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BeepeHue MaTepuanbl u MeToapbl

Pa3paboTka MakcuManbHO 3pDEKTUBHON MOBEPXHOCTU UMMJIAH- [aHHoe uccrenoBaHWe MPoOBOAMAOCH C ofo0b6peHuss KomuteTa
TaTa No-NpeXxHeMy COMnpsiXKeHa C Lie/IbIM pAAOM TPYLHOCTEN Kak Mo COAEPXKAHMIO U UCMOJIb30BaHMIO J1aBOPATOPHbLIX YXUBOTHbIX
B CTOMAaTOJI0rMYECKOM, TaK U B OPTOMNEeANYECKOM KOHTEKCTE, KaK Tenb-ABMBCKOro yHMBepcuTeTa. Bce aKcneprMeHTbl BbIMOHSAIN
TO 3aMelleHne Ta306epeHHOro WM KOJIEHHOro CYyCTaBa, B COOTBETCTBUM C 04,06PEHHBIMU NPOLELYPaMM U peKOMeHAAUMS-
YCTaAHOBKA MO3BOHOYHbIX UMIMJIAHTATOB, MPUMEHEHWEM CTabUAN- MU cornacHo pykosoacTtey ARRIVEL.

3aUMOHHbIX NMUHOB, 3yOHbIX UMIMJIAHTATOB U TaK Aanee.
B ncenenoBaHMM NCNOJ1Ib30BasI CEMb CaMOK 6enoro HOBO3€/1laH-

3y6Hasg UMMIaHTaLMA CYUTAETCA YCMNELUHbIM BUAOM Tepanun AN CKOro KpoJsinKa B Bo3pacTe 6 MecsueB 1 BecoM oT 3,5 A0 4,2 kr. Bce
peabunuTtaummn 3ybouyentocTHol cuctembl. OfHAKO pasnyHble OHW BbI/IN NMOMEYEHbI B KNIETKAX U COAEP>KaUCh B CKOPPEKTUPO-
KJIMHWYECKMe c/lydan W Aanee NpefacTaBAstOT CJ0XHOCTb Mpu BaHHOM ob6orawéHHol cpege. CornacHO NPOTOKO/Y CBEPIEHUS
BbIMOJIHEHMM 3TOWM MpOLeAypbl, Hanpumep, npu aeduunte KOMMaHUU-NPOU3BOAUTENS  BbIMOJHWAM  [BE  OCTEOTOMWUMU
KOJIMYECTBA U YXYALIEHUU Ka4yeCcTBa KOCTHOM TKaHW, OCTeomNo- Ha npeaBapuTeNlbHO OGHaXKEHHOM 60JIbLLEGEPLLOBOM KOCTU AN
po3e, 3aMe[J/IeHHOM 3a)KUBJIEHWM paH BC/EACTBME MpUEMA YCTaHOBKM MMMIaHTaTOB AuvaMeTpoM 3,75 MM U O/IMHON 8 MM.
CUCTEMHbIX MeAMKAMEHTO3HbIX MPenapaToB, a TaKXXe Npu npose- YcTaHOBMAM ABa KOMMepYeckux umnnaHtaTa (Alpha-Bio Tec.):
LEHUUM OHOMOMEHTHOWM HarpysKuM WM COKpalleHMM Mepuoa OAUH C HaAHOMETPUYECKOW LUEPOXOBATOCTbIO  MOBEPXHOCTU
32XKUBJIEHMS. (MultiNeO NH), apyroit ¢ MUKPOCKOMUYECKON LLIEPOXOBATOCTHIO

. Multineo CS), ocTaBnB MeXXay HUMU pacCTOsiHUE 8 MM.
Co3pgaHne 6uomMaTepuanos, raBHbIM 06pa3oM, MOBEPXHOCTEMN ( ) Ay P

VMMIJIAHTATOB M3 TUTAHOBOIO CrJ1aBa, HaLEe/IeHO Ha AOCTWXKEHUe Cnycta 3 Hegenun aHanoOrMyHyrd XUPYPruveckyro mnpouenypy
UMUTaLMKU BUOSTOMMYECKUX MPOLLECCOB PaAM YJIyHLLEHUs OCTEO- NMOBTOPWJIM Ha NMPOTUBOMOIOXHOM KOHEYHOCTU KaXKA,0ro U3 cemu
reHHon guddepeHumaLnmn 1 anno3nLLMN KNETOK KOCTHOM TKaHMU. YXMBOTHbIX.

