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PEI'YJISAIIISA METABOJII3MY B KICTKOBIN TKAHUHI Y JITEN,
JKUTEJIB PAIIOAKTUBHO 3ABPYIHEHUX TEPUTOPIN IICJIS
ABAPII HA YAEC

MeTa: BCTaHOBUTM KiHiKO-MeTaboNiuHi 0COOAMBOCTI NpoLECciB OCTEOYTBOPEHHA Ta (aKTOpW, WO BMAUBAIOTL Ha
WinbHicTb kicTkoBOT TKaHUHK (LLKT), v gmiteit, xwutenis pagioakTueHo 3abpyaHeHux Teputopiit (P3T), nicna aBapii Ha
YAEC.
Marepianu i metoau. 06cTexeHo 539 piTeil Bikom Big 4 1o 18 pokiB. ChopmoBaHO 4 BiKOBi rpynu: oiTh Ao 7 pokis,
7-10 poki, 10-14 pokiB, ctapwi 14 pokiB. [Toka3Huku y piteit 3i 3HMxKeHoto KT (85-65 yM. 0f. Ta HUXKYe 65 yM. 0A.)
ouiHloBanu BifHOCHO HopmatueHoi KT (100-85 ym. op.). [liarHo3 ocTeoneHii Ta octeonopo3y y AiTei BU3Havanu 3a
T-noka3HuKoM MiHepanbHOi LLKT. BuByanu cimeitHuit aHamHe3 poguyis giteir. Y giteit ouiHoBann macy Tina npu Ha-
POIKEHHI, NepenoMu AOBIMX KiCTOK, CKapri Ha ocanrii, aHomanii uenenu, kapiec 3y6iB, HaABHICTb OXUPiHHS, rinep-
Mo6inbHKI cuHapom (TMC). BuByanu nokasHuku nepudepnyHoi kposi Ta GioximiuHi TecTu (3aranbHuii 6inok, nyxHa
docdarasza (J1®), kanbuii, Bitamin D, kpeaTuHiH, cuposaTkoBe 3anizo (C3), hepuTuH), a TaKoXK piBHI KOpPTU3OY, TU-
peotponHoro ropmoHy rinogisy (TTT), BinbHoro Tupokcuny (FT4), B cuposartui kpoBi Ta LLIKT. Po3paxosysanu go3u on-
pOMiHEHHsA giTed.
Pesynbratu. LWKT 3anexana Big Biky giteit. Y poanyis giteir 3i WKT Huxye 65 yM. 0. BCTAHOBAEHO MPAMUIA Kope-
NALINHUIA 3B'A30K MiX YacToTolo cevyokam'aHoi (CKX) Ta oBuHokam'aHoi (KKX) xBopob (p < 0,01), oHKoNOFiYHMMY ©
€HLOKPUHHNUMMK xBopobamm (p< 0,05). Y nauienTis 3i KT HMxye 65 yM. of. yacTilwe po3BuBaBcsa Kapiec 3y6is (p< 0,05,
Ta piale 3ycTpivyanocb 0XupiHHA (p < 0,05). BcTaHOBNEHO NpsAMUiA KOpenAaLiiHMiA 3B'A30K MiX piBHEM KpeaTuHiHy B
cupoBatui kpoBi Ta WWKT (p < 0,01); 3B0poTHMI1 KOpenauinHuii 3B'a30K Mix piBHeM JI® B cupoBaTtui kposi Ta LLKT
(p<0,001). Y TpeTuHu piteit 6yB pediuunt BiTaminy D. ins giteit 3 octeoneHieto (KT 85-65 yM. 04.) XapakTepHUMU
€ Nepenommu fOBrux Kictok, nigsuweHuit piseHsb C3 Ta TTT B cupoBatLi KpoB.i; y piteit 3 octeonopo3om (LLKT Huxue
65 yM. 0f.) KpiM nepesnomis, HasBHi Ginbw BuUcoKi piBHi (3, /1O, kopTu3ony Ta fediunT KanbLilo B CMPOBATLi KPOBI,
HiX y 0cib 3aranbHoi rpynu 3 aHanorivHoto WKT, Ta nigeuweHa yactota FMC. [lo3n onpoMiHeHHs fiTeil 3 OCTEONEHIED
Oynu BUWMMK, HiXX Npu ocTeonoposi, i cknaganu (1,17 + 0,09) m3s, npu octeonoposi — (0,92 + 0,06) m38 (p < 0,05).
[lo3n onpoMiHeHHs fiTeil He KOpentoBanyn 3 KNiHIYHUMKU 03HaKamK, 6ioxiMiyHMMM napameTpamu Kposi Ta LLUKT.
BuCHOBKU. BBYEHHS MexaHi3MiB yHKLiOHYBaHHA KiCTKOBUX CTPYKTYpP Y AiTel 3anexHo Bif iXHboro Metaboniamy
A03BOIU/IO BU3HAYUTM (DAKTOPK, KOTPi BNAKUBAIOTb HA MPOLLECU OCTEOYTBOPEHHS Y AiTel, XUTeNiB paaioakTMBHO 3a6-
pyoHeHux TepuTopiit nicns asapii Ha YAEC, Ta cchopmyBaTi rpynu npiopuTeTHOrO HarnsAAdy.
KntouoBi cnoBa: fiTu, WinbHicTb KiCTKOBOT TKAHWHU, OCTEONEHIA, 0CTEONOPO3, 00MiH 3aN1i3a, rOpMOHaNbHA perynsauis,
[031 onpomiHeHHs, aBapis Ha YAEC.
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REGULATION OF BONE TISSUE METABISM IN CHILDREN
LIVING IN RADIOACTIVELY CONTAMINATED TERRITORIES
AFTER THE CHNPP ACCIDENT

Objective: identification of clinical and metabolic characteristics of osteogenesis and factors affecting bone min-
eral density (BMD) in children living in radioactively contaminated territories (RCT) after the ChNPP accident for the
use of therapeutic and preventive measures aiming to reduce the incidence of disorders.
Materials and methods. Children aged 4 to 18 years old (n = 539) were involved in the study within 4 age groups,
namely under 7 years old, 7-10 years old, 10-14 years old, older than 14 years old. Studied parameters in children
with a reduced BMD (85-65 relative units and under 65 relative units) were estimated vs. the normative BMD
(100-85 relative units) cases. Diagnosis of osteopenia and osteoporosis in children was established according to
the BMD T-index. Family history of the relatives of children was studied. Body weight at birth, fractures of the long
bones, complaints of osalgia, jaw anomalies, dental caries, presence of obesity, and hypermobility syndrome (HMS)
were assessed. Peripheral blood biochemical tests were performed featuring the serum total protein, alkaline phos-
phatase (APh), calcium, vitamin D, creatinine, serum iron (SI), ferritin, cortisol, pituitary thyroid-stimulating hor-
mone (TSH), and free thyroxine (FT,) assay. BMD was measured and radiation doses in children were reconstructed.
Results. BMD depended on the age of children. A direct correlation was established between the cholelithiasis and
urolithiasis incidence (p < 0.01), cancer and endocrine diseases (p < 0.05) in the relatives of children that had BMD
under 65 relative units. Dental caries developed more often (p < 0.05), while obesity was less frequent (p< 0.05) in
the subjects with BMD < 65 relative units. A direct correlation was established between the level of serum creati-
nine and BMD (p < 0.01), and there was an inverse correlation between the serum APh level and BMD (p < 0.001).
Every third child had a vitamin D deficiency. Fractures of long bones and increased content of SI and TSH were char-
acteristic for the children having got osteopenia (BMD within 85-65 relative units), while besides a predisposition
to bone fractures the higher levels of SI, APh, cortisol both with calcium deficiency were found in children with
osteoporosis (BMD < 65 relative units) compared to the general group with a similar BMD. An increased incidence
of HMS was characteristic too. Radiation doses in children with osteopenia were higher than in those with osteo-
porosis: (1.17 +0.09) mSv and (0.92 + 0.06) mSv respectively (p< 0.05). No correlation was found between the radi-
ation doses and clinical signs, blood biochemistry or BMD.
Conclusions. Study of the functional mechanisms of bone structures in children, depending on their metabolism,
had made it possible to reveal the factors that affect bone formation in children living in RCT after the ChNPP acci-
dent, and to form the population groups for the timely application of therapeutic and preventive measures aiming
to reduce the incidence of disorders of musculoskeletal system.
Key words: children, bone mineral density, osteopenia, osteoporosis, iron metabolism, hormonal requlation, radia-
tion doses, ChNPP accident.
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BCTYII INTRODUCTION

