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PaspaboTaHa TeEXHONOr1s 1a3epHOro
¢opmmMpoBaHMS GUOCOBMECTUMOM

Mop¢$on0rmm NoBepXHOCTU TUTAHOBbIX
AeHTaNbHbIX UMNAaHTaToB. OHa o6ecneynBaeT
rmapodunbHyIo CTPYKTYpPY NOBEPXHOCTH,
obnapatoLLyo 04HOBPEMEHHO MUKpPO-

M HaHopenbedoMm. PaboTa npeacrassieHa B ABYX
yacTax. B nepBoi 4actu npmBefeHo 060CHOBaHUe
¢unsnyecknx u GyHKLUOHAbHbIX CBOMCTB,
KOTOpbIMU J0/KHa 061aaaTh 6MocoBMecTMMas
NOBEPXHOCTb UMMN/IAHTATOB. C NOMOLLbIO
lazepHOro CTpyKTypupoBaHWs HA MOBEPXHOCTHU
TUTAHOBbIX AEHTa/IbHbIX UMIMJIAHTATOB 6b11N
copmmpoBaHbl cyneprugpoduiibHblie pesibedbl
MUKPO- M HAHOMacLwTaba. Mepuopg CTpyKTYp

B BUAe JIYHOK COCTaBnsAA 50 MKM, B BUge
KaHaBok — 30 MkM. MpepacTaBneHbl pesynbTaThl
uccnepoBaHUsa GU3NKO-XUMUYECKUX CBOUCTB
6nocoBmecTUMoin Mop¢0o10rum NOBEPXHOCTU

KntoueBble cnoBa: eHTaIbHbIE UMMNAHTATDI,
NpUXMBAEMOCTb, Na3zepHas 0bpaboTka
NOBEPXHOCTU, AOK/INHNYECKME NCCNed0BaHNS,
in vitro, in vivo, NOJHLIA LKA NPON3BOACTBA

CTtaTbd noctynuna: 04.06.2020
MpuHaTa K nybamkaunm: 24.06.2020

462 ®OTOHMKA TOM 14 Ne 52020

CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey
m TEXHOJIOTUU U TEXHOJIOTMYECKOE OBOPYOBAHUE 1
CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey

Laser Technology

for Structuring

the Surface of Dental
Titanium Implants
Part 1
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We have developed a method for the laser
formation of a biocompatible surface
morphology of titanium dental implants,
providing a hydrophilic surface structure that
has both micro- and nanorelief. We present

this work in two parts. In this first part, we
substantiate the physical and functional
properties of biocompatible implant surface.
Using laser structuring on the surface of
titanium dental implants, superhydrophilic
reliefs of micro- and nanoscale were formed. The
period of structures in the form of holes was

50 pm, and 30 pm in the form of grooves. The
results of a study of the physical and chemical
properties of biocompatible surface morphology
are presented.
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INTRODUCTION

Is dental implantation successful today

In modern dentistry, one of the most popular, ver-
satile and effective methods of treatment is dental
implantation. It allows you to solve not only the func-
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BBEOEHWE
YcnewHa num AeHTa/ibHas UMMJ1aHTaLUuA
cerogHs
B coBpeMeHHOI CTOMATOJIOTHH OOHHUM M3 CaMBbIX IIOITy-
JISIPHBIX, YHUBEPCAIBHBIX U 3QPEeKTUBHBIX METOLOB
JIeYeHUSs SIB/ASETCsS AeHTajabHas HMIDIaHTalus. OHa
[I03BOJISIeT PelllMTb He TOMbKO QYHKIMOHAJIbHBIE IIPO-
6leMBI IIOIOCTH PTa, HO W BEPHYTh IIePBOHAYAIBHBIM
VI TIpUAATh 60jee 3CTeTUYHBIN BHENIHUI B MAllU-
eHTaM. CoIJlacHO MapKeTHHIOBOMY oTueTy (1] o cocTo-
sSHHIo Ha 2015 roxn B Poccuu obpeM PBIHKA JeHTa/IbHBIX
MMIUIQHTAaTOB COCTABHJI IOPsAKA 540 ThHIC. LIT., & OXKH-
JaeMBbIH 06beM PpBIHKA K 2020 romxy coctaBuT 0,8-1 MIH
mT. OJHAaKO Jaleko He KaXKOBIM M3 yCTaHOBIEHHBIX
MMIUIQHTaTOB IIPIDKMBaeTCs. Ilo cTaTUcTHKe 95% [2]
YCTAaHOBJIEHHBIX MMIUIAHTATOB C YCIIEXOM (PYyHKIIMOHM-
PYIOT B OpraHH3Me Becb CpPOK CTY>KOBI — 0T 10 fo 15 stet -
IIPU YeTKOM COONIONEHUM BCeX PeKOMEHIAIUI Bpava.
C OmHOM CTOPOHBI, ITPOLIEHT ITPHKHMBAEMOCTH MAOCTa-
TOYHO Be/IMK, HO 3TO TaKoke O3HayaeT, YTO IIATephIM
MMallMeHTaM M3 CTa IIPUAETCS [IOBTOPHO IIPOBOLUTH OIle-
PALIMIO C yCTAaHOBKOK HOBOI'O UMIUIAHTATA HIIH, YTO elle
XysKe, CTOJIKHYTHCS C HeIpeaBHAEHHBIMH OCIOXKHEHM-
SMU B BHUJle HUHQEKIUH, [I0TepU KOCTHOU TKaHU U [Ip.,
COITPOBOMKAAIOMIMX HeyNAYHYI0 MMIUIAHTAllU0. OCHOB-
HBIMH GaKTOpaMHU, OIpeNeNsSOlMMH YCIIeIIHOCTh
OYHKIIMOHUPOBAHMS NMIUIAHTATA, SBJ/ISIOTCSA: KaueCTBO
IIpOBeleHHOM HMIUIAHTAllMH, THTHeHa IIOJIOCTH pTa
B IIpoLiecce 3KCIUIyaTallMM HMMIUIAHTA, a TakKKe Xapak-
TEPUCTUKH CaMOro MMIUIaHTaTa (Martepuan, dopma,
CTPYKTypa ero IIOBepXHOCTH). Eciu mepBele ABa dak-
TOpa OIIpefeNsioTcs KBanHUKallHel Jedallero Bpaya
Y OTBeTCTBeHHBIM IIOAXOL0M IallHeHTa, TO B CHIaX IIpo-
H3BOJUTe/NTeH MMIUIAHTATOB Y/IyYLIUTh XapaKTePHUCTUKU
€ro IMOBepXHOCTH. TakuM 06pa3oM, Ha CErOmHSIIHHI
IeHb CyLlecTBYyeT I710b6asbHast LIeNb — IIOBBICUTD CTeIIeHb
6HOCOBMECTUMOCTH THUTAHOBBIX [JEHTA/IBHBIX HMMILIAH-
TaTOB U CPOK HX CTY3KOBI.

Llenplo HacTosimed paboThl sIBiseTcs paspaboTka
TeXHOJIOTHUH JIa3epHOro GOPMHPOBAHUSA MOPHOIOTHHU
IIOBEPXHOCTU TUTAHOBBIX JEHTAIbHBIX HMMIIJIAHTOB.

