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OntumMnsanysi MOBEPXHOCTU
TUTAHOBBIX JEHTATbHBIX MMIIIAHTATOB
crnaBa grade 5 6apbepHBIM
CTEKJIOKEPaMIYEeCKIIM IOKPBITEM

Pedepart. PazpaboTaHo 6110COBMECTUMOE CTEKIIOKEPAMIYECKOE MOKPbITVE HA OCHOBE KPEMHNS,
yrnepopa u a3ota — Pateks 1 TexHONOrMA ero HaHeCeHMA Ha [eHTanbHble UMMIAHTaTbl METO-
nom PECVD. Llenb nccnepoBaHna — OLEHNTb YCNELWHOCTb ONTMMM3aL M NOBEPXHOCTY Neru-
POBaHHBIX TUTAHOBBIX BHYTPUKOCTHDBIX IEHTANIbHbIX MMMJIAHTATOB Pa3paboTaHHbIM 6apbepHbIM
CTeKNoKepaMMUeCKM MOKPbITUEM C MOMOLLbIO GU3NKO-XUMUYECKHX, LUTONOTNYECKIX, CNEKTPO-
doTomeTpuyeckux 1 brionornyeckux uccnefoBaHuin. Marepuanbi n metogpl. [1na nposeseHus
UCCNeoBaHNIA NCMONb30BaNMCh 06pa3Libl TUTAHOBbIX eHTaNbHbIX MMMNaHTaToB (grade 5) BioMed.
Ha yacTb 13 HIX C MOMOLLbI0 pa3paboTaHHO HaMV TEXHONIOMMM HAHOCKNOCh MOKpbITUe Pateks. [ns
NpoBefeHUs LUTONONMYeCKOro NcCieloBaHNA UCMONb30BaHa KynbTypa KneTok pubpobnactos
NEerknx YesioBeKa, CnekTpoGOTOMETPUYECKIME UCCIIeOBAaHNA NPOBOAMIINCL Ha aTOMHO-abcop6-
LIV'OHHOM CMEKTPOPOTOMETPE 1 aTOMHO-abcopbLMoHHOM crekTpomeTpe «<KBAHT-Z.3TA» (Poccus),
B OMONOMMYECKUX NCCNeJOBAHMAX yYaCTBOBANN 6 KPOJIMKOB NOpoAabl WuHWKANa. Pesynbratbl.
OTaenbHble GU3NKO-XMMUYECKMEe NapamMeTpbl MPeAIoXEHHOTO NOKPbITVA NPOAEMOHCTPUPOBaNV
CBOVI MPEUMYLLECTBA MO CPABHEHUIO C TUTAHOBbBIMY AeHTaIbHbIMI UMMaHTaTaMy 6e3 NOKPbITHA:
yMeHblLUeHe nnowaamn AepeKToB MCXOAHON NOBEPXHOCTU TUTAHOBBIX J€HTaIbHbIX MMMIAHTATOB,
06pa30BaBLUMXCA OT NPeALLeCTBYIOLLMX 3TanoB ¢popmMoobpasoBaHus 1 06paboTKY, co3paHue Gonee
rMapodUIbHOI MOBEPXHOCTY, YBENMUEHIE ANINEKTPUYECKMX XapaKTeprCTK, a Takxe pH cpeabl.
MokpbiTne Pateks 6e3onacHo ans MoHocnosa Grbpo6racToB 1 He YrHETAET [bIXaTeNlbHble NMPOLECCh
B HMX. HaHeceHue cTeKnokepammyeckoro nokpbitus Pateks TonwmHom 0,5 MKM yMeHbLUaeT cofep-
»aHu1sA NOHOB aNlOMUHUA 1 BaHaAWA B MOAENbHOI Cpefie NpaKT1yeckn B 2 pasa u obecneyrBaet
6apbep, CNoco6CTBYIOLIMIA CHIKEHIO OTPULIATENIBHOTO GMONIOTMYECKOTO BIIUAHNA AaHHbIX MOHOB
Ha NeprMMniIaHTHble TKaHW. OTMEYaeTCA COKpaLLeHe CPOKOB KOMMAKTU3aLMM KOCTHOM TKaHW
BOKPYT KCNEPUMEHTAIbHBIX TATAHOBbIX MMIMJIAHTATOB C MOKPbITVEM B UCC/IEA0BAHNN HA KPOJIUKAX.

KnioueBble cnoBa: 1eHTasbHbli UMNIAHTAT, BMONHEPTHOCTb, MOKPbITIE, MOBEPXHOCTb, KPEMHMIA
ONnAa UNTUPOBAHUA:
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Optimization of the surface of titanium
dental implants of grade 5 alloy
by barrier glass ceramic coating

Abstract. Pateks — the technology of applying a biocompatible glass-ceramic coating based
on silicon, carbon and nitrogen on dental implants by PECVD is developed by research and pro-
duction company Plasmacentre and Pavlov University (St. Petersburg, Russia). Purpose of the re-
search — to evaluate the success of optimization of the surface of doped titanium endosseous
dental implants which may be achieved with our glass-ceramic barrier coating technology using
physicochemical, cytological, spectrophotometric and biological researches. The main task is to car-
ry out a comparative assessment of the studies’ results between dental implants with and without
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Pateks glass-ceramic coating (doped with titanium alloy). Materials and methods. Titanium
implants (grade 5) from BioMed were used in this research. Some of them were coated with Pateks
according to our technology. A human lung fibroblast cells culture was used for the cytological
study. Spectrophotometric studies were carried out on atomic absorption spectrophotometer
and a atomic absorption spectrometer KVANT-Z.ETA (Russia). Biological studies were carried out
on 6 Chinchilla rabbits. Findings. Pateks-coated implants demonstrate advantage in comparison
with non-coated ones in certain physicochemical parameters such as decrease of defects’ area
in the initial surface of titanium implants which is formed on the previous stages of surface shaping
and processing, providing higher surface hydrophilicity, increasing of dielectric characteristics and
higher pH value. Pateks coating is safe for fibroblast monolayers and does not inhibit respiratory
processes in them. Applying of Pateks glass-ceramic coating with a thickness of 0.5 pm reduces
the content of aluminum and vanadium ions in the model medium by almost 2 times and pro-
vides a barrier that helps to reduce the negative biological effect of these ions on peri-implant
tissues. There is a reduction in the osseointegration time of experimental coated titanium implants

in a study on rabbits.
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BBEJJEHUE