PeMonenioBaHHSI KicTOK 3a0e3Meuye CTpyKTypHY Lijic-  Bone remodeling ensures the structural integrity of
HICTh OITOPHO-PYXOBOTO amapaTy Ta Bimmzepkaimoe mpo-  musculoskeletal system and reflects the metabolic
ecu MeTaboITi3My B KiCTKOBIM TKaHUHI [1]. MexaniamMu  processes in bone tissue [1]. Functional mecha-
(byHKIIIOHYBaHHSI CTPOMAJILHOI'O MiKpOOTOUYeHHs i ctaH  nisms of the stromal microenvironment and the
KiCTKOBUX CTPYKTYp 3aJleXaTh Bil pi3HUX (akTopiB,  state of bone structures depend on various factors
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KOTpi BIUIMBAIOTh Ha MPOILIECH JICHKEMOTeHe3y Ta Iie-
peoir rocTpux Jieiikemiii y miteit [2]. Cankosi ¢pakTopu
ctaHoBJIATh 60—80 % onTuUMalbHOI MiHepasi3alii Kic-
ToK. Monugikyoui (pakTopu, Taki SIK TilmoauHaMisl, xap-
YyBaHHS, Maca TiJia JIIOAWHU, BilirpatoTh BaXXJIUBY POJIb Y
¢yHKUiOHYBaHHiI KicTKoBUX CTpykKTyp [3]. OmnucaHo
BILIMB IIIOKOKOPTUKOIAIB HA 3MiHU MiHEepaJIbHOIO CKJla-
Iy Ta LIiJIbHiCcTh KicTKoBoi TKaHuHM (LIKT) y miteii [4].

MeTabo0J1i3M KiCTOK TTOPYIIYETHCS TPU OOMEXEHHI
¢i3nyHOI aKTUBHOCTI, Aiabeti 1 TuIly, MyKOBiCUMA03i,
KWIIKOBI HEIOCTAaTHOCTI, MeillnTi KaJlbllifo Ta BiTa-
MiHy D. Pe3op0Ouio KiCTKM MOXYTb aKTUBYBAaTU CHC-
TEMHI peryasaTopu 30kpema, iHtepseiikinu 1L-1, IL-6 i
(dakTop HEKPO3Y NyXJIUHH |5, 6].

3MiHM B OpraHiYHOMY MATPUKCi KiCTOK HETaTMBHO
priuBaoTh Ha [IIKT. Tlpuknanom 1iboro € KpeaTUHiH —
KiHIIEBUI TPOAyKT KpeaTuHdocdaTHOI peakilii. o
CKJIaay MomnepeaHuKa KpeaTuHiHy — KpeaTuHY, BXOISThb
TPU aMiHOKUCJIOTU: IJIiLIMH, METIOHIH Ta apriHiH, Ae-
(iLUT IKUX MOPYIIYE TIPOLIECU KOJJATeHOYTBOPEHHS [7].

OcTaHHIM YacOM TOCJTITHUKHY BEJIUKY yBary NMpUIUISIOTh
BIUIMBY 3aji3a Ha CTaH OCTEOHY. 3MiHM B MeTadoJIi3Mi
3aj1i3a He JIIle CHOPUSIOTh IU(EPEHLiOBAHHIO OCTEOK-
JIACTIB i armonTo3y OCTe001acTiB, ajie i MPUTHIUYIOTh ITPO-
Jticpepalliro ocTeo01acTiB, 1110 HETaTUBHO BIUIMBA€E Ha MTPO-
1ec KicTkoBoro peMoaestoBaHHs [8]. IIpu HapIuIIKy 3a-
JIi3a B OpraHi3Mi po3BUBAETHCS O0CTEOITopo3 [9], a nediunt
3aiti3a i BitaMiHy D BruimBae Ha pe30opOl1iio KiCTKOBOI TKa-
Huau [10]. Ha merabofi3M KiCTKOBOI TKaHWHU MOXKe
BIIMBatTU rencuauH. B gociimxkenHi [11] moka3aHo, 1o
piBHI (bepUTHHY Ta TEIICMAMHY B CHPOBATIi KpOBi Oyimm
MpsIMO TIOB’s13aHi 3 BiTaMiHOM D, TIpssMO Ta orocepeako-
BaHO - 3 OCTEOIIOPO30M Y MAlliEHTIB 3 PEBMATOIMIHUM apT-
putoM. Y HdiTeil, XBopux Ha OeTa-TajaceMilo, sIKi Maiu
MiIBUILEHI PiBHI (pepUTHHY, COCTEPIraIMCS MaTOIOTIYHI
3MiHM y CTPYKTYpi KicToK i 3HmkeHHs LLIIKT [12]. Crin 3a-
YBaXWUTH, 110 Y TPETUHU [iTeil B iHilliaTbHOMY Iepiofi
rocTpoi JeilkeMii OyB MiABUILEHUII piBeHb 3ali3a B Op-
raHi3Mi, SK1if HeTaTUBHO BIUIMBAB Ha CTaH KicTOK [ 13].

ToMeocTas Kanbliito B opraHi3Mi 3a0e3MeYy€eThCsl CHC-
temoro: naparropmoH (ITTT) — kanpuMTOHIH — BiTa-
MmiH D [14]. TITI akTUBYE OCTEOKJIacCTH, TOOTO pe-
30pOLiI0 KICTOK, 1 CHpPUSIE HAAXOIXEHHIO B KpOB
KaJblito Ta pocopy [15].

o > 10 KpuTepiiB AiarHOCTUKKU MeTaOOJiYHUX 3MiH B
OINOPHO-PYXOBOMY arapari, TO HM3Ka aBTOpiB, aHaJli3y-
04U METOAM OLIIHKM, BUCJIOBUJIACh HA KOPUCTb Z-I0-
Ka3HWKa TpabeKyJsIpHOi KiCTKM Ha BiAMiHYy Bil IMmokas-
nuka KT i miHepanbHOI 11ibHOCTI XpebOTa [16]. [liar-
HO3 OCTEOMNEeHii BBaXaloTb JOCTOBIPHO IMiATBEPAXKEHUM,
SIKILIO BTpaTta KicTKoBoi TKaHMHU carae 20—40 % [17].

that affect the leukemogenesis and course of acute
leukemia in children [2]. Hereditary factors ac-
count for 60—80 % of the optimal bone mineral-
ization. Modifying factors such as hypodynamia,
nutrition patterns, body weight are of important
role in the functioning of bone structures [3].
Influence of glucocorticoids on changes in the
mineral composition and bone mineral density
(BMD) in children was described [4].

Disorders of bone metabolism occur under the
physical activity limitation, type 1 diabetes, cystic
fibrosis, intestinal failure, calcium and vitamin D
deficiency. Bone resorption can be activated by the
systemic regulators, in particular, interleukin-1
(IL-1), IL-6, and tumor necrosis factor [5, 6].

Abnormalities in bone organic matrix negatively
affect the BMD. Creatinine as the end product of
creatine phosphate reaction is an example here.
Deficiency of amino acids glycine, methionine,
and arginine in the content of creatine, the precur-
sor of creatinine, disrupts the collagenogenesis [7].

In recent years much attention has been paid to
the role of iron on the state of osteon. Abnormal
iron metabolism not only contributes to the differ-
entiation of osteoclasts and apoptosis of osteo-
blasts, but also inhibits the proliferation of
osteoblasts, which negatively affects bone remod-
eling [8]. With an excess of iron the osteoporosis
develops [9], while in iron and vitamin D deficien-
cy the bone resorption is affected [10]. Bone
metabolism can be affected by hepcidin. Serum
ferritin and hepcidin levels are directly related to
the vitamin D content [11]. Bone structure abnor-
malities and decreased BMD in children with
beta-thalassemia having the elevated ferritin levels
are an example here [12]. Increased level of iron,
which negatively affects the bones’ state, is note-
worthy in the initial period of acute leukemia in
every third pediatric patient [13].

Homeostasis of calcium is regulated by the
parathyroid hormone (PTH) — calcitonin — vita-
min D system [14]. PTH activates osteoclasts, i.e.
bone resorption, and contributes to the influx of
calcium and phosphorus into the blood [15].

