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MMEPINHWH: H ouvexwg au&avépevn epappoyr Twv
odoVTIKWV ePQUTEUPdTWY KaBWG Kal n ainon twv anar-
Toewv 0drynoav TouG EMOTAHOVEG VA avalntrioouy eKel-
VN TV eMeaveia epeputelpatog mou Ba eEaopdNde T pe-
yaAUtepn emgdveia emagrig Peta&l ootou kai epgutela-
106 (Bone-to-implant contact, BIC). [A\éov, avagepdpacte
O€ EPUTEUATA TIoU €XOUV UTTooTel eneEepyaoia tng e&w-
TepIKrg Toug emipdveiag pe o&ga (HC, H,50,) mpodyov-
TAG TNV OOTEOETIAYWYIKY) SPACTNEIGTNTA, TIOU €XOUV UTIO-
BAnBel oe appoPoli pe owpatidia ahoupivag, o&eidia T-
Taviou | pe udpo&uanatitn fj akdpa Kar éva ouvduacpd
TV PeBOSWY autwy, o omoiog eaivetal va Sivel kal ta Kah-
Ntepa péxpl otiyprig amoteAéopata. Emiong n avodiwon
anotelel pia AMn pébodo emeEepyaoiag Twv eppuUTEUNd-
Twv Ttaviou. Avagépovtal uPnAd ocootd 0OTEOEVOW-
PATWOoNG Ota eppUTElNATa e emkAAuyn emeaveiag e
udpoguaratitn rj mAdopa trtaviou, evey avtiBeta n xprion
@Bopiou f n epfdrion oe 100toVIKG aAatouxo didAupa
aroteholv pebddoug Tou emiong éxouv xpnoiporondef
yia eneEepyaoia g empdveiag Pe PTwxd anoteAéopata
00TE0EVOWHATWONG. TEAOG, VEEG TTOME UMooXSpeveG Te-
XVIKEG €XOUV KAVEl TNV elpAVvIor| Toug OTwg N emeepyacia
HE laser, n xprjon eappdkwy Kal KUPIwg SIpwo@ovIKWV Kal
N XPHoN TwV HOPQOYEWNTIKWY TTOWTEVWY Tou 0oToU.

AEZEIX KAEIAIA: emedveia emagrig peta&u ootou-gugu-
Tedparog, péBodol eme€epyaoiag, ooteoevowudtwon,
o&ga, appofBoinon, dipwopovikd, udpoguanatitng.

SUMMARY: The growing use of dental implants and the
increase in requirements directed scientists to search for
the implant surface which will ensure the greater bone
to implant contact (BIC). Nowadays, implants are acid-
etched (HCI, H,SO,) promoting the osteoconductive ac-
tivity or are grit-blasted with alumina particles, titanium
oxide or calcium phosphates or finally they undergo dual
treatment (combination of the two previous methods),
which seems to have the better results as a method until
now. Anodization is another method of treating the tita-
nium implant surface and increased osseointegration is
reported for implants coated with hydroxyapatite or ti-
tanium plasma. The use of fluoride or wettability of im-
plant surface in saline solution are also methods which
have been used for treating the implant surface with low
rates of osseointegration. Finally, new techniques made
their appearance such as the use of laser, the use of drugs
and specifically those of bisphosphonates and the use of
BMPs. The last methods are very promising and their re-
sults are still under research.

KEY WORDS: BIC, treatment techniques, osseointegra-
tion, acids, grit-blasting, bisphosphonates, hydroxyap-
atites.
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EIZAITQrH

H tomoBétnon odoviikav epguteupdtwy anarel ek pé-
POUG TOU YeVIKoU 0doVTIATPOU YWHOEIG TNG OOTEOEVOW-
pdtwong, TG dueong dnAadry SopIKAG Kal ASITOUPYIKAG
Slaoivdeong (Wvtog ootoU Kal EPQUTEUNATOC, KaBwg
kal xelpoupyIk epmeipia (AyyeAdtiouhog kar ouv. 2010).
Tov 6po ooteovowpdtwon iorjyaye o >oundog opbo-
maidikég Per-Ingvar Branemark to 1952 petd amd peié-
TEG TTOU €KAVE O€ KOUVENIQ OTNV KVAHN TwV OTToIwV To-
mobétnoe éva Balapioko amd Ttdvio tov omoio dev
PTTOpECE va apaipéoel PETd TO TENOG TNG €PEUVAg AOyw
evowpdtwong tou oto 0otd. O (diog to 1978 mapou-
oface epgutelpata amd utdvio, KoxAwtd pI{dpopPa,
Ta omola apoy apépevav adpavr) JETd TV Tomobétnon
Toug otV yvdbo yia didotnua oxi Aiydtepo amnd 4 priveg
TIPOKEIPEVOU VA 0oTeoevowpPatwBouly, otnv ouvéxela
amokaAdtovtav yia va xpnoidoroinbouv yia otripign
arokataotdoewv (Ayyerdmouhog kar ouv. 2010, Avdpr-
todkng 2002, Branemark, 1985, Branemark kai ouv. 1977).
"Exel Ppebel 6T dtav n empdveia Tou elQuTelpatog dev
éxel unootel eneCepyaocia, au€dvovrar ol mbavatnteg on-
pioupyiag vadoug ouvdetikoy Iotol petagy Trtaviou Ka
ootoU Kal amotuxiag tng ooteoevowpdtwong (Le Gue-
hennec kai ouv. 2007, Von Wilmowsky kar ouv. 2014).
ESw eioépxetal n onpacia g peodeaong dniadr g
HIKDOOKOTTIKAG KAl UTTEPHIKPOOKOTTIKIG SOMIC TNG TepIo-
XNG HETAEY TOU EPPUTEUPATOG-00TOU Kal TOU EPQUTEV-
HAToG-paiakwv popiwv. [pokeipgevou Aoimdv va evioxu-
Bel kal va emtaxuvBel n ooteoevowpPdtwor, €xouv Tia-
pouolaotel SIdPOoPEG TPOTTOTIOINTEIG TWV EPQUTEUPATWY
Kupiwg emdidkovtag v emnfteu€n peyalltepng emed-
VEIAG eMaQrig peta&l ootou kar epgutelpatog (bone to
implant contact, BIC). ‘Exel Bpebei emiong &t n emoavel-
akry adpdTNTa TWV EPPUTEUPATWY eTTNPEAlEl TO TTOOOOTSO
00TEOEVOWUATWONG Kal Plo-pnxavikig otabepdtntag,
kaBwg e TV adpr em@dvela emTuyxdvetal PeyaAltepn
Kal kaAUtepn emaer] HETa&y eppUTEUPATOG Kal ooToU Kal
uPnASTeEN avtiotaon oe kdBe porr TTou Telvel va Peta-
kivioel to epeuteupa (Le Guehennec kai ouv. 2007). la
T0 AOyo autd Ta olyxpova epeutelpata SIaBetouy pn-
XQVIKG Kal XnPIKG emeEepyaoPéveg eMQOAVEIES e OTOXO
TV emoaveiakr adpdtnta (Tou Tagvopeftal oe Hakpo-
KOKKT), MIKOOKOKKN KAl VAVOKOKKN) KAl TTIO OUYKEKPIJEVA
TN pIKpOKokkn kupiwg (1-10um) ev teheutaia éxouv
eHpaviotel kal vavoemeEepyacuéva eppuIElata.
Ykomdg TG mapouoag PIBANIoypagikig avaokdTmong ei-
val n mapouoiaon twv pebddwv eneEepyaciag g em-
@Aveiag Twv 0SOVIIKWV EPQUTEUPATWY TIPOKEINEVOU Va
evioxuBel n ooteoevowpdtwor] Toug Kai n oUyKpIon Twv
anoteAeopdTwy amod TV pappoyr Toug.

O1 p€Bodol enegepyaociag g emedveiag Twv ep-
puUTEUPATWY

[MoMég péBodor €xouv avarmuxBei Hote va dnpioupyn-
Bel n emBupunt autj adpry emgdveia Kai or oroleg Te-

KarrorrodAou @. kar ouv./Kapopoulou F. et al.

INTRODUCTION

As far as the general dentist is concerned, implant place-
ment requires knowledge of osseointegration, ie the direct
constructive and functional bone to implant contact, as
well as surgical experience.

The term of osseointegration was first introduced by the
Swedish orthopedic surgeon Per-Ingvar Branemark in 1952
after his research on rabbits" drumsticks where he placed
initially a titanium device that he couldn't remove after the
research end due to its osseointegration. Branemark in
1978 presented titanium implants, threaded and root
shaped, which stayed inactive after their implantation in the
jaw for 4 months at least in order to be osseointegrated.
Subsequently, they were revealed in order to be used for
fixed prosthodontics (Branemark, 1985, Branemark et al.
1977).

