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MNepBas 4YacTb HacTosLWeN paboTbl NOCBALLEHA
paspaboTke meToAa a3epHOro popMmmMpoBaHus
6MOCOBMECTUMON MOPGOIOrMN NOBEPXHOCTU
TUTAHOBbIX AEHTaJIbHbIX MMMJIAHTATOB, KOTOpas
obecneyuBaeT ruapoPuibHyI0 CTPYKTYpPY
noBepxHOCTU, 061a4alo0LLy0 OA4HOBPEMEHHO
MUKPO- U HaHopenbedoMm. B gaHHON,

BTOPOM, YaCTU UCC/IeA0BaHUS Mbl MTPUBOAUM
pe3y/bTaTbl OK/INHUYECKUX UCMbITAHUNA
6MOCOBMECTUMOCTU Ia3epHO-UHAYLMPOBAHHbIX
penbegoB. O6pasubl c MOAUPULUPOBAHHOM
NOBEPXHOCTbIO NPOAEMOHCTPUPOBANU
pa3suTyto nponndepaumno MyibTUNOTEHTHbIX
Me3eHXMMaJibHbIX CTPOMaJibHbIX K/1€TOK NOo
BCeW N0oWaAmn NOBEPXHOCTU, AAaXe B OTKPbITbIX
nopax. UMmnnaHTaTbl C TAKOW NOBEPXHOCTbIO
nokasasiv NosoXKuTesibHble pe3ybTaTbl
OCTeOMHTerpauum in vivo: cnycts Tpu mecsaua
nocne MMMJIaHTaLUu B paHee pa3pyLlleHHOMN
obnacTtu KocTu obpasyeTtcsa HoBas 3pesas
KOCTHas TKaHb, HEMOCPEACTBEHHO CONPs)XeHHas
C NOBEPXHOCTbIO UMIJIaHTaTa. TexHonorus

Ha OCHOBe faHHOro metozaa 6bis1a BHegpeHa

B MPOM3BOACTBO CTOMATOJIOrM4E€CKOro
¢pe3epHOro LeHTpa NoJIHOro UuKna
npousBOACTBA U 3aBOJAA, BXOASLLEro B rpynny
KOMMaHum «OPTOC».
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The first part of this research deals with
development of 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. In this second part of the
study, we present the results of preclinical tests
of the laser-induced relief’'s biocompatibility.
The implants with the modified surface showed
an advanced proliferation of multipotent
mesenchymal stromal cells over the entire
surface area, even in open pores. Implants with
such a surface also showed positive results of
osseointegration in a living organism: three
months after implantation, a new mature bone
tissue is formed in the previously destroyed
bone area, which is directly connected to the
implant surface. The technology based on this
method has been adopted into the production of
a dental milling center for a full production cycle
and a plant belonging to the ORTOS group of
companies.

Keywords: Dental implants, implant success, laser
surface treatment, preclinical studies, in vitro, in vivo,
wall-to-wall production.
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KnioueBble cnoBa: AeHTalbHbIe UMMNAHTATDI,
NpUXMBAEMOCTb, Na3epHas 0bpaboTka
NOBEPXHOCTU, AOKIMHUYECKME UCC/IeA0BaHMUS,
invitro, in vivo, NONHbLIV LMKA NPOM3BOACTBA

Cratbs noctynuna: 04.06.2020
MpuHaTa K nybamkaumm: 24.06.2020

NMPOBEAEHUE AOK/TMHUYECKUX
UCCNEAOBAHUN BUOCOBMECTUMOCTH
NA3EPHO-UHAYLWUPOBAHHOM
NMOBEPXHOCTWU AEHTAJIbHbIX
MMITJIAHTATOB

B mepBoi 4acTH paboThl IIOCPeCTBOM JIa3epHOIO BO3-
IEeNCTBUS Ha IIOBEPXHOCTH THUTAHOBBIX IEHTAJIBHBIX
HMMIUIAHTaTOB OB CPOPMUPOBAHBI CTPYKTYPBL IBYX
THUIIOB - JIYHKH (CTPYKTypa «JI», INIOTHOCTb MOLITHOCTH
Ja3epHOro U3nydeHus 6,9-107 BT/cm? B IBYXIIPOXOIO-
BOM pexkuMe 06paboTki) B KaHaBKHU (CTPyKTypa «K»,
[IJIOTHOCTh MOIIHOCTHA 63-107 Br/cM? B TPexIIpoXom0-
BOM peXuMe 06paboTku). M300paskeHUSI ITOBEPXHO-
CTH HMMIUIAHTATOB [I0 M IIOC/Ie Ja3epHOH 06paboTku,
[IOIy4eHHBIe MeTOIOM CKAHHUPYIOLIeH 371eKTPOHHOM
MMKPOCKOIIKMHU, IIPHBEe/IeHbI Ha PUC. 1.

OLIeHUTb Ka4yeCTBEHHO M KOJIHMUYeCTBEHHO >KH3He-
CIIOCOOHOCTh KJIETOK Ha HWHOPOJHBIX IOBEPXHOCTSIX —
CTPYKTypax, Moay4eHHBHIX 10 («I1») u mocie («K» u «J1»)
Na3epHOH 06paboTKH, BO3MOXKHO IIyTeM ITPOBeIeHHs

Kpatkuit cnoBapb TepMUHOB

MynbTUNOTEHTHbIE Me3eHXUMaIbHbIe CTPOMaibHbie KNEeTKHU
(MMCK) — MyNILTUNOTEHTHbIE CTBONOBbIE KIETKM, CNOCOBHbIE ANG-
depeHLIMpoBaThCs B 0CTE061ACTbI (KNETKM KOCTHOM TKaHu), XOHAPO-
LATbI (XPALLEBbIE KNETKM) 1 aBUNOLMTbI (KUPOBbIE KNETKM).

NMponudepauus — NpoLecc pasMHOXEHS KNIETOK NyTeM AeeHNS.

