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OJIOHTOJIOTTYHI E®EKTHU IOHI3YIOUOIO
BUIIPOMIHIOBAHHS (orasin)

MepepymoBa. OpoHTONOMYHI edekTn BNAMBY i0Hi3ytoyoro sunpomiHioBaHHa (IB) sk pesynetat pagiotepanii,
HaCNiJoK aBapili Ha NigNpUeEMCTBax AAePHOT eHepreTUKM Ta NPOMUCIOBOCTI, NPU iHAUBILYaNnbHOMY npodeciitHomy on-
POMiHEHHI ToWo BapTi iCTOTHOT yBaru Ha 3acajax pagiauinHoi MeguUMHM i pafialiiHoi b6e3neku.
MeTa: npoaHanisyBat¥ i y3aranbHUTK KAiHIYHI Ta eKCMepUMeHTasbHi [aHi CTOCOBHO OAOHTOMOMYHMX pagialiiHux
ectekTis.
06'ekT i meToaM pocnigeHHA. 006'eKT: NaToNOriYHi 3MiHM TBEPAMX TKAHUH 3y6iB, MyNbNK, NAPOAOHTY, CNU30B0OT 060-
JIOHKW MOPOXKHWUHM poTa i wenen BHacnigok Bnauey IB. MeToa: nowyk y pedepatuBHux MeanKko-6ionoriyHmx 6asax
paHux PubMed/MEDLINE, Google Scholar, HaykoBux 6i6nioTekax BignoBifgHMUX AxKepen HayKoBoi iHpopmaLii.
Pe3ynbratu. PagiobionoriyHi ecdektn IB BHAcnigok ioro npamoi Ta Henpsamoi Aii NPoABNAOTLCA NPOTATOM YCbOrO
nepiofly ofoHTOreHe3y Ta (pOpMyBaHHA NULbLOBOTO cKenety. EkcnepumeHTanbHi Ta kNiHiyHi pawi (gitm i gopocni)
CBiAYaTb NPO 3pOCTAHHA PU3NKY BUHUKHEHHS Kapiecy; 3HMXEHHS 60bOBOro MOpory Ta BacKynsapu3auii nynbnu 3y6a,
ii (ibpo3 Ta aTpodhito; NopyweHHs GYHKUIOHYBAHHA MApOAOHTY, O 3yMOBJIIOE BUCOKY MOBIpHiCTb BTpaTh 3y6iB.
3MiHM aKTMBHOCTI 0CTe06/1acTiB i LemMeHToONacTiB 3y6HOro nepiocTy Ta 0CTe06/1acTiB aNbBEOAAPHOrO NAPOCTKA B
NOEAHAHHT 3 MOPYLWEHHAM KPoBOObiry BHacNifok 3arnbeni eHaoTenianbHUX KNiTUH, rianiHizauii, Tpom603y Ta obniTe-
pauii cyaMH 3yMOB/IOIOTb 3POCTaHHA PU3UKY OCTeopafioHeKpo3y wenen. [iTam, sKi 3a3Hanu npeHaTasbHOro on-
pOMiHeHHs BHacnigok aBapii Ha YopHobunbcbkiit AEC, nputamaHHa nepefyacHa 3miHa 3y6is. MoripweHHs cTaHy Tka-
HUH MApOJOHTY, PaHHii PO3BUTOK rOCTPOro Ta YCKNagHEHoro nepebiry Kapiecy 3y6iB xapakTepHuil ans Aiteil Ta go-
pocnux, NocTpaXaanux BHacnigok YopHobunbcbkoi katactpodu.
BMCHOBKM. Y3aranbHeHo faHi 1oA0 HAaCNiAKiB NPOMEHEBOro BNIMBY 3a Pi3HUX YMOB Ha 3a4aTKu 3y6iB, iX hopMyBaH-
HS 1 NpOPi3yBaHHA B €KCMEPUMEHTI i KNTHIYHUX YMOBAX, @ TAKOXK — LWOLO OJOHTONONYHMX pafiaLitHuX edekTiB y fo-
pocnux oci6. OxapakTepu3oBaHo cTaH 3y6iB 0cib, nocTpaxaanux BHacnigok asapii Ha YAEC. Po3ymiHHsA i BpaxyBaH-
Hs panio6ioNoriYHMX OfOHTONOrIYHKUX edeKTIB HeOOXiaHI NpU NNaHyBaHHi, NiAroToBLi i NpoBeAeHHi N0KanbHOT Npo-
MeHeBOi Tepanii Ta po3pobui cTaHaapTiB pagialinHoi 6e3neku i 3axoAis 3axucTy npodeciitHo npawooymx ocib i Ha-
CENeHHs NpyW WMOBIPHMX pajialiiHUX aBapiax Ha NiANPUEMCTBAX AAEPHOT eHepreTUKMU Ta NPOMUCIOBOCTI.
Kntoyosi cnosa: ioHisyloue BUNPOMiHIOBAHHA, NpoMeHeBa Tepanis, aBapis Ha YopHobunbcbkiit AEC, ogoHTONOrIA,
emanb 3y6iB, JEHTUH, NyNbNa, NAPOLOHT, KApPieC, OfOHTOreHes.
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ODONTOLOGICAL EFFECTS OF IONIZING RADIATION (review)

Background. Odontological effects of ionizing radiation (IR) as a result of radiotherapy, the consequences of acci-
dents at nuclear power plants and industry, individual occupational exposure, etc. deserve significant attention in
terns of radiation medicine and radiation safety.
Objective: to analyze and summarize clinical and experimental data on the odontological radiation effects.
Materials and methods. Object: the pathological changes in the hard tissues of teeth, pulp, periodontium, mucous
membranes of the mouth and jaws due to exposure to IR. Method: search in the PubMed / MEDLINE, Google Scholar
abstract medical and biological databases, scientific libraries of the relevant sources of scientific information.
Results. Radiobiological effects of IR due to its direct and indirect action are manifested throughout the period of
odontogenesis and formation of the facial skeleton. Experimental and clinical data (in children and adults) indicate
the increased risk of dental caries, reduction of pain threshold and vascularization of tooth pulp along with its fibro-
sis and atrophy, periodontal dysfunction, which predispose to a high probability of tooth loss. Abnormalities in the
activity of osteoblasts and cementoblasts of dental periosteum and osteoblasts of alveolar process in combination
with circulatory disorders due to endothelial cell death, hyalinization, thrombosis and vascular obliteration increase
the risk of jaw osteoradionecrosis. Children who have undergone a prenatal exposure to IR as a result of the
Chornobyl NPP accident have a premature change of teeth. Deterioration of periodontal tissues and early develop-
ment of acute and complicated dental caries are typical for children and adults affected by the Chornobyl disaster.
Conclusions. Summarized data on the effects of radiation exposure under different conditions on teeth primordia
(i.e. immature teeth), their formation and eruption in experimental and clinical settings, as well as on the odonto-
logical radiation effects in adults are summarized. Condition of the teeth in the Chornobyl NPP accident survivors
is described. Understanding and taking into account the radiobiological odontological effects is necessary in the
light of planning, preparing, and conducting local radiation therapy and developing the standards of radiation safe-
ty and measures to protect professionals and the public in the event of possible radiation accidents at the nuclear
power plants and industry facilities.
Key words: ionizing radiation, radiation therapy, Chornobyl NPP accident, odontology, tooth enamel, dentin, pulp,
periodontium, caries, odontogenesis.
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BCTVYII

bionoriuHa ais ioHi3ytouoro BurpomiHioBaHH: (IB) €
aKTyaJlbLHUM y Hayli Ta 3aTpeOyBaHUM Yy KIIiHiUHil
MpaKTUL HAITPSIMKOM BUBUYEHHS i JOCiIKEHHS. 30K-
peMa, pafiallifiHi eceKTh 3 00Ky reMOMOeTUIHOI, EH-
JTOKPUHHOI, HEPBOBOI Ta iHILIMX CUCTEM OpPraHi3My Ta
OKpPEMUX OpPTaHiB LIMPOKO BUCBITIIOIOTHCSI B HAYKOBIiA
nitepatypi. [Topsn 3 MM, BapTUMM yBaru € HaCJaigIKKU
BIMBY IB Ha mopoXHMHY poTa, 30Kpema 3you, napo-
JOHT i car30Bi 000JJOHKKU. POo3yMiHHS i BpaxyBaHHS
ofgoHToJIoriyHuX edexriB 1B € He nulle HaA3BUYAHO
BaXXJIMBUMU IIpU IIJIaHYBaHHI Ta IMPOBENEHHI IpoMe-
HEeBOI IiarHOCTUKU i Teparlii, ajie i HaOyJ1 CBOro yacy

P« Dmytro E. Afanasyev, e-mail: otradny @gmail.com

INTRODUCTION

The biological effects of ionizing radiation (IR) are
relevant in science taken as a whole and in demand
of study and research in clinical practice. In particu-
lar, the radiation effects in hematopoietic,
endocrine, nervous and other systems of and indi-
vidual organs in human are widely covered in scien-
tific literature. Along with that, the effects of IR on
oral cavity, in particular on the teeth, periodontium,
and mucous membranes deserve attention too.
Understanding and taking into account the odonto-
logical effects of IR are not only extremely impor-
tant in the planning and conducting of radiation
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3HAYHOTO iHTEPECY 3 TOUYKU 30pYy BilICbKOBOI MEIUIIMHU
i LIUBiIbHOT 000poHHU [1], a B MogabIIOMYy — 111010 0€e3-
TIEKN Ta OXOPOHM 3I0POB’S MPAIliBHUKIB SIepPHOI eHep-
TeTUKMU i 1AepHOI TpoMUcaoBocTi [2]. OkpiMm Toro, icHy-
joJya MpakTUKa i MEepCIIeKTUBU TPUBAIUX KOCMIYHMX
MOJILOTIB 3YMOBWJIM TaKOX YyBary @axiBLiB aepo-
KOCMiIYHOI MEIMLIMHU 0 MUTaHb paaialiiiHOI OJOHTO-
Jorii [3].

EKCIIEPUMEHTAJIBHI JOCJIII2KEHH I
IcTopis pocnigxeHb y pafiallifiHiii OgOHTOJOrII Ha-
Jiuye nmoHan cto pokiB [1]. Tak, e Ha cBiTaHKY pa-
npionorii L. Tribondeau tTa D. Recamier BKa3yBajiu Ha
3yMOBJICHI pajialli€elo MOpyLIeHHS pO3BUTKY 3Yy0iB: B
pe3ybTaTi ONpOMiHEHHS MOJIOBMHU JIMILbOBOIO Yepe-
Mna Kilku BigOysacs 3aTpuMKa (GOpMYBaHHS Ta POCTY
3y0iB Ha CTOpPOHI MpoMeHeBoro BmauBy [4]. I xoua
OPOTIrOM MOJANbIIMX ABOX AeCATWIITh Aisg IB gk Ha
3yOHu, TaK i Ha KiCTKOBi CTPYKTYpH JIMLIbOBOIO yepena
He BMBYasach, nyouikaiig T. Blum y 1924 poui 3ymo-
BUJIa TIOSIBY HAyKOBOTO i NPAaKTHMYHOTO IHTEpecy OO0
npobaemu [5].

3HAUyIIUMHU IIPOTSATOM HACTYIIHUX POKiB CTalu
KJIiHIYHI Ta eKCIIepMMEHTaIbHi JOCIIKEHHS, B SIKUX
OyJi0 BHeplIe MokKa3aHo YyTauBicTh A0 IB 3auaTka 3y0a
Ta 3yba, sikuii popMyeThbes [6—9]. 3oKkpeMa, B pe3yib-
TaTi ONPOMiIHEHHS IypiB y n03i Bix 1,5 no 15 onnHMLb
XonblKkHexTa (IIKipsgHA epUTeMHa OMWHUIS T03M)
crocTepiraiy Ae30praHizalilito 0O40OHTOOJIACTIB i XaoTHUU-
HE YTBOPEHHSI AICHTHUHY, SIKMI MiCTUB CKYITYCHHS OJOH-
TOOIACTIiB. AMesio0acTy, eMaib Ta IEMEHT He 3a3HaIn
3MiH. ATpodiad myabnu 3yMOBIIOBaja TaJbMyBaHHS
npopizyBaHHs 3y06iB [7]. ITicist 3araabHOro OnpoMiHeH-
Hs LIYypiB MAaKpOCKOITiYHE AOCTiIKEHHSI BUSIBUJIO HA0O-
PSIK i KpOBOTOUMBICTD SICEH Ta TiMOILIa3iio eMai; TicTo-
JIOTiYHi 3MiHM XapaKTepU3yBaJIUCh 3aTPUMKOIO a00 MpU-
MUHEHHSIM aMeJIoTeHe3y i OIOHTOTreHe3y, a TAaKOX Hepe-
TYJISIPHUMU, 3HEOApBICHUMH eMaJeBUMK IIpU3MaMU 3
BKJTIOYEHHSIMU Y MIKTIpU3MaTUIHi# pedoBuHi [10].

3rogoM, y mocaimxkeHHi M. S. Burstone 0yi0 mokasa-
HO, 1110 CTYITiHb pafialliifHOro ypaxkeHHs 3y0iB i mieen
3aJIEXKUTh Bill BiKY, B IKOMY TBapUHY OMPOMiHIOIOTb, Ta
cTazii ricroreHe3y okpemoro 3yoa [11, 12]. B pe3ynsrati
ornpoMiHeHHs B 103i 5000 P knituHu B ameno0i1acTHO-
My I1api HaOyBalOTh HU3bKOTO Ky0OiTHOTO ab0 TITOCKO-
ro tuiy. BinbyBaeThcs npunuHeHHs audepeHLialii Ho-
Bux aMmenioomactiB. [1pwm mii IB y mozax Big 1500 go 5000 P
3HAYHOIO MipOI0 MOLIKOIXYETHCS IIap OJOHTOOJIACTIB.
Buinini omoHTOOGJACTH HAaraaymOTh OCTE00JACTU i YTBO-
PIOETBHCS HeIpaBWIbHA, aMopdHa, anuaodiibHa MpU
¢apOyBanHi peyoBrHa (ocTeoaeHTUH). CITOCTEpIiraeTh-

diagnostics and therapy, but also have gained a
considerable interest in terms of military medicine
and civil defense [1], and later — in terms of safety
and health of the nuclear energy and nuclear
industry workers [2]. In addition, the existing
practice and prospects of the longtime space flights
have also drawn the attention of aerospace medi-
cine experts to radiation odontology [3].

EXPERIMENTAL RESEARCH

The history of research in radiation odontology is
over a hundred years old [1]. Thus, at the dawn of
radiology L. Tribondeau and D. Recamier pointed
to the radiation-induced disorders of tooth devel-
opment, namely there was a delay in the formation
and growth of teeth on the side of radiation expo-
sure as a result of irradiation of half of the facial
skull in a cat [4]. Although the effect of IR on both
teeth and bone structures of the facial skull has not
been studied for the next two decades, the T.
Blum’s publication in 1924 had led to a scientific
and practical interest in the problem [35].

Clinical and experimental studies became signifi-
cant in the following years, in which the sensitivity of
the tooth primordia and forming tooth to the IR was
shown for the first time [6—9]. In particular, as a
result of irradiation of rats at a dose of 1.5 to 15
Holzknecht units (the cutaneous erythema unit
dose) the disorganization of odontoblasts and chaot-
ic formation of dentin, which contained clusters of
odontoblasts were observed. Ameloblasts, enamel
and cement did not change. Pulp atrophy caused
inhibition of teething [7]. After general irradiation of
rats the macroscopic examination revealed swelling
and bleeding gums and enamel hypoplasia, histolog-
ical changes were characterized by the delay or ces-
sation of amelogenesis and odontogenesis, as well as
irregular, discolored enamel prisms with inclusions
in the interprismatic substance [10].

Subsequently, a study by M. S. Burstone showed
that the degree of radiation damage to teeth and
jaws depends on the age at which the animal is irra-
diated and the stage of histogenesis of an individual
tooth [11, 12]. As a result of irradiation at a dose of
5000 R the cells in ameloblastic layer acquire a low
cuboidal or flat type. Cessation of differentiation of
new ameloblasts occurs. When exposed to IR at
doses from 1500 to 5000 R, the layer of odontoblasts
becomes significantly damaged. The surviving
odontoblasts resemble osteoblasts and an irregular,
amorphous, acidophilic substance (osteodentin) is
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csl 3aTpuMKa abo MPUIIMHEHHS YTBOPEHHS KOPEHIB
(mepwuii i APYruii MOJISIpU), TOAI IK (DOPMYBAHHS KO-
POHKOBOI'O JEHTUHY ITOPYIIYETHCS HE3HAUYHOIO MipOIo.
OI0HTOOACTH € OiNbII PagiOYyTIAUBUMU, HiXX aMe00-
JlacTu. Po3BUTOK 6a3aibHOI Ta ajJbBEOISIPHOI YAaCTUHU
1iejaeny BiacTae abo MPUNUHSIETHCS MOBHICTIO. Xapak-
TepHa rocTpa 3alajabHa peakllisl K y 3y0i, Tak i B Ipu-
JIeTIuX M’ IKUX TKaHuHax. [1i3Hi mocTpaniauifivi 3MiHu
BKJIIOUYAIOTh aTpodito i (pidpo3 Mmyabln Ta aHKiI03 KO-
peHs.

VY iHmomy nociigkeHHi B pe3yiabraTi MiAlKipHO1
iH’€eK1Iii PO3UMHY CIOJYKM padioakKTUBHOIo ¢ocdopy
(**P) mumam Bikom 2—10 AHIB BUHUKaJIM BHpakeHa
MO3KOBa arlia3zisl aibBeOISIPHOI KiCTKM Ta TaJIbMyBaHHS
OKOCTEHIHHS i KaabIu@ikaiii BUpoCcTKa HUKHBOI IIe-
nerin [13]. BusiBnsnuch 3MiHM B CTPYKTypi amMeno0-
JIACTiB 1 OJOHTOOJACTiIB, MOMIiTHE 3HUXEHHS aKTUB-
HOCTi 0CT€00J1aCTiB 3 YTBOPEHHSIM He3pinoi (pidopuisip-
HOI KIiCTKM, a y TBapuH, OOCTEXKEHUX IIPOTITOM 2
TUKHIB ITiC/Isl BBeIeHHs *’P, BUSBUIM TPUITMHEHHS
MopdosoriuHoi audepeHialii CTpyKTypu KOpPEHIB.
Taki paHi Oynu, 3arajioM, O4iKyBaHi 3 OIJISIIy Ha TOi
BXe c(popMyTbOBaHi Ta BU3HAHI IIPUHIIMIIOBI TTOCTYJIa-
TM panialiiiHoi 6ioJorii, ToIi SIK 3’sICYyBaHHS pagioyyT-
JIMBOCTi TOCTiifHOro 3y0a BHUSIBUJIOCS HECIOdiBaHUM
[14, 15]. MaB Miclie MOBepXHEBU Kapiec IIMUIAKKU 3yda,
3HeOapBJICHHS Ta 3HOIIYBAaHHS PiXy4ux KpaiB Ta/a0o
MPUKYCHOI (OKTI031i1HO1) TTOBEpXHi 3y0iB, 1110 3yMOBIIIO-
BaJIO CXWJIBHICTB 10 iH(PEKIiIHHNX 3aXBOPIOBAHb ITYJIbITU
3y0iB Ta IepianikajbHUX TKAHWH, a 3T0IOM — i IO HEeK-
posy wenenu [5, 7, 16].

Ha cboromHi 3araibHOBU3HAHO, 11O ITiC/IsI OTIPOMiHEH-
HSI 3MIiHIOIOThCS MOP(@OJIOTIYHI Ta MeXaHiuyHi BJIacTH-
BocTi 3y6iB [17]. I. M. bapep cchopmyiroBaB HOBY KOH-
LeMnLiilo IaToreHe3y NpoMeHeBOro ypaxkKeHHs 3y0iB, Bifl-
MOBIIHO 0 SIKOI NATOJIOTIYHI MOPYIIEHHS BUHUKAIOTD Yy
MyJIbITi 3y0a i 3MiHIOIOTh XapaKTep MPoLeciB MiHepati3a-
Lii JeHTUHY, 110 MPU3BOIUTh A0 HE3BOPOTHiX 3MiH [18].
byno BcTraHoBieHO, 110 Tyabhda 3yba, sika Ma€ Oarate
KpOBOITOCTaYaHHS i BUCOKUIA piBeHb OOMiHY PEYOBMH, €
HaMOLIBII pagiouyTIMBOIO TKaHWHOIWO. [eHTHH Ta 1ie-
MEHT, 6JIM3bKi 32 MOPMOJIOTi€I0 10 KiCTKOBOI TKAHUHM,
TakoX € pagiouyriuBuMu. Emaib 3yba siKk BUCOKOMiHe-
pallizoBaHa CyOCTaHIlisI 3 HE3HAUYHOIO KiIbKIiCTIO Oopra-
HIYHUX PEYOBHMH i BOAM, MOXKe OyTH BimHeceHa 10 OilblI
pagiope3uCTeHTHUX TKAaHUH.

