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� �/8>+6 37:6+8>= +8. =?<<9?8.381 ,98/ @96?7/ 
 

$AJP=H EILH=JPO =NA IA@E?=H @ARE?AO OQNCE?=HHU EJOANPA@ EJPK PDA F=S>KJA
 OQLLKNPEJC =J@ =J?DKNEJC 

BETA@ KN NAIKR=>HA @AJP=H LNKOPDAOAO SEPD AJD=J?A@ OP=>EHEPU =J@ NAPAJPEKJ 1� 4DAEN IKQJPEJC 

=LLHE?=PEKJO BKN NALH=?EJC IEOOEJC PAAPD =NA =PPNE>QPA@ PK PDAEN =>EHEPU PK LNKRE@A J=PQN=H�HKKGEJC =J@ 

HKJC�H=OPEJC NAOQHPO 2� �/OOAKEJPACN=PEKJ
� PDA QJ@ANHUEJC >EKHKCE?=H LNEJ?ELHA KB @AJP=H EILH=JPO BENOP 

EJPNK@Q?A@ >U 0NKBAOOKN 0AN�)JCR=N "N\JAI=NG EJ ���� 3,4
 EO OECJEBE?=JPHU EJBHQAJ?A@ >U PDA RKHQIA 

KB PDA OQNNKQJ@EJC >KJA KB PDA EILH=JP OQNB=?A� 

 

)J ?HEJE?=H LN=?PE?A
 EJ=@AMQ=PA =HRAKH=N >KJA
 NAOQHPEJC EJ ?KILNKIEOA@ KOPAKEJPACN=PEKJ
 LKOAO 

OECJEBE?=JP ?D=HHAJCAO PK @AJP=H EILH=JP�OQLLKNPA@ NAL=ENO� 3ARAN=H B=?PKNO ?=J ?KJPNE>QPA PK 

=HRAKH=N >KJA @ABA?PO� 6=NEKQO CAJAPE? @EOKN@ANO =NA =OOK?E=PA@ SEPD OARANA =HRAKH=N >KJA =PNKLDU 
5,6� !IKJC PDAOA
 %?PK@ANI=H $UOLH=OE= 	%$
 7 EO PDA IKOP LNAR=HAJP ?KJ@EPEKJ
 ?D=N=?PANEVA@ >U 

EJOQBBE?EAJP =HRAKH=N >KJA RKHQIA =J@ IEOOEJC PAAPD 	&EC� �
� -KNAKRAN
 =J=PKIE?=H R=NE=PEKJO
 OQ?D 

=O =J AJH=NCA@ I=J@E>QH=N JANRA ?=J=H 	&EC� �
 =J@ ATL=J@A@ I=TEHH=NU OEJQO 	&EC� �

 =HOK HEIEP 

PDA =R=EH=>HA >KJA RKHQIA BKN LNKIEOEJC KOPAKEJPACN=PEKJ 8� &QNPDANIKNA
 OKIA L=PDKHKCE?=H 

?KJ@EPEKJO
 EJ?HQ@EJC K@KJPKCAJE? ?UOPO
 PQIKNO 	&EC� �

 =LE?=H LANEK@KJPEPEO
 LANEK@KJP=H @EOA=OA
 

=J@ LANE�EILH=JPEPEO
 ?=J =??AHAN=PA =HRAKH=N >KJA NAOKNLPEKJ
 9� 4DAOA L=PDKHKCE?=H ?KJ@EPEKJO 

LNAOAJP =@@EPEKJ=H ?D=HHAJCAO @QNEJC @AJP=H EILH=JP LH=?AIAJP OQNCE?=H LNK?A@QNAO
 LKPAJPE=HHU 

?KILNKIEOEJC PDA OQ??AOO KB @AJP=H EILH=JP PDAN=LU� 

 

"AOE@AO
 =BPAN PKKPD ATPN=?PEKJ
 PDA =HRAKH=N >KJA QJ@ANCKAO = OANEAO KB LDUOEKHKCE? NAIK@AHEJC 

LNK?AOOAO PD=P I=U OECJEBE?=JPHU NA@Q?A EPO @EIAJOEKJO 10� ! @ABE?EAJ?U KB =HRAKH=N >KJA RKHQIA 

?=J >A ?H=OOEBEA@ =O DKNEVKJP=H
 RANPE?=H
 KN = ?KI>EJ=PEKJ @ABA?P 11� )J=@AMQ=PA >KJA RKHQIA ?=J 
NA@Q?A >KJA�PK�EIL=?P ?KJP=?P =J@ @A?NA=OA LNEI=NU OP=>EHEPU
 HA=@EJC PK LKKN KOOAKEJPACN=PEKJ EJ 
PDA EJEPE=H DA=HEJC LD=OA KB @AJP=H EILH=JPO 12�  
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�31?</ 
� ! @ECEP=H L=JKN=IE? N=@EKCN=LD KB =J A?PK@ANI=H @UOLH=OE= OUJ@NKIA L=PEAJP SEPD 

EJOQBBE?EAJP =HRAKH=N >KJA EJ PDA I=TEHH= =J@ I=J@E>HA @QA PK ?KJCAJEP=HHU IEOOEJC PAAPD� 

.KPA� 4DA KNECEJ=H @ECEP=H L=JKN=IE? N=@EKCN=LD S=O BNKI KQN ?HEJE? 	QJLQ>HEODA@ @=P=
� 

 

 
 

�31?</ �� ! @ECEP=H L=JKN=IE? N=@EKCN=LD KB = ���UA=N�KH@ L=PEAJP SEPD >EH=PAN=HHU AJH=NCA@ 

I=J@E>QH=N JANRA ?=J=HO =J@ OARANA =HRAKH=N >KJA @ABA?PO EJ PDA I=J@E>HA�  

.KPA� 4DA KNECEJ=H @ECEP=H L=JKN=IE? N=@EKCN=LD S=O BNKI KQN ?HEJE? 	QJLQ>HEODA@ @=P=
� 
 

 
 

�31?</ �� ! @ECEP=H L=JKN=IE? N=@EKCN=LD KB = ���UA=N�KH@ L=PEAJP SEPD >EH=PAN=HHU AJH=NCA@ I=TEHH=NU 

OEJQO =J@ OARANA =HRAKH=N >KJA @ABA?PO EJ PDA I=TEHH=�  

.KPA� 4DA KNECEJ=H @ECEP=H L=JKN=IE? N=@EKCN=LD S=O BNKI KQN ?HEJE? 	QJLQ>HEODA@ @=P=
� 

1
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�31?</ 
� ! @ECEP=H L=JKN=IE? N=@EKCN=LD KB = L=PEAJP SEPD =J =HRAKH=N >KJA @ABA?P ?=QOA@ >U = 

PQIKN EJ PDA HABP I=J@E>HA�  

.KPA� 4DA KNECEJ=H @ECEP=H L=JKN=IE? N=@EKCN=LD S=O BNKI KQN ?HEJE? 	QJLQ>HEODA@ @=P=
� 

 

�� &2/<+:/?>3- +::<9+-2/= 09< ./8>+6 37:6+8>= 38 +6@/96+< ,98/ ./0/->� =><+>/13/= +8. 
-98=3./<+>398= 
4SK LNEI=NU ?HEJE?=H =LLNK=?DAO BKN PDA LH=?AIAJP KB @AJP=H EILH=JPO EJ PDA =HRAKH=N >KJA @ABA?P 

=NA =LLHEA@� 	!
 EILH=JPO LH=?A@ OEIQHP=JAKQOHU KN BKHHKSEJC >KJA =QCIAJP=PEKJ =J@ 	"
 PDA 

QPEHEV=PEKJ KB PDA ATEOPEJC >KJA =J@ CN=BP�HAOO =LLNK=?DAO 13,14� 
 

�7:6+8>= :6+-/. =37?6>+8/9?=6C 9< 09669A381 ,98/ +?17/8>+>398 
Bone grafting 
"KJA CN=BPEJC D=O >AAJ SE@AHU QOA@ EJ ?HEJE?=H LN=?PE?A PK NAL=EN >KJA @ABA?PO PD=P ?=JJKP DA=H 

