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TMEPIAHWH: kordg: H pelétn tng emidpaong tou
autéloyou, TAoUoiou Oe aigometdAid TTAAONATOG
(Platelet Rich Plasma-PRP) oto ooteoemaywyikd duva-
HIKO aMoyevous amoPETAMwEVNG OO0TIKAG PECOKUT-
tdpiag ouoiag (Demineralized Bone Matrix-DBM), oe
evOOUIKEG BEDEIG KoVIKAWV.

YAIKS kar pgBodor: XpnoipomoiriBnkav 9 kévikhor Néag
Znhavdiag. AMovevég DBM mapaokeudotnke amd
00td 3 uylwv kovikhwv. Katdmv aipoAnyiag mapaokeu-
dotnke 0.5 cm® autdroyo PRP 6 kovikhwv. 2t ouvé-
xeld, dnuioupynBnkav 2 evdopuikol BUAakol, dmou
gpoputeloviav tuxaioroinuéva 250 mg aMoyeveg
DBM+PRP (meipapatikég Oéoeig) kar 250 mg aMove-
véq DBM xwpic PRP (Béoeic pdptupeq). Ta meipapa-
t6lwa Buaidotnkav otig 6 efdopddeg.
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SUMMARY: Objective: To evaluate the effect of autol-
ogous platelet-rich plasma (PRP) on the ability of allo-
genic demineralized bone matrix (DBM) to induce
bone formation in rabbit intramuscular positions.
Materials and methods: Nine New Zealand rabbits
were used. Allogenic DBM was produced from bones
of 3 healthy rabbits. After blood collection, 0.5cm’ of
autologous PRP was prepared for 6 animals. Then, 2
muscle pockets were created, where 250 mg allogenic
DBM + PRP (experimental sites) and 250 mg allogenic
DBM without PRP (control sites) were randomly
implanted. Animals were sacrificed 6 weeks after
implantation.

Results: Histologic examination revealed uneventful
healing in all cases, while remineralization at the periph-
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ArroteAéopuara: 1otoloyikd, o€ OAeG TG TIEQITTIWVOEIG
napatnenonke opahy e&ENEN NG emouAwtikrg S1adi-
Kdoiag, evw Ta OOTKA TeEPAxidia Tou POOXeUPATOg
Tiapouciacav emavapetdMwaon otny TEPIPEPEId TOUG,
Kal oug dUo ouykpivopeveg opddeg mapatnpriBnkav
dpBoveg IvoPAdoteG kal AMa peceyxupatikd kUTtapd
(mBavwg ooteompoyovikd KUTtapa Kar TPOOPOUES
00TteoBAGOTEG), evw N povn 1oTohoyIkh dlapopd apo-
pouoe otnv avdrmu€n mhoucIdTePNG ayyeiwong otig
neipapatikég O€oeig. Ev ouvexeia petpriOnkav kar uro-
AoyiotnKav TTApdPETPOI OXETIKEG Pe TV amoddunon
TOU HOOXEUNATOG Kal TV TTapaywyr] VEOTAQOTOU Ouv-
SetikoU 10tol. H otatotkr] avdhuon Oev katédeike
onpavtikég SIapopéEg oTiG TTapandvw TTAPAPETPOUG.
Juurnepdouara: To autdéroyo PRP, dtav ouvdudletal
pe aMoyeveég DBM, Sev evioxiel T diadikaoia ooteo-
eMaywyng oe evoouUikeg B€oeig Kovikhwy TTEpIoodTePO
and Ou 1o aMOYeVEG POOXeUPa HOvO Tou, OTiG 6
eBdopddeg mapatripnong.

AEZEI> KAEIAIA: PRP, DBM, ooteoemaywyr), ootikd
HOOXeUATA, OOTIKY avayéwnon

NeBévtng M. kai ouv./Leventis M. et al.

ery of the bone graft particles was a constant finding. In
both control and experimental sites fibroblasts and
other mesenchymal cells (probably osteoprogenitor
cells and preosteoblasts) were observed. The only his-
tological difference was the richer vascularity in the
experimental sites. Parameters associated with the
breakdown degree of the graft and the production of
newly-formed connective tissue were measured and
calculated. No statistically significant differences were
observed regarding the above parameters.

Conclusions: When combined with allogenic DBM,
autologous PRP does not enhance the osteoinductive
process in rabbit intramuscular sites compaired to the
allograft alone, at 6 weeks of observation.

KEY WORDS: PRP, DBM, osteoinduction, bone grafts,
bone regeneration.
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EIXAITQrH

H amnokatdotaon twv ooTkwv eMegpdtwy twv yvd-
Bwv eivar {wtikrg onuaoiag mpokeiyévou va diatnenOel
N aIoBnTkr Kar ASIToUpYIKY akepaidTNTa TwV I0TWV TOU
otopatoyvabikoU CUCTAUATOG. 2TIG TTEPITITWCEIG EULE-
y€BwV 00TIKAV eEMeIYpPdTWY 1| KaTd TNV TTPOTIPOCOETIKr
avdmAaon Twv amopPOPNHEVWY OATVIAKWY amo@Uoe-
wv, dMarteTan n xprion OCTKWY HOOXEUPdTwY TToU
TIPOAdyouV TNV avayewnukr| IKavatnta tou TepifdMo-
VTG ootoU otn &éktpia Béon Péow TPINV PAciKwV Aei-
TOUPYIDV: TNG 00TEOKABOdIYNONG, TNG OOTEOEMAYWYIG
kar tng ooteoyéveong (Lynch kar ouv. 2008).

H ooteokaBodriynon ry ooteoouvépyeia (osteoconduc-
tion) Tou 1oxUel yia dAa ta ooTikd HooxeUpata eivai n
avdrugn evidg Tou HooXeUPatog ayyeiwy, Tepiayyeia-
KoU 10ToU Kal OOTEOTIPOYOVIKWOV KUTTAPWY, TTOU TIPOEP-
xovtal and toug TePIBAMoVTeG 10ToUg NG SEKTPIAgq
TIEPIOXG. 2TV TTEPITTWON autr TO 00TIKS PAOXeUpa
Aertoupyel Tadnuikd w¢ Ikpiopa (Pritpea, diktuo otripl-
€ne) yia v avdmmuén péoa oe autd Tou VeSTIAAoTOU
oatitn 1otou.

H ooteoemaywyr| (osteoinduction) eivar n BioAoyikn
Siadikaoia dmou 1o vedmAaoto ooTtolv oxnuatiCetal
péow evepyouq emotpdteuons MoAUSUVapWY apxeyo-

Paper received: 19/03/2010 - Accepted: 15/06/2010

INTRODUCTION

The reconstruction of bone defects of the jaws is a
critical step in preserving the aesthetic and functional
integrity of the tissues in the stomatognathic system. In
cases of large bone defects or in bone augmentation of
resorbed alveolar ridges, it is necessary to use bone
grafts in order to induce the regeneration of the sur-
rounding bone in the recipient site via three basic
mechanisms: osteoconduction, osteoinduction and
osteogenesis (Lynch et al. 2008).

Osteoconduction, which occurs in all bone grafts, is the
development of vessels, perivascular tissue and osteo-
progenitor cells inside the graft originating from the sur-
rounding tissues of the recipient site. In that case, the
bone graft plays the passive role of a framework sup-
porting the development within it of the newly-formed
osseous tissue.

Osteoinduction is the biological process by which new
bone is formed through the active engagement of mul-
tipotent mesenchymal stem cells from the recipient site
and their differentiation into chondroblasts and
osteoblasts. This activity is induced by bone morpho-
genetic proteins (BMPs), which are present in the graft
matrix, where they are also released from. Autologous
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VWV JEOEYXUHATIKWY KUTIdpwy amd tn Séktpia mepio-
xr] kai dlapoporoinorg Toug oe xovopoPAdoteg kal
ooteoPidoteg. Opeiletal otn Spdon Twv ooTKWY Hop-
oyevetkwv mpwteiviy (Bone morphogenetic proteins
— BMPs) mou Bpliokovtar kal ameheubepwvovtar amd
BepéNa ouoia tou pooxelpatog. Ooteoemaywyikd Su-
vapikd diabétouv ta autdhoya ootikd HooxeUdata Kai
O€ OPICHEVEG TIEPITTIWOEIG T aroPeTaMwpéva alMoye-
v fj Eevoyevr| (oe meipapatikd emimedo) pooxeupata.
Q¢ ooteoyévean (osteogenesis) xapaktnpifetal o oxn-
paTIoPOG vedmAaotou ootol amd {Wvtd OoTeoTIapa-
ywyikd kUttapd Tou pETagépovtal eviog NG pAlag
Tou ootikoU pooxeupatog. Oateoyéveon TPOKAAoUV
amokAEIOTIKA TA aUToyevr 0oTIKA HOOXeUUATa.

[MANV TwV QUTOPOOXEUPATWY, EUPEIT XPrON €XOUV 1d
aMoyevry ootikd pooxelpata Tou eivar avlpwmvng
mpoéAeuonG Kal AapBdvovtar amd  mwpatkousg 1
Covteg SOTeG (kealr| pnpiaiou). tnv katnyopia auth
QVAKOUV TO (QPECKO KATEYUYHEVO OOTOUV, TO aMoye-
VEG KatePuypévo-arnognpapévo ootolv (Freeze-Dried
Bone — FDB) kar to aMoyevég anmopetaMwpévo kate-
Yuypévo-amognpapévo  ootolv  (Demineralized
Freeze-Dried Bone — DFDB). 2tn olyxpovn kAvIKA
mpdEn euputatn xprion mapoucidlel to DFDB, 1o
oT10i0 AVaPEPETAl TAUTOONHA KAl WG ATTOPETAMWEVN
ootk peookuttdpia ouofa (Demineralized Bone
Matrix — DBM) (Garg, 2004).

H amopetdMwon Tou POOXeUPdtog He T Xpron
udpoxiwpikol o&€og (HCI) amopakpivel v avopya-
VN @don TG PECOKUTIAPIAg ouoiag, KAatahemoviag To
KoMaydvo kal TG n KoAayovoUxeg TIpwTeiveg, peta-
&0 twv omolwv eival kai ol augnukol mapdyovteg. H
pritea koMaydvou mou dnuioupyeital mpoodider oote-
okaBodnynuikd duvapiké oto DBM, evay ol augnukol
Tapdyovieg kal katd mpwtelovta Adyo ol BMPs, ¢ai-
vetar ot kabiotolv TO HOOXEUPA OOTOEMAYWYIKO
(Urist, 1965, Cheng kai ouv. 2003).

