
Antibiotic susceptibility in anaerobic bacteria  

which are most frequently isolated from infected 

root canals. 
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� %DFNJURXQG�� 7KLV� SDSHU� UHSRUWV� WKH� DQWLELRWLF� VXVFHSWLELOLWLHV� RI� ���
DQDHURELF�EDFWHULDO�VSHFLHV�LVRODWHG�IURP����LQIHFWHG�WHHWK���
� 0HWKRGV�� 7KH� EDFWHULDO� VSHFLHV� ZHUH� FROOHFWHG� IURP� WKH� PHFKDQLFDOO\�
RSHQHG�URRW�FDQDOV�ZLWK�VWHULOH�SDSHU�SRLQWV��SODWHG�XQGHU�DQDHURELF�FRQGLWLRQV��
DQG� LVRODWHV�ZHUH� LGHQWLILHG�EDVHG�RQ�ELRFKHPLFDO� UHDFWLRQV� DQG� FDUERK\GUDWH�
IHUPHQWDWLRQV�� $QWLELRWLF� VXVFHSWLELOLWLHV� ZHUH� SHUIRUPHG� E\� EURWK� GLOXWLRQ�
PHWKRG�WR����DQWLPLFURELDO�DJHQWV��
� 5HVXOWV��7KH�PRVW�IUHTXHQWO\�LVRODWHG�EDFWHULD�ZHUH�IRXQG�WR�EH�DQDHURELF�
6WUHSWRFRFFL���������DQG�3UHYRWHOOD�VS���������$]LWKURP\FLQ�ZDV�IRXQG�WR�EH�WKH�
PRVW� HIIHFWLYH� DQWLELRWLF� RQO\� IRU� *UDP�QHJDWLYH� URGV�� EXW� DPR[LFLOOLQ� ��
FODYXQDWH�ZDV�RYHUDOO�WKH�PRVW�HIIHFWLYH�IRU�DOO�LVRODWHV��
 Conclusion:  Amoxicillin + clavunate is recommended as the first choice in 

the treatment of acute dental abscesses which take origin from infected root canal 
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.H\ZRUGV��'HQWDO�DEVFHVV��$PR[LFLOOLQ���FODYXODQLF�DFLG��(QGRGRQWLFV��
 

'HQWDO�DEVFHVVHV� ORFDWH�RXW�RI�URRW��EXW�
RULJLQDWH� IURP� LQIHFWHG� URRW� FDQDO�V���
&RQYHQWLRQDOO\�� WKH\� FDQ� EH� KHDOHG� E\�
URRW� FDQDO� WUHDWPHQW� RU� HQGRGRQWLF�
VXUJHU\�� %HVLGHV� WKLV�� LW� PD\� EH�
QHFHVVDU\� WR� JLYH� DQ� DQWLELRWLF�
SDUWLFXODUO\� LQ� DFXWH� SKDVH�� 7KLV�
SUHYHQWV� WKH� GLVVHPLQDWLRQ� RI� EDFWHULD�
DQG�H[WHQVLRQ�RI�DFXWH�DEVFHVV��
� 7KH� LGHDO� DSSURDFK� WR� WUHDWPHQW�
RI� DFXWH� DEVFHVVHV� LV� WR� PDNH� FXOWXUH�
DQG� DQWLELRWLF� VXVFHSWLELOLW\� WHVW� RQ� WKH�
SDWKRJHQ� PLFURRUJDQLVP�V�� ZKLFK� LV�
LVRODWHG�IURP�WKH�LQIHFWHG�URRW�FDQDO���
�
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+RZHYHU�� XQWLO� WKH� GDWH� ZKHQ� WKH�
UHVXOWV�RI�WHVWV�DUH�REWDLQHG��LPPHGLDWH�
DQWLELRWLF�WKHUDS\�PD\�EH�JLYHQ�EOLQGO\�
LQ� RUGHU� WR� FRQWURO� LQIHFWLRQ� HDUOLHU�� $�
UHVWULFWHG�JURXS�RI�EDFWHULD�FDQ�FRORQL]H�
LQ�LQIHFWHG�URRW�FDQDO��EHFDXVH�HFRORJLFDO�
GHWHUPLQDQWV� VXFK� DV� ORZ� R[\JHQ�
WHQVLRQ�� FHDVHG�EORRG�FLUFXODWLRQ�DQG�D�
ORZ�UHGXFWLRQ�SRWHQWLDO��(K��RI�LQIHFWHG�
URRW� WLVVXHV� DUH� XVXDOO\� VSHFLILF�� $OVR��
ZHOO� GHILQHG� FRPPHQVDO� DQG�
DQWDJRQLVWLF� PHFKDQLVPV� RSHUDWH� LQ�
LQIHFWHG� FDQDO� IORUD��� %DFWHULDO�
SRSXODWLRQ�FRQVLVW�RI�������JHQHUD�RI�WKH�
RUDO� IORUD����� DQG� PRUH� WKDQ� ���� RI�
EDFWHULD�DUH�DQDHURELF�������
� ,Q�WKH�ILUVW�SKDVH�RI�LQIHFWLRQ��WKH�
ORZ� FRQWHQW� RI� FDUERK\GUDWHV� LQ� VHUXP�
DUH� IHUPHQWHG� WR� DFLGV� DQG� DOFRKROV� LQ�
WKH�SXOS� FKDPEHU�E\� VDFFKDURO\WLF� DQG�
IDFXOWDWLYH�EDFWHULD��,Q�WKH�VHFRQG�SKDVH��



