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CTPYKTYPHO-®YHKIIIOHAJIBHI OCOBJNBOCTI KICTKOBOI
TKAHUHU VY JITEN, KKUTEJIB PAIIOAKTUBHO 3ABPYJIHEHUX
TEPUTOPIN YKPATHUA

MeTa: oUiHUTK CTPYKTYPHi 0cO6AMBOCTI, MeTabONiYHi BiOXiMiYHI 3MiHM B KICTKOBIN TKAHWHI Ta ix perynauil y aitei,
XUTeNiB pafgioakTMBHO 3abpyaHeHux Teputopin (P3T).
Marepianu i metogu. O6¢cTexxeHo 148 piteit Bikom Big 7 fo 18 pokis. WinbHicTb KicTkoBoi TkaHuHu (LLKT) HagaHo B
TPbOX rpafaLisax 3a cepefHiM KBagpatuyHuM BigxuneHHsam: I — HopmatusHa (n = 75), IT — 3HuxeHa (n =45 )i III -
Byxe Husbka (n = 28). Y poaoBOAi AiTei BpaxoByBasW HABHICTb XOBYHOKAM'AHOT i CEYOKaM'sHOT XBOPOO, OHKO-
NOriYyHi Ta €HJOKPUHHI XBOPOOM, @ TaKOXK NepenoMu KicToK. Y fiTei OLiHIOBaNu NepesoMu KiCTOK B aHaMHe3i, aHo-
Manii wenenu. Busyanu 6ioximiuHi napameTpu KpoBi: piBHi 3aranbHoro 6inka, nyxHoi docdarasm (JIP), cuposatko-
Boro 3ani3a (C3), kpeaTuHiHy, KanbLito, BiTamiHy D, BMicT aMiHOKMCNOT B ceyi, piBHi NapaTropMOHy, KanbLUTOHIHY, TH-
peoTponHoro ropmoHy rinocisy (TTT), BinbHoro Tupokcuny (FT4), KopTM3ony B cMpoBaTLi KpoBi. Po3paxoByBanu fo-
31 ONPOMiIHEHHS YYACHUKIB JOCNIIKEHHS.
Pesynbratu. [liarHoCTKa 3MiH B OpraHiyHiil KOMNOHEHTI KicTOK 6a3yBanacb Ha 3HUXKEHOMY PiBHi KpeaTUHiHy B cU-
poBatLi KpoBi, mMiLuuHy i Ni3uHy Ta NigBULLEHOMY BMiCTi OKCUNPONiHYy B ceyvi. BctaHoBNeHO npsMuii 3B'A30K MiX
piBHeM okcunponiHy B cedi Ta TTI B cupoBatui kpoBi (r = 0,42; p < 0,05). 3MiHM B MiHepanbHiil KOMNOHEHTI KiCTOK
cynpoBoaxyBanuch fediuntom Kanblilo, NigBuLieHolo KoHueHTpauielo JI® B cuposatyi kpoBi Ta 3HuxeHow LWKT.
BcTraHoBneHo npAMuMii 3B'A30K MiX piBHAMM KanbLito Ta JI® B cuposartui kpoBi (r = 0,33) Ta 3B0poTHKI 3B'A30K J1O 3
WKT (r=-0,60) (p < 0,05). BctaHoBNEHO 3BOPOTHMIA 3B'A30K Mix BiTamiHoM D Ta aktuBHicTio JI® B cnpoBaTLi KpoBi
(r=-0,34); mix BiTamiHom D i C3 B cupoBatyi kposi (r = -0,35) (p < 0,05). BcTaHOBNEHO YACTOTY Ta CTPYKTYPY 3MiH
NOKa3HWKIB y AiTel 3anexHo Bif rpagauii LLKT. PaHxupoaHi 6ioximiuHi napameTpy, Wo BifAA3EPKaNioTb OpraHiuHy,
MiHepaNnbHy KOMMOHEHTU KiCTOK, piBeHb 3afi3a Ta ropMOHabHY perynsuilo npoueciB ocTeoyTBOpeHHs. IHauMBiLy-
ani3oBaHi [O3M ONPOMiHEHHA AiTelt (cepefHsa [03a, AKY MOXe OTPMMATH rpyna AiTeil BiANOBiZHOMO BiKY, WO MPOXMK-
BalOTb B Uil MicuesocTi) ctaHoBuAn (0,66 + 0,04) M3B i BOHM He KOpetoBanu 3 iHWWUMKU NOKa3HUKAMM.
BucHoBku. [ocnigxeHHs meTaboniamy QyHKUiOHYBAaHHS KiCTKOBMX CTPYKTyp Ta ix perynsuii y pitei cnpuse
CBOEYACHIN KOPEKLiT BUSBNEHUX 3MiH.
KniouoBi cnoBa: fiTu; opraHiyHa i MiHepanbHa CKIAA0Bi KiCTOK; CMPOBATKOBe 3ai30; TMPEOoifHa CUCTEMA; KOPTU3OJ;
[031 ONPOMiHEHHS.
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STRUCTURAL AND FUNCTIONAL BONE FEATURES IN CHILDREN
RESIDING IN THE RADIOLOGICALLY CONTAMINATED
TERRITORIES OF UKRAINE

Objective. Evaluation of structural features and metabolic/biochemical abnormalities of the bone tissue and rele-
vant regulation patterns in children, residing in the radiologically contaminated territories (RCT).
Materials and methods. Children (n = 148) aged 7 to 18 years old were involved in the study. Bone mineral densi-
ty (BMD) is given in 3 grades according to the mean square deviation values, namely Grade I - standard (n = 75),
Grade IT - reduced (n = 45) and Grade III - very low one (n = 28). Cholelithiasis, urolithiasis, cancer and endocrine
diseases, as well as bone fractures in the family members of children were taken into account. Bone fractures in the
history and jaw anomalies were evaluated in study participants. A spectrum of blood biochemical parameters, name-
ly the serum content of total protein, alkaline phosphatase (APh), serum iron (SI), creatinine, calcium, vitamin D,
parathyroid hormone, calcitonin, pituitary thyroid stimulating hormone (TSH), free thyroxine (FT4), and cortisol
both with urine content of amino acids were assayed. Radiation doses in study participants were calculated.
Results. Abnormalities of the bone organic component were diagnosed according to the reduced serum level of cre-
atinine, decreased urine levels of glycine and lysine, and increased urine content of oxyproline. A direct relationship
was established between the urine level of oxyproline and serum TSH content (r = 0.42; p < 0.05). Abnormalities in
the bone mineral component were accompanied by calcium deficiency, increased serum content of APh and
decreased BMD. A direct relationship was established between the serum levels of calcium and APh (r = 0.33) and
an inverse one between the APh serum content and BMD (r =-0.60) (p < 0.05). An inverse relationships were estab-
lished between the serum vitamin D content and APh activity (r = -0.34), between the serum levels of vitamin D and
SI (r=-0.35) (p < 0.05). Incidence and patterns of the abnormal parameters depending on BMD grades were estab-
lished. Biochemical parameters reflecting the state of bone organic and mineral components both with the level of
serum iron and hormonal regulation of bone formation were ranked. Individual radiation doses of children were
(0.66 + 0.04) mSv being not correlated with any other studied parameters.
Conclusions. Evaluation of the structural and functional components of bone tissue sheds light on the mechanisms
of bone formation processes, metabolism of biochemical cascade, and regulatory pathways aiming the timely correc-
tion of abnormalities.
Key words: children, bone organic and mineral components, serum iron, thyroid system, cortisol, radiation doses.
Problems of Radiation Medicine and Radiobiology. 2024,29:259-270. doi: 10.33145/2304-8336-2024-29-259-270

