lifting objects from the pool bottom, scuba
diving) 2-3 times a week. The training was conducted for six months to one year in exercise
therapy classes at city sports facilities and water sports bases in Tashkent 2-3 times a week for 1-
1.5 hours. All these children adhered to the standard treatment regimen in the hospital and drug
therapy with individual correction during the rehabilitation period. During the six-month KT
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program, clinical and anamnestic studies of children with ROB included data on the duration of
exacerbations, the frequency of relapses of bronchial obstruction, the number of hospitalizations,
the incidence of acute respiratory viral infections, the duration and volume of drugs used, and
maximum ventilation of the lungs.

Results and Discussion

We obtained clinical and anamnestic characteristics of 67 children with RB, occurring with
bronchial obstruction syndrome (BOS), at the time of admission to the multidisciplinary clinic N21
in Tashkent. These children were characterized by a short disease duration of 1-2 years. The
criteria for including children in the RB group were: a history of at least 2-3 episodes of bronchial
obstruction (BO) over the past two years, a duration of an episode of bronchitis of two weeks or
more, the presence of a mandatory cough symptom, and at least one additional symptom such as
sputum, physical changes (hard breathing, the presence of wheezing), catarrh of the upper
respiratory tract, and increased body temperature. RB in the examined group presented in mild to
moderate severity in 76.4% of cases without BOS, while 23.5% had a more severe course with
obstruction.

Upon examining the children, it was found that the majority of patients with both acute and
recurrent bronchitis were aged 3 to 7 years. This age range is based on the characteristics of the
respiratory and immune systems, which are largely associated with their development and
maturation processes. At the age of 1-6 years, a reorientation of the immune response to infectious
antigens occurs, leading to high sensitivity to infections. Additionally, in children of the first years
of life, the processes of differentiation of bronchopulmonary structures are intensively occurring,
which determines the vulnerability of the respiratory tract. The biocenosis of the upper respiratory
tract in young children is also in the process of formation, and the microbial landscape is very
unstable and polymorphic, depending on the environment and changing with the child’s age [7,9].
On the 1st-2nd day of hospital stay, an initial spirometric study (study 1) was performed to
determine FVC and analyze the activity of the inflammatory process in the respiratory tract in
children with ROB. After six months of comprehensive rehabilitation with the inclusion of KT, a
second analysis of FVC indicators was performed in these children (study 2). The initial studies in
children with RBO during spirometry showed signs of impaired respiratory function (ERF),
characteristic of broncho-obstructive syndrome. This condition may be due to edema of the
bronchial mucosa, hypersecretion of mucus, impaired rheological properties of bronchial
secretion, and desquamation of bronchial epithelial cells. These factors, along with a decrease in
the drainage function of the bronchi, lead to a narrowing of the bronchial lumen, i.e., their
obstruction. The results of the spirographic study correlated with the clinical examination findings,
where diffuse, non-constant large- and medium-sized bubbling rales were heard during
auscultation. In some patients, along with wet rales, dry but not wheezing rales were heard,
indicating pronounced changes in the rheological properties of bronchial secretions. In the general
group of children studied (72 patients), respiratory failure was manifested by a decrease below
80% of the expected FEV1, maximum volume velocities, and FEV1/FVC ratio. Moderate violations
of MEF50 and MEF25 were determined in 53 (73.6%) children with RBO. According to the
indicators, moderate violations of MVL were noted in 26 (36.1%), FVC and POS in 1/3 of patients
with RBO. Moderate violations of bronchial patency, i.e., a decrease in IT to 55%, were observed in
12 (16.6%) patients. Higher violations of bronchial patency, i.e., a decrease in IT from 54 to 40%,
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were noted in 16 (22.2%) patients. Moderate MEF75 indicators in children with RBO were
observed in 19 (26.4%) of the examined.

Obstructive type of ventilation disorders was observed in 38 (52.8%) patients, restrictive type in 7
(9.7%), and mixed type in 27 (37.5%) patients with RBO. The obstructive type of ventilation
disorders was characterized by a reduced FEV1/FVC ratio with normal (or reduced) FVC.

Table 1 presents the average values of spirometric indices from the expected values before and
after KT in children with ROB. After the six-month rehabilitation course, both the experimental
and comparison groups showed a reliable positive effect. In the EG, during comprehensive
rehabilitation with the inclusion of KT, an increase in the number of children with ROB with
normative values of VC from 76.4% to 98.7% (p < 0.05), FVC from 51.4% to 82.3% (p < 0.001),
FEV1 from 52.3% to 93.1% (p < 0.001), IT from 64.5% to 89.4% (p < 0.001), POS from 61.2% to
94.1% (p < 0.001), MOS-75 from 65.9% to 92.2% (p < 0.001), MOS-50 from 58.1% to 96.7% (p <
0.001), MOS-25 from 53.5% to 89.4% (p < 0.001), and the average MVL increased from 27.2 L to
46.3 L (p < 0.05). As shown in the table, after six months of rehabilitation, children with RBO
showed a gradual recovery of FVC. In the group of patients with ROB, spirometry indicators
showed a statistically significant increase in the number of patients with normal values of FVC
from 57.3% to 76.2% (p < 0.001), FEV1 from 58% to 78.4% (p < 0.001), POS from 48.8% to 75.6%
(p < 0.001), MOS-75 from 61.2% to 80.3% (p < 0.001), and MVL from 23.6 L to 42.1 L (p < 0.05).
In the control group of patients with RBO, it was noted that after six months of rehabilitation, the
FVC, FEV1, and FEV1/FVC ratio increased insignificantly. In some patients of both groups,
changes in the POS did not have a stable trend, which can be explained by irregular training.
Spirometry showed that for children with ROB, the largest number of cases belonged to the
obstructive type of ventilation disorders.