KoHTaKTHOe BefieHUe KNeTOK — IBUXEHIE KNETOK BAO/b IMHUA MexXa-
HUYECKOT0 HanPSKEHWS MUKPOCTPYKTYpbI CybCTpaTa.

OCTeonHTerpaums — aHaToMu4eckast 1 GyHKLMOHaNbHAA NpsMast CBS3b
(CTbIKOBKA) M1y M3MEHAEMON XMBOM KOCTbIO U MOBEPXHOCTbIO
UMMNNIAHTaTa, Ha KOTOPYIO MPUAOXEHA QYHKLMOHANbHAS HATpy3Ka.

In vitro nccnegoBaHmMs — 3KCNEPUMEHTLI, NPOBOAMMBIE «B NPOBUPKe» —
BHE XXVMBOr0 OpraHu3ma.

In vivo uccnefioBaHms — SKCNEPUMEHTDI, NPOBOAMMbIE Ha (M BHYTPH)
XVBO TKAHM NPY XXUBOM OpraHu3Me.

WNHTerpawuoHHblil NOTeHLMan — Mepa CNoCcobHOCT MMNNAHTATOB
WNHTETpUPOBATLCA B KOCTHYIO TKaHb, CBA3aHHAs C KOMM/IEKCOM MX
CBOWCTB, OKA3bIBAIOLLMX PELLAIOLLLEE BAMSIHUE HA TEYEHNE 1 Kaqe-
CTBO NPOLLECCA MHTETPALIMM W XapAKTEPH3YIOLLMX MMMIAHTATbI Kak
aKTUBHO B3aUMOZEACTBYIOLLN C NPUNEXALLEN KOCTHON TKAHbIO
KOMMOHEHT MapHO CUCTEMbI “UMMIAHTAT = KOCTbY.

=

PRE-CLINICAL STUDIES

OF BIOCOMPATIBILITY OF LASER-INDUCED
SURFACE OF DENTAL IMPLANTS

In the first part of the research, two types of structures
were formed by laser action on the surface of titanium
dental implants: wells (“L” structure, laser power den-
sity 6.9-107 W/cm? in a two-pass processing mode) and
grooves (“K” structure, power density 63-10 W/cm? in
three-pass processing mode). Images of the implant
surface before and after laser treatment, obtained by
scanning electron microscopy, are shown in Fig. 1.

It is possible to assess qualitatively and quantita-
tively the viability of cells on foreign surfaces, i.e.
structures obtained before (“P”) and after (“*K” and
“L”) laser treatment, possibly by conducting an in vitro
study. We selected multipotent mesenchymal stromal
cells (MMSC) as a model environment for the research,
which, in turn, were isolated from human bone mar-
row. The cells, at the stage of cultivation, were stained
with lentiviral particles carrying the gene of the
fluorescent protein TurboFP635 (produced by Evrogen,
Russia). The cells were transferred to the surface of the
samples located in culture plates. The analysis of the
results of cultivation was carried out 1, 5, 10, 15 and 20
days after the transfer of cells.

In the first control period, one day after planting
the cells, the latter were found on all types of samples
(Fig. 2). On the “P” structure, the cells were arranged
in an even layer and had a fibroblast-like elongated

Short Glossary of Terms

Multipotent mesenchymal stromal cells (MMSCs) are multipotent
stem cells capable of differentiating into osteoblasts (bone cells),
chondrocytes (cartilage cells), and adipocytes (fat cells).

Proliferation is the process of cell multiplication by division.

Contact guidance of cells is the movement of cells along the lines of
mechanical stress of the microstructure of the substrate.

Osseointegration is an anatomical and functional direct connection
(docking) between the modified living bone and the implant surface,
on which the functional load is applied.

In vitro studies are experiments carried out “in a test tube”, outside a
living organism.

In vivo studies are experiments carried out on (or inside) living tissue in
a living organism.

Integration potential is a measure of the ability of implants to
integrate into bone tissue, associated with a complex of their
properties, which have a decisive influence on the course and
quality of the integration process and characterize implants as a
component of the implant-bone pair system actively interacting
with the adjacent bone tissue.
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in vitro KcclefoBaHUs. B KauecTBe MOJENbHOM Cpefbl
IUISL UCCIeOBAaHUK HaMH OBUIHM BBIOPAHBI MYJIBTH-
IIOTeHTHbIe Me3eHXHMaJbHble CTPOMAJIbHble KJIETKH
(MMCK), KOTOphIe, B CBOIO oYepelb, OBLIN BBILEICHBI
M3 KOCTHOI'O MO3ra yejioBeKka. KieTku, elle Ha CTaguu
KyJbTHBUPOBAHUS, OBIIM OKpalleHbl JIeHTHBHUPYC-
HBIMH YaCTULIAMU, HECYIIHMHU T'eH GpJIyOpeclieHTHOIo
6enka TurboFP635 (HpOI/I3BO,E[CTBO EBporeH, Poccus).
KieTku OBIIM IlepeMellleHBl Ha IIOBepXHOCTh 0Opas-
LIOB, PaCIIOJIOKeHHBIX B KYJIBTYPa/lbHBIX IIAHIIETAX.
AHanu3 pe3ylbTaTOB KYJIbTUBUPOBAHMS IIPOBOJUJICS
coycrsa 1, 5, 10, 15 1 20 cyToK Ioc/ie IepeMeleHus
KJIETOK.

