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The article is devoted to studying the physical educa-
tion program’s effectiveness on the dynamics of changes
in additional parameters of the cardiorespiratory and
vascular systems functioning in children with scoliosis
aged 11-14 years. The study has found that exercises
complex in children with scoliosis aged 11-14 years has a
positive effect on the functioning of the body the cardio-
respiratory and vascular systems, which is manifested by
an increase in left ventricular capacity and minute blood
volume with exercise, increased oxygen pulse, reduced
shock Brelov’s index, increase in specific resistance of
vessels. A characteristic difference is the increased load
on the cardiovascular and vascular systems of girls aged
11-14 years with scoliosis. This fact can be explained by
an earlier growth “jump”, and therefore the underlying
disease progression in girls compared to boys, as well
as different exercise tolerance levels by girls and boys in
this age group.

Key words: schoolchildren, scoliosis, cardiorespira-
tory and vascular system, physical education.

The connection of the publication with planned re-
search works. The study is a fragment of the research
project “Study of the organism adaptive reactions,
which are formed under various factors of nature and
society influence”, state registration Ne 0115U003314.

Introduction. Scoliotic disease, which limits motor
activity, is quite common among the world’s population,
its progression leads to changes in the chest and pelvis
shape, functional disorders of the cardiovascular, respir-
atory, neuromuscular, digestive, and urinary systems [1,
2,3,4,5,6,7,8,9,10].

Preventing the progression of scoliosis I-1l degrees in
children during the incomplete growth period is a dif-
ficult task to solve. Currently, doctors and the scientific
community do not have a single point of view on the
treatment of this patients group. The used methods
are not unambiguously evaluated by different authors
and often give unsatisfactory results. The good results
have achieved during treatment are sometimes lost
completely, as there are breaks in treatment due to the
lack of relationship between the stages of recovery and
changes in stabilization [1, 2, 3, 4, 5, 6, 7, 8, 9, 10].

Considering that one of the first body systems which
are affected negatively, working with increased stress
in scoliosis, are cardiovascular and respiratory, it is ex-
tremely important to determine the functionality, func-
tional reserves, early decompensation signs of these
systems [1,2,3,4,5,6,7,8,9, 10].
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One of the most important points in assessing the
physical rehabilitation effectiveness in children with sco-
liosis is the dynamics of the cardiorespiratory and vascu-
lar system’s functioning.

The aim of the study was to determine the effective-
ness of the developed physical education program on
the dynamics of additional parameters changes in the
functioning of the cardiorespiratory and vascular sys-
tems of school-age children with scoliosis aged 11-14
years.

Object and methods of research. The research base
was specialized general sanatorium boarding school Ne
13 for children with scoliosis in Oleksiyevo-Druzhkivka,
Donetsk region.

The study has conducted on 19 children with scolio-
sis aged 11-14 years (9 boys and 10 girls). It has devel-
oped a physical exercise comprehensive program for the
long-term rehabilitation of school-age children with spi-
nal defects (scoliosis). The study was based on the im-
pact results of a comprehensive program of developed
exercise technology on the leading indicators of physi-
cal performance, absolute and relative heart volume,
stroke volume, and minute blood circulation; cardiac
index by PWC; MOC by heart volume; blood flow rate.
The cardiovascular and respiratory system’s response to
the physical education results was assessed by left ven-
tricular capacity, oxygen pulse, minute blood volume,
arteriovenous difference, Brelov’s shock index, and vas-
cular resistance.

The research was conducted by the provisions of
the Council of Europe Convention on the Protection of
Human Rights and Dignity in Biomedicine (1997), Ethi-
cal Principles of Medical Research with Human involve-
ment, adopted by the 52nd Assembly of the World
Medical Association (2000). Universal Declaration on
Bioethics and Human Rights “, adopted by the UNESCO
General Conference (2005), the principles of the Decla-
ration of Helsinki (1964), and in compliance with current
regulatory requirements of Ukraine. Parents of all chil-
dren have given informed written consent to conduct a
survey of their children and use the data that was ob-
tained in scientific work.

