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Hcnosb3oBaHNe HAHOYACTHL, THAPOKCHIAIIaTUTa CTPOHIIMS JJIA
NpoPpUIaAKTHKU M JIeUeHHs IOBBIINIEHHON CTUPaeMOCTH 3y00B
(J1abopaTopHBIe HccIeJ0BaHUA)

Pesrome. B cTaTbe omycaH MeTO[ HAHOYACTHI] THAPOKCUIAIIaTUTa CTPOHIIMA UL IIpe0TBPallleHUA U leve-
HUd abpasuy 3y60B ¢ MUHHUMAaJbHBIM PasMepoM IIePBUYHBIX YaCTHUL], BHICOKOM CTelleH! arperaliuy U IIpo-
HUKHOBeHHeM HaHOYaCTHUI] B KPUCTAJINYECKYIO0 PellleTKy 3yOHOH sMasiH, KoTopas obeclieuruBaeTcs YBeIn-
4uBasi INIOTHOCTb 3MaJIeBOIO0 CJI0s1, 3 PeKTUBHOCTD JIeUeHUs U IIpej0TBpallleHre BEICOKOM abpasuu 3y60B.
Ilens MccaesoBaHUA — pa3paboTaTb HECKOJBKO IIPOM3BOAHBIX COJIEM CTPOHIINA, UMEHINUX PasIudHYIo
CTPYKTYPY HaHOYACTHL] C IleJIbI0 AajJbHEeNIIel MHTerpaliii UX B 3MaJleBbIN CJIOH IS IIOBBIIIEHUS IIPO-
YHOCTHU 3MaJIH.

Martepuanasl U MeTOABI. Ha O0CHOBe IIpe/JIOKEHHOTO MeTofla pa3paboTaHBl HCCIe0BaTeIbCKUE
IIPOTOKOJIBHBIE 00pasIibl 3y60B C IIOBBIIIEHHOMN abpasued [JI OIfeHKH IIPOHUKHOBEHUS U QUKCaIlUN Ha-
HOYaCTHI] Ha II0BEPXHOCTH 3yOHO sMasIu. VICIIoIb30BaHMe IIpeIJIO’KEHHOI0 MeTO/ja B CTOMAaTOJIOTHYeCKOM
IpaKTUKe ITOBBICMIIO OB 3QPeKTUBHOCTE JIeUeHUs U TPOoPIMIaKTUKU BHICOKOM abpa3uu 3y60B M3-3a BKIIIO-
4eHUs B KOMIUIEKCHOe JleueHre Ma3e! U rejiel B BUle IIPUI0KEeHUH.

Pe3yabTaThl HCCAEJOBAaHUH M UX 00CyKAeHHe. MbI KCCIe[0BaJli HAHOYACTUIIbI, CHHTE3UPOBaHHEbIE U3
HUTpaTa CTPOHIIUA B BHe IIpu3M pasmMepoM oT 30 HM /10 34 HM, IIOJYYEHHBIX OCaKIeHUEeM H3 XJIOPUZa
CTpOHIIMA. MopdosIoryst 06pasiioB U3MeHSEeTCs B 3aBUCUMOCTH OT IIPUPO/IBI IIPOU3BOAHBIX aHUOHOB. Ilnac-
TUHKH, UIJIb] U PABHOOCHBIE YaCTUIIBI MOKHA 00bICHUTD PasJIMUYHBIMUA BUaMHU B3aUMOJIeHICTBH aHHOHOB
HMCXOIHBIX COJIEH C TUIPOKCHUJIAIIaTUTOM.