B mepBbI KOHTPOIBHBIN II€PHOJ, CIIYCTSI CYTKHU
[I0C/Ie BBICA>KMBAHUS KJIETOK, IIOCIeIHHe ObIIU obHa-
PY’KeHBI Ha Bcex THUIax obpasmos (puc. 2). Ha cTpyk-
Type «II» KIeTKH O6bIM PaCIIONIOKeHBI POBHBIM CII0EM
U uMenu ¢ubpob1acTornonobHy0 BHTSHYTYIO GopMmy,
YTO YKa3blBajIo Ha UX HOPMAaJIbHYIO aaresuio. OgHako
OeHb 3a JHeM HCXOOHOe KoJIHdve-
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shape, which indicated their normal adhesion. How-
ever, day after day, the initial number of viable cells
on the surface of the “P” structure decreased and
reached zero on the 20th day. The “L” structure in the
first control period was covered with single cells of a
rounded shape, characteristic of incomplete adhesion,
however, on day 20 after the transfer of cells to the
surface, the number of viable cells reached 196,000
cells per sample. This structure showed the largest
number of cells in each control period, and by the
end of the study reached 266,500 cells per sample, the
maximum number among all samples. Based on the
results of in vitro studies, it can be concluded that the
optimal structure of those proposed for MSCs is the “K”
structure.

After examining cell proliferation, cross-sections
of the samples were taken to determine whether they
were growing deep into the open pores of the struc-
tures or only lining the surface. The results obtained

CTBO >KH3HECIIOCOOHBIX KJIETOK
Ha IIOBEPXHOCTH CTPYKTyphl «II»
yMeHbIIAOCh M Ha 20-H [eHb
JOCTUIJIO HYJIEBOIO 3Ha4YeHUS.
Ctpykrypa «J/I» B IepBBIM KOH-
TPOJIBHBII Iepuof 6bla IOKPBITA
OJOMHOYHBIMH KJIETKAMH OKpY-
7108 GOpPMBI, XapaKTepHBIMH JJI
HeITOJIHOUW aAre3uu, OJHaKo Ha 20
JeHb II0C/Ie IlepeHoca KIeTOK Ha
[IOBEPXHOCTh KOJIMYECTBO >KH3He-
CIIOCOOHBIX KJIETOK HOCTHIJIO 3Ha-
yeHHs 196000 KIeToK Ha obpasel.
KneTku Ha cTpykType «K» B Iep-
BB KOHTPOJIBHBIN II€pUoJ ObLIH
pacmosiokeHsl POBHBIM  C/I0€M
U uMenu ¢ubpobracrornomobHyo
BBITAHYTYI0O GOpPMY, UTO YKa3bl-
BaJIO HAa MX HOPMaJIBHYIO aJiIre3uI0.
Ha nmaHHON CTpyKType Habmroma-
nock Haubonbllee KOJIHYIECTBO
KJIETOK B KaXXABIKM KOHTPOJIBHBIN
[IepuojJ, M K KOHIy HMCC/IenoBa-
HHS OOCTHI/IO0 266500 K/IeToK Ha
obpasel] - MaKCHMa/lbHOe YHCIIO
cpenu Bcex obpasioB. Ha ocHoBe
IIOJTy4YeHHBIX Pe3y/lbTaToB in vitro
KUCCIeOBAHUM MOXHO CHejaTh
BBIBOZL, O TOM, YTO ONTHMAaJIbHOMH
CTPYKTYpOH U3 IIpelosKeHHBIX
o1 MCK sBrseTcst CTpyKTypa «K».

ITocne wccnemoBaHMs IIPOJIH-
depanru KJIETOK OBUIM IOTyYeHBI

Puc. 1. COM-cHUMKU nogepxHoCmu mMumarosbix 0eHMAAbHbIX UMNAGHMA-
mos (a) - do, (b u c) - nocae AazepHoli 06pabomku 0As cmpyKkmypbl «K» u «/1»,
€00meemcmeeHHo

Fig. 1. SEM images of the surface of titanium dental implants (a) - before,

(b and c) - after laser processing for the “K” and “L" structures, respectively
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KOoIH4ecTBO KIETOK Ha ITOBEPXHOCTH
ob6pasiia (x50 000)
Cells number per sample (x50 000)
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Puc. 2. KayecmeeHHbili (a-b) u konuvecmeeHHwbil (d) aHaau3 npoaugepauuu Kne-
MOK HA No8epxHOCMu 06pasuy,08 9o U nocae AazepHol obpabomku. MacwmabHas
wkana coomeemcmayem 300 MKM
Fig. 2. Qualitative (a-b) and quantitative (d) analysis of cell proliferation on the
surface of samples before and after laser treatment. The scale corresponds to
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demonstrate that cells are located
not only on the surface of struc-
tures, but also grow inside open
pores. A qualitative analysis is
shown in Figure 3.

The next stage of preclinical
trial is in vivo study. For these pur-
poses, 15 rabbits (male, 1.5 years
old) were selected as a model envi-
ronment. The animals were with-
drawn from the experiment in
two stages: after 1.5 months and
after 3 months after implantation.
The excised implants with already
formed bone on them were dis-
sected (Fig.4a), placed in forma-
lin, degraded and fixed in methyl
methacrylate. Then, a cut was
made from each sample less than
50 pm thick (Fig. 4b). For histolog-
ical examination, the specimens
were stained using taluidione blue
dye (Fig. 4b).

The analysis of the obtained sec-
tions was carried out by the method
of optical microscopy (microscope
Olympus BX 61). The images of all
specimens (Fig. 5) show a lamellar
bone with unevenly spaced Haver-
sian canals, different in diame-
ter. This indicates that there have
been restructuring processes in
the bone tissue. On all structures,
cells of mature bone tissue (osteo-
cytes) are found throughout the
bone matrix; young fibrous tissue
(colored in blue) and full-fledged
mature bone tissue (colored in
beige) are visible.

It was found that, in addition to
the presence of mature bone tissue
at the bone-implant interface and
Haversian canals, which play an
important role in tissue metabo-
lism, osteocytes are located in the
cavities of the “K” (Fig. 5b) and “L”
(Fig. 5b) structures - mature bone
cells. Their predecessors, osteo-
blasts, in the process of forming
new bone tissue, “considered” the
grooves and wells as a suitable
place for the formation of mature
bone and, having turned into
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IloIepevyHble cpe3bl 00paslioB [Ajs TOro, YTOOBI oIrpe-
DeJIUTh, IIPOPACTAIOT JIM OHU B ITyOb OTKPBITHIX IIOP
CTPYKTYP HJIHM BBICTHJ/IAIOT JIMIIb [IOBePXHOCTE. Ilomy-
YeHHble Pe3y/bTaThl JeMOHCTPHUPYIOT, YTO KJIETKH
PacCIIo/NararTCsl He TOIBKO I10 [IOBEPXHOCTH CTPYKTYP,
HO TaxsKe IIPOPAaCTalT BHYTPh OTKPBITBIX ITOp. Kauye-
CTBEHHBIM aHa/IM3 [1I0Ka3aH Ha pHC. 3.