PBIHOK CTOMATOMIOTMYeCKUX U3ZeNUH TpeaaraeT Bpa-
YaM-CTOMATOJIOTaM pa3jMyHble CUCTeMbl MeTalINYecKUux
IeHTaJIbHBIX UMIUIAHTAaTOB. Bee OHM oTMyaoTcs 10 Gopme
BHYTPUKOCTHOM YaCTH, TEXHOJIOTMY U3TOTOBJIEHHS 1 06pa-
6oTku moBepxHocTH [1—3]. OnTUManbHBIA MaTepua As
MPOM3BOJICTBA [IEHTAJIbHBIX MMIUIAHTATOB — TUTaH [4—6].
JlernpoBaHue TUTaHa B OOJIbIIEN CTENEHU SBISAETCS He-
00X0MMOCTBIO, TIOCKOJIbKY MOBBIIIAET TEXHOJIOTUYHOCTD
YKMCTOTO TUTAHA 3a CYeT CHWKeHUS ero IJIaCTUYHOCTH [Jis
TIIPOBe/IeHNs PA3JINYHbIX CIOCOO0B MOAUHKAIK TOBEPX-
HOCTY BHYTPUKOCTHOM YaCTH.

B Poccuu HauboJiee pacipocTpaHeHbI leHTaabHbIE UM-
IJIAHTAThl, M3TOTABJIMBAEMble U3 CIJIAaBOB TUTaHa grade 5
(Ti6Al4V, poccuiickas Mmapka — BT6). B aToMm cnaBe
(ISO 5832/3: 2016, TOCT 19807-91) conepxwutcs 1o 6,8%
aNIOMUHAA U 110 4,5% BaHasuA. HeKoTopble U3rOTOBUTENN
WCIOMB3YIOT CIUIaB TUTaHa grade 4 (aMepuKaHCKUM CTaH-
napT ASTM F67: 2013). CorniacHO HOpMaTUBHBIM IOKYMeH-
TaM OH SIBJISIeTCs HeJlerPOBaHHBIM U He COZlepKUT BaHaUA
Y QJIIOMUHUS, OJHAKO YCTyIaeT B PpU3NKO-MeXaHUIeCKUX
XapaKTepUCTUKax cIuiaBy grade 5.

Vi3ydyeHue MHCTAJNIMPOBAHHBIX TUTAHOBBIX ZIeHTalb-
HBIX UMIIJIAHTATOB [I0Ka3aJI0, YTO HAa OKCUJHOM [TOBEPXHO-
CTH MOCJIEAHUX TIPOXOAAT npouecchl AudPysun, B pe3yib-
TaTe Yero B MePUUMILIAHTHBIX TKaHAX 0OHAPYKUBAJIIChH
cyezibl MIOHOB MeTasuioB [7, 8]. B apyrux ucciefoBanusx
TIPe/ICTaBJIeHbI JaHHBIE O TOM, YTO 00OPa3yIOIIAsAcsa OKCU/-
Has IUIeHKA fIBJIAeTCS OYeHb TOHKOU, 1—10 HM, M03TOMY
OHa He 3alUIaeT OPraHMu3M 4YeJoBeKa OT TOKCUYeCKOro
BJIMSHUSA UOHOB aJlOMUHUA U BaHazus [9, 10].

VoHbl BaHaUA peaau3yioT CBOI0 IUTOTOKCUYHOCTh
pasauYHBIMU CocoOamu. J[OKa3aHO, YTO OHU BIUSIOT
Ha QyHKIUU HeKOTOphIX pepmeHTOB: AT®Da3, mpoTenHKa-
vHa3, pubonykieas u pocdaras [11]. Takke mokasaHo, 4TO
BaHaAUH criocobeH K nsMeHenuo aktusHocTy JIHK 1 PHK
depMeHTOB, YTO OIIpezieNsieT ero MyTareHHble U TeHOTOKCH-
geckue apdektnl [12]. VimetoTcst cBezieHust 06 OTPUIIATE Tb-
HOM BJIMSIHAY MOHOB BaHaZusA Ha JIMNNAHBIA 00MeH [11].

VoHBI alIOMUAHMS OKa3bIBAlOT HeraTUBHOE JIelICTBHUE
Ha MeTabonu3M KOCTHOU TKaHW, CHA)KAIOT TeMIThl MUHEpa-
nu3anuy nyteM uHru6upoBanus AT®, a Takxe CIOCOOHBI
K YTHETEHHIO SPUTPOI033a. AJIOMUHIIA 06JaaeT CBO-
CTBOM HAKOILJIEHUS] B HEPBHBIX TKAHSX, YTO CIIOCOOCTBY-
eT PasBUTHIO TSDKENbIX paccTpoiicts ¢yukiuu LTHC [13,
14]. B HenaBHO MPOBEIEHHBIX HAYYHBIX MCCIIEIOBAHUAX
JI0Ka3aHa BO3MO)XHOCTb HAaKOIUIEHUSI HOHOB aJIFOMHHUS
B TKaHSAX MO3Ta, IIeYeHy, NodeK u Kocrei [15]. VimeroTcs
JaHHbIe 0 TOKCMYeCKOM BIMSHUY aJIIOMUHNSA HA MUHEPaslb-
HbIN 0OMEH BelecTB MPU COflePKaHUK ero Ha MOBEPXHO-
CTU UMILIaHTaTa 6onee 0,1% [7, 9]. ATIOMUHUI HETaATUBHO
BO3ZeiicTByeT Ha JuddepeHIannio KJIeTOK MyTeM KOHKY-
PeHLIMU ¢ MOHAMU MarHus U KaJblLUs U OTPULATEIbLHOTO
BO3/IEMCTBYsI Ha MeMOpaHbI KJeTok [16].