Kakom gomkHa 6biTb MOBEPXHOCTb UMMJIAHTaTa
CTemleHb ycllexa HMHTETPallMM HMIUIAHTaTa B TeJNO
IalMieHTa B 3HAYUTEeJIBHOM Mepe 3aBHCHT OT AH3aiHa
VMMIUIAaHTATa MU CTPYKTYPBl €r0 IIOBEPXHOCTH, KOTOpas
OymeT HeIocpeACTBEHHO KOHTAaKTHPOBATh C KOCTBIO.
B KauecTBe MaTepHasa [yisl JeHTAIbHBIX MMILIAHTATOB
HauboJlee 4acTo IPUMEHSIOTCSI TUTAHOBbIE CIUIaBHI 61a-
rofiapsi UX BBICOKHM IIPOYHOCTHBIM K KOPPO3HOHHBIM
XapaKTepUCTHKAM, a TakKe MII0A/IePreHHOCTH CaMOro
TUTaHa (3]. KpoMe TOro, TUTaH SIBJISIETCS] PeaKIIMOHHO-
CIIOCOOHBIM MaTepHAIOM U CIIOHTAaHHO 0bpasyeT yCTOM-
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tional problems of the oral cavity, but also to return
the original or give a more aesthetic appearance to
patients. According to the marketing report [1], as of
2015, the market volume of dental implants in Rus-
sia amounted to about 540 thousand pieces, and the
expected market size by 2020 will amount to 0.8-1
million pieces. However, not all of the installed
implants take root. According to statistics, 95% [2] of
the installed implants successfully function in the
body for the entire service life - from 10 to 15 years,
with strict adherence to all the doctor’s recommenda-
tions. On the one hand, the implant success is quite
high, but this also means that five out of a hundred
patients will have to re-operate with the installa-
tion of a new implant or, even worse, face unfore-
seen complications such as infection, bone loss, etc.
accompanying unsuccessful implantation. The main
factors determining the success of the functioning
of the implant are: the quality of the implantation
performed, oral hygiene during the operation of the
implant, as well as the characteristics of the implant
itself (material, shape, structure of its surface). If the
first two factors are determined by the qualifications
of the attending physician and the patient’s respon-
sible approach, then it is up to the implant manu-
facturers to improve the characteristics of its sur-
face. Thus, today there is a global goal - to increase
the degree of biocompatibility of titanium dental
implants and their service life.

The aim of this work is to develop a technology for
laser formation of the surface morphology of tita-
nium dental implants.

What implant surface should be like

The success of the integration of the implant into
the patient’s body largely depends on the design of
the implant and the structure of its surface that will
directly contact the bone. As a material for dental
implants, titanium alloys are most often used due
to their high strength and corrosion characteris-
tics, as well as the hypoallergenicity of titanium
itself [3]. Moreover, titanium is a reactive material
and spontaneously forms a stable dense oxide film on
its surface, which increases the biocompatibility of
the implant [4]. As for the relief of the implant sur-
face, scientists have unequivocally established that
structured implants have better adhesion to the bone
tissue (due to an increase in the contacting surface
area) than polished ones [5]. The rough surface of
the implant activates the growth of bone tissue into
it, the microrelief facilitates the adhesion of bone
tissue cells to the surface, and the nanorelief pro-
motes adhesion of proteins to the surface [6]. It is also
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YHBYIO IVIOTHYIO OKCHHYIO IIJIEHKY Ha CBOEL [TI0BEPXHO-
CTH, YTO IOBBIIIaeT 60COBMEeCTUMOCTb UMIUIAHTAaTa [4].
YTo Ke KacaeTcs penbeda IMOBEPXHOCTH MMIUIAHTATA, TO
yUYeHBIMU OJHO3HAYHO YCTaHOBJIEHO, YTO CTPYKTYpH-
POBaHHbIe HMIUIAHTAThl O00JIAAAIOT JIYYIIUM CLerie-
HHeM C KOCTHOM TKaHBIO (3a cUeT yBeJTM4yeHUs IUIOMaAu
[IOBEPXHOCTH CLIEIUIeHHUS]), YeM IIOIMpoBaHHEIe [5]. Pas-
BUTas IIOBEPXHOCTh MMIUIAHTATA aKTUBHU3UPYET IIPO-
pacTaHHe KOCTHOM TKaHH BHYTPb Hero, MHKpopenbed
obserdaer ClLieIUIeHHe KJIeTOK KOCTHOM TKaHH C IT0BepX-
HOCTBIO, 2 HaHopenbed CIIOCOOCTBYeT aire3vu 6enkoB
K II0BEPXHOCTH [6]. CyIlieCTBeHHO TaKKe, UTO [/l YCIIell-
HOT'O B3aMMOJIEeHCTBHSI UMIUIAHTAaTa C KJIETOYHBIMU dJ1e-
MeHTaMH U 6HOTOrM4ecKUMU SKHIKOCTSIMHU, 0CODeHHO
Ha PaHHMX 3TallaX OCTEOMHTErPaliiH, ero IoBePXHOCTh
IOJKHA OBITE TUIPOHITBHOM [7].

B xauecTBe MaTepHaja MMIIIAHTAaTa MBI OCTAHOBH-
JIMCh Ha TUTAaHOBOM cIlaBe Ti-6A1-4V, KOTOPBIL LIHPOKO
[IPUMEHSETCS B IIPOM3BOJCTBE JEeHTAIbHBIX MMILIAHTA"
TOB. [l obecriedeHMst 61OCOBMECTUMOCTH MMIIJIaHTATa
6pUIa IOCTaB/IeHA 33flavya IONYyYHTb THMAPOHUIIBHYIO
CTPYKTYPY IIOBEPXHOCTH, 00JIa/IAIONIYI0 HePaPXHUIeCKUM
MUKPO- ¥ HAaHOPeIbedhoM.

Kakne metopbl NpUMEHSIIOTCS A5 CO38aHUSA
6MocoBMecTMMoro NOKpbITUA

Ha cerogHSIIHKUH [eHb MONYISPHBIM METOLOM CTPYK-
TYPUPOBAaHHS KMMIUIAHTATOB OCTaeTCsl IEeCKOCTPYHHAas
obpaboTka [8], cyTh KOTOPOM 3aKIIOYAETCS B CO3IAHUMU
HeyTIOpsIIOUYeHHOr0 Pa3BUTOro penbeda myreM 6ombap-
OUPOBKHU II0BEpXHOCTH CTpPyeH IIOPOLIKAa, HaIlpaBise-
MO¥ I107I, faB/eHHeM. [IJIsl 9THX Lie/lekl 0ObIYHO KCIIO0/b-
3yIOT IIOPOLIKU THIPOKCHAIIATHUTA, OKCUAA aTIOMHUHUS
U Op. 3a IecKOCTPYMHOM 06paboTKoM B OONBLIMHCTBE
CllydaeB C/leflyeT KHUCTIOTHOe TpaBleHHe 06paboTaHHOM
[IOBEPXHOCTH [IsI yHOaleHHs OCTaTKOB IIOpoIIKa [9].
TaxuM 06pa3oM, JAHHBIN MeTOJ CTPYKTYPHPOBaHUS He
HCK/II0YAeT OCTAaTOYHbIe 3aIrpPsA3HEHMS Ha II0BePXHOCTH
06paboTaHHOr0 MMIITAHTATA.

