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$%675$&7 

6WDWXUH�HVWLPDWLRQ�VWXGLHV�IURP�ERQHV�KDYH�EHHQ�ZHOO�HVWDEOLVKHG�LQ�WKH�SDVW�LQ�FRXQWULHV�VXFK�DV�WKH�

86�DQG�8.��EXW� LW� LV�VORZO\�SURJUHVVLQJ� LQ�0DOD\VLD��7KLV�VWXG\�ZDV�FRQGXFWHG� WR�DVVHVV�WKH�FXUUHQW�

SUDFWLFH� RI� WKH� IRUHQVLF� SDWKRORJLVWV� LQ� 0DOD\VLD� ZLWK� UHJDUGV� WR� VWDWXUH� HVWLPDWLRQ�� $� VHW� RI�������������

TXHVWLRQQDLUH� FRPSULVHG� ILYH� REMHFWLYH� TXHVWLRQV� DQG� WKUHH� VXUYH\� UDWLQJ� VFDOHV� ZHUH� GLVWULEXWHG� WR�

IRUHQVLF�DQWKURSRORJLVWV�DQG�IRUHQVLF�SDWKRORJLVWV�ZKRP�KDQGOLQJ�VNHOHWRQLVHG�FDVHV�LQ�0DOD\VLD��7KH�

PDMRULW\� RI� UHVSRQGHQWV� KDG� DSSOLHG� IRUPXOD� IURP� 7URWWHU� DQG� *OHVHU� �������� DQG� 0DKDNNDQXNUDXK�

��������0DMRULW\�RI�UHVSRQGHQWV�DJUHHG�WKDW�WKHVH�IRUPXODH�ZHUH�RQO\�VOLJKWO\�DFFXUDWH�ZKHQ�DSSOLHG�WR�

WKH�0DOD\VLDQV�� ,Q� WHUPV� RI� ERQH� XWLOLVHG� IRU� VWDWXUH� HVWLPDWLRQ�� DOO� UHVSRQGHQWV� FRQFXUUHG� WKDW� ORQJ�

ERQHV�H[KLELWHG�WKH�EHVW�HVWLPDWH�DQG� WKH�EHVW�PHDVXUHPHQW�ZDV�WKH�PD[LPXP� OHQJWK�RI� ORQJ�ERQH��

7KH�UHVSRQGHQWV�DOVR�DFFRUGHG�WKDW��IRUPXODH�IRU�WKH�0DOD\VLDQ�SRSXODWLRQ�VKRXOG�EH�JHQHUDWHG��ZKLFK�

ZLOO� DGG� WR� WKH� DFFXUDF\� RI� VWDWXUH� HVWLPDWHV� IRU� WKH�0DOD\VLDQV�� 7KH� FXUUHQW� SUDFWLFH� KDG� VHHQ� WKH���

XWLOLVDWLRQ�RI�IRUPXODH�IURP�RWKHU�SRSXODWLRQV��ZKLFK�PD\�OHDG�WR�YDVW�HUURU��)RUHQVLF�DQWKURSRORJLVWV�LQ�

0DOD\VLD�DUH�IXOO\�DZDUH�RI�WKLV�SUREOHP��DQG�VXJJHVWLRQV�WR�XQGHUWDNH�UHVHDUFKHV�ZHUH�IRUWKFRPLQJ�WR�

DFFRPPRGDWH�SRSXODWLRQ-VSHFLILF�IRUPXODH�IRU�0DOD\VLD�� 

,1752'8&7,21 
 
)RUHQVLF� DQWKURSRORJ\� LV� WKH� DSSOLFDWLRQ� RI� DQDWRPLFDO�
VFLHQFH� RI� DQWKURSRORJ\� WR� VWXG\� KXPDQ� VNHOHWDO������
UHPDLQV� IRU�PHGLFR-OHJDO� SXUSRVHV��7KH�GLVFLSOLQH� KDV�
LQWHUDFWLRQ� ZLWK� DQDWRP\�� SK\VLFDO� DQWKURSRORJ\� DQG�
IRUHQVLF�PHGLFLQH�>�@�� ,Q�FDVHV��ZKHUH�SK\VLFDO� LGHQWLIL�
FDWLRQ� RI� DQ� LQGLYLGXDO� LV� LPSRVVLEOH� GXH� WR� DGYHUVH�
FRQGLWLRQ�RI� WKH�UHPDLQV�� IRUHQVLF�DQWKURSRORJLVW�ZRXOG�
LGHQWLI\� WKH� UHPDLQV� EDVHG� RQ� VH[�� DQFHVWU\�� DJH� DQG�
VWDWXUH�� ,Q� PDVV� GLVDVWHU� VXFK� DV� RSHQ� ILUH� RU� PDMRU�
IORRGLQJ�� WKH� ERGLHV� ZHUH� RIWHQ� IRXQG� GLVPHPEHUHG��
EXUQW�DQG��RU�HYHQ�VNHOHWRQLVHG��:KHQ�D�ODUJH�QXPEHU�
RI�YLFWLPV�ZDV�LQYROYHG��SRVVLEOH�YLFWLPV�ZHUH�LGHQWLILHG�
E\�QDUURZLQJ�GRZQ�WKH�XQNQRZQ�LQWR�VH[��DQFHVWU\��DJH�
DQG�VWDWXUH�IRU�LGHQWLILFDWLRQ�SXUSRVHV� 
 
)RUHQVLF� DQWKURSRORJ\� ZDV� HVWDEOLVKHG� VLQFH� HDUO\�
����V��ZKHQ�SK\VLFDO�DQWKURSRORJLVWV�ZHUH�UHFUXLWHG�E\�
WKH� $PHULFDQ� PLOLWDU\� WR� LGHQWLI\� $PHULFDQ� VROGLHUV���
GXULQJ� :RUOG� :DU� ,,� DQG� .RUHDQ� :DU� DW� WKH� 8QLWHG�
6WDWHV� �86��� &XUUHQWO\�� IRUHQVLF� DQWKURSRORJLVWV� ZHUH�
JLYHQ�WDVNV�WR�GHDO�ZLWK�LGHQWLILFDWLRQ�RI�KXPDQ�UHPDLQV�
LQ� PDVV� GLVDVWHUV� RI� ZDU� DQG� ERPELQJ�� DQG� PDVV�
JUDYHV� IRU� LQVWDQFH�� 7VXQDPL� �'HFHPEHU� ���� ������ LQ�
7KDLODQG�� ,QGRQHVLD��6UL� /DQND� DQG�0DOD\VLD� LQYROYLQJ�
�������� YLFWLPV� >�@�� � WKH� EXVKILUHV� GLVDVWHU� LQ� 9LFWRULD�

VWDWH�RI�$XVWUDOLD�ZLWK�����GHDWKV� >�@��:RUOG�7UDGH�
&HQWHU�ERPELQJ�LQ�WKH�86��6HSWHPEHU�����������>�@�
DQG�QDWLRQDO�RU�FLYLO�ZDUV��H�J��$UJHQWLQD��9HQH]XH�
OD��%RVQLD��.RVRYR��&\SUXV��>�@� 
 
7KH�GHYHORSPHQW�RI�IRUHQVLF�DQWKURSRORJ\�GLVFLSOLQH�
KDV� JURZQ� UDSLGO\� LQ� WKH� 86�� 6RXWK� $PHULFD��������
(XURSH��$IULFD�DQG�$VLD�LQ�WKH�SDVW�>����@���6WDQGDUG�
JXLGHOLQHV�ZHUH�SUHSDUHG� IRU�KDQGOLQJ�VNHOHWRQLVHG�
UHPDLQV�DQG�PRQLWRUHG�E\� WKH� IRUHQVLF�DQWKURSROR�
JLVWV�WKURXJK�VHYHUDO�DVVRFLDWLRQV�DURXQG�WKH�ZRUOG��
)RU� LQVWDQFH�� WKH� 6FLHQWLILF� :RUNLQJ� *URXS� IRU�����
)RUHQVLF� $QWKURSRORJ\� �6:*$17+��� ZKLFK� ZDV�
IRXQGHG�LQ������E\�WKH�)HGHUDO�%XUHDX�RI�,QYHVWLJD�
WLRQ� �)%,�� DQG� WKH� 'HSDUWPHQW� RI� 'HIHQFH� &HQWUDO�
,GHQWLILFDWLRQ� /DERUDWRU\� �&,/�� LQ� WKH� 86� ZHUH������
HVWDEOLVKHG�DV� WKH�SODWIRUP� IRU� WKH� IRUHQVLF�DQWKUR�
SRORJLVWV� WR� GLVVHPLQDWH� WKH� FRQVHQVXV� JXLGHOLQH�
IRU� WKH� FXUUHQW� SUDFWLFH� >�@�� 7KH�%ULWLVK� $VVRFLDWLRQ�
IRU� )RUHQVLF� $QWKURSRORJ\� �%$)$�� DQG� )RUHQVLF�
$QWKURSRORJ\� 6RFLHW\� RI� (XURSH� �)$6(�� >�@� ZHUH�
LQYROYHG� LQ� PRQLWRULQJ� WKH� FXUUHQW� SUDFWLFH� RI�������
IRUHQVLF�DQWKURSRORJ\�LQ�WKH�8.�DQG�(XURSH�� 
 
+RZHYHU��WKH�GHYHORSPHQW�RI�WKH�GLVFLSOLQH�GLIIHUHG�
LQ� HDFK� FRXQWU\�� GHSHQGLQJ� RQ� KLVWRU\�� VWDWXV� RI��
HGXFDWLRQ�� OHJLVODWLRQ� DQG� IRUHQVLF� SUDFWLFH�� ,Q� WKH�
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86��D�3K'�LQ�DQWKURSRORJ\�LV�QRUPDOO\�UHTXLUHG�WR�
SUDFWLFH� IRUHQVLF� DQWKURSRORJ\� >�@�� ,Q�(XURSH�DQG�
RWKHU� GHYHORSLQJ� FRXQWULHV�� WKH� H[DPLQDWLRQ� RI�
XQLGHQWLILHG�KXPDQ� UHPDLQV� LV�PDQGDWRULO\�D� WDVN�
IRU� IRUHQVLF�DQWKURSRORJLVW� >������@��1HYHUWKHOHVV��
LQ�PRVW�FRXQWULHV��WKH�QXPEHU�RI�DYDLODEOH�IRUHQVLF�
DQWKURSRORJLVWV� LV� OLPLWHG��KHQFH�PRVW�RI� WKH� WDVN�
ZHUH� XQGHUWDNHQ� E\� WKH� IRUHQVLF� SDWKRORJLVWV�� ,Q�
EULHI�� D FRQFHUWHG� PXOWLGLVFLSOLQDU\ � HIIRUW�
LV UHTXLUHG� IURP� ERWK� IRUHQVLF� DQWKURSRORJLVW� DQG�
SDWKRORJLVW� ZKHQ� GHDOLQJ� ZLWK� KXPDQ� ERG\�������
SDUWLFXODUO\� LQ� FRPSOLFDWHG� FDVHV�� :KHQ� WKHUH� LV�
PRUH�VRIW� WLVVXH� SUHVHQW� RQ� WKH� ERG\�� LW� QDWXUDOO\�
EHFRPHV�WKH�GRPDLQ�RI�WKH�SDWKRORJLVW�WR�ZRUN�RQ�
WKH� FDVH�� /LNHZLVH�� LQ� VNHOHWRQL]HG�� GHFRPSRVHG�
RU� EXUQW� UHPDLQV�� LW� EHFRPHV� WKH� GRPDLQ� RI� WKH�
DQWKURSRORJLVW� WR�ZRUN�RQ� WKH�FDVH� >�@�� ,W� LV�� WKXV�
HVVHQWLDO� WR� DFTXLUH� WKRURXJK� NQRZOHGJH� RI� WKH�
FXUUHQW� SUDFWLFH� RI� DXWRSV\� LQ� HDFK� FRXQWU\� WR���
EHFRPH�IDPLOLDU�ZLWK�SUDFWLFHV�ZLWKLQ�WKH�DUHD� 
 
,Q�0DOD\VLD�� WKHUH�DUH� ��� IRUHQVLF�SDWKRORJLVWV� LQ�
RYHU����VWDWHV�DQG� IHGHUDO� WHUULWRULHV�RI�0DOD\VLD��
,Q� WKH� VWDWH� KRVSLWDOV�� WKHUH� DUH� RQO\� RQH� RU� WZR�
IRUHQVLF� SDWKRORJLVWV� ZRUNLQJ�� DQG� QRQH� LQ� WKH��
GLVWULFW� KRVSLWDOV�� 7KH� UDWLR� DQG� GLVWULEXWLRQ� RI���
IRUHQVLF� SDWKRORJLVW� LV� KLJKHU� LQ� WKH� WRZQ� FHQWUH�
�.XDOD� /XPSXU� DQG� 6HODQJRU��� HVSHFLDOO\� DW� WKH�
+RVSLWDO�.XDOD�/XPSXU��ZKLFK�KRXVHG�VL[�IRUHQVLF�
SDWKRORJLVWV� IURP� GLIIHUHQW� VXE-VSHFLDOWLHV�� 7KH�
FOLQLFDO� IRUHQVLF� VHWWLQJV� DUH� EDVHG� RQ� RQ-FDOO���
V\VWHP��EXW� WKH�GXUDWLRQ�RI� WKH�FDOO�V\VWHP�GLIIHUV�
EHWZHHQ�KRVSLWDOV�GHSHQGLQJ�RQ�WKH�DYDLODELOLW\�RI�
WKH�ZRUNLQJ�VWDII� 
 