Statistical processing of the obtained results was
performed according to well-known methods of vari-
able statistics with the determination of mean values
(M) and standard error (xtm). The reliability of the data
forindependent samples is calculated by the Student’s t-
test. The difference was considered significant at P>0.05
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The research results and their discussion. The effec-
tiveness of exercise on the additional results dynamics
of the cardiovascular and respiratory system’s functions
by the tests of physical performance in school-age chil-
dren with scoliosis aged 11-14 years are shown in the
table.

Determination of left ventricular capacity in children
with scoliosis aged 11-14 years has shown that the
use of a physical exercises complex in girls statistically
significantly has exceeded the corresponding values in
boys (p<0.05). At the same time under load, there has
been an increase in the power of the left ventricle in
boys (0.68+0.15 vs. 0.48+0.22) and girls (0.83+0.02 vs.
0.5240.02; p<0,05). There has been a decrease in left
ventricular capacity to background values during the
first and second rest (table).

The gender difference in the distribution of the
indicator has disappeared (p>0.05) after the physical
education program. There have noticed a general trend
—anincrease in the left ventricular myocardium capacity
during exercise and its gradual decrease during rest.

Stable values in children with scoliosis aged 11-14
years before exercise were without significant gender
difference (p>0.05) during the oxygen pulse determin-
ing, with a slight increase in the value of oxygen pulse

during exercise (10.61+0.06 vs. 9,29+0.05 in boys;
p>0.05, 9.44+1.63 against 8.69+0.15 in girls, p<0.05).

After a complex of physical exercises, there has
been a statistically significant increase in oxygen pulse
at rest in both boys (12.24+0.06 vs. 9.29+0.05) and girls
(13.06+0.04 vs. 8.69+0.15) compared with the “back-
ground” value before the application of physical exer-
cises (p<0.05). Oxygen heart rate in children also has
exceeded the corresponding values before the use of
exercise (p<0,05) during exercise and rest.

A study of minute blood volume in children with sco-
liosis aged 11-14 years has shown that it did not differ
statistically significantly in girls and boys, increased with
exercise, and decreased to baseline at rest before treat-
ment.

After the physical education program, the min-
ute blood volume in boys was statistically significantly
lower than the corresponding indicator before exer-
cise (8.07+2.49 vs. 13.04+0.01; p<0.05), while as in
girls — this one increased on the background of exer-
cise (14.09+0.21 vs. 12.72+0.06; p<0.05). At the age of
7-10 years the minute volume of blood was statistically
significantly more intense during the load, compared
to the corresponding indicators before physical educa-
tion in girls (24.1140.40 vs. 19.65+0.02), but not in boys

Table — The impact of exercise on the additional results dynamics of the cardiovascular and respiratory
systems function by tests of physical performance in children with scoliosis aged 11-14 years