IIpu uccIef0BaHNM HaubOJIee 4acTo UCIOIb3yeMbIX
CHUCTeM JIleHTaJIbHbIX MMIIJIAHTATOB 3KCIIEPTHOU TPYNIION
Y4€eHbIX BBIABJIEHO, YTO OOJBUIMHCTBO U3 HUX UMEIOT 3a-
rps3HeHus nosepxHocty [17].

ITpy M3rOTOBJIEHUU [IeHTaIbHbIX UMIUIAHTATOB U3 JIETH-
POBAHHOTO TUTAHOBOTO CIUIaBa UCTIOJIb3YIOTCA Pa3UIHbIe
TEXHOJIOTMH 00paboTKM: Pppe3epoBaHUe, IECKOCTPYHHAS
06paboTka, maccuBanysi, aHOAUPOBAHUE, DJIEKTPOXUMUYe-
CKOe TpaBJIeHHe U [Ia3MeHHOe HanblleHne. Kaxkaas u3 Hux
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VMeeT CBOM HeZOCTaTKU, YTO B UTOTe CKa3bIBaeTCsd Ha Ka-
JecTBe 00pabaThIBaeMO¥ TIOBEPXHOCTH TUTAHOBOTO CILJIA-
Ba [6—9, 18]. MupoBoe Hay4HOE COOBIIECTBO AKTUBHO
BeZleT paboThI 110 MCCIIEOBAHUIO U BHEIPEHUIO TIJIa3MeH-
HBIX TEXHOJIOTUH, KaK B MeULMHe B 1esoM [19—22], tak
¥ B CTOMATOJIOTUU B 9acTHOCTH [23—28], nus ynyumenust
XapaKTepPUCTUK NOBEPXHOCTU TeX WJIU MHBIX MaTepualioB,
IJ1a3MEHHOM CTepuIn3aliiy, a TakXke [0 UCI0JIb30BaHUIO
COeITHEeHUI KpeMHHUSA IS YIy4lIeHusl IoKa3aTenei 61o-
coBmectumocty [29—33]. OnHako st HaHeceHusl Pa3Iny-
HBIX TOHKOIJIEHOYHBIX IOKPBITUI Ha AIeHTaJIbHble UMIIaH-
TaTbl B OCHOBHOM IIpeJijlaraeTcsl NCIOIb30BaTh MPOLeCChI
¢dusnyeckoro ocaxzaeHus u3 maposoit ¢passl (PVD). s
peanu3aluy 3TUX TEXHOJIOIMH MPUMeHseTCsl HayKOeMKoe,
CJIOKHOE ¥ rabapuTHOe 060py/I0BaHIe, SKCIUyaTalus KO-
TOpPOro TpeGyeT BLICOKOKBAIMPUIIMPOBAHHOTO TIEPCOHAIA,
CHenyanbHO 0O0PYZAOBAaHHOTO MOMEIIEHNS, JOTIOJTHUTE b=
HBIX MeTOZIOB 06paboTKu. MeTonrKa HaHeCeH s HAIero 110-
KPBITHSA ABJIAETCS IPOCTOM U JOCTYITHOH, HOCKOJIBKY TpeOy-
eT MaJIorabapUTHOTO M HU3KOIHEProeMKOro 060py/i0BaHuSI.

Ilenb paboTHI — OIEHKA YCIENHOCTA ONTUMHU3ALN
MIOBEPXHOCTHU JIErMPOBAHHBIX TUTAHOBBIX BHYTPUKOCTHBIX
JIeHTaJIbHBIX UMIUIAaHTaTOB Pa3pabOTaHHBIM HaMU Gapbep-
HBIM CTeKJIOKepaMUYeCcKUM ITOKPBITHEM C HOMOLIbIO Gu3u-
KO-XMMHWYeCKUX, [IUTONOTUIeCcKUX, cieKTpodoToMeTpuye-
CKUX U OUOJIOTUYECKUX UCCIIeOBAHUM.

MATEPUAJIBI I METOJIbI

MaTtepuasiom uccienoBaHUS fABIAETCA pa3paboTaHHOe
HaMU OMOCOBMECTHMOE CTEKJIOKepaMU4ecKoe MOKPBITHE
Ha OCHOBe KpeMHUs, yriepoza u asota Pateks. Takxe s
HPOBeZIeHUsI UCCIIe0OBAHUN MCIIOb30BANINCh 00OPa3LIbI
TUTAHOBBIX (grade 5) AeHTANIbHBIX MMILIAHTATOB BioMed.
Ha yacTh 13 HUX C TOMOIIBI0 pa3pabOTaHHOW HAMU TeX-
HOJIOTUH U 000PYZIOBaHUS HAaHOCKIIOCH MOKpbITHe Pateks
(puc. 1). [lnda HaHeceHUs OKPBITUSA UCIIOIb30BAJICA pa3pa-
GOTaHHBI HAMU METOJ IIJIa3MeHHO-XUMUYEeCKOTO OCaK/e-
HUS U3 Ta30BO# (pa3bl CTUMYIMPOBAHHOTO M1a3Moii (plasma
enhanced CVD — PECVD).