It has been shown that the possibility of osseointegration
failure due to fibrous connective tissue development be-
tween implant surface and bone is increased when the
latter has not undergone any treatment (Le Guehennec
et al. 2007, Von Wilmowsky et al. 2014). The importance
of interface ie the microscopic and ultramicroscopic
structure between implant-bone and implant-soft tissues
needs to be stressed. In order to amplify and accelerate
osseointegration, various implant modifications have
been presented seeking to higher bone to implant con-
tact (BIC). It has been also found that implant surface
roughness affects the rate of osseointegration offering
additional biomechanic stability; the rough surface
achieves higher and better bone to implant contact and
higher resistance to any removal torque (Le Guehennec
et al. 2007). For this reason, modern implants have me-
chanically and chemically treated surfaces, classified as
macro-, micro- or nano- grain type, in order to increase
roughness; the micro grain option (I1-10 pm) is prefer-
able for the time being while the nano-treated implants
have already been presented.

The aim of this literature review is to present the treat-
ment methods applied on dental implants surface in
order to enhance osseointegration; a comparison of
methods results is also made.

Methods of implant surface treatment

Several methods have been applied aiming to achieve
the desirable rough implant surface; mechanical or chem-
ical treatment, wettability or coating with different ma-
terials (Le Guehennec et al. 2007, Von Wilmowsky et al.
2014). Clinical success of >95% for over five years has
been registered in dental implants which are grit-blasted,
acid-etched, anodized and coated with hydoxyapatites
(Avdprtodkng, 2002). Classification of methods of treat-
ment of the implant surfaces briefly appears in Table |.

I) Roughening of implant surface by grit-blasting
One of the first methods of roughening the implant's sur-
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PIAUPAvVOUY TN pNXavikr Kal TV Xnuiky emegepyaoia,
T SiaPpoxr| kai v emkdAugn pe didpopa cuotatkd
(Le Guehennec kai ouv. 2007, Von Wilmowsky Kkar ouv.
2014). ‘Exer kataypagel amodotkOtTta Kar KAIVIKY| €TTi-
Tuxia >95% yia mepioodtepa amd mévie xpdvia yid Ta
080VTIKA EHQUTEUHATA [ EMEEEPYAOHEVN EEWTEPIKN ETTI-
(aveia dnwg eival ta appoBoAnupéva, ta adporoinuéva,
autd mou éxouv dexBel nhextpolutik abnuikomoinon
Kal Ta emkahuppéva pe udpokuamnatitn (Avoprtadkng,
2002). H ta&ivéunon twv pebdduwv eneepyaoiag tng
EMPAVEING TWV EPPUTEUPATWY oUvVOTTTIKE TTapouciddetal
otov [Mivaka I.

1) Emedveia emeepyaopévn pe appoBoin

Mia amd tng mpwteg peBddoUC empavelakrg emegepya-
olag twv epeuteupdtwy eival n appgoBdéinacr] Toug pe
okAnpd kepapikd cwpatidia mou exto&edovtal umd Tiieon
e uPnAr Taxytnta kar avdloya pe 1o péyeBog Toug -
Tuyxdvetal Slagopetikol fabpoul adpdtnta. [MoikiAa ke-
papikd owpatidia and uhikd xnuikd otabepd, BlooupPa-
T4 KAl KPINKE» OTNV 0OTEOEVOWUATWON EXOUV XPNOIKO-
noinBel dmwg ahoupiva (ALO,), o&eldia titaviou kal ow-
patidia pwogopikol aofeotiou (Aparicio kar ouv. 2003,
Albrektsson kar ouv. 2004). H ahoupiva wg uhikd appo-
BoAnong dnuioupyel emeaveiakr) adpdtnta mou Jeta-
BdMetal avdhoya Pe TV KOKKOHETPIA TOU HESOU appo-
BoAnong (Aparicio kai ouv. 2003), Ta cwpatidid g ev-
OWHATWVOVTIAI OTNY EPQUTEUPATIK EMQAVEIQ Kal TTAPa-
HEVOUV TIPOOKOMN VA akdpa kal Petd amod kabapiopd
HE UTTEPrXoug, mabnuikotolion pe o&U Kkal anooteipwan,
Ta o&eidia tou Trtaviou mou xpnaoiyormolouvtal oty ap-
HoPdAnNon éxouv katd péco épo peyebog 25 pm kai ep-
@aviCouv uPnAd enimeda emtuxiag akdpa kar Séka xpo-
VIQ JETA TV ePPUTEUON KaBWG EMTUYXAVETAl pIa I0XUPN
oxéon peta&l ootol kai epgutelpatog (Ivanoff kar ouv.
2001, Rasmusson kai ouv. 2005). TéNog, To puwopopIké
aopéatio, éva uhikd BlooupPatd, ooteokaBodnyntikd kai
amopPOPCIHO, HE TN HOP®r) Tou udpoguarnatitn, Tou
B-pwopopikol acBeatiou kal pefypata autwv Bewpouv-
Tal XprioIpa oav owpatidia yia appoBéAnon. Or evwoeig
QUTEG ival amoppOoPAOIKES Kal KataAeimouv pia kabapr
emdveia trtaviou. Miotedetal du 10 PWoEopPIkS aoé-
oTo evioxXUel TV TIPOoPOPNON TTPWTENWDY (STTWG @Iy-
TIPOVEKTiVN) OtV €M@dveld Tou, e ATTOTEAECHA va au-
Edvetal kal n ouykdMnon kai n dpactnpidtnta twv ai-
poretahiwv. H au&nuévn autr mpoopdenon mpwTevwy
au&dvel Ta Mooootd NG QIUTPIvNG otnv em@dveia Tou
EPQUTEUPATOC, 0dNYWVIAg €101 O€ Ypnyopdtepn onpi-
oupyia tpiodidotatng PATPAS PECW NG OTToIag OOoTED-
yewntukd kittapa Ba petavaoteioouwy yia va mAnold-
00UV TNV EMIPAVEI TWV EPPUTEUPATWY. H Xprjon autoud
TOU TUTTIOU EPQUTEUATOC eVOEKVUTAI OE TIEQITTIWOEIG Xa-
HNAAG ToidtnTag ootou, Kabwg éxel rapatnenBel augn-
pévn ootk oUvBeon kupiwg oe omoyywdeg kal OXI o€
oupmayéc ootolv (Park kar Davies, 2000). Kai n ahoupi-
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face is by blasting it with hard ceramic particles; these are
ejected at high velocity with compressed air; different de-
gree of roughness is achieved depending on ceramic par-
ticles size. Various particles from chemically stable, bio-
compatible and osseiontegration friendly materials such
as alumina (Al,O,), titanium oxide and calcium phos-
phate have been used (Aparicio et al. 2003, Albrektsson
et al. 2004). Alumina is often used as blasting material
producing surface roughness varying with the granulom-
etry of the blasting media (Aparicio et al. 2003). Alumina
particles are integrated into the implant surface and are
stable even after ultrasonic cleaning, acid passivation and
sterilization. Titanium oxide particles with an average size
of 25 um are also used for blasting implant surface. Stud-
ies have shown high clinical success rates up to 10 years
after implantation because of high level of bone-to- im-
plant contact (BIC) (lvanoff et al. 2001, Rasmusson et al.
2005). Finally, calcium phosphate, a biocompatible, os-
teoconductive and resorbable material, is used for sur-
face blasting in different forms such as hydroxyapatite,
beta-tricalcium phosphate and mixtures. These materials
are resorbable, leaving a pure titanium surface. It is
thought that calcium phosphate enhances protein ab-
sorption to its surface (i.e. fibronectin) and this leads to
the increase of platelet adhesion and activation. This in-
crease improves fibrin binding to the implant surface, re-
sulting in the establishment of a three-dimensional matrix
through which osteogenic cells migrate to reach the im-
plant surface. Use of this type of implant is very impor-
tant in case of low quality bone since increased bone for-
mation, trabecular mainly, has been reported (Park and
Davies, 2000). Alumina, titanium oxide and calcium phos-
phate have been found to achieve the same more or less
degree of osseointegration (Aparicio et al. 2003, Le Gue-
hennec et al. 2007).

The only disadvantage of this method is the possibility of
remaining extracts of the particles in the implant surface.
This problem can be solved with a careful cleaning by
compressed air with the use of alkaline or acid solutions
in ultrasound bath.

2) Roughening of implants surface by acid-etching method
Surface roughness is achieved by etching with strong
acids such as HCl, H,50,, HNO, and HF; micro pits are
created on titanium surface ranging from 0.5 to 2 pm in
diameter increasing osseointegration considerably. Tita-
nium implants are immersed for several minutes in a mix-
ture of HCl and H,SO, which is being heated at a tem-
perature higher than 100°C (dual acid-etching). This type
of surface is reported to both promote rapid osseointe-
gration and maintain long-term success over 3 years. This
dual acid-etched surface intensifies the osteoconductive
process through the attachment of fibrin and osteogenic
cells, resulting in bone formation directly on the surface
of the implant (Park and Davies, 2000, Le Guehennec et
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va kai ta o&efdia ttaviou kal To ewopopikd acBéotio
EMTUYXdvouv ooteoevowudtwon idlou BaBpou (Aparicio
kai ouv. 2003, Le Guehennec kai ouv. 2007). Meiovéxtn-
Ha TG aupoBoArg eival n mBavdtnta mapapovrg Tepa-
X1I0IWV TwV eKOPeVOOVIOPEVWY CwHatdiny TTdvw otnv
eppuTeupatikr emedveia. To mpdPAnpa autd emidetal
He Tov kaAd kabapiopd efte pe T xprion aépa uro Tieon
efte pe ™ xprion aAkaNkav f S&vwv dialupdtwv os Aou-
10 uneprxwv (Pavdpidng, 2006).

