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Abstract
The quality of a dental implant depends on the properties of the surface and contributes to the osseointegration of
the implant into the bone tissue. In modern implantology, titanium and titanium alloys are widely used for the
manufacture of various implants due to their good mechanical properties and biocompatibility. TiO from fabricated
implants may lose its ability to bioactively integrate into bone after storage for less than 2 weeks, during which
degradation of biological activity occurs. To optimize osseointegration, various methods are proposed for
modifying the surface of implants by creating titanium-based micro- or nanostructures.
The purpose of this review is to discuss Ultraviolet Photofunctionalization of implant surface modifications, its
effect on osseointegration and antibacterial properties. The following databases were included in the systematic
search of the relevant literature: PubMed, Embase, AWMF Online, National Clearing House, International
Guidelines Network and Cochrane Library. The following search criteria were used: surface modifications of
implants, improve osseointegration of dental implants using ultraviolet photofunctionalization, effect of UV-
photofunctionalization to improve antibacterial properties of dental implants, photofunctionalization of implants in
the complex of prevention of peri-implantitis. A total of 50 articles were included that examined the effect of the
application of UV radiation on dental implants were included in our study.
The results of a systematic review showed Ultraviolet Photofunctionalization helps improve osseointegration of
implants and has antibacterial properties which is critical for implantologists, and to assist clinicians in selecting
the most appropriate implants to improve implant success and survival.
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are excellent.! However, primary implant failure due to
insufficient osseointegration occurs in 1-2% of patients
during the first few months due to peri-implantitis,
secondary implant failure develops several years after
successful osseointegration in about 5% of patients.?®

Dental implants have now become the standard
procedure for replacing lost teeth, providing many
benefits, the long-term survival rates of dental implants
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Among the factors that play an important role in the
osseointegration of a titanium dental implant is the
implant surface, and it is known that with the use of
various methods of implant surface modification, the
osseointegration process can be optimized.*

To accelerate early osseointegration and increase
the efficiency of bone-to-implant contact, biomedical
research is aimed at modifying the bioactive properties
of the surface.’

The TiO surface of the implant is able to integrate
with the bone. The surface layer of a titanium implant
turns into titanium dioxide (TiO2) immediately after
exposure to oxygen or atmospheric air.*

Titanium implants are subject to temperature
fluctuations during production, transport and storage.
TiO from fabricated implants may lose its ability to
bioactively integrate into bone after storage for less
than 2 weeks, during which degradation of biological
activity occurs.® This action renews the biological
reactivity of titanium implants, which was lost after
production and storage in air, improves the
osteointegration properties of the implant surface.

Coating the surface of a dental implant promotes
osseointegration of the implant into the bone tissue.”®

The fact that modification of the implant surface
can affect the success of osseointegration has been
proven in various studies.'®

Implant surface modification is used to change it the
surface energy, resulting in improved hydrophilicity,
increased cell proliferation and growth, and an
accelerated osteointegration process.*!2

All of the above methods lead to an increase in the
surface area of the implant while contributing to the
improvement of the hydrophilicity of the surface.**®

According to Goyal et al., treatment of the surface
of the implant can simultaneously increase the surface
area of the implant, improve the migration of cells and
the surface of the implant, and also strengthen the
process of osteointegration.*

It has been shown that surface treatment of implants
significantly increases the surface area and can have a
good effect on implant osseointegration.*>’

Currently, to promote osseointegration for
successful implant therapy, wvarious methods of
modification of titanium implants are used.'®

Surface modification methods include oxidation or
additive processes, such as obtaining micropits on the
implant surface by plasma deposition of titanium
powder, hydroxyapatite and calcium phosphate

deposition, surface acid treatment (SLA), as well as ion
deposition methods, electrochemical treatments
(anodic oxidation), micro-arc oxidation, vacuum
procedures, physical methods: alkaline heat treatment
(AH) and laser melting.1%%

UV irradiation, or photofunctionalization, is one of
the latest surface treatment techniques to promote
osseointegration of implants.??

The phenomenon of photofunctionalization (FF),
first described in 2009, is defined as a general
phenomenon of titanium surface modification after
ultraviolet (UV) irradiation, which changes the
physical and chemical properties of the implant surface
from hydrophobic to superhydrophilic, which
positively influences osteointegration and strengthens
the initial attachment of osteoblasts to the implant
surface. 224

UV radiation has been used for many years in
industrial and medical technology to disinfect various
surfaces. The biological effects of exposure to UV
radiation on implant surfaces are defined as
photofunctionalization, which is a simple and effective
method to promote osseointegration.?

