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MepiAnyn

2TOYX0C OVTNAG TNG OPNYNUATIKNG OVOCKOTNGNG NTOV VO TTol-
POLGLACEL KPITIKA Kot Vo oulntioet ) dobéoiun Pifroypagpio
aEL0AOYDVTOG TOL IGTOAOYIKE SEGOUEVH KO TIG LOPPOAOYIKEG OA-
AOYEC TNG QOTVIOKNG OKPOAOPIOG TOV TOPATIPOVVTOL LETH OO
e&aymyEg dovTIDV, KOOMG KOl TV OTOTEAEGUATIKOTTO SL0QpOP®V
TEYVIKOV 0T PETEEUKTIKY SL0TPNON TOV SLOCTACEMY TNG POTVL-
KNG OKPOAOPIOG KO GTIV TPOAYMYY] TOL OGTIKOD GYNUOTIGLOV
070 HETEENKTIKO QPATVIO.

O1 emovAOTIKEG Sl0d1kaoieg LeTd TNV 0dovTikn eaymyn me-
PIAOUPEVOVY TO CYNUATICUO KOl TNV OPILOVGT] TOV CLUOTIKOD
OpopPov, T GTASIHKY AVTIKATAGTUOT] TOV HE HETUPATIKO GUVOE-
TIKO 1670, TO GYNUATICUO SIKTLMTOV 0GTOV [LE TN JAOIKAGIOL TG
EVOAATOONG KO T HETATPOTN TOV GE MOPLO SIKTVMTO TETAMD-
deg 0010. KhMvikég pehétec kot mepapata pe (do DTOdEIKVOOLV
ot N e€aymyn evog dovtiov 0dnyel cLVHOWE G EKTETAUEVT TPLO-
SoTOTN OCTIKN OTOPPOPNON TG POTVIOKNG OKPOAOPIOG TOV
UTOPEL VO ATTOTEAEGEL OTUOVTIKO TPOPANLLA Y10, TNV KOTAGKELN
GUUPATIK®V | ETEUPVTEVHOTIKOV OTOKATAGTAGEDV.

APpKeTEG TEXVIKEG KOl DAMKA €xovv mpotadel yio tn dotpn-
o1 TOV SCTACEMV NG QOTVIOKNG aKpologiag mov Oempeitan
TPOOTOLTOVLEVO Y10 TNV KOTOGKELT OUGONTIKAOV KOl AELTOVPYL-
KOV mpochetikav amokatactdcewv. H cvyypovn a&lordoynon
¢ PPAoypapiog vodetkviet BeTicd AmTOTEAEGHLOTO Y10 CUYKE-
KPLUEVEG TEXVIKEG OATPNONG TNG AKPOAOPIAG, TOV Elval AmOTE-
AECUATIKEG GE KOO0 PaOId GTOV TEPLOPIGUO TNG UETEENKTIKNG
LelmoNG TV SIoTACEMV TG 0KPOAOPILOG KOL GTNV TPOOYWYN TNG
OGTIKNG avayéVvnomng 6To (oTvio. Q6T060, AmoLTEIToL TEPUTEP®
€peuva e EAEYYOLEVEG KAMVIKES HEAETES Y10l TOV EVIOTIGUO TMV
TOPAYOVI®OV KIVOUVOL oV oyeTilovTol e v TpoPfreyipnotnTa
TOV TEYVIKOV S10TPNONG TG KPOAOQIOG Kot TNV KAIVIKT GUUTE-
PLPOPE TV SOOEGIU®Y VAKOV.
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Abstract

The aim of this narrative review was to critically
present and discuss the available literature evaluat-
ing the histological observations and morphological
changes of the alveolar ridge following tooth extrac-
tion, as well as the effectiveness of various alveolar
ridge preservation techniques in maintaining ridge
dimensions and promoting new bone formation in
postextraction sockets.

The healing events after tooth extraction include
formation and maturation of the blood coagulum,
gradual replacement by a provisional connective tis-
sue, formation of woven bone through the mineral-
ization process, and the subsequent remodeling into
mature trabecular lamellar bone. Clinical and animal
studies suggest that the extraction of a tooth usually
results in an extensive three-dimensional bone resorp-
tion of the alveolar ridge that may present a significant
problem for both conventional and implant-supported
prostheses.

Several techniques and materials have been pro-
posed for preservation of the alveolar ridge dimen-
sions, a prerequisite for esthetic and functional pros-
thetic reconstructions. The current appraisal of the
literature demonstrated a positive outcome for select-
ed alveolar ridge preservation techniques, which are to
some extent effective in limiting postextraction ridge
dimensional loss and in enhancing bone regeneration
in the extraction socket. However, further research
with controlled clinical trials is required to identify
risk factors associated with the predictability of ridge
preservation techniques and the clinical performance
of available biomaterials.
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Eiocaywyn

H omokotdotoon oMKNG N HEPIKNG VOIOTNTOG LLE OCTEOEV-
ocopaToOpEVH ERELTEOHATO YapaKkTpileTol amd VYNAG TOGOGTA
emPioong ko entrvyiog (Torabinejad kot cuv. 2007). Qotoco,
Ta TeEdevTaio ypovio 1 ETTUYIO TG ELPLTEVHOTIKNG Oepameiog
dev a&lodoyeitar TAEov povo omd v emitevén kot T dTpn-
o1 NG OOTEOEVOMUATMOONG OAAG KOl OO TO TEMKO 0N TIKO
arotélecpa (Chen kou Buser 2009). H pokpoypdvio Aettovpyt-
K1 Kot 0160 TIKn emTuyion TG ELPVTEVUOTIKNG OTOKATAGTAONS
e€optdton amd T0 GVVOVAGUSO SLPOPOV OVOTOUIKADV, TEYVIKOV,
YEPOVPYIKOV KOl TPOGHETIKOV Taparydvimv. Meta&d avtdv, 1
owoTN, Tpoohetikd Kafodnyoduevn TomoHéTnon eREVTELHATOV
etvan évog kaBoploTikog ToPAyovVTag Yo alcsONTIKA ETTUYNUEVES
amokotaotdoels. H mpocsBeticd kabodnyodpevn epevtevon emt-
TPENEL TN OMGTH LTOGTNPIEN HOAOK®OV KO GKANP®V 1GTOV TOV
glval omopaitnTn Yo £vo, IKOVOTOMTIKO TEPTYPULLUO oVASVONG
™G TEMKNG TPOCHETIKNG amokaTdoTaonS. ZNpUepa, ot e&eliéelg
OTNV TEYVOAOYIO TNG EUPVTEVHOTIKNG eMpavelag (Schwarz ko
ovv. 2009) kot N TPOPAEYILOTNTO TOV GUYYPOVAOV YEPOVPYIKMV
TEYVIKOV Y10 AVOYEVVIOT] TOL @aTViokoy 0otov (Donos kot Guv.
2008), d1EVKOAVVOVV TNV TOTOOETNOT ELPVTEVUATOV OKOMOL KO
G€ MEPLOYEG LLE OVETOPKY| TOLOTNTO KOl TOGOTNTO 0GTOV.

Q61060, TO TPAVUATO OO ATV LATO 1] TA XEPOVPYIKA TPOD-
LLOTOL, 1) TPOYWPMUEVT] TEPLOSOVTIKY VOGOG Kot 01 EVOOOOVTIKES
EMMAOKEG UTOPEL VL 03 YNGOVV GE GNULAVTIKY OTOPPOPNGT) TOV
(QOTVIOKOD 006TOV UETE TNV €AYV TOV EUTAEKOUEVOV OOVTLDV
(Kingsmill 1999, Van der Weijden kot cvv. 2009). Xe avtég T1g
TEPITTACELS, 0 KAVIKOG UTOpEl ite va mpoympnoet o€ pebvote-
pY] OTOKOATACTOCT] T®V VTOAEUUATIKGOV 0GTIKOV PAaPdV, €iTE va
EMYEPNGEL TNV GUEST] SLOTNPNGT TOL ALPYIKOD OYKOV TNG (OTVLOL-
KNG axporopiag (PA). H otadiakn 06TIKN ovayEvvnor HEYAA®Y
00TIK®OV PAaPdV TPohmobETEL GUYVA TNV EKTEVN XPNON EVEOGTO-
LOTIKGV 1) EEOCTOUATIKOV OGTIKOV LOGYEVUATOV OV GUVOEETAL
pe avénuévn voonpotra kot kdéotog Oepaneiog (Chiapasco kot
ovv. 2006). Zvvendc, N STHPNON TG POTVIOKNG OKPOAOPIOG
(ADA) pmopel va amoteAécel po Kol Ogpoamentikn emAoyn, €l-
da otav 1 pebvotepn eppvtevon dev mpoPinpatilel Tov acbe-
V1]. ZKOTOG awtol Tov ApOpov gival va mapafEceL TIG 1IGTOAOYIKES
dlepyaciec Kot T aALAYEC TOV SOCTAGEMY TOV TAPOTNPOVVTOL
OTNV OPYIKT ETOVAMGT TOV HETEENKTIKOD (POTVIOL KO VO POV~
OlAGEL O KPITIKT OVOGKOTNGT TNG OTOTEAECHOTIKOTNTOG TMV
oLYYpOVAV TEYVIKOV ADA.

EnouAwon tou petefaktikol @atviou

Ta 16tol0YIKG YEYOVOTO TTOL 0KOAOVOOVY HETA TNV E0y@YN
TOV JOVTION £ouv gpevvn el 51e£0d1KA e 1GTOAOYIKEG KOl 1GTO-
npég peréteg tooo oe (oo (Huebsch ko Hansen 1969, Kuboki
kot ovv. 1988, Lin kot ovv. 1994, Carvalho kot cvv. 1997,
Cardaropoli kot cvv. 2003, Kanayama kot cvv. 2003, Aratjo
xot Lindhe 2005, Sato ko1 Takeda 2007) 660 kot g avOpdTOLG
(Amler ko cuv. 1960, Boyne kot cuv. 1966, Evian kot cov. 1982,
Amler kot ovv. 1993, Trombelli kat cvv. 2008). Akopa, ot 6Tadt-
OKEG OAAQLYEC TOV GYNUOTIGHOD GKANP®V 1IGTOV GTO POTVIO £Y0VV
a&lorhoynOei oe apovpaiovg pe ™ Pondelo TG AKTIVOYPAPIKNG
nmokvopetpiog (Bodner kot ovv. 1993) ko o avBpdmovg pe
BonBeia g apapeTikng axtvoypaeiog (Schropp 2003).

H enodbhmon evog peteéoktikod gatviov yopoaktnpiletor omd

Introduction

High survival and success rates have been reported
following restoration of full or partial edentulism with
osseointegrated dental implants (Torabinejad et al.
2007). However, in recent years, the success of implant
therapy is no longer evaluated solely by the achieve-
ment and maintenance of osseointegration, but also
by the final esthetic outcome (Chen and Buser 2009).
Long-term functional and esthetic success of implant
restoration depends on a combination of anatomical,
technical, surgical, and prosthetic factors. Among
them, correct, restorative-driven implant placement
is a determining factor for esthetically successful im-
plant restorations. Restorative-driven implant place-
ment allows the optimal support of the surrounding
soft and hard tissues in order to achieve a satisfactory
emergence profile of the final prosthetic restoration.
Today, the improvement in implant surface technol-
ogy (Schwarz et al. 2009) and the predictability of
the current surgical techniques for alveolar bone aug-
mentation (Donos et al. 2008) have facilitated implant
placement even in areas with deficient quality and
quantity of bone tissue.

However, traumatic injury or surgical trauma,
advanced periodontal disease, and endodontic com-
plications may result in significant resorption of al-
veolar bone following extraction of the affected teeth
(Kingsmill 1999, Van der Weijden et al. 2009). In such
cases, the clinician should either proceed with a later
restoration of the residual osseous defects or attempt
an immediate preservation of the original volume of
the alveolar ridge (AR). Staged bone regeneration
in large alveolar bone defects often incorporates ex-
tended intraoral or extraoral bone grafting that may
be associated with a significant increase in morbidity
and treatment cost (Chiapasco et al. 2006). Therefore,
alveolar ridge preservation (ARP) may represent a
valid treatment alternative, especially when delayed
implant placement is not an issue for the patient. The
purpose of this article is to present the histological
events and dimensional changes that take place during
initial healing of postextraction sockets and to criti-
cally review the effectiveness of the currently avail-
able ARP procedures.

Healing of the extraction socket

The healing events following tooth extraction have
been extensively investigated in histological and his-
tochemical studies in animals (Huebsch and Hansen
1969, Kuboki et al. 1988, Lin et al. 1994, Carvalho
et al. 1997, Cardaropoli et al. 2003, Kanayama et al.
2003, Aratjo and Lindhe 2005, Sato and Takeda 2007)
and in humans (Amler et al. 1960, Boyne et al. 1966,
Evian et al. 1982, Amler et al. 1993, Trombelli et al.
2008). In addition, sequential changes in hard tissue
formation in the alveolus have also been evaluated in
rats by means of radiographic densitometry (Bodner
et al. 1993) and in humans by subtraction radiography
(Schropp 2003).