Puc. 1. HaHeceHue Ha 0eHmMasbHellt UMNIAHMam nokpbimus Pateks
[Fig. 1. Process of applying Pateks coating to a dental implant]
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DuU3NKO-XUMUYeCKAe XapaKTePUCTUKU MOKPBITUA
Pateks oneHnBasnuch Ha OpebpIAYIIMX 3TANAX HALIUX HC-
ClelOBaHUH, B XO/le KOTOPBIX OLIEHUBAJICA psAA Haubosee
3HAUYMMBIX XapaKTepUCTUK MOBEPXHOCTU JeHTaJIbHbIX UM-
IUIAaHTATOB, COTJIACHO pekoMeHzanuaM ISIS. OnenuBanu
XMMHUYEeCKUN cocTaB, Tonorpaduio u crnenupuyeckre xa-
pakTepucTUKU (QpaKTaIbHOCTD, OGAHOPOLHOCTD, HANTUYHe
MHUKPOTpELIVH U MHOPOAHBIX BKJIIOUYEHUH U 4acTUll) IO-
BePXHOCTH JIeHTAJIbHBIX UMIIJIAHTATOB METOZlaMH PEHTTe-
HOBCKOM (OTO3JIeKTPOHHOM CIIEKTPOCKONUY, CKaHUPYIO-
1eil 30HA0BOM MUKPOCKOIIMY U APYTUMU. JIONONTHUTEIBHO
UCCJIeI0BAIA MeXaHU4eCKUe CBOMCTBA, a[Tre31I0 K OO+
Ke, KpaeBOH yros CMayMBaHUA U U3HOCOCTOMKOCTD B yCIJIO-
BUAX BJIMSHISA MUKPOAOpa3UBHBIX YaCTHI.

[ IpoBefieHNs LIUTOJOTUYEeCKOTO UCCIeoBaHusA
MICII0JIb30BaJIOCh 8 00Pa3L0B 9KCIEPUMEHTAIbHBIX UMII-
JIaHTATOB, M3TOTOBJIEHHBIX U3 TUTAHOBOTO cIIaBa grade 5:
4 obpasna 6e3 MOKPBITHS, 4 C HAHECEHHBIM INpeBapH-
TeJbHO CTEKJIOKepaMU4YeCKMM MOKPBITHEM TOJIIVNHON
0,5—0,7 mxm (puc. 2). [IposiBiIeHre HUTOTOKCUYECKUX
CBOJCTB OIpezeNIsIOch in Vitro B COOTBETCTBUY C TpebOBa-
Husamu TOCT P ICO 10993-5. s npoBeieHNs MccieoBa-
HMS U3TOTaBJIMBAINCh 9KCTPAKTHI B CTEPUIIbHBIX YCIOBUAX.
B kayecTBe MOZIeTbHOY CpeZbl A7 BBITSKEK BBIOpaHa KyJIb-
TypasnbHas 6ecceiBOpoToyHas cpena anbdpa-MEM (BuonoT,
Poccus), koTopas KpoMe 3TOTO MCIOJIb30BaNach B X07e
omnpeziesieHNs] TUTOTOKCUYHOCTH B KayecTBe OTpULIaTeb-
HOTro KOHTpOJIs. OOpa3Lbl IOMeIany B MHANBUAYaIbHbIE
CTepuJIbHbIe IPOOUPKY, Aajiee IPOBOJMIIOCH TEPMOCTA-
TApoBaHue npu Temneparype 37°C. [lna onpenesneHus
IIUTOTOKCUYHOCTH MCIIOIb30BAJICS CYTOYHBIA MOHOCION
¢$ubpo6IaCTOB COENMHNUTETHHOM TKAHU JIETKOTO SMOPHOHA
yesioBeka. Tpu 96-JIyHOUYHBIX IUIAHIIETA 3aceBaan GUOPO-
GracTamy B HOCeBHOH KoHIeHTpauuy 20 ThIC./MJI. B Teve-
HUe CYTOK KJIeTKU UHKyOupoBasuch B CO,-uHKybaTope mpu
+37°C. TectupoBaHie HAYMHAIMA HA CYyTOYHOM KJIETOYHOM
MOHOCJIO®, IOCTUTTIEM CyOKOH(ITYIHTHOCTH. JIIUTeIbHOCTD
3KCIIO3ULMH cocTaBuia 72 yaca B CO,-unkybarope. Cocro-
sHMe MOHOCJIOS U MOPQOJIOTHHU KJIeTOK KOHTPOJIUPOBAIU
€XeCyTOYHO C IOMOIIbI0 MTHBEPTUPOBAHHOTO MUKPOCKOIA

Puc. 2. Umnnarmam 6e3 nokpbimus (ceepxy) u ¢ nokpeimuem (8HU3Y)
[Fig. 2. Implant without coating (top) and with a coating (bottom)]



VIMILUIaQHTOJIOT U 32

202 1 ; 2 4 (2) AnPEnb—ntOHB

K 1T #nWH W Y E CK A A

cToMATOnN OT KM 4

«Unico» (CIIIA). KonndecTBeHHBIM TECTOM CIIyKUJIa OKpa-
CKa TeTPa30JIeBbIM KpacUTeJeM THA30JIUIIOM ToTyObhIM
(Sigma, CIIIA), MUHTEHCUBHOCTb KOTOPOW B KJIeTKax Ipo-
MOpLIMOHAbHA aKTUBHOCTHU UX AblxaHud (TecT MTT). Pe-
3yJIbTAThI aHAJIM3a CHUMAJIU Ha IJIaHLIETHOM aHajau3arope
«Varioskan» (Thermo Fisher Scientific, CIIIA) npu xapak-
TepUCTUYeCKO JJIHe BOIHBI 550 HM.

CrnexTpodoTomeTpryeckue HMccaefOBaHUS MPOBO-
IWINCh HAa aTOMHO-a6COPOIIMOHHOM CIIEKTPOPOTOMETPE
(TepMaHust) U aTOMHO-a6COPOLUOHHOM CIIEKTPOMETpe
«KBaHT-Z.DTA» («KopTak», MockBa). Bpems sxcro3uiuu
006pasiioB TUTaHA B MOJIEIHOM Cpefie COCTAaBISIO 14 CyTOK
mpu +37°C. B kayecTBe MOJesIbHOU cpesibl BhiOpaH 0,9%
pacTBOP XJIOpU/A HATPUS.

