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Evaluation of Immediate Post-Polymerization 
Color Change in One-Shade and Multi-Shade 
Composite Resins Polymerized with Different 
Light-Curing Units
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ABSTRACT  
Objectives
7KLV� VWXG\� DLPHG� WR� HYDOXDWH� WKH� HIIHFW� RI� GLIIHUHQW� OLJKW�FXULQJ� XQLWV� RQ� WKH� LP-
PHGLDWH�SRVW�SRO\PHUL]DWLRQ�FRORU�FKDQJH�RI�RQH�VKDGH�DQG�PXOWL�VKDGH�FRPSRVLWH�
resins.

Material and Methods
(LJKW� FRPSRVLWH� UHVLQV�� FRPSULVLQJ� �� XQLYHUVDO� RQH�VKDGH� �2PQLFKURPD��&KDULV-
PD�'LDPRQG�2QH��(VVHQWLD�8QLYHUVDO��DQG�9LWWUD�$36�8QLTXH��DQG���PXOWL�VKDGH�
FRPSRVLWH� UHVLQV� �(VWHOLWH� 6LJPD� 4XLFN�� * QLDO� 8QLYHUVDO� ,QMHFWDEOH�� 2SWLVKDGH�
8QLYHUVDO��DQG�)LOWHN�8OWLPDWH��ZHUH�HYDOXDWHG��6WDQGDUGL]HG�VSHFLPHQV�ZHUH�SUH-
SDUHG�XVLQJ���PP�GLDPHWHU����PP�WKLFNQHVV�7HÀRQ�PROGV��n  ������%DVHOLQH�FRORU�
PHDVXUHPHQWV�ZHUH� REWDLQHG�ZLWK� D� FRQWDFW�W\SH� VSHFWURSKRWRPHWHU� �9LWD�(DV\V-
KDGH�&RPSDFW��EHIRUH�SRO\PHUL]DWLRQ��7KHQ�WKH�VSHFLPHQV�ZHUH�SRO\PHUL]HG�XVLQJ�
��GLIIHUHQW�OLJKW�FXULQJ�XQLWV��(OLSDU�6����9$/2�&RUGOHVV��:RRGSHFNHU�/('�(��DQG�
:RRGSHFNHU�L/HG���DQG�VHFRQG�FRORU�PHDVXUHPHQWV�ZHUH�SHUIRUPHG��&RORU�GLIIHU-
HQFHV�ZHUH�FDOFXODWHG�XVLQJ�WKH�&,('(�����IRUPXOD��'DWD�ZHUH�DQDO\]HG�XVLQJ�D�
WZR�ZD\�$129$�DQG�SRVW�KRF�7XNH\�WHVWV��ZLWK�Į� ������

Results
6WDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV�LQ�FRORU�FKDQJH�ZHUH�REVHUYHG�DPRQJ�WKH�WHVWHG�
FRPSRVLWH� UHVLQV�DQG� OLJKW�FXULQJ�XQLWV� �P����������7KH�ǻ(00 values ranged from 
����� WR� �������7KH�PRVW� VLJQL¿FDQW� FRORU� FKDQJH�ZDV� GHWHFWHG� LQ� WKH�2PQLFKUR-
PD�JURXS�SRO\PHUL]HG�ZLWK�WKH�:RRGSHFNHU�L/HG�XQLW��ǻ(00� ���������,Q�FRQWUDVW��
(VWHOLWH�6LJPD�4XLFN�GHPRQVWUDWHG� WKH� ORZHVW�FRORU�FKDQJH�ZKHQ�FXUHG�ZLWK� WKH�
9$/2�&RUGOHVV��ǻ(00� �������

Conclusion
:LWKLQ�WKH�OLPLWDWLRQV�RI�WKLV�VWXG\��ERWK�WKH�W\SH�RI�FRPSRVLWH�UHVLQ�DQG�WKH�OLJKW�FXU-
LQJ� XQLWV� VLJQL¿FDQWO\� LQÀXHQFHG� SRVW�SRO\PHUL]DWLRQ� FRORU� FKDQJH�� 7KHUHIRUH��
VKDGH�VHOHFWLRQ�VKRXOG�EH�SHUIRUPHG�DIWHU�SRO\PHUL]DWLRQ��DQG�WKH�VDPH�OLJKW�FXULQJ�
XQLW� VKRXOG� EH� XVHG� IRU� SRO\PHUL]DWLRQ� WR� DFKLHYH� RSWLPDO� DHVWKHWLF� RXWFRPHV� LQ�
FOLQLFDO�SUDFWLFH�
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Amaç 
%X�oDOÕúPDQÕQ�DPDFÕ��IDUNOÕ�ÕúÕN�FLKD]ODUÕQÕQ�WHN�UHQNOL�YH�
oRN� UHQNOL� NRPSR]LW� UH]LQOHUGH� SROLPHUL]DV\RQ� VRQUDVÕ�
DQOÕN�UHQN�GH÷LúLPL��]HULQGHNL�HWNLVLQL�GH÷HUOHQGLUPHNWLU�

Gereç ve Yöntemler
dDOÕúPDGD�� G|UG�� WHN� UHQNOL� XQLYHUVDO� NRPSR]LW� �2PQL-
FKURPD��&KDULVPD�'LDPRQG�2QH��(VVHQWLD�8QLYHUVDO�YH�
9LWWUD�$36�8QLTXH��YH�G|UG��oRN� UHQNOL�NRPSR]LW� UH]LQ�
�(VWHOLWH�6LJPD�4XLFN��* QLDO�8QLYHUVDO�,QMHFWDEOH��2S-
WLVKDGH� 8QLYHUVDO�� )LOWHN� 8OWLPDWH�� ROPDN� �]HUH� WRSODP�
�� NRPSR]LW� UH]LQ� GH÷HUOHQGLULOPLúWLU�� 6WDQGDUW� |UQHNOHU��
��PP�oDSÕQGD�YH���PP�GHULQOL÷LQGH�VLOLNRQ�NDOÕSODU�NXO-
ODQÕODUDN� KD]ÕUODQPÕúWÕU� �n�  � ����� 3ROLPHUL]DV\RQ� |QFH��
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&RUGOHVV�� :RRGSHFNHU� /('�(� YH� :RRGSHFNHU� L/HG��
NXOODQÕODUDN� SROLPHUL]H� HGLOPLú� YH� LNLQFL� UHQN� |Oo�POHUL�
JHUoHNOHúWLULOPLúWLU�� 5HQN� IDUNODUÕ� &,('(����� IRUP�O��
NXOODQÕODUDN�KHVDSODQPÕúWÕU��9HULOHU��LNL�\|QO��$129$�YH�
7XNH\� SRVW�KRF� WHVWOHUL� NXOODQÕODUDN� Į�  � ����� DQODPOÕOÕN�
G�]H\LQGH�DQDOL]�HGLOPLúWLU�
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7HVW� HGLOHQ� NRPSR]LW� UH]LQOHU� YH� ÕúÕN� FLKD]ODUÕ� DUDVÕQ-
GD� UHQN� GH÷LúLPL� DoÕVÕQGDQ� LVWDWLVWLNVHO� RODUDN� DQODPOÕ�
IDUNOÕOÕNODU� VDSWDQPÕúWÕU� �P� �� �������ǻ(00� GH÷HUOHUL� �����
LOH�������DUDVÕQGD�GH÷LúPLúWLU��(Q�\�NVHN�UHQN�GH÷LúLPL��
:RRGSHFNHU�L/HG�FLKD]Õ�LOH�SROLPHUL]H�HGLOHQ�2PQLFKUR-
PD�JUXEXQGD��ǻ(00� ��������J|]OHQLUNHQ��HQ�G�ú�N�UHQN�
GH÷LúLPL�9$/2�&RUGOHVV�FLKD]Õ�LOH�SROLPHUL]H�HGLOHQ�(V-
WHOLWH�6LJPD�4XLFN�JUXEXQGD��ǻ(00� �������J|U�OP�úW�U�
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UHQN�GH÷LúLPLQL�DQODPOÕ�GHUHFHGH�HWNLOHPLúWLU��%X�QHGHQ-
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5HQN�GH÷LúLPL��.RPSR]LW�UH]LQ��,úÕN�FLKD]Õ��3ROLPHUL]DV\RQ�

INTRODUCTION
7KH�LQFUHDVLQJ�GHPDQG�IRU�DHVWKHWLF�WUHDWPHQWV�KDV�OHG�WR�
WKH� GHYHORSPHQW� RI� DGYDQFHG� UHVWRUDWLYH�PDWHULDOV�� 3DU-
WLFXODUO\�LQ�WKH�DQWHULRU�UHJLRQ��DFFXUDWH�FRORU�PDWFKLQJ�LV�
HVVHQWLDO�WR�DFKLHYH�VDWLVIDFWRU\�HVWKHWLF�RXWFRPHV��&RP-
SRVLWH� UHVLQ� UHVWRUDWLRQV� DUH�ZLGHO\� SUHIHUUHG� LQ� FOLQLFDO�
SUDFWLFH�EHFDXVH�WKH\�FDQ�SURYLGH�VKDGH�LQWHJUDWLRQ�WKDW�LV�
LQGLVWLQJXLVKDEOH�IURP�QDWXUDO�WHHWK��&RQVHTXHQWO\��FRORU�
VWDELOLW\� DQG� VKDGH�PDWFKLQJ� DUH� FULWLFDO� IDFWRUV� LQÀXHQ��
FLQJ�WKH�ORQJ�WHUP�FOLQLFDO�VXFFHVV�RI�WKHVH�PDWHULDOV������
1HYHUWKHOHVV��LPPHGLDWH�FRORU�DOWHUDWLRQV�IROORZLQJ�OLJKW�
FXULQJ�KDYH�EHHQ�UHSRUWHG�LQ�FRQWHPSRUDU\�UHVLQ�FRPSRVL��
WHV�� VXJJHVWLQJ� WKDW� SRO\PHUL]DWLRQ�UHODWHG� RSWLFDO� FKDQ��
JHV�PD\�DIIHFW�WKH�¿QDO�FOLQLFDO�VKDGH�RXWFRPH�����

&RQYHQWLRQDO� VKDGH� UHSURGXFWLRQ� LQ� DQWHULRU� FRPSRVLWH�
UHVWRUDWLRQV� LV� FRPPRQO\� DFKLHYHG� WKURXJK� LQFUHPHQWDO�
OD\HULQJ� RI� HQDPHO� DQG� GHQWLQ� VKDGHV� WR� PLPLF� QDWXUDO�
RSWLFDO� GHSWK� DQG� WUDQVOXFHQF\� �����$OWKRXJK� WKLV� WHFK-
QLTXH�DOORZV�SUHFLVH�HVWKHWLF�FKDUDFWHUL]DWLRQ�� LW� LV� WHFK-
QLTXH�VHQVLWLYH�DQG�PD\�LQFUHDVH�FKDLU�WLPH��7R�VLPSOLI\�
VKDGH� VHOHFWLRQ� DQG� UHGXFH� SURFHGXUDO� FRPSOH[LW\�� VLQ-
JOH�VKDGH� RU� RQH�VKDGH� FRPSRVLWH� UHVLQV� KDYH� EHHQ� LQW��
URGXFHG������7KHVH�PDWHULDOV�DLP�WR�KDUPRQL]H�ZLWK�VXU-
URXQGLQJ�WRRWK�VWUXFWXUH� WKURXJK�FRQWUROOHG�WUDQVOXFHQF\�
DQG�RSWLPL]HG�OLJKW�GLIIXVLRQ��DQG�LQ�VRPH�V\VWHPV�WKURXJK�
VWUXFWXUDO�FRORU�PHFKDQLVPV�UDWKHU�WKDQ�FRQYHQWLRQDO�SLJ-
PHQW�EDVHG�PDWFKLQJ������$OWKRXJK�PDQXIDFWXUHUV�FODLP�
DGDSWDWLRQ�DFURVV�WKH����9,7$�FODVVLF�VKDGHV��9,7$�1RUWK�
$PHULFD��<RUED�/LQGD��&$��86$�������HPHUJLQJ�HYLGHQFH�
LQGLFDWHV�WKDW�WKHLU�FRORU�DGMXVWPHQW�SRWHQWLDO�PD\�EH�LQ-
ÀXHQFHG�E\�UHVWRUDWLRQ�WKLFNQHVV��EDFNJURXQG�VKDGH��DQG�
FDYLW\�FRQ¿JXUDWLRQ��������)XUWKHUPRUH��WKHLU�RSWLFDO�SHU-
IRUPDQFH�GHSHQGV�RQ�¿OOHU�PRUSKRORJ\��UHIUDFWLYH�LQGH[�
PDWFKLQJ��DQG�SKRWRLQLWLDWRU�V\VWHPV��ZKLFK�PD\�XQGHUJR�
DOWHUDWLRQV�GXULQJ�SRO\PHUL]DWLRQ�����

2EMHFWLYH�VKDGH�HYDOXDWLRQ�KDV�WKHUHIRUH�EHFRPH�LQFUHDV-
LQJO\� LPSRUWDQW� WR�PLQLPL]H�RSHUDWRU�GHSHQGHQW�YDULDEL��
OLW\�� 6SHFWURSKRWRPHWULF� PHDVXUHPHQWV� SURYLGH� UHOLDEOH�
DQG� UHSURGXFLEOH� GDWD�ZLWKLQ� WKH� &,(� /DE
� FRORU� VSDFH�
�����:KLOH�WKH�FRQYHQWLRQDO�&,(/$%��ǻ(DE��IRUPXOD�KDV�
EHHQ�ZLGHO\�XVHG��WKH�&,('(������ǻ(00��IRUPXOD�RIIHUV�
LPSURYHG� FRUUHODWLRQ� ZLWK� KXPDQ� YLVXDO� SHUFHSWLRQ� E\�
LQFRUSRUDWLQJ�FRUUHFWLRQV� IRU� OLJKWQHVV�� FKURPD��DQG�KXH�
LQWHUDFWLRQV������3UHYLRXV�VWXGLHV������� have shown that 
&,('(�����SURYLGHV�JUHDWHU�VHQVLWLYLW\�LQ�GHWHFWLQJ�FOLQ-
LFDOO\�SHUFHSWLEOH�DQG�DFFHSWDEOH�FRORU�GLIIHUHQFHV�

/LJKW�FXULQJ�SOD\V�D�IXQGDPHQWDO�UROH�LQ�GHWHUPLQLQJ�WKH�
¿QDO� RSWLFDO� SURSHUWLHV� RI� UHVLQ� FRPSRVLWHV�� 'XULQJ� SR-
O\PHUL]DWLRQ��FKDQJHV� LQ�UHIUDFWLYH� LQGH[�DQG�WKH�GHJUHH�
RI�FRQYHUVLRQ�RI�SKRWRLQLWLDWRUV�VXFK�DV�FDPSKRUTXLQRQH�
RU�DOWHUQDWLYH� LQLWLDWRU�V\VWHPV�PD\�UHVXOW� LQ�PHDVXUDEOH�
VKLIWV�LQ�OLJKWQHVV�DQG�FKURPDWLF�SDUDPHWHUV����������7KH�
VSHFWUDO�HPLVVLRQ�FKDUDFWHULVWLFV�DQG�LUUDGLDQFH�RXWSXW�RI�
OLJKW�FXULQJ� XQLWV� �/&8V�� IXUWKHU� LQÀXHQFH� SRO\PHUL]D-
WLRQ�NLQHWLFV�DQG�LPPHGLDWH�FRORU�DWWULEXWHV����������0RG-
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HUQ�/('�/&8V�DUH�DYDLODEOH�DV�PRQRZDYH�RU�SRO\ZDYH�
V\VWHPV��GHOLYHULQJ�GLIIHUHQW�ZDYHOHQJWK�GLVWULEXWLRQV�WKDW�
PD\� LQWHUDFW� YDULDEO\� ZLWK� GLYHUVH� SKRWRLQLWLDWRU� FRP-
SRVLWLRQV� ������9DULDWLRQV� LQ� OLJKW� LQWHQVLW\� DQG� VSHFWUDO�
GLVWULEXWLRQ� KDYH� EHHQ� VKRZQ� WR� DIIHFW� QRW� RQO\� WKH� GH-
JUHH�RI�FRQYHUVLRQ�DQG�PHFKDQLFDO�SURSHUWLHV�EXW�DOVR�WKH�
LPPHGLDWH� RSWLFDO� EHKDYLRU� RI� UHVLQ� FRPSRVLWHV� ���������
7KHUHIRUH��WKH�LQWHUDFWLRQ�EHWZHHQ�FRPSRVLWH�IRUPXODWLRQ�
DQG� /&8� FKDUDFWHULVWLFV� UHSUHVHQWV� D� FOLQLFDOO\� UHOHYDQW�
YDULDEOH� WKDW�PD\� LQÀXHQFH�VKDGH�PDWFKLQJ��SDUWLFXODUO\�
LQ�VLPSOL¿HG�RQH�VKDGH�V\VWHPV�WKDW�UHO\�KHDYLO\�RQ�RSWL-
FDO�EOHQGLQJ�PHFKDQLVPV������

'HVSLWH� WKH� JURZLQJ� FOLQLFDO� DGRSWLRQ� RI� XQLYHUVDO� RQH�
VKDGH�FRPSRVLWHV��HYLGHQFH�UHPDLQV�OLPLWHG�UHJDUGLQJ�WKH�
LPPHGLDWH� SRVW�SRO\PHUL]DWLRQ� FRORU� EHKDYLRU� RI� ERWK�
RQH�VKDGH�DQG�PXOWL�VKDGH�UHVLQ�V\VWHPV�ZKHQ�FXUHG�ZLWK�
GLIIHUHQW�/&8V��*LYHQ�WKDW�SRO\PHUL]DWLRQ�UHODWHG�RSWLFDO�
DOWHUDWLRQV�PD\�FRPSURPLVH� WKH� LQLWLDOO\� VHOHFWHG� VKDGH��
XQGHUVWDQGLQJ�WKHVH�LQWHUDFWLRQV�LV�HVVHQWLDO�WR�UH¿QH�FOLQL-
FDO�VKDGH�VHOHFWLRQ�SURWRFROV�DQG�PLQLPL]H�WKH�ULVN�RI�SHU-
FHSWLEOH�FRORU�PLVPDWFK�IROORZLQJ�OLJKW�DFWLYDWLRQ��7KHUH-

IRUH��WKH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�HYDOXDWH�WKH�HIIHFW�
of different LCUs on the immediate post-polymerization 
FRORU�FKDQJH�RI�RQH�VKDGH�DQG�PXOWL�VKDGH�FRPSRVLWH�UHV-
LQV��7KH�QXOO�K\SRWKHVLV�WHVWHG�ZDV�WKDW�QHLWKHU�FRPSRVLWH�
W\SH�QRU� OLJKW�FXULQJ�XQLW� W\SH�ZRXOG�VLJQL¿FDQWO\� LQÀX-
HQFH�WKH�LPPHGLDWH�SRVW�SRO\PHUL]DWLRQ�FRORU�FKDQJH�

MATERIAL and METHODS
Study Design
7KLV� in vitro� VWXG\� ZDV� GHVLJQHG� DV� D� ��IDFWRU� H[SHUL-
PHQWDO� LQYHVWLJDWLRQ� HYDOXDWLQJ� WKH� HIIHFWV� RI� FRPSRVLWH�
W\SH��RQH�VKDGH�YV�PXOWL�VKDGH��DQG��/&8�RQ�LPPHGLDWH�
SRVW�SRO\PHUL]DWLRQ� FRORU� FKDQJH�� (LJKW� FRQWHPSRUDU\�
UHVLQ�EDVHG�FRPSRVLWH�PDWHULDOV�ZHUH�LQFOXGHG��FRQVLVWLQJ�
RI�IRXU�RQH�VKDGH�V\VWHPV��2PQLFKURPD��&KDULVPD�'LD-
PRQG�2QH��(VVHQWLD�8QLYHUVDO�� DQG�9LWWUD�$36�8QLTXH��
DQG� IRXU� PXOWL�VKDGH� V\VWHPV� �(VWHOLWH� 6LJPD� 4XLFN��
* QLDO� 8QLYHUVDO� ,QMHFWDEOH�� 2SWLVKDGH� 8QLYHUVDO�� DQG�
)LOWHN� 8OWLPDWH��� 'HWDLOHG� LQIRUPDWLRQ� UHJDUGLQJ� WKHLU�
FRPSRVLWLRQ��¿OOHU�FKDUDFWHULVWLFV��SKRWRLQLWLDWRU�V\VWHPV��
DQG�PDQXIDFWXUHU�VSHFL¿FDWLRQV�LV�SUHVHQWHG�LQ�7DEOH���

$Q�D�SULRUL�SRZHU�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�*
3RZHU�
VRIWZDUH� �+HLQULFK�+HLQH�8QLYHUVLW\��'�VVHOGRUI��*HUPD-
Q\�������EDVHG�RQ�D�WZR�ZD\�$129$�GHVLJQ�LQFOXGLQJ���
FRPSRVLWH�PDWHULDOV�DQG���LCUs��$Q�HIIHFW�VL]H�RI�I� ������
ZDV�VHOHFWHG�DFFRUGLQJ�WR�SUHYLRXV�VWXGLHV���������report-
LQJ�PRGH��UDWH�WR�ODUJH�FRORU�GLIIHUHQFHV��ǻ(��DPRQJ�UHVLQ�
FRPSRVLWHV�XQGHU�GLIIHUHQW�SRO\PHUL]DWLRQ�FRQGLWLRQV��7KH�

PLQLPXP�VWDWLVWLFDO�SRZHU�ZDV�VHW�DW�����ZLWK�D�VLJQL¿-
FDQFH�OHYHO�RI�Į� �������7KH�DQDO\VLV�LQGLFDWHG�WKDW�DW�OHDVW�
����VSHFLPHQV�ZHUH�UHTXLUHG�WR�DFKLHYH�WKH�GHVLUHG�SRZHU��
7R�HQVXUH�EDODQFHG� VXEJURXS�DOORFDWLRQ�DQG� LQFUHDVH� VWD-
WLVWLFDO�SUHFLVLRQ��D�WRWDO�RI�����VSHFLPHQV��n� ����SHU�VXE-
JURXS��ZHUH�LQFOXGHG�LQ�WKH�VWXG\�

Table 1. 7KH�FRPSRVLWH�UHVLQV�XVHG�LQ�WKH�VWXG\�

Abbreviations: Bis-EMA: ethoxylated bisphenol A glycol dimethacrylate; Bis-GMA: Bisphenol A-diglycidyl methacrylate; PEGDMA: polyethylene glycol dimethacrylate; 
PPF: pre-polymerized "ller; TCD-DI-HEA: bis-(acryloyloxymethyl) tricycle-[5.2.1.02.6] decane; TEGDMA: triethylene glycol dimethacrylate; UDMA: urethane dimethac-
rylate. *Photoinitiator systems were recorded based on manufacturer safety data sheets (SDS) and technical documentation when explicitly disclosed.
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Specimen Preparation
)RU� HDFK� FRPSRVLWH�PDWHULDO�� ��� GLVN�VKDSHG� VSHFLPHQV�
���PP� LQ� GLDPHWHU� DQG� ��PP� LQ� WKLFNQHVV��ZHUH� IDEUL-
FDWHG�XVLQJ�VWDQGDUGL]HG�7HÀRQ�PROGV��UHVXOWLQJ�LQ�D�WRWDO�
RI�����VSHFLPHQV�DFURVV���PDWHULDOV��7KH�FRPSRVLWH�UHVLQ�
ZDV�SODFHG�LQWR�WKH�PROGV�LQ�D�VLQJOH�LQFUHPHQW�WR�HOLPL��
QDWH� OD\HULQJ�UHODWHG�RSWLFDO�YDULDELOLW\��7KH�VXUIDFH�ZDV�
FRYHUHG�ZLWK�D�SRO\HVWHU��0\ODU��VWULS�DQG�JHQWO\�SUHVVHG�
EHWZHHQ���JODVV�VOLGHV�XQGHU�FRQVWDQW�PDQXDO�SUHVVXUH�WR�
REWDLQ�D�VPRRWK�VXUIDFH�DQG�VWDQGDUGL]HG�WKLFNQHVV�ZKLOH�
PLQLPL]LQJ� WKH� R[\JHQ�LQKLELWHG� OD\HU�� (DFK� FRPSRVLWH�
JURXS��n� �����ZDV�UDQGRPO\�GLYLGHG�LQWR���VXEJURXSV��n 
 �����DFFRUGLQJ�WR�WKH�/&8�XVHG��DQG�WKH�VSHFLPHQV�ZHUH�
QXPEHUHG�IRU�LGHQWL¿FDWLRQ�

Color Measurement
&RORU�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�XVLQJ�D�FRQWDFW�W\SH�
VSHFWURSKRWRPHWHU� �9LWD� (DV\VKDGH� &RPSDFW��9LWD� =DKQ-
IDEULN�� *HUPDQ\�� GLUHFWO\� IURP� WKH� 0\ODU� VWULS�FRYHUHG�
VXUIDFH�WR�VWDQGDUGL]H�VXUIDFH�WH[WXUH��7KH�GHYLFH�ZDV�FDO-
LE�� UDWHG� EHIRUH� HDFK�PHDVXUHPHQW� VHVVLRQ� DFFRUGLQJ� WR�
WKH�PDQXIDFWXUHU¶V� LQVWUXFWLRQV��$OO�PHDVXUHPHQWV� ZHUH�

REWDLQHG� DJDLQVW� D� VWDQGDUGL]HG�ZKLWH� EDFNJURXQG� �&,(�
/
� �������D
� ������E
� �������ZKLFK�ZDV�FRQVLVWHQWO\�XVHG�
IRU� ERWK� EDVHOLQH� DQG� SRVW�SRO\PHUL]DWLRQ� UHFRUGLQJV� WR�
HOLPLQDWH� EDFNJURXQG�UHODWHG� YDULDELOLW\�� (DFK�PHDVXUH-
PHQW�ZDV�SHUIRUPHG���WLPHV�SHU�VSHFLPHQ��DQG�WKH�DYH��
UDJH�EDVHOLQH�FRORU�YDOXHV��/�
��D�
��E�
��ZHUH�UHFRUGHG�
EHIRUH�OLJKW�FXULQJ�

Light-Curing Procedure
)ROORZLQJ� EDVHOLQH� PHDVXUHPHQWV�� WKH� XSSHU� VXUIDFH� RI�
WKH�VSHFLPHQV�ZDV�OLJKW�FXUHG�IRU����VHF�XVLQJ���GLIIHUHQW�
/&8V��(OLSDU�6����9$/2�&RUGOHVV��:RRGSHFNHU�/('�(��
DQG�:RRGSHFNHU�L/HG���7KH�OLJKW�FXULQJ�XQLW�WLS�ZDV�SR-
VLWLRQHG� LQ� GLUHFW� FRQWDFW� ZLWK� WKH� 0\ODU� VWULS�FRYHUHG�
VXUIDFH� DQG� PDLQWDLQHG� SHUSHQGLFXODU� WR� WKH� VSHFLPHQ�
ZLWKRXW�DSSO\LQJ�DGGLWLRQDO�SUHVVXUH��7KH�WLS�ZDV�FHQWHUHG�
RYHU�WKH�VSHFLPHQ�WR�HQVXUH�XQLIRUP�OLJKW�H[SRVXUH��,UUD-
GLDQFH�YDOXHV�ZHUH�YHUL¿HG�XVLQJ�D�UDGLRPHWHU��%OXHSKDVH�
0HWHU�,,��,YRFODU�9LYDGHQW��6FKDDQ��/LHFKWHQVWHLQ��EHIRUH�
VSHFLPHQ� SUHSDUDWLRQ�� 7KH� WHFKQLFDO� VSHFL¿FDWLRQV� DQG�
PDQXIDFWXUHU�LQIRUPDWLRQ�RI�WKH�LCUs used in this study 
DUH�SUHVHQWHG�LQ�7DEOH���

Table 2.�7KH�/&8V�XVHG�LQ�WKH�VWXG\�

Post-Polymerization Color Assessment
,PPHGLDWHO\� DIWHU� OLJKW� FXULQJ�� VHFRQG� FRORU� PHDVXUH-
PHQWV�ZHUH�REWDLQHG�IURP�WKH�VDPH�0\ODU�VWULS�FRYHUHG�
VXUIDFH� XQGHU� LGHQWLFDO� FRQGLWLRQV� XVLQJ� WKH� VDPH�ZKLWH�
EDFNJURXQG�� (DFK� PHDVXUHPHQW� ZDV� UHSHDWHG� �� WLPHV�
SHU�VSHFLPHQ��DQG�WKH�DYHUDJH�SRVW�SRO\PHUL]DWLRQ�FRORU�

YDOXHV��/�
��D�
��E�
��ZHUH�UHFRUGHG��&RORU�GLIIHUHQFHV�
EHWZHHQ�EDVHOLQH�DQG�SRVW�SRO\PHUL]DWLRQ�PHDVXUHPHQWV�
ZHUH� FDOFXODWHG� XVLQJ� WKH� &,('(����� �ǻ(00�� IRUPXOD��
7KH�&,('(�����FRORU�GLIIHUHQFH� �ǻ(00��ZDV�FDOFXODWHG�
DFFRUGLQJ�WR�WKH�IROORZLQJ�HTXDWLRQ�����

7KH�RYHUDOO�H[SHULPHQWDO�VWDJHV�DUH�LOOXVWUDWHG�LQ�)LJXUH���
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Figure 1. 7KH�VWDJHV�RI�WKH�VWXG\��(a) Samples preparation b: )LUVW�FRORU�PHDVXUHPHQW��c1) 3RO\PHUL]DWLRQ�ZLWK�9$/2�
Cordless �c2) 3RO\PHUL]DWLRQ�ZLWK�:RRGSHFNHU�/('�(�c3: Polymerization with Elipar S10 �c4) 3RO\PHUL]DWLRQ�ZLWK�:RRG-
SHFNHU�L/HG��d) 6HFRQG�FRORU�PHVXUHPHQW