The healing of an extraction socket is character-
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L0 GEIPA IOTOAOYIKMV S1EPYOUTIDV (PAEYLOVT], CYNUATIGUOG KOK-
KIOO0VGS 1670V, EVAAATMGON KOl 0GTIKOG OVOGYNLATIGLOG) OV £i-
Vol TOPOLOL0. LLE TO OTASI0 TG ALECNG VUEVOYEVODS OGTEOYEVE-
ong o€ dAlov tomov PAAPEG Tov PaTviakoy 06tov (Schenk ko
ovv. 1994). H dadikacio tng emovA®ong Eekivd amd Tov apyikod
OYMNUOTIGHO Kot ®PIoven Tov aipotikod Opopupov oto patvio, o
omoiog apydtepa B aviikataotadel and Evo petofatikd kpio-
LLoL GLVOETIKOD 16TOV IOV B0l LETATPOTEL G SIKTVOTO 0GTO LE TN
dwdkaocio g evoldtmonc. To diktvwtd 06td Tov amotelel TV
Gpn HopPN 06TOD LETUTPEMETOL GE SOKIOWTO TETAMMDOEG 00TO
0T0 TEMKA 6TAd10 TNG EMOVAWGONG LE TN SOKAGI0 TOV 0GTIKOV
avaoynpatiopov (Amler 1969, Kuboki kot cuv. 1988, Lin kot
ovv. 1994, Trombelli kot cuv. 2008). Xt ddpkelo OA®V AVTOV
TOV EMOVAWTIKOV SEPYACIOV, TAPAUTNPEITOL OTOIOKY ATOPPO-
QNOMN Kol OVOCYNUATIGHOS TMV OCTIKMOV TOYYOUAT®V TOV (QOT-
viov, HE OMOTEAEGO TN ONUOVTIKY HETEEOKTIKN LETABOATN TOL
eEmtepkod meprypappotog e PA (Aradjo kou Lindhe 2005).
Me Bdon v 16TOAOYIKT avAADGT] OV £XEL TAPOVOIUOTEL G
€pevuveg e TEpapoTolma Kot avOpdmTovg, 1 S1adtKacio ETOVAM-
OMG TOV LETEEAKTIKOD (POTVIOV HITOPEL VOL TEPLYPOAPEL LLE TIG TOPOL-
KGTO dlepyacieg:
® Auéomg petd v eéoywyn, To HeTeEokTikd @atvio yepilel pe
aipo ond o tpavpaticpéva ayyeio. ‘Eva diktvo wikng oynpori-
Ceton amd ™ Opdom dSpOP®V TPAOTEIVAOV OV amehevdepdvovtan
oo TO GLOEOPO. ayyeio Kol TO TPOVLOTIGUEVE KOTTOPO OTNV
TEPLOYN TOL HETEENKTIKOV TpadpaTog. O arpotikdg Opdppog mov
oympotiletor amd v aAANAETIOpOoT| TV aoTETAAIWDV e TO Oi-
KTVO WIKNG, SQPAYILEL OMOTEAEGLLOTIKG TO, TPOVUATICUEVD OryYEiDL
Kot otapatd v opoppayio. O oynuatiopds kot 1 otobeponoin-
o1 Tov oatikod Opopfov mailovv GNUAVTIKO POLO GTNV TTEPUL-
TEPM EMOVAMTIKY] O10IKOGI0L, 0OV TOPEYOLV €V PLGIKO TEPL-
BaAlov oV KOTELOVVEL TIC KLTTOPIKEG KIVIIGELG KO TEPIEYEL TOVG
AmOPOITNTOVG AVENTIKOVG TAPAYOVTEG Kol OPENTIKG GUGTATIKA.
AVTa T0 6TO EID TPOAYOVV TN HETAKIVIION TOV AO0POPOTOINTOV
LEGEYYVLOTIKAOV KUTTAP®V GTO POTVIO, 0AAG KO TOV TOAAUTAOGL-
OGHO, TN J10POPOTOINGN Kol TN GLVOETIKNY TOVG dPUCTNPLOTITA.
® ¢ dibdotnpa 2-4 nuepmdv amd Vv eEaywyn dovTiov, O OLoTL-
K0¢ Opoppog apyiler va amodiopyovmveTal ((vwdoAvon). Apyucd
TOL OVIETEPOPIAL KOl KOTOTLV TO. LOKPOPAYQL, LLETAVOGTEVOVV GTO
OLUOTIKO TYHO, (OYOKVTTUPMVOUY POKTNPL0 KOl TPOVUATIGHUE-
VoG 16T00¢ Kot «kKabapilovv» tnv TANyn, VO TopdAinia omo-
TEAOVV GNUOVTIKY] TNYN QLENTIKOV TopayOVImV Kol KUTOKIVOV.
Adtopopomointa LeGEYYLUATIKA KOTTOPO apyilovv va evamobé-
Touv e&mKuTTdplo. ovcio, KoOAAoyovov, mov pali e To veooyn-
LOTIGHEVE, opo@Opa. ayyeia (VEOOYYELOYEVEDT]), AVTIKOOIGTOOV
oTOOLOKA TOV apotikd Opoppo pe 10 vEOTANGTO KOKKIMON 16TO.
Tnv 1010 oTrypn, €vag peydiog apldpudc 0oteoKAUOTOV EEKIVAEL
1 SdKaGio TG 00TIKNG OmOPPOPNONG OTO ECOTEPIKA TOLYD-
LLOTOL TOV TPOGTOUIKOD KOl YAMGGIKOD QOTVIOKOD TETAAOL (de-
OH®TO 006T0). X1V €ic0d0 TOL PaTViov, To MO0 apyilel va
TolamAoctileTon axpoppliikd.
e 1 Boopdda petd v eEaymyn, £xel 1101 edpaiwbdet Eva petaPoa-
TIKO TAEYLLOL GUVOETIKOD 16TOV. H GTOd10KY| LETATPOTT TOV TPD-
WOV GLVIETIKOD 16TOV GE 00TO TPAYLOTOTOLEITOL KOTE UWAKOG
TOV ayyelok®v doudv. [pddpopo 0otTikd KdTTOpE TOV Ppicko-
VIOl 6T0 EVOOONAL0 TV ayyel®V (TEPIKVTTOPN) 1) OE TEPLPEPIKEG
OGTIKEG EMPAVELEG, LETAVAGTEDOVV GTNV TEPLOYT] TOV TPAVUATOS

ized by a sequence of histological events (inflamma-
tion, formation of granulation tissue, mineralization,
and bone remodeling) similar to intramembranous
bone formation in other types of alveolar osseous
defects (Schenk et al. 1994). The healing cascade
starts from the initial formation and maturation of the
blood coagulum in the socket, which is subsequently
replaced by a provisional connective tissue matrix,
which becomes woven bone, following a mineraliza-
tion process. Woven bone, which is the immature form
of bone becomes trabecular lamellar bone at the last
stages of this healing process through the bone remod-
eling process (Amler 1969, Kuboki et al. 1988, Lin
et al. 1994, Trombelli et al. 2008). During all these
healing events, the osseous walls of the socket are re-
sorbed and gradually remodeled, resulting in a signifi-
cant modification of the preextraction outline of the
AR (Araujo and Lindhe 2005).

On the basis of the histological analysis reported
in animal and human studies, the process of extrac-
tion socket healing could be described in the following
events:

e Immediately after tooth extraction, blood from the
severed blood vessels fills the extraction socket. A
fibrin network is formed by the various proteins se-
creted during surgical trauma from blood vessels and
the damaged cells found in the extraction wound area.
Platelet aggregates interact with the fibrin network to
produce a blood clot that effectively plugs the severed
vessel and stops bleeding. The blood clot formation
and stabilization is of paramount importance for the
forthcoming healing process because it provides a
physical matrix that directs cellular movements and
contains the necessary growth factors and nutrients.
These substances amplify the migration of undifferen-
tiated mesenchymal stem cells into the socket wound,
as well as their proliferation, differentiation, and syn-
thetic activity.

e Within 2-4 days after the tooth extraction, the blood
clot starts to break down (fibrinolysis). Neutrophils, in
the early stage, and later macrophages migrate along
the coagulum, phagocytize bacteria and damaged tis-
sue, and “clean” the wound area, being at the same
time a potent source of growth factors and cytokines.
At this point, undifferentiated mesenchymal cells start
to deposit an extracellular collagen matrix, which, to-
gether with the newly formed blood vessels (neoan-
giogenesis), gradually replace the blood clot with the
newly formed granulation tissue. At the same time, a
large number of osteoclasts located on the inner part
of the buccal and lingual osseous wall (bundle bone)
of the socket initiate a bone resorption process. In the
entrance of the socket, epithelial tissue begins to pro-
liferate apically.

® | week after extraction, a provisional connective
tissue network has been established. The transition of
the provisional connective tissue into osseous tissue
occurs along the vascular structures. Osteoprogenitor
cells residing either in the endothelium of the vessels
(pericytes) or in the peripherical osseous surfaces mi-
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KO 310pOPOTOLOVVTIOL GE 0GTEOPAAOTEG TOV TTOPEYOLV Lo, EEW-
KUTTAPLO 0OVGi0 KOALOYOVOUL e 0dp1] SIKTL®TH dopn, 1 omoio Ha
evaratbel apydtepa (00TEOEIDES).

® 2-3 Boopddeg petd v eéorywyn, ot ooteoPrioteg cuveyilovv
va. evomoBéTovy 00te0eldéc. To vedTANSTO AwPo SIKTVOTO 06TO
evamotifetan apyikd oTo akpoppldkd Kot TAGYL0 TUAUOTO TOV
(QOTVIOV, EV® TO TO KEVIPIKG KO HOAKE TUNHOTO KOTOAUPA-
vovtol amd TukvOe GuvoeTIKO 16T0. H gic0d0¢ Tov potviov ago-
piletal omd éva oTpdpa EMONAIOL TOL KATASVETAL PEXPL TO OPLO
TOV GUVOETIKOD 16TOV GTO HVAIKO TPLTIUOPLO TOV PATVIOV. XTOl
HOAKGA Kol €EMTEPTKA TOYYDUATO, TOV PATVIOV TOPATNPEITOL 0GTL-
K1 amoppdPnon.

® 4-6 Boopaoeg HeTA TNV €E0Y@YN, EVOL OTLOVTIKO TUMLLOL TOV LLE-
Te&aKTIKOD PaTviov KotahapuPaveTol omd SIKTomtd 06T0. ZTodl-
aKd, TO OIKTVOTO 06TO avtikadioToTol amd SoKIOMTO TETOMMOES
0010 KOl LLEAOKVWELEG. XT0L eEWTEPUKE KOl LLOALKEL TLLOTOL TOV
0GTIKOV TOYOUAT®V, Evag LEYAAOG 0plOUOG 0GTEOKANGTOV Kal-
Bodnyel t cvvey o eV 0GTIKY| OTOoPPOPNON.

e 8 [Bdouddeg HeTd TV EEQYMYN, TO GUUTAYEG 0GTO £XEL KAEL-
GEL TNV €G0S0 TOL PATVIOV, EVD 0 EKTETOUEVOS OVOCYNUOTIGLOG
TOV JIKTVMTOV 0GTOV 00NYel otV amddeon oNUAVTIKOD OYKOV
SOKIOMTOV TETOAMMOOVS 0GTOV HE UEYOAEG LVEAOKVYELES OTNV
neployn g eEaymyne. ot0G60, 68 TOALEG TEPMTMGELS, O GYN-
LOTIGHOG 0GTOV Kot 1) EVOAAT®MON UTopel Vo, OAOKANpwOoHv og
TEPLOGOTEPOLS amd 4 pves. To HYog TOL KVaYEVVIILLEVOV 0GTOV
070 HETEENKTIKO POTVIO OE QTAVEL TOTE TOL OPYIK(L ETITES DL ETELON
1 Sadkacio TG amoppdPENoNG oV EEKIVAEL OTA CLPYIKO GTAdLO
NG ETOVAMONG OTNV KOPLOT TOV OGTIKMV TOLY®UATOV HETATOTI-
Cer to petegextikd opro Tng PA o€ mo akpoppiikn Béon.

Av Kol o0t 1 0KoAoVBio TOV ETOVAMTIKMOV SEPYACIOV EXEL
emPePfoarmbel amd TOAAEG HEAETEG Pe avapOpES amd Ployieg pe-
TeEOKTIKOV QaTviov avipOToV Kot TEPIROTOlO®V, 0 KAVIKOG
TPETEL VOl £IVOIL TPOGEKTIKOG GTN| LETOPOPE QVTAOV TMV YPOVIKMDV
TAOIGIOV AVAUESH OTIG SIAPOPEG EMOVAMTIKEG dlEpynoieg otV
KAawvikn paén. ITaporo mov o peTafotikdc GLVOETIKOG IGTOC OYN-
potifeton TavTo ot TpMTEG ERGOUASES TNG ETOVAMONG, O OYKOGC
TOV OKANPAOV 16TOV, 0 ¥pOVOG TNG EVOAGTOONG OLTOV TOL LLE-
Tofatikod 16TV Kot 1) EKTOGT TOV AVOGYNUATIGHOD TOIKIAAOVY
OMNUAVTIKE OVALESO GTO ATOWA. XE TPOCOATY] NUTOGOTIKY 1GTO-
AOYIKY avéAvon G HETEENKTIKNG €MOVAMONG G avOpdmovg,
ot Trombelli kot cuv. (2008) avépepav OTL TO SIKTVOTO 0GTO
amoteAovoe povo to 35% twv 16TIKOV detypdtov and peteto-
KTIKG eotvia, 6-8 foopddeg petd v eEaymyn. Metd and 12-24
eBdopadec, povo 1o 41% amd to Selypato 16TV OTOTEAOVVTOY
amd evaratopévo 0oto. EmmAéov, dev mapatnprnie kaboiov
SoKOMTO TETAMMDIES 06TO 6-8 POOLAdES PeTd TV €YY, EVD
pOVo HkpéG TOooOHTNTES TETAAMMDOOVS 0GTOV OVIYVEDTNKOY OKOUN
Kot petd amd 12-24 gfdopddeg ETOVAMONG 6€ KATO10Ls a.c0gvels,
VTOJEIKVVOVTOG OTL 0 0GTIKOG AVOCYNUOTICUOG fvon o opyn
Kot ampoPrentn Sodikacio oty KAVIKN TPasn.

Metetaktikég aAdayég twv Blaogtdoewv tng PA

H @atviokn andeuon elval to Tuqua tov 06ToH TG Ave 1M
™G KAT® YvABoL T0 0moio TEPIEXEL TO POTVIO KOl VTTOSEYETOL TIG
pileg TV dovtinv. O TOTOG KOl Ol SUCTAGEIS TOV JOVTIDYV, Ol
aEoveg avatoAng kal ol KAiGelg Tovug, kKabopilovv To Gy TG
(QOTVIOKNG omdPLONG KOl GUUBAAAOVY GTI] GNUOVTIKT CLVOTOWL-

grate into the wound area and differentiate into osteo-
blasts, producing a collagen matrix with a woven pat-
tern that is subsequently mineralized (osteoid).

e 2-3 weeks after tooth extraction, the osteoblasts
continue to lay down osteoid. The newly formed im-
mature woven bone is positioned initially at the apical
and lateral aspects of the socket, while the more cen-
tral and marginal portions are occupied by dense con-
nective tissue. An epithelial seal of the socket entrance
has been established, and epithelial downgrowth levels
with the connective tissue in the coronal third of the
socket. In the marginal and outer parts of the socket
walls, osteoclastic resorption is observed.

® 4-6 weeks after tooth extraction, a significant part of
the socket area is occupied with woven bone. Gradu-
ally, the woven bone is replaced by trabecular lamellar
bone and marrow spaces. In the outer and marginal
portions of the osseous walls, large numbers of osteo-
clasts promote the ongoing bone resorption.

e 8 weeks after extraction, cortical bone has sealed
the entrance of the extraction site, and an extensive
remodeling process of the woven bone has resulted in
a significant amount of trabecular lamellar bone with
large marrow spaces in the extraction site. However,
in several cases, bone formation and mineralization
may be completed in more than 4 months. The level
of regenerated bone in the extraction sockets never
reaches the original bone height because the resorp-
tion process initiated in the early healing stages at the
crest of the bony walls shifted postextraction AR mar-
gins in a more apical position.

Although this pattern of healing events has been
verified in multiple studies reporting on biopsy sam-
ples from both human and animal extraction sites, the
clinician should be cautious about the transition of all
these time frames between different healing events in
clinical practice. Even if a provisional connective tis-
sue consistently forms within the first weeks of heal-
ing, the amount of hard tissue, the timing of miner-
alization of this provisional tissue, and the extent of
remodeling varies significantly between individuals.
In a recent semiquantitative histological analysis of
postextraction wound healing in humans, Trombelli et
al. (2008) reported that woven bone accounted for only
35% of the tissue samples harvested from the socket
at 6-8 weeks postextraction. After 12-24 weeks, only
about 41% of the tissue samples were comprised of
mineralized bone. Furthermore, no trabecular lamellar
bone was observed at 6-8 weeks postextraction, and
limited amounts of lamellar bone were observed even
after 12-24 weeks of healing in a few individuals, in-
dicating that bone remodeling is slow and unpredict-
able in clinical conditions.