2) Emedveia epeutedpatog emeEepyaopévn pe o&u

H adpomoinon toug pe 1oxupd oféa dnwg HCI, H,50,,
HNO, kar HF mpoctider adpdtnta otnv em@dveia Twv
EHPUTEUPATWY pe dnuioupyia PIKpoTIOpwy OTO TITdvio
Siapérpou amd 0,5 péxpr 2 pm. Ta epoutelpata eppu-
OiCovtal yia apketd Aermtd oe pefypa HCl kai H.SO, 1o
omoio Beppaivetar mavw and toug 100°C (SimAf adpo-
moinon). H adpormoinuévn aut emedveia mpodyel yen-
yopn ooteoevowpdtwaorn eEacpaiiCovtag emtuxia yia ta
EPQUTEUNATA YIa TTEPIooGTEPO amo Tpia xpdvia. H SimAv
adporoinon endyel tv ooteoemaywyikr dladikaoia pé-
OW TNG OUVOEDNG TNG PIUTPIVNG KAl TWV OCTEOYEVVNTI-
KOV KUTtdpwv odnywvtag €10l oe dUeo OXNuatioyd
ootoU mdvw oto epeuteupa (Park kar Davies, 2000, Le
Guehennec kai ouv. 2007). Emotnpovikég peAéteg ava-
@E€pouv ATl N uPnAr Beppokpacia tng adporoinong ma-
PAVEl HIQ OHOIOYEVH HIKOOTIOPWTIKY em@dveia n otola
OUPBAMel oTo oxnNPaTIoPd 10xupdtepng d1acuvoeong
peTa&y ootou Kkai epgutelpatog (BIC) oe oxéon pe ta
gHpuTElpaTa Twv omoiwv n eEwtepikr em@dveia éxel Ye-
kaotel pe mhdopa trtaviou (Cohran kar ouv. 2002, No-
vaes kai ouv. 2004)

3) 2uvduaopdg twv duo mponyolpevey peBddwv
Eupéwg xpnoipomoloUpeva tnv teAeutaia dekaetia eival
Ta EYQUTELPATA TIOU €xOUV UTTOOTEl SIMAY eme&epyaoia:
pe appoBolr kal adporoinon. H appoBdAnon Bewpefta
O emtuyxdvel T BENTIOTN TPaxUTNTA yIa PNXavikr] ouy-
Kpdtnon evw n adporoinon egopallvel kdmoia o&uaix-
pa onpeia kal mpoodidel otnv em@AveId TOU EPQUTEU-
PATOG akOPa éva XapaktnpIoTIkG amapaftnTo yia Ty
TIPOCPOPNON TWV TIPWTEIVWY TTOU 0dnyel oe pid Mo oUv-
Topn xpovikd emouhwtikr diadikacia yia 1o ootolv
(Wennerberg kai Albrektsson, 2009). H BeAtiwon tng
EVOWUATOONG EMTUYXAVETal KUPIWG PEow TG au&nong
TNG HNXAVIKAG OIATTAOKIG TOU VEOOXNUATIOPEVOU OOTOU
OTIG PIKPOAVWHANEG TIou dnpioupyel to o&U otnv eri-
@Aveia. ZuyxpovwE TIPOOPEPETAl Kal éva PeYaAUTEPO
epPaddv emedveiag via v mpOoeuUon Twv 0oteoBAa-
OTWV Kal TV enaer] egeutelpatog-ootol (Pavdpidng,
2006). Napddeiypa autrg tng emegepyaoiag eivai n erm-
@dveia SLA (Sand-blasted, Large grit, Acid-etched) mou
TIPOKUTTTEl PeTd amd appoBoAr pe kOkKoug Jeydhou pe-
yéBoug (200-250um) kai adporoinon e piypa udpo-
xA\wpIkoU-Beikou o&éoc.

KarrorrodAou @. kar ouv./Kapopoulou F. et al.

Nivakag 1: O1 ugbodol enetepyaoiag NG eMIPAVEIAS TWV OOOVTIKWY
EUPUTEUUATWY KAl QVTITOOCWTIEUTIKY] BIBAOYpapia

MéBodol EneEepyaaiag
Emipdvela appoBoAnuévn

Empdvela emeepyaopévn e o&€a

2uvOUAOUAS TWV OUO AVWTEPW:
appoBoAn kat eneEepyacia

Avodlwugvn erpdvela

Emipdvela emkaAuppgvn
a)udpoguarnaritn

B)mAdopa Titaviou

XNUKd TOTIOTIOMUEVT ETIPAVELQ
a)pe xerjon eBopiou
B)dlaBpoxr/evuddtwon

Erupavela eneEepyaopévn ue laser

MéBodol eneEepyaoiag empavelag
uTto gpeuva: a) AlpwoPoviKA
B) BMP-s

EvdeikTikr) Biphioypagia

Aparicio kat ouv. 2003, Albrektsson
kat ouv. 2004, Rasmusson Kalt
ouv. 2005, Park kat Davies 2000

Le Guehennec kat ouv. 2007, Cohran
kat ouv. 2002, Novaes kal ouv. 2004

Wennerberg & Albrektsson 2009,
®avdpidng 2006

Park kat ouv. 2007, Wilmowsky kat
ouv. 2013, Sul kat ouv. 2002

Wheeler 1996, Lee kat ouv. 2000,
Ducheyne kat ouv. 1986, Duske kat
ouv. 2012, Guastaldi kat cuv. 2013

Berglundh kat ouv. 2007,
Abrahamsson kat ouv. 2008,
Ferguson kat ouv. 2006

Faeda kat ouv. 2009, Souza
kal ouv. 2013

Josse kal ouv. 2004, Le Guehennec
kat ouv. 2007, Leeuwenburgh
kat ouv. 2001

Table 1: Methods of treatment of the implant surface

and indicative references

Methods of treatment

Grit-blasted surface

Acid-etched surface

Combination of grit-blasting
and acid-etching

Anodization

Covered surface (Hydroxyapatites,
Titanium- plasma spraying)

Chemically treated surface
(use of fluoride, wettability)
Laser

New methods
(bisphosphonates, BMPs)

Indicative references

Aparicio et al. 2003, Albrektsson
et al. 2004, Rasmusson et al. 2005,
Park and Davies 2000

Le Guehennec et al. 2007, Cohran
etal. 2002, Novaes et al. 2004
Wennerberg and Albrektsson, 2009,
®avdpidng 2006

Park et al. 2007, Von Wilmowsky
etal. 2013, Sul et al. 2002

Wheeler 1996, Lee et al. 2000,
Ducheyne et al. 1986, Duske
et al. 2012, Guastaldi et al. 2013

Berglundh et al. 2007, Abrahamsson
et al. 2008, Ferguson et al. 2006

Faeda et al. 2009, Souza et al. 2013

Josse et al. 2004, Le Guehennec
et al. 2007, Leeuwenburgh et al. 2001

al. 2007). Several experimental studies have reported
that high temperature acid-etching produces a homoge-
neous microporous surface with higher BIC than Tita-
nium plasma-spraying (TPC) surfaces (Cohran et al.
2002, Novaes et al. 2004).

3) Combination of two previous methods

Double treated implants —both grit blasted and acid
etched- have been widely used during the last decade.
The grit-blasting is considered to achieve the optimal
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4) EneEepyacnia pe avodiwon 1} nhektpoAutikr) mabnu-
kotofnan

