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spheroids at all concentrations tested. Higher cell concentrations accelerated aggregation and resulted in larger
spheroids. Viable spheroids showed 100% attachment, active migration, and differentiation into neuronal and glial
cells, forming neural networks.

Pre-culturing neural cells is essential for successful spheroid formation via the hanging drop method. Optimal
conditions include using pre-cultured cells at 2x10® to 8x103 cells per 20 pl drop, with cultivation over 3-4 days.
This approach yields stable, viable spheroids of 150-200 um, offering valuable models for studying nervous system
physiology and pathology.
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The aim of the study is to analyze the results of the assessment of physical performance of adolescents with sco-
liosis compared to practically healthy peers at the age range of 11 to 14 years. There are 43 examined adolescents:
19 with scoliosis and 24 healthy adolescents. To assess physical performance and adaptive capabilities of the body,
the type of blood circulation, parameters of the cardiovascular and autonomic nervous systems, as well as maximum
oxygen consumption in response to physical exertion are studied. It is found that adolescents with scoliosis have a
predominant hypokinetic type of blood circulation (88.9% in boys and 90.0% in girls) and sympathicotonia (77.8%
and 90.0%, respectively), while healthy peers have a predominant eukinetic type of blood circulation. Despite the
compensatory increase in minute blood volume during exercise, the general working capacity and maximum oxygen
consumption in children with scoliosis are significantly lower than in the control group. Thus, the identified functional
changes indicate a decrease in the adaptive and compensatory capabilities of the body of adolescents with scoliosis,
which emphasizes the need to develop specialized rehabilitation programs.

Key words: scoliosis, adolescents, physical performance, cardiovascular system, autonomic nervous system,
physical activity, rehabilitation.

Connection of the publication with planned re-
search works.

etc. In maintaining homeostasis and its regulation, the
most important role belongs to the interactions of the

The study is a fragment of the research project “Study
of adaptive reactions of the organism, formed under the
influence of various factors of nature and society”, state
registration number 0115U003314.

Introduction.

A person’s ability to physically and socially adapta-
tion is complex and diverse. It is determined by many
factors, including somatic condition, ability to tolerate
physical and psycho-emotional stress, level of fitness,

cardiovascular, nervous, muscular, respiratory and im-
mune systems, endocrine glands, sensory organs, as well
as the hypothalamic-pituitary and limbic systems of the
brain [1,2,3,4,5,6,7,8,910].

One of the severe types of adaptation disorders that
lead to social defects and social inadequacies is muscu-
loskeletal disorders [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]. Taking
into account the specifics of the development of chil-
dren with scoliosis, as well as the causes of their pathol-
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ogy, there is a problem of proper education of such a
contingent of children/adolescents in order to prevent
possible secondary deviations in the emotional and in-
tellectual spheres, physical development, and early dis-
ability [1, 2, 3, 4,5, 6,7, 8,9, 10].

The aim of the study.

To analyze the results of assessing the physical
performance of children with scoliosis and practically
healthy peers at the aged range from 11 to 14 years.

Object and research methods.

The basis of the study was the Aleksiiovo-Druzhkivs-
ka comprehensive sanatorium school boarding school of
I-11l degrees No. 13 for children with scoliosis and a com-
prehensive school. As part of the research, we examined
43 adolescents at the age range of 11-14 years, of which
19 adolescents (9 boys and 10 girls) with scoliosis made
up the study group and 24 conditionally healthy peers
(12 boys and 12 girls) of the comprehensive school made
up the control group.

In order to develop an adequate complex of adap-
tive physical activity, we conducted a study of physical
performance, including dynamics, tolerance to physical
activity, as well as individual parameters of the cardio-
vascular (CV) and autonomic nervous systems (ANS),
maximum oxygen consumption (MOC) in children with
scoliosis and practically healthy, age-identical ones, type
of blood circulation (hypokinetic, hyperkinetic, eukinet-
ic):

e Increase in stroke volume (SV), %.

e Increase in cardiac output (CVO), %.

e Activity of the autonomic nervous system (sym-
pathicotonia, normotonia-sympathicotonia).

e Assessment of general performance (relative).

e Assessment of general MSC (relative).

The work is carried out in accordance with the pro-
visions of the Council of Europe Convention “For the
Protection of Human Rights and Dignity with regard to
Biomedicine” (1997), “Ethical Principles of Medical Re-
search Involving Human Subjects” adopted by the 52nd
Assembly of the World Medical Association (2000),
“Universal Declaration on Bioethics and Human Rights”
adopted by resolution of the UNESCO General Confer-
ence (2005), the principles of the Declaration of Helsinki
(1964) and in compliance with the current regulatory
requirements of Ukraine. At the beginning of the study,
the parents of all children gave informed written con-
sent to the examination of their children and the use of
the obtained data in scientific work.

Statistical processing of the obtained results is car-
ried out using well-known methods of variable statistics
with the determination of mean values (M) and stan-
dard error of the arithmetic mean (tm), the reliability of
the data for independent samples is calculated using the
Student t-test. The difference was considered significant
at p<0.05.

Research results and their discussion.

When analyzing the results of the assessment of
physical performance in children with scoliosis at the
age range from 11 to 14 years, it is found that among
practically healthy children, the hypokinetic type of
blood circulation is observed only in 16.7% of girls, and
the dominant type of blood circulation, as in the age
group from 7 to 10 years, remains eukinetic (75.1% of
boys and 83.3% of girls, table).

In contrast, in boys from 11 to 14 years old with sco-
liosis, the hypokinetic type of blood circulation was de-
tected in 88.9%, while the eukinetic type was detected
in 11.1% (table).

The predominance of the hypokinetic type of blood
circulation is also found in girls with scoliotic disease
(90%), the remaining 10% of girls has a hyperkinetic type
of blood circulation (table).