BeIBOJEI. B pesysbTaTe sKCIIepUMeHTaIbHBIX UCCIeOBaHNUM ObIIM 06HapY>KeHbl HAHOCTPYKTYPHI THAPOK-
CrjlaniaTUTa CTPOHIIMSA U3 aHUOHHBIX IIPOU3BOAHBIX (XJIOPUZ, HUTpPAT, arerar). Pe3ysbTaThl MUKPOCKOIIH-
YeCKHUX UCCIe[JOBAaHUM I10Ka3aH, UTO OHU COCTOST U3 ILJIACTHUH, UIJI ¥ PABHOOCHBIX YaCTHI] pasMepoM OT
19,4 o 35 HM, UTO IOATBePKaeTCsd peHTTeHOBCKUMH, CIeJOBBIMU M MUKPOCKOIIMYECKUMHU UCC/Ie0BaHU-
SIMHU.

KirroueBbIe c10Ba: HAHOYACTUITHI HA OCHOBE THOKCUJIANIaTHUTa CTPOHITHS; MUHepaabHasd IVIOTHOCTE KOCT-
HOU TKaHU; CTPOEHME IMaIi; MOpdosioruuecKue 0cO6eHHOCTH CTPOEHUSI TBEPABIX TKaHel 3y60B.

©I. M. Tkauenko, A.I. Cugoposa, I. 5. Mapuenko, 3. I0. HasapeHko

B/JIH3VY «YKpailHCbKa MelUUHa CTOMATOJIOTiYHA akazieMisi», M. ITosTaBa

BUKOpPUCTaHH] HAHOYACTOK IiIPOKCUIANIATUTY CTPOHILIIO IS
NpoPIaKTUKH Ta JIIKYBaHHS IiIBHILEHOI CTEPTOCTI 3y0iB
(J1abopaTopHi JOCIiI>KEHHS)

Pesrome. V cTaTTi OIMMCAaHO CIIOCI6 3aCTOCYBAaHHS HAHOYACTHHOK TiPOKCHIANIATUTY CTPOHITIIO AJIS IIPO-
bimakTUKU Ta JiKyBaHHA abpasii 3ybiB i3 MiHiMaJIbHUM pPO3MipOoM IIepBUHHUX YaCTOK BHCOKOIO CTyIIeHS
arperariii Ta IIpOHUKHEeHHS HAHOYACTUHOK Y KPUCTaJiuHy pelliTKy 3yOHOI eMaJti, 361bIITyI0UH IIIIBHICT
eMaJIeBOoro Iapy, epeKTUBHICTL 00p0O6KM Ta 3ar1obiraHHs IMBUAKIHM abpasii 3y6iB.

MerTa J0OCTiIKeHHs — PO3pOOUTH KiIbKa ITOXiTHUX CoJIeH CTPOHIIi0, 1[0 MAalOTh PisHY CTPYKTypy HaHOYAaC-
Marepianu i MmeTogu. Ha 0CHOBI 3aIIpOIIOHOBAHOTO METOy PO3P00JIEHO AOCTiTHUITbKI IIPOTOKOIN 3pas-
KiB 3y0iB i3 IiBUIIIeHOI0 abpasiero [ OLiHKY IPOHUKHEeHHd Ta Qikcallil HaHOYaCTUHOK Ha [I0BepXHi 3y6-
HoI eMaJIi. BUKOpHCTaHHS 3alIPOIIOHOBAHOIO MeTOAY B CTOMATOJIOTIUHIM IIPaKTHUIIi JO3BOJIUTD IiJBUIIIUTHA
eQeKTHUBHICTE JIiIKyBaHHA i IPodiTaKTUKM BUCOKOI abpasil 3y6iB 3aBAAKM BKIIOUEHHI0 B KOMIUIEKCHE JIIKY-
BaHHs Ma3el i resiiB y BUIJIA[I aIlliKalliii, Ma3el i resis.