‘Orav ta gpoutedarta ttaviou extiBevial oto o§uyovo
otV em@dveld Toug oxnuatiCovial otpwpata o&eidiwy
nidxoug 2-5 nm. H nAextpoxnpikr pébodog, ywwotr wg
avodikr o&eidwon r avodiwon fi nAektpikr TTadnuikorol-
non, eival pia anod TG Mo eUPEWS XPNOIUOTIOIOUNEVES
TeEXVIKEG eme€epyaniag Tou Trtaviou pe TV oToia oxn-
patiCovtal oty em@dveia Tou EPQUTEVPATOS OTPWHATA
o&eidiwv peyalitepou mdxoug and Gt otny Tepimwon
TOU QUTOPATOU OXNUATIOPOU, EVIOXUOVTAG TNV OCTEOEV-
owpdtwon (Ntjtpix, 2008). MNpaypatoroleital pe yah-
Bavootaukr avodiwon Twv KpapPdtwy Ttaviou o€ uyn-
A6 Suvapikd (100V) pe epPubion oe mukvd (2004/m?)
6&iva diahipata (H,S0,, HNO, kai HF) (Le Guehennec
kai ouv. 2007). Teleutaia gpeuvnuikd Sedopéva Exouv
amnodeitel onuaviikd mMocootd 0oteoevowpdTwong o
vavoereEepyaopéveg emedveiec. Katd tn didpkeia g
NAEKTPIKAG TTabntikotoinong, of aMnAemdpdoeig Tou
Tpaypatorolovval, 0dnyoulv og pia pIKPO- Kal vavo-Tio-
PWON HIKPOAEXITEKTOVIKT] e TTOIKIMN otoixelopeTpia. To
oxfipa kai to péyebog Twv mépwv au&dvetal dco augd-
vetal kal n avodiakr tdon. Apa enegepyaoia oe uPnAo-
tepa duvapikd (>100V) odnyel o evtovdtepn adpdtnta
Kal AETTTOTEPO OTPWHA OEEISIWV OTNV EUPUTEUHATIKY ETTI-
@dveia (Park kar ouv. 2007, Von Wilmowsky kar cuv.
2014). H avodiwon eivar pia diadikaoia 181aftepa clvOe-
N kai e€aptdrar and mapdyovieg OmwG N TUKVOTNTA TOU
PEUATOG, N CUYKEVIPWON TwV O&Ewv, N olvBeon kai n
Beppokpaoia tou nAektpoAUtn. H ooteoevowpdtwon
TIOU €MTUYXAVETAl Efval AMOTEAEONA TG00 TOU OXNATI-
opoU ootoU péaa atoug MOPoug 0o KAl NG PIOXNHIKAG
ouykoMnong (Sul kar ouv. 2002). YrootnpiCetal &t n
pEBodoc aut Meovektel 0To Gt BeEATIVE! Pnxavikd Kal
BioAoyikd v evowpdtworn, yiati ol dnpioupyoUpevol TTo-
POI HOIGlouV HOPQOAOYIKE HE TOUG OOTIKOUG Kal TTPO-
dyetal n MPooPOPNoN TwV TTPWIEIVWY TOU aipatog Kd
ToU IVWOOUG OTnV €Mm@dveld Tou epputelpatog (Pav-
5pidng, 2006).

5) Emkaluppéveg emedveles eJQUTEUPATWY

5a) Me udpo&uanatitn

To pwogopikd aoPéotio éxel AdN avapepBel wg xpn-
olgoroloUpevo otnv appoBdAnon emigaveiag. Me
pop®r] Tou udpo&uanatitn éxel xpnaolporoinBel kar oav
eMKAAUYN TNG eMAvelag Twv eppuTeUndtwy. Metd tnv
TOTTOOETNON TOU EUPUTEUNATOG, 1 otadiakr] ameAeubé-
PWON PWOPOPIKOU ACPRECTIOU OTNV TIEPIEUPUTEUPATIKA
TiepIoxXr] QUEAVEI TOV KOPEOPO TV PIOAOYIKOV UYPWY
kal katakabiCel éva Pioloyikd amatitn otnv emedvela
TOU EPOUTEUHATOG. TO eMiXpIopa autd TiEPIEXEl eVOO-
yevelg mpwtefveg kar xpnolpelel wg Prited yia Ty mpo-
okOMNoN kal avdTtuén Twv O0TEOYEWNTIKWY KUTIAPWY
(Davies, 2003). Zuvtehwvtag otnv emtdxuvon tng dia-
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roughness for mechanical fixation whereas the etching
smoothens out sharpness and may add a component
on the implant surface with potential significance for
protein adhesion; the latter is considered to be impor-
tant for the early bone-healing process (Wennerberg
and Albrektsson, 2009). The improvement in osseoin-
tegration is mainly achieved through the increase in me-
chanical relation of recently formed bone and micro-
scragginess of the dental surface created by acid. Simul-
taneously, a larger surface area for osteoblasts absorp-
tion and bone to implant contact is offered. Specific ex-
ample of this treatment method is the SLA surface
(Sand-blasted, Large grit, Acid-etched) which is created
by grit blasting first with big size grains (200-250um) and
acid-etching later in a mixture of H,50, and HCI.

4) Roughening of implants surface by anodization
When titanium implants are exposed to oxygen an oxide
layer of 2-5 pm thickness is created on the surface. The
electrochemical method, known as anodic oxidation or
anodization or electric passivity is a well-established tech-
nique for the modification of titanium surface through
which a thicker and protective oxide layer is created. A
galvanostatic anodization of titanium is achieved in strong
acids (H,SO,, HNO, kar HF) at high density (200%/m?)
or potential (100V) (Le Guehennec et al. 2007). Accord-
ing to latest experimental reports this method gives high
rates of osseointegration especially when processing
nanometer surfaces. During the process of anodization
the interactions that take place lead to micro- or nano-
porous surfaces with various crystallinity. The shape and
size of pores depend on the anodiac potential and treat-
ment in even higher potentials (>100V) produces
greater roughness and more thickened oxide layer on ti-
tanium surface (Park et al. 2007, Von Wilmowsky et al.
2014). The anodization process is rather complex and
depends on various parameters such as current density,
concentration of acids, composition and electrolyte tem-
perature. Two mechanisms have been proposed to ex-
plain this osseointegration: mechanical interlocking
through bone growth in pores and biochemical bonding
(Sul et al. 2002). It is believed that this method has the
advantage of improving mechanically and biologically the
integration because pores like these of bones are pro-
duced and in this way the protein’s and fibrous' absorp-
tion is promoted on implant surface.

5) Coated surfaces

5a) Hydroxyapatites

Calcium phosphate has been already mentioned as a
mean of grit-blasting. Hydroxyapatite (HA), a type of
calcium phosphate, has been used as coating on implant
surface. Following implantation, the release of calcium
phosphate into the peri-implant region increases the sat-
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Sikaoiag g 00TeoevowUdTwong Tou EPEUTEUNATOC
€xel EQAPPOOTEel KAl ouVOUAOopSC appoBordg pe emkd-
Augn otn ouvéxeia e amatitn. Ev toutoig dev eivar Aiyeg
Ol POPEC TTOU TTAPATNPE(Tal armokOMNoN Tou eMmxpiopa-
T0¢ autoy améd 1o ep@UTEUpa Kal autd oeiletal oTig
SIdpopeg pdoelg Tou Tiepvd o anatiing Adyw dpaocti-
KoV aMaywv otn olvBeor| Tou Kal Ty KpUoTaMIKSTNTd
Tou katd tnyv enegepyaoia Tou (Wheeler 1996, Lee kai
ouv. 2000). Emfong €xel xpnoigotmoinBef okdvn udpo-
Euanatitn mou Beppaivetar oe TOAU UPNAEG Beppokpa-
ofeg kal evamotiBetal pe uPnAr) TaxutnTa otn JETAMIK
emedvela, aMd €tol n moidtnta emkaluying, n olvbeon
Kal n kpuotaMikdtnta eivar dUokolo va eheyxBolv
(Ducheyne kai ouv. 1986). Nap’ dAo mou mpoteivetal n
XPrjon ePOUTEUpATWY eTEEEPYAcpévwY e udpo&uara-
Tftn oy mpdaobia dvw yvdbo kai otnv omioBia Kdtw
yv@Bo uné mpoimoBéoeig (to fdBog tou ootol va &e-
miepvd ta 10nm, To eAoibdeg TEtalMo va eivar Aetrtd kai
1o omoyywdeg ootolv apaid), n KAivikd xprjon autou
Tou TUTTou 0d0VTIKOU EHPUTEUHATOG eival TENKA TTEPIO-
pIopPEvn, eve) yivovtal mpoomdBeleg yia peiwon tou md-
XOUG TOU ETIXPIOPATOC Kal yia alayég otn ouvBeor
tou (Ong kai Chan, 2000, Le Guehennec kai ouv. 2007,
Von Wilmosky kar ouv. 2014).

5B) Me mAdopa trtaviou

H ene&epyaoia pe mAdopa ttaviou eivar pia dMn pébo-
So¢ eneepyaoiac g eEWTEPIKIG EMPAVEIAG TOU EPQU-
TeUpatog yia v enfreu€n adpdtnrac. H mo yvwotr kai
EUPEWG XPNaolpoTIoloUdeVn TexvIKY eival n Beppikr| oe
uPnAr Beppokpaoia. Ta pdpia ttaviou mpoe&exouy avw
OTNV €MQAVEId TOU EPPUTEUPATOC OTTOU CUPTTUKVAVOVTAI
Kkal Tikovtal padi, oxnuatifovtag pia pepBedvn maxoug
riepfmou 30 um, n oroia yivetar opoidpopen dtav to md-
x0G @tdoel Tepimou 40-50 pm. To tehkd otpwpa emkd-
AUYING pe Ao A Trtaviou €xel Katd Péoo 6po pia adpd-
Tnta 7 gy au&dvovtag kai tnyv emedvela Tou ePeuTelpa-
106 Melovéktnpa propel va BewpnBel n mbavdtnta dia-
omopdq cwpaudivv ttaviou 1 IGVIWV- TIoU €Xouv aro-
omaoBel and to otpwa eMKAAUPNG- O YETOVIKEG 1 aTTo-
Hakpuopéveg B€oeig Tou opatog Adyw SidAuong, @bo-
pd¢ kar SidPpwong Tou TItaviou, yeyovog avnouxnTko Ad-
yw NG duvnTKAG TOTTIKAG KAl OUCTNHATIKAG KAPKIVOYEVE-
ong (Urban kar ouv. 2000). Erfong, undpxer kai n uxped
TEXVIKT), e TTAGopa Ttaviou og CUVOKEG ATHOOPAIPIKIG
TTiEoNG, N oTTola €xel eugpyeTikd POAO yIa TNV evioxuon
NG 0oTeoyeWNTIKrG andvinong kabwg éxel Bpebel dui ol
em@dveleg Tiou €xouv SexOel eme&epyacia pe atpoopar-
pikd TMAdopa evioxtouv T SIaBPOXr Kai TIC APXIKEG KUT-
TapIkéG aMnAemdpdoeig. H diaPpoxr| Tng emodveiag eival
anapeaftnn yia Ty €mtdxuvon TG O0TEOEVOWHUATWONG
OTa TIPWTA oTddia Kal €peuveg éxouv amodeitel ot emi-
Tuyxdvetar epPiopnxavikr atabepdtnTa kal OXNPATIoHOS
ootoU og TOAY pIKpS xpovikd Sidotnua petd Ty epgu-
teuon (Duske kar ouv. 2012, Guastaldi kar ouv. 2013).