To mhovoio oe aiporetdhia mAdopa (Platelet Rich
Plasma r} PRP) &nuioupveitar and pia autéhoyn ouyké-
VIPWON QIMOTIETANWY OE pia Hikpr) Toodtnta MAdopa-
106 (Marx, 2004) kai evy o guaiohoyikdg Bpdppog
afpatog mou oxnuatiCetar og éva tpalpa f ootk
EMelgpa amoteleftal and 94% epubpd aipoogaipia,
6% aiporretdNa kai Aiydtepo and % Aeukd aipoogai-
pig, o PRP mepiéxer 94% aiponetdhia, 5% epubpd
aipoo@aipia kar 1% Aeukd aigoopaipia. H peydAn
ouykévtpworn aiporetaliov tou PRP, amotehel kai pia
HEYAAN OUYKEVIPWON Twv auENTIKWY TTapaydvIwy Tou
ekkpivovtal and ta aigoretdAid, evw eAaXIOTOTIOIEAl
oto BpdpPo tou PRP n avaloyia twv kuttdpwy mou
dev emdyouv tnv emolhwon (epubpd aipooeaipia).
‘Exouv avayvwpioBel 7 augnukol mapdyovteg amobn-
KEUPEVOI EVIOG TWV a-KOKKIWV Twv alpoTreTtaNiwv: Tpia
Ioopepr] Tou aiporetahiakol  auénuikol Trapdyovta
(Platelet-derived Growth Factor 1} PDGF-aa, PDGF-bb

Tépog |1, No 3,2010/Vol I'l, No 3,2010

bone grafts and, in some cases, demineralized allogenic
or xenogenic (at an experimental level) grafts also have
an osteoinductive potential.

The term osteogenesis describes the development of
newly-formed bone by living osteoblast-like cells, trans-
ferred into the bone graft mass. Osteogenesis is indu-
ced exclusively by autogenous bone grafts.

Besides autografts, bone allografts of human origin,
obtained from cadaveric or living donors (femoral he-
ad) are also widely used. This category includes fresh-
frozen bone, allogenic freeze-dried bone (FDB) and
allogenic demineralized freeze-dried bone (DFDB). In
modemn clinical practice, the use of DFDB, which is also
known as demineralized bone matrix (DBM), is wide-
spread (Garg, 2004).

Demineralization by hydrochloric acid (HCI) removes
the mineral phase of the bone graft material, leaving
collagen and non-collagen proteins, including growth
factors. The resulting collagen matrix provides DBM
with an osteoconductive potential, while it appears that
growth factors and, primarily, BMPs make the graft
osteoinductive (Urist, 1965, Cheng et al. 2003).
Platelet rich plasma (PRP) is formed by an autologous
concentration of platelets in a small volume of plasma
(Marx, 2004). While a normal blood clot formed in a
wound or bone defect contains 94% red blood cells,
6% platelets and less than 1% white blood cells, PRP
includes 94% platelets, 5% red blood cells and 1%
white blood cells. The high concentration of platelets in
PRP results, in tumn, in a high concentration of growth
factors released by platelets, while the ratio of cells that
do not induce healing (i.e. red blood cells) is minimised
in the PRP clot. Seven growth factors have been iden-
tified in the a-granules of platelets: three isomers of
platelet-derived growth factor (PDGF-aa, PDGF-bb
and PDGF-ab), two isomers of transforming growth
factor-B (TGF-BI and TGF-B2), vascular endothelial
growth factor (VEGF) and epidermal growth factor
(EGF). Moreover, PRP contains vitronectin (in the a-
granules of platelets), fibrin (in plasma) and fibronectin
(in plasma), which are adhesive proteins (Marx and
Garg, 2005).

By applying PRP alone or in combination with a bone
graft, the concentration of the growth factors and cell
adhesion molecules secreted by the a-granules of pla-
telets will also increase locally in the area of the bone
defect, which seems to lead to faster and more effec-
tive bone regeneration (Freymiller and Aghaloo, 2004).
In 1998, Marx et al. published a study introducing the
use of PRP into clinical practice. These researchers used
autografts, with or without the addition of PRP, to cor-
rect mandibular bone defects after partial mandibulec-
tomies in 88 patients. A subjective postoperative radi-
ological assessment indicated that the degree of graft
maturation was |.6 to 2.2 times faster where PRP had
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kal PDGF-ab), &Uo 1oopepr| Tou augnuikou mapdyovta
petapopewong-p (Transforming Growth Factor-p
TGF-BI kar TGF-B2), o ayyeiakdg evdobnhiakds auén-
TKkdG mapdyovtag (Vascular Endothelial Growth Factor
i VEGF) kai o emdeppikdg auénukdg mapdyoviag
(Epidermal Growth Factor i EGF). MapdMnAa, oto
PRP epmepiéxetarl kai Prrpovektivn (Twv d-KOKKiwv Twv
aigoretaNiwv), @Iumpivn (tou TAGopatog) kai @IpTpPo-
vektivn (tou TAGoatog), Tou amoteholV TIPWTENVEG
popiakrg mpookdMnong (Marx kar Garg, 2005).
Epappdlovrag to PRP pdvo tou i oe ouvduaoud pe
KAmolo ooTikd HOoXeupa audvetar Kal n oUYKEVTPWOnN
TV QUENTIKWY TTAPAyOVIWwy Kal Twv Biopopiwy KuTtapl-
KNG ouykdAMnong mou Ba exkkpiBolv amd ta a-Kokkia
TWV AIJOTIETANWY TOTTIKG OTNV TIEPIOXT| TOU OOTIKOU
eMelupatog, yeyovdg mou gaivetal 6t propel va odn-
yroel o€ TaxUTepn Kal anmoTeAeoPaTKOTEPN OOTIKY ava-
yéwnon (Freymiller kar Aghaloo, 2004).

O1 Marx kar ouv. To 1998 dnpooieucav T peAétn n
oroia ouciaotikd siorjyaye tn xprjon tou PRP oty k-
vikry Ted€n. O1 gpeuvnTég xpnoidomoinoav autdAoyo
pooxeupa pe | xwpic Ty mpoabrikn PRP oe 88 aobe-
VEIG yia TV armokatdotaon ooTKWY EMEINPATOV NG
Kdtw yvabou petd amd tunpatikr yvabektopr). H umo-
KEIPEVIKT] HETEYXEIPNTIKY AKTIVOAOYIKY EKTIUNON KATE-
Seike 6T 0 BaBudG wpipavong Twv pooxeupdtwy Atav
1,6 éwg 2,2 Qopég taxutepog Pe tnv TPoobrikn Tou
PRP. H iotopop@opetpikA peAétn muprivwy ootoU Tiou
eNjpBnoav katd v TomobEtnon eppuUTEUNdTWY 6
HAVEG HETEYXEIPNTIKA (PAVEPWOE ONUAVTKA PeyahUte-
po To0c0o0td Sokidwdoug ootol (74%) OTIG TTEPIOXES
TIOU arokataotddnkav pe autdroyo pdoxeupa kar PRP
og oUyKpIon HE QUTEG OTTOU XpPnoipomoiBnke pévo
autdroyo oatouv (55%).

‘Extote, MEIpAATIKEG Kal KAIVIKEG EPEUVEG EXOUV [EAE-
o€l T AMOTEAEOPATa amod TV AmoKAEIOTIKY] XPron
tou PRP (Aghaloo kar ouv. 2002, Zechner kai ouv.
2003, Cieslik-Bielecka kai ouv. 2008) j oe cuvduaopd
pe autdhoyo pooxeupa (Aghaloo kar ouv. 2002,
Raghoebar kai ouv. 2005, Gerard kai ouv. 2006, Gerard
kai ouv. 2007, Thor kai ouv. 2007), aMoyevég Auogi-
Aomoinpévo ootikd  podoxeupa (Shanaman kar ouv.
2001, Kim kar ouv. 2002, Aghaloo kar ouv. 2005, Kas-
solis kar Reynolds, 2005), ouvBetikd pdoxeupa (Wilt-
fang kar ouv. 2003, Zhang kai ouv. 2004) kai avépyavo
Boeio ootouv (Aghaloo kar ouv. 2004, Schlegel kar ouv.
2007, You kai ouv. 2007), pe moikiAa Betikd kar apvn-
TKd anoteéopara.

®aivetar 6T TOMA otoixela eivar akdun adieukpiviota
OXETKA Pe TN puoloioyia kai tn dpdon tou PRP, kaBwg
Kal PE TNV €MOPAcT] TOU OTO OOTEOEMaywYIKO duvapi-
KO Twv QMOYEVWV HOOXEUPATWY AmOPETAMWUEVNG
ootikiG pecokuttdpiag ouoiaq. lNa va eEaxBolv akpi-
P oupmepdoparta yia to av n mpoadrikn tou PRP pro-
pel va emmpedoel TG dlgpyaoieq ooteoemaywyng, TG

NeBévtng M. kai ouv./Leventis M. et al.

been added. Six months postoperatively, the histomor-
phometric study of bone cores obtained during graft
implantation, revealed a significantly higher proportion
of trabecular bone (74%) in the areas that had been
repaired with an autograft + PRP, compared to those
where only autologous bone had been used (55%).
Since then, experimental and clinical studies have
examined the effects resulting from the use of PRP
alone (Aghaloo et al. 2002, Zechner et al. 2003, Cieslik-
Bielecka et al. 2008) or in combination with autografts
(Aghaloo et al. 2002, Raghoebar et al. 2005, Gerard et
al. 2006, Gerard et al. 2007, Thor et al. 2007),
lyophilised bone allografts (Shanaman et al. 2001, Kim
et al. 2002, Aghaloo et al. 2005, Kassolis and Reynolds
2005), synthetic grafts (Wiltfang et al. 2003, Zhang et
al. 2004) and inorganic bovine bone (Aghaloo et al.
2004, Schlegel et al. 2007, You et al. 2007) with various
positive and negative results.

It seems that there are still many questions to be
answered about the physiology and activity of PRP, as
well as its effect on the osteoinductive potential of
demineralized bone matrix allografts. In order to draw
reliable conclusions on whether the addition of PRP
can affect osteoinductive processes, triggered by the
morphogenetic proteins of a DBM allograft, it is impor-
tant to make experimental observations in extraskele-
tal sites, which has not yet been studied in detail so far.
AIM: The present experimental research aimed at pre-
senting a comparative evaluation of osteoinductive
activity in extraskeletal (intramuscular) sites in rabbits
between: a) a demineralized bone matrix allograft
(DBM), and b) a composite bone graft including the
same allograft mixed with growth factors contained in
autologous platelet-rich plasma (PRP).