CrnemynoIIyM 3TalloM OOKIMHHYECKHUX HKCCIefoBa-
HUH SBJISETCA N Vivo McciemoBaHue. i 3TUX LiejleHr
B KauecTBe MOJIEJIBHOM Cpeibl OBUIH BBIOpAHEI 15 Kpoy-
KOB (0cO6M MY>KCKOrO I071a, Bo3pacTa 1,5 roma). JKuBot-
Hble BEIBOAHJ/IMCE M3 3KCIIEPUMEHTA B [1Ba 3Talla: CIIYCTs
1,5 ¥ 10 MCTeYEeHHUH 3-X MECSLIEB I10C/Ie UMIIJIAHTALIUH .
VcceueHHble MMIIJIAHTATH C y>Ke cHOPMHUPOBABIIELICS
Ha HHX KOCTBIO IIO/IBEPraJIKCh IHCCeKUMH (puc. 4a),
IIOMeINAJNCh B QOpMa/JIMH, IIPOXOOUIMU [Jerpajga-
LU0 U QUKCUPOBAINCh B METUIMETAKpUIaTe. 3aTeM
BBIIIOJTHSIUICSL CPe3 C KaKIOro 06pasla TONMIIHMHON MeHee
50 MKM (pHc. 4b). Iisa IIPOBeJeHHS T'MCTOJIOTMYeCKOro
HCCIeloBaHMS 06pasLibl ObUIM OKpAIIeHbI C KCII0Ib30Ba-
HHeM KpacHTesIsl TATyUIHNOHOBBIM CHHUM (PHC. 4C).

AHa/jIM3 IIOJIyYeHHBIX CPe30B OCYILEeCTBJISJICS MeTO-
IOM OITHYeCKOM MHKPOCKOIIMH (MHKpockor Olympus
BX 61). Ha cHuMKax Bcex obpasuoB (puc. 5) Habmio-
JaeTcs IUIACTMHYaTas KOCTb C HepaBHOMEPHO pac-
[IOJIO’KeHHBIMH [aBepPCOBBIMH KaHa/laMH, Pa3sHBIMU
[0 JUaMeTpy. JTO CBHIETeIBCTBYeT O TOM, YTO IIPO-
H30IIIM IepecTpoedHble ITPOLIeCCHl B KOCTHOM TKaHH.
Ha Bcex CTPyKTypax KJI€TKH 3peIOM KOCTHOM TKaHH
(OCTEOLIMTBI) BCTPEUYAIOTCA II0 BCeEMY MATPHKCY KOCTH,
BUIHA Moopast Gubpo3Hast TKaHb (OKpalIeHO CHHUM
LIBeTOM) U IIO/HOLIeHHasl 3pefiasi KOCTHasl TKaHb (OKpa-
11eHa 6e>KeBBIM LIBETOM).

BbL10 0OHApYsKEHO, YTO, IIOMHMO
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a) b)

Puc. 3. KayecmeeHHbIl aHaAu3 UHmezpauuu KAemok 82y6b
cmpykmyp «K» u «/1» MacwmabHas wkaaa coomeemcmeayem
300 mkm

Fig. 3. Qualitative analysis of the integration of cells deep into
the “K” and “L" structures (the scale corresponds to 300 pm)

osteocytes, “walled up” in the cavities of the wells
and grooves. Apparently, this behavior of osteoblasts
is associated with the commensurability of the size
of the cells themselves with the diameter of the wells
and the width of the grooves, which correlates with
our hypothesis about the optimal relief.

For a quantitative analysis of the data obtained,
the BIC (Bone-to-implant contact) parameter was cal-
culated, which characterizes the percentage of the
implant border sections directly in contact with the
mature bone tissue (Fig. 6). The highest value of the
parameter according to the data obtained corresponds
to the sample “K”.

HaJIM4Msl 3Pe/Iol KOCTHOM TKaHHU
Ha TpaHHLe KOCTb-UMIIJIAHTaT
1 IaBePCOBBIX KaHA/IO0B, UTPAIOIIHX
BaKHYIO PO/Ib B OOMeHe BeIlecTB
TKAHH, B IIOJIOCTAX CTPYKTyp «K»
(puc. 5b) u «JI» (puc. 5c) pacrono-
SKEHBI OCTEOLIHUTEI — 3peJible KIEeTKH
KOCTHOM TKaHU. HX IpefliecTBeH-
HHUKH, OCTeoO/IacThl, B IIpoliecce
bopMHpOBaHUS HOBOM KOCTHOM
TKaHHU «COWIN» KaHAaBKH H JIYHKH
IOAXOMSIIUM MecToM Ajisi obpa-
30BaHMS 3pesiol KOCTH M, ITpeBpa-
THBIINCh B OCTEOLIUTHI, “3aMypoBa-
JIUCH» B IOJIOCTSIX IYHOK K KaHABOK.
[To-BUAKMMOMY, TaKoe IIOBefleHHe
0CTe001acTOB CBSI3aHO C COM3MeEpH-
MOCTBIO pa3sMepoB CaMHX KJIeTOK
C JUaMeTpOM JIYHOK W IIHPHHOH

8biM cuHum (c)

Puc. 4. [odzomoska 06pa3u,08 048 in vivo uccAed08aHust: UCCeveHue UMNAaH-
mama u3 6edpeHHoli Kocmu KpoAuka (a), 06paseu cpe3a umnaaHmama, 3aguk-
cuposaHHozo 8 memuamemakpuaame (b), u okpaieHHbili 06pasel, maayuduoHo-