OLKJP=JAKQOHU 15� 4DEO LNK?A@QNA EJRKHRAO PDA =LLHE?=PEKJ KB >KJA CN=BP OQ>OPEPQPAO =J@ >=NNEAN 

IAI>N=JAO
 A=?D KB SDE?D LH=UO = @EOPEJ?P NKHA 15,16� )J @AP=EH
 >KJA CN=BP I=PANE=HO OANRA =O BEHHANO 

=J@ O?=BBKH@O PK LNKIKPA ?AHH =@DAOEKJ
 IECN=PEKJ
 =J@ LNKHEBAN=PEKJ
 SDE?D EO AOOAJPE=H BKN 

KOPAKCAJAOEO =J@ KOPAKEJ@Q?PEKJ17� "=NNEAN IAI>N=JAO =NA ?KJ?QNNAJPHU QOA@ PK LNKRE@A OL=?A BKN 

>KJA NACAJAN=PEKJ =J@ LNARAJP PDA EJCNKSPD KB OKBP PEOOQAO @QNEJC NACAJAN=PERA LNK?AOOAO 18� 

 

%idge preserAation 

2=LE@ =HRAKH=N >KJA NAOKNLPEKJ K??QNO EJ PDA BENOP � IKJPDO BKHHKSEJC PKKPD ATPN=?PEKJ @QA PK PDA 

=>OAJ?A KB NKKP OQLLKNP =J@ = H=?G KB JQPNEPEKJ BNKI PDA LANEK@KJP=H HEC=IAJP 	&EC� �!�"
 19� 5OQ=HHU
 

=BPAN PKKPD ATPN=?PEKJ
 PDA =HRAKH=N NE@CA NAOKNLPEKJ EO ��q��� EJ PDA RANPE?=H @EIAJOEKJ =P � IKJPDO 

=J@ ��� EJ PDA DKNEVKJP=H @EIAJOEKJ =P � IKJPDO 20� 2E@CA LNAOANR=PEKJ ?=J IEPEC=PA PDEO NAOKNLPEKJ 

=J@ I=EJP=EJO PDA =HRAKH=N >KJA RKHQIA =BPAN PKKPD ATPN=?PEKJ 	&EC� �#
 21� 2E@CA LNAOANR=PEKJ 

AJOQNAO =@AMQ=PA >KJA RKHQIA =NKQJ@ PDA @AJP=H EILH=JP 	&EC� �$

 PDQO NA@Q?EJC PDA JAA@ BKN 

>KJA =QCIAJP=PEKJ KN -=TEHH=NU OEJQO BHKKN AHAR=PEKJ OQNCANU 22�  
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�31?</ �� 3?DAI=PE? @E=CN=IO KB PDA NKHA KB NE@CA LNAOANR=PEKJ EJ NAP=EJEJC =HRAKH=N >KJA RKHQIA� 

! =J@ "� 2=LE@ =HRAKH=N >KJA NAOKNLPEKJ K??QNO EJ PDA BENOP � IKJPDO BKHHKSEJC PKKPD ATPN=?PEKJ @QA 

PK PDA =>OAJ?A KB NKKP OQLLKNP =J@ JQPNEPEKJ BNKI PDA LANEK@KJP=H HEC=IAJP� # =J@ $� 2E@CA 

LNAOANR=PEKJ ?=J IEJEIEVA PDA HKOO KB NE@CA RKHQIA =BPAN PKKPD ATPN=?PEKJ� 2E@CA LNAOANR=PEKJ 

AJOQNAO =@AMQ=PA >KJA RKHQIA =NKQJ@ PDA EILH=JPO�  

.KPA� 4DA O?DAI=PE? @E=CN=IO SANA @N=SJ >U 9Q=JUQ=J 3QJ 	QJLQ>HEODA@ @=P=
� 

 

�uided bone regeneration 

'QE@A@ >KJA NACAJAN=PEKJ 	'"2
 PULE?=HHU EJRKHRAO QOEJC >KJA CN=BP I=PANE=HO =HKJC SEPD >=NNEAN 

IAI>N=JAO PK =@@NAOO IEJKN >KJA @ABA?PO =NKQJ@ @AJP=H EILH=JPO
 KN ?KI>EJEJC PDAI SEPD 

=QPKCAJKQO >KJA PK NA?KJOPNQ?P H=NCAN >KJA @ABA?PO� 24� 4DA 0!33 LNEJ?ELHA 	0� LNEI=NU ?HKOQNA� 

!� =JCEKCAJAOEO� 3� OL=?A I=EJPAJ=J?A� 3� OP=>EHEPU
 EO AOOAJPE=H BKN OQ??AOOBQH '"2 25� ! ?HKOA@ 

SKQJ@ SEPDKQP PAJOEKJ =J@ LNARAJPEKJ KB SKQJ@ @ADEO?AJ?A ?NEPE?=HHU EIL=?PO PDA OQ??AOO N=PA KB 

'"2 26� !JCEKCAJAOEO ?=J LNKIKPA JAS >HKK@ RAOOAH BKNI=PEKJ BNKI PDA LNA�ATEOPEJC R=O?QH=N 

JAPSKNG EJ PDA =@F=?AJP OKBP =J@ OQLN=LANEKOPA=H PEOOQAO =J@ ?KJJA?P PDA >KJA�CN=BPEJC I=PANE=H 

=J@ =@F=?AJP >KJA I=NNKS 27� 4DEO JAS >HKK@ R=O?QH=N JAPSKNG ?=J LNKRE@A PDA JQPNEPEKJ=H 

AHAIAJPO
 KTUCAJ
 EIIQJA OUOPAI ?AHHO
 IAOAJ?DUI=H OPAI ?AHHO
 =J@ CNKSPD B=?PKNO NAMQENA@ BKN 

>KJA NACAJAN=PEKJ 28� 4AJPEJC O?NASO =J@ >=NNEAN IAI>N=JAO LH=U ?NEPE?=H NKHAO EJ OL=?A 

I=EJPAJ=J?A =J@ OP=>EHEPU @QNEJC '"2 29� !JKPDAN AOOAJPE=H NKHA KB >=NNEAN IAI>N=JAO EO PEOOQA 

OAHA?PEREPU
 SDE?D ?=J LNARAJP PDA OKBP PEOOQA BNKI CNKSEJC EJPK >KJA�CN=BPEJC =NA=O =J@ EJBHQAJ?A 

>KJA NACAJAN=PEKJ 30� )J PDA OP=>HA >KJA NACAJAN=PEKJ OL=?A
 KOPAK?KJ@Q?PERA >KJA�CN=BPEJC 

I=PANE=HO ?=J LNKRE@A OPNQ?PQNAO KN O?=BBKH@O PD=P ?HKOAHU EJPANB=?A SEPD PDA =@F=?AJP >KJA =J@ 

LNKIKPA KOPAK>H=OP =@DAOEKJ
 LNKHEBAN=PEKJ
 =J@ BKNI=PEKJ KB >KJA ATPN=?AHHQH=N I=PNET 31� 4SK 

NAOQHPO =NA K>P=EJA@ BNKI = OQ??AOOBQH '"2 LNK?A@QNA� DECD MQ=HEPU KB >KJA =J@ OQBBE?EAJP >KJA 

RKHQIA =NKQJ@ PDA EILH=JP� 6ANPE?=H >KJA =QCIAJP=PEKJ EO IKNA ?KILHE?=PA@ PD=J DKNEVKJP=H >KJA 

1

General introduction
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=QCIAJP=PEKJ 32� 4DA PNA=PIAJPvO ABBA?P EO QJLNA@E?P=>HA @QA PK HEIEPA@ KOPAKCAJE? ?AHH =R=EH=>EHEPU
 