. After research Before research

Indicators melaJ:t;trZ%fent Boys Girls P Boys Girls (n=10) P P P

(n=9) (n=10) (n=9) ! 2
no-load Watt 0,36+0,03 | 0,430,03 | >0,05 | 0,48+0,01 | 0,52+0,02 | <0,05 | <0,01 | <0,05
Left ventricularl l0ad Watt 1,1040,04 | 1,11+0,06 | >0,05 | 0,68+0,02 | 0,83%0,02 | <0,01 | <0,01 | <0,01
power 1rest Watt 0,36+0,02 | 0,44%0,02 | <0,05 | 0,54+0,03 | 0,39+0,01 | <0,01 | <0,01 | >0,05
2 rest Watt 0,39+0,03 | 0,45£0,03 | >0,05 | 0,52+0,01 | 0,67+0,02 | <0,01 | <0,01 | <0,01
no-load| mi/beat | 12,24%0,06 [13,06+0,04| <0,01 | 9,29+0,05 | 8,69+0,15 | <0,01 | <0,01 | <0,01
Oxygen pulse load mi/beat | 16,87+1,69 16,91+0,87| >0,05 | 10,61+0,06 | 9,44+1,63 | >0,05 | <0,01 | <0,01
1rest mi/beat | 13,97+4,71 [14,07+0,21| >0,05 | 9,33+0,19 | 9,0440,02 | >0,05 | >0,05 | <0,01
2 rest mi/beat | 14,19+3,51 |14,89+0,10| >0,05 | 9,89:0,11 | 9,21%0,03 | <0,01 | >0,05 | <0,01
no-load I/min 8,07+2,49 [14,09+0,21| <0,05 | 13,04%0,01 | 12,7240,06 | <0,01 | >0,05 | <0,01
Minute blood |  10ad I/min 17,03+4,00 | 24,11#0,49| >0,05 | 18,66+0,15 | 19,65:0,02 | <0,01 | >0,05 | <0,01
volume 1rest I/min 8,03+3,03 |15,11x0,09| <0,05 | 13,85+0,04 | 10,18+0,01 | <0,01 | 0,05 | <0,01
2 rest I/min 9,11#3,30 |15,21%0,07| >0,05 | 13,73%0,06 | 13,53+0,01 | <0,01 | 0,05 | <0,01
no-load ml/I 0,47+0,05 | 0,30£0,03 | <0,05 | 0,250,01 | 0,24+0,02 | >0,05 | <0,01 | >0,05
Arteriovenous| load ml/I 0,22+0,02 | 0,17+0,02 | >0,05 | 0,18+0,01 | 0,22+0,01 | <0,05 | >0,05 | <0,05
difference | 1 rest ml/I 0,44+0,03 | 0,30£0,03 | <0,01 | 0,26%0,02 | 0,30£0,02 | >0,05 | <0,01 | >0,05
2 rest ml/I 0,45:0,03 | 0,31x0,02 | <0,01 | 0,25:0,02 | 0,24+0,02 | >0,05 | <0,01 | <0,05
no-load U 0,55+0,01 | 0,61+0,05 | >0,05 | 1,1840,01 | 1,22+0,06 | >0,05 | <0,01 | <0,01
Brelov’s shock | load U 0,81+0,04 | 0,7940,02 | >0,05 | 1,43%0,07 | 1,53+0,01 | >0,05 | <0,01 | <0,01
index 1rest U 0,54+0,04 | 0,5940,05 | >0,05 | 1,23+0,02 | 0,96+0,02 | <0,01 | <0,01 | <0,01
2 rest U 0,5640,03 | 0,61+0,03 | >0,05 | 1,16%0,01 | 1,19+0,02 | >0,05 | <0,01 | <0,01
no-load U 8,00+0,03 | 6,150,03 | <0,01 | 5,54+0,02 | 5,94+0,02 | <0,01 | <0,01 | <0,01
jsicljlfécr load U 5,75£2,15 | 3,07+0,04 | >0,05 | 4,18+0,01 | 4,4940,03 | <0,01 | >0,05 | <0,01
resistance | 1rest U 8,01+0,17 | 6,1240,14 | <0,01 | 5,624#0,01 | 7,25#0,02 | <0,01 | <0,01 | <0,01
2 rest U 8,174¢0,19 | 6,37+0,20 | <0,01 | 5,51+0,04 | 6,524#0,01 | <0,01 | <0,01 | >0,05

Notes: P — the reliability degree of development between boys and girls in groups before and after rehabilitation activities; P' — the degree of
difference between boys after rehabilitation in comparison with boys before rehabilitation; P? is the degree of difference between girls after
rehabilitation in comparison with girls before rehabilitation.
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(17.03£4.00 vs. 18.66+0.15), which may indicate both
the positive effect of exercise on the cardiovascular sys-
tem of children with scoliosis aged 11-14 years and the
increased load that the body of a teenage girl with sco-
liosis may undergo (table).

The arteriovenous difference did not statistically sig-
nificantly differ in girls and boys before the physical edu-
cation program. There did not find gender differences in
the distribution of the indicator during exercise and at
rest (p>0.05).

After a complex of physical exercises, the rate of
arteriovenous difference in girls was statistically signifi-
cantly lower compared to the corresponding value of
boys no-load, during exercise, and at rest (p<0.05). It is
another indication of the increased load of exercise on
the body of girls aged 11-14 years with scoliosis.

There did not find a gender difference in the distribu-
tion of values of the Brelov shock index no-load, during
exercise, at rest before and after a complex of exercises
(p>0.05). At the same time, when we are comparing
the values of the index before and after the physical
education program, it was found a statistically signifi-
cant decrease in the shock index in boys (0.55+0.01 vs.
1.18+0.01) and girls (0.60+0.05 vs. 1.22+0.06; p<0.05).