Statistical Analysis
$OO�VWDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�-DPRYL�VRIW-
ZDUH� �9HUVLRQ������7KH� -DPRYL�3URMHFW��6\GQH\��$XVWUD-
OLD��������'DWD�GLVWULEXWLRQ�ZDV�DVVHVVHG�XVLQJ�WKH�6KDS-
LUR�:LON�WHVW��DQG�KRPRJHQHLW\�RI�YDULDQFH�ZDV�HYD��OXDWHG�
ZLWK�/HYHQH¶V�WHVW��$�WZR�ZD\�DQDO\VLV�RI�YDULDQFH��$12-
9$��ZDV�FRQGXFWHG�WR�HYDOXDWH�WKH�PDLQ�HIIHFWV�RI�FRP-
SRVLWH� W\SH�DQG�/&8��DV�ZHOO� DV� WKHLU� LQWHUDFWLRQ�HIIHFW��
RQ� LPPHGLDWH� SRVW�SRO\PHUL]DWLRQ� FRORU� FKDQJH� �ǻ(00���
:KHQ� VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFHV� ZHUH� GHWHFWHG��
SDLUZLVH�FRPSDULVRQV�ZHUH�SHUIRUPHG�XVLQJ�7XNH\¶V�SRVW�
KRF�WHVW��7KH�OHYHO�RI�VWDWLVWLFDO�VLJQL¿FDQFH�ZDV�VHW�DW�Į�
 ������

RESULTS
7KH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ��6'��YDOXHV�RI�LPPHGL-
DWH�SRVW�SRO\PHUL]DWLRQ�FRORU�FKDQJH��ǻ(00��IRU�DOO�FRP-
posite materials and LCUs�DUH�SUHVHQWHG�LQ�7DEOH����6WD-
WLVWLFDO� HYDOXDWLRQ� UHYHDOHG� WKDW� WKH�FRORU� FKDQJH� �ǻ(00��
YDOXHV�YDULHG�FRQVLGHUDEO\�DPRQJ�WKH�WHVWHG�PDWHULDOV�DQG�
LCUs��7KH�KLJKHVW�FRORU�FKDQJH�ZDV�REVHUYHG�LQ�WKH�2P-
QLFKURPD� VSHFLPHQV� SRO\PHUL]HG� ZLWK� WKH�:RRGSHFNHU�
L/HG�XQLW��,Q�FRQWUDVW��WKH�ORZHVW�ǻ(00 YDOXHV�ZHUH�UHFRUG-
HG�IRU�(VWHOLWH�6LJPD�4XLFN�SRO\PHUL��]HG�ZLWK�WKH�9$/2�
Cordless unit.  
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7ZR�ZD\�$129$�GHPRQVWUDWHG�WKDW�ERWK�FRPSRVLWH�UHVLQ�
and LCU�KDG�VWDWLVWLFDOO\�VLJQL¿FDQW�HIIHFWV�RQ�LPPHGLDWH�
SRVW�SRO\PHUL]DWLRQ�FRORU�FKDQJH��P�����������,Q�DGGLWLRQ��
D� VLJQL¿FDQW� LQWHUDFWLRQ� HIIHFW� EHWZHHQ� FRPSRVLWH� W\SH�

and LCU�ZDV�GHWHFWHG��P�����������LQGLFDWLQJ�WKDW�WKH�OHY-
HO� RI� FRORU� FKDQJH� SURGXFHG� E\� HDFK� FXULQJ� XQLW� YDULHG�
GHSHQGLQJ�RQ�WKH�FRPSRVLWH�PDWHULDO��7DE�����

7KH� JUDSKLFDO� UHSUHVHQWDWLRQ� RI� WKH� LQWHUDFWLRQ� HIIHFW�
�)LJ�� ��� UHYHDOHG� GLVWLQFW� VHSDUDWLRQ� SDWWHUQV� DPRQJ� WKH�
PDWHULDOV��2QH�VKDGH�FRPSRVLWHV��SDUWLFXODUO\�2PQLFKUR-
PD� DQG� &KDULVPD�'LDPRQG�2QH�� FRQVLVWHQWO\� H[KLELWHG�
KLJKHU�ǻ(00� YDOXHV� DFURVV�PRVW�LCUs than multi-shade 
V\VWHPV��,Q�FRQWUDVW��(VWHOLWH�6LJPD�4XLFN�DQG�)LOWHN�8O-
WLPDWH�GHPRQVWUDWHG�UHODWLYHO\�VWDEOH�FRORU�EHKDYLRU��ZLWK�
VPDOOHU�YDULDWLRQV�DPRQJ�GLIIHUHQW�/&8V��7KH�:RRGSHFN-
HU�/('�(�DQG�:RRGSHFNHU�L/HG�XQLWV�JHQHUDOO\�SURGXFHG�

JUHDWHU�FRORU�VKLIWV�WKDQ�(OLSDU�6���DQG�9$/2�&RUGOHVV��
WKRXJK�WKLV�HIIHFW�ZDV�PDWHULDO�GHSHQGHQW��1RWDEO\��9LWWUD�
8QLTXH� GHPRQVWUDWHG� PDUNHG� YDULDELOLW\�� SDUWLFXODUO\�
XQGHU�9$/2�FXULQJ��2YHUDOO�� WKH�H[WHQW�RI�FRORU�FKDQJH�
YDULHG�VLJQL¿FDQWO\�DFURVV�GLIIHUHQW�FRPSRVLWH±/&8�FRP-
ELQDWLRQV��FRQ¿UPLQJ�WKDW�ERWK�PDWHULDO� IRUPXODWLRQ�DQG�
FXULQJ�SURWRFRO�DIIHFW�LPPHGLDWH�SRVW�SRO\PHUL]DWLRQ�RS-
WLFDO�SURSHUWLHV��

Table 4. 7ZR�:D\�$129$�5HVXOWV�IRU�3RVW�3RO\PHUL]DWLRQ�&RORU�&KDQJH��ǻ(00��

Table 3. 7KH�PHDQ���6'�SRVW�SRO\PHUL]DWLRQ�FRORU�FKDQJH��ǻ(00��YDOXHV�RI�FRPSRVLWH�UHVLQV��&5V��


'LIIHUHQW�XSSHUFDVH�VXSHUVFULSWV�LQ�URZV�DQG�ORZHUFDVH�VXSHUVFULSWV�LQ�FROXPQV�LQGLFDWH�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV��
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DISCUSSION
7KH�SUHVHQW�VWXG\�GHPRQVWUDWHG�WKDW�ERWK�FRPSRVLWH�UHV-
LQ�W\SH�DQG�IRUPXODWLRQ��DQG�LCU�FKDUDFWHULVWLFV�VLJQL¿-
FDQWO\� LQÀXHQFHG� LPPHGLDWH� SRVW�SRO\PHUL]DWLRQ� FRORU�
FKDQJH�� WKHUHIRUH�� WKH� QXOO� K\SRWKHVLV� ZDV� UHMHFWHG�� ,Q�
DGGLWLRQ�WR�WKH�VLJQL¿FDQW�PDLQ�HIIHFWV��WKH�VWURQJ�LQWHUD��
FWLRQ�EHWZHHQ�FRPSRVLWH�W\SH�DQG�/&8�LQGLFDWHV�WKDW�WKH�
OHYHO�RI�FRORU�FKDQJH�FDQQRW�EH�DWWULEXWHG�VROHO\�WR�HQHUJ\�
GHOLYHU\�IURP�/&8V�EXW�UDWKHU�UHÀHFWV�D�PDWHULDO�GHSHQ-
GHQW�SKRWRFKHPLFDO�UHVSRQVH��7KHVH�¿QGLQJV�VXJJHVW�WKDW�
SRVW�SRO\PHUL]DWLRQ� FRORU� EHKDYLRU� GHPRQVWUDWHV� WKH� LQ-
WHUSOD\�EHWZHHQ�SKRWRFKHPLVWU\��SRO\PHU�QHWZRUN�GHYH��
ORSPHQW��DQG�FRPSRVLWH�VSHFL¿F�RSWLFDO�DUFKLWHFWXUH�

3RO\PHUL]DWLRQ�DOWHUV� WKH�RSWLFDO� VWUXFWXUH�RI� UHVLQ�FRP-
SRVLWHV�WKURXJK�PXOWLSOH�PHFKDQLVPV��$V�PRQRPHUV�FRQ-
YHUW� LQWR� D� FURVV�OLQNHG� SRO\PHU� QHWZRUN�� WKH� UHIUDFWLYH�
LQGH[�RI� WKH�RUJDQLF�PDWUL[�LQFUHDVHV�ZLWK�WKH�GHJUHH�RI�
FRQYHUVLRQ��DIIHFWLQJ�UHIUDFWLYH�LQGH[�PDWFKLQJ�ZLWK�¿OO-
HU� SDUWLFOHV�� (YHQ�PLQRU�PLVPDWFKHV� DW� WKH� ¿OOHU�PDWUL[�
LQWHUIDFH� PD\� PRGLI\� OLJKW� WUDQVPLVVLRQ� DQG� VFDWWHULQJ�
EHKDYLRU��OHDGLQJ�WR�PHDVXUDEOH�FKDQJHV�LQ�/
��D
��DQG�E
�
FRRUGLQDWHV� ���������.RUNXW� et al�� ���� GHPRQVWUDWHG� WKDW�
SRO\PHUL]DWLRQ�FRQVLVWHQWO\�LQGXFHV�SHUFHSWLEOH�FKURPDW-
LF� DOWHUDWLRQV� LQ� FRQWHPSRUDU\� FRPSRVLWHV�� HPSKDVL]LQJ�
WKDW�WKLV�SKHQRPHQRQ�LV�LQWULQVLF�WR�WKH�FXULQJ�UHDFWLRQ�LW-
VHOI��7KH�ǻ(00�YDOXHV�REWDLQHG�LQ�WKH�SUHVHQW�VWXG\�������
�������FRQ¿UP�WKDW�LPPHGLDWH�SRVW�FXULQJ�FRORU�FKDQJH�LV�
QRW�QHJOLJLEOH�DQG�PD\�VXEVWDQWLDOO\�DIIHFW�FOLQLFDO�VKDGH�
PDWFKLQJ�

&OLQLFDO� LQWHUSUHWDWLRQ�RI� WKHVH�YDOXHV�PXVW� FRQVLGHU� HV-
WDEOLVKHG� SHUFHSWLELOLW\� DQG� DFFHSWDELOLW\� WKUHVKROGV��
Paravina et al�� ����� UHSRUWHG� WKDW� WKH�����SHUFHSWLELOLW\�
DQG� DFFHSWDELOLW\� OLPLWV� IRU�ǻ(00� DUH� DSSUR[LPDWHO\� ����
DQG������UHVSHFWLYHO\��:KHQ�WKHVH�WKUHVKROGV�DUH�DSSOLHG�WR�

WKH�FXUUHQW�¿QGLQJV��DOO�FRPSRVLWH�/&8�FRPELQDWLRQV�H[-
FHHGHG�SHUFHSWLELOLW\�OLPLWV�DQG�PRVW�H[FHHGHG�DFFHSWDELO-
LW\�WKUHVKROGV��7KLV�LQGLFDWHV�WKDW�FRORU�FKDQJHV�RFFXUULQJ�
LPPHGLDWHO\� DIWHU� FXULQJ� DUH� QRW� PHUHO\� LQVWUXPHQWDOO\�
GHWHFWDEOH�EXW�DUH�KLJKO\�OLNHO\�WR�EH�YLVXDOO\�DSSDUHQW�XQ-
GHU�FOLQLFDO� FRQGLWLRQV��7KHUHIRUH�� VKDGH� VHOHFWLRQ�EDVHG�
RQ�XQFXUHG�FRPSRVLWH�PDWHULDO�PD\�UHVXOW�LQ�D�YLVXDOO\�GH-
WHFWDEOH�PLVPDWFK��7KLV�UHLQIRUFHV�WKH�QHFHVVLW\�RI�HYDOX-
DWLQJ�VKDGH�DIWHU�FXULQJ�UDWKHU�WKDQ�UHO\LQJ�RQ�WKH�XQFXUHG�
DSSHDUDQFH�

7KH� VLJQL¿FDQW�PDLQ�HIIHFW�RI� WKH�/&8�FDQ�EH�H[SODLQHG�
E\�GLIIHUHQFHV�LQ�VSHFWUDO�HPLVVLRQ�SUR¿OHV��LUUDGLDQFH�GLVW��
ULEXWLRQV��DQG�UDGLDQW�H[SRVXUHV��0RQRZDYH�GHYLFHV�SUL-
PDULO\�HPLW�LQ�WKH�EOXH�UDQJH�VXLWDEOH�IRU�FDPSKRUTXLQRQH�
�&4��DFWLYDWLRQ��ZKHUHDV�SRO\ZDYH�V\VWHPV�DGGLWLRQDOO\�
GHOLYHU�VKRUWHU�ZDYHOHQJWKV�FDSDEOH�RI�DFWLYDWLQJ�DOWHUQD-
tive photoinitiators. Previous studies ��������have demons- 
WUDWHG�WKDW�HPLVVLRQ�VSHFWUXP�DQG�HQHUJ\�GLVWULEXWLRQ�LQI��
OXHQFH�WKH�GHJUHH�RI�FRQYHUVLRQ�DQG�SRVW�FXUH�SURSHUWLHV�
RI�UHVLQ�FRPSRVLWHV��6LQFH�WKH�GHJUHH�RI�FRQYHUVLRQ�DIIHFWV�
WKH�UHIUDFWLYH�LQGH[�RI�WKH�SRO\PHUL]HG�PDWUL[��GLIIHUHQFHV�
LQ� FXULQJ� HI¿FLHQF\�PD\� WUDQVODWH� LQWR�PHDVXUDEOH� RSWL-
FDO� FKDQJHV� ��������� &RQVHTXHQWO\�� WKH� VDPH� FRPSRVLWH�
PDWHULDO�PD\�H[KLELW�GLIIHUHQW�LPPHGLDWH�RSWLFDO�EHKDYLRU�
when polymerized with different LCUs.