MccnepoBatenn B 061aCTU UMMIAHTOIOMMK YYKE CMOTJ/IN YCTaHO- YKMBOTHbIX yMepTBUAM Yepes 3 Hefenm nocsie NocaefHero onepa-
BUTb, UYTO TaKMe W3MEHEHUS TOBEPXHOCTU KaK npuaaHue TMBHOIO BMeLLATENbCTBA (T.e Yepe3 6 HefeNb MOC/e MepPBOro
el L1epoxoBaTOCTH, BAUSHUE HA XMMWYECKUIA COCTaB U MOJIEKY- BMeLLaTe IbCTBa), MOC/IE YEro K F’MCTOI0NMYECKOMY UCC/IEL0BAHUIO
NSIPHYIO  SHEPTrM0  MO3BOJIAOT  YAYyYlNTb  nposundepaLmio NOAroTOBMAMN HepeKanbuubUumMpoBaHHble obpasubl 14 6onbLue-
n  anddepeHumaumo  ocTeobsacToB, IKCMPECCUd  FeHOB 6epL,oBbIX KOCTEN, C OKPACKOM asIM3apMHOBLIM KpacHbl, MO ABa
U JIOKa/IbHYIO ceKpeLmio GaKTopoB, CMOCOOCTBYHOLLMX POCTY o6pasLia Ha KaXkabI UMMNIaHTaT

KOCTMW.

Cy6MUKPOHHAs  LLIEPOXOBAaTOCTb MOBEPXHOCTU MMMJIaHTaTa
(nocne neckocTpynMHOM 06pabOTKM M KUC/IOTHOFO TPaB/ieHMs) Ha d)

pa3MepHOM YpOBHE MEeHbLLE AMaMeTpa KAeToK. bronornyeckas rMCTOJ'IOI'Mﬂ U TMCTOMOPQOMETPUA
JIOTMKA 3aK/IHYAETCS B TOM, YTO OCTe061aCThbl HAYHYT MexaHuye-
CKOE B3aMMOAENCTBME C TaKOM MOBEPXHOCTbIO, KOTOPasi UMUTHU-
pyeT NaKyHy nocie pe3opbunu BCeACTBME peakumnm aumandu-
Kaumu Ha pecTOHYAaTOM Kpae OCTeoK/1acTa.

Mocne yMepLUB/EHNUS KPOJMKOB  60Jblue6epLOBble  KOCTH
N OKpYy’Kalolme MX TKaHW cobpanun OAs MOArOTOBKM 06pasLoB
B BUAE 6JI0KOB 4151 U3rOTOB/IEHUS CPE30B /1 MTMCTO/I0MMYECKOro
nccaef0BaHus.

CnenyoLmil ypoBeHb LLIEPOXOBATOCTM MPeACTaB/eH HAHOCTPYK-
TYPHO MOBEPXHOCTbIO, KOTOpasi B/MSIET Ha 30HY KOHTaKTa
MEXAY KETKaMMU U UMMIAHTaTOB 1 OTOBPaXKaeT KJeToYHO-6e-

Cpesy npoaHa/iM3npoBaiv u 3a¢MKCMpOBaJ’IM C NOMOLLbIO onTU4e-
CKOro MMKpOCKOMa 1 NPOrpaMMHOro obecneyeHns Image-J.