BCTYII INTRODUCTION

IeMonoe3 miaATpUMYEThHCS Ta PeryatoeTbesl cToBOypoBu-  Hematopoiesis is maintained and regulated by the
MU T€MOMNOETUYHUMM KIIITUHAMM i cTpoMajlbHUM MiK-  hematopoietic stem cells and stromal microenvi-
pooroyeHHSIM [1]. MeTabomi3M KicTKOBOI TKAHWHM Bu3-  ronment [1]. Metabolism of bone tissue deter-
Hayvae Mmpolecu pocTy, iudepeHiroBaHHS Ta GyHKIiI0 ii  mines the processes of growth, differentiation and
OpraHiyHoOi i MiHepaJIbHOI CKJIaJ0BUX, 110 B cBOIo yepry  function of its organic and mineral components,
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Billirpa€ BaXJIMBY poyib y (PYHKIIOHYBaHHI CHUCTEMM
KPOBOTBOpeHHs. OnucaHi KJiTUHHiI i MOJIEKYIspHIi
CcKJ1aaoBi KicTkoBol TKaHMHU. KicTKa B3aeEMojie B KOOp-
JUHALi] 3 MiKpOOTOYEHHSIM KiCTKOBOTO MO3KY B IMTpOILIe-
cax peryJroBaHHSI TeMOITOETUYHOTo roMeoctasy [2[. Ia-
TOJIOTiYHI 3MiHM B KiCTKOBili TKAaHWHi MOXYTh BinOyBa-
TUCS SIK Y OIIKOBIl, TaK 1 MiHepaJibHill 11 KOMIIOHEHTAaX.
HocnimKeHHs] MaToJIorii B ONOPHO-PYXOBOMY aIlaparti
JMUKTYE HEOOXiMHICTh paHXXyBaTU CTYITiHb 3MiH, 1110 BU-
HUKAIOTh B OKPEMHUX CTPYKTYPHUX KOMIApTMEHTaX
KIiCTKOBOI TKAaHMHM, 30KpeMa, 3a OL[IHKOK KOMILIEKCY
MeTa0oJIiYHUX ITOKa3HUKIB.

B ocraHHi pokM 3’SIBUBCSI HaNpsIMOK «(PepOKPUHO-
JIOTisI», 110 BUCBIT/IIOE BIUIMB 3aJli3a Ha (PyHKIIOHYBaH-
HSI XXUPOBOI Ta M’I30B0Oi TKaHWH. HediunT 3ami3za 3HUI-
KY€ 3B’SI3yBaHHSI TOPMOHIB IIIMTOMNOMIOHOI 3471031 3 iX-
HIMM SIIEpHUMM peLieNITOPaMM Ta B TTOAAIBIIOMY ITOPY-
LIy€ YyTWJIi3allilo HOpaapeHaIiHy TKAaHWHAMU i PO3IMOILT
KOPTHU30Jly, 110 poOUTh peakllildo OpraHi3aMy Ha CTpec
OinbLI BUpaxeHoto [4].

DyHKILIsT UTONOMAIOHO] 331031 KOPEIIoE 3 MiKpoap-
XiTEKTOHIKOIO KiCTKM Ta CTPYKTYPOIO KiCTKOBOIO KOJIa-
reny [5]. I'imogyHKig ii HeraTMBHO BITJIMBAE Ha MeTa00-
JIi3M KiCTKOBOI TKAHWHU Ta 11 MiHepaJIbHY LIUIbHICTD [6].
BxkazaHo Ha BriuB aediluTy 3aii3a Ha (YHKLiO IIUTO-
noaioHol 3a7103U, 3HWXKEHHSI PiBHS THPEOIAHUX TOp-
MOHIB Yy XBopux 3 aedimToM 3aji3a [7]. BonHovac, onu-
CaHo IMaTOJIOTiIYHi 3MiHU y CTaHi TUPEOIAHOI CUCTEMHU Y
JIIoei 3 HaJJIMILIKOM 3aJji3a B KpoBi [§].

CyTTeBe 3HAYEHHS BiIBOAUTHLCS CIAAKOBIN CXUJb-
HOCTI 1I0JI0 MAaTOJIOTil OITOPHO-PYXOBOIO anapary 3a Ha-
SIBHOCTi €HIOKPUHHOI maroJjiorii y poauHi. OmnucaHo
aHOMaJlii pO3BUTKY 3y0iB, IMTOPYILIEHHS MTPUKYCY, 11O CTO-
CYETHCS B IEPILy Yepry aiTeit Ta mimniTKis [9].

O1iHKa cTaHy CTPYKTYpU KiCTKOBOTO arapary 0a3y-
€ThCS Ha KIiHIYHMX O3HaKax, sIKi (popMyIOTh IaToJIO-
TiYHy KapTuHY, MOpGhOoGYHKIIIOHATBHUX MOPYIIEHHSX
OCTCOHY, METAa0OIYHUX i PEeryJsITOpHUX IIapaMeTpax,
1110 B iEpapXiyHOMY TOPSIIKY BKa3y€E Ha piBeHb OpraHi3a-
11ii, MOYMHAIOYM BiJ OpraHi3MOBOI0, OPraHHO-TKAHWH-
HOTI'0 0 MaTOXiMiYHOTO.

ToMy Bu3HaUEHHS CTPYKTYPH KiCTKOBOI TKAHUHU HA€
3MOTY BUSIBJISITH MATOJIOTiI0 i CBOEYACHO TTPOBOJUTU KO-
pexilio.

META
OWiHUTU CTPYKTYpPHI OCOOJIMBOCTI, MeTa0OJiuHi OioXi-
MiuHi 3MiHM B KiCTKOBili TKaHWHi Ta iX PEryjsuiio y
TTE, XUTENiB palioaKTUBHO 3a0pyIHEHUX TEPUTOPil
(P3T).

which in turn plays an essential role in the hema-
topoietic system function. Cellular and molecular
components of the bone tissue are described. Bone
interacts in coordination with the bone marrow
microenvironment in regulation of hematopoietic
homeostasis [2[. Disorders of the bone tissue can
occur both in its protein and mineral components.
Study of musculoskeletal system impairments
requires to rank a degree of abnormalities occur-
ring in the individual structural compartments of
bone tissue through the assessment of a set of
metabolic parameters in particular.