As for the criteria for diagnosing of metabolic
changes in musculoskeletal system, a number of
authors analyzing the assessment methods give
preference to the Z-index of trabecular bone as
opposed to the spinal BMD [16]. To reliably con-
firm the diagnosis of osteopenia a loss of bone tis-
sue by 20—40 % is to be detected [17].
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HiarHocTuKa 0CTeonopo3y He MOBUHHA IPYHTYBATUCS
Juire Ha Bu3HauyeHHi KT, HeobGximHO OpaTtu 10 yBaru
KIJIIHIYHY CMMNOTOMATUKY, BUJ KOMOPOiZHOI MaTOJIOrI,
HasIBHICTb B aHaAMHE3i NepeJIOMiB KiCTOK, BXKMBaHHS J1-
TUHOIO JiKiB ToIo [18]. BaxuBo BiaAMiTUTH, 1110 O113b-
KO 45 % niTeii Ha Yac BCTAHOBJICHHS OialHO3Y TOCTPOI
JIeiiKeMil He MaloTh KJIiHIYHUX MPOsIBIB YpaxKeHHS
KiCTOK, XOoua HasiBHi 3MiHM B IXHili apxiTekToHiui [19].
Tomy icHye mpobyiema 11040 CBOEYACHOTO BUSIBICHHS
MaToJIOril B OMOPHO-PYXOBOMY anapati y JUTSYOro Ha-
celleHHs YKpaiHu i GopMyBaHHS IPYIT pU3MKY 3 TeMaTO-
JIOTiYHOI ITaTOJIOTii.

TakuM YMHOM, B JIiTepaTypi ONMucaHi MPUHLIMIIU Aiar-
HOCTMKM METa0OJiYHMX IOpYylLIeHb B KiCTKOBIii TKa-
HWHI, HAWOIBII YacTi MpUUYMHM iX po3BUTKY. OmHak,
1iKaBo OyJ10 O OLIIHUTH XBOPOOM Yy POMOBOMI, KJIiHIKO-
JlabopaTopHi, 0ioOXiMiYHi MOKA3HUKU Yy AiTEH 3a/eXXKHO
Big IIKT, piBHiB rOpMOHIB IIUTOMOAIOHOI 3a03U Ta
HaJHUPKOBUX 3a/103, SIKi 0epyTh ydyacTb B OCTEOYTBO-
pPEeHHi, a TaKOXK BIUTMB J03 OIIPOMiHEHHS IicJIsI aBapii Ha
YAEC. OtpuMani nani 0yayTh cipusti ¢hOpMyBaHHIO
rpyn pu3UKy 3 TeMaTOJ0TiYHOI MaTOI0Til ceped IUTIY0-
ro HaceJieHHsI YKpaiHU JJIsi CBOEYACHOI KOPEeKIlil BUSIB-
JIGHUX 3MiH B KiCTKOBIili TKAHUHi.

META

BcranoBuTH KiliHiKO-MeTabo0J1iuHi 0COOJIMBOCTI MPOLIECiB
OCTEOYTBOpPEHHS Ta (PaKTOpH, IO BILUIMBAIOTh Ha ILiJIb-
HICTb KiCTKOBOI TKAHWHMU Y AiTeil, KUTeJIiB pagioaKTUBHO
3a0pyaHeHux tepurtopiii (P3T), micias aBapii Ha HAEC.

MATEPIAJIN TA METOJIN

O6crexeHo 539 nmiteit Bikom Bin 4 no 18 pokis. BpaxoBy-
041 BiKOBi OCOOJMBOCTI reMornoe3y Ta €HIOKPMHHOIL
cucrteMu, chopMOBaHO 4 BiKOBi TpyIN: IiTH 10 7 POKIiB,
7—10 poxkiB, 10—14 pokiB, crapiui 14 pokiB. 3 ypaxyBaH-
HaMm IIKT mamieHTn Oynu po3mofijieHi 3a cepeaHiM
KBagpaTUYHUM BiaXujieHHSIM Ha Tpu rpynu: 100—85 ym.
on. — HopmatuBHa LIIKT Ta 3H1keHa (Y IBOX Tpajallisix) —
85—65 ym. on. i Huk4e 65 yMm. on. Bci mokasHukM, sIKi
BUBYAJIU Yy NiTeil, mopiBHIOBaM 3 HopMaTtuBHOIO II[KT.
Hiarno3 octeonenii (OIl) ta octeomoposy (OII3) y
Jiteid Bu3Havaau 3a T-nmokazHukoM miHepanabHoi HITKT.
Hns OIl xapaktepHuit moka3Huk Bim -1 mo -2,5 SD
(cTaHmapTHe BiIXuieHHs ), 3HaueHHs MeHIe -2,5 SD €
npiarHoctuyHumu st OI13 [20].

AmHanizyBanm ciMeWHHMI aHaMHe3 IiTeil HBOX IO-
KoJiHb. BpaxoByBanu xxoByHokaMm’sHy (KKX) i ceuo-
Kam’sgHy xBopobu (CKX), oHKOJIOTiUHI Ta eHIOKPUHHI
XBOpOOU i mepesioMu KicToK. Y AiTeill OLiHIOBaJIM Macy
TiJla IpU HAPOJXKEHHI, TTepeIOMU JOBIMX KiCTOK B aHaM-

The diagnosis of osteoporosis should not be based
only on a BMD, as the clinical symptoms should be
also taken into account both with the type of
comorbidities, bone fractures in a case history, cur-
rent and past mediation, etc. [18]. It is important to
note that about 45 % of children at the time of diag-
nosis of acute leukemia have no clinical manifesta-
tions of bone lesions, although there are changes in
their architecture [19]. Therefore, there are an
issues of timely detection of musculoskeletal system
disorders in the children’s population of Ukraine
and formation of hematological risk groups.

Thus, the principles of diagnosis of metabolic
bone disorders and the most frequent causes of
their development are described in the literature.
However, it is of interest to evaluate the diseases in
family history and review the clinical and bio-
chemical parameters in children depending on
BMD, thyroid and adrenal hormone levels, which
are involved in bone formation, as well as the effect
of exposure to ionizing radiation after the ChNPP
accident. The obtained data will be applied in the
formation of risk groups for hematological malig-
nancies in pediatric population of Ukraine.

OBJECTIVE

Identification of clinical and metabolic character-
istics of osteogenesis and factors affecting BMD in
children living in radioactively contaminated terri-
tories (RCT) after the ChNPP accident.

MATERIALS AND METHODS

Children aged 4 to 18 years old (n = 539) were
involved. Given the age-related hematopoietic and
endocrine system features the 4 age groups were
selected (under 7 years, 7—10 years, 10—14 years,
and over 14 years old). According to BMD values
the study subjects were allocated into 3 groups in
terms of the mean square deviation, namely 100—85
relative units (RU) (normative) and reduced (in two
gradations) 85—65 RU and < 65 RU. All studied
parameters were compared vs. values in the norma-
tive BMD group. Diagnosis of osteopenia (OP) and
osteoporosis (OPS) was established by the T-index
of BMD. OP was characterized by the values from
-1to -2.5 SD (standard deviation), while values less
than -2.5 SD were diagnostic for OPS [20].

The family history of children in two generations
was analyzed. Cholelithiasis (CL) and urolithiasis
(UL), cancer, endocrine diseases and bone fractures
were taken into account. Body weight at birth, long
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He3i, CKapru Ha ocaJrii, aHoMaJii IleJernu, Kapiec
3y0iB, HAsIBHICTh OXWPiHHS, TiNepMOOiTLHOTO CUH/-
pomy 3a [21]. BuBuanm mokasHUKM TepudeprnaHoi
KpOBi Ha aBTOMaTuYHOMY remoaHajizaTopi MicroCC-
18 (CIHA), mapamMeTpu CUpOBATKU KPOBi (3arajibHUM
oinok, myxHa ¢ocdaraza (JID), kanpwuiit, Bitamid D,
KpeaTHHiH, cMpoBaTKoBe 3ai1i30 (C3)) Ha GioxiMiyHO-
My aHaizatropi Humostar-600 (HimMeuunna). PiBeHb
KOPTHU30J1y, TAPEOTPOHOro ropMoHny rirmodizy (TTT),
BinbHOTO THpOKCUHY (FT4), peputuny (CP) B cupo-
BaTLIi KPOBi BU3HAYAJIM 32 TOMOMOTOI0 paiioiMyHHOTO
metony (RIA-Kits). KT mocnimxyBaau Ha JeHCUTO-
metpi Ultrasonometer Lunar (CHIA KoHTakT 3
ioHi3y0uuM onpomiHeHHsIM Manu 300 giTeit, He Maau
KoHTakTy 239. Jlo3u OIpOMiHEHHSI PO3paxOByBaju
3rigHo 3 [22].