Taoke CcoBCeM HeNABHO NIBEHIIApCKas KOMIIA-
Hus Nobel Biocare™ mpencraBuia Ha peIHKe HOBBIH
OU13aMH [I0BePXHOCTH MUMIUIAHTATA, YIy4MIAOMUH ero
OCTeOMHTerpalltIo 3a cYeT GpOPMUPOBAHMS 30H C pas-
NMUYHOM Mopdosorven: abaTMeHT C HaHOIOPHCTBIM
(pasmep HAHOCTPYKTYp 69+48 HM) IMIAfKUM (IIEpOXO-
BaToCTh Sa=0,13+0,02 mMkM; Sdr=1,7+1%) OKCUIHBIM
IIOKPBITHEM (TONIIMHA OKCHAHOrO s1osi 153+5HM);
IIeHKa CO CXOKMMH abaTMEHTy XapaKTepHUCTHKAMU
roBepxHocTH (Sa 0,49+0,03 MKM, Sdr 2,1+1,0%, pas-
Mep HaHOCTPYKTYPp 43+21 HM, TO/IIIHHA OKCHIHOTIO CJI0s
142+17 uM); IepexofHas 30HAa C MeHSIOIIeHCS K Bep-
IIMHe UMIUIAHTAaTa [IepoXoBaTocThio (0T Sa=0,92+0,16
MKM u Sdr=107,2+31,5% Kk Sa=1,49+0,19 MKM

464 ®OTOHMUKA TOM 14 Ne 52020

CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey
TEXHOJIOTUU U TEXHOJIOTMYECKOE OBOPYOBAHUE 1
CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey

important that for the successful interaction of an
implant with cellular elements and biological fluids,
especially at the early stages of osseointegration, its
surface must be hydrophilic [7].

As an implant material, we decided on the tita-
nium alloy Ti - 6A1-4V, which is widely used in the
production of dental implants. To ensure the biocom-
patibility of the implant, the task was set to obtain
a hydrophilic surface structure with a hierarchical
micro- and nanorelief.

What methods are used to create

a biocompatible coating

Today, a popular method of structuring implants is
sandblasting [8], the essence of which is to create a
disordered rough relief by bombarding the surface
with a powder jet directed under pressure. For these
purposes, powders of hydroxyapatite, aluminum
oxide, etc. are usually used. In most cases, sandblast-
ing is followed by acid etching of the treated surface
to remove powder residues [9]. Thus, this structuring
method does not exclude residual contamination on
the surface of the treated implant.

Also, quite recently, the Swiss company Nobel
Biocare™ introduced on the market a new design of
the implant surface, which improves its osseointe-
gration by forming zones with different morpholo-
gies: an abutment with nanoporous (nanostructure
size of 69+48 nm) smooth (roughness Sa=0.13+0.02
pm; Sdr=1.7+1%) with an oxide coating (the thick-
ness of the oxide layer is 153+5 nm); a neck with
surface characteristics similar to the abutment
(Sa 0.49+0.03 pm, Sdr 2.1+1.0%, nanostructure size
43+21 nm, oxide layer thickness 142+17 nm); transi-
tion zone with roughness varying to the apex of the
implant (from Sa=0.92+0.16 pm and Sdr=107.2+31.5%
to Sa=1.49+0.19 pm and Sdr=172.7+18, 0%) and the
thickness of the oxide layer of the transition zone is
7.2+0.3 pm and the vertices are 9.9+1.3, the size of
the micropores of the transition zone: 1.1+0.5 pm,
the vertices: 1.7+1, 1 pm [10].

As the authors note, the oxide layer on the surface
of the implant neck and abutment provides additional
bactericidal properties to the implant during the
period of its survival in the body. Regulation of the
roughness value, pore size, nanostructures, as well
as the chemical composition of the implant surface
is carried out by fine-tuning the anodizing modes,
selecting the current value and a suitable electrolyte.
The listed values of structural elements and rough-
ness values are taken from the source [10]. It should
be said that often, during the anodizing process,
strong acids are used, for example, H,SO,, H;PO,, HF,
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U Sdr=172,7+18,0%) 1 TOJNILHMHON OKCHUIHOIO CJIOS repe-
XOIHOM 30HBI 7,2+ 0,3 MKM U BepIIKUHEL 9,9+1,3, pa3mep
MMKPOIIOp I1epexofHOM 30HbI: 1,1+0,5 MKM, BepIIHUHbL:
1,7+1,1 mxm [10].

Kak oTMe4aroT aBTOPbI, OKCHJHBIM CI0M Ha IOBepX-
HOCTH LIeMKH UMIUIAHTaTa U abaTMeHTe obecrieurBaeT
IOIIONTHUTeIbHBIe OaKTepHUIMIHbIe CBOMCTBA HMIUIAH-
TaTy B IIEPHOJ, €ro IIPUKMBAEMOCTH B OpraHusme. Pery-
JIUPOBaHME BEeIMYHHBI IIEPOXOBATOCTH, pa3mMepa IIop,
HAHOCTPYKTYP, a TaKKe XMMHUYECKOIO COCTaBa I10BEpX-
HOCTH HMIUIAHTaTa OCYILeCTB/ISIeTCS IIyTeM TOHKOH
HACTPOMKU PEXKHMOB aHOLHPOBAHMUSI, Iofbopa Beu-
YMHBI TOKA U IOAXOISINEro 3/1eKTponuTa. [lepeyncien-
Hble BEJIMYMHBI CTPYKTYPHBIX JIeMEHTOB M 3Ha4YeHUs
IIePOXOBATOCTEH B3AThl M3 MCTOYHHUKA [10]. CTOMT cKa-
3aTh, YTO 3a4acTyI0 B XOJe IIpoLiecca aHOOWPOBaHHUSA
KICIIOJIB3YIOTCSL CHJIBHBIE KMCIOTHI, HampuMmep H,SO,,
H;PO,, HF, HNO;, KOTOpbIe MOI'YT OCTaBaThCS B IIOpax
Ha IIOBEPXHOCTH JaKe IIOC/e CTepHIM3allMy HMMILIaH-
Tata [11], YTO OTpHMLIATeNbHO CKa3blBaeTCsi Ha OHOCOB-
MeCTUMOCTH. B pabore [12] 3amedeHO, 4TO Ha aHOLHU-
POBAaHHOM THUTAaHOBOM HMMIUIaHTaTe KoMIaHHUU Nobel
Biocare™ Habnropaercs comepskanue docoopa. MosKHO
[IPeAIIOJIOXKUTh, YTO 3TOT PaKT YKa3hbIBaeT Ha MCIIONb30-
BaHHe QocdopcomepsKalller KHCIOTbI B KadecTBe 3JIeK-
TPOJIMTA B JAHHOL TeXHOJIOTHH.

Cpenu coBpeMeHHBIX ITPOM3BOAUTE/IEN JEeHTAJIbHBIX
HMMIUIAHTaTOB HEOOXOIMMO OTMETHUTh KOPEHCKYI0 KOM-
manuo CSM, KOTOpas BBejla Ha PHIHOK MMIIIAHTAThI
C IIOBEPXHOCTBIO, MOAUGUIIMPOBAHHOM JIa3epHOM 0bpa-
60TKOM. B pe3y/nbTaTe BO3IEHCTBHS U3/ydeHUs TBEPHO-
tenpHOro Nd: YAG 7asepa, B OOUH TeXHOJIOTHYeCKHUM
Tamn, 0e3 MCIIOb30BaHHMS XMMHUECKHUX PeareHToB, Ha
IIOBePXHOCTH MMIIIAHTaTa GOPMHUPYETCs YIOPSAA0UYeH-
HBIF MHKpOpenbed B BHJIe IYHOK M KaHABOK, 61aromaps
KOTOPOMY MMIIJIAHTAThl AEMOHCTPUPYIOT IIPEBOCXOZ-
HYIO OCT@OMHTEIPal[MOHHYI0 CIIOCOOHOCTh M QYHKIIU-
OHa/IbHYIO CTabUIBHOCTH [13]. Takke H3BECTHO, UTO
CTPYKTYpbl, HHAYLIMpyeMble JIa3ePHBIM BO3[eHCTBHEM
Ha BO3/Iyxe, 00/1a/IaloT XOpOILIeH M3HOCOCTOMKOCTBIO 3a
CUeT CofeP>KaHMUsI OKCUHUTPUIOB TUTaHa [14],