Postextraction AR dimensional changes
The alveolar process is the part of mandibular or
maxillary bone that contains the tooth sockets bear-
ing teeth. The tooth type and dimensions, its erup-
tion axis, and its inclination determine the shape of
the alveolar process and contribute to the significant



N. Mapdag, M. Aplovpavidn, N. Advog: Mete€aktiki Emo0A®oT| Kot SIoThpnon TG POTVIOKNS 0KPOLOPIaG
N. Mardas, M. Arzoumanidi, N. Donos: Postextraction wound healing and alveolar ridge preservation

K1 TOIKIAOTITO TOV GLUVOVTATOL O)L LOVO PETAED TV avOpdTV
OAAG Kol petalld g aplotepng Kot deEdG TAELPAS Tov 1010V
atopov (Marks kot Schroeder 1996). Metd, tnv oAokANp®ON TNG
avamTLENG, N TAPOLGIK 1 ATOVGIN TV SOVILOV ATOTEAOVY TOVG
O GNUOVTIKOVS Ttapdyoveg Tov kabopilovv To oynua g Qot-
VIOKNG amdQLong. Metd and eaymyéc doviimv, 1 A veictoTon
ONUOVTIKEG LETAPOAES GTO TEPTYPOLLLO KOl OTIG SL0OTAGELS TNG
OOV ATOTEAEGLO. TNG ATOPPOPNONG KOL TOL OVOCTYNUATIGHOD TOV
ootov (Atwood kot cuv. 1971). Ot petaPoréc ovtég cvvielov-
VIOl 1060 6Tov 0plovTio 66O Kol GTOV KATakOpLeo dEova Kot
KaToANyouv o€ peimon tov Hiyovg kot Tov gvpovg g PA (atpo-
oilo patviakoy ootov). H dadikacio TG 06TIKNAG 0moppOPNong
TPOLYLLOTOTOLEITOL KVPIMG TOVEG TPATOVG 6 HETEEAKTIKOVG UNVEG,
EVA 0 00TIKOG OVOSYNUOTIGUOG cuveyileTal epopov {mNg, av Kot
pe Ppadvtepo pvbpd (Jahangiri kot cvv. 1998). Emmdéov, did-
(@Oopo1 ToTKO1 (avartoptic,, TodTNTO 06TOV, TPOYEVESTEPT 1| VTO-
AEUHOTIKN AOTHmEN, UNyoviKn Tieon) Kol cuoTNUATIKOL (NAtkio
KOl QUAO, 0GTEOTOPMGT], SLUTPOPT]) TOPAYOVTES TPOPOVMG EMN-
pealovv o puOud, T S1dpKELL Kot TV EKTOGT TNG OCTIKNG ATop-
poenong (Kingsmill 1999). Apketéc épevveg Exovv deoybel oe
TEWPALOTOL®OL KOl 0VOPADTOVS Y10, VOL TTEPLYPAYOLV TIG LETABOAES
TV dlootdocwv G DA petd v eéaymyn TV dovTimv.

MeAéteg oe neipapatolwa

O1 diepyacieg amoppdPNong mov eivor veLOLVESG Yo TIG pe-
taforéc twv dlaotdoev g @A petd T eaywyég doviimv,
&yovv peretnbdei oe dapopa poviéha {omv (Kuboki kot cvv.
1988, Lin kot ovv. 1994, Cardaropoli kot cuv. 2003, Aratjo xou
Lindhe 2005, 2009b, Fickl ka1 cvv. 2008a). Ov Cardaropoli ko
ovv. (2003) diepedvnooy TV ETOVAMGT] TOV HVLALKOD, KEVIPLKOD
KOl 0KPOPPIQKOL TUHOTOG HETEEUKTIKMV POTVIOV 08 GKOAOLG
Yo pio TEPI0do 6 PMVOV Kol TOPATHPNoOY OTL TAVTOYPOVA LE TIG
EVOOPUTVIOKES SlEPYOGIEG ETOVAMONG, TO TAPELOKD TOTYMUO TOV
@oTViov, TOL GLYVE omotelelTal KVPlG Ao deoUIOWTO 06TO,
voiotatot aloonueiot aroppoenon. 26TOG0, Ol GUYYPAPEL]
dev mapelyov Kopio ETTAEOV TANPOPOPI GYETIKEL LLE TIC GUVOAL-
k&G petaforég g popporoyiag tng PA mov mpaypotomomdniay
oTN OBPKELD AVTNG TNG TEPLOOOV. LE TAPOLOLO LEAETY] UE GKVALD,
ot Aratjo kot Lindhe (2005) avépepav 6tL 1 06TIKT amoppOQN-
on &exivnoe and v npotn petelaxtikn efoopdda Ko ennpéace
TO 0EGUOMTO 0GTO OV AMOTEAEL GYEAOV OAOKANPO TO TOPELNKO
KOl UEYOAO TUNUA TOV YAWOGIKOD TETAAOV. X& LETOYEVESTEPO
otadw0 (devtepn petegoktikn efdopndada), TapatnpndnkKe mepot-
TEP® OGTIKN OMOPPOPNON OTIG EEMTEPIKEG EMPAVEIEG KO TMV
00 00TIKOV TorYOUATOV. Ol pguVNTEG Bedpnoay OTL 1 0PYIKN
amoppdENGT TOL SEGUOMTOV 06TOV glvar vTevhuvn yio TN oM Uo-
VTIKY] KOTOKOPLOT Kol 0pllovTio, LEl®OT TOV TOPELOKOD TETAAOD
KOL TNV ET0KOAOVON KOTAPPEVOT TOV PaAAKOV 16TOV. H oyetikn
peimon vYYovg Tov ToPEKOD GE GUYKPIoN LE VTN TOV YAOGCGL-
KoV TeETAAOL NTO 2,2 £+ 0,2 mm. e i o TpOGPITY| LEAETT GE
okvlovg, ot Fickl ko ovv. (2008a) a&lordyncav v 1 eEoymyn
YOPIG TNV AvOTETACT PAEYOVVOTEPLOGTEOD KPNLVOL EXEL TAEOVE-
KTIKG OOTEAEGLLOTA GTOV PETECOKTIKO pLOUO amoppoOPN oG Kol
oT1g petaforég tav dnotdcemv g PA. Ot epevvntég mpoTEVaY
OTL 1 TOPALOVT TOV TEPLOGTEOL 011 BEGN TOV YWPig TNV OvaTETO-
o1 KpNUvoL Katd v eary@yn 60vTion LEIMVEL TO pLOUO amop-
poOENoNG, Aoy 1 TPOGHETN 0GTEOKANGTIKT OTOPPOPNON 7OV
TapaTNPEiTOL otV €EOTEPIKN TAELPE TOV TAPELONKOD TETAAOV

anatomical variability that occurs not only between
individuals, but also between the right and left sides
in the same individual (Marks and Schroeder 1996).
Following growth cessation, the presence or absence
of the teeth are the most important factors governing
the shape of alveolar process. After tooth extraction,
the AR undergoes significant contour and dimensional
changes as a consequence of bone resorption and re-
modeling (Atwood et al. 1971). These changes occur
in both vertical and horizontal directions and result
in a decrease of the height and the width of the AR
(alveolar bone atrophy). The bone resorption process
mainly takes place during the first 6 months postex-
traction, although bone remodeling continues through-
out life albeit at a slower rate (Jahangiri et al. 1998).
Furthermore, several local (anatomy, bone quality,
preexisting or residual infection, mechanical pressure)
and systemic (age and gender, osteoporosis, diet) fac-
tors apparently play a role in the rate, duration, and
extent of bone resorption (Kingsmill 1999). Several
investigations in animals and humans have been con-
ducted to describe AR dimensional changes following
tooth extraction.

Animal studies

The resorption processes responsible for the AR
dimensional changes following tooth extraction have
been studied in different animal models (Kuboki
et al. 1988, Lin et al. 1994, Cardaropoli et al. 2003,
Aratjo and Lindhe 2005, 2009b, Fickl et al. 2008a).
Cardaropoli et al. (2003) investigated the healing of
the coronal, central, and apical compartments of fresh
extraction sockets in dogs during a 6-month interval
and observed that concomitant with the intra-alveolar
healing events, the buccal wall of the socket that often
comprised mainly bundle bone underwent marked re-
sorption. However, the authors provided no additional
information regarding the total AR contour alterations
that occurred during this period. In a similar study in
dogs, Aragjo and Lindhe (2005) reported that bone re-
sorption was initiated as early as the first postextrac-
tion week and affected the bundle bone, which com-
prised almost solely the buccal crest and a big part of
the lingual crest. In a later phase (second postextrac-
tion week), additional bone resorption was observed
at the outer surfaces of both bone walls. The investi-
gators considered this initial resorption of the bundle
bone to be responsible for the substantial vertical and
horizontal reduction of the buccal bone crest and the
consequent collapse of the buccal soft tissue. The rela-
tive reduction in the height of the buccal bone wall in
comparison to the lingual wall was 2.2 £ 0.2 mm. In a
more recent study in dogs, Fickl et al. (2008a) evalu-
ated whether tooth extraction without the elevation of
a mucoperiosteal flap has advantageous effects on the
postextraction resorption rate and dimensional chang-
es of the AR. The investigators suggested that leaving
the periosteum in place by using a flapless approach
in tooth extraction decreases the resorption rate be-
cause the additional osteoclastic resorption that occurs
on the external aspect of the buccal bone plate when

Copyright® 2010 Hellenic Society of Periodontology. All Rights Reserved.
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LLE TNV aVOTETAON TOL KPNUVOL gival meptopiopév). Avtibeta, ot
Araujo ka1 Lindhe (20092a) avépepav TapOLOL0 OGTIKT ATMAEL,
aveldpnTo amd TNV TPOGEYYIoT TOL YPNGLOTOMONKE Yo TNV
eEayoyn (Le N yopig avoamétaon Kpnuvov).

KAvikég peActeg

Ot petoPorég oTIC O10GTACELG KO GTO TEPTYPOLLN TNG POTVL-
KNG oKpoAOPiag HeTd amd eaymyéc Exovv peletnBel pe petpn-
oelg oe ekpayeio perétng (Lam 1960, Pietrokovski ko1 Massler
1967, Johnson 1969, Watt kou Likeman, 1974, Schropp kot cov.
2003), mhdylec KeUAOUETPIKEG akTvOYpapies (Carlsson Kot Guv.
1967, Carlsson & Persson 1967, Atwood ko1 Coy 1971), axtivo-
ypoewkn avdivon (Atwood, 1957, Carlsson kot Persson, 1967,
Tallgren 1969, Schropp kot cuv. 2003) kot Gueces KAMVIKEG pe-
TPNGELC TG akporoeiag [ yepovpyikn ernavesétaon (Lekovic
kot ovv. 1997, 1998, Barone 2008).

O Lam ka1 cuvepydreg (1960), a&lohdynoav to puOuod kot v
KOTOVOUT TOV HETAUPOADY GTO TEPTYPOALLLO TNG AKPOAOPIOG LETE
v eEaymyn OA®V TOV Ave TPOGOimv SoVTIMV Kot TNV GLEST TO-
mo0£TNoN 0MKNG 000VTOGTOLYI0G KOl OTICTMGOV OTL 1) LEYIOTN
amoAeln 06tov (mepimov 70-90%) mpaypatomodnke Tov TpdTO
VO, EVE TEPOLTEP® EAAYIOTN OTOAE GUVEXIGTNKE UEXPL TO
TEAOG TOL TEUMTOV Piva. Metd amd éva ypovo, Ol OTOAEIEG GE
Vyog kopaivovtav amod 3,0 Emg 4,5 mm Kot 01 ATOAEEG GE EVPOG
amd 3,0 £og 5,6 mm. Qo1660, 1 TOToHETNGN TNG 060VTOGTOLKI0G
apECOS LETE TIG eEaYYES UTOPET VO ETLTAYLVE T dLOTKOGT0 TNG
00TIkNG amoppogpnone. O Johnson (1969) pelémoe ™ ypovikn
axoAovdia Twv popPoroykdv petaforadv g DA petd v e&o-
YO OA®V TV dOVTIOV NG Ave Yvabou Kot T pebvotepn tomo-
0¢tnom oMkng odovtooTotyiog oe evvéa acbevels. Xe avtiBeon pe
TNV TPONYOOUEVT] LEAETN O1 0d0VTOoTOLYiEG YopNYNONnKay 10 €mg
20 eBdopddeg petd Tig eEoymyES. Te OAEG TIG TEPUTTMOGELS TOPOTN -
pfnKe Tayeio pelmomn Tov VYOLS KOl TOL EVPOLE TOL PATVIOKO
00ToV petd v e&ayyn Tov doviimv. H peimon tov edpovg ftav
peyaAntepn and T pelwon tov Hyovg, TOG0 GTIC TPOGHiEC OGO
Kot 6715 omicOieg meployés. H kataxdpuen peimon oty mpdchia
poipa kopdvOnke amd 2,5 éog 5,0 mm kot oty onicOw amd 3,0
¢mg 7,0 mm. H peimon og gvpog nrav g 1aENG tov 3,0 - 7,0 mm
1660 0TI TPHchieg 660 Kt oTIg omicOieg meployEc. Lyedov Oheg
Ol 0ALOYEG TTPOYLOTOTTOM OOV TOVG TPMTOVG 2-3 HETEENKTIKOVG
UNVES, EVOD TEPUITEP® ATOPPOPNOT TNG AKPOAOPING TOPATNPT-
Onke petd ™ xopnynon g 060vIocToyiog 6€ VO AId TOVS EVVIA
acBevelg. [Mapopotla amoteréopata avaeépOnkav amd tovg Watt
kot Likeman (1974) wov ektipncov 1o pé€co 6po tov puouov tov
HETAPOADY TOV QOTVIOKOD 0GTOV GE o TEPL0d0 2Y5 ypOveV LETA
a6 moloamAég e€aywyég o 25 acbeveic. Ot odovtooTotyieg yo-
pNyNONKay 6ToVG Govg 060eVEIC apEcmG PLETA TNV EEQY®YN TOV
dOVTIDYV, VO GTOVG LTOAOITOVS LETA OO L0 YPOVIKY TEPIOS0
7oL KVUAvONKe amod 3 €mg 12 pnveg. Ot cuyypaeeic avépepay OTL
petd and 1 pnva emodiwong, elye 1o npaypoatonomdei to 40%
TNG GLVOAIKNG OMMAELNG IGTMV TOL Topatnpeital og 272 ypdvia.
e 3, 6 kot 12 pnveg petd v e€aymyn Tov SovTidV, TPOYLOTO-
momOnkav 10 65%, 80% kot 90% NG am®AENG, AVTIGTOLLO.

O Pietrokovski ko1 Massler (1967) peAétnooav ovadpopikd
TNV AIOAELN 1IGTOV UETE amd povnpelg eCoywyég dovtiav o 149
acleveic kol avépepov 0Tl M peimon tov evpovg g DA givan
Kkatd pEco 0po 3,0-5,5 mm oty tpodchia poipa Kot Ty mTEPLoYN
TV Tpoyoueionv kot 7,0-8,5 mm oty meproyn tov youpiov. Agv

a mucoperiosteal flap is raised is limited. In contrast,
Araujo and Lindhe (2009a) reported similar hard tis-
sue loss irrespective of the procedures used to remove
the tooth (flapped versus flapless approach).

Clinical studies

Dimensional and contour changes in postextrac-
tion AR have been described by serial study cast mea-
surements (Lam 1960, Pietrokovski and Massler 1967,
Johnson 1969, Watt and Likeman, 1974, Schropp et
al. 2003), lateral cephalograms (Carlsson et al. 1967,
Carlsson and Persson 1967, Atwood and Coy 1971),
radiographic analysis (Atwood 1957, Carlsson and
Persson, 1967, Tallgren 1969, Schropp et al. 2003),
and direct measurements of the ridge performed at
surgical reentry procedures (Lekovic et al. 1997, 1998,
Barone et al. 2008).

