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,QWURG�FWLRQ

,QWHUHVW� LQ� WKH� DSSOLFDWLRQ� RI� DGKHVLYH� GHQWLVWU��
FRQFHSWV�WR�HQGRGRQWLFV�WR�FUHDWH�LPSURYHG�DSLFDO�
DQG�FRURQDO�VHDO�WKDW�KDYH�EHHQ�VWLPXODWHG�E��WKH�
LQWURGXFWLRQ� RI� PHWKDFU�ODWH� UHVLQ�EDVHG� VHDOHUV�
DQG�GHQWLQ�DGKHVLYHV�IRU�HQGRGRQWLF�XVH�

6KULQNDJH�VWUHVVHV�DVVRFLDWHG�ZLWK�SRO�PHUL]DWLRQ�
RI� PHWKDFU�ODWH�EDVHG� UHVLQV� DUH� KLJKHU� LQ� ORZ�
�lled,�lower�viscosity�resin�cements,�and�root�canal�
sealers�than�highly��lled�resin�composites.�A�major�
SUREOHP� DVVRFLDWHG� ZLWK� HQGRGRQWLF� ERQGLQJ� LV�
WKH� ODFN� RI� UHOLHI� RI� VKULQNDJH� VWUHVVHV� FUHDWHG� LQ�
deep,�narrow� canals.� Stress� relief� by� resin� �ow� is�
dependent� upon� cavity� geometry� and� resin� �lm�
WKLFNQHVV����

'XULQJ� SRO�PHUL]DWLRQ�� WKH� XQERQGHG� VXUIDFH�
can� move� and� �ow,� thereby� relieving� shrinkage�
VWUHVVHV�� +RZHYHU�� DV� WKH� XQERQGHG� VXUIDFH� DUHD�
EHFRPHV� VPDOO�� DV� LQ� D� ORQJ� QDUURZ� URRW� FDQDO��
there�is�insuf�cient�stress�relief�by��ow�and�a�high�
SUREDELOLW�� WKDQ� RQH� RU� PRUH� ERQGHG� DUHDV� ZLOO�
SXOO�RII�RU�GHERQG��'XULQJ� WKH�HUD�ZKHQ�ERQGLQJ�

WR�URRW�FDQDOV�ZDV�LQ�LWV�LQIDQF���)HLO]HU�HW�DO�RSLQHG�
WKDW� ERQGLQJ� WR� SRVW� VSDFHV� UHSUHVHQWV� WKH� ZRUVW�
VFHQDULR�LQ�DFKLHYLQJ�OHDN�IUHH�LQWHUIDFHV����

3RO�PHUL]DWLRQ� VKULQNDJH� DQG� VXEVHTXHQW�
VWUHVV� RI� UHVLQ� PDWHULDO� ZDV� FRQVLGHUHG� WR� EH� D�
SULQFLSDO�UHDVRQ�IRU�WKH�IDLOXUH�RI�UHVWRUDWLRQV��7KH�
PDJQLWXGH� RI� VKULQNDJH� YDOXH� ZDV� IRXQG� WR� EH�
PDLQO��GHSHQGHQW�XSRQ�WKH�UHVLQ�YROXPH��VR�FDOOHG�
¶¶YROXPHWULF� VKULQNDJH�� :KHQ� SRO�PHUL]DWLRQ�
shrinkage�takes�place�under�con�nement,�as�in�the�
FDVH�RI�ERQGLQJ�WR�D�FDYLW��ZDOO��FRQWUDFWLRQ�VWUHVV�
ZLOO�GHYHORS�ZLWKLQ�WKH�PDWHULDO��7KH�TXDQWLWDWLYH�
value� of� the� con�nement� of� the� cavity� could� be�
represented�by�the�C-factor�value,�which�is�de�ned�
DV�WKH�UDWLR�EHWZHHQ�ERQGHG�DQG�XQERQGHG�VXUIDFHV�
RI�WKH�UHVLQ�

'XULQJ� SRO�PHUL]DWLRQ�� WKH� XQERQGHG� VXUIDFH�
can� move� and� �ow,� thereby� relieving� shrinkage�
VWUHVVHV�� +RZHYHU�� DV� WKH� XQERQGHG� VXUIDFH� DUHD�
EHFRPHV� VPDOO�� DV� LQ� D� ORQJ� QDUURZ� URRW� FDQDO��
there�is�insuf�cient�stress�relief�by��ow�and�a�high�
SUREDELOLW��WKDQ�RQH�RU�PRUH�ERQGHG�DUHDV�ZLOO�SXOO�
RII�RU�GHERQG�
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7KH�YXOQHUDELOLW��WR�GHERQGLQJ�PD��EH�SUHGLFWHG�
E�� DVVHVVLQJ� WKH� JHRPHWULF� DWWULEXWHV� RI� D� FDYLW���
WKH�JHQHUDWLRQ�RI�DFWXDO�VKULQNDJH�VWUHVVHV�DQG�KRZ�
WKHVH� VWUHVVHV� DUH� XOWLPDWHO�� GLVVLSDWHG� PXVW� UHO��
RQ�RWKHU�FULWLFDO�SDUDPHWHUV�VXFK�DV�WKH�

�DPRXQW� RI� YROXPHWULF� VKULQNDJH� RI� WKH� UHVLQ�
VHDOHU�

�� HODVWLF�PRGXOL�RI�WKH�LQWUDUDGLFXODU�GHQWLQ��

�� DGKHVLYH�VHDOHU�

—� root��lling�material,

�� FRQWULEXWLRQ�RI�DLU�YRLGV�ZLWKLQ�WKH�VHDOHU�LQ�
VWUHVV�UHOLHI�

�� WKH�UDWH�RI�SRO�PHUL]DWLRQ�

�� JHODWLRQ�WLPH�RI�WKH�UHVLQ�VHDOHU��

,Q� YLHZ� RI� WKH� KLJK� SUREDELOLW�� IRU� LPSHUIHFW�
GHQWLQ� ERQGLQJ� �L�H�� GHERQGLQJ� EHFDXVH� RI�
SRO�PHUL]DWLRQ�FRQWUDFWLRQ�IRUFHV�H[FHHGLQJ� ERQG�
VWUHQJWKV�� LQ� URRW� FDQDOV� DQG� WKH� KLJK� YROXPHWULF�
VKULQNDJH� WKDW� LV� DQWLFLSDWHG� ZLWK� ORZ� YLVFRVLW��
UHVLQRXV�PDWHULDOV��D�VORZ�SRO�PHUL]LQJ�UHVLQ�VHDOHU�
ZRXOG�LPSURYH�WKH�FKDQFH�IRU�WKH�UHOLHI�RI�VKULQNDJH�
stress�via�resin��ow,�because�of�prolonged�gelation�
WLPH��,QGHHG��WKH�PDQXIDFWXUHU�RI�WKH�5HVLORQ�VHDOHU�
KDV�WDNHQ�WKLV�LVVXH�LQWR�FRQVLGHUDWLRQ�E��FUHDWLQJ�
D� VHDOHU� WKDW� DXWR�SRO�PHUL]HV� LQ� ��� PLQ� DW� URRP�
WHPSHUDWXUH�

� +RZHYHU�� WKH� PDQXIDFWXUHU�V� LQVWUXFWLRQV� WR�
FUHDWH� DQ� LPPHGLDWH� FRURQDO� VHDO� YLD� OLJKW�FXULQJ�
of� the� resin� sealer� would� cancel� out� the� bene�ts�
GHULYHG�IURP�D�VHDOHU�WKDW�LV�GHVLJQHG�IRU�YHU��VORZ�
DXWR�FXULQJ�G�QDPLFV�

$FFRUGLQJ� WR� 7D�� HW� DO� ����� WKH� WKLFNHU� VHDOHUV�
FDQ� SDUWLDOO�� FRPSHQVDWH� IRU� KLJK� WKHRUHWLFDO�
&�IDFWRUV�E��LQFUHDVLQJ�WKH�XQERQGHG�VXUIDFH�DUHD�
and�permitting�some�stress�release�by�resin��ow.�At�
FOLQLFDOO�� UHOHYDQW� VHDOHU� WKLFNQHVV� WKH� SHUFHQWDJH�
LQFUHDVH� LQ� &� IDFWRU� RYHUZKHOPV� WKH� SHUFHQWDJH�
GHFUHDVH� LQ� VWUHVV� IDFWRU� �YROXPH� RI� VKULQNDJH�
LV� UHGXFHG�� YROXPHWULF� VKULQNDJH� LV� UHGXFHG���
7KLFNHU� VHDOHUV� FDQ� SDUWLDOO�� FRPSHQVDWH� IRU� KLJK�
WKHRUHWLFDO� &�IDFWRUV� E�� LQFUHDVLQJ� WKH� XQERQGHG�
VXUIDFH� DUHD� DQG� SHUPLWWLQJ� VRPH� VWUHVV� UHOHDVH�
by� resin� �ow.� For� instance,� at� a� sealer� thickness�
RI��—P�LQ�D����PP�ORQJ�URRW�FDQDO��WKH�WKHRUHWLFDO�
&�IDFWRU�RI�����FRXOG�EH�UHGXFHG�VRPH�EHFDXVH�RI�
WKH�OLQHDU�GHFUHDVH�LQ�6�IDFWRU��'HVSLWH�WKH�SRWHQWLDO�
UHGXFWLRQ�LQ�&�IDFWRUV�ZLWK�D�ORZ�VHDOHU�WKLFNQHVV��LW�
FRXOG�EH�VHHQ�IURP�WKH�VHDOHU�WKLFNQHVV�WKDW�LQGLUHFW�
ERQGLQJ� LQ� ORQJ� QDUURZ� URRW� FDQDOV� VWLOO� UHVXOWHG�
LQ� H[FHHGLQJO�� KLJK� &�IDFWRUV� ZKHQ� FRPSDUHG� WR�
LQGLUHFW�LQWUDFRURQDO�UHVWRUDWLRQV�ZLWK�VLPLODU�UHVLQ�
�lm�thickness.

