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MEPINHWH: Or duvatdtnteg emtdxuvong TG 0OTEOEV-
owpdtwong f/kal evioxuong Tou TEPIEPPUTEUPATIKOU
ootoU eival To avukeipevo TG mapouoas PIBAIoypaqikig
avaokdmong.

Mpaypatomoirfnke avaldfjitnon oto pubmed pe AEEeIC
KAeI0I: accelerate, improvement, osseointegration yia to
didotnua 2009-201 3. Or cuvduacpol twv avwtépw arné-
dwoav a) 78 dpbpa vyia accelerate - osseointegration kai
B) 206 dpBpa yia improvement - osseointegration. Mia
oupmAnpwpatikr BiBAioyeaeik avadrtnon yia TG Texvi-
KEG a&nong tou @atviakoU ootou yia ta 10 teleutaia
xpovia, amédwoe 457 dpbpa. Amd T ouotnuatikr ava-
okdTMon Twv apandvw dpbpwv mpokdrel ot

1) H kateuBuvdpevn ootikr avayéwnon eivar n kahitepa
PEAETNHEVN TEXVIKK) aUEnong Tou ootol yUpw amd eleu-
Telpata mou tortobetolvtal og Twxd 0oTikS untdBabpo.
2) H véa tdon yia v eneepyaocia g emedveias twv
EHPUTEUPATWY Eival P TNIO ATTIEG TEXVIKEG Kal e TN for}-
Beia tng vavotexvohoyiag.

3) H emkdAugn TG eMEAVEIAS TWV EPPUTEUNATWV pE
ouvBetikd ohyorrertidia ri/kar avépyava diata aope-
otiou og TTOAU AeTTtd otpwpata pmopel va Tpokahel Pio-
XNMIKY EVioxuon Tng 0oTeoevowpPdTwong.

4) AMEG, N BIOXNUIKEG TEXVIKEG, eQapudlovtal Teipa-
HATIKG, KUPIWG yia TNV amotpord r Ty emBpdduvon g
OOTIKIG anwAeIag yUpw amod éva euquUTeula.

5) Zuotnuatkr xopynon avaoToAéwv NG OOTEOKAA-
otiKAG Asrtoupyiag Omwg ta dipwaovikd 1] To otpdvTio
@alveral va emtaxuvel TV TPWIKN @Aon TG OCTEOEV-
OWPATWONG.

Ta mapamdvw euppata anoteholy pia Katd TTPOCEYYI-
on EAYvVWaon yia tn peMovikr eEENEN NG €peuvag Tng
OOTEOEVOWNATWONG Kal B€touv gpeuvnTkd epWTANATA
YIa TTEPAITEPW HEAETN).

AEZEIX KAEIAIA: ooteoevompdtwon, eJQUTEUHATa, TEXVIKEG

SUMMARY: The possibility to accelerate osseointegration
and/or to improve bone quality around an implant is the
subject of the present literature review.

The following key words were searched on Pubmed: ac-
celerate, improvement, osseointegration. The publication
date span was set from 2009 to 2013. Combinations of
the search terms retrieved the following results: a) ac-
celerate and osseointegration: 78 papers; b) improve-
ment and osseointegration: 206 papers. A supplementary
search on the surgical techniques available for alveolar
ridge augmentation for the last |0 years, found 457 pa-
pers. After a systematic review of the above papers the
following are concluded:

|. Guided bone regeneration (GBR) is the most thor-
oughly examined technique of bone growth around a
dental implant placed into a poor alveolar bone.

2. The dental implants’ surface treatment trends aim to
less invasive and more sophisticated techniques, with the
use of nanotechnology.

3. Implant surface coating with adhesion peptides and/or
inorganic calcium compounds in thin layers may amplify
the biochemistry of osseointegration.

4. Other, non-biochemical methods, are being tested ex-
perimentally to inhibit or decrease the alveolar bone loss
around an implant and finally

5. The systemic administration of osteoclastic inhibitors,
such as bisphosphonates or strontium seems to acceler-
ate the initial stage of osseointegration.

These findings represent an approximate prediction for
the future development of osseointegration research and
pose research questions for further study.
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EIZAIQrH

H ooteoevowpdtwon twv epeuteuddtov ivar KAvIKEg
OpOC TToU € I0TONOYIKO EMIMESO AVTIOTOIXEl OTN OTeVN
enagr Peta&y Tou ootou Kal ToU EPPUIEUHATOG £T01 TIOU
0 METAEU TOUG XWPOG va pn Eemepvd ta 40um, xwpig
mapepPoAr ouvdetikoU 1otol (Moon kar ouv. 1999).
Qotdoo n oxéon autr| dev eivar duvatd va emPBePfaindel
KAIVIKG yIa OAn TNV éKTacn NG em@Aveiag Tou ePQUTEU-
patog. Emopévwg, otnv mpdén, wg ooteoevowpdtwon
Bewpeital n emfteu€n g mapamdvw oxéong yid téon
EMEAVEIQ WOTE VA PNV UTTAPXEl JAKPOOKOTTIKY KIVATIKO-
TNTa oUte evdxAnon katd tnyv enfkpouon. Xwpic va eivai
enapkwg anodedelypévo, autd moteletal ot mpolro-
Bétel TV otevr] emagr] 0otoU- eUEUTEUPATOG OF TIEPITIOU
80% g empdveiag Tou teheutaiou (Branemark, 1983).
O amartolpevog xpdvog yid TNV O0TEOEVOWUATWON
evOG ePQUTELPATOG TTOIKIAEI oNPAVIIKd €EAPTWHEVOG
and moMoUg apdyovieg dmwg n apxik otaBepdtnta,
0 0xedIAoPOG TOU EPPUTEUPATOG, N TOTTIKY Katdotaon
Tou 00ToU, N Yevikr] JETaBoAikr katdotaon tou aoBe-
voug (Branemark, 1983, Smith, 1985). H Bpdxuvon tou
xpdvou autou Tou amoTéAece kal amotehel emdingn
TTOMOV gpguvnUKWV TTpooTabeiwy, eival kai otabepn
emBupia twv acBeviv kal emopévwg Kabnpepivo KAIVIKS
TIPOPANUA TWV EJPUTEUPATOAOYWV.

H ouvtépeuon g ooteoevowudtwong aMd kai n Pei-
Tiwor| NG, umd v éwvola TG avgnong tng emedveiag
TOU EPUTEUPATOC TIOU KATd TO XPAVO TNG POPTIONG au-
ToU éxel ooteoevowpatwBel, kabwg kal n evdexdpevn
BeAtinwon twv pnxavoPioAoyikov ISI0TATWY Tou 00ToU
Tiou TiepIBAMel €va ep@UTeula, ival TO avTKelevo g
niapouoag PIBNoypagikrg avackdmnong. H mpoortr Ay-
yAOowvn PiBANoypagia diepeuviiBnke, TagivoprBnke,
avaokotmBnke katd opddeg kai oulnteital.

ME©OAOAOTIA KAI KPITHPIA
ANAXKOINMHXZHZ

[Npaypatoroiibnke avalrjtnon oto pubmed (http/
www.nebi.nlm.nih.gov/pubmed/) yia to &idotnua 2009-
2013, pe Aéeig kheidid: accelerate, improvement Kkar os-
seointegration. Ta kprtrjpia cupmepiAnyng otnv avaokd-
Tinon Atav ta akdéiouba: |) or KAVIKEG PeNeTeg (oeipwv 1
TIEPITIWOEWV A0OeVAV) VA dopolv 0doVTIKE EHEUTEU-
HaTa kal X GMeG 00TIKEG TTPOBEDEIG, 2) Of TIEIPAPATIKEG
HENETEG va apopoUv oTToIoSATIOTE TUMO 0OTIKAG TTPOBEDNG
kai 3) ta dpbpa va eivar otnv AyyAikd yAdooa. Kprtpia
arokAeiopoU Atav: 1) ol HeNéteg va unv eival OXeTKES e
N POPTION TWV EPPUTEUPATWY (TTPOOBETIKA) Kal 2) va pnv
eival mahaidtepeg amnd to 2009 (€tog dnpooieuong). H -
Aotikry avalrtnon amépepe éva peydho apilBud dpbpwv
TIOU OXETICOVTAV HE TIG XEIPOUPYIKEG TEXVIKEG AUENONG TNG
(PATVIAKrG anéPUONG Kai AiydTepa Tou oxetiCovtav e dA-
Aoug TpdToug PBeAtivong TG 00TE0EVOWPETWONG.

Bevég lp. kar ouv./Venetis Gr. et al.

INTRODUCTION

Osseointegration of implants is the clinical term corre-
sponding histologically to the close contact of the bone
and the implant so that the space between them does
not exceed 40mm, without interference of connective
tissue (Moon et al. 1999). However, this relationship can-
not be clinically confirmed for the entire surface area of
the implant. Thus, practically, osseointegration is the
achievement of the above relationship so that there is
no visual mobility or discomfort to percussion. Without
being sufficiently established, it is believed that it requires
close bone-implant contact in about 80% of the surface
of the latter (Branemark, 1983).

The time required for osseointegration of an implant
varies considerably depending on several factors as initial
stability, implant design, the local state of the bone and
general metabolic status of the patient (Branemark 1983,
Smith 1985). Shortening of this time has been pursued
by many research efforts and is also an intense request
of patients and therefore an everyday clinical problem
for implantologists.