B 6u010r14ecKoM UccIie[oBaHNK IPUHIMAITH y4acTre
6 KpPOJIMKOB NOPOZbI IIMHIINJIIA, KOTOPLIM NPOBOJMIIACH
MHCTaJUISIIYS 9KCIIePUMEHTaIbHBIX NMIUIAHTaTOB B 00-
nactu auadusa u Metadusa GepeHHOI KOCTU HOCIIe OJTy-
YeH¥sI pe3y/IbTaTOB IIUTONIOTHYECKOr0 MCCIefOBaHUs O 6e3-
OIIaCHOCTHU CTeKJIOKePaMU4YeCKOoro MOKPBITUS C pa3pelleHNs
3TUYeCKOW KOMUCCUU. B Xoze sKkcneprMeHTa paBa )KUBOT-
HBIX ObLIM COOIOIEHBI B paMKaX XeJIbCUHCKOM JieKiaparuu
1975 1. u ee nepecmoTtpa ot 2000 r. CozepkaHue U UCIOJIb-
30BaHNe KPOJIUKOB COOTBETCTBOBAJIO MPUHATHIM PeKo-
MeHJanusM, BHYTPEeHHUM Tpe6OBaHI/IﬂM ®OI'BY «<HMUII
TO um. P.P. Bpenena» u 3akonam P® (Ilpuka3 Munuctep-
ctBa 3apaBooxpaHenus PO «06 yreepxaenun [IpaBun
Hazuiexaieil 1abopaTopHoit mpakTuku» ot 01.04.2016 .
N2199n.; CII 2.2.1.3218-14 «CaHuTapHO-3MUAEMUAOIOTNYe-
CKHe TpebOBaHUS K YCTPOUCTBY, 000PYIOBAHHUIO U COTEpIKa-
HUIO 3KCIIePHMEHTAIbHO-OHOJIOTNYeCKUX KINHKK (BUBAPHU-
eB)»). B 3a/1HI00 JIeBy10 J1amy TPOU3BOANIACH MHCTAIUIALMA
9KCIIEPUMEHTAJIbHBIX 06pa3u03 JIeHTAaJIbHbIX UMIIJIAHTATOB
u3 ciutaBa grade 5, B 3a/[HIOIO TPaBYI0 — aHAJIOTMYHBIX UM-
IJIAHTATOB CO CTeKJIOKepaMU4eCKUM MOKphITHEM (puc. 3).
[71 TOro 4TOOBI MPOBECTH OLIEHKY KaK KOHTAKTHOTO, TaK

SEM HV: 20.0 kV
SEM MAG: 2.00 kx

Puc. 3. Makponpenapam 6edpeHHoli
KOCMU Kponuka

[Fig. 3. Macro specimen of rabbit
femurl

noKpsimus, b—c nokpsimuem

View field: 114 pm | |

Det: SE 20 pm
Date{midly): 03(12/20

Performance in nanosp a

Y INCTAHTHOTO OCTeOTeHe3a MCII0Ib30BAIN SKCIepUMeH-
TaJIbHbI€ TUTAHOBbIE MMIIJIAHTATHI C OCO6I)IM Makpoau-
3aiiHOM, pOpMa KOTOPBIX HA MOMEPEYHOM Cpe3e ¢ OJHOM
CTOPOHBI IMeeT HebOoIbIIoe YITyOJIeH e, CIOCOOCTBYOIIee
YBeJIMYEHUIO [UIOIIAIY IUCTAaHTHOT'O OCTeoreHe3a. 3 ocobu
BBIBOZIMJIMCH U3 SKCIIEPUMEHTA Yepe3 1 Mecsl], OCTaBIIecs
gepe3 3 Mecsna. Jlasee rOTOBUIN IMCTONOTMYECKYE [Iperna-
parTsI € MOC/IeyoLlell UX OKPaCKOW reMaTOKCUIIMHOM U 20-
3WHOM U IOTIOJIHUTEJILHO a3yP-303MHOM 110 POMaHOBCKOMY.

PE3Y/IBTATBI "I OBCYKJEHNE

Du3UKO-XUMHYeCKHe UCCIIeJOBAHUA

YCTaHOBJIEHO YMEHbIIEeHNe TI0mMaAH AepeKTOB UCXOTHOM
MIOBEPXHOCTH TUTAHOBBIX JIEHTA/IbHBIX MILJIAHTATOB, 00pa-
30BaBIIKMXCS OT NMPEJLIeCTBYIOMUX 3TAanoB ¢opmoobpaso-
BaHus U 00paboTKU (puc. 4), co3nanue Gojiee TUAPOPUIID-
HOU [TOBEPXHOCTHU (PHUC. 5), yBeINYeHNe AUITeKTPUIeCKUX
XapaKTepHCTHK, a Takxe pH cpenbl. Haubonee 3Ha4nMbIe
C KJINHUYEeCKOW TOYKU 3peHHs XapaKTePUCTHUKY IIPeiCTaB-
JIeHbI B Ta61. 1.

Ta6n. 1. CpaBHeHUe 0TAENbHBIX NapamMeTpoB NOBEPXHOCTM
NernpoBaHHOro TUTaHa 1 CTEKIOKePaMMUecKoro OKpbITUA
[Table 1. Comparison of individual parameters

of the surface of doped titanium and glass-ceramic coating]

XapakTepucTmka TntaH Grade 5 MokpbiThe
Mopynb ynpyroctu, [Ma 115 127
YpaenbHoe sneKTpuyeckoe 106 108
conpotusneHue, Om-m

KpaeBoii yron cmaunsaHus, ° 58 36

IInToIOrHYeCcKoe HCCIe0BaHHue
B TeueHue Bcero BpeMeHu MHKyGanuu Gpubpo6racTos ¢ aKc-
TPaKTaMK U3 00Pa3LIOB He OTMeYeHO HUKAKMX U3MEeHeHui