In recent years, the field of «ferrocrinology» has
emerged, which highlights the role of iron in the
fat and muscle tissue functioning. Iron deficiency
leads to the reduced binding of thyroid hormones
to their nuclear receptors, subsequent disruption
of tissue norepinephrine utilization and abnormal
distribution of cortisol, which makes the body’s
response to stress more pronounced [4].

Thyroid function correlates with the bone micro-
architectonics and bone collagen structure [5]. Its
hypofunction negatively affects bone tissue meta-
bolism and BMD [6]. The effect of iron deficiency
on thyroid function, and decreased level of thyroid
hormones in iron deficiency were stated [7]. At the
same time, some abnormalities in thyroid system
under the iron excess were described in human [8].

Significant role is attributed to the hereditary
predisposition to abnormalities of musculoskeletal
system given the endocrine disorders in family
members. Anomalies of tooth formation and mal-
occlusion, which primarily concern the children
and adolescents were described [9].

Assessment of structure of bone apparatus is
based on the clinical signs that form a pathological
pattern, morphological and functional osteon dis-
orders both with metabolic and regulatory param-
eters, which hierarchically point to the level of
organization, starting from organismic through
organ/tissue to the pathochemical one.

Therefore, assaying the structure of bone tissue
makes it possible to detect abnormalities and carry
out respective corrections in a timely manner.

OBJECTIVE

Evaluation of structural features and metabo-
lic/biochemical abnormalities of the bone tissue
and relevant regulation patterns in children, resid-
ing in the radiologically contaminated territories
(RCT).
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MATEPIAJI TA METOJIUN

Oo6crexeHo 148 nireit, xureniB P3T KuiBcbkoi Ta
Kutomupcnkoi obnacreit Ykpainu. Po3nogin nauieH-
TiB 3a BikoM Takuii: 7—10 pokiB (mpemnyoepTaTHUl Ie-
pion) — 18,2 %, 10—14 pokiB (myObepTaTHU Tiepion) —
48,7 %, ctapiue 14 pokiB (mocTIyGepTaTHHIA Mepion) —
33,1 % (taba. 1). XJIOmMYuKiB Ta IiBYaTOK OYJIO IIO-
piBHY. JluzaiiH nociimkeHHs noromxkeHo 3 KomireroM
mennuHoi etTuki HHIIPMTI'O, (mpotokon Bin 12.04.24
N\e 6).

IimpHicTE KicTKOBOI TKanmHM (LLIKT) HagaHo 3a ce-
peaHiM KBagpaTUYHUM BiIXWJIEHHSIM Y TPhOX rpajallisix:
I — HopmaTtuBHa (n = 75), I — 3HIKeHa (n = 45) i [T —
ayxe Huzbka (n = 28). Bennmuunu KT craHoBuin
Biamosigno (0,75 £ 0,11) ym. ox., (-0,64 £ 0,06) ym. ox.;
(-1,82 £ 0,07) ym. og.

Ilomo maTosorii y poaoBoi AiTeid, TO BpaxoByBaIu
HasgBHICTh XoBUHOKaM siHOI (KKX) i cedokam’sHOi
(CKX) xBop00, OHKOJIOTiUHI Ta eHIOKPUHHI XBOpOOH,
a TaKOX IepeJIOMHU KiCTOK y 6 HalOJMXKIMX POIUYiB
(6aTbKy MUTUHMU, Aimyci Ta 6a0yci 1Mo JIiHii 6aThKa i Ma-
Tepi). Bcboro orpuMaHo iHdopmaliito nmpo 888 nopoc-
Jux. Y giteid BpaxoByBa/Il YaCTOTY IIePEIOMiB KiCTOK B
aHaMHe3i, aHOMaJTil 1eJieNn, HassBHICTh OXKUPiHHS.

IToxka3HuUKM reMorpamMu JOCJiIXKyBajad Ha aBTOMa-
TMYHOMY reMoaHainizatopi MicroCC-18 (CIIA) Ta
MigpaxoByBaJIl B CBITJIOBOMY MiKPOCKOITi (30iJIbIIICH-
Hs x1000) micns 3abapBiaeHHs npenapartiB 3a [laneH-
reriMmoM. HocigxyBaau 0ioXiMiuHi rmapaMeTpu KpoBi:
3arayibHuil OioK, JyxkHY docdartasy (JID), cupopat-
KoBe 3amizo (C3), KkpeaTuHiH, Kablliii, Bitamid D Ha
GioxiMiuHOMY aHamizaTopi Humostar-600 (Himeuun-
Ha). BMicT aMiHOKHMCJIOT B cedi BU3HAYaJIM Ha aMiHO-
KUCTOTHOMY aHaniizaTopi Tuny T-339 (Yexis). BuBua-
mu KT 3a mokasnukom Z Y3]l meHcutoMeTpa
Sunlight Mini Omni P (Israel). PiBHi mapatropmMoHy
(ITTT), kanpiuroHiny (KT), THpeOTpOITHOTO TOPMOHY
rinodiza (TTT), BinbHOrO TUpOKCUHY (FT4), KOpTU30-

MATERIALS AND METHODS

Children (n = 148) living in the RCT of Kyiv and
Zhytomyr oblasts of Ukraine were involved in the
study. Distribution was the following: 7—10 years old
(prepubertal period) (18.2 %), 10—14 years old
(pubertal period) (48.7 %), and older than 14 years
(postpubertal period) (33.1 %) (Table 1). There were
equal number of boys and girls. Study design was
approved by the Medical Ethics Committee of the
NRCRMHO (protocol #6 dated April 12, 2024).

Bone mineral density (BMD) is presented in 3 gra-
des according to the mean square deviation i.e. Grade
I — standard (n = 75), Grade II — reduced (n = 45),
and Grade IIT — very low (n = 28) BMD. The BMD
values were respectively (0.75 £ 0.11) RU, (-0.64 £
0.06) RU, and (-1.82 + 0.07) RU.

Cholelithiasis (CL), urolithiasis (UL), cancer,
endocrine disorders, as well as bone fractures in the
6 close relatives (the child’s parents, paternal and
maternal grandparents) were taken into account.
Data were collected for the 888 adult persons. Inci-
dence of bone fractures in the history, jaw anomalies,
and obesity were taken into account in children.