Pe3yibTaTH JOCHKEeHD Ta iX 00ropopeHHs. My JOC/IiIHIN HaHOYaCTUHKY, CHHTE30BaHi 3 HiTpaTy CTPOH-
IIif0 y BUIJIA/1 IPHU3M po3MipoM Bif, 30 HM 710 34 HM, AKi OTprUMaJIU IpU 0CaJpKeHHI XUIOpUy CTPOHITif0. Mopdo-
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JIOTid 3pasKiB 3MIHIOETHCS 3aJI€KHO Bifi IIPUPOIU IIOXIHUX aHiOHIB. [I/1aCTUHKY, TOJIKHU i pIBHOBICHI 4aCTHH-
KU MOJKHA ITOSICHUTH PisSHUMU BHIaMH B3aeMO/Iii aHIOHIB BUXITHUX COJIEN 3 TiIPOKCUIIAIIaTUTOM.
BHCHOBKH. B pe3ysibTaTi eKCIepUMeHTaIbHUX TOC/TI/HKeHb 0y BUSIBJIeHI HAHOCTPYKTYPH CTPOHIIIIO Tifpo-
KCHUJIAMIaTUTY 3 OXITHUX aHiOHIB (XJIOPU, HITpAT, arieTaT). MiKpOCKOITiUHi JOCITiPKeHHS II0Ka3aJIH, 1[0 BOHU
CKJIAZAI0THCA 3 IJIACTHH, TOJIOK 1 PIBHOOCHUX YaCTHHOK 3 po3Mipamu Bif 19,4 1o 35 HM, 10 HiATBEPIDKYETHCI
PEHTreHiBCbKUMU JOCIIPKEHHAMH, TOC/IDKEHHAMU MiKPOCKOIIii Ta MIKPOCKOIIIYHUMU J0C/I/HPKeHHIMH.

Kiro4oBi c10Ba: HAaHOYACTKH Ha OCHOBI TiJOKCHJIAIIaTUTy CTPOHILI0; MiHepaJbHa IIIBHICT KiCTKOBOL
TKaHUHMY; 6y/IoBa eMaJli; MOpGOJIOTiUHI 0CO6IUBOCTL 6YZOBU TBEPAUX TKaHUH 3Y6iB.

©I. M. Tkachenko, A. I. Sidorova, I. Y. Marchenko, Z. Y. Nazarenko

Ukrainian Medical Stomatological Academy, Poltava

The use of strontium hydroxyapatite nanoparticles for the prevention
and treatment of high abrasion of teeth (laboratory studies)

Summary. The paper describes a method for strontium hydroxyapatite nanoparticles for the prevention
and treatment of high abrasion of teeth with minimum size of the primary particles with a high degree of
aggregation and the penetration of nanoparticles into the crystal lattice of the tooth enamel, which is provided
by increasing the density of the enamel layer the effectiveness of treatment and prevention of high abrasion
of teeth.

The aim of the study - development of several derivatives of strontium salts having different structure
of nanoparticles for the purpose of their further integration into the enamel layer to increase the enamel
strength.

Materials and Methods. On the basis of the proposed method we designed research protocol samples of teeth
with increased abrasion to assess the penetration and fixation of nanoparticles on the surface of the tooth
enamel. The use of the proposed method in a dental practice would improve the effectiveness of treatment
and prevention of high abrasion of teeth due to inclusion in the complex treatment in the form of applications,
ointments and gels.

Results and Discussion. We obtained nanoparticles synthesized from strontium nitrate in the form of prisms
measuring from 30 nm to 34 nm in size obtained by precipitation from strontium chloride.

Conclusions. As a result of experimental research, strontium hydroxylapatite nanostructures from anion
derivatives (chloride, nitrate, acetate) were discovered. Microscopic investigation showed that they consisted
of plates, needles and equiaxed particles with dimensions from 19.4 to 35 nm, which is confirmed by X-ray,
trace studies and microscopic studies

Key words: nanoparticles on the basis of strontium hydroxylapatite; mineral density of bone tissue; structure
of enamel; morphological features of the structure of solid dental tissues.