MIRAZ TESCAN

View field: 114 pm
Dat: SE 20 ym
Date{midly): 0311220

SEM HV: 20.0 kV
SEM MAG: 2.00 kx

MIRAZ TESCAN

Parformance in nanosp b

Puc. 4. SnekmpoHHas Mukpogomozpacgus nosepxHocmu 0eHmManbHo20 umnaaHmama Biomed: a — 6e3

[Fig. 4. Electron micrograph of the surface of the Biomed dental implant: a — original, b — Patek coatingl
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Puc. 5. Kpaesot yzon cmayusaHus: a — oKucHoU niaeHKUu mumada BT6;
b — nokpeimus Pateks

[Fig. 5. The wetting angle of: a — the oxide film of titanium grade 5; b —
Pateks coatingl

HU B MOPOIOTHY KJIETOK, HU B COCTOSTHUY MOHOCJIOS B 1ie-
JIOM IO CPaBHEHHUIO C KJI€TKaMU B OTPHLATe]bHOM KOH-
TpoJie. B pe3yibTaTe MccienoBaHUI BbISBIEHO, YTO 062
BUJa 00pasuoB ¢ MOKPeITHAMY Pateks ¥ mpakTHyecku
He ZIeMICTBYIOT Ha KJIETKH, KaK K 24-49aCOBBIX, TaK U 72-4a-
COBBIX BHITSKEK. KJIeTKU B MPUCYTCTBUU 72-9aCOBBIX JKC-
TPAKTOB C MMIUIAHTATaMU M3 TUTAHOBOTO CIutaBa grade 5
TaK)Xe He OTINYaINCh OT KOHTPOJIBbHBIX (Tabu. 2). Takum
00pa3oM, CTeKJIOKepaMU4ecKoe TIOKPhITHe 6e30IacHoO AJs
MOHOCJI0S1 pUOPOOIACTOB U HE yTHETAET IbIXaTeIbHbIE ITPO-
1IeCChI B HUX.

CnekTpodoToMeTpUYeCKOe HCCIIefloBaHUe
OmnpezienAnock cofepkaHye NOHOB aNTIOMUHNSA 1 BaHA[UA,
TIepexOAAIINX B MOZIEJIbHYIO CPelly U3 TUTAHOBOTO CILIaBa
grade 5 aTOMHO-a6COPOLMIOHHBIM aHaINU30M (Tab. 3).

Buonoruyeckoe ucciegoBaHye

OCHOBBIBAsACh Ha pe3yJibTaTax MCCIeOBaHUI pa3pabo-
TAaHHOTO HaM¥ [OKPBITHUSA BbIIBUHYTA TMIIOTE3a O TOM, YTO
HOJIOKUTENbHbIe GU3NKO-XUMUYECKHe XapaKTepPUCTUKH
JeHTaJIbHbIX UMIUIAHTATOB NOCJIe HAaHeCeH!UsI Ha HUX T0-
KpbITus Pateks, 6apbepHble CBOMCTBA TIOKPBITUSA U OTCYT-
CTBHE [IUTOTOKCUYECKUX CBOHCTB MOTYT CIIOCOOCTBOBATH
Y/Iy4LIEHUIO TOKa3aTeseil GMOMHEePTHOCTH TUTAHOBBIX JIeH-
TaJIbHBIX MMILIAHTATOB U3 cmyaBa BT6, onTuMusupys npo-
11ecCcbl OCTeOMHTerpaLuu. 17 NpoBepKU JaHHOU IMIIOTe3bl
IPOBeZIeHO OMOIOTUYEeCKOe UCCIIeIOBAHIE — SKCIIEPUMEHT
Ha JKABOTHBIX, L1eJIbI0 KOTOPOTO ABJISIETCS CPAaBHUTENb-
Has OIleHKa pe3yJlbTaTOB OCTeOreHe3a U OCTeOMHTerpanuu

Puc. 6. OcmeozeHe3 8 obnacmu Hen0mMHo20

33 Imﬁlantolocifz

Tabn. 2. [laHHble XU3HeCnoco6HOCTY NUHUN [UNNOUAHBIX
¢ubpobnactos nerkoro uenoseka no pesynsratam MTT-tecta
[Table 2. Data of viability of a line of diploid fibroblasts

of human lung according to the results of MTT assay]

JKCTpakuumsa 24 vaca

JKCTpakuma 72 vyaca

Matepuan o ot KOH-  OTKNOHEHMe % OT KOH-  OTKJIOHEHUe
Tpons OT KOHTpOSIA Tpons OT KOHTpOSA

Mokpbite 102,0+£2,8 2,0 103,6+7,1 3,6

Cnnas BT6 — — 98,0+2,4 2,0

Ta6n. 3. Copep«aHue MOHOB anioMUHUA 1 BaHAANA B MOAEbHON
cpene, Mr/n
[Table 3. Spectrophotometric data]

3 Hopma no rurneHn- Ob6paseu O6pa3zeu u3 BT6
NemMeHT

yeckum HopmatvBam U3 BT6 ¢ nokpbiTuem Pateks
AniomuHui 0,5 0,09 0,05
BaHapun 0,1 0,02 <0,01

9KCIIePUMEHTAbHbIX TUTAHOBBIX UMIUIAHTATOB U3 CIlJIaBa
grade 5 ¢ TOKPBITHEM ¥ KOHTPOJIbHBIX 06pa31oB 6e3 Hero.
B x07ie OL[eHKH pe3yJIbTaTOB OMOJIOrUYecKOro MCCief0Ba-
HUS CPaBHUTE IbHBINA aHAJIM3 TUCTOJIOTMYECKUX TPerapaToB
MPOBOJUJIU TI0 4 MPU3HAKaM: BHIPaKEHHOCTb BAaCKyNsPHU-
3alliH, CTeleHb ePecTPONKY KOCTHOTO pereHepara, Koju-
4ecTBO CHOPMUPOBAHHBIX KOCTHBIX OaJIOK, BHIPaXKEHHOCTh
¢ubpo3sa. [Ipu oleHKe THCTONOTMIECKUX CPe30B BCeX KO-
JIUKOB TIOJIyYeHbl ONHOTHUITHBIE Pe3yIbTaThL.