Hemograms were obtained on the MisroCC-18
automatic hemoanalyzer (USA) and counted under
a light microscope (x1000) upon the staining of
preparations by Pappenheim. Blood biochemistry
featuring the total protein, alkaline phosphatase
(APh), serum iron (SI), creatinine, calcium, and
vitamin D content was assayed on a Humostar-600
biochemical analyzer (Germany). The amino acid
content in urine was measured on an amino acid
analyzer type T-339 (Czech Republic). The BMD
was determined using the Z-index on an ultrasound
densitometer Sunlight Mini Omni P (Israel). The
radioimmunoassay (RIA-Kits) of the serum content
of parathyroid hormone (PTH), calcitonin (CT),
pituitary thyroid stimulating hormone (TSH), free

Ta6nuusa 1

Po3snopin piten 3a BikoBumu rpynamu 1a WKT (B rpapauisx)

Table 1

Allocation of study subjects by the age groups and BMD (in grades)

Bikosi rpynu, poku LLKT (rpapauii) / BMD (grades) Bcboro / Total

Age groups, years | Il ] abc.4./n %
7-10 7 7 13 27 18,2
10-14 36 24 12 72 48,7
Crapuwe 14 / Over 14 32 14 3 49 33,1
Beboro / All, n = 148 75 45 28 148 100,0
Bincotok / Percentage 50,7 30,4 18,9 - -
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JIy B CUPOBATIli KPOBi MOCIIXyBaau palioiMyHHUM
metonoM (RIA-Kits). J1o3u onpoMiHEHHS y4aCHUKIB
TMOCTIIKEeHHS PO3paxOBYBaJIk 3a METOIUKOIO, OITHCA-
Hoto O.M. IBaHoBo10 3i crriBaBTOpamu [10].

OnpalfoBaHHS OTPUMaHUX MaTepiajliB MPOBOIUIN
3a METOJaMM MaTeMaTUYHOI CTaTUCTUKU (Koedilli-
ent kKopenauii Ct’'rogenTa, Cripmena, ManHa- YiTHi
(U-test), x* kputepiii [Tipcona (https://www.socscis-
tatistics.com/tests/)).

PE3VYJIBTATU TA OBI'OBOPEHHS

Oo6crexeno 148 miteit B mepionm 2021—2023 poxiB.
Haiimene 6yso gireir 1o 10 pokis — 18,2 %, nitu
IHIIMX TPYIl 32 YMCEJbHICTIO HE PO3Pi3HIIUCh. ToO-
TO, TIpeBayoBau Iit crapie 10 pokiB. He BcraHoB-
JIEHO Pi3HUILII B YACTOTi IMATOJIOTIi Y pOIOBO/I 3ajeK-
Ho Bix IHKT y miteii. [TepemoMu KicTOK B aHAMHE3i y
niteit 0ynu yacrime npu I rpamanii KT, Hix npu
I (17,9 % npotu 8,0 %). BcraHoBiIeHO 3BOPOTHUIA
KOpeNSLiiHUI 3B’SI30K MiX KiJIbKICTIO MEPEIOMIB Y
ngiteit Ta rpagauieto KT (r = -0,35; p < 0,05) Ta
OpsSIMUIA KOPEISLUIMHUI 3B’30K MiX KUJIBKICTIO Ie-
peltoMiB y miTeit Ta ixHix poanuis (r = 0,32; p < 0,05).
AHoMaii po3BUTKY ILEJeI Yy OiTeil KOopeaoBalu 3
yactoroto KKX y ixnix poguuis (r = 0,36; p < 0,05).
Yacrora 2KKX ta CKX'y ponoBoi aiteit 3Haxoauach
B Mexax Bim 6 % no 8,0 % i He 3ayexana Bin rpagamii
IIKT. BctaHoBieHO KOpensIUiAHUIA 3B’SI30K MiX
piBHSIMU 3aJTi3a y KpoBi AiTet i HasiBHicTIO ZKKX y po-
nudiB (r = 0,57) Ta eHnoKprUHHOI ntatosorii (r = 0,28),
(p <0,05).

YacToTa BpOIKEHMX aHOMAaJili pO3BUTKY IIEeN y
JiTeit He po3pizHsiachk 3aiexkHo Bif IIIKT i craHoBu-
Ja 6;m3bKo 29 %. KinbkicTh AiTeil 3 HaAMipHOIO Ma-
colo Tija Oyna B Mexax Bim 3 % nmo 5 % i He mana
3B’s13Ky 3i LIIKT.

V marieHTiB HalOUTBII YaCTUMM OYJIM CKapru Ha
¢izuyHy BTOMY, MiAlleaernHi JiMdanaeHiTH. Y rpymi
He Oyno miteid 3 aHeMigMu. ¥ 9,3 % B reMorpamax
peecTpyBaInCh IEHKEMOIIHI peakllii JiMmpouuTapHO-
ro tumy, y 22,1 % — MOHOIUTApPHOTO THUITY, KOTpIi
criocrepiraauchk npotssrom 6—12 mic. [TpuunHOIO ITUX
3MiH OyJIM XpOHIYHI BOTHMIA iH(EKIIii B opraHi3Mi
JIUTUHU, TOKCOIUIa3MeHHa iH(eKIIis, MepeHeceHi
rOCTpi pecnipaTopHi BipyCHi 3aXBOPIOBAHHSI.

bioxiMiuHi MOKa3HUKY CUPOBATKM KPOBI, SIKi Xapak-
Tepu3yloTh METa0OJiyHi Tpolecu B KiCTKOBIM TKa-
HUHI, 3anexanu Bin rpapauiii LIIKT y aiteii (Tadma. 2).
V nireit 3 111 rpapauiero HIKT HaitOinbLI yacTi 3MiHU
criocTepirajuch y OiIKOBii KOMMOOHEHTI KiCTOK
BignosimHo go II rpamawii. Ile cTocyeTrbcst Kpea-

thyroxine (FT4), and cortisol was applied. Radiation
doses were calculated according to the method [10]
(https://radiationproblems.org.ua/23 2018/NRCR
M_ 2018 Paper 12.pdf).

The study data processing was carried out using the
mathematical statistics methods i.e. the Student’s,
Spearman’s, and Mann-Whitney’s (U-test) correlation
coefficients were calculated and the Pearson’s ’ test
was applied. (https://www.socscistatistics.com/tests/).

RESULTS AND DISCUSSION

The study participants (n = 148) were examined for
the 2021—-2023 period. The least number of children
were under 10 years old (18.2 %), while there was no
difference in the number of children of the other age
groups. That is, children older than 10 years prevailed
in the study sample. There was no difference in the
incidence of diseases in the family history depending
on BMD values. Bone fractures in the history in chil-
dren were more common in BMD Grade III group
than in the Grade I (17.9 % vs. 8.0 %). An inverse cor-
relation was established between the number of frac-
tures in children and BMD (r = -0.35; p < 0.05), at
that there was a direct correlation between the number
of fractures in children and their relatives (r = 0.32;
p <0.05). Anomalies of the jaw development correlat-
ed with the incidence of CL in their relatives (r = 0.36;
p < 0.05). Incidence of CL and UL in the family his-
tory ranged from 6 % to 8.0 % not depending on BMD
grade. There was a correlation established between the
SI levels and CL (r = 0.57) and endocrine diseases
(r = 0.28) in their relatives (p < 0.05).

There was no difference in the incidence of con-
genital malformations of jaw (about 29 %) depending
on BMG grade. The number of children with excess
of body weight was from 3 % to 5 % with no any cor-
relation with BMD.