KOBble B3aMMOAENCTBMA. TakuMM 06pa3oM, HaHoTonorpadpus Mnowanb KOHTAKTHOWM MOBEPXHOCTU WMIMIAHTAaTa C  KOCTbLO
OKa3blBa€T MeXaHUYECKMil, XUMUYECKMIA U BUOSOrMHeCKUit U3Mepun Ha kaxgom cnange. Oanubie o BIC cymmuposasu
addeKT. M pasgennam Ha obLmi nepumMeTp UMnNIaHTaTa.

Llenb paHHOro McceaoBaHNUs 3aK/I04anach B U3yYeHUM BJIUSHUS
rMapodUIbHON HaHOCTPYKTYPHOM MOBEPXHOCTM Ha MJIOWAAb
KOHTaKTa uMniaHTaTa ¢ KocTbto (BIC) Ha Mogesin 6obliebepLo-
BOI KOCTU KPOJIMKa Npu NPUMEHEHNM CTaHA4AapPTHOrO MMMIaHTaTa
(Cc NOBEPXHOCTLIO MOC/IE NECKOCTPYMHON 06PaBbOTKM U KUCJIOTHO-
ro TPaB/IeHMs) U UMMIAHTaTa C FTMAPOGUIBLHOM HAHOCTPYKTYPHOM
NMOBEPXHOCTbHO.

10Omoen HNOKP - om0Oen HayuHo-uccaed008amesibCKUX U ONbIMHO-KOHCMPYKMOPCKUX pa3pabomok.
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CnycTta 3 Hegenu nocae onepauum 6bi10 YCTaHOBAEHO
CTaTUCTUYECKN 3HAYMMOE MPENMYLLIECTBO MMAPODOUABHON
HaHOCTPYKTYPHOM MOBEPXHOCTM MO MapaMeTpy MaoLLaam
KOHTaKTa MMMJ/IaHTaTa C KOCTbIO B CpaBHEHWM

CO CTaHAAPTHOM MNOBEPXHOCTHIO NOC/E NECKOCTPYMHOM
06pabOoTKM U KUC/IOTHOIO TPaB/IEHMS.

I'paduk nnoTHocTU pacnpepenenus 3F-3S
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CpepHee 3HaveHne 14,66

CranpapTHoe

OTKJIOHEHWe 16,99
N 7
AD 0,208
P-ypoBeHb 0,776
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3F-3S

3F- MnnaHTaThl € rtMapobUALHOM
HaHOCTPYKTYPHOW MOBEPXHOCTHIO

3S- MMMNAaHTaTbl CO CTaHAAPTHOM
NOBEPXHOCTbHIO MOC/IE MECKOCTPYIMHOM
06paboTKM U KMCAOTHOTO TPaB/eHNs
(SLA).

DanHble

S

Puc. 2

CpaBHeHne nokasatenen BIC.

B cpok vepes 3 Hefenn HaHOCTPYKTYPHbIE MMMAIAHTaTbI
NPOAEMOHCTPUPOBaAM 55% MAOLLIAAM KOHTAKTHOM
MOBEPXHOCTM C KOCTbIO MO CPABHEHMIO C MOKa3aTeem
42%, KOTopbIN 3adUKCUPOBaNM Y UMMIAHTATOB

C NoBEPXHOCTHIO SLA.

Pacnpepenenune uHameuayanbHblx nokasarenen 35, 3F

e CTraTncTMYecKas 3HaYMMOCTb YKa3bIBa€T Ha YBE/IMHEHHYIO

niowaAb KOHTaKTHOM MOBEPXHOCTM UMMIAHTaTa C KOCTbIO
(BIC) 'y BCEX 3KCMEPUMEHTAsIbHbIX  XKMBOTHbIX  MpK
NCMOIb30BaHNM TMAPOGUIBHBIX HAHOCTPYKTYPHbIX
MMMNIaHTAaTOB B OT/IMYME OT CTaHAAPTHbLIX WMMMIAHTaTOB
C MOBEPXHOCTBIO, MPOLUEeLLEN NECKOCTPYMHYO 06paboTKy
1 KUCNOTHOE TpaB/ieHue, yepes 3 Hefenn nocae onepaumn.
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[MCTONOrMSA HAHOMETPUYECKOW MOBEPXHOCTHOW LLIEPOXO-
BaTOCTM Yepe3 3 Heaenn nocae nmMniaHTaumm. CuHme
CTPEJIKN YKa3bIBalOT Ha HOBYIO KOCTb B KOHTaKTe C
MOBEPXHOCTbIO MMMIaHTaTa. 10-TuKpaTHOE YBEIMYEHME.
(Cpes nogrotossieH 6e3 AekanbLUMGUKaLIMM, oKpacka
a/IM3aPUHOBBLIM KPaCHbIM).

