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6WDWXWRU\�'HFODUDWLRQ��

“I hereby declare that this thesis is my own original work and that I have fully acknowledged 

E\�QDPH�DOO�RI�WKRVH�LQGLYLGXDOV�DQG�RUJDQL]DWLRQV�WKDW�KDYH�FRQWULEXWHG�WR�WKH�UHVHDUFK�IRU�

WKLV�WKHVLV���

'XH�DFNQRZOHGJHPHQW�KDV�EHHQ�PDGH�LQ�WKH�WH[W�WR�DOO�RWKHU�PDWHULDO�XVHG��7KURXJKRXW�WKLV�

thesis and in all related publications I followed the “Guidelines of the Medical University of 

Graz on Good Scientific Practice”.  �

�

*UD]���WK�$XJXVW���������������������������������������������������������������������������������'U�PHG�XQLY��+DQQD�/X]H�

�
� �



� ��

'LVFORVXUHV�

�
,W� LV�KHUHE\�FRQILUPHG� WKDW� �D��DOO� FR�DXWKRUV� DJUHH� WR� WKH�XVH�RI� WKHLU�SXEOLVKHG�GDWD� LQ� WKH�

SUHVHQW�GRFWRUDO�WKHVLV�DQG�WKDW��E��SHUPLVVLRQ�WR�UHSURGXFH�ILJXUHV�DQG�WDEOHV�IURP�WKHLU�RZQ�

SXEOLFDWLRQV��/X]H�+��6FKZDU]�$��1LVFKZLW]�63��.ROE�'��%RXQDE�.��=ULP�5��:LQWHU�5��.DPRO]�

/3��5DSSO�7��.RW]EHFN�3��$XWRORJRXV�)DW�*UDIWLQJ�LQ�5HFRQVWUXFWLYH�%UHDVW�6XUJHU\��&OLQLFDOO\�

5HOHYDQW� )DFWRUV� $IIHFWLQJ� WKH� *UDIW� 7DNH�� $HVWKHW� 6XUJ� -�� ����� -XQ� ���VMDF����� GRL��

��������DVM�VMDF������KDV�EHHQ�JUDQWHG�E\�2[IRUG�8QLYHUVLW\�3UHVV�RQ�-XO\�����������/LFHQVH�

1XPEHU������������������

�

&OLQLFDO�7ULDO�5HJLVWUDWLRQ��,QVWLWXWLRQDO�5HYLHZ�%RDUG��DQG�,QIRUPHG�&RQVHQW�

6WDWHPHQW��

7KLV�FOLQLFDO�VWXG\�ZDV�UHJLVWHUHG�LQ�WKH�8�6��1DWLRQDO�/LEUDU\�RI�0HGLFLQH��FOLQLFDOWULDOV�JRY��

XQLTXH�LGHQWLILHU��1&7�����������7KH�(WKLFV�&RPPLWWHH�RI� WKH�0HGLFDO�8QLYHUVLW\�RI�*UD]�

DSSURYHG�WKH�FOLQLFDO�WULDO�SURWRFRO�ZLWK�WKH�FRGH��������H[�������RQ�-XO\������������7KH�WULDO�

DQG�WKXV�WKH�GRFWRUDO�WKHVLV�ZHUH�FRQGXFWHG�DFFRUGLQJ�WR�WKH�'HFODUDWLRQ�RI�+HOVLQNL��:ULWWHQ�

LQIRUPHG�FRQVHQW�ZDV�REWDLQHG�IURP�DOO�VWXG\�SDUWLFLSDQWV�HQUROOHG���

�

)XQGLQJ�,QIRUPDWLRQ�DQG�&RQIOLFW�RI�,QWHUHVW��

7KH�FOLQLFDO�VWXG\���WKH�GRFWRUDO�WKHVLV�ZDV�ILQDQFLDOO\�VXSSRUWHG�E\�WKH�0HGLFDO�8QLYHUVLW\�RI�

*UD]� DQG� -2$11(80�5HVHDUFK� )RUVFKXQJVJHVHOOVFKDIW� PE+�� 'XULQJ� WKH� FRQGXFW� RI� WKLV�

GRFWRUDO� WKHVLV�� ,�ZDV� DQ� HPSOR\HH�RI� WKH�'LYLVLRQ�RI�3ODVWLF��$HVWKHWLF� DQG�5HFRQVWUXFWLYH�

6XUJHU\��'HSDUWPHQW�RI�6XUJHU\��0HGLFDO�8QLYHUVLW\�RI�*UD]�DQG�SHUIRUPHG�WKLV�VFLHQWLILF�ZRUN�

LQ� WKH� UROH� DV� D� GRFWRUDO� VWXGHQW� DW� WKH� 0HGLFDO� 8QLYHUVLW\� RI� *UD]� VHSDUDWHO\� IURP� P\�

REOLJDWLRQV�IRU�WKH�HPSOR\HU���

�

�

�
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&RQWULEXWLRQV��

7KH�IROORZLQJ�SHRSOH�KDYH�VXSSRUWHG�WKLV�GRFWRUDO�WKHVLV�WKURXJK�WKHLU�H[SHUWLVH�LQ�
DOSKDEHWLFDO�RUGHU���

•� .DGGRXU�%RXQDE��

•� -RKDQQD�(LQVLHGOHU��%6F��

•� 8QLY��3URI��'U�PHG��/DUV�3HWHU�.DPRO]��06F������

•� $VV��3URI�LQ�0DJ�D�'U�LQ�UHU�QDW��'DJPDU�.ROE��

•� $VV��3URI�LQ�0DJ�D�'U�LQ�UHU�QDW��3HWUD��.RW]EHFN������

•� 3ULY��'R]��'U��PHG��6HEDVWLDQ�3��1LVFKZLW]����

•� 'U�PHG�XQLY��7KRPDV�5DSSO����

•� ',LQ�$QQD�6FKZDU]��

•� 8QLY��3URI��'U�PHG�XQLY��6WHSKDQ�6SHQGHO��

•� 'U�PHG�XQLY��5DLPXQG�:LQWHU��

•� 'U�PHG�XQLY��5REHUW�=ULP����

�� 'LYLVLRQ� RI� (QGRFULQRORJ\� DQG� 'LDEHWRORJ\�� 'HSDUWPHQW� RI� ,QWHUQDO� 0HGLFLQH�� 0HGLFDO�

8QLYHUVLW\�RI�*UD]��$XVWULD�
��&25(0('�–�&RRSHUDWLYH�&HQWUH� IRU�5HJHQHUDWLYH�0HGLFLQH�� -2$11(80�5(6($5&+�

)RUVFKXQJVJHVHOOVFKDIW�PE+��*UD]��$XVWULD�
��'LYLVLRQ�RI�3ODVWLF��$HVWKHWLF�DQG�5HFRQVWUXFWLYH�6XUJHU\��'HSDUWPHQW�RI�6XUJHU\��0HGLFDO�

8QLYHUVLW\�RI�*UD]��$XVWULD�
��5HVHDUFK�8QLW�IRU�6DIHW\�LQ�+HDOWK��0HGLFDO�8QLYHUVLW\�RI�*UD]��$XVWULD�
��&RUH�)DFLOLW\�8OWUDVWUXFWXUH�$QDO\VLV��0HGLFDO�8QLYHUVLW\�RI�*UD]��$XVWULD�
��5HVHDUFK�8QLW� IRU�7LVVXH�5HJHQHUDWLRQ��5HSDLU� DQG�5HFRQVWUXFWLRQ��0HGLFDO�8QLYHUVLW\�RI������

*UD]��$XVWULD��
��,QWHUQDWLRQDO�8QLYHUVLW\�RI�0RQDFR��0RQDFR�

7KRPDV� 5DSSO�� 6HEDVWLDQ� 3�� 1LVFKZLW]� DQG� 5DLPXQG�:LQWHU� ZHUH� DFFRXQWDEOH� IRU� SDWLHQW�

UHFUXLWPHQW�DQG�DQDPQHVLV��$QQD�6FKZDU]�DQG�-RKDQQD�(LQVLHGOHU�ZHUH�UHVSRQVLEOH�IRU�VSHFLILF�

ODERUDWRU\�DVVHVVPHQWV��+LVWRORJLFDO�DQDO\VLV�ZDV�SHUIRUPHG�E\�.DGGRXU�%RXQDE�DQG�VFDQQLQJ�

HOHFWURQ� PLFURVFRS\� RI� VHOHFWHG� VDPSOHV� E\� 'DJPDU� .ROE�� 6WUXFWXUDO� HQKDQFHPHQWV� DQG�

DFFXUDWH� WHUPLQRORJ\� XVDJH� ZHUH� UHDOL]HG� E\� 5REHUW� =ULP�� ZKR� SHUIRUPHG� D� WKURXJKRXW�

ODQJXDJH� HGLWLQJ�� /DUV�3HWHU�.DPRO]�� 6WHSKDQ� 6SHQGHO�� 7KRPDV�5DSSO� DQG� 3HWUD�.RW]EHFN�

JDYH�DGYLFH�DQG�UHYLHZHG�WKH�GRFWRUDO�WKHVLV�DV�ZHOO�DV�WKH�PDQXVFULSWV�IRU�SXEOLFDWLRQ���

https://www.joanneum.at/coremed/das-zentrum/team/detail/kotzbeck
https://online.medunigraz.at/mug_online/webnav.navigate_to?corg=25164&cperson_nr=58881
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3XEOLFDWLRQV��

3DUWV�RI�WKLV�WKHVLV�ZHUH�VLPLODUO\�SXEOLVKHG�LQ��

▪� +��/X]H��$��6FKZDU]��6�3��1LVFKZLW]��'��.ROE��.��%RXQDE��5��=ULP��5��:LQWHU��/�3��

.DPRO]��7��5DSSO��3��.RW]EHFN�

$XWRORJRXV�)DW�*UDIWLQJ�LQ�5HFRQVWUXFWLYH�%UHDVW�6XUJHU\��&OLQLFDOO\�5HOHYDQW�)DFWRUV�

$IIHFWLQJ�WKH�*UDIW�7DNH�

$HVWKHW�6XUJ�-�������-XQ����VMDF�����

GRL����������DVM�VMDF���
�

▪� +��/X]H��-��(LQVLHGOHU��6�3��1LVFKZLW]��5��:LQWHU��'��.ROE��/�3��.DPRO]��3��.RW]EHFN���

7��5DSSO�

4XDOLW\�DQG�9LWDOLW\�RI�$XWRORJRXV�)DW�*UDIWV�+DUYHVWHG�YLD�'LIIHUHQW�7HFKQLTXHV�–�D�

&OLQLFDO�&RPSDULVRQ�6WXG\�

$HVWKHW�6XUJ�-�������-XO����VMDF������

GRL����������DVM�VMDF����

�

�3UHVHQWDWLRQV�
�

▪� +��/X]H��6�3��1LVFKZLW]��7��5DSSO��6��6SHQGHO��/�3��.DPRO]��

/LSRILOOLQJ�� 2SWLPLHUXQJ� GHU� 5HVRUSWLRQVUDWH� GXUFK� GLH� 8QWHUVXFKXQJ� P|JOLFKHU�

(LQIOXVVIDNWRUHQ��HLQH�3LORWVWXGLH��

����-DKUHVWDJXQJ�GHU�g*3b5&��2&7��������������9LHQQD��$XVWULD��

�

▪� +��/X]H��6�3��1LVFKZLW]��5��:LQWHU��6��6SHQGHO��/�3��.DPRO]��3��.RW]EHFN��7��5DSSO�

$XWRORJRXV� )DW�*UDIWLQJ� LQ�5HFRQVWUXFWLYH� DQG�$HVWKHWLF�%UHDVW� 6XUJHU\�� ,PSDLULQJ�

)DFWRUV�

,0&$6�:RUOG�&RQJUHVV��-81��������������3DULV��)UDQFH�

�

▪� +��/X]H��6�3��1LVFKZLW]��6��6SHQGHO��5��:LQWHU��7��5DSSO��/��3��.DPRO]��3��.RW]EHFN�

(LJHQIHWWWUDQVSODQWDWLRQ�LQ�GHU�5HNRQVWUXNWLYHQ�%UXVWFKLUXUJLH��5LVLNRIDNWRUHQ�I�U�HLQH�

YHUPLQGHUWH�5HVRUSWLRQVUDWH��

����-DKUHVWDJXQJ�GHU�g*3b5&��2&7��������������6FKODGPLQJ��$XVWULD��
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$FNQRZOHGJHPHQWV�

)LUVW��,�DP�YHU\�JUDWHIXO�WR�P\�HPSOR\HU�DQG�WKH�'RFWRUDO�6FKRRO�IRU�7UDQVODWLRQDO�0ROHFXODU�

DQG�&HOOXODU�%LRVFLHQFHV�DW�WKH�0HGLFDO�8QLYHUVLW\�RI�*UD]�IRU�JLYLQJ�PH�WKH�RSSRUWXQLW\�WR�

FRQGXFW� LQGHSHQGHQW� VFLHQWLILF� UHVHDUFK� LQ� D� KLJKO\� UHOHYDQW� ILHOG�� 6SHFLDO� WKDQNV� JR� WR�

&25(0('� –� &RRSHUDWLYH� &HQWUH� IRU� 5HJHQHUDWLYH� 0HGLFLQH�� -2$11(80� 5(6($5&+�

)RUVFKXQJVJHVHOOVFKDIW�PE+� IRU� WKHLU� RUJDQL]DWLRQDO� DVVLVWDQFH� DQG� WKH� SHUIRUPDQFH� RI� WKH�

ODERUDWRU\�WHVWV��

,�ZRXOG�DOVR�OLNH�WR�WKDQN�P\�VXSHUYLVRU�8QLY��3URI��'U�PHG��/DUV�3HWHU�.DPRO]��06F�DQG�WKH�

FR�VXSHUYLVRUV�8QLY��3URI��'U�PHG�XQLY��6WHSKDQ�6SHQGHO�DQG�$VV��3URI�LQ�0DJ�D�'U�LQ�UHU�QDW�

3HWUD�.RW]EHFN�IRU�WKHLU�H[FHOOHQW�JXLGDQFH��6SHFLDO�WKDQNV�JR�WR�'U�PHG�XQLY��7KRPDV�5DSSO��

DQ�H[SHUW�LQ�WKH�ILHOG�RI�EUHDVW�UHFRQVWUXFWLRQ�WKURXJK�DXWRORJRXV�IDW�JUDIWLQJ��ZKR�VXSSRUWHG�

WKLV�FOLQLFDO�SURMHFW�IURP�WKH�YHU\�EHJLQQLQJ�DQG�SURYLGHG�YDOXDEOH�VXJJHVWLRQV�WKURXJKRXW�WKH�

SURFHVV���

,�ZRXOG�DOVR�OLNH�WR�H[SUHVV�P\�DSSUHFLDWLRQ�WR�DOO�WKH�PHWKRGRORJ\�H[SHUWV�ORFDWHG�DW�YDULRXV�

GHSDUWPHQWV�ZKR�FRQWULEXWHG�WR�WKLV�ZRUN��'DJPDU��.DGGRXU��$QQD�DQG�-RKDQQD���ZLWKRXW�\RXU�

H[SHUWLVH�DQG� H[WUDRUGLQDU\�HIIRUWV�� VXFK�D�FRPSUHKHQVLYH�� LQWHUGLVFLSOLQDU\�ZRUN�ZRXOG�QRW�

KDYH�EHHQ�SRVVLEOH���

$QG�QRW�OHDVW��,�ZRXOG�OLNH�WR�WKDQN�P\�IDPLO\��P\�ER\IULHQG��P\�SDUHQWV�DQG�P\�JUDQGPRWKHU�

�� IRU� WKHLU�SDWLHQFH� WKURXJKRXW� D� WLPH�FRQVXPLQJ�SHULRG�DQG�IRU� WKHLU�FULWLFDO� VXSSRUW�ZKLFK�

FRQWULEXWHG�WR�WKH�FRQWLQXRXV�LPSURYHPHQW�RI�WKLV�WKHVLV����

$�ELJ�WKDQN�\RX���

+DQQD�/X]H�
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�

�
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7DEOH�RI�&RQWHQWV�� �

7$%/(�2)�&217(176�����������������������������������������������������������������������������������������������������������������������������

$%%5(9,$7,216�������������������������������������������������������������������������������������������������������������������������������������

$%675$&7�,1�*(50$1��=86$00(1)$6681*����������������������������������������������������������������������������

$%675$&7������������������������������������������������������������������������������������������������������������������������������������������������

�� ,1752'8&7,21��������������������������������������������������������������������������������������������������������������������������������

���� +,6725<�$1'�$33/,&$7,21�$5($6�2)�$872/2*286�)$7�*5$)7,1*�����������������������������������������
���� 35,1&,3/(6�2)�$872/2*286�)$7�*5$)7,1*��������������������������������������������������������������������������������
������ &20326,7,21�2)�$872/2*286�)$7�*5$)76�����������������������������������������������������������������������������������
������ /,0,7$7,216�2)�$)*�����������������������������������������������������������������������������������������������������������������������
������ &(//�6859,9$/�7+(25<�������������������������������������������������������������������������������������������������������������������
������ *5$)7�5(3/$&(0(17�7+(25<���������������������������������������������������������������������������������������������������������
������ +267�5(3/$&(0(17�7+(25<�����������������������������������������������������������������������������������������������������������
���� 7(&+1,48(�2)�$872/2*286�)$7�*5$)7,1*�$1'�327(17,$/�685*(5<�5(/$7('�
&203520,6,1*�3$5$0(7(56������������������������������������������������������������������������������������������������������������������
������ +$59(67,1*������������������������������������������������������������������������������������������������������������������������������������
������ 352&(66,1*������������������������������������������������������������������������������������������������������������������������������������
������ 35(3$5$7,21�2)�7+(�5(&,3,(17�6,7(����������������������������������������������������������������������������������������������
������ *5$)7,1*����������������������������������������������������������������������������������������������������������������������������������������
���� 3$7,(17�5(/$7('�&203520,6,1*�3$5$0(7(56�����������������������������������������������������������������������
���� $872/2*286�)$7�*5$)7,1*�,1�5(&216758&7,9(�%5($67�685*(5<���������������������������������������
������ 21&2/2*,&$/�6$)(7<���������������������������������������������������������������������������������������������������������������������
������ ,03$&7�2)�$)*�21�,0$*,1*�����������������������������������������������������������������������������������������������������������
���� $,0����������������������������������������������������������������������������������������������������������������������������������������������������
���� +<327+(6,6��������������������������������������������������������������������������������������������������������������������������������������

�� 0(7+2'6�������������������������������������������������������������������������������������������������������������������������������������������

����678'<�&2+257������������������������������������������������������������������������������������������������������������������������������������
����(;3(5,0(17$/�'(6,*1����������������������������������������������������������������������������������������������������������������������
���� 0($685(0(176�������������������������������������������������������������������������������������������������������������������������������
�������/,320(75<�����������������������������������������������������������������������������������������������������������������������������������������
������381&+�%,236,(6����������������������������������������������������������������������������������������������������������������������������������
������/,32$63,5$7(6������������������������������������������������������������������������������������������������������������������������������������
���� 67$7,67,&$/�$1$/<6,6��������������������������������������������������������������������������������������������������������������������
���� $&78$/�75,$/�0,/(6721(6�����������������������������������������������������������������������������������������������������������

�� 5(68/76���������������������������������������������������������������������������������������������������������������������������������������������

���� 3$7,(17��$1'�685*(5<�5(/$7('�'$7$�&255(/$7('�72�7+(�7$.(�5$7(������������������������������
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���� /,0,7$7,216�$1'�287/22.�����������������������������������������������������������������������������������������������������������
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/LVW�RI�)LJXUHV�
�
)LJXUH����6FKHPDWLF�VWXG\�GHVLJQ������������������������������������������������������������������������������������������������

)LJXUH����+HPDWR[\OLQ�DQG�HRVLQ�VWDLQHG�VDPSOH�REWDLQHG�IURP�D�KDUYHVW�VLWH���������������������������

)LJXUH����$GLSRF\WH�FHOO�GDPDJH�LQ�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��������������������������������������������

)LJXUH����6SHDUPDQ�FRUUHODWLRQ�RI�WKH�WDNH�UDWH�ZLWK�WKH�6$7�WKLFNQHVV�EHIRUH�VXUJHU\�DQG�WKH�

$)*�VHVVLRQ����������������������������������������������������������������������������������������������������������������������������������
)LJXUH����6SHDUPDQ�FRUUHODWLRQ�RI�%RG\ZHLJKW�DQG�%0,�ZLWK�WKH�WDNH�UDWH�DIWHU���ZHHNV���������

)LJXUH����6SHDUPDQ�FRUUHODWLRQ�RI�YDULRXV�SDWLHQW��DQG�VXUJHU\�UHODWHG�IDFWRUV�ZLWK�WKH�WDNH�UDWH�

��ZHHNV�DIWHU�$)*�������������������������������������������������������������������������������������������������������������������������

)LJXUH����&RUUHODWLRQ�RI�WKH�QLFRWLQH�DEXVH�ZLWK�WKH�WDNH�UDWH�DIWHU���ZHHNV�������������������������������

)LJXUH����6(0�JUDGLQJ�RI�OLSRDVSLUDWHV�KDUYHVWHG�ZLWK�WKH�VXSHU�ZHW�WHFKQLTXH�H[FOXVLYHO\�RU�

LQ�FRPELQDWLRQ�ZLWK�D�ZDVKLQJ�DQG�ILOWUDWLRQ�V\VWHP��������������������������������������������������������������������

)LJXUH����&RUUHODWLRQ�RI� WKH� WDNH� UDWH� DQG� WKH�H[SUHVVLRQ�RI�DGLSRF\WH�PDUNHUV�)$%3��DQG�

3/,1��LQ�OLSRDVSLUDWHV��DVS��DQG�WKH�69)�IUDFWLRQ�����������������������������������������������������������������������

)LJXUH�����*HQH�H[SUHVVLRQ�RI�DGLSRF\WH�DQG�FHOO�PDUNHUV�RI�WKH�DVSLUDWH�DQG�WKH�69)�IUDFWLRQ�
�������������������������������������������������������������������������������������������������������������������������������������������������������

�

/LVW�RI�7DEOHV�
�
7DEOH����&OLQLFDO�WULDO�PLOHVWRQHV��������������������������������������������������������������������������������������������������

7DEOH����3DWLHQW��DQG�VXUJHU\�UHODWHG�GDWD������������������������������������������������������������������������������������
7DEOH����0HDQ�6$7�WKLFNQHVV�RYHU�WKH�VWXG\�FRXUVH�RI���ZHHNV��JUDIWHG�YROXPH�DQG�WDNH�UDWH

�������������������������������������������������������������������������������������������������������������������������������������������������������

7DEOH����6FDQQLQJ�HOHFWURQ�PLFURVFRS\�DQG�JUDGLQJ�FHOOXODU�GDPDJH�LQ�OLSRDVSLUDWHV�KDUYHVWHG�

ZLWK�GLIIHUHQW�WHFKQLTXHV���������������������������������������������������������������������������������������������������������������
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$EEUHYLDWLRQV�

�
$',324� � � � $GLSRQHFWLQ� � �

$'6&V� � � � $GLSRVH�GHULYHG�VWHP�FHOOV� �

$)*� � � � � $XWRORJRXV�IDW�JUDIWLQJ� �

DVS� � � � � /LSRDVSLUDWHV� � �

%0,� � � � � %RG\�PDVV�LQGH[� � � �

&(%3$� � � � &$$7�HQKDQFHU�ELQGLQJ�SURWHLQ� �

'1$�� � � � � 'HR[\ULERQXFOHLF�DFLG�

)$%3�� � � � )DWW\�DFLG�ELQGLQJ�SURWHLQ��� �

*/87�� � � � *OXFRVH�WUDQVSRUWHU�W\SH��� � �

+	(� � � � � +HPDWR[\OLQ�	�HRVLQ�� �

,&)V� � � � � ,QIRUPHG�FRQVHQW�IRUPV�

,'� � � � � ,GHQWLILFDWLRQ� � � �

,/� � � � � ,QWHUOHXNLQ� � � � �

0$3�.�� � � � 0LWRJHQ�DFWLYDWHG�SURWHLQ���NLQDVH����

PG� � � � � 0LVVLQJ�GDWD�

Q� � � � � 1R� �

1R�� � � � � 1XPEHU� �

3%6� � � � � 3KRVSKDWH�EXIIHUHG�VDOLQH�

3&5� � � � � 3RO\PHUDVH�FKDLQ�UHDFWLRQ�

3/,1��� � � � 3HULOLSLQ��� � � � � �

33$5*� � � � 3HUR[LVRPH�SUROLIHUDWRU�DFWLYDWHG�UHFHSWRU�JDPPD�

3(&$0��&'��� � � 3ODWHOHW�HQGRWKHOLDO�FHOO�DGKHVLRQ�PROHFXOH�� � �

3735&�&'���� � � 3URWHLQ�W\URVLQH�SKRVSKDWDVH��UHFHSWRU�W\SH�&��

S\� � � � � 3DFN�\HDUV�

51$� � � � � 5LERQXFOHLF�DFLG� �

USP� � � � � 5HYROXWLRQV�SHU�PLQXWH�� �

6(0� � � � � 6FDQQLQJ�HOHFWURQ�PLFURVFRS\�

6'� � � � � 6WDQGDUG�GHYLDWLRQ� �

69)� � � � � 6WURPDO�YDVFXODU�IUDFWLRQ� � � �

6$7� � � � � 6XEFXWDQHRXV�DGLSRVH�WLVVXH� �

7$� � � � � 7XPHVFHQW�DQHVWKHVLD�
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9(*)� � � � � 9DVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU� �

:� � � � � :DVKLQJ�

\� � � � � <HV�

\V� � � � � <HDUV� � � � �

� � � � � �

�
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$EVWUDFW�LQ�*HUPDQ��=XVDPPHQIDVVXQJ��

+LQWHUJUXQG� XQG� =LHOVHW]XQJ�� 1HEHQ� ]DKOUHLFKHQ� 9RUWHLOHQ� GHU� PLQLPDO�LQYDVLYHQ�

(LJHQIHWWWUDQVSODQWDWLRQ�VWHOOW�GLH�XQYRUKHUVHKEDUH�5HVRUSWLRQVUDWH��ZHOFKH�QXU�EHL�FD������GHV�

XUVSU�QJOLFK� LQILOWULHUWHQ� 9ROXPHQV� OLHJW�� HLQHQ� ZHVHQWOLFKHQ� /LPLWDWLRQVIDNWRU� LQ� GHU�

UHNRQVWUXNWLYHQ�%UXVWFKLUXUJLH�GDU��)�U�HLQ�]XIULHGHQVWHOOHQGHV�(UJHEQLV� VLQG�PHLVW�PHKUHUH�

(LQJULIIH�HUIRUGHUOLFK��ZDV�I�U�EHWURIIHQH�3DWLHQWLQQHQ�XQG�*HVXQGKHLWVV\VWHPH�HLQH�HQRUPH�

%HODVWXQJ� GDUVWHOOW�� %LVKHU� NRQQWH� DXV� ]DKOUHLFKHQ� $EVDXJH��� $XIEHUHLWXQJV��� VRZLH�

,QILOWUDWLRQVWHFKQLNHQ� GHV� DXWRORJHQ� )HWWJHZHEHV� NHLQ� *ROGVWDQGDUG� I�U� HLQH� RSWLPDOH�

5HVRUSWLRQVUDWH� GHILQLHUW� ZHUGHQ�� =LHO� GLHVHU� $UEHLW� LVW� HV� GDKHU�� P|JOLFKH� QHJDWLYH�

(LQIOXVVIDNWRUHQ�DXI�GLH�5HVRUSWLRQVUDWH�]X�HUXLHUHQ��XP�]XN�QIWLJ�]X�HLQHU�2SWLPLHUXQJ�XQG�

6WDQGDUGLVLHUXQJ�GLHVHU�ZHUWYROOHQ�0HWKRGH�EHLWUDJHQ�]X�N|QQHQ��

�

0DWHULDO� XQG�0HWKRGHQ�� ��� 3DWLHQWLQQHQ��ZHOFKH� VLFK� HLQHP� HOHNWLYHP�%UXVWDXIEDX� QDFK�

VXENXWDQHU��QLSSHOVSDUHQGHU�0DVWHNWRPLH�PLWWHOV�(LJHQIHWWWUDQVSODQWDWLRQ�XQWHU]RJHQ��ZXUGHQ�

LQ� GLHVH� NOLQLVFKH� 6WXGLH� LQNOXGLHUW�� 0LWWHOV� QLFKW�LQYDVLYHU� /LSRPHWULH� ZXUGH� GLH�

5HVRUSWLRQVUDWH�LP�WUDQVSODQWLHUWHQ�%HUHLFK�HUXLHUW��,P�=XJH�GHU�/LSRVXNWLRQ�ZXUGHQ�DX�HUGHP�

3UREHQ� ]XU� KLVWRORJLVFKHQ�� ODERUFKHPLVFKHQ� XQG� HOHNWURQHQPLNURVNRSLVFKHQ� $QDO\VH�

HQWQRPPHQ�� 'DQHEHQ� ZXUGHQ� GLYHUVH� &KDUDNWHULVWLND� GHU� 3DWLHQWLQQHQ� VRZLH�

RSHUDWLRQVEH]RJHQH� )DNWRUHQ� HUIDVVW�� XP� HLQHQ� P|JOLFKHQ� =XVDPPHQKDQJ� PLW� GHU�

5HVRUSWLRQVUDWH�IHVW]XVWHOOHQ���

�

5HVXOWDWH��(LQH�VWDWLVWLVFK�VLJQLILNDQWH�.RUUHODWLRQ�]ZLVFKHQ�GHU�5HVRUSWLRQVUDWH�XQG�GHU�DP�

(PSIlQJHUDUHDO�YRUKDQGHQHQ�)HWWVFKLFKWGLFNH��VRZLH�HLQ�P|JOLFKHU�=XVDPPHQKDQJ�PLW�HLQHP�

K|KHUHQ�.|USHUJHZLFKW�XQG�%0,�VRZLH�PHKUHUHQ�YRUDQJHJDQJHQHQ�(LJHQIHWWWUDQVSODQWDWLRQHQ�

NRQQWH�IHVWJHVWHOOW�ZHUGHQ��8PJHNHKUW�]HLJWH�VLFK�HLQH�K|KHUH�5HVRUSWLRQVUDWH�EHL�QLHGULJHUHU�

([SUHVVLRQ� GHU� $GLSR]\WHQPDUNHU� )$%3�� XQG� 3/,1��� ,Q� UDVWHUHOHNWURQHQPLNURVNRSLVFKHQ�

$XIQDKPHQ� NRQQWHQ� 8QWHUVFKLHGH� KLQVLFKWOLFK� GHU� =HOOVFKlGLJXQJ� EHL� YHUVFKLHGHQHQ�

$XIEHUHLWXQJVWHFKQLNHQ�GHV�)HWWJHZHEHV�JH]HLJW�ZHUGHQ���

�

6FKOXVVIROJHUXQJ��'XUFK�GLHVHV�3URMHNW�NRQQWHQ�HLQLJH�JUXQGOHJHQGH�(LQIOXVVIDNWRUHQ�DXI�GLH�
5HVRUSWLRQVUDWH� GHWHNWLHUW� ZHUGHQ�� 8P� GLHVH� ]XN�QIWLJ� RSWLPLHUHQ� XQG� GLH� $Q]DKO� GHU�

QRWZHQGLJHQ� 6LW]XQJHQ� PLQLPLHUHQ� ]X� N|QQHQ�� LVW� GLH� 'XUFKI�KUXQJ� JU|�HUHU� .RKRUWHQ�

6WXGLHQ�HVVHQWLHOO��
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$EVWUDFW��

%DFNJURXQG�� $XWRORJRXV� IDW� JUDIWLQJ� FDQ� EH� XVHG� DV� DQ� HIIHFWLYH� WRRO� IRU� VRIW�WLVVXH�

DXJPHQWDWLRQ� IRU� YDULRXV� LQGLFDWLRQV� WKURXJKRXW� WKH� ERG\� DQG� LV� SDUWLFXODUO\� SRSXODU� LQ�

UHFRQVWUXFWLYH� EUHDVW� VXUJHU\�� ,Q� VSLWH� RI� WKH� JUHDW� DGYDQWDJHV� RI� WKLV� PLQLPDOO\�LQYDVLYH�

DSSURDFK�� WKH� XQSUHGLFWDELOLW\� RI� JUDIW� VXUYLYDO�� ZKLFK� LV� RQO\� DERXW� ���� RI� WKH� RULJLQDO�

LQILOWUDWHG�YROXPH�� LV� D�FKDOOHQJH��7KLV� LQDGHTXDWH� WDNH� UDWH�RIWHQ� UHTXLUHV�PXOWLSOH�JUDIWLQJ�

VHVVLRQV�IRU�DQ�RSWLPDO��\HW�XQSUHGLFWDEOH�ILQDO�UHVXOW��FDXVLQJ�D�WUHPHQGRXV�EXUGHQ�IRU�SDWLHQWV�

DQG� KHDOWKFDUH� V\VWHPV��'HVSLWH� H[FHVVLYHO\� UHVHDUFKHG�� QR� FOHDU� FRQVHQVXV� RQ� WKH� RSWLPDO�

WHFKQLTXH�KDV�EHHQ�SXEOLVKHG�WR�GDWH��DQG�ZHOO�GHILQHG�SURVSHFWLYH�VWXGLHV�RQ�SRWHQWLDO�IDFWRUV�

OLPLWLQJ�WKH�JUDIW�WDNH�DUH�ODFNLQJ��7KH�SUHVHQW�FOLQLFDO�VWXG\�DLPV�WR�JHQHUDWH�YDOXDEOH�EDVHOLQH�

GDWD�WR�KHOS�RSWLPL]H�DQG�VWDQGDUGL]H�WKLV�YDOXDEOH�PHWKRG�LQ�WKH�IXWXUH��

�

0HWKRGV�����IHPDOH�EUHDVW�FDQFHU�SDWLHQWV�XQGHUJRLQJ�VFKHGXOHG�DXWRORJRXV�IDW�JUDIWLQJ�DIWHU�

WHUPLQDWLRQ� RI� RQFRORJLFDO� SURFHGXUHV� DQG� VXEFXWDQHRXV�� QLSSOH�VSDULQJ� PDVWHFWRP\� ZHUH�

HQUROOHG��3XQFK�ELRSVLHV�DQG�OLSRDVSLUDWHV�ZHUH�REWDLQHG�IURP�WKH�KDUYHVW�VLWH�IRU�KLVWRORJLFDO��

JHQH� H[SUHVVLRQ� DQG� VFDQQLQJ� HOHFWURQ� PLFURVFRSLF� DQDO\VLV�� 7KH� WDNH� UDWH� ZDV� FDOFXODWHG�

WKURXJK�VXE�VHTXHQWLDO�QRQ�LQYDVLYH�/LSRPHWHU�PHDVXUHPHQWV�GHWHUPLQLQJ�WKH�WKLFNQHVV�RI�WKH�

VXEFXWDQHRXV� DGLSRVH� WLVVXH� DW� WKH� JUDIWHG� EUHDVW�� 3DWLHQW�� DQG� VXUJHU\�UHODWHG� GDWD� ZHUH�

FROOHFWHG�DQG�FRUUHODWHG�ZLWK�WKH�WDNH�UDWH���

�

5HVXOWV��7KH�WDNH�UDWH�FRUUHODWHG�VWDWLVWLFDOO\�VLJQLILFDQW�ZLWK�WKH�H[LVWLQJ�PHDQ�VXEFXWDQHRXV�

DGLSRVH� WLVVXH� WKLFNQHVV� DW� WKH� JUDIWHG� EUHDVW� EHIRUH� VXUJHU\�� )XUWKHUPRUH�� DQ� DSSUR[LPDWH�

FRUUHODWLRQ�EHWZHHQ�WKH�WDNH�UDWH�DQG�WKH�QXPEHU�RI�SULRU�JUDIWLQJ�VHVVLRQV��ERG\�ZHLJKW�DQG�

%0,�ZHUH�REVHUYHG��1R�VWDWLVWLFDO�VLJQLILFDQFH�ZDV�UHDFKHG�UHJDUGLQJ�WKH�7DNH�5DWH�DQG�SDWLHQW�

DJH��KDUYHVW�VLWH��RU� WKH�PHDQ�DGLSRF\WH�VL]H�� )XUWKHUPRUH��D�VWURQJ� LQGLUHFW� FRUUHODWLRQ�ZDV�

REVHUYHG�ZLWK�WKH�H[SUHVVLRQ�RI�WKH�DGLSRF\WH�PDUNHUV�)$%3��DQG�3/,1���6FDQQLQJ�HOHFWURQ�

PLFURVFRS\�UHYHDOHG�ORZHU�OHYHOV�RI�FHOOXODU�GDPDJH�LQ�VDPSOHV�RI�ZDVKHG�OLSRDVSLUDWHV���

�

&RQFOXVLRQV��:H�ZHUH�VXFFHVVIXO�LQ�LGHQWLI\LQJ�IDFWRUV�FRUUHODWLQJ�DQG�DIIHFWLQJ�WKH�WDNH�UDWH��

)XWXUH�VWXGLHV�IRFXVLQJ�RQ�WKH�FOLQLFDO�UHOHYDQFH�RI�HDFK�SRWHQWLDO�IDFWRU�LPSDLULQJ�WKH�RXWFRPH�

DQG�GHWHUPLQHG�WKURXJK�WKLV�WULDO�DUH�HVVHQWLDO�WR�KHOS�LQ�WKH�GHILQLWLRQ�RI�D�JROG�VWDQGDUG���

�
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�� ,QWURGXFWLRQ��

�
����+LVWRU\�DQG�DSSOLFDWLRQ�DUHDV�RI�DXWRORJRXV�IDW�JUDIWLQJ��
�
6XEFXWDQHRXV� DGLSRVH� WLVVXH� �6$7��� DV� D� VRIW� DQG� GHIRUPDEOH�� DXWRORJRXV� WLVVXH�� LV� XVXDOO\�

SUHVHQW� LQ� ODUJH� DPRXQWV� LQ� WKH� KXPDQ� ERG\� DQG� UHSUHVHQWV� LGHDO� ILOOLQJ� PDWHULDO� IRU� WKH�

FRUUHFWLRQ�DV�ZHOO�DV�UHPRGHOLQJ�RI�SURILOH�DQG�YROXPH�GHIHFWV������7KH�ILUVW�DWWHPSW�RI�DGLSRVH�

WLVVXH�WUDQVIHU�ZDV�SHUIRUPHG�E\�9DQ�GHU�0HXOHQ�LQ�������ZKR�JUDIWHG�DXWRORJRXV�IDW�WR�WUHDW�

D�GLDSKUDJPDWLF�KHUQLD��������,Q�WKH�IROORZLQJ�GHFDGHV��DXWRORJRXV�IDW�JUDIWLQJ��$)*��EHFDPH�

SRSXODU�DPRQJ�YDULRXV�PHGLFDO�VSHFLDOWLHV��DQG�6$7�ZDV�WUDQVSODQWHG�WR�D�YDULHW\�RI�FXWDQHRXV�

DQG�VXEFXWDQHRXV�GHIHFWV��ZKLOH�HVWDEOLVKLQJ�GLIIHUHQW�WHFKQLTXHV������(DUO\�ZRUN�E\�WKH�DXWKRUV�

1HXEHU��&]HUQ\��DQG�+ROOlQGHU�UHSRUW�VDWLVIDFWRU\��QDWXUDO�ORRNLQJ�UHVXOWV�LQ�IDFLDO�DQG�EUHDVW�

UHFRQVWUXFWLRQ� ��–���� +RZHYHU�� ODWHU� UHSRUWV� LQGLFDWHG� GLIILFXOWLHV� ZLWK� YDU\LQJ� GHJUHHV� RI�

DV\PPHWU\�FDXVHG�E\�IDW�UHVRUSWLRQ��������$�UDGLFDO�FKDQJH�LQ�WKH�KLVWRU\�RI�$)*�LV�GXH�WR�WKH�

SXEOLFDWLRQV�RI�&ROHPDQ�HW�DO���ZKR�PRGLILHG�DQG�FRUUHFWHG�WKH�PHWKRGV�RI�KLV�SUHGHFHVVRUV�

DQG�HPSKDVL]HG�WKH�WHFKQLTXH�RI�$)*��LQFOXGLQJ�WKH�KDUYHVWLQJ��SURFHVVLQJ��DQG�UHLQMHFWLRQ�RI�

DXWRORJRXV�IDW��DV�VXEVWDQWLDO�WR�D�VXFFHVVIXO�DQG�VDWLVIDFWRU\�RXWFRPH���–��������

7RGD\��$)*�KDV�EHFRPH�D�SRSXODU�DQG�FRPPRQ�WHFKQLTXH�LQ�DHVWKHWLF�DV�ZHOO�DV��UHFRQVWUXFWLYH�

VXUJHU\� DV� DQ� HIIHFWLYH� WRRO� IRU� VRIW�WLVVXH� DXJPHQWDWLRQ� ������+RVW� FRPSDWLELOLW\�� IDYRUDEOH�

VDIHW\�SURILOH�ZLWK�ORZ�PRUELGLW\��ORZ�FRVW��ORQJHYLW\��DQG�JRRG�DYDLODELOLW\�RI�DGLSRVH�WLVVXH�

DUH�MXVW�VRPH�RI�WKH�PDQ\�DGYDQWDJHV�RI�WKLV�PLQLPDOO\�LQYDVLYH�WHFKQLTXH�������+RZHYHU��WKH�

XQSUHGLFWDELOLW\�RI�WKH�RXWFRPH�UHPDLQV�D�PDMRU�FKDOOHQJH�IRU�KHDOWKFDUH�SURYLGHUV���������

$UHDV�RI�DSSOLFDWLRQ�LQFOXGH�D�EURDG�VSHFWUXP�RI�WLVVXH�DXJPHQWDWLRQ�DW�D�YDULHW\�RI�DQDWRPLF�

VLWHV�VXFK�DV��

�

�� )DFH�� IDFLDO� OLSRDWURSK\� �H�J�� 3DUU\� 5RPEHUJ� V\QGURPH��� VFOHURGHUPD�� QDVDO�

GHIRUPLWLHV��IDFLDO�UHMXYHQDWLRQ��

�� %UHDVW��PLFURPDVWLD��SRVWDXJPHQWDWLRQ� UHILQHPHQWV��SRVWRSHUDWLYH�EUHDVW�GHIRUPLWLHV��

SRVWPDVWHFWRP\� UHFRQVWUXFWLRQ�� FRQJHQLWDO� EUHDVW� RU� FKHVW� GHIHFWV� �H�J�� 3RODQG�

V\QGURPH��WXEHURXV�GHIRUPLW\����

�� +DQG: Dupuytren’s FRQWUDFWXUH��Raynaud’s V\QGURPH�DQG�KDQG�UHMXYHQDWLRQ��

�� 6NLQ�DQG�VRIW�WLVVXH���SDWKRORJLFDO�VFDUV��H�J��EXUQ�LQMXULHV���ERG\�FRQWRXULQJ�DQG�VNLQ�

UHMXYHQDWLRQ�

�� 2WKHU�DSSOLFDWLRQV��ODU\QJRSODVW\��PDVWRLGHFWRP\�GHIHFWV��JOXWHRSODVW\��HWF���������
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����3ULQFLSOHV�RI�DXWRORJRXV�IDW�JUDIWLQJ��
�
�
������ &RPSRVLWLRQ�RI�DXWRORJRXV�IDW�JUDIWV�
�
)DW� FHOOV� RU� DGLSRF\WHV� DFFRXQW� IRU� RQO\�����RI� FHOO� DPRXQW� LQ� IDW� JUDIWV�� EXW� WKHLU� YROXPH�

DFFRXQW�IRU�PRUH�WKDQ�����RI�WKH�YROXPH�RI�DGLSRVH�WLVVXH����������7KH�UHPDLQLQJ�����RI�FHOOV�

DUH� DFFRXQWHG� IRU� E\� WKH� VWURPDO� YDVFXODU� IUDFWLRQ� �69)��� D� KHWHURJHQHRXV� PL[WXUH� RI�

O\PSKRF\WHV�� ILEUREODVWV�� PDFURSKDJHV�PRQRF\WHV� HQGRWKHOLDO� FHOOV�� SHULF\WHV� LQ� DQ�

H[WUDFHOOXODU� PDWUL[�� DQG�� PRUH� LPSRUWDQWO\�� DGLSRVH�GHULYHG� VWHP� FHOOV� �$'6&V�� ����������

$OWKRXJK� DGLSRVH� WLVVXH�ZDV� LQLWLDOO\�PLVWDNHQ� IRU� DQ� LQHUW� PDWHULDO� WR� VWRUH� HQHUJ\�� UHFHQW�

ILQGLQJV�KDYH�GHPRQVWUDWHG�YDULRXV�UHJHQHUDWLYH�FDSDELOLWLHV�������7KH�UHJHQHUDWLYH�SRWHQWLDO�LV�

DWWULEXWHG�WR�WKH�FRQWHQW�RI�$'6&V�DQG�LQFOXGHV�SHULSKHUDO�QHUYH�UHJHQHUDWLRQ��DQJLRJHQHVLV��

LPSURYHPHQW�RI�GHUPDO�HODVWLFLW\�DQG�WKLFNQHVV��RU�UHYHUVDO�RI�ILEURVLV�DPRQJ�RWKHUV�������0RUH�

LPSRUWDQWO\�IRU�$)*��69)�FHOOV�DUH�DEOH� WR�SUROLIHUDWH�DQG�GLIIHUHQWLDWH� LQWR�QHZ�DGLSRF\WHV�

DIWHU�JUDIWLQJ�LQWR�D�QHZ�DUHD��DQG�DOVR�WROHUDWH�KDUVK�FRQGLWLRQV�DW�WKH�UHFLSLHQW�VLWH�VXFK�DV�

LQIODPPDWLRQ�RU�LVFKHPLD�������2Q�WKH�RWKHU�KDQG��PDWXUH�DGLSRF\WHV�WHQG�WR�EH�YHU\�IUDJLOH��

OHDGLQJ�WR�DSRSWRVLV�RU�QHFURVLV�RI�WKLV�FHOO�IUDFWLRQ�GXULQJ�RU�LPPHGLDWHO\�DIWHU�JUDIWLQJ��������

7KH�SRWHQWLDO�ORVV�RI�PDWXUH�DGLSRF\WHV�FRQWULEXWHV�WKH�YROXPH�ORVV��ZKLFK�LV�W\SLFDOO\�REVHUYHG�

LQ�WKH�LQLWLDO�SKDVH�DIWHU�$)*�������%RWK�LQLWLDO�YROXPH�ORVV�E\�DGLSRF\WH�DSRSWRVLV�DV�ZHOO�DV�

DGLSRF\WH�GLIIHUHQWLDWLRQ�E\�69)�FHOOV�DUH�NH\�PHFKDQLVPV�IRU�YROXPH�PDLQWHQDQFH�LQ�WKH�ORQJ�

WHUP���������

�

������ /LPLWDWLRQV�RI�$)*��
�

'HVSLWH�VHYHUDO�DGYDQWDJHV�RI�WKLV�PLQLPDOO\�LQYDVLYH�WHFKQLTXH��WKHUH�DUH�VWLOO�LVVXHV�VXFK�DV�

WKH�XQSUHGLFWDEOH�JUDIW� VXUYLYDO�DQG� DGLSRVH� WLVVXH� VWDELOLW\�� WKDW� OLPLW� WKH�XVH�RI�$)*�������

6LQFH�QHFURVLV�DQG�UHDEVRUSWLRQ�SURFHVVHV�PD\�DFFRXQW�IRU�D�YROXPH�ORVV�RI����������VHYHUDO�

$)*�VHVVLRQV�PD\�EH�UHTXLUHG�LQ�RUGHU�WR�DFKLHYH�RSWLPDO�UHVXOWV� �������������7KH�ILQDO�WDNH�

UDWH�LV�ODUJHO\�GHSHQGHQW�RQ�WKH��EDODQFH�EHWZHHQ�DGLSRVH�WLVVXH�UHJHQHUDWLRQ�DQG�UHDEVRUSWLRQ�

DQG�PD\�EH�DIIHFWHG�E\�D�YDULHW\�RI�IDFWRUV��LQFOXGLQJ�WKH�VSHFLILF�SURFHGXUH�XVHG��WKH�DPRXQW�

RI�IDW�JUDIWHG��DQG�WKH�JUDIW�PLFURHQYLURQPHQW�ZKLFK�DUH�GLVFXVVHG�EHORZ���������

,QDGHTXDWH�WDNH�UDWH�RIWHQ�UHTXLUHV�PXOWLSOH�JUDIWLQJ�VHVVLRQV�WR�DFKLHYH�DQ�RSWLPDO��\HW�LQLWLDOO\�

XQSUHGLFWDEOH�RXWFRPH��ZKLFK�LV�SDUWLFXODUO\�HYLGHQW�LQ�UHFRQVWUXFWLRQ�DIWHU�PDVWHFWRP\��������
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'HVSLWH� WKH� LQFUHDVLQJ� XVH� RI� $)*� DQG� WKH� H[FHVVLYH� UHVHDUFK� RQ� WKH� VXEMHFW�� WKH� DFWXDO�

PHFKDQLVP�RI�KRZ�DGLSRVH�WLVVXH�JUDIWV�VXUYLYH�LV�QRW�IXOO\�XQGHUVWRRG�������7R�UHDFK�ORQJ�

ODVWLQJ� DQG� GHVLUDEOH� UHVXOWV�� XQGHUVWDQGLQJ� WKH� ELRORJ\� DQG� VFLHQWLILF� SULQFLSOHV� XQGHUO\LQJ�

DGLSRVH�WLVVXH��DV�ZHOO�DV�FRUUHVSRQGLQJ�DGMXVWPHQWV�RI�PHWKRGV�LQ�DGLSRVH�WLVVXH�WUDQVIHU�DUH�

FUXFLDO��������

&XUUHQWO\��WKUHH�PDLQ�WKHRULHV�RI�IDW�JUDIW�VXUYLYDO�DIWHU�DYDVFXODU�VXUJLFDO�WUDQVSODQWDWLRQ�KDYH�

EHFRPH� DFFHSWHG� DQG� DYDLODEOH� HYLGHQFH� DVVXPHV�� WKDW� HDFK� WKHRU\�PD\�EH� LQYROYHG� LQ� WKH��

SURFHVV�RI�JUDIW�VXUYLYDO���������

�

������ &HOO�VXUYLYDO�WKHRU\�
�

&HOO�VXUYLYDO�WKHRU\�LV�D�ZHOO�HVWDEOLVKHG�ROGHU�WKHRU\�RI�DXWRORJRXV�IDW�JUDIW�VXUYLYDO�DIWHU�LQ�

YLYR� WUDQVSODQWDWLRQ�LQWURGXFHG�E\�3HHU�LQ�WKH�HDUO\�����V�������,W�VWLOO�LV�UHIHUHQFHG�LQ�PDQ\�

WULDOV�WRGD\��LW�LV�E\�IDU�WKH�PRVW�SRSXODU�WKHRU\������DQG�UHDGV�as follows: “,Q�KXPDQV�WKH�FHOOV�

LQ� IUHH� DXWRJHQRXV� JUDIWV� WHQG� WR� VXUYLYH� DQG� UHWDLQ� WKHLU� QRUPDO� WLVVXH� VWUXFWXUH� ZKHQ�

WUDQVSODQWHG�DV�FRPSOHWH�FHOO�HQWLWLHV�LQ�IDYRUDEOH�WUDQVSODQWDWLRQ�VLWHV��:KHQ�WKH�FHOOV�LQ�IUHH�

JUDIWV�IDLO�WR�VXUYLYH��WKH�JUDIW�LV�UHSODFHG�E\�FRQQHFWLYH�WLVVXH�EXW�WKLV�UHSODFHPHQW�LV�QRW�D�

duplicate of the original graft.” ������

7KLV�WKHRU\�DVVXPHV��WKDW�WUDQVSODQWHG�JUDIWV�LQLWLDOO\�VXUYLYH�E\�QXWULHQW�GLIIXVLRQ�IURP�SODVPD�

DW�WKH�UHFLSLHQW�VLWH��XQWLO�QHRYDVFXODUL]DWLRQ�RFFXUV�������7KH�JUDIWHG�DGLSRF\WHV�FDQ�VXUYLYH�

RQO\�E\�D�VXIILFLHQW�QHZ�EORRG�VXSSO\�������$�PRXVH�VWXG\�E\�=KDR�HW�DO��LQ������SURYHG�WKLV�

WKHRU\� E\� GHPRQVWUDWLQJ� GLUHFW� VXUYLYDO� RI� DXWRORJRXV� IDW� DIWHU� WUDQVSODQWDWLRQ� WKURXJK�

QHRYDVFXODUL]DWLRQ�LQ�WKH�UHFLSLHQW�VLWH������������

$FFRUGLQJ�WR�WKLV�WKHRU\��VPDOO�YROXPH�JUDIWV�UHVXOW�LQ��EHWWHU�VXUYLYDO�WKDQ�ODUJH�YROXPH�JUDIWV�

EHFDXVH�FRPSOHWH�GLIIXVLRQ�DQG�SHUIXVLRQ�PD\�EH�HDVLHU�WR�DFKLHYH�����������

9LDEOH�HQGRWKHOLDO�FHOOV�OLQLQJ�EORRG�YHVVHOV�LQ�DXWRORJRXV�IDW�JUDIWV�DUH�FRQVLGHUHG�UHOHYDQW�LQ�

HVWDEOLVKLQJ�HDUO\�FLUFXODWLRQ�DQG�SHUIXVLRQ�RI� WKH�JUDIWHG� WLVVXH� ������)XUWKHUPRUH��D�KLJKHU�

DPRXQW�RI�WUDQVSODQWHG�YLDEOH�DGLSRF\WHV�LV�FRQVLGHUHG�UHOHYDQW�IRU�D�KLJKHU�UHWDLQHG�YROXPH�RI�

DXWRORJRXV�IDW�JUDIWV�LQ�WKH�ORQJ�WHUP����������7R�HQVXUH�D�ODUJHU�DPRXQW�RI�YLDEOH�DGLSRF\WHV�

DQG�69)�FHOOV��D�KDUYHVWLQJ�DQG�LQMHFWLRQ�WHFKQLTXH�WKDW�LV�DV�DWUDXPDWLF�DV�SRVVLEOH�VKRXOG�EH�

SUHIHUUHG��������,Q�RUGHU�WR�JHQHUDWH�D�FRQFHQWUDWHG�DQG�XQLIRUP�PDVV��WKH�DXWKRUV�UHFRPPHQG�

UHPRYLQJ�RLO��ZDWHU�DQG�HU\WKURF\WHV�ZKHQ�SURFHVVLQJ�DXWRORJRXV�IDW�JUDIWV��������

'HVSLWH�LWV�ORJLF�DQG�SRSXODULW\��QRW�DOO�HIIHFWV�RI�$)*�REVHUYHG�LQ�FOLQLFV�FDQ�EH�H[SODLQHG�

VROHO\�E\�WKLV�WKHRU\��LQGLFDWLQJ�DGGLWLRQDO�PHFKDQLVPV�RI�JUDIW�VXUYLYDO��������
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������ *UDIW�UHSODFHPHQW�WKHRU\�
�

$FFRUGLQJ�WR�WKH�JUDIW�UHSODFHPHQW�WKHRU\�VWXGLHG�LQ�GHWDLO�E\�6XJD�HW�DO���D�VPDOO�QXPEHU�RI�

GRQRU�DGLSRF\WHV�VXUYLYH�WKH�IXOO�WUDQVSODQWDWLRQ�SURFHVV�EHFDXVH�RI�WKH�K\SR[LF�HQYLURQPHQW�

RI� WKH� KRVW� WLVVXH�DW� WKH� UHFLSLHQW� VLWH������������� $� ODUJH� DPRXQW� RI� JUDIWHG� DGLSRF\WHV� LV�

UHSODFHG�E\�PRUH�VWDEOH�GRQRU�$'6&V��ZKLFK�DUH�DWWULEXWHG�WR�WKH�69)�������������%HFDXVH�

DGLSRJHQHVLV� DQG� DQJLRJHQHVLV� FDQ� EH� DWWULEXWHG� WR� WKH� 69)� ������ PXOWLSOH� WULDOV� KDYH�

LQYHVWLJDWHG�WKH�HIIHFW�RI�IDW�JUDIW�HQULFKPHQW�ZLWK�69)�DQG�HVSHFLDOO\�ZLWK�$'6&V�WR�GDWH��������

0RVW� RI� WKHVH� VWXGLHV� KDYH� VKRZQ� DXVSLFLRXV� UHVXOWV� UHJDUGLQJ� DQ� LPSURYHG�JUDIW� UHWHQWLRQ��

KRZHYHU��WKH�DXWKRUV�HPSKDVL]H�WKH�JUHDW�GHPDQG�IRU�DGGLWLRQDO�FOLQLFDO�WULDOV�WR�VXEVWDQWLDWH�

WKLV�FODLP�����������

�
�
������ +RVW�UHSODFHPHQW�WKHRU\�
�
�

7KH�KRVW�FHOO�UHSODFHPHQW�WKHRU\�RI�<RVKLPXUD�HW�DO��VWDWHV�WKDW�JUDIWHG�FHOOV�GR�QRW�VXUYLYH�EXW�

DUH�FRPSOHWHO\�UHSODFHG�E\�UHFLSLHQW�FHOOV�������7KH�DXWKRUV�GHPRQVWUDWH�HDUO\�DGLSRF\WH�GHDWK�

DQG� VXE� VHTXHQWLDO� UHSODFHPHQW� E\� ILEURXV� WLVVXH� DQG� QHZ� DGLSRF\WHV� E\� DFWLYDWLRQ� DQG�

UHJHQHUDWLRQ� RI� $'6&V� DQG� SURJHQLWRU� FHOOV�� DQG� E\� QHRYDVFXODUL]DWLRQ� IURP� WKH� UHFLSLHQW�

VLWH�����������

7KHUHIRUH�� VHYHUDO� DXWKRUV� FRQVLGHU� UHFLSLHQW� VLWH� LQWHJULW\� DQG� HQYLURQPHQW� DV� LPSRUWDQW�

GHWHUPLQDQWV�RI�JUDIW�VXUYLYDO����������7R�GDWH��D�YDULHW\�RI�UHFLSLHQW�VLWH�SUHSDUDWLRQ�PHWKRGV�

KDYH�EHHQ�HYROYHG�DQG�KDYH�VKRZQ�SURPLVLQJ�UHVXOWV�LQ�WHUPV�RI�JUDIW�UHWHQWLRQ���������

�

� �
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����7HFKQLTXH�RI�DXWRORJRXV�IDW�JUDIWLQJ�DQG�SRWHQWLDO�VXUJHU\�UHODWHG�

FRPSURPLVLQJ�SDUDPHWHUV�
�
$OWKRXJK�$)*�LV�QRZ�D�FRPPRQ�SURFHGXUH��WKH�XQSUHGLFWDELOLW\�RI�RXWFRPH�UHPDLQV�D�PDMRU�

FKDOOHQJH�IRU�KHDOWK�FDUH�SURYLGHUV�������7KLV�XQSUHGLFWDELOLW\�FDQ�ODUJHO\�EH�DWWULEXWHG�WR�WKH�

WHFKQLTXH� RI� $)*�� ZKLFK� W\SLFDOO\� LQYROYHV� KDUYHVWLQJ� DGLSRVH� WLVVXH�� SURFHVVLRQ� DQG�

UHLQMHFWLRQ�WR�D�GLIIHUHQW�VLWH������7R�GDWH��D�YDULHW\�RI�GLIIHUHQW�WHFKQLTXHV�KDYH�EHHQ�SUHVHQWHG��

ZKHUHDV�QR�FOHDU�FRQVHQVXV�RQ�D�JROG�VWDQGDUG�KDV�EHHQ�UHDFKHG�\HW����������7KLV�PD\�EH�GXH�

WR�LQFRQFOXVLYH�UHVXOWV�RQ�QXPHURXV�SURFHGXUDO�YDULDEOHV�WKDW�PD\�DIIHFW�WKH�TXDOLW\�RI�$)*�

DQG� WKXV� WKH� RXWFRPH� ������ 6RPH� LPSDLULQJ� �PDLQO\� PHFKDQLFDO�� YDULDEOHV� KDYH� EHHQ�

H[WHQVLYHO\� VWXGLHG��ZKHUHDV� RWKHU� SDUDPHWHUV� SRWHQWLDOO\� DIIHFWLQJ� RXWFRPH�KDYH�EHHQ� OHVV�

VWXGLHG�RU�HYHQ�QHJOHFWHG����������7KH�IROORZLQJ�VHFWLRQV�GLVFXVV�FXUUHQW�WHFKQLTXHV�RI�$)*�

DQG�ZKDW�LV�NQRZQ�DERXW�ULVN�IDFWRUV�WKDW�DIIHFW�RXWFRPH��

�

������ +DUYHVWLQJ�
�

5HYLHZLQJ�DQG�FRPSDULQJ�WKH�YDULRXV�KDUYHVWLQJ�WHFKQLTXHV�SUHVHQWHG�WKXV�IDU�LV�FKDOOHQJLQJ�

JLYHQ�WKH�HQRUPRXV�RXWFRPH�YDULDEOHV�DQG�QXPHURXV�IDFWRUV�WKDW�PXVW�EH�FRQVLGHUHG�LQ�HDFK�

PHWKRG� GHVFULEHG� ������'HVSLWH� RQJRLQJ� GLVFXVVLRQV� RQ� KRZ� WR� REWDLQ� WKH�PRVW� YLDEOH� DQG�

IXQFWLRQDO�FHOOV�IRU�JUDIWLQJ��QR�VXSHULRU�KDUYHVWLQJ� WHFKQLTXH�KDV�EHHQ�GHILQHG�WR�GDWH�������

'HWDLOV�VXFK�DV�WKH�GRQRU�VLWH��XVDJH�RI�WXPHVFHQW�DQHVWKHVLD��FDQQXOD�GLDPHWHU��RU�WKH�XVH�RI�

SRZHU�� RU� XOWUDVRXQG�DVVLVWHG� OLSRVXFWLRQ�PD\� KDYH� D� VLJQLILFDQW� LPSDFW� RQ� ERWK� WKH� LQLWLDO�

VXUYLYDO�RI�DGLSRF\WHV�GXULQJ�WKH�KDUYHVWLQJ�SURFHVV�DQG�WKH�GLIIHUHQWLDWLRQ�DELOLW\�RI�69)�FHOOV�

DIWHU� KDUYHVWLQJ� DQG� WUDQVSODQWDWLRQ������� 7KHVH� DGGLWLRQDO� IDFWRUV� QHHG� WR� EH� FRQVLGHUHG� WR�

GHILQH�D�JROG�VWDQGDUG�DQG�DFKLHYH�WKH�KLJKHVW�WDNH�UDWH�SRVVLEOH��������

�

+DUYHVW�VLWH�

$EGRPHQ��IODQNV��WKLJKV��DQG�NQHHV�DUH� WKH�PRVW�FRPPRQO\�XVHG�KDUYHVW�VLWHV�������6HYHUDO�

DXWKRUV� UHSRUWHG� QR� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� DXWRORJRXV� IDW� JUDIWV� KDUYHVWHG� IURP�

GLIIHUHQW�GRQRU�VLWHV�UHJDUGLQJ�ZHLJKW��YROXPH��RU�KLVWRORJLF�FKDUDFWHULVWLFV�VXFK�DV�LQWHJULW\��

LQIODPPDWLRQ��ILEURVLV��F\VWV�DQG�QHRYDVFXODUL]DWLRQ�LQ�SUHFOLQLFDO���������DV�ZHOO�DV�FOLQLFDO�

WULDOV������� $OWKRXJK� WKH� DEGRPHQ� LV� FRQVLGHUHG� WKH� EHVW� KDUYHVW� VLWH� GXH� WR� LWV� KLJKHU�

\LHOG����������������FOLQLFDO�VWXGLHV�KDYH�VSHFLILFDOO\�QRW�GHPRQVWUDWHG�D�VLJQLILFDQW�GLIIHUHQFH�

LQ�WKH�WDNH�UDWH�RI�JUDIWV�KDUYHVWHG�IURP�WKH�DEGRPHQ�RU�RWKHU�GRQRU�VLWHV���������
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+RZHYHU��DQ�DJH�UHODWHG�GLIIHUHQFH�LQ�DGLSRF\WH�YLDELOLW\�ZDV�REVHUYHG�E\�*HLVVOHU�HW�DO��7KH�

DXWKRUV�UHSRUWHG�D�KLJKHU�YLDELOLW\�RI�DGLSRF\WHV�LQ�WKH�ORZHU�DEGRPHQ�FRPSDUHG�WR�WKH�IODQNV�

LQ�\RXQJHU�SDWLHQWV��ZKHUHDV�WKLV�GLIIHUHQFH�ZDV�QRW�REVHUYHG�LQ�ROGHU�SDWLHQWV�������,Q�FRQWUDVW��

DGLSRF\WHV�KDUYHVWHG�IURP�WKH�IODQNV�VKRZHG�D�KLJKHU�YLDELOLW\�LQ�ROGHU�SDWLHQWV�ZKHUHE\�QR�

GLIIHUHQFH� ZDV� REVHUYHG� IRU� WKH� LQQHU� WKLJKV� ������ 'HSHQGLQJ� RQ� WKH� DJH� RI� WKH� SDWLHQWV��

KDUYHVWLQJ� IURP� WKH� ORZHU� DEGRPHQ�DQG� IODQNV� FRXOG�RSWLPL]H� WKH� WDNH� UDWH� EHFDXVH�RI� WKH�

KLJKHU� YLDELOLW\� RI� DGLSRF\WHV�� ZKHUHDV� KDUYHVWLQJ� IURP� WKH� LQQHU� WKLJKV� FDQ� DOZD\V� EH�

FRQVLGHUHG�������EXW�IXUWKHU�WULDOV�DUH�UHTXLUHG�WR�FRQILUP�WKLV�WKHRU\����

/L�HW�DO��VWDWHG�WKDW�FXUUHQWO\�QR�LGHDO�KDUYHVW�VLWH�FDQ�EH�GHILQHG�DQG�WKH�VHOHFWLRQ�VKRXOG�EH�

PDGH� GHSHQGLQJ� RQ� WKH� HDVH� DQG� VDIHW\� RI� DFFHVV� IROORZHG� E\� SDWLHQW� SUHIHUHQFH� ������

1HYHUWKHOHVV�� WKH� TXDOLW\� RI� DXWRORJRXV� WLVVXH� PD\� EH� DIIHFWHG� E\� SULRU� ORFDO� UDGLDWLRQ� RU�

VXUJHU\��LQFOXGLQJ�SULRU�OLSRVXFWLRQ�DQG�PXVW�DOZD\V��EH�FRQVLGHUHG�E\�WKH�VXUJHRQ�������

�

7KH�XVH�RI�WXPHVFHQW�DQHVWKHVLD�

7KH�RULJLQDO�KDUYHVWLQJ�WHFKQLTXH�LQWURGXFHG�E\�&ROHPDQ�HW�DO�������DOWKRXJK�PRGLILHG�VHYHUDO�

WLPHV���LV�DVVRFLDWHG�ZLWK�OHVV�WUDXPD�GXULQJ�OLSRVXFWLRQ�DQG�LV�VWLOO�UHFRPPHQGHG�DV�WKH�PHWKRG�

WR�EH�SUHIHUUHG�IRU�KDUYHVWLQJ�DXWRORJRXV�IDW�������7KH�HVWDEOLVKPHQW�of “wet” and “super wet” 

KDUYHVWLQJ� DSSURDFKHV� DLPHG� WR� UHGXFH� WKH� VXEVWDQWLDO� GDPDJH� WR� DGLSRF\WHV� DQG�69)�FHOOV�

GXULQJ�WKH�KDUYHVWLQJ�SURFHVV����������7KH�VXSHU�ZHW�OLSRVXFWLRQ�WHFKQLTXH�LQWURGXFHG�E\�)RGRU�

HW�DO��XVHV�ODUJHU�YROXPHV�RI�WXPHVFHQW�VROXWLRQV�LQ�D�����LQILOWUDWLRQ�WR�DVSLUDWLRQ�UDWLR�������

DQG�LV�FRQVLGHUHG�DGYDQWDJHRXV�DQG�VDIH� LQ�ODUJHU� OLSRVXFWLRQ�YROXPHV�EHFDXVH�RI�WKH�ORZHU�

EORRG�ORVV�������$OWKRXJK�W\SLFDOO\�VPDOOHU�KDUYHVWLQJ�YROXPHV�DUH�UHTXLUHG�IRU�$)*�SXUSRVHV��

WKH�JUDIW�UHWHQWLRQ�PD\�VWLOO�EH�LPSURYHG�XVLQJ�VXSHU�ZHW�WHFKQLTXHV�GXH�WR�SRWHQWLDOO\�ORZHU�

PHFKDQLFDO�VWUHVV������GXULQJ�WKH�KDUYHVWLQJ�SURFHVV��2Q�WKH�RWKHU�KDQG��WKHUH�LV�FRQWURYHUV\�DV�

WR� ZKHWKHU� WKH� XVH� RI� ORFDO� DQHVWKHWLFV� LQ� WKH� KDUYHVWLQJ� SURFHVV�� HLWKHU� ZLWK� RU� ZLWKRXW� D�

YDVRFRQVWULFWRU�� LPSDLUV� ������� RU� HQKDQFHV� DGLSRF\WH� DQG�69)�FHOO� YLDELOLW\� ������ ,Q�������

:HLFKPDQ� HW� DO�� UHSRUWHG� QR� VLJQLILFDQW� HIIHFWV� RI� ORFDO� DQHVWKHWLFV� RQ� ORQJ�WHUP� JUDIW�

VXUYLYDO�������FRQWUDGLFWLQJ�WKH�RULJLQDO�K\SRWKHVLV�RI��0RRUH�HW�DO��LQ�������ZKR�VXJJHVWHG�DQ�

LQKLELWLRQ�RI�DGLSRF\WH�JURZWK�WKURXJK�OLGRFDLQH��������

�

,Q�FOLQLFDO�SUDFWLFH��OLGRFDLQH�LV�WKH�PRVW�ZLGHO\�XVHG�ORFDO�DQHVWKHWLF�WR�DQHVWKHWL]H�WKH�GRQRU�

DQG�LQ�VRPH�FDVHV�DOVR�WKH�UHFLSLHQW�VLWH�������$SDUW�IURP�LWV�XVH�LQ�JHQHUDO�OLSRVXFWLRQ��FRQFHUQV�

KDYH�EHHQ�UDLVHG�DERXW�LWV�VXLWDELOLW\�IRU�$)*�EHFDXVH�RI�RWKHU�UHSRUWV�RI�F\WRWR[LF�HIIHFWV�������
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+RZHYHU��WKHVH�UHVXOWV�DUH�PDLQO\�IURP�LQ�YLWUR�VWXGLHV�VKRZLQJ�IRU�H[DPSOH�D�GRVH�GHSHQGHQW�

QHJDWLYH�LPSDFW�RI�OLGRFDLQH�RQ�WKH�SUROLIHUDWLRQ�FDSDFLW\�DQG�YLDELOLW\�RI�ILEUREODVWV�DV�ZHOO�DV�

$'6&V�����������'HVSLWH�WKH�FXUUHQW�JHQHUDOO\�DFFHSWHG�SUHVXPSWLRQ�WKDW�D�VLQJOH�LQMHFWLRQ�RI�

ORFDO� DQHVWKHWLFV� GRHV� QRW� DIIHFW� WKH� HIIHFWLYH� GRVH� RI�$'6&V� LQ� D� FOLQLFDO� VHWWLQJ������� WKH�

H[SUHVVLRQ� RI� DGLSRF\WH� DQG� RWKHU� FHOO� PDUNHUV� FRXOG� EH� DOWHUHG� ������ +DUYHVWLQJ�UHODWHG�

GLIIHUHQFHV� LQ� FHOO� PDUNHUV� PD\� LQ� WXUQ� VHUYH� DV� DQ� LQGLFDWRU� RI� WKH� YLWDOLW\� DQG� TXDOLW\� RI�

DXWRORJRXV�IDW�JUDIWV��������

�

+DUYHVWLQJ�FDQQXOD�

9DULRXV�FKDUDFWHULVWLFV�RI�WKH�FDQQXOD��VXFK�DV�GLDPHWHU��DUUDQJHPHQW�DQG�QXPEHU�RI�KROHV��PD\�

DIIHFW�JUDIW�VXUYLYDO�DQG�KDYH�EHHQ�H[WHQVLYHO\�VWXGLHG��������

$SDUW� IURP� WKH� ILQGLQJ� WKDW� WKH� LQYHUVH� UHODWLRQVKLS� EHWZHHQ� FHOOXODU� GDPDJH� DQG� FDQQXOD�

GLDPHWHU�LV�D�ZLGHO\�DFFHSWHG�DVVXPSWLRQ����������PXOWL�SHUIRUDWHG��ODUJH�ERUH�FDQQXODV�PD\�

EH� EHQHILFLDO� WR� DYRLG� VWUXFWXUDO� GHVWUXFWLRQ� �������� DQG� SUHVHUYH� WKH� QDWXUDO� VWUXFWXUH� RI�

DXWRORJRXV� WLVVXH�������$Q� HQKDQFHG� FHOO� YLDELOLW\� LQ� JUDIWV� KDUYHVWHG�ZLWK� D� ��PP�FDQQXOD�

FRPSDUHG�WR�VPDOOHU�GLDPHWHUV�VXFK�DV����RU���PP�ZDV�IRU�LQVWDQFH�GHPRQVWUDWHG�E\�(UGLP�HW�

DO���ZKLOH�RWKHU�DXWKRUV�HYHQ�UHSRUWHG�DQ�LQFUHDVH�LQ�KLVWRORJLF�LQWHJULW\�DQG�GHFUHDVH�RI�LPPXQH�

LQILOWUDWLRQ�DQG�ILEURVLV�XQGHU�WKH�XVDJH�RI�ODUJHU�GLDPHWHUV� ��������$OWKRXJK�WKHUH�LV�VWLOO�QR�

FOHDU�FRQVHQVXV�RQ�WKH�TXDOLWLHV�RI�D�KDUYHVWLQJ�FDQQXOD��WKH�DXWKRUV�FRQFOXGH�WKDW�D�VXIILFLHQWO\�

ODUJH�FDQQXOD�VKRXOG�EH�XVHG�WR�DYRLG�VKHDU�IRUFHV�ZKLOH�SUHVHUYLQJ�WKH�YLDELOLW\�DQG�YLWDOLW\�RI�

ERWK��DGLSRF\WHV�DQG�69)�FHOOV�������

�

3RZHU��DQG�RU�XOWUDVRXQG��DVVLVWHG�OLSRVXFWLRQ�

$SSOLHG�QHJDWLYH�SUHVVXUH�GXULQJ�WKH�KDUYHVWLQJ�SURFHVV�PD\�WKHRUHWLFDOO\�DIIHFW�WKH�YLDELOLW\�

RI�DGLSRF\WHV�DV�ZHOO�DV�69)�FHOOV� WKURXJK�VKHDU�VWUHVV�������+RZHYHU��WKH�FXUUHQW� OLWHUDWXUH�

VXJJHVWV�D�ZLGH�UDQJH�RI�SUHVVXUH�YDOXHV�UDQJLQJ�IURP�PLOG�SUHVVXUH�WKURXJK�WKH�XVH�RI�PDQXDO�

V\ULQJHV������������WR�DSSUR[LPDWHO\�����PP+J�����������������

6HYHUDO� VWXGLHV� H[DPLQLQJ� WKH� HIIHFWV� RI� PDQXDO� V\ULQJH� DVSLUDWLRQ�� SRZHU�DVVLVWHG� RU�

XOWUDVRXQG�DVVLVWHG�OLSRVXFWLRQ�DOVR�VXJJHVW�GLIIHUHQWLDO�HIIHFWV�RQ�FHOO�YLDELOLW\�DQG�DGLSRF\WH�

IXQFWLRQDOLW\������$OWKRXJK�KDQG�KHOG� OLSRVXFWLRQ� LV�RIWHQ� FRQVLGHUHG�VXSHULRU� WR� WKH�SRZHU�

DVVLVWHG�WHFKQLTXH��.HFN�HW�DO��GLG�QRW�ILQG�D�VLJQLILFDQW�GLIIHUHQFH�LQ�FHOO�QXPEHU�RU�YLDELOLW\�

FRPSDULQJ�ERWK�WHFKQLTXHV���������
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,Q�DGGLWLRQ�WR�WKH�ZLGHO\�XVHG�SRZHU�DVVLVWHG�OLSRVXFWLRQ��WKH�SUHVHQW�ILQGLQJV�RQ�XOWUDVRXQG��

DVVLVWHG� OLSRVXFWLRQ� SURYLGH� SURPLVLQJ� UHVXOWV� IRU� DSSOLFDWLRQ� LQ� $)*�� ,Q�YLWUR� DQDO\VHV� RI�

KXPDQ� 6$7�� KDUYHVWHG� WKURXJK� WKH� SRZHU�� RU� XOWUDVRXQG�DVVLVWHG� OLSRVXFWLRQ� GHPRQVWUDWHG�

HTXLYDOHQW� UHVXOWV� UHJDUGLQJ� FHOO� YLDELOLW\�� \LHOG�� VXUIDFH� PDUNHUV�� SKHQRW\SH� DV� ZHOO� DV�

SUROLIHUDWLRQ� DQG� GLIIHUHQWLDWLRQ� FDSDFLW\� RI�$'6&V� ������ 7KHVH� UHVXOWV�ZHUH� FRQILUPHG� E\�

DQRWKHU�WULDO�TXDQWLI\LQJ�WKH�YLDELOLW\�RI�DGLSRF\WHV�LQ�OLSRDVSLUDWHV�KDUYHVWHG�ZLWK�XOWUDVRXQG�

DVVLVWHG� OLSRVXFWLRQ�� VXJJHVWLQJ� WKDW� WKLV� WHFKQLTXH� LV� SRWHQWLDOO\� VXLWDEOH� IRU� $)*�������

1HYHUWKHOHVV��D�FOLQLFDO�LPSDFW�RQ�WKH�JUDIW�VXUYLYDO�DQG�SUHGLFWDELOLW\�RI�RXWFRPH�DV�ZHOO�DV�

SRWHQWLDO�VXSHULRULW\�RYHU�RWKHU�WHFKQLTXHV�FXUUHQWO\�XVHG��UHPDLQV�WR�EH�HOXFLGDWHG���

�
�
� �
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������ 3URFHVVLQJ�
�
3URFHVVLQJ�RI�OLSRDVSLUDWHV�LV�FUXFLDO�EHFDXVH�WKH\�FRQVLVW�QRW�RQO\�RI�EHQHILFLDO�DGLSRF\WHV�DQG�

69)�FHOOV�EXW�DOVR�RI�FROODJHQ�ILEUHV��GHEULV�DQG�EORRG����������6XFK�FRPSRQHQWV�FDQ�FDXVH��

LQIODPPDWLRQ�DQG�VXEVHTXHQW�GHJUDGDWLRQ�RI�WKH�WUDQVSODQWHG�WLVVXH�DW�WKH�UHFLSLHQW�VLWH����������

,Q�SDUWLFXODU��LQMHFWLRQ�RI�GHEULV�LV�SUREOHPDWLF��VLQFH�LW�JLYHV�D�IDOVH�LPSUHVVLRQ�RI�WKH�YROXPH�

SRWHQWLDOO\�DFKLHYHG��EXW�LV�UHDEVRUEHG�DIWHU�VHYHUDO�KRXUV������������

5HPRYDO�RI�WKHVH�FRPSRQHQWV�FDQ�EH�DFKLHYHG�E\�SURFHVVLQJ�RI�OLSRDVSLUDWHV��ZKHUHE\�D�YDULHW\�

RI� WHFKQLTXHV�VXFK�DV�JUDYLW\�VHSDUDWLRQ��FHQWULIXJDWLRQ��ZDVKLQJ�DQG�RU� ILOWUDWLRQ�KDYH�EHHQ�

SUHVHQWHG� WR� GDWH� ����� $� ODUJH� VXUYH\� DPRQJ�PHPEHUV� RI� WKH� $PHULFDQ� 6RFLHW\� RI� 3ODVWLF�

6XUJHRQV�LQ������UHYHDOHG��WKDW������RI�VXUJHRQV��SHUIRUPLQJ�$)*�LQ�EUHDVW�VXUJHU\�XVH�JUDYLW\�

VHSDUDWLRQ�ZKLOH�����XVH�FHQWULIXJDWLRQ�DV�ZHOO�DV�ILOWUDWLRQ�DQG�����XVH�JDX]H�UROOLQJ�������

��� SHUIRUPHG� RWKHU� WHFKQLTXHV� QRW� VSHFLILHG� DQG� RQO\� ��� GLG� QRW� SURFHVV� OLSRDVSLUDWHV� DW�

DOO��������

9HULILDEO\� SUHVHUYDWLRQ� RI� KLJKHU� FRQFHQWUDWLRQV� RI� 69)� FHOOV�� SDUWLFXODUO\� $'6&V� GXULQJ�

SURFHVVLQJ�RI�DXWRORJRXV�IDW�JUDIWV�LV�DVVXPHG�WR�HQKDQFH�WKH�JUDIW�UHWHQWLRQ�������(VWDEOLVKLQJ�

RI� D� JROG� VWDQGDUG� IRU� DXWRORJRXV� IDW� JUDIW� SURFHVVLQJ� LV� WKHUHIRUH� HVVHQWLDO� IRU� RSWLPL]HG�

RXWFRPHV������

�

*UDYLW\�VHSDUDWLRQ��GHFDQWDWLRQ�DQG�VHGLPHQWDWLRQ�

*UDYLW\� VHSDUDWLRQ�� GHFDQWDWLRQ�� DQG� VHGLPHQWDWLRQ� DV� WKH� PRVW� FRPPRQ� SURFHVVLQJ�

WHFKQLTXH�������OHDGV�WR�D�GLYLVLRQ�RI�WKH�DXWRORJRXV�IDW�LQWR�LWV�WKUHH�SKDVHV�RI�IDW��RLO�DQG�ZDWHU�

RYHU� WLPH� ���������$IWHU� GLVSRVDO� RI� WKH� RLO� DQG� DTXHRXV� OD\HUV�� WKH� RQO\� WKH� IDWW\� OD\HU� LV�

H[WUDFWHG�IRU�UHLQMHFWLRQ�DW�WKH�JUDIWLQJ�VLWH����������7R�GDWH�VWHULOH��FORVHG�V\VWHPV�DUH�DYDLODEOH�

LQ�ZKLFK�WKH�KDUYHVWHG�IDW�DQG�RLO�OD\HU�UHPDLQ�RQ�WRS�ZKLOH�WKH�DTXHRXV�OD\HU�FDQ�EH�UHPRYHG�

WKRXJK�D�WXEH�DW�WKH�ERWWRP�RI�WKH�FRQWDLQHU�������7KHVH�GHYLFHV�DUH�HDV\�WR�KDQGOH�DQG�LQWHQGHG�

IRU�VLQJOH�XVH��ZKLFK�VSHHGV�XS�WKH�$)*�SURFHVV�������

&ULWLFV�RI� WKLV�PHWKRG�SRLQW� WR�SRVVLEOH�HUURQHRXVO\�KLJKHU� IDW� LQMHFWLRQ�YROXPHV�GLOXWHG�E\�

XQZDQWHG�FRPSRQHQWV�LI�VXIILFLHQW�VHSDUDWLRQ�LV�QRW�PDLQWDLQHG�������,Q�DGGLWLRQ��VWXGLHV�RQ�

GLIIHUHQW�SURFHVVLQJ�PHWKRGV�IRXQG�WKH�ORZHVW�SHUFHQWDJH�RI�IDW� WLVVXH�LQ�JUDYLW\�VHSDUDWLRQ��

GHFDQWDWLRQ��DQG�VHGLPHQWDWLRQ��DOWKRXJK� OLSRDVSLUDWHV�REWDLQHG�ZLWK� WKLV�DSSURDFK�KDYH� WKH�

KLJKHVW�YROXPH�\LHOG� ������7KH�KLJKHU�YROXPH�\LHOG�PD\�EH�GXH� WR� WKH�JUHDW�DPRXQW�RI�RLO��

OLTXLG�DQG�GHEULV�UHPDLQLQJ�LQ�WKH�OLSRDVSLUDWHV�������

�
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&HQWULIXJDWLRQ�

&HQWULIXJDWLRQ�LV�QRZ�D�YHU\�FRPPRQ�WHFKQLTXH������DQG��ZDV�ILUVW�LQWURGXFHG�E\�&ROHPDQ�HW�

DO��LQ�����������7KH�RULJLQDO�WHFKQLTXH�LQYROYHV�WKH�VHSDUDWLRQ�RI�OLSRDVSLUDWHV�E\�FHQWULIXJDWLRQ�

DW�KLJK�VSHHGV��������UHYROXWLRQV�SHU�PLQXWH��USP���IRU���PLQXWHV��GUDLQLQJ�WXPHVFHQW�VROXWLRQ�

DQG�EORRG�IURP�WKH�ERWWRP�OD\HU��������$IWHUZDUGV�WKH�RLO�LV�GHFDQWHG�DQG�VRDNHG�XS�ZLWK�D�

FRWWRQ�SDG�IRU�3 minutes���������

$OWKRXJK�FHQWULIXJDWLRQ�LV�OHVV�SRSXODU��FOLQLFDO�VWXGLHV�KDYH�GHPRQVWUDWHG�IDYRUDEOH�RXWFRPHV�

FRPSDUHG�WR�JUDYLW\�VHSDUDWLRQ������SRVVLEO\�GXH�WR�D�KLJKHU�FRQFHQWUDWLRQ�RI�$'6&V�LQ�WKH�

SURFHVVHG�IDW����������(YLGHQFH�VXJJHVWV��WKDW�KLJKHU�FRQFHQWUDWHG�OLSRDVSLUDWHV�OHDG�WR�VORZHU�

UHDEVRUSWLRQ�SURFHVVHV�DQG�LQFUHDVHG�WDNH�UDWHV�RYHU�WLPH� WKURXJK�YDVFXORJHQLF�PHFKDQLVPV�

GHSHQGHQW�RQ�$'6&V�DQG�YDVFXORJHQLF�PHGLDWRUV�����������

+RZHYHU��VLPLODU�WR�QHJDWLYH�SUHVVXUH�DSSOLHG�GXULQJ�SRZHU�DVVLVWHG�OLSRVXFWLRQ��WKH�SRVLWLYH�

SUHVVXUH�RFFXUULQJ�GXULQJ�FHQWULIXJDWLRQ�PD\�DOVR�DIIHFW� WKH�TXDOLW\�RI�KDUYHVWHG�DXWRORJRXV�

IDW������������0XOWLSOH�VWXGLHV�DGGUHVV�GLIIHUHQW�FHQWULIXJDWLRQ�VHWWLQJV�������DQG�LQWHUHVWLQJO\��

RQH� LQ�YLWUR�VWXG\�IRXQG�WKH�VDPH�DPRXQW�RI�YLDEOH�FHOOV� LQ�WKH������DQG�������USP�VHWWLQJ��

GHVSLWH�DQ�LQFUHDVH�LQ�SHULSKHUDO�GDPDJH�DW�KLJKHU�VSHHGV�������7KH�DXWKRUV�SUHIHUUHG�D�VHWWLQJ�

RI�������USP�LQ�YLYR��ZKLFK�GLG�QRW�VKRZ�DQ\�UHDEVRUSWLRQ�VLJQV�RQH�\HDU�DIWHU�JUDIWLQJ�������

6HYHUDO�RWKHU�WULDOV�KDYH�DOVR�VKRZQ�QR�HIIHFW�RI�GLIIHUHQW�FHQWULIXJDWLRQ�VHWWLQJV�RQ�WKH�TXDOLW\�

DQG�YLDELOLW\�RI�OLSRDVSLUDWHV����������EXW�FRPSDULVRQ�RI�WKHVH�GDWD�LV�GLIILFXOW�GXH�WR�WKH�ODFNLQJ�

VWDQGDUGL]DWLRQ�RI�FHQWULIXJDO�VSHHG��IRUFH��GXUDWLRQ��DQG�VHWWLQJ�UHSRUWV��������

�

:DVKLQJ�DQG�ILOWUDWLRQ�

$XWRORJRXV�IDW�JUDIWV�FDQ�EH�SURFHVVHG�E\�ZDVKLQJ�LQ�SK\VLRORJLFDO�VROXWLRQV�DQG�RU�IROORZLQJ�

ILOWUDWLRQ�� IRU�ZKLFK�D�FORVHG�V\VWHP� LV�QRUPDOO\�XVHG� ������$FFRUGLQJ� WR� WKH�VXUYH\�DPRQJ�

PHPEHUV�RI�WKH�$PHULFDQ�6RFLHW\�RI�3ODVWLF�6XUJHRQV��ZDVKLQJ�DQG�ILOWUDWLRQ�LV�DV�IUHTXHQWO\�

XVHG�DV�FHQWULIXJDWLRQ������DQG�DSSHDUV�WR�EH�D�IHDVLEOH��PRUH�DWWUDFWLYH�RSWLRQ��SDUWLFXODUO\�IRU�

ODUJH�YROXPH�JUDIWLQJ��������

6LPLODU� WR� SUHYLRXV� WHFKQLTXHV�� ZDVKLQJ� RI� OLSRDVSLUDWHV� DLPV� WR� HOLPLQDWH� XQZDQWHG�

FRPSRQHQWV�VXFK�DV�RLO��EORRG�RU�GHEULV�������������:DVKLQJ�ZLWK�lactated Ringer’s solution or 

QRUPDO� VDOLQH� RU� LV� XVXDOO\� SHUIRUPHG�PXOWLSOH� WLPHV�� ZKHUHDV� ILOWUDWLRQ� RI� OLSRDVSLUDWHV� LV�

SHUIRUPHG�WKURXJK�PHPEUDQHV�ZLWK�GLIIHUHQW�SRUH�VL]HV��GHSHQGLQJ�RQ�WKH�SURGXFW�XVHG��������

6HYHUDO�FORVHG�V\VWHPV�WKDW�FRPELQH�ZDVKLQJ�DQG�ILOWUDWLRQ�DUH�FRPPHUFLDOO\�DYDLODEOH��VXFK�

DV�WKH�3XUH*UDIW��&\WRUL�7KHUDSHXWLFV�,QF���6DQ�'LHJR��&DOLIRUQLD��86$���5(92/9(��/LIH&HOO�
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&RUS���%UDQFKEXUJ��1HZ�-HUVH\��86$��RU�/LSL9DJH��*HQHVLV�%LRV\VWHPV��/HZLVYLOOH��7H[DV��

86$�������EXW�WKH\�DUH�RIWHQ�FULWLFL]HG�DV�YHU\�H[SHQVLYH��������

3UHYLRXV�WULDOV�KDYH�LQYHVWLJDWHG�WKH�FRPSRVLWLRQ�RI�OLSRDVSLUDWHV�SURFHVVHG�ZLWK�WKH�3XUH*UDIW�

DQG�5(92/9(�V\VWHP�������7KH�UHVXOWV�VKRZHG�WKDW�ERWK�V\VWHPV�FDQ�DFKLHYH�KLJKHU�DQG�PRUH�

FRQVLVWHQW�DGLSRVH�WLVVXH�FRQWHQW�ZLWK�D�VLJQLILFDQW�ORZHU�DPRXQW�RI�FRPSURPLVLQJ�FRPSRQHQWV�

WKDQ�JUDYLW\�VHSDUDWLRQ��GHFDQWDWLRQ�DQG�VHGLPHQWDWLRQ��RU�FHQWULIXJDWLRQ�������7KH�5(92/9(�

V\VWHP�DOVR�SUHVHUYHV�D�VLJQLILFDQWO\�KLJKHU�DPRXQW�RI�YLDEOH�DGLSRF\WHV�DV�ZHOO�DV�69)�FHOOV�

FRPSDUHG�ZLWK�RWKHU�SURFHVVLQJ�PHWKRGV�������6LPLODU�UHVXOWV�ZHUH�REWDLQHG�LQ�D�FRPSDUDWLYH�

DQDO\VLV�ZLWK� WKH� /LSL9DJH� V\VWHP�� D� KLJKHU� DPRXQW� RI� YLDEOH� DGLSRF\WHV� DV�ZHOO� DV� KLJKHU�

LQWUDFHOOXODU�HQ]\PH�DFWLYLW\�ZDV�REVHUYHG�FRPSDUHG�ZLWK�FHQWULIXJDWLRQ�������7KH�KLJKHU�\LHOG�

RI�YLDEOH�FHOOV�PLJKW�EH�DFFUHGLWHG�WR�WKH�OHVV�WUDXPDWLF�QDWXUH�RI�WKLV�WHFKQLTXH������5HFHQW�GDWD�

E\�9DOPDGULG�HW�DO��DOVR�VKRZ�WKDW�WKH�XVH�RI�D�FORVHG�ZDVKLQJ�V\VWHP�IRU�SURFHVVLQJ�DXWRORJRXV�

IDW� JUDIWV�ZDV� DVVRFLDWHG�ZLWK� D� ORZHU� UDWH� RI� IDW� QHFURVLV�� DOVR� LQGLFDWLQJ� D� OHVV� WUDXPDWLF�

DSSOLFDWLRQ��������

�
*DX]H�UROOLQJ�

&RWWRQ�JD]H�UROOLQJ�PD\�EH�XVHG�DV�D�PHWKRG�WR�LVRODWH�KDUYHVWHG�IDW�JUDIWV�DQG�DEVRUE�XQGHVLUHG�

FRPSRQHQWV� RI� WKH� OLSRDVSLUDWH� ZLWK� GLIIHUHQW� FRWWRQ� JDX]HV� DYDLODEOH� ������ +DUYHVWHG�

DXWRORJRXV�IDW�LV�XVXDOO\�SODFHG�RQ�WKH�FRWWRQ�JDX]H�EHIRUH�EHLQJ�UROOHG�EDFN�DQG�IRUWK�RYHU�WKH�

JDX]H�ZLWK��IRU�H[DPSOH�D�VFDOSHO��DEVRUELQJ�H[FHVV�RLO�DQG�DTXHRXV�OD\HUV�DQG�OHDYLQJ�EHKLQG�

WKH�FHOOXODU�FRPSRQHQWV�������6LPLODU� WR�FHQWULIXJDWLRQ��WKLV�SURFHVV�WDNHV�DSSUR[LPDWHO\�����

PLQXWHV�� WKHUHIRUH� OLPLWLQJ� LVFKHPLD� WLPH� ������2WKHU�DGYDQWDJHV� LQFOXGH�PLQLPDO� WUDXPD� WR�

DGLSRF\WHV� DQG� 69)� FHOOV� DV�ZHOO� DV� ORZ� FRVWV� ������+RZHYHU�� HVSHFLDOO\� IRU� ODUJH�YROXPH�

JUDIWLQJ��FRWWRQ�JDX]H�UROOLQJ�FDQ�EH�PRUH�WLPH�FRQVXPLQJ�WKDQ�FHQWULIXJDWLRQ����������

,QWHUHVWLQJO\�� SUHFOLQLFDO� LQ�YLYR� VWXGLHV� RI� SURFHVVLQJ� WHFKQLTXHV� KDYH� VKRZQ� WKDW�69)�FHOO�

\LHOG� DQG�JUDIW� UHWHQWLRQ�DUH�KLJKHVW�ZLWK� WKH�FRWWRQ�JDX]H� UROOLQJ� WHFKQLTXH�FRPSDUHG�ZLWK�

FHQWULIXJDWLRQ�DQG�ILOWUDWLRQ�������+RZHYHU��WKH�H[DFW�PHWKRG�E\�ZKLFK�FRWWRQ�JDX]H�UROOLQJ�

LPSURYHV�OLSRDVSLUDWH�TXDOLW\�DQG�VXEVHTXHQW�RXWFRPH��DV�ZHOO�DV�D�SRWHQWLDO�VXSHULRULW\�RYHU�

RWKHU�SURFHVVLQJ�PHWKRGV�UHPDLQ�WR�EH�GHWHUPLQHG�������

�

�

�

�

�
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������ 3UHSDUDWLRQ�RI�WKH�UHFLSLHQW�VLWH�
�
9DULRXV� DXWKRUV� FRQVLGHU� WKH� WLVVXH� LQWHJULW\� DQG� HQYLURQPHQW� RI� WKH� UHFLSLHQW� VLWH� D� PDMRU�

GHWHUPLQDQW�RI� IDW�JUDIW� VXUYLYDO� ���������EXW�H[LVWLQJ�HYLGHQFH� LV� LQFRQFOXVLYH� �����$�UHFHQW�

UHYLHZ�E\�2UDQJHV�HW�DO��LGHQWLILHG�PXOWLSOH�UHFLSLHQW�VLWH�SUHSDUDWLRQ�PHWKRGV��H[WHUQDO�YROXPH�

H[SDQVLRQ��� DGPLQLVWUDWLRQ� RI� FHOO�SUROLIHUDWLQJ� IDFWRUV� VXFK� DV� YDVFXODU� HQGRWKHOLDO� JURZWK�

IDFWRU��9(*)���69)�RU�LQWHUOHXNLQ��,/�������LDWURJHQLF�LVFKHPLD��PLFURQHHGOLQJ��RU�LPSODQWDWLRQ�

RI�DOORSODVWLF�PDWHULDO�������0RVW�RI�WKHVH�WHFKQLTXHV�DLP�WR�PD[LPL]H�R[\JHQ�WHQVLRQ�DV�ZHOO�

DV� QXWULWLRQ� DW� WKH� UHFLSLHQW� WR� FUHDWH� IDYRUDEOH� FRQGLWLRQV� EHIRUH� JUDIWLQJ� RI� DXWRORJRXV�

WLVVXH��������

�

([WHUQDO�YROXPH�H[SDQVLRQ�

([WHUQDO�YROXPH�H[SDQVLRQ�LQYROYHV�WKH�DSSOLFDWLRQ�RI�H[WHUQDO�H[SDQGHUV�VXFK�DV�WKH�%5$9$�

V\VWHP��%UDYD�//&��0LDPL��86$�����������7KLV�EUD�OLNH�GHYLFH�FUHDWHV�D�ORZ�QHJDWLYH�SUHVVXUH�

RI�XS�WR�����PP+J�DQG�LV�XVXDOO\�ZRUQ�IRU�������KRXUV�GD\�����ZHHNV�EHIRUH�VXUJHU\�������7KH�

DSSOLFDWLRQ�RI�QHJDWLYH�SUHVVXUH�OHDGV�WR�VWUHWFK��HGHPD��DQG�LQIODPPDWLRQ�RI�WKH�WLVVXH��ZKLFK�

LV�UHODWHG�WR�FHOO�SUROLIHUDWLRQ�DQG�QHRDQJLRJHQHVLV�������$V�D�UHVXOW��D�SURDGLSRJHQLF�HIIHFW�ZLWK�

DQ�LQFUHDVHG�GHQVLW\�RI�VXEGHUPDO�DGLSRF\WHV�DQG�LQFUHDVH�RI�WLVVXH�EORRG�YHVVHO�GHQVLW\�FDQ�EH�

REVHUYHG�������,Q�DGGLWLRQ��DQ�LQFUHDVH�LQ�SDUHQFK\PDO�VSDFH��D�GHFUHDVH�LQ�LQWHUVWLWLDO�SUHVVXUH�

LQ�WKH�EUHDVW��DQG�D�GHFUHDVH�LQ�FRQWRXU�LUUHJXODULWLHV�DUH�QRWHG�������0RVW�RI�WKHVH�HIIHFWV�DUH�

VWURQJHU�H[SUHVVHG�ZLWK�SURORQJHG�DSSOLFDWLRQ�RI�QHJDWLYH�SUHVVXUH������������

7KH� UHVXOWV�RQ�RXWFRPH�DIWHU� H[WHUQDO�YROXPH�H[SDQVLRQ�IROORZHG�E\�$)*�ZHUH�SURPLVLQJ��

ZLWK�WDNH�UDWHV�UDQJLQJ�IURP�����WR�����������0RUHRYHU��H[WHUQDO�YROXPH�H[SDQVLRQ�DSSHDUV�

WR�EH�VXLWDEOH� HYHQ� IRU�PHJD�YROXPH�JUDIWLQJ�DQG� WR�EH�D�YDOXDEOH�DOWHUQDWLYH� WR� WKH�XVH�RI�

LPSODQWV� IRU� UHFRQVWUXFWLYH�RU� DHVWKHWLF�SXUSRVHV� ������+RZHYHU��2UDQJHV�HW�DO��FULWLFL]H� WKH�

GLIILFXOW�FRPSDUDELOLW\�RI�GLIIHUHQW�VWXG\�VHWWLQJV�DQG�WKH�ORZ�OHYHO�RI�HYLGHQFH�DQG�HPSKDVL]H�

WKH�QHHG�IRU�IXWXUH�VWXGLHV��������

$GPLQLVWUDWLRQ�RI�FHOO�SUROLIHUDWLQJ�IDFWRUV��

6HYHUDO� SUHFOLQLFDO� VWXGLHV� VKRZHG� SURPLVLQJ� UHVXOWV� IROORZLQJ� WKH� DGPLQLVWUDWLRQ� RI� FHOO�

SUROLIHUDWLQJ�IDFWRUV��VXFK�DV�LPSURYHPHQW�RI�WKH�WDNH�UDWH��YDVFXODULW\�DQG�FHOO�SUROLIHUDWLRQ��DV�

ZHOO�DV�D�GHFUHDVH�LQ�F\VW�IRUPDWLRQ�������–�����,Q�PRVW�WULDOV��9(*)�ZDV�DGPLQLVWHUHG�DV�D�

VWURQJ�VWLPXODWRU� IRU�YDVFXODUL]DWLRQ� WR� LPSURYH�IDW�JUDIW�YLDELOLW\� ���������7KH�DXWKRUV�DOVR�

SRVWXODWHG�WKDW�HQULFKPHQW�ZLWK�69)�FRXOG�LPSURYH�WKH�PLFURHQYLURQPHQW�DW�WKH�UHFLSLHQW�VLWH�



� ���

WKURXJK� G\QDPLF� UHDVVHPEO\� RI� EORRG� HQGRWKHOLDO� FHOOV� ������ 'HVSLWH� SRWHQWLDO� EHQHILFLDO�

HIIHFWV�� DGPLQLVWUDWLRQ� RI� FHOO�SUROLIHUDWLQJ� IDFWRUV� ZDV� QRW� DVVRFLDWHG� ZLWK� VLJQLILFDQW��

FOLQLFDOO\�UHOHYDQW�LQFUHDVHV�LQ�JUDIW�ZHLJKW�RU�YLDELOLW\�DIWHU�$)*��������)XUWKHUPRUH��QR�FOLQLFDO�

WULDOV�LQYHVWLJDWLQJ�WKLV�WHFKQLTXH�H[LVW�WR�GDWH��������

�

,VFKHPLD��

,DWURJHQLF�UHPRWH�LVFKHPLD�FDQ�UHGXFH�JUDIW�LVFKHPLD�DQG�UHSHUIXVLRQ�LQMXU\��DQG�KDV�DOUHDG\�

VKRZQ�SURPLVLQJ�HIIHFWV�LQ�RUJDQ�WUDQVSODQWDWLRQ�������$FFRUGLQJ�WR�*DVVPDQ�HW�DO��LQGXFLQJ�

LVFKHPLD� DW� WKH� UHFLSLHQW� VLWH� EHIRUH�$)*�PD\� LPSURYH� WKH� WDNH� UDWH� DQG� OLPLW� VXEVHTXHQW�

OLSRVFOHURVLV� ������ 7KH� DXWKRUV� VWXGLHG� WKH� HIIHFWV� RI� LQWHUPLWWHQW�� WHPSRUDU\� KLQGOLPE�

WRXUQLTXHW�DSSOLFDWLRQ�DW�WKH�UHFLSLHQW�VLWH�ZLWKLQ�WKUHH�F\FOHV�RI���PLQXWHV�LQ�D�UDW�PRGHO�������

7KH�EHVW�RYHUDOO�DGLSRVH�FHOOXODU�YLDELOLW\�DQG�QDWLYH�DUFKLWHFWXUH�ZHUH�REVHUYHG�ZKHQ�UHFLSLHQW�

VLWH�SUHFRQGLWLRQLQJ�ZDV�SHUIRUPHG�������+RZHYHU��WR�GDWH�WKHUH�DUH�QR�FOLQLFDO�WULDOV�FRQILUPLQJ�

WKLV�HIIHFW�LQ�KXPDQV���

�

0LFURQHHGOLQJ��

,Q�SUHFOLQLFDO�WULDOV�RI�UHFLSLHQW�VLWH�SUHSDUDWLRQ�ZLWK�PLFURQHHGOLQJ��D�GHYLFH�ZKHUH�KXQGUHGV�

RI�PLFURQHHGOHV�RU����JDXJH�QHHGOHV�ZHUH�DWWDFKHG�ZDV�XVHG�WR�DEODGH�WKH�VXEFXWDQHRXV�WLVVXH�

LQ�D�FULVVFURVV�SDWWHUQ�WR�JHQHUDWH�D�PD[LPL]HG�VXUIDFH�DUHD�EHIRUH�$)*��������������

7KH� DXWKRUV� GHPRQVWUDWHG� LQFUHDVHG� YDVFXODULW\� DQG� D� VLJQLILFDQW� GHFUHDVH� LQ� LQIODPPDWLRQ�

IROORZLQJ�$)*��EXW�GHVSLWH�WKHVH�VXSSRVHGO\�EHQHILFLDO�HIIHFWV��FHOO�SUROLIHUDWLRQ�DQG�IDW�JUDIW�

YLDELOLW\�GLG�QRW�LPSURYH�VLJQLILFDQWO\��������������

��

,PSODQWDWLRQ�RI�DOORSODVWLF�PDWHULDO��

$FFRUGLQJ�WR�D�SUHFOLQLFDO�VWXG\�LQ�UDEELWV��LQVHUWLRQ�RI�VLOLFRQH�VKHHWV�DQG�LQGXFWLRQ�RI�FDSVXOH�

IRUPDWLRQ�PD\�UHVXOW�LQ�KLJKHU�YDVFXODUL]DWLRQ�RI�WKH�UHFLSLHQW�VLWH�DQG�SRWHQWLDO�KLJKHU�JUDIW�

UHWHQWLRQ� ������%DUDQ�HW�DO��REVHUYHG�D�KLJKHU� WDNH� UDWH� LQ�JURXSV�ZLWK�SULRU� LPSODQWDWLRQ�RI�

VLOLFRQ�VKHHWV�������EXW�WKHUH�DUH�QR�VWXGLHV�LQYHVWLJDWLQJ�WKH�HIILFDF\�RI�WKLV�WHFKQLTXH�LQ�KXPDQV�

WR�GDWH��0RUHRYHU�� WKLV� DSSURDFK� UHTXLUHV� DQ� DGGLWLRQDO� VHVVLRQ��ZKHUHDV� WKH� DLP�RI� FXUUHQW�

UHVHDUFK�LV�WR�UHGXFH�WKH�QXPEHU�RI�VHVVLRQV�UHTXLUHG�IRU�DQ�RSWLPDO�RXWFRPH�E\�RSWLPL]DWLRQ�

RI�WKH�WHFKQLTXH�LQ�$)*��������

�



� ���

������ *UDIWLQJ�

5HLQMHFWLRQ�RI��SURFHVVHG��OLSRDVSLUDWHV�UHTXLUHV�JUHDW�FDUH�LQ�RUGHU�WR�DFKLHYH�DHVWKHWLFDOO\�DQG�

IXQFWLRQDOO\�SOHDVLQJ�RXWFRPHV�����DQG�LV�XVXDOO\�SHUIRUPHG�WKURXJK�D�VPDOO�VNLQ�LQFLVLRQ�������

,W�LV�UHFRPPHQGHG�WR�LQMHFW�VPDOO�DOLTXRWV�RI�OLSRDVSLUDWHV�LQ�D�IDQQLQJ�RXW��FURVVKDWFK�SDWWHUQ�

GXULQJ�ZLWKGUDZDO�RI�WKH�FDQQXOD������������/HH�HW�DO��IXUWKHU�UHFRPPHQG�D�VORZ�LQMHFWLRQ�VSHHG�

RI�����WR�����PO�VHFRQG�UHVXOWLQJ�LQ�VPDOOHU�DOLTXRWV�LQ�FRPSDULVRQ�WR�IDVWHU�LQMHFWLRQ�VSHHG�RI�

���� WR� ����PO�VHFRQG� ������6ORZHU� LQMHFWLRQ�RI� VPDOOHU� DOLTXRWV�PD[LPL]HV�R[\JHQDWLRQ� DQG�

SHUIXVLRQ�RI�WKH�JUDIW������DQG�UHGXFHV�GDPDJH�RQ�D�FHOOXODU�OHYHO�FDXVHG�E\�VKHHU�IRUFHV�������

6PDOOHU�JDXJH�FDQQXODV�IRU�JUDIWLQJ�DXWRORJRXV�IDW�DUH�FRQVLGHUHG�EHQHILFLDO�WR�PLQLPL]H�WKH�

WUDXPD�DW� WKH� UHFLSLHQW� VLWH�� DV� FRPSOLFDWLRQV� VXFK� DV� KHPDWRPD� IRUPDWLRQ�PD\� DIIHFW� JUDIW�

R[\JHQDWLRQ�DQG�WKXV�WKH�WDNH�UDWH�������,Q�FRQWUDVW��RWKHU�DXWKRUV�VXJJHVW�WKH�XVH�RI�FDQQXODV�

ZLWK� ODUJHU� GLDPHWHUV� IRU� ERWK� DVSLUDWLRQ� DQG� LQMHFWLRQ� LQ� RUGHU� WR� PLQLPL]H� GDPDJH� RQ�

DGLSRF\WHV� DQG� 6&)� FHOOV� DQG� LPSURYH� WKHLU� YLDELOLW\� ������ )XUWKHU� VWXGLHV� LQYHVWLJDWLQJ�

SRWHQWLDO�HIIHFWV�RI�GLIIHUHQW�FDQQXOD�GLDPHWHUV�RQ�FHOO�YLDELOLW\�DUH�RI�SDUDPRXQW�LPSRUWDQFH�WR�

HVWDEOLVK�D�VWDQGDUG�WHFKQLTXH�RI�UHLQMHFWLRQ����

�

*UDIWLQJ� FDQ�EH�SHUIRUPHG� VXEFXWDQHRXVO\�� LQWUDPXVFXODUO\� RU� LQ� D�PXOWLSODQH� WHFKQLTXH� WR�

PD[LPL]H�WKH�GLVWULEXWLRQ�DUHD�DQG�DYRLG�H[FHVVLYH�LQWHUVWLWLDO�SUHVVXUH�DW�D�JLYHQ�SRLQW�RQ�WKH�

UHFLSLHQW�VLWH��������(DUO\�UHSRUWV�E\�1JX\HQ�HW�DO��GHPRQVWUDWHG�LQFUHDVHG�YDVFXODUL]DWLRQ�DQG�

EHWWHU�RXWFRPHV�IROORZLQJ�JUDIWLQJ�WR� WKH�PXVFOH�������+RZHYHU��GHSHQGLQJ�RQ�WKH�UHFLSLHQW�

VLWH�� RXWFRPHV� PD\� EH� FRPSURPLVHG� E\� LQFUHDVHG� PRELOL]DWLRQ� RI� OLSRDVSLUDWHV� LQ� PXVFOH�

FRPSDUHG�ZLWK�6$7�������

7KH�YROXPH�RI�OLSRDVSLUDWHV�LQMHFWHG�GHSHQGV�PDLQO\�RQ�WKH�H[LVWLQJ�YROXPH�DQG�VSDFH�DW�WKH�

UHFLSLHQW�VLWH� ������+RZHYHU�� LW� LV�JHQHUDOO\�DVVXPHG� WKDW�D� ODUJH� YROXPH� WUDQVSODQWHG� LQWR�D�

FRQILQHG� VSDFH�PD\� FRPSURPLVH� FDSLOODU\� SHUIXVLRQ� DQG� WKDW� GHQVHO\�SDFNHG� JUDIW� GURSOHWV�

FRDOHVFH� LQWR� ODNHV� ZLWK� SRRU� JUDIW�WR�UHFLSLHQW� LQWHUIDFH�� XOWLPDWHO\� LPSDLULQJ� WKH� JUDIW�

WDNH�������6DIH�LQMHFWLRQ�RI�ODUJHU�YROXPHV�PD\�EH�IHDVLEOH�YLD�UHFLSLHQW�VLWH�SUHSDUDWLRQ�ZLWK�

H[WHUQDO�YROXPH�H[SDQVLRQ�DV�GHVFULEHG�LQ�VHFWLRQ���������

�

�

�
�
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����3DWLHQW�UHODWHG�FRPSURPLVLQJ�SDUDPHWHUV�
�

'HVSLWH� WKH�GLVFRYHU\�RI�VHYHUDO�VXUJHU\�UHODWHG� ULVN� IDFWRUV� IRU� LPSDLUHG�JUDIW� VXUYLYDO�� WKH�

UHPDLQLQJ� YDULDELOLW\� LQ� RXWFRPHV� VXJJHVWV� D� PRUH� SURPLQHQW� GHSHQGHQFH� RI� YLDELOLW\� DQG�

IXQFWLRQDOLW\�RI�$'6&V�DQG�69)�FHOOV�RQ�LQGLYLGXDO�SDWLHQW�FKDUDFWHULVWLFV�������7KH�H[LVWLQJ�

HYLGHQFH�SULPDULO\�VKRZV�VLJQLILFDQW�GLVFUHSDQFLHV� LQ� WKH�QXPEHU�RI�$'6&V�DQG�69)�FHOOV�

EHWZHHQ�SDWLHQWV��ZKLFK�PD\�DFFRXQW�IRU�WKH�YDU\LQJ�UHVXOWV���������$�YDULHW\�RI�FRPSURPLVLQJ�

IDFWRUV�VXFK�DV�SDWLHQW�DJH�DQG�%0,��GLDEHWHV�PHOOLWXV� W\SH� ,� DQG�,,��+,9�VWDWXV��DV�ZHOO�DV�

FDQFHU� WUHDWPHQW� LQFOXGLQJ� UDGLRWKHUDS\�� FKHPRWKHUDS\�� DQG� WDPR[LIHQ� XVH� KDYH� EHHQ�

SUHYLRXVO\�QRWHG������DQG�DUH�GLVFXVVHG�LQ�WKH�IROORZLQJ�VHFWLRQV���

+RZHYHU��PRVW�VWXGLHV�RQ�SRWHQWLDO�SDWLHQW�UHODWHG�ULVN�IDFWRUV�KDYH�EHHQ�RI�VPDOO�VDPSOH�VL]H�

DQG�KDYH� UDUHO\�H[DPLQHG�D�FOLQLFDO� UHOHYDQFH�� )XUWKHU� ODUJH�FRKRUW� VWXGLHV�DUH�QHFHVVDU\� WR�

H[DPLQH�ZKHWKHU�WKHVH�ILQGLQJV�FDQ�EH�WUDQVODWHG�LQWR�FOLQLFDO�DSSOLFDWLRQ�DQG�LPSDFW�ORQJ�WHUP�

JUDIW�VXUYLYDO��,Q�D�FOLQLFDO�VHWWLQJ��RWKHU�LQGLYLGXDO�LPSDLULQJ�YDULDEOHV�UHODWHG�WR�WKH�UHFLSLHQW�

VLWH��VXFK�DV�SUHYLRXV�WUDXPD��EXUQV��VFDUV��RU�VWUXFWXUDO�GHIHFWV�PXVW�DOZD\V�EH�FRQVLGHUHG�ZKHQ�

SODQQLQJ�HOHFWLYH�$)*�������������

�

$JH�

(DUO\�WULDOV�H[DPLQLQJ�DJH�UHODWHG�FKDQJHV�LQ�$'6&�DQG�69)�\LHOG�ZHUH�LQFRQFOXVLYH����������

EXW�FXUUHQW�VWXGLHV�TXDQWLI\LQJ�OHYHOV�RI�JHQH�H[SUHVVLRQ�KDYH�UHSRUWHG�D�VLJQLILFDQW�GHFUHDVH�

LQ�RYHUDOO�FHOO�\LHOG�ZLWK�DJH��������������&OLQLFDO�VWXGLHV�E\�0DGRQQD�HW�DO��DQG�=KX�HW�DO��DOVR�

UHSRUW� GHFUHDVHG� DQJLRJHQHWLF� FDSDFLW\� DQG� RVWHRJHQLF� SRWHQWLDO� ZLWK� DJH� ����������� ,Q�

FRPSDULVRQ��RWKHU�DXWKRUV�KDYH�QRW�IRXQG�D�VLJQLILFDQW�FRQQHFWLRQ�EHWZHHQ� WKH�SUROLIHUDWLRQ�

FDSDFLW\�RI�$'6&V�DQG�WKH�SDWLHQW�DJH��������$SDUW�IURP�DIIHFWLQJ�WKH�\LHOG�RI�QXFOHDWHG�FHOOV��

DJH�PD\�DOVR�EH�DVVRFLDWHG�ZLWK�SRRUHU�UHYDVFXODUL]DWLRQ��SRVVLEO\�DIIHFWLQJ�WKH�WDNH�UDWH��VR�

WKDW�$)*�UHVXOWV�PD\�EH�VXSHULRU�LQ�\RXQJHU�LQGLYLGXDOV�������

�

%RG\�PDVV�LQGH[�
�
2EHVLW\�LV�DVVRFLDWHG�ZLWK�DQ�LQFUHDVHG�ULVN�RI�GHYHORSLQJ�D�QXPEHU�RI�FRPRUELGLWLHV�DVVRFLDWHG�

ZLWK�WKH�PHWDEROLF�V\QGURPH��������<HW��WKH�TXHVWLRQ�RI�ZKHWKHU�DGLSRF\WH�GLIIHUHQWLDWLRQ�DQG�

SUROLIHUDWLRQ�FDSDFLW\�LV�DIIHFWHG�E\�%0,�LV�VWLOO�GHEDWHG���������

7KH� PDMRULW\� RI� DYDLODEOH� VWXGLHV� UHSRUW� DQ� LPSDFW� RI� LQFUHDVHG� %0,� RQ� WKH� YLDELOLW\� DQG�

IXQFWLRQ�RI�DGLSRF\WHV�DQG�69)�FHOOV��������
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,Q�D�FOLQLFDO�VWXG\�E\�YDQ�+DUPHODQ�HW�DO��RI����REHVH�ZRPHQ��%0,�!���NJ�P�����WKH�QXPEHU�

RI� YLDEOH� DGLSRF\WHV� DQG� WKH� GLIIHUHQWLDWLRQ� FDSDFLW\� RI� $'6&V�ZHUH� VLJQLILFDQWO\� UHGXFHG�

FRPSDUHG� WR�VWDQGDUG�YDOXHV� �������7KHVH� ILQGLQJV� DUH�VXSSRUWHG�E\�VHYHUDO� LQ�YLWUR� VWXGLHV�

VKRZLQJ�D�GHFUHDVH� LQ�ERWK� WKH�SUROLIHUDWLRQ�DQG�GLIIHUHQWLDWLRQ�FDSDFLW\�RI� DGLSRF\WHV�ZLWK�

LQFUHDVLQJ�%0,���������������,Q�DGGLWLRQ��DOWHUDWLRQV�LQ�WHORPHUDVH�DFWLYLW\�DQG�WHORPHUH�OHQJWK�

RI�GHR[\ULERQXFOHLF�DFLG��'1$��KDYH�EHHQ�REVHUYHG�LQ�REHVH�LQGLYLGXDOV��VXJJHVWLQJ�GHFUHDVHG�

GLIIHUHQWLDWLRQ�FDSDFLW\�DQG�HDUO\�DSRSWRVLV�RI�HQODUJHG�DGLSRF\WHV��������7KLV�SURFHVV�FDQ�EH�

UHODWHG� WR� DQ� LQFUHDVH� LQ� WKH� H[SUHVVLRQ�RI�PLWRJHQ�DFWLYDWHG�SURWHLQ���NLQDVH��� �0$3�.���

ZKLFK�LQ�WXUQ�FDQ�LQKLELW�SHUR[LVRPH�SUROLIHUDWRU–DFWLYDWHG�UHFHSWRU��33$5*��DFWLYDWLRQ�DQG�

WKXV�DGLSRJHQHVLV����������������

,QWHUHVWLQJO\�� RWKHU� VWXGLHV� UHSRUW� QR� VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� %0,� DQG� DGLSRF\WH�

YLDELOLW\�DQG�IXQFWLRQ�������*HLVVOHU�HW�DO��GLG�QRW�ILQG�D�VLJQLILFDQW�GLIIHUHQFH�LQ�FHOO�YLDELOLW\�

IRU�DQ\�JLYHQ�GRQRU�VLWH�EHWZHHQ�REHVH�DQG�QRUPDO�ZHLJKW�VXEMHFWV�������ZKLOH�RWKHU�WULDOV�HYHQ�

VXJJHVW�DQ�LPSDFW�RQ�$'6&�\LHOG�DQG�SUROLIHUDWLYH�FDSDFLW\���������

1HYHUWKHOHVV�� LW� LV� UHFRPPHQGHG� WR� LPSURYH� WKH� GLHW� DQG� RYHUDOO� KHDOWK� RI� SDWLHQWV� EHIRUH�

HOHFWLYH�$)*�WR�HQVXUH�DGHTXDWH�QXWULWLRQ�DQG�R[\JHQDWLRQ�RI��DXWRORJRXV�IDW�JUDIWV�������6RPH�

DXWKRUV� HYHQ� UHFRPPHQG� WKH� XVH� RI� PLFURQXWULHQWV� DSSURYHG� IRU� ZRXQG� KHDOLQJ�� VXFK� DV�

EURPHODLQ�� PDJQHVLXP�� VHOHQLXP�� RU� YLWDPLQ� %�� VXJJHVWLQJ� EHWWHU� JUDIW� YLDELOLW\� DIWHU�

VXUJHU\�������

�

'LDEHWHV�PHOOLWXV�

$GYHUVH�HIIHFWV�RI�FKURQLF�GLVHDVHV�VXFK�DV�GLDEHWHV�PHOOLWXV�RQ�VWHP�FHOOV�DUH�ZHOO�NQRZQ��DQG�

UHVXOWV� IURP� SUHFOLQLFDO� VWXGLHV� DOVR� GHPRQVWUDWH� DGYHUVH� HIIHFWV� RQ� WKH� IXQFWLRQ� DQG�

GLIIHUHQWLDWLRQ�FDSDFLW\�RI�$'6&V������������$Q�LQ�YLWUR�VWXG\�FRPSDULQJ�WKH�JHQH�H[SUHVVLRQ�

SURILOHV� RI� $'6&V� LQ� GLDEHWLF�� %0,�� DQG� DJH�PDWFKHG� FRQWURO� VXEMHFWV� GHPRQVWUDWHG� D�

VLJQLILFDQW�ORZHU�GLIIHUHQWLDWLRQ�FDSDFLW\�RI�$'6&V�DQG�RQ�WKH�RWKHU�KDQG�DQ�XSUHJXODWLRQ�RI�

JHQHV� DVVRFLDWHG�ZLWK� LQIODPPDWLRQ� DQG� DSRSWRVLV� LQ� GLDEHWLF� VDPSOHV� ���������� 3UHFOLQLFDO�

VWXGLHV� VXSSRUW� WKHVH� ILQGLQJV� DQG� VXJJHVW� D� ORZHU� WDNH� UDWH� ZKHQ� $)*� LV� SHUIRUPHG� LQ� D�

GLDEHWLF�VHWWLQJ������������8OWLPDWHO\��DGGLWLRQDO�WULDOV�LQ�KXPDQV�DUH�QHFHVVDU\�WR�FRQILUP�WKLV�

WKHRU\�DQG�LWV�FOLQLFDO�UHOHYDQFH��

5DGLR���FKHPRWKHUDS\�DQG�WDPR[LIHQ�

5DGLR�� DQG� FKHPRWKHUDS\� DUH� LQFUHDVLQJO\� XVHG� WR� WUHDW� D� YDULHW\� RI� PDOLJQDQW� GLVHDVHV� LQ�

KXPDQV��EXW�LQ�DGGLWLRQ�WR�WKH�IDYRUDEOH�HIIHFWV�RQ�FDQFHU�FRQWURO��XQGHVLUDEOH�DGYHUVH�HIIHFWV�
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VXFK�DV�'1$�GDPDJH�WR�QRUPDO�WLVVXH�PD\�RFFXU�����������$OWKRXJK�$'6&V�DUH�NQRZQ�IRU�

WKHLU� HQKDQFHG� '1$� GDPDJH� UHSDLU� PHFKDQLVPV� DQG� ORZHU� PHWDEROLF� UHTXLUHPHQWV� DV� D��

SURWHFWLRQ� IURP� K\SR[LD� DQG� VXEVHTXHQW� DSRSWRVLV�� UDGLRWKHUDS\� FDQ� DGYHUVHO\� DIIHFW�

WKHP�������������

$� SUHFOLQLFDO� VWXG\� E\� 3RJOLR� HW� DO�� UHYHDOHG� D� VLJQLILFDQW� UHGXFWLRQ� LQ� ERWK� QXPEHU� DQG�

SUROLIHUDWLYH�FDSDFLW\�RI�$'6&V�IROORZLQJ�UDGLDWLRQ��������,Q�FRQWUDVW�WR�UDGLRWKHUDS\��RWKHU�

DXWKRUV�KDYH�VKRZQ�QR�HIIHFW�RQ�WKH�GLIIHUHQWLDWLRQ�FDSDFLW\�RI�$'6&V�ZKHQ�H[SRVHG�WR�WKUHH�

FRPPRQO\�XVHG�FKHPRWKHUDSHXWLFV�LQ�YLWUR��FLVSODWLQ��FDPSWRWKHFLQ��DQG�YLQFULVWLQH���������

2WKHU� DVSHFWV� RI� SULRU� UDGLRWKHUDS\� DW� WKH� UHFLSLHQW� VLWH� LQFOXGH� K\SR[LD� DQG� FKURQLF�

LQIODPPDWRU\� FRQGLWLRQV�ZKLFK� OHDG� WR� DQ�XQIDYRUDEOH�PLFURHQYLURQPHQW� IRU� DXWRORJRXV� IDW�

JUDIWV�DQG�SRWHQWLDOO\�DIIHFW�WKH�RXWFRPH�RI�$)*�������

�

,Q�YLWUR� H[SHULPHQWV� KDYH� VKRZQ�� WKDW� DGPLQLVWUDWLRQ� RI� LPPXQRVXSSUHVVLYH� GUXJV� VXFK� DV��

WDPR[LIHQ�� D� VHOHFWLYH� HVWURJHQ� UHFHSWRU� PRGXODWRU� FRPPRQO\� DSSOLHG� IRU� EUHDVW� FDQFHU�

WUHDWPHQW��LV�DVVRFLDWHG�ZLWK�D�GRVH�GHSHQGHQW�GHFUHDVH�LQ�YLDELOLW\�DQG�SUROLIHUDWLYH�FDSDFLW\�

RI� $'6&V����������� 7R� DYRLG� DQ� LPSDLUHG� JUDIW� VXUYLYDO�� $)*� PD\� EH� SHUIRUPHG� DIWHU�

FRPSOHWLRQ�RI�WDPR[LIHQ�DGPLQLVWUDWLRQ��DV�LW�DGYHUVHO\�DIIHFWV�$'6&V��������

� �



� ���

����$XWRORJRXV�IDW�JUDIWLQJ�LQ�UHFRQVWUXFWLYH�EUHDVW�VXUJHU\�
�
�
$FFRUGLQJ�WR�UHFHQW�VWDWLVWLFV��EUHDVW�FDQFHU�DFFRXQWV�IRU�DSSUR[LPDWHO\�����RI�DOO�PDOLJQDQFLHV�

PDNLQJ�LW�WKH�PRVW�FRPPRQ�FDQFHU�LQ�ZRPHQ������������(QFRXUDJLQJO\��HDUO\�GHWHFWLRQ�DQG�

VLJQLILFDQWO\�LPSURYHG�WUHDWPHQW�RSWLRQV�DUH�FRQWULEXWLQJ�WR�D�GHFUHDVLQJ�PRUWDOLW\�UDWH��������

7R� GDWH�� SRVWRSHUDWLYH� UHVWRUDWLRQ� RI� DQ� DFFHSWDEOH� EUHDVW� DSSHDUDQFH� UHJDUGLQJ� IRUP� DQG�

IXQFWLRQDOLW\�KDV�EHFRPH�DQ�LQWHJUDO�FRPSRQHQW�RI�WKH�WUHDWPHQW�SURFHVV�DQG�PD\�DYRLG�VRPH�

RI� WKH� SV\FKRORJLFDO� HIIHFWV� DVVRFLDWHG� ZLWK� FDUFLQRPD� WKHUDS\� ����������� 6LJQLILFDQW�

LPSURYHPHQWV� LQ� UHFHQW� RXWFRPHV� DIWHU� EUHDVW� UHFRQVWUXFWLRQ� WKURXJK� GHYHORSPHQWV� LQ�

DXWRORJRXV� DQG� LPSODQW�EDVHG� VXUJLFDO� WHFKQLTXHV� KDYH� XOWLPDWHO\� UDLVHG� SDWLHQW�

H[SHFWDWLRQV���������

$OWKRXJK�SUDFWLFHG�IRU�PXOWLSOH�GHFDGHV�DQG�YDULRXV�LQGLFDWLRQV��$)*�KDV�RQO\�UHFHQWO\�EHFDPH�

LQFUHDVLQJO\� SRSXODU� LQ� UHFRQVWUXFWLYH� EUHDVW� VXUJHU\� WR� RSWLPL]H� DQG� UHILQH� WKH� DHVWKHWLF�

RXWFRPH� DIWHU� FDQFHU� WKHUDS\���������� WUHDW� UDGLDWLRQ�GDPDJH�RU� FDSVXODU� FRQWUDFWXUH� �����$�

QDWLRQDO� VXUYH\�E\� WKH�$PHULFDQ�6RFLHW\�RI�3ODVWLF�6XUJHRQV� LQ������UHYHDOHG�� WKDW�����RI�

SODVWLF�VXUJHRQV�UHJXODUO\�XVH�$)*�IRU�UHFRQVWUXFWLYH�EUHDVW�VXUJHU\�LQ�WKHLU�SUDFWLFH��YHULI\LQJ�

WKH�LQFUHDVLQJ�XVH�RI�WKLV�WHFKQLTXH�LQ�WKLV�ILHOG��������

3URVSHFWLYH�HYLGHQFH�RQ�WKH�VSHFLILF�WLPH�WR�SHUIRUP�$)*�DIWHU�FDUFLQRPD�WKHUDS\�LV�ODFNLQJ��

EXW� DXWKRUV� UHFRPPHQG� ZDLWLQJ� XQWLO� RQFRORJLF� WUHDWPHQW� LV� FRPSOHWHG� LQ� RUGHU� WR� DYRLG�

FRPSOLFDWLRQV��������)RU�H[DPSOH��VHFRQGDU\�UDGLDWLRQ�WKHUDS\�UHTXLUHG�PD\�SDUWLFXODUO\�DIIHFW�

WKH�WDNH�UDWH�RI�D�SULPDULO\�SHUIRUPHG�$)*���OHDYLQJ�WKH�QHZO\�WUDQVSODQWHG�WLVVXH�YXOQHUDEOH�

WR�LVFKHPLD��ILEURVLV��DQG�QHFURVLV���������

6LPLODU�WR�RWKHU�DSSOLFDWLRQ�VLWHV��IDW�JUDIWV�DUH�XVXDOO\�LQMHFWHG�LQWR�WKH�VXEFXWDQHRXV�VSDFH�DQG�

SUHSHFWRUDO�SODQH�XVLQJ�D�PXOWLSODQH� WHFKQLTXH�� DV�ZHOO�DV� LQWR� WKH�EUHDVW� WLVVXH� LWVHOI��ZKHQ�

DYDLODEOH�������+RZHYHU��DSDUW�IURP�SULPDU\�DHVWKHWLF�DXJPHQWDWLRQ��EUHDVW�UHFRQVWUXFWLRQ�ZLWK�

$)*� LV�PRUH� FKDOOHQJLQJ� EHFDXVH� WKH� UHFLSLHQW� VLWH� LV� VPDOOHU� DQG� KDV� OHVV� YDVFXODULW\� DQG�

FRPSOLDQFH� ������ ,Q� DGGLWLRQ�� VXUJLFDO� VFDUV� RU� SUHYLRXV� RQFRORJLF� SURFHGXUHV� VXFK� DV�

UDGLRWKHUDS\�PD\�FUHDWH�D�GLIILFXOW�LQLWLDO�VLWXDWLRQ������DQG�UHTXLUH�DGGLWLRQDO�SURFHGXUHV�VXFK�

DV� ULJRWRP\� ������� ,Q� SDWLHQWV� XQGHUJRLQJ� PDVWHFWRP\�� $)*� FDQ� EH� XVHG� LQ� DGGLWLRQ� WR�

DXWRORJRXV�WLVVXH��RU�LPSODQW�EDVHG�UHFRQVWUXFWLRQ�RU�DV�WKH�VROH�$)*�UHFRQVWUXFWLRQ���������

:KHQ�PDVWHFWRP\�VNLQ�IODSV�DUH�WKLQ��WKH�DXWKRUV�UHFRPPHQG�GLUHFW�SUHSDUDWLRQ�RI�WKH�UHFLSLHQW�

VLWH�ZLWK�WKH�UHLQMHFWLRQ�FDQQXOD��������,Q�WKLV�SDWLHQW�SRSXODWLRQ��PXOWLSOH�$)*�VHVVLRQV�DUH�

XVXDOO\�UHTXLUHG�ZLWK�D�PLQLPXP�LQWHUYDO�RI���WR���PRQWKV���������
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������ 2QFRORJLFDO�VDIHW\��

'HVSLWH�JRRG�DHVWKHWLF�DQG�IXQFWLRQDO�UHVXOWV��XQGHUO\LQJ�ELRORJLFDO�PHFKDQLVPV�UHVSRQVLEOH�

IRU� WKH� ILOOLQJ� DQG� UHJHQHUDWLYH� HIIHFWV� RI� $)*� DUH� VWLOO� QRW� FRPSOHWHO\� XQGHUVWRRG� �������

7KHUHIRUH�� JUDIWLQJ� LQWR� RU� QHDU� D� SRWHQWLDO� WXPRU� EHG� LV� FRQVLGHUHG� SDUWLFXODUO\�

SUREOHPDWLF�������� 6RPH� LQ�YLWUR� DQG� SUHFOLQLFDO� PRGHOV� TXHVWLRQ� WKH� RQFRORJLF� VDIHW\� RI�

$)*������������EXW�FOLQLFDO�GDWD�KDYH�QRW�VKRZQ�DQ\�DVVRFLDWLRQ�ZLWK�LQFUHDVHG�ULVN�RI�FDQFHU�

GHYHORSPHQW�RU�UHFXUUHQFH������������(VSHFLDOO\�WKH�UHFHQW�DQDO\VLV�E\�:DQJ�HW�DO���LQ�ZKLFK�

������SDWLHQWV�IURP����HOLJLEOH�WULDOV�ZHUH�SRROHG�GLG�QRW�ILQG�DQ�LQFUHDVHG�ULVN�RI�ORFRUHJLRQDO�

UHFXUUHQFH�RI�LQYDVLYH�FDQFHU�RU�LQ�VLWX�GLVHDVH�ZLWK�$)*�FRPSDUHG�WR�WKH�FRQWURO�JURXS��������

$QRWKHU�VWXG\�HYHQ�UHSRUWHG�ORZHU�UHFXUUHQFH�UDWHV�LQ�SDWLHQWV�ZKR�XQGHUZHQW�VHFRQGDU\�$)*�

�������FRPSDUHG�ZLWK�WKH�FRQWURO�JURXS���������S� ���������������$OWKRXJK�WKHUH�LV�QR�FOLQLFDO�

HYLGHQFH� RI� LQFUHDVHG� RQFRORJLF� ULVN�� ORQJ�WHUP� GDWD� DUH� QRW� DYDLODEOH� ������ DQG� IXUWKHU�

FRQILUPDWLRQ�E\�PXOWLFHQWHU�UDQGRPL]HG�FOLQLFDO�WULDOV�LV�ZDUUDQWHG���������

������ ,PSDFW�RI�$)*�RQ�LPDJLQJ��
�
,PDJLQJ�VXUYHLOODQFH�H[DPLQDWLRQ�DIWHU�EUHDVW�FDQFHU�GLDJQRVLV�DQG�VXUJHU\�DUH�RI�SDUDPRXQW�

LPSRUWDQFH� EHFDXVH� RI� WKH� LQFUHDVHG� ULVN� RI� UHFXUUHQFH� DQG� LPSURYHG� VXUYLYDO� ZLWK� HDUO\�

GHWHFWLRQ��������

6XUJLFDO�SURFHGXUHV�RQ�WKH�EUHDVW��ERWK�RQFRORJLF�DQG�UHFRQVWUXFWLYH�LQKHUHQWO\�DOWHU�WKH�EUHDVW�

SDUHQFK\PD�DQG�PD\�UHVXOW�LQ�GLYHUJHQW�LPDJLQJ��������,Q�SDUWLFXODU��ZKHQ�DXWRORJRXV�IDW�JUDIWV�

DUH�XVHG��SRVWRSHUDWLYH�LQIODPPDWLRQ�DQG�LVFKHPLD�FDQ�OHDG�WR�SDOSDEOH�LUUHJXODULWLHV��DGLSRVH�

WLVVXH�QHFURVLV��RLO�F\VWV�RU�FDOFLILFDWLRQV�—DOO�RI�ZKLFK�FDQ�SRWHQWLDOO\�DSSHDU�RQ�UDGLRJUDSKLF�

LPDJLQJ��������,Q�$)*�LQ�WKH�RQFRORJLF�VHWWLQJ�� �RLO�F\VWV�DUH�UHSRUWHG�DV�WKH�PRVW�FRPPRQ�

UDGLRORJLF� ILQGLQJ� ������� 7UDQVSODQWHG� DGLSRVH� WLVVXH� DSSHDUV� WUDQVOXFHQW� RQ� SRVWRSHUDWLYH�

PDPPRJUDPV�EXW�PD\�OHDG�WR�WKH�GHYHORSPHQW�RI�FDOFLILFDWLRQV�DVVRFLDWHG�ZLWK�IDW�QHFURVLV��

QHFHVVLWDWLQJ�ELRSV\�RU�VKRUWHU�LQWHUYDOV�RI�IROORZ�XS�YLVLWV��������+RZHYHU��WULDOV�RQ�UDGLRORJLF�

VDIHW\� LQ� DHVWKHWLF� EUHDVW� DXJPHQWDWLRQ� ZLWK� $)*� KDYH� IRXQG�� WKDW� PLFUR�� DQG�

PDFURFDOFLILFDWLRQV�ZHUH�REVHUYHG�LQ�OHVV�WKDQ�����RI�FDVHV�DQG�FDQ�EH�FOHDUO\�GLVWLQJXLVKHG�

IURP�WKRVH�LQGLFDWLYH�RI�PDOLJQDQF\�������������7KHUHIRUH��LW�LV�JHQHUDOO\�EHOLHYHG�WKDW�$)*�LV�

QRW� DVVRFLDWHG� ZLWK� WKH� LQDELOLW\� WR� DGHTXDWHO\� DVVHVV� UDGLRJUDSKLF� FKDQJHV� WKURXJKRXW� WKH�

EUHDVW������������

�

�
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����$LP�

�
$OWKRXJK�VHYHUDO�VXUJHU\��DQG�SDWLHQW�UHODWHG�ULVN�IDFWRUV�IRU�DQ�LPSDLUHG�WDNH�UDWH�LQ�$)*�KDYH�

EHHQ�GLVFXVVHG�LQ�WKH�FXUUHQW�OLWHUDWXUH��WKH�RYHUDOO�HYLGHQFH�UHPDLQV�VFDUFH�DQG�UHVXOWV�DUH�RIWHQ�

LQFRQFOXVLYH��7KHUHIRUH��WKLV�H[SORUDWRU\�VWXG\�DLPV�WR�LGHQWLI\�DGGLWLRQDO��VXUJHU\��DQG�SDWLHQW�

UHODWHG�IDFWRUV�ZLWK�D�FOLQLFDOO\�UHOHYDQW�LPSDFW�RQ�WKH�WDNH�UDWH��7KH�ILQGLQJV�DUH�H[SHFWHG�WR�

FRQWULEXWH�WR�D�PRUH�FRPSUHKHQVLYH�XQGHUVWDQGLQJ� WKDW�ZLOO�DOORZ�D�EHWWHU�SUHGLFWDELOLW\�DQG�

SODQQLQJ� RI� LQWHUYHQWLRQV� XVLQJ� $)*� DSSURDFKHV�� ,Q� DGGLWLRQ�� WKLV� SURMHFW� LV� H[SHFWHG� WR�

FRQWULEXWH�WR�WKH�VWDQGDUGL]DWLRQ�RI�$)*�DQG�WKH�HVWDEOLVKPHQW�RI�D�JROG�VWDQGDUG�IRU�FOLQLFDO�

SUDFWLFH��

,Q�WKLV�FRQWH[W��WKH�LPSDFW�RI�SDWLHQW�UHODWHG�IDFWRUV�VXFK�DV�DJH��VPRNLQJ�VWDWXV��%0,�RU�DGLSRVH�

WLVVXH� FRPSRVLWLRQ�� DV� ZHOO� DV� VXUJHU\�UHODWHG� IDFWRUV� VXFK� DV� GLIIHUHQFHV� LQ� KDUYHVW� VLWHV��

OLSRDVSLUDWH�SURFHVVLQJ�WHFKQLTXHV�RU�WKH�DPRXQW�RI�LQMHFWHG�IDW��RQ�D�SRVVLEOH�DVVRFLDWLRQ�ZLWK�

WKH�WDNH�UDWH�ZDV�LQYHVWLJDWHG��

�

����+\SRWKHVLV�
�
$FFRUGLQJ�WR�SUHOLPLQDU\�VWXGLHV��WKH�RXWFRPH�LQ�$)*�FRXOG�EH�DIIHFWHG�E\�VHYHUDO�SDWLHQW��DQG�

VXUJHU\�UHODWHG�ULVN�IDFWRUV��+DUYHVW�VLWH�DQG�WHFKQLTXH�DV�ZHOO�DV�DGLSRVH�WLVVXH�FRPSRVLWLRQ��

ERG\ZHLJKW��%0,��DQG�DJH�LQIOXHQFH�WKH�JUDIW�WDNH�LQ�DXWRORJRXV�IDW�JUDIWLQJ���

�

�

�

�

� �
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�� 0HWKRGV��

7KH�VWXG\�ZDV�FRQGXFWHG�DW�WKH�0HGLFDO�8QLYHUVLW\�RI�*UD]��'HSDUWPHQW�RI�6XUJHU\��'LYLVLRQ�

RI� 3ODVWLF�� $HVWKHWLF� DQG� 5HFRQVWUXFWLYH� 6XUJHU\�� *UD]�� $XVWULD� LQ� FRRSHUDWLRQ� ZLWK�

-2$11(80�5(6($5&+�)RUVFKXQJVJHVHOOVFKDIW�PE+��&25(0('�–�&RRSHUDWLYH�&HQWUH�

IRU� 5HJHQHUDWLYH� 0HGLFLQH�� *UD]�� $XVWULD� DQG� KDV� EHHQ� UHYLHZHG� DQG� DSSURYHG� E\� WKH�

DVVRFLDWHG�ethics’ committee (EK: 32����� H[��������� � 7KLV� VWXG\�ZDV� UHJLVWHUHG� DW� WKH� WULDO�

registry “Clinical Trials” (8QLTXH�,GHQWLILHU��1&7�����������

�KWWSV���FOLQLFDOWULDOV�JRY�FW��VKRZ�1&7��������"WHUP 1&7��������	GUDZ �	UDQN ����

����6WXG\�FRKRUW�
�
7HQ� IHPDOH� SDWLHQWV� XQGHUJRLQJ� HOHFWLYH� $)*� DW� WKH� 'LYLVLRQ� RI� 3ODVWLF�� $HVWKHWLF� DQG�

5HFRQVWUXFWLYH� 6XUJHU\��'HSDUWPHQW� RI� 6XUJHU\��0HGLFDO� 8QLYHUVLW\� RI�*UD]��$XVWULD�ZHUH�

HQUROOHG��,QFOXVLRQ�DQG�H[FOXVLRQ�FULWHULD�ZHUH�GHILQHG�DV�IROORZV���

�

,QFOXVLRQ�FULWHULD��

��� :RPHQ��DJH�������\HDUV��OLPLWHG�XSZDUGV�GXH�WR�WKH�LQGLFDWLRQ�IRU�$)*��

��� +LVWRU\�RI�%5&$��DQG�%5&$����SRVLWLYH�EUHDVW�FDQFHU�ZLWK�VXEVHTXHQW�VXEFXWDQHRXV��

QLSSOH�VSDULQJ�PDVWHFWRP\�DQG�FRPSOHWHG�RQFRORJLF�SURFHGXUHV�

��� 6FKHGXOHG�HOHFWLYH�$)*�RQ�WKH�PDVWHFWRPL]HG�EUHDVW��

��� &XUUHQWO\�KHDOWK\�LQGLYLGXDO��ZLOOLQJ�WR�SDUWLFLSDWH�LQ�WKLV�VWXG\�

��� 6LJQHG�LQIRUPHG�FRQVHQW�IRUP�

([FOXVLRQ�FULWHULD��

��� 3UHYLRXV�VXUJHU\�DW�WKH�KDUYHVW�VLWH��H�J��FDHVDULDQ�VHFWLRQ��

��� 3UHJQDQF\�RU�SODQQHG�SUHJQDQF\�

��� &XUUHQW�RU�SUHYLRXV�FKHPRWKHUDS\��

��� 3UHYLRXV�UDGLDWLRQ�

��� ,QDELOLW\�WR�IXOO\�XQGHUVWDQG�VWXG\�SURFHGXUHV�RU�WR�JLYH�LQIRUPHG�FRQVHQW��

:ULWWHQ�LQIRUPHG�FRQVHQW�IRUPV��,&)V���FUHDWHG�LQ�DFFRUGDQFH�ZLWK�WKH�HWKLFDO�VWDQGDUGV�RI�

WKH�LQVWLWXWLRQDO�DQG�QDWLRQDO�UHVHDUFK�FRPPLWWHH�DQG�ZLWK�WKH�+HOVLQNL�GHFODUDWLRQ�RI������

DQG�LWV�ODWHU�DPHQGPHQWV�ZHUH�REWDLQHG�IURP�DOO�VXEMHFWV�SULRU�WR�DQ\�WULDO�UHODWHG�DFWLYLWLHV���
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����([SHULPHQWDO�GHVLJQ�
�

7KH�GXUDWLRQ�RI�WKH�VWXG\�ZDV�VHW�DW����GD\V���ZHHNV��(OHFWLYH��VFKHGXOHG�$)*�ZDV�SHUIRUPHG�

RQ�WKH�UHVSHFWLYH�PDVWHFWRPL]HG�EUHDVW�RQ�GD\����1RQ�LQYDVLYH�/LSRPHWU\��/LSRPHWHU��0|OOHU�

0HVVWHFKQLN��*UD]��$XVWULD��ZDV� FRQGXFWHG� WR� FDOFXODWH�6$7� WKLFNQHVV� DW� WKH� UHFLSLHQW� VLWH�

EHIRUH�DQG�DIWHU�WKH�SURFHGXUH��)XUWKHU�PHDVXUHPHQWV�ZHUH�WDNHQ�GXULQJ�VWXG\�YLVLWV�RQ�GD\���

DQG����SRVW�VXUJHU\��7KH�UHVSHFWLYH�WDNH�UDWH�ZDV�FDOFXODWHG�DIWHU���ZHHNV��ZKHUHE\�WKLV�WLPH�

IUDPH�ZDV�FKRVHQ�RQ�WKH�EDVLV�RI�SUHYLRXV�GDWD�E\�6DOLQDV�HW�DO����������

'XULQJ�WKH�SURFHGXUH�RI�$)*������PO�OLSRDVSLUDWH�DV�ZHOO�DV�SXQFK�ELRSVLHV�IURP�WKH�KDUYHVW�

VLWH�ZHUH�FROOHFWHG�IRU�ODERUDWRU\�DVVHVVPHQWV��$�YDULHW\�RI�SDWLHQW�UHODWHG�FKDUDFWHULVWLFV��H�J��

DJH��ZHLJKW��%0,�� VPRNLQJ� VWDWXV�� HWF��� DV�ZHOO� DV� VXUJHU\�UHODWHG� IDFWRUV� �H�J�� KDUYHVW� VLWH��

XVDJH�RI�D�ZDVKLQJ�V\VWHP��JUDIWHG�YROXPH��HWF���ZHUH�DFTXLUHG��)LJXUH���GHSLFWV�D�VFKHPDWLF�

RYHUYLHZ�RI�WKH�VWXG\�SURFHGXUHV��

�

�
�

)LJXUH����6FKHPDWLF�VWXG\�GHVLJQ�����KHDOWK\��IHPDOH�VXEMHFWV�ZLWK�D�KLVWRU\�RI�%5&$����EUHDVW�FDQFHU�� DQG�
IROORZLQJ� VXEFXWDQHRXV� QLSSOH� VSDULQJ� PDVWHFWRP\� DV� ZHOO� DV� VFKHGXOHG� $)*� ZHUH� HQUROOHG�� 'XULQJ� WKH�

SURFHGXUH��OLSRDVSLUDWHV�DQG�SXQFK�ELRSVLHV�ZHUH�FROOHFWHG���1RQ���LQYDVLYH�/LSRPHWHU�PHDVXUHPHQWV�DW�WKH�JUDIWHG�

EUHDVW�ZHUH�SHUIRUPHG�EHIRUH�DQG�DIWHU�$)*��RQ�GD\���DQG����WR�HOXFLGDWH�6$7�WKLFNQHVV�DQG�FDOFXODWH�WKH�WDNH�

UDWH��0HDVXUHPHQWV�ZHUH�SHUIRUPHG�XVLQJ���GHILQHG�SRLQWV�WKURXJKRXW�WKH�EUHDVW��ZKHUHE\�PHDVXUHPHQW�SRLQW���

ZDV�ORFDWHG�DERYH�WKH�QLSSOH��3HUPLVVLRQ�WR�UHSURGXFH�WKLV�ILJXUH�KDV�EHHQ�JUDQWHG�E\�2[IRUG�8QLYHUVLW\�3UHVV��

/LFHQVH�1XPEHU�����������������������
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����0HDVXUHPHQWV�
�
�������/LSRPHWU\�
�
)DW�WRSRJUDSK\�DQG�6$7�WKLFNQHVV�>PP@�RI�WKH�PDVWHFWRPL]HG�DQG�VXEVHTXHQWO\�JUDIWHG�EUHDVW�

ZDV�PHDVXUHG�ZLWK�D�SDWHQWHG��RSWLFDO��QRQ�LQYDVLYH�GHYLFH�UHIHUUHG�WR�DV�/LSRPHWHU��(XURSHDQ�

3DWHQW� 1XPEHU���������������������� � 7KH� /LSRPHWHU� DV� D� FRPSXWHUL]HG� RSWLFDO� GHYLFH� FDQ�

PHDVXUH�WKH�WKLFNQHVV�RI�D�VXEFXWDQHRXV�IDWW\�OD\HU�LQ�D�QRQ�LQYDVLYH��VDIH��SUHFLVH�DQG�TXLFN�

ZD\������������7KH�6$7�OD\HU� LV� LOOXPLQDWHG� WKURXJK� OLJKW�HPLWWLQJ�GLRGHV�� IRUPLQJ�FHUWDLQ�

JHRPHWULFDO� SDWWHUQV� YDU\LQJ� ZLWK� WKH� WKLFNQHVV� RI� WKH� WLVVXH� ����������� $� SKRWRGLRGH�

VXEVHTXHQWO\�PHDVXUHV�WKH�OLJKW�LQWHQVLW\�UDGLDWHG�EDFN�IURP�WKH�6$7��7KH�V\VWHP�DPSOLILHV�

DQG� GLJLWDOL]H� WKHVH� OLJKW� VLJQDOV� ZKLFK� FDQ� VXEVHTXHQWO\� EH� YLHZHG� DQG� VDYHG� WR�

FRPSXWHU��������������

)RU� WKH�SUHVHQW� VWXG\�� D� VWDQGDUGL]HG� WHPSODWH�ZDV�XVHG� WR�GHILQH� QLQH�PHDVXUHPHQW� SRLQWV�

DURXQG� WKH�QLSSOH� DUHROD� FRPSOH[��0HDVXUHPHQW� SRLQW� �� LQ� WKH�PLGGOH�RI� WKH� WHPSODWH�ZDV�

ORFDWHG�DERYH�WKH�QLSSOH� LQ�HYHU\�PHDVXUHPHQW�LQ�RUGHU�WR�HQVXUH�D�VDIH�UHSURGXFWLRQ�RI�WKH�

VDPH�PHDVXUHPHQW�SDWWHUQ�GXULQJ�VHYHUDO�VWXG\�YLVLWV���6HH�)LJXUH����1RQ�LQYDVLYH�/LSRPHWU\�

DW�WKH�PDVWHFWRPL]HG�EUHDVW�ZDV�FRQGXFWHG�SULRU�WR�$)*�DQG�LPPHGLDWHO\�DIWHU��DV�ZHOO�DV�DIWHU�

��ZHHN��'D\����DQG���ZHHNV��'D\������&DOFXODWLRQ�RI�WKH�WDNH�UDWH�DIWHU���ZHHNV�ZHUH�FDOFXODWHG�

IURP�GLIIHUHQFHV�LQ�WKH�6$7�WKLFNQHVV�RQ�'D\���SULRU�WR�VXUJHU\�DQG�'D\������

�

������3XQFK�ELRSVLHV�
�
,Q� HDFK� SDWLHQW�� RQH� ��PP� SXQFK� ELRSV\�ZDV� WDNHQ� DW� WKH� KDUYHVW� VLWH� GXULQJ�$)*�� 3XQFK�

ELRSVLHV�ZHUH�IL[HG�LQ����QHXWUDO�EXIIHUHG�IRUPDOLQ��GHK\GUDWHG�DQG�XOWLPDWHO\�HPEHGGHG�LQ�

SDUDIILQ�� ���� �P� VHFWLRQV�ZHUH� SURFHVVHG�ZLWK� FRQYHQWLRQDO� KHPDWR[\OLQ� DQG� HRVLQ� �+	(��

VWDLQLQJ�WR�HYDOXDWH�WKH�DYHUDJH�VL]H�RI�DGLSRF\WHV�ZLWKLQ���LQGHSHQGHQW�VHFWLRQV��4XDQWLILFDWLRQ�

RI� WKH� DYHUDJH� DGLSRF\WH� VL]H� ZDV� SHUIRUPHG� XVLQJ� WKH� $GLSRVRIW� 3OXJLQ� IURP� ,PDJH-�

�9HUVLRQ�������� ,PDJLQJ� 8QLW� RI� WKH� &HQWHU� IRU� $SSOLHG� 0HGLFDO� 5HVHDUFK��8QLYHUVLW\� RI�

1DYDUUD��6SDLQ���DQ�DXWRPDWHG��DFFXUDWH��RSHQ�VRXUFH�VRIWZDUH�WR�DQDO\VH�ZKLWH�DGLSRVH�WLVVXH�

FHOOXODULW\�LQ�KLVWRORJLFDO��+	(�VWDLQHG�VHFWLRQV��������)LJXUH���GLVSOD\V�DQ�H[HPSODU\�+	(�

LPDJH�RI�VHOHFWHG�DGLSRF\WHV�IRU�IROORZLQJ�VL]H�HYDOXDWLRQ�YLD�$GLSRVRIW�3OXJLQ�IURP�,PDJH-���

http://www.unav.edu/
http://www.unav.edu/


� ���

�
�

)LJXUH����+HPDWR[\OLQ�DQG�HRVLQ�VWDLQHG�VDPSOH�REWDLQHG�IURP�D�KDUYHVW�VLWH��6HOHFWLRQ�RI�DGLSRF\WHV��VHH�
EODFN�GRWV��DQG�HYDOXDWLRQ�RI�WKHLU�VL]H�ZDV�SHUIRUPHG�ZLWKLQ���LQGHSHQGHQW�VHFWLRQV�LQ�HDFK�SDWLHQW��$GLSRVRIW�

3OXJLQ�IURP�,PDJH-�ZDV�XVHG�WR�TXDQWLI\�WKH�DYHUDJH�DGLSRF\WH�VL]H���

�
������/LSRDVSLUDWHV���

/LSRDVSLUDWHV�ZHUH�PDQXDOO\�KDUYHVWHG�IURP�WKH�DEGRPHQ��XSSHU�DQG�RU�ORZHU�OHJV��7KH�VXSHU�

ZHW�DSSURDFK�ZLWK�OLGRFDLQH�ZHWWLQJ�VROXWLRQ���PO�LQILOWUDWH��PO�DVSLUDWH��ZDV�XVHG���7KH�VDPH�

VXUJHRQ� SHUIRUPHG� WKH� KDUYHVWLQJ�� SURFHVVLQJ� DQG� UHLQMHFWLRQ� SURFHVV� LQ� DOO� SDUWLFLSDWLQJ�

SDWLHQWV��XVLQJ��PP�7XOLS��3UHPLXP�6LQJOH�8VH�*(06�FDQQXODV��%21',0('�$HVWKHWLFV�

*PE+��2KOVGRUI��$XVWULD���6XEFXWDQHRXV�UHLQMHFWLRQ�RI�VPDOO�DOLTXRWV�RI�DXWRORJRXV�IDW�JUDIWV�

ZDV�SHUIRUPHG�LQ�D�IDQQLQJ�RXW�SDWWHUQ�DQG�GXULQJ�ZLWKGUDZDO�RI�D�VPDOO�JDXJH�FDQQXOD��

7R�DVVHVV�SRWHQWLDO�SURFHVVLQJ�UHODWHG�GLIIHUHQFHV�LQ�DGLSRF\WH�YLDELOLW\��WKH�/LSL9DJH��*HQHVLV�

%LRV\VWHPV��/HZLVYLOOH��86$��6\VWHP�DQG�5LQJHUCV�VROXWLRQ��)UHVHQLXV�.DEL�$XVWULD�*PE+��

*UD]�� $XVWULD�� ZDV� XVHG� LQ� �� SDWLHQWV�� 6DPSOHV� KDUYHVWHG� VHSDUDWHO\� IRU� WKLV� SURMHFW� ZHUH�

DOLTXRWHG�IRU�IXUWKHU�DVVD\V�DV�IROORZV��

6FDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0��

$GLSRF\WHV�ZHUH�IL[HG�LQ�������JOXWDUDOGHK\GH�DQG�����3DUDIRUPDOGHK\G�S+�����DW�URRP�

WHPSHUDWXUH�IRU��K��6DPSOHV�ZHUH�VXEVHTXHQWO\�IL[HG�ZLWK�����2VPLXPWHWUR[LG�IRU���K�DW�

URRP� WHPSHUDWXUH� IROORZLQJ�GHK\GUDWLRQ� LQ�JUDGHG� HWKDQRO� VHULHV� ���������DQG�������

�YRO�YRO��(W2+���$IWHU�DSSOLFDWLRQ�RI�FULWLFDO�SRLQW�GU\LQJ��%DO7HF�&3'��%DO7HF��3IlIILNRQ��

6ZLW]HUODQG�� DQG� VSXWWHU� FRDWLQJ� �%DOWHF� 6SXWWHU� &RDWHU� ����� %DO7HF�� 3IlIILNRQ��

6ZLW]HUODQG��� VDPSOHV� ZHUH� SODFHG� RQ� VWXEV� FRYHUHG� ZLWK� D� FRQGXFWLYH� GRXEOH� FRDWHG�

FDUERQ�WDSH��,PDJHV�RI�YDULRXV�DUHDV�ZHUH�WDNHQ�ZLWK�D�6LJPD����93�)(�6(0�ZLWK�D�6(0�
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'HWHFWRU��&DUO�=HLVV�,QGXVWULHOOH�0HVVWHFKQLN�*PE+��2EHUNRFKHQ��*HUPDQ\��RSHUDWHG�DW�

DQ�DFFHOHUDWLRQ�YROWDJH�RI���N9��

��UHSUHVHQWDWLYH�LPDJHV�RI�����PP�DQG����PP�SHU�OLSRDVSLUDWH�ZHUH�FKRVHQ�WR�JUDGH�WKH�

GDPDJH� WR� WKH� IDW� FHOO� VXVSHQVLRQ� LQ�GLIIHUHQW� VXEMHFWV� DQG�SURFHVVLQJ� WHFKQLTXHV��7ZR�

LQGLYLGXDO��EOLQGHG�LQYHVWLJDWRUV�LQGHSHQGHQWO\�JUDGHG�WKH�VHOHFWHG�LPDJHV�DFFRUGLQJ�WR�WKH�

IROORZLQJ�FHOO�GDPDJH�JUDGLQJ�V\VWHP��7KH�PHDQ�YDOXH�DQG�GLIIHUHQFHV�EHWZHHQ�VXEJURXSV�

ZHUH� FDOFXODWHG� LQ� WKH� IXUWKHU� FRXUVH�� 6LQFH� QR� VWDQGDUGL]HG� YLVXDO� JUDGLQJ� V\VWHP� IRU�

FHOOXODU�GDPDJH�LQ�6(0�LPDJHV�LV�DYDLODEOH�WR�GDWH��WKLV�V\VWHP�ZDV�FUHDWHG�E\�WKH�DXWKRUV��

)LJXUH���VKRZV�DQ�H[DPSOH�RI�D�GDPDJHG�DGLSRF\WH�DQG�SDUDPHWHUV�RQ�ZKLFK�WKH�JUDGLQJ�

V\VWHP�LV�EDVHG���

�

▪� *UDGH����$EVHQW�WR�PLQRU�FHOO�GDPDJH��LQWDFW�ILEHUV�RI�UHWLFXODU�FROODJHQ�DQG�FHOO�

PHPEUDQH�

▪� *UDGH����0LQRU�FHOO�GDPDJH��PDFURVFRSLFDOO\�QRQ�YLVLEOH�FHOO�PHPEUDQH�GDPDJH�

ZLWK�GHWDFKPHQW�RI�OLSLG�GURSOHWV�IURP�WKH�FHOO�ERG\��LQ�������RI�DGLSRF\WHV��

▪� *UDGH� ��� 0LQRU� WR� PDMRU� FHOO� GDPDJH� �PDFURVFRSLFDOO\� QRQ�YLVLEOH� WR� YLVLEOH�

GDPDJH�ZLWK�GHWDFKPHQW�RI�OLSLG�GURSOHWV�IURP�WKH�FHOO�ERG\�DQG�EXUVW�DGLSRF\WHV��

LQ�!�����RI�DGLSRF\WHV��������
�

�
�

)LJXUH����$GLSRF\WH�FHOO�GDPDJH�LQ�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��9LVXDO�JUDGLQJ�RI�FHOOXODU�GDPDJH�
ZDV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�DERYH�PHQWLRQHG�JUDGLQJ�V\VWHP�LQFOXGLQJ�WKH�IROORZLQJ�SDUDPHWHUV���
$��'HWDFKPHQW�RI�VPDOO�OLSLG�GURSOHWV�IURP�WKH�DGLSRF\WH��%��EXUVW�FHOO�PHPEUDQH��

�
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6WURPDO�YDVFXODU�IUDFWLRQ��69)��FHOO�LVRODWLRQ�

:DVKLQJ� RI� ��� ���P/� DVSLUDWH�ZDV� SHUIRUPHG�ZLWK� DQ� HTXDO� DPRXQW� RI� �[� SKRVSKDWH�

EXIIHUHG�VDOLQH��3%6��S+�����E\�FHQWULIXJDWLRQ�DW�����J�IRU���PLQ��$IWHU�FRPSOHWHG�SKDVH�

VHSDUDWLRQ��WKH�ZDWHU\�UHG�SKDVH�ZDV�GLVFDUGHG�DQG�WKH�\HOORZ�DGLSRVH�IUDFWLRQ�LQFXEDWHG�

LQ����P/������Z�Y�&ROODJHQDVH�,9��*LEFR��/LIH�7HFKQRORJLHV��&DUOVEDG��&$��86$��DQG�

�����%RYLQH� 6HUXP�$OEXPLQ� VROXWLRQ� IRU� ��� –� ���PLQ�� 7KURXJK� DGGLWLRQ� RI� DQ� HTXDO�

YROXPH� RI�'XOEHFFR
V�0RGLILHG� (DJOH�0HGLXP�1XWULHQW�0L[WXUH� )���� FRQWDLQLQJ� ����

IHWDO� FDOI� VHUXP� �*LEFR�� /LIH� 7HFKQRORJLHV�� &DUOVEDG�� &$�� 86$��� WKH� GLJHVWLRQ� RI�

FROODJHQDVH�ZDV�VWRSSHG��7KH�GLJHVWHG�DVSLUDWH�ZDV�VXEVHTXHQWO\�ILOWHUHG�WKURXJK�D�����

�0�FHOO� VWUDLQHU�DQG� FHQWULIXJHG�IRU���PLQ�DW�����J��7KH�UHVXOWLQJ�69)�FHOO�SHOOHW�ZDV�

UHVROYHG�LQ���P/�HU\WKURO\VLV�EXIIHU��H%LRVFLHQFH�$II\PHWUL[��6DQWD�&ODUD��&$��86$��DQG�

LQFXEDWHG�IRU����PLQ�DW�URRP�WHPSHUDWXUH�WR�UHPRYH�HU\WKURF\WHV���7R�UHPRYH�DGGLWLRQDO�

FHOOXODU�GHEULV��WKH�SHOOHW�ZDV�ZDVKHG�E\�FHQWULIXJDWLRQ�DV�GHVFULEHG�DERYH�LQ����P/�3%6��

7R�H[WUDFW�ULERQXFOHLF�DFLG��51$��WKH�69)�FHOO�SHOOHW�ZDV�ILQDOO\�UHVROYHG�DW�����&���

�

5HDO�WLPH�SRO\PHUDVH�FKDLQ�UHDFWLRQ��3&5��

51$�ZDV�LVRODWHG�IURP������/�OLSRDVSLUDWH�DQG�IUR]HQ�69)�FHOO�SHOOHWV�XVLQJ�4,$]RO�/\VLV�

UHDJHQW��51$HDV\�H[WUDFWLRQ�NLW�DQG�51DVH�)UHH�'1DVH��4LDJHQ��'�VVHOGRUI��*HUPDQ\��

DV�SHU�the manufacturer’s manual. Reverse 51$�WUDQVFULSWLRQ�ZDV�DFKLHYHG�RQ�����QJ�RI�

WRWDO�51$�XVLQJ�L6FULSW™�5HYHUVH�7UDQVFULSWLRQ�6XSHUPL[��%LRUDG��+HUFXOHV��&$��86$���

5HDO�WLPH�3&5�ZDV�SHUIRUPHG�RQ�WKH�&);����7RXFK�5HDO�7LPH�3&5�6\VWHP��%LRUDG��

ZLWK� 7DT0DQ™� *HQH� ([SUHVVLRQ� 0DVWHU� 0L[� DQG� WKH� IROORZLQJ� 7DT0DQ™� *HQH�

([SUHVVLRQ�$VVD\V��7KHUPR�)LVKHU�6FLHQWLILF��:DOWKDP��0$��86$���

33$5*� +V��������BP��� &(%3$� +V��������BV��� &'��� $VVD\� +V��������BP���

)$%3�� +V��������BP��� 3/,1�� +V��������BP��� $',324� +V��������BP���

3(&$0��+V��������BP���6/&�$��+V��������BP���&$9��+V��������BP���3735&�

+V��������BP��� &'��� +V��������BP��� %(&1��� +V��������BP��� 64670��

+V��������BP��DQG�7%3�+V��������BP��� ,Q� WRWDO�� ��� F\FOHV� RI� UHDO�WLPH�3&5�ZHUH�

FRQGXFWHG� �LQLWLDO� GHQDWXUDWLRQ� ���&�� ��� PLQ�� GHQDWXUDWLRQ� ���&�� ��� VHF��

DQQHDOLQJ�H[WHQVLRQ����&����PLQ���7UL�Q�EXW\O�SKRVSKDWH�ZDV�XVHG�DV�KRXVHNHHSLQJ�JHQH�

and relative quantification was determined using the 2−∆CT method. �

�

�
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�����6WDWLVWLFDO�DQDO\VLV��
�
6LQFH� WKH�SUHVHQW�SURMHFW� LV�DQ�H[SORUDWLYH� FOLQLFDO� WULDO�ZLWK� D�VPDOO� VDPSOH�VL]H��QR� IRUPDO�

VDPSOH�VL]H�FDOFXODWLRQ�ZDV�SHUIRUPHG��7KH� UHDVRQ� IRU�FRQGXFWLQJ�D�VWXG\�H[FOXVLYHO\�ZLWK�

IHPDOH�VWXG\�SDUWLFLSDQWV�LV�GXH�WR�WKH�IDFW�WKDW�UHFRQVWUXFWLYH�EUHDVW�VXUJHU\�DIWHU�FDUFLQRPD�

WKHUDS\�XVLQJ�$)*�LV�PDLQO\�XVHG� LQ�ZRPHQ��'DWD�ZDV�GRFXPHQWHG�RQ�SDSHU�DV�ZHOO�DV� LQ�

0LFURVRIW� ([FHO� ZKLOH� VWDWLVWLFDO� HYDOXDWLRQ�ZDV� SHUIRUPHG�ZLWK� *UDSK3DG� 3ULVP� 6RIWZDUH�

�YHUVLRQ��������*UDSK3DG�6RIWZDUH�� ,QF���6DQ�'LHJR��&$��86$��� �0HDQ�YDOXH� DQG� VWDQGDUG�

GHYLDWLRQ� ZDV� FDOFXODWHG� LQ� QXPHULF� GDWD�� ZKLOH� VXUJHU\�� DQG� SDWLHQW�UHODWHG� GDWD� ZHUH�

FRUUHODWHG� WR� WKH� WDNH� UDWH� ��ZHHNV� SRVWRSHUDWLYH�XVLQJ�Spearman correlation and Student’s 

W���WHVW��*HQH� H[SUHVVLRQ�ZDV� HYDOXDWHG�E\�XVLQJ� D� 6SHDUPDQ� FRUUHODWLRQ� WHVW�� 6LQFH�GDWD� RI�

FHOOXODU�GDPDJH�ZHUH�QRW�QRUPDOO\�GLVWULEXWHG��KDUYHVWLQJ�WHFKQLTXH�UHODWHG�GLIIHUHQFHV�ZHUH�

DQDO\]HG�YLD�QRQ�SDUDPHWULF�0DQQ�:KLWQH\�8�WHVWV��$OO�VWDWLVWLFDO�WHVWV�ZHUH�WZR�WDLOHG�DQG�

VWDWLVWLFDO�VLJQLILFDQFH�ZDV�FRQVLGHUHG�LI�S���������

�

�����$FWXDO�WULDO�PLOHVWRQHV��

7KH�GLVVHUWDWLRQ�WRSLF�ZDV�VSHFLILHG�LQ�������'HFHPEHU��VXEVHTXHQWO\�ILUVW�GUDIWV�RI�WKH�VWXG\�

SURWRFRO�ZHUH�FUHDWHG�DQG�GLVFXVVHG�ZLWK�LQWHUQDO�DQG�H[WHUQDO�VXSHUYLVRUV�DV�ZHOO�DV�SRWHQWLDO�

FRQWULEXWRUV��6XEPLVVLRQ�RI�WKH�ILQDO�VWXG\�SURWRFRO�YHUVLRQ�DJUHHG�XSRQ�E\�DOO�LQYHVWLJDWRUV��

LQIRUPHG� FRQVHQW� IRUP� DQG� RWKHU� NH\� GRFXPHQWV� WR� WKH� HWKLFV� FRPPLWWHH� RI� WKH� 0HGLFDO�

8QLYHUVLW\�RI�*UD]�ZDV�SHUIRUPHG�LQ�������0D\��)LQDO�DSSURYDO�DIWHU�PLQRU�DGDSWDWLRQV�RI�WKH�

SURWRFRO�DQG�,&)V�ZDV� UHFHLYHG�RQ� WKH� ���-XO\�������$OO���� IHPDOH�VXEMHFWV�ZHUH� LQFOXGHG�

DFFRUGLQJ�WR�WKH�VWXG\�SURWRFRO��ZLWK�WKH�ODVW�VXEMHFW�UHFUXLWHG�LQ�$XJXVW�������1R�VWXG\�YLVLWV�

ZHUH�FDQFHOOHG�GXH�WR�WKH�&29,'����SDQGHPLF��6WXG\�SURJUHVV�UHSRUWV�ZHUH�VXEPLWWHG�WR�WKH�

HWKLFV�FRPPLWWHH�DQQXDOO\�WR�REWDLQ�FRQWLQXLQJ�DSSURYDO���

7DEOH����&OLQLFDO�WULDO�PLOHVWRQHV�

)LQDOL]HG�VWXG\�SURWRFRO���VW�SURWRFRO�YHUVLRQ��� ��0$<������

)LUVW�VXEPLVVLRQ�WR�WKH�HWKLFV�FRPPLWWHH� ���0$<������

(WKLFV�FRPPLWWHH�DSSURYDO���WK�SURWRFRO�YHUVLRQ�� ���-8/������

5HFUXLWPHQW�VWDUW�� ��2&7������

)LUVW�SDWLHQW�YLVLW�� ���)(%������

/DVW�SDWLHQW�YLVLW�� ��6(37������

6WXG\�WHUPLQDWLRQ��� ���-8/������
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�� 5HVXOWV�

���IHPDOH�SDWLHQWV�DW�WKH�DJH�IURP����WR����\HDUV��PHDQ�DJH�RI������\HDUV��VWDQGDUG�GHYLDWLRQ�

��6'��������\HDUV��ZHUH� LQFOXGHG�LQ� WKLV�FOLQLFDO�WULDO�EHWZHHQ�2FWREHU������DQG�6HSWHPEHU�

�������$OO�SDWLHQWV�HQUROOHG�XQGHUZHQW�HOHFWLYH��VFKHGXOHG�$)*�DW�OHDVW���\HDU�DIWHU�FRPSOHWLRQ�

RI� RQFRORJLF�SURFHGXUHV� DQG� QLSSOH�VSDULQJ�PDVWHFWRP\�DV� FDQFHU� VXUJHU\��6HYHUDO� SDWLHQWV�

XQGHUZHQW�SULRU�$*)�VHVVLRQV��ZKHUHE\�WKH�QXPEHU�RI�SUHYLRXV�$*5�VHVVLRQV�UDQJHG�IURP���

WR���ZLWK�D�PHDQ�JUDIWLQJ�VHVVLRQ�QXPEHU�RI������6HH�7DEOH�����'HSHQGLQJ�RQ�WKH�SUHYLRXVO\�

XQGHUJRQH�$)*�VHVVLRQV��GLIIHUHQW�6$7�WKLFNQHVVHV�ZHUH�REVHUYHG��ZKLFK�ZHUH�DQDO\]HG�IRU�D�

SRWHQWLDO�FRUUHODWLRQ�ZLWK�WKH�WDNH�UDWH��

3DWLHQWV�H[SUHVVHG�D�PHDQ�ERG\ZHLJKW�RI������NJ��6'�������NJ��DQG�D�UHVSHFWLYH�PHDQ�%0,�RI�

�����NJ�P���6'��������NJ�P�����SDWLHQWV�������ZHUH�IUHTXHQW�VPRNHUV�ZLWK��������DQG����SDFN�

\HDUV���

+DUYHVWLQJ�ZDV�SHUIRUPHG�IURP�WKH�IROORZLQJ�VLWHV��$EGRPHQ������8SSHU�/HJV�����DQG�/RZHU�

/HJV������,Q���SDWLHQWV�������WKH�/LSL9DJH�6\VWHP�ZDV�XVHG�WR�SURFHVV�OLSRDVSLUDWHV�SULRU�WR�

UHLQMHFWLRQ���

�

7KH� PHDQ� VL]H� RI� DGLSRF\WHV� ZDV� ��������� PP� �6'��������� PP��� 7KH� PHDQ� YROXPH� RI�

DXWRORJRXV�IDW�UHLQMHFWHG�SHU�VHVVLRQ�ZDV�������PO��6'���������PO��DQG�WKH�PHDQ�JUDIWHG�PP�

RI�DGLSRVH�WLVVXH�ZHUH�����PP��6'�������PP���7KH�PHDQ�UHPDLQLQJ�WKLFNQHVV�RI�JUDIWHG�DGLSRVH�

WLVVXH�DIWHU���ZHHNV�ZDV�����PP��6'�������PP��UHVXOWLQJ�LQ�D�PHDQ�WDNH�UDWH�RI����������6'�

���������7R�DVVHVV�SRWHQWLDO�DGYHUVH�HIIHFWV��D���PRQWK�IROORZ�XS�SHULRG�ZDV�VHW�LQ�HDFK�VWXG\�

SDUWLFLSDQW�� EXW� QR�PLQRU� RU� PDMRU� DGYHUVH� HYHQWV� KDYH� RFFXUUHG��7DEOH� �� DQG� �� GLVSOD\� D�

GHVFULSWLYH�RYHUYLHZ�RI�VXUJHU\��DQG�SDWLHQW�UHODWHG�GDWD�REWDLQHG��
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7DEOH����3DWLHQW��DQG�VXUJHU\�UHODWHG�GDWD���

�

�

$EEUHYLDWLRQV��ERG\�PDVV�LQGH[��%0,���PLVVLQJ�GDWD��PG���QR��Q���QXPEHU��1R����SDFN�\HDUV��S\���VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0���\HDUV��\V���\HV��\���

3HUPLVVLRQ�WR�UHSURGXFH�WKLV�WDEOH�KDV�EHHQ�JUDQWHG�E\�2[IRUG�8QLYHUVLW\�3UHVV��/LFHQVH�1XPEHU����������������������

6XEMHFW�,'� $JH� %RG\ZHLJKW� %0,� 1LFRWLQH�$EXVH�� *UDIWLQJ�6HVVLRQ�� 8VDJH�RI�/LSL9DJH� +DUYHVW�6LWH� *UDIWLQJ�6LWH� 0HDQ�$GLSRF\WH�6L]H� 6(0�*UDGLQJ�

� >\V@� >NJ@� >NJ�P�@� �\�Q�� >1R�@� �\�Q�� � � >PP@� �

6��� ��� ��� ������ Q� �� \� 8SSHU�/HJV� 5LJKW� ����� ��

6��� ��� ��� ������ Q� �� Q� $EGRPHQ� /HIW� ����� ��

6��� ��� ��� ������ \�����S\�� �� Q� 8SSHU�/HJV� 5LJKW� ����� ��

6��� ��� ��� ������ \�����S\�� �� \� $EGRPHQ� /HIW� PG� ��

6��� ��� ��� ������ Q� �� \� $EGRPHQ� 5LJKW� ����� ��

6��� ��� ��� ������ Q� �� Q� 8SSHU�/HJV� 5LJKW� ����� ��

6��� ��� ��� ������ Q� �� \� $EGRPHQ� 5LJKW� ����� ��

6��� ��� ��� ������ Q� �� Q� $EGRPHQ� /HIW� ����� ��

6��� ��� ��� ������ Q� �� \� $EGRPHQ� /HIW� PG� ��

6��� ��� ��� ������ \�����S\�� �� \� /RZHU�/HJV� /HIW� ����� ��

0HDQ� ����� ����� ����� � ���� � � � �������� �
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7DEOH����0HDQ�6$7�WKLFNQHVV�RYHU�WKH�VWXG\�FRXUVH�RI���ZHHNV��JUDIWHG�YROXPH�DQG�WDNH�UDWH�

�

�

$EEUHYLDWLRQV��LGHQWLILFDWLRQ��,'���VXEFXWDQHRXV�DGLSRVH�WLVVXH��6$7���
3HUPLVVLRQ�WR�UHSURGXFH�WKLV�WDEOH�KDV�EHHQ�JUDQWHG�E\�2[IRUG�8QLYHUVLW\�3UHVV��/LFHQVH�1XPEHU�����������������������
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6XEMHFW��
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6$7��
3UHRSHUDWLYH�

�

6$7�
3RVWRSHUDWLYH�

�

6$7�
'D\���

�

6$7�
'D\����

�

*UDIWHG��
9ROXPH�

*UDIWHG��
6$7�

5HPDLQLQJ�JUDIWHG�6$7��
DIWHU���:HHNV�

7DNH�UDWH�

� >PP@� >PP@� >PP@� >PP@� >PO@� >PP@� >PP@� >�@�

6��� ���� ������ ������ ������ ���� ����� ����� ������

6��� ������ ������ ������ ������ ���� ����� ����� ������

6��� ���� ������ ������ ������ ��� ����� ����� ������
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6��� ������ ������ ������ ������ ���� ����� ����� ������

6��� ������ ����� ������ ������ ��� ����� ����� ������

6��� ����� ������ ������ ����� ���� ����� ����� ������

6��� ����� ����� ����� ����� ���� ���� ����� ������

6��� ����� ������ ������ ������ ���� ����� ���� ������
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�����3DWLHQW��DQG�VXUJHU\�UHODWHG�GDWD�FRUUHODWHG�WR�WKH�WDNH�UDWH�
�
7KH�WDNH�UDWH�FRUUHODWHG�WR�WKH�PHDQ�6$7�WKLFNQHVV�SUHVHQW�DW�WKH�JUDIWLQJ�VLWH�EHIRUH�VXUJHU\�

�S� �������U� ��������1R�VWDWLVWLFDOO\�VLJQLILFDQW�FRQQHFWLRQ�ZDV�VKRZQ�EHWZHHQ�WKH�WDNH�UDWH�DQG�

WKH� QXPEHU� RI� SUHYLRXV� JUDIWLQJ� VHVVLRQV� �S�  � ������� EXW� LQWHUHVWLQJO\�� DQ� DSSUR[LPDWH�

FRUUHODWLRQ�VLPLODU�WR�WKH�PHDQ�6$7�WKLFNQHVV�ZDV�GHWHFWHG��7KHVH�ILQGLQJV�LQGLFDWH�D�KLJKHU�

PHDQ�6$7�WKLFNQHVV�DQG�VXEVHTXHQW�LPSURYHPHQW�RI�WKH�WDNH�UDWH�LQ�VXEMHFWV�ZKR�XQGHUZHQW�

PRUH� SUHYLRXV� JUDIWLQJ� VHVVLRQV��)LJXUH� ���� :KLOH� QR� VWDWLVWLFDO� VLJQLILFDQFH� ZDV� UHDFKHG�

UHJDUGLQJ�DQ�LQWHUDFWLRQ�EHWZHHQ�WDNH�UDWH�DQG�ERG\�ZHLJKW��S� �������U� ������RU�%0,��S� �������

U� ��������DQ�DSSUR[LPDWH�FRUUHODWLRQ�ZDV�DOVR�QRWHG��LQGLFDWLQJ�D�EHWWHU�JUDIW�WDNH�LQ�SDWLHQWV�

ZLWK�LQFUHDVHG�ERG\ZHLJKW�DQG�%0,��)LJXUH�����

�
�

�
�

�
)LJXUH����6SHDUPDQ�FRUUHODWLRQ�RI�WKH�WDNH�UDWH�ZLWK�WKH�6$7�WKLFNQHVV�EHIRUH�VXUJHU\�DQG�WKH�$)*�VHVVLRQ��
$�VWDWLVWLFDOO\�VLJQLILFDQW�FRUUHODWLRQ�RI�WKH�H[LVWLQJ�6$7�WKLFNQHVV�DW�WKH�JUDIWLQJ�VLWH�DQG�WKH�WDNH�UDWH�LV�QRWHG�

�S� ��������$�WUHQG�WRZDUGV�D�KLJKHU�WDNH�UDWH�LV�VKRZQ�LQ�SDWLHQWV�ZLWK�D�KLJKHU�QXPEHU�RI�SUHYLRXV�$)*�VHVVLRQV��

3HUPLVVLRQ� WR� UHSURGXFH� WKLV� ILJXUH� KDV� EHHQ� JUDQWHG� E\� 2[IRUG� 8QLYHUVLW\� 3UHVV�� /LFHQVH� 1XPEHU��

�������������͘�������

�
�
�
�



� ���

�
�

)LJXUH����6SHDUPDQ�FRUUHODWLRQ�RI�%RG\ZHLJKW�DQG�%0,�ZLWK�WKH�WDNH�UDWH�DIWHU���ZHHNV��$�WUHQG�WRZDUGV�D�
KLJKHU�WDNH�UDWH�LV�VKRZQ�LQ�SDWLHQWV�ZLWK�D�KLJKHU�ERG\ZHLJKW�DQG�%0,��3HUPLVVLRQ�WR�UHSURGXFH�WKLV�ILJXUH�KDV�

EHHQ�JUDQWHG�E\�2[IRUG�8QLYHUVLW\�3UHVV�RQ�-XO\�����������/LFHQVH�1XPEHU���������������͘�������

�
1R� VWDWLVWLFDO� VLJQLILFDQFH� ZDV� HVWDEOLVKHG� EHWZHHQ� WDNH� UDWH� DQG� WKH� PHDQ� DGLSRF\WH� VL]H�

�S� �������U� ���������SDWLHQW�DJH��S� �������U� ��������KDUYHVW�VLWH��S� �������U ���������XVDJH�RI�

D�ZDVKLQJ�V\VWHP��S� �������U� �������RU�WKH�DPRXQW�RI�IDW�JUDIWHG��S� ��������$OWKRXJK�VWDWLVWLFDO�

VLJQLILFDQFH�ZDV�DOVR�QRW�UHDFKHG�UHJDUGLQJ�D�FRQQHFWLRQ�EHWZHHQ�WKH�VPRNLQJ�VWDWXV�DQG�WKH�

WDNH� UDWH�� QRQ�VPRNHUV� WHQGHG� WR� D� KLJKHU� WDNH� FRPSDUHG� WR� VPRNHUV� �S� ������� U�  � ��������

([FOXGLQJ� VPRNHUV�� D� PHDQ� WDNH� UDWH� RI� ������� �6'� �������� ZDV� DFKLHYHG� LQ� RXU� VWXG\�

FROOHFWLYH�� 7KHVH� ILQGLQJV� QHHG� WR� EH� IXUWKHU� HOXFLGDWHG� LQ� ODUJHU� FRKRUW� VWXGLHV�� 6SHDUPDQ�

FRUUHODWLRQV�RI�WKHVH�SDUDPHWHUV�DUH�GHSLFWHG�LQ�)LJXUH���DQG����

�
�
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)LJXUH��͗�6SHDUPDQ�FRUUHODWLRQ�RI�YDULRXV�SDWLHQW��DQG�VXUJHU\�UHODWHG�IDFWRUV�ZLWK�WKH�WDNH�UDWH���ZHHNV�

DIWHU�$)*͘�1R�VWDWLVWLFDOO\�VLJQLILFDQW�FRQQHFWLRQ�ZDV�QRWHG�EHWZHHQ�WKH�WDNH�UDWH�DQG�WKH�SDWLHQW�DJH��S� �������

KDUYHVW�VLWH��S� ��������XVDJH�RI�D�ZDVKLQJ�V\VWHP��S� ������RW�WKH�DPRXQW�RI�IDW�JUDIWHG��S� ��������3HUPLVVLRQ�WR�

UHSURGXFH�WKLV�WDEOH�KDV�EHHQ�JUDQWHG�E\�2[IRUG�8QLYHUVLW\�3UHVV��/LFHQVH�1XPEHU���������������͘�������

�

�
�

)LJXUH����&RUUHODWLRQ�RI�WKH�QLFRWLQH�DEXVH�ZLWK�WKH�WDNH�UDWH�DIWHU���ZHHNV��1R�VWDWLVWLFDO�VLJQLILFDQFH�FRXOG�
EH�UHDFKHG�GXH�WR�WKH�VPDOO�QXPEHU�RI�SDWLHQWV�LQ�HDFK�JURXS��1HYHUWKHOHVV��IUHTXHQW�VPRNHUV��Q ���WHQGHG�WR�D�

ORZHU�WDNH�UDWH�WKDQ�QRQ�VPRNHUV��Q ���DQG�YLFH�YHUVD��

�
�
�



� ���

�����*UDGLQJ�RI�FHOOXODU�GDPDJH�LQ�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0���
�
&HOOXODU�GDPDJH�LQ�OLSRDVSLUDWHV�KDUYHVWHG�H[FOXVLYHO\�ZLWK�WKH�VXSHU�ZHW�WHFKQLTXH��Q ���ZDV�

FDOFXODWHG� ����� �6'� �� ������� ZKLOH� D� ORZHU� FHOOXODU� GDPDJH� ZLWK� D� PHDQ� JUDGH� RI�

������6'���������ZDV�QRWHG�LQ�OLSRDVSLUDWHV�SURFHVVHG�ZLWK�WKH�/LSL9DJH�6\VWHP��'LIIHUHQFHV�

EHWZHHQ� WKHVH�SURFHVVLQJ� WHFKQLTXHV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW� �S� �������� LQGLFDWLQJ� OHVV�

FHOOXODU�GDPDJH�ZLWK�WKH�XVH�RI�WKH�/LSL9DJH�6\VWHP��6HH�)LJXUH�����+RZHYHU��QR�VLJQLILFDQW�

LPSDFW�RQ�WKH�WDNH�UDWH�ZDV�IRXQG��S �������U� ��������([HPSODU\�6(0�LPDJHV�RI�OLSRDVSLUDWHV�

KDUYHVWHG�ZLWK�WKHVH�WZR�DSSURDFKHV�DUH�GLVSOD\HG�LQ�7DEOH�����
�

�
�

)LJXUH� ��� 6(0� JUDGLQJ� RI� OLSRDVSLUDWHV� KDUYHVWHG� ZLWK� WKH� VXSHU�ZHW� WHFKQLTXH� H[FOXVLYHO\� RU� LQ�
FRPELQDWLRQ�ZLWK�D�ZDVKLQJ�DQG�ILOWUDWLRQ�V\VWHP��$�VWDWLVWLFDOO\�VLJQLILFDQW��SURFHVVLQJ�UHODWHG�GLIIHUHQFH�LQ�
WKH�JUDGLQJ�RI�FHOOXODU�GDPDJH�ZDV�IRXQG��S� ��������LQGLFDWLQJ�D�UHGXFWLRQ�RI�FHOOXODU�GDPDJH�ZLWK�WKH�/LSL9DJH�

6\VWHP��
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7DEOH����6FDQQLQJ�HOHFWURQ�PLFURVFRS\�DQG�JUDGLQJ�FHOOXODU�GDPDJH�LQ�OLSRDVSLUDWHV�KDUYHVWHG�ZLWK�GLIIHUHQW�WHFKQLTXHV�

�
3HUPLVVLRQ�WR�UHSURGXFH�WKLV�WDEOH�KDV�EHHQ�JUDQWHG�E\�2[IRUG�8QLYHUVLW\�3UHVV��/LFHQVH�1XPEHU���������������͘�������
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�����*HQH� H[SUHVVLRQ� RI� DGLSRVH� WLVVXH� DQG� FHOO� PDUNHUV� LQ� OLSRDVSLUDWHV� DQG�

VWURPDO�YDVFXODU�FHOO�IUDFWLRQV�
�
*HQH�H[SUHVVLRQ�RI�DGLSRF\WH�DQG�DGLSRVH�WLVVXH�PDUNHUV�33$5*��&(%3$��&$$7�HQKDQFHU�

ELQGLQJ�SURWHLQ���&'����)$%3���IDWW\�DFLG�ELQGLQJ�SURWHLQ�����3/,1���SHULOLSLQ�����$',324�

�DGLSRQHFWLQ���6/&�$��*/87���JOXFRVH�WUDQVSRUWHU�W\SH�����DQG�WKH�FHOO�VXUIDFH�PDUNHUV�IRU�

3(&$0��&'����3ODWHOHW�HQGRWKHOLDO�FHOO�DGKHVLRQ�PROHFXOH��DQG�3735&�&'����3HUR[LVRPH�

SUROLIHUDWRU�DFWLYDWHG� UHFHSWRU� JDPPD�� ZHUH� DQDO\]HG� IURP� ERWK� WKH� OLSRDVSLUDWH� DQG� 69)�

IUDFWLRQ�� EXW� QR� VLJQLILFDQW� FRUUHODWLRQ� RI� WKH� WDNH� UDWH� DQG� DGLSRF\WH� PDUNHUV� �33$5*�

�S� ��������&(%3$��S� �������RU�RWKHU�FHOO�PDUNHUV��&'����S� ��������&'����S� ��������&'���

�S� ��������3(&$0��S� ��������ZDV�QRWHG���

+RZHYHU��WKH�H[SUHVVLRQ�RI�)$%3���S ���������U� ��������DQG�3/,1���S ���������U� ���������

VKRZHG�DQ�LQGLUHFW�FRQQHFWLRQ�WRZDUGV�WKH�WDNH�UDWH�DV�GLVSOD\HG�LQ�)LJXUH�����

�
�

�
�
)LJXUH� ���&RUUHODWLRQ� RI� WKH� WDNH� UDWH� DQG� WKH� H[SUHVVLRQ� RI� DGLSRF\WH�PDUNHUV� )$%3�� DQG�3/,1�� LQ�
OLSRDVSLUDWHV��DVS��DQG�WKH�69)�IUDFWLRQ��$OWKRXJK�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��)$%3���S ���������U� ��������
DQG�3/,1���S� ���������U� ���������LQGLUHFWO\�FRUUHODWHG�WR�WKH�WDNH�UDWH�LQ�OLSRDVSLUDWH�DQDO\VLV��(IIHFWV�ZHUH�OHVV�

SURQRXQFHG�LQ�WKH�69)�IUDFWLRQ��3HUPLVVLRQ�WR�UHSURGXFH�WKLV�ILJXUH�KDV�EHHQ�JUDQWHG�E\�2[IRUG�8QLYHUVLW\�3UHVV��

/LFHQVH�1XPEHU���������������͘�������
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)LJXUH� ���� *HQH� H[SUHVVLRQ� RI� DGLSRF\WH� DQG� FHOO�PDUNHUV� RI� WKH� DVSLUDWH� DQG� WKH� 69)� IUDFWLRQ��*HQH�
H[SUHVVLRQ�RI�WKH�DGLSRF\WH�DQG�DGLSRVH�WLVVXH�PDUNHUV�33$5*��&(%3$��)$%3���3/,1��DV�ZHOO�DV�FHOO�VXUIDFH�

PDUNHUV� IRU�3735&�&'����&'���DQG�3(&$0��&'���ZHUH� LQYHVWLJDWHG� IURP�ERWK� WKH� OLSRDVSLUDWH� DQG�69)�

IUDFWLRQ��1R�VWDWLVWLFDOO\�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�WKH�WDNH�UDWH�DQG�JHQH�H[SUHVVLRQ�RI�WKRVH�PDUNHUV�ZDV�

UHDFKHG��3HUPLVVLRQ� WR� UHSURGXFH� WKLV� WDEOH� KDV� EHHQ� JUDQWHG� E\�2[IRUG�8QLYHUVLW\� 3UHVV�� /LFHQVH�1XPEHU��

�������������͘�������
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$)*�LV�D�UDSLGO\�HYROYLQJ�WHFKQLTXH�WKDW�KDV�DWWUDFWHG�DWWHQWLRQ�LQ�UHFRQVWUXFWLYH�EUHDVW�VXUJHU\�

LQ�UHFHQW�GHFDGHV�������/DFNLQJ�RI�FRQVHQVXV�DQG�VWDQGDUGL]DWLRQ�RI�WKLV�DSSURDFK�DORQJ�ZLWK�

WKH� VWLOO� XQSUHGLFWDEOH�� XQVDWLVIDFWRU\� RXWFRPH�� OLPLW� LWV� DSSOLFDWLRQ� ���������� ,Q�

SRVWPDVWHFWRP\�UHFRQVWUXFWLRQ�ZLWK�$)*��RSWLPDO�RXWFRPHV�DUH�RQO\�DFKLHYDEOH�ZLWK�D�VWDJHG�

DSSURDFK�LQFOXGLQJ�PXOWLSOH�VHTXHQWLDO�JUDIWLQJ�VHVVLRQV��UHVXOWLQJ�LQ�D�VLJQLILFDQW�EXUGHQ�RQ�

SDWLHQWV�DQG� WKH�KHDOWKFDUH�V\VWHP�������7KH�SUHVHQW�SURMHFW�SURYLGHG�YDOXDEOH�EDVHOLQH�GDWD�

WKDW�FRXOG�EH�KHOSIXO�LQ�SODQQLQJ�ODUJH�FRKRUW�VWXGLHV�DQG�FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�D�

PRUH�SUHFLVH�DQG�DFFXUDWH�SUHGLFWLYH�PRGHO�IRU�$)*�LQ�WKH�IROORZLQJ��

�

����6XUJHU\�UHODWHG�IDFWRUV�DIIHFWLQJ�WKH�WDNH�UDWH�
�

6XUJHRQV�SHUIRUPLQJ�$)*�EHOLHYH�WKDW�WKH�XQSUHGLFWDELOLW\�RI�JUDIW�WDNH�LV�ODUJHO\�GXH�WR�WKH�

WHFKQLTXH������6RPH�LPSDLULQJ�YDULDEOHV�DUH�DOUHDG\�ZHOO�NQRZQ��EXW�EHFDXVH�RWKHU�SRWHQWLDO�

ULVN�IDFWRUV�DUH�OHVV�VWXGLHG�RU�HYHQ�QHJOHFWHG����������RXU�SURMHFW�FRQWULEXWHG�VLJQLILFDQWO\�WR�

DQ�LQFUHDVH�LQ�NQRZOHGJH���

�

������ +DUYHVWLQJ�
�

'HVSLWH�WKH�RQJRLQJ�GHEDWH�DERXW�WKH�RSWLPDO��OHDVW�LQYDVLYH�KDUYHVWLQJ�PHWKRG�WR�REWDLQ�WKH�

ODUJHVW�SRVVLEOH�QXPEHU�RI�IXQFWLRQDO�DQG�YLDEOH�DGLSRF\WHV�DV�ZHOO�DV�69)�FHOOV��QR�VXSHULRU�

WHFKQLTXH�KDV�\HW�EHHQ�GHILQHG������DQG�WKH�WHFKQLTXH�RULJLQDOO\�LQWURGXFHG�E\�&ROHPDQ�HW�

DO������LV�VWLOO�UHFRPPHQGHG�PHWKRG�WR�EH�SUHIHUUHG�LQ�$)*�������7R�GDWH��PDQ\�DXWKRUV�IDYRU�

KDQG�KHOG� V\ULQJHV� RYHU� SRZHU�DVVLVWHG� OLSRVXFWLRQ�� EXW� QR� VLJQLILFDQW� GLIIHUHQFH� LQ� FHOO�

QXPEHU� RI� YLDELOLW\� KDV� EHHQ� IRXQG� LQ� WULDOV� FRPSDULQJ� WKHVH� PHWKRGV� ������ ,Q� RXU�

GHSDUWPHQW��WKH�VWDQGDUG�PHWKRG� LV�PDQXDO�KDUYHVWLQJ�ZLWK�ODUJH�ERUH�FDQQXODV�XVLQJ�WKH�

“sXSHU�wet” DSSURDFK�WR�DYRLG�VKHHU�IRUFHV�FDXVLQJ�VWUXFWXUDO�GHVWUXFWLRQ������DQG�SUHVHUYH�

QDWXUDO�DGLSRVH� WLVVXH�VWUXFWXUH�������&RPSDUHG�ZLWK�RWKHU� UHSRUWV� ������������DFKLHYHG�D�

VDWLVIDFWRU\�PHDQ� WDNH� UDWH� RI� ������� �6'�����������'XH� WR� WKH� VPDOO� VDPSOH� VL]H�RWKHU�

KDUYHVWLQJ�WHFKQLTXHV�QRW�ZHUH�LQYHVWLJDWHG�LQ�WKLV�SURMHFW��+RZHYHU��SURPLVLQJ�UHVXOWV�ZHUH�

REWDLQHG� IURP� VWXGLHV� RQ� WKH� XVH� RI� XOWUDVRXQG�DVVLVWHG� OLSRVXFWLRQ� IRU� $)*�

SXUSRVHV����������ZKLFK�ZHUH�DOVR�REVHUYHG�LQ�DQRWKHU�VWXG\�E\�RXU�JURXS��������

�
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,QWHUHVWLQJO\��ZH�GHWHFWHG�WKH�ORZHVW�FHOOXODU�GDPDJH�ZLWK�WKH�VXSHU�ZHW��XOWUDVRXQG�DVVLVWHG�

OLSRVXFWLRQ� FRPSDUHG� WR� WKH� FODVVLF�� VXSHU�ZHW� DSSURDFK� RU� WKH� GU\� KDUYHVWLQJ�

WHFKQLTXH��������7KH�XVH�RI�XOWUDVRXQG�GXULQJ�OLSRVXFWLRQ�PD\�WKHUHIRUH�EH�DSSURSULDWH�LQ�

$)*��EXW�IXWXUH�ODUJH�FRKRUW�VWXGLHV�WR�GHWHUPLQH�WKH�VXSHULRULW\�RI�RQH�KDUYHVWLQJ�WHFKQLTXH�

RYHU�DQRWKHU�DUH�DEVROXWHO\�UHTXLUHG���

�

$FFRUGLQJ� WR� DYDLODEOH� FOLQLFDO� HYLGHQFH�� WKH� DEGRPHQ� VKRXOG� EH� IDYRUHG� IRU� KDUYHVWLQJ�

EHFDXVH�RI�LWV�KLJKHU�\LHOG�RI�DGLSRVH�WLVVXH���������������DQG�ZDV�DOVR�SUHIHUUHG�LQ���RI����

SDWLHQWV�RI�WKLV�H[SORUDWLYH�SURMHFW��6LQFH�HDFK�SDWLHQW�KDV�DQ�LQGLYLGXDO�IDW�GLVWULEXWLRQ�DQG�

UHTXLUHV�D�GLIIHUHQW�YROXPH�RI�JUDIWHG�IDW��KDUYHVWLQJ�FDQ�DOWHUQDWLYHO\�EH�SHUIRUPHG�IURP�

WKH�IODQNV��XSSHU�DQG�ORZHU�OHJV�RU�PHGLDO�NQHHV����������������,Q�RXU�VWXG\�SRSXODWLRQ��ZH�

GLG�QRW�REVHUYH�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH�RI�WKH�PHDQ�DGLSRF\WH�VL]H�DW�GLIIHUHQW�

KDUYHVW�VLWHV��S� ��������)XUWKHUPRUH��QR�FRUUHODWLRQ�EHWZHHQ�WKH�PHDQ�DGLSRF\WH�VL]H�DQG�

WKH�WDNH�UDWH��S� �������U� ��������DQG�WKXV�QR�DGYDQWDJH�RI�WKH�KDUYHVW�VLWH�RQ�RXWFRPH�ZDV�

REVHUYHG��2XU�UHVXOWV�DUH�VXSSRUWHG�E\�VHYHUDO�SUHFOLQLFDO�VWXGLHV�GHPRQVWUDWLQJ�QR�LQIOXHQFH�

RI�WKH�KDUYHVW�VLWH�RQ�WKH�WDNH�UDWH�RI�JUDIWHG�DGLSRVH�WLVVXH����������)RU�H[DPSOH�LQ�DQ�LQ�

YLYR�PRXVH�VWXG\�LQYHVWLJDWLQJ�ORQJ�WHUP�VXUYLYDO�RI�KXPDQ�IDW�KDUYHVWHG�IURP�D����\HDU�

ROG� ZRPDQ�� ZHLJKW�� YROXPH�� DQG� YDULRXV� KLVWRORJLF� SDUDPHWHUV� RI� JUDIWHG� IDW� VXFK� DV�

LQWHJULW\�� F\VW� IRUPDWLRQ�� YDVFXODUL]DWLRQ�� ILEURVLV�� LQIODPPDWLRQ� DQG� QHFURVLV� ZHUH�

H[DPLQHG�������7KH�DXWKRUV�GLG�QRW�ILQG�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�SDUDPHWHUV�

VWXGLHG�DPRQJ�WKH�WKUHH�KDUYHVW�VLWHV�H[DPLQHG��������

,Q�DGGLWLRQ��ILQGLQJV�E\�5RKULFK�HW�DO��GLG�QRW�UHSRUW�DQ\�GLIIHUHQFHV�LQ�FHOOXODU�YLDELOLW\�DW�

GLIIHUHQW�KDUYHVW�VLWHV�VXFK�DV�WKH�DEGRPHQ��IODQNV��WKLJKV�RU�PHGLDO�NQHH��������

2Q�WKH�RWKHU�KDQG��ILQGLQJV�RQ�DJH�UHODWHG�GLIIHUHQFHV�LQ�DGLSRF\WH�YLDELOLW\�E\�*HLVVOHU�HW�

DO��VXJJHVW�WKDW��GHSHQGLQJ�RQ�WKH�DJH�RI�WKH�SDWLHQWV��KDUYHVWLQJ�IURP�WKH�ORZHU�DEGRPHQ�

DQG� WKH� IODQNV� PD\� RSWLPL]H� WKH� WDNH� UDWH� GXH� WR� KLJKHU� YLDELOLW\������� )XUWKHUPRUH��

SUHFOLQLFDO�HYLGHQFH�LQGLFDWHV�D�KLJKHU�\LHOG�RI�$'6&V�LQ�WKH�ORZHU�DEGRPHQ�DQG�PHGLDO�

WKLJKV�FRPSDUHG�ZLWK� WKH�XSSHU�DEGRPHQ��NQHHV�� IODQNV�DQG� WKH� WURFKDQWHULF� UHJLRQ� ������

7KHVH� ILQGLQJV� ZHUH� FRQILUPHG� LQ� D� SURVSHFWLYH� FURVV�VHFWLRQDO� WULDO� RI� ��� ZRPHQ� ZKR�

XQGHUZHQW� OLSRVXFWLRQ� LQ� WKH�XSSHU� DQG� ORZHU� DEGRPHQ�� IODQN�� WURFKDQWHULF� UHJLRQ�� LQQHU�

WKLJK�� DQG�NQHH�������� ,Q� DGGLWLRQ�� 7VHNRXUDV�HW� DO�� UHFHQWO\� IRXQG� D� VLJQLILFDQWO\� KLJKHU�

DPRXQW� RI�$'6&V� LQ� WKH� LQQHU� DQG�RXWHU� WKLJK� FRPSDUHG�ZLWK� RWKHU� KDUYHVW� VLWHV� �������
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7KHUHIRUH��ERWK�WKH�ORZHU�DEGRPHQ�DQG�WKH�WKLJK�VHHP�WR�EH�IDYRUDEOH�KDUYHVW�RSWLRQV�������

EXW�FOLQLFDO�HYLGHQFH�RQ�D�SRWHQWLDO�LPSDFW�RQ�WKH�WDNH�UDWH�LV�ODFNLQJ��

%DVHG�RQ�RXU�GDWD�DQG�VLPLODU�WR�RWKHU�DXWKRUV����–�����ZH�WKHUHIRUH�DVVXPH��WKDW�QR�VXSHULRU�

KDUYHVW�VLWH�FDQ�\HW�EH�GHILQHG�DQG�WKH�VHOHFWLRQ�VKRXOG�EH�PDGH�EDVHG�RQ�WKH�LQGLYLGXDO�6$7�

GLVWULEXWLRQ�SDWWHUQ������SUHIHUHQFH�RI�WKH�VXUJHRQ�DQG�WKH�SDWLHQW��

�

������ 3URFHVVLQJ�
�

&HQWULIXJDWLRQ�� JUDYLW\� VHSDUDWLRQ�� ZDVKLQJ�� DQG� ILOWUDWLRQ� DUH� DPRQJ� WKH� PRVW� FRPPRQ�

WHFKQLTXHV�RI�DGLSRVH�WLVVXH�SURFHVVLQJ������DQG�UHFHQW�UHVXOWV�E\�9DOPDGULG�HW�DO��LQGLFDWH���

WKH�UDWH�RI�IDW�QHFURVLV�FDQ�EH�UHGXFHG�ZLWK�WKH�DLG�RI�D�FORVHG�ZDVKLQJ�V\VWHP��VXFK�DV�WKH�

RQH�XVHG�LQ�WKH�SUHVHQW�SURMHFW�������7KH�/LSL9DJH��V\VWHP�SUHVHUYHV�D�ODUJH�DPRXQW�RI�YLDEOH�

DGLSRF\WHV�DQG�PDLQWDLQV�KLJK�OHYHOV�RI�LQWUDFHOOXODU�HQ]\PH�DFWLYLW\� LQ�KDUYHVWHG�DGLSRVH�

WLVVXH�������%HFDXVH�RI�WKHVH�DGYDQWDJHV��WKH�XVH�RI�WKLV�V\VWHP�LV�SDUWLFXODUO\�UHFRPPHQGHG�

IRU� JUDIWLQJ� RI� ODUJH� YROXPHV�� DV� RIWHQ� UHTXLUHG� IRU� FRPSOHWH� EUHDVW� UHFRQVWUXFWLRQ� DIWHU�

PDVWHFWRP\��������

,Q�RXU�VWXG\�SRSXODWLRQ��SURFHVVLQJ�RI�OLSRDVSLUDWHV�ZLWK�WKH�/LSL9DJH�V\VWHP�GLG�QRW�VKRZ�

DQ\�VWDWLVWLFDOO\�VLJQLILFDQW�LPSDFW�RQ�WKH�WDNH�UDWH��S ��������KRZHYHU��WKH�OHYHO�RI�FHOOXODU�

GDPDJH� ZDV� VWDWLVWLFDOO\� VLJQLILFDQW� ORZHU� WKDQ� LQ� SURFHVVLQJ� ZLWK� JUDYLW\� VHSDUDWLRQ�

H[FOXVLYHO\��S� ��������6LPLODUO\�WR�ILQGLQJV�RI�)HUJXVHQ�HW�DO���������ORZHU�OHYHOV�RI�GDPDJH�

DW�WKH�FHOOXODU�OHYHO�DQG�D�KLJKHU�RYHUDOO�FHOO�YLDELOLW\�ZHUH�IRXQG�DFURVV�6(0�FRPSDUHG�ZLWK�

RWKHU� VDPSOHV�� &HOOXODU� GDPDJH� JUDGLQJ� UHYHDOHG� D�PHDQ� JUDGH� RI� ����� �6'��� ������ IRU�

JUDYLW\�VHSDUDWLRQ�DQG�������6'���������IRU�SURFHVVLQJ�ZLWK�WKH�/LSL9DJH�V\VWHP��+RZHYHU��

VWDWLVWLFDO�VLJQLILFDQFH�ZDV�UHDFKHG�UHJDUGLQJ�D�FRUUHODWLRQ�EHWZHHQ�WKH�WDNH�UDWH�DQG�JUDGLQJ�

RI�FHOOXODU�GDPDJH�LQ�6(0���

��

7KH�SUHVHQFH�DQG�GLDPHWHU�RI�OLSLG�GURSOHWV�ZHUH�XVHG�DV�LQGLFDWRUV�RI�FHOOXODU�GDPDJH��ZLWK�

IHZHU�DQG�VPDOOHU�GURSOHWV�FRQVLGHUHG�EHWWHU�WKDQ�WKH�SUHVHQFH�RI�PDQ\�ODUJH�OLSLG�GURSOHWV��

3UHYLRXV�WULDOV�RQ�WKH�PHFKDQLVPV�RI�IDW�JUDIW�VXUYLYDO�KDYH�VKRZQ�WKDW� OLSLG�GURSOHWV�DUH�

PDLQO\�DEVRUEHG�E\�PDFURSKDJH�SKDJRF\WRVLV��KRZHYHU�WKLV�SURFHVV�WHQGV�WR�EH�YHU\�VORZ�

DQG� LWV� GXUDWLRQ� VLJQLILFDQWO\� GHSHQGV� RQ� WKH� GURSOHW� GLDPHWHU� ������ ,Q� ODUJH�GLDPHWHU�

GURSOHWV��D�F\VW�ZDOO�IRUPV�EHIRUH�FRPSOHWH�DEVRUSWLRQ��ZKLFK�PD\�FDOFLI\�RYHU�WLPH��������

,Q� WKH� FHQWHU� RI� WUDQVSODQWHG� DGLSRVH� WLVVXH�� HYHQ� $'6&V� RU� SURJHQLWRU� FHOOV� XQGHUJR�

DSRSWRVLV��ZKLFK�LQKLELWV�IXUWKHU�DGLSRJHQHVLV�DQG�OHDGV�WR�WKH�IRUPDWLRQ�RI�VFDU�WLVVXH�RU�
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F\VWV� ������ $FFRUGLQJ� WR� WKH� ZLGHVSUHDG� FHOO� VXUYLYDO� WKHRU\�� ILQDO� ORQJ�WHUP� YROXPH�

UHWHQWLRQ�DIWHU�$)*�LV�GHWHUPLQHG�E\�WKH�DPRXQW�RI�VXFFHVVIXOO\�UHSODFHG�DGLSRF\WHV����������

,I�RQO\�VPDOO�OLSLG�GURSOHWV�DUH�SUHVHQW�LQ�JUDIWHG�DGLSRVH�WLVVXH��DEVRUSWLRQ�LV�WKRXJKW�WR�EH�

FRPSOHWH� DIWHU� �� PRQWKV� DQG� YROXPH� LV� QRW� H[SHFWHG� WR� FKDQJH� VLJQLILFDQWO\� DIWHU� WKLV�

SHULRG�������,I�D�ODUJHU�DPRXQW�RI�ODUJH�OLSLG�GURSOHWV�UHPDLQV���PRQWKV�DIWHU�$)*���WKH�JUDIW�

LV�H[SHFWHG�WR�DWURSK\�EHWZHHQ���DQG����PRQWKV��������

'HVSLWH� ODFNLQJ� VWDWLVWLFDO� VLJQLILFDQFH� UHJDUGLQJ� D� FRUUHODWLRQ� RI� WKH� WDNH� UDWH� DQG� WKH�

SURFHVVLQJ�WHFKQLTXH�LQ�RXU�VWXG\�SRSXODWLRQ��D�KLJKHU�DPRXQW�RI�YLDEOH�DGLSRF\WHV�DQG�OHVV�

FHOOXODU�GDPDJH�DV�REVHUYHG�LQ�OLSRDVSLUDWHV�SURFHVVHG�ZLWK�WKH�/LSL9DJH�V\VWHP��PD\�VWLOO�

EH� UHOHYDQW� IRU� DQ� LPSURYHG� ORQJ�WHUP�JUDIW� UHWHQWLRQ� ������)XUWKHUPRUH�� UHLQMHFWLRQ�RI� D�

PRUH� XQLIRUP� DQG� KLJKHU� DXWRORJRXV� IDW� WLVVXH� FRQWHQW� ZLWK� OHVV� FRPSURPLVLQJ�

FRPSRQHQWV������PD\�EH�FRQVLGHUHG�EHQHILFLDO���

,Q�VSLWH�RI�WKHVH�TXDOLW\�LPSURYHPHQWV��RQH�FOLQLFDO� WULDO�UHSRUWHG�D�ORQJ�WHUP�WDNH�UDWH�RI�

RQO\� ���� IRU� IDW� SURFHVVHG� ZLWK� WKH� 3XUH*UDIW� ZDVKLQJ� V\VWHP� ������� 7KHVH� ILQGLQJV�

VXJJHVW��WKDW�IXUWKHU�IDFWRUV�EH\RQG�WKH�FRPSRVLWLRQ�RI�WKH�OLSRDVSLUDWHV��SRVVLEO\�LQFOXGLQJ�

WKH�IXQFWLRQ�RI�DGLSRF\WHV��$'6&V��DQG�69)�PD\�EH�LQYROYHG�LQ�ORQJ�WHUP�RXWFRPH����������

:KHQ�ZHWWLQJ�VROXWLRQV�DUH�XVHG�LQ�OLSRVXFWLRQ��OLSRDVSLUDWHV�DUH�H[SRVHG�WR�ORFDO�DQHVWKHWLFV�

VXFK�DV�OLGRFDLQH��ZKLFK�PD\�LQKLELW�FHOO�IXQFWLRQ�������+RZHYHU��0RRUH�HW�DO��UHSRUWHG�WKDW�

WKLV�HIIHFW�ODVWV�RQO\�DV�ORQJ�DV�OLGRFDLQH�LV�SUHVHQW�DQG�WKDW�DGLSRF\WHV�FDQ�IXOO\�UHFRYHU�WKHLU�

JURZWK�DQG�IXQFWLRQ�DIWHU�ZDVKLQJ�ZLWK�IRU�H[DPSOH�WKH�/LSL9DJH�6\VWHP��UHJDUGOHVV�RI�WKH�

GXUDWLRQ�RI�H[SRVXUH�������'HVSLWH�LQFRQFOXVLYH�HYLGHQFH�RI�ORQJ�WHUP�UHVXOWV��WKH�XVH�RI�D�

ZDVKLQJ� V\VWHP� KDV� EHFRPH� WKH� FXUUHQW� VWDQGDUG� LQ� RXU� GHSDUWPHQW� EHFDXVH� RI� VHYHUDO�

IDYRUDEOH�SURSHUWLHV��$GGLWLRQDO�VWXGLHV�LQYHVWLJDWLQJ�ZKHWKHU�KLJKHU�TXDOLW\�JUDIWV�KDYH�D�

FOLQLFDOO\� UHOHYDQW� LPSDFW� DQG� IRFXVLQJ� LGHQWLI\LQJ� DQ� RSWLPDO� WHFKQLTXH� IRU� SURFHVVLQJ�

DXWRORJRXV�IDW�JUDIWV�DUH�HVVHQWLDO�LQ�GHWHUPLQLQJ�D�JROG�VWDQGDUG�LQ�$)*�������

�

������ *UDIWLQJ�

$V�VXJJHVWHG�E\�SUHYLRXV�DXWKRUV��UHLQMHFWLRQ�RI�VPDOO�DOLTXRWV�ZDV�SHUIRUPHG�LQ�D�IDQQLQJ�

RXW�SDWWHUQ�GXULQJ�ZLWKGUDZDO�RI�VPDOO�EOXQW�FDQQXODV��DSSUR[LPDWHO\����JDXJH������������

FRQQHFWHG�WR�D�/XHU�/RFN�V\ULQJH��'HVSLWH�SRWHQWLDOO\�LQFUHDVHG�YDVFXODUL]DWLRQ�GXULQJ�WKH�

UHLQMHFWLRQ�RI�OLSRDVSLUDWHV�LQWR�WKH�PXVFOH�������ZH�RSWHG�IRU�VXEFXWDQHRXV�JUDIWLQJ�EHFDXVH�

RI�DQ�LQFUHDVHG�PRELOL]DWLRQ�RI�WKH�0XVFXOXV�SHFWRUDOLV�PDMRU�DQG�PLQRU�FRPSDUHG�ZLWK�WKH�

6$7�������
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([LVWLQJ�VWXGLHV�WKDW�H[DPLQHG�WKH�HIIHFW�RI�WKH�FRQGLWLRQ�DW�WKH�UHFLSLHQW�VLWH�RQ�WKH�WDNH�UDWH�

ZHUH�LQFRQFOXVLYH�DQG�VXJJHVW�WKDW�SDUDPHWHUV�VXFK�DV�DJH��WKH�VHYHULW\�RI�VWUXFWXUDO�GDPDJH�

RU�SUHYLRXV�WUDXPD�WR�WKH�RYHUO\LQJ�OD\HUV�DUH�SRWHQWLDO�DGYHUVH�IDFWRUV�LQ�JUDIW�WDNH������,Q�

RXU�VWXG\�FROOHFWLYH��UHVXOWV�VKRZHG�D�VWDWLVWLFDOO\�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�WKH�WDNH�

UDWH� DQG� WKH� PHDQ� 6$7� WKLFNQHVV� DW� WKH� JUDIW� VLWH� EHIRUH� VXUJHU\� �S ������� DQG� DQ�

DSSUR[LPDWH�FRUUHODWLRQ�ZLWK�WKH�VHTXHQFH�QXPEHU�RI�WKH�FXUUHQW�$)*�VHVVLRQ��7KHUHIRUH��

KLJKHU�WDNH�UDWHV�FDQ�EH�H[SHFWHG�LQ�VXEMHFWV�ZLWK�D�KLJKHU�SUH�H[LVWLQJ�6$7�OD\HU�WKLFNQHVV��

ZKLFK�PD\�EH�GXH�WR�SUHYLRXVO\�XQGHUJRQH�PXOWLSOH�$)*�VHVVLRQV�RU�D�KLJKHU�%0,��7KH�

KLJKHVW�WDNH�UDWH�LQ�WKLV�FROOHFWLYH����������ZDV�REVHUYHG�LQ�D�SDWLHQW�ZLWK�WKH�KLJKHVW�PHDQ�

6$7�WKLFNQHVV�EHIRUH�$)*��������PP���ZKHUHDV�ORZHU�WDNH�UDWHV�OHVV�WKDQ�����ZHUH�IRXQG�

LQ�SDWLHQWV�ZLWK�VLJQLILFDQWO\�ORZHU�PHDQ�6$7�WKLFNQHVVHV�RI�OHVV�WKDQ����PP��2XU�UHVXOWV�

DUH�LQ�DJUHHPHQW�ZLWK�WKRVH�RI�RWKHU�DXWKRUV�VXFK�DV�&KHQ�HW�DO��ZKR�VSHFXODWH�WKDW�ORVV�RI�

IDW�JUDIW�YROXPH�RFFXUV��DQG�SRVVLEO\�LQFUHDVHV��ZKHQ�JUDIWHG�WR�D�UHFLSLHQW�DUHD�ZKHUH�OHVV�

IDW�LV�SUHVHQW�������7KHVH�HIIHFWV�DW�D�UHFLSLHQW�VLWH�ZLWK�ORZHU�6$7�FDQ�EH�H[SODLQHG�E\�D�

GHFUHDVHG�IXQFWLRQ�RI�UHLQMHFWHG�DXWRORJRXV�IDW�JUDIWV�WR�VWRUH�OLSLGV�LQ�DGLSRF\WHV��OHDGLQJ�

WR�D�GHFUHDVH�LQ�FHOO�DQG�WLVVXH�VL]H�RYHU�WLPH��������

7R� HQVXUH� PDLQWHQDQFH� RI� WKH� SDWLHQW� FRPSOLDQFH� GXULQJ� $)*�EDVHG� SRVWPDVWHFWRP\�

UHFRQVWUXFWLRQ�ZLWKLQ�VHYHUDO�VHVVLRQV��WKHVH�ILQGLQJV�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�IRU�WKH�

SUHRSHUDWLYH�SODQQLQJ�DV�ZHOO�DV�IRU�PHGLFDO�EULHILQJ���

�

:H� GLG� QRW� REVHUYH� D� VWDWLVWLFDOO\� VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� WKH� WDNH� UDWH� DQG� WKH�

DPRXQW�RI�DXWRORJRXV�IDW�WUDQVSODQWHG��S ��������EXW�KLJKHU�WDNH�UDWHV�WHQGHG�WR�EH�REVHUYHG�

LQ�SDWLHQWV�ZLWK� ODUJHU�YROXPHV�JUDIWHG��+RZHYHU�� WKH�JHQHUDO�SUHVXPSWLRQ� LV� WKDW�KLJKHU�

YROXPHV�WUDQVSODQWHG�LQWR�D�WLJKW��OLPLWHG�VSDFH�PD\�DIIHFW�WKH�WDNH�UDWH�������EXW�DQ�RSWLPDO�

JUDIWLQJ�YROXPH�LQ�UHODWLRQ�RI�WKH�UHFLSLHQW�VLWH�KDV�QRW�\HW�EHHQ�GHILQHG��5HJDUGOHVV�RI�ZKLFK�

WKHRU\�RI�JUDIW�VXUYLYDO�DSSOLHV��GRQRU�OREXOHV�RI�DXWRORJRXV�IDW�VKRXOG�EH�GLVSHUVHG�LQWR�WKH�

UHFLSLHQW�VLWH�WLVVXH�DQG�YROXPHWULF�OLPLWV�VKRXOG�EH�FRQVLGHUHG��������/LPLWDWLRQV�RQ�JUDIW�

FDSDFLW\�DUH�IRXQG��IRU�H[DPSOH�LQ�VNLQ�RU�KDLU�WUDQVSODQWDWLRQ��ERWK�RI�ZKLFK�DUH�EDVHG�RQ�

WKH�SULQFLSOH�RI�GLIIXVLRQ�DQJLRJHQHVLV���������,Q�WKHVH�UHVSHFWLYH�WZR��DQG�WKUHH�GLPHQVLRQDO�

V\VWHPV��WKH�RXWHU�VLGHV�RI�WKH�WUDQVSODQWHG�WLVVXH�DUH�LQ�FRQWDFW�ZLWK�UHFLSLHQW’s WLVVXH�GXULQJ�

DQG�DIWHU�UHLQMHFWLRQ��������7KLV�JUDIW��WR�UHFLSLHQW�G\QDPLF�OLPLWV�WKH�YROXPH�WKDW�FDQ�EH�

WUDQVSODQWHG�ZLWKLQ�D�VLQJOH�VHVVLRQ��DQG�JUDIWLQJ�DFFRUGLQJ�WR�WKH�FDSDFLW\�RI�WKH�UHFLSLHQW�

VLWH�LV�NQRZQ�DV�WKH�JUDIW�WR�FDSDFLW\�FRQFHSW���������
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7KHUHIRUH��IRU�PHJD�YROXPH�JUDIWLQJ��UDQJHV�RI�����PO�DQG�DERYH���DV�IUHTXHQWO\�SHUIRUPHG�

LQ�SRVWPDVWHFWRP\� UHFRQVWUXFWLRQ�� VRPH�DXWKRUV� VXJJHVW� H[WHUQDO� H[SDQVLRQ�� IRU� LQVWDQFH�

ZLWK�WKH�%5$9$�V\VWHP��WR�LQFUHDVH�YDVFXODULW\�DQG�YROXPH�RI�WKH�UHFLSLHQW�DUHD��������

,Q�RXU�VWXG\�FRKRUW��UHLQMHFWLRQ�RI�OLSRDVSLUDWHV�ZDV�GRQH�DFFRUGLQJ�WR�WKH�JUDIW�WR�FDSDFLW\�

FRQFHSW� ������� 7KH� PHDQ� YROXPH� RI� UHLQMHFWHG� IDW� ZDV� ������ PO�� ZLWK� D� VLQJOH� SDWLHQW�

UHFHLYLQJ�RYHU�����PO�ZKLOH�DQ�DFFHSWDEOH�WDNH�UDWH�RI��������ZDV�VWLOO�DFKLHYHG��,Q�WKLV�

FDVH�KRZHYHU��WKH�SULRU�WR�$)*�H[LVWLQJ�PHDQ�6$7�WKLFNQHVV�RQO\������PP��ZKLFK�FRXOG�EH�

FRQVLGHUHG� D� FRPSURPLVLQJ� SDUDPHWHU�� 8OWLPDWHO\�� SDWLHQW� YDULDELOLW\� LV� FKDOOHQJLQJ� LQ�

SODQQLQJ�DSSURSULDWH�JUDIW�YROXPH��,Q�RXU�RSLQLRQ�LW�LV�HVVHQWLDO� WR�DYRLG�JUDIWLQJ�EH\RQG�

ZKDW�WKH�UHFLSLHQW�VLWH�FDQ�DFFRPPRGDWH��DV�WLVVXH�FRPSOLDQFH�GHFUHDVHV�UDSLGO\�RYHU��FHUWDLQ�

JUDIWLQJ�YROXPHV�������7KH�XSSHU�OLPLW�RI�WKH�YROXPH�WKDW�FDQ�EH�VDIHO\�LQMHFWHG�KDV�\HW�WR�

EH�GHWHUPLQHG��

�

�����3DWLHQW�UHODWHG�SDUDPHWHUV�DIIHFWLQJ�WKH�WDNH�UDWH�
�
7KH�VWLOO�UHPDLQLQJ�YDULDELOLW\�LQ�RXWFRPH�DIWHU�$)*�LQGLFDWHV�D�VLJQLILFDQW�LPSDFW�RI�SDWLHQW�

UHODWHG� FKDUDFWHULVWLFV� RQ� WKH� IXQFWLRQDOLW\� DQG� YLDELOLW\� RI� DGLSRF\WHV�� 69)� FHOOV� DQG�

SDUWLFXODUO\� DQG� $'6&V� ������ (IIHFWV� RI� SDWLHQW� DJH� RQ� � WKHLU� $'6&� YLDELOLW\� KDV� EHHQ�

H[WHQVLYHO\�UHVHDUFKHG��DQG�ILQGLQJV�LQGLFDWH�D�UHGXFWLRQ�LQ�RYHUDOO�\LHOG�RI�QXFOHDWHG�FHOOV�ZLWK�

DJH�DV�ZHOO�DV�D�VLJQLILFDQW�GHFUHDVH�RI�GLIIHUHQWLDWLRQ�DQG�SUROLIHUDWLRQ�FDSDFLW\�������$JH�FDQ�

DOVR� OHDG� WR� SRRUHU� UHYDVFXODUL]DWLRQ�� ZKLFK� LQ� WXUQ� PD\� EH� DVVRFLDWHG� ZLWK� UHGXFHG� JUDIW�

SHUIXVLRQ�UDWHV�DQG�WKHUHIRUH�ORZHU�RYHUDOO�JUDIW�WDNH������'HVSLWH�DJH�GLG�QRW�VLJQLILFDQWO\�DIIHFW�

WDNH�UDWH�LQ�RXU�VWXG\�SDUWLFLSDQWV�DJHG����WR����\HDUV��S �������HYLGHQFH�VXJJHVWV�DQ�DVVRFLDWLRQ�

RI� LPSURYHG� JUDIW� WDNH� LQ� \RXQJHU� SDWLHQWV� DQG� LQLWLDWLRQ� RI� $)*� DW� D� \RXQJHU� DJH� WR� EH�

SUHIHUDEOH� ������� $SDUW� IURP� DJH� EHLQJ� D� SRWHQWLDO� ULVN� IDFWRU� IRU� LPSDLUHG� JUDIW� WDNH�� WKH�

LQGLFDWLRQ� IRU� UHFRQVWUXFWLYH� $)*� LQ� HOGHUO\� SDWLHQWV� VKRXOG� JHQHUDOO\� EH� FRQVLGHUHG� ZLWK�

VSHFLDO�FDUH���

�

$V�WKH�PRVW�SUHYDOHQW�DGGLFWLRQ�LQ�VRFLHW\��QLFRWLQH�DEXVH�LV�NQRZQ�DV�D�FRPPRQ�WURXEOHPDNHU�

LQ�VXUJHU\��������ZKLFK�PD\�DIIHFW�JUDIW�UHYDVFXODUL]DWLRQ�DQG�VXUYLYDO�LQ�DGGLWLRQ�WR�DJH������

,Q�JHQHUDO��QLFRWLQH�DEXVH� LV�NQRZQ�WR�KDYH�VHYHUDO�KDUPIXO�HIIHFWV�RQ�FHOOXODU�VWUXFWXUH�DQG�

FLUFXODWRU\�FRPSRQHQWV�DQG�LV�D�IUHTXHQWO\�FLWHG�DV�D�IDFWRU� LQ�PDQ\�VXUJLFDO�FRPSOLFDWLRQV��

VXFK� DV�ZRXQG� KHDOLQJ� GLVRUGHUV�� IDW� QHFURVLV�� XQGHUSHUIXVLRQ� RU� IODS� LVFKHPLD��������$V� D�

SDUWLFXODU�ULVN�IDFWRU�$)*��VPRNLQJ�PD\�FDXVH�YDVRFRQVWULFWLRQ�OHDGLQJ�WR�UHGXFHG�EORRG�IORZ�
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DQG�R[\JHQ�VDWXUDWLRQ�LQ�VXEFXWDQHRXV�WLVVXH�����–������7R�GDWH��WKHUH�LV�QR�FOHDU�HYLGHQFH�DV�

WR�ZK\�FLJDUHWWH�VPRNLQJ�OHDGV�WR�D�UHGXFWLRQ�LQ�SHULSKHUDO�WLVVXH�SHUIXVLRQ��EXW�WKH�UHOHDVH�RI�

FDWHFKRODPLQHV�GXULQJ�VPRNLQJ�LV�FRQVLGHUHG�WKH�PRVW�OLNHO\�UHDVRQ������������$OWKRXJK�LW�LV�

JHQHUDOO\�EHOLHYHG�WKDW�VPRNLQJ�PD\�DIIHFW�IDW�JUDIW�VXUYLYDO��WKHUH�LV�OLPLWHG�HYLGHQFH�IRU�WKLV�

SDUWLFXODU� ULVN� IDFWRU� �������'HVSLWH� D� ODFN� RI� VWDWLVWLFDO� VLJQLILFDQFH� DWWULEXWHG� WR� WKH� VPDOO�

QXPEHU�RI�FDVHV��D�WUHQG� WRZDUGV�D�KLJKHU�WDNH�UDWH�LQ�QRQ�VPRNHUV��S ������U� ��������ZDV�

VKRZQ�LQ�RXU�VWXG\�FROOHFWLYH��LQGLFDWLQJ�VPRNLQJ�DV�D�ULVN�IDFWRU�IRU�LPSDLUHG�UDIW�VXUYLYDO��

6LPLODU�UHVXOWV�ZHUH�REWDLQHG�LQ�D�FOLQLFDO�WULDO�RQ�WKH�HIIHFWV�RI�QLFRWLQH�DEXVH�LQ�IDFLDO�$)*��

DV�VPRNHUV�ZHUH�IRXQG�WR�KDYH�D�UHGXFHG�WDNH�UDWH�RI�DSSUR[LPDWHO\������������,Q�WKLV�VWXG\�

FRKRUW��WZR�VXEMHFWV�ZHUH�KHDY\�VPRNHUV��VPRNHG�PRUH�WKDQ����SHU�GD\��DQG�WKH�UHPDLQLQJ����

VXEMHFWV�ZHUH�DYHUDJH�VPRNHUV��VPRNHG�EHWZHHQ����DQG����FLJDUHWWHV�SHU�GD\���������,Q�RXU�

VWXG\�FRKRUW��RQO\�RQH�VXEMHFW�ZDV�D�KHDY\�VPRNHU�DQG�WZR�VXEMHFWV�ZHUH�DYHUDJH�VPRNHUV�ZLWK�

D� UHVSHFWLYH� WDNH� UDWH� RI� ���������������� DQG��������ZKHUHDV� WKH�PHDQ� WDNH� UDWH� RI� QRQ�

VPRNHUV�ZDV����������

$� SUHFOLQLFDO� VWXG\� LQ� 6SUDJXH�'DZOH\� W\SH� UDWV� XVLQJ� WKH� VPRNH� H[SRVXUH� PRGHO� E\�

*D]]DOOH�HW�DO��������DOVR�UHSRUWHG�D�ZHLJKW�ORVV�RI�JUDIWHG�DGLSRVH�WLVVXH�RI�����LQ�UDWV��H[SRVHG�

WR� VPRNH� WKURXJKRXW� WKH� SURFHGXUH� FRPSDUHG� ZLWK� ���� LQ� WKH� FRQWURO� JURXS��������

,QWHUHVWLQJO\�� LPPXQRKLVWRFKHPLFDO� DQDO\VLV� IXUWKHUPRUH� UHYHDOHG� D� VLJQLILFDQWO\� KLJKHU�

DPRXQW�RI�SUH�DGLSRF\WHV�DV�ZHOO�DV�PDWXUH�DGLSRF\WHV�LQ�WKH�FRQWURO�JURXS��KLJKOLJKWLQJ�WKH�

GHOHWHULRXV� HIIHFWV� RI� QLFRWLQH� DEXVH� DW� WKH� FHOOXODU� OHYHO� ������� � )XUWKHU� FOLQLFDO� DQG�

H[SHULPHQWDO�VWXGLHV�DUH�ZDUUDQWHG�WR�GHWHUPLQH�WKH�H[WHQW�RI�KDUPIXO�HIIHFWV�RI�QLFRWLQH�DEXVH�

LQ�$)*��������

�

7KHUH� LV� DOVR� HYLGHQFH� WKDW� LQFUHDVHG�%0,� DIIHFWV� DGLSRF\WH� IXQFWLRQ� DQG� YLDELOLW\� ������$�

UHGXFWLRQ�LQ�GLIIHUHQWLDWLRQ�DQG�SUROLIHUDWLRQ�FDSDFLW\�RI�$'6&V�KDV�EHHQ�REVHUYHG�LQ�DGLSRVH�

WLVVXH�RI�REHVH�SDWLHQWV��%0,�RI��!���NJ�P����������

+RZHYHU��VWXGLHV�KDYH�DOVR�QRW�IRXQG�D�VWDWLVWLFDOO\�VLJQLILFDQW�DVVRFLDWLRQ�EHWZHHQ�LQFUHDVHG�

%0,�DQG�LPSDLUPHQW�RI�DGLSRF\WH�YLDELOLW\�������:H�REVHUYHG�DQ�DSSUR[LPDWH�FRUUHODWLRQ�RI�

ERG\�ZHLJKW�DQG�%0,�LQ�RXU�VWXG\�FROOHFWLYH��VXJJHVWLQJ�D�SRWHQWLDO�KLJKHU�JUDIW�WDNH�LQ�SDWLHQWV�

ZLWK�D�UHVSHFWLYH�KLJKHU�ERG\�ZHLJKW��$W�WKLV�SRLQW��WKHVH�UHVXOWV�FRXOG�DOVR�EH�GXH�WR�D�KLJKHU�

SUH�H[LVWLQJ�WKLFNQHVV�RI�WKH�6$7�DW�WKH�UHFLSLHQW�VLWH��ZKLFK�PD\�LPSURYH�WKH�WDNH�UDWH���

+RZHYHU�� EHFDXVH� RI� EUHDVW� FDQFHU� DQG� RQFRORJLF� WUHDWPHQWV�� SDWLHQWV� XQGHUJRLQJ�

SRVWPDVWHFWRP\�UHFRQVWUXFWLRQ�PD\�EH�XQGHUZHLJKW�������DQG�KDUYHVWLQJ�DXWRORJRXV�IDW�FDQ�EH�
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FKDOOHQJLQJ�HVSHFLDOO\� LI�PXOWLSOH�VHVVLRQV�DUH� UHTXLUHG��$OWKRXJK�XVXDOO\�FRQWUDLQGLFDWHG� LQ�

XQGHUZHLJKW�SDWLHQWV��UHVXOWV�RI�D�FOLQLFDO�WULDO�RQ�DHVWKHWLF�EUHDVW�DXJPHQWDWLRQ�ZLWK�$)*�E\�

&KHQJ�+XQJ� VWDWHG�� WKDW� WKH� VDPH� H[WHQW� RI� DXJPHQWDWLRQ� FDQ� EH� DFKLHYHG� LQ� XQGHUZHLJKW�

VXEMHFWV��%0,��������FRPSDUHG�WR�QRUPDO�ZHLJKW�VXEMHFWV��������

$V�ZLWK�RYHUZHLJKW��LW�LV�UHFRPPHQGHG�IRU�XQGHUZHLJKW��WR�LPSURYH�WKH�SDWLHQWV�QXWULWLRQ�DQG�

RYHUDOO�KHDOWK�EHIRUH�$)*�WR�HQVXUH�DGHTXDWH�QXWULWLRQ�DQG�R[\JHQDWLRQ�RI�WKH�DXWRORJRXV�IDW�

JUDIWV� ����� DQG� DOORZ�DGHTXDWH�YROXPHV�RI� DXWRORJRXV� IDW� WR� EH�KDUYHVWHG��$�EDODQFHG�GLHW�

LQFOXGLQJ�WKH�VL[�EDVLF�QXWULHQWV�SURWHLQ��FDUERK\GUDWHV��IDW��PLQHUDOV��YLWDPLQV�DQG�ZDWHU��DV�

ZHOO�DV�DGHTXDWH�QXWULHQW�LQWDNH�DUH�HVVHQWLDO�IRU�WKH�UHFRYHU\�DIWHU�FDQFHU�WUHDWPHQW���������

0LFURQXWULHQWV�VXFK�DV�EURPHODLQ��PDJQHVLXP��VHOHQLXP��RU�YLWDPLQ�%��ZKLFK�LQGLFDWH�EHWWHU�

JUDIW�YLDELOLW\�IROORZLQJ�VXUJHU\�PD\�DOVR�EH�XVHG�LQ�SDWLHQWV�VHHNLQJ�$)*�ZLWK�D�ORZ�%0,�������

$�YDULHW\�RI�RWKHU�SDWLHQW�UHODWHG�ULVN�IDFWRUV�VXFK�DV�GLDEHWHV�PHOOLWXV�W\SH���DQG�����SUHYLRXV�

FKHPR��RU�UDGLRWKHUDS\�RU�PHQRSDXVDO�VWDWXV�PD\�DIIHFW�FHOO�IXQFWLRQDOLW\�DQG�YLDELOLW\�������$�

EHWWHU� XQGHUVWDQGLQJ� RI� WKHVH� YDULDEOHV� LV� FRQVLGHUHG� RI� XWPRVW� LPSRUWDQFH� IRU� GHULYLQJ� D�

WKHRUHWLFDO�IUDPHZRUN�WR�SUHGLFW�RXWFRPH�LQ�$)*�DQG�IRU�LGHQWLI\LQJ�SDWLHQW�SRSXODWLRQV�WKDW�

ZRXOG�EHQHILW�IURP�YHUVDWLOH�WHFKQLTXHV�IRU�DXWRORJRXV�IDW�JUDIW�HQULFKPHQW�������
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����$GLSRF\WH�PDUNHUV�
�

7R�GDWH��WKHUH�KDYH�EHHQ�IHZ�VWXGLHV�H[DPLQLQJ�WKH�H[SUHVVLRQ�RI�KXPDQ�DGLSRF\WH�PDUNHUV�LQ�

OLSRDVSLUDWHV�KDUYHVWHG�IURP�YDULRXV�VLWHV�XVLQJ�GLIIHUHQW�KDUYHVWLQJ�PHWKRGV�DQG�WKH\�DUH�QRW�

IXOO\�FRPSDUDEOH�WR�WKH�SUHVHQW�VWXG\���

3UHFOLQLFDO�HYLGHQFH�VXJJHVWV��WKDW�WKH�PHWDEROLF�VWDWH�RI�KDUYHVWHG�DQG�VXEVHTXHQWO\�JUDIWHG�

DGLSRVH�WLVVXH�PD\�SOD\�D�UROH�LQ�JUDIW�WDNH���������$QDO\VLV�RI�DGLSRF\WH�PDUNHU�H[SUHVVLRQ�LQ�

RXU�VWXG\�FROOHFWLYH�UHYHDOHG�D�VWURQJ�LQGLUHFW�FRQYHUJHQFH�RI�)$%3��DQG�3/,1��DQG�WDNH�UDWH��

,Q�JHQHUDO��FRQFOXVLRQV�DERXW�WKH�DPRXQW�RI�YLDEOH�DGLSRF\WHV�LQ�OLSRDVSLUDWHV�FDQ�EH�GUDZQ�YLD�

WKH�H[SUHVVLRQ�RI�3/,1�������������DQG��D�ORZHU�H[SUHVVLRQ�LV�DVVRFLDWHG�ZLWK�KLJKHU�OLSRO\VLV�

UDWHV� LQ� KXPDQV� ������� $FFRUGLQJ� WR� WKHVH� ILQGLQJV�� ORZHU� 3/,1�� H[SUHVVLRQ� PLJKW� EH�

DVVRFLDWHG�ZLWK�D�EHWWHU�RXWFRPH�LQ�$)*���

2Q�WKH�RWKHU�KDQG��)$%3��KDV�RIWHQ�EHHQ�XVHG�DV�D�PDUNHU�IRU�GLIIHUHQWLDWHG�DGLSRF\WHV��EXW�

HYLGHQFH�VXJJHVWV�WKDW�LWV�H[SUHVVLRQ�LV�QRW�UHVWULFWHG�WR�PDWXUH�DGLSRF\WHV��EXW�DOVR�GHWHFWV�D�

SRRO�RI�XQGLIIHUHQWLDWHG�SURJHQLWRU�FHOOV�DVVRFLDWHG�ZLWK�WKH�YDVFXODWXUH�RI�DGLSRVH�WLVVXH��������

7KH�H[SUHVVLRQ�RI�WKLV�PDUNHU�LV�UHODWHG�WR�DGLSRF\WH�GLIIHUHQWLDWLRQ�������DQG�KLJKHU�H[SUHVVLRQ�

RI�PDUNHUV�DVVRFLDWHG�ZLWK�DGLSRJHQHVLV��VXFK�DV�)$%3���EXW�DOVR�33$5*�RU�&(%3$��PLJKW�

EH� DVVRFLDWHG� ZLWK� LPSURYHG� ORQJ�WHUP� RXWFRPHV� ������� +RZHYHU�� ZH� GLG� QRW� REVHUYH� D�

FRUUHODWLRQ�EHWZHHQ�WDNH�UDWH�DQG�H[SUHVVLRQ�RI�33$5*�RU�&(%3$�LQ�RXU�VWXG\�SRSXODWLRQ��

'HVSLWH� WKH� ODFN� RI� VWDWLVWLFDO� VLJQLILFDQFH�� WKH� UROH� RI� 33$5*� LQ� DGLSRJHQHVLV� DQG� IDW�

PHWDEROLVP�KDV�EHHQ�H[WHQVLYHO\�LQYHVWLJDWHG�LQ�YLWUR�������DQG�EDVHG�RQ�WKHVH�ILQGLQJV��ZH�

EHOLHYH�WKDW�WKLV�VSHFLILF�PDUNHU�PD\�SOD\�D�FUXFLDO�UROH�LQ�WKH�LQLWLDO�DQG�ORQJ�WHUP�VXUYLYDO�RI�

JUDIWHG�DXWRORJRXV�IDW���6WDWLVWLFDO�VLJQLILFDQFH�PD\�QRW�KDYH�EHHQ�DFKLHYHG�EHFDXVH�RI�WKH�VPDOO�

VDPSOH� VL]H��ZH�QHYHUWKHOHVV� FRQVLGHU� WKH�PHDVXUHPHQW� RI� WKHVH� DGLSRF\WH�PDUNHUV� WR� EH� D�

YDOXDEOH�DSSURDFK�IRU�IXWXUH�KXPDQ�WULDOV�LQ�ODUJHU�FRKRUWV���

�

)XUWKHUPRUH�� UHJHQHUDWLRQ� DIWHU� $)*� PD\� QRW� EH� EDVHG� RQ� DGLSRVH� WLVVXH� SHU� VH�� EXW� WKH�

SUHVHQFH� DQG� DPRXQW� RI� VWHP� FHOOV� XELTXLWRXVO\� GLVWULEXWHG� ������� 8VLQJ� 69)� FHOOV� DQG�

SDUWLFXODUO\� $'6&V� PD\� WKHUHIRUH� VRRQ� EHFRPH� LQFUHDVLQJO\� LPSRUWDQW� LQ� WKH� VHDUFK� IRU�

RSWLPDO�WHFKQLTXHV�IRU�LPSURYHG�RXWFRPHV�LQ�$)*������:KLOH�QR�FRQQHFWLRQ�RI�WKH�WDNH�UDWH�

DQG� WKH� H[SUHVVLRQ� RI�PDFURSKDJH� �&'����� HQGRWKHOLDO� FHOO� �&'���� DQG� VWHP� FHOO�PDUNHUV�

�&'����LQ�WKH�69)�ZHUH�REVHUYHG��WKHUH�LV�VWLOO�D�JUHDW�GHPDQG�IRU�PRUH�LQ�GHSWK�VWXGLHV�WR�

LQYHVWLJDWH�WKH�FRQWULEXWLRQ�RI�GLIIHUHQWLDWHG�DGLSRF\WHV�DQG�$'6&V�WR�WKH�JUDIW�WDNH��
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����/LPLWDWLRQV�DQG�RXWORRN�
�

7KLV�H[SORUDWRU\�WULDO��ZKLFK�DLPHG�WR�LGHQWLI\�FOLQLFDOO\�UHOHYDQW�SDWLHQW��DQG�VXUJHU\�UHODWHG�

SDUDPHWHUV� WKDW� DIIHFW� WKH�JUDIW� WDNH�� LV� OLPLWHG� LQ�VHYHUDO�ZD\V��%HFDXVH�RI� WKH�VPDOO� VWXG\�

FRKRUW��UHWULHYHG�UHVXOWV�PD\�QRW�EH�IXOO\�WUDQVIHUDEOH�DQG�UHSUHVHQWDWLYH��ZKLFK�PD\�DOVR�EH�WKH�

UHDVRQ�ZK\�FHUWDLQ�VLJQLILFDQFHV�ZHUH�QRW�UHDFKHG�EXW�WUHQGV�ZHUH�UHYHDOHG���

$OWKRXJK� WKH� WULDO�ZDV� SODQQHG� WR� UHGXFH� SRWHQWLDO� ELDV� FDXVHG� E\� GLIIHUHQW� KDUYHVWLQJ� DQG�

JUDIWLQJ�WHFKQLTXHV�RI�DXWRORJRXV�IDW��WKH�LQGLYLGXDO�WHFKQLTXHV�XVHG�PD\�QRW�EH�FRPSOHWHO\�

XQLIRUP�LQ�DOO�VWXG\�SDUWLFLSDQWV�DQG�D�ELDV�GXH�WR�LQGLYLGXDO��VXUJHRQ�UHODWHG��IDFWRUV�LV�WR�EH�

FRQVLGHUHG�D�OLPLWLQJ�IDFWRU���

)XUWKHUPRUH�� WKH�H[SUHVVLRQ�RI�VHYHUDO�FHOO�GHDWK�PDUNHUV�ZDV�EHORZ�WKH� OLPLW�RI�GHWHFWLRQ��

ZKLFK� LV�ZK\� LQGLUHFW� DVVXPSWLRQV� DERXW� FHOOXODU� GDPDJH� LQ� KDUYHVWHG� IDW�� IRU� H[DPSOH� E\�

JUDGLQJ� LQ�6(0��FDQ�EH�PDGH�� ,Q�DGGLWLRQ��QR�FOHDU�FRQFOXVLRQ�FDQ�EH�GUDZQ�DERXW� FHOOXODU�
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