P=GEJC = HKJC PEIA BKN R=O?QH=NEV=PEKJ
 ?D=HHAJCAO EJ =?DEAREJC LNEI=NU ?HKOQNA
 =J@ =J EJ?NA=OA@ 

NEOG KB SKQJ@ @ADEO?AJ?A  33,34�      

 

MaCillary sinus 2loor eleAation 

-=TEHH=NU OEJQO BHKKN AHAR=PEKJ
 BENOP @AO?NE>A@ >U "KUJA =J@ *=IAO EJ ���� 35
 EJRKHRAO BEHHEJC >KJA 

OQ>OPEPQPAO >APSAAJ PDA 3?DJAE@ANE=J IAI>N=JA =J@ I=TEHH=NU OEJQO BHKKN PK ?NA=PA OQBBE?EAJP >KJA 

RKHQIA BKN OQ>OAMQAJP @AJP=H EILH=JP EJOANPEKJ 	&EC��
� 6=NEKQO >KJA OQ>OPEPQPAO D=RA >AAJ QOA@ 

BKN -=TEHH=NU OEJQO BHKKN AHAR=PEKJ
 EJ?HQ@EJC =QPKCN=BPO
 =HHKCAJAE? >KJA CN=BPO
 TAJKCN=BPO
 =J@ 

?KILKOEPA CN=BPEJC I=PANE=HO
 E�A�
 TAJKCN=BP KN OUJPDAPE? >EKI=PANE=HO IETA@ SEPD =QPKCAJKQO >KJA 

CN=BPO 36� #KIL=NEJC PDAOA BEHHA@ I=PANE=HO
 DEOPKIKNLDKIAPNE? KQP?KIAO EJ@E?=PA PD=P =QPKCN=BPO 
KQPSAECD PDAEN ?KQJPANL=NPO EJ JAS >KJA BKNI=PEKJ =BPAN I=TEHH=NU OEJQO BHKKN AHAR=PEKJ 37� !HPDKQCD 

I=TEHH=NU OEJQO BHKKN AHAR=PEKJ EO KJA KB PDA IKOP OPQ@EA@ =QCIAJP=PEKJ LNK?A@QNAO
 =J@ @AJP=H 

EILH=JP ODKSO DECD OQNRER=H N=PAO EJOANPA@ EJ PDA LKOPANEKN I=TEHH= BKHHKSEJC I=TEHH=NU OEJQO BHKKN 

AHAR=PEKJ 38
 PDEO OQNCANU =LLNK=?D EO HEIEPA@ @QA PK LKOP�OQNCE?=H ?KILHE?=PEKJO
 DECD ?KOP
 =J@ 

?KILHAT LNK?A@QNAO 39� 

 

 
 

�31?</ �� ! @ECEP=H L=JKN=IE? N=@EKCN=LD KB BETA@ EILH=JP�OQLLKNPA@ BQHH =N?D NAOPKN=PEKJ =@@NAOOEJC 

= OARANA =HRAKH=N >KJA @ABA?P OET IKJPDO BKHHKSEJC I=TEHH=NU OEJQO BHKKN AHAR=PEKJ� 

.KPA� 4DA KNECEJ=H @ECEP=H L=JKN=IE? N=@EKCN=LD S=O BNKI KQN ?HEJE? 	QJLQ>HEODA@ @=P=
� 

 

Bone graft �io�ateria��  
#=H?EQI LDKOLD=PA >KJA OQ>OPEPQPAO D=RA >AAJ SE@AHU QOA@ >A?=QOA PDAU D=RA LNKRAJ ABBA?PERA 

EJ LNKIKPEJC >KJA NACAJAN=PEKJ 40� !J E@A=H >KJA CN=BP I=PANE=HO =NA ATLA?PA@ PK LKOOAOO OQ?D 

?D=N=?PANEOPE?O� KOPAK?KJ@Q?PEREPU
 KOPAKEJ@Q?PEREPU
 =J@ KOPAKCAJAOEO 41� !P PDA CN=BP OEPA
 >KJA ?=J 

CNKS KJPK PDA OQNB=?A KN EJPK PDA O?=BBKH@ OPNQ?PQNA
 =J@ EII=PQNA ?AHHO =NA NA?NQEPA@ =J@ 

PN=JOBKNIA@ EJPK LNAKOPAK>H=OPO 42� 4DEO QHPEI=PAHU HA=@O PK PDA BKNI=PEKJ KB KOPAK>H=OPO
 SDE?D =NA 

?NQ?E=H BKN >KJA NACAJAN=PEKJ =J@ KOPAKCAJAOEO 18�  
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�utogenous bone gra2t 

!QPKCAJKQO >KJA EO ?KJOE@ANA@ PDA �CKH@ OP=J@=N@� >KJA CN=BP I=PANE=H @QA PK EPO AT?ALPEKJ=H 

LNKLANPEAO 43� 4DA KOPAKCAJE? ?AHHO EJ PDA =QPKCAJKQO >KJA @EBBANAJPE=PA EJPK KOPAK>H=OPO SDAJ 

CN=BPA@ KJPK = >KJA @ABA?P =NA= 44� -KNAKRAN
 CNKSPD B=?PKNO OQ?D =O >KJA IKNLDKCAJAPE? LNKPAEJO 

	"-0O

 LH=PAHAP�@ANERA@ CNKSPD B=?PKNO
 =J@ PN=JOBKNIEJC CNKSPD B=?PKN�>AP= 	4'&��
 LNAOAJP EJ 
PDA =QPKCAJKQO >KJA ?=J OPEIQH=PA EII=PQNA ?AHH @EBBANAJPE=PEKJ
 LNKHEBAN=PEKJ
 =J@ I=PNET BKNI=PEKJ 
44� 4DA =QPKCAJKQO >KJA =HOK =?PO =O = O?=BBKH@
 LNKIKPEJC ?AHH =@DAOEKJ
 IECN=PEKJ
 =J@ 
LNKHEBAN=PEKJ 44� 4DEO DECDHU >EK?KIL=PE>HA CN=BP I=PANE=H NA@Q?AO PDA NEOG KB EIIQJA NAFA?PEKJ KN 

=@RANOA NA=?PEKJO
 =HHKSEJC BKN OQ??AOOBQH EJPACN=PEKJ =J@ >KJA DA=HEJC 45� (KSARAN
 OKIA 
@N=S>=?GO
 OQ?D =O EJPN=KN=H OKQN?A =R=EH=>EHEPU
 DECDAN ?KOPO
 L=EJ =OOK?E=PA@ SEPD PDA LNK?A@QNA
 

=J@ B=OPAN NAOKNLPEKJ
 ?=JJKP >A ECJKNA@� 4DEO NAOPNE?PO EPO SE@AOLNA=@ QOA BKN >KJA =QCIAJP=PEKJ 

46� 

 

�llogenic and Cenogenous bone gra2ts  
!HHKCAJE? =J@ TAJKCAJKQO >KJA CN=BPO D=RA =HOK >AAJ QOA@ EJ EILH=JP @AJPEOPNU =J@ I=TEHHKB=?E=H 

OQNCANEAO 47� (KSARAN
 PDAOA LNK@Q?PO D=RA HEIEP=PEKJO
 EJ?HQ@EJC NAHECEKQO NAOPNE?PEKJO
 NEOG KB 
EIIQJKNA=?PEKJO
 =J@ LKPAJPE=H PN=JOIEOOEKJ KB >=?PANE=H =J@ REN=H @EOA=OAO 48� !HHKCAJE? >KJA 

CN=BPO ATDE>EP LKKN KOPAKEJ@Q?PERA LNKLANPEAO 49
 NAJ@ANEJC PDAI QJOQEP=>HA BKN NAL=ENEJC OARANA 
>KJA @ABA?PO 50� 8AJKCAJKQO >KJA CN=BPO
 OQ?D =O @ALNKPAEJEVA@ >KREJA >KJA 	$""
 CN=JQHAO
 

ATDE>EP = OHKSAN @ACN=@=PEKJ N=PA =BPAN EILH=JP=PEKJ EJPK PDA =HRAKH=N >KJA @ABA?P =NA= 51� !HPDKQCD 

EP EO >AJABE?E=H BKN K>P=EJEJC OQBBE?EAJP >KJA RKHQIA =NKQJ@ PDA EILH=JP
 >KJA NACAJAN=PEKJ P=GAO = 

HKJC PEIA =BPAN >KJA CN=BPEJC OQNCANU 52�  

 

&ynthetic calcium phosphate substitutes 

3UJPDAPE? ?=H?EQI LDKOLD=PA OQ>OPEPQPAO
 OQ?D =O DU@NKTU=L=PEPA 	(!