B xoze aHanM3a TMCTOJIOTUYECKUX TpenapaToB Ge-
IPEHHOUN KOCTH KPOJIMKOB, KOTOPBIM MHCTAJIMPOBAUCh
MMILTAaHTaThI 6€3 MOKPHITHS, BLIBEZIEHHBIX U3 SKCIIEPUMEH-
Ta 4Yepe3 Mecsl] BbISIBJIEHO Cieayioliee. B 30He MIOTHOTO
TIpUIeraHust OTpesiesIseTCsT yMepeHHast 1eKOMIAKTH3alus
¥l He3aBepIlleHHasi peOpraHu3alKs KOCTHBIX 6ajioK, BU3ya-
JU3UPYIOTCS 0Yaru KpaeBoit 6a30puiInu o rpaHuiie Mexay
MMIUIAHTATOM U KOCThI0. B 30HE HEIIOTHOTO TIPUJIeraHust
ompezesieTcsi 6obllee MO CPABHEHUIO C UMIITIAHTATOM
C MOKPBITHEM KOJIMYeCTBO GUOPO3HOU TKaHU (puc. 6, 7).

Puc. 8. OcmeozeHe3 8 061acmu nIomHo2o (cse-

(cHuU3y) u nnomHozo (cnpasa) npune2aHus Kc-
nepuMeHmMasnbHo20 UMNAAGHMama 6e3 nokpbi-
mus (okpacka I3, ys. 40)

[Fig. 6. Osteogenesis in the area of loose (bottom)
and tight (right) fit of the experimental implant
without coating (HE staining, x40)]

Puc. 7. Ouaeu kpaegoli 6azogunuu e 30He
NJI0MHO020 NPUJIe2aHUA dKCNepUMEeHManbHo20
umnaaHmama 6e3 nokpsimus (okpacka no Po-
MAaHo8cKomy, y8. 40)

[Fig. 7. Foci of marginal basophilia in the zone
of tight fit of the experimental implant with-
out coating (staining according to Romanovsky,
x40)]

80) U HENJIOMHO20 (c8epxy) npusezaHus 3Kcne-
PUMEeHMAsIbHO20 UMNIAHMAama 6e3 noKpeImus.
Cpe3 Ha yposHe KOCmMHO20 Mo32a (okpacka I3,
y8.40)

[Fig. 8. Osteogenesis in the area of tight (left)
and loose (top) fit of the experimental implant
without coating. A cut at the bone marrow level
(HE coloring, x40)]
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B o6sacTi KOHTaKTa C KOCTHBIM MO3TOM OTIpeZesieTcs
¢ubpo3Has Karcysna ¢ efUHUYHBIMUA KOCTHBIMU OasKaMu
(puc. 8).

B xo71e aHaIM3a rMUCTONIOTMYECKUX PenapaToB OesipeH-
HOW KOCTU KPOJIMKOB, KOTOPBIM MHCTAJUIMPOBAJIY UMIUIAH-
TaThl C TOKPBITHEM, BHIBEIEHHBIX U3 JKCIIEPUMEHTa de-
pe3 Mecs1l BLIABJIEHO cJlefytoniee. B 0671acTi KOMITAKTHOM
TJTACTHHKY OTIPe/esISIIOTCS 3aBeplleHHast KOMIAKTH3aIus
1 Oosiee BBIPa)KEHHBIN OCTEOT€He3, O YeM CBU/IETENIbCTBY-
eT GOpMHUPOBAHUE KOCTH C OPraHM30BaHHBIMU OaTKaAMU.
B 061acTH HEIJIOTHOTO MPUJIETAaHUS OTCYTCTBYIOT O4aru

Puc. 9. OcmeozeHe3 8 obaacmu HenIOMHO20

(ceepxy) u n1omHo20 (cnesa) npune2anus 3kche-
PUMEHMAsIbHO20 UMNIAHMAama ¢ NoKpeimuem
(okpacka I3, ys. 40)

[Fig. 9. Osteogenesis in the area of loose (top) and
tight (left) fit of the experimental coated implant
(HE staining, x40)]

y8.40)

BBIBOJIbI

YMeHbIIeHHE 1epeKTOB NCXOAHOM II0OBEPXHOCTU TUTAHOBBIX
TeHTAJIbHBIX UMILIAHTATOB IOC/Ie HAHECeHHUs OKPBITUS
CIOCOOCTBYET CHIKEHUIO XMMHYeCKOH U GaKTepruanbHOM
KoHTaMuHarmu. Co3zanue 6osee rupoPUIBLHON TOBEPXHO-
CTH CTIOCOOCTBYET CHYKEHUIO YIJIa CMaYMBaeMOCTH TIOCTIe]-
Hell, HOBBILIEHUIO SHEPIUH a[re3MOHHOTO B3aUMOZIeHCTBUSA
1 OoJiee JIerkoMy pacrpoCTPaHEHUI0 MECTHBIX (paKTOPOB
pOCTa KOCTH, a TaKXKe YBeJIUYeHHI0 OelKoBON abcopOuuu
Ha TOBEPXHOCTU BHYTPUKOCTHON YaCTU ZIeHTAJIbHBIX UM-
IJIAHTATOB, YBEINYEHUI0 CKOPOCTH CMayMBaeMOCTH KPOBHY,
pacmpocTpaHeHuio 6ekoB GuOpUHA U MaTpUKCa, YTO MPHU-
BOZUT K YJIy4IIEeHUIO KJIETOYHOH afre3uy KOCTHOU TKaHU
¥ KOHTaKTHOT'O OCTeOTeHe3a Ha IOBEpXHOCTH JIeHTaIbHO-
ro UMIUIAaHTaTa B 11esioM. CHI)KeHHUe 3JIeKTPOIPOBOAHOCTH
00yC/IOBNMBAET CHIDKEHVE TEMIIOB 3aKUCIIEHUS CPe/ibl TKaHY,
9TO B CBOIO OYepesib ABJSAETCS 6JaronpUATHBIM GaKTOPOM,
IPenATCTBYIOLIM BOSHIKHOBEHUIO YCIOBUH IS YCUTIEHUS
aCcenTHYeCKOro XPOHUIECKOTO BOCHAJIeH!sI B 30He UHTep-
¢elica ycTaHOBKY IEHTaJIbHOTO MMILIAHTATa, CHIDKAS BO3-
MO>XHBIN PUCK BO3HUKHOBEHHUs WHQEKIIMOHHOTO BOCIase-
HUA (MYKO3UTA U IEPUMMILIAHTHTA).