MbI TaKKe CYHMTaeM, YTO METOIbl Ha OCHOBE Jia3ep-
HOTO BO3/I€HICTBUSI Haubosee IepCIIeKTHBHBI IJIS CO3-
OaHus 6HOCOBMECTHMOM IIOBEPXHOCTH MMIUIAHTATA.
HeocropuMBIM /IOCTOMHCTBOM JIa3epHOM 06paboTKH
SBJISIETCS TO, YTO peibed ITOBEPXHOCTH (GOpMHUPYyeTCS
3a C4YeT MCIIapeHMs CaMOro MaTepuia, 6e3 KCIIonb30Ba-
HUS CTOPOHHUX MaTepPHUAJIOB I 06paboTKH, TAKHUX KaK
KOPYH/ZIOBBIe YacTULbl AL,O;, U XMMHUYeCKUX peareHToB,
Hanpumep, kuototr HCl u H,SO,, 4TO CHMKaeT pPHUCK
OTTOP>KeHMSI MMIIIAHTaTa M3-32 OCTATOYHBIX 3arps3-
HeHUM. KpoMme Toro, nasepHasi o6paboTka OTKpHIBaeT
GosbIIIKIe BO3MOSKHOCTH /IS IIOIy9YeHHUsI CJIOKHOM MHO-
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HNO;, which can remain in the pores on the surface
even after sterilization of the implant [11], which
negatively affects biocompatibility. In work [12], it
is noted that phosphorus content is observed on an
anodized titanium implant from Nobel Biocare™. It
can be assumed that this fact indicates the use of
phosphorus-containing acid as an electrolyte in this
technology.

Among the modern manufacturers of dental
implants, the Korean company CSM should be noted,
which introduced implants with a surface modi-
fied by laser treatment to the market. As a result of
exposure to solid-state Nd: YAG laser radiation, in
one technological stage, without the use of chemical
reagents, an ordered microrelief in the form of holes
and grooves is formed on the surface of the implant,
due to which the implants demonstrate excellent
osseointegration ability and functional stability [13].
It is also known that the structures induced by laser
action in air have good wear resistance due to the con-
tent of titanium oxynitrides [14].

We also believe that laser-based methods are the
most promising for creating a biocompatible implant
surface. The indisputable advantage of laser treat-
ment is that the surface relief is formed due to
the evaporation of the material itself, without the
use of third-party materials for treatment, such as
corundum particles Al,O;, and chemical reagents, for
example, HCl and H,SO, acids, which reduces the
risk of implant rejection due to residual pollution. In
addition, laser treatment opens up great opportuni-
ties for obtaining complex multilevel surface mor-
phology with a given chemical composition.

As a tool for treatment, we chose the domestic laser
complex MiniMarker™ 2, widely used in industry [15],
based on an ytterbium pulsed fiber laser. Metals
absorb the radiation of this laser with a wavelength of
1.06 microns quite well. The working range of power
densities I = [6.9-63] - 107 W/cm? makes it possible
to reach the evaporation temperature of titanium,
and the scanning system (galvanometric mirrors)
together with a focusing system (F-theta lens with a
reverse focal length of 216.1 mm) provides the ability
to form structures with complex morphology.

FORMATION OF A BIOCOMPATIBLE
STRUCTURE ON THE IMPLANT SURFACE

So far, there is no univocal opinion in the scientific
community about the most suitable surface for a tita-
nium dental implant [16]. It is obvious that the rough
surface relief is not the only criterion for optimal
osseointegration. The question remains, which type
of relief (ordered or disordered, consisting of holes, or
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FOypOBHEBOK MOPQOIOTHU IIOBEPXHOCTH C 3aJaHHBIM
XUMHYECKUM COCTaBOM.

B KauecTBe HMHCTpPyMeHTa [isi 06paboTKH MBI
BBIOP/TH IIHMPOKO HCIIOIB3YeMBIN B ITPOMBIIIIEHHOCTH
OTeYeCTBEHHBIM JIa3epHBIA KOMIUIEKC MuHUMapkep™
2 [15] Ha 6a3e uTTepOHEBOrO0 HMITY/IBCHOIO BOJIOKOH-
HOTO Jia3epa. MeTaJjuIbl JOCTATOYHO XOPOLIO ITOIVIOIAIOT
H3/Ty4eHHe JAaHHOIO Jla3epa C JJTMHOM BOMHBEI 1,06 MKM.
Pabouum pauarasod IUIOTHOCTeHM MOIIHOCTH [=[6,9-
63]-107 BT/ cM? 1103BOJISIET JOCTUYB TeMIIEPATYPhI HCIIape-
HHSI TUTaHa, a CKAHUPYIOI[asi CUcTeMa (Ta/IbBAHOMETPH-
yecKHe 3epKajla) COBMeCTHO ¢ GOKyCHpYIOIer CUCTeMOH
(F-TeTa-nnH3a ¢ 06paTHBIM (OKYCHBIM PacCTOSIHHEM
216,1 mM) obecrieqrBaeT BO3MOKHOCTh GOPMHPOBAHHS
CTPYKTYP CO C/IO>KHOHM MOPOJIOTHeH.

®OPMUPOBAHUE

BUOCOBMECTUMOW CTPYKTYPbI

HA NOBEPXHOCTU UMIMNIAHTATA

[Ioka B Hay4HOM COODOIIecTBe HeT OJHO3HAUHOIO MHe-
HHUS O TOM, KaKas IIOBePXHOCTb SBJISIeTCS CAMOK II0JIX0-
IAIIeH IS TUTAHOBOIO JeHTAJILHOrO MMIUIaHTaTa [16].
OueBUAHO, YTO Pa3BUTHIM pelbed MOBEPXHOCTH ~ 3TO
He e[MHCTBeHHBIN KPUTEpPHI JAjIsl ONTHMAaJbHOL OCTe-
OMHTerpalru. OCTaeTcsi OTKPBITBIM BOIIPOC, a KaKOM
HMeHHO THUII penbeda (yHOpSLOUEHHBIN HIH HeyIo-
PSOYEHHBIM, COCTOSIIMM M3 JYHOK MM KaHaBOK,
WIN KaKasi—To HWHas Mopdonorus) bymer Haubosee
610COBMECTHMBIM.

OcobblIt HHTepeC IIpefCTaBiseT penbed B BUe Iapasl-
JIeJIbHBIX MHKPOKAaHaBOK. Ilo CpaBHeHHIO C HeyIops-
JOYeHHBIM penbedoM, COOPMUPOBAHHBIM, HAIIPH-
Mep, IeCcKOCTPYHMHOM 06paboTKOM, MHKpPOKaHaBYaTas
IIOBEPXHOCTh OKa3bIBaeT BIUAHKE Ha II0BeIeHHe KIeTOK
TakUM 06pa3oM, YTO IIOCIeSHHe PAcTyT Ha II0BEPXHO-
CTH He XaOoTH4YHO, a “BBICTPAMBAIOTCS» BONb >KEI00-
KOB KaHaBOK [17-19]. Ba>KHBIMH ITapaMeTpaMH IIPH CO3-
OAHUU TaKoro penbeda SIBISIOTCA LIMPHHA, [1ybHHa
U IIepHoJ, KaHaBOK [20]. OT COOTHOLIEHHUS 3THUX BeIMYNH
3aBUCHUT, OyZeT 1M JaHHBIA penbed OKa3bIBAaTh BIIHS-
HHe, U KaKoe UMeHHO Ha II0BeJIeHHe KJIeTOK, B JaHHOM
Cllydae - HeHMPaJIbHbBIE CTBOJIOBBlE KIeTKH. B ciydae ke,
KOIZia IIKMPHHA KaHAaBOK MHOIO MeEHbIle WM 3Ha4yM-
TeIbHO 6osbllle pa3smepa KIETOK, a INIyOHMHa KaHAaBOK
MeHee 5 MKM, BK/IIOYAIOTCA Apyrye MeXaHUu3Mbl B3aHMO-
JercTBHs. M Torga mosefieHHe KIeTOK B 3HAYUTE/IbBHON
CTEeIeHH 3aBHUCHUT OT HaHOPa3MePHBIX CTPYKTYpP, B YacT-
HOCTH OT MX OpHMeHTalMH B IIPOCTpPaHCTBe. IloMHMO
3TOro, HaHOPa3sMepHbIe CTPYKTYPhI BAKUAIOT Ha afle3HIo
6e/IKOB K [I0BEPXHOCTH UMIUIAHTAaTa Ha PAHHUX CTaUsIX
OCTeOMHTerpaliuu (21, 22], oT KOTOPBIX, B CBOIO O4epenb,
3aBHUCUT KOHeYHOe pOpMHPOBaHHEe HOBOOOPAa30BaHHOL
KOCTHOM TKaHH.
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grooves, or some other morphology) will be the most
biocompatible.