Fig. 4. Preparation of samples for in vivo studies: excision of an implant from a
rabbit femur (a), a sample of a section of an implant fixed in methyl methacrylate
(b), and a specimen stained with taluidione blue (c)
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Puc. 5. Onmuueckue cHUMKU cpe3a 06pa3uoe do (a) u nocae (b u c) rasepHoli 06pabomku 84 cmpyKmypbl «K» u «/T»,
€oomeemcmaeHHo
Fig. 5. Optical images of samples cut before (a) and after (b and c) laser processing for the “K” and “L” structures, respectively

KaHaBOK, YTO KOPPe/IHpYeT C BBIABUHYTOK HaMU TUIIO-
Te30H 00 OIITHMAIBHOM penbede. 100% -

11 KOIMYeCTBeHHOI0 aHa/lIK3a IOJIyYeHHBIX JaH- 90 -
HBIX 6bUT paccunTaH mapametp BIC (Bone to implant 80 - }
contact), XapaKTepU3YIOLIHUI IIPOLEHT y4acTKOB Ipa- 0 - l [
HHUIBl UMIUIAHTATa, HEIOCPeJCTBEHHO KOHTAKTHUPY- [
IOIIMX CO 3pesioM KOCTHOM TKaHbio (puc. 6). Hau- 60 -
fonblllee 3HaueHHeE IIapaMeTpa II0 IIOAyYeHHBIM 50 - I
OAHHBIM COOTBeTCTByeT obpasmy «K». B Lieom 1o 40 -
pesy/bpTaTaM in vivo HCCIeOBAaHHUS CTPyKTypa «K» 30 - I
TaloKe ITPOAEMOHCTPUPOBA/IA HAWIYYLIUI Pe3y/IbTaT 20 -
OCTEOHMHTEerpaLlHH. 10 -
NMEPCMNEKTUBbI BHEAEHUSA ° I K 1
B MPOMDbIWJIEHHOCTDb 1,5Mecama 34 72 66
B paMKax HacCTOSIEro HCC/IeAOBaHMA HaMH pas- 3 mecsina 46 80 74
pabotaHn MeTon mna3epHoro QGopMHpOBaHUS b6HO-
COBMECTHUMOTO IIOKPBITHS Ha IIOBEPXHOCTH THTA- Puc. 6. lMapamemp ocmeouHmezpauuu BIC 045 2paHuubl
HOBBIX [JeHTaAbHBIX HMIUIAHTATOB, KOTOPBIA Kocmb-umnaaimam do (a) u nocae (b u c) nasepHoli 06pa-
[103BOJISIeT IIOJAYYHUTh THUAPOPHUIBHYIO CTIPYKTYpPY bomku 9as cmpykmypbl «K» U «/T», coomeemcmeeHHo
[I0BEPXHOCTH, 00/Iafjalomyl0  HepapxXUuecKUM Fig. 6. Parameter of osseointegration BIC for the
MHKPO- U HaHopensedpom. IIoKasaHBI pe3yJbTaThl bone-implant interface before (a) and after (b and c) laser
JOKIHMHNYECKHUX HMCCIeMOBAaHUHM OHMOCOBMECTHMOCTH treatment for the “K” and “L" structures, respectively
7a3epHO-MHAYLIMPOBAHHON IIOBEPXHOCTH Ha [eH-
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Ta/IbHOM HMMIUIAHTaTe: IIOATBEPXKIEHO, 4YTO IIpef-
JIO’KeHHBIe peibedbl He SBJSIOTCS IMTOTOKCUYHBIMU
1 obecrieyrBalOT Pa3sBUTYIO MPOIHdepaliuio MYyJIbTH-
IIOTeHTHBIX M3€HXMMAaJbHBIX CTPOMAJIbHBIX KJIETOK
II0 BCeH IUIOMIAAM IMOBEPXHOCTH, AakKe B OTKPBITBIX
nopax. MMIIaHTaTel, ob1ajaolre pacCMOTPeHHOM
Mopdosiorrer IOBepXHOCTH, IIOKA3aaU I10IOKUTe/b-
Hble pe3y/JbTaThl OCTEOHMHTETpallMd B KUBOM Opra-
HH3Me: CIYCTS TPU Mecsla II0cje HMMIIaHTALUU
B paHee pa3pyIIeHHOM 06/1acTH KOCTH IPHCYTCTBYeT
HOBOOOpa3oBaHHas 3pesiast KOCTHAsI TKaHb, a B II0JI0-
CTIX JIYHOK H KaHaBOK CTPYKTyp «JI» m «K», Kak
B JIaKyHaX, PACIIOIOXKHUJIMCh OCTEOLIUTHI.

Ha ocHoBe mony4eHHBIX pe3ynbTaToB Ajisi CaHKT-
[TeTep6yprckoro CTOMAaTOJIOTHMYECKOro ¢pe3epHOro
LIeHTpa U 3aBOJa 10 MU3TOTOBJIIEHHIO OPTOIEIHYEeCKHUX
KOMIIOHEHTOB [IJI1 BCeX M3BeCTHBIX HWMIIJIAHTAIIMOH-
HBIX CHCTeM I1of, 6peHmoM «Lenmiriot» (rpymma Kom-
na"un «OPTOC») pa3paboTaHa TeXHOIOTUS CO3IAHUS
JeHTaJbHbIX MMIUIAHTATOB Pa3/JM4YHOrO THIIA, KOTO-
pad y>Ke HaXOJMTCA Ha CTaAUH 3aIlyCcKa IIPOU3BOJCTBA.
JaHHBIM TIPOM3BOJMUTENb SBJISETCS KPYIHeHIINM
CTOMATOJIOTUYECKHUM (Pe3epHbIM LEeHTPOM IIOJIHOIO
LIMK/Ia IIPOM3BOACTBA B POCCMM W HMMeeT OIPOMHBIH
[IOTeHLHAJ CTaTh ¢yiarMaHOM HKMIIOPTO3aMelleHH s
B 9TOM OTPaC/IH.