BBegenne. AKTYaJbHOCTh IIPOGJIEMEI TIPODHU- B GOJIBIITMHCTBE CIyYaeB M3y4aeTcsT BO3MOXK-

JIAKTUKU U JIeyeHUs II0BBIIIeHHON CTUPaeMOCTH
3y60B 06yCJIOBJIEHA TeM, YTO IIPU JaHHON HO30-
JIOTHU IIPOUCXOAAT HapyLIeHUs], CBsI3aHHbIE C U3-
MeHeHHeM MOPQOJIOTHH CaMUX 3yO0B, TOJIIIUHEI
IMaJIeBOTO CJIOSI U CTPYKTYPBI 3MaJlH, UTO, B II0-
CIeAyoIIeM, IPUBOAUT K YMEHBIIIEHUI0 BHICOTHI
KOPOHKOBOM 4aCTU 3y60B, HAPYILIEHUIO QYHKITHO-
HUPOBaHWs BUCOYHO-HIDKHEUEIOCTHBIX CYCTa-
BOB, U3MEHEHUI0 MUOCTaTUYeCKHUX pedJIeKCOB U
YMEHBIIIEeHUIO0 BEICOTHI IIEeHTPAJIbHON OKKI/II03UHU.

B0O3MOXXHOCTH BOCCTaHOBJIEHUSI CTPYKTYPBI
IMaJIy, KoTopas II0TepsiHa 3a CYeT QYHKIUH, IIPO-
¢rIaKkTHKa ee II0TEPH KM IIPHOCTAHOBKA I1ATO-
JIOTMYEeCKOI'0 IIpollecca, HA YPOBHe ero obHapy-
JKeHUs, sIBJIsIeTCs HauboJiee IIepCIIEKTUBHBIM U
aKTyaJIbHbIM HallpaBJIEHHEM B CTOMAaTOJIOTHH [3].

HOCTB B 9KCIIEpUMEHTAJIbHBIX YCI0BUAX OMOMU-
MeTHYeCKOI0 pocTa KpUCTaJLJIOB Ha IIOBEPXHOC-
TH 3yOHOIO IeHTHUHA IIPU PasJIMYHBIX CII0cobax
ero obpaborku [1, 2]. OcHOBHasg TPYZHOCTH 3a-
KJIF0UaeTCsI B HEBO3MOJKHOCTH COeJUHEHUS U
IIPOHUKHOBEHUS IIpeJjiaraeMbIX MaTepHasIoB
B 9MaJIb C IIeJIbI0 ee YIIpOYHeHUd. B KaudecTBe
MaTepuajia JJsl JIedeHUd IIOBBIIIEHHON CTH-
paeMocTu 3y60B MBI IIpefjiaraeM MCII0JIb30-
BaTh HAHOYACTUIIbI. YMEHBIIIEHHE YacTHIl [0
HaHOMETPOBBIX pasMepoB IIPUBOAUT K IIPO-
SIBJIEHHUI0 B HUX TaK Ha3blBaeMbIX KBaHTOBBIX
pasMepHEBIX 3¢ PEKTOB.

B HacTosilllee BpeMsl YHUKaJbHBIE QU3HUYEC-
KHe CBOMCTBa HAaHOYACTHUI], BO3HUKAIOIIKE 3a
CYeT II0BEPXHOCTHBIX WU KBaHTOBO-Pa3MePHBIX
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3QPeKTOB, SABIAETCI 00BEKTOM HHTEHCUBHBIX
HCCIeIoBaHuM [4, 5].

OmLeHyBasI MUKPO3JIEMEHTHI, KOTOpPble MOKEM
IIPUMEHATh B CTOMATOJIOTMYECKOHN IIPaKTHKe, MbI
06paTIIK CBOe BHUMaHUe Ha TaKOM 3JIeMeHT KaK
CTPOHIIMI, KOTOPBIN SIBJIAeTCI aKTHBHBIM areH-
TOM JyIs1 IIOBBIIIEHUS IUIOTHOCTH 3yOHOM 3MasIn.
KoMmbrHupoBaHHbBIe 3(QQeKTBl  paclipefiesIeHus
CTPOHIIMS B KOCTHOM TKaHU W IIOBEIIIEHHAd, I10
JaHHBIM peHTTeHOTrpadui, abcopOITHs CTPOHIIHMS IO
CpPaBHEHUIO C KaJIbIKeM, IIPUBOAT K IIOBBILIIEHUIO
MUHepaJIbHOU IVIOTHOCTU KOCTHOM TKaHU (MIIKT),
KOTOpasi u3MepsieTcs IyTeM ABYXGOTOHHOM peHT-
TeHOBCKOM abcopbitoMeTpud [2, 3].