 ��PNE?=H?EQI LDKOLD=PA 	��

4#0

 >ELD=OE? ?=H?EQI LDKOLD=PA 	"#0

 =J@ ?=H?EQI LDKOLD=PA ?AIAJPO 	#0#O

 D=RA >AAJ 
ATPAJOERAHU @ARAHKLA@ =J@ QPEHEVA@ EJ EILH=JP @AJPEOPNU KRAN NA?AJP @A?=@AO 53� #KIL=NA@ PK PDA 
=QPKHKCKQO >KJA
 OUJPDAPE? ?=H?EQI LDKOLD=PA OQ>OPEPQPAO KBBAN OARAN=H =@R=JP=CAO
 OQ?D =O A=OA 

KB =?MQEOEPEKJ
 =RKE@=J?A KB ?NKOO�EJBA?PEKJ ?KJ?ANJO
 =J@ =>OAJ?A KB NAHECEKQO NAOPNE?PEKJO 54� (!
 
SDE?D D=O = OPNQ?PQNA =J@ ?DAIE?=H ?KILKOEPEKJ OEIEH=N PK J=PQN=H >KJA
 D=O >AAJ AILHKUA@ EJ 

?HEJE?O OEJ?A ����O 55� (KSARAN
 (! D=O ?ANP=EJ HEIEP=PEKJO
 EJ?HQ@EJC BN=CEHEPU =J@ = OHKS 
@ACN=@=PEKJ N=PA 56�58� ��4#0
 ?=PACKNEVA@ =O = >EK?AN=IE? I=PANE=H
 EO BNAMQAJPHU QPEHEVA@ EJ R=NEKQO 

IA@E?=H =J@ @AJP=H =LLHE?=PEKJO 59� )P ?HKOAHU NAOAI>HAO PDA J=PQN=H >KJA EJ PANIO KB ?DAIE?=H 
?KILKOEPEKJ
 IA?D=JE?=H LNKLANPEAO
 =J@ NAOKNLPEKJ IA?D=JEOIO
 SDE?D =NA IA@E=PA@ >U 

KOPAK?H=OPO 58� "#0
 (! =J@ ��4#0 IETPQNA =P R=NEA@ N=PEKO
 KLPEIEVAO I=PANE=H LNKLANPEAO BKN >KJA 
BKNI=PEKJ
 OQ?D =O NAOKNLPEKJ N=PA =J@ IA?D=JE?=H OPNAJCPD 60� ! ?HEJE?=H OPQ@U ?KIL=NA@ PDA 

OP=>EHEPU KB DKNEVKJP=H =HRAKH=N >KJA =QCIAJP=PEKJ QOEJC @EBBANAJP N=PEKO KB (!���4#0 	����� KN 
�����
� PDA ����� N=PEK OECJEBE?=JPHU KQPLANBKNIA@ EJ I=EJP=EJEJC B=?E=H PDE?GJAOO =J@ LNAOANREJC 
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 1� 

OP=>HA DKNEVKJP=H @EIAJOEKJO KB PDA =QCIAJPA@ OEPA 61� 4DA "#0 D=O =HOK @AIKJOPN=PA@ OQ??AOO 
EJ =HRAKH=N NE@CA NA?KJOPNQ?PEKJ @QNEJC I=TEHH=NU OEJQO >KJA =QCIAJP=PEKJ EJ DQI=JO62� #0#O
 SEPD 

=@R=JP=CAKQO LNKLANPEAO
 OQ?D =O >EK=?PEREPU
 KOPAK?KJ@Q?PEREPU
 EJFA?P=>EHEPU
 =J@ IKH@=>EHEPU
 D=RA 
>AAJ LNKIEOEJC @AHERANU >EKI=PANE=HO BKN OPAI ?AHHO
 @NQCO
 =J@ CNKSPD B=?PKNO OEJ?A PDAEN @EO?KRANU 

EJ PDA ����O 63� !P >K@U PAILAN=PQNA
 PDA @EOOKHQPEKJ�LNA?ELEP=PEKJ NA=?PEKJ EO = QJEMQA ?D=N=?PANEOPE? 
KB #0#
 SDE?D ?=J >A EJFA?PA@ EJPK PDA >KJA @ABA?P OEPA SEPD IEJEI=HHU EJR=OERA =LLHE?=PEKJ 63�  