Lam et al. (1960) evaluated the rate and distribu-
tion of alveolar contour changes following extrac-
tion of all maxillary anterior teeth and the immediate
provision of a full denture and found that most of the
bone loss (approximately 70-90%) took place during
the first month, and a further minuscule loss continued
until the end of the fifth month. After 1 year, the loss
in height ranged from 3.0 to 4.5 mm and the loss in
width from 3.0 to 5.6 mm. However, the placement
of a denture immediately after tooth removal may
have accelerated the bone resorption process. Johnson
(1969) studied the timing of morphological changes
of the AR following maxillary teeth extraction and the
late provision of a full denture in nine patients. In con-
trast to that in the previous study, the dentures were
provided at 10-20 weeks after tooth extraction. In all
cases, a rapid reduction in height and width of the al-
veolar bone was detected after tooth extraction. The
reduction in width was greater than the reduction in
height in both the anterior and posterior segments. The
vertical reduction in the anterior region varied between
2.5 and 5.0 mm and in the posterior region between
3.0 and 7.0 mm. Width reduction was in the range
of 3.0-7.0 mm in both the anterior and posterior seg-
ments. Almost all changes took place during the first
2-3 postextraction months and further ridge resorption
occurred following the insertion of the denture in two
of nine patients. Similar results were reported by Watt
and Likeman (1974) who assessed the average rate
of alveolar bone changes within a period of 2% years
following multiple extractions in 25 patients. Half of
the patients wore a denture immediately after tooth
extraction, whereas the rest received a denture after a
period ranging between 3 and 12 months. The authors
reported that after 1 month of healing, 40% of the total
tissue loss observed at 2'5 years had already occurred.
At 3, 6, and 12 months after tooth extraction, 65%,
80%, and 90% of the loss, respectively, had occurred.

Pietrokovski and Massler (1967) retrospectively
studied the tissue loss after single-tooth extraction in
149 patients. The authors found an average AR width
reduction of 3.0-5.5 mm in the anterior and premolar
areas and 7.0-8.5 mm in the molar areas. No signifi-
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TOPATNPNONKOV ONUOVTIKEG S10POPES TOV UETOPOADY OvApEST
oV v yvabo kot oty Kkt yvébo. Emiong, ta anoteléopota
£0€1&aV OTL 1] LEYOADTEPT ATTOPPOPNOT| TPOYLLOTOTOWONKE oTNV
TOPEIOKN TOPE OTN YAWGGIKN EMUPAVELD TG OKPOAOPiag TOGO
otV v 060 Kol TNV KAT® yvabo. Xt pHeAETn auty], 0oTdco,
JEV VINPYOV ETOPKT GTOLYEIR Y10l TO YPOVIKO OLAGTNLO TOV LLE-
coAdPnoe amd TV eaymyn TV SOVTIOV HEXPL TIC LETPNOELS OTO
eKpayeion LEAETNG KoL Yol TIG HETOPOTIKEG OMOKOTOGTAGEL TMV
acBevov. Ot Lekovic kat ouv. (1997), pérpnooav tig aAhayég 6to
Vyog Kot to vpog g DA petd v eéoywyn 600 1 TEPLEGOTEPOV
mpochiwv doviimv o€ 10 acbeveig pe dueomn KAMVIKY EKTipNor Kot
HETPNOELS o€ eKpayeia yOyov. Zta @atvio Le anpOGKOTT EXOV-
Ao, N ardAeW TOL €0povg TG PA TV peyoAvTEPN amd TNV
ATMOAELN VYOLS, EVD 01 HEIDGELS VYOVG KOl EDPOVS NTOV TOPO-
potov peyéfoug pe avtés mov £xovv avapepBel TponyovpHEVaC.

Xe o mo mpoceatn HEAETN, ot Schropp kot cvv. (2003)
a&loAdynoav TG HETAPOAEG OKANPOV KOl LOACK®V 1GTMV TNG
VIOAEWHOTIKNG OKPOLOPIOG META amd povipels eEoywyés o€
46 acbeveic. H extipnon yw 11 aAAayéc TOV HOAOKOV 1GTOV
&ywve og ekpoyeion LEAETNG Kal Yol TIC LETOPOAEG TOV 00TOV o€
ovykpiolpeg meplakpoppilikés axtvoypapiec. To gvpog g A
pewddnke katd 50% (5.0-7,0 mm) ko ta 2/3 avtig g peioong
TPOYLOTOTOWON KOV TOVG 3 TPMOTOVG HETEEUKTIKOVG UNVEG, EMTO-
Anbevovtog £tol mpdtepa evprpato (Johnson kot cuv. 1969).

O petaPolrég tov daotdoewv g PA petd omd eéoywyég do-
VIOV aEloAoyHOnKoy TPOGPATH GE L0 GLOTILOTIKY OVOCKOTT-
on g Pproypapiog (Van der Weijden kot cuv. 2009). And pio
emaoyn 11 dnpocievcemv, ot cuYYPAPElG avEpepay o oTadut-
OUEVT HEOT am®AELn DPOLS 3,87 mm Kot VYovg amd 1,67 £mg
2,03 mm, ot omtoiec, 6€ GLUPWVIO, LUE TPONYOVUEVEG LEAETES, ON-
pemOnKay Toug TpmdTovg 3 Uveg emovimong. Eivol evatapépov
OTL ALTN M AVOCKOTNGT dEV VTOGTNPIEE TPOTEPEG TOPATIPNGELS
o€ pelétec pe Loa (Araujo & Lindhe 2005) kot Tapovcioce mo-
pOLOL0. LEIMON VYOV TOGO GTNV TOPELKT OGO KOl 0T YAWGG1-
K1 TAEVPA TOV QaTviov. QoT0G0, N HeYAAN €TEPOYEVELN LETAED
TOV ETAEYUEVOV TPOTOYEVAOV LELETMV OEV EMTPEMEL T1) YEVIKED-
o1 OVTAV TOV EVPNUAT®V TNV KoONUEPVI] KAVIKN TTPsn.

2T1G TEPIOGOTEPEG LEAETES TTOV AVOLPEPON KAV TPOTYOLUEVAG,
eVTOmioTNKE L0 HEYAAN StoKOUOvVeT 6T0 pLOUd Kol GTOV OYKO
NG METEEQKTIKNG UEIMOTNG, VTOJEKVOOVTOG OTL QLTO TO POVO-
HEVO, JlOpEPEL ONUAVTIKA PETOED TV aTouwv. EmmAéov, ot me-
PLOGOTEPEG OO TIC TPOTNYOVUEVEG UEAETEC 0ELOAOYN OOV TIG LLOpP-
QOLOYIKEG HETAPOAEC TOV PATVIAKOD 0GTOV HETH OO TOAAATAEC
eEaymyéc, evid LOVO AMyeg LEAETES £XOVV EKTIUNGEL TIG POTVIOKES
petaforég oe acbeveic 6TOoVG 0mOiovg dg dOONKAY TPOCHETIKES
OTOKOTOOTACELS Alyo peTd Tig eéoywyés. Emedn ot moAlamhéc
e&aymyég Pmopel voL TPOKOAEGOVV LEYOADTEPO TPAVLLL GTO POTVL-
a6 00T0, Ba TpEMEL KavElg VoL EIval TPOCEKTIKOG TNV EQPAPLOYN
QVTOV TOV OTOTEAECUATOV G TEPUTTMOGELS e HOVIPELS E0Y®-
véc. Iapopoimg,  xprion odovroctoryiog propel va awéncel v
ATMAELN TOL QOTVIOKOD 16700 (Jahangiri kot cuv. 1998).

AlatApnaon Tng AtvIiakig akpolowiag
AitioAéynan kai evbeiteig

H A®A (dotpnon eatviov) mepthapPdavel kabe dadikacio
mov €yel avamtuydel yio va eoAeiyel 1 va teplopicet tn pete€o-
KT amoppdenon g PA kot vo Tpodyel To0 GYNUATICUO 0GTOV

cant differences were observed in the changes between
the maxilla and the mandible. In addition, the results
also revealed that more resorption occurred on the
buccal than on the lingual surfaces of the ridge in both
the upper and lower jaw. In this study, however, there
was no information on the time between tooth extrac-
tion and measurements of the study casts and whether
the patients had any provisional prosthesis. Lekovic
et al. (1997) measured changes of the AR height and
width after extraction of two or more anterior teeth
in 10 patients by using both direct clinical assessment
and measurements on plaster models. In the unassisted
socket healing sites, the loss of AR width was greater
than the loss of height, and the reduction in height and
width was of similar magnitude to that previously re-
ported.

In a more recent study, Schropp et al. (2003) evalu-
ated hard and soft tissue changes of the residual ridge
after single-tooth extractions in 46 patients. The evalu-
ation was made on study casts for the soft tissue chang-
es and on standardized periapical radiographs for the
bone changes. The width of the AR was reduced by
50% (5.0-7.0 mm) and 2/3 of this reduction occurred
within the first 3 months after tooth extraction, verify-
ing previous findings (Johnson et al. 1969).

The dimensional changes of the AR following
tooth extraction were recently assessed in a systematic
review of the literature (Van der Weijden et al. 2009).
From a selection of 11 publications, the authors re-
ported a weighted mean loss in width of 3.87 mm and
in height of 1.67-2.03 mm, which, like those in the
previous studies, occurred during the first 3 months
of healing. Interestingly, this systematic review did
not support previous observations in animal stud-
ies (Araujo and Lindhe 2005) and presented similar
amounts of height reduction at both the buccal and
lingual aspects of the socket. However, the high het-
erogeneity between the selected primary studies does
not allow generalization of these findings to everyday
clinical practice.

In most of the previously discussed studies, a wide
variation was found in the rate and amount of postex-
traction reduction, indicating that this phenomenon
varies a great deal among individuals. Furthermore,
most of the previous studies evaluated morphological
changes of the alveolar bone following multiple tooth
extraction, whereas only a few studies have assessed
the alveolar changes in patients who did not wear pros-
thetic reconstructions soon after tooth extraction. Be-
cause multiple extractions may result in greater trau-
ma to the alveolar bone, one should be cautious about
applying these results to cases involving single-tooth
extraction. Likewise, denture wearing may advance
the loss of alveolar tissue (Jahangiri et al. 1998).

Alveolar ridge preservation
Rationale and indications

ARP (socket preservation) involves any procedure
developed to eliminate or limit the postextraction re-
sorption of the AR and promote bone formation within

Copyright® 2010 Hellenic Society of Periodontology. All Rights Reserved.
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010 pete€aktikd patvio. H kopra £vdeidn yio ADA etvor n mpoin-
Y1 ™G HETEENKTIKNG KOTAPPELGNG GKANPOV KO LOAUK®V 16TOV
ov B TpokaAOVGE acOnTKd TPOPANLOTO GTV TTEPLOYN TOV
YEQUPAOUOTOG MG OKIVIITNG GUUPBATIKNAG OMOKATAGTAGNGC I VO
VTOVOUEVGEL TN LEALOVTIKY] TOTTOOETON ERELTEDLATOG. QG6TOCO,
€qv to epEHTELHO TPOKELTOL Vo TomobetnOel TavTdOYpOVa 1 OF
6-8 gfdopadec petd v eEaymyn, n AGA mov TpaypoTonoleiton
01N cvvedpia TG e&aymyNG OEV TPOGPEPEL 1O1ITEPO. TAEOVEKTN -
pata (Darby kot cvv. 2009). Ao v GAAn TAELPA, OKOUN Kot
OTAV JEV EIVOL TPOYPUUUATIGUEVT] 1] TOTOOETNON EPPVTEDUATOG,
N mlavotnTo Yoo ADA Bo tpémet va AapPdvetor voyn petd omd
TOMOTAEG €EOYOYEG, OTOV Ol OVOUEVOUEVES OGTIKEG OVOUUATEG
Ko 1 amoppoenon etvor mhavd va StakvPedcovy T GuyKpaTnoN
NG KWVNTHG OMOKOTAGTAONG 1) TPV amrd TNV 0pHodovTIKY| LeTai-
V101 J0VTIOV 6TN VWdN TEPLoyN| VO HETEENKTIKOD PaTviov.

[ Tovg Adyovg avtode, £xovv Tpotadel TOAES TEXVIKEG TOV
TEPLOUPAVOLY TV EAAYIOTO TPOVUOTIKY 0d0VTIKN €0y LE
N YOI KPNLVO, TN YPNOT LOGYEVUATOV GKANPOV Kol LOAUK®DV
16TOV, TV Katevfovopevn ootikn avayévvnon (KOA) pe didgo-
POVG TOTTOVG HEUPPAVAV, TNV GUEST] TOTODETNON ELPLTEVUATOV,
N ToVg GLVOLACHOVS Tovg. H amotelecpatikdTnTo AVTOV TOV
YEPOVPYIKOV emepPdcemv €xel diepeuvnOel o TPOKMVIKES Lie-
Aétec pe Loa, o€ KMVIKEG EAeyOUEVES LEAETES, OELPEG TEPIOTATL-
KOV Kol 0VOQOPEG IE GUECEG LETPNOELS TNG VITOAEUHOTIKT G DA,
1GTOAOYIKT KOV akTvoypapikn a&loddynon. Ot cuyypoveg dio-
Oéopec teyvikég ADA TopOVGLAGTNKAY TPOGPOTO GE 6V0 GLGTN-
potikég avaokomoelg (Darby kot ovv. 2009, Horvath kot Guv.
2010). Mia emhoyn amd ereyyOpeveS LEAETEG TOV AELOAOYOVV TIG
teyvikéc ADA mapovoidlovtor atovg [Mivaxeg 1 ko 2.

Av KoL VTAPYOVY KAMVIKEG KATOOTACELS OOV 1] KON AOYIKN
Tapd N EMGTNUOVIKT TEKUNPiwoTn o cuvioTtd T ADA 61N Guve-
dpia g e€aymync (o&eia Aoipmén M OTUOVTIKT OGTIKY] OTOAELL
e&ontiog mTPoLmApyovLGOS TEPLOSOVTIKNG 1| EVOOOOVTIKTG Ttafo-
AOYiaG), dEV VIAPYEL OKOUN L0 CLUYKEKPIUEVT AMOTO KAVIKOV
avtevoeiewv o ™ ADA. Mia tétowa Alota Ba tpémetl va Poaci-
Ceton 100viKG 6€ TEKUNPIOOT] OYETIKG LE TNV EMIOPOCT TOTIKMV
(tomog dovtiov/@atviov, popeoloyio Kot dlaoctdoels, ottio e€o-
YOYNG) KOl YEVIKOV (LOTPIKO 1GTOPIKO, KATVIGHA) TOpayOvImv
OTNV OMOTEAECUATIKOTNTO TV TEYVIKOV ADA, Kobmg Kol OTIC
TPOTIUNGELS TOV 0oOEV] N 6€ TAPUUETPOVS KOGTOVG-0PEAOVG.
Méypt onpepa VILAPYEL EALELYN OYETIKNG TEKUNPIMONC.

YAika kar pgBobor yia tn APA

H datpnon g QA Eekvdel pe pio atpovpotiky e&aymyn.
O1 tep1ocoTEPEG TEYVIKEG TEPIAAUPAVOVV TN YPT|ON TEPLOTOUWV,
EVO To TPOGPATA, M TECOYEPOVPYIKN TPOTAONKE Y1 eEAYMYES
pe ehdylotn anmAelo ootov (Vercellotti 2004). Metd v e€oym-
M, ot aVYypoveg PEBodor ADA epthapfdvovy TV TANP®OT ToV
QOTVIOL LE QVTOHOGYEVLATO, OAAOLOGYEVIOTO, EEVOLLOGYEVLO-
0 1 aALOTAOGTIKG VAIKE, TNV KOA e Bloamoppoenotes n un
ATOPPOPNOIUES HEUPPAVES, N TOV cuvdvacud tovg (Darby kot
ovv. 2009, Horvath kot cvv. 2010).