Complaints on fatigue and manifestations of sub-
mandibular lymphadenitis were most frequent in study
participants. There were no cases of anemia. Leukemic
reactions of lymphocytic type were registered in the
9.3 % of hemograms with 22.1 % of monocytic type
among them, been surveyed for 6 months to 12
months. Chronic local infections, toxoplasmosis, and
acute respiratory viral diseases were the reasons there.

There was a dependence of serum biochemistry
indicators, which characterize the metabolic process-
es in bone tissue, on the BMD grade (Table 2). In
BMD Grade I1I the anomalies of bone protein com-
ponent were most frequent vs. BMD Grade II. This
applies to creatinine, the precursor of which creatine
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Ta6nauusa 2

bioximiyHi nokasHUKM KPOBi Ta aMiHOKUCNOT B ceui y pitei 3anexHo Big WKT (M + m)

Table 2

Serum biochemistry and urine amino acid content depending on BMD (M + m)

LLKT (rpapauii) / BMD (grades)

Mokasuuku / Parameters
I

3aranbHuin 6inok, r/n // Total protein, g/l 73605
KpeartuHiH, Mkmonb/n // Creatinine, umol/l 68,9 = 1,4*
[niuuH, Mkmonb/n // Glycine, umol/l 20,4 +22
JliauH, mkmonb/n // Lysine, pmol/l 2,35+0,23
Okcvnponid, Mkmonb/n // Oxyproline, umol/I 11,9+14
JI®, on/n // APh, RU/I 352,6 + 27,0
Kanbuiit, mmonb/n // Calcium, mmol/l 2,31 £0,07
C3, mkmonb/n // Sl, pmol/l 17,37 + 1,00
XonectepuH, mmonb/n // Cholesterol, mmol/l 4,08 + 0,07

71,30 + 1,17 71,81 230
634+ 1,2 64,7+ 1,7
19,2 1,1+ 16,0 + 0,7
2,01+ 0,12 1,82+0,11
134+ 1,1 17,3+ 1,2
4154 + 28,7 552,5 + 37,6
2,03 + 0,03 2,08 + 0,04
19,82 + 0,01** 12,89 + 0,64
4,27 +0,06 4,16+ 0,05

Mpumitky. *PigHnus mix nokasHukom npu | i 1l rpagaui LLKT (p < 0,05); **pisHnus mix nokaskukom npu I i 1l rpagaui LLKT (p < 0,05)
Notes. *BMD Grade | vs. BMD Grade Il difference (p < 0.05); **BMD Grade Il vs. BMD Grade Ill difference (p < 0.05)

TUHIHY, TIOIIEPEIHUK SIKOIO KPEaTUH MICTUTh INIIIAH,
mo ckiamae 33 % CTPYKTypU KiCTKOBOIO KOJarcHy,
PiBHIB BiIbHUX aMiHOKMCJIOT B ceui, 30KpeMa Jedilm-
Ty TJILMHY Ta JIi3UHY, MTiIBUIIEHOTO BMiCTY OKCUIIPO-
JiHy B cevi Ta JID e cuposarmi Kposi. BomHouac, 3H1-
JKyBaBCsl BMICT KaJlbllil0 Ta 3aJjli3a B CUPOBATLi KPOBI,
TOOTO PO3BUBAJINCH 3MiHU B OpraHiuyHil i MiHepaabHii
KOMITOHEHTaX KicToK. BcTaHOBIEHO TIpSIMUIT KOpesi-
LiHUH 3B’S130K MixX piBHEM Kaubllito Ta JI® (r = 0,33)
Ta 3BOpOTHUI 3B 130K — Mix JI® i LUKT (r = -0,60)
(p < 0,05), 110 € LITKOM 3aKOHOMipHHUM.

PiBeHn BiTamiHy D B cupoBartiii KpoBi y JiTeil 3Haxo0-
nuBcs B Mexax Bin 9,41 ur/mn no 48,80 Hr/ma (cepenHiit
(22,48 = 2,31) ur/mn) i He MmaB 3B’sa3Ky 3i LLIKT. Bon-
HoYac, BCTAHOBJIEHO 3BOPOTHMI 3B’SI30K MiX BiTaMi-
HoMm D it aktuBHicTio JI® y cupoBariii Kposi (r = -0,34;
p <0,05). 3a manumu nesikux aBTopis, JID 6epe yuacthb
y perynsnii aktuBHocCTi Bitaminy D [11, 12].

Bimomo, 1o BitamiH D peryiio€e oguMH 3 TOJOBHUX
MPOTEiHIB OOMiHY 3ajliza rerncuauH. BcTaHOBIIEHO
OpsSIMUIA KOPEJSILUiMHUIA 3B’ 130K MiX piBHEM BiTaMiHy
D ta C3 (r=0,35; p < 0,05). [TinTBepakeHHSIM MOXE
OyTM HemoCTaTHIiCTh BiTaMiHy D Ta HasIBHiCTb piBHS
C3 Ha HUXXHIN MeXi pechepeHTHOI BEJIMYMHU Maiixke y
BCiX JIiTeli, 110 MOSCHIOETHCS JaHWUMM MPO ITiJABHUILIE-
HUI pU3MK nediumuTy 3aii3a IMpH HU3BLKIM KOHIIEHT-
pauii Bitaminy D [13].

I[Ilomo ropMoHaNbHOI peryJsiiii MpoLeciB OCTeOyT-
BopeHHs, To piBeHb TTI' B cupoBaTili KpOBi MiaBUIILY-
BaBcs y miteit 3 HatiHmkgoto LIIKT (111 rpamartist) mo-
piBHsIHO 3 HopMmaTuBHOIO Ta Il rpaganiamu (p < 0,05)
(tabu. 3). KoHleHTpallii iHIIIMX TOPMOHIB CYTTEBO HE
PO3Pi3HSJIUCH 3aJ71€3KHO Bif LIIJILHOCTI KiCTOK Y AiTeil.

(1) 264

contains glycine and makes up the 33 % of bone col-
lagen structure, to urine levels of the free amino
acids with glycine and lysine deficiency in particular,
and to increased urinary oxyproline and serum APh
content. At the same time the serum content of
calcium and iron was decreased indicating the de-
velopment of anomalies in bone organic and min-
eral components. A direct correlation was establi-
shed between the serum levels of calcium and APh
(r=0.33) and and inverse one between APh and BMD
(r=-0.60) (p < 0.05) being completely natural.

Serum vitamin D level ranged from 9.41 ng/ml to
48.8 ng/ml with (22.48 + 2.31) ng/ml mean value
and with no association with BMD. At the same
time, an inverse relationship was established betwe-
en the serum vitamin D content and APh activity
(r =-0.34; p <0.05). According to some authors the
APh is involved in regulation of the vitamin D activ-
ity [11, 12].