CratucTUYHe ONpalloBaHHS OTPUMMAaHUX TaHUX
MIPOBOIWIN 3 BUKOPUCTAHHSAM KOPEJISIiHOIO aHaIi-
3y: KoedimieHTiB kopensauii Cripmena, Cr’romeHTa,
U-tecta (ManHa-YitHi), y’-kpurepito Ilipcona
(https://www.socscistatistics.com/tests/).

PE3VYJIBTATU TA OBI'OBOPEHHS

Ho Bubipku 3airydyeHo 539 niteil. B Tabi. 1 npencras-
JieHo posnofin aiteit 3a BikoM i KT Bci mokazHuku,
1110 BUBYA/IU y AiTel, OLliHIOBAJIMU BiAHOCHO IAlIiEHTIB
3 HopMmaTtuBHoo IIIKT.

HaitmeH1nn yrcenbHOO OyJia rpyma giteit 10 7 pokiB
(5,0 %). Maiixe nojloBMHA TMAIliEHTIB OyJa ImybepTaT-
Horo Biky. 3 HopMmatuBHolo LIIKT 6yno 86,3 % miteit
crapiue 10 pokis; IHKT 85—65 yM. oa. niarHocTyBajiach
y 82,9 % niteit 7—14 pokis; LLIKT Hukue 65 ym. of. Oy-
nay 54,8 % nireii 7—10 pokiB.

OuiHka Buay XBOpoO y pOAOBOAI IOKazaja, IO
KKX i CKX peecTpyBanich Maiike 3 0HAKOBOIO Jac-
TOTOI0, 32 BUHSITKOM OiIbllI HU3bKOTO BigcoTka CKX'y

bone fractures in a history, complaints of osalgia, jaw
anomalies, dental caries, obesity, and hypermobility
syndrome were assessed in children. [21]. Peripheral
blood parameters were studied on the MisroCC-18
automatic hemoanalyzer (USA), blood serum param-
eters (total protein, alkaline phosphatase (AL), calci-
um, vitamin D, creatinine, iron (SI)) were assayed on
the Humostar-600 biochemical analyzer (Germany).
Serum levels of cortisol, thyroid-stimulating hormone
(TSH), free thyroxine (FT4), and ferritin (SF) were
tested via the radioimmunoassay method (RIA-Kits).
BMD was measured on the Ultrasonometer Lunar
densitometer (USA). 300 children in study sample
were exposed to ionizing radiation after the Chornobyl
NPP (ChNPP) accident, and 239 were not exposed.
Radiation doses were reconstructed according to [22].
Statistical processing of the obtained data was car-
ried out through the correlation analysis applying the
Spearman Rank Correlation Test, Student’s z-test,
Mann-Whitney U-test, and Pearson’s y? test
(https://www.socscistatistics.com/tests/).

RESULTS AND DISCUSSION

The study sample included 539 children. Table 1
shows the distribution of them by age groups and
BMD values. All studied parameters were evaluated
relative to the cases with normative BMD.

The group of children under 7 years of age was the
least numerous (5.0 %). Almost half of the patients
were of puberty age. There were 86.3 % of children
over 10 years of age with normative BMD, BMD
within 85—65 RU was found in 82.9 % of children
aged 7—14, while BMD lower than 65 RU was in
54.8 % of children aged 7—10 years old.

Assessment of the types of diseases in family histo-
ry indicated that UL and CL were registered with

Ta6nuusa 1

Po3nogin pitei 3a Bikom 1a KT

Table 1

Distribution of study subjects by the age groups and BMD values

Bikosi rpynu LLKT / BMD Bcboro / All
Age groups 85—65 ym. op. / RU <65ym. oa. /RU 100_8n5=y"1"68‘1"' /RU 36‘;" 4 %
< 7 pokiB / years 6 17 4 27 5,0
7-10 pois / years 94* 511 18 163 30,2
10—14 pokis / years 143* 23 742 240 445
> 14 pokis / years 43 2 642 109 20,3
Beboro / Total 286 93 160 539 100

Mpumitku. THopMaTvBHa; 2MaKcUMasibHa KiflbKicTb AiTeit 3anexHo Big BiKOBOI rpynv B Mexax LLKT (3a x2) (p < 0,05).
Notes. 1"Normative; 2maximum number of children depending on the age group within BMD range (by the 2) (p <0.05).
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ponunuiB miteit 3i KT Huxue 65 yMm. ox. Y mopoc-
JIMX MpeBaloBaId €eHIOKPUHHI Ta OHKOJIOTIYHiI XBO-
pobu (tabxi. 2). BcraHoBieHO TIpIMUil KOpeISIiii-
HUi1 3B’5130K Mixk yactotoro CKX i KKX (rs = 0,46;
p < 0,01), a TaKOX OHKOJIOTIYHUX i €HAOKPUHHUX
xBopoO (rs = 0,29; p < 0,05) y ponuuis aiteii 3i [I[KT
HIKYe 65 yM. of.

Maca Tina mpu HapoXKEeHHI AUTUHY 3HAXOAMJIach B
MexXXaX HOpMaTUBHUX BEJIWYMH (CepeaHsT CTaHOBMIIA
(3,46 £ 0,03) kT i BOHA He BILIMBaJa B MOAAIBIIOMY
Ha KT BomHouac HaiiMeHIa KidbKiCThb HiTei 3
HU3bKOIO (10 2,5 Kr) Ta Bucokoio (Buie 4,0 Kr) ma-
colo Tija oyna y mauienTi 3i LIIKT menmie 65 ym. o.
(p <0,05).

IlepenoMu KiCTOK B aHaMHe3i y AiTeil peecTpyBa-
JIUCh 3 OJIHAKOBOIO YacToToo i He 3anexkanu Big IIKT
(Tabn. 3). BogHoyac BCTaHOBJIEHO MPSIMUM KOpe-
JISLIAHAT 3B'SI30K YaCTOTH IEPEIOMIB TOBIUX Kic-
tok 3 piBHeM C3 nipu IIKT 85-65 ym. ox. (rs=0,33;
p < 0,001). OxupinHg pigiie 3ycTpivyajioch y aiTeit 3i

Ta6nuusa 2
Po3nogain aiten 3a Bupom xeopo6 y pogosopi ta KT

Table 2

almost the same incidence, except of a lower percent-
age of UL in relatives of children with BMD < 65 RU.
Endocrine diseases and cancer prevailed in adults
(Table 2). A direct correlation was established bet-
ween the incidence of UL and CL (rs = 0.46; p < 0.01),
as well as between cancer and endocrine diseases
(rs = 0.29; p < 0.05) in relatives of children with
BMD < 65 RU.

The body weight at birth was within normative val-
ues being (3.46 £ 0.03) kg in average with no impact
on BMD in the future. At the same time, the smallest
number of children with low (up to 2.5 kg) and high
(above 4.0 kg) body weight was among subjects with
BMD <65 RU (p < 0.05).

Bone fractures in a history were registered with
the same incidence with no dependence on BMD
(Table 3). At the same time, a direct correlation was
established between the incidence of long bone frac-
tures and SI in BMD within 85—65 RU (rs = 0.33;
p <0.001). Obesity was less common in children with

Distribution of children by the disease type in family history and BMD values

L. LLIKT / BMD Bcboro / All

Bikosi rpynu

85-65 ym. on. / RU <65ym.oa./RU 100-85 ym. on. / RU n =539
Age groups n = 286 n=93 n =160’

abc.y. /N % abc.4. /N % abc.4./N % abc.y. /N %
XKX / CL 58 20,3 19 20,4 32 20,0 109 20,2
CKX /Ul 642 22,4 g 8,6 26 16,2 98 17,8
OnkonoriyHi xsopobu / Cancer 117 40,9 30 32,3 55 34,4 202 37,5
EHpokpuHHi xBopobu / Endocrine disease 132 46,1 40 43,0 67 419 239 43,5

Mpumitku. HopMatueHa; 2pisHuug B Mexax naronorii Mix LLIKT 85—65 ym. oa. Ta LLIKT < 65 ym. og. (3a %2) (p < 0,05); 3pizHuua B Mexax natonorii Mix LLIKT nopigHsHo 3

HopmaTueHolo (3a y2), (p < 0,05).