Ogtikd pooyelpata Kal ootikd unokatdotata yia thn A®A

To 00TIKd oVTOHOGYEVHATO TIGTEVETOL OTL €fvol M «ypvon
oTafepd» Yo TNV OCTIKN OVOYEVVION ETEWON £YOVV OGTEOTOPO-
YOYIKES, OGTEOGVVEPYIKES KOl OGTEOETAYMYIKEG IOIOTNTEG. ZVVN-
Og1g Béoelg yro GLAAOYN W TOAOYOV 0GTOL givar TO Tapakeipevo

the postextraction socket. The primary indication for
ARP is the prevention of postextraction collapse of
bone and soft tissue that would cause unacceptable
prosthesis esthetics in the pontic area of a conven-
tional fixed prosthetic reconstruction or compromise
future implant placement. However, if an implant is to
be placed at the time of extraction or within 6-8 weeks
following extraction, there appears to be little benefit
in carrying out ARP at the time of extraction (Darby
et al. 2009). On the other hand, even when an implant
placement might not be planned, ARP should be con-
sidered after multiple extractions when extended re-
sorption and osseous irregularities are expected that
may compromise the retention of the removable pros-
thesis, or before the orthodontic movement of a tooth
into the edentulous area of an extraction socket.

For these reasons, many procedures have been
suggested, including minimally traumatic tooth ex-
traction with or without a flap approach, hard and
soft tissue grafting, guided bone regeneration (GBR)
with various types of barrier membranes, immediate
implant placement, or a combination thereof. The ef-
fectiveness of these surgical procedures has been in-
vestigated in preclinical animal studies, clinical con-
trolled studies, case series, and reports by means of
direct measurements of the residual AR, histological
analysis, and/or radiographic evaluation. Currently
available techniques for ARP were recently presented
in two systematic reviews (Darby et al. 2009, Horvath
et al. 2010). A selection of controlled studies evaluat-
ing ARP techniques is presented in Tables 1 and 2.

Although there are situations in which common
logic rather than scientific evidence contraindicates
ARP at the time of extraction (acute infection or sig-
nificant bone loss because of preexisting periodontal
or endodontic pathology), a specific list of contraindi-
cations for ARP is still unavailable. Such a list ideally
should be based on evidence regarding the influence
of local (tooth type, socket dimensions, reason for ex-
traction) and systemic factors (medical history, smok-
ing) on the effectiveness of ARP techniques, as well as
on patient preferences and cost-benefit parameters. To
date, such evidence is largely missing.

Materials and methods for ARP

Preservation of the AR starts with an atraumatic
extraction. Most techniques include the use of peri-
otomes and more recently piezosurgery has been sug-
gested for tooth extraction with minimal bone damage
(Vercellotti 2004). Following extraction of a tooth,
current methods for ARP include grafting of the sock-
et with particulate autografts, allografts, xenografts, or
alloplasts; GBR with bioabsorbable or nonresorbable
membranes; or a combination thereof (Darby et al.
2009, Horvath et al. 2010).

Bone grafts and bone substitutes for ARP

Bone autografts are thought to be the “gold stan-
dard” for bone regeneration because of their osteoge-
netic, osteoconductive, and osteoinductive properties.
Common sites to harvest autogenous bone are close
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YEPOLVPYIKO Tedio, 0 KAASOG TG KAT® YvaBov, 1 yevelakr cOLL-
@von kot o yvadioio Koptop. Q6T060, 01 TEPLOPIGLOT GYETIKA
HE TNV TocOTN T TOL PIopel va cuALEYDEL Kot 1 voonpdtnTa TG
dOTPLOG TTEPLOYNG, KOOIGTOUV dVGYEPN TNV EPUPLOYN TOVG GTN
AODA.

O1 Becker kot ovv. (1996) cuykpivay KAMvikd Kot 16TOAOYIK
TO. OVTOAOYOL OGTIKA [LE SLAPOPO AALOLOGYEV AT OTN SloTPNoN
TOV QOTVIOV. XTNV TPOTN HEAETN, 21 patvia avTiueTOrTicTKaY
HE OLTOAOYO LOGYEVLLO, OPAAATMOUEVO AVOPIAOTOUEVO OCTIKO
aropdoyevpa (DFDBA), Avo@ilomonuévo 0oTiKO oAAlOUd-
oxevpo (FDBA), 1 cuvdvacpovg avtoroyov ootov, DFDBA kot
aQoploTikng pepPpavng 1 DFDBA xot pepppdvng omd dtectot-
pévo morvteTpapBopoatburévio (e-PTFE). Broyieg and tig mept-
0Y£G Hetd amd 4 - 13 pveg, €6e1&av oynUATIGUO VEOL 0GTOV OE
TEPLOYEG OOV YPNCILOTOMONKE AVTOAOYO LOGYEVLLO, AL Ol
oe 6 and ta 7 parvio pe DFDBA 6mov ftov spgoavig m mepyo-
PAK®OOT] TOV COUATISIMV TOV HOGYEVHATOG OO GUVIETIKO 16TO.
Y petayeveéotepn HeAETN, o Anitua (1999) avtipetdmice peteéo-
KTk @atvia o 20 acbeveic pe mapaoyideg ALTOAOYOL 0GTIKOV
LOGYEOUOTOG KO TAAGHO TAOVGL0 GE aVENTIKOVS TOPAYOVTES
(PRGF) kot 60yKpive 16TOAOYIKA TNV ETOVAMGT) TOVG GE GYECT| UE
TNV ETOVAMOT GATVI®OV 01OV dev £ytve Kapio mapéupacr. Metd
amd 2,5-4 Pvec, PO 06TO e KOAY OpYavOUEVEG OOKIdES KO-
TOAGUPaVE TO PHeYOADTEPO TUNUO TOV PETEENKTIKOD (POTVIOL GE
8 and 10 acBeveig, evd oty opddn EAEYYOV GUVOETIKOG 16TAOG
KotaAdppave To peyarhtepo GyKo Tov gatviov.

To evaloToUEVO KOL TO AQOAATOUEVO AVOPIAOTOINUEVO OCTL-
KO olhoudoyevpa givol THAVE VITOKATAGTOTO TOV AVTOUOGYED-
LATOV €TEWON EYOVV OGTEOGVVEPYIKES O1OTNTES KOl SUVOTOTNTO
ooteoemayyns (Mardas kot cuv. 2002). Extog omd avtég Tig 1d1-
otreg, 10 FDBA kot to DFDBA &yovv ypnoponomBel og 8éoeig
e€ayydV €M AmOpPPOPOVTOL Ko ovTIKafioTavVToL G GYETL-
K& GOVIOHO ¥PpoviKO dtdotnua. QoT000, 600 1GTOAOYIKEG PEAE-
T8¢ 6€ avOpmIOVC, £081&0V ELAYIOTO e LETPLO GYNUATIOUO VEOD
00100 o€ patvia mov avripeToniotkoy pe DFDBA og cUykpion
HE Qatvio TOV OVTILETORIGTNKAY PE OVTOUOGYELIA UE 1| YOpPic
aQoptoTiky] pepPpdavn (Becker xor cuv. 1994) 1§ pe patvia yo-
pig Bepaneio (Froum kot cvv. 2002). Otav to aALopocyevLLOTO
epoppootnKay oe cuvdvacud pe pepPpaveg KOA, ta amotelé-
opata NTov ovTikpovopeva. Ot Brugnami kat cuv. (1996) avéee-
POV GNUAVTIKO CYNUOTIGHO VEOL 06TOD GE QUTVIO 0GOEVAOV TOV
avtpetoniomkav pe DFDBA kot pepppdaveg e-PTFE. Ola ta
copatidte Tov DFDBA fitav koAd eVoOUATOUEVE GTO VEO 00TO
e Tpoovn ooteofractikn dpactnpidotra. [Tapdpota, ot lasella
ka1 ovv. (2003) avépepav LIKPOTEPT| LEIMOT] GTO ELPOG TNG OKPO-
AoQiog Ko TePIGGOTEPO 06TO 6T0. PavTio puetd omd ADA ue FDBA
Kot pepPpaveg KoAlaydovov og cOyKplon pe v amin e&aymyn.
Qot660, vroreippato copotdiov FDBA ftav tepyopokopéva
0O GLUVOETIKO 16TO GTO HVAIKO HEPOG TOV PaTviov. Avtifeta, ot
Zubillaga kot cvv. (2003) apeiopfnmoay 10 0GTEOETAYWYIKO dV-
vapko tov DFDBA kot t gpniomn tov og peteéektika gatvio. H
16TOLOYIKT 0&LOAGYNOT TOV PATVIOV TOV AVTIUETOTIGTIKAY LE
DFDBA ka1 cuvBetikn amoppo@royn pnepfPpdvn £6ei&e 6Tt anto
10 oAhopdoyeva 0ev TPowbel TO GYNUATICUO 0GTOV KOl UTOpEl
vo. KoBuoTEPNOEL TN LETEEAKTIKT ETOVAWDOT).

To anonpwteivopévo Poso ootikd posyevpe (DBBM) mov
TOPAYETOL OO OTOUAKPLVGT] OA®V TOV OPYAVIKDY GUGTUTIKMV

to the surgical site, in the mandibular ramus, the man-
dibular symphysis, and the maxillary tuberosity. How-
ever, limitations on the amount that can be harvested
and donor site morbidity make their application to
ARP questionable.

Becker et al. (1996) compared autologous bone
grafts and different allografts clinically and histologi-
cally for socket preservation. In the first study, 21 ex-
traction sockets were grafted with autologous bone;
demineralized freeze-dried bone allograft (DFDBA);
freeze-dried bone allograft (FDBA); or a combination
of autologous bone, DFDBA, and a barrier membrane
or DFDBA and expanded polytetrafluoroethylene (e-
PTFE) membrane. Biopsy samples from the treated
sites after 4-13 months showed new bone formation at
sites where autogenous bone was used, but not in six
of seven sites treated with DFDBA where encapsula-
tion of the graft particles into connective tissue was
evident. In a later study, Anitua (1999) grafted extrac-
tion sockets in 20 patients by using autogenous bone
chips and plasma rich in growth factors (PRGFs) and
compared the healing in these sockets histologically
with those that were left to heal without any treatment.
After 2.5-4 months, mature bone with well-organized
trabeculae occupied most of the socket area in 8 of 10
patients, whereas in the control sites, connective tissue
filled the main part of the socket.

Mineralized and demineralized freeze-dried bone
allografts are potential substitutes for autografts be-
cause of their osteoconductive properties and their
potential for osteoinduction (Mardas et al. 2002). Be-
sides these properties, FDBA and DFDBA have been
used in extraction sites because they are resorbed
and replaced within a relatively short period of time.
However, two histological studies in humans showed
minimal to moderate new bone formation in sockets
treated with DFDBA in comparison to sockets treated
with autografts with or without a barrier membrane
(Becker et al. 1994) or to untreated sockets (Froum et
al. 2002). When allografts were applied in combina-
tion with barriers for GBR, the results were conflict-
ing. Brugnami et al. (1996) reported significant new
bone formation in human extraction sockets treated
with DFDBA in combination with e-PTFE mem-
branes. All DFDBA particles were well incorporated
within new bone, with obvious osteoblastic activity.
Similarly, Iasella et al. (2003) reported less reduction
in ridge width and more bone in the sockets follow-
ing ARP with FDBA and collagen membranes in com-
parison to extraction alone. However, residual FDBA
particles were surrounded by connective tissue in the
coronal part of the socket. In contrast, Zubillaga et al.
(2003) have questioned the osteoinductive potential of
DFDBA and its use for socket grafting. Histological
evaluation of sockets treated with DFDBA and a syn-
thetic resorbable membrane showed that this allograft
did not promote osseous formation and may delay
postextraction healing.

Deproteinized bovine bone mineral (DBBM),
produced following a chemical or low-heat extrac-

Copyright® 2010 Hellenic Society of Periodontology. All Rights Reserved.
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0V PBoelov 06TOV pe yNUKN 1 Oeppukn| eme€epyacia, eivar To
7o drdedouévo Eevoudoyevpa mov ypnoiponoteiton yio ADA.
[Moporo mov avtd 0 PdGYELUE TPOWOEL TPOPAEY L. TV 0CTL-
K1 ovay€vvnon LEG® 0GTEOGUVEPYELNG, TO LEYAAO SLATTN A TOV
OTTOTEITOL Y10, TN OTAOI0KT AVTIKOTAGTOGT TOV A MPLLO 0GTO
glvan mBavo peovéktnuo (Stavropoulos kot cvv. 2001, Araujo
kot ovv. 2009). Le TpOGPATEG TPOKAVIKES LEAETEG GE GKVAOVG, 1)
torofétnon DBBM pe kolaydvo (Bio-Oss Collagen®) og port-
via, av kot kefvotépnoe apyikd v EToOAMGN TOV 0GTOV, XPNOi-
LEVGE GOV TKPIMULO Y10 TO GYNUATICUO GUVOETIKOV 16TOD GTO Olp-
YIKA GTASA TNG ETOVAMONG Kot 00N YNGE GE KOADTEPT dloThpNnon
TOV SOCTACEMV KOl TOL TEPLYpappatog g DA petd amd 6 pn-
VEG, G€ GYE0T e QOTVIO TOL ETOVADONKOV ampdoKonta (Araujo
kat ovv. 2008, 2009, Aratjo ko Lindhe 2009b). H 1ctopopeo-
HeTpKn avéAvon £0eiée 6t 10 50-60% TOL VEOTYNUATIGUEVOL
1GTOV 6TO POTVIO OTOTELOVVIOV OO EVOAATOUEVO 06T GE GipLe-
o1 emaen pe o copatidl tov Bio-Oss® ta omoia kKotoddpupavoy
t0 12% g meproyng Tov potviov. Ot gpevvnTég TPOTEWVAY OTL TO,
COUATIONW TOV HOGYEVLOTOG, O 0dpavn EEVO GOUOTO, TEPPAA-
AOVTOV GUGTNLOTIKG 0O €V, LETYHLO STKLOTOV KOl TETOAMOOVG
00TOV KO NTOV KOV Vo, EE0VOETEPMGOVY TN LETEENKTIKN HEIOT
g axporo@iag (Araujo kot cvv. 2008). Avtifeta, pio Tpdopatn
pelétn pe okvd £dg1e 6t 1 tomobétnon Bio-Oss collagen® og
petebokTikd atvia iye meplopiopévn enidpacn ot Sladikacio
amoppOPNONG TOL TAPELOKOD OGTIKOV TETAAOV KOl GTN ot pN-
on ¢ akporoeiog (Fickl kot cuv. 2008b).