It is known that vitamin D regulates the produc-
tion of hepcidin, an essential protein of the iron me-
tabolism. A direct correlation was established betwe-
en the levels of vitamin D and SI (r=0.35; p <0.05).
Vitamin D deficiency and the SI level at the lower
limit of reference range in almost all study partici-
pants is the fact that can support this, being ex-
plained by the increased risk of iron deficiency un-
der low vitamin D concentration [13].

Regarding hormonal regulation of osteogenesis,
the serum TSH level was increased in cases of the
lowest BMD values (Grade I1I) vs. normative and
Grade II ones (p < 0.05) (Table 3). There was no dif-
ference in the serum concentration of other hor-
mones depending on the BMD.
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Ta6auua 3

PiBeHb ropmMoHiB y cupoBartui kpoBi 3anexHo Bia LLKT (M + m)

Table 3
Serum hormone content depending on BMD (M + m)

Mokasuuku / Parameters

LUKT (rpapauii) / BMD (grades)

MapatropmoH, nmonb/n // Parathyroid hormone, pmol/L 75+1,1
Kanbuutorin, nmonb/n // Calcitonine, pmol/L 10,3+0,8
TIT, mOp/n // TSH RU/L 1,98 £ 0,16
FT4, nmonb/n // FT4, pmol/L 14,08 £ 0,72
Koptuson, Hmonb/n // Cortisol, nmol/L 370,58 + 20,00

6,9+1,0 5612
9713 92+09
1,77 £ 0,15* 2,73+0,19
13,10 £ 0,98 16,18 £ 1,45

328,30 + 29,10 298,60 + 13,70

Mpumitka. *PisHnusa Mix nokassukom npu Il i Il rpapauii LLKT (p < 0,05)
Note. *BMD Grade Il vs. BMD Grade Ill difference (p < 0.05)

BcranoBneHi TIpAMi  KOpeNsIIiiiHi 3B’SI3KA  MiX
napatupeoigaum ropmoHom (ITTT) Ta TTT (r = 0,35),
kanpiutoHiHoM (KT) ta TTT (r = 0,34), ITTT Ta kpe-
atuHiHOM (r = 0,41); 3BopoTHi 3B’s13Ku — Mixk ITTT Ta
FT4 (r = -0,46), KT ta FT4 (r = -0,44) y cuposarii
KpoBi (p < 0,05). OrpuMaHi B3aEM0O3B’sI3KU BiAIOBia-
I0Th (DYHKIIIOHAJILHUM OCOOJMBOCTSIM TOPMOHAJIbLHOL
peryJsiii TupeoinHoi cucteMu. JloBeneHo npsMmy 3a-
JexHictb piBHiB TTI Ta KOpTU30Jy B CMPOBATLIi KPOBI
(r=20,35), (p <0,05), mo miarBepmKy€e PyHKIIiOHATb-
HUM B3a€EMO3B’SI30K MiX IIIMTOIOAIOHOIO 3a703010 i
HaJHUPKOBUMM 3ajio3amu [4].

BinoMo, 1110 TUpEOiaHi TOPMOHU BILUIMBAIOTh HA IPO-
Hecu KojareHoyTBopeHHs [14]. TliaTBepaKeHHSIM
IIbOTO € BCTAHOBJIEHUU TPAMUN KOpeTaUidHUN
3B’130K Mix piBHeM TTI B cupoBaTii KpoBi Ta OK-
CUIMPOJIIHOM B ceui — MapKepoM Jierpajallii KojiareHy
(r=0,42; p < 0,05), 110 CBIAYUTH NPO BILIUB IIUTO-
MOiOHOI 3aJ1031 Ha OOMiH OiJIKiB Ta € IMiICTaBOIO IS
KOpeKIii aMiHOKHMCIOTHOIO CKJIaay KOJIareHy.

V niteir 3 111 rpamauiero IIKT, y sskux cnocrepira-
JINCh 3MiHM B CTPYKTYpi KoJlareHy, TOpPMOHAaIbHil pe-
ryasuii Ta nediuut C3, BCTaHOBJIEHO 3BOPOTHUIA 3B’sI-
30K MixX BiTamiHoM D ta TTT (r = -0,33); Bitaminom D
i C3 (r=-0,35) (p < 0,05), 110 y3romKyeThcs 3 TaHU-
MU iHIIMX aBTOPiB, SIKi BKa3ylOTh Ha Ae(ILIUT BiTaMiHy
D i C3 npu rinmodyHK1ii muTonoaioHoi 3amo3u [15].

BcranosnieHo 3B’430K Mixk C3 Ta KOPTU30JIOM B CUPO-
BaTLi KpoBi (r =0, 57; p < 0,05) y miTeii, He3aIeXKHO Bif
IIKT. IMosscHeHHSIM LILOTO € POOOTU, SIKi JOCTIIKYIOTh
BIUIMB IiIBUIIEHOTO PiBHSI KOPTU30JIy Ha MeTa0OoIi3M
3aJ1i3a i HeMPOKOTHITUBHUIA PO3BUTOK AiTeit [16].

HIKT € iHTerpaaibHUM MOKA3HUKOM CTaHYy OpraHiu-
HOI Ta MiHEpaJbHOI CKJIAJOBUX KiCTKOBOI TKAHWHU.
ITokazaHo, 1110 BoHa 3ajexkaa Big Macu Tija (r = 0,40;
p < 0,05), y niteit mybepTaTHOTO i MOCTIIyOepTaTHOIO
Biky IIIKT Oyna Bullle NOPiBHSIHO 3 IiTbMU MOJIO/-

Direct correlations were established between the
serum content of PTH and TSH (r = 0.35), CT and
TSH (r = 0.34), PTH and creatinine (r = 0.41),
while the inverse relationships were found between
the PTH and FT4 (r=-0.46), CT and FT4 (r=-0.44)
(p < 0.05). The revealed relationships correspond to
the functional features of hormonal regulation of
thyroid system. A direct relationship between the
serum levels of TSH and cortisol (r = 0.35) (p < 0.05)
has been proven, which confirms a functional link
between the thyroid and adrenals [4].

It is known that thyroid hormones regulate the
collagen formation [14]. It is proved by an estab-
lished direct correlation between the serum level of
TSH and urine content of oxyproline, a marker of
collagen degradation (r = 0.42; p < 0.05), which
indicates the role of thyroid in regulation of protein
metabolism being essential for the correction of
amino acid composition of collagen.

In children with BMD Grade III in whom the
anomalies in collagen structure and hormonal regula-
tion both with the SI deficiency were observed, an
inverse relationship was established between the serum
content of vitamin D and TSH (r=-0.33), and of vita-
min D and SI (r = -0.35) (p < 0.05), which is consis-
tent with data from other authors, stating the deficien-
cy of vitamin D and SI in thyroid hypofunction [15].

A relationship was established between the serum
content of cortisol and SI (r = 0.57) (p <0.05) regard-
less of the BMD that is explained by studies’ data of
the impact of elevated cortisol levels on iron metabo-
lism and neurocognitive development in children [16].