Harenep neperjisiHyTO MojioXeHHs npo Te, 1o 1B, B
MepIIy Yepry, BUKJIMKAE 3MiHM B aKTUBHO TIpoJlihepyro-
yux TKaHuHax. PagialiiliHMiA YMHHUK 3yMOBJIIOE 3MiHU B
TKaHWHAX 3 Pi3HUM MpojiepaTUBHUM MOTEHLIaIOM, Y
TOMY UMCJIi B TBEpAUX TKaHWHAaX 3y0iB. BHacninok nii 1B

formed during the staining. Delay or cessation of
root formation (first and second molars) takes
place, while the formation of coronal dentin is dis-
turbed to a lesser extent. Odontoblasts are more
radiosensitive than ameloblasts. Development of
basal and alveolar parts of the jaw lags behind or
stops completely. An acute inflammatory reaction is
characteristic for both the tooth and the surround-
ing soft tissues. Late postradiation changes include
pulp atrophy both with fibrosis and root ankylosis.
In another study, a subcutaneous injection of a
solution of radioactive phosphorus (**P) to the mice
aged 2—10 days resulted in the severe cerebral apla-
sia of alveolar bone, and inhibition of ossification
and calcification of the mandibular condyle [13].
There were changes in the structure of ameloblasts
and odontoblasts, a marked decrease in osteoblast
activity with the formation of immature fibrillar
bone. In its turn, in animals examined within 2
weeks after the *?P administration the morphologi-
cal differentiation of root structure was stopped.
Such data were, in general, expected in a view of
the already formulated and recognized principles
of radiation biology, while the elucidation of the
radiosensitivity of a permanent tooth was unex-
pected [14, 15]. There was a superficial caries of the
neck of the tooth, discoloration and wearing out
(i.e. beveling) of the cutting edges and / or occlusal
(occlusal) surfaces of the teeth, which predisposed
to infectious diseases of dental pulp and periapical
tissues, and later — to the jaw necrosis [5, 7, 16].
Today it is generally accepted that after irradiation
the morphological and mechanical properties of
teeth do change [17]. G. M. Barr have formulated a
new concept of the pathogenesis of teeth radiation
damage, according to which the pathological disor-
ders occur in the pulp of tooth and distort the nature
of dentin mineralization processes, which leads to
irreversible changes [18]. It was found that the pulp of
tooth, which receives a rich blood supply and features
a high level of metabolism, is the most radiosensitive
tissue. Dentin and cementum, which are morpho-
logically similar to the bone tissue, are also radiosen-
sitive. Tooth enamel as a highly mineralized sub-
stance with low amount of organic matter and water,
can be attributed to the more radioresistant tissues.
At present, the position that IR primarily causes
changes in the actively proliferating tissues has been
revised. The IR causes abnormalities in tissues with
different proliferative potential, including the teeth
hard tissues. Due to IR impact the radiation-
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B eMasi 3’gBISIOThCS padiallilHO iHAYyKOBaHi Mapa-
MarHiTHi HUeHTPHU, OUIbIIICTD 3 IKMX € CTA0iIIbHUMU PO~
TSIrOM XUTTs iHAUBiAYy. Ha 1boMy I'PYHTYETbCSI METOZ,
pPETPOCTIEKTUBHOI JO3MMETpPii — BM3HAUYEHHS J103 OII-
POMiHEHHSI 3 BUKOPHMCTAHHSIM S$IBUILA €JEKTPOHHOTO
napamarditHoro pe3oHaHcy (EITP-criektpoMeTpis).
Busnauaetnhcst iHTeHcuBHicTh EITP-curHany cra0inb-
HUX pafialliifHO-iHAYKOBaHUX MapaMarHiTHUX LIEHTPiB.
BinbHi enekTpoHHU, IO 3’SBISIOTHCS B eMalli 3yba mpu
ramMma- abo peHTreHiBCbKOMY OINPOMiHEHHi, 3yMOBIIIO-
IOTh TIOSIBY BiJIbHUX paauKadiB KapOoHaTiB, sKi U
peectpyioTbes MetogoMm EITP. Takum ynHoM, 3a 3MiHa-
MU eMaJli 3y0iB MOXXHA BU3HAYUTU JO3Y OMPOMiHEHHS,
Ky OTpuMaja ocoba NpoTsAroM ycboro Xuttd [19, 20].

HagBHi maHi cTocoBHO TmMTaHHS aTpodii 0JOHTOO-
JIacTiB cyrepewiuBi [21], IpoTe BimoMo, 1110 MOXYTh Oy-
T TIOPYLIEHUMH CEKPETOPHiI MeXaHi3Mu (byHKIIIOHY-
BaHHSI OJOHTOOJIACTIB 3 Pe3yJbTYIOUMM HAAMipHUM YyT-
BOPEHHSIM OCTEOACHTHHY, 110 CIIOCTEPIra€EThCS B OIPO-
MiHeHux 1ypiB [22, 23]. Tak, I. M. Bapep i 3. /1. Kom-
HOBa, ONPOMIHIOIOYM TBapuH B 1o3ax 3, 6,9, 30160 Ip i
BMBYAIOYM CTaH IyJbIU 4yepe3 24 roauHu micas aii 1B
BCTAaHOBWJIU, 1110 HAMOLIbII paHHI 3MiHUM BUHUKAIOTh B
MiKpPOLIMPKYJISITOPHOMY PYCJIi MYJBIHU i CTYITiHb 1X 3pOC-
TaHHS 3aJIeKUTh BiJl BEJIMYMHU cymMapHoi no3u [24]. Ha
¢doHi gucTtpodiyHMX 3MiH Yy IyabOi OyJu BUSIBIEHI
KiCTH, a TaKOX JIOKaJIbHE Ta TU(y3HE BiIKIaJaHHS CO-
seii. i maHi criiBnagaiors 3 faHuMu B. A. 3aB’g710Boi Ta
JI. A. IBaHUMKOBOI, $IKi BUBYAJIM CTaH ITyJbIIU 3y0iB KPO-
JIiB, cyMapHa J03a OMPOMiHEHHS SIKMX 3HAaXOAWJIach B
mexkax Big 3 mo 30 Ip [25].

0. B. JTlto64yeHKO npu AOCTiIKEHHI cTaHy 3y00aIbBe0-
JIIPHOTO KOMIUIEKCY B €KCIIEpUMEHTI Mpu [ii HU3b-
KoiHTeHcuBHOro IB BcTaHOBMIIA, 11O TicToJioriyHa Oy-
JIoBa MYJIbIIM 3y0iB TBapUH 3a3HA€ CYTTEBMX 3MiH [26].
[Ipu uboMy MepBUHHOIO OyIa peaxilis MiKpOLMPKYJIs-
TOPHOTO pYyCJa, 3r0I0M BUMHUKAaJa AUCTPOdist 0MOHTOO-
JIaCTiB Ta Majl0 MiCIle 3pOCTaHHSI CHMHTE3y KoJIareHy
diopobaacramu. Yepe3 1 micamp Ticiist ONTPOMiHEHHS
IMOBHOTO BiIHOBJEHHS (DYHKIIOHYBAHHS TMYJbIIM HeE
cnoctepiranoch. IB (cymapHa no3a 0,75 Ip) Tta crpec
BUKJIMKAJIA B MYJbIN €KCIIEPUMEHTAIbHUX TBAPUH 3Mi-
HU, TOMAI0HI JO MOHOBIUIMBY pajdialliiHOro YMHHUKA,
ajie, Ha BiIMiHY BiJl OCTAaHHBOTO, BOHU HAPOCTAJIN 3 Ya-
COM i XapakTepu3yBaJuCh MOSIBOIO KalbLU@iKaTiB, sIKi
CKJIAJAJIUCh i3 3pyHHOBAHUX Ta KaJbLMU(iKOBAHUX KJTi-
TUH ITyJIbIIN.

3a ganumu A. 1. fduyka, IB iHayKye 3MiHU TKaHUH
napogoHTa y TBapuH (Oili LIypu, MOPCBHKi CBUHKM)
[27]. BcTaHOBIEHO, 110 TOCTPE i XpOHIUHE OMPOMiHEH-
Hs B miama3oHi 103 10 0,5 Ip 3yMOBIIOIOTH ypaxkeHHS

induced paramagnetic centers appear in the enam-
el, most of which are stable throughout the life of
the individual. This is the basis of the method of ret-
rospective dosimetry, namely the assay of radiation
doses using the phenomenon of electronic para-
magnetic resonance (EPR spectrometry). Intensity
of EPR signal of the stable radiation-induced para-
magnetic centers is determined at that. Free elec-
trons that appear in the tooth enamel during gamma
or X-ray irradiation cause the appearance of free
carbonate radicals, which are just registered by
EPR. Thus, the dose of IR received by a person
throughout life can be determined according to the
changes in tooth enamel [19, 20].

The available data on odontoblast atrophy are
contradictory [21], but it is known that the secreto-
ry mechanisms of odontoblast function may be dis-
rupted, resulting in excessive osteodentin formation
observed in irradiated rats [22, 23]. Specifically,
G.M. Barer and Z.D. Komnova irradiating animals
in the doses of 3, 6, 9, 30 and 60 Gy and studying the
state of the pulp 24 hours after exposure to IR have
found that the earliest changes occur in microcircu-
latory tract of the pulp and the degree of their exac-
erbation depends on the value of total dose [24].
Against the background of dystrophic changes in
the pulp, the cysts, as well as local and diffuse salt
deposition were detected. These data coincide with
the data of V.A. Zavyalova and L.A. Ivanchikova,
who studied the condition of pulp of rabbits, when
the total radiation dose ranged from 3 to 30 Gy [25].

O. V. Lyubchenko in the study of the state of
dental-alveolar complex in experimental settings
under the action of low-intensity IR has found that
the histological structure of the pulp of teeth of
animals undergoes significant change [26]. At the
same time, the reaction of microcirculatory tract
was primary, followed by the odontoblast dystro-
phy, and there was an increase in collagen synthe-
sis by fibroblasts. One month after irradiation, a
complete recovery of pulp function was not
observed. The IR (0.75 Gy total dose) and stress
caused changes in the pulp of experimental ani-
mals, similar to the mono-effect of radiation, but,
unlike the latter, they increased over time and were
characterized by the appearance of calcifications
consisting of destroyed and calcified pulp cells.

According to A. I. Yatsuk, the IR induces changes
in periodontal tissues in animals (white rats, guinea
pigs) [27]. It is established that acute and chronic
irradiation in the range of doses up to 0.5 Gy causes
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TKaAHWH POTOBOI MOPOXHUHU AUCIIACTUYHOTO Xapak-
tepy. Lli 3MiHU TIpOSBIASIMCSA Y BUTJSAI atpodii ermi-
Tedito, TimepKepaTo3y, AUCHYHKIII eIMiTeionnTiB i
CKJIQIOBUX €JIEMEHTIB 0a3ajbHOI MeMOpaHU CIIM30BOI
000JIOHKM, TOpYIIeHb CHiBBIIHOIIEHHS CKJIamy Kili-
TUHHUX €JIEMEHTIB y CITOJIyYHili TKAaHWHi Ta po3J1aliB
MIKPOLMPKYJISILII.

O. B. Xwminb, BuBUatoun (pyHKIIOHAJILHUI CTaH TKa-
HUH MapoAOHTa i MOKA3HUKiB KPOBOTBOPHOI CUCTEMU
TBapUH B HOPMi Ta MpH Ail pi3HUX 103 IB BcTaHOBUB, 1110
NOPYLIEHHSI CTPYKTYpU Ta MeTaboJ1i3My TKaHUH I1apo-
JIOHTA, CHPUYMHEHI OIPOMIHEHHSIM, IPU3BOASITH 10 MO-
pylieHb oro gyHkiii [28]. OqHUM i3 MaTOreHETUYHUX
MEXaHi3MiB BUSIBJIECHUX 3MiH O0YJ10 3HM>KEHHSI aHTUOKCH -
JIAHTHOTO 3aXMCTY 3a PaXyHOK ITiIBUILIEHHS PiBHS Bijlb-
Hux pagukanis. [1pu aii IB y neranbuux (6 Ip), cyoire-
tanbHuX (4,5 Ip) i HenetanbHuX (0,25—0,5 Ip) no3ax e
3yMOBJIIOBAJIO OKHWCJIEHHS JIiMiAiB B KPOBi i TKAaHMHAX
MapoJOHTa MOPCHKMX CBUHOK, 3HIKYBAJI0 aHTUOKCHIA-
HTHUM 3aXUCT, CIIPUSLIIO TillepKoaryJsiiii, MiaBAIICHHIO
arperauiiiHoi akKTMBHOCTI B TKAHMHAX MapoAOHTa i, sSIK
MpaBUI0, aKTUBYBaAI0 (DiOpHUHOJII3.

Y nocninax Ha 11ypax BCTAaHOBJIEHO, 1110 (hpakilioHOBA-
He OMpOMiHeHHS B cyMapHiit 1o3i 0,75 Ip Bukiukae ma-
TOJIOTIYHi 3MiHM B TKAHWHAX MapoJIOHTa i KiCTKOBIill TKa-
HUHI meerr. OCHOBHUMM IIPOSIBAMU 3aIlaJIbHOTO IIPO-
mecy Oynu JerikonmuTapHa (T1a3MouMTapHa, JTiMQpOLI-
TapHa) iH(IIBTpallis, HaOpSIK KoJareHOBHUX BOJIOKOH,
MOPYLIEHHSI MPOLIECY OPOrOBiHHSI eMiTeslil0 Y BUIJISII
rinepkeparo3y Ta akaHTo3y, (h)OpMyBaHHS MMapOIOHTab-
HUX KMIIEHb [29].

1O. 1. Cunenko i criBaBTOpHY MPU JOCHIIKEHHI CTaHY
reMocTa3y B TKaHWHi MapoJOHTa €KCIIepUMEHTAIbHUX
TBapuH (TBIHEWCHKUX CBUHOK) 3aJIEXHO Bif mo3u B
BCTAHOBUJIN, IO iCHYE TIPSIMUI 3B’SI30K MiXK TTOTJIUHY-
TOIO J03010 OTIPOMiHEHHS i CTyMeHEeM YIIKOMXKEHHS TKa-
HUH napogoHTta [30]. PamiauiiiHuii BIJIMB MPU3BOAUTH
IO CYTTEBOTO PO3JIaAy MiCIIEBOTO TeMOCTa3y, MiKpOIIUP-
KYJIS1iT 1 CTPyKTYpHO-(MYHKIIOHAIbHUX 3MiH Yy TKaHU-
HaX MapoJOHTa, 110 iHAYKYE JOKAJIbHUI reMopariyHuii
CUHIPOM, SIKWI TTOCWITIOE IECTPYKTUBHI MPOLIECH.

3 BUKOPUCTAHHSM METOAA CKAHYIOUOl €JIEKTPOHHOIL
Mikpockorii (CEM) Oyno BusBIIeHO MOpP(OJIOTiuHI Ta
CTPYKTYPHi 3MiHM eMaJji Ta OEHTUHY IIYypiB IiCJIS OIl-
pomiHeHHs B go3ax 30—70 Ip [31]. EmaneBuit map 3y6a
YTBOPEHMI NMPU3MATUIHUMU KPUCTATIYHUMM CTPYKTY-
paMu 3 aHiI30TPOITHUM B3a€EMHUM pPO3TaIlyBaHHSIM, YUM
3a0e31e4yloThesl oro MexaHiuHi BnactuBocti [32]. IMin
BruiuBoM IB BimOyBaeThcs po3man MpU3MaTUYHUX
CTPYKTYp, IO € IIPOBIZHMM IIPOLIECOM Yy PO3BUTKY
Kapiecy [33, 34]. Crmin miaKpecanTH, 1o ITMTOMUN BMIiCT

lesions of dysplastic nature of the tissues of oral cavi-
ty. These changes manifest themselves in the form of
atrophy of epithelium, hyperkeratosis, dysfunction of
epitheliocytes and components of the basement
membrane of the mucous membrane, disorders of
the ratio of the composition of cellular elements in
connective tissue and microcirculation disorders.

O. V. Khmil, studying the functional state of peri-
odontal tissues and parameters of hematopoietic sys-
tem of animals in a normal state and upon exposure
to IR in different doses has found that disorders of the
structure and metabolism of periodontal tissues
caused by IR lead to its dysfunction [28]. A decrease
in antioxidant protection by increasing the level of
free radicals was one of the pathogenetic mechanisms
of detected changes. Under the impact of IR in lethal
(6 Gy), sublethal (4.5 Gy), and non-lethal (0.25—0.5
Gy) doses, this caused the oxidation of lipids in the
blood and periodontal tissues of guinea pigs, reduced
antioxidant protection, promoted the hypercoagula-
tion, increased aggregation activity in periodontal tis-
sues and, as a rule, activated the fibrinolysis.

In experiments on rats, it was found that fraction-
al irradiation at a total dose of 0.75 Gy caused the
pathological changes in periodontal tissues and
bone tissue of the jaws. The main manifestations of
inflammatory process were leukocytic (plasmacyt-
ic, lymphocytic) infiltration, edema of collagen
fibers, disorders of keratinization process of epithe-
lium in the form of hyperkeratosis and acanthosis,
and the formation of periodontal pockets [29].

Yu. I. Silenko and co-authors in the study of
hemostasis in the periodontal tissue of experimental
animals (guinea pigs) depending on the dose of IR
have found that there was a direct relationship
between the absorbed dose and the degree of damage
to periodontal tissues [30]. Radiation exposure leads
to a significant disorder of local hemostasis, micro-
circulation and structural and functional changes in
periodontal tissues, which induces local hemorrhag-
ic syndrome, exacerbating the destructive processes.

Using the method of scanning electron
microscopy (SEM), the morphological and struc-
tural changes in enamel and dentin of rats after irra-
diation at doses of 30—70 Gy were detected [31].
The enamel layer of the tooth is formed by prismat-
ic crystalline structures with an anisotropic mutual
arrangement, which ensures its mechanical proper-
ties [32]. Under the influence of IR a decay of pris-
matic structures occurs, which is the leading process
in the development of caries [33, 34]. It should be
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HEeOpraHiYHUX PEYOBUH Yy eMalli 3yOa csarae 97 %, a
pafiauiifHe yIIIKOMXKEHHS MepII 32 BCE MA€ MiClie B Op-
raHiyHMX MOpollapkKax, TOOTO B MIXIIPU3MaTUYHOMY
MPOCTOPi, 1€ YTBOPIOETLCS TMEPEKMC BOMHIO Ta iHIII
BiIbHI BOIHEBI paaWKaiu, SIKi 3MiHIOIOTb CTPYKTYpPY
OpraHiYHMX KOMMNOHEHTIB [35]. K pe3ynbrat, mopy-
IIYETHhCS LiJicHICTh emaii. OKpiM TOro, IMIPUINHOIO
Jle30praHisallii, BTpaTy MIlITHOCTi i pyiiHYBaHHS eMai
nin BrutuBoM IB € nekapOoKCHIIOBaHHST MOJIEKYJT TKa-
HUH 3y0a. B3aeMomnisi MiX OpraHiYyHMMH Ta HEOp-
raHiYHMMY KOMIIOHEHTaMU eMaJli BilOyBa€eThCs uepes
3B’sI13yBaHHSI KapOOKCUJIATHUX iOHIB 3 ¢ochaTHUMU
rpynamu. IB mopyinye 1eil MexaHi3M, 3MEHIIYIOUYn
B3aEMO/Ii10 KOMITOHEHTIB eMati [36].

ITig BruiBoM IB BimOyBa€eThCsl 3HMXKEHHST MeXaHiu-
HOI MIilIHOCTi KOXHOTO I1apy AeHTUHY [17], 1110 1TOB’s1-
3aHO 3 HasIBHIiCTIO OpraHiyHUX CMOJYK KaHaJIbLiB, SIKi
3a3HalOThb OKKUCJIEHHS BiIbHMMU paauKajlaMu i AeHa-
TYPYIOTbCSI, BHACIIIIOK YOTO 3HUXYETHCS CTIMKICTh TY-
OyisipHOi cTpyKTypu [37—39]. IleBHy poib TyT Bimi-
rpae Toi (akTt, 1O ASHTUH MICTUTh 12 00’eMHUX
BiCOTKiB BOJAM, a 1€ iCTOTHO MiABUIIYE IPOAYKIIilO
BIJIBHUX paAuKajiiB, 30KpeMa IepeKUCy BOIHIO, Mif
BiiiBoM IB [39]. Mertonom CEM nokasaHa aerpa-
Jallist Mepexki KoJlareHOBUX BOJJOKOH JEHTUHOBUX Ka-
HanbUiB Micas il 1B 3i 3MiHOI0O CTPYKTYpU MiXTyOy-
JISPHOTO i BHYTPIITHBOTYOYIsIpHOTO NeHTUHY. O0iTe-
pallisi TeHTMHOBMX KaHaJblliB B OIMPOMiHEHUX I10-
CTITHMX 3y0ax MOSICHIOETHCS JereHepalli€lo OT0HTO0-
JIACTIiB, IIO 3YMOBJICHO IIPSMUM pPaZiOTeHHUM IIOII-
KOJKeHHSIM TKAaHWHW BiTbHUMHU pagukaiamu [40].
BigmivyaeThcs TakoxX BTpaTa Opi€HTallil KaHAJbIIiB, 110
3MEHIIY€E MIlHICTb AEHTUHY [41].

CrTiliKicTh €MaeBO-I€HTUHHOTIO 3’ €IHAHHS TaK CaMO
3a3Ha€ HeraTuBHOro BIuBY IB. Tak, in vitro BuMiptoBa-
JIM MIIIHICTh 3CYBHHUX 3B’SI3KiB, B3aEMHO BiIpHBalOUU
LWIIHAPUA eMaJli B eKCTparoBaHuX 3y0ax BEJIMKOI pora-
TOI Xyao0u (mociimkeHo 15 ompoMiHeHux i 15 Heomn-
poMiHeHUX pi3uiB) [37]. Micusg po3puBiB BUBYaIM 3a
nonomororo CEM: MillHICTh eMajieBO-I€HTUHHOIO
3’eHaHHs OyJjla Maifke BABiUi HMKYA B OMPOMiHEHMX,
MOPiBHSIHO 3 HeopoMiHeHUMU 3ydamu. Brim, 1B Bruiu-
Ba€ 3[1e€01JIbIIOr0 Ha MO3A0BXHIO MiKPOTBEPIICTh B [i-
JISSHII eMaJieBO-AeHTUHHOIO 3’€IHaHHsS, sSKa 3HM-
JKYETBCSI, Ha BiAMiHY BiJ HeonpoMiHeHuX 3y0iB [37, 42].

YV cBo10 4epry, JoCIimKeHHs [43] mokasaio, 110 OIl-
POMIHEHHSI in Vitro 3MiHIOE MiKpPOTBEPIIiCTh i CTPYKTY-
py emajii Ta IeHTUHY TUMYacOBHX 3y0iB. 3apeecTpoBa-
HO J0303aj1eKHe 30ibIlIeHHS] MiKpOTBEPAOCTi emalli, a
3a YMOB KyMynasaTuBHOI no3u 60 Ip peecTpyBammcs
HaiBuUII 3HaYyeHHSI MikpoTBepaocTi. Lli pesynbsratu

emphasized that the specific content of inorganic sub-
stances in tooth enamel reaches 97 %, and radiation
damage occurs primarily in the organic layers, i.e. in
the interprism space, where hydrogen peroxide and
other free hydrogen radicals are formed, which change
the structure of organic components [35]. As a result,
the integrity of enamel is violated. In addition, the
decarboxylation of tooth tissue molecules is a cause of
disorganization, loss of strength and destruction of
enamel under the influence of IR. Interaction between
organic and inorganic components of enamel occurs
due to the binding of carboxylate ions to phosphate
groups. The IR disrupts this mechanism, reducing the
interaction of enamel components [36].