MATERIALS AND METHODS

For the purposes of this study, 9 male white New
Zealand rabbits were used, weighing between 3 and 4
kgr each. The procedure had been approved by the
Veterinary Directorate of the Prefecture of Athens
(No. K/10108/21-12-2006). All experimental animals
were put on a healthy diet and kept under controlled
conditions, in separate cages. They were also allowed
seven days to adapt to the environment of the experi-
mental centre.

A. Graft preparation

In order to prepare allogenic DBM, 3 healthy rabbits
were sacrificed and the diaphyses of the long bones of
their fore and hind legs were obtained. Based on Reddi
and Huggins' protocol (1972), these bones were
cleaned of soft tissues, fat and overlying hydrosoluble
proteins. Subsequently, they were placed in a H202
solution (30%) and processed at high temperature for
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oT10(EC TIUPOSOTOUV OI HOPPOYEVETIKEG TTPWTEVEG TOU
aMoyevolc DBM  pooxelpatog, eivar onpavtkd ol
OTIOIEG TIEIPANATIKEG TTAPATNPEACEIS va yivouv oe eEw-
OKENETIKEG B€0eIg epappoynG Tou, KAt To omoio Oev
éxel pehetnBel oe éktaon éwg orjuepa.

2KomoG NG TIapoUodg TIEIPAPATKAG €PEUvag eival n
OUYKPITIKY a&loAdynon NG ooTeoemaywyikig dpaotn-
PIOTNTAG O EEWOKENETIKEG (evOOUUIKES) BEoelG kovi-
K\wv, HETA&U: a) evog 0oTIKoU AANOPOOXEUNATOG armo-
HETAMwpEVNG ooTIkAG Peookuttdplag ouaiag (DBM)
kai B) evdg ouvduacpévou ooTikol JOOXeUPATog aro-
TehoUpevou amd To d1o aMopdoxeupa, oe avauign Pe
au€nTiKoUG TIaPdyOVIES TTOU TIEPIEXOVTAl OE AUTOAOYO
mAdopa mhovolo og aiporetdhia (PRP).

YAIKO KAI ME©OOAOI

la to oKkoTo TG HEAETNG XPNOIHOTIOINBNKAV GUVONIKA
9 heukol apoevikol Kkévikhol Néag ZnAavdiag (White
New Zealand rabbits), Bdpoug 3-4 ihwv, umd tnv
éykpion g AleiBuvong Kmnviatpikig tg Nopapxiag
AbBnvwv (apiBu. K/10108/21-12-2006). Ta meipapato-
Cwa Adppavav iooppormnpévn diatpoer| Kal QUAGooo-
viav utid eheyxOpeveG ouvBrkeg og atopikd kKhouPid,
evw o OAa ta {wa divdtav pia mepiodog emtd nuepwy
(OTE va gykAipatiotolv oto TepIBAAOV Tou TTElpapati-
KOU KEVIPOU.

A. MNapackeur Tou JOOXEUPATOG

lNa mapaokeur Tou aMoyevouc DBM Buoidotnkav 3
uyIeig kOvikhor kar eAfjgpBnoav ol SIapUoEIC TwV HakpwV
ootwv Twv TMpoobiwv kar omobiwy dkpwv. Bdoel tou
TpwTokoMou twv Reddi kar Huggins (1972), ta ootd
aroyupvwbnkav and toug palakous 10toug, To ATog
Kal TIG ETMPAVEIaKES UOATOSIANUTEG TTPWTETvEG. AKOAOU-
Bnoe tomoBémnon twv ootwv oe didhupa H202 30%
Kal Katepyaoia Toug ev Beppw yia 15" mpokeipévou va
aropakpuvBel to €1 fdOog evamopeivav afpa, va kata-
otpaoUlv  iKpoopyaviopol kar va Beltiwbolv ol
OPYAVOANTTTKEG 101OTNTEG TOU TIapaokeualdpevou po-
oxeUpatog. H diadikaoia amopetdMwong (demineral-
ization) TePINApBAve TNV KATEPYAOId TwV OOTKWV Te-
paxidiwv og didhupa HCI 0.5N oe tpeig kikhoug g |
0PAg o Kabévag. 2Tn OUVEXEIQ €yIVE EKTTAUCH TwV arto-
HETAMOPEVWV OOTWV [E ATTECTAYPEVO VEPO KAl KATEP-
yaofa og andiutn aiBavoin kai dvudpo diaiBulaiBépa
yia 30" H aguddtwon éyive pe t pébodo tng Auogpi-
ANong yia 24 ®PES, PEXPI TO TENKO TIEQIEXOPEVO TWV
O0TIKWV TPNHATWY va unv urepPaivel og uypaoia to
3% (Auoguhiotikry unxavry Teruzzi, Italy). Ta amopetah-
Awpéva Auo@ioTroinpéva ootd Tepaxiotnkav, Koviop-
ToToINONKav Kai pe T Xprion KOOKIVWY KOKKOHETPIKAG
avdhuong maprxBn to tehikd aMoyevég DBM pdoxeu-
pa o€ popr] okévng pe didpetpo tepaxidiwy 250-710
pm. 2Tt ouvéxeia, ta DBM pooxelpata mou mapa-
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I5"in order to remove the remaining blood from inside
the bones, kill microorganisms and improve the
organoleptic properties of the graft that was being pre-
pared. Demineralisation involved the processing of
bone particles in a 0.5N HCI solution in three cycles,
lasting | hour each. Demineralized bones were then
rinsed with distilled water and processed in absolute
ethanol and anhydrous diethyl ether for 30
Dehydration was achieved by lIyophilisation for 24
hours, until moisture in the final content of the bone
particles would not exceed 3% (Teruzzi lyophilising
machine, ltaly). Demineralized lyophilised bones were
segmented and pulverised, and the final DBM allograft
was produced in powder form, using grain sieves.
Particles were 250-710 pm in diameter. Subsequently,
the DBM grafts from all 3 donor-rabbits were mixed up
to produce a graft which would be homogenous in
terms of origin-donor. The bone graft and gelatin cap-
sules (used to transfer and implant the graft) were ster-
lised under a UV lamp for 24 hours. Based on the
experimental protocol, each capsule was filled with 250
mg of graft.

B. PRP preparation

In order to prepare PRP, we used a particular com-
mercial kit (Curasan® PRP kit, Curasan, B. Brown
Melsungen AG, Germany) and followed the manufac-
turer's protocol to the letter. Blood samples (8 cm?)
were obtained from the central auricular artery using a
special syringe containing |.I cm® of citrate phosphate
dextrose anticoagulant (CDP-A).

The blood was then centrifuged at 2400 rota-
tions/minute for 10', at room temperature, to separate
platelet-containing plasma from red and white blood
cells. This plasma was collected using a new syringe and
centrifuged again at 3600 rotations/minute for 15, at
room temperature. Through this second centrifugation,
platelet-poor plasma (PPP) was separated from
platelet-rich plasma (PRP). After the removal of PPP,
the volume of PRP that remained in the syringe was
approximately 0.5 cm’. Subsequently, PRP was stirred
for 20 sec using a vibrating device and drawn into a
new syringe, in order to be ready for use.

C. Experiment description

Experimental animals received general anaesthesia by
orotracheal intubation. A 3-cm-long straight horizontal
skin incision was made in the area of the gluteus max-
imus bilaterally, running parallel to the striated muscle
fibers. After the muscle fascia had been exposed and
prepared, blunt dissection was performed to the glu-
teus maximus muscle to create an intramuscular pock-
et where the sterilised gelatin capsule containing the
graft material was placed. Based on the experimental
protocol, a capsule containing 250 mg of DBM was
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okeudotnkav amd kabéva amd ta 3 KouveéNa-6OTEG
avapixbnkav peta&y toug, wote va dwoouv €va opol-
OYEVEG WG TIPOG TNV TPogAeuon-60tn pdoxeupa. To
ootikd péoxeupa Kkal ol KAYoUAeg Cehativng (yia tnv
peTapopd Kal egeuteuon) tomobetriBnkav yia amoiy-
pavon kdtw and Adpma umepiwdous ewtog yia 24
WPEG. 2T OUVEXEeID, BACEl TOU TIEIPAPATIKOU TIPWTO-
kKOMou 250 mg pooxelpatog tomobetribnkav oe kdbe
KAYouAa.

B. Mapaokeur) tou PRP

Ma v mapaokeur] tou PRP xpnoipomoiiBnke ouyke-
Koipévo eumopikd kit (Curasan® PRP kit, Curasan, B.
Brown Melsungen AG, Germany) kar akohouBrifnke
motd 1o TpwIokoMo NG etaipeiac. ‘Eyive aiyoAnyia
and TV Kevipikr wtiaia aptneia 8 cm’® aiatog pe €1di-
kr) oUplyya Tou Tepieixe |,1 cm?® avumnktikd wogopi-
KNG KitpikAg Oe€tpdlng (citrate phosphate dextrose
anticoagulant — CDP-A).

Ev ouvexeia, to afua umoPAiBnke oe quyokévipnon
otig 2400 otpopég/Aertd yia 10" oe Beppokpacia dw-
patiou yia Siaxwplopo Tou TAGoPATOG TToU TIEPIEXE! Ta
aigotetdAig, amd ta epubpd kai Aeukd aipoogaipia. To
TAdopa autd avappo@rBnke oe véa olplyya Kai Quyo-
kevtpriBnke ek véou otig 3600 otpogég/Aermtd via |5
oe Beppokpaocia dwpatiou. Me tn deltepn autr Quyo-
KEVTPNON SIaxwpioTNKe TO PTWXO OE AIPOTIETANA TIAG-
opa (Platelet Poor Plasma — PPP), ané to mhouoio og
aigorietdhia mAdopa (PRP). Metd v amopdkpuvon
tou PPP to unoAemdpevo otn olpiyya PRP eixe dyko
0.5 cm’® mepimou. AkohouBnoe évtovn avdpign tou PRP
oe dovntr yia 20 sec. Katémy, to PRP avappoerifnke
o€ véa oUplyya ETOIHO TTPOG XProN.