BMD is an integral indicator of the state of organ-
ic and mineral components of bone tissue. There
was shown it’s dependence on body mass (r = 0.40)
(p < 0.05) in children of pubertal and post-pubertal
age. It was higher in them compared to the children of
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Ta6nuusa 4

CTpyKTypa Ta yacToTa 3MiH NOKa3HMKiB y AiTen 3anexHo Bia WKT (3a dpopmynoto baiteca)

Table 4

Structure and incidence of abnormal indices depending on BMD (according to the Bayesian rule)

Mokasuuku / Parameters

CrtpykTypa 3miH y piteit
Structure of abnormalities

Yacrora 3MiH y gitei
Incidence of abnormalities

LLKT B rpapauisx / BMD grades |

dopmyna Baiieca / Bayesian rule Panru/Ranks* BincoTok/Percentage*

< KpeaTuHiH B c1poBarLy kposi / < serum creatinine 5 1 1 1,9 22,0 21,6
< miumH Ta ni3uH B cevi / < urine glycine and lysine 5 1 1 1,9 22,0 21,6
> OKCUMPOJIiH B Cevi / > urine oxyproline 5 1 1 1,9 22,0 21,6
> JI® B cvpoBarj kpoBi / > serum APh 2 2 4 10,6 12,6 51
< KanbLyiit B cupoBaTLi kpoBi / < serum calcium 3 5 4 45 1,0 6,2
> 3ani30 B cMpoBaTL KPoBi / > serum iron 1 3 4 14,8 10,0 51
> TIT B cypoBarLi kposi / > serum TSH 4 4 2 3,9 4,0 10,5
> KOPTW30/1 B CUPOBATL KpoBi / > serum cortisol - 4 3 0 4,0 8,2
be3 3amiH B nokasHuKax 46 1 0 60,5 2,4 0
Bcboro pjtei, n= 148 76 42 30 100,0 100,0 100,0

Mpumitka. *Big 1 40 5 MOBIPHICTb BNAMBY NOKa3HKKA HA MPOLIEC OCTEOYTBOPEHHSI 3MEHLLYETHCS
Note. *Ranks from 1 to 5 means that probability of the parameter’s effect on bone formation is decreasing

moi rpynu (r = 0,44; p < 0,05). BcraHoBneHo mpsi-
MUt Kopensiuiiiauii 3B’g30K Mixk IIIKT i kpeaTuHiHOM
(r =0,32) Ta 3soporanii 38’130k LLIKT i3 C3 (r=-0,33)
(p <0,05).

Cnin BimMiTUTH, 11O Yy AiTell 3 peepeHTHUMU 3Ha-
yeHHsiMu TTT B cupoBaTii Kposi, aie Buiie 3,0 MO/,
IIKT 3BopoTHO KopejioBajga 3 piBHEM TOPMOHY
(r = -0,36; p <0,05).

Ha migcraBi oTpuMaHux pe3yabTaTiB 0ysio cpopmo-
BaHO MepeJsiiK CTPYKTYPH i YaCTOTU MATOJAOTiUHUX 3MiH
MOKa3HUKIB y Aiteit 3amexHo Big LLIKT (Tadm. 4).

ITpu HopmarueHiit LIKT y 60,5 % aireii He OyJ10 3MiH
B OpraHivyHiii Ta MiHepaIbHil CKJIaTOBUX KiCTKOBOI TKa-
HUHHU i TOPMOHAJTBHI peryiswii. 14,8 % nauieHTiB Ma-
Ju nigBuineHuii piseHb C3 (mo 35,0 MKkMonb/7). Y Haii-
MEHIIIOI KiJIbKOCTi JiTeil IIiei rpyny IiarHOCTOBaHO
nedinuT Kanblio Ta 6inka. ITpu 3Hmxenin HIKT (11
rpajgaliisi) B IpolLec 3alydaJMCh OpraHiyHa CKjiaaaoBa
(66,0 %), minepanbHa komrionenTa (13,6 %), Hamu-
ok 3amiza (10,0 %). HaiimeHi111a KinbKicThb aiTeii Oyia
3i 3MiHaMu y ropMoHaibHOMY ctaTyci (8,0 %). Ipu
HusbKii KT (III rpagaiist) Ha CTPYKTYpy KiCTOK y
JIiTeld B Teplly 4epry BILJIMBAB IATOJOTIYHUI CTaH
6inkoBoi KoMITOHeHTH (64,8 %), TOopMOHaIbHA pery-
Jsiiist ocreoyTrBopeHHs (18,7 %) 3a HasgBHOCTI nedilm-
Ty KaJIblIil0 B OpTraHi3Mi Ta HaIJMUILIKY 3aJ1i3a.

CepenHsa iHOMBigyaizoBaHa J03a OIPOMiHEHHS
niteir craHoBuiaa (0,66 = 0,04) mM3B. BcraHoBiieHO
MPSIMUIA 3B'SI30K MIX JO3010 OIPOMIHEHHSI TUTUHU Ta
il BikoMm (r = 0,34; p <0,05), 1110 € LiJIKOM 3aKOHOMip-
HUM 1 CBiIUMTb MPO MHiABUILIEHHS 03U 3aJIeXKHO Bif
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younger group (r = 0.44) (p <0.05). A correlation was
established between the BMD and serum creatinine
content (r = 0.32) along with an inverse relationship
between the BMD and Sl level (r =-0.33) (p < 0.05).

It should be noted that in serum TSH content
within reference range but above 3.0 RU/L the
BMD was inversely correlated with the hormone
levels (r =-0.36) (p < 0.05).

According to the obtained results, a list of the
structure and incidence of abnormal indices de-
pending on BMD was formed (Table 4).

There was no abnormalities either in organic and
mineral components of bone tissue or hormonal reg-
ulation under the normative BMD values in 60.5 % of
study participants. There was an elevated SI content
(up to 35.0 umol) in 14.8 % of study subjects. Cal-
cium and protein deficiency was diagnosed in the
smallest number of children in this group. With
reduced BMD (Grade II), the organic component
(66.0 %), mineral component (13.6 %), and iron
excess (10.0 %) were involved in the process. Dis-
orders in hormonal status were in the smallest number
of children (8.0 %). With low BMD (Grade III) the
bone structure was primarily influenced by abnormal-
ities in the protein component (64. 8%) and hormon-
al regulation of bone formation (18.7 %) in the pres-
ence of calcium deficiency and iron excess.

The average individualized radiation dose of chil-
dren was (0.66 £ 0.04) mSv. A direct relationship
was established between the child's radiation dose
and age (r = 0.34; p <0.05), which is quite natural
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TEPMiHY TOCTIHHOTO MPOXUBAHHSI Ha PalioaKTUBHO
3a0pyaHeHil TepuTopii. IHIII BU3HAYEHI MOKA3HUKMU,
SIKi XapaKTepU3ylOThb CTaH KiCTKOBUX CTPYKTYp i TOp-
MOHAaJIbHY peryJslilo, He 3ajiexXalld Bifg 103U Om-
POMiHEHHS JUTUHMU.