O6cy)XaeHue pe3yibTaToB

BbICOKMI1  OCTEOMHTErpaTMBHLIM MOTEHUMAN TpebyeT
CMHEPTUM LENIOTO psija COBPEMEHHbIX XapaKTEPUCTUK.
MosToMy B paMKax [laHHOI0 JOK/IMHUYECKOTO UCC/Ie0Ba-
HMS 6blI0 PELLUEHO M3YYUTb MYJIbTUPYHKLMOHABbHYIO
NMOBEPXHOCTb (TMAPODUIbHYIO, C HAHOCTPYKTYPHOM LLUEPO-
XOBaTOCTbIO) B NPOTOKOJE in Vivo (Ha 6obLLebepL,oBOi
KOCTU KPOJIMKa).

BbicTpoe 3a)kuMBneHWe U o06pasoBaHME HOBOW KOCTWU
ABNIAOTCSA C1eCTBMEM COYETAHHOIO BAUAHUSA HECKOJIbKUX
pa3HbIX ABNAEHUIA — BMOAKTUBHOCTM NMOBEPXHOCTU U OCaXK-
[EHMI0 anaTuTa Ha Hell (MUHepanmnsaLums), BbICOKOM CKOpo-
CTW KNETOYHOM agresum n npoandepaumm octeob1acTos,

N

Puc.4

['McToNorns MMKPOHHOM/CyBMUKPOHHOM MOBEPXHOCTHOM
LIEPOXOBATOCTM Yepes 3 Heae/ M Nocae UMMaHTaLUMMN.
[TprMeyaTenbHO, YTO B KOHTAKTe C UMM1aHTaTOM
HaxoAMTCS NLLb Ma1I0e KOIMYECTBO HOBOWM KOCTM.
MIMnnaHTaT ¢ noBepxHocTbio SLA. 10-TukpaTHOE
yBenumuerue. (Cpes noaroTosaeH 6e3 aekanbLmdukaLimn,
OKPAaCcKa a/IM3apUHOBBLIM KPaCHbIM).

BbICOKOW cTeneHn auoddepeHLMaLnmn KNeToK U noaspmsa-
UMM MaKpodaros, YTO CNOCOBGCTBYET CEKPELMN U BbiBELE-
HUIO 6e1Ka KocTHoro MmopdoreHesa (BMP2) u ysennyeHunio
noLLaAM KOHTaKTHOM NOBEPXHOCTM MMMJ1aHTaTa C KOCTbHO
(BIC).

Tonorpadus MNOBEPXHOCTU, €€ XUMMYECKUI COCTaB
W CTerneHb CMAYMBAEMOCTU MMEIOT peLuatollee 3HayYeHue
B TOM, KakoBa OyaeT peakuMsi KOCTU Ha TUTAHOBYHO
noeepxHocTb (BIC), 4yTo nposBAsSeTCa Yy)Ke Ha caMmbiX
paHHMX 3Tanax Mocsie YCTaHOBKM MMIJIAHTaTa, Kak Oblio
MOKa3aHO B paMKax 3TOro UccaefoBaHuUA.