Hike mepeymciieHbl OCHOBHBIE TeXHOJIOIHYECKHe
3TaIlbl, BBIIOJHSAEMBbIe Ha IIPOM3BOACTBE IIPH CO3Ja-
HHH IeHTa/JbHOI0 UMIIIAHTATA:

* M3 JUIMHHOIO THTAHOBOIO IIpyTa Ha ¢pesepHOM

CTaHKe BbITAYUBAIOTCS UMILIAHTATHI;

* IIOCJIe BBITAYMBAaHHS MMIUIAHTATHL IIPOXOAAT
3Tall OYMCTKH OT OCTaTKOB (pe3epOoBOYHBIX
MaceJl ¥ IpyTHX 3arpsi3HeHHH;

e [Jajee MMIUIAHTATHI OTIPAB/ISIOTCS Ha TalTOBKY
[UIS OYMCTKH KpPaeB OT 3ayCEeHLIEB;

* 3aTeM MMIUIAHTAThl OYHINAIOTCSI B Y/IbTPA3BYKO-
BOM BaHHe CO CIeLMAIbHBEIM MOIOIIHUM Cpef-
CTBOM;

* IIOCJIe Yero MMIUIAHTAThI IPOXOIAT OTHEN KOH-
TPOJIs Ka4YecTBa,;

* 3aTeM CHOBa OTIIPAB/IAIOTCS HA OYHMCTKY B YI/Ib
TPa3BYKOBOK BaHHE, yIAKOBBIBAIOTCS B CIIELIH-
ajibHble KpadT-TIaKeThl U CTePUJIM3YIOTCS ;

* IIOCJIe Yero, B «JaMHHapHOM LIKady» B CTEPUIIb
HOM Cpefle MMIUIAHTAThl yCTaHABAHMBAIOTCS Ha
OCHACTKH IS JA/IbHEUIIHX OIlePaLHH;

e [ajiee UMIUIAHTATHI IIPOXOAAT IIPOLIEAYPY a3ep-
HOI'0 CTPYKTYPHPOBAHMUS IIOBEPXHOCTH, KOTOpas
COCTOMT M3 C/IeAYIOUIMX 3TAIIOB:
°© MMIUIAHTAT YCTAHABIMBAIOT Ha CIIeLIMaIbHbIN

IIOBOPOTHBIN MeXaHH3M B pabouer obmacTu
JIa3epPHOTO CTaHKa;
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In general, according to the results of in vivo studies,
the “K” structure also demonstrated the best result of
osseointegration.

PROSPECTS FOR THE INDUSTRY
INTRODUCTION

Within the framework of this study, we have devel-
oped a method for laser formation of a biocompatible
coating on the surface of titanium dental implants,
which makes it possible to obtain a hydrophilic
surface structure with a hierarchical micro- and
nanorelief. The results of preclinical studies of the
biocompatibility of a laser-induced surface on a
dental implant are shown: it was confirmed that
the proposed reliefs are not cytotoxic and provide a
developed proliferation of multipotent msenchymal
stromal cells over the entire surface area, even in
open pores. The implants with the surface morphol-
ogy under consideration showed positive results of
osseointegration in a living organism: three months
after implantation, a newly formed mature bone tis-
sue is present in the previously destroyed area of the
bone, and in the cavities of the wells and grooves of
the “L” and “K” structures, as in the lacunae, located
osteocytes.

Based on the results obtained for the St. Petersburg
Dental Milling Center and the plant for the manu-
facture of orthopedic components for all known
implant systems under the Lenmiriot brand (ORTOS
group of companies), a technology for creating vari-
ous types of dental implants has been developed,
which is already at the stage of launching produc-
tion. This manufacturer is the largest full-cycle den-
tal milling center in Russia and has great potential
to become the flagship of import substitution in this
industry.

The following are the main technological stages
performed in production when creating a dental
implant:

« implants are milled from a long titanium rod

on a milling machine;

« after grinding, the implants go through a stage
of cleaning from residues of milling oils and
other contaminants;

« then the implants are sent for tumbling to
clean the edges from burrs;

 then the implants are cleaned in an ultrasonic
bath with a special detergent;

« after which the implants pass the quality con-
trol department;

« then, they are sent again for cleaning in an
ultrasonic bath, packed in special kraft bags
and sterilized;
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o fajee IIOBOPOTHBIM MeXaHH3M HaK/IOHSeT
HMMIUIAHTAT II0[] OIpefie/leHHbIM YIJIOM JIS
06paboTky 6OKOBOM IIOBEPXHOCTH Pe3bObI
HMMILIAHTATa C OfIHOM U C IPYTOH CTOPOHBI;

o mocie 4ero obpabaTeiBaeTcss caMa ITHUIMH/IPH-
yecKasi IIOBepXHOCTh UMIIIaHTaTa (0671acTh Ha
BepIIKHe pe3bbbl U MexXy 3yOuUrKaMu);

o pmanee obpabaThIBaeTCsl IIOBEPXHOCTh BHIPE30B,
€CJIM OHU IIPUCYTCTBYIOT;

o MOCIeJHUM 3TamoM obpabaTeiBaeTcs Toper]
HMMIUIAHTATa;

o mocime o06paboTKM Ha JIa3epHOM CTaHKe
HMMIUIQHTAThl IIPOXOASIT KOHTPOJIb KauecTBa
CO3[AHHOM CTPYKTYPHI Ha OIITHYEeCKOM MHKPO-
CKorle ¢ 6O/IBIINM yBeIUUeHHEM;

e IIOCe Yero HMIUIAHTAThl BHOBb OUMINAIOTCS
B Y3-BaHHe, CTEPHIU3YIOTCS U YIIAKOBBIBAIOTCS.

e Jasee B «IAMHHAapHOM IIKady» B CTePHIBHOM
Cpelle UMILIAHTATHI YIIAKOBBIBAIOTCS B O/IKCTEPEI
(KOHeuYHas yIaKoBKa ISl XpAaHEHHUs U ITPOIAKH);

¢ II0C/Ie UMIUIAHTAThl B YIIAKOBKAX IIOBTOPHO CTe-
prnn3yroTcs (0671y4aTcs raMMa-u3iydeHueM);

*  OTIPAB/ISIOTCS Ha CKIaJ/ IIPOJAKY .