7KH� LQFUHDVHV� LQ� &�IDFWRUV� DVVRFLDWHG� ZLWK�
increasing��le�size�are�modest�when�compared�with�
WKH� FKDQJHV� WKDW�DUH�DVVRFLDWHG� ZLWK�UHGXFLQJ� WKH�
VHDOHU� ZLGWKV�� &�IDFWRUV� GHFUHDVH� ZLWK� LQFUHDVLQJ�
�le�size�when�a�root�canal�is��lled�with�an�adhesive�
sealer� without� the� use� of� a� bondable� root� �lling�
PDWHULDO�

� &� �� )DFWRU� IRU� URRW� FDQDO� ZDV� ��� IRU� VHDOHU�
WKLFNQHVV�RI�����—P

&�� )DFWRU� IRU� URRW� FDQDO� ZDV� ������� IRU� VHDOHU�
WKLFNQHVV�RI���—P

&�� )DFWRU� IRU� URRW� FDQDO� ZDV� ��� IRU� FDQDO� ZLWK�
RQO��VHDOHU��

$V� UHVLQ� WDJV� DOVR� DGDSW� WR� WKH� LQQHU� ZDOO� RI�
WXEXOHV�DQG�FUHDWH�ERQGHG�DUHDV�SHULSKHUDOO��ZKHQ�
D� GHQWLQ� DGKHVLYH� LV� DOORZHG� WR� DXWRFXUH� EHIRUH�
WKH�DSSOLFDWLRQ�RI�D�UHVLQ�VHDOHU��WKH�DYDLODELOLW��RI�
GHQWLQDO�WXEXOHV�IRU�VWUHVV�UHOLHI�LV�FRQMHFWXUDO�

:KHUHDV� YXOQHUDELOLW�� WR� GHERQGLQJ� PD�� EH�
SUHGLFWHG�E�� DVVHVVLQJ� WKH�JHRPHWULF�DWWULEXWHV�RI�
D�FDYLW���WKH�JHQHUDWLRQ�RI�DFWXDO�VKULQNDJH�VWUHVVHV�
DQG� KRZ� WKHVH� VWUHVVHV� DUH� XOWLPDWHO�� GLVVLSDWHG�
PXVW� UHO��RQ�RWKHU�FULWLFDO�SDUDPHWHUV�VXFK�DV� WKH�
DPRXQW�RI�YROXPHWULF�VKULQNDJH�RI�WKH�UHVLQ�VHDOHU��
WKH� HODVWLF� PRGXOXV� RI� WKH� LQWUDUDGLFXODU� GHQWLQ��
adhesive,� sealer,� and� root� �lling� material,� the�
FRQWULEXWLRQ�RI�DLU�YRLGV�ZLWKLQ�WKH�VHDOHU�LQ�VWUHVV�
UHOLHI��WKH�UDWH�RI�SRO�PHUL]DWLRQ�DQG�JHODWLRQ�WLPH�
RI�WKH�UHVLQ�VHDOHU���DQG�WKH�H[SDQVLRQ�FRQWUDFWLRQ�
LQYROYHG�GXULQJ� WKHUPDO�SODVWLFL]DWLRQ�RI� WKH�URRW�
�lling�material.���

�RV���SDF�

The� cavity� con�guration� factor� (C-factor),� which�
represents� the� con�nement� area� of� the� cavity,�
increases�enormously�after�a��bre�post�is�inserted.�
7KH� ERQGHG� VXUIDFHV� LQFOXGH� ERWK� WKH� URRW� FDQDO�
dentine� and� the� �bre� post� surface.� It� has� been�
UHSRUWHG�WKDW�WKH�&�IDFWRU�LQ�HQGRGRQWLF�SRVW�OXWHG�
FDYLWLHV�PD��H[FHHG������ZKHUHDV�WKH�&�IDFWRU�RI�DQ�
LQWUDFRURQDO�UHVWRUDWLRQ�LV�LQ�WKH�UDQJH�RI�RQO�������
7KH�UHVWULFWLRQ�RI�IUHH�VXUIDFHV�LQ�VXFK�D�GHHS�DQG�
QDUURZ� FDQDO� ZRXOG� KDYH� D� GHWULPHQWDO� HIIHFW� RQ�
the�adhesion�of�the��bre�post�to�root�canal�dentin.�
7KH�GLIIHUHQFH� LQ� WKH� ERQGLQJ�SHUIRUPDQFH�RI� WKH�
DGKHVLYHV� LQ� LQWUD�FRURQDO� FDYLWLHV� DQG� WKRVH� LQ�
SRVW�VSDFHV�PD��EH�DFFRXQWHG�IRU�E��WKH�GLIIHUHQFH�
of�the�con�guration�factor�(C-factor).

7KH�XQVWDEOH�ERQGLQJ� SHUIRUPDQFH�RI� DGKHVLYH�
PDWHULDOV�LQ�WKH�SRVW�VSDFH�PD��EH�DWWULEXWHG�WR�WKH�
KLJK�&�IDFWRU��

7KH� &�IDFWRU� W�SLFDOO�� YDULHV� IURP� �� WR� �� LQ�
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LQWUDFRURQDO� UHVWRUDWLRQV�� LW� LV�HVWLPDWHG�WR�H[FHHG�
����LQ�D�SRVWVSDFH��

7KH� VORZHU� VHWWLQJ� PDWHULDOV� UHGXFH� VWUHVV� DW�
the�bonding� interface�by�allowing� the��ow�of� the�
PDWHULDOV�WR�UHOLHYH�SRO�PHUL]DWLRQ�VWUHVV��

The� complex� con�guration� of� the� adhesive�
LQWHUIDFHV� LV� DQRWKHU� IDFWRU� ZKLFK� FRPSURPLVHV�
VWDEOH�DGKHVLRQ�LQ�WKH�SRVW�UHVWRUDWLRQ��

An�adhesion�with�an��bre�post�comprises�three�
OD�HUV� ZLWK� WZR� ERQGLQJ� LQWHUIDFHV�� ZKLFK� DUH�
GHQWLQ�DGKHVLYHV� DQG� DGKHVLYHV�SRVW� LQWHUIDFHV��
7KH� ERQG� VWUHQJWKV� RI� PRGHUQ� GHQWLQ� DGKHVLYH�
V�VWHPV� WR�URRW�FDQDO�GHQWLQ� LQ�D� SRVW�VSDFH�ZHUH�
more� than� 50� MPa,� while� those� to� a� �ber� post�
WUHDWHG�ZLWK�D�VLODQH�FRXSOLQJ�DJHQW�ZHUH��������
03D�

6XFK�XQHYHQQHVV�RI�WKH�ERQGLQJ�VWUHQJWKV�DW�WKH�
WZR�LQWHUIDFHV�FDQ�UHVXOW�LQ�FRQWUDFWLRQ�JDSV�DW�WKH�
LQWHUIDFHV��ZLWK�LQIHULRU�ERQGLQJ�VWUHQJWK�

+RZHYHU�� WKH� VWUHVV� DFFXPXODWLRQ� GXH� WR�
SRO�PHUL]DWLRQ� VKULQNDJH� DW� WKH� ZHDNHU� LQWHUIDFH�
LV� QRW� HDV�� WR� SUHGLFW� EHFDXVH� RI� WKH� FRPSOLFDWHG�
con�gurations�of�the�post—core�adhesion�involving�
WZR� LQWHUIDFHV� ZLWK� WKUHH� OD�HUV� VXUURXQGLQJ� WKH�
SRVW�

8VLQJ� DGKHVLYH� PDWHULDOV� ZKLFK� KDYH� VLPLODU�
ERQG� VWUHQJWK� WR� WKH� URRW� FDQDO� GHQWLQ� DQG� WR� WKH�
)53� PD�� RIIHU� D� SRVVLEOH� VROXWLRQ� WR� UHGXFH� WKH�
FRQWUDFWLRQ�JDSV���

�LPL�D�LR��RI��L����������D�LR��L��R��RV�VSDF�V

$Q� LQFRPSDWLELOLW�� EHWZHHQ� WKH� XQFXUHG� DFLGLF�
PRQRPHU�DQG�WKH�FKHPLFDOO��DFWLYDWHG�UHVLQ�DW�WKH�
DSLFDO�SRUWLRQ�PLJKW�RFFXU�����UHVXOWLQJ�LQ�LQIHULRU�
ERQG� VWUHQJWK� YDOXHV�� ,Q� FRQWUDVW�� WKHUH� ZHUH� QR�
UHJLRQDO� GLIIHUHQFHV� LQ� ERQG� VWUHQJWK� YDOXHV� RI�
�bre�post-inserted�canals.�Light�passing�through�a�
WUDQVOXFHQW�SRVW�PLJKW�EH�DEOH� WR�DFWLYDWH� WKH�WKLQ�
UHVLQ�OD�HU�VXUURXQGLQJ� WKH�SRVW�VXUIDFH��HQDEOLQJ�
WKH�UHVLQ�WR�FXUH�SURPSWO��DORQJ�WKH�SRVW

6HYHUDO� VWXGLHV� RQ� WKH� ERQGLQJ� SHUIRUPDQFH� RI�
�bre�post�and� root�canal�dentin�using� light-cured�
DQG� GXDO�FXUHG� DGKHVLYHV� UHSRUWHG� WKDW� ERQG�
VWUHQJWKV�ZHUH�DIIHFWHG�E�� WKH�YHUWLFDO� ORFDWLRQ� LQ�
WKH�SRVW�VSDFH

�6WUHVVHV�SURGXFHG�E��SRO�PHUL]DWLRQ�VKULQNDJH�
also� complicate� the� �rmness� of� bonding� when�
luting� the� �bre� to� its� post-space� with� adhesive�
PDWHULDOV�

7KH� LQIHULRU� SHUIRUPDQFHV� RI� WKH� ERQGLQJ� LQ�
DSLFDO� DUHDV� ZKHQ� XVLQJ� OLJKW�FXUHG� DGKHVLYHV�
GHPRQVWUDWHG� WKDW� DFKLHYLQJ� KLJK� ERQG� VWUHQJWK�

throughout�an�entire�root�canal�is�dif�cult.