Vcxonga w13 BBIINIENIEPEUUCIEHHOI0, HaHO-
YaCTHUIIH], IIPOMU3BOHEIE CTPOHITUS U POZCTBEH-
HBIe MOHAM KaJIbIUd, 110 HallleMy MHEHUI0, MO-
ryT abcopbHpoBaThCd Ha IIOBEPXHOCTH allaTHUTa
WU 3aMellaTh NaHHBIM aHUOHOM ¢ocdaT miIu
TU/IPOKCHUA-MOH B pellleTKe TMIpOKCHIalaTUTa,
BCTPauBaThCS B 3MaJieBble IIPU3MBL.

Ilenp uccaexoBaHuA — pa3paboTaTh HECKOJIb-
KO IIPOM3BOJIHBIX COJIEM CTPOHIWSL, UMEIOIINX
PasJIMUHYI0 CTPYKTYpPy HAHOYACTHUI] C IeJbI0
IasbHeMNIel HHTerpaluu UX B 3MaJIeBbIN CJIOHN
IJ151 IIOBBIIIIEHUS] IIPOYHOCTH SMAaJIH.

Marepuajabl 1 MeTOABI. IIpOTOTUIIOM IIO IIO-
JIy4EHUI0 HAaHOYACTHI] CO CTPOHIIHSEM CTaja
pabora 0. [J. TperbsgkoBa (2007) 110 MeTOLHKe
XUMHYEeCKOI0 CHHTEe3a HaHOYaCTHI] C TUAPOKCHUII-
aIrlaTUTOM KaJIbITHA [2].

B kauecTBe CTpOHIIMICOAep)Kalled COJMU B
paboTe 6BLIM KCIIOJIb30BaHbl HUTPAT, XJIOPU] U
areTaT CTPOHITHS. BEI60p JaHHBIX aHHOHOB MOXK-
HO 00BSCHUTH JOBOJIBHO 3HAYHUTEIHEHOU pacTBoO-
PUMOCTBIO UX B BoJle. PeHTTeHOTpaduyuecKoe Hc-
cefoBaHUeE II0JYUYeHHBIX 06pasIioB IIPOBOAVIIN
Ha gudpaxkroMetpe (IPOH-7M), ipu U = 30kV, I =
20 mA, delta 2 = 0,004 rpaz u tau = 3 ¢. B 3aBucH-
MOCTH OT METOAWKY II0JIyIeHUs HAaHOYaCTHL, UX
IIPOU3BOAHAs pOpMa TaKKe OTIMYasIach.

PesyinbpTaThl HCCIEJOBAaHHH H HX 00-
cyxaeHue. MBI HcciIefoBald HaHOYaCTHUIIBI,
CUHTe3HUpOBaHHbIEe U3 HUTpaTa CTPOHIIUS B BU-
Ile IIpHU3M pasMepoM oT 30 HM U ITaJIOUKOBU/IHBIX
HaHOYaCTUI pasMepoM OT 34 HM, IIOJIyYeHHBIX
METOLOM OCaKIEeHUS U3 XJIOpHUZa CTPOHIIUS
(puc. 1-3). TakuM 06pasoM, METOLOM OCaKIeHIs
U3 BOAHBIX PacTBOPOB COJIEH CTPOHITUS OBLIO
CHHTE3UPOBAHO IIOPOLIKK THUAPOKCHJIAIIaTHUTA
CTPOHIMS C pasMepoM IIepPBUYHBIX YacCTHIL OT
19,8 HM C BBICOKOM CTeIleHbI0 arperaruu.