Under the influence of IR there is a decrease in the
mechanical strength of each layer of dentin [17],
which is due to the presence of organic compounds
of tubules that are oxidized by free radicals and
denatured, resulting in a reduced stability of the
tubular structure [37—39]. The fact that dentin con-
tains 12 % by volume of water plays a role here,
which significantly increases the production of free
radicals, in particular of hydrogen peroxide under
the influence of IR [39]. The SEM method shows
the degradation of the network of collagen fibers of
dentinal tubules after the impact of IR with a change
in the structure of intertubular and intratubular
dentin. Obliteration of dentinal tubules in the irradi-
ated permanent teeth is explained by degeneration
of odontoblasts, which is caused by a direct radi-
ogenic damage to the tissue by free radicals [40].
There is also a loss of orientation of the tubules,
which reduces the strength of dentin [41].

The IR also negatively affects stability of dentinoe-
namel junction. Specifically, the shearing binding
strength was measured in vitro by tearing off the
enamel cylinders in the extracted teeth of cattle (15
irradiated and 15 non-irradiated incisors were stud-
ied) [37]. The rupture sites were examined by SEM:
the strength of the dentinoenamel junction was
almost twice as low in irradiated teeth compared to
non-irradiated ones. However, the IR mainly affects
the longitudinal microhardness in the area of denti-
noenamel junction, which decreases, in contrast to
non-irradiated teeth [37, 42].

In turn, a study [43] showed that in vitro irradiation
changes the microhardness and structure of the enamel
and dentin of temporary teeth. A dose-dependent
increase in the microhardness of the enamel was regis-
tered, and at the cumulative dose of 60 Gy the highest
values of microhardness were registered. These results

h 24



ISSN 2304-8336. pobnemu paniauiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2020. Bun. 25.

REVIEWS

cyrepedyarb TaHUM IWIOAO0 HACHiIKiB ONPOMiHEHHS
MOCTiHUX 3y0iB, SIKi CBiIYaTh, IO MiKPOTBEPHAICTh OIl-
POMiHEHOI eMaJli HUK4a, HiXX HeoIllpoMiHeHoi, abo, 3a
iHIIMMHJ aBTOpPaMHU, 1110 MiKpPOTBEPIiCTh HEe 3MiHIOEThCS,
He3aJiexkHO BiJ 103U onpoMiHeHHs [44, 45]. Cnin 3ayBa-
JKUTH, 110 TUMYACOBi Ta MOCTiliHI 3yOM MalOTb Pi3HY
MopdOoJIoTiyHY CTPYKTYpY Ta ckian [46]. Ha BigMiHy Big
MOCTIMHMUX 3y0iB, TUMUYACOBI MAIOTh OiJIbIIT TOBCTY Ta PiB-
HOMipHY anpu3MaTUYHy MOBEPXHIO eMaJli, OiIblI TOHKY
BJIaCHE eMaJjib i TOHIUMKA AEHTUH, OUIbII BUCOKY IIiJIb-
HICTh KaHaJbLiB HA 1 MM AEHTUHY i MEHIIY KiJbKiCTh
MiXTyOyIsipHOrO neHTUHy [47, 48]. Ha nymxy A. Mar-
kitziu i criBaBTOpiB [44], IB 3maTHe CIpUUYMUHATH TIEepe-
Oy10BY KpMCTaJiYHUX CTPYKTYpP MiHEpasli3oBaHUX TKa-
HUH i THM caMUM 3MiHIOBaTH iX (Pi3WYHI BIACTUBOCTI,
BKJIIOYAIOYM CTPYKTYPHY MiKpoTBepaicTh. IlimBuineHa
JKOPCTKICTh 3yOHOI eMalli 3 BEJIMKOI0 WMOBIPHICTIO 3Y-
MOBJIIOE 3MEHIIEHHS ii 30aTHOCTI IOIJIMHATU Ta PO3-
ciloBaTu yJapHY €Heprilo 3a paxyHOK OKJIFO3iiiHOro Ha-
BaHTaXXKE€HHS, 30UIbLIYIOUYM KPUXKICThb. Y KIIiHIYHIA
MpaKTULi LIe IBUIIE CIIOCTEpiraaocs B Mali€HTIB, SKUM
MPOBOIMIACH IIPOMEHEBA Tepallis TOJIOBU Ta IIUi: Majio
Miclle BiipMBaHHsI eMalli BiJl IeHTUHY B 30Hi eMajieBO-
JEeHTUHHOTrO 3’€qHaHHA [43].

[Ticsa naTepanbHOTO (PpaKkIlioOHOBAHOTO OITPOMiHEHHS
(5 x 15 Ip) HrKHBOI 1Ieneny mypis JiHii Sprague Dawley
yepe3 LIICTh TUXKHIB BUSIBJIEHO MOPYLIEHUM PO3BUTOK
KOpeHiB 3y0iB IpH Mpopi3yBaHHi. Y 3ydax, 1110 He Mpopi-
3aJIUCs, CIIOCTEpiraay MOBHICTIO MOPYIIEHUH PO3BUTOK
3y0a 3 ie30praHiszalli€lo yTBOpeHHsI eMali, JeHTUHY i Lie-
MEHTY, HEKPO30M MYJIBbIIM Ta SIBUIIAMU TOCTPOTO 3ara-
JIeHHs. BigcyTHicTh 0q0HTOOACTIB BKa3yBaja Ha iX 3a-
rubelib, Tak caMo, SIK He 0yJI0 BUSIBJIEHO OCTE00J1acTiB y
menenax [49].

Brnnus 1B y manux 1o03ax Ha paHHIX eTanax OJlOHTOre-
He3y BMBYaIM Ha Oinmx OesmopomHux irypax [50, 51].
TamMma-onpoMiHeHHsT BariTHMX TBapUH ITPOBOIIIM 3 I10-
TYXHICTIO eKkcrosuliiitHoi go3u 110 mP/ron 3 1-ro aHs
BariTHOCTI i 10 3a00py MaTepiany Ha 16-ty 100y. [Tormu-
HeHa 103a Ha 1utin popiBHioBaia 0,38 Ip. 3rigHo 3 oTpu-
MaHMMM JaHUMM, 3yOHA IUIaCTMHKA Oyna pi3kKo i
HEPiBHOMIPHO CTOHILIEHA, iHOAi 10 OAHOrO IIapy CIUIO-
LIEHUX, TPOXU aTpo(iYHUX emiTeiaIbHUX KJIITUH IIpU
KiJIbKOCTI 1IapiB y Hill Maiike y 3 pa3u MeHIili, HiX y
KOHTpOJi (TUIOAM HEONMPOMiHEHUX TBapuH). MiclsaMu
KJIITUHY ME3EHXiMU PYIHYBaJIM OCHOBHY MeMOpaHy, 3y0-
HY IJIACTUHKY i BpOCTaX B POTOBY MOPOKHUHY. Y TOBILI
3yOHOI TIJIACTUHKU JiexKaau a0o BUCTYITAJIM HaJ ii TOBEpX-
Hero 3yOHi OpYHBbKM, piflle BOHU OyIu 3aHYypeHi B Me-
3eHxiMy. EManeBuii opraH MmaB MeHI1i po3Mipu, c1a00 BU-
paxeHy LIMIKY i Ha MO3I0BXHBOMY 3pi3i 3a (opMOIo

contradict the data on the effects of irradiation of per-
manent teeth, which indicate that the microhardness
of irradiated enamel is lower than not irradiated one,
or, according to other authors, that microhardness
does not change, regardless of the radiation dose [44,
45]. It should be noted that temporary and permanent
teeth have different morphological structure and
composition [46]. In contrast to permanent teeth, the
temporary ones have a thicker and more uniform
aprismatic enamel surface, thinner enamel and thin-
ner dentin, a higher density of tubules per 1 mm of
dentin and less amount of intertubular dentin [47,
48]. According to A. Markitziu and co-authors [44],
the IR can cause a rearrangement of crystal structures
of mineralized tissues and thus change their physical
properties, including structural microhardness. The
increased stiffness of tooth enamel most likely causes
a decrease in its ability to absorb and dissipate the
impact energy due to occlusal loading, thus increasing
the enamel fragility. In clinical practice, this phenom-
enon has been observed in patients undergoing the
head and neck radiation therapy: there was a detach-
ment of enamel from dentin in the area of dentinoe-
namel junction [43].

An impaired development of tooth roots during
eruption was detected six weeks after the lateral
fractional irradiation (5 x 15 Gy) of the mandible
in the Sprague Dawley rats. In non-erupted teeth a
completely impaired tooth development was
observed with disorganization of enamel, dentin,
and cementum formation, pulp necrosis and acute
inflammation. The absence of odontoblasts indi-
cated their death, just as no osteoblasts were found
in the jaws [49].

The effect of IR in low doses in the early stages
of odontogenesis was studied in the white outbred
rats [50, 51]. Gamma irradiation of pregnant ani-
mals was performed with an exposure dose rate of
110 mR/h from the 1st day of pregnancy until the
collection of material on the 16™ day. The absorbed
dose per fetus was 0.38 Gy. According to the data
obtained, the dental plate was sharply and uneven-
ly thinned, sometimes to one layer of flattened,
slightly atrophic epithelial cells with the number of
layers in it almost 3 times less than in the control
(breed of the non-irradiated animals). In places,
the mesenchymal cells destroyed the basement
membrane, dental plate and intergrew into the
oral cavity. The dental buds were laid within the
dental plate or protruded above its surface, less
often they were immersed in mesenchyme. The
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HaOJIXKaBcs 10 HempaBWiabHOI Tpanewii. [lnoma ioro
OyJla TaKoxX Malike BTpUUYi MEHILOK 3a aHAJIOTiYHUI
MOKa3HUK KOHTpoJto. EManeBuii eniTeniii HEUiTKO Au-
¢epeHLIiIOBaBCA Big MyJabMU. MITOTUYHUI iHAEKC Yy
KJIITUHAX BHYTPIITHHOTO €MaJIEBOTO eTiTelito OYB YABiUi
MEHILIMM, HiX Y KOHTPOJIi, KiJbKiCTh KJIITUHHUX IlIa-
piB — y 1,61 pa3a MeHILIOI, TOBLUIMHA BHYTPILIHBOIO
eMmasieBoro emirestito y 1,85 pasa, a 30BHIIIHEOTO — Yy
1,84 paza. [1yabna emaneBoro opraHa 0yJa IiJIbHIIIOlO,
YTBOpEHA OiIbIII FiMepXpOMHUMU, 10 TiCHO MPUJIETIU-
MU OJHA [0 OJHOI, MOJIiTOHAJbHUMU i BEPETEHO-
MONiOHMMU KIIITUHAMU, Cepel SIKUX 3HaXOauIocs Oara-
TO IpiOHMX 0a30(iTbHUX 3€peH BHACTIIOK Kapio- i K-
topekcncy |50, 51]. Uepes «mmpoBanm» y BHYTPIIITHEOMY
eMaJjieBoOMYy eMiTeIil KJIITUHU I1yJIbIIU eMaJIeBOro opraHa
0e3nocepegHbO TTPUIISITAIM 1O OCHOBHOI MEMOpaHU Ha
npots3i 20—30 MkM. HiTKoi MexXi MixK KIITUMHAMU LIUX
«IIPOBAJIiB» i BHYTPILIHIM eMaJIeBUM EIiTeJiEM HE BU3-
Havajiocsl. MiTOTUYHUN 1HAEKC KIITUH MYJIbIIU eMaJie-
BOTO opraHa OyB 3HMKeHU y 3,78 pa3a BiTHOCHO KOHT-
poaio. bazanbHa MemOpaHa MixX emitendieM i Me-
3eHXiMOI0 OyJjla HEpPiBHOMIpHO CTOBIlEHA. Y 3yOHOMY
COCOYKY IepeBaxKaJli KPYMNHi KIITUHU 3 BEIUKUMU
TiNepXPOMHUMMU SIAPAMU i BEIMKOIO KiJIbKICTIO IPiOHMX
yJIaMKiB XpoMaTUHY. MiTOTUYHUI iHAEKC KIIITUH 3y0-
HOI'0 COCOYKa B eKcIiepuMeHTi 0yB y 5,05 paza mMeH-
IIMM, HiX Yy KOHTPOJIi, KUJIbKICTh KJIITUHHUX IIapiB —
MEHIIIOI0 Maiike y 2 pa3u. 3yOHUIT COCOUOK TaKOK OYB
atpodoBaHuM (¥ioro rioma B 1,91 pasa BusBWIaCS
MEHIIIO0, HiXK KOHTPOJbHUI NoKa3HUK). Ha nyMKy aB-
topiB [50, 51], 3miHy TIpoidpepaTUBHOI aKTUBHOCTI KJTi-
TUH 3a4aTKiB 3y0iB mia BrummBoM IB y Mannx 1o3ax Mox-
Ha po3TalllyBaTd B TaKOMY IOPSAKY: HalOiIbIe BOHA
3HUXYBajacs B KJIiTMHAX 3yOHOro cocoyka, MOTiM —
y I1yJIbIli €MaJIEeBOr0 OpraHa i BHyTPIilLIHbOMY €MajieBO-
My eImiTeltii. 3arajbHa KiJbKiCTh KJIITUHHUX IIapiB 3a-
YyaTKiB 3y0iB y MimmocaigHuX IypiB Oyma B 1,97 paza
MEHIIION0, HiXX Y KOHTPOJIi. MakcuMalibHa Pi3HULIS TYT
npunaja Ha 3yOHY IJIACTUHKY, MEHII 3HaYHa — Ha 3y0-
HUII COCOUYOK i BHYTpIlIHIl eMalieBUil emiTeniii. Y3a-
rajbHIOIYU pe3yJabTaTu, MOCIiIHUKM BKa3alu Ha
cJ1abKi JaHKU, 3 IKUX HAOiIb1LI YyTAUBUM 10 aii IB Bu-
SIBUBCSI MEXaHi3M KJIITUHHOTO MOJILTY, 1110 TTPOSIBISIIOCS
pi3KMM 3HMXKEHHSIM TMpodi¢epaTUBHOI aKTUBHOCTI
KJIITUHHUX eJIEeMEHTIB 3a4aTkiB 3y0iB, 1110, Y CBOIO Yep-
ry, OpMU3BEJO 0 3MEHIIEHHS PO3MipiB, KiJIbKOCTi
KITITUHHUX IIapiB, 3MiHK (POpMU, 3HNKHEHHST KOHIIE-
HTPUYHUX CTPYKTYP Ta 3aTPUMKU i MOPYIIEHHS aude-
pEHILiTOBaHHS 3yOHUX (DOJTIKYITiB.

BruB IB Ha IBMAKICTb Mpopi3yBaHHSI 3y0iB BUB-
YyaBCsl pa3oM 3 BiNOBIAHUMM TiCTOJOTIYHUMMU TIOPY-

enamel organ was smaller, the neck was weakly
expressed and in the longitudinal section it was close
in shape to an irregular trapezoid. Its area was also
almost three times smaller than the same value in
control. The enamel epithelium was indistinctly dif-
ferentiated from the pulp. The mitotic index in the
cells of inner enamel epithelium was twice less than
in the control, the number of cell layers was 1.61
times less, while thickness of the inner enamel
epithelium was 1.85 times, and the outer — 1.84
times less. The pulp of the enamel organ was denser,
formed by more hyperchromic, closely adjacent,
polygonal and spindle-shaped cells, among which
there were many small basophilic grains due to ka-
ryo- and cytorexis [50, 51]. Due to the «gaps» in the
inner enamel epithelium, the cells of the pulp of
enamel organ were directly adjacent to the main
membrane for 20—30 um. A clear boundary between
the cells of these «gaps» and the inner enamel
epithelium was not defined. The mitotic index of
enamel pulp cells was reduced by 3.78 times relative
to control. The basement membrane between the
epithelium and mesenchyme was unevenly thick-
ened. The large cells with large hyperchromic nuclei
and a large number of small fragments of chromatin
were dominant in the dental papilla. The mitotic
index of the cells of papilla in experimental settings
was 5.05 times less than in control, the number of cell
layers was almost 2 times less. The dental papilla was
also atrophied (its area was 1.91 times smaller than
the control value). According to the authors [50, 51],
the change in proliferative activity of germ cells
under the influence of IR in low doses can be
arranged in the following order: it decreased the
most extent in the cells of papilla, then — in the pulp
of enamel organ, and internal enamel epithelium.
The total number of cell layers of the teeth primor-
dia in experimental rats was 1.97 times less than in
the control. The maximum difference here fell on
the dental plate, less one — on the dental papilla and
the inner enamel epithelium. Summarizing the
results, the researchers pointed to the weak links, of
which the mechanism of cell division was the most
sensitive to IR, which was manifested by a sharp
decrease in proliferative activity of cellular elements
of teeth, which, in turn, led to the reduced size and
number of cell layers, shape change, disappearance
of concentric structures both with delay and abnor-
mal of differentiation of dental follicles.

The effect of IR on the eruption rate of teeth was
studied together with the corresponding histological
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ILIEHHSIMU B OJOHTOT€HHii AUISHLI Pi3liB HUXKHBOI 11Ie-
Jenu 1ypiB (JmiHii Rattus norvegicus, Albinus Wistar)
micis onpoMiHeHHS y mo3ax 5 ta 15 Ip [52]. Hacminku
BriuBy IB y n03i 5 Ip ctatucTMaHO He BiApi3HSIIMCS Bif,
MOKa3HUKIiB Yy HEOIPOMIHEHUX TBAPUH. Y TBApUH 3 OiTb-
MM IIPOMEHEBMM HAaBaHTaXCHHSIM CIIOCTepiramaocs
3HMXKEHHSI IIBUIKOCTI MpOpi3yBaHHS 3y0iB CTaHOM Ha
IIOCTUI I€Hb eKCIIEPMMEHTY, BUpaXkKeHa Je30praHizaltist
OMOHTOOJIACTIiB Ta amMeso0J1acTiB, 3HAYHE 3MEHILEeHHS
nonyJasii KITUH y AiAssHUI (oJjikyaa, OpuiIertiidi 1o
SI3MKOBOI TIOBEpXHi 3y0a, MopylieHHS (opMyBaHHS
eMiTesIilo TIeTJIi IIUIKKU 3yOHOTO OpraHy, iHBepcis Io-
JIIPHOCTI OJIOHTOOJIACTIB i MAaTPUKCY, 1110 3YMOBJTIOBAJIO
HEOTHOPIAHICTh IEHTUHY, ITOETHYBAJIOCH i3 CYTTEBO
MEHILIKM PO3MipoM 3y0iB OIPOMiHEHUX TBApUH.

E®EKTU ITPOPECITHOTO, BUTIAIKOBOI'O
OIIPOMIHEHH# TA OIIPOMIHEHHA Y
KOCMETUYHUX HIJIAX

«PanieBi giBuata» — 1ie rpyna poOiTHULL MiAMPUEMCTBA
kopropatiii United States Radium Corporation y MicTi
Opinmx, Hero-/Ixepci, CIIA, ski 3a3Hanu pagialiiiHOro
ypaxeHHs1 y 1917—1926 pokax, 3aiimMaiounch (hapOyBaH-
HSIM CTpiJIOK i tmdepOIaTiB TOIMHHUKIB pagiotoMiHeC-
LIEHTHOIO (hapOoI0 HAa OCHOBI paIioaKTUBHOIO paziio **Ra.
KiHKM oTprMyBaJIM OIIPOMiHEHHS, 3BOJIOKYIOUN CIIMHOIO
KiHYMKM TIEeH3JIMKIB 3 pagieBoto (ap0Ooo 1Jisl BimHOBIIEH-
H# ixHbOI (popmu. Hacnmigku mpoMeHeBoro BIIUBY MPOSI-
BWIMCS Y HAacTyIHi 5—15 pokis. [IpoBiqHruMU cuMnToMa-
MU Oy/I1 PO3XUTYBAHHSI 3y0iB, iX BUITQIiHHSI 3 TIOJAJIbILIMM
iH(piKyBaHHSM sICEH i LIeJeI MOoPsI 3 MaTOJIOTIYHUMU T1e-
pejoMaMM KiCTOK B3aralli, sIKi BiiOyJMcsl CTIOHTaHHO abo
BHAC/IiIOK HE3HAYHUX TpaBM [53, 54]. HalinommpeHimmm
MNPOSIBOM 3yOHOI MPOMEHEBOI TpaBMU Y HUX OYJIO pyitHY-
BaHHS 3y0iB, 1110 HaraayBajo Kapiec y MiCli LI@MEHTHO-
eMayieBoro 3’eqHaHHs (BIeplle 3aCTOCOBAaHMII TepMiH
«IIPOMEHEBUI Kapiec»). 3yOM 4acTo cTaBajiu KPUXKAMHU, a
emMajib — 3KoJoBajach [55].

OmnuncaHa TiaBUIIEHa YyTJIUBICTh 3y0iB IMPU OTHOYAC-
Hill KpOBOTOYMBOCTI SICEH TicJist TpodecCiiiHOro KOHTaK-
Ty 3 pazgiem [56].

Bunanku noMuiakoBoro abo BHUITaAKOBOIO BHYTPILLI-
HbOTO NPpUMOMY MpenaparTiB pajiio 3 pe3yabTyIOUYUM Ha-
KOIMMYEHHSM i30TOIly Yy IIejernax CyHpOBOIXYBaIUCh,
OKpiM COMAaTUYHMX IIPOSIBIB, PO3XUTYBaHHSIM 3yOiB Ta
3rofoM IXHbO1O BTpartoio [57].

HasiBHi BiioMOCTi IpO OAOHTOJOTIYHI JOCTiIXEHHS Y
Mekax MaHXeTTEeHCHKOTO MPOEKTY 3i CTBOPEHHS sIIep-
Hoi 30poi y CIIIA, npoBeneHi BiUIJTOM OXOPOHU 3110-
poB’a 'y 1942 poui. 3aHenOKOEHHS OyJIO MOB’SI3aHE SIK 3
XapakTepoM, Tak i 3 maciuTtaboM npoekrty [58, 59]. IIpo-

disorders in odontogenic area of incisors of the
mandible of rats (Rattus Norvegicus, Albinus Wistar
lines) upon irradiation at doses of 5 and 15 Gy [52].
The effects of exposure to 5 Gy did not differ statis-
tically from those in non-irradiated animals. In ani-
mals with higher radiation exposure, there was a
decrease in the rate of eruption of teeth on the sixth
day of the experiment, along with the pronounced
disorganization of odontoblasts and ameloblasts,
significant decrease in cell population in the follicle
adjacent to the lingual surface of the tooth, distort-
ed formation of epithelium of the loop of the neck
of the dental organ, which caused the heterogeneity
of dentin being combined with a significantly small-
er size of teeth in the irradiated animals.