JO\FRSURWHLQV� DUH� WKH� PDLQ� HQHUJ\�
VRXUFH�� 3UHYRWHOOD� VSS�� LQFUHDVH�� EXW�
IDFXOWDWLYH� DQDHUREHV� GHFUHDVH� LQ� WKLV�
VWDJH�� ,Q� WKH� WKLUG� SKDVH�� SURWHLQ�
GHJUDGDWLRQ� DQG� H[WHQVLYH� DPLQR� DFLG�
IHUPHQWDWLRQ� WDNHV� SODFH��
3HSWRVWUHSWRFRFFXV�VSS���(XEDFWHULXP�VSS���
)XVREDFWHULXP� QXFOHDWXP��3RUSK\URPRQDV�
VSS��� 3URSLRQLEDFWHULXP� SURSLRQLFXP��
:ROLQHOOD�VSS���DQG�6HOHQRPRQDV�VSS��DUH�
WKH� VSHFLHV� RFFXUULQJ� LQ� WKLV� WHUPLQDO�
SKDVH��� 'XULQJ� WKLV� SKDVH�� FHUWDLQ�
UHODWLRQVKLSV� DUH� HVWDEOLVKHG� EHWZHHQ�
EDFWHULD�SUHVHQW�����DQG�WKH�SURSRUWLRQ�RI�
D� VWUDLQ� WR� WKH� WRWDO� IORUD� LV� VSHFLILF� IRU�
HDFK� LQIHFWLRQ�� 6RPHWLPHV�� WKHLU�
SURSRUWLRQV� VKRZ� IOXFWXDWLRQV� GXH� WR�
LQGLYLGXDO�IDFWRUV�����
� :KHWKHU� RU� QRW� D� SDUWLFXODU�
DQWLELRWLF�FDQ�PRVWO\�HOLPLQDWH�WKH�WKLUG�
SKDVH� EDFWHULD� ZKLFK� DUH� XVXDOO\�
SUHVHQW� LQ� DFXWH� GHQWDO� DEVFHVVHV� LV�
LPSRUWDQW�� FOLQLFDOO\�� 7KH�PDLQ� JRDO� RI�
WKLV�VWXG\�LV�WR�SUHGLFW�WKH�PRVW�HIIHFWLYH�
DQWLELRWLF�V��IRU�HDUO\�FRQWURO�RI�DQ�DFXWH�
GHQWDO�LQIHFWLRQ��
0$7(5,$/6�$1'�0(7+2'6��
� )LIW\�HLJKW�LQIHFWHG�WHHWK�RI�IRUW\�
VL[�SDWLHQWV� �PDOH�� ���� IHPDOH�� ����ZHUH�
LQFOXGHG� LQ� WKLV� VWXG\��7KHLU�PHDQ�DJH�
ZDV� ����� ����� DQG� WKH�PHGLDQ�� ����7KH�
GXUDWLRQ� RI� URRW� FDQDO� LQIHFWLRQ�ZDV� DW�
OHDVW�RQH�\HDU��7ZHQW\�RQH� WHHWK�KDG�D�
ILVWXOD��%HIRUH�WKLV�LQYHVWLJDWLRQ�����WHHWK�
KDG� DW� OHDVW� RQH� URRW� FDQDO� WUHDWPHQW��
)LYH�RI� WKH� WHHWK�KDG���URRWV�������URRWV�
DQG�������URRW��1RQH�RI�WKH�VXEMHFWV�KDG�
XVHG� V\VWHPLF� RU� ORFDO� DQWLPLFURELF�
DJHQW�GXULQJ�WKH�SUHFHGLQJ���GD\V��
� )RU� PLFURELRORJLFDO� VDPSOLQJ�� D�
UXEEHU�GDP�ZDV�XVHG��7KH�DFFHVV�FDYLW\�
ZDV� RSHQHG� ZLWK� D� VWHULOH� GLDPRQG�
EXUU�� 3RYLGRQH�LRGH� ������ DQG� HWKDQRO�
������ZHUH� VXFFHVVLYHO\� DSSOLHG� WR� WKH�
WRRWK�VXUIDFHV�IRU�WZR�PLQXWHV��7KH�URRW�
FDQDO� ZDV� HQODUJHG� ZLWK� D� VWHULOH� ILOH�

�1R������ $� VWHULOL]HG� DEVRUEHQW� SDSHU�
SRLQW� �1R����� ZDV� LQWURGXFHG� LQWR� WKH�
PDLQ� FDQDO�� NHSW� IRU� ��� VHFRQGV� DQG�
SODFHG� LQ� �� PO� RI� IUHVKO\� SUHSDUHG�
3HSWRQH�<HDVW�H[WUDFW�*OXFRVH� �3<*��
EURWK��3<*�EURWK�FRQWDLQV� WU\SWLFDVH� ���
J��� SHSWRQH� ��� J��� \HDVW� H[WUDFW� ���� J���
JOXFRVH������J���KHPLQ����PJ���9LW�.�����PO� RI���� VROXWLRQ��� /�F\VWLQH� �����PJ���
SHU�OLWHU��7KH�VDPSOH�ZDV�YRUWH[HG�DQG�
LPPHGLDWHO\� WUDQVIHUUHG� WR� WZR� DJDU�
SODWHV�� 7KH� DQDHUREH� EORRG� DJDU� SODWH�
�$QD%$3�� ZDV� LQFXEDWHG� LQ� DQ�
DQDHURELF� DWPRVSKHUH� �PL[HG� JDV�� ���
+��� ��� &2��� ���� 1��� DQG� WKH� VKHHS�
EORRG� DJDU� SODWH� ZDV� LQFXEDWHG�
DHURELFDOO\�� $QD%$3� FRQWDLQV� 76$�
�%%/������J���SK\WRQH��%%/�����J���\HDVW�
H[WUDFW� ��� J��� DJDU� ��� J��� KHPLQ� ���PJ���
9LW� .�� ��� PO� RI� ��� VROXWLRQ��� /�F\VWLQH�
�����PJ���SHU�OLWHU��
� $IWHU� ILYH� GD\V�� WKH� FRORQLHV� RQ�
ERWK� SODWHV� ZHUH� HYDOXDWHG�� 7KH�
DQDHURELF� JURZWK� ZDV� PRUH� DEXQGDQW�
WKDQ� WKH� DHURELF��7KH�RUJDQLVPV�ZKLFK�
ZHUH� PRVW� SUHGRPLQDQW� RQ� $QD%$3�
EXW� ZHUH� QRW� SUHVHQW� RQ� WKH� DHURELF�
EORRG� DJDU� SODWH�� ZHUH� SXULILHG�� 7KH\�
ZHUH� LGHQWLILHG� DFFRUGLQJ� WR� WKH�*UDP�
VWDLQ�� LQGROH� UHDFWLRQ�� IOXRUHVFHQFH��
SLJPHQWDWLRQ�� KHPRO\VLV� DQG�
FDUERK\GUDWH�IHUPHQWDWLRQ�SURILOH�������$�
WRWDO� RI� ��� DQDHURELF� VWUDLQV� ZHUH�
FROOHFWHG� �7DEOH����� $QWLELRWLF�
VXVFHSWLELOLW\� WHVWV� ZHUH� SHUIRUPHG�
XVLQJ� WKH� EURWK�GLOXWLRQ� PHWKRG�
�:LONLQV� 	� 7KLHO�� �������� 'XULQJ� WKH�
HVWLPDWLRQ� RI� WKH� DQWLELRWLF�
FRQFHQWUDWLRQV� IRU� VXVFHSWLELOLW\� WHVWV��
WKHLU� SHQHWUDWLRQ� FDSDELOLWLHV� LQWR� ERQH�
WLVVXH� DQG� OHQJWK� RI� KDOI�OLIH� ZHUH�
FRQVLGHUHG�� 7KHLU� ILQDO� FRQFHQWUDWLRQV�
DUH� VXPPDUL]HG� LQ� WKH� 7DEOH�,,�� 2SWLF�
GHQVLWLHV�RI�VSHFLHV�ZHUH�UHDG�DW�����QP�
ZLWK� D� VSHFWURSKRWRPHWHU� �6SHFWURQLF�
��'��%DXVFK	/RPEV��86$����
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7DEOH�,� 6HYHQW\�WKUHH� DQDHURELF� DQG� PLFURDHURSKLOLF� VSHFLHV� ZHUH� LVRODWHG� IURP� ���
LQIHFWHG� URRW� WHHWK��0RVW� IUHTXHQW� VSHFLHV�ZDV� IRXQG� WR�EH�3HSWRVWUHSWRFRFFL� VSS�� DQG�
3UHYRWHOOD�VSHFLHV�
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5(68/76��
� 7KH�LGHQWLWLHV�DQG�SUHYDOHQFHV�RI�
WKH�PLFURRUJDQLVPV�UHFRYHUHG�IURP�WKH�
FDQDOV� DUH� OLVWHG� LQ� 7DEOH�,�� 2QH�
DQDHURELF�VWUDLQ�FRXOG�QRW�EH�LGHQWLILHG��
,W� ZDV� D� QRQPRWLOH�� *UDP�QHJDWLYH��
VPDOO� URG� LQ� FKDLQV�ZKRVH� FRORQ\�ZDV�
QRQ�SLJPHQWHG�DQG�KHPRO\WLF��/DFWRVH��

WUHKDORVH�� FHOORELRVH�� '�[\ORVH�� PDOWRVH�
IHUPHQWDWLRQ�� DHVFXOLQ� K\GURO\VLV� DQG�
K\GURJHQ� VXOSKLGH� SURGXFWLRQ� ZHUH�
QHJDWLYH�� '�PDQQLWRO�� VXFURVH� DQG�
DUDELQRVH�IHUPHQWDWLRQ�ZHUH�SRVLWLYH��,W�
ZDV�FRQVLGHUHG�WR�EH�%DFWHURLGHV�JUDFLOLV�
RU�'LFKHOREDFWHU�QRGRVXV��

�
7DEOH�,,�$QWLELRWLFV��WKHLU�FRQFHQWUDWLRQV�DQG�SHUFHQWDJH�RI�VHQVLWLYH�VWUDLQV�LQ�WRWDO�
LVRODWHG�EDFWHULD��7KH�WHVWHG�VWUDLQV�ZHUH�DFFHSWHG�DV�EHLQJ�VHQVLWLYH�LI�WKHLU�RSWLF�
GHQVLW\�ZHUH�JUHDWHU�WKDQ�����
$QWLELRWLFV� &RQFHQWUDWLRQ���J�PO�� ��VHQVLWLYH�RI�WRWDO�LVRODWHV�
7ULPHWKRSULP���VXOIDPHWKR[D]ROH��6;7�� �� ���
3LSHUDFLOOLQ��3,3�� ��� �����
6XOEDFWDP���FHIRSHUD]RQH��6&)�� ��� �����
(U\WKURP\FLQ��(�� �� �����
7HWUDF\FOLQH��7H�� ��� ���
$]LWKURP\FLQ��$=0�� �� �����
$PR[LFLOOLQ���FODYXODQLF�DFLG��$P&�� ���� ���
&LSURIOR[DFLQ��&,3�� ���� ����
&OLQGDP\FLQ��&&�� ���� �����
1HWLOPLFLQ��1(7�� ��� �����
&HIXUR[LPH��&;0�� ��� �����
 

� 0DWHULDO� ZDV� WDNHQ� IURP� RQH�
WRRWK� RI� ��� VXEMHFWV� ZKLOH� PDWHULDOV�
ZHUH�WDNHQ�IURP�PRUH�WKDQ�RQH�WRRWK�RI�
��VXEMHFWV��$�VLPLODU�GLVWULEXWLRQ�RI�IORUD�
ZDV� GHWHFWHG� LQ� WKH� VDPSOHV� IURP�
GLIIHUHQW�WHHWK�RI�WKH�VDPH�VXEMHFW��
� ,Q� WKLV� VHULHV�� QHLWKHU� *UDP�
SRVLWLYH� QRU� *UDP�QHJDWLYH� EDFWHULD�
ZHUH� GRPLQDQW� LQ� D� VLJQLILFDQW�
SHUFHQWDJH��+RZHYHU�������������RI�WKH�
EDFWHULD�ZHUH� IRXQG� WR�EH� URGV� �*UDP�
QHJDWLYH������*UDP�SRVLWLYH�������*UDP�
QHJDWLYH� FRFFL�ZHUH�QRW� UHFRYHUHG� �H�J��
9HLOORQHOOD�VS���$FLGDPLQRFRFFXV�VS����
� $QDHURELF� 6WUHSWRFRFFL� ����
3HSWRVWUHSWRFRFFXV� VS��� �� VWULFWO\�
DQDHURELF� 6WUHSWRFRFFXV� VS��� ZHUH� WKH�
PRVW�SUHYDOHQW�RXW�RI�DOO�LVRODWHV���������
DQG� RI� WKH� *UDP�SRVLWLYH� EDFWHULDO�

SRSXODWLRQ����������7KH�3UHYRWHOOD�JURXS�
ZDV� WKH�PRVW�SUHYDOHQW� ��������DPRQJ�
WKH�*UDP�QHJDWLYH�SRSXODWLRQ�EXW�WKHLU�
LQFLGHQFH�ZDV�����RI�DOO� LVRODWHV� ����RI�
����� 6HYHQWHHQ� IDFXOWDWLYH� DQDHUREHV�
ZHUH� LVRODWHG� ���� � 6WUHSWRFRFFXV� VS��� ��
(QWHUREDFWHU� VS��� �� (LNHQHOOD� FRUURGHQV��
DQG� WKH\� ZHUH� PRUH� VHQVLWLYH� WR�
DPR[LFLOOLQ� �� FODYXODQLF� DFLG� WKDQ� WR�
RWKHU�DQWLELRWLFV��S��������EXW�WKH\�KDYH�
QRW�EHHQ�UHSRUWHG�LQ�WKLV�SDSHU��
� 2SWLF� GHQVLW\� PHDVXUHG� IRU�
DPR[LFLOOLQ���FODYXODQLF�DFLG�ZDV�IRXQG�
WR�EH�KLJKHU�WKDQ�RWKHU�DQWLELRWLFV�IRU�DOO�
EDFWHULD�LVRODWHG�������������PHGLDQ��������
PRG�� ���� �)LJ��� DQG� 7DEOH�,,��� 2Q� WKH�
RWKHU� KDQG�� LW� ZDV� PRUH� HIIHFWLYH� RQ�
*UDP�SRVLWLYH� VSHFLPHQV� WKDQ� RQ�
*UDP�QHJDWLYH� EDFWHULD�� $OWKRXJK��



D]LWKURP\FLQ� ZDV� WKH� PRVW� HIIHFWLYH�
DQWLELRWLF� IRU� DOO� *UDP�QHJDWLYH� URGV�
������ �� ������ PHGLDQ�� ������ PRG�� ����

LQFOXGLQJ� 3UHYRWHOOD� VS�� �)LJ����� 7DEOH�,,�
VKRZV�ZKLFK� DQWLELRWLF� LV� PRUH� SRWHQW�
RQ� ZKLFK� EDFWHULDO� LVRODWHV�
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',6&866,21��
,Q� WKLV� VWXG\�� WKH� EDFWHULDO� VSHFLHV�
HQFRXQWHUHG�� ZHUH� PRVWO\� VLPLODU� WR�
WKRVH�UHSRUWHG�LQ�WKH�OLWHUDWXUH��EXW�WKHLU�
IUHTXHQFLHV� ZHUH� GLIIHUHQW�� 6XQGTYLVW��
IRXQG�WKDW�)XVREDFWHULXP�VSHFLHV�ZHUH�
WKH� PRVW� SUHYDOHQW� ������ LQ� LQIHFWHG�
URRW�FDQDOV��:DVI\�HW�DO���IRXQG�WKDW�WKH�
PRVW� IUHTXHQWO\� LVRODWHG� RUJDQLVPV�
ZHUH� (XEDFWHULXP� VSHFLHV� ������� %URRN�
HW� DO��� UHSRUWHG� WKDW�� %DFWHURLGHV� VSS��
ZHUH�SUHGRPLQDQW� �������� LVRODWHV��EXW�
DQDHURELF�FRFFL�PDGH�XS�RQO\������-RKQ�
HW� DO��� IRXQG� WKDW� WKH� SUHYDOHQFH� RI�
%DFWHURLGHV� VSS�� ZDV� ������ DQG� RI�
DQDHURELF� *UDP�SRVLWLYH� FRFFL�� �������
*�PU�� HW� DO���� VKRZHG� WKDW�
3HSWRVWUHSWRFRFFL�ZHUH�GRPLQDQW�EDFWHULD�
���������+RZHYHU��ZH�IRXQG�WKDW�*UDP�
SRVLWLYH� DQDHURELF�6WUHSWRFRFFL� RFFXUUHG�
LQ� WKH� LQIHFWHG� URRW� FDQDO� ZLWK� D�
SUHYDOHQFH� RI� ������� 3UHYRWHOOD� VSS���
�����(XEDFWHULXP�VSS��������DQG�RQO\���
)XVREDFWHULD�� ������ 7KH� SUHYDOHQFH� RI�
EDFWHULDO� VSHFLHV� LQ� LQIHFWHG� URRW� FDQDO�
IORUD� PD\� GLIIHU� IURP� D� UHSRUW� WR�
DQRWKHU�� ZKLOH� WKHLU� W\SHV� DUH� UHPDLQ�
VLPLODU�� EHFDXVH�� WKHLU� SUHYDOHQFH�
GHSHQGV�PRVWO\�RQ�PHWKRGRORJ\��SKDVH�
RI� LQIHFWLRQ� DQG� LQGLYLGXDO�
ORFDO�V\VWHPLF� IDFWRUV� RI� VXEMHFWV�� ,W� LV�
LQWHUHVWLQJ�WKDW��LQ�WKH�VDPH�PRXWK��WZR�
RU� PRUH� LQIHFWHG� WHHWK� VKDUHG� VLPLODU�
EDFWHULDO� IORUD�� 7KLV� VXJJHVWV� WKDW�� LQ� D�
PRXWK�� WKH� HFRORJLFDO� GHWHUPLQDQWV� RI�
LQIHFWHG�FDQDOV�DUH�FRPPRQ��
� &RQFHQWUDWLRQV� RI� DOO� DQWLELRWLFV�
XVHG� ZHUH� DGMXVWHG� DFFRUGLQJ� WR� WKHLU�
GLIIXVLRQ� FDSDELOLWLHV� LQWR� RUDO� WLVVXHV��
&OLQGDP\FLQ� LV� PRUH� FDSDEOH� RI�
FRQFHQWUDWLQJ� LQ�ERQH� WLVVXH�DQG�VDOLYD�
WKDQ� WKDW� LQ� VHUXP�� )RU� WKLV� UHDVRQ��
FOLQGDP\FLQ� ZDV� WHVWHG� LQ� D�
FRQFHQWUDWLRQ� RI� ���� �J�PO� GHVSLWH� WKH�
IDFW�WKDW�D�VWDQGDUG�FRQFHQWUDWLRQ�RI�����
�J�PO�LV�UHFRPPHQGHG������7HWUDF\FOLQH�

ZDV� DOVR� XVHG� LQ� FRQFHQWUDWLRQ� RI� ���
�J�PO� LQVWHDG� RI� �� �J�PO�� 7KH�
FRQFHQWUDWLRQ� RI� WULPHWKRSULP� ��
VXOIDPHWKR[D]ROH� ZDV� OLPLWHG� WR� ��
�J�PO� EHFDXVH� LW� FDQ� EULHIO\� SHQHWUDWH�
LQWR�ERQH�WLVVXH��
� 7KH�DPR[LFLOOLQ���FODYXODQLF�DFLG�
JURXS� RI� DQWLELRWLFV�ZKLFK� FRQVLVW� RI� D�
SHQLFLOOLQ� GHULYDWH� DQG� D� ��ODFWDPDVH�
LQKLELWRU��ZDV� IRXQG�WR�EH�PRUH�SRWHQW�
RQ� DOO� DQDHUREHV� LVRODWHG�� ,W� FDQ� EH�
VXJJHVWHG� WKDW�� ��ODFWDPDVH� LQKLELWLRQ�
SOD\HG�D�NH\�UROH�LQ�WKLV�VHULHV��%HFDXVH��
PDQ\� VWUDLQV� ZKLFK� FDQ� FRORQL]H�
LQIHFWHG�URRW�FDQDOV�DUH�DEOH�WR�SURGXFH�
��ODFWDPDVH�� 7KLV� DFWLYLW\� RI� RQH�
PHPEHU�RI�WKH�IORUD�LV�LPSRUWDQW�GXULQJ�
WKH� DQWLELRWLF� WKHUDS\�� EHFDXVH� D� ��
ODFWDPDVH� SURGXFLQJ� VWUDLQ� ZRXOG�
SURWHFW� QRW� RQO\� LWVHOI� IURP� SHQLFLOOLQ�
GHULYDWHV� EXW� DOVR� WKH� RWKHU� EDFWHULD���
7KLV�FDSDELOLW\�LV�PRVW�RIWHQ�VHHQ�LQ�WKH�
3UHYRWHOOD� JHQXV�� .|Q|QHQ� HW� DO����
VKRZHG� WKDW� ���� RI� ���� �������� 3��
PHODQLQRJHQLFD� VWUDLQV� SURGXFHG� ��
ODFWDPDVH��$OVR�� ��ODFWDPDVH� SURGXFLQJ�
RUJDQLVPV�ZHUH�UHFRYHUHG�IURP���RI�WKH�
���������VSHFLPHQV�WKDW�ZHUH�WHVWHG�E\�
%URRN� HW� DO���� DQG� IURP� ��� RI� WKH� ���
�������� WHVWHG� E\� *�PU�� HW� DO����� :H�
IRXQG� WHQ� VWUDLQV� RI� 3UHYRWHOOD� ZKLFK�
ZHUH� UHVLVWDQW� WR�SLSHUDFLOOLQ� �H[WHQGHG�
VSHFWUXP� SHQLFLOOLQ�� EXW� VHQVLWLYH� WR�
DPR[LFLOOLQ���FODYXODQLF�DFLG��/LHEDQD�HW�
DO���� DOVR�� VKRZHG� WKDW� PDQ\� RUDO�
6WUHSWRFRFFL�ZKLFK�ZHUH�GRPLQDQW�LQ�WKH�
IDFXOWDWLYH� IORUD� LQ� LQIHFWHG� URRW� FDQDOV�
FDQ� EH� LQKLELWHG� ZLWK� �� �J�PO� RI�
SHQLFLOOLQ�GHULYDWHV��,W�LV��OLNHO\�WKDW��WKH�
DPR[LFLOOLQ���FODYXODQLF�DFLG�FDQ�UHSUHVV�
QRW� RQO\� DQDHUREHV�� EXW� DOVR�
IDFXOWDWLYHV���
� 3DMXNDQWD� HW� DO���� WHVWHG�
HLJKW\WZR�3��JLQJLYDOLV�VWUDLQV�DQG�DOO�RI�
WKHP�ZHUH�LQKLELWHG�E\�D]LWKURP\FLQ�DW�
D� FRQFHQWUDWLRQ�RI� ���J�PO�RU� OHVV��:H�



IRXQG�WKDW��HLWKHU�3UHYRWHOOD�PHPEHUV�RU�
RWKHU� *UDP�QHJDWLYHV� ZHUH� PRUH�
VHQVLWLYH� WR� D]LWKURP\FLQ� WKDQ� WR�
DPR[LFLOOLQ���FODYXODQLF�DFLG��+RZHYHU��
D]LWKURP\FLQ� GLG� QRW� LQKLELW� DOO� RI� WKH�
*UDP�SRVLWLYH�EDFWHULD���
� 2Q� WKH� RWKHU� KDQG�� ZKHQ� WKH�
WRWDO� IORUD� ZDV� WDNHQ� DV� D� EDVH��
FOLQGDP\FLQ� DQG� HU\WKURP\FLQ� ZHUH�
PRUH�HIIHFWLYH�WKHQ�HLWKHU�WULPHWKRSULP�
�� VXOIDPHWKR[D]ROH� RU� D]LWKURP\FLQ��
)XUWKHU��FOLQGDP\FLQ�LV�PRUH�SHQHWUDEOH�
LQWR�ERQH��EXW�FOLQGDP\FLQ�PD\�FDXVH�D�
SUHGLVSRVLWLRQ� WR� JDVWUR�LQWHVWLQDO�
GLVRUGHUV� ZKHQ� LW� ZDV� RUDOO\� XVHG��
&OLQGDP\FLQ� LV� D� KLJKO\� VHOHFWLYH�
DQWLELRWLF�DQG�KDV�D�VKRUWHU�KDOI�OLIH�WKDQ�
HLWKHU�WULPHWKRSULP���VXOIDPHWKR[D]ROH�
RU�D]LWKURP\FLQ��+RZHYHU�� WKH�KDOI�OLIH�
RI� DPR[LFLOOLQ� �� FODYXODQLF� DFLG� ZKLFK�
KDV�D� OHVV�DGYHUVH�HIIHFW�� LV� ORQJHU�WKDQ�
WKDW� RI� FOLQGDP\FLQ� EXW� QRW� RI�
WULPHWKRSULP���VXOIDPHWKR[D]ROH��
&LSURIOR[DFLQ� ZDV� IRXQG� DV� WR� EH�
LQHIIHFWLYH� RQ� PDQ\� DQDHUREHV�� 7KLV�
UHVXOW�VKRXOG�QRW�EH�VXUSULVLQJ��EHFDXVH�
LW� LV� D� '1$� LQKLELWRU� DQG� PRVWO\�
HIIHFWLYH�RQ�DHURELF�EDFWHULD��$OWKRXJK��
WKH� XVH� RI� FHUWDLQ� DQWLELRWLF�
FRPELQDWLRQV� VHHPV� WR�EH�D�JRRG� LGHD��
EXW� XQSUHGLFWDEOH� LQWHUDFWLRQV� EHWZHHQ�
DQWLELRWLFV�DV�ZHOO�DV�EHWZHHQ�DQWLELRWLFV�
DQG�WKH�SDWLHQW�PD\�RFFXU�DQG�PXVW�EH�
PRQLWRUHG� LI� WZR� RU� PRUH� V\VWHPLF�
DQWLELRWLFV�DUH�JLYHQ�WR�D�SDWLHQW��6DWR�HW�
DO���� VXJJHVWHG� WKDW� WKH� HQGRGRQWLF�
OHVLRQV�PD\�EH�VWHULOL]HG�E\�D�PL[WXUH�RI�
FLSURIOR[DFLQ�� PHWURQLGD]ROH� DQG�
FHIDFORU� LQ� VLWX�� +RZHYHU�� PXOWL�GUXJ�
DSSOLFDWLRQ� PD\� FDXVH� PDQ\� DGYHUVH�
HIIHFWV� RQ� RUDO� PLFURIORUD������ 2Q� WKH�
RWKHU� KDQG�� RXU� UHVXOWV� GHPRQVWUDWHG�
WKDW� VLQJOH� GUXJ� WKHUDS\� PD\� EH�
VXIILFLHQW�IRU�PDQ\�RUDO�EDFWHULD�VR�WKDW�
DGYHUVH�HIIHFWV�FDQ�EH�NHSW�PLQLPDO��

� :H� FRQFOXGHG� WKDW� WKH�
DPR[LFLOOLQ� �� FODYXODQLF� DFLG� JURXS� RI�
DQWLELRWLFV�VKRXOG�EH�WKH�ILUVW�FKRLFH�IRU�
HDUO\�FRQWURO�RI�DFXWH�GHQWDO�DEVFHVVHV��
�
�
� $FNQRZOHGJHPHQW�� 7KHUH� ZDV�
QR�D�ILQDQFLDO�RU�SURIHVVLRQDO�LQWHUHVW�E\�
DQ\� FRPSDQ\� RU� WR� DQ\� SURGXFW�� RU�
VHUYLFH� LQ� WKLV� LQYHVWLJDWLRQ��7KDQN�'U��
3DXOLQH� $NVXQJXU� IRU� FRUUHFWLRQ� WKH�
PDQXVFULSW��
�
�
5()(5(1&(6��
� ��� 6XQGTYLVW� *�� $VVRFLDWLRQV�
EHWZHHQ�PLFURELDO�VSHFLHV�LQ�GHQWDO�URRW�
FDQDO� LQIHFWLRQV�� 2UDO�0LFURELRO��
,PPXQRO�������������������
� ��� 6XQGTYLVW� *�� (FRORJ\� RI� WKH�
URRW�FDQDO�IORUD��-RXUQDO�RI�(QGRGRQWLFV�
�����������������
� ���%URRN�,��)UD]LHU�(+��*KHU�0(��
$HURELF�DQG�DQDHURELF�PLFURELRORJ\�RI�
SHULDSLFDO� DEVFHVV�� 2UDO�0LFURELRO��
,PPXQRO��������������������
� ��� /HZLV� 0$�� 0DF)DUODQH� 7:��
0F*RZDQ�'$��5HOLDELOLW\�RI�VHQVLWLYLW\�
WHVWLQJ� RI� SULPDU\� FXOWXUH� RI� DFXWH�
GHQWRDOYHRODU� DEVFHVV�� 2UDO�0LFURELRO��
,PPXQRO��������������������
� ���&QHDWK�3+$��0DLU�16��6KDSH�
0(�� +ROW� -*�� HG�� %HUJH\
V� PDQXDO� RI�
V\VWHPDWLF� EDFWHULRORJ\�� ��WK� HGLWLRQ��
%DOWLPRUH��:LOOLDPV�	�:LONLQV��������SS�
�����������
� ���+ROGHPDQ�/9��&DWR�(3��0RRUH�
:(&�� $QDHUREH� ODERUDWXDU\� PDQXHO��
��WK� HG�� %ODFNVEXUJ�� 9$�� 9LUJLQLD�
3RO\WHFKQLF� ,QVWLWXWH� DQG� 6WDWH� 8QLY���
������
� ��� $\G×Q�0��*�QD\� ú�� .|NVDO� )��
6HULQ� 06�� 7DNVRPHWUL� YH� EDNWHUL\HO�
LGHQWLILNDV\RQGD� ELOJLVD\DU� NXOODQ×P×��
0LNUREL\RO�%�OW�������������������



� ��� :DVI\� 02�� 0F0DKRQ� .7��
0LQDK�*(��)DONOHU�:$��0LFURELRORJLFDO�
HYDOXDWLRQ� RI� SHULDSLFDO� LQIHFWLRQV� LQ�
(J\SW�� 2UDO�0LFURELRO�,PPXQRO� ������
��������������
� ���-RKQ�(0��&KDUOHV�/1��5LFKDUG�
%.��7KH�PLFURELRORJ\�DQG�FKHPRWHUDS\�
RI� RGRQWRJHQLF� LQIHFWLRQV�� -�� 2UDO�
0D[LOORIDF�6XUJ������������������
� ���� *�PU�� 2�� 7LPXoLQ� 1��
.�OHNoL� *�� .DVDERùOX� d�� *|P�N� DN×O�
GLBOHULQLQ� FHUUDKL� oHNLPLQGHQ� VRQUD�
RUWD\D� o×NDQ� NRPSOLNDV\RQODU� �]HULQH�
$XJPHQWLQ
LQ� HWNLVL�� ú�h�� 'LüKHNLPOLùL�
)DN��'HUJLVL����������������
� ���� .|Q|QHQ� (�� 6DDUHOD� 0��
.DQHUYR� -�� .DUMDODLQHQ� 6�� $VLNDLQHQ� 6��
6RPHU� +-�� �� ODFWDPD]� SURGXFWLRQ� DQG�
SHQLFLOOLQ�VXVFHSWLELOLW\�DPRQJ�GLIIHUHQW�
ULERW\SHV� RI� 3UHYRWHOOD�PHODQLQRJHQLFD�
VLPXOWDQHRXVO\� FRORQL]LQJ� WKH� RUDO�
FDYLW\�� &OLQLFDO� ,QIHFWLRXV� 'LVHDVH�
�����������������

� ���� /LHEDQD� -�� &DVWLOOR� $�� 3HLV� -��
%DFD� 3�� 3LHGUROD� *�� $QWLPLFURELDO�
VXVFHSWLELOLW\� RI� ����� VWUDLQV� RI�
6WUHSWRFRFFXV� PXWDQV� DQG�
6WUHSWRFRFFXV� VREULQXV�� FRPSDULVRQ�
IURP� ����� WR� ������ 2UDO�0LFURELRO��
,PPXQRO�������������������
� ���� 3DMXNDQWD� 5�� ,Q� YLWUR�
DQWLPLFURELDO� VXVFHSWLELOLW\� RI�
3RUSK\URPRQDV� JLQJLYDOLV� WR�
D]LWKURP\FLQ�� D� QRYHO�PDFUROLGH��2UDO��
0LFURELRO�,PPXQRO������������������
� ���� 6DWR� 7��+RVKLQR� (��8HPDWVX�
+�� 1RGD� 7�� ,Q� YLWUR� DQWLPLFURELDO�
VXVFHSWLELOLW\� WR� FRPELQDWLRQV�RI�GUXJV�
RQ� EDFWHULD� IURP� FDULRXV� DQG�
HQGRGRQWLF�OHVLRQV�RI�KXPDQ�GHFLGXRXV�
WHHWK�� 2UDO�0LFURELRO�,PPXQRO� ������
������������
� ����6DQGKDP�+-��&ULWHULD� IRU� WKH�
DVVHVVPHQW� RI� DGYHUVH� HIIHFWV� RI�
FKHPRWKHUDS\�RQ� WKH�RUDO�PLFURIORUD�� -�
'HQW�5HV���������������������
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