Accelerating and improving osseointegration, by means
of increasing the surface of the implant that has “inte-
grated” into the bone at the time of loading, as well as
the possible improvement of biomechanical properties
for bone surrounding an implant is the aim of the current

Aidypappa 1/Diagram 1
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ABG(alveolar bone grafting), ABS(alveolar bone substitutes),
AGF(alveolar growth factors), AGBR(alveolar guided bone
regeneration), AGTR(alveolar guided tissue regeneration),
AD (alveolar distraction), AS(alveolar splitting).

AnoteAéopata BiAioypagikig avadritnong otn
dekaetia 2002-2012 yia TG XEIPOUPYIKEG TEXVIKEG
au&nong NG eatviakrg andeuong.

Results obtained from literature search in the
decade 2002-2012 for alveolar augmentation
surgical techniques

Apxeia EMnvikrg Ztopatikrig & NvaBompoowrikiig Xeipoupyikrig/
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[Npokelgévou va pelwBoulv ol TTPoG HEAETN TTAPdUETPOI
Kal yia TNV KaAUtepn opoyevoroinor toug, pia deltepn
avalrtnon gyive oe PdBog |0etiag (2002-2012), wote
va PeAeTNBoUV 01 XEIDOUPYIKEG TEXVIKEG XWPIOTd Kal Ot
OUVEXEIQ va amokAeioTolv amd tn Pacikr avalritnon.
> deltepn autry avadrjtnon ol AéEeig kheidid ritav ol
akdhoubeg opddeg: alveolar- bone grafting- implant, alve-
olar- bone substitutes- implant, alveolar- growth factors-
implant, alveolar- distraction- implant, alveolar- guided
bone regeneration- implant, alveolar-guided tissue regen-
eration-implant kai alveolar- splitting-implant.

Téhog, otnv mpwtn (Bacikr|) avadrtnon mpootébnke éva
aképn Kprrplo amokAeiopou: 3) ta dpbpa va pnv apo-
POUV OF XEIPOUPYIKEG TEXVIKEG,

2 UvoAikd TmpaypatoroiBnkav dUo mapdMnAeg avaoko-
mAoeIg TG BIBANoypagiag, pia yia TIG XEIPOUPYIKEG TEXVI-
KEG TTou BonBouv TNV ooteoevowddtwon Kkai pia dMn
yla kdBe AMo TpdTo BeATivong TG 0oTEoEVOWUATWONG
TIoU Ogv OXETICETAl PE XEIPOUPYIKT] TEXVIKT.

AMNOTEAEXMATA

O ouvduaopol Twv TMapandvw opwv avalrtnong are-
dwoav toug £&rc apiBpouc dpbpwy avd opdda: al) ac-
celerate kar osseointegration: 78 dpBpa, a2) improve-
ment kai osseointegration: 206, B1) alveolar- bone graft-
ing: 120, B2) alveolar- bone substitutes: 87, 33) alveolar-
growth factors: 21, 34) alveolar- distraction: 44, 35) alve-
olar- guided bone regeneration: 89, B6) alveolar- guided
tissue regeneration: 93, B7) alveolar- splitting: 3. H kata-
vopr Twv dpBpwv otig katnyopieg Bl -B7 oalveral ma-
paoctatikd oto Aidypappa |.

H epappoyr] Twv TpIwV Kprtneiwy amokAeIopoy otny ka-
nyopia dpbpwv al kar a2 anédwoe tehikd |36 dpbpa
TTIoU €fXav WG AVTIKEIJEVO TNV eMTdxuvon 1 TV evioxuon
NG ooteoevowpdtwong e didgpopeg peBddoug, Tou
Sev oxetiCovtav e T XeIpOUPYIKH TEXVIKY TOTTOBETNONG.
la va yrmopéoouv va peAetnBolv ouotnuatikd, autd ta
dpbpa tagivopunBnkav otig akdAoubeg mévie opddeg: 1)
H epappoyr) BIoguoikwv peBddwv (N XEIPOUPYIKWY KAl
N (AP PAKEUTIKWV) YIA ETTTACN TNG OOTEOEVOWHATWONG,
2) H tommkr| kar cuotnuatiky xprion eappdkwy omwe Ta
Slpwaogovikd kal o otpdvtio, 3) H emkdiuyn tou ep-
QUTEUPATOC pe opyavikd kal avépyava uAikd, 4) H ere-
Eepyaoia g emedveiag Tou Trtaviou kar 5) Aidgopeg
dMec pébodor mou eppavifovral omopadikd Kar pepo-
vwpéva otn BiBAioypagia, dev propouv va Bewpnbolv
gpeuvnTkr tdon kar yi autd dev eetdlovtal oty ma-
pouoa avaokdrmon. To m\Bog twv dpBpwv yia kabe-
pIG amé autég TG opddeg paivetal mapaotatkd oto Aid-
YPapua 2.

Amné 1o olvolo tng avaokormoUpevng Biphioypagiag
eNEyxOnKav TPWTa o aVAoKOTTIACEIG KAl OTr) OUVEXEID Td
urtdAoma dpbpa kai a€loloyriBnkav avdloya pe To eni-
medo alomotiac Touc.

Tépog 14, No 3,2013/Vol 14, No 3, 2013

literature review. The accessible recent English literature
has been searched, classified, reviewed in groups and is
discussed.

METHODOLOGY AND SEARCHING
CRITERIA

The following key words were searched in combinations
on Pubmed (http://www.ncbi.nlm.nih.gov/Pubmed/): ac-
celerate, improvement, osseointegration, for the period
2009-2013. The inclusion criteria for this review were:
1) clinical studies (case series or patients) should be re-
lated to dental implants and no other bone prostheses,
2) experimental studies could include any type of bone
prosthesis and finally, 3) the language of papers should
be English. Exclusion criteria were: 1) studies relevant to
implant loading (prosthodontics) and 2) publication year
before 2009. The pilot search yielded a large number of
articles related mostly to surgical techniques for alveolar
bone augmentation and a minority of articles considering
other ways of improving osseointegration.

Aiming to reduce and better homogenize the study pa-
rameters, a second search with a time span of 10 years
(2002-2012) was performed, to examine the surgical
techniques separately and then to exclude them from
the basic search. In this second search the key words

Aidypappa 2/Diagram 2
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M Biophysical Local/Systemic Drugs
Implant Surface Coatings [l Implant Surface Treatment
B Other

MéBodol emtdxuvong Kai evioxuong TG
00TEOEVOWHATWONG OTTWG epgaviCovtar otn
BiBNoypaoia amd to 2009 wg to 2013.

Methods for acceleration and improvement of
osseointegration as appear in literature from 2009
to 2013.
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2YZHTHZH

XelpoupyIkEG TexVIKEG PeATiwong TG ooteoeyv-
OWPATWOoNG

H al&non twv diaotdoewy TG Qatviakng andeuong
TIpoKeIpévou va Sextel epputelpata eivarl texvikd du-
okoAdTePN and 6oo @aivetal, yi autd Kal Exouv avarrtu-
XTel TO0O TTOMEG TEXVIKEG yIa TNV eTiteur] TG evw ap-
KETEG lval kAl Ol QVAOKOTIOEIG TWV TEXVIKWY aUTWV T
teleutaia xpdvia (Oikarinen kai ouv. 2003, Chiapasco
kar ouv. 2006, Aghaloo kai Moy, 2007). Amié tn pehétn
TV ONHOCIEUCEWY TIOU OXETICOVTAl UE TNV XEIPOUPYIKA
TexVIKA yia T BeAtiwon g ooteoevow Pdtwong, TPOKU-
el &t @) n) kateuBuvopevn 10Tk (] 00TIKr) avayéwn-
on (KIA) kai B) n ootk petapdoxeuon (QUtopeTaud-
oxeuon f xprjon HOoXeupdtwy eumopiou, Pe 1} Xwpig
auénuikoUg Tapdyovteq), eivar ol KaAiTtepa PEAETNUEVES
TEXVIKEG AUENONG TNG PATVIAKriG amd@UONG TIPOKEIUEVOU
va dextel aut epgputelpata. H Siataukr} ooteoyéveon
G GMn au&nuikd Texvikr, Tapouoidletal ToAU Aiydtepo
o€ £pyaoieg évavtl Twv U0 TIPONYOUHEVWY.