The relief in the form of parallel microgrooves is
of particular interest. In comparison with the disor-
dered relief, formed, for example, by sandblasting,
the micro-grooved surface influences the behavior of
cells in such a way that the cells do not grow chaoti-
cally on the surface, but “line up” along the grooves
of the grooves [17-19]. Important parameters for cre-
ating such a relief are the width, depth and period
of the grooves [20]. The ratio of these values deter-
mines whether a given relief will have an impact,
and which one, on the behavior of cells, in this
case, neural stem cells. In the case when the width
of the grooves is much less or much more than the
size of the cells, and the depth of the grooves is less
than 5 pm, other interaction mechanisms are acti-
vated. Then the behavior of cells largely depends on
nanoscale structures, in particular, on their orienta-
tion in space. In addition, nanoscale structures affect
the adhesion of proteins to the implant surface at the
early stages of osseointegration [21, 22], which, in
turn, determine the final formation of newly formed
bone tissue.

Thus, we hypothesize that the optimal surface
morphology for titanium implants will be a struc-
ture with elements of supracellular size (20-40 pm).
Because it provides a certain mobility (motor activ-
ity) of cells and is equipped with a substructure of a
smaller (nanometric) size, the function of which is to
ensure the possibility of metabolism: air access and
removal of soluble waste products (which may require
hydrophobic channels). An example of such a struc-
ture on titanium is the structure formed during the
deposition of ablation and oxidation products of tita-
nium in air (Fig. 1) on the initial titanium surface.

Even if we accept the above hypothesis, the ques-
tion still arises as to what type of relief will be opti-
mal: extended grooves or individual dimples peri-
odically located on the surface, or something else. In
studies with neurons [23], it was found that different
types of reliefs are capable of influencing cell behav-
ior. Only an extended relief in the form of grooves
promotes contact guidance of cells. Studies of the dif-
ferentiation of mesenchymal stem cells (MSCs) into
the osteogenic group, for example, into osteocytes,
are not found in the literature data similar to this
work [23].

In this study, we formed structures of two types:
dimples (L-structure) and grooves (K-structure). The
period, width and depth of the structures were from
20 to 40 pm. Both types of structures were formed
with an X-axis pulse overlap of about 95%.
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TaxuM 06pa3oM, Mbl BbIIBUTaeM THIIOTe3Y, YTO OIITH-
MaJIbHOM MOPQOIOTrHeli MOBePXHOCTH ISl TUTaHOBBIX
MMIIJIaHTAToOB Oy[eT CTPyKTypa C leMeHTaMU HafK/e-
TOYHOro pasmepa (20-40 MKM). IloTomy 4TO OHa Obe-
CIleuHBaeT OIpefle/leHHYIO IIOJBKKHOCTh (IBUTraTeNlb-
HYI0O aKTHUBHOCTB) KJIETOK M CHabXkeHa CybCTPyKTYpoO
MeHbIIero (HaHOMETPHUYEeCKOro) pasmepa, OyHKIHS
KOTOpO¥ — obecrievyeHre BO3MOXKHOCTH 0OMeHa BelllecTB:
TOCTYI BO3/lyXa M OTBOJ, PACTBOPUMBIX IIPOJYKTOB KK 3-
HeJesTelTbHOCTH (IS Yero MOTYT IIOHALOOUThCS THAPO-
¢dobHBIe KaHaBl). [IprMepoM IOJOOHOM CTPYKTYpPBL Ha
TUTAHe SIB/ISIeTCS CTPYKTypa, obpa3oBaHHas B IIpoliecce
OCa’KIIeHMS! IIPOAYKTOB ANl U OKHCIeHUS THTaHa
B Bo3ayxe (pHUC. 1) Ha MCXOHYIO [I0BePXHOCTb TUTAHA.

Jlaxke ecnu IPUHATH BbINIe0603HAYEHHYIO THIIOTe3Yy,
TO BCe PaBHO BO3HHKAaeT BOIIPOC: KaKOH THUII pebeda
OymeT ONTHMATBHBIM — IIPOTSDKEHHBIE KaHABKU H/IH
OTHe/IbHBbIE JIYHKH, IIePHOJUYHO PACIIONIOKEHHbIe Ha
[IOBEPXHOCTH, MM KAaKOM-TO ellle. B HcclenoBaHUSX
C HelpoHaMH [23] 6pUIO BBLISICHEHO, YTO pasHble THIIBL
penbedoB CrIoCOOHBI OKa3blBaThb BIMSIHHME Ha IIOBefe-
HHe KIeToK. Ho JHIIb HNPOTSUKeHHBIM penbed B BHUIE
KaHaBOK CIIOCOOCTBYeT KOHTAKTHOMY IIOBEEHHIO Kie-
TOK. [Tomo6HBIX JaHHOM paboTe [23] uccnenoBaHuil gud-
bepeHLIMPOBKU Me3eHXHMAaJIbHBIX CTBOJIOBBIX KJIETOK
(MCK) B OCTeOreHHYIO TPYIIILy, HAIIPUMEP B OCTEOLIUTEHI,
B JINTEPATyPHBIX JAHHBIX He BCTPeYaeTcs.

B HacroseM HCCIeSOBaHHUM HaMH ObUTH CHOPMH-
POBaHBbI CTPYKTYpPHl ABYX THUIIOB: JYHKH (JI-CTpyKTypa)
1 KaHaBKU (K-cTpykTypa). Ilepron, MUpHUHA U ITybrHA
CTPYKTYp cocTaBK/Ia oT 20 10 40 MKM. O6a THIIa CTPYKTYP
6bUTH CHOPMHPOBAHBI ITPU IIePEKPLITHH UMITYJIBCOB I10
ocu X mmopsiaka 95%.