3AKJTIOYEHUE

Takum ob6pasoM, HaMK pa3paboTaH IOTHBIM LIHKI
IIPOM3BOJCTBA TUTAHOBBIX JEHTAJIbHBIX UMIIJIAHTATOB
C J1a3epHO-MOOUPULIMPOBAHHBIM OGHOCOBMECTHUMBIM
IIOKPBITHEM, OOJMAafAIOIUM OONBIIMM HHTETPAI[HOH-
HBIM IOTeHIIMaJIoM. KayecTBO M HOBM3HA JAHHOH
Pa3paboTku CrrocobHBI KOHKYPHUPOBATH C 3apybesKHBIM
IIPOK3BOACTBOM K 0DeCriedrTh PhIHOK HallleH CTPaHbI
BBICOKOTEXHOJIOTUYHBIM ITPOLYKTOM.

XoTsi IpelCTaB/leHHble pe3yIbTaThl HOCSIT 3aKOH-
YeHHBIM XapaKTep, MBI II0araeM, YTO BO3MOXKHOCTHU
HCII0b30BaHHS JIa3epHBIX TEXHOJIOTUI B LIe/SIX Yayd-
IIeHM KauecTBa TUTAHOBBIX MMIIIAHTATOB JAJIEKO ellle
He HCYepHaHbl. IIOMCK ONTHUMalbHBIX MOPQOIOTUL
IIOBEPXHOCTH, COYeTaHHe IUAPOPUIBHBIX U THAPOPO6-
HBIX yYaCTKOB Ha HeH, HapsAy C HCIOJIb30BaHHEM
HOBBIX MAaTEepHUaJIOB, CIIOCOOHBI 0beCIIeYUTh IATbHEH-
IIKMH YCTOMYKBBIH IIPOrpecc B 3TOK 06/1acTH.

IKCIIepHMEHTSI if Vitro U MPOTOKONBI 3KCIIEPHMeH-
TOB OBUTH 0m06peHbl COBETOM I10 STHKE HCCIeN0BAHHI
Hi>keropoAckom rocyfapcTBeHHON MeIHULIMHCKOM aKa-
gemuu (IIpUBOJKCKHUHM Hay4HO-HCCIe0BATEIbCKUHI
MeIHULMHCKUMN YHHBepcuTeT, I. HrwkuHuu Hosro-
poll) K COOTBETCTBYIOT IPUHIUIAM XelbCHHKCKON
JleKIapaliyu.

Komurer IICII6IMY um. H.II.IIaBnoBa OCYyILeCT-
BJISIET CBOIO [I€ATeIbHOCTb B COOTBETCTBUH C KOHCTHUTY-
uuen Poccurickon enepalli, 3aKOHAMHU U APYTHMU
IIPaBOBBIMU aKTaMu Poccurickoi Penepaninu v CaHKT-

o after that, in a “laminar flow hood” in a sterile
environment, the implants are installed on the
rigs for further operations;

« then the implants undergo a laser surface struc-
turing procedure, which consists of the follow-
ing stages:

o the implant is installed on a special rotary
mechanism in the working area of the laser
machine;

o further, the rotary mechanism tilts the
implant at a certain angle to process the lat-
eral surface of the implant thread, on one side
and on the other;

o further the cylindrical surface of the implant
itself is processed (the area at the top of the
thread and between the teeth);

o the surface of the cutouts is then processed, if
any;

o the end of the implant is processed at the last
stage;

o after processing on a laser machine, the
implants undergo quality control of the cre-
ated structure on an optical microscope with
high magnification;

« after which the implants are again cleaned in an
ultrasound bath, sterilized and packaged.

 further in a “laminar flow cabinet” in a sterile
environment, the implants are packed in blisters

(final packaging for storage and sale);

« after the implants in packages are re-sterilized
(irradiated with gamma radiation);

« sent to the warehouse/sale.

Thus, we have developed a full cycle of production
of titanium dental implants with a laser-modified
biocompatible coating, which has a great integration
potential. The quality and novelty of this develop-
ment are able to compete with foreign production and
provide the market of our country with a high-tech
product.

Although the presented results are complete, we
believe that the possibilities of using laser technology
to improve the quality of titanium implants are far
from being exhausted. The search for optimal mor-
phologies of the surface, the combination of hydro-
philic and hydrophobic areas on it, along with the
use of new materials, can ensure further sustainable
progress in this area.

In vitro experiments and experimental protocols
were approved by the Research Ethics Council of the
Nizhny Novgorod State Medical Academy (Privol-
zhsky Research Medical University, Nizhny Novgorod)
and comply with the principles of the Declaration of
Helsinki.
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I[Terepbypra, XelnbCHHCKON OeK/Iapalilel BCEMUPHOMN
MEIUIIMHCKON AcCOIlMallMU oT 1964 roma, MOIIOIHEH-
HoH B 1975, 1983, 1989, 1996, 2000 u 2013 rogax MexkAy-
HAapOAHBIMH CTAaHJAPTAMH I10 IIPOBeAEHHUIO KJIMHUYe-
ckux ucnsitaHuy ICH Harmonized Tripartite Guideline
for Cood Clinical Practice (ICH GCP), cTaHZapTOM
orpaciu OCT 42-511-99 «IIpaBuiia IIpOBeAeHHs Kauye-
CTBeHHBIX KIMHUYECKUX HCIBITAHHUN B POCCHIMCKOM
®emepallK», BCTYIIMBIIUM B CHIIY € 1 aHBaps 1999 ropa,
PexoMmeHIausIMK KOMUTETOB I10 3THKE, [IPOBOJSIIM
3KCIIEPTH3Y 6MOMEeOUIIMHCKUX MCCIemoBaHUN BO3,
YcraBoMm IICTI6IMY mm. U, I1. [1aBnosa u IlonoxkeHHeM
06 stuyeckoM KommuTere IICII6IMY mm. H.II.IlaB-
noBa. HccnenoBaHue «In vivo HCCIemoBaHMe IIPOLieC-
COB MHTeTpallM¥ THUTAHOBBIX JeHTAJBHBIX MMILIAHTA~
TOB C MOAHQUIIMPOBAHHOM JIa3€pOM I10BEPXHOCTBIO?
omobpeHo (BBIIIKMCKA U3 MPOTOKona Ne208 3acemaHus
3THYecKkoro komurera IICTIBIMY HMMeHH aKaLeMHKa
H.II.I1aBnoBa ot 25 utoHsa 2018 roma).