H mapdMnAn xprion auénuikav mapaydviwy otny ooTiKA
petapdoxeucn amoteAel akdpn onpeio Sixoyvwpiag otn
BiBANoypaoia. Eidikd n xprion mouoiou oe aigometdhia
mAdopatog (PRP) Atav yia peydho didotnua 1diaitepa
SnpoeIAiG, wotdoo ta Teheutaia xpdvia UdpXouV I0XU-
PEG evoeitelg Ot ta amoteAéopatd tng eival mevixpd
(Wiltfang kai ouv. 2004), evw avahoyn tdon diapopew-
Bnke kal yia toug ouvBetikolg augnuikoUg TTAPAYOVTEG.
2Tnv Trapovoa avackamnar), ol augnuikol Tapdyovteq
dev BewpriBnkav Eexwpiot auEnukn twv diaotdoewy
TEXVIKY, AMd ouveEetdlovtal Pe TNV OOTIKY) HETAUOOXEU-
on. lNapouaidlovtal Spwg oTo UMTOKEQPAAQIO yIa TNV ETTe-
Eepyaoia tng epputevpatknc emedveiag (BA. 4,a).
[Npémel va onpelwbel 6t otig MpwTeg dUo amd Ti¢ Tapa-
Tdvw TeXVIKEG N SIAKPIoN TwV TIEPIMIWoEwY otn PIBAo-
ypagia éxer duokoAieg, kabBwg n KIA yivetal oxedov mév-
Ta o€ ouVOUAod [E OOTIKY HETAPOOXEUOT), AAMA KAl av-
TOTPOPWS. EEAMoU, akdpn kal otig MepIMWoelg XpAong
HOOXEUPATWY XwpIG pepPpdvn, To Tepidoteo kabautd
amotehel QPaypd €vavtl Twv Pn OCTEOYEVETIKWY I0TWV
(Weng kar ouv. 2000). Qotdoo, otnv mapoloa PeAETn,
WG petapdoxeuon Bewpeftar n xprjon evlEtwy 1| emev-
Bétwv povomaywv pooxeupdtwy (blocks) xwplg tn xpn-
on pepPBpdvng, €101 ote va diakpivetal N HETAPOOXeEUON
and v kateuBuvdpevn avayévwnon. EEdMou n ootikr
peTapdoxeuon pe oUVOETOUG ayyeloUpevoug Kpnpvouq
Sev oupmepieA@Bn otn peAétn, kaBwg amotehel peifova
arokataotatkr| pebodo pev, ald dev oxetiCetar dpeoa
He TN BeAtinwon TG 0oTeoeVoWUATWoNG.

O akpiPrig umoloyiopds tng emtuxiag kabepidg amd tg
peBddoug mou gaivovtal oto Aidypappa | eivar eEaipe-
TIKG Suoxepng, yIatl petall Twv oUyYPAPEWY TIOIKIAOUV
1a Mooootd, 100 NG emtuxiag tng peBddou kabautrg,

Bevég lp. kar ouv./Venetis Gr. et al.

used were: alveolar- bone grafting- implant, alveolar-
bone substitutes- implant, alveolar- growth factors- im-
plant, alveolar- distraction- implant, alveolar- guided bone
regeneration- implant, alveolar- guided tissue regenera-
tion- implant, alveolar- splitting- implant.

Finally, in the first (basic) search another exclusion crite-
rion was added: 3) articles should not be related to sur-
gical techniques. Two parallel literature reviews were
performed, one for surgical techniques that improve os-
seointegration and another one concerning any other
way to improve osseointegration, apart from the surgical
technique.

RESULTS

Combinations of the key words yielded the following
numbers of articles: al) 78 for accelerate- osseointegra-
tion, a2) 206 for improvement- osseointegration, bl)
120 for alveolar- bone grafting b2) 87 for alveolar- bone
substitutes, b3) 21 for alveolar- growth factors, b4) 44
for alveolar- distraction, b5) 89 for alveolar- guided bone
regeneration, b6) 93 for alveolar- guided tissue regener-
ation and b7) 3 for alveolar- splitting. The distribution of
articles in categories b |- b7 is shown in Diagram |.

The application of the three exclusion criteria in cate-
gories al and a2 ultimately yielded 136 articles that sub-
jected the acceleration and improvement of osseointe-
gration with various methods that were not related to
the surgical placement techniques. In order to systemati-
cally study these articles, they were classified into five
groups: |) The application of biophysical methods (non-
surgical and non-pharmaceutical) for intensification of os-
seointegration, 2) The local and systemic use of drugs
such as bisphosphonates and strontium, 3) The implant
coating with organic and inorganic materials, 4) The tita-
nium surface treatment and finally 5) Various other meth-
ods appearing sporadically and individually in the literature
that cannot be considered a tendency in research and
therefore are not further mentioned in this review. The
articles on each of these groups appear in Diagram 2. Out
of the total searched literature, reviews were firstly ana-
lyzed followed by the remaining articles, as evaluated ac-
cording to the level of reliability (level of evidence).

DISCUSSION

Surgical techniques for improvement of osseoin-
tegration

Dimensions augmentation of the alveolar crest to be-
come suitable to receive dental implants, is technically
harder than it looks, thus a lot of different techniques
have developed for this purpose. Additionally, several lit-
erature reviews on these techniques have been pub-
lished recently (Oikarinen et al. 2003, Chiapasco et al.
2006, Aghaloo and Moy, 2007). Study of publications re-
lated to the surgical technique for improving osseointe-

Apxeia EMnvikrg Ztopatikrig & NvaBompoowrikiig Xeipoupyikrig/
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600 Kal Tou Xpdvou (WG TwV EPOUTEUPATWY TIOU TO-
moBetouvtal otnv B€on g avgnong. Emiong n dvw kai
N KATw @atviakr] andéeuon €Xouv ONPAvIKEG SIAQOPES
HETAEU TOUG Kal OPICHEVOI EPEUVNTEG TIG HEAETOUV XW-
plotd (Aghaloo kar Moy, 2007). 2e adpéc ypappég mav-
¢ avagépetal ot n KIA eivar emtuxrig oe mooootd 60-
100% Kai ta epgutelpata mou Torobetolvtal Petd and
autrv éxouv Trevtaety emPiwon mou Eemepvd to 93%
(Chiapasco kai ouv. 2006). >tnv ootk Jetapdoxeuon
arodidovtar kdnwg YnAdtepa mooootd emtuxiag (und
TNV éwola 6t ta ootikd blocks au&dvouv Tepioodtepo
T¢ dlaotdoelg TG eatviakig andeuang), aAd ta mooco-
0Td eMmPiwong TwV EPPUTEUPATWY elval CNUAVTKA PIKpO-
Tepq, 181aitepa dtav to UAKS eivar alMomaotikd (Chia-
pasco kai ouv. 2006, Aghaloo kai Moy, 2007). >tg umd-
AoITIEG TexVIKEG augnong (Siatatikr ooteoyéveon kal did-
ox10n TG Qatviakrig andeuong) anodidovtal PnAd mo-
000Td eMTUXiag, aMd T600 0 apIBPAG TwV HEAETWY, 60O
kal 0 apIBPdG twv epputeupdtwy Tou e€etdlovial os
QUTEG efval Katd oAU PIKPATEPOG Twv SUO TTPONYOUE-
vy, Oote dev pmopel va yivel agiémotn olykpion peta-
€U toug (Vega kai Bilbao, 2010). Téhog, otnv katnyopia
TWV OCTIKWY UTTOKATAOTATWY KAl TwV augntikev mapa-
YOVTWV UTIdPXEl ONPAavTky avopoloyévela aAd kai -
Kdhuyn oto avtkelpevo épeuvag (Tmx. mAdoua mouoio
o€ aigorietdhia) kabiotwvtag v eEaywyr| CUpTEPACd-
TWV YIA TO AMOTEAEOHATIKATEPO KAl AOPANETTEPO PECO
al&nong TG eatviakrig amdeuang eEaipetikd dUokoAn
(Arora kai ouv. 2010, Boeckel kai ouv. 2012).

H Siaxeipion g atpoikig @atviakig andeuong otV
EHQUTEUHATONOYIa €XEl ATAOXOANOEl TOOO EKTEVWG TNV
BiBNoypagia viati eivar éva duoemihuto mpdBAnua. H
avdarmugn SIaQOPETIKWY XEIPOUPYIKWY TEXVIKWV OPEMETal
oto ot ouxvd n AUon autou tou TipoPAuatog eivar eEa-
TOWIKEUEVN.

Mn mapepPatikég kal pn @appakeuTikéG pébodol
BeAtiwong g ooteoevowpdtwong

H Beitiwon tou ootol mou TepiBdAel éva epguteupa,
HETA TNV TomoB€tnon Tou, amoteAel AMo éva avikeije-
VO EPEUVAV. 2€ AUTH TNV KaTtnyopia peAetwy mpoe&dp-
Xel N XPAON UTTEPMXWV XAPNANG €vtaong, ol oToiol
éxouv PeetnBel apketd wg mpog TNV emidpaor] Toug
OTNV OCTEOYEVEDN, TTOMAd Spwg onpeia Tapapgvouv
akoépn adieukpiviota (Hsu kar ouv. 201, Liu kar ouv.
2012). ©ewpeital dt euvoouv TNV TPOOKOANCH TV
ooteoBAactwv pe evepyorroinon tng Ivteykpivng (Yang
kai ouv. 2005), au&dvouv tnv ayyeioyéveon (Wang kai
ouv. 2004), emdyouv evCupikd ouotripata (Hsu kar ouv.
2011) kar yevikd to petaBoANiopd, kabBwg aveBdlouv ka-
1d mepimou 1° C v torikr) Beppokpaoia, Yetatpenov-
Tag T pnxaviky evépyeia og Beppiky (Wu kar ouv.
1990, Li kai ouv. 2008). INpoteivetal n Xprion ouxvoth-
Twv kovtd oto |MHz kai évtaong yupw oto 0,1 W/em?
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gration, reveals that a) the guided tissue (bone) regen-
eration (GBR) and b) bone transplantation (autotrans-
plantation or grafts used with or without growth factors)
are the very well-documented techniques for alveolar
ridge augmentation in implantology. Distraction osteo-
genesis is a more recent augmentation method, appear-
ing much less in the literature than the two previous
techniques.