When analyzing the activity of the autonomic ner-
vous system, it is found that in practically healthy boys
and girls aged from the age of 11 to 14, a balance is ob-
served between the sympathetic and parasympathetic
links of the autonomic nervous system.

In contrast, in children with scoliosis of both sexes,
there is an absolute predominance of individuals with
predominant activation of the sympathetic part of the
autonomic nervous system (77.8% and 90% in boys and
girls, respectively; table).

During physical activity, there is an increase in stroke
volume. However, unlike the increase in stroke volume
in children at the age range from 7 to 10 years old, in
adolescents at the age range from 11 to 14 the highest
increase is recorded in girls with scoliosis compared to
girls in the control group (34.52+2.10 versus 19.67+1.11,
respectively, p<0.05; table). No statistically significant
difference in the distribution of the indicator among chil-
dren with scoliosis is found (table).

The increase in minute blood volume in response to
exercise occurred in both the experimental and control
groups (table). At the same time, the increase in minute
blood volume is more pronounced in girls (162.00+8.00)
and boys (130.16+8.92) with scoliosis compared to the
corresponding values in the control group (55.00+1.67
and 60.12+0.85; table).

In general, there is a satisfactory response of the in-
crease in minute blood volume in response to physical
activity (table).

When assessing general performance, both girls and
boys in the control group are characterized by excellent
performance, while scoliotic disease is associated with
low general performance.

Determination of maximum oxygen consumption al-
lows to characterize the indicator as “high” in the control
group, which indicates good adaptive and compensato-
ry capabilities of the body of a practically healthy child
aged 11-14 years (table). In contrast, the worst indica-
tors of oxygen consumption are observed in girls aged
11-14 years with scoliosis, while the indicators are some-
what better in boys with scoliosis (table).

Thus, at the age from 11 to 14, the worst indicators
of physical performance are recorded in girls with sco-
liosis, which can be explained by the puberty period of
girls, the rapid growth of teenage girls and, accordingly,
the progression of scoliosis.

The obtained data indicate significant disorders of
the functioning of the cardiovascular and autonomic
nervous systems in adolescents with scoliosis. The pre-
dominant activation of the sympathetic branch of the
autonomic nervous system and the hypokinetic type
of blood circulation indicate an increase in the tension
of regulatory mechanisms, which may be a response to
the constant adaptive load associated with spinal defor-
mation. This condition leads to a decrease in physical
performance and a deterioration in the adaptive and
compensatory capabilities of the body as a whole. The
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Table — Analysis of results and assessment of physical performance
in children with scoliosis at the age from 11 to 14 years

Practically healthy children Children with scoliosis
Indicators, units of measurement Boys Girls P Boys Girls p P p
(n=12) (n=12) (n=9) (n=10) 1 2
, ] hypokinetic - 2 (16.7%) - | 8(88.9%) | 9(90.0%) |>0.05| - [<0.05
Ty(pe) of blood circulation, hyperkinetic 3 (24.9%) _ _ _ _ _ _ _
n (% :
0 eukinetic 9(75.1%) | 10(83.3%) |<0.05| 1(11.1%) | 1(10.0%) |[>0.05|<0.05[<0.05
sympathicotonia _ _ _ 7 9 50.05| - _
Autonomic nervous gger(rjnoor?clar;?;(-es 3 ¥ {77280") (90100") §
system activity, sympathicotonia (100.0%) | (100.0%) 179%| (22.2%) (10.0%) |<0:05|<0.05]<0.05
n (%) normotonia- _ _ B _ _ B _ B
parasympathicotonia
. K | load 25.16+1.69 | 19.67+£1.11 [<0.05| 33.47+2.33 | 34.52+2.10 |[>0.05|<0.05|<0.01
f;:”ease In stroke volume, [ ectoration 98.24+5.04 | 103.33+5.06 | >0.05 [141.51+11.45| 124.48+8.10 |>0.05 | <0.01[<0.05
assessment satisfactorily|satisfactorily satisfactorily| satisfactorily
. di load 60.12+0.85 | 55.00+1.67 |<0.05|130.16+8.92 | 162.00+8.00 | <0.05|<0.01 (<0.01,
f;:crease'” cardiac output, I o toration 162.50+0.42| 167.00+3.33[>0.05| 87.00£2.22 | 85.12+4.02 [>0.05[<0.01|<0.01
assessment satisfactorily|satisfactorily| — |[satisfactorily|satisfactorily| - - -
Assessment of general
. . . assessment excellent excellent - low low - - -
working capacity (relative)
Overall assessment of assessment high high _ above below _ _ _
BMD (relative) 8 g average average

Notes: P — significant difference between practically healthy and scoliosis boys and girls, P, — significant difference between practically healthy
and scoliosis boys, P, — significant difference between practically healthy and scoliosis girls.

increase in systolic and minute blood volumes in children
with scoliosis is a compensatory reaction of the body to
physical activity, but their overall performance and max-
imum oxygen consumption remain lower than in healthy
peers. This emphasizes the need to develop specialized
physical rehabilitation programs aimed at correcting not
only the musculoskeletal system, but also at improving
the functional state of the cardiorespiratory system. The
results of our study are consistent with the data of other
scientific works, which also confirm the negative impact
of scoliosis on cardiorespiratory function and physical
activity, especially during puberty [11, 12, 13].

Conclusions.

Thus, adolescents at the age range from 11 to 14
years with scoliosis have significant functional disorders
of the cardiovascular and autonomic nervous systems,
which is manifested by the dominance of the hypoki-
netic type of blood circulation and the predominant
activation of the sympathetic branch of the autonomic
nervous system. These functional changes lead to a sig-

DOI 10.29254/2077-4214-2025-3-178-106-112
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nificant decrease in physical performance and adaptive
and compensatory capabilities of the body compared to
healthy peers. Low rates of maximal oxygen consump-
tion (MOC) in children with scoliosis, especially in girls,
indicate the depletion of their functional reserves in re-
sponse to physical activity, which emphasizes the chron-
ic adaptive stress associated with the disease.