$GGLWLRQDOO\��LW�LV�QRWHZRUWK\�WR�PHQWLRQ�WKDW�QRW�DOO�
IRUHQVLF� SDWKRORJLVWV� ZLOO� LQYROYH� LQ� H[DPLQLQJ��
DQWKURSRORJLFDO� FDVHV��:KHQ� D� FDVH� LV� UHFHLYHG��
WKH�FDVH� LV� UHIHUUHG� WR� WKH� IRUHQVLF�DQWKURSRORJLVW�
XSRQ� DYDLODELOLW\�� 1HYHUWKHOHVV�� WKHUH� DUH� RQO\�
WKUHH�IRUHQVLF�DQWKURSRORJLVWV�LQ�WKH�VHUYLFH�XQGHU�
WKH�0LQLVWU\� RI� +HDOWK� RI�0DOD\VLD�� ,I� WKH� FDVH� LV�
UHFHLYHG� LQ� GLVWULFW� KRVSLWDOV� LQ� WKH� DEVHQFH� RI��
IRUHQVLF� SDWKRORJLVW�� WKH� VWDQGDUG� SURFHGXUH� DV�
WKH�DERYH�ZLOO�EH�IROORZHG��+RZHYHU��LI�WKH�FDVH�LV�
UHFHLYHG� LQ� WKH� VWDWH� KRVSLWDO� ZLWK� RQH� RU� WZR����
IRUHQVLF� SDWKRORJLVWV� DYDLODEOH�� WKH\� ZLOO� KDYH���
RSWLRQV� ZKHWKHU� WR� FRQGXFW� WKH� DQWKURSRORJLFDO�
H[DPLQDWLRQ�RU�WR�UHIHU�WR�WKH�IRUHQVLF�DQWKURSROR�
JLVW�LQ�WKH�KHDGTXDUWHUV�� 
 
%\�TXDOLILFDWLRQ�� IRUHQVLF�SDWKRORJLVWV�DUH�FHUWLILHG�
WR� FRQGXFW� DQWKURSRORJLFDO� H[DPLQDWLRQ�� EXW� WKH\�
ZRXOG�SUHIHU� WR� VHHN�FRQVXOWDWLRQ� IURP�D� IRUHQVLF�
SDWKRORJLVW�ZLWK�D�VXE-VSHFLDOLVDWLRQ�LQ�DQWKURSROR�
J\�� 7KH� SUHIHUUHG� RSWLRQ� ZDV� FUHDWHG� GXH� WR� WKH�
QDWXUH� RI� PHGLFR-OHJDO� LVVXHV� WKDW� ZLOO� EH�������
TXHVWLRQHG�LQ�FRXUW��LQ�ZKLFK�DQ�H[SHUW�UHSRUW�E\�D�
IRUHQVLF�DQWKURSRORJLVW�ZLOO�EH�KLJKO\�DSSURYHG�� ,Q�
D� GLIIHUHQW� VFHQDULR�� DQWKURSRORJLFDO� FDVHV�������
UHFHLYHG�LQ�+RVSLWDO�.XDOD�/XPSXU�ZLOO�EH�KDQGOHG�
E\�WKH�IRUHQVLF�DQWKURSRORJLVW� 
 
,Q�0DOD\VLD�� WKXV� IDU� WKHUH�ZHUH� QR� DQWKURSRORJL�
FDO� VWXGLHV� FRQGXFWHG� RQ� GU\� ERQHV� IRU� VWDWXUH�
HVWLPDWLRQ�� )RUHQVLF� DQWKURSRORJLVWV� LQ� 0DOD\VLD�
KDYH� EHHQ� XVLQJ� IRUPXOD� GHYHORSHG� IURP� RWKHU�

SRSXODWLRQV� PDLQO\� E\� WKH� :HVWHUQ� SRSXODWLRQ� WR��
HVWLPDWH� VWDWXUH�� $V� VWDWXUH� HVWLPDWLRQ� DUH����������
SRSXODWLRQ-VSHFLILF� >��@�� WKH� HVWLPDWHV� SURGXFHG�
ZHUH�QRW�DFFXUDWH�DQG�UHOLDEOH��DV�WKH\�ZHUH�EDVHG�
RQ� GLIIHUHQW� SRSXODWLRQ� GDWDEDVHV�� +HQFH�� LW� LV�����
HVVHQWLDO� IRU� UHVHDUFKHUV� WR� GHULYH� WKH� 0DOD\VLDQ�
SRSXODWLRQ-VSHFLILF� HTXDWLRQV� WR� REWDLQ� DFFXUDWH��
VWDWXUH� HVWLPDWHV� IRU� WKH� 0DOD\VLDQV� LQ� IXWXUH�����
SUDFWLFH� 
 
 
0$7(5,$/�	�0(7+2' 
 
(WKLFDO� DSSURYDO� ZDV� REWDLQHG� IURP� VHYHUDO� LQVWLWX�
WLRQV�VXFK�DV�1055��&5&�DQG�8.0��7KH�FRQVHQW�
IRUPV�ZHUH� VLJQHG�� DQG� UHOHYDQW� LQIRUPDWLRQ� RI� WKH�
VWXG\� ZDV� GHVFULEHG� EULHIO\� WR� WKH� UHVSRQGHQWV����
EHIRUHKDQG�� 4XHVWLRQQDLUHV� ZHUH� GLVWULEXWHG� WR� DOO�
WKH� IRUHQVLF� SDWKRORJLVWV� LQ� 0DOD\VLD�� ZKR� DUH������
LQYROYHG�LQ�WKH�DQWKURSRORJLFDO�H[DPLQDWLRQ��7KLUWHHQ�
RI�WKHP�ZHUH�LGHQWLILHG��EXW�RQO\�WHQ�SDWKRORJLVWV�KDG�
UHVSRQGHG�� 7KH� TXHVWLRQQDLUH� FRPSULVHG� ILYH������
REMHFWLYH� TXHVWLRQV�� WKUHH� VXUYH\-UDWLQJ� VFDOHV� DQG�
JHQHUDO� FRPPHQWV�� ,Q� WKH� REMHFWLYH� VHFWLRQ�� HDFK�
TXHVWLRQ� KDG� ILYH� RSWLRQV�� ZKLOH� LQ� VXUYH\-UDWLQJ�
VFDOHV�� WKH� UHVSRQGHQWV� ZHUH� UHTXHVWHG� WR� FKRRVH�
IURP� VFDOH� �� WR� ��� WKDW� UHSUHVHQWHG� HLWKHU� VWURQJO\�
DJUHH�� GLVDJUHH�� QHXWUDO�� DJUHH� DQG�� RU� VWURQJO\�
DJUHH��DFFRUGLQJO\�� 
 