The use of growth factors along with bone grafting, is still
debatable in literature. Especially platelet-rich-plasma
(PRP) gained wide popularity for years, but recent evi-
dence show that its effect is rather poor (Wiltfang et al.
2004). Growth factors in this review, have not been con-
sidered as a distinctive technique for augmentation, but
were studied together with bone grafting. They are pre-
sented separately as implant surface coating (see 4,a).
Regarding the first two techniques, the distinction be-
tween papers in the literature seems difficult, since GBR
almost always is performed in combination with the use
of grafts and vice versa. Furthermore, even in bone graft-
ing without the additional use of membranes, periosteum
itself is a barrier against non-osteogenic tissues (Weng
et al. 2000). However, in the present study, the use of
blocks as onlays or inlays (interpositional grafts) without
the use of a membrane are considered as grafting, so as
to clearly distinguish grafting from guided regeneration in
which membranes are applied. Bone transplantation with
vascularized flaps, although major reconstructive proce-
dure, is not closely related to enhancement of osseoin-
tegration, though was excluded from the study.

The estimation of success rate of each method (Diagram
1), is very difficult, since the results vary considerably
among authors in both parameters i.e. the success rate
of the augmentation technique itself and the on-site im-
plants’ lifetime. Additionally, the mandibular and maxillary
alveolar bone are significantly different and some authors
are studying them separately (Aghaloo and Moy, 2007).
In general terms, however, it is stated that the GBR is
successful in about 60-100% of the cases and implants
placed with GBR have a five year survival of over 93%
(Chiapasco et al. 2006). For bone grafting, success rates
seem somewhat higher than GBR (meaning that bone
blocks increase more the dimensions of the alveolar
ridge), but the survival rate of implants placed in bone
grafts is significantly smaller, especially when these are al-
loplastic matenial (Chiapasco al. 2006, Aghaloo and Moy,
2007). High success rates are reported for the remaining
growth techniques (distraction osteogenesis and splitting
the alveolar ridge), but both the number of studies and
the number of implants examined in these, are much
fewer than the previous two, so as no reliable compari-
son between augmentation techniques can be per-
formed (Vega and Bilbao, 2010). Finally, regarding the
categories of bone substitutes and growth factors, there
is considerable heterogeneity or overlap between them
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yia 10" v nuépa (Hsu kar ouv. 201 1) 4 1.5MHz kai 40
mW/cm? avtiotoixa, yia tov 810 xpdvo epapuoyrig, 2
QOPEG TNV NEEPQ, yia 3 efdopddeg (Liu kar ouv. 2012).
Me toug iSiouc pnxaviopoug moteletal ot emdyouy T
OOTEOVEVEDH Kal XaUNASTEENG oUXVATNTAG OovATEIC. 2 &
OXETIKEG TTEIPAUATIKEG EAETEG (aivetal ST SOVATEIG e
ouxvétnta 120 Hz A kar pikpdtepn otig omoieg OpwG to
@optio dev Eemepvd ta 3gr mBavdy va éxouv euepyeTIKG
QTOTEAECHA OTNV OOTECEVOWHATWON EPPUTEUUATOV
(Zhao «ar ouv. 2009, Ogawa kai ouv. 201 1. Eva koivd
povordu mou mhavdv va endyetal pe SAwV TwV OUXVO-
Ttwv TG dovAoeig (amd 130 Hz wg | MHz) eivai n evep-
yoroinon twv Me{onAeKToIKWY ISI0TATWY ToU 00ToU
(Cochran kai ouv. 1988, Liu kai ouv. 2012).

O1 avwtépw 1816TNTeG eival 0 oTtdX0G Kal TNG NAEKTPIKAG
Sigyepong g ooteoevowpdtwong (Song kar ouv. 2009,
Nagai kar ouv. 2012). Exel armodeixBel étu ta ooteokit-
Tapa €Xouv NAEKTpopuUaIoloyikr dpactnpidtnta Tou
poidlel pe autr) Twv Veupikwv kuttdpwy (Sims kai Dixon,
1989) kar n ootk avayévvnon oxetiCetal he nAektpap-
vnukd pikpotepiBdAov. [NoAudpiBpeg épguvec TIC TeAeu-
Taieg dexagtieg, 1600 ota opboredikd doo kal ota 0dov-
TIKG epUTEUPAta Tou TipooTiaboly va emtaxivouy Kai
va eVIEVOUV g TOV TPATIO aUTd TNV 0O0TEOYEVEDN YUPW
and epQUTEUPATIKE UNIKG, avagépouy PETPIa ammoTeAE-
opata (Song kai ouv. 2009, Isaacson kai ouv. 2009, Nagai
kai ouv. 2012). Emopévwg n kAVIKr) epappoyr] Twv TTapa-
mdvw PeBddwv de diagpalvetar dpeoa, petall dMwv kal
8161 Sev Exel 1I1aftePO EPTOPIKSG EVOIAPEPOV.

Yuotnpatkr xopynon @apudkwy yia BeAtinon
TG OOTEOEVOWHATWONG

Ta dipwogovikd eival yvwotd otnv odovTiatpIkr Kovo-
TNta oxedov pévo amnod TG avermBUpnTEG EVEPYEIES TOUG,
27N OXeTKr Je Ta odovTika epputelpata BiBNoypapia,
ASyw Tou oAU coPapoul TTPOBAHATOC TG OOTEOVEKOW-
ong amnod dipwaovikd, To Pacikd epwtnua eivar av n -
Yn toug eivar rj oxi mapdyovtag kivoivou yia amotuxia
TV epgouteupdtwy (Zadik kar ouv. 2012, Ayan kar ouv.
2012). Qotdoo otnv opBotedikr|, TTOU XPNOIUOTIOIOUV-
Tal Bepaneutikd, eixe amd vwpPIG ECTIAOTEI TO PEUVNTIKO
evolapépov otnv mbavétnta evioxuong TG OOTEOEVOW-
pdtwong opbormedikwv mpobéoewv (Kitsugi kar ouv.
1995). AkohouBwvtag tv tdon NG €peuvag amnd To Xw-
PO NG 0PBOTIESIKIG, OPIOPEVOI EPEUVNTEG PEAETNOAV TO
evdexdpevo Betikig emdpaong Twv SIPWoPOVIKWY otV
evowpdtwon odovuK®Y ePQUTEUPATWY, Bacikd ot Tel-
papatdlwa (Kim kar ouv. 201 1, Back kar ouv. 2012, Grif-
fiths 2012, Abtahi kai ouv. 2012, Yip kai ouv. 2012). Ané
TIG PeAETEC AUTEG @aivetal T n oUCTNPATIKA Xprion Hi-
KPNG ToodTNTAg SIPWOPOVIKGY, HOVWY 1] OE OUVOUAoHO
pe mapabopudvn (Li kai ouv. 201 3) pmopei va éxel euep-
YETK] emdpacn otnv apxik ©don g ooteoevowud-
Twong. O1 MepIopIoHOl OTIG TIEIPAPATIKEG PEAETEG TOU TU-
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(eg platelet rich plasma), rendering extremely difficult the
extraction of secure conclusions about the most effective
and safest method of increasing alveolar ridge (Arora et
al. 2010, Boeckel al. 2012).

References in literature search about surgical manage-
ment of the atrophic alveolar ridge for implant placement
are so many because it is an intractable problem. It has
lead to the development of different techniques due to
the fact that each case is individualized.

Non-invasive and non-pharmaceutical techniques
on improving osseointegration

These are methods attempting to improve the bone sur-
rounding an implant after placement and in this category
studies using low intensity ultrasounds prevail (Hsu et al.
2011, Liu et al. 2012). Although ultrasound effect in os-
teogenesis has been extensively studied some points still
remain unsearchable. It is believed that ultrasounds favor
the adhesion of osteoblasts with integrin activation (Yang
et al. 2005), increase angiogenesis (Wang et al. 2004), in-
duce enzyme systems (Hsu et al. 201 ) and metabolism
in general, as they elevate the local temperature at about
[° C, converting energy from mechanical to thermal (Wu
etal. 1990, Li et al. 2008). Researchers suggest the use of
frequencies around | MHz and intensity of approximately
0.1 W/em? for 10" per day (Hsu et al. 201 1) or 1,5 MHz
and 40mW/cm? respectively for the same application
time, 2 times per day, for 3 weeks (Liu et al. 2012).
Lower frequency vibrations are believed to induce os-
teogenesis through the same mechanisms. In related ex-
perimental studies it is shown that vibrations with a fre-
quency of 120Hz or less and load less than 3gr may have
positive effect on implant osseointegration (Zhao et al.
2009, Ogawa et al. 201 1). A common pathway that is
possibly induced by vibrations of all frequencies (130 Hz
to | MHz) is the activation of the piezoelectric properties
of the bone (Cochran et al. 1988, Liu et al. 2012).
Electrical stimulation of osseointegration is also targeting
to the piezoelectric properties of bone (Song et al. 2009,
Nagai et al. 2012). It is shown that osteocytes have elec-
trophysiologic activity similar to that of neurons (Sims
and Dixon, 1989), and bone regeneration is associated
with negative microenvironment. Therefore, the last
decades numerous studies have been published for ac-
celeration and improvement of osseointegration on or-
thopedic and dental implants, with moderate results
(Song et al. 2009, Isaacson et al. 2009, Nagai et al. 2012).
Application of the above methods in clinical practice
though does not seem to develop and one of the rea-
sons may be their poor commercial interest.