EFFECTS OF OCCUPATIONAL, ACCIDENTAL
EXPOSURE AND EXPOSURE FOR THE
COSMETIC PURPOSES

The Radium Girls are a group of workers at the
United States Radium Corporation in the Orange
city, New Jersey, USA, who suffered the radiation
injuries in 1917—1926 by painting the indexes and
dials of the different equipment with **Ra radioac-
tive luminescent paints. Women were irradiated by
saliva moistening the tips of radium paint brushes
to restore their shape. The effects of radiation
exposure manifested themselves in the next 5—15
years. The leading symptoms were loosening of the
teeth, their loss with subsequent infection of the
gums and jaws, along with pathological bone frac-
tures in general, which occurred spontaneously or
as a result of minor injuries [53, 54]. The most
common manifestation of dental trauma was tooth
decay, which resembled caries at the site of a denti-
noenamel junction (the term «radiation caries»
was first used then). Teeth often became brittle and
enamel chipped.

Hypersensitivity of teeth with simultaneous gum
bleeding after professional contact with radium
was described [56].

Cases of erroneous or accidental internal adminis-
tration of radium preparations with the resulting
accumulation of the isotope in the jaws were accom-
panied, in addition to somatic manifestations, by
loosening of the teeth and their subsequent loss [57].

There is evidence of odontological research
under the Manhattan Nuclear Weapons Project in
the United States conducted by the Department of
Health in 1942. Concerns were related to both the
nature and scale of the project [58, 59].
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BOIWJIMCS €KCIIEpMMEHTH 3 iH’eKuiero nurpaty *°Pu
monuHi [60] 3 MeToI0 BCTAHOBJIEHHS 3aJ€XHOCTI 1031
ONpPOMIHEHHS Bif KiJIbKOCTI iHKOPIIOPOBAHOTO IIIy-
ToHit0. [Ticas eKkcriepuMeHTaIbHOTO BBEIEHHS YOJIOBIKY
npenapary *Pu, yepe3 96 roauH 3ailiCHIOBaJIA OiOICii0
KIiCTOK, a B MOJa/JbIIIOMY — €KCTpaKlito 3y0iB, 3yMOBJIe-
HY 1X NIMOOKMM Kapio3HUM ypaxKeHHSIM Ta ajlbBEOJsIp-
Holo TTiopeeto [61]. HakonuueHHs i30TONy B TKAHMHAX
3y6iB cranoBmwio 0,0003 % Binm BBemeHOI 103U B po3pa-
XyHKY Ha | rpam TKaHuHu [62, 63].

JlocuTh MOLIMPEHi Mailxke CTO POKiB TOMY JIiKyBajbHi
Ta KOCMETUYHI MpoULEeAypHd 3 YCYHEHHS TillepTpUXO3Yy,
aKHe, JIJACTOBUHHS (BECHSHOK) Ta JICHTIrO Ha O0JIWYYi
IIJISIXOM OITPOMiHEHHSI PEHTIeHiBCBKUMU IIPOMEHSIMU
MPOSIBIISUIMCH YPaXKeHHSIM, 30KpeMa, 3 OOKY SICEH Ta 3y-
0iB. OnMcaHoO CTOHIIIEHHS TKaHMHU siceH. KopeHi 3y0iB
CTaBaJIM BUAMMMUMM Kpi3b CIU30BY OOOJOHKY AO CBOIX
BepXiBOK [64]. Bce 11e 00yMOBMIJIO MPUITMHEHHST BUKO-
puctaHHs B B KOCMETUYHUX LILISIX.

E®EKTU OPTOAOHTUYHOI'O JIIKYBAHHA 3
BUKOPUCTAHHAM ITOPHEJIAHOBUX 3YBHUX
ITPOTE3IB 13 BMICTOM YPAHY
[TpuponHst emanb 3y0iB Ma€ BIACTUBICTH (hIyopecLeHLIil
MPU KOHTAKTi 3 yabTpadioseToBO0 YaCTUHOIO CBiTIA. 3
METOIO 3a0e3IIeYNTH IIPUPOIHE 3a0apBIICHHS Ta (ryopec-
LIEHLIi}0 MPpY BUPOOHMUTBI IITYYHUX 3y0iB, 10 CKJIady CTO-
MAaTOJIOTiYHOI (3yOOTEeXHIYHOI) KepaMiKU BXKe TPOTSTOM
Maiike CTa POKiB JOJaloTh crojyku (comi) ypany [65],
OCKiJIbKM HE€ 3HalAEHO XOMAHOI iHILOI PeYOBUHMU, sIKa O
HACTITBKY TTOBHO iMiTyBajia IpUPOIHY (PIyopeCIIeHIIIO.
OnpoMiHeHHsSI Bil OPTOOOHTUYHMX IIPOTE3iB/KOH-
CTPYKLil, 11O MICTITh YpaH, 3a3HaIOTh M’SIKi TKAHUHU
POTOBOI IIOPOXHUHU — SICHA, CIM30Ba 000JIOHKA ITOPOXK-
HUHU POTa, SI3UK, a TAKOX — 3yOU 3 KOPOHKaMHU Ta 3yOu,
1110 MPUMMKAIOTh 0 IITYYHUX 3y0iB. Bys0 BcTaHOBIEHO,
1110 1031 OMIPOMIHEHHS BiJl MPOTE3iB, SIKi MiCTUIN MPHU-
ponHuii ypaH, ctaHoBwIx 13—16 % Bim MakCUMaJbHO J0-
MyCTUMOI JO3U i TOMY PEKOMEHAYBaJOCs «3amodiraTu
3aliBOMY BUKOPHCTAHHIO PalioaKTUBHOCTI B 3y0ax» [66].
Takox 0yJ10 peKOMEHI0BAaHO YHUKATU BUIIAAKOBOTO BIK-
XaHHsI a00 IIOTJIMHAHHSI TEXHOJOTIYHOTO ITOPOIIKY-
HammiBpabpuKaTy MpaliBHUKAMU ITiI YaC BUTOTOBJICHHS
npote3iB [67]. B iHiuiit pobdoTi [68] Ha OCHOBI BUMIpIO-
BaHHS OeTa-BUMPOMiHIOBAaHHS OLIiHKA J03M CTaHOBUJA
~0,45 Gep/pik, 1o OysI0, 3a CIOBaMU AOCIITHHKIB, «B
MexKax NpURHSITHOIO JJIs 0Ci0, SIKi He 3a3HaBajly iHILIOTO
JIOAATKOBOTO OIMPOMiHIOBaHHs». HaliOinbll MmoBHe H0-
CJIIDKEHHS BMICTy ypaHy Ta piBHSI padiOaKTMBHOCTI Ke-
paMiyHMX 3yOHMX MPOTE3iB KiJIbKOX TOPrOBUX MapoK,
BinmoBigHo A0 «[omoBigi HauioHanbHOI paau papio-

Experiments with *’Pu citrate injection in humans
were performed [60] to determine the dependence
of the radiation dose on the amount of incorporat-
ed plutonium. After experimental administration
of ?’Pu to a man, bone biopsy was performed 96
hours later, followed by tooth extraction due to
their deep carious lesions and alveolar pyorrhea
[61]. The accumulation of the isotope in the tis-
sues of the teeth was 0.0003 % of the administered
dose per 1 gram of tissue [62, 63].

Almost a hundred years ago, medical and cos-
metic procedures to eliminate hypertrichosis,
acne, freckles and lentigo on the face by X-rays
every once in a while resulted in the lesions, in par-
ticular, of gums and teeth. Thinning of gum tissue
was described. The roots of the teeth became visi-
ble through the mucous membrane to their tops
[64]. All this led to the cessation of the use of IR
for cosmetic purposes.

EFFECTS OF ORTHODONTIC TREATMENT
USING THE URANIUM-BASED PORCELAIN
DENTURES

Natural tooth enamel has the property of fluores-
cence in contact with an ultraviolet light. In order
to provide natural color and fluorescence in the
production of artificial teeth, uranium com-
pounds have been added to dental ceramics for
almost a hundred years [65], as no other substance
has been found that mimics natural fluorescence
so fully.

The soft oral tissues, namely gums, oral mucosa,
tongue, as well as crowned teeth and teeth adjacent
to artificial teeth occur been exposed to IR from the
uranium-based dentures. It was found that radiation
doses from prostheses containing natural uranium
were 13—16% of the maximum allowable dose and
therefore it was recommended to «prevent excessive
use of radioactivity in the teeth» [66]. It was also
recommended to avoid accidental inhalation or
ingestion of semi-finished technological powder by
workers during the manufacture of prostheses [67].
In another work [68], based on beta-radiation
measurements, the obtained dose estimate was
~0.45 rem/year, which was, according to the re-
searchers, «within acceptable limits for persons who
have not experienced any other additional expo-
sure.» The most complete study of uranium content
and radioactivity of ceramic dentures of several
brands, according to the «Report of the National
Council for Radiological Protection No 25» [69],
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JoriyHoro 3axucty Ne 25» [69], moka3ano HaiiBUIIY KOH-
neHTpauio ypany Ha piBai 1000 %o a6o 0,1 % Barm.
IIopiuHi 103U anbda-BUIPOMiIHIOBAHHS Ha MeXi KOH-
TaKTy TOPLEISHU Ta CJIM30BOI OOOJOHKU MOPOXHUHU
poTa OLIIHIOBAJINCH Ha PiBHI HyJss (TTOBHE MONIMHAHHSI
Kepamikolo), a Oera-BulipoMiHioBaHHS — 2,7 Gep. Pe-
3yJIbTaTU PO3PaXyHKiB MiATBEPIKYBaIUCI JAHUMU BUMi-
pIoBaHb JIYMJIBHUKOM lelirepa-Miromiepa i go3umMeTpaMmu
3 BUKOPUCTAHHSIM (POTOXiMiYHOTO, TEPMOJIIOMiHECLIEHT-
HOroO Ta iHIIMX MeToAiB. J103u onmpoMiHeHHS (pOTOHAMU
Ta iHIIMMU eJIEMEHTapHMMM YaCTUHAMM PO3Maay ypaHy
Oy/IM HEe3HAYHMMHM, X04a MOBIIOMJISLIOCS MPO IIOPIYHY
103y 0,23 % Bin nmpupoaHoro BMicty y nopuesstdi “K [69].
ABTOpM PEKOMEHOYBaIUd IMPUIWHUTUA BUKOPHUCTAHHS
pamioakKTUBHUX (DITIOOPECIEHTIB y CTOMATOJOTIIHOMY
dapdopi, BpaxoBylouM BeINIYNHU OETa-OMPOMiHEHHS.

30imHEeHNIT ypaH IIMPOKO BUKOPUCTOBYBaBCSI Y Ke-
pamiyHuUX 3yOHUX mpoTe3ax a0 1980-Xx pokiB; Hagai io-
ro royajay 3aMilllyBaTy PiIKiCHO3eMeJbHUMU €JIEeMEH-
TaMU, TAaKUMU SIK 1epiil, TepOili, AUCIpo3iit i camapiit
(WISE Uranium Project, 2003). Ha maHuii yac BMicT
ypaHy B KepaMidHMX 3yOHUX IPOTE3aX PEryIIOETHCS Y
CHOA cranmaprom NUREG-1717 [70] 3 BenmmumuHOIO
MacoBoi goui MakcumyM 0,05 %, y HimeuuuHi — Biaro-
BigHUM ctaHmaptoM [71] Ha piBHi 0,03 %. Y cranmapri,
npuitHsatomy B kpaiHax CHJI, BKazaHo: «... KepaMiuHi
3yOM 3a pagioaKTUBHICTIO HE IOBMHHI IMepeBUILYyBaTU
KOHILIeHTpalito ypaHy-238 o6inbim Hixk 1,0 bx/r» [72].
Hani BUOIpKOBMX JOCTiIKEHb CBiIYaTh MPO TOTPUMaH-
HSI IPOBITHUMHU BUPOOHMKAMM 3a3HAYCHUX TPAHNIHMIX
BeanuuH [73, 74].

IcHy10Th IpOMO3uILii TOBHOI 3a00POHN BUKOPHUCTAHHS
ypaHy y 3yOHUX TpoTe3ax [75].

HACJIIAKA ATOMHUX BOMBAPIYBAHDB TA
BUIIPOBYBAHbB J1EPHOI/TEPMOSAIEPHOI
3BPOI

Amnajtiz Bmicty *Sr y TiMuacoBux 3yoax Memkaniis CILA,
SKi Haponumcs rpotsroM 1959—1961 poxiB (10 3a60po-
HU SIIepHUX BUITPOOYBaHb Y TPHOX CEPEAOBHUILIAX 3TiTHO 3
nporoBopom Partial Test Ban Treaty — PTBT), mokasas
JIOCTOBipHO BUILIi KOHILIEHTpALlil HOro B 00CTeXXEeHil rpyIi
OHKOJIOTIYUHUX XBOPUX, IMMOPIiBHSHO 3i 3M0pPOBUMU 0CODa-
MU (BigHOLIEHHs mIaHciB, odds ratio, OR = 2,22) [76].
Ipomanceki mpotect B 1950-x pokax i cTypOOBaHiCTb
LLIOJIO BILIMBY padioHyKIiay *°St, 30KpeMa Ha 3y01 HEMOB-
JIAT, MaJIi BaXKJIMBE 3HAYSHHS IS ITATOTOBKHU Ta YKJIa-
neHHs y 1963 poui noroBopy PTBT mpo yacTkoBy 3a60-
poHy BUIIpoOyBaHb [77]. 30Kpema, TOCTiKEeHHS, IIPOBe-
JeHi cepen aiteii-memkaHuiB Micta Cent-Jlyic, mrar
Miccypi, CILIA, BcTaHOBWIH, 11O Y HAPOLKEHUX B 1963

showed the highest concentration of uranium at
1000 %o or 0.1% by weight. Annual doses of alpha
radiation at the interface of porcelain and oral
mucosa were estimated at zero (i.e. complete
absorption by ceramics), and beta radiation at 2.7
rem. The results of calculations were confirmed by
measurements with a Geiger-Mueller counter and
dosimeters using photochemical, thermolumines-
cent and other methods. Doses of irradiation with
photons and other elementary particles of uranium
decay were insignificant, although an annual dose
of 0.23% of the natural content in “K porcelain
was reported [69]. The authors recommended dis-
continuing the use of radioactive fluorescents in
dental porcelain, given the magnitude of beta
exposure.

Anyway, the depleted uranium was widely used
in ceramic dentures until the 1980s; later it began
to be replaced by the rare earth elements such as
cerium, terbium, dysprosium and samarium
(WISE Uranium Project, 2003). Currently, the
content of uranium in ceramic dentures is regulat-
ed in the United States by the standard NUREG-
1717 [70] with a mass fraction of a maximum of
0.05%, in Germany by the corresponding standard
[71] at 0.03%. In the standard adopted in the CIS
countries it is stated: «... radioactivity of ceramic
teeth should not exceed the concentration of ura-
nium-238 more than 1.0 Bg/g» [72]. Data from
sample studies indicate that leading manufacturers
comply with these limits [73, 74].

There are proposals to completely ban the use of
uranium in dentures [75].

CONSEQUENCES OF ATOMIC BOMBARD-
MENTS AND TESTING OF NUCLEAR/
THERMONUCLEAR WEAPONS

Analysis of *Sr content in temporary teeth of US
residents born between 1959 and 1961 (before the
ban on nuclear testing in three environments
under the Partial Test Ban Treaty — PTBT),
showed significantly higher concentrations in the
examined group of cancer patients compared to
healthy individuals (odds ratio, OR = 2.22) [76].
Public protests in the 1950s and concerns about
the effects of the radionuclide *°Sr, particularly on
infant teeth, were important for the preparation
and conclusion of the PTBT in 1963. In particu-
lar, studies conducted among children living in
St. Louis, Missouri, USA, found that those born
in 1963 had a content of *°Sr in the teeth 50 times
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potii BMicT *’Sr B 3y06ax OyB y 50 pasiB OUIBIINM, HiX Y
nitei, s1Ki Hapoauaucs y 1950 poli — 1o noyatky iHTeH-
CUBHUIX SIIEPHUX 1 TEPMOSIAEPHIX BUTTPOOYBaHb [78, 79].

BumiproBaHHSI BMIiCTY TIJTYTOHIIO B TUMYACOBUX 3y0ax
JiTeit, HapomxeHux y mepioa 3 1951 go 1995 poky y
[MIBeituapii, mokasano, 110 HAKOIMUYEHHSs oro y 3ybax
10-piuyHuMX miTell BimOyBasocs He Mig yac BHYTPIlITHBOYT-
pOOOHOTO Tepiony pO3BUTKY UM I'PYAHOIO iX BUTOAOBY-
BaHHS, a B MOJIOJLIOMY IIKiIbHOMY Billi LLIJISIXOM HaJl-
XOIKEHHS 10 OpraHi3My Yepe3 OpraHu JUXaHHS Ta TpaB-
nenHs [80].

Y peTpocCIeKTUBHOMY IOCTiIKeHHI KoHLIeHTpauii “C
Y KoJIareHi 3y0iB JopocinX 0cid Oy10 BCTAaHOBJEHO, 110
il BeJIMuMHa IIBUIKO 3pocia y 1961 potii, mocsria cBOro
miky 6m3bKo 1967—1968 pokiB, a MOTIM IOCTYIIOBO
3HMKyBajacs (y CKJIali KojareHy 3y0iB KOHLEHTpaILlis
“C miaTpUMYETHCS HE3MIHHOIO MPOTATOM XUTTS 3 MO-
MEHTY 3aKiHYEHHS pOCTy KOpeHiB) [81].

OIOHTONOTIYHI JOCHiIKXKEeHHS BYCHUX YHIBEPCUTETY
micTa Xipocima, SAnoHist, moka3anu, 110 YJIeHU eKimna-
ky mxyHu Daigo Fukuryu Maru («IllacnuBuii JIpakoH
No 5») Ta iHIIKX SIMOHCHKUX PUOATBCHKUX CYJEH 3a3-
Hanm BIutMBy 1B BHacnigok Bumnpooysanusg CILA Bon-
HeBoi 6oMOu y 1954 poui Ha aToui bikini (Tuxuii oke-
aH). BUBYEHHs cTaHy Ta padioXiMiuYHUWII aHaJi3 BTpa-
yeHuX pubankaMu 3y0iB IMoKazaau, IO OpPiEHTOBHA
eKcImo3ulliiina no3a craHoBuia 414 mIp, 1o exBiBaie-
HTHO A031 ONPOMIHEHHS, SIKa IiJ 4aC aTOMHOI0 O0M-
OapayBaHHsSI MicTa XipociMa Oyna oTpuMaHa Ha Bif-
crani 1,6 kimomeTpa Bim emiueHTpy BUOYXY. AHai3
XPOMOCOMHMX abepalliif y riMmdonuTax rmepudepuaHoi
KpOBi MiATBEpIUB TaKi BeaAMYMHU 103 [82]. Bumipio-
BaHHS KiJIbKOCTi CTaOLIbHUX XPOMOCOMHMX adepalliit
(TpaHcaokalii) y aiMm@ouuTax KpoBi Ta AOCTiIXEHHS
3yoHoi emani metogoMm EIIP-cnexTtpoMerpii B ociO,
OMPOMiHEHUX BHACJiZOK aTOMHOro O0oMOapayBaHHS,
3aCBiTUMIM BUCOKUI PiBEHb KOPEJALIil OLlIHOK 103 OTI-
poMmiHeHHs [83].

BuzHaueHHs1 KOHLIEHTpalil padioHYKJiAiB y 3ybax
XBOPUX Ha Pi3Hi OMOHTOreHHI 3amalibHi TPOLECH 3a J10-
nomoroto Ge(Li)-netekTopa, npoBeAacHe y XapKiBChbKilt
obJacti, YkpaiHa, rmokasajo HasiBHIiCTh '¥'Cs, **Ra, 2'*Pb,
214Bj, 28Ac [84]. Ha myMmKy aBTOpiB, KOHTaMiHAIlisl HaB-
KOJIMIITHBOTO CepeIoBUIIA PadiOHYKITiZaMH1 B pe3yJIbTaTi
aTMocdepHUX BUITPOOYBaHb simepHOi 30poi y 1960-x po-
Kax 3HAYHO IIePEBUIIYE PiBeHb, CIIPUINHEHNI aBapi€ro
Ha Yoproobunscekiit AEC (HAEC) Ha TepuTopisix, BU3-
HaHUX YMOBHO «YHUCTUMM». 3 IIUMU JaHUMU Y3TOIKY-
JOThCS pe3ynbrath mpopeneHoro y 1990—1991 pp. oocre-
JKEHHSI HaceJIeHHsI MiBIHs YKpaiHu, sSIKe He TTOCTpaxKaa-
J10 BHacaigok aBapii Ha HAEC (mociimkeHo TprOIM3HO

higher than in children born in 1950 i.e. before
the onset of intense nuclear and thermonuclear
tests [78, 79].

Measurement of plutonium content in the tem-
porary teeth of children born between 1951 and
1995 in Switzerland showed that its accumulation
in the teeth of 10-year-old children did not occur
during the intrauterine period of development or
breastfeeding, but took place in the early school
age by admission to body through the respiratory
and digestive organs [80].

A retrospective study of *C concentration in the
collagen of adult teeth showed that its value
increased rapidly in 1961, reached its peak around
1967—1968, and then gradually decreased (**C
concentration in the collagen of teeth is main-
tained unchanged throughout life since the end of
roots’ growth) [81].

Odontological studies by scientists at the University
of Hiroshima, Japan, have shown that members of
the crew of the fishing schooner Daigo Fukuryu
Maru («Happy Dragon Ne 5») and other Japanese
fishing vessels were exposed to IR as a result of a US
hydrogen bomb test in 1954 on Bikini Atoll (Pacific).
Studies of the condition and radiochemical analysis
of the teeth lost by the fishermen showed that the
estimated exposure dose was 414 mGy, which was
equivalent to the radiation dose received during the
atomic bombing of Hiroshima at a distance of 1.6
kilometers from the hypocenter of the explosion.
Analysis of chromosomal aberrations in peripheral
blood lymphocytes confirmed the stated above dose
values [82]. Measurements of the number of stable
chromosomal aberrations (translocations) in blood
lymphocytes and examination of tooth enamel by
EPR spectrometry in individuals irradiated by atom-
ic bombardment showed a high level of correlation of
the radiation dose estimates [83].