,PSHUIHFW� FXULQJ� RI� WKH� DGKHVLYHV� DW� WKH� DSLFDO�
SRUWLRQV� PD�� EH� WKH� FDXVH� RI� WKH� LQIHULRU� ERQG�
VWUHQJWKV�

The� dif�culties� in� getting� the� light� fully� to�
SHQHWUDWH� WKH� GHHSHVW� DSLFDO� SRUWLRQV� ZHUH�
SURYHG� E�� HYDOXDWLQJ� WKH� GHSWK� RI� OLJKW�LQLWLDWHG�
polymerization�of�glass��ber�reinforced�composite�
PDWHULDOV�LQWR�WKH�URRW�FDQDOV�

7KH�OLPLWDWLRQ�LQ�WKH�GLVWDQFH�RI�OLJKW�SHQHWUDWLRQ�
UHVXOWHG� LQ� D� ORZ� GHJUHH� RI� FRQYHUVLRQ� RI�
SRO�PHUL]DEOH�GLPHWKDFU�ODWH�UHVLQ�PRQRPHUV�

:KHQ�WKH� GLVWDQFH� IURP� WKH� OLJKW� VRXUFH� WR� WKH�
LUUDGLDWLRQ� VXUIDFH� ZDV� LQFUHDVHG�� WKH� GHJUHH� RI�
FRQYHUVLRQ�RI�UHVLQ�PRQRPHUV�GHFUHDVHG�

7KH�KDUGQHVV�RI�WKH�FRPSRVLWHV�DOVR�IHOO�E������
ZKHQ� WKH� GLVWDQFH� IURP� WKH� LUUDGLDWLRQ� VXUIDFH� WR�
WKH�LUUDGLDWLRQ�XQLW�ZDV�LQFUHDVHG�IURP���WR���PP��

To� overcome� this� disadvantage� of� insuf�cient�
OLJKW�SHQHWUDWLRQ�LQ�D�QDUURZ�SRVW�VSDFH��SURORQJLQJ�
WKH� SKRWR�LUUDGLDWLRQ� WLPH� IRU� OLJKW�FXUHG� GHQWLQ�
ERQGLQJ� V�VWHPV� ZDV� IRXQG� WR� EH� HIIHFWLYH� WR�
LPSURYH�WKH�ERQGLQJ�VWUHQJWK�WR�URRW�FDQDO�GHQWLQ�

Other� options,� such� as� using� a� LED� �ber� or� a�
WUDQVSDUHQW� OLJKW�JXLGLQJ� DWWDFKPHQW�� ZKLFK� FDQ�
EH� LQVHUWHG� LQWR� WKH� GHHSHVW� SDUWV� RI� WKH� DSLFDO�
SRUWLRQV��FRXOG�EH�FRQVLGHUHG�LQ�FOLQLFDO�XVH�

8VLQJ� FKHPLFDOO�� FXUHG� DGKHVLYH� PDWHULDOV��
ZKHUH�WKH�SURJUHVV�RI�FXULQJ�LV�UHODWLYHO��VORZ�DQG�
WKH� VORZHU� SURFHVV� RI� SRO�PHUL]DWLRQ� VKULQNDJH�
SURGXFHV� OHVV� VWUHVV�� PD�� KDYH� DQ� DGYDQWDJH� LQ�
URRW�FDQDO�DGKHVLRQ��ZKHUH�H[WUHPHO��KLJK�VWUHVV�LV�
JHQHUDWHG�LQ�WKH�SRVW�VSDFH�

&KHPLFDO� FXULQJ� LV� DOVR� DGYDQWDJHRXV� LQ�
SURPRWLQJ�HYHQ�GLVWULEXWLRQ�RI�WKH�VWUHVV�FDXVHG�E��
WKH� SRO�PHUL]DWLRQ� VKULQNDJH� DQG� LQGXFLQJ� HYHQ�
ERQGLQJ�VWUHQJWK�LQ�WKH�HQWLUH�SRVW�VSDFH��

+RZHYHU�� WKH� UHSRUWHG� ERQG� VWUHQJWKV� RI�
chemically� cured� adhesives� with� the� �bre� to� the�
URRW� FDQDO� GHQWLQ� GR� QRW� VHHP� WR� EH� VXSHULRU� WR�
WKRVH� ZLWK� OLJKW�FXUHG� PDWHULDOV�� 7KLV� PD�� EH�
EHFDXVH� WKH� EDVLF� ERQGLQJ� VWUHQJWK� RI� FKHPLFDOO��
FXUHG�DGKHVLYHV�LV�QRW�VWURQJ�HQRXJK�WR�FRSH�ZLWK�
WKH� KLJK� VWUHVV�JHQHUDWHG� LQ� WKH�SRVW�VSDFH��'XDO�
FXUHG�DGKHVLYH�PDWHULDOV�KDYH�EHHQ�UHFRPPHQGHG�
IRU�XVH�LQ�ERQGLQJ�LQ�URRW�FDQDOV��LQ�WKH�H[SHFWDWLRQ�
WKDW�WKH��ZLOO�VKRZ�WKH�DGYDQWDJHRXV�FKDUDFWHULVWLFV�
RI� WKH� OLJKW�FXUHG� PDWHULDOV� DW� WKH� FHUYLFDO� DUHD�
RI� D� SRVW�VSDFH� DQG� WKRVH� RI� FKHPLFDOO�� FXUHG�
PDWHULDOV� DW� WKH� DSLFDO� DUHD�� +RZHYHU�� DFWXDO�
ERQGLQJ� SHUIRUPDQFHV� LQ� D� SRVW�VSDFH� VHHP� QRW�
WR� EH� LPSURYHG� ZKHQ� FRPSDUHG� WR� WKRVH� ZLWK�
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OLJKW�FXUHG� DGKHVLYHV�� ,QIHULRU� DGKHVLRQV� DW� WKH�
DSLFDO� DUHD� ZHUH� VWLOO� REVHUYHG� HYHQ� ZKHQ� XVLQJ�
GXDO�FXUHG� DGKHVLYHV�� $V� PHQWLRQHG� DERYH�� WKLV�
PD�� EH� EHFDXVH� WKH� ERQGLQJ� RI� FKHPLFDOO�� FXUHG�
LQJUHGLHQWV�LV�QRW�VWURQJ�HQRXJK�WR�FRXQWHUDFW�WKH�
KLJK�VWUHVV�DW�WKH�DSLFDO�DUHD�

$QRWKHU� SUREOHPDWLF� FRQVLGHUDWLRQ� LV� WKH� WKLFN�
VPHDU� OD�HU� GXULQJ� WKH� SRVW� SUHSDUDWLRQ�� *RUDFFL�
HW� DO�� UHSRUWHG� WKDW� D� WRWDO�HWFK� UHVLQ� FHPHQW�
VKRZHG�JUHDWHU�ERQGLQJ�SRWHQWLDO� WKDQ�D� VHOI�HWFK�
RU� D� VHOI�DGKHVLYH� UHVLQ� FHPHQW� ZKHQ� OXWLQJ� WKH�
)53� WR� UDGLFXODU� GHQWLQ�� ,W� PD��EH�EHFDXVH�DFLGLF�
PRQRPHUV� UHVSRQVLEOH� IRU� VXEVWUDWH� FRQGLWLRQLQJ�
LQ� WKH� VHOI�HWFK� DQG� VHOI�DGKHVLYH� UHVLQ� FHPHQW�
ZHUH� OHVV� HIIHFWLYH� LQ� HWFKLQJ� WKURXJK� WKH� WKLFN�
VPHDU� OD�HU�� 7KLV� PLJKW� KDYH� DFFRXQWHG� IRU� WKH�
signi�cantly�lower�retentive�strength�of�the�FRP�to�
WKH�UDGLFXODU�GHQWLQ��&OLQLFLDQV�VKRXOG�FRQWURO�WKH�
WKLFN�VPHDU�OD�HU�XVLQJ�HWFKLQJ�DJHQW�VXFK�DV�('7$�
ZLWK�DSSURSULDWH�GXUDWLRQ�WLPH�DQG�FRQFHQWUDWLRQ�

�X�IDF�����D�P����RI�IL����SRV�V

9DULRXV� DSSURDFKHV� IURP� ERWK� PHFKDQLFDO� DQG�
FKHPLFDO� YLHZSRLQWV� KDYH� EHHQ� PDGH� WR� LPSURYH�
WKH� ERQGLQJ� EHWZHHQ� )53� DQG� UHVLQRXV� DGKHVLYH�
PDWHULDOV��6HYHUDO�VWXGLHV�KDYH�UHSRUWHG�WKDW�D�VLODQH�
FRXSOLQJ� DJHQW� KDV� SRVLWLYH� HIIHFWV� LQ� HQKDQFLQJ�
WKH� ERQG� VWUHQJWK� RI� UHVLQ� FRPSRVLWH� WR� )53��
$NVRUQPXDQJ� HW� DO�� VKRZHG� WKDW� VXFK� HQKDQFLQJ�
effects�were�much�clearer�in�quartz��ber�posts�than�
in�silica—�zirconium�glass��ber�posts.�Monticelli�et�
DO�UHSRUWHG�WKDW�D�FRPELQDWLRQ�RI�D�VLODQH�FRXSOLQJ�
DJHQW� ZLWK� WZR�VWHS� VHOI�HWFK� DGKHVLYHV� ZHUH�
highly� ef�cient.� However,� Perdigao� et� al� claimed�
WKDW�WKH�VLODQH�FRXSOLQJ�DJHQW�GLG�QRW�LQFUHDVH�WKH�
ERQG�VWUHQJWK�RI�GHQWLQ�DGKHVLYHV�WR�WKH�)53��7KLV�
inconsistency�in�the��ndings�of�the�reports�may�be�
H[SODLQHG�E��WKH�GLIIHUHQFHV�LQ�WKH�FRPSRVLWLRQ�RI�
WKH� SRVW� DQG� WKH� OXWLQJ� PDWHULDOV� XVHG�� WKH� PRGH�
of� the� testing,� and� the� con�gurations�of� the�post-
VSDFHV�� 6DQGEODVWLQJ� KDV� EHHQ� VXJJHVWHG� DV� DQ�
HIIHFWLYH�PHFKDQLFDO�DSSURDFK�WR�HQKDQFH�WKH�ERQG�
strength�of�dentin�adhesives�to��bre�post.�However,�
ZH� QHHG� WR� FRQVLGHU� ZKHWKHU� WKH� PHFKDQLFDO�
properties� of� �bre� post� are� compromised� by� the�
sandblasting.�Fibre�post�has�exhibited�a�signi�cant�
GHFUHDVH� LQ� PHFKDQLFDO� VWUHQJWK� DIWHU� WKHUPDO�
F�FOLQJ�� 7KLV� KDV� EHHQ� DWWULEXWHG� WR� GHJUDGDWLRQ�
of�the��bers�or�the�matrix�and�to�the�difference�in�
thermal� expansion� coef�cients� between� the� two�
$QRWKHU� VWXG�� H[DPLQHG� WKH� FOLQLFDOO�� IHDVLEOH�
SURWRFRO� IRU� FUHDWLQJ� PLFURPHFKDQLFDO� UHWHQWLRQ�
RQ� WKH� VXUIDFH� RI� WKH� )53�� XVLQJ� +