UV  irradiation transforms the naturally
hydrophobic  properties of Ti surfaces into
superhydrophilic ones.?®

Exposure to UV radiation generates surface energy
on the surface of the TiO implant, which converts water
into hydroxyl radicals, hydrogen and oxygen. Research
data have shown that pre-treatment of titanium with
UV light significantly increases its osteoconductivity
due to improved UV catalytic removal of hydrocarbons
from the TiO2 surface, which implies the
photofunctionalization of titanium, which allows faster
and more complete establishment of bone-titanium
integration.?’2°  Ultraviolet radiation causes the
formation of an electrostatic state of titanium surfaces,
the transformation of the surface from hydrophobic to
superhydrophilic, the activation of protein absorption,
and an increase in the activity of fibroblasts and
osteoblasts. Hydrophilicity can enhance the initial
attachment of osteoblast cells to the implant surface.*®

The change in the properties of the implant surface
from  hydrophobic  to  hydrophilic  during
photofunctionalization was checked by lightly
immersing the two implant surfaces in distilled water.!

Photofunctionalization ~was  confirmed by
observing how water rose on the surface of the
photofunctionalized implant immediately after
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Figure 1. Chematic comparison between the physiochemical properties of the titanium's surface as received "aged "
and the titanium's surface following PhF. A) Photofunctionalized surface shows much higher wettability across the
implant surface than the non-treated surface. B) The surface charge on the UV treated surface becomes positive,
allowing the negatively charged osteoblasts and stem cells to attach alone or through serum proteins. The non-
treated surface is negatively charged and the only method of cells to attach is via bridging divalent cations (Mg++,
Ca++). Monovalent cations (Na+ and K+) competitively inhibit cell attachment. C) Photofuncionalization removes
the hydrocarbon layer from the surface allowing for more protein absorption, and better attachment and spread of

osteoblasts®*
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Figure 2. Effect of photofunctionalization on titanium and tissue, and clinical significance®
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Akiyoshi Funato and Takahiro Ogawa in 2013 for
the first time in clinical cases studied the effect of
photofunctionalization on implantation success,
healing time, osseointegration rate and changes in the
level of marginal bone around the implant 1 year after
restoration. In this study, the authors reported that
photofunctionalization accelerated and enhanced the
osseointegration of titanium dental implants in a
variety of clinically complex/impaired bone conditions
and resulted in the preservation of the level of marginal
bone around the implant s reported the need for long-
term large-scale clinical studies.®

The accumulation of pathogenic microorganisms
on dental implants and their components can stimulate
inflammatory reactions in peri-implant tissues.
Bacterial infections remain the leading cause of
implant failure.

Peri-implant mucositis and peri-implantitis are the
most common complications of dental implants
estimated at 29.48% and 9.25% of dental implants,
respectively.®

Dental implant placement takes place in an oral
environment that harbors an abundance of biofilm-
forming bacteria. Due to its transmucosal location, part
of the implant structure is exposed to the oral cavity
and there is no effective way to prevent bacterial
attachment to the implant materials. The development
of infections during the early healing phase is
considered a risk factor for the osseointegration
process, causing higher rates of early implant
failure 3738

UV irradiation of titanium surfaces of implants
demonstrated an antimicrobial effect, positively
reduced the number of pathogenic bacteria in the
periodontium due to enhanced photocatalytic
properties, which.*

Photofunctionalization also reduces the amount of
attachment/accumulation of bacteria on the surface and
components of the implant, thus may have an
antimicrobial effect.*0-42

A recent report showed that implants are exposed to
a complex environment, microbiota of the oral cavity,
photofunctionalization of Ti surfaces can reduce the
attachment and formation of monotypic biofilms of
Staphylococcus aureus and Streptococcus pyogenes,
the main pathogens of implant infections.*

It is known that ultraviolet radiation also has an
antimicrobial effect due to photochemical reactions,
affecting the DNA of bacteria.* Irradiation of titanium

surfaces with UV light showed an antimicrobial effect
due to the enhancement of photocatalytic properties
that suppress periodontopathogenic bacteria. UV
radiation reduces the adhesion of bacteria to the surface
of the TiO implant and can increase the attachment of
epithelial cells to TiO.*

Photofunctionalization of implants is currently also
used in the complex of prevention and treatment of
peri-implantitis.*®

UV treatment decomposes organic compounds and
reduces bacterial adhesion of Streptococcus
sanguinis.*’

Photofunctionalization not only increases the
interaction of the implant surface with the surrounding
bone, which promotes osteointegration, but at the same
time minimizes bacterial colonization, reducing the
risk of biofilm formation.

It is known that ultraviolet radiation also has an
antimicrobial effect due to photochemical reactions,
affecting bacteria. A recent report showed that UV-
modification of Ti surfaces can reduce the attachment
and uniform formation of biofilms of Staphylococcus
aureus and Streptococcus pyogenes, the main causative
agents of implant infections.*®

UV radiation reduces the adhesion of bacteria to the
surface of the TiO implant, it can increase the
attachment of epithelial cells to the surface of the
implant and the formation of a biofilm, suppressing the
growth of bacteria.*

Due to UV, the adsorption of plasma proteins is
enhanced and the attachment, distribution and
proliferation of osteogenic cells are improved, which
can reduce the time of dental implantation.®