Assay of radionuclide concentration in the teeth of
patients with various odontogenic inflammatory
processes using Ge(Li)-detector, conducted in
Kharkiv region, Ukraine, showed the presence of
¥Cs, 2°Ra, “Pb, 2"“Bi, **Ac [84]. According to the
authors, the contamination of the environment with
radionuclides as a result of atmospheric tests of nuc-
lear weapons in the 1960s significantly exceeds the
level caused by the Chernobyl accident (ChNPP) in
areas recognized as «radiologically clean». These
data are consistent with the results of a 1990—1991
survey of population of southern Ukraine that was
not affected by the Chornobyl accident (approxi-
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1000 ekcTparoBaHux 3y0iB, 3pa3Ku OyJIU po3MOIiJieHi Ha
18 rpym BiAMoBiAHO A0 BiKy Ta cTaTi o0cTexXxeHux) [85]:
OyJ10 BUSABJIEHO TIpuOaM3HO B 10 pa3iB HIKYi KOHIIEHT-
pawii *°Sr, MOpiBHAHO 3 pe3yabraTaMyd BUMipIOBaHb,
npoBeaeHux 3 cepeauuu 1960-x mo cepemunu 1970-x
pokiB. Taki BiIMiHHOCTi 3yMOBJIEHi iHTEHCUBHUM IPO-
BEACHHSIM SIICPHUX BUIIPOOYBaHbL Yy atMocdepi Ta ITif
Bogo10 10 1963 poky. Okpemo 0yJ10 BimiMideHO 3-KpaTHe
MiABUIIEHHS PiBHS KOHTaMiHallii *Sry 4ooBiKiB 25—45
POKiB — YYaCHWUKIB JIiKBimalii HacaiaKiB aBapii (YJIHA)
Ha YAEC.

E®EKTU IPOMEHEBOI TEPAIIIL

3HAYHUI iHTepeC CTAHOBJATH KIIiHIUHI JOCHiIKEHHS
CTaHy CJM30BO1 000JIOHKU POTOBOI IMTOPOXHUHU, T1apo-
JIOHTA i TKaHWH 3y0iB Yy Malli€HTIB, KM OyJia ITpoBeIe-
Ha MpOMEHeBa Tepallisi 3 MPUBOAY MYXJIWH IIEJeHO-
JIMLILOBOI Ta iHIIUX OPUJIETINUX IUISTHOK.

Jlo3u onpoMiHeHHsI IpU pajioTepartii 3J10IKICHUX HO-
BOyTBOpeHb cTaHOBJIATH Bif 30 10 70 Ip, Buxonsuu 3 Tu-
My MyXJIUHU, 11 pO3Mipy Ta KOHKPETHOTO KJIiHiYHOTO BU-
nanky [86]. [IpomeHeBa Tepallis € MPOBITHUM METOIOM
JIIKyBaHHSI XBOPUX Ha 3JIOSIKICHi 3aXBOPIOBAHHS TOJI0OBU
Ta 1IMi — SIK CaMOCTIMHUI 3acid abo B KoMOiHallii 3 Xi-
MioTepari€to i Xipypriunumu BTpydyaHHsamu [87, 88], a
TaKOX — JIESIKUX iHIINX 3aXBOPIOBaHb, 30KPEMA €03UHO-
(dinpHO1 rpanynbomu [89—92]. BuBueHHs MmoOiuHUX
HaCJIiAKIB OMPOMiHEHHS TMPUWJIETJIMX OpraHiB i TKaHWUH
HeoOXiHe, 3BaXaloun Ha Te, 110 BOHM, 3 OJHOro OOKY,
00MEXYIOTh MOXKJIMBOCTI padioTepartii, a 3 iHIIOro — 3y-
MOBJIIOIOTh HEOOXiAHICTh PO3pOOJICHHS BiANOBIIHUX
MpodiTaKTUYHUX i JIKyBaJbHUX 3aXO/iB 10 MOYATKY, ITi[I
yac Ta ITCJasT TaKOTo JIiKyBaHHS. 3y0OalbBEOISIPHUMN
KOMILJIEKC € OJHUM 3 TaKUX OpraHiB-MilleHei npu aii IB.

IIpu nposeneHHi nmpomeHeBoi Tepanii IB 3aBmae sk
MPSIMOTrO, TaK i HEMPSIMOIO TIOIIKOMXKEHHS TBEpAUX i
M’SIKUX TKaHUH 3y0a. [IpnunHu pagioreHHOro moIKoI-
JKeHHSI LIMX CTPYKTYP OIMOCEPEIKOBYIOThCSI AECTPYKIIIEIO
KoJjlareHy MyJjbIlM, Aerpafali€ld OJ0HTOO0JaCTUUYHUX
MpoLIeCiB Ta OOJiTepalli€l0 NeHTUHHUX KaHAJbIIIB, 110
3YMOBJIIOE KPUXKIiCTh €MajeBO-I€HTUHHOTO 3’€THAHHS
[93, 94]. I1pu GinbIn goKIamHOMY pO3riIsiai [95], maTore-
HETUYHI MEXaHi3MM IIOIIKOMXEHHS TBEpAMX TKAaHUH
3y6iB micns nii 1B Taki:

1) mig miero IB Ha opraHiuHi peyoBUMHU i BOAY BigOy-
BA€EThCS iHAYKIiS BUIbHUX paJMKaliB, 30KpeMa IepeKu-
Cy BOJIHIO B TBEPAMUX TKaHUHAaX 3y0iB [96];

2) Oinbll BUCOKWUM BMICT OpraHiYHMX pPEYOBUH Y
CYCITHIil 3 eMaJIeBO-JeHTUHHUM 3’€QHaHHSIM 30Hi poO-
outsb 1i yyrnuBoro o aii IB [97, 98]; mereHepallis op-
raHIYHOI PeYOBUHU MOCIA0II0€ B3aEMO/II0 MiXK eMaJlJIIO

mately 1,000 extracted teeth were examined, samples
were divided into 18 groups according to age and
gender of the examined) [85]: about 10 times lower
concentrations of *Sr, compared with measurements
from the mid-1960s to the mid-1970s were meas-
ured. Such differences are due to the intensive con-
duct of nuclear tests in the atmosphere and underwa-
ter until 1963. Separately, there was a 3-fold increase
in the level of *Sr contamination in men aged
25—45 — the participants of the Chornobyl NPP
accident consequences clean-up works (CUW).

EFFECTS OF RADIATION THERAPY

Clinical studies of the condition of oral mucosa,
periodontium and dental tissues in patients who
have undergone radiation therapy for tumors of
the dentofacial and other adjacent areas are of a
considerable concern.

Irradiation doses in radiotherapy of malignant
neoplasms range from 30 to 70 Gy, depending on
the type of tumor, its size and the specific clinical
case [86]. Radiation therapy is the leading method
of treating patients with malignant diseases of the
head and neck both as a stand-alone tool or in com-
bination with chemotherapy and surgery [87, 88], as
well as in some other diseases, including eosino-
philic granuloma [89—92]. The study of the side
effects of irradiation of adjacent organs and tissues is
necessary, given that they, on the one hand, limit the
possibilities of radiotherapy, and on the other —
necessitate the development of appropriate preven-
tive and curative measures before, during and after
such treatment. The dentoalveolar complex is one
of such target organs under the action of IR.

During radiation therapy, IR causes both direct
and indirect damage to the hard and soft tissues of
the tooth. The causes of radiogenic damage to
these structures are mediated by the destruction of
pulp collagen, degradation of odontoblastic
processes and obliteration of dentinal tubules,
which result in fragility of the enamel-dentin junc-
tion [93, 94]. In more detail [95], the pathogenet-
ic mechanisms of damage to the hard tissues of the
teeth after exposure to IR are:

1) under the impact of IR on organic matter and
water the induction of free radicals, in particular
hydrogen peroxide occurs in the hard tissues of the
teeth [96];

2) higher content of organic matter in the area adja-
cent to dentinoenamel junction makes it sensitive to
IR [97, 98]; degeneration of organic matter weakens
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Ta eMaJieBO-IeHTUHHUM 3’€QHAHHSIM, 1O MPU3BOIUTH
o aectabijizalii Npuaeriux TKaAaHWUH Ta MOTipLIeHHS
iXHiX MeXaHIYHUX BJIaCTUBOCTEH [37], 110 MOXe CIIph-
YUHSITU 3KOJIIOBAHHS eMaJli Ta OTOJICHHST JEHTUHY IS
OINPOMiHEHHS;

3) mereHepallisl OpraHiyHUX i MiHEpaJIbHUX PEYOBUH Ta-
KOX T10C/1a0JII0€ B3aEMO/IiI0 KPUCTAIIB TigpoKcHUanaTH-
Ty, 110 3YMOBJIIOE 3HIKEHHSI MOro KpUCTaIiYHOCTI Ta
MiIBUILEHHS PO3YUHHOCTI B CJIMHI TTpH ii HU3bKOoMY pH;
KpUCTaJIM eMaJli 3a TaKUX YMOB € OiJIbII BPa3JIMBUMU 10
IB nopiBHSIHO 3 JI€HTHMHOM, 11O MOXE OYyTU OJHI€I0 3
MPUYMH YTBOPEHHS KpaTepiB y TMTIOBEPXHEBOMY i1 11api;
4) BHaCJIiIOK YyChOrOo BHUIIE3a3HAYEHOTO, NOe(MEKTU
MiKpPOCTPYKTYPHY TBEPAMX TKAaHUH 3y0iB, TaKi, SIK TPillli-
HU B JISHI eMajeBO-IeHTUHHOTO 3’€IHAaHHS 1 IIO-
PUCTICTh eMalli, 3yMOBJIIOIOTh BUHUKHEHHST CIIPUSITIIN-
BUX YMOB [IJIs1 OaKTepiaibHOI KOJOHi3allil, 1110 B IMOE-
HaHHi 3 HenpsaMumu edekramu 1B [99, 100] 36iabL1ye
PU3MK BUHUKHEHHS Kapiecy.

OcTaHHi eKCcIIepuMeHTaNIbHI AaHi miaTBepawin, 1mo 1B
3MiHIOE TPU3MATUYHY CTPYKTYPY eMaJli, MPU3BOAUTD 10
MOSIBU MiKpOTPIilMH y MiHepajaX TiIpoKcuamaTuTy i
3HMXKEHHSI TBEPAOCTI i €JIaCTUYHOCTI eMaJli Ta IEHTUHY,
a TaKOX CIIpUYMHSIE AeMiHepaizallito emani [94]. 3Hu-
JKYETBCS TBEPAICTh eMaJli IMUNUKU 3y0iB i MOPYIITYETHCS
CTPYKTypa eMajieBUX MPU3M, SIKi CTalOTh KOPOTIIUMU Ta
okpyriaumu [101].

TocTpuM OJOHTOJOrIUHUM YCKJIAAHEHHSIM paaioTe-
parii myXJWH TOJOBU Ta IIMWI € MepiogoHTadbHa 0O-
mouicts [102]. XpOHIYHUMHU YCKIAAHEHHSIMM BBaXa-
IOThCSI OCTEOpPaioOHEKPO3, palioreHHUI Kapiec, ypa-
JKEHHSI TyJIbIU 3Y0iB, MapOAOHTA Ta BajJu OJOHTOTE-
He3y.

OcTteopanioHekpo3 (paaioocTeoHEeKpo3) Iieyern Maki-
e CTO POKiB TOMYy OyB BU3HAHU ONHUM i3 MPOBIAHUX
XPOHIYHUX YCKJIaAHEHb pPEHTreHoTepamnii 3J10SIKiCHUX
OyxXJIMH MOPOXHUHU POTa, LbOMY CIPHUSE TaKOX Ha-
SIBHICTb ITaTOJIONYHO 3MiHEHMX 3y0iB Yy IUISHLI OIl-
poMiHeHHs. TakoxX BUSIBUJIOCS, 1110 30BHi 310pOBi 3yOHu,
MOXYTh CTaTU OcepeaKaMu iH(eKIii, BKIIOUaluu HeK-
po3 mienenu. Ilornsgau 1010 MaTOTEHETUYHUX Me-
XaHi3MiB LIbOTO SIBUILIA Pi3HAThCS. 30Kpema, IMiaATBep-
JK€HO MPSIMUIA BIUTUB OIIPOMiHEHHS Ha aKTUBHICTb OCTe-
001aCTiB i IeMEHTO0IaCTiB 3yOHOTO TIepioCTy Ta OCTE00-
JJaCTA aJibBEOJISIPHOTO BiIpOCTKA, MOPYIIEHHS HOp-
MaJIbHOTO KPOBOOOIry, oCo0JMBO Yy JITHIiX JIIOAEH, SIKi
MalOTh 03HAKM OCTEONOPO3Y JUIILOBOIO CKeJIeTa Ta aTe-
POCKJIEpPO3y CYAMH IIEJIel, a TAKOX 3MiHU BJIaCTUBOCTEM
(kinbkocTi Ta skocTi) cauHu [7]. OnucaHe paniauiiiHe
ypaXXeHHSI CyOIUH KiCTKOBOI TKAaHWHM, a caMe — YTBO-
PEHHS CKJIEPOTUYHOI CITOJIyYHOI TKAHUHU B MOPOXHMU-

the interaction between the enamel and the denti-
noenamel junction, which leads to destabilization
of adjacent tissues and deterioration of their
mechanical properties [37], which can cause enam-
el cracking and dentin baring after irradiation;

3) degeneration of organic and mineral substances
also weakens the interaction of hydroxyapatite crys-
tals, which leads to a decrease in its crystallinity and
increased solubility in saliva at its low pH; enamel
crystals under such conditions are more vulnerable to
IR compared to dentin, which may be one of the rea-
sons for the formation of craters in its surface layer;
4) due to all the above, defects in microstructure of
the hard tissues of teeth, such as cracks in the
dentinoenamel junction and the porosity of the
enamel, cause favorable conditions for a bacterial
colonization, which in combination with indirect
effects of IR increases the risk [99, 100] of caries
occurrence.

The recently obtained experimental data have con-
firmed that IR alters the prismatic structure of enam-
el, leads to microcracks in hydroxyapatite minerals,
reduces the hardness and elasticity of enamel and
dentin, and causes demineralization of enamel [94].
The hardness of the enamel of the neck of the teeth
decreases and the structure of enamel prisms is dis-
turbed, which become shorter and rounder [101].

The periodontal pain is an acute odontological
complication of radiotherapy of head and neck
tumors is [102]. Chronic complications include
osteoradionecrosis, radiogenic caries, lesions of
the dental pulp, periodontium and defects in
odontogenesis.

Osteoradionecrosis (radioosteonecrosis) of the
jaws almost a hundred years ago was recognized as
one of the leading chronic complications of radio-
therapy of malignant tumors of the oral cavity, this
is also facilitated by the presence of pathologically
altered teeth in the area of irradiation. It was also
found that outwardly healthy teeth could become
foci of infection, including necrosis of the jaw.
Views on the pathogenetic mechanisms of this phe-
nomenon differ. In particular, the direct effect of IR
on the activity of osteoblasts and cementoblasts of
the dental periosteum and osteoblasts of the alveo-
lar process, normal blood circulation was demon-
strated, especially in the elderly, who have signs of
osteoporosis of the facial skeleton and atherosclero-
sis of the jaws, and changes in saliva quality (quan-
tity and quality) [7]. Radiation damage to bone ves-
sels has been described, namely the formation of
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Hax KiCTKOBOIO MO3KYy, OOJIiTepylouuii eHgapTepiiT Ta
nepuaptepiit [103].

CyuyacHi ysIBJIeHHS 30iraloTbCs 3 JAHUMU CTIOCTEPEXKEH-
HAMU. 3arajJbHOBU3HAHO, 10 IB cripyumHse 3arubenb
eHJoTeialbHUX KJITUH, TriajliHizalilo, TpomM003 Ta
obnitepatito cynuH. IlepiocTeym crae ¢piOpoTUUYHUM, OC-
Teo0JIaCTU 1 OCTEOLIUTU TMHYThb, a KiCTKOBOMO3KOBI I10-
POXHUHY BUIIOBHIOIOTBCSI CIIOJYYHOIO TKaHMHOMW. K
HacCJIi0K, TKAHUHU CTAlOTh TiMOLETIOJIIPHUMMU, TilloBac-
KYJISIPHUMM Ta TIMOKCUYHWMMU, TTOPIBHSIHO 3 HEOIPOMi-
HenuMmu [104]. Otxe, BpaxoBYIOUH, 110 XUTTEXISTTBHICTD
aJIbBEOJISIPHOTO BiApOCTKa IIe/Ienu 3a0e3MeYyeThCs 3aB-
JISIKW TOCTaTHBOMY KpOBOMOCTa4yaHHIo, a IB cripuumnHsie
30i/IbIIEHHS LIITBHOCTI KiCTOK, 3BY>KEHHSI CYAMHHMX Ka-
HaJIiB B KiCTLi i 30iAHiHHSI KPOBOTOKY, LIUM i 3yMOBJIEHUIA
PU3UK BUHUKHEHHSI ocTeopagioHekpo3y. OcTaHHil, sK
MpaBUJIO, YaCTillle BPaXKa€e HUXKHIO 1IEJeITy, OCKiIbKY, Ha
BiIMiHYy Bil BepXHbOi, KOXXHA 1l CTOpOHA MAa€E OJAHOOIUHE
kpoBornoctayanHg [105]. YacoM ocTeopamioHeKpo3
MaHigecTye TIicas HaBiThb HE3HAYHOI'O TpaBMYyBaHHSI,
OCKiZbKM CKoMIIpoMeHToBaHa IB KicTkoBa TKaHMHa
BTpaya€ 3JaTHICTh 0 MOBHOLIIHHOIO BigHOBJIEHHS [21].
binbiu Toro, Oyab-sike TpaBMyBaHHSI HUXKHbBOI 1IEJIeNn, B
TOMY YMCJIi — BiJ MTPOTE3iB 3 LIOPCTKUMHU KpasiMU, B pe-
3yJIbTaTi BUIAJIEHHS 3y0a UM iHIIUX BTPyYaHb MOXe iHIY-
KyBaTH OCTEOpadioHEKpO3 B OmpoMiHeHoi ocobu [106].
3a ganumu [107], 3 pu3NKOM PO3BUTKY OCTEOPATiOHEK-
pO3y CYTTEBO MOB’S13aHi OLTBII BHCOKA 1033 OMPOMiHEH-
H$I, CKOMIIPOMEHTOBAaHUI CTaTyC MapoOAOHTY A0 MOYaTKy
JIIKyBaHHS i BXXMBaHHSI AJIKOTOJIIO MAaLliEHTOM.

Bapro 3a3HaunTH, 1110 32 TOOAMHOKMMU JAHUMM, BU-
SIBJICHHSI TPU PEHTIeHOJIOTIYHOMY JTOCIiIsKeHHi CKJIepO-
3yBaHHS a00 BiJICYTHOCTI TBepA01 (KOPTUKAJIBHOI) TIj1ac-
TMHKM (lamina dura) micyisl pagioTepanii MOXe CBiTYUTH
PO PaHHIO CTaJil0 OCTeopanioHeKpo3y menenn [108].

XPpOHIYHUM YCKJIagHEHHSIM palioTeparii, OKpiM ocTe-
opafioHeKpo3y, € AeMiHepalli3allisl Ta Kapiec 3yoiB [109],
KU Bpaxae MpUOIN3HO 25 % MalLli€HTIiB IMIPOTITOM Po-
Ky TTiCJIST TeparieBTUYHOTO onpoMiHioBaHHS [110]. Pu3uk
PO3BUTKY Kapiecy MpU LIbOMY 30iJIbIIYETHCS BHACTIIOK
Il psimy (hakTopiB, BKIIOYAIOUM 3HUKEHHST KOHIIEHTpallii
AHTHUMIKpPOOHMX OiNKiB CIMHM, 30inHIIE 3a0e3neYeHHs 11
MiHepali3ylouuMU KOMITOHEHTaMM, 3MEHILEHHS Ipo-
JIyKUii CTMHUA (CUHAPOM CYXOTO pOTa, KCepoCTOMisl) Ta
3MiHY XapakTepy MiKpohaopu pOTOBOi MOPOXHUHU Y
0ik kapiecoreHHoi [109, 111]. Ilicns craHaapTHOI Tpo-
MEHEBOI Tepamnii CIoCTePiraeTbes 3CyB y CEKTPi pOTOBOT
Mikpodaopu y 0ik repeBakaHHS allUIOTEHHUX MiKpO-
opraHiamiB, Hacamriepen — Streptococcus mutans Ta
JIaKkTOOaKTepiit, 110 30iraeTbcsl 3i 30iAHIHHAM KOH-
tamiHaiii ¢gaoporo. JJocuTh 4acTo BUHUKAE KaHIWUIO3

sclerotic connective tissue in the bone marrow cav-
ities, obliterating endarteritis and periarteritis [103].

Contemporary opinions coincide with these
observations. It is generally accepted that IR caus-
es endothelial cell death, hyalinization, thrombo-
sis and vascular obliteration. The periosteum
becomes fibrotic, osteoblasts and osteocytes die,
and bone marrow cavities become filled with con-
nective tissue. As a result, tissues become hypocel-
lular, hypovascular and hypoxic, compared with
non-irradiated ones [104]. Thus, given that the
viability of alveolar process of the jaw is ensured by
sufficient blood supply, and IR causes an increase
in bone density, narrowing of vascular channels in
the bone and impoverishment of blood flow, this
just causes the risk of osteoradionecrosis. The lat-
ter, as a rule, more often affects the lower jaw,
because, unlike the upper, its each side has a one-
way blood supply [105]. Osteoradionecrosis some-
times manifests after even a minor trauma, as the
compromised IR bone tissue loses an ability to
fully recover [21]. Moreover, any injury to the
mandible, including dentures with rough edges, as
a result of tooth extraction or other interventions
can induce osteoradionecrosis in an irradiated per-
son [106]. According to [107], the risk of osteora-
dionecrosis is significantly associated with a high-
er dose of radiation, compromised periodontal sta-
tus before treatment and alcohol consumption by
the patient.

It should be noted that according to isolated
data, the detection of sclerosis or the absence of a
hard (cortical) plate (lamina dura) at X-ray exam-
ination after radiotherapy may indicate an early
stage of osteoradionecrosis of the jaw [108].