Notes. Normative; 2difference within disease type between the BMD 85—65 RU and < 65 RU groups (by the 2) (p < 0.05); 3Difference within disease type between the

decreased and normative BMD groups (by the %2) (p < 0.05).

Ta6aumusa 3
Po3nogin pitei 3a Buaom naronorii ta WKT

Table 3

Distribution of study subjects by the disease type and BMD values

L LLIKT / BMD Bcworo / All

Bikogi rpynu

85-65 ym. on. / RU <65ym.o0a./RU  100-85 ym. opn. /RU n =539
Age groups n =286 n=293 n=160'

abc.4. /N % abc.4. /N % abc.4. /N % abc.4. /N %
[Mepenomu kictok / Bone fractures 42 14,0 17 18,0 29 18,1 118 18,0
OxupiHHs / Obesity 112 3,8 32 3,2 12 75 40 6,2
AHomanii wenenm / Jaw anomalies 88 30,8 22 23,7 36 22,5 162 25,0
Kapiec 3y6is / Caries 174 60,8 63 67,3 95 59,4 369 56,9
MC / HMS 48 16,8 172 18,2 16 10,0 81 15,0

Mpumitkn. THopMatueHa; 2pisHuust B Mexax narosiorii Mix LLIKT nopieHsHo 3 HopmartueHoto (3a %2), (p < 0,05).
Notes. 'Normative; 2difference within disease type between the decreased and normative BMD groups (by the %2) (p < 0.05).
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IIKT Hmxue 85 yMm. on. (p < 0,05). I'imepMoOiTbHMIA
CUHJIpOM yacTinie MaB Micue y aiteit 3i IIKT Huxue
65 yM. oJ1., MOPIBHAHO 3 MALliEHTAMU 3 HOPMATUBHOIO
IOKT (p < 0,05). YacToTa Kapiecy 3y0iB y IiTeit He 3a-
nexana Big IIKT.

Iloxa3HUKM TeMorpamMu y OiTeil 3HaXOOWJINCh B M-
»Kax HOPMaTUBHMX BEJIMYMH i1 HE PO3PI3HSUIMCH 3aJIeX-
Ho Binm LHKT. Pesynasratu mociimkeHb 0ioXiMiYHOIO
CKJIaay CUPOBAaTKU KPOBi TeXK He BUSIBUJIM TOCTOBIPHOL
pizHuui 3anexxHo Bin IKT. OnHak BCTaHOBIEHO 3BO-
POTHUIA KOpEISLiHII 3B 130K MixK piBHeM JID ta C3,
SIKIIIO Moro piBeHb OyB moHax 15 Mkmob/J (rs = -0,29;
p <0,05). Kpim Toro, yum BuiuM 0yB piBeHb C3, TUM
yacTile y aiteil BAHMKaau cKapru Ha ocarii (rs = 0,5;
p < 0,001). YacTtora kapiecy 3y6iB y miteir 3i LLIKT
HUK4Ye 65 yM. ofi. IPSIMO IMPOIOPLIMHO KOpeltoBaa 3
piBHeM JID (rs = 0,35; p < 0,05).

OuiHKa piBHSI KpeaTMHiHY B CUPOBATLIi KPOBi ITOKa3a-
na, o cepen aiteit 3i LLIKT aikae 85 ym. om. 6ymo 6ib-
me ocido 3 mediuuToM OiTKOBOI KOMITOHEHTU (PiBeHb
KpeaTuHiHy He gocsraB 60,0 MKMOJb/1). BcraHoBIEHO
3BOPOTHMI KOpEJSIiiHNIA 3B’S130K MK piBHeM JI® B
cuposatii kposi i IHKT (rs = -0,33; p < 0,001); mpsimMumiz
KOpEJSILiMHUN 3B’SI30K MiX piBHEM KpeaTHMHiHYy Ta
LIKT (rs = 0,36; p < 0,01). PiBeus JI® go 500 Oxn/m1, a
KpeaTuHiHy Bulle 60 MKMOIb/J BiOIoOBigagIu HoOpMa-
tuBHiid LIKT (100—85 ym. ox.). Akio piseHs JID 6ys
Buiie 500 Ox/n, a KpeatuHiHy HIK4Ye 60 MKMOJIB/JI, TO
KT Oyna 3HKeHa (Hyxk4de 85 yM. of1.).

Hamu Oynu mpoaHaiizoBaHi KpuTepil AiarHOCTUKU
OIT # OI13 y miteit Ta mimmiTKiB 3rigHo 3 [17]. o yBa-
i Opajiu TmepesioMy JOBTUX KiCTOK, CiIMEHHUI aHaM-
He3, KJIHIYHY CUMIITOMATHKY Ta Pe3yJBTaTH TOCTiI-
JKEHHSI MeTabo1iyHOTro 0OMiHY KiCTKM i ropMOHiB. Ha
migcraBi orpuMaHux gaHux y 42 giteir (14,7 %) 3i
LIKT 85—65 ym. on. miarHoctoBaHo OII, y 17 oci6
(18,3 %) 3i KT nHuxue 65 ym. on. — OII3. Mu
NopiBHSUIM NoKa3HUKM y aiteid 3 OIT ta OI13 3 nokas-
HUKaMHM y JiTeil 3arajibHOI Tpylud 3 aHaJOrivyHOIO
HIKT. Po3noxin aiteir 3 OIT Ta OI13 3a BikoM, CTaTTIO
i BUJIOM MATOJIOTii HE PO3Pi3HSIBCS MOPIBHSIHO 3 0c0ba-
mu 3 aHanoriyHoro KT (ta6a. 4). BUHITOK cKianu
JiTH 3 TiepeoMaMU JOBIMX KiCTOK, IO XapaKTEepHO
JJIsl 3MiH Y CTPYKTYpi OITOPHO-PYXOBOTO amaparty, Ta
yactota 'MC, ska Oyjia HOCTOBipHO BHUIlA y AiTEH 3
OIT i1 OI13 (p < 0,05).

Ouinka 0ioXiMiYHMX MapKepiB OOMiHY KiCTKOBOi
TKaHMHU MOXe OYTHU BakKJIMBOIO JUISI 1iarHOCTUKU Ta
MNpPOTHO3y METa0OJIiYHOTO 3aXBOPHOBAHHS KiCTOK.
Mu nopiBHSIIM MOKA3HUKM Y IiTeil ABOX Ipym CIOC-
TepexkeHHs B Mexax aHajoriudoi IKT (ta6m. 5).

BMD < 85 RU (p < 0.05). Hypermobility syndrome
was more common in children with BMD < 65 RU
compared to the cases with normative BMD values
(p <0.05). Incidence of dental caries did not depend
on BMD.

Hemogram parameters were within normal values
with no difference depending on the BMD. Bioche-
mical tests of blood serum showed no significant dif-
ference depending on the BMD values. However, an
inverse correlation was established between the
level of APh and SI, if the latter was > 15 umol/I
(rs =-0.29; p <0.05). In addition, the higher SI was,
then more often children had complained on osalgia
(rs = 0.5; p < 0.001). Incidence of dental caries in
cases with BMD < 65 RU directly correlated with
the APh level (rs = 0.35; p < 0.05).

Serum assay of creatinine showed more cases with
a deficiency of protein component (creatinine level
did not reach 60.0 umol/l) in subjects having got
BMD < 85 RU. An inverse correlation was established
between the APh and BMD (rs = -0.33; p < 0.001),
along with a direct correlation between creatinine
level and BMD (rs = 0.36; p < 0.01). The APh level up
to 500 units/1 and creatinine content above 60 umol/1
corresponded to the normative BMD (100—85 RU).
If APh level was higher than 500 units/l and creatinine
content was lower than 60 umol/l, then the BMD
turned out being reduced (< 85 RU).