® 3akJitoueHue

Ham yaanoch y6eamuteibHO NpoaeMOHCTPUPOBaTh, YTO paHHUe
STarbl 32XKMBJIEHUS KOCTHOWM TKaHWM MPOTEKAlOT ropasno 6osee

pe3yIbTaTUBHO npu NMPUMEHEHUM MOBEPXHOCTM
C  HAHOCTPYKTYPHOM  LUEPOXOBAaTOCTbIO,  KOTOpas  Mpu
B3aMMOJENCTBUM  C  MNPUHMMAKOLWLENA  KOCTHOM  TKaHbiO
60/1bLLEe6epL,oBOM KOCTU Kpo/mKa Mo  CpaBHEHMIO

C TOBEPXHOCTbIO, MpOLUEALIEN MNEeCKOCTPYMHYD 06paboTKym
KUCNIOTHOe  TpaBneHue.  [peumyllectBa  MMMIaHTaTOB
C MApPOOUIbHOM HaHOCTPYKTYPHOM MOBEPXHOCTbLIO BbIBEN
WX B IMAEPbI CNycTs 3 HeAenn nocie MMMIaHTaLuK, NoKasas
30%-Hoe yBe/nMYeHMe MNOoWAAM KOHTAKTHOM MOBEPXHOCTU
uMmnnaHTata ¢ Kocteto (BIC) (55% BIC npotus 42%).
Mo npowectBum 6 Hedenb Mocsie ornepauuy 3Ta TeHAEHLMS
coxpaHunacb.  [losBomM  cebe  MpPeAnosioXKuTb,  YTO
onTuMM3aums  dasbl  3aKMBJIEHWMS  MOXKET  CO34aBaTb
NPeAnocblIKA AN PaHHEN HarpyskM TaKUX MMMIaHTaToB
Y YesiIoBeKa 3a CHET 6osiee BbICOKMM MoKasaTensm BIC, koTopble
SABNISOTCS pe3yibTaToM npsiMoro nencTems nm
0MocpeAoBaHHOIO BJIMSIHUS KacKafa peakuMi, MPOoMCXOasLLmX
npu B3aMMOENCTBUM paHeBoro 32XKUBJIEHUS
M HaAHOCTPYKTYPHOW  LLEPOXOBATOCTM  MOBEPXHOCTM  Kak
Ha KJIETOYHOM, TaK U Ha MOJIEKY/IIPHOM YPOBHE.

Bubaunorpadpus

1. Shibata Y, Tanimoto Y, Maruyama N, Nagakura M. A review of improved fixation
methods for dental implants. Part Il: biomechanical integrity at bone-implant
interface. J Prosthodont Res. 2015 Apr;59(2):84-95.

2. Smeets R, Stadlinger B, Schwarz F, Beck-Broichsitter B, Jung O, Precht C, Kloss
F, Grobe A, Heiland M, Ebker T. Impact of Dental Implant Surface Modifications on
Osseointegration. Biomed Res Int. 2016.

3. Scarano A, Piattelli A, Quaranta A, Lorusso F. Bone Response to Two Dental
Implants with Different Sandblasted/Acid-Etched Implant Surfaces: A Histological
and Histomorphometrical Study in Rabbits. Biomed Res Int. 2017.

4. Moon BS, Kim S, Kim HE, Jang TS. Hierarchical micro-nano structured Ti6Al4V
surface topography via two-step etching process for enhanced hydrophilicity and
osteoblastic responses. Mater Sci Eng C Mater Biol Appl. 2017 Apr 1; 73:90-98.

5. Coelho PG, Takayama T, Yoo D, Jimbo R, Karunagaran S, Tovar N, Janal MN,
Yamano S. Nanometer-scale features on micrometer-scale surface texturing: a bone
histological, gene expression, and nanomechanical study. Bone. 2014 Aug; 65:25-32.
6. Gittens RA, Mclachlan T, Olivares-Navarrete R, Cai Y, Berner S, Tannenbaum
R, Schwartz Z, Sandhage KH, Boyan BD. The effects of combined micron-/
submicron- scale surface roughness and nanoscale features on cell proliferation and
differentiation. Biomaterials. 2011 May;32(13):3395-403.