YnopsimodeHHast JI-CTpyKTypa IpefcTaBisieT coboH
COBOKYITHOCTB JIYHOK, B KOTOPBIX JO/DKHBI pasMeIaThCs
KIeTKU. JI-CTPyKTypa 6blIa I0Ty4deHa IIPU KCIIONb30Ba-
HUH J1a3€PHOT0 H3/Ty4eHUsI C IIOTHOCTBIO MOIIHOCTH
6,9:107 BT/cM? B IBYXITPOXO/IOBOM PeXHMe 06paboTKH.
JIyHKH PacIo/oKeHbl PaBHOMEPHO I10 BCekl II0BEPXHO-
ctu obpasta, a X AMAMETP COCTaBIIseT Iopsiaka 40
MKM. Ilepuon cTpyKTypel 50 MKM. Tak KakK AaHHBIH
penbed GopMUpyeTCsl IIPU HarpeBe ITOBEPXHOCTH BbIIIIe
[IOpOra MCIApeHHsl, TO IpPU IIePBOM IIPOXOfie Ja3ep-
HOT'O M3/1y4eHHs I10 IIOBePXHOCTH 06pa3lia IPOUCXOAUT
BBIHOC BellleCTBa U MOMeHTa/IbHOe 06pa3oBaHKe MUKPO-
penbeda B dopme KaHABOK. BToporl mpoxon Gpopmu-
pyeT Takue ke KaHaBKH, HO B OPTOIOHA/IbHOM HaIIpaB-
JIeHHH, aHAUIOTMYHBIM 00pa3soM C BBIHOCOM BelecTBa.
B Tex 0bnacTsiX MOBEPXHOCTH, Ie IIPOM30ILIO IIOIa-
IaHMe KMIIyJbCa H3/ydeHHsI OT BTOPOrO IIpoxofa Ha
VIMITYJ/IbC OT IIepBoro, 06pa3oBaanch yriybneHus B BUfe
JIyHOK. MeXAy JTyHKaMHM HaXOOUTCS 0671acTh, KOTOpas
6pU1a MOAHUGUIIMPOBAHA IIPH IIEPBOM IIPOXOfe JIa3ep-

=

An ordered L-structure is a set of wells in which
cells should be placed. The L-structure was obtained
using laser radiation with a power density of 6.9
x 107 W/cm? in a two-pass treatment mode. The
dimples are located evenly over the entire surface of
the sample, and their diameter is about 40 pm. The
period of the structure is 50 pm. Since this relief is
formed when the surface is heated above the evapo-
ration threshold, then during the first pass of laser
radiation over the sample surface, the substance is
carried out and the microrelief is instantly formed in
the form of grooves. The second pass forms the same
grooves, but in the orthogonal direction, in the same
way with the removal of the substance. In those areas
of the surface where the radiation pulse from the
second pass hit the pulse from the first one, depres-
sions in the form of dimples were formed. Between
the dimples is the area that was modified during the
first laser pass. Thus, a pronounced network struc-
ture is observed on the surface of the titanium alloy
(Fig. o).

To form a grooved K-structure, a multipass mode
with a power density of 63 - 107 W/cm? was used. As
mentioned above, cells of the same type can be of
different sizes and shapes within the same range
of values, which should be taken into account
when modeling the relief structure. Based on this,
the grooved structure was created in three passes
of laser radiation with the formation of parallel
grooves with a step of 30 pm from the beginning of
the previous groove. This mode of action was applied
in order to obtain grooves of different widths. Since
this type of structure was also obtained in modes
above the evaporation threshold, after the first pass,
arelief in the form of grooves appears on the sample
surface. After the second pass, a new groove was
formed, which partially overlapped the groove from
the first pass. The groove formed after the third pass
overlapped the groove formed by the previous one.
Thus, structuring of the gaps between the grooves
took place and the surface was completely filled
with structures, without gaps between the grooves
(Fig. 1b).

To study the modified surface, a scanning electron
microscopy (SEM) analysis was carried out using
a Zeiss Merlin microscope with additional Oxford
Instruments INCAx-act attachments and an Oxford
Instruments CHANNELS electron backscattered dif-
fraction (EBSD) recording system for X-ray microanal-
ysis. In fig. Figure 1 shows SEM images of the initial
(untreated) surface (P-structure) of titanium implants
(Fig.1a) and implants after laser treatment: K-struc-
ture (Fig.lb) and L-structure (Fig.lc). SEM images
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HOro u3ny4deHus. TakuM obpa3om, Habmomaercs spKoO
BbIpasKeHHas ceTyaTas CTPYKTYypa Ha IIOBEPXHOCTH THTa~
HOBOTO CIIaBa (puc. 1c).

Jnsg  GOpMHpPOBaHHS KaHaB4aTOM K-CTPyKTYpEI
HCIIOIb30BAJICSI MHOTOIIPOXOJOBBIM PEXHM C ILIOT-
HOCTBIO MOIIHOCTH 63107 Br/cm?. Kak 6bUIO CKa3aHO
BBIIIe, KIETKH ONHOIO THIIA MOIYT OBITH PasHOro pas-
Mepa U GOpMBI B IIpefiesax OGHOIO JHaIla3’oHa BeJIM-
YHH, YTO CJIeAyeT yYMUTHIBATh IIPU MOIE/IHPOBAHHU
CTPYKTyphl penbeda. Hcxonss M3 3TOro, KaHaBYaTas
CTPYKTypa 6blIa CO3[aHA 32 TPHU IIPOXOAA JIa3epHOIO
H3/IydeHHd ¢ GOpMHUpOBaHHEM IIapajUle/IbHBIX KaHa-
BOK C IIarom 30 MKM OT Havaja IIpeAbIayIlel KaHaBKH.
TakoM peXHM BO3IeHCTBUS ObLI IIPUMeHeH /IS TOro,
9TOOBI IIOTYYMUTh KAHABKM Pa3sHOM LIMPHUHBL. TaK Kak
5TOT THII CTPYKTYphl TOKe OBUI IIOJy4eH B PeKHUMax
BBIILIE ITOPOra UCIIAPEeHHU S, TO II0C/Ie IIePBOro IIPoXoaa Ha
[I0BEPXHOCTH 00pa3lia BO3HHUKAET penbed B BHIE KaHa-
BOK. Ilocie BTOporo Irpoxona 06pa3oBBIBaIach HOBAs
KaHaBKa, KOTOpas YaCTHYHO HaK/Ia-
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demonstrate the presence of reliefs of various scales
on the titanium surface: micro- and nanoreliefs.

Energy dispersive analysis showed the presence
of oxygen on structured surfaces (Table 1). This indi-
cates the presence of titanium oxide on the surface
of the implant. Specialists know that it also has good
biocompatibility.

The contact angle of the surface of all structures
was measured by illuminating the droplet with an
LED illumination source with a total power of 1 W and
a ToupCam high-resolution CCD camera. Distilled
water was used as a test liquid; the droplet volume
was 0.1 pL. The Digimizer software was used to deter-
mine the contact angle value [27]. Measurements
were carried out on three samples of each structure.
Photographs of deposited drops on surfaces are shown
in Fig. 2. According to the results of measurements,
the wetting angle of the titanium surface before
laser treatment was 70° (Fig. 2a). It is not possible to

ObIBAaCh Ha KAaHABKy OT IIEPBOTO
rnpoxofga. KaHaBka, 06pa3OBaHHa}1
Iocjie TpeThero IIpoxoja, HaKIafbl-
BaJIach Ha KaHaBKy, 06pa30BaHHYIO
npeabiymuM. Takum obpasom,
IIPOMCXOAUIO CTPYKTYPUPOBaHMe
IIPOMEXKYTKOB MeXAy KaHaBKaMHU
[ II0BEPXHOCTb IIOJTHOCTBIO 3aIION-
HSUIach CTPYKTypaMu, 6e3 3a30poB
MeKIy KaHaBoK (puc. 1b).