Ta S0béoia ototyeio Yo 10 amotéheoua g ypnong Eevo-
pooyevpdtov e HetefokTikd eotvio otov dvBpmmo givar e&icov
avtipotikd. Ot Barone kot cuv. (2008), o€ Lo TUYOLOTOIUEVT
eleyyopevn khwvikn pelétn (RCT), emPePaiooav 6tL M ypnom
OTOTPAOTEIVOUEVOL YOIPEIOV 0GTOV GE GLUVOVAGHO HE LEUPPAVN
KOAAOLYOVOL TTEPLOPLGE TNV OCGTIKN ATOPPOPNON UETE Ao E0ym-
v€G SOVTIOV o€ Gyéon pe v anmin eEoyoyn. H iotodoykn avéiv-
o1 £0€1EE ONUOVTIKA VYNAOTEPO TOGOGTA GYNUOTIGHOD dOKIOM-
TOV 0GTOV K0l GUVOAKA EVOLUTOUEVOV 1GTMOV GTO, TELPULLOTIKG
eotvio og oOyKplon pe ta eotvio eAéyyov. Ta copatioie DBBM
pe M xopig KoALaydvo fTav IKava VoL TPOGyouv TNV OGTIKN OVoL-
YEVVIOT) KO VO S1TNP|GOVV TIG 01aoTAcEL TG PA dtav Tomobe-
TOVUVTAV GE AUECO HETEENKTIKA QOTVIO, EIOIKA GE GUVOLAGUO E
pepppaveg KOA (Artzi kot ovv. 2000, Carmagnola kot cvv. 2003,
Norton kot cuv. 2003 , Jung et al. 2004, Mardas et al. 2010),
Boopata koAlayovoo (texvikn Bio-Col) (Sclar 2004) 1 éva cuv-
OeTikd kutTopoovvdeTikd mentido (PepGen P-15™) (Neiva kot
ovv. 2008). Ot Artzi kat cvv. (2000) torofétmoay Bio-Oss® og
Qpéoko HeTeEOKTIKA Qatvia 15 achevav kot Topatipncoay 0Tt o
VEOTANOTOG 10TOG AOTEAOVVTAY KOTA HEGO Opo amd 23% cuv-
detikd 1070, 30% ocwpatidio Bio-Oss® kot 64% 0610, av Kol 10
HOAKO TUALO TOV QOTVIOV NTOV KOTENUUEVO KUplOg amd Yo
Aopd GUVIETIKO 16TO OV TEPTYUPAKWOVE TO. COUATIOW TOL HO-
oxebHOTOC. Mo GAAN TUYOOTOINUEVT EAEYYOUEVT] KAWVIKY| KoL
OKTIVOYPOQIKT HEAETN £€5€1&e OTL | HETEEUKTIKY OGTIKY ATOpPpo-
onon g QA peltddnike onuovtikd 6tav oto PeTeaKTikd eoTvio
tonofemOnke pooyevpo DBBM og ohykpion pe Béoeig eEoym-
YOV TTov gmovAmbnKay ywpig Kavéva posyevpa (Nevins kot Gov.
2006). Awapopetikd amoteAécpoTo Exovv avaeepel amnd Tovg
Becker kat cuv. (1998) petd ) Oepaneio peteEoktikmdv potviov
e drapopetikd Probikd, dnwg o DFDBA, o DBBM kot ot av-

tion of the organic component of bovine bone, is the
most common xenograft used for ARP. Although this
grafting material is predictable in promoting bone
regeneration via osteoconduction, the long time nec-
essary for replacement by mature bone is a possible
disadvantage (Stavropoulos et al. 2001, Aratjo et al.
2009). In recent preclinical studies in dogs, although
placement of DBBM in combination with collagen
(Bio-Oss Collagen®) in the fresh extraction sockets
delayed initial socket bone healing, it served as a scaf-
fold for connective tissue formation during the initial
stages of healing and resulted in better preservation
of the dimensions and the profile of the AR after 6
months than did nongrafted sites (Aratjo et al. 2008,
2009, Aratijo and Lindhe 2009b). Histomorphomet-
ric analysis demonstrated that 50-60% of the newly
formed tissue in the extraction socket was made up of
mineralized bone surrounding the Bio-Oss® particles
that occupied 12% of the socket region. The investiga-
tors suggested that the graft particles, as inert foreign
bodies, were consistently surrounded by a mixture of
woven and lamellar bone and were able to counteract
the postextraction ridge reduction (Araujo et al. 2008).
In contrast, a recent study in dogs showed that grafting
of the extraction sockets with Bio-Oss collagen® had
only a limited impact on the biological process of buc-
cal bone plate resorption and ridge preservation (Fickl
et al. 2008D).

The available data on the outcome of placing xe-
nografts in extraction sockets in humans is equally
conflicting. Barone et al. (2008), in a randomized con-
trolled trial (RCT), confirmed that using deproteinized
porcine bone in combination with a collagen mem-
brane limited bone resorption after tooth extraction
compared with extraction alone. Histological analysis
showed significantly higher trabecular bone formation
and total mineralized tissue in experimental sockets
compared with control sites. DBBM particulate with
or without collagen was able to promote bone regen-
eration and preserve the preextraction AR dimensions
when grafted in immediate extraction sockets, espe-
cially when combined with barriers for GBR (Artzi et
al. 2000, Carmagnola et al. 2003, Norton et al. 2003,
Jung et al. 2004, Mardas et al. 2010); collagen plugs
(Bio-Col technique) (Sclar 2004); or a synthetic cell-
binding peptide (PepGen P-15™) (Neiva et al. 2008).
Artzi et al. (2000) placed Bio-Oss® in fresh extraction
sockets in 15 patients and observed that the newly
formed tissue comprised on average 23% connective
tissue, 30% Bio-Oss® particles, and 64% bone, al-
though the coronal portion of the sockets was mainly
occupied by loose connective tissue surrounding the
graft particles. Another randomized controlled clinical
radiographic trial demonstrated that postextraction AR
resorption was significantly reduced when the extrac-
tion sockets were grafted with DBBM in comparison
to the sockets that healed without any grafting (Nev-
ins et al. 2006). Different results have been reported
by Becker et al. (1998) after treatment of extraction
sockets with different biomaterials such as DFDBA,
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OpdTEIEG OOTIKES LOPPOYEVETIKES TPWTEIVEG. O1 GLYYPOPELG dloL-
niotocav 6Tl To copatidln tov Bio-Oss® ftav nepyapakopéva
L& GUVOETIKO 10TO KOl LOVO HELOVOUEVE COUATIOW TOL BrovAt-
KoV Bpiokodtayv o€ emagn pe 10 0010. EmmAéov, o€ o dAAn RCT
OV 0EOAOYNGE TIG OOGTACELG TNG OKPOALOPIOG KOl T IGTOAOY1-
K6 Yo pakTnpLoTikd Hetd amd ADA pe dV0 SoPOPETIKEG TEXVIKES,
0 GLVOVOGHOG OTOTPOTEIVOUEVOD BOEIOV 0GTOV KOl LEUPPAVNG
KOAAOYOVOL, BpEOnKe KOTAOTEPOG OGOV APOPH GTO GYNUOTIGHO
VEOV 06TOV a1td T0 GLVOVAGHO Luuddovg DFDBA kot pepfpdvng
Beuov acPeotiov (Vance kot cuv. 2004).

Yvumepacpatikd, 1o DBBM pmopet va dtotnpel pepucd tig ot-
OOTACELS TNG AKPOAOPIOG KOl VO, TPOBYEL TNV OGTIKT OVOyEVVIION
oe petelaxtikd eotvia. Qotdc0o, 1 dadikacio eToVAMONG etval
anpdPrentn Ko n Topovsio. tov DBBM pmopel va moapéppet Kot
vo. kaBvoTEPNGEL TNV aPYIKT dNHOVPYIo 06TOD GTO PETEENKTIKO
eatvio. O tpdmog amoppdenong tov DBBM dev €xel dievkpivi-
otel aKoun.

Ta. 0AAOTAAGTIKA VAMKE OTT®G 0 GVVOETIKOG VOPOELUTATITNG
(HA), 10 tpromcpopikd acBéotio (TCP), 0 Progvepyd varopo-
oxevpo Ko cvvheto molvpepn £xovv ypnoonombei yioo ADA,
TaAL pe avtikpovopeva amoteréopata. Ot Quinn kon Kent (1985)
tonobémoav HA og propmovivovg kot copmépavay 6Tt n péyt-
ot otpnon g @A amortel Gpeon tomoHETnon Tov HocyEL-
potog petd omd tig e&aywyés. Ot Bell ko Beirne (1988) avépepov
KOADTEPN dTNPNOT TG AKPOAOQIOG LE TN XPNOoN COUATIOIWV
napd Koveov HA, ot onolot mapovsiocoy onuovTikés deyyepn-
TG Ko peteyyelpntikés emmhokés. Ot Froum kot cuvepydteg
(2004), og pio KAMVIKN TAOTIKY LEAETN GLYKPIVOV OIToppoP1|Gl-
po HA xou pun anoppogrioipo DBBM (OsteoGraf®) oe cuvéva-
oud pe peuPpdavn e-PTFE 1 pepPpdvn axdttopov depuatikond
0ALOLOGYEDUATOG Yo StoTnipnon eoTviov. Metd and 6 punveg, o
pésog 6pog véov LoTikoy octov ftav 27,6-34,5% pe tov HA kot
17,8-41,7% pe to DBBM. Avrtifeta, ot Brunel kot cov. (2001)
avEQePOV AmPOPAETTN OGTIKY OTOPPOPNON Kol avadOUNCT TOV
BrobAkov petd and ADA pe amoppognoyo HA kot pepppdvn
KoAAayovou o€ 14 acBeveic.

To TCP éyer mpotabei cav 06TEOGUVEPYIKO VAIKO, TKOVO VO
TapéYEL Eva VTOSTPOLLO OOV UTopel va yivel amdBeon vEo 06TOV
Kol GUVENAOG Pmopel va ypnotporon et yuo ) dt)pnomn eatvi-
v (Guarnieri kot cvv. 2004, Brkovic kot cuv. 2008, Aimetti kot
ovv. 2009). Qotoc0, avtifeta and Tic TePLocoTEPES LopPég HA,
10 TCP amoppogdtat pe 1660 Ypnyopo pubuod mov dev emTpEmel
TNV aVTIKATAOTOOT 06T0L o€ avaAoyio 1:1 (Breitbart kot Gov.
1995). Etot, kukho@opnoe Tpocpata EVog VEOG GUVOLOGUOG 0d1-
dAivtov HA pe B-TCP (Straumann® Bone Ceramic) mov aloloyn-
Onke yio ADA ce 0o kKhvikég perétec. Xe o RCT, n xpion tov
Straumann® Bone Ceramic pe pepfpévn koAlayovov odfynce
o€ petefakTikn amoppoenon e @A, mapopota pe avty Tov Bio-
Oss®, e g&aipgomn TV TOPEOYADGOIKY S1AGTOOT TOL HEIDONKE
kotd 1,1 mm oty opdda tov HA/TCP ot 2,1 mm oty opdda
tov DBBM (Mardas kot cuv. 2010). ITapopota 10Toroyika yopo-
KINPLoTIKG Tapatnpnonkav otic froyieg tov 6o opddwy, 6Tov
0 GYNUOTIGULOG VEOL 0GTOV NTOV TEPLOPICUEVOS OKPOPPILIKA EVHD
TO LVAIKO TUM O TOV GATVIOL NTOV KOTEANUUEVO OO TUKVO VO-
N GLVOETIKO 16TO OV TEPLYUPAKMOVE TO. CMUOTIO TOV KEPOL-
puov ko tov DBBM. Odovtikd gpeputedpato tomodetnonkov
pe emTuylo o8 OAEG TIG TEPUMTMOELG EKTOG OO o 6TV Opado

DBBM, and human bone morphogenetic proteins. The
authors observed that the Bio-Oss® particles were
mainly surrounded by connective tissue and only iso-
lated particles of the biomaterial were in contact with
bone. Furthermore, in another RCT evaluating ridge
dimensions and histological characteristics following
ARP with two different techniques, the combination of
deproteinized bovine bone and a collagen membrane
was found to be inferior to a combination of DFDBA
putty with a calcium sulfate barrier for new bone for-
mation (Vance et al. 2004).

In conclusion, DBBM may partially preserve ridge
dimensions and promote bone regeneration in extrac-
tion sockets. However, the healing process is unpre-
dictable and the presence of DBBM may interfere
with and delay initial bone formation in the extrac-
tion socket. The resorption mode of DBBM has not
yet been clarified.

Alloplastic materials, such as synthetic hydroxy-
apatite (HA), tricalcium phosphate (TCP), bioactive
glass, and composite polymers have been used for
ARP, again with conflicting results. Quinn and Kent
(1985) placed HA in baboons and concluded that the
maximum preservation of AR requires immediate graft
placement following tooth extraction. Bell and Beirne
(1988) reported superior ridge preservation with the
use of HA particles than with HA cones, which pre-
sented with significant intraoperative and postopera-
tive complications. In a clinical pilot study, Froum et
al. (2004) compared absorbable HA and nonabsorb-
able DBBM (OsteoGraf®), in combination with e-PT-
FE or acellular dermal allograft membrane for socket
preservation. At 6 months after surgery, the mean vital
bone range was 27.6-34.5% for HA and 17.8-41.7%
for DBBM. In contrast, Brunel et al. (2001) reported
unpredictable bone remodeling and biomaterial re-
sorption after ARP with resorbable HA and collagen
membrane in 14 patients.

TCP has been suggested as an osteoconductive ma-
terial able to provide a matrix where new bone can be
deposited and can thus be used for socket preservation
(Guarnieri et al. 2004, Brkovic et al. 2008, Aimetti et
al. 2009). However, unlike most forms of HA, TCP
resorbs very quickly at a fast rate that does not allow
bone replacement in an 1:1 ratio (Breitbart et al. 1995).
Therefore, a new combination of insoluble HA with
B-TCP (Straumann® Bone Ceramic) has recently been
introduced in the market and has been tested for ARP
in two clinical studies. In an RCT, the combined use of
Straumann® Bone Ceramic with collagen membrane
resulted in postextraction AR resorption similar to that
with Bio-Oss®, except for the buccolingual dimen-
sion, which was decreased by 1.1 mm in the HA/TCP
group and by 2.1 mm in the DBBM group (Mardas et
al. 2010). Similar histological characteristics were ob-
served in the biopsy samples of both groups; new bone
formation was limited in the apical part of the socket
and the coronal part was occupied by a dense fibrous
connective tissue surrounding the ceramic and DBBM
particles. Dental implants were successfully placed in
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DBBM. Qot6c0, o 9 and ta 13 gpoutevpata g opnddog HA/
TCP kot og 8 amd 12 gpevtedparta g opnddag DBBM, mapov-
OlAGTNKAY VTOAEYLUOTIKES OOTIKEG OTES KO OYIGUES OV OVTL-
UETOTIOTNKAY UE EMTAEOV OCTIKT ovayEvvnon. Avtifeta, ot De
Coster kot cuv. (2011) dwmictooay 0Tl 11 ETOVAMOT GE POTVIN
OV OVTILETOTIOTNKOV LE TO 1610 DAKO TV KOTOTEPT GE GYECT
Ue To @aTvio EAEYYOV HE £VTOVT TOPOVGIO YOAOPOD GUVIETIKOD
16TOV Kol Ayotepo SkTvwTd 00T0. EmumAéov, otn yEpovpykn
TOTOOETNON TOV ELPVTEVUATOV, TO 0GTO GTIG TEIPOUUATIKEG OF-
GELG TOV HOGYEVLOTOG TAV O LOANKO GE GYEON LLE TOVG HAPTL-
pec, dakvPedovtag TV apytkn otafepOTNTO TOV EUPLTEVUOTOC
GE€ OPLIGUEVEC TEPUTTMGELS.

Zopotio kot priopopeotl Kmvol Ploevepyol VOAOUOCYEVLLO-
106 &yovv ypnotponombel pe emruyio 6N SlTPNON TG AKPO-
rootog (Yilmaz kot cuv. 1998, Norton kot Wilson 2002). To Hyog
ka1 To TAdtog g DA mapépevay apetdfinta petd aro 1 ypdvo
(Yilmaz ka1 cvv. 1998), evd ftav UQOViG 0 GYNLOTIGHOG VEO
00toV Kot 1 Proamodouncn tov varopoosyedpatog (Froum ko
ouvv. 2002). And v aAAn TAevpd, ot Norton kot Wilson (2002)
de Ppnrav KaBorov vedTA0GTO 00TO G Proyieg HETH 0md 6 UVES
emovAmong, evad ot Camargo kot cvv. (2000) dev pmndpecsav va
eMOEIEOVY ONUAVTIKO OPEAOG e TOTODETNON VOAOLOCYEVLOTOC
o€ PATVIO GLYKPITIKA LE TNV ATPOCKOTTN ETOVAMOT| TG E0Y®-
YNG 6N JTHPNOT TOV S0CTAGEDV TNG AKPOAOPING.