I'. Mepiypaen meipdpatog

>ta meipapatdlwa 666nke yevikr avaiocbnoia pe oto-
patotpaxeiakr) SlaowAivwaon. 2Tnv Teploxr| Tou peiCo-
VoG yAoutiaiou HudG apgimieupa mpayuatomoifbnke
opifovuia eubeia Topr oto Sépua prkoug 3 cm TTEPI-
TIoU, TAPAMNAN PE TN KatelBuvon Twv YPaupwIwy pui-
KoV Ivav. Metd and amokdAuyn Kar Tapdokeur] g
puikig meprtoviag, €yive apPAeia didvoiEn g puikAg
pdadag tou peiCovog yhoutiaiou pudg kar dnpioupyia
evOopuikou BuAdkou yia v TomobEtnon g amnootel-
PWHEVNG KAYOUAAG CeAativnG HE TO HOOXEUPATIKO
UANKS. Me Bdon to melpapatikd mPwtOkoMo, otov
evOopuikd BUAako G piag Meupdg kB melpapato-
Cwou tomoBetiBnke kdPouha mepiExouoa 250 mg
DBM «ar otov evdopuikd BUAako tng dMng mheupdg
toroBetrifnKke kdyouha Tepiexouoa 250 mg DBM
avapepeypévo pe 0.5 cm’ autdroyou PRP. Tia tnv
evepyoroinon tou PRP xpnoipomoiiBnke afua and to
Teipapatdlwo, To omoio avapeixBnke He To UAIKS NG
kdyouhag (DBM + PRP) apéowg mpiv tv evdopuikn
gHeUTeUOr TNG. AkoAoUBnoe ouppagr) Tou puikou

NeBévtng M. kai ouv./Leventis M. et al.

inserted into the intramuscular pocket of one side of
each test animal, while another capsule containing 250
mg of DBM mixed with 0.5 cm’ of autologous PRP was
inserted in the other side. In order to activate the PRP,
several drops of blood from the laboratory animal were
added to the capsule material (DBM + PRP) right
before its intramuscular implantation. The muscle pock-
et was then sutured using non-absorbable suture (silk
4-0, Ethicon®), so that the implantation site would be
easily identified after sacrificing the animal. The skin was
then sutured using the same suture.

Each laboratory animal received antibiotics (second-
generation cephalosporin - Zinadol® 30mg/kg/24
hours) and analgetics (paracetamol - Depon® |5mg/kg)
for 2 days postoperatively. The postoperative course of
all animals was uneventful.

Our experimental animals were sacrificed at 6 weeks
postoperatively with an intravenous injection of pheno-
barbital (Pentothal® 100mg/kg). Under aseptic condi-
tions, a part of the muscle containing the implantation
site was removed from each gluteus muscle. Right after
their removal, specimens were embedded in a |0% for-
mol solution. After that, they were placed in alcohol
and methyl methacrylate and plasticised by hot poly-
merisation. Finally, non-decalcified sections were
obtained and stained with Goldner's trichrome. These
sections were first examined histologically using an
optical microscope, under blind conditions. The slides
were then placed in a semi-automated histomorpho-
metric measurement system. Histological images were
digitised and converted into new ones, so that we
would be able to read them on a computer and meas-
ure all necessary histomorphometric parameters by
means of special software (Osteomeasure, Interactive
measurement system for bone histomorphometry,
Osteometrics, USA).

D. Result evaluation methods

Besides the classic histological analysis that was used to
roughly evaluate the healing process of the two study
groups, histomorphometric method was also used, in
which results are not affected by subjective factors. The
histological findings were converted into measurable
variables, giving numerical values to cellular and struc-
tural parameters, in order to enable measurements and
statistical analyses, which would allow us to make
objective comparisons and draw reliable conclusions.
The parameters which had been measured and calcu-
lated by the computer are presented and explained in
Tables | and 2.

The comparison of variables between the two groups
(DBM vs DBM+PRP) was made using the independent
samples t-test. In case of non-normal data distribution,
the Mann-Whitney test was used. P-value <0.05 was
set as the level of statistical significant difference.
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BuAdkou pe pn amoppogrioiyo pdupa (Petd&r 4-0,
Ethicon®) pe okomd va dieukoAuvBel petd tn Buoia tou
Teipapatdlwou n avayvwpion g Béong epeuteuong
TOU pooxelpatog. Akoloubnoe cuppaer| Tou Sépua-
T0G e 1o 1810 pdppa.

>¢e kdBe meipapatdlwo xopnyrbnke avuBiwon (kepa-
Aoomopivn B vevidg - Zinadol® 30mg/kg/24wpo) kai
avaiynoia (mapaketapoin — Depon® |5mglkg) yia 2
NHEPEG Heteyxelpnuikd. H peteyxeipnuik mopeia dAwv
TV TTEIPAPaTolwwy UrmMpEe opan,.

Ta meipapatélwa Buoidotnkav otig 6 eBdouddeg pe-
TeYXEIPNTIKA, Pe evOoPAEBIa xopriynon ¢aivoBappftd-
MG (Pentothal® 100mg/kg). Y6 donrteg ouverjkeg
apaipébnke amd kdbe yhoutiaio pu tpApa pudg mou
mepieixe T Oéktpia B€on tou pooxelpatog. Ta mapa-
OKeUdoNATa ePPantiotnkav apéows Petd TV agpaipe-
of toug oe didhupa @oppdAng 10%. Akololbwg,
TomoBetOnKav oe aAkodAn kai PeBUA-pEBaKPUAIKS,
mAaoTikotoInBnkav e tn pébodo tou Beppol moAupe-
pIooU Kal TEAOG eAfPONOaV Un aQaAdTWHEVEG TOPES
Ol OTIOfEC XpwHATIoTNKAV HE TPIXPWHN XPWon
Goldner. Apxikd mpaypatoroiibnke 1otoAoyikr e&€ta-
On TWV TOPWV KATw amd ormtkd HIKPOOKOTIO JE TUPAR
peébodo. Katdmv, ta miakidia tomobetiOnkav oe npi-
aQutépato oUoTNUAa I0TOHOPPOETPIKAG HEAETNG. Ol
IOTOAOVIKEG €IKOVES YnepioTroInBnKkav kai tporormoiion-
Kav O€ VEEG WOTE VA AVayVwPIoToUV armd NAEKTPOVIKO
urtoAoyioTr| Kai e T xprjon €dikoU Aoyiopikou va
yivouv ol anapaftneg HETPAOEIG TwV IGTOHOPPOUETPI-
Kov apaperpwv (Osteomeasure, Interactive measure-
ment system for bone histomorphometry, Osteome-
trics, USA).

A. M€Bodoi aioAdynong anoteheopdtwv

Ma v agiohdynon twv emouAwTIKWY dlepyaciwy peta-
€U Twv opdduwyv PeAETNG, mépav NG KAAOIKAG 10TOAOYI-
KNG MEAETNG pe TNV omoia extiprOnke adpd n eEENEN
™G emouAwtikrg Siadikaoiag, xpnoigomoiBnke kai n
IOTOHOPPOUETPIKA pEBOSOG, Pe Ty omola analMdooo-
VIdl Ta aMOTEAEOHATa amd TO UTTOKEILEVIKO OTOIXEIO.
Ta 1otohoyIkd eUprUATa PETATEATNKAY OE PETPAOINA
HeYEDN, amodidovtag apiBuUNTKEG TIPEG OE KUTTAPIKES
kal SOIKEG TTAPAPETPOUG, €101 WOTe va yivel duvati n
HETENON, O OTATIOTIKGG TTPOCBIOPICHAG Kal KATd OUVE-
TIEId N QVTIKEIEVIKY oUyKpIoN Kai 1 e&aywyr] ao@aiwy
oupmepaopdtwv. Or mapdpetpol Tou petpridnkav kai
urtohoyioBnkav amé tov nAektpovikd urtoloyiotr Tia-
pouaidovtar kai eme€nyouvtal otoug [ivakeg | kar 2.
O1 ouykpioelg twv petaBATv avdpeoa otig 2 ouddeg
(DBM vs DBM+PRP) mpaypatomombnkav xpnoipo-
ToIovIag To t-test yia ave€dptnra Sefypata (indepen-
dent samples t-test). Otav ta dedopéva dev akohou-
Bovoav kavovikr katavopr Tpaypatornoiénke to
Mann-Whitney test. H tipry p-value <0.05 kaBopiobn-
ke oav enmedo otauotikd onPavukng Siagopdg.
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Mivakag 1. [oTOLOPPOUETPIKES TIARAUETPOL
TIoU [EeTPENONKav

Table 1. The histomorphometric parameters
that were evaluated

Mapdyerpog/ ZuvTopoypagia/
Parameter Abbreviation
Fibrous Volume/ Tissue Volume FoV/TV
Fibrous Thickness FbTh
Graft Volume/ Tissue Volume GrfV/TV
Graft Thickness GrfTh
Graft Area GrfAr
Graft Perimeter GrfPm

Mivakag 2. Enefriynon I0TOUOP(POUETPIKWY

Opwv
Table 2. Explanation of histomorphometric terms
Suvtopoypagia/ | EmeEfynon/
Abbreviation Explanation
FbV/TV ‘Oykog ouvdeTikou LloTou/
loTIkdg ByKOQ
Connective tissue volume /
Tissue volume
FbTh [Méx0g TUNUATWY OUVOETIKOU 1oTOU
Thickness of connective tissue
bundles
GriV/TV ‘Oykog ootikoU pooxeuuaroc/
loTIkOg BYKOQ
Bone graft volume/ Tissue volume
GrfTh Mdxog ooTiK®V Tepaxdiwv
LOOXEUNATOR
Thickness of bone graft particles
GrfAr Ergpdvela ootikoU ooxeuuarog
Bone graft area
GrfPm [NeplueTpOg OOTIKWY TEUAXIDIWV
HOOXEUNATOq
Perimeter of bone graft particles
RESULTS

Histological Findings

All sections were examined using an optical micro-
scope under “blind” conditions. In all cases, a normal
course of the healing process was reported. In all spec-
imens, the graft appeared as non-cellular bone particles
containing empty bone lacunae. Remineralization was
observed in the periphery of the bone graft particles,
while their central part remained locally demineralized.
Muscle fibres originating from the surrounding muscle
were also observed in the periphery of these particles.
More precisely, a series of comparisons lead to the fol-
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AMNOTEAEXMATA

lotoMoyikd Euprjpata

‘Oleg ol opég e€etdotnkav Kdtw amd orkd PIKPo-
oKOMMOo pe TUPA pEBodO. 2e OAeG TG TEPITIWOEIS
napatnenonke opahy e&ENEN NG emouAwtikrg S1adi-
Kaoiag. 2e 6Aa ta Selypata To pdoxeupa epgavicétav
WG akUTtapa ootikd TePaxidla pe KeVEG OOTIKEG KPU-
TmeS. Ta ootkd Ttepaxidia Tou PooxeUuatog Tapou-
olaoav emavapetdMwon otnv TEPIPEPEI TOUG, EVW TO
KEVTPIKO TUMHA TOUG TIAPENEIVE Katd B€oeig amopetal-
Awpévo. 2TV TiEpIpEpEIa TTapatnEROnKav puikes iveg
and tov mepIBdMovta pu. AvaAuTIKSTEPA KAl CUYKPITI-
K& mapatnernfnkav ta egiG

|. 2ug Ofoeic-pdptupeg Smou TomoBetriBnke povo

DBM:

la. Ta ootikd Tepaxidia Tou Jooxelpatog ftav oxe-
TIKA TIUKVA SiateTaypéva.