 
!HPDKQCD OUJPDAPE? ?=H?EQI LDKOLD=PA OQ>OPEPQPAO D=RA ODKSJ LNKIEOA EJ ?HEJE?=H =LLHE?=PEKJO
 PDA 

H=?G KB KOPAKEJ@Q?PERA LNKLANPEAO HEIEPO PDAEN QOA EJ ?=OAO KB OARANA >KJA @ABA?PO 64� (AJ?A
 
?KIL=NA@ SEPD =QPKCN=BPO
 PDAOA OUJPDAPE? ?=H?EQI LDKOLD=PA OQ>OPEPQPAO D=RA PK >A IK@EBEA@ >U 

?KI>EJEJC KOPAKEJ@Q?PERA ?UPKGEJAO PK EJ@Q?A PDA @EBBANAJPE=PEKJ KB IAOAJ?DUI=H OPAI ?AHHO 	-3#O
 

EJPK LNAKOPAK>H=OPO
 QHPEI=PAHU EJ?NA=OEJC PDA LKPAJPE=H BKN JAS >KJA BKNI=PEKJ�  
 
Bone �or��ogeneti� �rotein �  
"KJA IKNLDKCAJAPE? LNKPAEJ � 	"-0��

 = IAI>AN KB PDA 4'&�� OQLANB=IEHU
 EO = LERKP=H >KJA 

CNKSPD B=?PKN 65� 4DEO OECJ=HEJC IKHA?QHA LH=UO = ?NEPE?=H NKHA EJ >KJA BKNI=PEKJ =J@ NACAJAN=PEKJ >U 

EJ@Q?EJC KOPAKCAJE? @EBBANAJPE=PEKJ KB -3#O
 PN=JOBKNIEJC PDAI EJPK KOPAK>H=OPO 66,67� 4DAOA ?AHHO 

=NA NAOLKJOE>HA BKN >KJA I=PNET OUJPDAOEO =J@ OQ>OAMQAJP >KJA BKNI=PEKJ 68� "-0�� @ENA?PHU 

AJD=J?AO KOPAK>H=OP =?PEREPU =J@ LNKIKPAO PDA LNK@Q?PEKJ KB ?NEPE?=H LNKPAEJO AOOAJPE=H BKN >KJA 

PEOOQA OUJPDAOEO =J@ IEJAN=HEV=PEKJ
 EJ?HQ@EJC PULA ) ?KHH=CAJ
 =HG=HEJA LDKOLD=P=OA
 =J@ 

KOPAK?=H?EJ 69� 2A?KI>EJ=JP DQI=J >KJA IKNLDKCAJAPE? LNKPAEJ � 	ND"-0��
 EO = OUJPDAPE?=HHU 

?NA=PA@ "-0�� LNK@Q?A@ PDNKQCD CAJAPE? AJCEJAANEJC PA?DJEMQAO 70� )P D=RA >AAJ =LLNKRA@ >U PDA 

&KK@ =J@ $NQC !@IEJEOPN=PEKJ 	&$!
 BKN >KJA NACAJAN=PEKJ =J@ D=O >AAJ QOA@ EJ I=TEHH=NU OEJQO 

=QCIAJP=PEKJ =J@ HK?=HEVA@ =HRAKH=N NE@CA =QCIAJP=PEKJ44� "A?=QOA KB EPO S=PAN�OKHQ>HA LNKLANPU 

=J@ NAH=PERAHU OI=HH IKHA?QH=N SAECDP
 ND"-0�� ?=J NA=@EHU @EBBQOA EJ >K@EHU BHQE@O 71� 7EPDKQP = 

?=NNEAN
 ND"-0 PULE?=HHU NAI=EJO ABBA?PERA =P PDA EJPAJ@A@ >KJA DA=HEJC OEPA BKN KJHU = >NEAB LANEK@
 

KBPAJ FQOP = BAS DKQNO 72� (AJ?A
 PDA @AHERANA@ ?=NNEAN AJOQNAO PD=P ND"-0�� EO NAHA=OA@
 HK?=HEVA@
 

=J@ OQOP=EJA@ =P PDA P=NCAP OEPA� 6=NEKQO ?=NNEANO
 EJ?HQ@EJC ?KHH=CAJ OLKJCAO
 ?=H?EQI LDKOLD=PA 

I=PANE=HO 	(! =J@ ��4#0

 =J@ OUJPDAPE? LKHUIANO
 D=RA >AAJ AILHKUA@ BKN PDEO LQNLKOA 73� 4DA 

?KJRAJPEKJ=H =LLNK=?D EJRKHRAO PDA =@IEJEOPN=PEKJ KB ND"-0�� IKHA?QHAO @ENA?PHU =@OKN>A@ >U =J 

&$!�=LLNKRA@ ?=NNEAN =P = ?KJ?AJPN=PEKJ KB ��� IC�I,� (KSARAN
 PDEO IAPDK@ D=O N=EOA@ ?KJ?ANJO 

KSEJC PK LKPAJPE=H OE@A ABBA?PO
 OQ?D =O EJBH=II=PEKJ
 N=@E?QHKL=PDU
 A?PKLE? >KJA BKNI=PEKJ
 

=?PER=PEKJ KB KOPAK?H=OPO
 >KJA HKOO
 OQ>OE@AJ?A
 QNKCAJEP=H ?KILHE?=PEKJO
 =J@ SKQJ@�NAH=PA@ 

LNK>HAIO
 SDE?D =NA =OOK?E=PA@ SEPD DECD "-0�� @KOAO 74,75� #KJOE@ANEJC PDAOA ?KJ?ANJO
 PDANA EO 

=J QNCAJP JAA@ PK HEIEP PDA =IKQJP KB "-0�� QOA@ KN ?NA=PA "-0�� OHKS�NAHA=OA RADE?HA @AHERANU 

OUOPAIO PD=P ?=J =?DEARA HKSAN @KOAO KB ND"-0�� NAHA=OA OQOP=EJ=>HU
 HK?=HHU
 =J@ OP=>HU� 3Q?D 

EJJKR=PEKJO ?=J AJD=J?A O=BAPU =J@ ABBE?=?U EJ ?HEJE?=H =LLHE?=PEKJO PK LNKIKPA >KJA BKNI=PEKJ� 
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Bio�i�eti� �a��i!� ��o���ate �oating� a� a ��o# �e�i"er% re�ea�e �%�te� for Bone 
�or��ogeneti� �rotein � 
/QN NAOA=N?D LNEI=NEHU BK?QOA@ KJ @ARAHKLEJC = JKRAH @NQC @AHERANU OHKSHU NAHA=OA OUOPAI
 EJ SDE?D 

>EKIEIAPE? ?=H?EQI LDKOLD=PA 	"EK#=0
 ?K=PEJCO EJ?KNLKN=PA@ SEPD >EKHKCE?=H =CAJPO OQ?D =O 

"-0�� 76� 4DEO ?K=PEJC ABBE?EAJPHU =J@ QJEBKNIHU =??KIIK@=PAO HKS�@KOA "-0�� 77� 4DA QJEMQA 

?D=N=?PANEOPE? KB PDEO OUOPAI EO PDA CN=@Q=H
 ?AHH�IA@E=PA@ @ACN=@=PEKJ KB PDA "EK#=0 ?K=PEJC
 SDE?D 

NAOQHPO EJ PDA OHKS =J@ ?KJOEOPAJP NAHA=OA KB ND"-0�� 78� 4DEO IA?D=JEOI ABBA?PERAHU NALHE?=PAO PDA 

J=PQN=H LNK?AOO KB >KJA NAIK@AHEJC =J@ IEPEC=PAO PDA QJ@AOEN=>HA >QNOP NAHA=OA KB "-0�� =P DECD 

?KJ?AJPN=PEKJO 79�81�  

 

DeproteiniEed boAine bone granules coated Bith biomimetic calcium phosphate and bone 

morphogenetic protein 2  

)J LNAREKQO OPQ@EAO
 = OQOP=EJA@�NAHA=OA @AHERANU OUOPAI 	biomimetic calcium phosphate ?K=PEJC 

EJ?KNLKN=PA@ SEPD bone morphogenetic protein 2
 S=O QOA@ PK PNA=P R=NEKQO >KJA @ABA?PO in AiAo� 

4DEO "-0�� BQJ?PEKJ=HEVA@ $"" S=O QOA@ PK NAL=EN ?NEPE?=H�OEVA@ >KJA @ABA?PO EJ ODAAL 82,83 =J@ 

PAOP LANEK@KJP=H NACAJAN=PEKJ EJ = ?=JEJA IK@AH KB ?DNKJE? LANEK@KJPEPEO 84� &QNPDANIKNA
 $"" 

>HK?GO 	�� � � T � II3
 SANA >EKIEIAPE?=HHU ?K=PA@ SEPD "EK#=0 =J@ "-0�� =J@ QOA@ PK AJD=J?A 

RANPE?=H =HRAKH=N NE@CA =QCIAJP=PEKJ SEPD OEIQHP=JAKQO EILH=JP LH=?AIAJP EJ = ?=JEJA IK@AH 85�  

 

F-tricalcium phosphate coated Bith biomimetic calcium phosphate and bone morphogenetic 

protein 2  

)J PDA >ACEJJEJC KB PDA UA=N ����
 SA EJPNK@Q?A@ ��PNE?=H?EQI LDKOLD=PA =O PDA BKQJ@=PEKJ=H 

AHAIAJP EJ PDA >KJA IKNLDKCAJAPE? LNKPAEJ � @AHERANU OUOPAI 86� 4DEO EJJKR=PERA ?KILKOEPA 

I=PANE=H
 @AJKPA@ =O "-0���"EK#=0���4#0
 S=O LNK@Q?A@ >U 3D=JCD=E 2A>KJA "EKI=PANE=HO #K�
 

,P@� 4DEO LNK@Q?PEKJ BKHHKSA@ PDA )3/ ����� MQ=HEPU OP=J@=N@O� ! MQ=HEBEA@ KNC=JEV=PEKJ
 7AED=E 

$AODAJC 4A?DJKHKCU 4AOPEJC #K�
 ,P@�
 ?KJ@Q?PA@ = OANEAO KB LNA?HEJE?=H AR=HQ=PEKJO KB PDA >KJA 

OQ>OPEPQPAO� 4DAOA =OOAOOIAJPO AJ?KIL=OOA@ ?UPKPKTE?EPU
 OAJOEPEV=PEKJ
 EJPN=?QP=JAKQO NA=?PEREPU
 

LUNKCAJE?EPU
 =?QPA OUOPAIE? PKTE?EPU
 ?DNKIKOKI=H =>ANN=PEKJ
 =J@ >=?PANE=H NARANOA IQP=PEKJ 

PAOPEJC
 =HH KB SDE?D SANA IAPE?QHKQOHU LANBKNIA@ BKHHKSEJC NECKNKQO )3/ ����� OP=J@=N@O� 4K 

=O?ANP=EJ PDA KLPEI=H ?KJ?AJPN=PEKJ KB Escherichia coli�@ANERA@ NA?KI>EJ=JP DQI=J >KJA 