Prospects for further research.

The main scientific provisions obtained in this arti-
cle are the basis for the next stage of research aimed at
studying the assessment of the dynamics of indicators
of physical performance and the functional state of the
cardiorespiratory system in adolescents with scoliosis
under the influence of targeted physical rehabilitation
programs, studying the relationship between the sever-
ity of scoliosis and the severity of functional changes
in the cardiovascular and autonomic nervous systems,
developing new, non-invasive methods for assessing the
functional reserves of the body in children with muscu-
loskeletal disorders.

"Auuko 4. B., "Quuko O. A., 'Kypunsuenko I. 0., "Juuko B. B., 2Mapkoea O. B., *4epHenko C. O.
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Mema OocnidOuceHHA noas2aaa 8 aHanizi pesysbmamis oYiHKU pizu4Hoi npayezdamHocmi nidnimkie i3
CKOs1i030M MOPIBHAHO 3 MPAKMUYHO 300p08UMU 00HOAIMKaMu 8ikom 11-14 pokis. bysio o6cmexceHo 43 nionimka: 19
3i ckoniozom ma 24 ymoeHo 300posux. 14 ouiHKu ¢izu4Hoi npauyezoamyocmi ma adanmayiliHux moxcaugocmedli
Op2aHi3My sus4anuca mun Kposoobiey, napamempu cepuyeso-cyOUHHOI ma eecemamueHOi HepP80o8oi cucmem,
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0 MaKOH MAKCUMQAsbHE CMOMCUBAHHA KUCHIO y 8i0Mosidb Ha (hi3uyHe HABAHMAMEHHA. BcmaHoeneHo, wo y
nionimkie 3i ckonio3om nepeeaxae 2inokiHemuyHuli mun Kposoobizy (88,9% y xnon4ukie i 90,0% y dieuamok)
ma cumnamukomodHis (77,8% i 90,0% eidnogioHo), modi AK y 300posux 00HOsAIMKi8 OOMIHYE eyKiHemu4Huli
mun Kpogoobizy. [Mornpu KoMneHcamopHe 3PO0CMAHHA X8UAUHHO20 06’EMY Kpo8i Npu HABAHMAXEHHI, 3020/1b6HA
npaye3fdamHicmes ma MAKCUMAsbHE CIOXUBAHHA KUCHIO y 0imell 3i CKOMi030M 8UABUAUCA 3HAYHO HUMCYUMU, HiXC
Y KOHMpPOsbHIl epyni. TAKUM YUHOM, 8USBAEHI (hYHKYIOHAAbHI 3MIHU C8i0Yamb MpPo 3HUMCeHHA adanmayiliHux ma
KOMMEeHCamopHUX Moxcausocmeli op2aHiamy nionimkie 3i CKOaio30M, Wo nidKpecaoe HeobxiOHicmbs po3pobKu

creuyianizo8aHux npozpam peabinimayii.

Knro4oei cnoea: ckonios, nidnimku, ¢isuyHa npayezdamHicms, cepuyeso-cyOuUHHA cucmema, ee2emamusHd
Hepsosa cucmema, (isuyHe HABAHMAXeHHA, peabinimayis.

38’A30K ny6nikauii 3 nhaHoBMMM HayKOBO-AOCNig-
HUMK poboTamu.

JocnipxkeHHa € dparmeHtom HAOP «BuByeHHA apan-
TALiMHUX peakLiil opraHiamy, Wo GpopmytoTbCA Nif BNAK-
BOM Pi3HOMaHITHMUX GaKTOPIB MPUPOAN Ta CYCMiNbCTBAY,
HOMep AeprKaBHoI peecTpay,ii 0115U003314.

Bcryn.

34aTHiCTb Nt0AMHM A0 Pi3MYHOI Ta couianbHOi agan-
Tauji cknagHa 1 pisHomaHiTHa. BoHa BM3HauyaeTbcA Ha-
raTbMa GakTopamMu, B TOMY YUC/i COMATUYHUM CTaHOM,
3[aTHICTIO NepeHOCUTH Pi3nYHI | NcMXxoeMoLiliHi HaBaH-
TQXEHHA, CTyneHem TPEeHOBAHOCTI Towo. Y niaTpumLi
romMeocTasy Ta Moro perynsauii HansBax/auBiWwa ponb Ha-
JIEXXUTb B3aEMOZAiIAM CEpLLeBO-CYANHHOI, HEPBOBOT, M’A-
30BOi, ANXANbHOI Ta IMYHHOT CUCTEM, 327103 BHYTPILIHbLOI
ceKpeLii, opraHam BiAuyTTiB, @ TaKOXK rinoTanamorinodi-
3apHoi i NimbiyHOT cuctem mosky [1, 2, 3,4,5,6,7,8,9
10].

OZHMM 3 BaXKKUX BWUAIB NOpPYLWEHHA afganTauii, wo
npu3BoAATb A0 CouianbHOro aedekTty, couianbHOi He-
[OCTaTHOCTI, € 3axBoptoBaHHA OPA (onopHO-pyxoBOro
anaparty)[1, 2,3,4,5,6,7,8,9, 10]. 3 ypaxyBaHHAM 0CO-
6AnBOCTElN PO3BUTKY AiTel 3i CKONIO30M, a TaKOXK bepy-
4ynM 40 yBarvM NPUYMHK ix NaTonorii, BAHMKAE npobiema
NPaBUNIbHOTO HaBYaHHA TaKOro KOHTUHIeHTy Aitein /
niaNiTKiB 3 MeTor 3anobiraHHA MOXKANBUX BTOPUHHUX
BiAXW/IeHb B eMOLLiliHIl Ta iHTeNeKTyanbHil cdepax, di-
3MYHOMY PO3BUTKY, @ TAKOXK pPaHHbOI iHBanian3awii [1, 2,
3,4,5,6,7,8,9, 10].