IB. Mapatnpennke avdmuén ouvdetikol 10ToU [
eppavr peogyxupatikd (mbavwg ooteoBAaotikd)
kUttapa.

ly. H ayyeiwon rjtav mwxry avdyeoa ota ootikd
Tepaxidia Tou pooxelpatog.

15. Mapatnprbnke dpbBovn ooteokAaotiky dpaotn-
pIOTNTa Pe ToAUTTUpnva yiyavtokUttapa tirou
Egvou owpatog,

le. Yrmpxav eAdxiota ootikd tepaxidia tou pooxeu-
patog pe emavaroikiopd (Eik. 1-3).

2. 271G Melpapatikég Ogoeig dmou tomobetriBnke DBM

+ PRP:

NeBévtng M. kai ouv./Leventis M. et al.

lowing observations:
I In control sites where only DBM had been implant-
ed:

la. The bone graft particles were relatively densely
distributed.

Ib. The development of connective tissue containing
noticeable  mesenchymal cells (probably
osteoblast-like) cells was observed.

I c. Vascularisation among the bone graft particles
was poor.

Id. A rich osteoclastic activity was observed, involv-
ing multinuclear foreign body giant cells.

le. There were only a few bone graft particles which
had had been recolonised. (Fig. |-3)

2. In experimental sites where DBM + PRP had been
implanted:

2a. The bone graft particles were relatively densely
distributed in some of the samples.

2b. The connective tissue between the bone graft
particles appeared to be loose and contained
mesenchymal cells of varying phenotypes and
numbers.

2c. Vascularisation among the bone graft particles
was more developed than in the control sites.

2d. There was a rich osteoclastic activity, involving
multinuclear foreign body giant cells.

2e. There were numerous bone graft particles which
had had been recolonised.

2f. Preosteoblasts were observed locally in the
periphery of the graft (Fig. 4-6).

Eik. I: lotodoyik eikéva (pdoxeupa xwpic PRP). Ta ootikd
Tepaxidia tou pooxelpatog (MO) eugpavitovtal mukvd
Siatetaypéva, mepiBaMdpeva amd vandn cuvdetikd 10té (21) ka
uikeg iveg (MY) otnv mepipépeia. Me mpdoivo xpwua
arelkoVICeTal TO eMAVAPETAMWIEVO TTEPIPEPIKS THANA TWV OOTIKWY
TEPAXIBIWV TOU POOXEUNATOG, VW TO KEVIPIKO THAHA TOUG
TIapapével aMOPETAMWPEVO KAl XpwlaTiCetal kokKIvo. (Xpwon
Goldner, peyébuvon X10).

Fig. 1: Histopathological specimen (graft without PRP). The bone
graft particles (MO) appear to be densely distributed, surrounded
by fibrous connective tissue (ZI) and muscle fibres (MY) in their
periphery. The remineralized peripheral part of the bone graft
particles appears in green, while their central part remains
demineralized and appears in red (Goldner's stain, x10
magnification).

Eik. 2: lotohoyixr| eikéva (pdoxeupa xwpig PRP). Xe peyahitepn
peyéBuvon mapatnpeital katd B€oeIg eMavanolkiopdg Tou
pooxeupatog (MO) amd ootikd kittapa (BEAn). Meta&u twv
OOTIKWV TEPAXISIWV TOU HOOXEUHATOG TIAPATNPETAl CUVOETIKOG
10166 (21) kai oty mepipépeia puikég iveg (MY). (Xpwon Goldner,
peyéBuvon X20).

Fig. 2: Histopathological specimen (graft without PRP). Higher
magnification reveals the local recolonisation of the graft (MO) by
bone cells (arrows). We can also observe the presence of
connective tissue (21) between the bone graft particles, as well as
the presence of muscle fibers (MY) in their periphery (Goldner's
stain, x20 magnification).
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2a. Ta ootikd Tepaxidia Tou JooxeUuatog rtav oxe-
TKkd Tukvd Siatetaypéva oe pepikd Sefypara.

2B. O ouvdetikdg 10TdG avdpeoa ota ooTKd TEPAXI-
81a Tou pooxelpatog epgavi¢otav XaAapog pe
miapouaia diapdpou Babuol apiBuol peoeyxu-
HATIKWOV KUTTAPWV.

2y. H ayyeiwon Atav mo avarrtuypévn avdpeoa ota
00TIKd TEPaxidIa Tou POOXeUPAtTog and Gt Otig
Beoeig-pdptupec.

28. Ymrjpxe dgbovn ooteokhaotikr] dpaotnpidtnta
pe moAumipnva yiyavtokittapa twnou &Egvou
OWHAToG.

2¢e. Bpébnkav apketd ootikd tepaxidia Tou pooxeu-
HATOG HE EMTAVATIOIKIONO.

20T. 2TV TIEPIPEPEIQ TOU POOXEUPATOG TTaPatnEn-
Bnkav katd Béoeig Mpddpopeg ooteoBAdoTEG
(Ei. 4-6).

Amé Ta avwtépw 10ToAOYIKA eUprpata katagaivetral éu
otG 6 B6opddeg kai otg SUO OUYKPIVOUEVEG OPAGES
mapatnpoUvtal  PJeoeyxupatikd kUttapa  (mbavwg
0O0TEOTTPOYOVIKA Kal TPdSpopol ooteoBAdoTeg, avti-
oToIXd), EVW N POvn onuavtkr 1otohoyiky diapopd
€yKemar oty avdmmuén mhoucidtepng ayyeiwong otig
meipapatikég Béoeig dmou tomobetribnke DBM + PRP

(ly & 2y).

lotopopgopetpia — Xtauotiki Avdluon

H 1otopop@opetpikf PEAETN kal n otatiotky| emegep-
yaoia Twv PETPACIHWY TIHAV YId TIG TTAPAUETPOUG TIoU
apopouv To pUBd amopPdPNONG TOU EPJEUTEUBEVTOC
pooxelpatog, dnhadr twv GriV/ TV, GrfTh, GrfAr kal
GrfPm (T'ivakag 3) kai TG mapapérpoug ou agpopouv
ToV vedTAaato ouvOeTkS 10Td, dnhadr] twv FEV/TV kai
FoTh (Mivakag 4) €deike &t oug 6 eBdopddeg peta&y

Ei. 3: lotohoyikr eikdva (pdoxeupa xwpig PRP). Evtdg tou
ouvdetikoU 1otou (21) mapatnpolvial ooteoBAactikd kiTtapa
(BéAn). (Xpwon Goldner, peyébuvon X40).

Fig. 3: Histopathological specimen (graft without PRP). Osteoblast-
like cells (arrows) can be seen inside the connective tissue (2).
(Goldner’s stain, x40 magnification).

Eik. 4: loto)oyikr eikéva (pudoxeupa + PRP). Avdpeoa ota ootikd
Tepaxidia tou pooxevpatog (MO) mapatnpeital mo xaAapdg
ouvOeTIKdG 10166 (21) oe oxéon pe To pdoxeupa xwpic PRP.
(Xpwon Goldner, peyébuvon X10).

Fig. 4: Histopathological specimen (graft + PRP). Between the bone
graft particles (MO) we can notice the presence of a looser
connective tissue (21), compared to that of a graft without PRP.
(Goldner's stain, x10 magnification).

Eik. 5: lotohoyixr eikéva (pdoxeupa + PRP). Ze peyahltepn
peyéBuvon mapatnpeitar mapoucia diapdpou Babuol apiBuou
HECEYXUNATIKWOV KUTTAPWY Kal 00TeokAaoTik Spactnpidtnta pe
moAuTiipnva yiyavtokittapa tinou Eévou owuatog (BéAn) evidg
Tou ouvdetikoU 1otou (21). (Xpwon Goldner, peyébuvon X20).
Fig. 5: Histopathological specimen (graft + PRP). Higher
magnification reveals the presence of mesenchymal cells in varying
numbers, as well as osteoclastic activity involving multinuclear
foreign body giant cells (arrows) inside the connective tissue (21).
(Goldner’s stain, x20 magnification).
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Eik. 6: lotohoyikr| eikéva (pdoxeupa + PRP). MNapatnpouvtar apketd
Tepaxidia Tou pooxeUuatog pe emavarolkiopd amé ootikd kittapa
(Neukd BéAn). Ztnv TTepIQEPEIa TOU HOOXEUPATOG TTapdtneouval
Katd Béoeig mpdSpopeg ooteofAdoteg (Haupa BEAn). (Xpwon
Goldner, peyéBuvon X40).

Fig. 6: Histopathological specimen (graft + PRP). Several graft
particles that have been recolonised by bone cells (white arrows)
can be seen. In the periphery of the graft, preosteoblasts (black
arrows) can also be seen locally. (Goldner's stain, x40 magnification).
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Nivakag 3. ZUyKpIon TV TIWY TWV TIAPAUETOWY TIOU APOoPOUV TO EUPUTEUBEY OOXEUUA,
avdpeoa otig ouddeq Tou UAIKOU UEAETNG OTIG 6 eBOOUAdES

Table 3. Comparison of the parameter values obtained for the implanted graft, between the two study

groups, at 6 weeks.

NeBévtng M. kai ouv./Leventis M. et al.