Systemic administration of drugs to improve
osseointegration

The dental community is familiar to bisphosphonates al-
most exclusively from their side-effects. However in or-
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TIoU autoU agopoUlv oto KPS péyeBog Twv Telpapa-
oWV, 0t B€on epPUteuong 0SOVIKWY EPPUTEUPETWV
Tou eivar éva pakpd ootolv aMd kar oto yeyovog ot
oe mévw amd 1o 60% twv peretwy n Béon epputeuong
eival eEwotopaukr (Stadlinger kar ouv. 2012). Emopévwg
Ta oupMePAdopPatd toug dev Umopoulv va PetapepBoulv
e aopdheia otig yvdBoug avBpwmwy. 2t povadikr oe
avBpwrio oxetikr peAétn ol Abtahi kar ouv. (2012), av-
TiBeta, avapépouv Betikd amoteAéopata e TOTIKr, Kal
OXI OUOTNHATIKY, EQAPHOYH SIPWOPOVIKWY, OTNV EMQd-
VEIQ TOU EPPUTEUNATOG,

[Mdaviwg umdpxouv eEAAXIOTEG HEAETEG TTOU va Ouykpivouv
€Ml JaKpdV TO AaMoTEAeo A TNG AUNG SIPWOPOVIKWOV TNV
pakpoPidtnta twv odovukwy epeuteupdtwy (Yip kai ouv.
2012). ENdxioteg eival emiong Kai ol TIEIpaPatikeG HEAETEG
OTIG OTTolEG XPNOIpoToINBNKE yia Tov idlo okoTd oTPdV-
TIO. 2& pId anmd autég XpnaolgormoinBnke Telpapatikg
OTPOVTIO WG EMKAAUYPN 0doVTIKOU EPQUTEUNATOG, [E [E-
Tpia anoteréopata (Yan kar ouv. 201 3), evw or Maimoun
kai ouv (2010) eixav Tetixel kKaAUtepa anotehéopata pe
OUoTNHATIKA Xoprjynon otpovtiou ot Tovtikoug. O Baoi-
KOG TTEPIOPIOHAG TIoU TIPOAVAPEPONKE yIa Ta SIpwopo-
VIKd, eival Mpo@aveg &t IoxUel Kal yid TO OTEOVTIO.
MBavég avemBupnteg evépyeleg amd T ouoTNUATIKA
xpron @appdkwy, kabiotolv autd Tov Topéa €PEUVAq
«BeUTEPNG YPAUEAGY YIa T PeAtiwon Tng ooteoevow-
pdTwong.

Tpormomoinaon tng em@dveiag Twv EPPUTEUPETWY
H petatporr| tng emdvelag Tou epgutelpatog amo
udpdpofn oe UdPSPIAN UTHPEE emdiwEn TOMKOV epeu-
VNIV Kabwg éxel amodeixBel mwg n udpd@IAn empdveia
endyel v ooteoevowpdtwon (Zhao kai ouv. 2007). O
Baoikdg TEdTOC VI AUt TN Yetatporr eival n mpoopod-
@non otV emedveia opyavikQv KUpiwg ald kar avop-
ydvwv otoixeiwv pe T BoriBeia TG vavotexvoloyiag
(Schwarz kai ouv. 2007, Tran kar Webster, 201 3). H ma-
PAUOVI| TOU EUPUTEUHATOC OE PUOIOAOYIKS 0pO HEXPI
TNV tomoB€tnor Tou eivar pia akdun Texvikr Siatienong
¢ udpopihiag Tou (Buser kar ouv. 2004).

A) Opyavikd UNIKG eMKAAUYNG EPPUTEUNATWV

H €peuva mpwteiviyv ou Ba pmopouoav va emdyouv
TNV O0TEOEVOWUATWON TOU EPPUTEUHATOS TTPOCPOMN-
PEVEG OtV em@AVeId Tou, €xel TNV TIo TToAUdpIBN Tia-
pouofa otn BiBNoypagia twv teleutaivy xpdvwv (Aid-
ypappa 2). H mpoopdpnon mpwteivav otnv emedveia
TOU ePQUTELNATOG apxikd emixelprifnke va yivel (Teipa-
paTikd) e TPWTEIVEG PUOIKAG TTOOEAEUONG, OTTWG Of Au-
Enukol mapdyovteg. Apydtepa xpnaolgomoiriOnkav tétol-
£ TIpWTElve epyaotnpiakii MPogAeuong mou Trapdyov-
Tav pe yevetkr) gnxaviky (Kim kar ouv. 2008). Ta teheu-
Taia xpdvia dpwg auth n mpoomdBeia fabpiaia eykata-
AelpBnke, kaBwg diapdvnkav onuavtikd mpoPArpata
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thopedics, where they are used therapeutically, re-
searchers were early interested in potential enhancement
of osseointegration for orthopedic implants with bispho-
sphonates (Kitsugi et al. 1995). In contrast, due to the se-
vere issue of bisphosphonates related osteonecrosis, den-
tal implants’ literature is still working on the question
whether uptake of bisphosphonates is a risk factor for im-
plant failure or not (Zadik et al. 2012, Ayan et al. 2012).
However, following the trend of research in current or-
thopedics, some researchers investigated the possible
positive influence of bisphosphonates on implant osseoin-
tegration in animals (Kim et al. 201 |, Back et al. 2012, Grif-
fiths 2012, Abtahi et al. 2012, Yip et al. 2012). These stud-
ies show that the systemic administration of low dose bis-
phosphonates with or without parathyroid hormone
(PTH) may have a beneficial effect on the initial phase of
osseointegration (Li et al. 2013). However there is a se-
rious limitation on these experimental studies: models on
which dental implants are placed are animals small in size,
the implantation site is a long bone and placement is ex-
traoral for more than 60% of the studies (Stadlinger et al.
2012). Therefore their findings cannot be safely trans-
ferred into human jaws. Despite the claims of most stud-
ies, Abtahi et al. (2012) in the only study in humans, re-
port positive effects on local, rather than systemic, admin-
istration of bisphosphonates on the surface of the implant.
In any case, there are few studies that compare the long
term results of bisphosphonates administration in length-
ening the life of dental implants (Yip et al. 2012). Few as
well are the experimental studies where strontium is
used for the same purpose. In one of these, strontium
was used as implant coating with moderate results (Yan
et al. 2013), while Maimoun et al. (2010) achieved better
results with systemic administration of strontium in mice.
The main limitation previously referred for bisphospho-
nates, is obviously applicable for strontium too.

Possible side-effects from the systematic drug adminis-
tration, do not favor their research for improvement of
osseointegration.

Implant surface treatment

The conversion of the implant surface from hydrophobic
to hydrophilic has been pursued by many researchers, as
it has been demonstrated that the hydrophilic surface in-
duces osseointegration (Zhao et al. 2007). The basic way
to achieve this is by absorption of mostly organic but also
inorganic elements on the implant surface with the aid
of nanotechnology (Swartz et al. 2007, Tran and Web-
ster, 2013).

The tarrying of the implant into normal saline until its
placement is another technique to maintain hydrophilicity
(Buser et al. 2004).

A) Organic materials for implant coating
The research of proteins which could induce osseointe-
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Tipokelpévou va diatebolv ol pwteiveg KAAUWNG TwV el-
QUTEUPdTWY Ot upeia (eumopikr)) XPAon, Yia TEOTEPIG
KUpiwg AGyoug: a) urrjpxav SUOKONEG oty amooteipw-
on térolwv egeuteupdtwy, P) diamotwbnke aotdBeia
TWV HAKPOHOPIAKWY TTPWTEVWY OTO evupIKS TEPIBAN-
Aov TnG ooteotopiag (ppeatiou), y) KATMoIeG amd AUTEG
EHEAVICAV, WG Pakpopdpid, avemBUpunTn aviyovikdTnta
Kkal &) To KOOTOG ATav anayopEeUTIKG, akOun Kai oG ep-
YaoTNPIaKAG TTapaokeunG mpwteiveg. OpIopéves PEETEG
pdNiota urootnpiCouv TwG ol UTOUOIEG TIPWTEIVES HE
AN YVWOTEG OOTEOYEVETIKEG IDIGTNTES (TT.X. OTNV TTAPW-
On OOTKWV EMEIPPATWY) eival eVIEADG QVEVEPYEIG Kal
iowg va mapepmodiCouv Kal TNV 0oTEOEVOWHdTWoN Twv
epouteupdtwy (Faensen kar ouv. 201 1).