�
2

�
� HWFKLQJ� WR�

UHPRYH�WKH�VXUIDFH�OD�HU�RI�HSR[��UHVLQ��,QWHUIDFLDO�

UHWHQWLRQ�VWUHQJWKV�ZHUH�HQKDQFHG�WKURXJK�WKH�XVH�
RI�D�FRPELQDWLRQ�RI�+

�
2

�
�HWFKLQJ�DQG�VLODQL]DWLRQ��

After� this� treatment,� �owable� composites� can�
completely�in�ltrate�the�interdiffusion�zone.

7KLFNHU�VHDOHUV�FDQ�SDUWLDOO��FRPSHQVDWH�IRU�KLJK�
WKHRUHWLFDO� &�IDFWRUV� E�� LQFUHDVLQJ� WKH� XQERQGHG�
VXUIDFH�DUHD�DQG�SHUPLWWLQJ�VRPH�VWUHVV�UHOHDVH�E��
resin��ow

,Q� YLHZ� RI� WKH� KLJK� SUREDELOLW�� IRU� LPSHUIHFW�
GHQWLQ� ERQGLQJ� �L�H�� GHERQGLQJ� EHFDXVH� RI�
SRO�PHUL]DWLRQ�FRQWUDFWLRQ�IRUFHV�H[FHHGLQJ� ERQG�
VWUHQJWKV�� LQ� URRW� FDQDOV� DQG� WKH� KLJK� YROXPHWULF�
VKULQNDJH� WKDW� LV� DQWLFLSDWHG� ZLWK� ORZ� YLVFRVLW��
UHVLQRXV�PDWHULDOV��D�VORZ�SRO�PHUL]LQJ�UHVLQ�VHDOHU�
ZRXOG�LPSURYH�WKH�FKDQFH�IRU�WKH�UHOLHI�RI�VKULQNDJH�
stress�via�resin��ow,�because�of�prolonged�gelation�
WLPH��,QGHHG��WKH�PDQXIDFWXUHU�RI�WKH�5HVLORQ�VHDOHU�
KDV�WDNHQ�WKLV�LVVXH�LQWR�FRQVLGHUDWLRQ�E��FUHDWLQJ�
D� VHDOHU� WKDW� DXWR�SRO�PHUL]HV� LQ� ��� PLQ� DW� URRP�
WHPSHUDWXUH������

)RU� ZDUP� YHUWLFDO� FRPSDFWLRQ� WHFKQLTXHV�� WKH�
UDWH�RI�FKHPLFDO�SRO�PHUL]DWLRQ�RI� WKH�VHDOHU�PD��
DOVR� EH� DFFHOHUDWHG� E�� KHDW� DSSOLFDWLRQ� RI� XS� WR�
����&�

&RQFO�VLRQ

&�IDFWRU� SOD�V� DQ� LPSRUWDQW� UROH� LQ� FDYLW�� DQG�
QRZ�DOVR�LQ�URRW�FDQDO�GXH�WR�LQWURGXFWLRQ�RI�UHVLQ�
VHDOHUV�LQ�PDUNHW��7KLV�LUHYLHZ�WULHG�WR�WKURZ�VRPH�
OLJKW�RQ�KRZ�&�IDFWRU�DIIHFWV�WKH�VKULQNDJH�LQ�FDQDO�
DOVR��6R�WKH�EHWWHU�XQGHUVWDQGLQJ�LV�UHTXLUHG�IRU�&�
IDFWRU��IRU�WKLV�PRUH�VWXGLHV�DUH�UHTXLUHG�WR�EH�GRQH�
LQ�URRW�FDQDOV�

5HIUHQFHV

��� 'U�� $QGUiV� )XOPHU�� 8QLYHUVLW�� RI� 3pFV��
6HPPHOZHLV� 8QLYHUVLW��� 'LDORJ� &DPSXV�
3XEOLVKLQJ�+RXVH���1RUGH[�/WG�

��� -XWKDWLS�$NVRUQPXDQJ��(IIHFWV�RI�&�IDFWRU�DQG�
UHVLQ�YROXPH�RQ�WKH�ERQGLQJ�WR�URRW�FDQDO�ZLWK�
DQG�ZLWKRXW�ILEUH�SRVW�LQVHUWLRQ�����

��� $ORPDUL� 4'�� %DUULHVKL�1XVDLU� .�� DQG� $OL� 0��
(IIHFW� RI� &�IDFWRU� DQG� /('� &XULQJ� 0RGH� RQ�
0LFUROHDNDJH� RI� &ODVV� 9� 5HVLQ� &RPSRVLWH�
5HVWRUDWLRQV�������2FW����������������

��� )HUUDFDQH� -/�� 'HYHORSLQJ� D� PRUH� FRPSOHWH�
XQGHUVWDQGLQJ� RI� VWUHVVHV� SURGXFHG� LQ� GHQWDO�
FRPSRVLWHV� GXULQJ� SRO�PHUL]DWLRQ�� 'HQW�
0DWHU�����������������

��� +�DVKL� 0�.H�� IDFWRUV� LQ� DFKLHYLQJ� ILUP�
DGKHVLRQ� LQ� SRVW� DQG� FRUH�-DSDQHVH� 'HQWDO�
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6FLHQFH�5HYLHZ���������������

��� )UDQNOLQ� 5� 7D�� �� 5REHUW� -� /RXVKLQH�� 3DXO�
/DPEUHFKWV�� 5� 1RUPDQ� :HOOHU�� 'DYLG� +�
3DVKOH��� *HRPHWULF� IDFWRUV� DIIHFWLQJ� GHQWLQ�
ERQGLQJ�LQ�URRW�FDQDOV��D�WKHRUHWLFDO�PRGHOLQJ�
DSSURDFK��-�(QGRG������$XJ�������������

��� /HRQDUG�'/��&KDUOWRQ�'*��5REHUWV�+:��&RKHQ�
0(�� 3RO�PHUL]DWLRQ� HIILFLHQF�� RI� /('� FXULQJ�
OLJKWV��-�(VWKHW�5HVWRU�'HQW������������������

��� )UyHV�6DOJDGR� 15�� 3IHLIHU� &6�� )UDQFFL� &(��
.DZDQR� ��� ,QIOXHQFH� RI� SKRWRDFWLYDWLRQ�
SURWRFRO�DQG�OLJKW�JXLGH�GLVWDQFH�RQ�FRQYHUVLRQ�
DQG� PLFUROHDNDJH� RI� FRPSRVLWH� UHVWRUDWLRQV��
2SHU�'HQW������������������

��� &XQKD� /*�� $ORQVR� 5&�� 1HYHV� $&�� GH� *RHV�
0)�� )HUUDFDQH� -/�� 6LQKRUHWL� 0$�� 'HJUHH� RI�
FRQYHUVLRQ�DQG�FRQWUDFWLRQ�VWUHVV�GHYHORSPHQW�
RI� D� UHVLQ� FRPSRVLWH� LUUDGLDWHG�XVLQJ� KDORJHQ�
DQG� /('� DW� WZR� &�IDFWRU� OHYHOV�� 2SHU� 'HQW��
��������������

���� 6ZLIW�(-��� -U�'HQWLQ�HQDPHO�DGKHVLYHV�� UHYLHZ�
RI�WKH�OLWHUDWXUH��3HGLDWU�'HQW������������������

���� Nalçaci�A,�Salbaş�M,�Ulusoy�N.�The�effects�of�
VRIW�VWDUW� YV� FRQWLQXRXV�OLJKW� SRO�PHUL]DWLRQ�
RQ� PLFUROHDNDJH� LQ� FODVV� ,,� UHVLQ� FRPSRVLWH�
UHVWRUDWLRQV��-�$GKHV�'HQW�����������������

���� 6RK�06���DS�$8��6LRZ�.6��3RVW�JHO�VKULQNDJH�
ZLWK�GLIIHUHQW�PRGHV�RI�/('�DQG�KDORJHQ�OLJKW�
FXULQJ�XQLWV��2SHU�'HQW������������������

���� 7D��)5���/RXVKLQH�5-��/DPEUHFKWV�3��:HOOHU�51��

3DVKOH��'+�*HRPHWULF�IDFWRUV�DIIHFWLQJ�GHQWLQ�

ERQGLQJ�LQ�URRW�FDQDOV��D�WKHRUHWLFDO�PRGHOLQJ�

DSSURDFK��-�(QGRG�������$XJ�������������

���� 7URSH�0��5HVLORQ�ZLOO�ELRGHJUDGH�IURP�OLSDVHV�

UHOHDVHG�E��EDFWHULD�RU�E��EDFWHULDO�RU�VDOLYDU��

HQ]�PHV��-�(QGRG�������)HE����������

���� 3ULVFLOOD� &ULVWRIRULGHV� 3HUHLUD�� 5HQDWD�

0=DUTXHV� GH� 0HOR�� &DUROLQD� &KDYH�� *UD]LHOD�

$�� 3�� *DOKDQR�� 0DUFR� $QWRQLR� %RWWLQR,9��

,YDQ� %DOGXFF�� 7KH� DGKHVLYH� V�VWHP� DQG� URRW�

FDQDO� UHJLRQ� GR� QRW� LQIOXHQFH� WKH� GHJUHH� RI�

FRQYHUVLRQ�RI�GXDO� UHVLQ�FHPHQW��-��$SSO��2UDO�

6FL��YRO����QR���%DXUX�6HSW��2FW�������

���� )HUUDUL� 0�� 0DQQRFFL� )�� 9LFKL� $�� &DJLGLDFR�

0&��0MRU�,$��%RQGLQJ�WR�URRW�FDQDO��VWUXFWXUDO�

FKDUDFWHULVWLFV� RI� WKH� VXEVWUDWH�� $P� -� 'HQW��

���������������

���� )HUUDUL� 0�� 0DQQRFFL� )�� 9LFKL� $�� &DJLGLDFR�

0&��0MRU�,$��%RQGLQJ�WR�URRW�FDQDO��VWUXFWXUDO�

FKDUDFWHULVWLFV� RI� WKH� VXEVWUDWH�� $P� -� 'HQW��

���������������
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