Mapayetpog/ Opada/ N Méon Tipr/ Tumkn Andkhion/ p-value
Parameter Group Median Value Standard Deviation
DBM 6 43,928 4,111
i/ 11 DBM + PRP 6 49,638 7,457 NS
DBM 6 48,116 11,163
fTh : ! N.
G DBM + PRP 6 47813 11,298 S
DBM 6 1,416 132
: : N.
GriAr DBM + PRP 6 1,599 240 S
DBM 6 41,672 5,029
GriPm DBM + PRP 6 38,562 3,602 NS
* GrfV/ TV: Oykog pooxeuparog - lotikd dyko/Graft Volume - Tissue Volume
GrfTh: Mdxog ootikwv Tepaxdiwy pooxeuparog/Thickness of bone graft bundles
GrfAr: Erupdvela pooyeupatog/Graft area
GrfPm: MeplueTpog ootikv Tepaxdinv pooxeuuatoc/Perimeter of bone graft particles
Mivakag 4. >UyKplon TwV TIHWY TWV TIAPAUETPWY TIOU APOPOUV TO VEOTIAAOTO OUVOETIKS (OTO,
avAueoa oTIq opddeg Tou UNKOU UEAETNG OTIG 6 eBdouddeq
Table 4. Comparison of the parameter values obtained for the newly-formed connective tissue,
between the two study groups, at 6 weeks
MapapeTpog/ Opdda/ N Méon Tipr/ Tumkr AniékAhion/ p-value
Parameter Group Median Value Standard Deviation
FoV/TV DBM 6 11,786 4,338 NS
DBM + PRP 6 8,680 2,484
FbTh DBM 6 26,746 4,931 NS
DBM + PRP 6 26,613 4,056 '

*FbV/TV: Oykog ouvdetikoU lotoU - lotikd dyko/Connective tissue volume - Tissue volume
FbTh: Mdxog vnodiwv cuvdetikou totou/Thickness of connective tissue bundles

DBM  pooxeUpatog (Béoeig-pdptupeg) kar DBM
pooxeUpuatog +PRP (meipapatikég BEoeig) dev undp-
XOUV OTATIOTIKWG ONHAVTIKEG SIAPOPES OTIC TIPEG TwV
TIAPAPETPWV.

JuvorTtikd, and 1a avwtépw @aivetal 6t oug 6 gfdo-
padec: a) dev KataypAPETal OTATIOTKWG onpavukr dia-
popd otnv amoppd@Enon Tou HOOXeUPAtog HeTagy
Béoswv-paptlpwy Kal Melpapatikwv Béoewv Kkar B) n
rapaywyr] vedmaotou ouvOeTikoy IotoU Tiapouoidle-
Tal augnpévn otig B€oeic-pdpTupeg STTOU EPPUTEUTNKE
povo DBM pdoxeupa, ouykprtikd e TIG TIEIpAPaTKEG
Béoeig dmou epguteltnke DBM+PRP. Qotdoo, n dia-
Qopd auty dev elval OTATIOTIKWG ONPAVTIKY.

2YZHTHZH

H diapkag au€avdpevn yvoon mdvw otn PBlooyia tou
0OTiTn 10ToU Kal TwV auENTIKWY TTapaydviwy, eEApe
onpaoia Twv BMPs mou mepiéxovtal og evepyr HOp@H
ota pooxeUpata DBM. Ta teheutala xpdvia apketég
a&IoNoyeG TIEIDAPATIKEG KAl KAIVIKEG HENETEG €XOUV €TTI-
XelP0el va SIaAeUKAVOUV TNV AmoTEAEOPATIKOTNTA TwV

From the above-mentioned histological findings, it can
be concluded that mesenchymal cells (probably osteo-
progenitor cells and preosteoblasts, respectively) are
found in both groups at six weeks, while the only sig-
nificant histological difference lies in the development
of richer vascularisation in the experimental sites where

DBM + PRP had been implanted (Ic « 2c¢).

Histomorphometry — Statistical Analysis

The histomorphometric analysis and statistical process-
ing of the measurable values of the parameters related
to the resorption rate of the implanted graft, i.e. GrfV/
TV, GrfTh, GrfAr and GrfPm (Table 3), and the param-
eters related to the newly-formed connective tissue, i.e.
FbV/TV and FbTh (Table 4), revealed that there are no
statistically significant differences in the values of these
specific parameters between a DBM graft (control
sites) and a DBM graft+PRP (experimental sites) at six
weeks.

Based on the above-mentioned facts, it can be con-
cluded that, at six weeks,: a) there is no statistically sig-
nificant difference in the graft resorption rate between
the control and experimental sites, and b) the devel-
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AMOYEVOV QUTWV HOOXEUPATWY OtV avdmAdon Ttou
oatftn 1otou kai avagépovtal t16oo Betikd (Haddad kal
ouv. 2006, Geurs kar ouv. 2008, Mokbel kai ouv. 2008),
600 Kkar apvnukd anoteAéopata (Piatelli kar ouv. 1996,
Acarturk kai Hollinger, 2006, Intini kar ouv. 2008). Amé
TG TTAPATAvw €PEUVES (aivetal Ot Td AMOTEAECHATA
amnd T xprion Tou aMoyevoUg armoPETaMwPEVOU 0oTI-
KOU HOOXEUNATOG eival TTOMEG QOPES pn TTPOPRAEYIpa
kai B€touv und apeioPritnon tnv agiomatia kai Ty KA-
VIKFy  QTOTEAEOUATIKOTNTA TwV epmopikd  Siabgoipwy
DBM oto va mapéxouv éva otabepd ooteoemaywyiko
Suvapiko.

>€ pia mpoomdBeia Teplopiopoy Tou TTPOBAATog Kal
a&loToIWVIAG TG VEEG YWWOEIG TG PNXAVIKAG TWV I0TWV
(tissue engineering) TpotdBnke o ouvOUACHOG TOU
DBM pooxetuatog pe autddoyo PRP. To okertikd o
n mpooBrkn tou PRP mBavdv va evioxiel To ooteoe-
maywyiko duvapiké tou DBM amoppéer amd to yeyo-
VoG Gt ol au€nuikol TTapdyovieG TToU EPTTEQIEXOVTAI
oto PRP: i) mpodyouv tnv veoayyeloyéveon, evioxuo-
VIAG €101 TV ayyeiwon tou pooxelpatog (Yokota kai
ouv. 2008), ii) Mpodyouv TO XNHEIOTAKTIONO, TOV TTOA-
AamAaoiaopd, ) diagoporonon Kai 1o petafoNoud
Twv peogyxupatikwy kuttdpwy (Kanno kar ouv. 2005),
iif) aMnAemdpouv in situ pe Tig BMPs tou pooxeUpatog
evioxuovtag tn dpdon toug (Ferreira kai ouv. 2005) kal
iv) Sigyeipouv T diagoporionon twv ooteoPAaoTwV
ané moAudlvapa peoeyxupatikd kittapa (Tomoyasu
kai ouv. 2007). Emopévawg, oe Bewpnuid touAdxiotov
enimedo, ol augnukol mapdyovieg tou PRP avapévetal
va evioxUoouv TV id1a TV ooteoemaywyikr 6pdon twv
BMPs tou pooxeUuatog, va dnpioupyrioouy €va Tepl-
BdMov pe meploodtepa moAudUvapa Peceyxupatikd
kUttapa, duvdpeva va diapoporoinBolv og ooteoTia-
paywyikd kittapa and ug BMPs tou pooxelpatog ka
va evioxUoouv Tov ToMamAaciaopd Kar T Asrtoupyia
TWV OOTEOTIAPAYWYIKWY KUTtdpwy Tou Ba diapoporol-
nBouv otn Béon emovAwong Tou pooxeluatog. Katd
ouvénela, n mpoobrikn PRP oe pdoxeupa DBM vewd
NV TPOOdOKIa TG €VIOXUONG TOU OOTEOEMAYWYIKOU
Suvapikol Tou PooxeUudtog.

[Mpog o Tapdy, Aiyeg €peuveg éxouv eAéyel v moa-
v} OUVEPYEIQ ATTOPETAMWUEVWY OOTIKWV HOOXEUNA-
twv kal PRP. O1 Kim kai ouv. (2002) tomoBémnoav
0O0TEOEVOWUATOUEVA EUPUTELPATA OTr AQydVIo akpo-
Aopia oklhwv kai dnpioUpynoav ootikd eMefupata
yUpw amd TG QUXEVIKEG OTIEIDEG TWV EPPUTEUNATWY
mou kaNigBnkav pe DFDB og popoer| okdévng, pe 1
xwpi¢ v mpoobrikn PRP. Ta eMeiupata kai otg duo
opadeg eixav MANpwlel pe vedmhaoto ootd otg 6 kal
12 eBSopddeg. Qotdo0o, N I0TOHOPPOUETPIKA AvAAUoH
amokdAUPe  peyaAUTEPO TTOOOOTO dPEONG EMAPAG
oaotoU-gpuTelPatog otnv opdda tou PRP kar o ouy-
YPAPElG avapépouv 0T 0oTIkA eMelJpata yupw ano
eppuTElPaTa pmopolv va anokataotaboulv amoteAe-
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opment of newly-formed connective tissue appears to
be increased in the control sites where only a DBM
graft had been implanted, compared to the experi-
mental sites where DBM+PRP had been implanted.
However, this difference is not statistically significant.

DISCUSSION

Our increasing knowledge on the biology of bone tis-
sue and growing factors has pointed out the impor-
tance of BMPs, which are contained, in an active form,
in DBM grafts. In the recent years, several notable
experimental and clinical studies have attempted to
assess the effectiveness of these allografts in regenerat-
ing bone tissue. Both positive (Haddad et al. 2006,
Geurs et al. 2008, Mokbel et al. 2008) and negative
results (Piatelli et al. 1996, Acarturk and Hollinger,
2006, Intini et al. 2008) have been reported. Based on
the above-mentioned studies, it can be concluded that
the results arising from the use of demineralized bone
allografts are usually non-predictable and question the
reliability and clinical effectiveness of commercially
available DBN in terms of providing a stable osteoin-
ductive potential.

In an attempt to reduce this problem, while taking
advantage of the recent developments in tissue engi-
neering, it has been suggested to combine a DBM graft
with autologous PRP. The thought that the addition of
PRP would enhance the osteoinductive potential of
DBM was based on the fact that growth factors con-
tained in PRP: i) promote neo-angiogenesis, thus
improving the vascularisation of the graft (Yokota et al.
2008), i) promote the chemotaxis, proliferation, differ-
entiation and metabolism of mesenchymal cells (Kanno
et al. 2005), iii) establish an in situ interaction with the
BMPs of the graft, thus enhancing their activity (Ferreira
et al. 2005), and iv) stimulate the differentiation of
osteoblasts from multipotent mesenchymal cells
(Tomoyasu et al. 2007). Therefore, PRP growth factors
are, at least theoretically, expected to enhance the
osteoinductive activity of the graft's BMPs, create an
environment containing more multipotent mesenchy-
mal cells, which could be differentiated into osteopro-
ductive cells by the graft's BMPs, and promote the pro-
liferation and function of the osteoproductive cells,
which would be differentiated in the graft's healing site.
As a result, the addition of PRP to a DBM graft leads to
the expectation that the osteoinductive potential of the
graft will be enhanced.