The demineralization and dental caries [109],
which affects approximately 25% of patients within
a year after therapeutic irradiation [110] are the
chronic complications of radiotherapy, in addition
to osteoradionecrosis. The risk of caries increases
due to a number of factors, including the decreased
concentration of antimicrobial proteins in saliva,
depleted supply of mineralizing components,
reduced saliva production (dry mouth syndrome,
xerostomia) and changes in the nature of the oral
microflora towards cariogenic one [109, 111]. After
a standard radiation therapy, there a shift occurs in
the spectrum of oral microflora towards the pre-
dominance of acidogenic microorganisms, primari-
ly Streptococcus mutans and lactobacilli, which
coincides with the depletion of flora contamination.
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CJIM30BO1 O00JIOHKM MOPOXKHUHMU poTta. KcepocToMmis, 3i
CBOro OOKy, INMPOBOKYE Kapiec uepe3 3HMKEeHHs pH,
3HIDKeHHS Oy(epHOi 3MaTHOCTI Ta MiABUIIEHHS B’SI3-
KocTi cnuuau [112]. ITpoMeHeBuii Kapiec — 1ie IIBUIKO
nporpecyroya hopMa 3aXBOPIOBaHHS, SIKa MOXeE ITPOSIBU -
TUCSI BXe uepe3 3 Micaui micias pamioteparii [109].
KiiHiuHO BiH Ma€e BUpaxkeHUIi Ta MHOXKMHHUI XapakTep
3 TEHIEHIII€I0 O TOLIMPEHHS Ha BCi 3yOHi MOBEPXHi.
Kapio3nuii mnpoiuec Moxe BUKIMKATU MiABUILEHY
JIJaMKicTb 1 pyliHyBaHHs 3y6iB. HalinmomwupeHimui
BapiaHT — 1ie BeJIMKi MOBEPXHEBI Ae(EKTU, 110 YPaKyIOTh
LIYHY, OKJIIO3iliHY, MiAHEOIHHY MOBEPXHi Ta pi3aJbHUM
Kpatii 3yoa [113], ToMy iHOAi pamioreHHUIA Kapiec Ha3uBa-
10Th caries circularis [114]. 3a3Buuaii, criouaTky ypakeH-
HsI BUHUKAIOTh Y OUISIHLI INUIAKY 3y0a i IBUIKO Nporpe-
CyIOTb, 1O MOMEHTY PYWHYBaHHSI KOPOHKM 3y0a Oins ii
OCHOBH TP OKJIIO3iifHOMY HaBaHTaXK€HHi. 3aJUIIKOBI
0e3CUMIITOMHI Kapio3Hi KOpeHi MOXYTh 3a/IMILIATUCh Oe3
MOJAJIBIIOr0 IPOrPeCyBaHHS IIPOIECY Ta BUHUKHEHHS
nepianikajabHOI naTosorii [93]. B iHImmx BUunaaxkax ypa-
JKEHHS MPOSIBASIETHCS IU(PY3HUM KOPUYHEBUM 3HEOapB-
JIEHHSIM Ha TJIaJIKili TTOBEepXHi emalJli 3i LIBUAKUM IIporpe-
CYBaHHSIM, SIKE, SIK IPaBUJIO, HE IIOB’S3aHE 3 CHUJIBbHUM
6osiem [115, 116]. Ha BigMiHYy Bin «IIpOMEHEBOIO», 3BM-
yailHUI1 Kapiec TUMOBO BUHMKAE B SIMKax, TpilllMHaX i
MPOKCUMANbHUX AiasHKax 3y6iB [117]. TunoBuii mpome-
HeBUIl Kapiec 0€300/IiCHUN 1 B TSKKHUX BUMAAKaX MOXE
3YMOBUTH BTpaTy MaLiEHTOM (PYHKI[IOHYIOUOTr0 3yOHOTO
psiiy BxKe MpoTIrom poky [93].

Y mnaroreHesi Kapio3HOro MpPOILECYy, 3YMOBJEHOIO
BIuIMBoM B, MaloTh Miclie sIBUILIA OCTEOIOPO3y, BHa-
CJIiIOK MOpPYIIeHb B CTPYKTYpPi KpUCTAJy TigpoKcuarna-
Tty [118]. 3MiHM KpUCTaiYHOI PEIIiTKY TiIpoKcHuarna-
TUTY CHOPUSIOTH aKTUBi3alii MPOLIECIB OCTEONOPO3y B
aJIbBEOJIIPHOMY TTAPOCTKY i TUCTPO(DIYHUM ypakeHHSIM
TBEpAUX TKAHWUH 3y0iB. Pi3HMIIS CHiBBiIHOIIEHb MiX
(ocaTHUMM | KapOOHATHUMU aHIOHAMU Ha KOPHUCTh
OCTaHHIX 3MEHIIYE MIlIHiCTb TBEpAMX TKaHWH 3yOiB Ta
aJIbBEOJISIPHOTO MAapOCTKa i pOOUTH 1X Bpa3aMuBUMMU A0 Iil
MEeXaHiYHUX Ta XiMiYHMX YMHHMKIB. BomHoyac 3i 3HU-
JKeHHSIM piBHS opToochaTHUX i NiABUILIEHHSIM Kapbo-
HATHUX aHIOHIB y KPUCTAJIIUHIN pelIiTLi 30i1bIIYETHCS
BimHOCHMI BMicT aMmimHamx Tpymn. OpraHigyHa MaTpuIls
Ie(OopMYEThLCS i BTpaya€e 30aTHICTh HAKOTTUYYBATH 1 yT-
PUMYBATH i0HU Kabliilo, 1110 COPUSIE MpoliecaM AeMiHe-
paJtizaiii TBepauX TKaHUH 3y0a.

C. H. Bonkos (1996) BuMBYaB 3MiHM KpUCTaJIi4HOI
pelIiTKM TiZpoKCHamnaTUTy, 3yMoBlJieHi Aieio 1B y mo3ax
2 Ip, 4,8 Ip, 8,4 Ip [119]. Ilicng onmpomiHEHHST MaB
Miclle BUXiJ MiHepaJlbHUX KOMIOHEHTIB, SIK 3 MOBEp-
XHi, TaK i 3 BHYTPILIHIX OiJSIHOK PELIiTKA KpucTasa.

Quite often the candidiasis of oral mucosa arise.
Xerostomia, in turn, provokes caries by lowering the
pH, lowering the buffering capacity, and increasing
the viscosity of saliva [112]. Radiation caries is a
rapidly progressive form of the disease that can
appear as early as 3 months after radiotherapy [109].
Clinically, it is pronounced and multiple in nature
with a tendency to spread to all dental surfaces. The
carious process can cause increased fragility and
tooth decay. The most common variant is represent-
ed by the large superficial defects that affect the
buccal, occlusal, palatal surfaces and the cutting
edge of the tooth [113], so radiogenic caries is
sometimes called caries circularis [114]. Usually,
the lesions first appear in the neck of the tooth and
progress rapidly, until the destruction of the tooth
crown at its base under an occlusal loading.
Residual asymptomatic carious roots may remain
without further progression of the process and the
occurrence of periapical pathology [93]. In other
cases, the lesion is manifested by a diffuse brown
discoloration on the smooth surface of the enamel
with rapid progression, which is usually not associ-
ated with severe pain [115, 116]. In contrast to
«radiation» caries, the «normal» one typically
occurs in pits, cracks and proximal areas of the teeth
[117]. Typically the radiation caries is painless and
in severe cases can cause the patient to lose a func-
tioning dentition within a year [93].

Phenomena of osteoporosis emerge in pathogenesis
of the carious process caused by IR due to distur-
bances in hydroxyapatite crystal structure [118].
Changes in the crystal lattice of hydroxyapatite con-
tribute to activation of osteoporosis in alveolar process
and dystrophic lesions of the teeth hard tissues.
Difference in the ratio between phosphate and car-
bonate anions in favor of the latter reduces the
strength of hard tissues of the teeth and alveolar pro-
cess and makes them vulnerable to mechanical and
chemical factors. Simultaneously with the decrease in
the level of orthophosphate and the increase of car-
bonate anions in the crystal lattice, the relative con-
tent of amide groups increases. The organic matrix
becomes deformed and loses the ability to accumulate
and retain calcium ions, which contributes to dem-
ineralization of the hard tissues of the tooth.

S. N. Volkov (1996) studied the changes in the crys-
tal lattice of hydroxyapatite due to the action of IR in
doses of 2 Gy, 4.8 Gy, and 8.4 Gy [119]. After irradi-
ation, there was an exit of mineral components, both
from the surface and from the inner parts of the crys-
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BennuuHa pyiiHyBaHHSI KpUCTaly i Yac akTUBallii KOM-
TMEeHCATOPHUX MEXaHi3MiB 3ajieXalu Big 03U Of-
POMiHEHHS i BUSIBJSIIMCH HAaBIThb INPU MiHiMaIbHOMY
onpomiHeHHi. IloBHOI KommeHcalii i BiTZHOBJIEHHS
CTPYKTYpHU KpHUCTaja He BiIOyBaJloCh, HaBiTh, 32 YMOB
aii 1B y manux po3ax.

JIOBroCcTpOKOBI HACJiAKu pagioTeparii 1040 MYyJbIu
3YMOBJIEHi 3MEHIIIEeHHSIM BacKyJIsipr3allii Ta 30iAHiHHAM
KJIITUHHOTO CKJaay TKaHWH MpU OAHOYACHOMY MOCH-
JIEHHi cuHTe3y KoJjareHy i rinokcii [21, 109]. OkpiM TO-
ro, myjbla 3y0a TaKoX 3a3HA€ 3HIKEHHS BaCKYJISIp-
HocTi mopsia 3 ¢iopo3om Ta atpodicro. KiiniuHo pe-
aKlIlisl MyJabMy Ha iH(EeKIlii, TpaBMU i CTOMAaTOJIOTiUHi
npoLeaypy BUSIBISETHCS MOPYLISHOIO, TIPOTE ITyJIbIlap-
HUIi OLJIb € MEHIL BUPAXKeHUM, HaBiTh 32 HASIBHOCTI TJI-
OOKOIo Kapiecy Ta OU4eBUIHO pO3KpUTOI Tyabiu [120].
3a ganumu [121], myaena 3y0a, 110 CKJIaga€eTbCs Mepe-
BaxKHO 3 000OPOTHO Ta HEOOOPOTHO 3MiHEHUX MOCTMIiTO-
TUYHUX KJITAH, ITCIS OIPOMiHEHHS (PiOpOTUYHO
3MIHIOEThCSI.

ITaponoHT (ITepioJOHT) TaKOX YYTJIMBUIA JO BILIUBY
IB y BeuMKuMX 103aX, 110 3yMOBIIIOE 3MEHILIEHHS BaCKY-
JIsipr3allil Ta LeM0JsIPHOCTI KOpeHeBO1 000JI0HKHU 3y0a
3 PO3LIMPEHHSIM IEePiOJOHTAIbHOI LIIJIMHA Ta MOTOB-
LLIEHHSIM, pO3pMBaMU i Ae30pieHTali€lo BojokoH Illap-
nes [122]. Bruius 1B Ha mapogoHT NPU3BOAUTH 10 301J1b-
MIEHHS pU3NUKY pyHHYBAaHHS TePiOgOHTAIbHOI 3B’ 13K,
BTpaTU 3y0a Ta PO3BUTKY, B IIOJAJbIIOMY, OCTEO-
panioHekposy [123]. BinOyBaeTbcsl po3IIMPEHHS MTPOC-
TOPY 3B’SI3KM IapOAOHTa, PYWHYBaHHS KiCTKOBUX Tpa-
0eKyJl, BAHMKAE MapoJOHTO3, MOTiPIIYETHCS 3aTOEHHSI,
3MEHIIYETLCS 3MaTHICTh J0 BiMHOBJIEHHS KicTOK [124].
BcranoBiieHo 30i1bIIeHHS KiTbKOCTi 3y00sICEHEBUX K1 -
meHb [125]. BriuB nmpoMeHeBoi Teparlii Ha MapoaoOHT
MPU3BOIUTH OO BTPATU OMOPHO-YTPUMYIOUOIO arapaTa
3yoa [123, 126].

®diziooriyHMii MpoLec OJOHTOTEHE3Y PO3MOYNHAETh-
Cs B IIePILli THXKHI BHYTPiLIHbOYTPOOHOTO XKUTTS i TPUBAE
g0 14—15 pokiB. @opmyBaHHSI 3y0iB SBJIsIE COOOIO
CKJIaIHUM TIpOoLIeC i BKIIIOYAE psil BaXJIMBUX eTartiB [127].
Bruus IB y BUCOKMX 103aX CYTTEBO BILTUBAE HA PO3BU-
TOK 3y0iB i 3HAYHOIO MipOIO 3aTPUMYE X PICT MPOTITOM
YCbOIro Iiepiogy OJOHTOreHesy. Yac onmpoMiHEHHS €
KJTIOUOBUM: pafialliiHMIl BIUIMB N0 TMOYaTKy MiHepa-
Jli3allii Moxe 3pyiHyBaTH (ojiKyn 3y0a, TOMi SIK MIis Ha
OifbLI Mi3HBOMY €Talli PO3BUTKY MOXE 3YIMUHUTHU PiCT,
BUKJINKATHA MaJIb(OPMAILIilo i TPU3BECTH IO TTOPYILICHHS
¢opMyBaHHS eMayli Ta ASHTUHY BHACHIIIOK, 30KpeMma,
raabMyBaHHS KIJIiTUHHOI audepenuiamii [120, 121].
IHakIe Kaxxy4yu, HalOiIbLI TSKKI MMOPYILIEHHST OJOHTO-
reHe3y CIOCTepiraloThbCsl TOAi, KOJU OIIPOMiIHEHHS

tal lattice. The magnitude of crystal destruction and
the activation time of compensatory mechanisms
depended on the radiation dose and were detected
even upon a minimal irradiation. Complete compen-
sation and restoration of the crystal structure did not
occur, even under the action of IR in low doses.

The long-term effects of radiotherapy on the
pulp are due to the reduced vascularization and
depletion of tissue cell composition complete with
an increased collagen synthesis and hypoxia [21,
109]. In addition, the pulp of the tooth also expe-
riences a decrease in vascularity along with fibrosis
and atrophy. Clinically, the pulp response to infec-
tions, injuries, and dental procedures is impaired,
but pulpal pain is less pronounced, even in the
presence of deep caries and apparently open pulp
[120]. According to [121], the pulp of the tooth,
consisting mainly of reversibly and irreversibly
altered postmitotic cells, changes fibrotically after
irradiation.

Periodontium (parodontium) is also sensitive to the
effects of IR in high doses, which causes a decrease in
vascularization and cellularity of the root of the tooth
with the expansion of the periodontal gap and thick-
ening, rupture and disorientation of Sharpey’s fibers
[122]. The effects of IR on periodontium lead to an
increased risk of periodontal ligament destruction,
tooth loss and the subsequent development of osteo-
radionecrosis [123]. There is an expansion of the
space of the periodontal ligament. The destruction of
bone trabeculae, periodontitis occurs, healing deteri-
orates, the ability to repair bones decreases [124]. An
increase in the number of gingival pockets was found
[125]. The effect of radiation therapy on periodon-
tium leads to the loss of the supporting apparatus of
the tooth [123, 126].

The physiological process of odontogenesis begins
in the first weeks of fetal life and lasts up to 14—15
years. Tooth formation is a complex process and
includes a number of important stages [127].
Exposure to high doses of IR seriously affects the
development of teeth and significantly delays their
growth throughout the period of odontogenesis.
Irradiation time is central factor here, as the radia-
tion exposure before mineralization can destroy the
tooth follicle, while action at a later stage of devel-
opment can stop growth, cause malformation and
disrupt the formation of enamel and dentin due to,
in particular, inhibition of cell differentiation [120,
121]. In other words, the most severe disorders of
odontogenesis are observed when irradiation occurs
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BiIOyBaeTbCcsl B Tepioa mpedopMyBaHHS Ta aude-
peHuialii 3yoHux 3a4atkiB [128]. Biablu Toro, wi 3MiHK
B TUMYACOBHUX 3y0aX MOXYTh CIIPUIMHUTH 3HAYHE IIOPY-
ILIEHHSI TIPUKYCY Ta HEraTUBHO BIUIMHYTUM Ha PO3BUTOK
JIMIIBOBOTO CKeNeTy i (hopMmyBaHHS oommyuus [112].

PagiouyrnuBicth 3y06iB mpH iX (popMyBaHHi MiaATBEP.I-
KeHa OaraTbMma IOCJiIHMKAaMHU, SIKi MOKa3aJiv, 10 Xa-
paxTep i BIUIMB MOTEHLIHHUX HETaTUBHUX HACTIAKIB Te-
pameBTUYHOTO OIPOMIHEHHS Ha pPO3BUTOK 3Y0iB
3MiHIOETBCS 3aJ€KHO Bill BiKy AMTUHU, IOYATKY MPOBE-
JIEHHS IIPOMEHEBOI1 Tepamii, cTafii po3BUTKY 3y0a, 103U
OINMPOMiHEHHSI Ta aHATOMIYHOI MiITHKUA OIMPOMiHEHHS
[129—131].

HecnpusitnuBuii BIUIMB IIPOMEHEBOI Tepariii Ha (op-
MYBaHHS 3y0iB IpeACTaBIeHUN pyHHYBaHHAM (oITiKyia
3yba, MPUTHIYEHHSM TIOTeHIIiaay Tpopi3yBaHHsS 3y0a,
MOpPYLIEHHSIM oro MiHepaJisallii, HeloCTaTHIM PO3BUT-
KOM TKaHMH 3y0a, 30KpeMa — CTOHILIEHHSIM CTiHOK KO-
peHs1, Ioro areHe3oM, HasIBHICTIO BoOgHOYac cpopmMoBa-
HUX i HecpopMoBaHux 3y0iB [132—134]. [HIIMMHU aBTO-
paMu TOBIAOMJISIIOCS MPO 3yOM 3 MaJUMU KOPOHKaMU
(MiKpOIeHTis1), KOPOTKMMHU ab0 MPUTYILUICHUMM KOpe-
HSIMU, HeNpaBUIbHUI TIPUKYC, HEIOBHY KaJbLUdiKa-
1it0, 30iJIbIIEHHS IMyJbIIOBOI KaMepu (TaypOJOHTHU3M),
nepenyacHe 3aKpUTTS BEPXiBOK i 3aTPUMKY a00 3yMUHKY
po3BUTKY 3y0iB [135—137]. V niteid, gki mpoxoauin
NpOMEHEBY Tepallilo 3 MPUBOIY MYXJIMH TOJIOBU Ta LIMUI,
XPOHOJIOTIYHU (MacCOPTHUIA) BiK He 30iraBcs 3i cToMa-
TOJIOTIYHUM BiKOM, 3BaXkKalouu Ha Cepilo3Hi MOPYyILIEHHS
NOpPsIIKY Mpopi3yBaHHs 3y0iB. JIiKyBaHHSI MOPYLIYyBaloO
MpolIeC PO3BUTKY KOpPEHIB TUMYAcOBUX 3y0iB (iKJIiB,
MEePIIOro Ta APYroro MoJIsSIpiB), KOpeHi Liux 3y0iB 3a3Ha-
BajJid TaTOJIOTIYHOI pe30opOLii e A0 ix (izioaoriyHoi
3Minu. Hacnigku pagioreparnii Npu3BOAWIM 10 Tepe-
yacHOI BTpaTW TUMYacOBUX 3y0iB 1 IlepeayacHOTro
Mpopi3yBaHHS MOCTiiTHUX 3y0iB. OTIMcaHO BUIIAJ0K He-
JOCTaTHbOTO PO3BUTKY BCiX MEPLIMX MPEeMOJISIpiB i 3a-
yaTkiB Apyrux npemoispin (151 35) [127].

JlocmimxeHHs1 iHIIMX HayKOBLIB MOKa3ajiu, 110, Ha-
CJIiIKOM papioTepartii Moxe OyTM HeAOCTAaTHSI KiIbKiCThb
MOCTIAHUX 3y0iB, TAJIbMyBaHHSI PO3BUTKY KOPEHIB 3YO0iB,
KapJvKOBi 3you abo mopylieHHs (OpMyBaHHSI OJHOIO
a0o0 JeKiabkox 3y0iB. ICHye MMOBIpHICTh IepeadacHOro
3aBeplIeHHs Kaabludikalii i mpopizyBaHHs 3y0iB. 1B Mo-
Ke 3aTpuMatv (DOpMyBaHHSI KOPEHiB, MPOTe MeXaHi3M
MNpopi3dyBaHHS 3y0iB € BiTHOCHO CTIKMM J10 Jii i0Hi3yl04Ooi
pagmiarrii i ormpoMiHeHi 3yOn, HaBiTh i3 TTOPYIIIeHUM (DOPMY-
BaHHSIM KOPEHIB, yce X MpopisytoTbes [121].

OnpoMiHeHHs AiUISTHKY TOJIOBU Ta Wi MOXE BUKJIU-
KaTu TiABUILEHY YYTJMBICTb 3yOiB 10 30BHIlLIHIX MOJ-
pasHuKiB [138].

during the period of preformation and differentia-
tion of dental germs [128]. Moreover, these changes
in temporary teeth can cause significant occlusion
abnormalities and adversely affect the development
of the facial skeleton and facial formation [112].

The radiosensitivity of teeth during their forma-
tion has been confirmed by many researchers who
have shown that the nature and impact of potential
negative consequqgnces of therapeutic radiation on
tooth development varies depending on the child’s
age, beginning of radiation therapy, stage of tooth
development, radiation dose and anatomical area
of irradiation [129—131].

Adbverse effects of radiation therapy on tooth for-
mation are represented by destruction of tooth fol-
licle, suppression of tooth eruption potential, disor-
ders of its mineralization, insufficient development
of tooth tissues, in particular — by thinning of root
walls, its agenesis, the presence of both formed and
unformed teeth [132—134]. Other authors have
reported teeth with small crowns (microdentia),
short or blunt roots, malocclusion, incomplete cal-
cification, enlargement of the pulp chamber (tau-
rodontism), premature closure of the apices and
delay or cessation of tooth development [135—137].
In children who underwent radiation therapy for
head and neck tumors, the chronological (passport)
age did not coincide with the dental age due to the
serious disorders of the order of teething. The treat-
ment disrupts the development of the roots of tem-
porary teeth (canines, first and second molars), the
roots of these teeth undergo pathological resorption
even before their physiological change. The conse-
quences of radiotherapy leads to premature loss of
temporary teeth and premature eruption of perma-
nent teeth. The case of insufficient development of
all first premolars and rudiments of second premo-
lars (15 and 35) is described [127].

Studies by other scientists have shown that
radiotherapy can result in a lack of permanent
teeth, inhibition of tooth root development, dwarf
teeth phenomena or impaired formation of one or
more teeth. There is a possibility of premature ter-
mination of calcification and teething. IR can
delay root formation, but the mechanism of tooth
eruption is relatively resistant to IR and irradiated
teeth, even with impaired root formation, still
erupt [121].