KarrorrodAou @. kar ouv./Kapopoulou F. et al.

Aidypappa 1/Diagram 1

2 UyKpITIKr) ameikdvion tou Babpoy
O0TEOEVOWPATWONG TWV EPPUTEUPATWY avaloya [e
v Pébodo emeEepyaoniag TG eEWTEPIKAG TOUG
emdveiag (Tpomomoinon ané Jeong kar ouv. 2010)

Comparative imaging of the implant osseointegra-
tion degree depending on the applied surface

treatment (Modification from Jeong et al. 2010)

%BIC

AB/AE  AB/AE TCP TCP  Anodization

+TCP +acid
AB/AE: ene&epyaoia pe aloupiva/o&l
alumina-blasted/acid-etched
TCP:  ene&epyacia pe ampporoipo udpoguamatitn
bioresorbable ceramic blasted (hydroxyapatites)
BIC: emagr ootoU pe gppUTEUPa
bone-to-implant contact

uration of body fluids and precipitates a biological apatite
on the surface of the implant. This layer contains en-
dogenous proteins and serves as a matrix for osteogenic
cell attachment and growth (Davies, 2003). In order to
accelerate the process of osseointegration, researchers
have promoted another technique which combines grit-
blasting and HA-coating. However, sometimes delami-
nation of the coating from the surface of the titanium
implant is possible, due to the various changes that
occur in HA synthesis and cristallinity during its treat-
ment (Wheeler, 1996, Lee et al. 2000). Moreover, one
of the most widely known techniques is HA plasma
spraying. With this method HA powder is heated to
high temperatures and deposited at a high velocity onto
the metal surface; nevertheless coating quality, compo-
sition and crystallinity are difficult to control (Ducheyne
et al. 1986). Although, clinicians recommend the use of
HA-coated implants for the anterior maxilla and poste-
rior mandible under certain considerations (bone depth
exceeding 10mm, thin cortical layer and less dense tra-
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6) XnHIKG TPOTIOTIOINUEVES ETIQAVEIEG EPQUTEUNATWV

6a) Me xprion pBopiou

Mia akdun texvikr Tiou éxel ipotabel eivar n kKaAuyn twv
EPQUTEUPATOV e 16via eBoplou, dedopévou 6T To TI-
Tavio eival 1diaitepa Spactikd e ta 1dvia gBopiou oxn-
uatiCovtag v eudidhutn évwon TiF,. ‘Exel mapatnenBef
augnpévn ouvdeon NG emegepyacpévng autig emedvel-
ag pe To ootouv kal au€nuévn Tpoaywyr) TG ooteoPAd-
otkig diagoporoinong, oToixela onuavtikd Katd v
ooteoevowpdtwon oe Béoeig pe apouaia peydAwv dia-
Kévwv peta&ly ootou kar epgoutelpatog (Berglundh kar
ouv. 2007, Abrahamsson kar ouv. 2008). Ta 16vta @bo-
piou emnpedlouv To OXNUATIOPNS OPYAVIKWV KAl avop-
yavwVv OTOIXEIWV TOU 00Tt 10ToU augdvovtag tny mu-
KvOTNTa TOoU oTToyYWHOUG 00TOU Kal EVIOXUOVTAG TNV V-
OWHATWON Tou KoAaydvou PEoa otnv ootk PriTeq,
utroponBwvtag £tol T Spdon NG AAKANKAG ewopatd-
ongG. H aiahikry wopatdon eiva deiktng tng dpdong
TWV 00TEOPAACTWY, OUVENWG G0O PeYaAUTepa eival ta
Moo00td NG PWoQAatdong tdoo peyaAltepn eival n
SpaotnEIGTNTA TwV 00TEORATTWY KAl O OXNUATIOHOG VE-
ou ootoU (Farley kai ouv. 1983). H xnpikr} autr eme€ep-
yaoia fowg éxel kal to duvapikd yia evioxuon NG evow-
PATWONG TOU EPEUTEUHATOG OTO O0TOUV OTNV TIPWIKN
@don emolAwong Tou TPauuatog petd tnv tomobEtnon
EHPUTEUPATOC KAOWG PETATPETE! TNV EMQAVEIQ TOU El-
(QUTEUNATOG O€ TTEPIoOGTEPO Pioevepyr) (Avdpitodkng,
2002, Abrahamsson kai ouv. 2008).

6B) Me diaBpoxr/evuddtwon

H diaBpoxr g emedveiag sival évag akdpun kabopliot-
k&G TTapdyovtag yia TNV TePIEP@UTEUPATIKY evamdbeon
ootoU Kal TNV EMTUXNUEVN 0oTeoevowpdtwon. H mpo-
OKOMNON TWV TTPWTENVWY Kal TwV KUTTdpwV eival I0XU-
PATEPN OTIG UOPAPIAEG ETTIPAVEIEG, TIPOWBWVTAG TO OXN-
patopd peyalitepng moodtntag ootol og GUYKPIoN HE
TG USPOYoPeG empdveies. [Npiv T diaPpoxr éxel ipo-
nynBel unxavikr eme€epyaoia tng emedveiag Tou epeu-
TeUpatog Pe appoBoAr i pe adporoinon pe o0&y, otn
ouvéxeia yivetal n SiaBpoxr| o€ 100ToVIKO aAatouxo did-
Aupa kai Téhog yivetar adporoinan oe atpdogaipa N..
Me Ttov TpdTo autd, mpootateletal n kabapr emedveia
Ttaviou and pdhuvon pe avBpakikd kal opyavikd otol-
xela k&t mou cupPaivel puolohoyikd otnv atpudopalpa
kai Siatnpeftar €Tl n xnuikr kabapdtnta kai n Spactikr
emedveia (Ferguson kar ouv. 2006). H diappoxr| tng
eEWTEPIKAG eM@dvelag Pe ahatouxo didAupa SIEUKOAUVEI
TNV MPoopd@enon g Iumpivng, n omolfa pe tn oeipd
NG TTAPEXEN pIa PrTPA YIa TV PETAVACTEUOH TWV OOTE-
opAactwv otV emigdveld Tou epeuTeUpatoc. Auti n oi-
TIAG eme€epyacpévn emedveld Twv egEUTEUPdTWY (ap-
poBoAr i adportoiron pe o&U kar petd diaPpoxry) mpo-
dyel TV evandBeon ootitn Iotou and ta mpwtd otddia
NG ooteoevowpdtwong. H umdpxouoa em@aveiak
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becular bone), the clinical use is rather limited while ef-
forts continue towards reducing calcium phosphate
coating thickness and improving its composition (Ong
and Chan, 2000, Le Guehennec et al. 2007, Von
Wilmosky et al. 2014).

5b) Plasma-spraying

Titanium plasma-spraying (TPS) is another method for
producing rough implant surface. The widely known and
applied technique is the thermal one at high tempera-
ture; the titanium particles are projected on the surface
of the implants where they condense and fuse together,
forming a film of about 30 pm thick, which becomes uni-
form at 40-50um thickness. The final layer of the TPS
coating has an average roughness of 7um increasing thus
the implant surface. However this technique has also
disadvantages as particles of titanium have been found
in the bone adjacent to the implant or remote locations
in the body. This side-effect may be the product of dis-
solution, fretting and wear of titanium and has potential
harmful local or systematic carcinogenic effects (Urban
et al. 2000). Apart from the thermal technique there is
also a cold one, in which the atmospheric pressure
plasma has been reported to be beneficial for the en-
hancement of osteogenic response; the surfaces treated
with atmospheric plasma enhance the wettability and
improve the initial cellular interaction. Surface wettability
is necessary in increasing osseointegration shortly after
implantation; the results have shown that biomechanical
stability improves and bone formation occurs very soon
after implant insertion (Duske et al. 2012, Guastaldi et
al. 2013).