A comparative analysis of spirometric indicators revealed that in children with recurrent
obstructive bronchitis, a comprehensive six-month rehabilitation program with regular inclusion
of KT had a positive effect

Table 1: Comparative analysis of spirometric parameters in children with ROB and
COVID-19 survivors before and after kinesiotherapy (KT), % of expected values

Patient Time of | VC |FVC | FEV1 | FEV1/VC | POS | MOS25 | MOS50 | MOS75
Groups | the Event
I gr (37| Original 76.4 | 51.4 |52.3 |64.5+51 |61.2 |53.5 +|581 +|659 <+
children) + +2.8 | £2.3 +2.1 (24 2.8 5.2
4.2
In 6|08.7(82.3 931 |894+3.7|94.1 |89.4+% 06.7 + 02.2 +
months + +5.4 | £4.3 +1.6 | 4.3 3.2 4.1
3.4
Ri1 P< |P< P< P <o0.05 P< P< P < P <
0.05 | 0.001 | 0.001 0.001 | 0.001 0.001 0.05
II gr (30 | Original 78.0 | 57.3 |58.0 |61.8+4.5 |48.8 |59.6+ 57.3 = 58.0 £
children) + +1.8 | +£2.8 +2.3 | 2.1 2.1 4.3
2.1
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In 6816 |76.2 |784 |73.6+3.0 |75.6 |73.4+ 76.1 80.3 =
months + +4.3 | £2.3 +2.4 |31 4.3 2.1
3.2
R2 - P< P< - P< - - P <
0.05 | 0.001 0.001 0.001
. Ru1: Statistical significance for the Experimental Group
. R2: Statistical significance for the Comparison Group

Note: P1 - reliable differences between the initial and 6 months in the experimental group (EG);
P2 - reliable differences between the initial and 6 months in the comparison group (CG).

The clinical and anamnestic data of the study in the EG of patients with ROB after a six-month
course of rehabilitation measures with the inclusion of KT showed a decrease in the number of
relapses, admissions for inpatient treatment, the frequency of exacerbations, and the dose and
discontinuation of the drugs used. Additionally, the incidence of ARVI in the following years
sharply decreased. The results of our study showed that the effects of physical training in the
kinesiotherapy program reduce the number of cases of intercurrent ARI and the frequency of
exacerbations of recurrent bronchitis. After a year of training, the incidence of ARVI in children
with ROB decreased by 2.5 times, the number of attacks of broncho-obstruction by 2.3 times, the
duration of exacerbations by 2.1 times, and the need for bronchodilators by 3.6 times.Thus, the
results of our study showed positive outcomes from the effective use of kinesiotherapy in the
recovery period of children with ROB. Spirometry allows us to identify violations of the ventilation
function of the lungs and diagnose obstruction of the upper respiratory tract in inflammatory
diseases of the bronchi.

Conclusion

Studies have shown that the use of kinesiotherapy in patients with RBO who have had COVID-19
during the recovery period increases the functional capabilities of the respiratory system. During
the recovery period, positive clinical dynamics were noted in children with RBO, including a
decrease in cough, its productive nature, the disappearance of dyspnea under load, and a decrease
in the number of wheezing over the lung fields, recorded in parallel with an improvement in FVD
indicators.The kinesiotherapy program reduced the incidence of intercurrent ARI and the
frequency of exacerbations of recurrent bronchitis. After six months of comprehensive
rehabilitation measures, including KT, in children with ROB who had COVID-19, the incidence of
ARI, the number of relapses, the duration of exacerbations, and the need for drug therapy
decreased.

In the experimental group, the comprehensive rehabilitation with the inclusion of KT showed an
increase in the number of children with ROB with normative values of VC from 76.4% to 98.7%
(p<0.05), FVC from 51.4% to 82.3% (p<0.001), FEV1 from 52.3% to 93.1% (p<0.001), IT from
64.5% to 89.4% (p<0.001), POS from 61.2% to 94.1% (p<0.001), MOS-75 from 65.9% to 92.2%
(p<0.001), MOS-50 from 58.1% to 96.7% (p<0.001), MOS-25 from 53.5% to 89.4% (p<0.001), and
MVL on average from 27.2 L to 46.3 L.Therefore, the obtained data indicate that kinesiotherapy in
patients with recurrent obstructive bronchitis improves the functional indices of the
bronchopulmonary system, complementing the data on the therapeutic and prophylactic effects of
regular physical training.
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