7. Kanai R, Kuroshima S, Kamo M, Sasaki M, Uto Y, Inaba N, Uchida Y, Hayano
H, Tamaki S, Inoue M, Sawase T. Effects of surface sub-micrometer topography

following oxalic acid treatment on bone quantity and quality around dental implants
in rabbit tibiae. Int J Implant Dent. 2020 Nov 27;6(1):75.

8. Berger MB, Bosh KB, Jacobs TW, Joshua Cohen D, Schwartz Z, Boyan BD.
Growth factors produced by bone marrow stromal cells on nanoroughened titanium-
aluminum-vanadium surfaces program distal MSCs into osteoblasts via BMP2

signaling. J Orthop Res. 2020 Oct 1.

9. Mendonga G, Mendonca DB, Aragdo FJ, Cooper LF. Advancing dental implant
surface technology--from micron- to nanotopography. Biomaterials. 2008
Oct;29(28):3822-35. doi: 10.1016/].biomaterials.2008.

10. Wilkinson A, Hewitt RN, McNamara LE, McCloy D, Dominic Meek RM, Dalby MJ.
Biomimetic microtopography to enhance osteogenesis in vitro. Acta Biomater. 2011
Jul;7(7):2919-25.

11.Azeem A, English A, Kumar P, Satyam A, Biggs M, Jones E, Tripathi B, Basu N, Henkel
J, Vaquette C, Rooney N, Riley G, O'Riordan A, Cross G, Ivanovski S, Hutmacher D,
Pandit A, Zeugolis D. The influence of anisotropic nano- to micro- topography on in
vitro and in vivo osteogenesis. Nanomedicine (Lond) 2015;10(5):693-711.

12.Huang L, Luo Z, Hu 'Y, Shen X, Li M, Li L, Zhang Y, Yang W, Liu P, Cai K. Enhancement

of local bone remodeling in osteoporotic rabbits by biomimic multilayered structures
on TibAI4V implants. J Biomed Mater Res A. 2016 Jun;104(6):1437-51.

13. Hyzy SL, Cheng A, Cohen DJ, Yatzkaier G, Whitehead AJ, Clohessy RM, Gittens
RA, Boyan BD, Schwartz Z. Novel hydrophilic nanostructured microtexture on direct
metal laser sintered Ti-6Al-4V surfaces enhances osteoblast response in vitro and
osseointegration in a rabbit model. J Biomed Mater Res A. 2016 Aug;104(8):2086-98.

14. Mapara M, Thomas BS, Bhat KM. Rabbit as an animal model for experimental
research. Dent Res J 2012;9:111-118.

15. Yang GL, He FM, Yang XF, Wang XX, Zhao SF. Bone responses to titanium implants
surface-roughened by sandblasted and double etched treatments in a rabbit model.
Oral Surg Oral Med Oral Pathol Oral Radiol End 2008;106:516-524.

16. Le Guehennec L, Goyenvalle E, Lopez-Heredia M-A, Weiss P, Amouriq Y, Layrolle
P. Histomorphometric analysis of the osseointegration of four different implant

surfaces in the femoral epiphyses of rabbits. Clin Oral Implants Res 2008;19:1103-

1110.

17. Gotz HE, Muller M, Emmel A, Holzwarth U, Erben RG, Stangl R. Effect of surface
finish on the osseointegration of laser-treated titanium alloy implants. Biomaterials

2004;25:4057-4064.

18. 57. Coelho PG, Granjeiro JM, Romanos GE, Suzuki M, Silva NRF, Cardaropoli

G, Thompson VP, Lemons JE. Basic research methods and current trends of dental
implant surfaces. J Biomed Mater Res B Appl Biomater 2009;88B:579-596.

19. 58. Sollazzo V, Pezzetti F, Scarano A, Piattelli A, Bignozzi CA, Massari L, Brunelli
G, Carinci F. Zirconium oxide coating improves implant osseointegration in vivo. Dent
Mater 2008;24:357-361.

20. 59. Pearce Al, Richards RG, Milz S, Schneider E, Pearce SG. Animal models for
implant biomaterial research in bone: A review. Eur Cell Mater 2007;13:1-10.

995-0438 R1 03/2022