6) Chemically treated implant surface

6a) Fluoride

This approach involves treating titanium dental implants
in fluoride solutions. Titanium is very reactive to fluoride
ions, forming soluble TiF, and as reported, implants with
this treatment present high BIC and promote osteoblas-
tic differentiation. These results are very important for
the success of the osseointegration especially in cases of
gaps between bone and implant (Berglundh et al. 2007,
Abrahamsson et al. 2008). Fluoride ions influence forma-
tion of both organic and inorganic components of bone
tissue. Thus, fluoride may increase the density of trabec-
ular bone and enhance the incorporation of collagen into
bone matrix as well as alkaline phosphate activity. Alka-
line phosphate is an indicator for osteoblasts’ action so
higher rates of phosphate indicate more intense function
from osteoblasts and finally formation of new bone tissue
(Farley et al. 1983). The chemical treatment may im-
prove implant anchorage in bone shortly after implanta-
tion by rendering the implant surface biocactive (Abra-
hamsson et al. 2008).
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adpdtnta eaiveral pdhiota &t éxel SmAd poo Téoo e
10 va mpowBel T dnpioupyia ooteoPAACTIKAG HOPPO-
Moyiag ota MG63 kittapa mou poiddouv [e TIG 00Teo-
PAdoteg G600 Kal pe to va auEdvel TNV TTapaywyry 0oTe-
okahafvng Tou eivar defking ooteBAacTikri Siagoportof-
nong. lvetar katavontd Aoimdy, &t n diaBpoxr| g -
@dvelag emnppeedlel Ty aMnAemidpaon peta&l autrg
Kal Twv yUpw Iotwv. Téoo ta avépyava otoixeia (16via
PwoEdpou Kal acPectiou) doo Kal Ta opyavikd (mpw-
Teiveg, Amompwteiveg, memtidia) pmopolv eUkoAa va
npoopoenBoulv amd To aipa kar va mpookoAnBoulv
otnv udpo&uNiwpévn/evudatwpévn TiO, emedveia (Fer-
guson kai ouv. 2006).

7) EneEepyaopéveg empdveleg e laser

H pébodog autr avrkel OTIG VESTEPEG TEXVIKEG eTEEEP-
yaoiag tng emeAveIas TwV EPNPUTEUPATWY JE APKETA IKa-
vorrointikd anoteAéopata péxpl otyprig. O mo ouxvd
XpnolporioloUpevog TUTTog laser Bdoel Tou oroiou €xouv
yiver kar ol meplocdtepeg PeAéTeg eival o Nd:YAG. 2té-
X0¢ NG HeBddou autig eival va vivel n emedveia Tou
eppuTeEUPaToq Blovepyr kar autd mpaypdtoroleftal pe
TO OXNHATIOPS eVOG OTPWHATOG TTAoUoIou o 0&UYOvo
Kal TV eVOWPATwon Tou alTtou Katd tn ypriyopn avt-
Spaon kai otepeotoinon tou Ttaviou. MNpoaodidetar pia
oUVBETN Kal opoloyevAG Hop@oAoyia otV eupUTEUa-
KA emedvela, de uPnAo Babud mopdtntag kar pdhiota
pe TpdTTo eAeyxdpevo Kal eUkoAa emavaiiyipo. Emiong,
N epeuteupatiky emedvela epgaviel ToAd deyalitepn
Tpaxutnta, avtiotaon otn didPpwon kar otabepri adpod-
tnta. H amarrolpevn potr| amopdkpuvong-agaipeons
TOU ePOUTEUPATOG eival ApKeTd uPnAdTepPn o€ GUYKPION
|I€ QUTY| TTOU aTTArteftal oTa ePQUTEUPATA TIOU €XOUV TPO-
roroinBel pe adporoinon pe duo o&éa. Or eme€epya-
Opéveg pe laser emodveleg epgaviCouv onUaviikeg Tpo-
TioToIfoeIg ooV aPopd OTIC PUOIKOXNUIKEG TOUG 1016-
TNTEG KAl OtV ToTToYPAPia TG eMPAvelag O OXECH He
TG dMeg peBddoUG, euvowvtag tnv aMnAemidpaon pe-
1a&l oot 100U Kal eguTEUPAToq katd T didpkeia
NG apxIKig TepIGdoU GTTou TIPAyUATOTIOIETAl I OOTIKY
avakataokeur] (Braga kar ouv. 2007, Faeda kar ouv. 2009,
Souza kai ouv. 2013)

8) MéBodoi Tou Ppiokovtar utd €peuva

8a) Xprjon SIpwo@ovik)v @apudkwv

H empdveia Twv ep@UTELPATWY PTTOPES va «QOPTIOTEN
HEe popIa TIou eNéyxouv TNV avadiapopewtiky diadikaoia
Tou ootol omwg eivar Ta dipwogovikd Ta ormoid mPd-
opata anodeixBnke 6T au§avouv TV 0oTIKr TTUKVOTNTa
TOTIKAG OTNV TIEPIEPPUTEUHATIKA TTEpIoxT]. O Péxpl Twpa
€peuveg dev éxouv Seiel kavéva pelovéktnua g pebo-
dou autrig, avtiBeta éxel Ppedel GT oupPdMouv og pi-
Kpr) aMd onpavtiky avgnon Tou TocooToU O0TECEVOW-
pdtwong, 181aitepa GTav Ta EPQUTEUPATA €XOUV dPXIKA

KarrorrodAou @. kar ouv./Kapopoulou F. et al.

6b) Wettability

Wettability is another key factor for peri-implant bone
apposition and effective osseointegration. Protein and
cells adhesion is enhanced on hydrophilic surfaces, pro-
moting a higher amount of bone formation compared
to hydrophobic surfaces. Starting with the chemical treat-
ment of grit-blasting or acid-etching, wettability of implant
surface in saline solution follows and finally implants are
etched again under N, atmosphere. In this way, the sur-
face purity from organic or calcium elements is pro-
tected, something normally happening in atmosphere,
preserving chemical purity and active surface (Ferguson
et al. 2006). The wettability of surface promotes fibrin
adhesion, which provides a matrix for osteoblast migra-
tion along surface. This dual-treated implant surface (grit-
blasting or acid-etching and wettability) promotes the
deposition of bone tissue from the early stages of os-
seointegration. The surface roughness has a double role:
it promotes the formation of osteblastic morphology at
MG63 cells which look like osteoblasts and increases the
osteocalsine production, one of the osteoblastic differ-
entiation indicators. It is clear that the implant surface
wettability affects the interaction of implant surface and
the surrounding tissues. Both minerals (calcium and phos-
phorus ions) and organics (proteins, peptides) can easily
be absorbed from blood and be adhered to hydroxy-
lated/hydrated TiO, surface (Ferguson et al. 2006).

7) Roughening of implants by laser

The laser ablation technology for surface preparation is
one of the contemporary methods of implant surface
treatment showing satisfactory results up to now. The
laser which is used more is the Nd:YAG. The aim of
this technique is to produce a bioactive implant surface
and this occurs with the formation of an oxygen-rich
layer and the incorporation of nitrogen during rapid fu-
sion and solidification of the titanium. This method pro-
vides a complex and homogeneous surface morphol-
ogy with a high degree of purity in a controlled and eas-
ily reproducible manner. Additionally titanium surface
presents great harness, corrosion resistance and stan-
dard roughness. The reverse torque required for im-
plant removal is significantly higher than those for im-
plants which are double etched. Implant surfaces
treated by laser present important modifications in the
physical-chemical properties and topographies when
compared with other techniques favouring the interac-
tion between bone tissue and implant surface in the
early stages of bone remodelling (Braga et al. 2007,
Faeda et al. 2009, Souza et al. 2013).

8) Future perspective

8a) Bisphosphonates
The surface of implants could also be loaded with mol-
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emkaluBel pe udpo&uamatitn kal ot CUVEXEId EXOUV
epBarriotel og didAupa mapidpovding 1} {oAedpovikou
0&€0o¢ (Spaotikég oualeg Sipwomovikwy). To pévo Tmpd-
BAnpa mou xpeldotnke va aviPeTwmotel ival to mwg Ba
emteuxOel n ouykpdtnon Kai n TIAPATETApEVn ameAeudE-
PWON TWV OUCIWV aUTWV OTNV eMEAVeId TOU EPPUTED-
HaToG. ASYWw SHWG TNG HEYAANG XNUIKIG CUYYEVEIQG Twy
SIPWOPOVIKOV [E TO PWoPopPIKO acBéatio, N evowud-
TWON TOU QAP PAKOU OTO EHQUTEUNA PTTOPES va EMITEUX-
Bei pe n BoriBeia TG PropiunTikAG TexvIKAG KAAUYNG o€
ouvbr|keg Beppokpaociag dwpatiou. Qotdoo, n ddon tou
@appdrou Ba mpémel va éxel ipoano@aciotel yiat n au-
Enon g TukvATNTAG TOU TTEPIEPNPUTEUNATIKOU 00ToU
efaptdtal and ) OUYKEVIPWON TWV OIPWOPOVIKWY
(Yoshinari kai ouv. 2001, Josse kai ouv. 2004, Le Gue-
hennec kar ouv. 2007).