Various methods are adopted to improve
osseointegration. UV photofunctionalization is one of
the advanced methods for modifying the surface of
implants. This method can change the wettability of the
surface and eliminate hydrocarbons formed as a result
of aging on the implant surface, can enhance cell
migration, attachment and proliferation, promote
osseointegration and compaction of coronal soft
tissues, and also has an antibacterial effect by
preventing the formation of biofilm on the implant
components, thereby playing vainut role in the
prevention of peri-implantitis. In order to exploit the
results of UV photofunctionalization, additional
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clinical trials targeting complex implantation cases are
needed in the future.
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BJIUAHUE YO-OPOTOPYHKINOHAINIAIUU TIOBEPXHOCTHU JEHTAJIBHOTI'O UMIIJIAHTATA
HA OCTEOUHTEI'PAIIMIO 1 AHTUBAKTEPUAJIBHBIE CBOMCTBA: CHCTEMATUYECKHWI
OB30P

Hawupa F'amGapsin’
L TIpemomaBatens Kaenapbl XUPYPIUYECKOH CTOMATONOTHS YEIFOCTHO-IMIEBOM XUpyprum, EpeBaHcKuii
roCy/IapCTBEHHBIN MeAUIIMHCKUN yHUBepcuTeT uM. M. I'epanu, EpeBan, Apmenus

AOCTpaKT
KauecTBO JEeHTATBHOIO HWMIUIAHTaTa 3aBUCHT OT CBOMCTB IOBEPXHOCTH U CIIOCOOCTBYET OCTEOMHTETPAIUU
WMILIAHTATa B KOCTHYIO TKaHb. B COBpEMEHHOM MMITJIAHTOJIOTMY TUTAH ¥ TUTAHOBBIE CILIABBI ITMPOKO UCTIONB3YIOTCS
JUIS W3TOTOBJICHUS Ppa3iMYHBIX WMIUIAHTATOB OJiarojaps CBOMM XOpPOIIMM MEXaHHWYECKUM CBOWCTBAM H
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o6uocoBmectTuMocTd. TiO W3 W3TOTOBIEHHBIX HWMIUIAHTATOB MOXXET TMOTEPSATh CIOCOOHOCTh OHOAKTHBHO
WHTETPUPOBATbCS B KOCTh TOCJIE XpaHEHHS MeHee 2 Helellb, B TEYeHHE KOTOPOTO MPOUCXOIUT Aerpaiariys
OMOJOTHYECKOH AaKTUBHOCTU. /[ ONTHMH3aIMM  OCTEOMHTETrPALMM  IPEATIAaraloTCsl pa3IndHble METOBI
MOJTU(HUKALNY TOBEPXHOCTH UMIUIAHTATOB MTyTEM CO3/IaHHSI MUKPO- WIIM HAHOCTPYKTYP HA OCHOBE TUTAHA.

Henpto pmanHOro o630pa sBisieTcs oOCykaeHHe ynbTpaduonaeToBol (GoTopyHKIMOHANIM3AINA MOAUDUKALIHA
MOBEPXHOCTH MMIUIAHTATOB, €€ BIMSHHS HAa OCTCOMHTETPAllIo U aHTHOAKTepHalIbHbIe CBOMCTBA. B cucremarmuecknit
MOKUCK COOTBETCTBYIOIIEH JMTEPATYphl ObUTH BKJIIOUEHBI CleAyiomue 0a3pl maHHbix: PubMed, Embase, AWMF
Online, National Clearing House, International Guidelines Network u Cochrane Library. B kauectBe kputepuen
MONCKa KCIIONB30BAJIMCH CIEAYIOIINE KPUTEPHH MOUCKA: MOAW(GUKAIMA MOBEPXHOCTH UMILIAHTATOB, YIIy4lICHHUE
OCTCOMHTETrpallK ACHTAJIbHBIX HUMIUIAHTATOB C MOMOIIBIO YIbTpaduoneToBol GoTodyHKIHOHATH3AIUH, YPPEKT
Y®-poropyHKunoOHATM3AMNKA ST YIYUIICHUS aHTHOAKTEPHAJIbHBIX CBOWCTB JEHTAIBHBIX HMIUIAHTATOB,
(doToQyHKIIOHATH3AMNS UIMIUIAHTATOB B KOMILIEKCE TPO(MIAKTUKY IEPUUMITIaHTUTA. Beero B Hallle uccneoBaHue
Obuto BkmroyeHo 50 crareil, B KOTOPBIX pacCMaTpUBAJIOCh BIUSHHE NpHMeHeHHs YD-u3imydeHus Ha 3yOHBIE
UMIUTaHTATHI.

Pesynbrathl cucTemMaTHueckoro o03opa TOKazai, 4To YyibTpaduoneToBas (GOTOQYHKIMOHANM3AIUS BIUSET
CIIOCOOCTBYET yIYUIICHUIO OCTEONHTErPALlUH B 00J1a1aeT aHTHOAKTepHATLHBIMU CBOMCTBAMH, YTO HMEET PElIalolee
3HAYCHUC IS HMIIIAHTOJIOIOB, a TaKXKE ITIOMOra€T KJIMHUIIMCTaM B BI)IGOpC HaI/I6OJICC noaAXo X UMIIJIAHTATOB AJIA
yIy4IIeHUs ycIiexa U BBDKMBAEMOCTH HMIUIAHTATOB.
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