For the time being, only a few studies have examined
the possible synergism between demineralized bone
grafts and PRP. Kim et al. (2002) placed osseointegrat-
ed implants in the iliac crest of dogs and created crestal
bone defects around the implants, which were then
covered with DFDB in powder form, with or without



152

opaukd pe ) xprion DFDB kar éu n mpooBrikn PRP
propel va PeAtiwoer v ootikr] avdmiaon,

O1 Aghaloo kai ouv. (2004) xpnoigomoioviag To Tel-
PAPATIKO POVIEAO KPaVIAKWV EMEIYPATWY OF KOVi-
KAOUG via va peietrjoouy tnyv emidpaon tou PRP otnv
ootk emovAhwon tou DFDB kai tou Auo@ihotoinpé-
vou ootoy (freeze-dried bone i FDB) dev katédeigav
gvioxuon g ootiKAG avayéwnong e tnv mpoacdikn
PRP ota Auogiromoinpéva ootikd Jooxelpata.

2e pia KAvIKA peAétn, o Shanaman kar ouv. (2001)
Tpaypdtonoinoav ootk avdmAdon atpo@IKOV @at-
VIGKQOV  aKpoAo@Iv 0 aoBevelG xpnolpomolwvtag
DFDB avapepeiypévo pe PRP. O1 ouyypageic katéhn-
&av oto éu n mpoobrikn PRP dev gaivetar du ennpéa-
oe Betikd v ToIdTNTa Kal MoodTNTa ToU VEOTAQOTOU
00Titn 10ToU, o€ OUYKPION HE AMOTEAEOPATa TTapOHol-
WV EPELVAV OOTIKAG avdmAaong OTou Sgv XpNoIHOTTION-
rBnke PRP.

O1 Zouloumis kai ouv. (2008) xpnoipomolwviag
Plasma Rich in Growth Factors (PRGF) yia tnv mhjpw-
on 00TKWV eMelppdtwy Twv yvdbwv oe 5 aobeveig
avagépouv BeTiKd amMoTEAéOpATa  pE  IKAVOTTOINTIKA
HETEYXEIONTIKY TIOPEIQ Twv aoBevwv Kal aktivoypapIki
eikéva MApwong twv eMelppdtwy and ootitn 10To,
EVW Ta KAIVIKA TOUG eUprpata Katadeikviouv TwG To
PRGF éxel avupleypovwdn kal wg ek toutou rma
avaiynukry dpdon. Or Markou kai ouv. (2009) og khivi-
k) €peuva oe 29 mepiodoviikolg acBeveic, mapatrpn-
oav &t 1o PRP pdvo tou f ouvduacpiévo pe alMoyeveg
DFDB 0érfynoe o€ onuavukr KAIVIKHA Kal aktivoypdel-
K BeAtiwon og evdoootikous Burdkoug atoug 6 HrVeS
mapatipnong,

AvapeiBoia, ol mapandvw PeAETEG Katahfyouv oe
QVIIKPOUOEVA ATTOTEAEOPATA. 2TO OUVOAS TOUG OPWG
eEetdlouv v emidpaon tou PRP oty anoteAeopat-
KOTNTA TNG OOTEOETAYWYIKAG SPAONG TNG AMOPETAM®-
pévng ootikig pecokuttdplag ouoiag (DBM) oe oote-
oYeVEG TiepIBdMov. QQotdoo, N 18IdTNTa NG OOTEOETA-
ywyng propel va amodeixBel pévo oe mepifdMov Tou
OTePEal MAPWG OOTEOYEVETIKWY KUTTdpwv. Emopé-
vwg, yia va e&axBolv akpifry cuprepdoparta yia to av
n mpooBrkn tou PRP pmopel va ennpedoel tig digpya-
ofeg ooteoenaywyn|g, TG omofeg mupodotolv o BMPs
tou DBM pooxeuparog, eivar empPefAnuévo ol omoleg
TIEIPAPATIKEG TIAPATNPEAOEIG va yivouv ot eEwoKeAeT-
KéC BEaelg,

Autd amotéeoe Kkal to gpébioua yia v avdAnyn g
miapovoag €peuvag. 2t diebvry BiAoypagia pdvo pia
€peuva xpnolporolel v idia unéBeon (Ranly kai ouv.
2007). Qotdoo, ol cuyypdgeiG xpnoiporoinoav o
evOopuikég Béoeig movukiwy avbpamvo DBM kai
avBpwmvo PRP, 8nAadn &evoyevég mAdopa «a
poéoxeupa. Eivar oapéc éu otnv khvikry mpdén to PRP
efval amokAeiotikd kai POvo autdAoyo Kai Ta ootiKd
pooxeupata DBM efvar aMovevr) (Becker kai ouv.

NeBévtng M. kai ouv./Leventis M. et al.

the addition of PRP. These defects were filled with
newly-formed tissue at 6 and 12 weeks. However, his-
tomorphometric analysis revealed a higher degree of
direct bone-to-graft contact in the PRP group, and the
authors report that bone defects around grafts can be
effectively corrected with the use of DFDB and that the
addition of PRP can improve bone regeneration.
Aghaloo et al. (2004) used the experimental model of
cranial defects in rabbits, in order to examine the effect
of PRP on the healing of DFDB and freeze-dried bone
(FDB), but did not confirm the hypothesis that bone
regeneration can be enhanced by adding PRP to
freeze-dried bone grafts.

In a clinical study, Shanaman et al. (2001) achieved the
regeneration of atrophic alveolar ridges in patients,
using DFDB mixed with PRP. These authors concluded
that the addition of PRP does not seem to improve the
quality and quantity of newly-formed bone tissue, com-
pared to results from similar studies on bone regener-
ation, in which PRP had not been used.

Zouloumis et al. (2008), who used Plasma Rich in
Growth Factors (PRGF) to correct jaw bone defects in
5 patients, reported positive results including a satisfac-
tory postoperative course of their patients and radio-
logical evidence of healing of these defects with bone
tissue. Their clinical findings indicate that PRGF has an
anti-inflammatory and thus mild analgesic effect. In a
clinical study involving 29 periodontal patients, Markou
et al. (2009) noticed that the use of PRP alone or in
combination with allogenic DFDB resulted in a signifi-
cant clinical and radiological improvement in
intraosseous periodontal defects during a 6-month fol-
low-up period.

There is no doubt that the aformentioned studies
result in contradicting conclusions. They all examine the
impact of PRP on the effectiveness of DBM osteoin-
ductive activity in osteogenic environments. However,
osteoinduction can be proved only in an environment
deprived from osteogenetic cells. This means that any
attempts to draw reliable conclusions on whether the
addition of PRP can affect osteoinductive processes,
triggered by the BMPs of the DBM graft, must be done
in extra-skeletal sites.

That was the stimulus for the present study. In the
international literature, there is only one study using the
same hypothesis (Ranly et al. 2007). However, these
authors used human DBM and human PRP in intra-
muscular sites in mice, i.e. xenogenic plasma and graft.
It is clear that, in clinical practice, PRP is exclusively
autologous and DBM grafts are allogenic (Becker kai
ouv. 1994, Marx, 2004). On the contrary, in the pres-
ent study intramuscular sites in rabbits were used and
it was examined whether autologous PRP contributes
to a faster and more effective osteoinductive activity of
DBM allografts.
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1994, Marx, 2004). 2tnv mapouoa perétn avtibeta
xpnolporoienkav evoopuikég B€oeig kovikhwv kar Sie-
peuviBnke av oupPdMel To autdroyo PRP otnv taxu-
TEPN KAl ATOTEAECHATIKATEPN OOTEOEMaywyIKA Opdaon
Tou aMoyevous DBM pooxelpatog.

H texvikry mou akohoubrfnke yia tnv TIapdoKeur| Tou
aropetaMwpévou alMoyevous DBM ootikoU pooxeu-
patog eivar aut mou mpoteivetar and toug Reddi kai
Huggins (1972), eva yia va anogeuxBolv ol diakupdv-
O€IG TOU ooTeoemaywyikol duvapikoy tou DBM (Bae
kai ouv. 2006), eNpOnoav undyn ta eEAg:

* EmAéxOnoav veapd uyi) kouvéha wg SOTEC Twv
ootwv, diag kar gaiverar éu amd veapng nAikiag
8dtec mapdyetar DBM upnAdtepou ooteoemaywyi-
koU duvapikou (Hosny kai Sharawy, 1985).

To pdoxeupa MapacKeUAoTNKe OE PHOPPr) OKOVNG HE
Sidpetpo tepaxidivv (particle size) 250-710 pm.
MeyalUtepn A pikpdtepn SidueTpog Tepaxidiwy gai-
vetal ot emmpedlel apvnTkd TO OOTEOEMAYWYIKO
Suvapikd (Harakas, 1984, Schouten kai ouv. 2005).
Agv Tipootébnkav oto pooxeupa €kdoxa Tou prio-
pel va BeAtiwoouv TG 1816TNTeG XeIpIopoy Tou, aMd
va €MMEEdocouV ampoPAETTTa TN oUPTEPIQOPd ToU
(Han kar ouv. 2008).

AnpioupyrBnke éva OpOIOYEVEG JOOXEUPA WOTE Va
miapakapeBel n enfdpaon twv diapopetikwv 16100U-
YKPQOIQKWV XAPAKTNPIOTIKWY Tou KdBe &6t

A Ta 1otohoyikd eupripata katagaiveral 4t To alo-
yevéc DBM pdoxeupa epgpdvios onuaviikég ooteoera-
YWYIKEG 1IS10TNTEG, OTIWG AUTEG TNG TTAPAywynG OUVOETI-
KoU I0ToU PE TTapoUsia OOTEOTIPOYOVIKWOV JEOEYXUHA-
TKWV KUTTdpwv Kai pddpopwy ooteoBAactwy (peta-
Batikou timou ouvdeTikdG 10TdG - provisional matrix),
NG 00TEOKAAOTIKAG SpactnPISTNTAG, TOU EMAVATIOIKI-
opoU TMTapaoxidwv Tou pooxeUuatog and ootkd KUT-
TApa Kal g enavaoBeotinong TG MePIQEPEIa Twv
OOTIKWV TTAPAOXIOwV TOU JOOXEUHATOG, Of OTTOIEG Ka-
BopiCouv v eEENEN TG ooteoyevetikrig Siadikaoiag
yia mapaywyr} vedTAQOTOU Kal WPIJOU OOT(tn I0ToU.