ABTOpPBI paboThl BBIPaKAIOT 6/1arofapHOCTh Hay4HOMY
KoimexkTuBy ®I'BOY BO «I[IMMY» MwuH3sgpasa Poc-
cun (Hmwkuuil Hosropop), B cocTaBe [lappu KysHe-
1oBOM, Bagmma EnaruHa u EjgeHBl 3arakiHOBOM, 3a
HcclefioBaHre OHOMHTerpalldi KJIETOK Ha JIa3epHo-
HHAYLMPOBAaHHOM II0BEPXHOCTH THUTaHa BT6 U coTpya-
HHKaM lleHTpa KOJIJIeKTHBHOIO I10/1b30BaHMS Hayd-
HBIM obopymoBaHHeM «KeTOuHble M MOJIEeKy/ISPHBIe
TeXHOJIOTMH M3y4eHHS! PacTeHHH W rpubos» BoTaHU-
yeckoro MHCTUTYTa UM. B.JI. KomapoBa PAH (CaHKT-
[Tetepbypr) 3epHuukomy A.}O. u 3otoBy II.A. 3a
[IpoBeJleHHe THCTOIOTMYeCKOro U TMCTOMOPGOMETpH-
YeCKOr0 MUCCIeJOBAaHHH.

HccnemoBaHue BBIIIOJIHEHO 3a CYeT IpaHTa Poccuiu-
CKOTro Hay4HOro ¢ponja (mpoext Ne 20-62-46045).

KOH®JIMKT UHTEPECOB

ABTOpr 3a9B/1SI0T 06 OTCYTCTBUKN KOH¢}'IMKTa NHTEpeCos.

BKJIAA YJ1EHOB TBOPYECKOIO
KOJUIEKTUBA B NMPOEKT

B npoekTe npuHMMani y4acTue Bce YsieHbl aBTOPCKOro KOMNEKTUBA: NOCTAHOBKA
3a/ja4v n obecneyerme pecypcamu - I H. YepHeHko, C. . TOpHbIN; KOHLeNLKS,
AVM3aNH UCCNefoBaHMS U PYKOBOACTBO npoekTom — B. M. Beiko, I B. OanHL0Ba;
NpOBEAEHME IKCMIEPUMEHTOB MO Na3epHOMY CTPYKTYPUPOBAHUIO MOBEPXHOCTH
TUTaHa - 10. 10. KapnaruHa, B. B. PomaHos, P. M. luyK; KOHLenwuus in vitro W in vivo
ncenefoBanmin — A. 1. ipeMeHKo; NpoBeAeHNe W aHa N3 in Vivo UCCNed0BaHMI —
E.A. 3epHuLKas; aHanW3 pe3ynbTarToB in vitro v in vivo nccnesosanui - 10. 10. Kapna-
TuHa, E. E. Eroposa.
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Committee of the St.Petersburg State Medical
University named after I.P.Pavlova carries out her
activities in accordance with the Constitution of the
Russian Federation, laws and other legal acts of the
Russian Federation and St. Petersburg, the Declara-
tion of Helsinki by the World Medical Association
of 1964, amended in 1975, 1983, 1989, 1996, 2000 and
2013 years., international standards for clinical tri-
als ICH Harmonized Tripartite Guideline for Good
Clinical Practice (ICH CCP), industry standard OST
42-511-99 “Rules for conducting high-quality clini-
cal trials in the Russian Federation”, which came
into force on January 1, 1999., Recommendations of
the Ethics Committees conducting the examination
of WHO biomedical research, the Charter of Pavlov
First Saint Petersburg State Medical University and
the Regulations on the Ethics Committee of the Pav-
lov First Saint Petersburg State Medical University.
The study “In vivo study of the integration processes of
titanium dental implants with a laser-modified sur-
face” was approved (excerpt from Minutes No. 208 of
the meeting of the ethical committee of the Pavlov
First Saint Petersburg State Medical University dated
June 25, 2018).

The authors of the research express their gratitude
to the research team of the Federal State Budgetary
Educational Institution of Higher Education “Privol-
zhsky Research Medical University” of the Ministry of
Health of the Russian Federation (Nizhny Novgorod),
consisting of Daria Kuznetsova, Vadim Elagin and
Elena Zagainova, for the study of cell biointegration
on the laser-induced surface of VT6 titanium, and the
staff of the Center for Shared Use of Scientific Equip-
ment “Cellular and molecular technologies for the
study of plants and fungi” of the Botanical Institute.
V.L.Komarov RAS (St. Petersburg) Zernitsky A. Yu. and
Zotov P.A. for carrying out histological and histomor-
phometric studies.

The reported study was supported by the Russian Sci-
ence Foundation (project Ne 20-62-46045).
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LINZA 150
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HoBas (pyHKUMA: M3MEepeHMUe NPOoNyCKaHUA wu
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CnektpocoTtometp LINZA 150

LINZA 150 Spectrophotometer
New feature: transmittance and reflectance
measurement of aspheric lens
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