BHUCHOBKU

1. BcTtaHoBIeHO 3MiHM TIOKA3HUKIB y NiTelt 3aJIeXKHO
Big LIIKT:

>y 14,8 % nirteii 3 | rpanauiero LLIKT 6yB miaBuiie-
Huii pienb C3 (1o 35,0 MkMoab), ¥ 5,7 % — nediunt
Oinka, y 4,5 % — xanbli, y 60,5 % He Oy/10 3MiH B Op-
TaHiYHil Ta MiHEepaJbHill CKIaAOBUX KiCTOK i TOPMO-
HaJIbHIM perysiii;

>y 66,0 % niteit 3 11 rpapamiero KT Bu3Havanuch
3MiHM B opraHiuHiii tay 13,6 % — B MiHepaJibHiil cKi1a-
noBux, y 10,0 % miarHocTyBaBcsl HAIJIWILOK 3aji3a, y
8,0 % — 3MiHM B TOpPMOHAJILHOMY CTaTyCi;

>y 64,8 % niteii 3 111 rpapauieto LIKT BigdyBanuck mo-
PYLIEHHS B OpraHivHOMY MaTpukci, y 18,7 % — B ropmo-
HaJIbHIN peryisiii ocTeoyTBOpeHHs; y 6,2 % 6yB aedi-
LIUT KaJiblliio, ¥ 5,1 % — HalIMIIOK 3aj1i3a B OpraHi3mi.
2. ITpu II ta III rpaganisx KT Oynu 3minu B 6i1K0-
Bili KOMIIOHEHTI KiCTOK: 3HMKYBaJUCS PiBeHb Kpea-
TUHIHY B CUpPOBATLi KPOBi, KOHUEHTpallisd TIiINHY i
JII3MHY B Ceyi Ta IMiJBHUILYBaBCS BMICT OKCUIIPOJIiHY B
ceui. BcraHoBneHO TIpIMUMiT KOPENSLiiiHUN 3B’SI30K
MixX piBHeM okcuripojiiny B ceui Ta TTI' B cupoBaTii
kpoBi (r = 0,42; p < 0,05), IO CBiAYUTH MPO BILUIUB
IIMTONOAIOHOI 3a/103M Ha OOMiH OiJKiB i CTPYKTYypy
KoJlareHy, 30KpemMa, KiCTKOBOTO.

3. 3MiHM B MiHepaJIbHili KOMITIOHEHTI KiCTKOBOi TKAHWHU
CYMPOBOIXKYBAIUCH 3HIKEHHSIM BMICTY Kajblilo B CU-
posatwi kposi Ta LIKT i mimBumeHHsIM akTuBHOCTI JID.
BcranoBineHO TIpssMUiT KOPENSILiAHUN 3B’SI30K PiBHS
Kasblito Ta akTuBHOCTI JID B cuposarii Kposi (r = 0,33)
i 3BopotHuii 38’5130k JID 3 LIKT (r = -0,60), (p < 0,05).
4. PiBeHb BiTamiHy D B cUpoBaTIli KpOBi y AiTeii cTaHO-
BuUB (22,48 = 2,31) Hr/MJI, IIIO CBiMYUTH IIPO MOTO HE-
JOCTaTHiCTh, i He MaB 3B’s3Ky 3i LIIKT. BcranosieHo
3BOPOTHMIA 3B’SI30K MiX piBHeM BiTaMiHy D Ta ak-
tuBHicTIO JI® B cupoaTii KpoBi (r = -0,34; p < 0,05);
MiX piBHSIMU BiTaminy D i C3 B cupoBartiii KpoBi
(r =-0,35; p <0,05).

5. CepenHsl iHAMBIAyalizoBaHa 103a ONPOMiHEHHS
niteir craHowia (0,66 £ 0,04) m3B. BcranosneHo
MPSIMUN KOPESIIMHNI 3B 130K MiX H03010 OTPOMi-
HeHHs1 1uThHM Ta ii BikoMm (r = 0,34; p < 0,05), mo
CBiIUUTH MPO MiABUIIEHHS 103U 3aJ€XKHO Bill TEPMiHY
nocrtiitHoro npoxuBaHHs Ha P3T. THIIi moKa3HUKKU He
3ajiexasy BiJl JO3U ONMPOMiHEHHSI JUTUHU.

and indicates an increase in the dose depending on
duration of permanent residence in RCT. No any
other assayed indicators, which characterize the
state of bone structures and hormonal regulation,
depended on the radiation dose.

CONCLUSIONS

1. A range of abnormalities depending on the BMD
were established, namely:

> 14.8 % of children with BMD Grade I had an in-
creased level of SI (up to 35.0 ?mol), 5.7 % had pro-
tein deficiency, 4.5 % had calcium deficiency, and
60.5 % had no changes either in organic and miner-
al constituents of bones or in hormonal regulation;
> in children with BMD Grade 11 the abnormalities
in organic and mineral component of bone (66.0 %
and 13.6 % of cases respectively) were identified
along with iron excess in 10.0 % and disorders of
hormonal status in 8.0 %;

> there were disorders in the bone organic matrix in
64.8 %, of the hormonal regulation of bone forma-
tion in 18.7 %, calcium deficiency in 6.2 %, and iron
excess in 5.1 % of children with BMD Grade I11.

2. In BMD Grade 1I and Grade III there were
abnormalities in the bone protein component,
decreased levels of serum creatinine and of urine
glycine and lysine both with elevated oxyproline
content in urine. A direct correlation was established
between the level of oxyproline in urine and serum
TSH (r = 0.42; p < 0.05), indicating the effect of
thyroid hormones on protein metabolism and colla-
gen structure, in particular of the bone one.

3. Abnormal mineral component of the bone tissue
was accompanied by a decrease in serum calcium
content and BMD both with increased APh activity.
A direct correlation between the serum calcium level
and APh activity (r = 0.33) and an inverse relation-
ship between the APh activity and BMD (r = -0.60)
(p < 0.05) were established.

4. Serum content of vitamin D was (22.48 * 2.31)
ng/ml, indicating its deficiency with no link to the
BMD. An inverse relationship was established
between the serum level of vitamin D and APh activ-
ity (r = -0.34; p < 0.05) and also between the serum
levels of vitamin D and SI (r = -0.35; p < 0.05).

5. The average individualized radiation dose was
(0.66 = 0.04) mSv. A direct correlation was estab-
lished between the radiation dose and age (r = 0.34;
p <0.05), indicating to a dose increase depending on
duration of the permanent residence in RCT. No any
other indicators depended on the radiation dose.
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HSI CTPOMAJIbHO-TE€MOITIOETUIHOIO MiKPOOTOUCHHS Y
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pamioakTMBHO 3a0pyAHEHUX TEPUTOPIi ITicas aBapil
Ha YAEC» (Ne pmepxpeectparii 0121U107585, Tep-
MiH BuKoHaHHs: 20212023 pp.).
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