la tov Adyo autd, avtl Twv PaKkPOPOPIaK®WY KAl aotadwov
TIPWTEVWY, N €PEUVA TWV TEAEUTAIWV XPOVWY EXEl ETTI-
KevTpwOel otV xprion PIKPWY OAIYOTIEMUSIKWY AAUCWY
HE YVWOTEC OOTEOETIAYWYIKEG IBIOTNTEG, WG OPYAVIKWY
UNK@V emKkdAupng epeuteupdtov (Kim kar ouv. 2008).
"Eva tétoio mapddeiypa eival ta Aeydpeva RGD memmidia,
TIOU TIEPIEXOUV TNV AMnAouxia apivoEEwv: apyivivn-yAu-
kivn-aomaptikd. H aMnhouxia autd opiCel pia Bon ouy-
KOMNONG YIa TOUG 00TEOPAAOTEG PEOW TNG IVIEYKPIVNG
kar mBavév tng eipmpovektivng (Schliephake kai ouv.
2005). H ouykdMnon twv ooteoBAactav eival o kipiog
HNXaviopdg Péow Tou omofou emdINKETal N BeAtiwon
TNG OOTEOEVOWUATWONG HE OPYAVIKEG ETTIKAAUYEIG -
uteupdtwy. ‘Exer Bpebel 6t kal dMa mermtidia, mou dev
TIEpIEXOUV Kat avdykn tTnv mpoavapepBeioa aMnhouxia
apivo&€wy, TPodyouy TTioNG T oUyKOMNON Twv ooTe-
oPAacTOV otV EMEAVEIQ TWV EPQUTEVPATWY, ETE PEOW
NG IVIEYKPIvNG efte Péoa amd dMa Pioxnuikd povordua.
Tamermtidia autd éxel emkpatrjoel va Aéyovtal non-RGD
peptides. 2¢& yeVIKEG YPAUPEG Kal TTAPA TNV TIOIKIAG TwV
EPEUVNTIKWV KATEUOUVOEWY OTN PEAETN TWV OPYAVIKWY
emKkaAUPewv yia PBehtivon g 00TE0EVOWHATWONG
(Sanchez-llarduya kai ouv. 2013, Kurikchy kar ouv. 2013),
@aivetal Twg n MEOokOAMNon Twv ooteofAaocTwV aro-
Tehel KEVIPIKS OTEXO TNG OXETIKAG EPEUVAG YIA TO HENOV
(Iskandar kar ouv. 2013).

Mia GMn Tdon oty €peuva TwV OpyavIK®V eMKAAIPERY
TV ePQUTEUPATWY eival n Aeydpevn «otpatnyik Wnt»
(Whnt-based strategy, Popelut kar ouv. 2010). Ta Whnts
efvar yia opdda mepimou 20 yovidiwv Tou Ye éva TToAd-
TIAOKO HNXaVIGHS KWOIKOTTOIOUY TIPWTEIVEG TIOU OXETICOV-
Tal Pe TV avayevvnon. H onuaocia g avakdAupig Toug
oto avBpwmmvo yovidiwua amépepe 1o Ppafeio Nobel
latpikiig To 1995. H evepyoroinon autdv twv yovidinv
O€ OTeAeXIaKd Kal OOTEOTIPOYOVIKA KUTtapa eivar umeu-
Buvn via tv avdrtugn Tou okeAeTol 1 yia TV Emavop-
Bwtikr ooteoyéveon (Leucht kai ouv. 2008). IMNpwtelveg
TIOU PrmopoUV va evepyoTTIoINCoUY TO oUOTNHA TwV YOVI-
Siwv Wit éxouv amopovwBel, mapaokeuaotel ouvBetikd
Kal XpnolpoTToloUvTal OTnY £PEUVa yia Véa QApHaka katd
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gration when absorbed on the implant surface, seems the
most popular category in the current literature (Diagram
2). The protein absorption on the implant surface initially
was attempted experimentally with naturally-derived pro-
teins, such as growth factors. Later on, laboratory proteins
produced by genetic engineering were used (Kim et al.
2008). Recently, this effort has been abandoned, as sig-
nificant problems were associated with the use of protein
coatings in broad (commercial) scale due to four reasons:
a) there were difficulties in sterilizing such implants, b)
macromolecular proteins were susceptible to enzymatic
degradation at the environment of the osteotomy- inter-
vention site, ¢) some of these macromolecules showed
undesirable immunogenicity and d) the cost was prohib-
itive, even for proteins produced in vitro. Some studies
even argue that the use of proteins with already known
osteogenic properties (e.g. in filling bone defects) are
completely inactive and probably even impede osseoin-
tegration of implants (Faensen et al. 201 1).

So, instead of macromolecular and unstable proteins, re-
cent research has focused on the use of small oligopep-
tide chains with known osteoinductive properties, as or-
ganic coating in implants (Kim et al. 2008). These proteins
as the so-called RGD peptides contain the amino acid
sequence of Arginine- Glycine- Aspartate and define a
principal adhesion site for osteoblasts via integrin and
possibly fibronectin (Schliephake et al. 2005). The adhe-
sion of osteoblasts is the main mechanism that seeks to
improve osseointegration for implants with organic coat-
ing. It has been shown that other peptides (named non-
RGD peptides), not necessarily containing the above se-
quence also promote the osteoblast adhesion on implant
surface, either through integrin or through other bio-
chemical pathways.

In general and despite the variety of research directions
in the study of organic coatings for osseointegration im-
provement (Sanchez-llarduya et al. 2013, Kurikchy et
al. 2013), it appears that, for the future, the adhesion
of osteoblasts is a main aim of this research (Iskandar
etal 2013).

Another trend in the research of implant organic coatings
is the so called Whnt-based strategy (Popelut et al. 2010).
The Whts are a group of about 20 genes which encode
proteins related to regeneration with a complex mech-
anism. The importance of their discovery in the human
genome was shown when, in 1995, researchers won the
Nobel Prize for Medicine. The activation of these genes
in stem cells and osteoprogenitor is responsible for skele-
tal growth, or for restorative osteogenesis (Leucht et al.
2008). Proteins that can activate the system of Wnt
genes have been isolated, synthesized and used in re-
search for new drugs against osteoporosis (Agholme and
Aspenberg 201 I). Wnt3a protein was found to acceler-
ate and dramatically enhance osseointegration when lo-
cally applied, around implant materials or into implant
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¢ ooteondpwaong (Agholme kai Aspenberg, 201 1). H
nipwteivn Wnt3a Bpébnie &t emtaxivel kai evioxUel Oe-
apatikd TV 0oTe0eVoWHATWon 3Tav EQAPOTTEel TOTTIKA
yUpw amd eueUTeUPATIKA UNKA 1| H€od OTIG OOTEOTOHIEG
(Popelut kar ouv. 2010, Galli kai ouv. 2012). H epappoyi
NG «oTPatnyIkAG twv Wnts» éxel dnpioupyroel otnv
€PEUVNTIKY KOIVGTNTA TTPOOOOKIEG AVANOYEG [E AUTEC TwV
BMPs otn &exaetia tou '90, iou dev anodeixOnkav pea-
NOTIKEG, AMG eival akdun oAU vwp(S yia va TooBAepOel
N eEENEN NG OXETIKAG €PEUVAG OTO PEMOV.

Téhog, aveEdptnta and v mpotevopevn olvBeon g
OPYQVIKAG EMKAAUPNG TOU EPQUTEUHATOG, Ol TIEPIOCO-
TEPOI OUYYPAYEIG @aivetal va oupwvoulv Ot otV Te-
XVIKH) eVOWPATwong TG oto Ttdvio onpavtkr foribeia
miapéxel n vavotexvoloyia (Xu kai ouv. 201 1, Elias kai
ouv. 2012).

B) Avépyava uNikd emkdAuPngG egouteUpdTwy

Ta epoutedpata pe emkdluyn udpo&uarnatitn, av kai
epappootnKav otnv opBoredikr kal TNy 0doVTIKr eHpU-
Teupatoloyia edw kar apketd xpdvia (Geesink kar ouv.
1987) kai mapd tnv aicbnon mou dnpiolpynoav apXikd,
kaBwg urotiBetal &t MPOCEEPOUY ETOIUN TV avopyavn
KTPWTN UAN» YIa TV O0TEOEVOWHATWOT, Sev £TUXAV Ka-
BoAikrig amodoxrg. To OUYKPITIKO TTAEOVEKTNUA TOUG
EVavTl TWV EPPUTEVPATWY TIOU eixav dMou Tirou eTte-
Eepyaoia emdveiag anmodeixtnke amd PeAETeC TIou €0el-
xvav Ot To Pwoopikd acBéotio Tou aneheubepwvetal
amnd v avépyavn emMkdAUPN Twv EPPUTEUPATWY TTPOKA-
Ael Kopeopd ato eEwkuttdplio uypd Kal katdmv kabignon
avopydvwv kar evaoBeotiwor] Tou (Daculsi kai ouv. 2003,
Davies 2003, Barrete kar ouv. 2003). Qotdoo, oe anwre-
PO xpdvo, avadeixOnkav TPoPAHATa OtV OOTECEVOW-
pATwOor| TG, HETaly twv dMwv Sidt: a) yia va KaAugOel
TARPWG N EM@Aveld evOG EPQUTEUATOC XPelaldtav
OTPWHA WaPopIkoy aoBeatiou TTdxoug Touhdxiotov 50
HM TToU peiwve Ty avtoxr] tou deopol peta&y avopyd-
vwv Kar ttaviou, B) n emeepyaoia kdhuyng eixe ampo-
BAetto amotéhecpa otn XnNUIkr) opoloyéveia tng avop-
yavng emKkaAuYng, e armotéeopa oe GMa onpeia va on-
HIOUPVEITal a-pwa@opIkd TPIacPEaTio, o AMA QwoEo-
pIkS TeTpacfBéotio kar aMou oeidio Tou aofBeatiou Kka
TENOG ) aMPOPAETTIO Htav EMiong To AMOTEAECHA TG M-
OTPWONG OTNV KPUOTAMWON ToU Quwo®opIkoUy aofeatiou
KaBWG TTPOEKUTTTAV TIEPIOXEG APOPPOU, HN KPUOTAM®-
pévou dhatog, n didAuon Tou ortoiou TTPOKAAOUCE PAey-
HOVH TTOU GUVINEOUOE KAl EMITAXUVE TNV TTEPIEPPUTEUNA-
tuda (de Jonge kai ouv. 2008, van Oirschot kai ouv.
2012). ‘Etor n «mapadooiakry, o oTpwpata TTAxXous
>50um emioTpwon egeuTeUpdTwy e udpoguanatitn ey-
kataheipOnke opIoTIKA.