After a complex of physical exercises, there was a
statistically significant increase in vascular resistance
both no-load and during exercise and rest (p<0.05). At
the same time, the indicator was statistically significant-
ly higher in boys than the corresponding indicators in
girls of this age group both no-load and during exercise
and rest (p<0.05).

Conclusions. Thus, a special program of physical
education for children with scoliosis aged 11-14 years
has a positive effect on the functioning of the cardio-
respiratory system by the definition of left ventricular
capacity and oxygen pulse. Determination of vascular-
specific resistance allowed to show the same gender
distribution of the indicator before physical education
activities (p>0.05). Thus, under load, the resistivity of
the vessels has decreased and then increased again to
the appropriate «background» values.

Prospects for further research. It was shown multi-
directional dynamics changes of additional parameters
of the functioning of the cardiorespiratory and vascular
systems that require to development of individual exer-
cise programs to improve the physical performance of
children aged 15-17 with scoliosis.
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E®EKTUBHICTb BN/IUBY MNPOrPAMU ®I3U4YHOIO BUXOBAHHA HA AUHAMIKY 3MIH AOOATKOBUX MAPA-
METPIB ®YHKL,IOHYBAHHS KAPAIOPECMIPATOPHOI | CYAUHHOI CUCTEM Y [ITEN 31 CKONIO30M

Ounuko O. A., Anuko 4. B., bobupes B. €., KypinbueHko I. 10., 3iHosies O. M., Paasiescbkuii B. M., Aunuko B. B.

Pe3stome. OgHMM 3 HAaNBAXKIMBILIMX MOMEHTIB B OLiHLi epeKTUBHOCTI Gi3UYHOro 034,0POBNAEHHSA Y AiTEN i CKONi-
030M € AMHaMIKa NOKa3HMKIB QYHKLIOHYBAHHA KapAiopecnipaTopHOI i CyaMHHOT cMcTemu.

Mema pobomu: focnigKeHHA noasrana y BUSHaYeHHi epeKTUBHOCTI BNIMBY po3pobaeHoi nporpamm ¢ismyHoro
BMXOBAHHA HAa AMHAMIKY 3MiH 40AATKOBUX NapameTpiB pyHKLiOHYBaHHA KapaiopecnipaTopHOi i CygMHHOT cnctem y
AiTel WKinbHoro BiKy 3i ckonio3om Bikom 11-14 pokis

06’ekm i memoodu docnidxceHHA. bazamu ans AOCNiAKEHHS BUCTYNUAN: CNeLiani3oBaHa 3ara/ibHOOCBITHA caHa-
TOpHa WKona-iHTepHaT Ne 13 ana aitel 3i ckoniosom m. OnekcieBo-ApyKiBKa [loHeLbKoi obnacTi.

LocniarkeHHs nposeaeHo y 19 aitei Bikom 11-14 pokis 3i ckoniosom (9 xnonuukis i 10 gisyaToK). Po3pobneHa
KOMMNAeKCHa nporpama $GisnyHux Bnpas ansa Tpmeanoi peabinitauii Aiten WKiNbHOTO BiKy, AKI MatoTb AedeKTn xpebTa
(ckonios). B ocHOBY AocCniaKeHHA 6yv NOKNaAEH] pe3ynbTaTi BNANBY KOMMIEKCHOT Nporpamm po3pobieHoi TeXHO-
norii isnyHMX BNpas Ha NPOBIAHI MOKAa3HMKM Gi3MYHOT NpaLLe3aaTHOCTI, Ha abcontoTHMIA | BiAHOCHUI obcar cepug,
yAapHUIA 06’em KpoBi | XBUIMHHNI 06CAT KPOBOOBIry; cepueBuii iHaeKkc 3a PWC; MCK 3a ob6csirom cepus; WBUAKICTb
KPOBOTOKY. Bianosiab cepueBo-CyAMHHOI i pecnipaTopHOi CMCTEM HA OTPUMAHI pe3ynbTaTh GisMYHOro BUXOBAHHSA
OLLiHIOBA/IN 33 NOKa3HUKaMM NOTYXKHOCTI NiBOTO LW/YHOYKA, KUCHEBOFO My/bCy, XBUJIMHHOFO 06’eMy KpoBi, apTepio-
BEHO3HOI Pi3HMLL, LLOKOBOTO iHAeKcy bpenoBa i nMToMOro onopy cyguH.