Irradiation of the head and neck can cause
increased sensitivity of the teeth to external stimuli
[138].
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HACJIIKU ABAPII HA YOPHOBMJIBCHKIN
AEC

IIpu xpoHiyHOMY abo0 TOCTpOMY IiHKOPHOpPYBaHHI
PagioHYKIIiIB i3 TPUBAJIMMU TepiogaMy HamiBpO3MamLy
Ta HaIiBBUBEACHHS Y XKiHKM Mij] Yac BariTHOCTi BOHM Ta-
KOX MICTSThCS Y TLIalleHTi. PO3BUTOK i CTyMiHb TOPY-
IIeHb KPOBOOOITY, TaK caMo, SIK i TMCTpodivHi Ta iHBO-
JIIOTUBHI 3MiHM TUIALEHTH, 3aJIeXKaTh Bill pe3yabTyiouoi
no3u onpomiHeHHs [139, 140]. HakonuueHi B miaLeHTi
PagioOHYKJiAW TIPOHUKAKOTh y IUJIA i COPUUYUHSIOTH
(yHKIiOHAIBHI Ta CTPYKTYPHI TTOPYIIEHHS B Pi3HUX Op-
raHax Ta cucTemax, BKJIIo4Yalouu ckeyieT. Bucoki piBHi
iHKopropallii pagioHyKJIiAiB OyJI1 BUSIBJIEHI B KiCTKOBI
cucTeMi Ta 3yOHMX 3ayaTKax MUJIOAY Y BariTHMX XKiHOK,
SIKi mocTpaxganu BHacaigok aBapii Ha YAEC [141]. Li
JOCIiI;KeHHST TaKOX TTOKa3aJIu HEOJHOpiAHE i HeomgHa-
KOBE HAaKOMUUYEHHS padioaKTUBHUX O.-BUIIPOMiHIOBaUiB
y 3yOHMX 3a4aTKax, 110 BIUIMHYJO HA TEPMiHU MPOPi3y-
BaHHs 3y0iB y miteit. IlepegquacHa 3MmiHa 3y0iB KOpeJio-
BaJjia 3 MOTipILIEeHHSIM CTaHy TKAHWH MapOJOHTY i paHHIM
pO3BUTKOM Kapiecy. Ha 1yMKy aBTOpiB, Take mepemyac-
He OiojioriyHe cTapiHHSI TKaHWH, SKi OTOYYIOTh 3YO,
CBIIUUTH TIPO MOYATOK MATOJIOTIYHMX 3MiH 1lI€ B Mepiof
BHYTPIlIHbOYTPOOHOT'O PO3BUTKY.

B pesynbraTi mochigkeHHsS eKCTparoBaHMX 3Y0iB
6m3bKk0 6000 miTeit 6yJ10 BCTAHOBJIEHO, IO Y HAPOIXKe-
HUX He3abapoM micir aBapii Ha YAEC BMicT *Sr B HUX
oyBy 10 paziB BULLIMM, TOPiBHSIHO 3 TiTbMU, IKi HAPOAY-
Juchk y 1983 poui, To6TO 10 aBapii [142].

Bimomo, 110 3MiHM B KiCTKOBili TKaHMHi, 30Kpema,
TBEPAMX TKAHMHaX 3y0iB, MOXYTb OYyTM OOyMOBJIEHi
nigBuieHuM BMicToM Sr i "'Cs [18]. Ockinbku
CTPOHLIilI € aHaJIoroM KaJlbllilo B Mpoliecax KiCTKOBOTO
MeTaboJ1i3My, 1Oro pamioakTUBHUIA i30Ton St 3aMilye
KalbLii B KpUcTanax TiapoKcianaTuTy emali 3y0iB i mo-
PYIIYE iX CTPYKTYpY SK JXKEepeao XPOHIiYHOIO OIl-
poMmiHeHHs1. Pe3ynbTaTu OOCTEXKEHHS >XUTeJiB Tepu-
TOpiii, 3a0pyaHeHux BHacjigok aBapii Ha YAEC,
CBimyaTh Mpo 3HAYHE MOTiPIICHHS Y HUX CTaHY TBEPAUX
TKaHWH 3y0iB Ta TMapoJOHTa Ha TJIi MATOJOTil IIUTO-
noAiOoHOI 3a/03u (XpOHIYHUI TUPEOiauT, AUY3HUN
300) [143—146].

KomiuiekcHe BUBYEHHS MTOKA3HUKIB CTOMATOJIOTiYHO-
ro, iMyHOJIOTiYHOTO CTaTyCcy Ta MiHepaJIbHOTO OOMIiHY Y
niTeit 3 mopyieHHsIMU popmyBaHHs 3y0iB (I1D3) Brep-
1re B YKpaiti mpoeneHo Jliobapeus C.D. [147]. [IpoTs-
rom 2012—2016 pp. obcrexxeno 1470 aiteit Bikom 6—14
pokiB, xuteniB [liBHiuHOrO perioHy YKpaiHu, BKIOUa-
oun 528 memkanuiB III ta IV 30H, 3a0pyaHeHUX
pangionykiigamu BHacainok aBapii Ha YAEC. IinbHIiCTb
koHTaMiHa1ii '¥'Cs 3a3HaYeHNX PETiOHIB 3HAXOIMIACH Y

CONSEQUENCES OF THE CHORNOBYL
NPP ACCIDENT

In the case of chronic or acute incorporation of
radionuclides with long half-decay periods and
half-lives in women during pregnancy, they are also
contained in placenta. The development and degree
of circulatory disorders, as well as dystrophic and
involutive changes of placenta depend on the result-
ing radiation dose [139, 140]. Radionuclides accu-
mulated in placenta penetrate the fetus and cause
functional and structural disorders in various organs
and systems, including the skeleton. High levels of
radionuclide incorporation have been found in the
skeletal system and fetal teeth in pregnant women
survived after the Chornobyl NPP accident [141].
These studies also showed heterogeneous and
uneven accumulation of radioactive o-emitters in
the teeth, which affected the timing of teething in
children. Premature change of teeth correlated with
deterioration of periodontal tissues and early devel-
opment of caries. According to opinion of the
authors, such premature biological aging of tissues
surrounding the tooth indicates the beginning of
pathological changes during fetal development.

A study of the extracted teeth from about 6,000
children found that those born shortly after the
Chornobyl NPP accident had a content of *Sr in
them 10 times higher than in children born in
1983, i.e. before the accident [142].

It is known that changes in bone tissue, in particu-
lar, the hard tissues of the teeth, may be due to
increased content of *Sr and 'YCs [18]. Because
strontium is an analogue of calcium in bone metab-
olism, its radioactive isotope *Sr replaces calcium in
hydroxyapatite crystals of tooth enamel and disrupts
their structure being a source of chronic irradiation.
Results of the survey of residents of the territories
contaminated after the Chornobyl NPP accident
indicate a significant deterioration in the condition
of the hard tissues of the teeth and periodontium on
the background of the thyroid gland disease (chron-
ic thyroiditis, diffuse goiter) [143—146].

A comprehensive study of the dental, immune sta-
tus and mineral metabolism in children with distur-
bances in tooth formation (DTF) was for the first
time in Ukraine conducted by S. E Liubarets [147].
During 2012—2016 the children (n=1470) aged 6—14
years, residents of the northern region of Ukraine,
including 528 residents of zones I1I and I'V contami-
nated with radionuclides as a result of the Chernobyl
NPP accident were surveyed. The density of '’Cs soil
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Mexkax Bin 1 1o 15 Ki/km?, ecdhekTBHA 1032 00CTEXKEHUX
He mepeBuinyBaia 1 M3B/pik. Ciin 3a3Ha4YnUTH, IO Ce-
peaHs edekTuBHa go3a mpotarom 1986—2005 pp. mis
OCHOBHUX I'pYIT HaceJIeHHSI KOHTaMiHOBaHUX TEPUTOPili,
y TOMY YKCIIi — YKpainu, cranoBmia 9 M3B/pik (HKIAP

OOH) [148].
IIpoanamizoBaro po3noBciomkeHicTh [TM3 (cucTeM-
Hol rimorasii emani — CI'E), monsipHo-pi3ueBoi

rinomiHepainizauii (MPI') ta ix ycknamHeHb y AiTel —
MEIIKaHIIiB perioHiB YKpaiHU 3 ypaxXyBaHHSIM KOH-
TaMiHallil TepuUTOPii pamioHyK/IigaMu BHACIiAOK aBapii
Ha YAEC [149—152]. HaiiBuila po3IOBCIOIXEHICTh
[1®3 BcranosiaeHa y miteit IliBHIYHOro perioHy, mo
SIKOT'O BigHECEeHO TepUTOPil 30H panialliiiHOro 3adpy-
HeHHd — 36,30 %.

Po3noBclomKeHiCTh ypaxkeHHsSI KapiecOM MOCTiMHUX
3y0iB y oci6 3 I[1®3 y Bcix perioHax, kpim I[liBHiYHOTO,
BimmoBigana HuU3bKoMy piBHIO (10 30 %), y miteit IliB-
HIYHOIO perioHy, BKJIIOUAOUW ONMPOMIHEHUX, CepPeaHbO-
My — 73,15 % [153, 154]. BcTaHoBeHO BiKOBi 0CO0/IM-
BOCTi PO3ITOBCIOKEHOCTI Kapiecy 3y0iB SIK YCKJIaJHEH-
Ha [1D3, y MemKaHLIB KOHTaMiHOBaHMX TEPUTOPIil
(III, TV 308M) 13 —18 pokiB 3 CI'E moka3HnK BU3HAYaB-
csl Ha piBHi 85,42 %, y oci6 3 MPI' — 83,33 %.

Haiiripmi mokasHMKM CTOMATOJIOTiYHOIO CTaTycy Oy-
JIO BCTaHOBJIeHO y obctexeHux 3 [1PD3 IliBHIYHOTO
perioHy: ririeHiuauit iHgekc Green-Vermillion y orr-
poMiHeHunx craHoBuB 1,60%0,51 mporm 1,34%+0,76 y
JiTeil 3 HEOOTSKEHUM padialliiHUM aHaMHE30M; iHTEH-
CHUBHICTb Kapiecy MmOCTiliHUX 3y0iB (BeJUYMHA iHAEKCY
KIIB'") — BignosigHo — 6,79%2,34 ta 5,60£2,71; po3-
MOBCIOJIKEHICTh iHTaKTHUX CEKCTAaHTIB KOMYHaJIbHOTO
napogoHTanbHoro iHgekcy (CPI) — 11,33%£10,59 Ta
34,81+27,39 %, BinmoBigHo [155—158].

BcraHoBneHO Oinblll BUpaXXeHY TEHACHILII0 A0 IOopy-
IIEHHS MOKA3HUKiB MiHepaJIbHOIO0 OOMiHY Y OIIpOMiHe-
Hux giteit 3 [1M3 BiTHOCHO HEOIIPOMIiHEHUX: 3HMUKCHHSI
piBH# Kajblito, ocdariB B potosiii pinuHi (PP) i ypa-
KEeHUX AiITHKaX eMauti 3y0iB. CTymiHb IMX 3MiH OYB BU-
M nipu MPT nopisusino 3 CI'E [156]. IloniGHi TeH-
JIeHIIi1 MaJii Miclle i 1100 3HaUYeHb TECTy eMaJieBoi pe-
sucteHtHocti (TEP) [156, 159].

BcraHoBieHO MOpPYILIEHHS! CUCTEMHOTO Ta MiCLIeBO-
ro imyHirety y miteii 3 [1M3, onpoMiHeHMX BHACTIAOK
aBapii Ha YAEC, BiiHOCHO HeOMpOMiHEHUX 0Cib. ¥ 00-
crexeHux 3 MPI pisenb IgG cupoBaTku KpoBi
cyTrTeBo 3HMxkyBascd (7,11 £ 3,54 nportu 8,89 % 3,24,
p <0,01)[155, 156, 160]. [ToxiOHi 3MiHM ITPOCTEKYBA-

contamination in these regions ranged from 1 to 15
Ki/km?, the effective dose in the subjects did not
exceed 1 mSv/year. It should be noted that the aver-
age effective dose during 1986—2005 for the main
population groups of contaminated areas, including
Ukraine, was 9 mSv/year (UNSCEAR) [148].

The prevalence of DTF (systemic enamel
hypoplasia — SEH), molar-incisor hypomineraliza-
tion (MIH) and their complications was revieved in
children living in the regions of Ukraine, taking into
account the contamination of areas by radionu-
clides due to the Chernobyl NPP accident [149—
152]. The highest prevalence of DTF (36.30 %) was
found in children of the northern region, which
includes areas of radiation contamination zones.

Prevalence of caries of permanent teeth in persons
with DTF in all regions, except the north one, corre-
sponded to a low level (up to 30 %), in children of the
north region, including the irradiated subjects, was
73.15 % on average [153, 154]. The age peculiarities
of prevalence of dental caries as a complication of
DTF were established. In the residents of contami-
nated areas (zones I11, IV) 13—18 years old with SGE
it was 85.42 %, in persons with MIH — 83.33 %.

The worst pattern of dental status was found in
persons with DTF in the northern region, namely
the Green-Vermillion Oral Hygiene Index value in
the irradiated children was 1.663+0.51 vs. 1.34+0.76
in those with unburdened radiation history.
Intensity of caries of permanent teeth (the DMF!
index) was 6.79+2.34 and 5.60%2.71 respectively.
Prevalence of intact sextants of the Community
Periodontal Index (CPI) was 11.33£10.59 % and
34.81+27.39 % concordantly [155—158].

There is a more pronounced trend of the mineral
metabolism disorders in irradiated children with DTF
relative to non-irradiated ones, namely there is a
decrease in calcium and phosphate content in the oral
fluid and the affected areas of tooth enamel. The
degree of these changes was higher in MIH compared
with SEH [156]. Similar trends have taken place with
regard to the enamel resistance test (ERT) [156, 159].

Disorders of the systemic and local immunity in
children with DTE irradiated as a result of the
Chornobyl NPP accident, were revealed relative to
non-irradiated persons. Serum IgG levels decreased
significantly in those examined with MIH (7.11 =
3.54vs. 8.89 +3.24, p<0.01) [155, 156, 160]. Similar

Tanexc KIIB (kapiec, ruiomba, BumajaeHuit 3y0) — IMOKAa3HUK iHTEHCUBHOCTI Kapiecy B IOoCTiiitHOMY npuKyci. [IpuM. aBT.
'Decay-missing-filled (DMF) Index — the indicator of the intensity of caries in a permanent occlusion. Author’s note.
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REVIEWS

JIUCH 1 IIOJO BMIiCTy CEKPETOPHOTO iMYHOTJIOO0YJiHY
A (sIgA) y niteii 060X rpyn MOpPiBHSIHO 3 KOHTPOJIEM
(288,16 = 196,33; p < 0,05) i 323,43 = 170,59 nportu
488,19 + 266,56) [156, 160].

BinHocHa noBxXrHa TesoMep JIiM(POIUTIB repudepuy-
Hoi KpoBi (ITK) y xuTeniB KOHTPOJIbOBAHUX TEPUTOPIii 3
CI'E Oynma cyTTeBO MEHIIIOIO y TTOPiBHSIHHI 3 TPYIIOI0
koHTpomo (15,17 = 3,20 npotu 18,99 + 1,88, p <0,001).
VY niteii oro3uTHOI rpynu (onpomMiHeHi 6e3 [TdP3) ma-
Jla Micue nopidbHa teHaeHuis (17,07x3,57 mpotu
18,99 &+ 1,88) [161]. JocTOBipHUX BiIMIHHOCTEI1 1100
BMIiCTY OCHOBHUX cyonomnynsamiin JiMm@ouutiB [1K y
NiTel BUIle3a3HAYEHUX TPy He BcTaHOBJIeHO. CKOpO-
YEeHHSI BiTHOCHOI JOBXMHHU TEJIOMEpP CBiIYUTH IPO
NiJIBUILEHHS IHTEHCUMBHOCTI MpPOLECiB aloITo3y B
KJIITUHAX iMyHHOI CUCTEMM.

Ha ocHoBi orpuMaHux maHux [147] po3pobieHo ai-
roputMu audepenuiiinoi miarHoctuku [1®3 (MPT,
CT'E); cTBOpeHi anropuT™Mu npodiTaKTUIHUX Ta JiKy-
BaJIbHUX 3axofdiB 1omo yckiaagHeHb [1P3 (kapiec
3y0iB) 3 ypaXyBaHHSIM BiKy OOCTEXXEHUX AiTeii, y TOMY
YUCi — 3 OOTSKEHUM padialliiHUM aHAMHE30M.

3a JaHMMM CTOMATOJIOTIiYHOro oOCTexXeHHsS 927
VJIHA na YAEC, BUsIBIEHO Iy>XXe BUCOKY iHTEHCUB-
HicTb Kapiecy (iHmekc KIIB BapitoBaB Bin 10,81—3,41
1o 14,72—4,14) [162].

AHaui3z 1aHuX JliTepaTypu LIO0J0 MOIIUPEHOCTI Kapi-
€Cy Y IiTeil, sKi MOCTiiHO INPOXHWBAIOTh Yy pailoHaXx,
KOHTaMiHOBaHMUX padiOHYKJIiJaMW BHACIiIOK aBapii
Ha YAEC [163], moka3aB HasBHICTb pi3HOCIIPSIMOBA-
Hux 3MiH. YactuHa aBropiB [164] cTBepaXye, 1110 He
iCHY€E MepeKOHIMBUX TaHUX 11010 BBy IB B Manux
Jo3ax Ha cTaH 3yb0o-uienenHoi cuctemu. IHImi
JOCTiTHUKY [165, 166] BUSBIIN OiTbIILy MOIIUPEHICTD
Kapiecy 3y0iB y aiTeit, siKi MPOXKUBAIOTh Y 3a0pyIHEHUX
perioHax. IHTeHCUBHICTb Kapi€ecy OlliHIOBajach 3 BU-
kopuctaHHsaM iHaekciB KITB ta kn'. AHaii3 HassBHUX
JaHMX MOKa3aB iCTOTHUI PU3MK PO3BUTKY MPOMEHE-
Boro kapiecy [128]. XapakTepHuUM OyI0 YTBOpEHHS
1epexaTux JiJSTHOK Ha IageHbKUX TTOBEPXHSIX eMalli,
LIIO MOTipIIyBajao cTaH 3yoiB [167]. JaHi oO6cTeKeHHS
npiteir 3 m. Ilpun’artb, ZKuromupcbkoi Ta KuiBcbhbKoi
obJlacTeil cBigyaTh IIPO 3POCTAHHSI IHTEHCUBHOCTI
Kapio3HOro mpoliecy, 30iJIbIIIeHHS KiJIbKOCTi 3aXBOPIO-
BaHb CJIM30BOI O0OJOHKM MOPOXHMHU POTa i 3aXBO-
pIOBaHb TKAHWH MapoaoHTy [168—171].

IIpo BOMB MiABUILIEHOTO panialiiiHoro (oHy Ha
pPO3BUTOK Kapio3HOro Mmpollecy y MAiTel cBimyaTh

changes were observed in the content of secretory
immunoglobulin A (sIgA) in children of both groups
compared with the control (288.16 & 196.33, p <0.05
and 323.43 + 170.59 vs. 488.19 + 266.56) [156, 160].

The relative length of telomere of peripheral blood
lymphocytes in the inhabitants of the radiologically
controlled areas having got SEH was significantly
shorter compared to the control group (15.17 = 3.20 vs.
18.99 + 1.88, p < 0.001). In children of the opposite
group (reposed to IR but having no DTF) there was a
similar trend (17.07 £ 3.57 vs. 18.99 £ 1.88) [161]. No
significant differences in the content of the main sub-
populations of peripheral blood lymphocytes in chil-
dren of the above groups were found. Reduction in the
relative length of the telomere indicates an increase in
the intensity of apoptosis in the immune system cells.

Based on the data obtained [147] the algorithms of
differential diagnostics of DTF (MIH, SEH) were de-
veloped. Algorithms of the preventive and curative mea-
sures for the DTF complications (dental caries) were
created taking into account the age of examined chil-
dren, including those with a burdened radiation history.

According to the dental examination of the 927
Chernobyl NPP accident CCUW), a very high inten-
sity of caries was found (the DMF index varied from
10.81-3.41 to 14.72—4.14) [162].

Analysis of literature data on the prevalence of
caries in children living permanently in areas con-
taminated with radionuclides as a result of the
Chornobyl NPP accident [163] showed the presence
of diverse changes. Some authors [164] claim that
there is no convincing data on the effect of IR in low
doses on the state of the dental and dentofacial sys-
tem. Other researchers [165, 166] found a higher
prevalence of dental caries in children living in radi-
ologically contaminated areas. The intensity of
caries was assessed using the DMF and df! indices.
Analysis of the available data showed a significant
risk of radiation caries [128]. The formation of rough
areas on the smooth surfaces of the enamel was
characteristic, which worsened the condition of the
teeth [167]. Survey data of children from Pripyat,
Zhytomyr and Kyiv oblasts (provinces) show an
increase in the intensity of the carious process, an
increase in the number of diseases of the oral
mucosa and periodontal disease [168—171].

Influence of the increased radiation background
on the development of carious process in children is

Tupexc KIT (kapiec, miaomba) — MoKa3HUK iHTEHCUBHOCTI Kapiecy B THUMYacOBOMY MpUKYcCi. [IpyuM. aBT.
'Decayed and filled temporary teeth (df) Index — the indicator of the intensity of caries in the temporary occlusion.

Author’s note.
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nociimkenHst 3. P. ITpumxko (1995) [172]. I1pu obcre-
KEHHi JiTelt, sIKi MPpOXMWBAJIU Ha 3a0pyJHEHUX pagio-
HyKJigamMu Teputopigx (JyopoBuiibkuit paitoH PiBHeH-
CbKO1 00J1acTi), Oy710 BUSIBIEHO: MOIIUPEHICTh Kapiecy
TUMYACOBUX 3y0iB — B cepemHboMy (95,15 + 3,48) % nipu
ingekci xn 4,46 = 0,64; molmmMpeHicTh Kapiecy MOCTili-
HUX 3y0iB IIpU ILOMY CKJIagana B cepemHbomy (73,11 =
3,84) % nipmn Beamuuni KIIB 4,64 £ 0,24. Hani Oyno
MiATBEPIKEHO pe3yJbTaTaMM PEHTIeHO-CTPYKTYPHOTO
aHajizy 3y0iB AiTeil, a camMe — BHUSBJIEHO IOPYIICHY
CTPYKTYpPY MOBEPXHEBOTO 11apy emalli, y sIKiil B Kpucra-
Jlax TigpoKcuaraTUTy i0HM Kajbllilo 3aMiHIOBAINUCh
ioHaMM MarHiio i HaTpilo.