IKNLDKCAJAPE? LNKPAEJ � 	%ND"-0��

 ATLANEIAJPO SANA ?KJ@Q?PA@ QPEHEVEJC = N=P IK@AH SEPD 

?NEPE?=HHU�OEVA@ >KJA @ABA?PO 	@E=IAPAN KB � II
� 4DAOA EJRAOPEC=PEKJO NARA=HA@ PD=P PDA E@A=H 

?KJ?AJPN=PEKJ KB %ND"-0�� BKN PDEO =LLHE?=PEKJ ODKQH@ B=HH SEPDEJ PDA N=JCA KB ���q��� �C�C KB 

"EK#=0���4#0 EJ PDEO IK@AH 86� "=OA@ KJ LNA?HEJE?=H OPQ@EAO
 PDA ABBE?=?U =J@ O=BAPU KB PDEO JKRAH 

>KJA OQ>OPEPQPA 	ND"-0���"EK#=0���4#0
 SANA AT=IEJA@ BKN PDA BENOP PEIA EJ = DQI=J PKKPD�

ATPN=?PEKJ�OK?GAP�DA=HEJC IK@AH >U 3D=JCD=E �PD 0AKLHAvO (KOLEP=H� 4DA NAOQHPO ODKSA@ PD=P 

=HPDKQCD PDA JAS >KJA RKHQIA @AJOEPU EJ PDA ND"-0���"EK#=0���4#0 CN=BPEJC I=PANE=H =BPAN NE@CA 

LNAOANR=PEKJ S=O OEIEH=N PK PD=P EJ PDA J=PQN=H DA=HEJC CNKQL � SAAGO H=PAN
 PDA >KJA RKHQIA 
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I=EJPAJ=J?A EJ PDA ND"-0���"EK#=0���4#0 CNKQL S=O >APPAN PD=J PD=P EJ PDA H=PPAN�  

 

Calcium phosphate cements coated Bith biomimetic calcium phosphate and bone morphogenetic 

protein 2 

2A?AJPHU
 PDA @AHERANU KB >KJA IKNLDKCAJAPE? LNKPAEJ � QOEJC ?=H?EQI LDKOLD=PA ?AIAJPO =O = 

RADE?HA OUOPAI D=O >AAJ ?KIIAN?E=HEVA@� 4DA "-0�� IKHA?QHAO SANA =@OKN>A@ =P = ?KJ?AJPN=PEKJ 

KB ���� �C�C EJ PDEO LNK@Q?PEKJ� /QN NAOA=N?D HA@ PK PDA @ARAHKLIAJP KB = JKRAH "-0�� OQOP=EJA@�

NAHA=OA @AHERANU OUOPAI ?K=PA@ KJ PDA OQNB=?A KB #0# SEPD = "-0�� ?KJ?AJPN=PEKJ KB ��� �C�C 

	�2+:>/< �
� 4DEO OUOPAI S=O =LLHEA@ PK @KCOv IK@AH SEPD OARANA DKNEVKJP=H =HRAKH=N >KJA @ABA?PO� 

4DNKQCD PDEO ATLANEIAJP
 SA =EIA@ PK EJRAOPEC=PA SDAPDAN PDA ND"-0���"EK#=0�#0# ?KILKOEPA 

@AIKJOPN=PA@ ?KIL=N=>HA ABBE?=?U EJ H=NCA H=PAN=H >KJA =QCIAJP=PEKJ SEPD = HKSAN "-0�� @KO=CA 

?KIL=NA@ PK DECDAN "-0�� @KO=CA =@OKN>A@ KJ #0#� 4DA ATLANEIAJP=H NAOQHPO EJ@E?=PA@ PD=P 

SDAPDAN "-0�� S=O EJ?KNLKN=PA@ EJPK #0# KN =@OKN>A@ KJPK #0#
 >KJA RKHQIA I=EJPAJ=J?A EJ 

PDAOA PSK CNKQLO S=O OQLANEKN PK PD=P EJ PDA #0# =J@ =QPKHKCKQO >KJA CNKQLO�  

 

'>363D+>398 90 >2/ /B3=>381 ,98/ +8. 1<+0>�6/== :<9-/.?</= 
6=NEKQO PULAO KB EILH=JPO D=RA >AAJ QPEHEVA@ PK OQLLKNP LNKOPDAOAO
 =EIEJC PK IEJEIEVA PNA=PIAJP 

PEIA =J@ BNAMQAJ?U BKN L=PEAJPO SEPD = OARANAHU =PNKLDE? I=TEHH=� 4DEO OPN=PACU HARAN=CAO PDA 

ATEOPEJC >KJA RKHQIA SDEHA AHEIEJ=PEJC PDA JAA@ BKN >KJA CN=BPEJC LNK?A@QNAO� 4DAOA EJ?HQ@A ODKNP 

EILH=JPO
 J=NNKS�@E=IAPAN EILH=JPO
 IEJE�@AJP=H EILH=JPO
 PEHPA@ EILH=JPO
 =J@ ATPN=�=HRAKH=N 

EILH=JPO
 OQ?D =O VUCKI=PE? =J@ LPANUCKE@ EILH=JPO 38,87�90� 4DAOA IAPDK@O OPNERA PK KLPEIEVA PDA 

QOA KB =R=EH=>HA >KJA OPNQ?PQNAO BKN ABBA?PERA LNKOPDAPE? OQLLKNP� 

 

,ygomatic and pterygoid implants 

4SK PULAO KB ATPN=�=HRAKH=N EILH=JPO
 VUCKI=PE? =J@ LPANUCKE@ EILH=JPO
 =O =HPANJ=PERA =LLNK=?DAO 

PK ATPAJOERA >KJA =QCIAJP=PEKJ ?KI>EJA@ SEPD ?KJRAJPEKJ=H EILH=JPO
 SANA LKOEPEKJA@ =P OLA?EBE? 

=JCHAO PK >UL=OO PDA I=TEHH=NU OEJQO 	LPANUCKE@ EILH=JPO
 KN PN=RANOA PDA OEJQO 	VUCKI=PE? EILH=JPO
 

=J@ HARAN=CA PDA EJDANAJP ?D=N=?PANEOPE?O KB B=?E=H >KJA PEOOQA 91,92� 2AI=NG=>HA >KJA @AJOEPEAO EJ 

PDA VUCKI=PE? =J@ LPANUCKE@ NACEKJO SANA ?H=OOEBEA@ =O PULA )
 EJ SDE?D =HIKOP PDA AJPENA >KJA S=O 

?KILKOA@ KB DKIKCAJAKQO ?KIL=?P >KJA
 =??KN@EJC PK PDA ,AGDKHI =J@ :=N> ?H=OOEBE?=PEKJ 93� 

#KJOAMQAJPHU
 VUCKI=PE? =J@ LPANUCKE@ EILH=JPO EJ PDAOA =NA=O ?=J LNKRE@A AT?ALPEKJ=H OP=>EHEPU 

=J@ ABBA?PERAHU OQLLKNP LNKOPDAOAO ?KI>EJA@ SEPD ?KJRAJPEKJ=H EILH=JPO SEPD KN SEPDKQP >KJA 

CN=BPEJC LNK?A@QNAO 94,95 	&EC� �

 SDE?D ?=J @A?NA=OA PDA JAA@ BKN I=TEHH=NU OEJQO =QCIAJP=PEKJ 

LNK?A@QNAO EJ PDA LKOPANEKN =PNKLDE? I=TEHH= 96� &QNPDANIKNA
 PDA LPANUCKE@ EILH=JP LH=?AIAJP 

OQNCANU ?=J >A LANBKNIA@ QJ@AN HK?=H =JAOPDAOE=� 
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�31?</ �� ! @ECEP=H L=JKN=IE? N=@EKCN=LD KB = L=PEAJP PNA=PA@ SEPD BKQN VUCKI=PE?
 PSK LPANUCKE@
 