Mopdosiorud moydeHHbIX 06pa3iioB U3MeHS-
eTCs B 3aBUCHUMOCTH OT IIPUPOJEI IIPOU3BOJHBIX
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aHUOHOB (XJIOpHJ, HUTpAT, arerar). [lmacTuHKY,
WIJIbI ¥ PABHOOCHBIE YaCTHUIIBI MOKHO OO BSICHUTD
pasMYHBIMHA BHUAAMH B3aUMOJENCTBUSI aHUO-
HOB HCXOJHBIX COJIEH C THAPOKCHUIAIIaTUTOM.

SEM HV: 15 kv MIRA3 TESCAI
View field: 1.08 ym

SEM MAG: 341 kx

WD: 1.98 mm | ey

Det: InBeam 200 nm
MIRAZ LMU
Puc. 1. MuxpodoTorpadusi HAaHOUACTHUI] KPHUCTAJLIIOB
CTPOHIIMEBOTO IUAPOKCUIATIATUTA, II0JIYYeHHOTO
METOJIOM OCaK/IeHUS U3 XJIOPH/IA CTPOHITHSL.

SEM HV: 16 kW
View field: 0.916 pm
SEM MAG: 384 kx

WD: 1.98 mm
Det: InBeam
MIRAZ LMU

MIRA3 TESCAI

Puc. 2. MukpodoTorpadpusi HaHOUACTHUI] KPUCTaJIOB
CTPOHIIHMEBOI0 IUIPOKCUIAIIATUTA, IIOJyUYeHHOT0
MeTOJOM OCa’KZ,eHHUs U3 HUTPAaTa CTPOHIIHS.

P

#
WD: 8.86 mm
Det: BSE
MIRA3 LMU

SEM HV: 10 kV
View field: 29.1 pm
SEM MAG: 12.4 kx

Puc. 3. MukpodoTorpadusi HaHOUACTHUIL] KPUC-
TaJJIOB CTPOHIIMEBOTO THPOKCHIAIIaTHUTa, II0JIY-
YeHHOTI'0 U3 XJIOPHU/ia CTPOHIIHS, 0CaKeHHOI0
OKCHITHIIHANGOCPOHOBOM KHCIoTOM (03 /1D).



ITocsie IPOTpaBIMBaHUS IOBEPXHOCTU IMaIH
uccaenyeMbIx 3y60B 30 % opTodocdopHOH KHC-
JIOTOH C IIeJTbI0 OYKCTKU IIOBEPXHOCTHOTO CJIOSI
3MaJIi ¥ BhIOOpA TOYEK [T MUKpPOaHaIHU3a /It
HaHeCceHUs pa3paboTaHHBIX HAHOYACTHI IIPO-
BOJIWIU XUMUYeCKUH MUKpOaHaIu3 sMaau (puc.
4, 5).

R ST B A |

Det: BSE B um
MIRA3 LML

SEM HV: 10 kv
View field: 18.4 pm
SEM MAG: 18.6 kx

WD: 8.598 mm MIRA3 TESCA

Puc. 4. 31eKTpOHHOE n306pakeHue HccaeqyeMoi
30HEI aMaJH (ob6pasery Ne 16, 30Ha 2) ¢ IBJIEHUSIMHU
TIOBBIIIIEHHOM CTUPaeMOCTH II0CJIe IIPOTPaBINBaHUSA
¢ QUKCHPOBAaHHBIMU HAHOYACTHUIIAMU CTPOHIIHEBOTO
TULPOKCUIAIaTHUTA, OCaKAEHHOI0 U3 a30TUCTHIX CO-
JIeH, yBesnueHue X 1160, maciirabHas MeTKa — 5 MKM.
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MIRAS LML

SEM HV: 20 kv
View field: 11.6 pm
SEM MAG: 31.2 kx
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