We have analyzed the criteria for diagnosing the
OP and OPS in children and adolescents according
to [17]. Fractures of long bones, family history, clini-
cal symptoms, assay parameters of bone metabolism
and serum hormone content were taken into account.
Based on the obtained data, 42 children (14.7 %) with
BMD within 85—65 RU were diagnosed the OP, and
17 of them (18.3 %) with BMD below 65 RU were
diagnosed the OPS. When comparing the parameters
in children with OP and OPS relative to the general
group with a similar BMD values the distribution of
subjects with OP and OPS by age, gender, and disease
type did not differ vs. individuals with a similar BMD
(Table 4). Children with fractures of long bones were
an exception here, as such fractures are characteristic
of abnormalities in musculoskeletal system, and also
the incidence of HMS which was significantly higher
in children with OP and OPS (p < 0.05).

Assessment of biochemical markers of bone
turnover may be important for the diagnosis and prog-
nosis of metabolic bone disease. We have compared
the parameters in two observation groups within a
range of the similar BMD (Table 5). The SI level was
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Taonauusa 4

Po3nopin piten 3 ocrteoneHiclo Ta ocrteonopo3om 3a naronorieio i LWKT BigHOCHO 3aranbHoOi rpynu 3

aHanoriyHotwo LWKT
Table 4

Distribution of children with osteopenia and osteoporosis by the disease type and BMD value relative to the

total group with a similar BMD

Bikogi rpynu LWKT / BMD
85-65 ym. oa. / RU, n = 286 < 65ym. oa./RU, n=93
Age groups Litn 6e3 O / no OP Litm 30N/ OP Litm 6e3 OMN3 /no OPS  [itu 3 ON3 / OPS
n =244 n=42 n=76 n=17
Mepenomu kictok / Bone fractures - 42 - 17
Ocaurii / Ossalgia 58 10 12 3
Oxupitxs / Obesity 8! 3 3 0
AHomanii wenenu / Jaw anomalies 72 16 18 4
Kapiec 3y6is / Caries 153 21 50 13
MC / HMS 35 13 9! 8

Mpumitku. TPisHMUS MiX MOKa3HUKOM Y AiTeit B Mexax oaiei natonorii i LUKT (p < 0,05), (32 x2).
Notes. 'Parameter difference in children within the same disease type and BMD range (p < 0,05) (by the 2).

Taoauua 5

bioximiuHi noKa3HUKK B cMpOBATLi KPOBi y AiTe 3 0cTeoneHi€l0 Ta 0CTE0NOPO30M BiHOCHO 3arasibHOi rpynu 3

aHanoriyHoto LWKT (M + m)
Table 5

Serum biochemical parameters in children with osteopenia and osteoporosis relative to the total group with

a similar BMD (M £ m)

Bikosi rpynu LUKT / BMD
85-65 ym. og. / RU, n = 286 < 65ym. oa. /RU, n =93

Age groups Ditv Ge3 O / no OP Oitm3 0N /OP  [itn 6e3 ON3 / no OPS [itn 3 ON3 / OPS

n=244 n=42 n=76 n=17
3aranbHuii 6inok, r/n // Total protein, g/l 72,1+ 0,8 74109 72,109 73,9+0,8
JI®, oa/n // APh, U/l 4712+ 17,6 455,4 + 13,22 474.8 = 10,3! 512,0+ 11,6
C3, mkmonb/n // S, umol/l 17,3+ 0,6 19,7+0,8 17,1 £ 0,41 19,0+0,5
C®, Hr/mn // SF, ng/ml 232+33 21 4+46 20,4 +35 21,7 +4,1
KpeatuHin, Mkmonb/n // Creatinine, pmol/n 64,8 £ 1,1 644+13 63,1 0,7 64,814
XonectepuH, mmonb/n // Cholesterol, mmol/I 4,25 + 0,06 4,23 +0,09 4,14 £ 0,06 4,19 = 0,07
Kanbuijit, Mmonb/n // Calcium, mmol/! 2,28 + 0,04 2,30 + 0,032 2,35 +0,02! 2,22 + 0,01

Mpumitku. TPisHALA MiX MOKa3HKOM Y AiiTeid B Mexax oaiei natonorii i LLUKT (p < 0,05); 2pisHuuis Mix nokasHUKOM Y AiTeil B Mexax pisHoi natonorii i LLKT (p < 0,05).
Notes. 'Difference between the parameter values within same disease type and BMD values (p < 0.05); 2difference between the parameter values within different disease type and

BMD values (p < 0.05).

PiBenp C3 He pospizugBca y gireir 3 OI1 ta OI13,
ajie OyB BUIIMI, HiXK Y pelITu obcTexxeHux. Iigcy-
MOBYIOUM OTpMMaHi pe3yJIbTaT! MOXKHA HaroJOCH-
™, 1o Aad aiteit 3 OII3, KpiM nepeaoMiB JOBrux
KicTok, xBopoO y pomosoxi (CKX, mepemomn
KiCTOK) XapaKTepHUM € OiJbIl BUCOKi piBHI C3,
JI® — mapkepa penapailiii KicTKOBUX CTPYKTYp, Ta Jie-
GiuuT KanpLio.

VY 18 giteit 3 mposgBamu OI1 HOpMaTUBHI BeTMUNHI
BiTaMiHy D B cupoBaTLi KpoBi BUBHAUYEHi Y OTHI€T U -
TUHM, HEJOCTATHICTb — y 15 aiTeid, nedilut — y 1BOX.
BcraHoBneHO mpsIMUiA KOPEISIIIMHII 3B'SI30K PiBHS
KpeaTrHiHy 3 BitamiHoMm D (rs = 0,66; p < 0,05).

not different in children with OP and OPS, but was
higher than in other study subjects. Summarizing the
obtained results, it can be emphasized that in addition
to the fractures of long bones the diseases in family his-
tory (e. g. UL, bone fractures) the children with OPS
are characterized by the higher levels of SI, APh (mark-
er of bone structure repair), and calcium deficiency.

Normative values of vitamin D in blood serum were
determined in one case, deficiency — in 15, and
deficit — in two of them from the 18 children with OP
manifestations. A direct correlation between the crea-
tinine level and vitamin D content was established
(rs = 0.66; p < 0.05).
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OlwiHka piBHiB TOPMOHIB IOKa3aua, 110 y JiTel 3
OIlI Bmict TTT B cupoBaTLi KpoBi OyB 1OCTOBIPHO BU-
M, HiX y miteii 3 aHanorignoro ILKT (p < 0,05), Ha
Bimminy Big miteit 3 OI13, y akux piBHi TTT mpakTuy-
HO He po3pi3Hsuch (Tadn. 6). Ciix 3a3HAYUTH, IO
PiBHi TOPMOHY X04a I 3a3HaBaJIM KOJIMBAaHb, ajie 3Ha-
XOOWINCh B MeXaX HOPMaTUBHMX BeaudyuH. PiBeHBb
FT4y niteit MaB pecbepeHTHi 3HaUEHHSI, OJHAK OYB Jie-
1110 BUIIUM y aiteit 6e3 OI13 mopiBHSHO 3 AiThMU 0€3
OIl. PiBeHb KopTH30ay OyB BUlLM y Aiteit 3 OI13
(p <0,05). IIpuBeprae yBary IpsMUil KOpeISILUiiiHII
3B's130K MixX piBHsIMHU TTI ta C3 y cupoBariii KpoBi y
niteii 3i LIIKT Hxge 65 ym. ox. (rs = 0,71; p <0,001).

Ha migcraBi oTpuMaHMX pe3yabTaTiB, HAMU BM3-
HauveHi Kputepii, nputamanHi mitam 3 OI1 Ta OI13,
Ha BigMiHy Bim mamieHTiB 3 aHajoriuHoro KT
(Tabn. 7).

Posnogin miteit 3a nozamu onpomiHeHHs Ta IIIKT
TIpeAcTaBiIeHo B Ta0OJ. 8. Y miTeit 3araqbHOI BUOIpKM
3i KT Huzk4ye 65 yM. of. 1034 OyJIX BipOTiZHO MEH-
LLIMMU BimHOCHO iHmuMX. Ciin 3ayBaxkKUTH, 1110 Y AiTei
3 OIIl cepenHi n03M OINPOMiHEHHSI JOPiBHIOBAIMU
(1,17 £0,09) M3, y gireit 3 OI13 — (0,92 £ 0,06) Mm3B
(U-Test = 0,50; p < 0,05), 1110 po3pi3HIETHCS BiTHOC-

Evaluation of hormone levels indicated that in chil-
dren with OP the serum TSH content was significant-
ly higher vs. cases with a similar BMD (p < 0.05), in
contrast to the children with OPS in whom TSH lev-
els were practically not different (Table 6). It should
be noted that hormone levels, although subject to
fluctuations, were within normative values. Level of
FT4 was within the reference values, however being
slightly higher in children without OPS vs. cases with
no OP. Cortisol level was higher in children with OPS
(p <0.05). A direct correlation between the serum lev-
els of TSH and SI in children with a BMD below 65
RU (rs =0.71; p <0.001) is noteworthy here.