MerTa gocnigKeHHs.

AHani3 pe3ynbraTiB ouiHKK Gi3MYHOI NpaLe3aaTHOCTI
AiTel i3 cKonio3om Ta NpPaKTUYHO 340POBUX OAHONITOK
Bikom 11-14 pokis

O6’eKT i meTOAU AOCNIAKEHHA.

basoto pocnigxeHHs Buctynuna OnekcilioBo-Apy-
YKKIiBCbKa 3ara/ZibHOOCBITHA CaHATOPHA LWKOMA iHTepHaT
I-11l ctynewis Ne 13 gna aiTel 3i cKonio3om Ta 3arasibHo-
OCBIiTHA WKoMa. B pamKkax poboTtn Hamu bynun obcTexe-
Hi 43 nigniTka Bikom 11-14 pokis, 3 HUX 19 nigniTkiB (9
xnonuyumkie Ta 10 AiBYaToK) 3i CKOMIO30M CKNaAM AOCAi-
OXKYBaHHY rpyny Ta 24 yMOBHO 340p0OBMX OAHONITKA (No
12 xnonuukie Ta 12 AiB4aTOK) 3ara/ibHOOCBITHbLOI KON
AKi CKNaNu KOHTPOAbHY rpyny.

3 meTo po3pOobKU a4eKBATHOIO KOMMJIEKCY aaan-
TUBHUX i3MYHMX HABaHTaXKEHb HaMMK NPOBELEHO A0-
cnigeHHA ¢isnyHOI NpauesnaTHocCTi B T.4. i B ANHAMI-
i, ToNIepaHTHOCTI A0 Pi3UYHUX HaBaHTaXKeHb, a TAaKOX
OKpeMux napameTpis cepueBo-cyanHHoi (CCC) i BereTa-
TMBHOI HepBoBOi cucTem (BHC), MakcMManbHOro Cnoxu-
BaHHA KucHio (MCK) y aiteld 3i CKONio30M i NPaKTUYHO
3[0pOBUX, iAEHTUYHMX 33 BiKOM AiTei. Tun KpoBoobiry
(rinOKIHETUYHUI, riNepKIHETUYHUIA, eYKIHETUYHWI).

MoKa3HMKM, WO BU3HaAYaUCA:

¢ 3pocTaHHsA cucToniyHoro 06’emy (CO), %.

® 3pOCTaHHA XBUAUHHOIO 06’emy Kposi (XOK), %.

® AKTUBHICTb BEreTaTMBHOI HEPBOBOI CUCTEMU (CUM-
NaTUKOTOHIN,, HOPMOTOHI-CUMMATUKOTOHIA).

e OuiHKa 3aranbHOI Npaue3aaTHoCTI (BiAHOCHOI).

e OuiHKa 3aranbHoi MCK (BigHOCHOI).

PoboTy BUKOHYBaNW 3rifHO 3 NON0XKEHHAMM KOHBEH-
Lii Pagn €sponu «MNpo 3axncT npas Ta rigHOCTI NHOANHMK
B acnekTi 6iomeanumHm» (1997), «ETMYHMX NpuHUMNIB
MEeAMYHUX HAYKOBUX AOC/IAMKEHb i3 3a/ly4eHHAM o4
CbKUX Cy6’eKTIB» NpUIHATMX 52-t0 Acambieeto BcecBiT-
HbOT MeamyHoi Acouiauii (2000), «3aranbHoi geknapaui
npo 6ioeTnky Ta Npasa NOLAUHUY», NPUAHATOI pe3onto-
uieto feHepanbHoi KoHpepeHuii KOHECKO (2005), npuH-
uunamm lenbciHcbKoi geknapau,i (1964) Ta 3 4OTpUMaH-
HAM YMHHUX HOPMATUBHMX BUMOT YKpaiHM. Ha no4aTtKky
OocnigxeHHs 6aTbKM BCiX Aiter ganu iHdopmoBaHy
NMUCbMOBY 3rofly Ha NpoBeAeHHA OBCTeXeHHA ix Aitel
i BUKOPUCTAHHA oAepXKaHMUX AaHUX B HAaYKOBIl poboTi.

CtaTUCcTUYHY 06pPOBKY OTPUMaHUX pe3y/abTaTiB Npo-
BOAMAW 32 3araibHOBIZOMMMWM MeTogamMu Bapiabenb-
HOT CTaTUCTUKM 3 BU3HAYEHHAM cepeaHix BenndmH (M)
i CTaHOAPTHOI NMOMUKKU cepefHboi apudMeTUYHOI Be-
NIMYMHK (M), [OCTOBIPHICTb AQHWUX ANA HEe3anexHUX
BMBIpOK po3paxyBaTtu 3a t-kputepiem Student. PisHuutO
BBaAXKa/uM A0CTOBipHOM 3a p<0,05.

Pe3ynbTatu gocnigyKeHHA Ta ix 06roBopeHHs.

Mpwn aHanisi pesynbratis OUiHKM i3MYHOI NpaLes-
OATHOCTI y AiTel i3 ckoniosom Bikom 11-14 pokis BCTa-
HOB/IEHO, LLLO cepes, NPaKTUYHO 340POBUX AiTel rinoki-
HeTUYHUI TMN KpoBoobiry cnocTepirasca TinbkK y 16,7%
AiBYaT, @ AOMIHYIOYMM TUMOM KpOoBOOGiry, sAK i BiKOBIl
rpyni 7-10 pokiB, 3anuwWaeTbca eykiHeTuuHuin (75,1%
xnonuukis i 83,3% ajisuar, Tabn.).