 
5(68/76 
 
4XHVWLRQQDLUHV� ZHUH� DQVZHUHG� E\� WHQ� IRUHQVLF�
SDWKRORJLVWV�� RXW� RI� ZKRP� WKUHH� ZHUH� IRUHQVLF������
DQWKURSRORJLVWV��5HVXOWV�UHYHDOHG�WKDW�WKH�PDMRULW\�RI�
WKH� IRUHQVLF� SDWKRORJLVWV� LQ� 0DOD\VLD� XWLOLVHG� WKH���
IRUPXODH� E\� � 7URWWHU� DQG� *OHVHU� >��@� LQ� WKH� FXUUHQW�
DQWKURSRORJLFDO� SUDFWLFH�� ZKLOH� RWKHUV� SUHIHUUHG� WR�
XVH�PRUH�WKDQ�RQH�HTXDWLRQV��IURP�ERWK�WKH��7URWWHU�
DQG� *OHVHU� >��@� DQG� 0DKDNNDQXNUDXK�� .KDQSHWFK�
>��@�GHSHQGLQJ�RQ�UHOHYDQF\�RI�FDVHV��2QH�IRUHQVLF�
SDWKRORJLVW� KDG� DGRSWHG� WKH� IRUPXODH� E\� 3HDUVRQ�
>��@��ZKLOH�DQRWKHU�IRUHQVLF�SDWKRORJLVW�HPSOR\HG�WKH�
IRUPXODH� E\� 'XSHUWXLV� DQG� +DGGHQ� >��@�� )LJXUH� ��
H[KLELWHG� WKH� QXPEHU� RI� UHVSRQGHQWV� XVLQJ� WKH�
DIRUHPHQWLRQHG� IRUPXODH� URXWLQHO\�� ,Q� WKH�������������
DVVHVVPHQW�RI�DFFXUDF\�RI�WKH�UHJUHVVLRQ�HTXDWLRQV�
�4XHVWLRQ� QXPEHU� ���� DOO� WKH� UHJUHVVLRQ� HTXDWLRQV�
ZHUH� IRXQG� WR� EH� VOLJKWO\� DFFXUDWH�� 1HYHUWKHOHVV��
WKUHH�UHVSRQGHQWV�KDG�UHIXVHG�WR�RIIHU�FRPPHQWV�DV�
WKHUH�ZHUH�QR�GDWD�DYDLODEOH�WR�YDOLGDWH�WKH�DFFXUDF\�
RI�WKH�HVWLPDWHG�VWDWXUHV����� 
 
%DVHG� RQ� )LJXUH� �� DQG� )LJXUH� ��� DOO� UHVSRQGHQWV�
FRQFXUUHG�WKDW�ORQJ�ERQHV�ZHUH�WKH�EHVW�ERQHV�WR�EH�
XWLOLVHG� IRU� VWDWXUH� HVWLPDWLRQ�� 7KH� EHVW� SDUDPHWHU�
XVHG�ZDV�WKH�PD[LPXP�OHQJWK�RI� ORQJ�ERQHV�UDWKHU�
WKDQ�WKH�ZLGWK�RI�ERQH��PLGVKDIW�GLDPHWHU�RI�ERQH�RU�
FLUFXPIHUHQFH� RI� WKH� ERQH�� 7KH� EHVW� PHWKRG� IRU�
ERQH� PHDVXUHPHQW� ZDV� WKH� FRQYHQWLRQDO� PHWKRG��
L�H�� WKH� ERQH� PHDVXUHPHQW� GLUHFWO\� RQ� GU\� ERQHV�
�)LJXUH� ���� 2QO\� RQH� UHVSRQGHQW� �IRUHQVLF�������������
DQWKURSRORJLVW�� FRQWHPSODWHG� WKDW� &7� VFDQ� LV� WKH�
PRVW� HIIHFWLYH� PHWKRG� RI� ERQH� PHDVXUHPHQW� IRU�
VWDWXUH�HVWLPDWLRQ� 
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)LJXUH����6WDWXUH�HVWLPDWLRQ�IRUPXODH�LQ�WKH�FXUUHQW�IRUHQVLF�DQWKURSRORJ\�SUDFWLFH� 

)LJXUH����3UHIHUUHG�VNHOHWDO�HOHPHQWV�IRU�VWDWXUH�HVWLPDWLRQ 
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Which bone do you prefer to use?
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Which formulae do you use?
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)LJXUH����3UHIHUUHG�SDUDPHWHUV�IRU�FRPSXWDWLRQ�RI�VWDWXUH�� 

)LJXUH����0HWKRG�RI�ERQH�PHDVXUHPHQW�IRU�FRPSXWDWLRQ�RI�VWDWXUH�� 

Dry bones
89%

CT Scan
11%

Which is the easiest and most efficient 
method in your setting?
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Maximum length Width Midshaft
diameter

Circumference Others

Which parameter do you find easy to 
apply?
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,Q� VXUYH\-UDWLQJ� VFDOH� VHFWLRQ� �VFDOH� �� WR� ���� WKUHH���
TXHVWLRQV�ZHUH�LPSORUHG�UHJDUGLQJ�GHYHORSLQJ�IRUPXODH�
IRU� VWDWXUH� HVWLPDWLRQ� EDVHG� RQ� WKH� 0DOD\VLDQ����������
SRSXODWLRQ��7KH�PDMRULW\�RI�WKH�IRUHQVLF�SDWKRORJLVW�KDG�
VWURQJO\�DFFRUGHG��VFDOH����WKDW�WKH�IRUPXODH�IRU�VWDWXUH�
HVWLPDWLRQ� VKRXOG� EH� VSHFLILFDOO\� GHYHORSHG� IRU� WKH���
0DOD\VLDQV�� 1HYHUWKHOHVV�� D� IHZ� IRUHQVLF� SDWKRORJLVWV�
SUHIHUUHG�RQH�JHQHUDO�IRUPXOD��ZKLFK�ZRXOG�EH�DSSOLFD�
EOH�DQG�SUDFWLFDO�FRPSDUHG�WR�KDYLQJ�D�VSHFLILF�IRUPXOD�
IRU� HDFK� HWKQLF� JURXSV� LQ� 0DOD\VLD�� $V� H[SHFWHG�� WKH�
PDMRULW\� RI� IRUHQVLF� SDWKRORJLVWV� GHFLGHG� WKDW� KDYLQJ�
VSHFLILF� HWKQLF� IRUPXODH��ZLOO� QRW� RQO\� KHOS� WR� LQFUHDVH�
WKH� DFFXUDF\� RI� VWDWXUH�� EXW� ZLOO� FRQIRUP� WR� VSHFLILF����
LQGLYLGXDO� FKDUDFWHULVWLFV� WR� UHSUHVHQW� WKH�PXOWL-FXOWXUDO�
SUDFWLFH�DFURVV�HWKQLF�LQ�WKH�SRSXODWLRQ� 
 
