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7KH�PDMRULW�� RI� GHQWDO� WUDXPD� LQYROYHV� DQWHULRU� WHHWK��
HVSHFLDOO�� WKH� PD�LOODU�� FHQWUDO� LQFLVRUV�� �LIIHUHQW�
DSSURDFKHV� IRU� WUHDWLQJ� WKHVH� IUDFWXUHG� WHHWK� KDYH�
EHHQ� UHSRUWHG� LQ� WKH� OLWHUDWXUH�� 7KH� W�SH� RI� WUHDWPHQW�
UHQGHUHG� GHSHQGV� PDLQO�� RQ� WKH� H�WHQW� RI� IUDFWXUH��
SXOS� LQYROYHPHQW�� UDGLFXODU� IUDFWXUH�� ELRORJLF� ZLGWK�
LQIULQJHPHQW�RU�YLRODWLRQ��DQG�SUHVHQFH�RI�WKH�IUDFWXUHG�
SLHFH��9DULRXV�WUHDWPHQW�PRGDOLWLHV�KDYH�EHHQ�SUDFWLFHG�
LQ� SDVW� EXW� UHDWWDFKPHQW� RI� IUDFWXUHG� IUDJPHQW� LV�
FRQVLGHUHG�WREH�PRVW�FRQVHUYDWLYH��QDWXUDO�DQG�HVWKHWLF�
DSSURDFK��7KH�UHVWRUDWLRQ�RI�QDWXUDO�WHHWK�IRUP�FRORU�DQG�
DOLJQPHQWLQ� WKHVH� SDWLHQWV� FUHDWH� D� SRVLWLYH� VRFLDO� DQG�
HPRWLRQDO�UHVSRQVH�LQ�VXFK�SDWLHQWV�

.���RU�V�� �HQWDO� � 7UDXPD�� )UDFWXUHG� WHHWK��
5HDWWDFKPHQW�
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7R�FL����0DGGHUOD�6.��%RPPDNDQWL�5��&KDXGKDU�����
1DJSDO�5��%LVKQRL����0DQDJHPHQW�RI�ODELR�SDODWDOO��
VSOLW�PD�LOODU�� FHQWUDO� LQFLVRUV� E�� UHDWWDFKPHQW�� DQ�
DHVWKHWLF�DSSURDFK����FDVH�UHSRUW���VLDQ�-�2UDO�+HDOWK�
�OOLHG�6FL�������������������

2UDO�WUDXPD�LV�D�IUHTXHQW�LQMXU��DQG�FDQ�EH�DV�KLJK�DV�
����LQ�D��RXQJ�SRSXODWLRQ�����2I�WKHVH�WUDXPDV��FOLQLFDO�
FURZQ�IUDFWXUHV�DUH�WKH�PRVW�IUHTXHQW�LQ�DQWHULRU�WHHWK�
ZLWK� DQ� LQFLGHQFH� WKDW� UDQJHV� EHWZHHQ� ��� DQG� ����

7KH� SRVLWLRQ�RI�PD�LOODU�� LQFLVRUV� DQG� WKHLU� HUXSWLYH�
pattern�carries�a�signi�cant�risk�for�trauma.�A�trauma�
ZLWK�DFFRPSDQ�LQJ�IUDFWXUH�RI�DQWHULRU�WHHWK�LV�D�WUDJLF�
H�SHULHQFH� IRU� WKH� SDWLHQW� ZKR� UHTXLUHV� LPPHGLDWH�
DWWHQWLRQ��QRW�RQO��EHFDXVH�RI�GDPDJH�WR�WKH�GHQWLWLRQ�
EXW�DOVR�EHFDXVH�RI�SV�FKRORJLF�HIIHFW�RI�WKH�WUDXPD����

Several� factors� in�uence�the�management�of�coronal�
WRRWK� IUDFWXUHV�� H�WHQW� RI� IUDFWXUH� �ELRORJLFDO� ZLGWK�
YLRODWLRQ�� HQGRGRQWLF� LQYROYHPHQW�� DOYHRODU� ERQH�
IUDFWXUH���SDWWHUQ�RI�IUDFWXUH��UHVWRUDELOLW��RI�IUDFWXUHG�
WRRWK� �DVVRFLDWHG� URRW� IUDFWXUH��� VHFRQGDU�� WUDXPD�
LQMXULHV� �VRIW� WLVVXH� VWDWXV��� SUHVHQFH�DEVHQFH� RI�
fractured� tooth� fragmentits� condition� for� use� (�t�
EHWZHHQ�IUDJPHQW�DQG�WKH�UHPDLQLQJ�WRRWK�VWUXFWXUH���
occlusion,�esthetics,��nances�and�prognosis.���

9DULRXV� WUHDWPHQW� PRGDOLWLHV� KDYH� EHHQ� SUDFWLFHG�
LQ� SDVW� WR� UHVWRUH� WKH� IUDFWXUHG� DQWHULRU� WHHWK�
LQFOXGLQJ� FRPSRVLWHV�� ODPLQDWHV�� HVWKHWLF� FURZQ�
RU� WKH� UHDWWDFKPHQW� RI� IUDFWXUHG� IUDJPHQW�� �PRQJ�
ZKLFK� UHDWWDFKPHQW� RI� IUDFWXUHG� WRRWK� IUDJPHQW� LV�
FRQVLGHUHG�RQH�RI�WKH�PRVW�FRQVHUYDWLYH��ELRORJLF�DQG�
HVWKHWLF� DSSURDFK� SURYLGHG� IUDFWXUHG� WRRWK� IUDJPHQW�
LV� UHWDLQHG������Signi�cant� advancements� in� adhesive�
GHQWLVWU��KDYH�DOORZHG�GHQWLVWV�WR�XVH�WKH�SDWLHQW�V�RZQ�
IUDJPHQW� WR� UHVWRUH� WKH� IUDFWXUHG� WRRWK�5HDWWDFKPHQW�
LV�D�FRQVHUYDWLYH�SURFHGXUH�KDYLQJ�VHYHUDO�DGYDQWDJHV�
PDLQWDLQV� RULJLQDO� WRRWK� FRQWRXU� DQG� WUDQVOXFHQF���
FRORXU� UHPDLQV� VWDEOH�RYHU� WLPH�� OHVV�FKDLU� VLGH� WLPH�
LV�UHTXLUHG��UHGXFHV�FRVW�RI�WUHDWPHQW�DQG�LQFLVDO�HGJH�
ZHDUV�DW�D�VLPLODU�UDWH�WR�DGMDFHQW�WHHWK���GGLWLRQDOO���
7KLV� DSSURDFK� SURYLGHV� SRVLWLYH� SV�FKRORJLFDO� DQG�
VRFLDO�UHVSRQVH�IURP�WKH�SDWLHQW���
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PHVLRGLVWDO�IUDFWXUH�OLQH�H�WHQGHG�IURP�SDODWDO�DVSHFW�
WR� �PP� EHORZ� WKH� &(-� SDODWDOO��� DJDLQ� VSOLWWLQJ� WKH�
WRRWK� LQWR�D� ODELDO� DQG�SDODWDO�KDOI���Q�DFFHVV�FDYLW��
IURP� WKH� SUHYLRXV� WUHDWPHQW� ZDV� VHHQ� LQ� WKH� SDODWDO�
DVSHFW� LQ�UHODWLRQ� WR������OVR�WKHUH�ZDV� ORVV�RI� WRRWK�
VWUXFWXUH� LQ� WKH� PHVLR�LQFLVDO� HGJH� SRUWLRQ�� 3DODWDO�
IUDFWXUHG�VHJPHQWV�RI�ERWK�WKH�WHHWK�ZHUH�PRELOH�ZLWK�
in�ammation� of� the�marginal� gingiva� on� the� palatal�
DVSHFW��7KHUH�ZDV�QR�DVVRFLDWHG�ERQH�DQG�VRIW� WLVVXH�
LQMXU���)LJ����DQG����

7KH� ODELR�SDODWDO�QDWXUH�RI�WKH�LQMXU��GLG�QRW�SUHVHQW�
any� signi�cant� radiographic� �nding.� No� periapical�
UDGLROXFHQF��ZDV�VHHQ��)LJ����

8SRQ� DQDO�VLV�� YDULRXV� WUHDWPHQW� RSWLRQV� ZHUH�
SUHVHQWHG� WR� WKH� SDWLHQW�� UHJDUGLQJ� WKHLU� DGYDQWDJHV��
GLVDGYDQWDJHV�� FRVW� DQG� SURJQRVLV�� 5HDWWDFKPHQW�
option� was� presented� only� after� con�rming� that� the�
fragments� were� ingood� condition� and� that� they� �t�
UHDVRQDEO�� ZHOO� RQ� WKH� IUDFWXUHG� WHHWK�� 7KH� SDWLHQW�
RSWHG�WR�KDYH�WKH�WRRWK�IUDJPHQW�UHDWWDFKHG�

7KH�WUHDWPHQW�SODQ�ZDV�GHFLGHG�DV�IROORZV���HWDFKPHQW�
RI� WKH� IUDFWXUHG� SRUWLRQV� IROORZHG� E�� VLQJOH� YLVLW�
URRW� FDQDO� WUHDWPHQW� DQG� VXEVHTXHQW� 5HDWWDFKPHQW�
ZLWK� DGKHVLYH� UHVLQ���HVWKHWLF� FRUUHFWLRQ�ZLWK� GLUHFW�
FRPSRVLWH�7KH�SDUHQW�V�LQIRUPHG�FRQVHQW�ZDV�REWDLQHG�
EHIRUH�FRPPHQFHPHQW�RI�WKH�WUHDWPHQW�

/RFDO� DQDHVWKHVLD� ���� /LJQRFDLQH� ZLWK� ���������
HSLQHSKULQH�� ZDV� DGPLQLVWHUHG� RQ� WKH� ODELDO� DVSHFW�

��6(�5(3257

������HDU�ROG�PDOH�SDWLHQW�UHSRUWHG�LQ�WKH��HSDUWPHQW�
2I� &RQVHUYDWLYH� �HQWLVWU�� DQG� (QGRGRQWLFV� DW�
0DKDUDMD��DQJD�6LQJK��HQWDO�&ROOHJH�DQG�5HVHDUFK�
&HQWUH�ZLWK� FKLHI� FRPSODLQW� RI� SDLQ�DQG�PRELOLW�� LQ�
XSSHU�IURQW�WRRWK�UHJLRQ�VLQFH�RQH�GD��ZLWK�D�KLVWRU��
RI� WUDXPD�� 7KH� FDXVH� RI� WUDXPD�ZDV� IDOO� RQ� JURXQG�
GXH�WR�REVWUXFWLRQ�E��DQ�REMHFW�LQ�KLV�ZD���3DWLHQW�JRW�
VRPH� WUHDWPHQW� GRQH� LQ� WKH� VDPH� WRRWK� UHJLRQ� E�� D�
ORFDO�SUDFWLWLRQHU�EXW�ZDV�WKHQ�UHIHUUHG�WR�WKH�FROOHJH�
0HGLFDO� KLVWRU�� RI� SDWLHQW� ZDV� IRXQG� WR� EH� QRQ�
FRQWULEXWRU��

&OLQLFDO�H�DPLQDWLRQ�UHYHDOHG�(OOLV��&ODVV�,,,�IUDFWXUH�
LQYROYLQJ�HQDPHO��GHQWLQ�DQG�SXOS�LQ�UHODWLRQ�WR�ERWK�
0D�LOODU�� &HQWUDO� ,QFLVRUV� L�H�� ���� ������PHVLRGLVWDO�
IUDFWXUH�OLQH�H�WHQGLQJ�IURP�WKH�LQFLVDO�HGJH�WR��PP�
EHORZ�WKH�&(-�RQ�WKH�SDODWDO�DVSHFW�VSOLWWLQJ�WKH�WRRWK�
LQWR���KDOYHV��D�ODELDO�DQG�D�SDODWDO�LUW�����,Q�WRRWK�����D�

)L��U�����3U��2S�UD�L���3KR�R�UDSK����FFDO�

)L��U�����3U��2S�UD�L���3KR�R�UDSK�3DOD�DO�

)L��U�����3U��2S�UD�L���5D�LR�UDSK
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with�local�in�ltration�and�nasopalatine�nerve�block�on�
WKH�SDODWDO�VLGH�����WHPSODWH�ZDV�IRUPHG�E��UXEEHU�EDVH�
LPSUHVVLRQ�PDWHULDO�� )UDFWXUHG� SDODWDO� SRUWLRQV� ZHUH�
UHPRYHG�ZLWK�WKH�KHOS�RI�WZHH�HUV�IURP�ERWK�WKH�WHHWK�
�)LJ����DQG����

)UDFWXUHG� SRUWLRQV� ZHUH� NHSW� LQ� 256� VROXWLRQ� WLOO�
UHVW� RI� WKH� SURFHGXUH�� %OHHGLQJ� ZDV� FRQWUROOHG� ZLWK�
SUHVVXUH� SDFN� FRPSUHVVLRQ� IRU� IHZ� PLQXWHV�� 7KH�
5RRW�&DQDO�7UHDWPHQW�ZDV�LQLWLDWHG� LQ�ERWK�WKH� WHHWK�
VLPXOWDQHRXVO��

Canal�ori�ce�was�located�and�patency�was�ascertained�
XVLQJ�D�VPDOO� VL�H�.��le� (Kerr,�Orange,�California).�
:RUNLQJ� OHQJWK� ZDV� HVWDEOLVKHG� ZLWK� WKH� KHOS� RID�
ZRUNLQJ� OHQJWK� UDGLRJUDSK� �)LJ�� ���� 7KH� FDQDO� ZDV�
FOHDQHG� DQG� VKDSHG� ZLWK� KDQG� .��les� (Dentsply,�
0DLOOHIHU�� 6ZLW�HUODQG��� 7KH� FDQDO� ZDV� VHTXHQWLDOO��
LUULJDWHG�XVLQJ�������6RGLXP�K�SRFKORULWH�DQG�VDOLQH�
GXULQJ�WKH�FOHDQLQJ�DQG�VKDSLQJ�SURFHGXUH��7KH�FDQDO�
ZDV� WKRURXJKO��GULHG�DQG�REWXUDWLRQ�ZDV�GRQH�XVLQJ�
�XWWDSHUFKD� ��HQWVSO��� 0DLOOHIHU�� 6ZLW�HUODQG�� DQG�
�+�3OXV�VHDOHU���HQWVSO���0DLOOHIHU��6ZLW�HUODQG���)LW�

)L��U�����7���K�DI��U�U�PR�DO�RI�IUDF��U���IUD�P���V

)L��U�����)UDF��U���IUD�P���V

RI� WKH�IUDFWXUHG�SRUWLRQ�ZDV�FKHFNHG�RQ� WKH�DWWDFKHG�

SRUWLRQ� EHIRUH� SURFHHGLQJ� IXUWKHU�� ,VRODWLRQ� RI� ERWK�

WHHWK� ZDV� REWDLQHG� ZLWK� WKH� KHOS� RI� FRWWRQ� UROOV�

+DHPRVWDVLV� IURP� WKH� SDODWDO� JLQJLYD� ZDV� DFKLHYHG�

ZLWK� WKH� KHOS� RI� SODFHPHQW� RI� FRWWRQ� SHOOHW� GLSSHG�

LQ� DGUHQDOLQH� ELWDUWUDWH� ��PJ�PO�� �9DVRFRQ�� IRU� ���

PLQXWHV�

�FLG� HWFKLQJ� ZDV� GRQH� ZLWK� ���� SKRVSKRULF� DFLG�

�6FRWFKERQG� 0XOWL�3XUSRVH� (WFKDQW�� �0� (63(�� RI�

ERWK� WKH� DWWDFKHG� SRUWLRQ� DQG� WKH� IUDFWXUHG� SRUWLRQ�

�IWHU�HWFKLQJ��ULQVLQJ�DQG�GU�LQJ�D�GXDO�FXUH�DGKHVLYH�

UHVLQ��5HO�;�8������0�(63(��ZDV�WDNHQ�DQG�PL�HG�LQ�

HTXDO�SURSRUWLRQV��,W�ZDV�DSSOLHG�ERWK�RQ�WKH�DWWDFKHG�

DQG�WKH�IUDFWXUHG�SRUWLRQ��7KH�IUDFWXUHG�SRUWLRQV�ZHUH�

WKHQ�UHDWWDFKHG�WR�WKH�UHVSHFWLYH�WHHWK�VWDELOL�HG�E��WKH�

SXWW��WHPSODWH�IRU���PLQXWHV��)LJ��������KLJK�LQWHQVLW��

FXULQJ� OLJKW�ZDV� DSSOLHG� IRU� ��� VHFV� WR�KHOS� LQ� OLJKW�

FXULQJ�RI�WKH�UHVLQ��(�FHVV�FHPHQW�ZDV�UHPRYHG�IURP�

WKH� PDUJLQV� ZLWK� WKH� KHOS� RI� SHULRGRQWDO� FXUHWWH����

FKDPIHU�ZDV�FUHDWHG�ZLWK�WKH�KHOS�RI�D�URXQG�EXU�DORQJ�

WKH�IUDFWXUH�OLQH�DW�WKH�LQFLVDO�HGJH�RI����DQG�UHVWRUHG�

ZLWK� GLUHFW� FRPSRVLWH��HVWKHWLF� FRUUHFWLRQV� ZHUH�

PDGH�LQ����ERWK�IURP�WKH�ODELDO�DQG�SDODWDO�DVSHFW��)LJ��

������ ����� SDWLHQW� UHPDLQ� D� V�PSWRPDWLF� WLOO� KH� ODVW�

UHSRUWHG�WKUHH�PRQWKV�DIWHU�WUHDWPHQW��)LJ������

�)L��U���������UPL�D�LR��RI��RUNL���O����K
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)L��U�����5�D��DFKP����RI�IUD�P���V��VL�����PSOD��

)L��U�����3RV��RS�UD�L���UD�LR�UDSK

��)L��U�����3RV��RS�UD�L���SKR�R�UDSK��3DOD�DO��L���

)L��U�����3RV��RS�UD�L���3KR�R�UDSK����FFDO�9L���

)L��U������7KU���PR��KV�IROOR���S��23�

��6�866�21

7HQQHU���� was� the� �rst� to� report� the� reattachment�
RI� D� IUDFWXUHG� IUDJPHQW� XVLQJ� DFLG�HWFK� WHFKQLTXH�
6XEVHTXHQWO��� 6WDUNH���� DQG� 6LPRQVHQ��� KDYH�
UHSRUWHG�VXFFHVV�ZLWK�VLPLODU�FDVHV��7KH�LQWURGXFWLRQ�
RI� FRPSRVLWH� LQ� FRPELQDWLRQ� ZLWK� WKH� XVH� RI� DFLG�
HWFK� WHFKQLTXH� WR� ERQG� FRPSRVLWH� WR� HQDPHO�� PDGH�
UHVWRUDWLRQ� SRVVLEOH� IRU� WKH� IUDFWXUHG� LQFLVRU�� ZLWK�
PLQLPDO� SUHSDUDWLRQ���� +RZHYHU�� FRPSRVLWH� UHVLQ�
KDV� WKH� GLVDGYDQWDJHV� RI� SRRU� DEUDVLRQ� UHVLVWDQFH�
LQ� FRPSDULVRQ� WR� HQDPHO���� ZDWHU� DEVRUSWLRQ� DQG�
VWDLQLQJ��5HDWWDFKPHQW�WHFKQLTXHV�IRU�WRRWK�IUDJPHQWV�
SUHVHQW�VHYHUDO�DGYDQWDJHV�RYHU�UHVWRUDWLRQV�REWDLQHG�
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ZLWK�FRPSRVLWH�UHVLQ�V�VWHPV��EHWWHU�DQG�ORQJ�ODVWLQJ�
HVWKHWLFV�� LPSURYHG� IXQFWLRQ�� LPPHGLDWH� UHVXOWV�� D�
SRVLWLYH� SV�FKRVRFLDO� UHVSRQVH�� DQG� IDVWHU� DQG� OHVV�
FRPSOLFDWHG�SURFHGXUHV������

8VH� RI� VHYHUDO� WHFKQLTXHV� RI� UHDWWDFKPHQW� KDV� EHHQ�
VKRZQ� LQ� OLWHUDWXUH� E�� GLIIHUHQW� DXWKRUV� DW� GLIIHUHQW�
WLPHV�� %XW� RQO�� IHZ� KDYH� DWWHPSWHG� WR� HYDOXDWH� WKH�
IUDFWXUH� VWUHQJWK� RI� WKH� UHSRUWHG� WHFKQLTXHV� DQG�
WKHLU� UHVXOWV� YDU�� FRQVLGHUDEO�� DPRQJ� UHVHDUFKHUV����

&OLQLFLDQV� KDYH� HPSOR�HG� DQ� DVVRUWPHQW� RI� EHYHO�
GHVLJQV��FKDPIHUV��GHQWLQDO� DQG�HQDPHO�JURRYHV�� DQG�
FKRLFHV� RI� UHVLQ� FRPSRVLWH�PDWHULDOV� DQG� WHFKQLTXHV�
IRU�WKH�UHDWWDFKPHQW�RI�WRRWK�IUDJPHQWV��,W�ZDV�VKRZQ�
WKDW� VLPSOH� UHDWWDFKPHQW� UHFRYHUHG� RQO�� ������ RI�
LQWDFW� WRRWK� IUDFWXUH� UHVLVWDQFH�� ZKLOH� WKH� EXFFDO�
FKDPIHU� UHFRYHUHG�������� DQG� WKH� RYHU�FRQWRXU� DQG�
LQWHUQDO� JURRYH� WHFKQLTXHV� QHDUO�� UHDFKHG� LQWDFW�
WRRWK�IUDFWXUH�VWUHQJWK��UHFRYHULQJ�������DQG��������
UHVSHFWLYHO����,W� LV�LQWHUHVWLQJ�WR�QRWH�WKDW�LQ�RXU�FDVH��
WKH�VSDFH�SURYLGHG�E��WKH�SXOS�FKDPEHU�VHUYHG�DV�LQQHU�
GHQWLQDO�JURRYH�SURYLGLQJ�DQ�LQQHU�UHLQIRUFHPHQW��WKXV�
DYRLGLQJ� DQ�� H�FHVVLYH� SUHSDUDWLRQ� RI� WKH� IUDFWXUHG�
WHHWK�� �OVR�� SUHSDUDWLRQ� RI� DQ� H�WHUQDO� FKDPIHU� RQ�
IUDFWXUH�OLQH�DQG�LWV�UHVWRUDWLRQ�ZLWK�GLUHFW�FRPSRVLWH�
VXSSOHPHQWHG�WKH�IUDFWXUH�UHVLVWDQFH�RI�WKH�UHDWWDFKHG�
IUDJPHQWV�9DULRXV�PDWHULDOV�DUH�DYDLODEOH�WR�FOLQLFLDQV�
IRU� UHDWWDFKPHQW�� HDFK� ZLWK� LWV� RZQ� SDUWLFXODULWLHV�
DQG� LQGLFDWLRQV�� WKXV�� FKRRVLQJ� ZKLFK� PDWHULDO� WR�
use�may�be�dif�cult.�Resin�cements�possess� superior�
PHFKDQLFDO�SURSHUWLHV��DV�WKH��DUH�UHODWLYHO��LQVROXEOH��
FDQ� ZLWKVWDQG� WKH� VWUHVVHV� RI� WKH� RUDO� HQYLURQPHQW��
SURYLGH� H�FHOOHQW� UHWHQWLRQ�� DQG� DUH� FDSDEOH� RI�
PDLQWDLQLQJ�WKH�LQWHJULW��RI�WKH�WRRWK�DQG�UHVWRUDWLRQ����

7KH� ERQGLQJ� SURSHUWLHV� RI� UHVLQ� FHPHQWV� DUH� UHODWHG�
WR� WKH� FKHPLFDO� FRPSRVLWLRQ�� 7KH� RUJDQLF� PDWUL�� RI�
WKH�FHPHQW��FRQVLVWLQJ�RI�PXOWLIXQFWLRQDO�SKRVSKRULF�
DFLG� PHWKDFU�ODWHV�� LV� SURSRVHG� WR� EH� FDSDEOH� RI�
simultaneously� demineralizing� and� in�ltrating� the�
WRRWK� VXUIDFH���� 7KH� SKRVSKRULF� DQG� FDUER��OLF�
JURXSV� RI� SRO�DONHQRLF� DFLG� IRUP� LRQLF� ERQGV� ZLWK�
K�GUR��DSDWLWH�� WKHUHE�� HQVXULQJ� D� VHFRQG�PHDQV� RI�
UHWHQWLRQ�������PXOWLFHQWHU�FOLQLFDO� VWXG��RI����� WRRWK�
IUDJPHQW� UHDWWDFKPHQWV� UHSRUWHG� UHWHQWLRQ� LQGH�HV�
RI� ����DQG� ����DW� ����DQG� �����HDUV�� UHVSHFWLYHO����

�QRWKHU� VWXG��� FRQGXFWHG� E�� &DYDOOHUL� DQG� �HUPDQ��
��� FRPSDUHG� WZR� NLQGV� RI� WUHDWPHQWV� IRU� FRURQDO�
IUDFWXUHV�� QDPHO�� GLUHFW� DGKHVLYH� UHVWRUDWLRQV� DQG�
IUDJPHQW� UHDWWDFKPHQW�� 7KH� EHVW� SHUIRUPDQFH� DIWHU�
���HDUV�ZDV� WKDW� RI� WKH� WRRWK� IUDJPHQW� UHDWWDFKPHQW�

WHFKQLTXH��SDUWLFXODUO��UHJDUGLQJ�HVWKHWLF�UHVXOWV�
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6HYHUDO� DVSHFWV� JRYHUQ� WKH� FKRLFH� RI� D� WHFKQLTXH� RU�
WKH�DVVRFLDWLRQ�RI�PDWHULDOV�IRU�IUDJPHQW�UHDWWDFKPHQW�
+RZHYHU�� WKH� OLWHUDWXUH� LQGLFDWHV� WKDW� LI� WKH�PDWHULDO�
RU� D� FRPELQDWLRQ� RI� PDWHULDOV� FKRVHQ� KDV� SURYHQ�
WR� EH� HIIHFWLYH� LQ� LQ� YLWUR� VWXGLHV� DQG� WKHUH� LV� QR�
LQFRPSDWLELOLW�� EHWZHHQ� WKHP�� WKH� NLQG� RI� PDWHULDO�
XVHG� IRU� WKH� UHDWWDFKPHQW� RI� IUDFWXUHG� WHHWK� LV� OHVV�
LPSRUWDQW��7KH� UHLQIRUFHPHQW� WHFKQLTXH� XVHG� IRU� WKH�
UHDWWDFKPHQW� SURFHGXUH� JRYHUQV� WKH� VWUHQJWK� RI� WKH�
IUDFWXUHG�WRRWK�IUDJPHQWV�

Con�ict�of� interest:�No�con�ict�of� interest�declared�
E��DXWKRUV�
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��� �QGUHDVHQ� -2���QGUHDVHQ� )0���QGHUVVRQ� /�� 7H�WERRN� DQG� &RORU�
�WODV�RI�7UDXPDWLF�,QMXULHV�WR�WKH�7HHWK���WK�HG��2�IRUG��%ODFNZHOO�
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��� +DPLOWRQ� )��� +LOO� )-�� +ROORZD�� 3-�� �Q� LQYHVWLJDWLRQ� RI� GHQWR�
DOYHRODU�WUDXPD�DQG�LWV�WUHDWPHQW�LQ�DQ�DGROHVFHQW�SRSXODWLRQ��3DUW�,��
WKH�SUHYDOHQFH�DQG�LQFLGHQFH�RI�LQMXULHV�DQG�WKH�H�WHQW�DQG�DGHTXDF��
RI�WUHDWPHQW�UHFHLYHG��%U��HQW�-����������������
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WUHDWPHQW�RI�IUDFWXUHG�FURZQV��4XLQWHVVHQFH�,QW����������������

��� �QGUHDVHQ�-2��7RRWK�DQG�ERQH�ORVV� UHODWHG� WR�WUDXPD�� ,Q��.RFK����
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���� %DUDWLHUL� /1�� 5LWWHU� �9�� -XQLRU� 60�� )LOKR� -&0�� 7RRWK� IUDJPHQW�
UHDWWDFKPHQW�DQDOWHUQDWLYH�IRU�UHVWRUDWLRQ�RI�IUDFWXUHG�DQWHULRU�WHHWK��
3UDFW�3HULRGRQW��HVWKHW��HQW����������������

���� 2OVEXUJK�6�� -DFRE��7��.UHMFL� ,�� &URZQ� IUDFWXUHV� LQ� WKH� SHUPDQHQW�
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���� %DGDPL�����XQQHV�� 6FKHHU�%���V� LQ� YLWUR� LQYHVWLJDWLRQ� LQWR� VKHDU�
ERQG�VWUHQJWKV�RI�WZR�GHQWLQ�ERQGLQJ�DJHQWV�XVHG�LQ�WKH�DWWDFKPHQW�
RI�LQFLVDO�HGJH�IUDJPHQWV��(QGRG��HQW�7UDXPDWRO����������������
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