=J@ PSK PN=@EPEKJ=H @AJP=H EILH=JPO� 

.KPA� 4DA KNECEJ=H @ECEP=H L=JKN=IE? N=@EKCN=LD S=O BNKI KQN ?HEJE? 	QJLQ>HEODA@ @=P=
� 
 

4DA LPANUCKE@ EILH=JP LH=?AIAJP OQNCE?=H PA?DJEMQA EJRKHRAO PN=RANOEJC PDNAA @EOPEJ?P =J=PKIE?=H 

OPNQ?PQNAO
 I=TEHH=NU PQ>ANKOEPU
 LUN=IE@=H LNK?AOO KB PDA L=H=PEJA >KJA
 =J@ =J?DKNEJC EJPK PDA 

LPANUCKE@ LNK?AOO 97� 4DQO
 = DECD OQ??AOO N=PA KB LPANUCKE@ EILH=JPO DEJCAO KJ OARAN=H ?NEPE?=H 

B=?PKNO
 EJ?HQ@EJC LNA?EOA PDNAA�@EIAJOEKJ=H LKOEPEKJEJC
 =R=EH=>EHEPU KB DECD�MQ=HEPU =J@ =@AMQ=PA 

>KJA OQNNKQJ@EJC PDA LPANUCKE@ EILH=JP
 =J@ PDA OQNCAKJ�O ATPAJOERA ATLANEAJ?A 98�  

 

Tilted implants 

4EHPA@ EILH=JP PNA=PIAJP EO =JKPDAN OPN=PACU PD=P EO EJOANPA@ EJPK PDA LKOPANEKN =HRAKH=N NACEKJ =J@ 

?KI>EJA@ SEPD =TE=H EILH=JPO EJ PDA =JPANEKN =HRAKH=N NACEKJ BKN EILH=JP�OQLLKNPA@ NAOPKN=PEKJO 99 

	&EC� �
� 4DA PEHPA@ EILH=JP ?=J =RKE@ ?NQ?E=H =J=PKIE?=H OPNQ?PQNAO
 OQ?D =O PDA I=J@E>QH=N ?=J=H
 

I=TEHH=NU OEJQO
 AJH=NCA@ >HKK@ RAOOAHO
 =J@ =HRAKH=N >KJA @ABA?P =NA=
 =J@ EO AI>A@@A@ EJ PDA 

OQBBE?EAJP OQNNKQJ@EJC >KJA 100� #KIL=NA@ SEPD =TE=H EILH=JPO
 PDANA S=O JKP AJKQCD ARE@AJ?A PK 

?H=EI = DECDAN EJ?E@AJ?A KB >EKIA?D=JE? ?KILHE?=PEKJO =J@ IKNA I=NCEJ=H >KJA HKOO EJ PEHPA@ 

EILH=JPO 101�  
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General introduction
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7+8.3,?6+< ,98/ ./0/->� �� $ECEP=H L=JKN=IE? N=@EKCN=LD ODKSEJC PDA LH=?AIAJP KB BKQN @AJP=H 

EILH=JPO EJ PDA I=J@E>HA
 ?KJOEOPEJC KB PSK PEHPA@ =J@ PSK =TE=H EILH=JPO� 4DA PEHPA@ EILH=JPO =NA 

=JCHA@ =LLNKTEI=PAHU ��q�� @ACNAAO NAH=PERA PK PDA K??HQO=H LH=JA� !HH EILH=JPO =NA LKOEPEKJA@ 

=JPANEKN PK PDA IAJP=H JANRA EJ PDA I=J@E>HA� �� )JPN=KN=H LDKPKCN=LD ODKSEJC PDA BKQN EILH=JP 

=>QPIAJPO PDNAA IKJPDO LKOPKLAN=PERAHU� �� )JPN=KN=H LDKPKCN=LD KB = BQHH�=N?D PAILKN=NU @AJPQNA 

OQLLKNPA@ >U BKQN EILH=JPO� 

.KPA� 4DA KNECEJ=H @ECEP=H L=JKN=IE? N=@EKCN=LD =J@ EJPN=KN=H LDKPKCN=LDO SANA BNKI KQN ?HEJE? 

	QJLQ>HEODA@ @=P=
� 
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LNKHEBAN=PEKJ KB OPAI =J@ LNKCAJEPKN ?AHHO 187� !O 02& EO A=OU PK D=J@HA 181 EJ EILH=JP @AJPEOPNU
 02& 
EO QOQ=HHU QOA@ =O = IAI>N=JA KN CAH 	&EC� �
 188 KN ?KI>EJA@ SEPD @ALNKPAEJEVA@ >KREJA >KJA 

IEJAN=H 	$""-
 189�191� )J =@@EPEKJ
 = BAS OPQ@EAO D=RA RANEBEA@ PD=P '"2 SEPD 02& =J@ #=0 

?AN=IE?O NA@Q?A@ PDA >KJA DA=HEJC LANEK@ =J@ =??AHAN=PA@ SKQJ@ DA=HEJC EJ >KJA @ABA?PO 192�195� 

(KSARAN
 NAOA=N?D OQCCAOPA@ =HPDKQCD 02& S=O OQLANEKN PK b�4#0 EJ >KJA IEJAN=HEV=PEKJ
 EP S=O 

EJBANEKN PK I=EJP=EJEJC PDA >Q??K�HEJCQ=H RKHQIA 196� 

 

 
�31?</ �� #HEJE?=H =LLHE?=PEKJ KB 02& =O ?KRAN IAI>N=JAO EJ EILH=JP @AJPEOPNU� �
 0NAKLAN=PERA 

REAS� 0ANEK@KJPEPEO�?=QOA@ >KJA @ABA?PO� �
 4AAPD ATPN=?PEKJ� )IL=ENA@ =HRAKH=N OK?GAP S=HHO� �
 

"KJA OQ>OPEPQPA BEHHEJC� �
 4DA QOA KB 02& =O ?KRAN IAI>N=JAO� �
 ! N=LE@ ALEPDAHE=HEV=PEKJ KB PDA 

OQNB=?A KB PDA ATPN=?PEKJ OEPAO� �
 �� (KQN LKOPKLAN=PERAHU� 4DA SKQJ@ S=O PKP=HHU ?HKOA@� 

	2ALNK@Q?A@ BNKI #DKQGNKQJ AP =H�188
 

 