H mapaokeur] tou autdroyou PRP €yive pe ouykekpl-
pEVN TEXVIKY, n omold oUpQwva Kal Pe aveEdpTnteg
peAéteg twv Weilbrich kai ouv. (2002) kai Zhang kai
ouv. (2004) divel Ikavr) ouykévTpwon aIoTETaN WY Kal
auénukav mapayéviwy TGF-B1 kal PDGF-ab oto PRP
(Mivakag 5). BéRaia, oto meipapd pag dev Atav otig
TPOBEOEIC HaG va KAVOUWE QVTIOTOIXEG HETPNOEIG
1600 01O OAIKS aia TwV KOUVEAILY, GO0 Kal OTO AuTo-
AMoyo PRP mou mapaokeudoape, yia va pnv armoke-
vipwBel 0 Baoikdg pag meipapatikdg otéxog. Qotdoo,
AapBdvovtag unméyn to mMapdHoIo AIatoAoyIKS TTPo-
@\ Tou kouvehiol e autd tou avBpwriou (Mitruka,
1983) kai 1o du xpnoipomoifoape, akoAoubwvtag
mMotd To TPWTOKOMO, €va TOTOTIOINUEVO, ENTTOPIKA
Siabéaipo kit, Bewpoupe du oto meipapd pag mapa-
okeudoape éva dpaotikd autdroyo PRP.
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The technique used to prepare the demineralized DBM
allograft was the one proposed by Reddi and Huggins
(1972). In order to avoid any variations in the osteoin-
ductive potential of the DBM (Bae et al. 2006), we also
took account of the following;

* Young healthy rabbits were chosen as bone donors,
since it appears that young donors produce DBM
with a higher osteoinductive potential (Hosny and
Sharawy, 1985).

The graft was prepared in powder form, with a par-
ticle size of 250-710 pm. It appears that larger or
smaller particle sizes have a negative effect on the
osteoinductive potential (Harakas, 1984, Schouten et
al. 2005).

The graft was not mixed with any excipients, which
could improve its handling properties, but affect its
behaviour in an unexpected way (Han et al. 2008).
A homogenous graft was prepared, in order to elim-
inate the interaction between the different idiosyn-
cratic features of each donor.

According to our histological findings, the DBM allograft
displayed important osteoinductive features, such as
the production of connective tissue with the presence
of osteoprogenitor mesenchymal cells and pre-
osteoblasts (interstitial connective tissue - provisional
matrix), osteoclastic activity, the recolonisation of graft
particles by bone cells and the remineralization of the
periphery of bone graft particles that determine the
course of the osteoinductive activity, which is aimed at
producing newly-formed and mature bone tissue.
Autologous PRP was prepared using a specific tech-
nique, which, according to independent studies by
Weilbrich et al. (2002) and Zhang et al. (2004), ensures
an adequate concentration of platelets and TGF-B 1 and

Mivakag 5. Zuykévipwon aloTteTahiwv
Kal auEnTikwy napayoviwyv TGF-B1

kat PDGF-ab oto PRP pe To kit Tng Curasan®
(Weilbrich kat ouv. 2002, Zhang kat ouv. 2004).

Table 5: The concentration of platelets and
TGF-B1 and PDGF-ab growth factors in PRP,

assessed with the used of kit by Curasan®
(Weilbrich et al. 2002, Zhang et al. 2004).

OO aipa/ PRP
Total blood
Awortetda/ 269,0 1140,5
Platelets
(1.000/ml)
TGF-B1 79,7
(ng/ml)
PDGF-ab 3141
(ng/mi)
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H amoppdenon tou DBM obnyel otnv aneAeubépwon
emmAéov BMPs amd tn pritpa tou pooxelpatog Kdi
anotehel Sefktn evepynTIKAG OOTEOETIAYWYIKAG AEITOUP-
yiag tou pooxeupartog (Becker kar ouv. 1994, Ranly kai
ouv. 2007).

O petaBatikol timou ouvdeTIKOG 10TOG amoTeAErTal
and peoeyxupatikd kUttapd (IVOPAAOTEG, OOTEOTTPO-
yovikd kUttapa kal TpOSPOHEG HOPQEG ooTteoPAa-
OTWV) EVOWPATWHEVA EVIOG IVOOOUG UTTOOTPWHATOG,
Emopévag, o 10tdg autdg Bewpeital Suvdpevog va ee-
NixBel o€ ootitn 10td kal n mapouacia tou amotelel Sei-
KT OOTEOETAywYIKAG SPaoTnPIOTNTAG TOU POOXEUpa-
10G (Harakas, 1984, Heberer kai ouv. 2008).

2TG 6 B60uAdeG PeTd TNV EPPUTEUOT TWV HOOXEUNG-
Twv apatnerbnke 6t to DBM pdoxeupa kai to DBM
poéoxeupat PRP mapouoidlouv tautdonun oupmepl-
@opd o6oov apopd To PUBUS amoppdpnong Tou
HOOXEUNATOG Kal TV TIapaywyr] JetaBatikoly ouvoet-
KoU 1otoU. 2upmepaopatikd, to autdroyo PRP dtav
ouvdudotnke pe aMoveveég DBM bev ouvéPale mepio-
odtepo ot diadikacia ooteoemaywyrig am ot to
aMovyevég DBM poévo tou, otig 6 efdouddeg mapartr-
prong.

O1 Ranly kai ouv. (2007) xpnoipomoinoav avBpwrvo
DBM uynAig Kkar xapnArg ooteoemaywyikOtntag Kdi
egpUteuoav 10 mg tou pooxelpatog pe f Xwpig
avBpwmvo PRP oe evbopiikég B¢oeic og apoupaioug.
Ta 1otohoyikd Kal IGTOPOPPOPETPIKA EUPHHATd TOUG
€deikav du ot 8 eBdouddeg peteyxeipnukd to PRP
eMdttwoe o ooteoenaywyikd Suvapikd twv DBM
HOOXEUUATWV.

Oewpnuikd, o PRP Ba urmopouoe péow twv augnukwy
TIapaydVIwy TIoU TIEPIEXEI VA eVIOXUOEI TO OOTEOETIA-
ywyiké Suvapiké NG AMOPETAMWEVNG HECOKUTIAPIAG
ootikig ouoiag DBM pooxelpatog, kdu mou otnv
napovoa épeuva dev amodeixBnke. Napdio mou ta
adiapoporointa peogyxupatikd moAudlvapa kittapd,
ol IVOPBAdOTEG, 0l 00TEOPAAOTEG Kal Ol TTPOSPOES HOopP-
@EC Toug, kabwg Kkal ta evdobnAiakd kittapa Siabé-
Touv urtodoxei¢ kal avtanokpivovtar Betikd ota epebdi-
OHATa TV AUENTKWY TIapaydVIwy Twv alpoTTetahiwy,
TOUAAXIOTOV O€ in Vitro KUTTAPIKEG KAMEPYEIES, KATI
T€tolo Sev apatnErBnke otnv in vivo pehétn pag. Pai-
VETal WG n aMnAemidpaon twv auénukwv mapayo-
viwv tou PRP peta&u toug, pe tig BMPs tou pooxeu-
patog kar pe ta didgopa kittapa péoa oto moAudUy-
VAP0, OUVEXWG HETABAMOEVO Kal BIOXNHIKG TTOIKIAG-
HOP®O eMOUAWTIKG 10TIKG TIEPIBAMOV Oev €xel Kata-
vonBel mA\fpwg. Evioxietar €tol n dmoyn tou Marx
(2004) éu to PRP &pa ouciaotikd pdvo oto autdroyo
00TIKS HOOXEUA, TO OTIOI0 TTEPIEXEI {WVTA OOTEOYEVE-
TKd kUTtapa, kar OxI o€ ootikd uTtokatdotata OTwe To
DBM, to ormoio av kai diabétel poppoyevetikeég BMPs
OTEPEal {WVIAVWV OOTEOYEVETIKWV KUTTAPWV.

NeBévtng M. kai ouv./Leventis M. et al.

PDGF-ab growth factors in PRP (Table 5). However, in
our experiment, such measurements were not per-
formed neither in the total amount of the rabbits'
blood nor in our autologous PRP, in order not to devi-
ate from the primary experimental goal. Given that the
haematological profile of rabbits is similar to that of
humans (Mitruka, 1983), as well as that we used a cer-
tified, commercially available kit (according to the pro-
tocol), we assume that we prepared a drastic autolo-
gous PRP for our experiment.

DBM resorption causes the graft matrix to release addi-
tional BMPs, which is an index of the graft's active
osteoinductive performance (Becker et al. 1994, Ranly
et al. 2007).

The provisional connective tissue consists of mes-
enchymal cells (fibroblasts, osteoprogenitor cells and
preosteoblasts) embedded into a fibrous substrate.
Therefore, this tissue is considered capable of develop-
ing into bone tissue and its presence is an index of the
graft's osteoinductive activity (Harakas, 1984, Heberer
et al. 2008).

At 6 weeks after the implantation of the grafts, it was
observed that the DBM graft and the DBM graft+PRP
have identical behaviour in terms of graft resorption
rate and provisional connective tissue production.
Therefore, it can be said that autologous PRP com-
bined with allogenic DBM did not contribute to the
osteoinductive process more than allogenic DBM
alone, at six weeks of follow-up.

Ranly et al. (2007) used human DBM with high and low
osteoinductive potentials, and implanted |0-mg-grafts
with or without human PRP into intramuscular sites in
rats. Their histological and histomorphometric findings
revealed that, at 8 weeks postoperatively, PRP reduced
the osteoinductive potential of DBM grafts.
Theoretically, PRP could improve the osteoinductive
potential of a DBM graft through the growth factors
contained in it; this however was not verified in the
present study. Although undifferentiated multipotent
mesenchymal cells, fibroblasts, osteoblasts and their
precursors have receptors and respond positively to
stimuli by platelet growth factors, at least in vitro cell
cultures, this was not observed in our in vivo study. The
interaction of PRP growth factors with each other, with
the graft's BMPs and with the various cells in the multi-
potent environment of tissue healing, which is con-
stantly changing and varies biochemically is not totally
clear. This reinforces Marx's opinion (2004) that PRP
acts only on autologous bone grafts, which contain liv-
ing osteogenetic cells, and not on bone substitutes such
as DBM, which contains morphogenetic BMPs but has
no living osteogenetic cells.
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2YMIMEPAXMATA

Amé v mapoloa epeuvnuikyy gpyacia mpokurel ot
To autdroyo mhouoio oe aiporetdhia TAdopa, dtav
ouvOudletal pe aMOYEVEG HOOXEUNA ATTOUETAM®IE-
VNG OOTIKAG PeooKkuTtdpiag ouoiag, dev evioxUel tn dia-
Sikaola ooteoemaywyric oe evdoplikég B€oeig Kovi-
K\wv TTEPIOodTEPO amd Ot TO AAOYEVEG POOXEUA
pévo tou, otg 6 fdopddeg mapatienong.
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