YacTtoTa ycKaagHEHOro Iepediry kapiecy 3y0iB y
OpaKTUYHO 3J0POBUX HiTei, MEILIKaHLiB palioHIB 3
MiABUILIEHUM pafiauiiHuM ¢oHoM, Oyna 3HAYHO BU-
11010, MOPIBHSIHO 3 KOHTPOJILHOIO TPYyIIOi0 (KUTETi
ITonTaBchbKoi obacTi). 3okpema, y cMT Haponuui 2Ku-
TOMUPCHKOIL 061acTi 35 % 12-piuHux AiTeil Maiu BUA-
JIeHi mocTiiiHi 3you. Hitam 12—15 pokiB Oyna mputa-
MaHHa BHCOKa iHTEHCUBHICTh Kapiecy 3y0iB, TpUIOMYy
MakKCcUMaJIbHOTO piBHA (7,25) BOHa cdrayiia B rpymi 15-
piunnx mmimrniTKiB [173]. IlpuBepraB yBary roctpuii Ta
YCKJIQAHEHUI Tepedir kapiecy, 1110 TIpU3BOIUB OO0 Tie-
peayacHOTO BUIAJIEHHS MOCTIMHUX 3Yy0iB. Y IUTSIYOro
HaceJeHHs1 KOHTaMiHOBaHUX TepuTopiit (M. OBpyu 2Ku-
TOMUPCHKOI obOacTi Ta M. IBaHKiB KniBchkoi 00JacTi)
MOILIMPEHICTh Kapio3HOro TIIipoliecy cepen 12-piuHux
miteit csrana 100 % [174], a MakcuMaibHa ypaskeHIiCTh
KapiecoM MOCTiHUX 3y0iB BUSIBIEHA Y 7-piyHUX HiTeit
M. OBpyy — (63,16 £ 11,07) %, innexc KI1B nopiBHIOBaB
1,74 + 0,40 [175]. Takox Big3Havajach BUCOKA iHTEH-
cUBHIcTb Kapiecy 3y6iB (KIIB = 7,3) y miteit Bikom 7
POKiB B M. IBaHKiB. ¥ KHSH LbOTO X BiKYy iHTEHCUBHICTb
Kapiecy Oyma MeHmoio — 4,24. Y onpomiHeHUX IiTeit
OyB BCTAaHOBJICHMII BUCOKUI1 piBeHb ypaxkeHHSI TKaHUH
napoaoHTy. HaiiBuili mMOKa3HUKU PO3MOBCIOAKEHOCTI
TiHTIBITY Oy 3apeecTpoBaHi y AiTeid M. IBaHkKiB (y 12-
piuHUX — 66,6 %, y 15-piunux — 47,3 %).

Y Pecny6aiui benapych mpotsirom 1991—1993 pp. 6yno
MpPOBEAEHO CcToMaToJioriuHe ooctexkeHHs 1033 nmiteit —
497 xwuteniB M. 3epxkrHcbka MiHCBhKOI oGaacTi (3a0-
pyaHeHicTb Teputopii pagionykiizamu '¥'Cs 0,04 Ki/km?,
pamioHykiau *Sr He BUsIBIeH]) 1 536 miteii, siKi TpoKuBa-
10Th y M. BeTka [omenbchKoi 0671acTi (piBHi 3a0pyTHEHHS
¥Cs BimnosigHo, 20,72 Ki/xm?, *Sr — 0,8 Ki/km?) [176].
BcraHoBiieHo, 1110 y JiTeil 1pyroi rpynu Majiu Miclie J10-
CTOBipHO BHIIIi MOIIMPEHICTh Ta iIHTEHCUBHICTh Kapiecy
3y0iB Ta HMXXYa KUCJIOTHA CTiMKiCTh eMalli, MOPiBHSIH-
HO 3 JiTbMM, SIKi MPOXUBAIU B HE3a0pyIHEHUX peTi-
OHaXx.

evidenced by studies by Z.R. Pryshko [172].
Examination of children living in areas contami-
nated with radionuclides (Dubrovytsia district of
the Rivne oblast) revealed the prevalence of caries
of temporary teeth (95.15 £ 3.48) % on average
with a df index of 4.46 £ 0.64, prevalence of caries
of permanent teeth (73.11 £ 3.84) % on average
with a DMF value of 4.64 &+ 0.24. Data were con-
firmed by the results of X-ray structural analysis of
children’s teeth, namely, a disturbed structure of
the enamel surface layer was detected, in which
calcium ions in hydroxyapatite crystals were
replaced by magnesium and sodium ions.

The frequency of complicated dental caries in
almost healthy children — residents of areas with
intense radiation background, was significantly high-
er vs. the control group (residents of Poltava oblast).
In particular, in Narodychi village, Zhytomyr oblast
the 35 % of 12-year-old children had permanent teeth
removed. Children aged 12—15 years had a high
intensity of dental caries, and reached a maximum
level (7.25) in the group of 15-year-old adolescents
[173]. The acute and complicated course of caries,
which led to premature removal of permanent teeth,
had drawn the attention. In pediatric population of
contaminated areas (Ovruch region, Zhytomyr oblast
and Ivankiv region, Kyiv oblast) the prevalence of car-
ious process among the 12-year-old children reached
100 % [174], and the maximum incidence of caries of
permanent teeth was found in the 7-year-old children
in Ovruch region (63.16 + 11.07) %, where the DMF
index was 1.74 * 0.40 [175]. There was also a high
intensity of dental caries (DMF = 7.3) in children
aged 7 years in Ivankiv city. Intensity of caries in Kyiv
city residents of the same age was lower — 4.24. High
levels of periodontal tissue damage were found in the
irradiated children. The highest rates of gingivitis were
registered in children from Ivankiv city (66.6 % in the
12-year-olds and 47.3 % in the 15-year-olds).

In the Republic of Belarus during 1991—1993 the
dental examinations were performed in 1,033 chil-
dren, including 497 residents of Dzerzhinsk city,
Minsk oblast (radionuclide contamination of the ter-
ritory with ’Cs 0.04 Ki/km?, the *Sr radionuclides
not detected) and 536 children living in Vetka city,
Gomel oblast (""Cs and *Sr contamination levels,
respectively, 20.72 Ki/km? and 0.8 Ki/km?) [176]. It
was found that the children of the second group had
significantly higher prevalence and intensity of dental
caries and lower acid resistance of enamel, compared
with children living in uncontaminated regions.
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3rimHo 3 pe3yiabraTaMu OOCTEXEHHS ITUTSIYOTO Hace-
JeHHs1 Pecny6niku benapych y pamMkKax BUKOHaHHS
MixxHapoaHOI mporpaMu 3 MEAUUYHUX HacaiaKiB HopHO-
ounbebkoi aBapii (International Project on Health Effects
of the Chernobyl Accident — IPHEKA), y rpyri miutiTKiB
15—16 pokiB cepelHs KiJIbKiCTb MOBEPXOHb 3y0iB 3 IO-
YaTKOBUM KapiecoM gopiBHIoBaia 3,29 = 2,89 [177], wo
CBiTUUTH TIPO CEPEAHIO iIHTEHCUBHICTh Kapio3HOTO TIPO-
wecy. Ilin yac iHmoro mochimkeHHs, ceped roHaa 800
JiTeit, mocTpaxnanux BHaclaigok asapii Ha HAEC, 3 ypa-
XYBaHHSIM PiBHSI palioaKTUBHOIO 3a0pYAHEHHSI TEPUTOPIi
MPOXXUBaHHS, Oyja BUSBJIEHA BUCOKA YPaKeHICTh Kapi-
€COM 3y0iB IpU iIHTEHCUBHOCTI Bin 4,8 10 5,7 mpu cTaTuc-
TUYHO JOCTOBIpHOMY IepeBaxkaHHi Kapio3HUX i BUAAIe-
HUX 3y0iB y AiTel, sIKi MEIIKalOTh Ha TEPUTOPISIX 3 HABU-
KM piBHeM 3a0pyaHeHocTi (27—40 Ki/xm?) [178]. 3ara-
JIoM, Yy AiTeH, SKi MpoxXuBaloTh y perioHax PecryOmiku
benapych i3 pamiamiiHuM 3a0pyaHEHHSM, IPOTSITOM
1996—1999 pp. 6yno BusBieHo 100 % posmosciomn-
JKEHICTb Kapiecy 3y0iB B ycix oocTexkeHux [179].

Hitu, HapomkeHi B ciM’sx YJIHA na YAEC 1986—
1987 pp., HajlexXaThb 10 IPYIU MiABUILIEHOTO PU3UKY CTO-
COBHO PO3BUTKY Kapio3Horo mpoiiecy [180]. 3okpema,
npu obcrexxeHHi 139 takux miteid 3 M. [lontaBu Bera-
HOBJIEHO MTOPYIIEHHS MiCIIEBOIO aHTMOKCUIAHTHOTO 3a-
XUCTY B 0Ci® 3 KapiecoM 3y0iB, 110 OyJIO MOB’S3aHO 3i
3HIDKCHHSIM aKTMBHOCTI CyNEpPOKCHUIAMCMYTa3u Ta Ka-
TaJla3u pOTOBOI PiIMHU, OCOOJIUBO BUpPaAXKEHE y IiTeil i3
ponuH YJIHA na HAEC [181].

ITopylieHHS CTPYKTYpHO-(pYHKIIOHAJIbHOTO CTaHY
TKaAHWH NapoJIOHTa, TaK caMmo sIK i 3y0iB, MaJlo Miclie Y
JiTe#, SIKi MPOTIroM TPUBAJIOro Yyacy 3a3HaBaiu aii IB y
Manux go3ax BHacaigok asapii Ha YAEC [182]. Tak,
00CTeXEeHHSI CTaHy TKaHWH HapoOIOHTa y HACEJICHHS
Kutomupcbkoi 061acTi BKazye Ha Oiiblll BUCOKY PO3-
MOBCIOJKEHICTh ypaXXeHb MapoOAOHTY Y MEIIKaHIIiB
pamianiitHo 3a0pynHeHux TepuTopiii (M. KopocTteHb) —
81,23 % npu MOpiBHSHHI 3 XUTEISIMU M. KuUTOMHUD
(59,39 %) [183]. Pesynbsratu HaykoBoro 3Bity IPHEKA
(1996) cBimyaTh MpPO MOTIPIIEHHS CTaHY TKAHWH I1apo-
JIOHTA Y XXKUTEJIiB KOHTAMiHOBAaHMX 30H y BIKOBUX I'pymax
15 Ta 18 pokiB (BiAMOBIZIHO MO 3HAYEHb iHIEKCY
Community Periodontal Index of Treatment Needs —
CPITN) [177].

YV nutsiyoro HaceneHHs PecmyOniku bemapych, sike
MOCTiIMHO MPOXKMBAE HA TEPUTOPISIX padialliiHOTO KOHT-
pOJTI0, JOCTOBIPHO 3MiHIOBAJIIMCH (TTOTipIIyBaJIMCh) TTO-
Ka3HUKU CTYIIEHS TSKKOCTI TiHTIBITY [184].

Bucoxkuii piBeHb ypaxkeHHS TKAHWH MapOJOHTA i CIr-
30B01 000JIOHKM MOPOKHUHU poTa BigMivyascs B YJIHA
Ha YAEC [185]. Cepen KIiHIYHNX CUMIITOMIB TeHepaTi-

According to the results of the survey of the pedi-
atric population of the Republic of Belarus in the
framework of the International Program on Health
Effects of the Chornobyl Accident (IPHEKA), the
average number of tooth surfaces with initial caries
in the group of adolescents aged 15—16 years was
3.29 £ 2.89 [177], which indicates the average
intensity of the carious process. In another study,
among more than 800 children affected by the
Chornobyl NPP accident, taking into account the
level of radioactive contamination of the territory, a
high incidence of dental caries was found at an
intensity from 4.8 to 5.7 with a statistically signifi-
cant predominance of carious and removed teeth in
children, who live in the areas with the highest level
of radiological contamination (27—40 Ki/km?) [178].
In general, a 100% prevalence of dental caries was
found during 1996—1999 in all children living in
the regions of the Republic of Belarus with radio-
logical contamination [179].

Children born to the Chornobyl NPP accident
CCUW families in 1986—1987 are attributed to the
group of increased risk of caries [180]. In particular,
the examination of 139 such children from Poltava
city revealed the disorders of local antioxidant pro-
tection in persons having got dental caries, which was
associated with decreased activity of superoxide dis-
mutase and oral catalase, especially in children from
the Chornobyl NPP accident CCUW families [181].

Abnormalities of the structural and functional state
of periodontal tissues, as well as teeth, occurred in
children for a long time exposed to IR in low doses as
a result of the Chornobyl NPP accident [182].
Specifically, examination of periodontal tissues in the
population of Zhytomyr oblast indicated a higher
prevalence of periodontal lesions in the residents of
radiologically contaminated areas (Korosten city),
namely 81.23 % compared with residents of
Zhytomyr city (59.39 %) [183]. Results of the IPHE-
KA scientific report (1996) indicated the deteriora-
tion of periodontal tissue in residents of contaminat-
ed areas in the age groups of 15 and 18 years (accord-
ing to the values of the Community Periodontal
Index of Treatment Needs — CPITN) [177].

The severity of gingivitis had significantly changed
(deteriorated) in the child population of the
Republic of Belarus, which permanently resides in
the territories of radiological control [184].

A high level of damage to periodontal tissues and
oral mucosa was observed in the Chornobyl NPP
accident CCUW [185]. Among the clinical symp-
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30BaHOTO MapOJOHTUTY Ha (hOHi ayTOIMyHHOTO THUPEO-
iIUTY 3 TiNOTUPEO30M IU(dy3HA KpOBOTEeUa 3ycTpivyaiach
y 81,82 % Bumankis, MOYepPBOHIHHS siceH — y 44,63 %,
ixHiit HaOpsK —y 47,11 %, BUAiIEeHHS THiiTHOTO eKcyla-
Ty 3 MapOJOHTAJbHUX KUIlleHb — Y 47,11 %, matosioriuna
pyxoMicTh 3y0iB —y 71,9 %. [eHnepanizoBaHuii HapOJOH-
TUT XapaKTepU3yBaBCsI apeakKTUBHO-3aIlajbHOIO pe-
aKIIi€lo Ta CXWIBHICTIO IO Pi3KOT0 MPOrpecyBaHHS B KO-
poTKi TepMmiHu. OKpiM TOro, iHAEKC KPOBOTEUi SICEH Y
XBOPUX OCHOBHOI rpynu OyB y 1,8 paza BUIIMM, HiX Yy
XBOPHUX KOHTPOJIbHOI TPYIIN.

BUCHOBOK

OpnoHTosoTiuHiI edekT € HachigkoM Aii IB BHaciimok
panmioTepariii, aBapiii Ha MiANPUEMCTBAX SIAEPHOI eHep-
reTUKM Ta TIPOMUCIOBOCTI, iHAWBiZyadbHOTO MpPO-
(beciitHOro onmpoMiHEeHHSI.

Pagio6Giojyioriuni epexktu IB 1omo 3yoHo1 emaiti, 1eH-
TUHY i HAaPOMOHTY CIPUYMUHSIOTH IOPYLICHHS PO3BUTKY
3y0iB MPOTSITOM YChOrO Tepiony OJOHTOTreHe3y, Hera-
TUBHO TIPOSIBIISIIOTLCS MpPU (OPMYBaHHI JIMLILOBOIO
CKEJIETY.

IB 3aBgae mnpsimMol i HempsiMol Aii 1IOAO TBEPAMUX i
M’SIKMX TKaHWH 3y0iB BHACIIOK iHAYKIIiT BUIbBHUX paau-
KaJliB, 30KpeMa TiZpOKCWIbHUX (MEepeKUCy BOAHIO Ta
iH.), IO TPM3BOAWTbL OO JAereHepaliil OpraHiyHUX Ta
MiHepaJlbHUX CcKJIagoBuX. IlopyllyeTbcsl CTpyKTypa
KPUCTaIiB TiApOKCUANaTUTY, 110 3yMOBJIIOE 3HUKEHHS
TBEPAOCTi I €JaCTUYHOCTI eMaJli Ta AEHTHHY, a TaKOX
neMiHepanizauio emani. edekTu MiKpOCTPYKTypHu
TBEpAUX TKAaHWH 3y0iB (TPIilllMHM B MiJITHIII eMaJieBO-
JeHTUHHOTO 3’€IHAHHS, TIOPUCTICTh eMaji) y TIO€n-
HaHHi 3i 3MiHAMM KiJIbKOCTi Ta SIKOCTi CJIMHM MiABUIILY-
I0Thb 0aKTepiaabHy KOJIOHI3allil0 MMOPOXKHUHU POTa, 110
301J1bIIYE PUBMK BUHUKHEHHS Kapi€ecy.

ITig BrituBoMm IB 3HMXKYEThCST BaCKyIsIpU3allisl MyIbITn
3yba, MaloTh Micue ii ¢idbpo3 Ta atpodis. boaboBuit
OOpir OyJblM NPU KOHTAKTI 3 MOApa3HUKAMU 3HU-
JKYETBCA.

IMopyiieHHs (PyHKIIOHYBaHHS MTApOAOHTY XapaKTepH-
3YI0ThCS 3BMEHILIEHHSM BacKyJIsipu3allii Ta LeJTIoaspHOCTI
KOpPEHEeBO1 000JOHKM 3yda 3 PO3LIMPEHHSIM MepioaoH-
TaJIbHOI LIUIMHU i MOTOBLIEHHSIM, pO3pMBaMM Ta Je-
30piEHTALIIEI0 CTPYKTYPHUX €JIEMEHTIB MePiogOHTAIbHOI
3B’SI3KM i, SIK HAC/IiIOK, MPU3BOISITH A0 BTpaTH 3y0a.

BB 1B Ha akTHUBHICTh OCTEO0JACTIB i LIEMEHTOO-
JIaCTiB 3yOHOTO TePioCcTy Ta 0CTe00JaCTH albBEOJISIPHO-
rO BipOCTKa, MOPYIIEHHSI KPOBOOOITY BHACIIITIOK 3aru-
Oei eHmoTeTiaIbHUX KJIITUH, TiadiHi3allii, TpoM003y Ta
o0iTepallii cyauH 3yMOBJTIO€ (DiOPOTUYHI 3MiHM Mepioc-
Ty. OcTeo0J1acTH i OCTEOUNTH TUHYTh, KiCTKOBOMO3KOBI

toms of generalized periodontitis on the background
of autoimmune thyroiditis with hypothyroidism, the
diffuse bleeding occurred in 81.82 % of cases, redness
of the gums in 44.63 %, their edema — in 47.11 %,
discharge of purulent exudate from periodontal
pockets in 47.11 %, and pathological mobility of
teeth in 71.9 %. Generalized periodontitis was char-
acterized by the reactive-inflammatory reaction and
tendency to rapid progression. In addition, the index
of bleeding gums in patients of the main group was
1.8 times higher than in patients of the control group.

CONCLUSION

The odontological effects are a consequence of the
impact of IR due to radiotherapy, accidents at
nuclear power plants and industry facilities, and
individual occupational exposure.

Radiobiological effects of IR on tooth enamel,
dentin and periodontium cause an impaired tooth
development throughout the period of odontogen-
esis, and are negatively manifested in the forma-
tion of the facial skeleton.

The IR has a direct and indirect effect on the hard
and soft tissues of the teeth due to the induction of
free radicals, including hydroxyl (hydrogen peroxide,
etc.), that leads to degeneration of organic and min-
eral components. The structure of hydroxyapatite
crystals is disturbed, which causes a decrease in the
hardness and elasticity of enamel and dentin, as well
as enamel demineralization. Defects in microstruc-
ture of the hard tissues of the teeth (cracks in the
dentinoenamel junction, porosity of the enamel) in
combination with changes in the quantity and quali-
ty of saliva increase the bacterial colonization of oral
cavity, which increases the risk of caries.

Under the influence of IR, vascularization of the
tooth pulp decreases, its fibrosis and atrophy
occur. Pain threshold of the pulp in contact to
stimuli is reduced.

Periodontal dysfunction is characterized by a
decrease in vascularization and cellularity of the
root of the tooth with the expansion of the peri-
odontal gap and thickening, rupture and disorien-
tation of the structural elements of periodontal lig-
ament and, consequently, leads to the tooth loss.

The effect of IR on the activity of osteoblasts and
cementoblasts of the dental periosteum and
osteoblasts of the alveolar process, circulatory dis-
orders due to endothelial cell death, hyalinization,
thrombosis, and vascular obliteration cause the
fibrotic changes in periosteum. Osteoblasts and
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MOPOXXHUHU BUITOBHIOIOTHCS CITOJYYHOIO TKAHUHOIO,
CTalOTh TilTOUETIOSIPHUMM, TilTIOBACKYJISIPHUMU Ta
rinokcMyHuMu. Bce 11e 3yMOBIIOE 3pOCTAaHHSI PUBUKY
OCTEOPaIiOHEKPO3Y.

JiTsam, gKi 3a3HaIU MpeHaTaIbHOI iHKOpIiopallii pa-
JTIOHYKJIiAiB BHacHigok aBapii Ha HAEC, nputamaHHi
nepeayacHa 3MiHa 3y0iB, IOTiplIeHHsI CTaHy TKaHUH
MapoAOHTY i paHHill po3BUTOK Kapiecy. Toctpuii Ta
YCKJIaAHEHMIA Tepebdir kKapiecy 3y0iB mopsia 3 Mopy-
IIEHHSIM CTPYKTYPHO-(PYHKIIIOHAJILHOIO CTaHy TKa-
HUH MapoJOHTa XapaKTepHUI 1Jisl AiTeil i JOpOCIuX,
MOoCTpaXxaaarux BHacAinoK aBapii Ha YAEC.

Po3ymiHHS i BpaxyBaHHS paio0ioJOTiYHUX e(PEeKTiB
HEeOOXiaHi MpU IJIaHyBaHHi, MiATOTOBLI i MPOBEACHHI
JIOKAJIbHOI TIPOMEHEeBOI Tepamii Ta po3poOli cTaH-
JapTiB pamiamiifHoi O0e3nmeKku i 3axX0oiB 3axXMCTy IpO-
(beciifHO TpallOOUYMX Ta HACEJIEHHsS MPU aBapisgx Ha
MiAIPUEMCTBAX SIACPHOI €HEPreTUKW Ta IIPOMMCIIO-
BOCTI.
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osteocytes die, bone marrow cavities are filled with
connective tissue, become hypocellular, hypovascu-
lar and hypoxic. All this leads to an increased risk of
osteoradionecrosis.

Children experienced a prenatal radionuclide incor-
poration as a result of the Chornobyl NPP accident
are characterized by premature tooth change, deterio-
ration of periodontal tissues and early development of
caries. Acute and complicated course of dental caries
along with the abnormal structural and functional
state of periodontal tissues is characteristic for children
and adults affected by the Chernobyl NPP accident.

Understanding and taking into account the radio-
biological effects is necessary in planning, preparing
and conducting the local radiation therapy and
developing the standards of radiation safety and
measures to protect workers and entire population in
the event of accidents at the nuclear power plants
and industry enterprises.
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