Hatomictb y xnonuukis 11-14 pokiB 3i CKOMiO30M
rinoKiHEeTUYHMI TUN KpoBOoObiry BuABNeHU y 88,9%, B
TOW Yac K eyKiHeTuYHuin — B 11,1% (Tabn.).

MepeBaykaHHA TiNOKIHETUYHOrO TUNY KpoBOObiry
BMAB/IEHO i y AiBYaT 3 CKONiOTUYHOW XBopoboto (90%),
pewTa 10% AiBYaTOK Manu rinepKiHETUYHUIA TUMN KPOBO-
obiry (Tabn.).

Mpu1 aHani3i aKTMBHOCTI BereTaTUBHOI HEPBOBOI CUC-
TEMM BCTAHOBUW/IY, LLLO Y NPAKTUYHO 30POBUX X/IOMNYMKIB
i pisyat 11-14 pokis cnoctepirascs 6anaHc mixx cumna-
TUYHOIO | MAapPacUMMNATUYHOI NaHKaMW BereTaTMBHOI
HEpPBOBOI CUCTEMMU.

HaTomicTb y giteit 3i ckoniosom 060x ctaTelt Bigmi-
YyeHe abcontoTHe nepeBarkaHHA ocib 3 nepeBaXkHO ak-
TUBALLIEKD CMMNATUYHOT YaCTUHW BEreTaTMBHOI HEPBOBOI
cuctemu (77,8% i 90% y xnonumkis i AiBYaToK Bignosia-
HO; Tabn.).

Mpn ¢isMyHOMY HaBaHTa)KeHHi BigOyBa€eTbCA 3po-
CTaHHA cUCToNiYHOro o6’emy. Ane Ha BiaMiHy Big 3po-
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Tabnuua — AHani3 pe3ynbTarTiB i OUiHKa ¢isMUYHOI Npawe3aaTHOCTI y Aitelt 3i ckoniosom y Biui 11-14 pokis

MpaKkTUYHO 340pOBI AiTH LiTn 3i ckoniozom
MoKa3HMKK, 0ANHMLI BUMIpY Xnonymku [isuaTka p Xnonymku [isuyaTKa p p p
(n=12) (n=12) (n=9) (n=10) 1 2
6 riNOKIHETUYHUIA - 2 (16.7%) - 8 (88.9%) 9(90.0%) |>0.05| — |<0.05
Im(;o;(posoo Iy, rinepKiHeTUYHUM 3 (24.9%) - - - - - - -
eyKiHeTIuHu 9(75.1%) | 10(83.3%) |<0.05| 1(11.1%) | 1(10.0%) |[>0.05|<0.05[<0.05
nepeBsaae cumna- _ _ _ 7 9 50.05| - _
AKTUBHICTb BEreTaTMBHOI L%}E?\;\rgrcmiﬂ-cwmna- 3 ¥ {77280") (90100") -
HEPBOBOT cncTemn, TUKOTOHIA (100.0%) | (100.0%) |7%%] (22.2u%) (10.0%) | <0:05/<0.05/<0.05
n (%) HOPMOTOHIfi-pacum- _ _ _ _ _ _ _ _
NaTUKOTOHIT.
. HaBaHTaXeHHA 25.16+1.69 | 19.67+1.11 |<0.05| 33.47+2.33 | 34.52+2.10 |>0.05|<0.05|<0.01
zggg:szz*" CUCTONIMHOTO 15 1 hosneHHs 98.24+5.04 | 103.33+5.06 | >0.05 [141.51+11.45| 124.48+8.10 | >0.05 | <0.01|<0.05
’ OL,iHKa satisfactorily|satisfactorily satisfactorily| satisfactorily
HaBaHTaXeHHA 60.12+0.85 | 55.00+1.67 |<0.05|130.16+8.92 | 162.00+8.00 | <0.05|<0.01 (<0.01,
g'g?em*}'(:’;;f;““””°r° BiAHOBAEHHSA 162.50+0.42| 167.00+3.33 | >0.05| 87.00+2.22 | 85.12+4.02 |>0.05|<0.01|<0.01
’ oLjiHKa satisfactorily|satisfactorily| — [satisfactorily|satisfactorily| - - -
2;_::2?:;1;2:22:";?“3' ouiHKa excellent excellent - low low - - -
OujiHKa 3aranbHoi MIMK . . . above below
- . oLiHKa high high - - - -
(BiaHOCHOI) average average

Mpumitku: P — pisHULLA LOCTOBIPHA MiXK TPAKTUYHO 34,0POBMMMY i 3i CKONIO30M XNONYMKaMK i AiBYaTKamu, P, — pi3HULA AOCTOBIPHA MiXK NPaKTUY-
HO 3/0POBMMM i 3i CKONII030M X/10MUMKaMK, P, — pisHMLA [OCTOBIPHA MK NPAKTUYHO 34,0POBMMM i 3i CKONIO30M AiBYATKAMM.

CTaHHA cucToniyHoro ob’emy y aitern 7-10 pokis, y
nianiTkis 11-14 pokis HalBulLle 3pocTaHHA 3adiKco-
BaHe y AiBYaT 3i CKONIO30M B MOPIBHAHHI 3 AiBYaTamu
KOHTponbHoi rpynu (34,52+2,10 npotn 19,67+1,11 Bia-
nosigHo, p<0,05; Tabn.). CTaTUCTUYHO 3HAYMMOI Pi3HU-
Li B pOo3noAini NokasHWKa cepes AiTen 3 CKONI030M He
BCTaHOB/EeHO (Tabn.).

3pocTaHHA XBUINHHOIO 06’eMy KpoBi y Bignosiab Ha
HaBaHTaXeHHA BigbyBanoca AK B A4OCNIAHIN, TaK i B KOH-
TPObHIK rpyni (Tabn.). B ToV e Yac 3pOCTaHHA XBUTUH-
Horo o6’emy KpoBi nepeBsakano y aisyat (162,00+8,00)
i xnonuukis (130,16%8,92) 3i cKkoniozom B MNOpPIBHA-
HO 3 BiANOBIAHMMW 3HAYEHHAMM KOHTPOJILHOI rpPynn
(55,00+1,67 i 60,12+0,85; Tabn.).