8B) Mopgpoyevwntikéc mpwteiveg Tou ooTtou

Mia akdpa Mo urmooxdpevn Texvikn gival n evioxuon
NG emM@AVeIag Tou eJPUTEUATOC e aToIxela TG e&w-
Kuttdpiag OepéNiag ouoiag tou ootitn 10toU. Ta otoixeia
autd ival, To koMaydvo | TTou evioxUel TV TIPOOKOMN-
on Twv ooteoBAAoT™Y, N YAukolapvoyAukdvn xovdpoi-
Tivn Tou epgpaviCel tn Suvatdtnta amobrkeuong augn-
KGOV TTapaydvIwy Kai O JOPQOYEVWNTIKEG TIPWTEIVES TOU
ootou (BMPs) (Ntrtpix 2008, Von Wilmowsky kar ouv.
201 1). Zuykekplipéva péow TG TPIMAAG autig KAAUYNG,
emtuyxdvetar dyeon evowpdtwon twv BMPs pe v egw-
kuttdpia BepéNa ouoia, eve) To KOMAydvo Kai n Xov-
Spoitivn BEtouv T Bdon yia v TPOCEAKUCT OOTEOYE-
vetkwv kuttdpwy (Stadlinger kar ouv. 2008). >ta apxikd
0TddIa eMoUAWONG, TIPWTEIVEG, AINOTTETAMIA Kal AMa pa-
KOOHOPIa amopEo@®vIal and TNV emMEAveId TOU EHQU-
TeUPATOG, He TG MPWTeiveg va efval autég TTou eAEyxouv
OTIWG TIPOEIMWONKE TNV TIPOOKOMNON TO TTPO-00TEOPBAC-
oTwv. A TIG TIPWTEVEG N QIPTIPOVEKTIVN €Xel éva an-
pavtiké polo otnv ev Adyw pEBodo kabwg Spa de-
opedovtag to KoMaydvo, ) Aeukr vodn ouoia, v
nmapivn kar TG vieykpiveg evd TapdMnAa péow Tou
o&¢oc RGD Pon8d otnv mpookdMnon twv ooteoBAa-
OTWV OTNV eMm@Aveld Tou epeutelpatog (Park kar Davies
2000, Schliephake kar ouv. 2005, Von Wilmowsky kai
ouv. 2014).

8y) Biopipnuikr] emkdAupn g emedveiag Tou ePpuTeU-
patog pe udpo&uanaritn).
[Npokelyévou va Eemepactoly Ta PEIOVEKTPATA TG Te-
XVIKAG €MKAAUYNG pe mMAdopa udpo&uanatitn, avarix-
Bnke pia véa texvikr) KAAUWNG NG EUOUTEVPATIKAG ETTI-
@dveiag epmveuopévn amo tn euoikr| diadikacia tng Pio-
aropetalikorofnong. 2 autr tn Blopiunukr pébodo,
ETTUYXAVETal BEATILON TwV EMEAvEIaK®V I010TATWY TOU
EPOUTEUPATOG PeTd TNV e@UTEUCH Tou a&lomolwviag
TNV €MaQr] Tou pe ta PloAoyikd uypd (afya, opdg KAL)
[Mpokeryévou va emraxuvBel autr n diadikaoia éxouv
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ecules controlling the bone remodelling process such as
bisphosphonates. It is currently proved that these drugs
increase bone density locally, in the peri-implant region.
Experimental studies have not registered negative effects
of the method; in contrast there is a slight but significant
increase in osseointegration, especially when initially HA-
coated dental implants are immerged in pamidronate or
zoledronate. The only problem to be solved was the
grafting and sustained release of antiresorptive drugs on
the titanium implant surface. Due to high chemical affinity
of bisphosphonates for calcium phosphate surface, incor-
poration of drug could be achieved by using biomimetic
coating at room temperatures. In any case the drug dose
should be pre-determined because the increase in peni-
implant bone density depends on bisphosphonates’ con-
centration (Yoshinari et al. 2001, Josse et al. 2004, Le
Guehennec et al. 2007).

8b) BMPs (Bone Morphogenetic Proteins)

Another promising treatment method is the improve-
ment of the implant surface with elements of extracellu-
lar bone matrix. These are collagen | which enhances the
adhesion of osteoblasts, glycosaminoglycan chondroitin
which has the ability to store growth factors and bone
morphogenetic proteins (BMPs) (Von Wilmowsky et al.
2011). More specifically, through this triple coating im-
mediate osseointegration of BMPS with extracellular ma-
trix is achieved whilst collagen and chondroitin serve as
a base for the adhesion of osteogenic cells (Stadlinger et
al. 2008). During healing process, proteins, platelets and
other macromolecules are absorbed at the implant sur-
face, with proteins controlling the absorption of pro-os-
teoblast as is mentioned before. Among proteins, fi-
bronectin has an important role in this method both bind-
ing collagen, white fibrous substance, heparin and inte-
grines and assisting osteoblast adhesion via RGD acid at
the implant surface (Park and Davies 2000, Schliephake et
al. 2005, Von Wilmowsky et al. 2014).

8¢) Biomimetic calcium phosphate coatings on titanium
dental implants.

In order to overcome the drawbacks of plasma-sprayed
HA coatings, a new technique was developed inspired
by the natural process of biomineralization. In this bio-
mimetic technique, there is a significant improvement
of implant surface properties after implantation, taking
advantage of its contact with body fluids (blood,
serum). In order to accelerate the deposition of coat-
ings various methods have been developed. The first
one is the electrodeposition of calcium phosphate by
using a current, a titanium cathode and a platinum
anode. It leads to the formation of brushite coatings
which later are converted into apatite via hydrothermal
processing. Total control of the thickness layer is
achieved and presents reproducibility and efficacy. The
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mipotabel duo kipleg pébodol. H mpwtn otnpicetal otnv
nAektpogvandBeon pwopopikol acPeatiou Pe Tt Xpn-
0on PEUPATOC TIoU TENKG 0OnVEl 0TO OXNUATIONS OTPW-
patog Bpougitn o omoiog otn CUVEXEla emMKAAUTTTETA
pe amatitn pe udpoBeppikr diadikaoia. Me tn pébodo
autr eAEyXETal TO TIAX0G TOU OTPWHATOC TTOU EVATTOTI-
Betal kar mapoucidlel uPnAr emavaAnipdtnta Kai amno-
teheopatikétnta. H dedtepn pébodog PaciCetar otn Pio-
HIUNTIKA KaTakprjpvion tou udpoguamndatitn otny emed-
VEIQ TOU EPPUTEUPATOG Katd TNV egPUbion oe PBloloyikd
uypd. Qotdoo Tapapével akdpa Pia TeXVIKY NG oToiag
1a anoteAéopata BaciCovial akdpa oe TTPOKAIVIKEG Je-
Aéteg (Leeuwenburgh kai ouv. 2001, Le Guehennec kai
ouv. 2007).

2YZHTHZH

H auEavdpevn avdykn yia mAnpéotepn Kal Taxutepn
O0TEOEVOWHATWON TWV OOOVIIKWOV EUPUTEUNATWY ETTI-
BAMEI oUVEXWG TNV EUPEDN VEWV TEXVIKQV 1} TO ouvOua-
oo 2-3 €€ autwv TPoKelPévou va emteuxBolv KaAUTe-
pa anoteAéopata. H mheioyneia Twv TEXVIKWY UTtooTn-
piCel tn xpnolpdtnta piag adperg emedveiag TpomoTol-
NPEVNG pnXavikd wotdoo OpwG €peuveg amédeiEav ot
Kar n xnpikr eme€epyaaia €xel uPnAr) amoteAeopatikd-
tnta. H épeuva otpdenke otn xprion ProoupBatwy uh-
KWV OTwg ta o&eidia Trtaviou kar ta amoppoeroiya Pi-
0gevepyd Kepapikd UAIKG, v ouvexiCetar n mpoomdbeia
va TIPoadIoPICTEl N eUePYETIK fowg dpdon G emKd-
AUYING pe uSPOEUATATITN, TEXVIKAG TTOU XPNOIJOTIOoIEMal
pe Betikd anoteAéopata otnyv opBomaidikr) (Aidypappa
). AkSpa kar av OAeg ol TEXVIKEG TTpoTelvouv éva Tiepi-
Tou (810 mpdtuno adpdtntag o HIKPOJIAQOPES PETAty
TOUG, EPJOAVEIG OTO NAEKTPOVIKS HIKPOOKATTIO, UTTOPE(
va odnyfoouv ot SIAQOPETIKY OOTEOEVOWHATWON.
Qotdo0, Ta Teheutaia xpdvia Kavouv TNV ePQAVIoTr] TOUG
Ol TTPWTEG EPEUVEG YIa Tn vavoeme&epyaaoia tng efwte-
PIKAG EMPAVEIAE, e TA amOTEAECHATa OAWV VA GUYKAL-
vouv ato 610 onpeio. H vavoeneEepyaopévn emipdvela
efvar autr mou umdoxetal T peyaAltepn em@dvela ema-
@G HeTa&l ootol Kal ePJEUTEUATOC KAl TNV TAxXUTEPN
ooteovowpdtwon (Wennerberg kar Albrektsson, 2009,
Jeong kai ouv. 2010). AapBdvovtag urolv dheg g dia-
QOPETIKEG HEBGSOUG emeEepyaoniag tng eEwtepikig em-
(PAVEIAG TWV EPPUTEUPATWV KATaAfyoupe oTa e&RG Ouy-
Kprtikd oupmepdopata: ‘ONeg ol TpoTToTTOINEVEG ETTI-
@AVeIEG TTOU TTPOKUTTTOUV HeTd amd eme&epyaocia Twv
odoVTIKGV ep@uUTEUPdTWY eival BIOCUPPATEG Kal ooTe-
OETIAYWYIKEG. Ta eUQUTEUPATA TTOU ETIKAAUTTTOVIAI pE
udpo&uaratitn mapouaidlouv PeydAn em@dveia ema-
©NG He To 00t kal kahoU Pabpou otabepdtnra. H pn-
XaVIKr) OUPTIAEEN TTOU eMTUYXAvouv autou Tou €idoug
Ta 060VTIKA EPQUTEUPATA UTIEPEXEI ONUAVTIKA QUTAG
Twv  appofoinuévav  epeuteupdtwy  (Coelho  «ka
Lemons 2009, Jeong kai ouv. 2010). Emiong, ta epgpu-
Telpata ta omofa éxouv Sextel xnuikr emegepyaocia kai