According to obtained results we have determined
the criteria being characteristic for children with OP
and OPS in contrast to the cases with a similar BMD
(Table 7).

Distribution of children according to the radiation
doses and BMD is shown in Table 8. Doses in chil-
dren of the general sample with BMD < 65 RU were
significantly lower than in others. It should be noted
that in children with OP the average radiation dose
was (1.17 £ 0.09) mSy, while in children with OPS
being (0.92 + 0.06) mSv (U-Test = 0.50; p < 0.05),

Ta6nuusa 6
Moka3HUKM ropMOHiB y AiiTei 3 0CTeONEHi€0 Ta 0CTEONOPO30M BiAHOCHO 3aranbHoi rpynu 3 aHanoriyxoto LKT (M £ m)
Table 6
Hormonal parameters in cases osteopenia and osteoporisis relative to the total group with a similar BMD (M + m)
Bikosi rpynu LLKT / BMD
85-65 ym. on. / RU, n = 286 < 65ym. oa. /RU, n=93

Age groups Litu 6e3 OM / no OP Oitn3 0N /OP [itn 6e3 ON3 /no OPS [itn 3 ON3 / OPS

n =244 n=42 n=76 n=17
TTT, MOp/n // TSH, mU/\ 2,35+0,11"2 2,74 + 0,102 1,85+ 0,10 1,84 +0,13
FT4, nmonb/n // FTa, pmol/l 13,10 = 0,582 12,8+ 0,72 16,18 £ 1,11 12,88 + 1,43
Koptuson, monb/n // Cortisol, nmol/l 371,2+27,0 346,6 + 16,52 4439 + 38,2! 582,2 + 37,0

MpumiTku. TPisHALS MiX NOKa3HUKOM Y AiTeii B Mexax oaHiei natonorii i LUKT (p < 0,05); 2pi3Hnus Mix nokasHUKOM Y AiTeit B Mexax pisHoi natonorii i LLUKT (p < 0,05).
Notes. 'Difference within the same disease type and BMD values (p < 0.05); 2difference within different disease types and BMD values (p < 0.05).

Taonauua 7

Kpurtepii, nputamaHHi aitam 3 octeoneHieio Ta octeonoposom (BigHOCHO pehepeHTHUX BENUYUH)

Table 7

Criteria peculiar to the cases of osteopenia and osteoporosis (vs. reference values)

LLKT 85—65 ym. ogn. / BMD 85—65 RU
Oitn 30N/ OP

LWKT < 65 ym. og. / BMD < 65 RU
Litn 3 ON3 / OPS

1. HasiBHicTb y 6atbkiB CKX, nepenomis kictok / UL and bone fractures in parents
2. HageHicTb y piteit nepenomie foerux kictok / Long bone fractures in children

3. MipBuiLeHWiA piBeHb cMpoBaTkoBoro 3anisa / Elevated SI content
4.TMC / HMS

5. MipeuwweHnii piseHb JIO / Increased serum APh level
6. 3HuxeHwii piBeHb kanbujlo / Hypocalcemia
7. Nigeuwwennin piseHb koptusony / Increased cortisol (serum/urine) level

5. Minguiwenuia piseHb TTT / Increased serum TSH level
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Ta6nuusa 8

Po3nopain piteit 3a po3amu onpomineHHs Ta WKT (M + m)

Table 8

Distribution of study subjects by the radiation doses and BMD values (M + m)

LLIKT, ym. oa.  Bcboro giteit KonTakt 3 IB [lo3a MiH.—makc., M3B Lo3a cepepHa, m38  Be3 koHTakTy 3 IB
BMD, RU n IR exposure Dose range (min—max), mSv  Average dose, mSv  No IR exposure
8565 286 157 0,19-6,45 1,08 = 0,08' 129
<65 93 65 0,18-3,44 0,80 = 0,05 28
100-85 160 78 0,21-6,50 1,11 £0,12! 82
Beboro 539 300 0,18-6,50 0,99 + 0,09 239

Mpumitka. 1PisHnLsa nokasHUKa nopisHAHO 3 fitbMu 3i LLKT Huxue 65 ym. og. (p < 0,05).

Note. 'Difference vs. cases of BMD < 65 RU (p < 0.05).

HO 3arajibHoi Ipynu 3 aHajoriudotro HIKT. MoxHa
OPUITYCTUTHU, 10 B Wi rpymi Oyjio Oijblie ocid Mo-
JIOJIIIOTO BiKY, SIKi OTpUMaJM HUXYi JO3U OIIPO-
MiHeHHs. He BUKITIOU€HO, 110 MATOJIOTiYHI KiCTKM Y
ngiteir 3 OI13 HakONMMUYyIOTh MEHILE PagiOHYKIiAiB i
BIAIMOBIIHO, MALliEHTM MaKTh HUXYi 103U ONPOMi-
HeHHs. Xoya 11e MPUITYIIEHHS NOTpeOye T0AaTKOBUX
JIOKa3iB.

Posnogin aiteii 3a KT Ta no3amMu orpoMiHEHHS,
SKi mpencTaBiieHi B panrax: 10 1,0 m38; 1,0—2,0 M3B;
2,0—3,0 M3B Ta Buie 3,0 M3B, IT0Ka3as, 110 OLIbIIE
MOJIOBUHU 00CTEXEeHUX Maiu 103U 10 1,0 M3B (61,5—
75,5) %. KinbkicTb miteit 3 jo3aMu OIPOMIHEHHS Bifl
1,0 mo 2,0 M3B gocToBipHO He po3pi3Hsamachk (18,5—
29.5) % (tabu. 9).

Po3paxoBaHi 1031 OpOMiHEHHS AiTel He KOPEIo-
Bajy 3 KJAiHIYHUMMM O3HAKaMu, O6i0XiMiYHMMMU Tapa-
meTpamMu Kposi Ta IHIKT.

Ha mincraBi oTpyMaHux JaHUX HaJaHi KIiHIYHI 03-
HaKW, XapakKTepHi I JiTel 3i 3MiHaMU B CTPYKTYpi
KiCTKOBOI TKaHMHM, OiOXiMiuHi MOKa3HUKHU KPOBI,
1110 BiITBOPIOIOTH MeTabO0JIiuHi 0OCOOJIUBOCTI B ONOP-
HO-PYXOBOMY anapari Ta (paKTopH, sSIKi BIULIMBAIOTh Ha
MpoLecCH OCTEOYTBOPEHHSI: FTeHETUYHA KOMITOHEHTa,
BiK, HepalioHaJlbHE XapuyBaHHS, AehiuuT Oinka,

which was different from the general group with a
similar BMD. It can be assumed that there were more
number of younger individuals in this group, for
whom the lower radiation doses are characteristic. It
is possible that compromised bones in children with
OPS accumulate less radionuclides and, accordingly,
subjects receive lower exposure doses. This assump-
tion, however, requires more evidence.

Distribution of children by the BMD values and
radiation doses presented in ranks of up to 1.0 mSy,
1.0—2.0 mSy, 2.0—3.0 mSyv, and above 3.0 mSv showed
that more than a half of them had received doses up to
1.0 mSyv, 61.5—-75.5 %. There was no significant dif-
ference in the number of cases with radiation doses
from 1.0 to 2.0 mSy, 18.5—29.5 % (Table 9).

The reconstructed radiation doses in children were
not correlated with clinical signs, serum biochemical
parameters, or BMD values.