HaHeceHMe CTeKJIOKepaMU4eCKOT0O MOKpPBITHSA Pateks
tonmuHoi 0,5 MKM obecriedrBaeT 6apbep M yMeHbIIaeT
coZiep)KaHWs MOHOB aJIOMUHUSA U BaHAAWS B MOZIENbHOU
cpeze B 2 pasa.

Puc. 10. Omcymcmaue kpaegoli 6asogusnuu 8 30-
He NJIOMHO020 Npuse2aHus 3KcnepuMeHmasnbHo-
20 umnaaHmama (okpacka no PomaHosckomy,

[Fig. 10. Absence of marginal basophilia
in the zone of tight fit of the experimental im-
plant (staining according to Romanovsky, x40)]
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6a3o¢uun, oT™MedaeTcs: BbIpaXKeHHas! BaCKyIsApU3aIius
OKPY’XaIIIUX TKaHel, 00beM pUOPO3HOI TKAaHU COCTAB-
JIsieT MeHbIIYIO YacTh OT BCEro pereHepara Mo CPABHEHUIO
C UMITTaHTAaTOM Oe3 MOKpbITUs (puc. 9, 10). B obmacTu KOH-
TaKTa C KOCTHBIM MO3roM GpuOpO3Has Karcyna OTIn4aeTcs
OOJBIINM KOJIMYEeCTBOM KOCTHBIX 6asok (puc. 11).

ITo AaHHBIM THUCTOJIOTUYECKOTO MCCIIeNOBAaHUSA Ipe-
MapaToB KPOJIMKOB, BHIBEZIEHHBIX M3 JKCIIEPUMEHTA Yepe3
3 Mecs1a J0CTOBEPHBIX OTNIUN MEXAY Pe3yIbTaTaMU KC-
MepUMeHTa C TIOKPBITHEM U 6e3 Hero — He BhISIBJIEHO.

- Puc. 11. OcmeozeHe3 &8 obnacmu niaomHo20
(ceepxy) u HenomHozo (cnpasa) npune2aHus
3KCNepUMeHMAsbHo20 UMNIAHMAMa ¢ NOKPbI-
muem. Cpe3 Ha yposHe KOCMHO20 M032a (0Kpa-
cka I3, ys. 40)

[Fig. 11. Osteogenesis in the area of tight (top)
and loose (right) fit of the experimental coated
implant. A cut at the level of the bone marrow
(HE staining, x40)]

BKCHepI/IMeHTaﬂbeIe VIMILJIAHTATBI CO CTEKJIOKEPAMU-
9ECKUM IIOKPBITHEM CHOCO6CTBYIOT COKpAIleHNI0 CPOKOB
KOMITaKTHU3aII 1 KOCTHOM TKaHM II0 CpaBHEHUIO C UMILJIAH-
TaTamu 6e3 IIOKPbITHUS, YCTAHOBJIEHHBIMU Y JKUBOTHBIX.

3AK/IIOYEHNE

Pe3ynbTaThl 9KCIePUMEHTAIbHBIX HCCIeIOBaHUA pa3-
JIMYHBIX TapaMeTpPoB GapbepHOTO CTEKJIOKepaMUYecKo-
ro mokpeitus Pateks cBUeTeNbCTBYIOT 00 YCIEUIHOCTH
ONTHUMM3ALMY TOBEPXHOCTH JIETUPOBAHHBIX TUTAHOBBIX
MMIUIAHTAaTOB JAHHBIM [OKPHITHEM U ero 6e30MacHOCTH,
a Tak)ke 060CHOBBIBAIOT BO3MOXXHOCTh HaHECEeHHUS JAHHBIX
MOKPBITHIA B KIMHIUYECKUX YCIO0BUAX. OTHUM U3 IPEUMy-
mecTB HaHeceHUs NOkpbITUsA Pateks (cucremer SiOCN)
Ha JIeHTaJbHbIe UMIUIAHTAThl U3 JIETMPOBAHHOTO TUTA-
HOBOTO CIUIaBa sIBJIsIETCS MOBBILIEHUE MTOKa3aTeeid 61o-
MHEePTHOCTH, BBICOKHUI YPOBeHb KOTOPOIl XapaKTepeH s
IeHTalbHBIX UMIUIAHTATOB U3 TUTaHA MapKu grade 4, mpu
3TOM C COXpaHEHHEeM TeX MOJIOXHUTeNbHbIX PU3NKO-Me-
XaHMYeCKHMX MOKa3aTeseil, KOTOpble CBONCTBEHHBI CILIaBY
Mmapku grade 5. B xone uccienoBaHuil 060CHOBaH BbIOOD
U pa3paboTaH mpolecc HaHeceHHsi GOCOBMECTUMBIX CTe-
KJIOKepaMUIecKux mokpeiTuii Pateks. Mcmonb3yemoe st
3TUX 3a4a4 000pyAOBaHUe SBISIETCS MajorabapuTHbIM
¥ HU3KO3HEPrOeMKHM, YTO T03BOJIsIeT UCIOIb30BATh €ro
B aMOYJIaTOPHBIX KIIMHIIECKHUX YCIOBHSX.
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