[ uccnemoBaHUsT MOTHUUIIN-
POBAaHHOM IIOBEPXHOCTH ObLI IIpO-
BefleH aHa/JIM3 MeTONOM CKaHHpY-
IOIEel 37IeKTPOHHOM MHKPOCKOITUH
(C3M) C WCIIONB30BaHHEM MHKPO-
ckoma Zeiss Merlin ¢ pmomonHu-
TeIbHBIMU IIpUcTaBKamu Oxford
Instruments INCAx-act ¥ cuCTe-
MOM PerucTpauuu Audpakiuu
obpaTHOpacCcessHHBIX 371eKTPO-
HOB (EBSD) Oxford Instruments
CHANNELS [ peHTreHOBCKOIO
MHKpoaHanu3a. Ha puc. 1 mpu-
BemeHbl COM-CHHMKHU  HCXO[-
HOM (Heo6paboTaHHOM) IIOBEpX-
HOCTH (II-CTPYKTypa) THTAHOBBIX
HMMIUIaHTaToB (pUC. la) U MMIUIaH-
TAaTOB IIOC/IEe JIa3ePHOM 00pabOTKH:
K-ctpykrypa (puc. 1b) u JI-ctpykTypa
(pI/IC. 1c). COM-CHUMKHU JeMOHCTPH-
PyIOT HajJHU4Ke Ha I10BEPXHOCTU
TUTaHa pesibeda pa3HOro Macmraba:

Puc. 1. COM-cHUMKU nogepxHocmu mumaHo8blX 0eHMAAbHbIX UMNAGHMAM08:
a) do nazepHoli 06pa6omku (M-cmpykmypa); nocie Ad3epHoli 06pa6omKku:

b) K-cmpykmypa; c) 1-cmpykmypa

Fig. 1. SEM images of the surface of titanium dental implants: a) before laser
treatment (P-structure); after laser treatment: b) K-structure; c) L-structure

MHUKPO- U HaHOpebeda.
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JHeproAuCIepCHOHHBIM aHa/IN3 II0Ka3aJl Halu-
yhe KHUCIOpoJa Ha CTPYKTYPUPOBAHHBIX IIOBEPX-
HOCTSX (Tabn. 1). DTO CBUAETENIbCTBYeT O HATHUYHUH
OKCHJA THTaHA Ha MOBEPXHOCTH HMIUIaHTaTa CIIer-
IMCTaM H3BECTHO, YTO OH TaKKe 0OIafaeT XOpOILIei
610COBMECTHMOCTBIO.

KpaeBoil yrom cCMadyuBaHHS II0BEPXHOCTH BCex
CTPYKTYp ObUI M3MepeH C IIOMOIIBIO IIOACBETKH KaIlIH
LED-MCTOYHHUKOM OCBelleHUSs cymmapﬂoﬁ MOIII-
HocThi0 1 BT m II3C-KaMephl BBICOKOIO paspelleHHs
ToupCam. B Ka4yecTBe TeCTOBOM >KHUAKOCTH HCIIONb30-
BaJIach JUCTH/UIMPOBAHHAS Boja, 06beM KaIUIM COCTa-
Bun 0,1 Mxi. I ompeneneHUss BeIMYHHBL YI/Ia CMa-
YMBaHUS HCIIONB30BAIOCh IIPOrpaMMHOe obecrieueHMe
Digimizer [27]. IIpoBOAMIMCH H3MepeHHsI IO TpeM
obpasiaM KaKHOHM CTPYKTypel. PoTorpaduu ocaskmeH-
HBIX KaIle/Ib Ha II0OBEPXHOCTSX MpeCTaB/IeHbl Ha PUC. 2.
Cor/acHO pe3y/lbTaTaM HM3MepeHHH, Yol CMauKlBaHUS
[IOBEPXHOCTH TUTAHa JIO0 JIa3epHOM 06paboTKU COCTaBUII
70° (puc. 2a). Mi3MepUTh ke YroJl CMauMBaHMS I10BEPX-
HOCTeM IIOC/Ie JIa3epPHOM 06paboTku He IIpefCTaBisi-
€TCS BO3MOKHBIM, T.K. IIOBEPXHOCTh M3 THAPOOUIIB-
HOM IIpeBpaTHIACh B CyIeprufpodUbHyo (T.e. KaIll,
II0IIaB Ha Hee, MTHOBEHHO PacTeKAeTCs U IIPOIIUTHIBAET
CTPYKTYPY).

KuHeTHKa HM3MeHeHHs MaKCHUMajbHOro JHaMeTpa
d;.x PACTEKIIENCST KaIUIM BO BpeMeHHU t OoToOpaskeHa
Ha rpaduke (puc. 2 b). CTOUT OTMETHTh, YTO KaKAOH
CTPYKType COOTBETCTBYeT Pa3HBIM XapaKTep pacTeKa-
HHS KaIlJIK: JI-CTPYKType COOTBETCTBYeT CHUMMeTpHUY-
Hasi OBaJIbHAsl 00JIaCTb pacTeKaHHUS

i g

Tabnunua 1. XMMUYeCKmin COCTaB MOBEPXHOCTU AeHTalb-
HbIX UMMNJIAHTATOB A0 M NOC/ie 1a3epHon 06paboTkm
Table 1. Chemical composition of the dental implants
surface before and after laser treatment

Tvn Structure
type

CTPYKTYpbI

M P 89,41 5,56 5,03 0,00
K K 66,04 3,07 3,47 27,42
n L 61,10 2,66 3,51 | 32,73

measure the angle of wetting of surfaces after laser
treatment, because the surface has changed from
hydrophilic to superhydrophilic (i. e., a drop, hitting
it, instantly spreads and permeates the structure).
The kinetics of changes in the maximum diameter
dn.. of the spreading droplet with time t is shown
in the graph (Fig. 2 b). It should be noted that each
structure corresponds to a different character of drop-
let spreading: the L-structure corresponds to a sym-
metric oval spreading region (long axis=1.6+0.1 cm,
short axis=1.26+0.1 cm), and K-structure - asym-
metrical elongated along the grooves of the grooves
and large in area (long axis=1.5+0.1 cm, short
axis=3.9+0.1 cm). As is known, wettability plays an
important role in the adsorption of protein and cells

(uHHas 0cb=1,6+£0,1cM, KOPOTKas
ocb=1,26+0,1 cm), a K-cTpykrype -
HeCMMMeTpHYHasl BBITSHYTas BOJb
>KeI0OKOB KaHABOK M 0OJIbIIasi II0
IUTOMIAAU (IIMHHAS 0chb=1,5+0,1 cM,
KopoTKasg o0cb=3,9+0,1 cMm). Kak
M3BeCTHO, CMAa4KMBaeMOCTb HUIPaeT
BKHYIO POJIb B afcopbruu bemka
Y KIeTOK Ha IOBepXHOCTH, a CyIlep-
TUAPOQU/IbHBIE ITOBEPXHOCTH CIIO-
cobCTBYIOT 3TOMY [24].

TakuM o06pa3oM, C IIOMOIIBIO
J1a3epHOro CTPYKTYPHUPOBaHU S
MBI CPOPMHPOBUIM Ha IIOBEpX-
HOCTH THTAHOBBIX OeHTaJbHBIX
MMIUIAHTAaTOB  CYIIepPrUApOPUIIL-
Hble peibedbl, COCTOSAILHNE OLHOBpe-
MeHHO M3 MHKPO- M HAHOCTPYKTYP.