On the basis of obtained data there were identified
the clinical signs being characteristic for children with
abnormalities in a structure of bone tissue, serum bio-
chemical markers reflecting metabolic peculiarities in
musculoskeletal system, and factors that affect the
processes of bone formation, namely the genetic
component, age, irrational nutrition, protein defi-

Ta6nuuysa 9
Po3nopin piteit 3a po3amu onpomiHeHHa (panru) Ta LWKT
Table 9
Distribution of study subjects by the radiation doses (in ranks) and BMD values
85-65 ym. on. / RU < 65ym. oa. /RU 100-85 ym. oa. / RU B All
[o3a, m3B (paHru) n=157 =65 n=78 CbOro /
Dose (ranks) a6c.u. /N % a6c.u. /N % a6c.u. /N % a6c.u. /N %
<1,0 107 68,2 49 75,5 43 61,5 204 68,0
1,0-2,0 3 21,0 12 18,5 23 29,5 68 22,7
2,0-3,0 8 51 2 3,0 2 2,6 12 4,0
>3,0 9 57 2 3,1 5 6,4 16 53
Beboro / Total 157 100 65 100 78 100 300 100

(1) 234
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HaJUIMIIOK 3ajli3a B OpraHiami, AediluT Kabllilo,
BiTamiHy D i 3MiHU B €HIOKPMHHOMY CTaTYCi.

BUCHOBKU

1. YV ponuui miteit 3i LHIIKT Hikue 65 yMm. ox. pimine
peectpyBaiach CKX Ta BCTaHOBJICHO IIPSIMUIL KOpeE-
JISUiiHni 3B'130K MixX yactotoro CKX ta XKKX (rs =
0,46; p < 0,01), OHKOJIOTIYHMMU I €HAOKPUHHUMU
xBopobamu (rs = 0,29; p < 0,05).

2.V nireit 3 migBuieHuM piBHeM C3 vacTilie BUHM-
Kaju ckapru Ha ocairii (rs = 0,5; p < 0,001). Y mari-
entiB 31 HIKT Humxue 65 yM. oA. yacToTa Kapiecy
3y0iB IIpsIMO KopeJfoBaja 3 piBHeM JID B cupoBarii
Kposi (rs = 0,35; p < 0,05). ¥ nireit 31 IIKT Huxue
85 yM. ox. pimmie 3ycTpidanoch oxupiHasg (p < 0,05).
lNnepMoOinbHMIT CMHAPOM YacTillle MaB Miclie y Hi-
teit 3i LIIKT Hukuye 65 yM. of., HixX y Talli€HTIB 3
HopMatuBHoto IKT (p < 0,05).

3. PiBenb JI® go 500 On/n, a KpeaTUHiHY BHIIE
60 wMkMoab/n BigmoBimaB HopmaTuBHii LIKT
(100—85 y™m. ox.); piBerb JI® Bume 500 On/n, a Kpe-
aTuHiHy Hk4de 60 Mkmonb/n — 3HwkeHidn LIIKT
(mmxue 85 ym. onm). BcraHoBneHo TpsgMuii Kope-
JISUIAHUI 3B'SI30K MiXX piBHEM KpeaTHHiHY B CHUPO-
Barui kposi Ta IHKT (rs = 0,36; p < 0,01); 3BopoTHMiA
KOpeJSILiHMI 3B's130K MixX piBHeM JID B cupoBartiii
kposi ta IHKT (rs = -0,33; p < 0,001).

4. BuzHayeHO TIPSIMUI KOPEISLiMHUN 3B'SI30K MixX
C3 ta TTT y miteit mpu IIKT Hux4ue 65 yMm. ox.
(rs = 0,71; p < 0,001) Ta mixx C3 i yacroToro mnepe-
somiB Kictok npu KT 85—65 ym. oxn. (rs = 0,33;
p <0,001).

5. Y TpeTuHu nitTeit 3 OCTeOIeHi€l0 Majla Miclie He-
JIOCTaTHIiCTh BiTaMiHy D. BcTaHoBIeHO MpsiIMUIT KO-
penAUiiHui 3B'I30K MiX piBHEM KpeaTHuHIiHYy i
BiTaminy D B cupoBaTui Kposi (rs = 0,66; p < 0,05).
6. na nmiteitr 3 ocreonenieo (LILIKT 85—65 ym. ox.)
XapaKTepHUMHU OyJIU MEepeaIoMU KiCTOK, IMiABUILECHUMI
piBedb C3 ta TTI B cupoBaTii KpoBi; y miTeit 3 ocTe-
oropo3oMm (LLIKT Huxue 65 yMm. om.) KpiM mepe-
JIOMiB, HasiBHi OiJib1I BUCOKI piBHI C3, JID, KopTH30-
JIy i 1eilUT Kaabliilo B CUPOBATILIi KPOBi, MTOPiBHSIHO
3 ocobaMu 3arajibHoi rpynu 3 aHajoriyHor IIKT.

7. 1031 onIpOMiHEHHS IiTei 3 OCTEOIEHiEI0 CKIananu
(1,17 £ 0,09) m3B, octeoniopo3zoM — (0,92 £+ 0,06) m3B
(p <0,05). Y niteit 31 LIKT Huxye 65 yMm. of., cepea-
HsI 7034 OIPOMiHEHHS OyJla MEHIlIA BiTHOCHO iHIINX
niteit. Jlo3m onmpoMiHeHHS JiTeil He KOopemoBaiud 3
KJIIHIYHMMU O3HAKaMM, OiOXiMiYHUMU TTapaMeTpaMu
kposi Ta IIKT.

ciency, iron excess, deficit of calcium and vitamin D,
and endocrine status abnormalities.

CONCLUSIONS

1. UL was registered less often in relatives of children
with BMD < 65 RU, and a direct correlation was
established between the frequency of UL and CL
(rs = 0.46; p < 0.01), oncological and endocrine dis-
eases (rs = 0.29; p < 0.05).

2. Children with increased levels of SI had more fre-
quent complaints of osalgia (rs = 0.5; p < 0.001). In
cases of BMD < 65 RU the incidence of dental
caries directly correlated with the serum level of APh
(rs = 0.35; p < 0.05). Obesity was less common in
children with BMD < 85 RU (p < 0.05). Hyper-
mobility syndrome was more common in children
with BMD < 65 RU vs. cases with normative BMD
(p <0.05).

3. The APh level up to 500 U/l and creatinine content
above 60 umol/1 corresponded to the normative BMD
(100—85 RU), while the APh level > 500 U/l and cre-
atinine content < 60 umol/I corresponded to the low
BMD (< 85 RU). A direct correlation was established
between the serum level of creatinine and BMD (rs =
0.36; p < 0.01), and an inverse correlation was found
between the serum level of APh and BMD (rs = -0.33;
p<0.001).

4. A direct correlation was established between the SI
and TSH levels in children with BMD below 65 RU
(rs = 0.71; p < 0.001), and between the SI level and
incidence of bone fractures in the group of BMD
85—65 RU (rs = 0.33; p < 0.001).

5. There was a vitamin D deficiency in the every third
child with osteopenia. A direct correlation was estab-
lished between the serum levels of creatinine and vita-
min D (rs = 0.66; p < 0.05).

6. Bone fractures, increased serum levels of SI and
TSH were characteristic for the children with osteo-
penia (BMD < 85—65 RU); at another point in chil-
dren with osteoporosis (BMD below 65 RU) in addi-
tion to fractures there were higher serum levels of SI,
APh, cortisol and hypocalcemia vs. general group
with similar BMD values.

7. Children with osteopenia had received average
radiation doses of (1.17 = 0.09) mSy, and subjects
with osteoporosis were exposed to (0.92 = 0.06) mSv
(» <0.05). In cases with BMD below 65 RU the aver-
age radiation dose was lower compared to other chil-
dren. Radiation doses were not correlated with clini-
cal signs, serum biochemical parameters or BMD val-
ues.
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3B’930K po6OTU 3 HAYKOBUMM NporpamMmamMu,
njJaHamu, TeMmamMmu

HaykoBa pob6ota npoBeneHa y pamkax HJ/IP «Bug-
YeHHS MeXaHi3MiB BIUIUBY HaIJIUIIKY 3alli3a B Op-
raHiaMi Ha TOpMOHAaJbHO-MeTa0OdiUHiI MOPYILIEH-
HS CTPOMAaJbHO-TE€MOIOETUYHOTO MiKPOOTOUEHHSI
y IiTel 3 rocTpuMu JjaeiikeMisaMU Ta AiTe-Mell-
KaHUiB pafioakKTUBHO 3a0pyIHEHUX TEPUTOpiil
nicist aBapii Ha YAEC» (Ne mepxxaBHOI peecTpairii
0121U107585).
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