Pe3ynemamu. Mporpama $isMyHOro BUXoBaHHA NO3UTUBHO BNAMBAE HA PYHKLIOHYBAHHA Kapio-pecnipaTopHoi
CUCTEMMU, 3TiAHO 3 BU3HAUYEHHSM MOKa3HMKIB NOTYXHOCTI NIBOrO WAYHOUKA Y AiTel 3i ckoniosom Bikom 11-14 pokis
NMOKasasno, WO NOKa3HMKM Yy AiBYaT CTaTUCTUYHO 3HAYMMO MepeBULLYBaAW BiANOBIAHI 3HAYEHHA Y XI0MNYMKIB, NPU
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LbOMY BigMidanaca 3ara/ibHa TEHAEHLiA: NiABULLEHHA NOTYXHOCTI MiOKapAy NiBOro W/ayHOUYKA NPU HaBaHTAXKEHHI
Ta il NOCTYNnoBe 3HUKEHHA 33 BiANOUYMHKY, TAKOXK BifbOYyBasoCA CTaTUCTUUYHO 3HAUYMME MiABULWEHHA KUCHEBOTO MYy/b-
Cy B CMOKOI AK y xnon4ukis (12,24+0,06 npotn 9,29+0,05), TaK i y agisuat (13,06+0,04 npotn 8,69+0,15) nopisHAHO
i3 «GOHOBMM» 3HAUYEHHAM [0 3aCTCyBaHHA GisMUHUX BNPaB. XBUNMHHUI 06'eM KPOBi y XJI0MNYMKiB BYB CTaTUCTUYHO
3HAYMMO HUXKYMM 32 BiANOBIAHMI NOKA3HUK 0 BUKOPUCTaHHA Gi3MYHMX BNPaAB, B TOM Yac AK y AiBYAT — XBUJIMHHUIA
06’em KpoBi 3pocTaB Ha GpoHi i3MUHMX BNpaB, NOKAa3HWK apTepioBEeHO3HOI Pi3HML Y AiBYaT BUABUBCA CTaTUCTUYHO
3HAYMMO HUKYMM B MOPIBHAHHI 3 BiANOBIAHUM 3HAUYEHHAM X/I0NYMKIB B CMOKOI, NPY HaBaHTaXeHHI i nig yac signo-
UYMHKY, TAKOXK Micaa npoBeaeHHA GisMYHMX BNpaB BigbyBanoca CTaTUCTUYHO 3HAYMMe 36i/1blIEHHS MUTOMOTO OMNopy
CYAMH fAIK B CTaHi CMOKOLO, TaK i MPW HaBaHTAXKeHHI i BiAMOYMHKY. [Tpn LLbOMY MOKA3HUK Yy X/IOMYUKIB CTAaTUCTUYHO
3HAYMMO NepeBMLLYBaB BiANOBIAHI NOKAa3HMKM y AiBYAT Li€i BIKOBOI rpynu AIK B CTaHi CNOKOHO, TaK i MPW HaBaHTaXKeH-
Hi i BIAMOYMHKY.

BucHo8Ku. TakKMmM YMHOM, cneljiasbHa nporpama ¢isMyHOro BUXOBaHHSA Y AiTel 3i ckonio3om Bikom 11-14 pokis
NO3UTUBHO BM/IMBAE HA PYHKLOHYBAaHHA Kapaio-pecnipaTopHOi cMCTeMM, 3riAHO 3 BU3HAYEHHAM MOKA3HUKIB Mo-
TYKHOCTi NiBOTO LW/IYHOYKA | KUCHEBOTO NyNbCy. BU3HAYEHHA NMTOMOrO onopy CyAuH A03BONMNO 3aCBiAYNTM OfHA-
KOBWW reHAepHNIA PO3MOAin NOKasHWKa A0 NpoBeAeHHA 3axoiB ¢isnyHoro BuxoBaHHs (p>0,05). Tak, Nnpu HaBaHTa-
YKEHHi NMTOMMI oNip CYAWH 3MEHLIYBaBCA, a Aali 3HOBY 3pOCTaB A0 BignoBigHUX «GOHOBUX» 3HAUYEHD.