KateuBuvépevn oatikr avaygévvnan

H mpoPreyipotnta e KOA yio v aviipetdnion dtapdpmv
TOTOV Yvoborpoconik®v Prafmdv mTov mEPAaUBAvVovY T0O pHETE-
EuKTIKO paTvio €Yl TEKUNPLOOEL e APKETES TPOKAVIKES KOl KAL-
vikég peréteg (Retzepi kot Donos 2010). H apyn g KOA €yxet
epappootetl ot ADA, €ite g TN YPNOT APOPICTIKOV HEUPPOVDV
pévo M oe cuvovooud pe ootikd pooyevpato. Ot Lekovic kot
ouvv. (1997) ovykpivav og 20 gartvia 10 acBevav ™ ypnon g
pepppévng e-PTFE pe v anpdorkontn erovAmon otr dothpn-
omn tov petelaxtikov eatviov. Metd amd 6 pnveg emovAmong, ot
EPELVNTEG OVOKAADYOV CNUOVTIKA UEYOADTEPN OTDAE OGTOV
G€ VYOG Kol EDPOG GTIV OUAdM EAEYYOV KOt LEYOADTEPT] TANPMOT)
006100 oty opdda g KOA otav ot pepPpaveg dgv oy amoxa-
Moppéves (30% amokdioym). o v aviipetdTion tTov vynion
Kvovvou amokdivyng tov pepfpavov e-PTFE, ou Lekovic kot
ovv. (1998) mpotewvay ™ xpnomn PloomoppoPcI®V HEUPPOVOV
OO YAVKOAMKO-YOAOKTIKG TOAVUEPT. € L0, LEAETN TALPOLOIO
oyxedloopov pe 16 acbeveic, ol GLYYpOEEiS AVEPEPAY GTATIGTIKA
onUovTikd Arydtepr opildviio oamoppoPNoN NG AKPOAOPIag Kot
TEPLOGATEPT OGTIKY TANPMOON UETE 0 6 PVES ETOVAMONG OTIS
0éoeig g KOA pe amoppopnoieg moivpepeic pepfPpéves ov-
yKpLTKd pe v opddo eEAEyyov dmov dev epaprdotnke KOA.

H KOA cav yelpovpyik] TpocEYYIon GUUTANPOUOTIKY TG
YPNONG OGTIKOV HOGYEVUATOV TOPOVGLAGTNKE GTNV TPOTYOU-
pevn evotnta. O cuvoLOGHOG SPOPOV OGTIKOV LOGYEVUATOV
N VTOKATAGTOTOV HE PLOOTOPPOPNOIUES | U1 GTTOPPOPTICIUES
pepPpaveg yo T dtatnpnon tov eatviov &xel a&loroyndel oe
OPKETEG KMVIKEG PEAETES, [IE EVVOTKA KVpimg amoteléopata, (TTi-
vakeg 1 kot 2). H yprion g cvvdvaotikng Bepaneiog Baciotnke
otV VTAOECT OTL TO HOGYEVLOTIKO VAMKO UTOPEL VO ATOTPEYEL
TNV KATAPPELON TG HEUPPEVNG GTNV TEPLOYXN TOL PATVIOV KOl
vo. Tpo®ONGEL TO GYNUATIGUO VEOU 0GTOV LEG® OGTEOETAYMYNG

all but one case from the DBBM group. However, in
9 of 13 implants in the HA/TCP group and in 8 of 12
implants in the DBBM group, residual dehiscence or
fenestration defects required additional bone augmen-
tation. In contrast, De Coster et al. (2011) found that
healing at extraction sockets grafted with the same
material was consistently poorer than in control sock-
ets, predominately presenting loose connective tissue
and less woven bone. In addition, at the time of im-
plant surgery, bone at experimental grafted sites was
softer than in controls, compromising initial implant
stability in some cases.

Bioactive glass particles and root form cones have
been successfully used for ridge preservation (Yilmaz
et al. 1998, Norton and Wilson 2002). The height and
width of the AR remained the same up to 1 year af-
ter grafting (Yilmaz et al. 1998), and new bone for-
mation and biodegradation of the glass was evident
(Froum et al. 2002). On the other hand, Norton and
Wilson (2002) found no new bone formation when
biopsy samples from the treated sites were taken af-
ter 6 months of healing, and Camargo et al. (2000)
failed to demonstrate a significant benefit of grafting
the postextraction sockets with bioactive glass over
extraction alone for preserving ridge dimensions.

Guided bone regeneration

The predictability of GBR for the treatment of
various types of maxillofacial defects, including the
extraction socket, has been demonstrated in several
preclinical and clinical studies (Retzepi and Donos
2010). The GBR principle has been applied to ARP,
either with the use of barrier membranes alone or in
combination with bone grafts. Lekovic et al. (1997)
compared the use of e-PTFE membranes to unassisted
socket healing for socket preservation in 20 sockets of
10 patients. After 6 months of healing, significantly
greater loss of bone height and width was found in the
control group and more bone fill in the GBR group
when the membranes were not exposed (30% expo-
sure). To deal with the high risk of exposure impli-
cated with the use of e-PTFE membranes, Lekovic et
al. (1998) suggested the use of bioabsorbable mem-
branes made of glycolide and lactide polymers. In a
similar study with 16 patients, statistically significant
less horizontal ridge resorption and more socket os-
seous fill were detected after 6 months of healing in
the GBR-treated sites with absorbable barriers than in
the control group, without any socket preservation.

GBR as a surgical procedure complementary to
bone grafting for ridge preservation was presented in
the previous section. The combination of various bone
grafts or bone substitutes with bioabsorbable or nonre-
sorbable membranes for socket preservation has been
evaluated in several clinical studies, mostly with favor-
able results (Tables 1 and 2). The use of the combined
treatment was based on the assumption that grafting
material may be useful to prohibit membrane collapse
into the socket area and to further enhance new bone
formation through osteoinduction and osteoconduc-
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KOl 06TEOCLVEPYELNG. 26TO00, 1 VTOBeon avt dev amodeiydnie
o€ Tpelg eheyyopeves pekétec AGA 6mov n Tpocsbnkmn evog ooTl-
KOO HOGYEVLLOTOG 1] VAMKOD TANP®ONG KAT® oo pio pepppivn
ovykpinke povo pe ) pepPpdvn. Ot Dies kot cuv. (1996) mpod-
tewvay 01L 1 TpocHnkn copatdiov BioOss® kdtwm amd pepppdvn
e-PTFE pnopei va kabvotepnoet 1o oynpaticpd ostol g pete-
EokTikd eotvia, eved ot Pinho kot cuv. (2006) dwomictocay 0T
TPOGHNKN ALTOLOYOL 0GTOV KATW OO PEUPPAVEG EVIGYVLEVEG LLE
TITAVIO deV TPODONGE TO GYNUATICUO 0GTOV M TN SLATHPNOT TOV
SOTACEMV TNG AKPOAOPIOG, GE GUYKPLOT LOVO LE T HEUPPavT).
[Moapoépota amoteréouato avapépONKay e TN YPNOT AKOTTOPNG
OEPLOTIKNG OALOLOCYEVHOTIKNG HeUPpavng pe 1 yopig HA o
dwtnpnon tov eatviov (Luczyszyn kot cvv. 2005).

Me Bdon v TEPIOPICUEVT TEKUNPIMOT, O1 OTOPPOPT|CULEG
pepPpaveg Oo TpEmel va TPOTILOVVTOL 0T TIG U1 OTOPPOPTGLUES
0oV ToPOoLGLALOVY YOUUNAOTEPO TOGOCTO UTOKAALYTG KOl GL-
venmg koAvutepn kKAvikn cvurepipopd (Lekovic kot cuv. 1998,
Froum xot ouv. 2004). Antd v dAAN TAELPA, O1 LELOUEVEG [Un)-
YOVIKEG 1010TNTES TOV TTEPLGGOTEPWV ATO TIG SIAOEGILEG ATOpPpO-
ENOES LEUPPAVEG OOLTOVY GLYVE TN XPNON EVOG VAKOD TAN-
PGS OV ATOTPETEL TNV KATAPPELGN. X° QLTIV TNV TEPITTMOO
OLmG, dev vITapyel TEKUMNPi®OT OV Vo LTOoTNPileL TV avoTE-
pOTNTO EVOG LOGYELVLATIKOD VAIKOV £vavTl TV brtoAowmwv (Dies
kal ovv. 1996, Froum kot ovv. 2004, Mardas kot cuv. 2010).

AAAa ulikd

Ot Serino kot ovv. (2003, 2008) o pio KAV Kot o 16To-
AOYIKN peAET, cvykpivay ) ADA pe Broamoppopnoito ondyyo
OO TOAYOAOKTO-TOAVYAVKOAMKO GUUTOAVUEPES LLE TN QUOIKN
emoVAmon. Olo To TEWPAPOTIKG QoTViOL TOpovGiacay AyodTepn
0GTIKN 0TOppOPNoN 0t T POTVIO LAPTLPES, 101G GTO LEGO TNG
TOPELNKNG TAEVPAS, TaPEYOVTAG T SVVATOTNTA TOTOOETNONG EL-
eutevpdtov. H emovlmon yopoktnpllotov poAkd omd vedmio-
670 00KIOMTO 00TO [E PEYAAEG LVEAOKVYEAES KOl OKPOPPILIKa
OO MPLO KO CLUTAYES 06TO, TOGO GTNV TEPAUOTIKY] OGO Kot
oV opdda eAéyyov. Ot cuyypapeic TpoTEWVAY OTL O GTOYYOG TO.-
pepumodioe TV eEAMAMON TOV YOP® HOAUKOV 1GTOV GTO QOTVIO
KOTE TNV ETOVAMG, S1EVKOADVOVTAG £TGL TO GYNUATIGUO 0GTOV.

Téhog, ot Fiorellini kot cvv. (2005) a&ordynoav og po RCT
TNV KovOTNTA dV0 SPOPETIKMOY CLUYKEVIPOCE®DV TNG OVOGVV-
SVOGUEVNG OCTIKNG HOPPOYEVETIKNG TTpwTeivns-2 (thBMP-2) pe
Qopéa omdHyyo KOAAOyOVOL VoL TpOdyouV To de novo oyNUaTIcpo
0otov o€ @artvic. H 1otohoyikn kot aktvoypaeikn a&loAdynon
4 pnveg petd v eEoyoyn £5€1&e 6TL N VYNAOTEPT GLYKEVIPWOOT)
¢ thBMP-2 0dMynce o onuavtikd nepiocdTEPO GYNLUTIGHO
00TOD KOl KOAVTEPTN SOTNPNCT TOV OYKOL TNG OKPOAOPIaG O
oxéon He To opéa LOVO M TN PLGIKY| ETOVAWGT). EmmAéov, ot
opada pe v vymAotepn cuykévipwon thBMP-2, 18 and ta 21
EUPLTEVHOTO. TOTOOETONKOV YWPIg Vo VILAPYEL AVAYKT YlO. TE-
poULTEP® avayévvneon ootov, eved 9 amd to 20 guputedpata o€
YPEWCTNKOV OGTIKT 0OENGT 0TI 300 OUAdES ELEYYOV.

XeIpoupyIkr TEXVIKA

M teyvikiy ADA mov dev meplapfavel ovaméTaoT Kot pe-
Tatémon PAEVVOYOVOTEPIOGTEDMV KPNUVAOV OAMKOD Thyovs, Oa
KOTOoTOVGE TV OAN S1001KaGio. AyOTEPO TPAVUATIKY Kot Oa
UTOPOVGE VO TPOCTOTEVGEL TO TOPELNKO OCTIKO TETAAO OO TNV

tion. However, this assumption was not proven in
three controlled ARP studies in which the addition of
a bone graft or filler under a membrane was compared
with membrane alone. Dies et al. (1996) suggested
that the addition of Bio-Oss® particles under e-PTFE
membranes may delay bone formation in extraction
sockets, and Pinho et al. (2006) found that the addition
of autogenous bone graft under titanium-reinforced
membranes did not further enhance osseous forma-
tion or the preservation of preextraction ridge dimen-
sions when compared with the use of membrane alone.
Similar results were reported when acellular dermal
allograft membrane was used with or without HA for
socket preservation (Luczyszyn et al. 2005).

Based on the limited available evidence, resorb-
able membranes should be preferred over nonresorb-
able barriers because of the lower rate of exposure and
thus better clinical performance (Lekovic et al. 1998,
Froum et al. 2004). On the other hand, the reduced me-
chanical properties of most of the currently available
resorbable barriers often require the use of a space
filler to prevent collapse of the membrane. In such a
case, however, there is no evidence to support the su-
periority of one grafting material over another (Dies et
al. 1996, Froum et al. 2004, Mardas et al. 2010).

Other materials

Serino et al. (2003, 2008) compared ARP results
when using a bioabsorbable polylactide-polyglycolide
sponge with unassisted socket healing in one clinical
and one histological study. All test sockets healed with
less bone resorption than the controls, especially in the
midbuccal region, and were eligible for implant place-
ment. The healing was characterized by newly formed
trabecular bone with large marrow spaces coronally
and more mature and compact bone apically part in
both the test and control groups. The authors suggest-
ed that the sponge prevented the proliferation of the
surrounding soft tissue into the socket during the heal-
ing process, thus facilitating bone formation.

Finally, Fiorellini et al. (2005) evaluated in an
RCT the ability of two different concentrations of re-
combinant bone morphogenetic protein-2 (thBMP-2)
in a collagen sponge carrier to promote de novo bone
formation in fresh extraction sockets. Histological and
radiographic assessment at 4 months postextraction
showed that the higher concentration of thBMP-2 re-
sulted in significantly higher bone formation and bet-
ter ridge volume preservation than did treatment with
the carrier alone or no treatment. Furthermore, in the
group with the higher concentration of rhBMP-2, 18
of 21 implants were placed with no need for further
bone augmentation, whereas 9 of 20 implants required
no further augmentation in the two control groups.

Surgical technique

An ARP technique that does not involve elevation
and advancement of full thickness mucoperiosteal
flaps would make the whole procedure less traumatic
and may protect the buccal bone plate from the exter-
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e€MTEPIKT amOpPPOPN oY TOL TPOKUAEL N Sratdpaln tov TEPLo-
OTEOV. XVVETMGS, ToALol KAvikol mpotevay T ADA ywpig ava-
nwétaon kpnuvaov (Jung kot cvv. 2004, Sclar 2004, Aimetti kot
ouvv. 2009). Ze o mpoéseatn perétn pe (oa, ot Fickl kot cvv.
(2008a) amédet&av OTL LETA TNV OVOTETOCT) KpNUVOD Yo TV €&0-
Yoy, N HeldoN HOAaKOV Kot GKANP®V 16TV fTov 14% peyain-
TEpT O€ oYéon pe TV e&ayyn ympig kpnuvo, Petd amd 3 pveg
emovAmonc. [Mopdpow aroteAécpoto ovaeépnkay Kot G€ Hio
A perétn pe oxviovg (Blanco kot cuv. 2008). Amd v dAAn
mhevpd, ot Aratjo kot cuv. (2009a), £6etéav OTL petd amd 6 pnveg
EMOVAMONG, 1 EEQYMYN HE M| YOPIG OVOTETACT KPNUVOD, 0oNyn-
o€ 0€ TOPOUOL PElmOT TV S106TACEDY TOV CKANP®OV 1I0TMV GE
oKkVALd. Ot gpguvNTEG GLUTEPOVAY OTL 1) OVOTETAGT) KPT|LVOD gV
TpoKoAel TPOGOETO UNYOVIKO TpadpO TETO0V peYEDOVG DOTE Vo
EXEL LOKPOTPODEGHLOL AMOTEAEGUATO, OTIS TEMKES SLOCTACELS TNG
VOONG 0KpoLoPiag apov 1 dudikasio TG amoppoenong Eekiva-
€l OTNV ECMTEPIKY| ETPAVELL TOV TOLYOUAT®V TOL QOTVIOL Kot
TPOYLOTOTOLEITOL [LE 1) YOPIG TNV avoréTacn kpnuvov. Emmiéov,
Ol TEYVIKEG YWPIG OVATETOCT) KPNUVOL dEV UTOPOVV VO EPOPLLO-
oToVvV o€ eptOcels Omov 1 KOA éyel emideyel yio ADA.