O1 mapamdvw TexvikéG SUOKONEG QVTIPETWTTIOTNKAY, WG
éva Babpd, pe tov avBpakouxo udpo&uamatitn (Car-
bonated HA, CHA), Tou oroiou n kpuotd\won poidlel
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sites- osteotomies (Popelut et al. 2010, Galli et al. 2012).
The implementation of the "Strategy of Wnits» has cre-
ated expectations in research community, similar to
those of BMPs in the 90s, which were not proved real-
istic, but it is still too early to predict how the following
research will evolve in the future.

Finally, independently from the composition of the im-
plant organic coating, most authors seem to agree that
nanotechnology assists considerably the incorporation of
coatings in titanium implant surface (Xu et al. 201 I, Elias
etal. 2012).

B) Inorganic materials for implant coating
Hydroxyapatite (HA) coated implants, although applied
in orthopedics and dental implantology since several
years (Geesink et al. 1987) and despite the initial im-
pression, as they were supposed to offer a ready-made
inorganic 'feedstock’ for osseointegration, they did not
receive universal acceptance. Their advantage versus im-
plants with other surface treatments was proved by
studies showing that the calcium phosphate which is re-
leased from the inorganic coating of implants causes sat-
uration in the extracellular fluid and then precipitation
of inorganic and calcification of new bone (Daculsi et al.
2003, Davies 2003, Barrete et al. 2003). However, later
on, drawbacks in osseointegration were highlighted,
mainly due to the following reasons: a) to fully cover the
surface of an implant with calcium phosphate, a layer of
50 microns thickness was needed which reduces the
strength of the bond between inorganic and titanium,
b) coating process had unpredictable effect on the
chemical homogeneity of the inorganic coating, resulting
into generation of a-tricalcium phosphate in some
places, tetracalcium phosphate and other calcium oxides
in others and ¢) coating process had also unpredictable
effect in crystallization, resulting into amorphous non-
crystallized salt, which dissolved and caused localized in-
flammation accelerating peri-implantitis (de Jonge et al.
2008, van Oirschot et al. 2012). Thus “traditional” HA
coating of dental implants, i.e. coatings >50um, has been
abandoned and belongs to history.

These technical difficulties were encountered, to some
extent, with the carbonated HA (CHA), whose crystal-
lization is very similar to the humans', is coated homoge-
neously and binds strongly to the titanium (Qu and Wei
2008, Xu et al. 201 I). Additionally CHA allows adsorp-
tion of organic accelerators of osseointegration (see pre-
vious section) and, therefore, the implant surface itself
better "mimics" the biochemical microenvironment of in-
tegration, and that is why this philosophy was named
«biomimeticsy» (Oliveira et al. 2007 , Kim et al. 2008).
The adsorption of trace elements is also considered to
increase the strength of the CHA bonding to the tita-
nium (which should be in the range of 20- 30 MPa), sta-
bilizes chemically the crystals and improves the simulation
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TIOAU pg TNV Tou avBP®ITIVOU, ETTIOTPWVETAl OHOIOYEVWG
Kkal ouvdéetal Ioxupd pe to Ttdvio (Qu kar Wei, 2008,
Xu kai ouv. 201 1). Emiong, o CHA mapéxel tn duvatd-
NTa MPOoPSPNONG OE AUTOV OPYAVIKWV ETITAXUVTWOV
NG ooteoevowpdtwong (BA. mponyoupevo e6dgio) Kal
EMOPEVWG, KAAUTEPN «amopipnony» tou PBloxnuikou pi-
KpoTepIBdMovTog TG evowpdtwong mdvw ato 810 To
eppUTEUPa, QIAocopia TTou ovopdotnke yi autd «bio-
mimetics» (Oliveira kar ouv. 2007, Kim kai ouv. 2008).
H mpoopdpnon ixvootoixeiwy emiong, Oewpeital ét au-
Edvel v 10xU TG évwong tou CHA pe o trtdvio (Tou
Tipénel va eival tng tdgng twv 20-30 MPa), otabepotoiefl
XNHIKE TOUG KPUOTAMOUG Tou Kal BeAtidvel Ty eEopoi-
WO TG OANG EMKAAUYNG HE TO 0OTIKO pIKPOTIEPIBAMOV
pe TNV mpoUmdBeon mdvta &t To TIAX0G TG EMKAAUYPNG
efvar kdtw amd Ium (Xu kai ouv. 201 1).

‘Onwg kar otig opyavikeé eMKAAIPEIG TWV ELQUTEUPATWY,
€101 Kal oTIC avdpyaveg, N enfteu€n emkaliPewy e TIOAU
AETTTEG ETOTPWOEIC, WOTE VA AVTIPETWTTICETAl TO TIPOPAN-
[a TNG avToxr|G TG emMKAAUYNG, Tpoteivetar va yivetar pe
KATTIEG» TEXVIKEG Kal Pe Tn BoriBeia tng vavotexvoloyiag
(Xian kar ouv. 201 1, van Oirschot kar ouv. 2013).

I Emeoaveiaxr] ene&epyaaia tou titaviou

Eival yvwotd oty epguteupatoloyia, and ta mpwta Bri-
pATa TNG 00TEoEVoWNATWOoNG, 0T Ta KUTtapa-ermiyovol
TWV Pakpo@dywv (0oteoBAdoteg Kal 0oTeOoKUTIAPA),
TipotpoUlV TIG Tpaxeieg em@dveleg, evw avtiBeta ta -
BnAiakd kittapa emoikiCouv TG Aefeg emedveieg (Boyan
kai ouv. 2001, Elias kar ouv. 2010). Opwg, mapd Tg exte-
Tapéveg mpootdBeieg amooagrijvions TG (Cooper 2000,
Shalabi kai ouv. 2006), n Biohoyikd «xprioiuny Tpaxytnta
utre&e yia dekaetieg pia aoagig éwoia, €101 WOTE auTh
Tou oe pia peAétn eBewpeito Aefa empdvela, oe AN
pmopouoe va Bewpeital tpaxeia (Wennerberg kai Al-
brektsson, 2009).

O1 mapdpetpol mou avaiiovtar otnv a&ioAdynon tng
EMEAVEIG EVOG EPPUTEUNATOG eival To UPOG TwV i-
kpoemapudtwy (peaks) kar To PdBog twv KohoTATWY
(valeys). Or e&eibikeupévol Seikteg TTou €xouv ermvonOef
yI QUTEG TIC TAPAPETPOUG oupPoAiCovtal Pe ta ypdppa-
ta R (Ra, Rg, Rz, Rt) 4 S (Sa, Sq, Sz kai St) avdhoya pe
TO av n PéTpnon yivetar o eikdva mpo@ii TG empdvel-
ag (mapdpola Pe AQUTEG TTOU TTPOKUTTTOUV OE TOUEG HE
HIKpoTOPOUG) i oe Tavopaikn, Tpiodidotatn eikdva
(6TWG auTég TToU TIPOKUTTTOUV amd TO NAEKTEOVIKS Hi-
KPOOKOTIO 0dpwong). Amd Toug mapdndvw SeikTeg o
ouxvoTepa xpnolyorololpevor efval ol Ra kar Sa mou
katadeikviouv 1o BdBog piag pikpokolAdtntag (f to
Ugog evég pikpoemdppatog) oe diodidotatn 1 tpiodid-
otatn eikéva aviiotoixa. O1 upég TTou Tiaipvouy ol Tia-
pandvw Seikteg eival amd 6€kata Tou PIKPOPETPOU WG
5 um mepfmou. MNa va Bewpeftal pia emedveia tpaxeia
TIPEMEl OUPQWVA e OPICHEVOUG E0EUVNTEG va €xel Ra
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of the entire coating to the bone microenvironment,
provided that the coating thickness is less than |mm (Xu
etal 2011).

In order to achieve very thin layers of coatings of im-
plants and overcome the problem of coating strength,
mild techniques are suggested with the aid of nanotech-
nology, in both organic and inorganic coatings (Xian et
al. 2011, van Oirschot et al. 2013).