3aranom BifbyBanaca 3a40BisibHA peaKLia 3pocTaH-
HA XBWU/IMHHOrO 06’emMy KpoBi y BignoBsigb Ha ¢isnyHe
HaBaHTaXkeHHsA (Tabn.).

Mpwn ouiHLi 3aranbHOi NpaLe3aaTHOCTI AK AiBYaTKa,
TaK i XJIOMYMKM KOHTPO/IbHOT TPYyNu XxapaKTepu3ayBanunca
BiAMIHHOIO MpauEe3aaTHICTIO, B TO 4Yac AIK CKOJMIOTMYHA
XBopoba acouitoBana i3 HW3bKOK 3aranbHOK MNpaues-
[LATHICTIO.

BU3HaYeHHA MAKCMMANbHOTO CMNOXWBAHHA KUCHIO
[03BO/IN/IO XapaKTepPU3yBaTU MOKA3HUK AK «BUCOKMIN»
B KOHTPO/IbHI rpyni, WO CBiAYMTb NPO rapHi aganTtauii-
Hi i KOMNEHCATOPHI MOXNMBOCTI OpraHiaMy NPAKTUYHO
300p0BOi AUTUHM 11-14 pokis (Tabn.). HaTomicTb Hant-
ripLwi NOKa3HMKM CNOXKMBAHHA KMCHIO BigMiYeHi y giByaT
11-14 pokiB 3i CKONIO30M, AELL0 KPaLLUMMKU BUABUANCA
NOKa3HMKM Y XJIONYUKIB 3i cKonio3om (Taba.).

TakMM YyMHOM, Y BiLi 11-14 poKiB HalripLli NOKa3HK-
K1 di3nyHoi Nnpaue3aaTHoOCTI 3adikcoBaHi y A4iByart 3i cKo-
Ni030M, WO MOKHa NOACHUTM NybepTaTHMM nepiofom
0iBYAT, CTPIMKMM POCTOM AiBYMHKU-NIAANITKA i, BigNOBIA-
HO, MPOrpecyBaHHAM CKONiO3y.

OTpvMaHi paHi cBigyaTb NPO 3HAYHI MOPYLUEHHSA
®YHKLIOHYBaHHA CepueBo-CyAMHHOI Ta BeretTaTMBHOI
HEepPBOBOI CUCTEM Y MiANITKIB 3i cKoio3om. MNepeBakHa
AKTMBALA CUMMMNATMYHOI NAHKM BEreTatMBHOI HepBO-
BOI CMCTEMM Ta TINOKIHETUYHMI TUN KpoBOOBiry BKasy-
I0Tb Ha 3POCTAHHA HAaNPyru PeryiaTopHUX MexaHi3mis,

o Moxe byTu BiANoOBiAA Ha NOCTiMHe aganTauiliHe
HaBaHTaXKeHHs, nos’A3aHe 3 aedopmauiero xpebTa.
Llen ctaH npu3BOANUTb A0 3HWMMKEHHA $i3MYHOi npaues-
JATHOCTI Ta noripweHHA aganTauiiHo-KomneHcaTop-
HUX MOX/IMBOCTEN OpraHiamy B LiJIOMYy. 3pOCTaHHA
CUCTONIYHOTO Ta XBUAMHHOIO 06’emiB KpoBi y AiTel 3i
CKOMI030M € KOMMEHCATOPHOK PeaKLiEld OpraHiamy Ha
di3MyHe HaBaHTaXKeHHSs, afie NpU LbOMY iXHA 3arajbHa
npaLe3faTHiCTb Ta MaKCMMa/ibHe CMOMMBAHHA KWUCHIO
33/IMWAOTLCA HUXKUYMMMU, HiXK Y 340POBUX OLHONITKIB.
Lle nigkpecntoe HeobxiaHicTb po3pobKu cneujianizosa-
HUX nporpam ¢isnyHoi peabiniTayii, cnpamoBaHMX Ha
KOpPEKL,it0 He SnLie ONopPHO-PYXOBOro anapaty, a M Ha
noKpaleHHA $YHKLIOHAaNbHOTO CTaHy Kapgiopecnipa-
TOPHOI cuctemun. Pe3ynbraTv HALWOro AOCNIAKEHHA Y3-
FOAKYHOTbCA 3 AaHUMM IHLWIMX HAYKOBUX POBIT, AKI TAKOXK
niaATBEPAKYOTb HEFATUBHUIA BMJIMB CKONIO3Y Ha KapAio-
pecnipaTopHy QyHKLUito Ta i3UYHY aKTUBHICTb, 0cobau-
BO B Nnepiog, ctateBoro go3pisanHa [11, 12, 13].

BucHoBKM.

TakMm 4YnHOM, y NigniTkis 11-14 pokis 3i ckoniozom
crnocTepiratoTbCA  3HaYyHi  QYHKLIOHaNbHI  MOpPYLUEHHA
CepueBo-CyAMHHOI Ta BeretaTMBHOI HEPBOBOI CUCTEM,
LLIO NPOABNAETLCA OMIHYBAHHAM FiNMOKIHETUYHOIO TUMY
KpoBoObiry Ta nepeBa*kHOK aKTUBALLIED CMMMNATUYHOT
NIAaHKM BeretaTMBHOI HepBoBOi cuctemu. Lli dyHKuio-
HaNbHi 3MiHW NPU3BOAATbL A0 ICTOTHOTO 3HUMKEHHA Oi-
3MYHOI Npaue3aaTHOCTI Ta aganTalilHO-KomMneHcaTop-
HUX MOX/IMBOCTEN OpraHi3my nopiBHAHO 3i 340POBUMMU
OLHONITKAMMU. HU3bKiI MOKA3HUKM MAKCMMAbHOTO CMo-
XuBaHHA KncHio (MCK) y aiteit 3i ckoniozom, ocobamso
y AiBYaT, CBiAYaTb NPO BUCHAMKEHHSA iX GYHKLIIOHANbHUX
pes3epBiB y BiAgnoBigb Ha ¢i3MYHE HaABAHTAXKEHHA, WO
NiZKPeCNe XPOHIYHMI aganTauiiHuiA cTpec, nos’A3a-
HWI i3 3aXBOPIOBAHHAM.