 
',6&866,216 
 
5HVXOWV� FOHDUO\� SRUWUD\HG� WKDW�0DOD\VLDQV� GR� QRW� KDYH�
DQ�DQWKURSRORJLFDO�VWDQGDUG�IRU�VWDWXUH�HVWLPDWLRQ��7KH�
GHFLVLRQ�WR�HPSOR\�ZKLFK�IRUPXODH�WR�EH�XVHG�GHSHQGV�
HQWLUHO\� RQ� WKH� H[SHUW�� DQG� WKH� WZR� PRVW� HPSOR\HG����
IRUPXODH� ZHUH� E\� 7URWWHU� DQG� *OHVHU� >��@� DQG�����������
0DKDNNDQXNUDXK�� .KDQSHWFK� >��@�� 7KH� IRUPXODH� E\�
7URWWHU� DQG� *OHVHU� >��@� ZHUH� JHQHUDWHG� IURP� WKH�����
0RQJRORLG� RULJLQV�� ZKLOH� WKH� HTXDWLRQV� E\�����������������
0DKDNNDQXNUDXK�� .KDQSHWFK� >��@�� ZHUH� GHYHORSHG�
IURP�WKH�7KDLV��WKXV�WKHVH�HTXDWLRQV��ZHUH�EHOLHYHG�WR�
EH�FORVH�WR�WKH�$VLDQV�LQ�RULJLQ�  
 
7KH� IRUPXODH� E\� 3HDUVRQ� >��@� DQG� 'XSHUWXLV� DQG����
+DGGHQ� >��@� ZHUH� VWLOO� XWLOLVHG� E\� IHZ� RI� IRUHQVLF�
SDWKRORJLVWV�� HYHQ� WKRXJK� WKH\� ZHUH� GHYHORSHG� IURP�
WKH�:HVWHUQ�SRSXODWLRQ��7KH�IRUPXODH�E\�3HDUVRQ�>��@�
ZDV� GHULYHG� IURP� WKH� SUHKLVWRULF� SHRSOH�� ZKLOH� � WKH���
IRUPXODH�E\�'XSHUWXLV�DQG�+DGGHQ�>��@�ZDV�GHYHORSHG�
IURP� WKH�:KLWHV� DQG�1HJURHV�� +HQFH�� ERWK� HTXDWLRQV�
FRXOG� QRW� EH� DSSOLHG� WR� WKH� 0DOD\VLDQV�� )XUWKHU�� WKH�
HTXDWLRQV�ZHUH�GHULYHG� IURP�VWXGLHV�FRQGXFWHG�QHDUO\�
D� FHQWXU\� DJR��ZKLFK� FOHDUO\� GLG� QRW� WDNH� LQWR� DFFRXQW�
WKH� VHFXODU� FKDQJHV� WKDW� KDYH� RFFXUUHG� >���� ��-��@��
6HFXODU�FKDQJH�FDQ�EH�GHILQHG�DV�QRQ-JHQHWLF� IDFWRUV�
WKDW� FRQWULEXWH� WR� VWDWXUH� GHYHORSPHQW� LQ� WKH� DYHUDJH�
PRGHUQ� JHQHUDWLRQ�� LQ� ZKLFK� WKH\� DUH� JHQHUDOO\� WDOOHU�
WKDQ�WKH�ROGHU�JHQHUDWLRQ��7KH� LQFUHDVH� LQ�VWDWXUH�ZDV�
HYLGHQWO\�DQDORJRXV�WR�WKH�OHQJWK�RI�WKHLU�ERQHV�DQWKUR�
SRPHWULFDOO\�>��@�� 
 
,Q� WKH� DVVHVVPHQW� RI� TXHVWLRQQDLUH�� ����� RI� WKH������
UHVSRQGHQWV� FRQFXUUHG� WKDW� WKH� UHJUHVVLRQ� HTXDWLRQV�
ZHUH� RQO\� VOLJKWO\� DFFXUDWH� IRU� UHDVRQV� WKDW� WKH���������
UHJUHVVLRQ� HTXDWLRQV� ZHUH� GHYHORSHG� IURP� DQ����������
XQUHODWHG� SRSXODWLRQ� >��-��@�� 7KXV�� WKLV� LQGLFDWHG� WKDW�
SRSXODWLRQ-VSHFLILF� HTXDWLRQV� DUH� QHFHVVDU\� IRU� WKH��
0DOD\VLDQV� WR� DFFRXQW� IRU� WKH� LQKHUHQW� SRSXODWLRQ�����
YDULDWLRQ�GXH� WR�JHQHWLF�GLIIHUHQFHV�DQG�HQYLURQPHQWDO�
IDFWRUV�VXFK�DV�QXWULWLRQ��SK\VLFDO�DFWLYLW\�DQG�FOLPDWH�� 
 
$OVR�� WKH� UHVXOWV�RI� WKH�TXHVWLRQQDLUH�DOVR� LPSOLHG� WKDW�
WKH�SUHGLFWRU�WR�GHYHORS�UHJUHVVLRQ�HTXDWLRQV�ZHUH�WKH�
ORQJ�ERQHV��DQG�WKH�EHVW�SDUDPHWHU�WR�EH�DSSOLHG�LV�WKH�
PD[LPXP�OHQJWKV�RI�ORQJ�ERQHV��3UHYLRXV�VWXGLHV�KDYH�
SURYHQ�WKDW�ORQJ�ERQHV�H[KLELWHG�WKH�KLJKHVW�FRUUHODWLRQ�

ZLWK� VWDWXUH� >���� ��-��@� FRPSDUHG� WR� RWKHU� ERQHV��
ZKHUH�FRUUHODWLRQV�ZHUH�PXFK�ORZHU�>��-��@� 
 
7KH�ILQDO�TXHVWLRQ��4XHVWLRQ����VKRZHG�WKDW�PDMRUL�
W\� RI� IRUHQVLF� SDWKRORJLVWV� ZDV� LQ� WKH� RSLQLRQ� WKDW�
GU\�ERQHV�ZDV�WKH�EHVW�PHWKRG�IRU�PHDVXUHPHQW�RI�
ERQHV�� ,Q� UHFHQW�\HDUV��&7�VFDQ�ZDV� LQWURGXFHG� WR�
PHDVXUH� ERQHV� ZLWK� KLJK� DFFXUDF\� DQG� UHOLDELOLW\��
EXW� WKH� XQDYDLODELOLW\� RI� WKH� VFDQ� LV� D� KLQGUDQFH� WR�
LWV� DSSOLFDWLRQ� IRU� GDLO\� SUDFWLFH�� 7KH� RQO\�&7� VFDQ�
DYDLODEOH�IRU�XVH�LQ�IRUHQVLF�GHSDUWPHQW�LV�ORFDWHG�LQ�
WKH�+RVSLWDO�.XDOD�/XPSXU��'HVSLWH� WKH�DYDLODELOLW\�
RI� WKH� YLUWXDO� DXWRSV\�VHUYLFH� LQ� WKH�+RVSLWDO�.XDOD�
/XPSXU�� WKH� GU\� ERQH� PHWKRG� ZDV� VWLOO� HPSOR\HG��
$GGLWLRQDOO\�� &7� VFDQ� ZRXOG� SURYLGH� DQ� LPSRUWDQW�
VRXUFH� RI� ERQH� VDPSOHV� IRU� UHVHDUFK� SXUSRVHV�� ,Q�
WKH�JHQHUDO�FRPPHQWV��WKH�LQWUD-REVHUYHU�DQG�LQWHU-
REVHUYHU� UHOLDELOLW\� ZHUH� WKH� ELJJHVW� FKDOOHQJH� LQ�
GHYHORSLQJ� WKH� HTXDWLRQV� IURP� &7� VFDQ�� 7KXV����
VWDWXUH� HVWLPDWLRQ� ZLOO� EH� GHHPHG� DFFXUDWH� DQG��
UHOLDEOH� ZLWK� QHJOLJLEOH� HUURU� LQ� WKH� LQWUD-REVHUYHU�
DQG�LQWHU-REVHUYHU�HUURU�DQDO\VHV� 
 

 
&21&/86,21 
 
,Q� FRQFOXVLRQ�� D� PDMRULW\� RI� IRUHQVLF� SDWKRORJLVWV�
DQWKURSRORJLVWV� LQGLFDWHG� WKDW� VSHFLILF� SRSXODWLRQ�
UHJUHVVLRQ� HTXDWLRQV� VKRXOG� EH� GHYHORSHG� IRU� WKH�
0DOD\VLDQ�SRSXODWLRQ��7KH�H[LVWLQJ�HTXDWLRQV�E\�WKH�
ZHVWHUQ�UHVHDUFKHUV�DUH�QR�ORQJHU�DSSOLFDEOH�LQ�WKH�
FXUUHQW�0DOD\VLDQ� SRSXODWLRQ�� ,W�ZDV�DOVR�H[KLELWHG�
WKDW�WKH�ORQJ�ERQHV�DQG�WKHLU�PD[LPXP�OHQJWKV�DUH�
WKH� EHVW� SUHGLFWRUV� RI� VWDWXUH�� $OVR�� VSHFLILF���������
UHJUHVVLRQ� HTXDWLRQV� VKRXOG� EH� GHYHORSHG� IRU����
VSHFLILF�HWKQLF�JURXSV� LQ�0DOD\VLD��7KLV�ZLOO�JUHDWO\�
HQKDQFH� WKH� DFFXUDF\� DQG� UHOLDELOLW\� RI� WKH����������
UHJUHVVLRQ�HTXDWLRQV�� 
 
 
&21)/,&7�2)�,17(5(67 
 
$OO� DXWKRUV� GHFODUHG� QR� FRQIOLFW� RI� LQWHUHVW� LQ� WKH��
SURGXFWLRQ�RI�WKH�PDQXVFULSW� 
 
 
)81',1* 
 
7KLV� SURMHFW�ZDV� IXQGHG� E\� 8QLYHUVLWL� .HEDQJVDDQ�
0DOD\VLD� 0HGLFDO� &HQWUH� DQG� 0LQLVWU\� RI� +LJKHU��
(GXFDWLRQ��3URMHFW�&RGH�1R���)5*6��������6..���
8.0������� 
 
 
$&.12:/('*(0(17 
 
:H� ZRXOG� OLNH� WR� WKDQN� WKH� 'LUHFWRU� *HQHUDO� RI�
+HDOWK� 0DOD\VLD� IRU� KLV� SHUPLVVLRQ� WR� SXEOLVK� WKLV�
DUWLFOH�� 6SHFLDO� WKDQNV� WR� +HDG� RI� )RUHQVLF����������
'HSDUWPHQW�DQG�DOO� WKH�SDWKRORJLVWV� LQ� WKH�1DWLRQDO�
,QVWLWXWH� RI� )RUHQVLF� 0HGLFLQH�� +RVSLWDO� .XDOD���
/XPSXU� IRU� WKHLU� DVVLVWDQFH� DQG� H[SHUW� DGYLFH� LQ�
WKLV�VWXG\����� 
 
 



�� 

 

5()(5(1&(6 

�� 7UDLWKHSFKDQDSDL�� 3��� 3�� 0DKDNNDQXNUDXK��
DQG�(�)��.UDQLRWL��+LVWRU\��UHVHDUFK�DQG�SUDF�
WLFH� RI� IRUHQVLF� DQWKURSRORJ\� LQ� 7KDLODQG�� )R�
UHQVLF� 6FLHQFH� ,QWHUQDWLRQDO�� ������ ����� S��
����H�-����H�� 

�� 0RUJDQ�� 2�:��� HW� DO���0DVV� )DWDOLW\�0DQDJH�
PHQW� IROORZLQJ� WKH�6RXWK�$VLDQ�7VXQDPL�'LV�
DVWHU�� &DVH� 6WXGLHV� LQ� 7KDLODQG�� ,QGRQHVLD��
DQG�6UL�/DQND��3/26�0HGLFLQH��������������S��
H���� 

�� 2¶'RQQHOO��&���HW�DO���&RQWULEXWLRQ�RI�SRVWPRU�
WHP�PXOWLGHWHFWRU�&7�VFDQQLQJ�WR�LGHQWLILFDWLRQ�
RI� WKH� GHFHDVHG� LQ� D� PDVV� GLVDVWHU�� ([SHUL�
HQFH� JDLQHG� IURP� WKH� ����� 9LFWRULDQ� EXVK�
ILUHV�� )RUHQVLF� 6FLHQFH� ,QWHUQDWLRQDO�� ������
��������S����-��� 