C) Titanium surface treatment

Since the first steps of osseointegration, it is well known
in implantology, that the cells-descendants of macrophages
(osteoblasts and osteocytes) prefer rough surfaces, while
the epithelial cells colonize smooth ones (Boyan et al.
2001, Elias et al. 2010). Despite extensive efforts to clarify
it, biologically 'useful' roughness was unclear for decades
(Cooper 2000, Shalabi et al. 2006), resulting in differences
among different studies on defining smooth or rough
(Wennerberg and Albrektsson, 2009).

The parameters analyzed in the evaluation of the surface
of an implant are the height of peaks and the depth of
valleys. The specialized indexes invented for these pa-
rameters are represented by the letters R (and more
specifically Ra, Rg, Rz, Rt) or S (Sa, Sq, Sz, St), depending
on whether the measurement is an image of the surface
profile (similar to those resulting from microtoms) or a
panoramic, three dimensional image (such as those re-
sulting from the scanning electron microscope). The
most commonly used indexes are Ra and Sa, correspon-
ding to the depth of a microvaley (or the height of a mi-
cropeak) in two and three-dimensional imaging respec-
tively. The values the above indexes take are from
tenths of a um to Spm. Some authors consider a surface
rough, when Ra and Sa > |pm (Wennerberg and Al-
brektsson 2009, von Wilmovwsky et al. 2013). The
roughness of an implant appears to be associated with
accelerated osseointegration in several studies compar-
ing one type of surface to a reference surface, usually a
simple pad (turned or machined surface). The meta-
analyses however did not find a certain range for the S
and R values, which can be securely described “appro-
priate” (Elias et al. 2010).

Recently, research related to the evaluation of the sur-
face roughness looks convergent on a parameter named
“wavelength” which, despite the fact that it has been ear-
lier observed, only the last few years has been broadly
recognized as significant (Wieland et al. 2001, Wenner-
berg and Albrektsson 2009, Svanborg et al. 2010). It
refers to the frequency of micro-roughness per surface
unit. That frequency, with which this micro-roughness is
repeated, in combination with its features (i.e. Ra and Sa
indexes) seem to objectively and adequately describe
the roughness of the surface of the implant. It is reported,
but it is not well documented, that the optimum wave-
length is around 10 microns (Wennerberg and Albrek-
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kar Sa >1um (Wennerberg kai Albrektsson 2009, von
Wilmovwsky kar ouv. 2013). Metpoupevn pe toug Sei-
KTEG QUTOUG, N TPAXUTNTA evOG eUPUTEUNATOC Qalvetal
va ouvdEetal e TNV emTdXuvon TG O0TEOEVOWHdTW-
ONG O€ APKETEG PEAETEG TTOU GUYKPIVOUV €vav TUTio eri-
(QAvelag Je Jia emeavela avapopdg, Tou ouvrBwg eival
n amhf emgdveia (turmed r machined surface). Or pe-
Ta-avalloeic dpwg dev Bpiokouv éva oplopévo eUpog
TPV yia Toug Seikteg S kai R mou va pmopel va xapa-
Ktnplotel pe Befaidtnta «evdedelypévoy (Elias kar ouv.
2010).

2TIG €pEUVEG TTOU OXeTiCovtal pe v a&loAdynon tng
adpdtntag g emdveiag, Ta teheutaia xpodvia diagai-
vetal oUykAion yUpw amd pia apdPeTpo TTou Xdpaktn-
piCetal «UrKoG KUPATOGy, n orola fxe amd makid emon-
pavBei, aMd@ n onpaoia tng avayvwpiotnke Ta teAeutaia
pONG xpdvia (Wieland kai ouv. 2001, Wennerberg kai
Albrektsson 2009, Svanborg kai cuv. 2010). MNpdkerta
yia TNV éwola NG emavaAnying pIag PIKpoavwpaaiag otn
povada emgdvelag. H ouxvdtnta pe tnv omoia enava-
AapBdvetal n pikpoavwpahia o ouvduacud Pe Ta xa-
paktnpiotikd g (SnA. toug Seikteg Ra kar Sa) gaivetal
ST TIEPIYPAPOUV AVTIKEIPEVIKG Kal EMAPKWE TV adpdtn-
1A ™G eMEAVEIAG TOU EPPUTEUPATOG. AvagépeTal &Ti TO
BéNtioto prikog kupatog eival yipw ota 10 um (Wen-
nerberg kar Albrektsson, 2009) xwpi dpwg autd va eivai
EMAPKWG TeKUNPIwpEvo. Emopévwg o 1davikdg ouvdua-
OHOG aVAPEDa 0Ta XAPAKTNPIOTKE TWV PIKPOAVW ANV
kal tnv andotaon peta&y toug eival {nrolpevo yia T
HEMOVTIKY €peuva TnG em@AveIas TwV ePPUTEUPdTWY
(Elias kar ouv. 2010).

H mapamdvw mpoogyyion otnv évvola tng adpdtntag
NG emEAveIag Twv ePQUIEUPdTwy, Kabwg diapopenve-
Tl 1a TeAeUTala XpovIa, el EMQEPEI KAl ONPAVTIKEG -
AayEG otV avtiAndn Twv TexvIKov adporoinong. 2tnv
KA@ooIKr SIAKPIoN PETAEY TEXVIKWY AQaipeanG Kal Tipo-
00rKNG TTPOOTEBNKAV VEEG TEXVIKEG, TIOU EMTUYXAVOUV
HIKOOTEPEG KAl TIEQIOOOTEPES HIKPOAVWHANEG avd po-
vada emodveiag. "Etol, otig Texvikég agaipeong omwg n
o&eidwon, n appoBolr kar n didBpwon pe o&yY, mpoote-
BnKe N NAeKTPOXNUIKY ETTEEEPYACIA £V OTIG TEXVIKEG
TPo0BrKNG, dTwg N KAAUYN pe udpo&uhamatitn fj o Ye-
KAoWOG Pe OTTPEI TAGOPATOG TITaviou TIPOoTEDNKE N yaA-
Bavikr amdBeon 16vtwy (He kar ouv. 2012). Extdg amd
TNV duvatdtntd Toug va mpokalolv emeEepyaoia g
EMEAVEIAg 0€ Vavo-KAIHAKA, Of TEXVIKEG QUTEG BewpoUv-
Tal NiydTtepo «emOeTIkES amd TIG KAAOOIKEG, TTOU €XOUV
evoxoroinBel yia kémwon g emedvelag Tou Ttaviou,
HE HAKPOXPOVEG OUVETTEIEG OtV 0oteoevowdtwon (Pa-
zos kai ouv. 2010).

2YMIMEPAXMATA

H emtdxuvon kai n evioxuon NG 0oTeoevowpdTwong
amotehel avikeipevo eviatikig épeuvag. Néeg texvoAo-
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tsson, 2009). Therefore future research aims to clarify
the ideal combination between characteristics of micro-
roughness and their in-between distance (wavelength)
on the surface of implants (Elias et al. 2010).

As the above approach to the concept of surface rough-
ness of implants is being formulated, significant changes
have also supervened in the perception of techniques
for implant surface treatment. In classical distinction be-
tween subtractive and additive techniques, new tech-
niques appeared that achieve smaller and more “close
order” spots per unit area. Thus, on subtractive tech-
niques such as oxidation, sandblasting and etching, the
electrochemical processing was added and in additive
techniques such as hydroxylapatite coating or titanium
plasma spraying, galvanic deposition of ions was added
(He et al. 2012). Apart from their ability to cause surface
modification in nano-scale, these techniques are less "ag-
gressive" than the conventional ones, as the latter have
been implicated in the fatigue of the titanium surface,
with long term consequences on osseointegration
(Pazos et al. 2010).

CONCLUSIONS

The acceleration and enhancement of osseointegration
is the subject of intensive research. New technologies
such as nanotechnology and new processing techniques
promise future developments in faster osseointegration
that can further strengthen the position of implantology
in the oral rehabilitation. Significant and promising inves-
tigating effort focuses on new-technology organic and in-
organic implant coatings, but this may increase manufac-
turing costs. In contrast, titanium surface treatment with
nanotechnology might have lower cost, but it will take
long before objective conclusions may be drawn and be-
fore delivering technical data to competition.
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yieg OTTWG N vavotexvoloyia Kal VEEC TEXVIKEG eTTeEep-
yaoiag twv epeUTEUPdTWY UTdoxovTal HEMOVTIKEG e&e-
Ai€eig otnv Taxitnta ooTeoevowddTwong Tou Propel
va evIoxUogl akOun TiEPIoOOTEPO TN B€0n TG EPPUTEU-
patoloyiag otn atopatikd amokatdotaon. H emotpwon
TNG EPPUTEVPATIKAG eMQAveIag Pe opyavikd Kal avop-
yava UNIKA OUYKEVTPWVEI ONPAvVTIKY Kal eATIOO®OP0
gpeuvnTIkr) Tpoomddeia, aMd n e autig aignon tou
KOOTOUG TwV eppuUTeUpdTwy eival pia mbavr| eEENEN.
AvtiBeta n eneEepyaoia tng emQAvelaq Pe VaVOTEXVO-
Aoyia xwplc emotpwoelg fowg €xel HIKpOTEPO KOOTOG,
aMd Ba xpeiaotel TOAUG Xpdvog péxpl va agloAoyn-
Boulv avtikelpevikd ta anoteAéopatd g kai va «aro-
50B0U0v» 0l OXETIKEG TTANPOPOPIEG OTOV AVIAYWVIGHO.
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