MepcneKkTMBM NOAANbLUUX [OCNIAMKEHD.

OCHOBHi HayKOBi NONOXEHHSA, OTPUMAHI B Lii cTaTTi,
€ OCHOBOIO ANA HACTYMHOro eTany AOCAiAXKeHHA, Cnpsa-
MOBAHMX HA BUBYEHHA OLIHKW OMHAMIKM MOKA3HUKIB
®i3nMyHOT npayes3gaTtHocTi Ta QYHKLIOHANbHOIO CTaHy
KapaiopecnipaTopHOi cMcTeMM y MIANITKIB 3i CKONi030M
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nig, BNAMBOM LiecnpsAMOBaHMX nporpam ¢isnyHoi pe- po3pobKa HOBMX, HEIHBA3MBHMX METOAiB OLHKM QYHKL,i-
abiniTauii, BUBYEHHA B3AaEMO3B’'A3KY MiXK CTYMEHEM TAXK-
KOCTi CKONiO3y Ta BMPaXKEHICT0 PYHKLiOHANbHMX 3MiH
CepueBo-CYAMHHOI Ta BeretatTMBHOI HEpPBOBOiI CUCTEM, OMOPHO-PYXOBOro anapary.

OHa/IbHUX Pe3epBiB OpPraHiamy y AiTen i3 NopyLeHHAMM
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AHA/I3 PE3Y/ILTATIB TA OLLIHKA ®I3UYHOI NPALE3AATHOCTI MNIANITKIB 31 CKONIO30M

Awuko A. B., Anuko O. A., KypunbueHko I. 0., inuko B. B., Mapkosa O. B., YepHeHKo C. O.

Pe3tome. 3gaTHicTb Nt0AMHKU A0 Gi3NMYHOT Ta couiabHOT aganTaLlii CKnagHa 1 pisHOMaHITHA. BoHa BU3HA4aeTbcA
6araTbma paKkTopamu, B TOMY YUC/Ti COMATUYHUM CTaHOM, 34aTHICTIO NepeHoCUTU Gi3nYHI | NCMXoemoLiiHi HaBaH-
Ta*KeHH$, CTyNneHem TPeHOBaHOCTI Towo. Y NiATPUML romeocTasy Ta Moro perynsLii HamBaXK/MBiWa Pob HAaNEKUTb
B33aEMOAIAM CepLeBO-CyANHHOI, HepBOBOi, M’A30B0OI, AMXa/IbHOT Ta IMYHHOI CUCTEM, 33103 BHYTPILHbOI cekpel,ii,
opraHam BiA4yTTiB, @ TAKOXK rinoTasamorinogisapHoi i 1iMBiYHOT cucTem MO3Ky

Mema Hawo20 00cni0#eHHA NoNArana y aaHanisi pesynbratis ouiHKK GisMYHOI Npaue3aaTHOCTI AiTen i3 ckoio-
30M Ta NPAKTUYHO 340POBMX OAHOJITOK Bikom 11-14 pokiB..

06’ekm i MemoOu docnidxceHHA. B pamKax pobotn Hamu 6ynm obcTexkeHi 43 nianitka Bikom 11-14 pokis, 3 HUX
19 nianiTkis (9 xnonumkis Ta 10 A4iBYATOK) 3i CKONIO30M CKNANM JOCAIAKYBAHHY rpyny Ta 24 yMOBHO 340POBMX O4HO-
NiTKa (no 12 xnonuukis Ta 12 AiB4aToK) 3ara/ibHOOCBITHLOT LUKOAW AKi CKAa/IM KOHTPOJIbHY rpyny. 3 MeToo po3pobKu
A[,eKBATHOIO KOMMJ/IEKCY aianTUBHUX Qi3UYHMX HaBaHTaXKeHb HAMM NPOBEAEHO AOCNIAKEHHA i3nyHOI Npaue3aaT-
HOCTI B T.4. i B ANHAMILi, ToNepaHTHOCTI A0 i3MYHMX HAaBaHTaXKEHb, @ TAKOX OKPEeMUX NapameTpiB cepLeBO-CYANH-
Hoi (CCC) i BereTaTMBHOI HepBoBOi cuctem (BHC), makcMmanbHOro cnoxkmeaHHA KncHio (MCK) y aitelt 3i ckoniosom i
NPaKTUYHO 340POBUX, iIAEHTUYHUX 3@ BIKOM AiTel.