�� %XGLPOLMD��=���HW�DO���:RUOG�7UDGH�&HQHWHU�+X�
PDQ� ,GHQWLILFDWLRQ� 3URMHFW�� H[SHULHQFHV� ZLWK�
LQGLYLGXDO� ERG\� LGHQWLILFDWLRQ� FDVHV�� &URDW��
0HG��-����������������S�����-���� 

�� .UDQLRWL��(��DQG�5��3DLQH��)RUHQVLF�DQWKURSRO�
RJ\� LQ�(XURSH��DQ�DVVHVVPHQW�RI�FXUUHQW�VWD�
WXV�DQG�DSSOLFDWLRQ��-�$QWKURSRO�6FL������������
S����-��� 

�� &DWWDQHR��&���)RUHQVLF�DQWKURSRORJ\��GHYHORS�
PHQWV�RI�D�FODVVLFDO�GLVFLSOLQH� LQ� WKH�QHZ�PLO�
OHQQLXP��)RUHQVLF�6FLHQFH�,QWHUQDWLRQDO��������
�����–����S�����-���� 

�� &KULVWHQVHQ��$�0��DQG�&�0��&URZGHU��(YLGHQ�
WLDU\� 6WDQGDUGV� IRU� )RUHQVLF� $QWKURSRORJ\��
-RXUQDO� RI�)RUHQVLF�6FLHQFHV���������������S��
����-����� 

�� %DFFLQR��(���)RUHQVLF�$QWKURSRORJ\�6RFLHW\�RI�
(XURSH�� ,QWHUQDWLRQDO� -RXUQDO� RI� /HJDO� 0HGL�
FLQH����������������S��1�-1�� 

�� .RPDU�� '�$�� DQG� -�(�� %XLNVWUD�� )RUHQVLF� $Q�
WKURSRORJ\�� &RQWHPSRUDU\� 7KHRU\� DQG� 3UDF�
WLFH��������2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV� 

��� &DWWDQHR��&���HW�DO���8QLGHQWLILHG�FDGDYHUV�DQG�
KXPDQ� UHPDLQV� LQ� WKH�(8�� ,QWHUQDWLRQDO�-RXU�
QDO�RI�/HJDO�0HGLFLQH����������������S��1�-1�� 

��� &DWWDQHR��&��DQG�(��%DFFLQR��$�FDOO�IRU�IRUHQ�
VLF�DQWKURSRORJ\�LQ�(XURSH��,QWHUQDWLRQDO�-RXU�
QDO�RI�/HJDO�0HGLFLQH�������������S��1�-1�� 

��� /LWWOHWRQ�� -�� DQG� 5�� .LQDVWRQ�� $QFHVWU\�� DJH��
VH[� DQG� VWDWXUH�� ,GHQWLILFDWLRQ� LQ� D� GLYHUVH�
VSDFH�� LQ�)RUHQVLF�$SSURDFKHV�WR�'HDWK��'LV�
DVWHU� DQG� $EXVH�� 2�0�� )�� (GLWRU�� ������ $XV�
WUDOLDQ�$FDGHPLF�3UHVV��$XVWUDOLD� 

��� 7URWWHU��0��DQG�*�&��*OHVHU��$�UH-HYDOXDWLRQ�RI�
HVWLPDWLRQ�RI�VWDWXUH�EDVHG�RQ�PHDVXUHPHQWV�
RI�VWDWXUH� WDNHQ�GXULQJ� OLIH�DQG�RI� ORQJ�ERQHV�
DIWHU�GHDWK��$PHULFDQ�-RXUQDO�RI�3K\VLFDO�$Q�
WKURSRORJ\���������������S����-���� 

��� 0DKDNNDQXNUDXK��3���HW�DO���6WDWXUH�HVWLPDWLRQ�
IURP� ORQJ� ERQH� OHQJWKV� LQ� D� 7KDL� SRSXODWLRQ��
)RUHQVLF� 6FLHQFH� ,QWHUQDWLRQDO�� ������ �����–
����S������H�-����H�� 

��� 3HDUVRQ�� .��� 0DWKHPDWLFDO� &RQWULEXWLRQV� WR�
WKH� 7KHRU\� RI� (YROXWLRQ�� 9�� 2Q� WKH� 5HFRQ�
VWUXFWLRQ� RI� WKH� 6WDWXUH� RI� 3UHKLVWRULF� 5DFHV��
3KLORVRSKLFDO�7UDQVDFWLRQV�RI� WKH�5R\DO�6RFL�
HW\�RI�/RQGRQ��6HULHV�$��&RQWDLQLQJ�3DSHUV�RI�
D� 0DWKHPDWLFDO� RU� 3K\VLFDO� &KDUDFWHU�� ������
�����S�����-���� 

��� 'XSHUWXLV��&�:��DQG�-�$��+DGGHQ��2Q�WKH�UHFRQ�
VWUXFWLRQ� RI� VWDWXUH� IURP� ORQJ� ERQHV�� $PHULFDQ�
-RXUQDO� RI�3K\VLFDO�$QWKURSRORJ\�������������� S��
��-��� 

��� (ULFNVHQ��0�)���+RZ�³UHSUHVHQWDWLYH´�LV�WKH�7HUU\�
FROOHFWLRQ"� (YLGHQFH� IURP� WKH� SUR[LPDO� IHPXU��
$PHULFDQ� -RXUQDO� RI� 3K\VLFDO� $QWKURSRORJ\��
�������������S�����-���� 

��� *HUKDUGV��*���6HFXODU�YDULDWLRQV�LQ�WKH�ERG\�VWDW�
XUH� RI� WKH� LQKDELWDQWV� RI� /DWYLD� ��WK� PLOOHQQLXP�
%&–��WK� F�� $'��� $FWD�0HG� /LWXDQLFD�� ����������
S����-��� 

��� -DQW]�� /�0�� DQG� 5�/�� -DQW]�� 6HFXODU� FKDQJH� LQ�
ORQJ� ERQH� OHQJWK� DQG� SURSRUWLRQ� LQ� WKH� 8QLWHG�
6WDWHV�� ����–������ $PHULFDQ� -RXUQDO� RI� 3K\VL�
FDO�$QWKURSRORJ\����������������S����-��� 

��� 0HDGRZV�� /�� DQG� 5�� -DQW]�� $OORPHWULF� 6HFXODU�
&KDQJH�LQ�WKH�/RQJ�%RQHV�IURP�WKH�����V�WR�WKH�
3UHVHQW��-RXUQDO�RI�)RUHQVLF�6FLHQFHV����������
�����S�����-���� 

��� $OEDQHVH��-���6�(��2VOH\��DQG�$��7XFN��'R�FHQWX�
U\-VSHFLILF� HTXDWLRQV�SURYLGH�EHWWHU� HVWLPDWHV� RI�
VWDWXUH"�$� WHVW�RI� WKH���–��WK�FHQWXU\�ERXQGDU\�
IRU� WKH�VWDWXUH� HVWLPDWLRQ� IHDWXUH� LQ�)RUGLVF������
)RUHQVLF� 6FLHQFH� ,QWHUQDWLRQDO�� ������ �����–����
S������H�-����H�� 