KarrorrodAou @. kar ouv./Kapopoulou F. et al.

second method is based on the biomimetic precipita-
tion of calcium phosphate on titanium surface by im-
mersion in body fluids. However, it is a method whose
results are yet based on preclinical studies (Leeuwen-
burgh et al. 2001, Le Guehennec et al. 2007).

DISCUSSION

The increasing need for successful and fast osseointegra-
tion of dental implants is always imposing the need of
new methods or the combination of them in order to
achieve better results. The majority of treatment meth-
ods supports the necessity of a mechanically treated
rough surface however researche demonstrated that
chemical treatment is also highly effective. Research was
directed to the use of biocompatible materials such as
titanium oxide and bioactive ceramic materials, whilst the
effort to determine the beneficial action of hydroxyap-
atite coating, a method already used in orthopedics with
positive results, is ongoing (Diagram ).

Although all methods serve the same standard of rough-
ness, micro-differences among them are visible in elec-
tron microscope and may lead to different osseointegra-
tion. However, recently new reports make their appear-
ance concemning nano-treatment of the surface; it seems
that the latter offers better bone to implant contact and
faster osseointegration (Wennerberg and Albrektsson,
2009, Jeong et al. 2010). Taking into consideration all the
different methods of treating the external implant surface
we come to the following comparative conclusions: they
are all biocompatible and osteoconductive. The implants
coated with hydroxyapatites present a high bone to im-
pact surface and satisfactory stability. The mechanic in-
terlocking which is achieved by these implants excels of
those of grit-blasted implants (Coelho and Lemons,
2009, Jeong et al. 2010). Moreover mechanically treated
dental implants and especially these which have electro-
chemically improved surfaces with titanium oxides 600-
1000 nm thick, present better biological behavior and
more effective osseointegration (Sul et al. 2002). Specif-
ically, dental implants that have been grit-blasted with 1,5
pm grains have the highest BIC and the better osseoin-
tegration (Wennerberg et al. 2004), and the implants
which have been both blasted and etched with HF pres-
ent significantly greater stability and BIC (Cho and Park,
2003, Ellingsen et al. 2004). Therefore, as it was men-
tioned, dental implants which are treated with titanium
plasma spraying (TPS) present the less bone response in
relation to grit-blasted and acid-etched or double treated
implants (Wenneberg and Albrektsson, 2009). Finally an-
odized implants have the less roughness and therefore
the lower level of osseointegration. It is worth mention-
ing that the majority of the methods which were de-
scribed before are used for creating a nano- treated sur-
face. Anodization, TPS and grit-blasting are methods
which can create a dental surface with nano features.
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HANOTa €xouV NAEKTPOXNUIKG EVIOXUHEVEC [e oeidia
Ttaviou em@dveleg Tou kaAumtovtal amé ogeidia md-
xoug 600-1000 nm (Sul kar ouv. 2002) mapoucidlouv
KaAUtepn BioAoyikr) cUPTTEPIPOPA Kal THIO ETTITUXH O0TE-
0EVOWHATWON. 2UYKEKPIPEVA, TA OOOVTIKG EHPUTEUUATA
TIOU €x0UV appoPoAnBel pe kdkkoug 1,5 pm mapouoid-
Couv ) peyaAUtepn emedveia emaerg pe To 0otd Kal
TNV KaNitepn ooteoevowpdtwon (Wennerberg kai ouv.
2004), kabw¢ Kal Ta ePEUTELPATA TA OTTold EXOUV TIPW-
Ta agpofoinBel kai otn ouvéxeia éxouv adporoinBefl
pe HF mapouaidlouv onpavtikd peyahitepn otaBepod-
TNTa Kkai emodveia enaeng epeuTelpatog pe ootd (Cho
kar Park, 2003, Ellingsen kai ouv. 2004). Opwg, éxer dia-
motwOel 6T ta 0dovIIKA EUPUTEUATA TTOU €XOUV e-
kaotel pe mAdopa ttaviou (TPS) mapouaidlouv Aiydte-
PN OOTIKY avtdamOKPIonN O€ OXEQN HE T adpoTioinuéva
Kal Ta appoBoAnuéva kar kuping am' autd mou eivar oi-
TAG eme€epyaocpéva (Wenneberg kar Albrektsson,
2009) kal TéAoC Ta ePPUTEUPATA TTOU EXOUV TPOTIOTTOI-
nBel pe nAektpoAutikr mabnukomoinan epgaviouv
ANiyStepn adpdtnTa Kai CUVETKG Kal T Hikpdtepou Bab-
pou ooteoevowpdtwon. A&iCel va avagepBel emiong, éu
ol TepIoodTepeg amd ¢ PeBddoug Tmou avapépOnkav
TIPONYOUUEVWE XPNOIPOTIoIoUVTIAl YId VA TTPOGOWO0oUV
VAVO-XAPAKINEIOTIKG TNV €MEAVEId TWV EPQUTEUHE-
Twv. H avodiwon, o Yekaopdg pe mAdopa kai n agpo-
BoAnoN eival TEXVIKEG TToU PmmopoUv va Snpioupyroouy
pIa €MQAVEIQ EPOUTEUNATOC HE VAVOXAPAKINPIOTIKG,
WOTO00 OPWG TTPAYHATomoloUvVTal TOOEC TTOMEG XN
KEG HETABOAEG OTO pEYANUTEPO PEPOG TNG EMIQPAVEIC
Tou UNIKoU Tou kaBiotd duokoho va mpoadiopicouple
1600 Ta apvntikd 6oo Kai ta Betikd autric T pebddou.
Xwpic kapia apeiBoAia to evdiagépov Twv emotuovVwY
yIa TN vavotexvoAoyia eivar peydho kar ouvexwg yivov-
Tal véeq peréteg (Bressan kar ouv. 201 3).
>uvouiCovtag, OAa ta péxpl Twpa epeuvnukd dedopéva
KaTaArlyoU e OTO CUPTEPACHA GTI Td EPQUTEUPATA TTOU
TIPWTa €xouv dexBel pnxavikr emeEepyaoia (appoBoin
A/kar adportioinon) Kal ev ouvexeia €xouv Kal Xnpikd
Tpomomoindei pe 16vta eBopiou apousidfouy TV Mo
QTTOTEAEOATIKY) OOTEOEVOW HATWON KAl IOXUPGTEQN OXE-
on petaty epgutelpatog-ootol (Berglundh kar ouv.
2008). Ta odovtikd eputeUpata autoy Tou Turou Tia-
pouoidlouv kataMnAdTepeg ouvBriKkeg yia va poaxBel
N OOTEOEVOWNUATWON O€ OUYKPION HE Ta 0OOVTIKG EHQU-
Tepata amo TTtdvio TTou €xouv Ty idia fj kal PeyaAltepn
adpdtnta ald dev éxouv emkahugBel pe 1dvta ebopiou
(Isa kar ouv. 2006).
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However, there are so many chemical changes at the
material surface so it is difficult to determine both the
pros and cons of this method. Undoubtedly, the interest
of scientists for nanotechnology is great and new research
projects are always in process (Bressan et al. 201 3).
Summing up, all the update results come to the conclu-
sion that the implants which are firstly mechanically
treated (grit-blasting, acid-etching) and later chemically
treated with fluoride ions present the most effective os-
seointegration and the mightier BIC (Berglundh et al.
2008). This type of dental implants presents the most
appropriate circumstances to promote osseointegration
in comparison with the titanium dental implants which
have the same or bigger roughness but they are not
coated with fluoride ions (Isa et al. 2006).
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