7KH�LQWHUDFWLRQ�HIIHFW�REVHUYHG�LQ�WKLV�VWXG\�VXJJHVWV�WKDW�
/&8�UHODWHG� GLIIHUHQFHV� DUH� PDWHULDO�GHSHQGHQW�� 7KLV�
¿QGLQJ�LV�FRQVLVWHQW�ZLWK�WKH�FRQFHSW�WKDW�FRPSRVLWH�IRU-
PXODWLRQV� YDU\� LQ� SKRWRLQLWLDWRU� V\VWHPV�� ¿OOHU�PRUSKR��
ORJ\��SLJPHQW�FRQFHQWUDWLRQ��DQG�UHVLQ�FRPSRVLWLRQ�������
0DWHULDOV� FRQWDLQLQJ� DOWHUQDWLYH� LQLWLDWRUV� RU� SURSULHWDU\�
V\VWHPV�PD\� UHVSRQG� GLIIHUHQWO\� WR� VSHFL¿F�ZDYHOHQJWK�
GLVWULEXWLRQV�� OHDGLQJ� WR� YDULDEOH� SRO\PHU� QHWZRUN� IRU-
PDWLRQ�DQG�RSWLFDO�GHQVLW\�������7KXV�� WKH�FXULQJ�GHYLFH�

Figure 2. 7KH�JUDSKLFDO�UHSUHVHQWDWLRQ�RI�WKH�LQWHUDFWLRQ�HIIHFW�
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FDQQRW�EH�FRQVLGHUHG�LQGHSHQGHQW�RI�FRPSRVLWH�FKHPLVW��
U\�� LQVWHDG�� WKH�SRO\PHUL]DWLRQ�RXWFRPH�UHVXOWV�IURP�WKH�
FRPELQHG� HIIHFWV� RI� LQLWLDWRU� DEVRUSWLRQ� FKDUDFWHULVWLFV�
DQG�OLJKW�VSHFWUXP�FRPSDWLELOLW\�������

7KLV�PHFKDQLVWLF�IUDPHZRUN�LV�FRQVLVWHQW�ZLWK�SUHYLRXVO\�
UHSRUWHG� ¿QGLQJV� LQ� WKH� OLWHUDWXUH�� 6WXGLHV� ������� eval-
XDWLQJ� SRO\PHUL]DWLRQ�LQGXFHG� FRORU� VKLIWV� KDYH� VKRZQ�
WKDW�YDULDWLRQV�LQ�FXULQJ�SURWRFROV�PD\�UHVXOW� LQ�PHDVXU-
DEOH� FKURPDWLF� GLIIHUHQFHV� LPPHGLDWHO\� DIWHU� OLJKW� DFWL-
vation. Pérez et al. ���� reported that different light-po-
O\PHUL]DWLRQ� SURWRFROV� VLJQL¿FDQWO\� DIIHFWHG� SRVW�FXULQJ�
FRORU� DQG� WUDQVOXFHQF\� SDUDPHWHUV�� 6LPLODUO\�� 0RQGHOOL�
et al. ����� GHPRQVWUDWHG� GLVWLQFW� FRORU� FKDQJHV� EHWZHHQ�
SUH��DQG�SRVW�FXULQJ�VWDWHV�GHSHQGLQJ�RQ� WKH�FXULQJ�XQLW�
XVHG�� &ROOHFWLYHO\�� WKHVH� VWXGLHV� VXSSRUW� WKH� SUHVHQW� UH-
VXOWV� DQG� FRQ¿UP� WKDW� LPPHGLDWH� RSWLFDO� DOWHUDWLRQV� DUH�
QRW� VROHO\�PDWHULDO�GHSHQGHQW� EXW� DUH� DOVR� VWURQJO\� LQI��
OXHQFHG� E\� WKH� VSHFWUDO� FKDUDFWHULVWLFV� DQG� HQHUJ\� GHOL��
YHU\�RI�WKH�OLJKW�FXULQJ�XQLW��+RZHYHU��LW�VKRXOG�EH�QRWHG�
WKDW� FRQWHPSRUDU\� OLWHUDWXUH� VSHFL¿FDOO\� DGGUHVVLQJ� XQ-
FXUHG�WR�LPPHGLDWH�SRVW�SRO\PHUL]DWLRQ�FRORU�GLIIHUHQFHV�
DFURVV�PXOWLSOH�/&8�W\SHV�UHPDLQV� OLPLWHG��0RVW�UHFHQW�
LQYHVWLJDWLRQV�KDYH�IRFXVHG�RQ�SRVW�FXULQJ�DJLQJ�RU�FRORU�
VWDELOLW\�UDWKHU�WKDQ�WKH�GLUHFW�RSWLFDO�WUDQVLWLRQ�RFFXUULQJ�
LPPHGLDWHO\�DIWHU�OLJKW�DFWLYDWLRQ��7KHUHIRUH��WKH�SUHVHQW�
VWXG\�FRQWULEXWHV� WR�D�UHODWLYHO\�XQGHUH[SORUHG�DVSHFW�RI�
UHVLQ� FRPSRVLWH� RSWLFV� E\� GLUHFWO\� H[DPLQLQJ� WKH� LQWHU-
DFWLRQ� EHWZHHQ� FRPSRVLWH� W\SH� DQG�/&8� FKDUDFWHULVWLFV�
during the immediate polymerization phase.

0DWHULDO�VSHFL¿F� SDWWHUQV� REVHUYHG� LQ� WKLV� VWXG\� IXUWKHU�
VXSSRUW� WKLV�PHFKDQLVP��7KH� JHQHUDOO\� KLJKHU�ǻ(00 va- 
OXHV�REVHUYHG�IRU�RQH�VKDGH�FRPSRVLWHV�PD\�EH�DWWULEXWHG�
WR�WKHLU�VWUXFWXUDO�FRORU�PHFKDQLVP��2PQLFKURPD�FRQVLV-
WHQWO\�H[KLELWHG�WKH�KLJKHVW�ǻ(00�YDOXHV�DFURVV�DOO�/&8V��
$V� D� VWUXFWXUDO� FRORU�EDVHG� FRPSRVLWH� UHO\LQJ� RQ� FRQ-
WUROOHG� OLJKW� GLIIXVLRQ� WKURXJK� VSKHULFDO� ¿OOHUV�� LWV� FRORU�
H[SUHVVLRQ�LV�KLJKO\�VHQVLWLYH�WR�FKDQJHV�LQ�LQWHUQDO�VFDW-
WHULQJ�FRQGLWLRQV�������3RO\PHUL]DWLRQ�LQGXFHG�UHIUDFWLYH�
LQGH[� VKLIWV� PD\� WKHUHIRUH� GLVSURSRUWLRQDWHO\� DIIHFW� LWV�
RSWLFDO�LQWHJUDWLRQ��,Q�FRQWUDVW��(VWHOLWH�6LJPD�4XLFN�DQG�
)LOWHN�8OWLPDWH�GHPRQVWUDWHG�FRPSDUDWLYHO\� VWDEOH�ǻ(00 
YDOXHV�DFURVV�FXULQJ�GHYLFHV��VXJJHVWLQJ�PRUH�VWDEOH�SLJ-
PHQW�EDVHG� VKDGH� IRUPXODWLRQ�RU�RSWLPL]HG�PDWUL[�¿OOHU�
UHIUDFWLYH� LQGH[� KDUPRQ\�� 9LWWUD�$36� 8QLTXH� H[KLELWHG�
D�SURQRXQFHG�ǻ(00� LQFUHDVH�ZKHQ�SRO\PHUL]HG�ZLWK� WKH�
9$/2� XQLW�� VXJJHVWLQJ� ZDYHOHQJWK�GHSHQGHQW� LQWHUDF-
WLRQ� EHWZHHQ� LWV� SRO\PHUL]DWLRQ� V\VWHP� DQG� WKH� VSHFWUDO�
FKDUDFWHULVWLFV� RI� WKDW� /&8��%HFDXVH� LQLWLDWRU� DFWLYDWLRQ�
HI¿FLHQF\�YDULHV�DFFRUGLQJ�WR�HPLVVLRQ�VSHFWUXP����������
VXFK�PDWHULDO�GHSHQGHQW�VSHFWUDO�FRPSDWLELOLW\�PD\�LQÀX-
HQFH�SRO\PHU�QHWZRUN�VWDELOL]DWLRQ�DQG�LPPHGLDWH�RSWLFDO�
properties. 