Pe3ynbmamu 0ocnioxeHHA ma ix o62o08opeHHA. [py aHanisi pesynbraTtiB OuUiHKM Gi3MYHOT NpauesaaTHoCTI Y
AiTel i3 CKONi030M BCTAaHOB/IEHO, WO Cepes, NPaKTUUYHO 340POBUX AITEW FNOKIHETUYHUI TN KpoBOObiry cnocte-
piraBcs Tinbkn y 16,7% AiByaT, @ 4OMIHYIOYMM TUNMOM KPOBOODIry, 3a/IMLAETbCA eyKiHeTUYHMI (75,1% xnonyukis
i 83,3% paisuaT). MNepeBaXkaHHA FiNOKIHETUYHOIO TMNY KPOBOOBIry BUABAEHO i y AiBYaT 3 CKONIOTUYHOW XBOPOHOIO
(90%), pewTa 10% AiB4aTOK Manu rinepKiHETUYHKUI TN KpoBoobiry. CnocTepirasca 6anaHc Misk cumnaTUYHOLO i Na-
pPacMMNaTUYHOI SlaHKaMK BereTaTMBHOT HEPBOBOI cucTeMU. HaToMicTb y AiTel 3i ckoniosom obox ctatel BigmiveHe
abcontoTHe nepeBakaHHA OCib 3 NepeBayKHOK aKTUBALLEID CMMNATUYHOI YacTUHM BEreTaTMBHOI HEPBOBOI CUCTEMM
(77,8% i 90% y xnonuumKiB i AiBY4aTOK BiAMNOBIAHO). 3POCTaHHA XBUIMHHOIO 06’eMy KpOoBi y BiAMNOBiAb HA HaBaHTa-
YEeHHA BiabyBanocs AK B AOCNIAHIN, TaK i B KOHTPO/bHIN rpyni. B TOM e Yac 3pOCTaHHA XBUAMHHOTO 06’emy KpoBi
nepesaxano y gisyat (162,00£8,00) i xnonumkis (130,16+8,92) 3i cKONiO30M B NMOPIBHAHO 3 BiANOBIAHNMM 3HAYEH-
HAMM KOHTPO/IbHOI rpynn. BU3HAYEHHA MAKCMMAIbHOTO CMOXKMBAHHA KUCHIO A03BO/IN/IO0 XapaKTepu3yBaTh MOoKas-
HUK SIK K BUCOKMIA» B KOHTPOJIbHI rpyni, WO CBiAYUTb NPO rapHi aganTaliliHi i KOMNeHCcaTOPHI MOXKAMBOCTI OpraHismy
NPaKTUYHO 340POBOT AUTUHU. HaTOMICTb HAMripLWi MOKA3HUKM CMOXKMBAHHA KMUCHIO BigMiyeHi y gisyat 11-14 pokiB 3i
CKONIO30M, [eLL0 KpaLLMMM BUABUIUCA MOKA3HMKKN Y XJIOMYMKIB 3i CKONiO30M.
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BucHO8KU.TakMm YMHOM, y BiLi 11-14 pokiB Halripwi NnoKasHWKKM $isMyHOi NpauesaaTHocTi 3adikcoBaHi y gisyat
3i CKONi030M, WO MOXHa NOACHUTX NybepTaTHMM NepiogoM AiBYaT, CTPIMKMM POCTOM AiBYMHKM-NIANITKA i, BiANO-
Bi4HO, NporpecyBaHHAM CKONi03y.

KntouoBi cnoa: ckonios, nignitku, ¢pisnyHa npawLesnaTHicTb, cepLeBo-CyANHHA CUCTEMA, BEFeTaTMBHA HEPBOBaA
cuctema, disMyHe HaBaHTaXKeHHsA, peabinitauis.

ANALYSIS OF THE RESULTS AND ASSESSMENT OF PHYSICAL PERFORMANCE OF ADOLESCENTS WITH SCOLIOSIS

Dychko D. V., Dychko O. A., Kurylchenko I. Yu., Dychko V. V., Markova O. V., Chernenko S. O.

Abstract. A person’s ability to physically and socially adaptation is a multicomponent and multilevel characteristic,
which is determined by a number of factors, including somatic condition, level of endurance to physical and psycho-
emotional stress, degree of fitness, etc. The leading role in maintaining homeostasis and regulating adaptation
processes is played by the interaction of the cardiovascular, nervous, muscular, respiratory, immune systems,
endocrine glands, sensory organs, as well as the hypothalamic-pituitary and limbic complexes of the brain.

The aim of the study is to analyze the results of assessing the physical performance of adolescents with scoliosis
and their practically healthy peers at the age range of 11-14 years.

Object and research methods. The study involves 43 students at the age from 11 to 14, including 19 adolescents
(9 boys and 10 girls) with scoliosis who form the experimental group, and 24 healthy peers (12 boys and 12 girls)
who form the control group. To determine the optimal set of adaptive physical activity, an assessment of physical
performance (including dynamics), tolerance to physical activity, parameters of the functioning of the cardiovascular
(CV) and autonomic nervous system (ANS), as well as maximum oxygen consumption (MOC) in the subjects is
conducted.

Results and discussion. Analysis of the obtained data shows that among practically healthy adolescents, the
hypokinetic type of blood circulation is detected only in 16.7% of girls, while the eukinetic type remains dominant
(75.1% of boys and 83.3% of girls). In girls with scoliotic disease, the hypokinetic type of blood circulation prevails
(90%), while 10% had hyperkinetic. In healthy children, a balance is observed between the sympathetic and para-
sympathetic parts of the ANS, while in adolescents with scoliosis of both sexes, activation of the sympathetic part
prevailed (77.8% of boys and 90% of girls). During physical activity, an increase in stroke volume is recorded in
both groups, but the highest values are observed in girls with scoliosis compared to control peers. Minute blood
volume increased in both the experimental and control groups, but its increase is greater in girls (162.00+8.00) and
boys (130.16+8.92) with scoliosis. Determining the maximum oxygen consumption allowed us to characterize the
indicator as “high” in the control group, which indicates good adaptive and compensatory abilities of the body of
a practically healthy child. In contrast, the worst oxygen consumption indicators were observed in girls aged 11-14
with scoliosis, while the indicators for boys with scoliosis were slightly better.

Conclusions. At the age of 11-14 years, the lowest indicators of physical performance are recorded in girls with
scoliosis, which is probably due to the peculiarities of the puberty period, intensive growth and progression of spinal
deformity.

Key words: scoliosis, adolescents, physical performance, cardiovascular system, autonomic nervous system,
physical activity, rehabilitation.
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