D) PeKTHBHOCTh OHOCOBMECTHU-
MOCTH pennbedoB, COOPMUPOBAHHBIX
IIPY JIa3ePHOM BO3[EHCTBUHU, OblIa
BbISIBJIEHA B XO/e OOKIHHHUYECKHX

a)

Puc. 2. Pesyabmamsl uccaedo8aHus cMa4ueaemocmu nogepxHOCMu mumaHo-
8blX 0eHMAnbHbIX UMNAGHMamos: a) Ao AazepHoli 06pabomku (y2on cmayusa-
Hus 70°); b) KuHemuKa cmayudaHus d
K- u J1I-cmpykmyp (ueHa deneHus macumabHoli wkanvl 2 cm)

Fig. 2. Results of the study of the surface wettability of titanium dental implants:
a) before laser treatment (wetting angle 70°); b) kinetics of wetting d,,,,, (cm)
intime t (s) of the surface of K- and L-structures (scale division of 2 cm)

o+ 4

b)

max (CM) 80 8pemeHu t (c) nosepxHocmu
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in vitro ¥ in vivo MCIIbITaHUM. YIX pesynbTaThl 6yayT Ipe-
CTaBJIeHBI BO BTOPOK YacTH paboThl. ByzeT omucaH airo-
PUTM U TeXHOJIOTHYeCKHe 3TaIlbl TeXHOJIOIHH Ha OCHOBe
JAaHHOIO MeToAa. TexHONOrus BHeApPeHa B IIPOM3BOJ-
CTBO CTOMATOJIOTMYeCKOro ¢ppe3epHOro LieHTpa I10JTHOIO
LIMK/Ia IIPOM3BOACTBA M 3aBOJAA, BXOMAINErO B IPYIIIY
KOMITaHUM «OPTOC»,

COM-uccnenoBaHUs IIOBEPXHOCTH KMIIJIAHTAHTOB
6ptH mpoBemeHBl B CaHKT-IleTepbyprckom rocymap-
CTBEHHOM YyHMBepCHUTeTe B MeXIUCUHUIIIMHAPHOM
pPecypcHOM LieHTpe I10 HallpaBjleHHI0 «HaHOoTexHoIo-
rumn» (r. CaHKT-IleTepbypr).

ABTOpPBI paboThl BBIPAsKAIOT O1arofapHOCTh Hayd-
HOMY KojuteKTHBY HHUY «Benl'V» (r. Benaropon) mon
PyKOBOACTBOM Komnobosa I0.P. 3a moMmoIp B mmpoBene-
HUM HCCIeJOBaHUMN QH3MKO-XMMUUYCKUX XapPaKTepH-
CTHK JIa3€pPHO-UHIYLIMPOBAHHBIX CTPYKTYP.

IKCIIePUMEHTHI in Vitro ¥ MPOTOKOJBL IKCIIepUMeH-
TOB 6BUTH 006peHbl COBETOM I10 3THKE HUCCIeL0BAaHUI
Huskeropoackoll rocyJapcTBeHHON MeJHUIIMHCKOMN aKa-
neMuu (IIpUBOJIKCKHUM Hay4HO-HCCIeI0BATeNbCKUHI
MeIULIMHCKUMN YHHBepcuTeT, I. HuxkHuUM HoBro-
Poll) U COOTBETCTBYIOT NPHUHLMUIAM XeJIbCUHKCKOM
JeKJIapaltu.

Komurer IICII6EIMY mm. H.II.IIaBnoBa OCYyILeCT-
BJISeT CBOIO [esITe/IbHOCTh B COOTBETCTBUU C KOHCTUTY-
uuel Poccurickon enepalini, 3aKOHaMH U APYTHMU
[IPaBOBBIMU aKTaMU Poccuiickoil ®emepauni 1 CaHKT-
I[TeTepbypra, XeTbCHHCKOM AeKIapaliiel BceMupHOI
MEIHIIMHCKON acCoOLMallMK OT 1964 roga, AOIOJIHEH-
HOM B 1975, 1983, 1989, 1996, 2000 u 2013 rompl, MexX-
OYHApOOHBIMH CTaHAAPTaMH II0 IIPOBeNeHUIO KIIH-
HUYeCKUX HcnblTaHui ICH Harmonized Tripartite
Guideline for Good Clinical Practice (ICH GCP), cTaH-
gaptom orpaciau OCT 42-511-99 «IlpaBuia IpoBefeHUsS
KaYyeCTBEeHHBIX KIMHUYECKUX HCIIBITAHUMN B Poccumi-
ckoil defmepanuu», BCTYNMBIIMM B CHIy C 1 siHBaps
1999 ropa, pekomMeHIALMSIMH KOMHKTETOB IIO 3THKE,
IIPOBOJSIIMM 3KCIIEPTU3y OHMOMEIUIIMHCKUX HCCiIe-
IoBaHUH BO3, YcraBom IICII6BIMY um. H.I1.IlaBinoBa
U TlonoskeHueM 00 3THYecKOM Komutere IICIIGIMY
uM. U.I1.IlaBnoBa. HUcciemoBaHue «In vivo Hcciaemo-
BaHHe IIPOLIeCCOB MHTEerPAallM TUTAHOBBLIX AEeHTallb-
HBIX HMMIIIAHTAaTOB C MOAMQHUIIMPOBAHHOM Ja3epoM
II0BePXHOCTBIO» 0f00peHOo (BBIIMCKA K3 IIPOTOKOIA
Ne 208 3acemaHus 3THYecKoro xoMutera IICII6IMY
MMeHU akageMuka MU.II.I[laBaoBa oT 25 HIOHS
2018 ropma).

ABTOpBI paboThl BBIPAKAIOT 67aroJapHOCTh Hayu-
HOMY KojuleKTuBy ®I'BOY BO «IIMMY» MwuH3IpaBa
Poccuu (r. HukKHUH HOBropo,u), B cocTaBe [lappu
Ky3Heu0130151, Bamuma EnarvHa 4 Ejnedsl 3arariHo-
BOM, 3a HUCCIeNOBaHMEe OHOMHTEIPALIUM KJIETOK Ha
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on the surface, and superhydrophilic surfaces con-
tribute to this [24].

Thus, with the help of laser structuring, we formed
superhydrophilic reliefs on the surface of titanium den-
tal implants, which simultaneously consist of micro-
and nanostructures.

The effectiveness of biocompatibility of reliefs formed
by laser exposure was revealed in the course of preclini-
cal in vitro and in vivo tests. Their results will be pre-
sented in the second part of the work. The algorithm
and technological stages of technology based on this
method will be described. The technology has been
introduced into the wall-to-wall production of dental
milling center and a plant that is part of the ORTOS
group of companies.

SEM studies of the surface of implants were carried
out at the St. Petersburg State University at the Interdis-
ciplinary Resource Center in the direction of “Nanotech-
nology” (St. Petersburg).

The authors of the work express their gratitude to
the research team of the NRU “BelCU” (Belgorod) under
the leadership of Yu. R.Kolobov for help in researching
the physicochemical characteristics of laser-induced
structures.

In vitro experiments and experimental protocols were
approved by the Research Ethics Council of the Nizhny
Novgorod State Medical Academy (Privolzhsky Research
Medical University, Nizhny Novgorod) and comply with
the principles of the Declaration of Helsinki.

The committee of the St.Petersburg State Medical
University n.a. I.P.Pavlov carries out its activities in
accordance with the Constitution of the Russian Fed-
eration, laws and other legal acts of the Russian Fed-
eration and St. Petersburg, the Declaration of Helsinki
by the World Medical Association of 1964, amended in
1975, 1983, 1989, 1996, 2000 and 2013., ICH Harmonized
Tripartite Guideline for Good Clinical Practice (ICH GCP),
industry standard OST 42-511-99 “Rules for conducting
high-quality clinical trials in the Russian Federation”,
which came into force on January 1, 1999. Recom-
mendations of the Ethics Committees conducting the
examination of biomedical research by the WHO, the
Charter of the St.Petersburg State Medical University
n.a. I.P. Pavlov and the Regulations on the Ethics Com-
mittee of the St.Petersburg State Medical University
n.a. I.P.Pavlov. The “In vivo study of the integration
processes of titanium dental implants with a laser-
modified surface” was approved (excerpt from Minutes
No. 208 of the meeting of the Ethics Committee of the
St. Petersburg State Medical University n.a. I.P. Pavlov
dated June 25, 2018).

The authors of the work express their gratitude to
the research team of the Federal State Budgetary Edu-
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