#KIL=NA@ PK 020 =J@ 02&
 #'& EO LNK@Q?A@ >U ?AJPNEBQCEJC >HKK@ O=ILHAO QOEJC =HPANJ=PEJC 

OLAA@O� !BPAN ?AJPNEBQC=PEKJ
 >HKK@ EO =HOK OAL=N=PA@ EJPK PDNAA H=UANO� 000
 #'&
 =J@ 2"# 197 	&EC� 

�
� !HPANJ=PEJC N=PAO HA=@ PK IKNA '&O LNK@Q?PEKJ EJ #'& PD=J 020 =J@ 02& 198,199� -KNAKRAN
 #$ 

��� OPAI ?AHHO PD=P LH=U = ?NEPE?=H NKHA EJ R=O?QH=N I=EJPAJ=J?A
 JAKR=O?QH=NEO=PEKJ
 =J@ 

=JCEKCAJAOEO D=RA KJHU >AAJ @EO?KRANA@ EJ #'& 200� (AJ?A
 #'& @AIKJOPN=PAO = LKPAJP ABBA?P KJ 

=JCEKCAJAOEO� 4DA =@IEJEOPN=PEKJ KB #'& EJ EILH=JP @AJPEOPNU EO EJ?NA=OEJC
 =O EP EO NALKNPA@ PD=P 

#'& ?=J @A?NA=OA OUILPKIO =J@ @EO?KIBKNP =BPAN '"2 OQNCANU 201� 
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�31?</ �� #HEJE?=H =LLHE?=PEKJ KB #'& BKN =HRAKH=N NE@CA LNAOANR=PEKJ� �
 0NAKLAN=PERA EI=CA BKN 

#'&�$""- CNKQL� �
 #'&�$""- IETPQNA EILH=JPA@ EJPK PDA PKKPD OK?GAP� �
 #KRANA@ SEPD #'& 

IAI>N=JAO =J@ OQPQNA@� �
 0NAKLAN=PERA EI=CA BKN $""- CNKQL� �
 $""- EILH=JPA@ EJPK PDA 

PKKPD OK?GAP� �
 #KRANA@ SEPD "EK�'E@A IAI>N=JAO =J@ OQPQNA@� �
 0NAKLAN=PERA EI=CA BKN ?KJPNKH 

CNKQL� �
 .KPDEJC EILH=JPA@ 	2ALNK@Q?A BNKI ,EJ AP =H�202
� $""-
 @ALNKPAEJEVA@ >KREJA >KJA 

IEJAN=H� 

 

#'&vO ABBE?EAJ?U EJ >KJA NACAJAN=PEKJ D=O =HOK >AAJ NALKNPA@� ! sO=J@SE?Dt ?KJP=EJEJC #'&
 

PEP=JEQI IAOD
 =J@ #=0 I=PANE=HO S=O PAOPA@ PK NAL=EN OARANA =HRAKH=N >KJA @ABA?PO� 4DEO 

O=J@SE?D OEIQHP=JAKQOHU @AIKJOPN=PA@ KQPOP=J@EJC LKPAJPE=H BKN >KJA =J@ OKBP PEOOQA 

=QCIAJP=PEKJ
 SDE?D ?=J OECJEBE?=JPHU NA@Q?A @AJP=H EILH=JPO HKOO =J@ =?DEARA = O=PEOB=?PKNU 

AOPDAPE? KQP?KIA 203,204� )J =@@EPEKJ
 #'& ?KI>EJA@ SEPD $""- S=O =HOK QOA@ BKN =HRAKH=N NE@CA 

LNAOANR=PEKJ =J@ OECJEBE?=JPHU LNKIKPA@ >KJA BKNI=PEKJ 	&EC� �
 205� (KSARAN
 EJ =JKPDAN ?HEJE?=H 

OPQ@U
 PDA #'& IAI>N=JA ?KI>EJA@ SEPD #=0 >KJA OQ>OPEPQPAO @E@ JKP LNKIKPA >KJA BKNI=PEKJ 

EJ ?KJPN=OP PK >KJA OQ>OPEPQPAO 206� 4DQO
 PDA ABBE?EAJ?U KB #'& =J@ EPO ?KI>EJ=PEKJ SEPD #=0 

>EKI=PANE=HO JAA@ = IKNA OUOPAI=PE? =OOAOOIAJP� 
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Calcium phosphate ceramics and synergistic bioactive agents



 		 

 
�31?</ �� &ERA REOEPO EJ PNE=H LNK?A@QNAO SANA LH=JJA@ =J@ ?=NNEA@ KQP 	+
� 2ALNAOAJP=PERA EJPN=�KN=H 

LDKPKCN=LDO KB PDA OP=J@=N@EVA@ LNK?A@QNAO KB OK?GAP LNAOANR=PEKJ OQNCANU =NA ODKSJ EJ ,�/ 	,
 

PKKPD ATPN=?PEKJ� -
 >KJA OQ>OPEPQPA BEHHEJC� .
 IAI>N=JA ?KRANEJC� /
 OQPQNEJC
� 4DA OKBP =J@ D=N@ 

PEOOQA DA=HEJC OET SAAGO =BPAN OQNCANU =NA ODKSJ EJ 0 � 1
 NAOLA?PERAHU� 4DA #/.3/24 BHKS ?D=NP 

KB PDA PNE=H EO ODKSJ EJ 2�  

 

���  /+=?</7/8>= 90 /003-+-C +8. =+0/>C 9?>-97/= 

4DA LNEI=NU KQP?KIA KB PDA ABBE?=?U =J=HUOEO S=O JAS >KJA RKHQIA @AJOEPU EJ PDA >EKLOU O=ILHA 

OET SAAGO =BPAN OQNCANU� 4DA OA?KJ@=NU KQP?KIAO EJ?HQ@A@ 	�
 PDA QJIEJAN=HEVA@ PEOOQA RKHQIA 

@AJOEPU EJ PDA >EKLOU O=ILHA
 	�
 PDA NAOE@Q=H I=PANE=H RKHQIA @AJOEPU EJ PDA >EKLOU OEPA
 	�
 PDA 

>KJA SE@PD =J@ DAECDP ?D=JCAO IA=OQNA@ >U #"#4 O?=JO
 	�
 PDA OKBP PEOOQA OQNB=?A OA?PEKJ=H 

=NA= =J@ SE@PD ?D=JCAO IA=OQNA@ >U EJPN=�KN=H O?=JO
 =J@ 	�
 PDA JQI>AN KB >KJA =QCIAJP=PEKJ 

LNK?A@QNA NAMQENA@ @QNEJC @AJP=H EILH=JP LH=?A@� 4DA O=BAPU KQP?KIAO ?KJP=EJA@ 	�
 PDA OKBP PEOOQA 
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The clinical efficacy and safety of rhBMP-2/BioCaP/β-TCP
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� 3?DAI=PE? KB ?HEJE?=H PNE=H LNK?A@QNA� 	�� 4DA L=PEAJPO SANA N=J@KIHU @ERE@A@ EJPK ND"-0�

��"EK#=0���4#0 
 ��4#0
 =J@ J=PQN=H DA=HEJC CNKQLO� 	�
 PKKPD ATPN=?PEKJ
 	�
 PDA PKKPD OK?GAP 

BEHHA@ SEPD AEPDAN ND"-0���"EK#=0���4#0 KN ��4#0 EJ NAH=PERA CNKQLO
 	�
PDA BENOP H=UAN KB ?KHH=CAJ 

IAI>N=JA ?KRANA@ PDA =HRAKH=N OK?GAPO =J@ ���II KRAN PDA OK?GAP A@CA

 	�
 PDA OA?KJ@ 

?KHH=CAJ IAI>N=JAO
 	�
 OQPQNA@
 	�
 PSK SAAGO H=PAN
 PKKG KQP PDA OQPQNA
 	�
 !BPAN OET SAAGO
 

OKBP PEOOQA BH=L NAHA=OEJC
 	�
 = PNALDEJA @NEHH 	KQPAN @E=IAPAN � II
 EJPAN ��� II @E=IAPAN
 EO QOA@ 

PK K>P=EJ PDA >EKLOU
 	�
 ?KHHA?PA@ >EKLOU 	���II EJ @E=IAPAN � �II EJ DAECDP
� 
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 4NALDEJA @NEHH SEPD >EKLOU� 	�
 EILH=JP 

OEPA LNAL=N=PEKJ� 	�
 EILH=JP EJOANPEKJ 
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Radiographic and histological