��� 7URWWHU��0�� DQG�*��*OHVHU��7KH� HIIHFW� RI� DJHLQJ�
RQ�VWDWXUH��$PHULFDQ�-RXUQDO�RI�3K\VLFDO�$QWKUR�
SRORJ\��������������S�����-���� 

��� $OEDQHVH��-���6�(��2VOH\��DQG�$��7XFN��'R�JURXS-
VSHFLILF� HTXDWLRQV� SURYLGH� WKH� EHVW� HVWLPDWHV� RI�
VWDWXUH"� )RUHQVLF� 6FLHQFH� ,QWHUQDWLRQDO�� ������
�����S�����-���� 

��� 0RRUH��0�.��DQG�$�+��5RVV��&KDSWHU���-�6WDWXUH�
(VWLPDWLRQ��LQ�5HVHDUFK�0HWKRGV�LQ�+XPDQ�6NHO�
HWDO�%LRORJ\��������$FDGHPLF�3UHVV��S�����-���� 

��� .DQFKDQ�� 7��� 5�*�� 0HQH]HV�� DQG� 0�6�� .RWLDQ��
6WDWXUH�HVWLPDWLRQ��9DOXDEOH�SUHFDXWLRQV��-RXUQDO�
RI�)RUHQVLF�DQG�/HJDO�0HGLFLQH��������������� S��
���� 

��� +DXVHU�� 5��� -�� 6PROLĔVNL�� DQG� 7��*RV��7KH� HVWL�
PDWLRQ�RI�VWDWXUH�RQ� WKH�EDVLV�RI�PHDVXUHPHQWV�
RI� WKH� IHPXU�� )RUHQVLF� 6FLHQFH� ,QWHUQDWLRQDO��
�����������–����S�����-���� 

��� -HRQJ�� <�� DQG� /�0�� -DQW]�� 'HYHORSLQJ� .RUHDQ-
VSHFLILF�HTXDWLRQV�RI�VWDWXUH�HVWLPDWLRQ��)RUHQVLF�
6FLHQFH� ,QWHUQDWLRQDO�� ������ ����� S�� ����H�-
����H��� 

��� 0HQpQGH]� *DUPHQGLD�� $��� HW� DO��� /RQJ� %RQH�
�+XPHUXV��)HPXU��7LELD��0HDVXULQJ�3URFHGXUH�LQ�
&DGDYHUV�� -RXUQDO� RI� )RUHQVLF� 6FLHQFHV�� ������
�������S������-����� 

��� 3HWURYHþNL��9���HW�DO���3UHGLFWLRQ�RI�6WDWXUH�%DVHG�
RQ� 5DGLRJUDSKLF� 0HDVXUHPHQWV� RI� &DGDYHU�
/RQJ� %RQHV�� $� 6WXG\� RI� WKH� &URDWLDQ� 3RSXOD�
WLRQ��-RXUQDO�RI�)RUHQVLF�6FLHQFHV���������������
S�����-���� 

��� 7URWWHU��0�� DQG�*�&��*OHVHU��(VWLPDWLRQ� RI�6WDW�
XUH� )URP� /RQJ� %RQHV� RI� $PHULFDQ�:KLWHV� DQG�
1HJURHV��������S�����-���� 

��� $WKDQL��3���HW�DO���(VWLPDWLRQ�RI�6WDWXUH�IURP�IUDJ�
PHQWV� RI� IHPXU�� ,QGLDQ� -RXUQDO� RI� )RUHQVLF� DQG�
&RPPXQLW\�0HGLFLQH��������������S�����-���� 



�� 

 

��� %DGNXU��3��DQG�6��1DWK��8VH�RI�UHJUHVVLRQ�DQDO\�
VLV� LQ� UHFRQVWUXFWLRQ� RI� PD[LPXP� ERQH� OHQJWK�
DQG� OLYLQJ�VWDWXUH�IURP�IUDJPHQWDU\�PHDVXUHV�RI�
WKH� XOQD�� )RUHQVLF� 6FLHQFH� ,QWHUQDWLRQDO�� ������
�������S����-��� 

��� +ROODQG�� 7��� (VWLPDWLRQ� RI� $GXOW� 6WDWXUH� IURP�
)UDJPHQWDU\�7LELDV��-RXUQDO�RI�)RUHQVLF�6FLHQF�
HV���������������S������-����� 

��� %LGPRV�� 0�$��� 6WDWXUH� 5HFRQVWUXFWLRQ� 8VLQJ�
)UDJPHQWDU\�)HPRUD� LQ�6RXWK�$IULFDQV�RI�(XUR�
SHDQ� 'HVFHQW�� -RXUQDO� RI� )RUHQVLF� 6FLHQFHV��
�������������S������-����� 

��� &KLEED�� .�� DQG� 0�$�� %LGPRV�� 8VLQJ� WLELD� IUDJ�
PHQWV�IURP�6RXWK�$IULFDQV�RI�(XURSHDQ�GHVFHQW�
WR� HVWLPDWH� PD[LPXP� WLELD� OHQJWK� DQG� VWDWXUH��
)RUHQVLF� 6FLHQFH� ,QWHUQDWLRQDO�� ������ �����–����
S�����-���� 

��� 'DQ��8���HW�DO���(VWLPDWLRQ�RI�6WDWXUH�)URP�IUDJ�
PHQW� RI� /RQJ� %RQH� �7LELD�� LQ� ,QGLDQ� %HQJDOL�
3RSXODWLRQ�� -RXUQDO� RI� WKH� $QDWRPLFDO� 6RFLHW\�
RI�,QGLD���������������S�����-���� 

��� 6WHHOH�� '�*�� DQG� 7�:�� 0F.HUQ�� $� PHWKRG� IRU�
DVVHVVPHQW�RI�PD[LPXP�ORQJ�ERQH� OHQJWK�DQG�
OLYLQJ� VWDWXUH� IURP� IUDJPHQWDU\� ORQJ� ERQHV��
$PHULFDQ� -RXUQDO� RI� 3K\VLFDO� $QWKURSRORJ\��
�������������S�����-���� 

��� 0\VRUHNDU�� 9��� $�� 1DQGHGNDU�� DQG� 7�� 6DUPD��
(VWLPDWLRQ�RI�VWDWXUH�IURP�SDUWV�RI�KXPHUXV�DQG�
UDGLXV�� 0HGLFLQH�� 6FLHQFH� DQG� WKH� /DZ�� ������
�������S�����-���� 