H xdAvyn g 16000V TV Patviov pe HOAOKODS 16TOVG £XEL
depevvnBel emiong, pe otdY0 T datrpnon, ™ otabdepomoinon
K0l TNV TPOoTaGio ToV pooyevudtmv. ‘Etot, éyovv tpotadel moA-
AEG TEXVIKEG Y100 TANPT GOYKAELST] TOV TEPIAAUPAVOLV T PVAL-
K1 petatdmion tov mopelakod kpnuvov (Lekovie kat cuv. 1997,
1998, Barone kot cvv. 2008), petotomlopevovg Kpnuvovs amod
napaxeipevovg 16tovg (Nemcovsky kot Serfaty 1996, Artzi kot
ovv. 2000) 1 eAevBepa ovhikd pooyedparta (Jung kot cuv. 2004).
Avtifeta, o o TpocPatn peAET pe (da, 1 CLUTANPOUOTIKN
¥pNoN EAEVBEPOV OVAIKOD LOGYEVUATOG Y10l GUYKAELGT TOV POT-
viov dev giye emMMALOV EVVOTKE OTOTEAECLLOTA OO TN Sl0THPTION
TV patviov yopic TAnpn ovykieion (Fickl kot ocvv. 2008b).

2upnepdopata

® Metd v odovtikn e&aywyn, 1 TOATAOKY S1001KAGi0, ETOV-
AOONG UTOPEL Vo, 0ONYNOEL GE OMMOAEW TOV JOGTAGE®V TNG
aKpolopiog Kol vo OlokvPevcel TNV TOmoBETNON UEALOVTIKDV
CUUPBOTIKOV 1] EMEUPVTEVUATIKOV OTOKOTAGTACEDV.

e Evd évog peydrhog aptBpog TexviK®dV Kot VAIKGOV EXOVV TPo-
100l Yo ) ADA, Kdmoror KAvikol apeiopntovy v anotele-
GUOTIKOTNTA KOl TV EPAPUOCTIKOTNTO TOVS KOl TIGTEVOLVV OTL
amoteloOV vrephepaneio mapd £yKupn Tpompochetikn Bepomeio.
Avotoydc, n dbéoun tekpmpioorn mov vrootnpilel T ypnon
TOV SLpOP®V TEXVIKOV ADA, TpoépyeTol KLpig arnd Ppoyvmpo-
Oeopec avoQopEG TEPIOTOTIKAOV Y0Pig opddeg eEA&yyov. H ypnon
G OmANG ETOVAMONG ooV apvNTIKOL Udptupo Ba propodoe va
e€olelyel 1 Vo LELDGEL TOV KIVOLVO GUGTNUOTIKOV GOOALATOV
OV TPOKVTTOVV OO TPOCOTIKEG TPOTIUNGES 1| TEMOONGELG.
'Eto1, yuo T1g TEP1oGOTEPEG MO TIG TPOTEWVOUEVEG TEYVIKEG, OEV
Exel Tekunprobel axdun Kovévo Tpdcheto OQeAog 6T dlaTpMoN
TV daotdoemv g OA kot TV TpodOnomn g EMoVAMONG e
OYMNUOTIGHO VEOU 06TOV GE GYEON LE TNV OTAN ETOVA®OT).

e [1poc to mapdv, vrdpyetl TeKUNPiwon OTL KATOEG S10dIKOGIEG
datnpnong g axporoeiog eivar og Kamowo Padud amoterecio-
TIKEG GTOV TTEPLOPIGHO TNG HETEEUKTIKNG HEIONG TV d100TACE-
@V TNG OKPOAOPIOG KOl GTN UEPIKT] TPOMONGN TNG OGTIKNG VOl
vévvnong oto @atvic. Ot TeYVIKEG TOL XPTGILOTOIOVV HEUPPAVEG

nal resorption initiated by the disruption of the perios-
teum. For this reason, clinicians have suggested a flap-
less approach for ARP (Jung et al. 2004, Sclar 2004,
Aimetti et al. 2009). In a recent animal study, Fickl et
al. (2008a) demonstrated that after flap elevation for
tooth extraction, soft and hard tissue reduction was
14% more than it was for a flapless extraction after a
3-month healing period. Similar results were reported
in another study in dogs (Blanco et al. 2008). On the
other hand, Aratjo and Lindhe (2009a) indicated that
after 6 months of healing, the flapless and flap extrac-
tion resulted in similar amounts of reduction of the
hard tissue dimensions in dogs. The investigators con-
cluded that flap elevation does not provoke an addi-
tional mechanical trauma large enough to have a long-
lasting effect on the final dimensions of the edentulous
ridge because the resorptive process is initiated in the
internal surface of the socket walls and will occur with
or without flap reflection. In addition, flapless tech-
niques cannot be performed in cases in which GBR
has been selected for ARP.

Soft tissue coverage of the socket entrance has
also been considered in order to retain, stabilize, and
protect grafting materials. Therefore, many techniques
have been suggested to achieve primary closure of the
socket entrance, including coronal advancement of the
buccal flap (Lekovic et al. 1997, 1998, Barone et al.
2008), rotating flaps from tissue adjacent to the defect
(Nemcovsky and Serfaty 1996, Artzi et al. 2000), or
free gingival tissue grafts (Jung et al. 2004). On the
contrary, in a recent animal study, the supplementary
use of a free gingival graft to seal the grafted socket
had no additional beneficial effect over the unsealed
socket preservation (Fickl et al. 2008b).

Conclusions

e After tooth extraction, the complex process of
wound healing may result in loss of ridge dimensions
and compromise the placement of future conventional
or implant-supported restorations.

e Whereas, a large number of techniques and mate-
rials have been suggested for ARP, some clinicians
question their efficacy or applicability and believe
that such procedures are an overtreatment rather than
a valid preprosthetic therapy. Unfortunately, the avail-
able evidence supporting the use of various ARP tech-
niques comes mainly from short-term case reports
without control groups. The inclusion of unassisted
socket healing as a negative control could exclude or
minimize the risk of bias generated by personal pref-
erences or beliefs. Therefore, additional benefit over
conventional postextraction healing in terms of further
preserving AR dimensions and promoting healing with
new bone formation has not yet been demonstrated for
most of the suggested techniques.

e Currently, there is evidence that some ridge preser-
vation procedures are to some extent effective in limit-
ing postextraction ridge dimensional loss and in par-
tially promoting bone regeneration in the extraction
socket. Techniques utilizing GBR membranes with or
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KOA pe M yopic 00Tikd HOGYELHOTO 1) VTOKATAGTOTO OGTMV
€YOVV TAPOVCIAGEL HEXPL OTIYUNG TO O EVLVOTKE ATOTELEGLLOTOL
pe Paon RCTs 1 eleyyOpeveg KMVIKEG LEAETEG OTTOV 1| OTPOGKO-
TN ETOVAMGN YPNOLUOTOMONKE GO LAPTLPAG. XE TAPOUOLN G-
umepdopate KotéAngav Kot 600 TPOGPATES GUGTNUOTIKES OV~
okxomnoelg (Darby kot cvv. 2009, Horvath kat cov. 2010).

e H etepoyéveln PeTa&y TV O100EG1HMV EAEYYOUEVOV KAVIKDV
LEAETMV GE GYECT LE TA LAIKA, TO OEPATEVLTIKA TPOTOKOAAM KO
TIG TEPLOOOVG EMOVAWONG OALY Kol ol HeB0dOAOYIKEG avemndp-
KELEG, OEV EMTPETOVV OVGIUCTIKES GUYKPIGEIS 1] UETO-0VAAVOT)
(Horvath kot ocvv. 2010). Or meprocdTepeg and T1c drobéotpeg
pelétec yapaxtmpilovror and EAAeyn enapkovc TANBvsaKoD
OelYLLOTOG KOl OTOTIOTIKNG OVAALONG, AVETOPKN TUYOLOTOINGN 1
ATOKPLYT OTO TOVG EPEVVITEG TOV UTMOPEL VO ATOTEAOVV OTIEG
OQOAMLOTOG. ZVVETMS, N PapvTnTo TG S100EGIUNG TEKUNPIOONG
Kopaivetor omd advvoaun og pétplo Kot kabe cupmépacuo o
TPEMEL VO, YIVETOL 0m0dEKTO pe EMPOAEN OTav epapuoleTol 6TV
kaOnuepwvn kKhvikn tpaén (Horvath kot cuv. 2010).

e O1 01090peG IGTOAOYIKEG AVAPOPES GE avOpDOTOLS £d6e1EaY OTL
N enovAwon petd and ADA yapoxtpileTor omd S0POPETIKOD
Babpov ootk avayévvnor, avaioyo. Le TO £160G TOV LAIKOD Kot
v mepiodo emovAimong. H avtipetdmion patviov pe pooygdpo-
T0. 00NYNOE G€ SAPOPEG TOGOTNTEG VIOAETOUEVOV COUATIOIOV
TOV VAIKOV 7oV €ite PplokdTay Ge GpesT EXoEN e TO VEOTAUGTO
0010 €1TE NTOV TEPLYYAPAKMOUEVA OO TUKVO GUVOETIKO 16TO, VAL
Aoya pE TIC 110N TEG Ko To puOud amoppdenong tovs. Emedn 1
TOLOTNTO KoL 1) TOGOTNTO TOV 06TOV HETH Tr ADA dev €YoV 0KO-
pn mANpog dtepguvnBel, 1 TOLOTNTA TNG OCTEOEVOMUATMOONG ELL-
QLTELUATOV OV ToToBeTOVVTON OE PeTeEaKTIKG PaTvia To omoin
€YOVV OVTILETOTIOTEL PUE LOGYEVUATO TAPOUEVEL AYVOOTN. XV-
VETMGS, 1 EMAOYN T®V PLOVAMKOV TOL YPTCILOTOIOVVTOL GY|LLEPO
ot ADA Oa wpénel va Paciletar oTig 1018¢ Proroyikéc apyég Tov
SETOVV TN (PO TV OCTIKOV HOGYEVUATOV Kol 6T dtobéctun
TEKUNPIOOT) GYETIKA LLE TV OTOTEAEGLOTIKOTITO QUTAOV TOV VAL-
KOV ot Oepaneio GAL®V YvafompocomikdV 06TIKAOV BAaPdV.

e Eautiog g HeYaANg mToiAing VMKV, TEYVIKOV, 0Ecemv Kot
TEPLOO®V EMOVAMONG, ivol adhvaTo va Yivouv Aueceg cuykpi-
o€1g avdpeoa oTig dapopeg texvikég ADA. Tlpog 0 mapodv, dev
VILAPYEL APKETN TEKUNPiOT TOV VITOoTNPIlEL TNV KAWVIKG onpo-
VTIKN VITEPOYN LLOG TEXVIKNG 1 VOGS VAIKOD € GY€om e ToL GAAL
KOl GUVETMC, OTOLTEITON EMAAEOV EPEVLVA Y10 TNV ESPOIWCT OpPt-
GTIKOV GUUTEPAGUATOV.

e [1poc 10 mapdv, dev VILAPYEL OLOKANPOUEVT AoTa evoei&emv
kot avtevoeiEemv yio ) ADA ov BacileTol o€ TOMKA Kol GVOTN-
potikd kprmpia. Eniong dev vapyet Stubéoiun texunpioon oxe-
TIKA L€ TOVG TOTKOVG 1] GLGTNUOTIKOVS GLYYLTIKOVS TAPAYOVTES
ov weptlapPfavovv 1 B€on, T HopPoLoYin KOt TIG UCTAGELS
o0V Qatviov, v artio eEoywyng, TV mePiodo EmOVAMONG, TV
avTIPLOTIKT KOAVYT, TO KOTVIGHO KOl TO GUGTILLOTIKG QOPLLOKOL
OV UTopEl va ennpedoovy Ty emtvyia g ADA. O wpénet va
Tpaypotonombel emmALov Epevval ylo. TOV TPOGOIOPICUO OA®V
TOV TOOVAV TopayOVIeV Kivddvov mov oyetilovtat pe m AD.

AnAwoeig/ Euyapiatieg
Otovyypaeeig SNA®GVOLY OTL OV VITAPYOVY OTKOVOUIKEG 1) GALEG
avTIOEGELS GUUPEPOVIMV GE GYEON LLE TNV TTOPOVGH OTLOGIEVON).

without bone grafts or bone substitutes have currently
presented the most favorable results based on RCTs
or controlled clinical trials in which unassisted socket
healing was used as a control. Similar conclusions
have been drawn from two recent systematic reviews
(Darby et al. 2009, Horvath et al. 2010).

e The heterogeneity between the existing controlled
clinical trials in terms of materials, treatment proto-
cols, and healing periods, as well as methodological
inadequacies, do not allow meaningful comparisons
or a meta-analysis (Horvath et al. 2010). Most of the
available studies are characterized by the lack of ap-
propriate sample size and statistical analysis, inade-
quate randomization, or masking of the investigators
that may be the source of potential bias. Therefore,
the strength of current evidence in the field ranges
from weak to moderate and any conclusions should be
handled carefully when applied to everyday clinical
practice (Horvath et al. 2010).

e The various human histological reports showed that
the healing following ARP was characterized by a dif-
ferent degree of bone regeneration, depending on the
type of material used and the healing period. Socket
treatment with grafts resulted in various amounts of re-
sidual particles of the grafting material, either in direct
connection with the newly formed bone or embedded
in a dense connective tissue, depending on their prop-
erties and their resorption rate. Since the quality and
quantity of bone following ARP has not yet been fully
estimated, the quality of the osseointegration of dental
implants placed into previously augmented sockets re-
mains unknown. Therefore, the selection of biomateri-
als used for ARP today should be based on the same
biologic principles of bone grafting and the available
evidence regarding the effectiveness of these grafting
materials in the treatment of other maxillofacial os-
seous defects.

e Because of the extensive variety of materials, tech-
niques, sites, and healing periods, direct comparisons
of the various ARP techniques are impossible. Cur-
rently, there is not enough evidence to support a clini-
cally significant superiority of one technique or mate-
rial over the other and, therefore, additional research is
required to reach definitive conclusions.

e A comprehensive list of indications and contraindi-
cations for ARP based on local and systemic criteria
is still missing. No evidence is available regarding the
importance of local or systemic confounding factors
including socket location, morphology, and dimen-
sions, reason for tooth extraction, healing period, anti-
biotic regime, smoking, and systemic medications that
could potentially affect the success of ARP. Further
investigation to determine all the possible risk factors
associated with ARP should be performed in the fu-
ture.
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