,W� VKRXOG� EH� QRWHG� WKDW� FRPSOHWH� SKRWRLQLWLDWRU� FRPSR-
VLWLRQV�ZHUH�QRW� IXOO\�GLVFORVHG�E\�PDQXIDFWXUHUV�IRU�DOO�
WHVWHG�PDWHULDOV��$OWKRXJK�VRPH�SURGXFWV�UHIHU�WR�SURSULH��
WDU\�RU�DGYDQFHG�SRO\PHUL]DWLRQ�V\VWHPV��GHWDLOHG�LQIRU-
PDWLRQ�UHJDUGLQJ�LQLWLDWRU�LGHQWLW\�DQG�FRQFHQWUDWLRQ�ZDV�
QRW�FRQVLVWHQWO\�DYDLODEOH��7KHUHIRUH��ZKLOH�LQLWLDWRU�/&8�
FRPSDWLELOLW\�SURYLGHV�D�SODXVLEOH�H[SODQDWLRQ�IRU�WKH�RE-
VHUYHG� LQWHUDFWLRQ�� GH¿QLWLYH� DWWULEXWLRQ� WR� VSHFL¿F� SKR-
WRLQLWLDWRU�V\VWHPV�FRXOG�QRW�EH�HVWDEOLVKHG�

)URP� D� FOLQLFDO� SHUVSHFWLYH�� WKHVH� ¿QGLQJV� KDYH� GLUHFW�
LPSOLFDWLRQV� IRU� WKH�EXWWRQ� WHFKQLTXH�XVHG�GXULQJ� VKDGH�
VHOHFWLRQ��(YDOXDWLQJ�FRPSRVLWH�VKDGH�LQ�WKH�XQFXUHG�VWDWH�
PD\� OHDG� WR� FOLQLFDOO\� XQDFFHSWDEOH� PLVPDWFK� DIWHU� SR-
O\PHUL]DWLRQ��DV�ǻ(00�YDOXHV�H[FHHGHG�HVWDEOLVKHG�DFFHSW-
DELOLW\� WKUHVKROGV� ������ ,Q� DJUHHPHQW�ZLWK�.RUNXW� et al. 
����FRPSRVLWH�LQFUHPHQWV�XVHG�IRU�VKDGH�VHOHFWLRQ�VKRXOG�
EH�SRO\PHUL]HG�EHIRUH�¿QDO�HYDOXDWLRQ��)XUWKHUPRUH��EH-
FDXVH� LPPHGLDWH� FRORU� FKDQJH�YDULHG�DFFRUGLQJ� WR�/&8�
W\SH��WKH�VDPH�FXULQJ�XQLW�HPSOR\HG�GXULQJ�WKH�EXWWRQ�WULDO�
VKRXOG�EH�XVHG�GXULQJ�GH¿QLWLYH�UHVWRUDWLRQ�SODFHPHQW�WR�
PLQLPL]H�DGGLWLRQDO�FKURPDWLF�GLVFUHSDQFLHV�

7KLV�VWXG\�KDV�FHUWDLQ�OLPLWDWLRQV�WKDW�VKRXOG�EH�FRQVLGHUHG�
ZKHQ�LQWHUSUHWLQJ�WKH�¿QGLQJV��2QH�PHWKRGRORJLFDO�FRQ-
VLGHUDWLRQ�FRQFHUQV� WKH� VXUIDFH� VWDQGDUGL]DWLRQ�SURWRFRO��
,Q� WKH� SUHVHQW� VWXG\�� FRORU�PHDVXUHPHQWV�ZHUH� REWDLQHG�
WKURXJK�0\ODU�VWULS�FRYHUHG�VXUIDFHV�ERWK�EHIRUH�DQG�LP-
mediately after polymerization to eliminate the potential 
LQÀXHQFH�RI�VXUIDFH�URXJKQHVV�RQ�RSWLFDO�RXWFRPHV��3UH-
YLRXV�UHVHDUFK������KDV�VKRZQ�WKDW�YDULDWLRQV�LQ�FRPSRVLWH�
VXUIDFH�URXJKQHVV�PD\�UHVXOW�LQ�PHDVXUDEOH�FRORU�GLIIHU-
HQFHV�HYHQ�ZLWKRXW�H[SRVXUH�WR�VWDLQLQJ�DJHQWV��7KHUHIRUH��
WKH� XVH� RI�0\ODU�FRYHUHG� VXUIDFHV� HQDEOHG� D� FRQWUROOHG��
UHSURGXFLEOH�DVVHVVPHQW�RI�SRO\PHUL]DWLRQ�LQGXFHG�FRORU�
FKDQJH����������+RZHYHU��LW�VKRXOG�EH�DFNQRZOHGJHG�WKDW�
SROLVKHG� FOLQLFDO� VXUIDFHV� PD\� H[KLELW� GLIIHUHQW� RSWLFDO�
EHKDYLRU� FRPSDUHG� ZLWK� 0\ODU�VWDQGDUGL]HG� ODERUDWRU\�
VSHFLPHQV�� $GGLWLRQDOO\�� WKLV� VWXG\� HYDOXDWHG� RQO\� WKH�
LPPHGLDWH�SRVW�SRO\PHUL]DWLRQ�FRORU�FKDQJH��ORQJHU�WHUP�
RSWLFDO�EHKDYLRU��SRVW�FXULQJ�UHDFWLRQV��DQG�DJLQJ�UHODWHG�
HIIHFWV�ZHUH�QRW�DVVHVVHG��,Q�DGGLWLRQ��LQFRPSOHWH�GLVFOR-
VXUH� RI� SKRWRLQLWLDWRU� FRPSRVLWLRQV� OLPLWHG� PHFKDQLVWLF�
LQWHUSUHWDWLRQ�� )XWXUH� VWXGLHV� LQFRUSRUDWLQJ� DJLQJ� SUR-
WRFROV�� VSHFWURVFRSLF� DQDO\VLV�RI� LQLWLDWRU� FKHPLVWU\�� DQG�
GHWDLOHG�VSHFWUDO�FKDUDFWHUL]DWLRQ�RI�/&8V�ZRXOG�SURYLGH�
GHHSHU�LQVLJKW�LQWR�FXULQJ�LQGXFHG�RSWLFDO�DOWHUDWLRQV�

CONCLUSION
,PPHGLDWH�SRVW�SRO\PHUL]DWLRQ�FRORU�FKDQJH�ZDV�VLJQL¿-
FDQWO\�DIIHFWHG�E\�ERWK�FRPSRVLWH�W\SH�DQG�/&8��ZLWK�D�
PDWHULDO�GHSHQGHQW�LQWHUDFWLRQ�SDWWHUQ��7KH�OHYHO�RI�ǻ(00 
YDOXHV�LQGLFDWHV�WKDW�FXULQJ�LQGXFHG�RSWLFDO�DOWHUDWLRQV�DUH�
FOLQLFDOO\�UHOHYDQW��6KDGH�HYDOXDWLRQ�VKRXOG� WKHUHIRUH�EH�
SHUIRUPHG�XQGHU�SRO\PHUL]HG�FRQGLWLRQV��DQG�FRQVLVWHQ-
F\�LQ�WKH�FXULQJ�SURWRFRO�LV�HVVHQWLDO�WR�HQKDQFH�DHVWKHWLF�
SUHGLFWDELOLW\�
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