Mepcnekmusu nodansbuiux 0ocnioxeHs. HaBeaeHi pisHOHanpaB/eHi 3a AKICTIO 3MiHU ANHAMIKW A0AATKOBMX Na-
pameTpis GYHKLiIOHYBAHHA KapAiopecnipaTopHOI i CyANHHOI cucTem, NoTpebyroTb pO3pobKM iHAMBIAYaNbHUX NPO-
rpam ¢isMyHMX BNpas ANA NOKpaLLeHHs $i3nyHOT npaue3gaTHoCTi aitel Bikom 15-17 pokis i3 ckonio3om.

KntouoBi cnoBa: WKoApwW, CKOMi03, KapaiopecnipaTopHa i cyamMHHa cuctema ¢isryHe BUXOBaAHHA.

THE EFFECTIVENESS OF THE INFLUENCE OF THE PHYSICAL EDUCATION PROGRAM ON THE DYNAMICS OF
CHANGES IN ADDITIONAL PARAMETERS OF CARDIOSPIRATORY AND VASCULA FUNCTIONING IN CHILDREN WITH
SCOLIOSIS

Dychko O. A., Dychko D. V., Bobyrev V. Ye., Kurilchenko I. Y., Zinoviev O. M., Radzievsky V. P., Dychko V. V.

Abstract. One of the most important points in assessing the effectiveness of physical rehabilitation in children
with scoliosis is the dynamics of the indicators of functioning of the cardiorespiratory and vascular systems. Purpose
of the research: the scientific research is to study the effectiveness of the developed physical education program on
the dynamics of changes in additional parameters of the functioning of the cardiorespiratory and vascular systems
in school-age children with scoliosis at the age of 11-14 years. Materials and methods of the research. The bases for
the research were specialized general sanatorium boarding school Ne 13 for children with scoliosis in Oleksiyevo-
Druzhkivka, Donetsk region.The study was conducted among 19 children at the age of 11-14 years with scoliosis (9
boys and 10 girls). A comprehensive program of physical exercises for long-term rehabilitation of school-age children
with spinal defects (scoliosis) has been developed. The research was based on the results of the impact of a com-
prehensive program of developed exercise technology on the leading indicators of physical performance, absolute
and relative heart volume, stroke volume and minute blood circulation; cardiac index by PWC; MSC by heart volume;
blood flow rate. The response of the cardiovascular and respiratory systems to the results of physical education was
assessed by left ventricular capacity, oxygen pulse, minute blood volume, arteriovenous difference, Brelov’s shock
index and vascular resistance.

Results. The program of physical education has a positive effect on the functioning of the cardio-respiratory
system, according to the definition of left ventricular capacity in children with scoliosis at the age of 11-14 years
showed that the indicators in girls were statistically significantly higher than in boys. There was a general trend: an
increase in the power of the left ventricular myocardium during exercise and its gradual decrease during rest, there
was also a statistically significant increase in oxygen pulse at rest as in boys (12.24+0.06 vs. 9.29+0.05), and in girls
(13.06£0.04 vs. 8.69+0.15) compared with the “background” value before exercise. Minute blood volume in boys
was statistically significantly lower than the corresponding rate before exercise, while in girls — minute blood volume
increased on the background of exercise, the rate of arteriovenous difference in girls was statistically significantly
lower than the corresponding the importance of boys at rest, during exercise and at rest, as well as after exercise,
there was a statistically significant increase in vascular resistance both at rest and during exercise and rest. At the
same time, the rate in boys was statistically significantly higher than the corresponding rates in girls of this age group
both at rest and during exercise and rest.

Conclusions. Thus, a special program of physical education for children with scoliosis aged 11-14 years has a posi-
tive effect on the functioning of the cardio-respiratory system, according to the definition of left ventricular capacity
and oxygen pulse. Determination of vascular specific resistance allowed to show the same gender distribution of the
indicator before physical education activities (p>0.05). Thus, under load, the resistivity of the vessels decreased, and
then increased again to the appropriate “background” values.

Prospects for further research. The multidirectional in the quality changes in the dynamics of additional param-
eters of the cardiovascular and vascular systems that have been presented in the research, require the development
of individual exercise programs to improve the physical performance of children at the age of 15-17 years with
scoliosis

Key words: schoolchildren, scoliosis, cardiorespiratory and vascular system, physical education.
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