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Introduction
̖
'L̥HUHQW�ZDUP�XS�VWUDWHJLHV�DUH�XVHG�WR�SURPSW�
D�SRWHQWLDO�SKHQRPHQRQ�WKDW�LV�FDOOHG�SRVW�DFWL�
YDWLRQ�SRWHQWLDWLRQ��3$3��>��@��7KLV�SKHQRPHQRQ�
LV� LQGXFHG� E\� D� YROXQWDU\� PXVFOH� FRQWUDFWLRQ��
SHUIRUPHG�W\SLFDOO\�DW�PD[LPDO�RU�QHDU�PD[LPDO�
LQWHQVLW\�� DQG� LW� KDV� EHHQ� VKRZQ� WR� LQFUHDVH�
H[SORVLYH�DFWLYLWLHV�>�����@��,Q�WKLV�UHJDUG��WKH�SUR�
SRVHG�PHFKDQLVPV�XQGHUO\LQJ�3$3�DUH�SULPDULO\�
DVVRFLDWHG�ZLWK�SKRVSKRU\ODWLRQ�RI�P\RVLQ�UHJX�
ODWRU\�OLJKW�FKDLQV�GXULQJ�PXVFOH�FRQWUDFWLRQ�>�@��
ZKLFK� PDNHV� SURWHLQ� ÀODPHQWV� �L��H��� DFWLQ� DQG�
P\RVLQ��PRUH�VHQVLWLYH�WR�WKH�UHOHDVH�RI�FDOFLXP�
�&D�������&RQVHTXHQWO\��WKLV�PHFKDQLVP�WULJJHUV�D�
FDVFDGH�RI�HYHQWV�WR�HQKDQFH�WKH�PXVFOH�UHVSRQVH�
>��@��)XUWKHUPRUH��DQ�LQFUHDVH�LQ�WKH�UHFUXLWPHQW�
RI� KLJKHU� RUGHU� PRWRU� XQLWV� KDV� DOVR� EHHQ�
UHSRUWHG�>��@��1HYHUWKHOHVV��WKH�´UHDOµ�SK\VLRORJ�
LFDO� PHFKDQLVPV� LQYROYHG� GXULQJ� 3$3� UHPDLQ�
XQFOHDU�>��@�
6HYHUDO� IDFWRUV� �L��H��� YROXPH�� LQWHQVLW\�� UHFRYHU\�
DQG� PXVFOH� DFWLRQ� W\SH�� GHWHUPLQH� WKH� 3$3�
UHVSRQVH� DQG�� LQ� IDFW�� WKHLU� FRPELQDWLRQ� PLJKW�

OHDG� WR� HLWKHU� SRWHQWLDWLRQ� RU� IDWLJXH� >������@��
DOWKRXJK�ERWK�PHFKDQLVPV�FDQ�FRH[LVW�>��@��)RU�
H[DPSOH�� WKH� H̥HFW� RI� GL̥HUHQW� PXVFOH� DFWLRQV�
�L��H��� LVRPHWULF�� FRQFHQWULF� >&21&@�� HFFHQWULF�
>(&&@�� KDV� EHHQ� SUHYLRXVO\� DQDO\]HG� >���������
������������������@��,Q�WKLV�VHQVH��VWXGLHV�WKDW�KDYH�
XVHG� LVRPHWULF� FRQWUDFWLRQV� WR� H[DPLQH� 3$3�
UHSRUWHG� SHUIRUPDQFH� HQKDQFHPHQW� >�����@� DQG�
QR� FKDQJH� LQ� SHUIRUPDQFH� >������@�� 8VLQJ�
G\QDPLF� H[HUFLVHV� �ERWK� &21&� DQG� (&&� PRYH�
PHQW�SKDVHV���<RXQJ�HW�DO��>��@�DQG�.LOGX̥�HW�DO��
>��@�VKRZHG�DQ�DFXWH�HQKDQFHPHQW�RI�FRXQWHU�
PRYHPHQW�MXPS��&0-��DIWHU�D�KDOI�VTXDW�WUDLQLQJ�
DW���UHSHWLWLRQ�PD[LPXP��50��RU���50�UHVSHF�
WLYHO\��,Q�FRQWUDVW��(VIRUPHV�HW�DO��>��@�VKRZHG�QR�
FKDQJHV�DIWHU�D���50�EDUEHOO�EHQFK�SUHVV.�+RZ�
HYHU�� WKH� LQÁXHQFH� RI� (&&� RYHUORDG� H[HUFLVHV�
�(2(�� LQ� WKH� 3$3� UHVSRQVH� UHPDLQV� XQNQRZQ��
7KHVH� SURWRFROV� �L��H��� (&&� RYHUORDG�� DUH� XVXDOO\�
SHUIRUPHG�LQ�VSRUW�UHKDELOLWDWLRQ�DQG�LQMXU\�SUH�
YHQWLRQ�SURJUDPV�JLYHQ�WKHLU�VSHFLÀF�SK\VLRORJL�
FDO� DQG� PHFKDQLFDO� SURSHUWLHV� >������@��
1HYHUWKHOHVV��LW�KDV�EHHQ�UHSRUWHG�WKDW�(&&�WUDLQ�
LQJ� LQGXFHV� VKRUW�WHUP�PXVFOH� IDWLJXH� >������@��
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Abstract
̖
7KH�DLPV�RI�WKLV�VWXG\�ZHUH�WR�DQDO\VH�WKH�H̥HFWV�
RI� HFFHQWULF� RYHUORDG� WUDLQLQJ� �(27�� RQ� NLQHWLF�
SDUDPHWHUV�GXULQJ�FKDQJH�RI�GLUHFWLRQ��&2'��DQG�
SHUIRUPDQFH� UHODWHG� WR� VSULQWLQJ� DQG� MXPSLQJ�
DELOLWLHV�����PDOH�VRFFHU�SOD\HUV�SHUIRUPHG���GLI�
IHUHQW�SURWRFROV�������PLQ�F\FOLQJ�ZDUP�XS�DQG�
�����PLQ�F\FOLQJ�ZDUP�XS���<R<R�KDOI�VTXDW�H[HU�
FLVH�� 7KH� RXWFRPH� PHDVXUHG� LQFOXGHG� YHUWLFDO�
JURXQG� UHDFWLRQ� IRUFH� �Y*5)�� DQG� SURSXOVLYH�
IRUFH� �3Y*5)��� WLPH� WR� Y*5)� �7BY*5)�� DQG�SUR�
SXOVLYH� IRUFH� �7B3Y*5)��� FRQWDFW� WLPH� �&7���
HFFHQWULF��(&&B,03���FRQFHQWULF��&21&B,03��DQG�
WRWDO��727B,03��LPSXOVHV�DQG�PRPHQWV��0[��0\�
DQG�0]��GXULQJ���&2'� WDVNV��$GGLWLRQDOO\�� VXE�

MHFWV� SHUIRUPHG� D� FRXQWHU�PRYHPHQW� MXPS�
�&0-�� DQG� ���P� VSULQW� WHVWV�� 5HVXOWV� VKRZHG� D�
VXEVWDQWLDO�EHWWHU�LPSURYHPHQW��likely to almost 
certainly��LQ�Y*5)��(6���������Y$*5)��(6���������&7�
�(6���������0\��(6���������0]��(6��������DQG�(&&B
,03��(6��������GXULQJ�FURVVRYHU�FXWWLQJ�PDQHX�
YHU��ZKHUHDV�GXULQJ�VLGH�VWHS�FXWWLQJ�PDQHXYHU�
7LPHB(&&� �(6�� ������� &7� �(6�� ������� Y*5)� �(6��
������ DQG� 0\� �(6�� ������ ZHUH� VXEVWDQWLDOO\�
HQKDQFHG� �likely��� )XUWKHUPRUH�� VXEVWDQWLDO�EHW�
WHU�SHUIRUPDQFH�ZDV�IRXQG�LQ�&0-��(6��������very 
likely�� DQG����P� �(6�� ������possibly��� ,Q� FRQFOX�
VLRQ�� (27� SURGXFHG� D� EHWWHU� PXVFOH� DFWLYDWLRQ�
GXULQJ���GL̥HUHQW�&2'�WDVNV�DQG�JUHDWHU�VSULQW�
LQJ�DQG�MXPSLQJ�SHUIRUPDQFH�
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,QWHUHVWLQJO\��WKLV�UHVSRQVH�LV�PRUH�VLJQLÀFDQW�DW�KLJK�ORDGV�>��@��
ZKHQ�SHUIRUPLQJ�(&&�DFWLRQV�DW�KLJK�YHORFLWLHV�>��@�DQG�ZKHQ�
WKH� UDQJH� RI�PRWLRQ� LV� VKRUWHQHG� >��@�� ,Q� DGGLWLRQ�� VLJQLÀFDQW�
SK\VLRORJLFDO� FKDQJHV� VXFK� DV� ORFDO� LQÁDPPDWRU\� UHVSRQVH��
QRFLFHSWRUV�VHQVLWL]DWLRQ�>��@��DQG�SURSULRFHSWLYH�SHUWXUEDWLRQV�
>���������@�DUH�DOVR�H[KLELWHG�IROORZLQJ�DQ�(&&�ERXW��7KHUHIRUH��LW�
ZRXOG� EH� RI� LQWHUHVW� WR� DVFHUWDLQ� WKH� EHVW� FRPELQDWLRQV� �L��H���
LQWHQVLW\�� UHFRYHU\«�� IRU� SURGXFLQJ� SRWHQWLDWLRQ� LQVWHDG� RI�
IDWLJXH�
,Q�PRVW�WHDP�VSRUWV��SOD\HUV�DUH�UHTXLUHG�WR�UHSHDWHGO\�SHUIRUP�
VKRUW��H[SORVLYH�H̥RUWV�VXFK�DV�DFFHOHUDWLRQV�DQG�GHFHOHUDWLRQV�
GXULQJ�FKDQJH�RI�GLUHFWLRQ��&2'���7KHVH�DFWLRQV�DUH�IUHTXHQWO\�
OLQNHG� WR�QRQ�FRQWDFW�DQWHULRU�FUXFLDWH� OLJDPHQW� �$&/�� LQMXULHV�
>��@�DQG��LQ�IDFW��WKH�DFXWH�IDWLJXH�DQG�SURSULRFHSWLYH�DOWHUDWLRQ�
PD\�KDYH�D�VXEVWDQWLDO�LQÁXHQFH�RQ�WKH�SUREDELOLW\�RI�VX̥HULQJ�
DQ�$&/�LQMXU\��$V�VXFK��D�FKDQJH�LQ�NLQHPDWLF��NLQHWLF�DQG�HOHF�
WURP\RJUDSK\�DFWLYLW\�GXULQJ�D�&2'�WDVN�IROORZLQJ�D� IDWLJXLQJ�
VWUHQJWK�WUDLQLQJ�H[HUFLVH�KDV�EHHQ�WDNHQ�LQWR�DFFRXQW�>��@��)XU�
WKHUPRUH�� DFXWH� FKDQJHV� LQ� ELRPHFKDQLFDO� IDWLJXH�� VXFK� DV� DQ�
LQFUHPHQW� LQ� DQWHULRU� WLELDO� WUDQVODWLRQ� >��@�� D� GHFUHDVH� LQ�
JURXQG� UHDFWLRQ� IRUFHV� �*5)�� DQG� PRPHQWV� LQ� WKH� YHUWLFDO��
DQWHUR�SRVWHULRU� DQG� PHGLR�ODWHUDO� GLUHFWLRQV�� D� JUHDWHU� NQHH�
DEGXFWLRQ� DQJOH�RU� D�GHFUHDVH� LQ� NQHH�ÁH[LRQ� DQJOH� IROORZLQJ�
GL̥HUHQW� IDWLJXLQJ� SURWRFROV� KDYH� EHHQ� UHSRUWHG� >��@�� &ROOHF�
WLYHO\��WKHVH�UHVXOWV�VXJJHVW�WKDW�WKH�RSWLPDO�NQHH�MRLQW�VWDELOL]D�
WLRQ� LV� FRPSURPLVHG� DQG�� WKHUHE\� LQFUHDVLQJ� WKH� DFXWH� ULVN� RI�
LQMXU\�� 7KXV�� WKH� DSSURSULDWH� VWLPXOXV� IRU� DYRLGLQJ� D� SRVVLEOH�
IDWLJXH�PXVW�EH�DVFHUWDLQHG�
,W� FDQ� EH� VSHFXODWHG� WKDW� DQ� H̥HFWLYH�ZDUP�XS� VWUDWHJ\� �H��J���
(&&�RYHUORDG�WUDLQLQJ�>(27@��PD\�DFXWHO\�HQKDQFH�SK\VLFDO�SHU�
IRUPDQFH�DQG�UHGXFH�WKH�OLNHOLKRRG�RI�VX̥HULQJ�DQ�LQMXU\��,Q�WKLV�
UHJDUG��LW�KDV�EHHQ�REVHUYHG�WKDW�OLJKW�ORDGV�PD\�FDXVH�VPDOOHU�
PXVFOH�FKDQJHV�WKDQ�KHDY\�ORDGV�GXULQJ�(&&�H[HUFLVHV�>������@��
)XUWKHUPRUH��D�SHUIRUPDQFH�LPSURYHPHQW�DQG�D�PXVFOH�LQMXU\�
GHFUHPHQW� KDYH� EHHQ� VKRZQ� IROORZLQJ� DQ� (27� SURJUDP�ZLWK�
VXEPD[LPDO� ORDGV� LQ� MXQLRU� HOLWH� VRFFHU� SOD\HUV� >��@�� ,QWHUHVW�
LQJO\��(27�LV�XVXDOO\�SHUIRUPHG�EHIRUH�VSHFLÀF�WHFKQLFDO�WDFWLFDO�
VHVVLRQV�RU�HYHQ�RQ�WKH�PDWFK�GD\��$V�VXFK��LW�ZRXOG�EH�LQWHUHVW�
LQJ�WR�NQRZ�WKH�DFXWH�UHVSRQVHV�RI�WKLV�W\SH�RI�WUDLQLQJ��1HYHU�
WKHOHVV�� WR� WKH� EHVW� RI� RXU� NQRZOHGJH�� QR� GDWD� DUH� FXUUHQWO\�
DYDLODEOH�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�FKDQJHV�LQ�(27�DQG�&2'��
7KHUHIRUH��WKH�DLPV�RI�WKLV�VWXG\�ZHUH�����WR�DQDO\]H�WKH�H̥HFW�RI�
(27�LQ�GL̥HUHQW�NLQHWLF�PHDVXUHPHQWV�GXULQJ���&2'�WDVNV��L��H���
FURVVRYHU�DQG�VLGH�VWHS�FXWWLQJ��DQG�����WR�H[DPLQH�LWV�LPSDFW�RQ�
MXPSLQJ�DQG�VSULQWLQJ�SHUIRUPDQFH�

Methods
̖
6XEMHFWV
��� \RXQJ� �8����� KLJKO\� WUDLQHG� PDOH� VRFFHU� SOD\HUV� �DJH��
�����������\HDUV��KHLJKW��������������FP��ERG\�PDVV�������������NJ��
%0,�� �����������NJ�Ã�P�ï���� YROXQWDULO\� SDUWLFLSDWHG� LQ� WKH� VWXG\��
$WKOHWHV� EHORQJHG� WR� D� ÀUVW� 6SDQLVK� VRFFHU� GLYLVLRQ� �L��H��� /LJD�
%%9$�� FOXE� DFDGHP\� VTXDG��$�SK\VLFLDQ� UHYLHZHG� WKH�PHGLFDO�
KLVWRULHV�DQG�DVVHVVHG�WKH�VXLWDELOLW\�RI�WKH�VWXG\��3DUWLFLSDQWV�
ZLWK�VHYHUH�ORZHU�OLPE�PXVFOH�LQMXULHV��VWUDLQV�IRU�PRUH�WKDQ����
GD\V��GXULQJ�WKH�SUHYLRXV���PRQWKV�ZHUH�H[FOXGHG��7KH�VWXG\�
ZDV�DSSURYHG�E\�WKH�8QLYHUVLW\�RI�6HYLOOH�5HVHDUFK�(WKLFV�&RP�
PLWWHH�DQG�FRQGXFWHG�DFFRUGLQJ�WR�WKH�'HFODUDWLRQ�RI�+HOVLQNL�
DQG�DV�UHTXLUHG�E\�+DUULVV�	�$WNLQVRQ�>��@��$OO�SDUWLFLSDQWV�SUR�
YLGHG�LQIRUPHG�FRQVHQW�

6WXG\�GHVLJQ�DQG�SURFHGXUH
,Q�D�UDQGRPL]HG�FURVVRYHU�VWXG\�GHVLJQ��SOD\HUV�UDQGRPO\�SHU�
IRUPHG� �� GL̥HUHQW� SURWRFROV� VHSDUDWHG� E\� ��²���K�� ��� ��PLQ�
F\FOLQJ�ZDUP�XS� �&21�� DQG� ��� ��PLQ� F\FOLQJ�ZDUP�XS���<R<R�
KDOI�VTXDW�H[HUFLVH��(;3���6WDQGDUGL]HG�F\FOLQJ�ZDUP�XS�SHULRG�
ZDV�SHUIRUPHG�DW����:�DQG����USP��(UJROLQH������(UJRPHWULFV��
%LW]��*HUPDQ\���'XULQJ�(27�VHVVLRQV��VXEMHFWV�SHUIRUPHG���VHWV�
RI���PD[LPDO�ELODWHUDO�FRXSOHG�&21&�DQG�(&&�PXVFOH�DFWLRQV�LQ�
WKH�<R<R�KDOI�VTXDW�H[HUFLVH�ZLWK�����V�RI�UHFRYHU\�EHWZHHQ�VHWV��
3DUWLFLSDQWV�KDG�WR�EHQG�WKHLU�NQHHV�XS�WR������GXULQJ�WKH�(&&�
SKDVH�DQG�WKHQ�SHUIRUP�WKH�&21&�SKDVH�DV�IDVW�DV�SRVVLEOH�
2QH�ZHHN�EHIRUH� WKH�EHJLQQLQJ�RI� WKH� VWXG\�� �� IDPLOLDUL]DWLRQ�
VHVVLRQV�VHSDUDWHG�E\�DW�OHDVW����K�ZHUH�GHYHORSHG��,Q�WKHVH�VHV�
VLRQV��D� IXOO�H[SODQDWLRQ�RI�WKH�H[SHULPHQWDO�SURWRFRO�DQG�UHF�
RPPHQGDWLRQV�ZHUH� JLYHQ� WR� WKH� SDUWLFLSDQWV� DQG� WKH\�ZHUH�
DOORZHG�WR�SUDFWLFH�DOO�WKH�WHVWV��,Q�DGGLWLRQ��WKH�LQHUWLD�XVHG�GXU�
LQJ�WKH�H[SHULPHQW�LQ�WKH�Á\ZKHHO�GHYLFH��L��H���<R<R�VTXDW��ZDV�
VHOHFWHG�� 7R� HQVXUH� UHOLDELOLW\�� SOD\HUV� SHUIRUPHG� WKH� FRXQWHU�
PRYHPHQW� MXPS��&0-�� WHVW�DQG����DQG����P�VSULQW�DVVRFLDWHG�
ZLWK�&2'�WHVWV�GXULQJ���GL̥HUHQW�WHVWLQJ�VHVVLRQV��7KH�GHSHQG�
HQW�YDULDEOHV�IRU�&2'�ZHUH�YHUWLFDO�JURXQG�UHDFWLRQ�IRUFH��Y*5)��
DQG�SURSXOVLYH�IRUFH��3Y*5)���WLPH�WR�Y*5)��7BY*5)��DQG�SUR�
SXOVLYH� IRUFH� �7B3Y*5)��� FRQWDFW� WLPH� �&7��� HFFHQWULF� LPSXOVH�
�(&&B,03��� FRQFHQWULF� LPSXOVH� �&21&B,03�� DQG� WRWDO� LPSXOVH�
�727B,03���)XUWKHUPRUH��WKH�PRPHQWV�LQ���SODQHV��0[��0\�DQG�
0]��GXULQJ�WKH�FRQWDFW�ZHUH�DOVR�DQDO\]HG��(YHU\�IRUFH��PRPHQW�
DQG�LPSXOVH�YDULDEOH�ZDV�FDOFXODWHG�UHODWLYH�WR�ERG\�PDVV��NJ���
$GGLWLRQDOO\�� DIWHU� HDFK� H[SHULPHQWDO� VHVVLRQ�� VXEMHFWV� SHU�
IRUPHG�D�&0-�DQG����DQG����P�VSULQW�DVVRFLDWHG�ZLWK�&2'�WHVWV�
DQG�VHSDUDWHG�E\���PLQ�UHVW�SHULRGV����WULDOV�RI�HDFK�WHVW�ZHUH�
DOORZHG� ZLWK� WKH� DYHUDJH� VFRUH� EHLQJ� XVHG� LQ� VXEVHTXHQW�
�DQDO\VLV�

,QHUWLDO�SRZHU�RXWSXW�WHVW
$Q� LVRLQHUWLDO�� Á\ZKHHO�WUDLQLQJ�GHYLFH�<R<R70� �<R<R�7HFKQRO�
RJ\�$%��6WRFNKROP��6ZHGHQ��ZDV�XVHG��KDOI�VTXDW�LQ�<R<R�6TXDW���
:LWK� WKLV� GHYLFH� ORDG� LV� SURYLGHG� E\� WKH� LQHUWLD� RI� D� URWDWLQJ�
PDVV��Á\ZKHHO���ZKLFK� LQ�WXUQ� LV�D� IXQFWLRQ�RI� LWV�JHRPHWULFDO�
�GLDPHWHU�� WKLFNQHVV�� DQG� SK\VLFDO� SURSHUWLHV� �GHQVLW\� RI� WKH�
PDWHULDO���'XULQJ� WKH�&21&�SKDVH�RI� WKH�PXVFXODU� DFWLRQ�� WKH�
DWKOHWH�URWDWHV�D�Á\ZKHHO�E\�PHDQV�RI�D�VWUDS�FRQQHFWHG�WR�LWV�
VKDIW��$W�WKH�HQG�RI�WKH�UDQJH�RI�PRWLRQ��WKH�VWUDS�LV�FRPSOHWHO\�
XQWZLQHG�� WKH�Á\ZKHHO�NHHSV� VSLQQLQJ�E\�YLUWXH�RI� LWV� LQHUWLD�
DQG�UHWUDFWV�WKH�VWUDS��UHTXLULQJ�WKH�DWKOHWH�WR�GHFHOHUDWH�LW�GXU�
LQJ� WKH� VXEVHTXHQW� (&&� DFWLRQ�� %\� FRQWUROOLQJ� WKH� H[HFXWLRQ�
WHFKQLTXH� �L��H��� GHOD\LQJ� WKH�EUDNLQJ� DFWLRQ� LQ� WKH�(&&�SKDVH���
WKLV� GHYLFH� DOORZV� WR� DFKLHYH� D� JLYHQ� GHJUHH� RI� (&&� RYHUORDG�
>������������@�
2QH�ZHHN�SULRU�WR�WKH�EHJLQQLQJ�RI�WKH�VWXG\��HDFK�SOD\HU�SHU�
IRUPHG�D�WHVWLQJ�SURWRFRO�XVLQJ�D�Á\ZKHHO�LVRLQHUWLDO�GHYLFH�WR�
NQRZ�WKH�LQHUWLD�XVHG�WKURXJKRXW�WKH�VWXG\��3RZHU�RXWSXW�ZDV�
PHDVXUHG� GXULQJ� HDFK� &21&� DFWLRQ� �6PDUW&RDFK70� 3RZHU�
(QFRGHU��6PDUW&RDFK�(XURSH�$%��6WRFNKROP��6ZHGHQ��DQG�UHDO�
WLPH� IHHGEDFN�ZDV� SURYLGHG� RQ� D� FRPSXWHU�PRQLWRU�ZLWK� WKH�
DVVRFLDWHG�6PDUW&RDFK�VRIWZDUH��Y����������7KH�WRWDO�QXPEHU�RI�
Á\ZKHHOV�LQVWDOOHG�DGMXVWV�WKH�RYHUDOO�LQHUWLD��*LYHQ�WKHLU�SURS�
HUWLHV� �PDWHULDO�� 39&�� GHQVLW\�� ����NJ�FP��� GLDPHWHU�� ����PP��
WKLFNQHVV�� ���PP��� WKH� UHVXOWLQJ� LQHUWLD� RI� HDFK� Á\ZKHHO�ZDV�
�����NJ�Ã�P2��7R�GHWHUPLQH�WKH� LQHUWLD� WKDW�ZDV�XVHG�GXULQJ�WKH�
VWXG\��DQ�DVVHVVPHQW�ZLWK�LQHUWLD���DQG������UHSHWLWLRQV�SHU�LQHU�
WLD�ZLWK�����V�LQWHU�LQHUWLD�UHFRYHU\��ZDV�SHUIRUPHG��7KH�LQHUWLD�
WKDW�DFKLHYHG�KLJKHU�SRZHU�RXWSXW�ZDV�VHOHFWHG�
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&KDQJH�RI�GLUHFWLRQ�SURWRFRO
7KH�VWDQGDUGL]HG�&2'�PDQHXYHU�FRQVLVWHG�RI�D�PD[LPXP�UXQ�
QLQJ� DSSURDFK� RI� ���P�ZLWK� D� ����P� DGMXVWPHQW� WR� SODFH� WKH�
GRPLQDQW�IRRW�RQ�WKH�IRUFH�SODWIRUP�IROORZHG�E\�D������FXWWLQJ�
PDQHXYHU�WR�WKH�VDPH�VLGH�RI�WKH�IRRW��FURVVRYHU�FXWWLQJ��RU�D�
�����FXWWLQJ�PDQHXYHU�WR�WKH�FRQWUDODWHUDO�VLGH�RI�WKH�IRRW��VLGH�
VWHS�FXWWLQJ����̎̂ � )LJ������7KH�DYHUDJH�RI���WULDOV�ZDV�FDOFXODWHG�IRU�
HDFK�YDULDEOH��7KH�GRPLQDQW�OHJ�ZDV�GHÀQHG�DV�WKH�OHJ�XVHG�WR�
NLFN�D�EDOO�IRU�GLVWDQFH��,QVWUXFWLRQV�ZHUH�JLYHQ�WR�WKH�VXEMHFWV�WR�
SHUIRUP�WKH�&2'�DV� IDVW�DQG� IRUFHIXO�DV�SRVVLEOH� WR�VLPXODWH�D�
PDWFK�VLWXDWLRQ��&XWWLQJ�DQJOH�ZDV�PRQLWRUHG�E\�WDSH�PDUNLQJV�
SODFHG������DQG������ IURP�WKH�FHQWHU�RI� WKH�JURXQG� IRUFH�SODWH��
&2'� W\SH� �L��H��� FURVVRYHU�RU� VLGH�VWHS��ZDV� UDQGRPL]HG�RYHU���
WULDOV� ��� HDFK� W\SH��� .LQHWLF� SDUDPHWHUV�ZHUH� UHFRUGHG� GXULQJ�
&2'�PDQHXYHUV�

2XWFRPH�PHDVXUHV
Kinetic parameters

.LQHWLF�SDUDPHWHUV�ZHUH� UHFRUGHG�ZLWK�D�PXOWLSOH�FRPSRQHQW�
IRUFH�SODWIRUP��.LVWOHU�,QVWUXPHQWV��,QF���PRGHO�����$��:LQWHU�
WKXU��6ZLW]HUODQG��ZLWK�D�VDPSOLQJ�UDWH�RI�������+]��ZKLFK�PHDV�
XUHG�JURXQG� UHDFWLRQ� IRUFHV� �*5)V��� )RUFH�GDWD�ZDV� FDOFXODWHG�
GXULQJ� WKH� FRQWDFW� SKDVH�� 7KH� Y*5)�ZDV� XVHG� WR� LGHQWLI\� WKH�
WLPH� RI� LQLWLDO� FRQWDFW�� 7KH� FRQWDFW� SKDVH�ZDV� GHÀQHG� DV� WKH�

WLPH�SHULRG�EHWZHHQ�LQLWLDO�JURXQG�FRQWDFW�ZLWK�WKH�IRUFH�SODWH�
XQWLO� WRH�R̥�GXULQJ� WKH� VLGH�VWHS�FXWWLQJ�PDQHXYHUV� >��@��7KH�
LQLWLDO�FRQWDFW�ZDV�RSHUDWLRQDOO\�GHÀQHG�DV�WKH�WLPH�ZKHQ�Y*5)�
H[FHHGHG� ��� 1� ZLWK� WRH�R̥� GHÀQHG� DV� WKH� WLPH� ZKHQ� Y*5)�
GURSSHG�EHORZ����1�>������@��7KH�YDULDEOHV�LQFOXGHG�ZLWKLQ�WKH�
DQDO\VLV�ZHUH�Y*5)�DQG�3Y*5)��1�Ã�NJ�ï�����7BY*5)�DQG�7B3Y*5)�
�V���&7��V���(&&B,03��&21&B,03�DQG�727B,03��1�Ã�V�ï���Ã�NJ�ï�����DQG�
WKH�PRPHQWV� �0[��0\��0]��GXULQJ� WKH� FRQWDFW� LQ� DOO� ��SODQHV�
�1�Ã�P�Ã�NJ�ï�����'XH�WR�WKH�VSHFLDO�VKDSH�RI�WKH�Y*5)��LW�ZDV�SRVVLEOH�
WR�GLYLGH�WKH�JURXQG�FRQWDFW�SKDVH�LQWR���VHFWLRQV�>�@��*ROOKRIHU�
	�.\URODLQHQ�>��@�VKRZHG�WKDW�WKH�KLJKHVW�DPSOLWXGH�RI�WKH�VHF�
RQG�SHDN�FRXOG�EH�XVHG�DV�WKH�LQVWDQW�DW�ZKLFK�WKH�(&&�ODQGLQJ�
SKDVH�FKDQJHG�WR�&21&�SXVK�R̥�DQG�LW�ZDV�XVHG�WR�GHWHUPLQH�
ERWK�LPSXOVHV��$OO�IRUFHV��PRPHQWV�DQG�LPSXOVHV�YDULDEOHV�ZHUH�
UHODWLYL]HG�WR�ERG\�PDVV��NJ���7KH�PHDQ�YDOXHV�RI���WULDOV�ZHUH�
XVHG�IRU�SRVWHULRU�DQDO\VHV�

&RXQWHU�PRYHPHQW�MXPS�WHVW��&0-�
&RXQWHUPRYHPHQW�MXPS��&0-��WHVW�ZDV�DVVHVVHG�XVLQJ�DQ�LQIUD�
UHG�OLJKW�SODWIRUP�EXLOW�LQWR�WKH�2SWR-XPS�V\VWHP��0,&52*$7(��
%RO]DQR��,WDO\���3OD\HUV�MXPSHG���WLPHV�DV�KLJK�DV�SRVVLEOH�ZLWK�
WKHLU�KDQGV�RQ�WKHLU�KLSV�ZLWKRXW�DQ\�SDXVH�EHWZHHQ�(&&�DQG�
&21&� SKDVHV�� .QHH� ÁH[LRQ� ZDV� VHOI�VHOHFWHG�� $� ���V� SDVVLYH�
UHFRYHU\�SKDVH�ZDV�SURYLGHG�EHWZHHQ� MXPSV��(OHYDWLRQ�RI� WKH�
FHQWHU�RI�JUDYLW\� �KHLJKW� LQ�P��ZDV�FDOFXODWHG� IRU�DOO� MXPSV�DV�
ÁLJKW� WLPH� �Wv�� LQ� VHFRQGV�� DSSO\LQJ� WKH� ODZV� RI� EDOOLVWLFV��
+� �Wv��Ã�J�Ã����� �P���ZKHUH�+� LV� WKH�KHLJKW� DQG�J� LV� WKH�JUDYLWD�
WLRQDO�DFFHOHUDWLRQ�������P�Ã�V�ï�����7KH�PHDQ�KHLJKW�ZDV�XVHG�IRU�
WKH�VXEVHTXHQW�DQDO\VHV�

���P�DQG����P�VSULQW�WHVW
6SULQW�WLPH�ZDV�PHDVXUHG�XVLQJ�D�GXDO�EHDP�HOHFWURQLF�WLPLQJ�
JDWHV��0,&52*$7(��%RO]DQR��,WDO\���$OO�SOD\HUV�ZHUH�DVVHVVHG�LQ�D�
���P�VSULQW�ZLWK�D����P�VSOLW� WLPH��7KH�VWDUWLQJ�SRVLWLRQ�ZDV�
VWDQGDUGL]HG�ZLWK�WKH� OHIW� WRH���P�EDFN� IURP�WKH�VWDUWLQJ� OLQH�
DQG�WKH�ULJKW�WRH�DSSUR[LPDWHO\�LQ�OLQH�ZLWK�WKH�KHHO�RI�WKH�OHIW�
IRRW��$OO�DVVHVVPHQWV�ZHUH�SHUIRUPHG�RQ�D�QDWXUDO�JUDVV�VXUIDFH��
DQG� VXEMHFWV�ZRUH� VSHFLÀF� VRFFHU� VKRHV�� 7KH�SDUWLFLSDQWV�SHU�
IRUPHG���WULDOV�ZLWK�WKH�PHDQ�WLPH�XVHG�IRU�VXEVHTXHQW�DQDO\�
VLV��$�UHFRYHU\�WLPH�RI�����V�EHWZHHQ�HDFK�DWWHPSW�ZDV�SURYLGHG��
7KH�QH[W�YDULDEOHV�ZHUH�XVHG�IRU�SRVWHULRU�DQDO\VHV�����P�VSULQW�
WLPH���²���P��DQG����P�VSULQW�WLPH���²���P��

6WDWLVWLFDO�DQDO\VLV
'DWD� LV� SUHVHQWHG� DV� PHDQ���VWDQGDUG� GHYLDWLRQ� �6'��� $OO� GDWD�
ZHUH�ÀUVW�ORJ�WUDQVIRUPHG�WR�UHGXFH�ELDV�DULVLQJ�IURP�QRQ�XQL�
IRUPLW\�HUURU��7KH�VWDQGDUGL]HG�GL̥HUHQFH�RU�H̥HFW�VL]H��(6�������
FRQÀGHQFH�OLPLW��LQ�WKH�VHOHFWHG�YDULDEOHV�ZDV�FDOFXODWHG�XVLQJ�
WKH� FRQWURO� 6'�� 7KUHVKROG� YDOXHV� IRU� &RKHQ� (6� VWDWLVWLFV�
ZHUH� �!������VPDOO��� �!������PRGHUDWH���DQG� �!������ODUJH�� >��@��)RU�
DFXWH�UHVSRQVHV��WKH�FKDQFHV�WKDW�WKH�GL̥HUHQFHV�LQ�SHUIRUPDQFH�
�L��H��� NLQHWLF� YDULDEOHV�� MXPSLQJ� DQG� VSULQWLQJ�� ZHUH� EHWWHU�
JUHDWHU��L��H���JUHDWHU�WKDQ�WKH�VPDOOHVW�ZRUWKZKLOH�FKDQJH��6:&�
>���� PXOWLSOLHG� E\� WKH� EHWZHHQ�VXEMHFW� VWDQGDUG� GHYLDWLRQ��
EDVHG�RQ�&RKHQ·V�G�SULQFLSOH@��� VLPLODU� RU�ZRUVH�VPDOOHU�ZHUH�
FDOFXODWHG�� 4XDQWLWDWLYH� FKDQFHV� RI� EHQHÀFLDO�EHWWHU� RU� GHWUL�
PHQWDO�SRRUHU� H̥HFW� ZHUH� DVVHVVHG� TXDOLWDWLYHO\� DV� IROORZV����
������� DOPRVW� FHUWDLQO\� QRW�� !��²����� YHU\� XQOLNHO\�� �!��²������
XQOLNHO\�� �!���²������SRVVLEOH�� �!���²������ OLNHO\�� �!���²������ YHU\�
OLNHO\��DQG� �!�������DOPRVW�FHUWDLQ�>��@��$�VXEVWDQWLDO�H̥HFW�ZDV�
VHW�DW��!������>��@��,I�WKH�FKDQFH�RI�KDYLQJ�EHQHÀFLDO�EHWWHU�RU�GHW�
ULPHQWDO�SRRUHU�SHUIRUPDQFHV�ZDV��!������WKH�WUXH�GL̥HUHQFH�ZDV�

60°

45°

2.5m

10m

10m

1m

Athlete Start

=Timing Gate
=Force Plate

)LJ���� 6FKHPDWLF�LOOXVWUDWLRQ�RI�FKDQJH�RI�GLUHFWLRQ�SHUIRUPDQFH�WHVW�
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DVVHVVHG� DV�XQFOHDU��2WKHUZLVH��ZH� LQWHUSUHWHG� WKDW� FKDQJH� DV�
WKH�REVHUYHG�FKDQFH�>��@�

Results
̖
.LQHWLF�SDUDPHWHUV
5HODWLYH� FKDQJHV� DQG� TXDOLWDWLYH� RXWFRPHV� UHVXOWLQJ� IURP� WKH�
DFXWH�NLQHWLF�UHVSRQVHV�DQDO\VLV�DUH�VKRZQ�LQ��̎̂ � 7DEOH���DQG�LOOXV�
WUDWHG� LQ� �̎̂ � )LJ�� �� �FURVVRYHU� FXWWLQJ�� DQG� �̎̂ � )LJ�� �� �VLGH�VWHS���
6XEVWDQWLDOO\�EHWWHU�UHVXOWV�ZHUH�IRXQG�IROORZLQJ�WKH�DFXWH�ERXW�
RI� (27� LQ� &7�� Y*5)�� Y$*5)�� 0\�� 0]� DQG� (&&B,03� GXULQJ� WKH�
FURVVRYHU� FXWWLQJ�PDQHXYHU��ZKHUHDV�&7��7LPHB(&&��Y*5)�DQG�
0\�ZHUH� VXEVWDQWLDOO\� HQKDQFHG� GXULQJ� WKH� VLGH�VWHS� FXWWLQJ�
PDQHXYHU�

3HUIRUPDQFH�WHVWV
5HVXOWV� IURP�MXPSLQJ�DQG�VSULQWLQJ�SHUIRUPDQFH�DUH�SURYLGHG�
LQ��̎̂ � 7DEOH����6XEVWDQWLDOO\�EHWWHU�SHUIRUPDQFH�ZDV�IRXQG�LQ�&0-��
)XUWKHUPRUH��D�SRVVLEO\�EHWWHU��²���P�ZDV�REVHUYHG�

Discussion
̖
7KH�SULPDU\�DLP�RI�WKLV�VWXG\�ZDV�WR�GHWHUPLQH�WKH�DFXWH�H̥HFWV�
RI� SHUIRUPLQJ� DQ� (27� LQ� WKH� KDOI�VTXDW� H[HUFLVH� RQ� NLQHWLF�
SDUDPHWHUV� GXULQJ� &2'� WDVNV�� )XUWKHUPRUH�� WKH� LPSDFW� RI� DQ�
(27�RQ�MXPSLQJ�DQG�VSULQWLQJ�SHUIRUPDQFH�ZDV�DOVR�H[DPLQHG�
LQ�\RXQJ�VRFFHU�SOD\HUV��7R�RXU�NQRZOHGJH��WKLV�LV�WKH�ÀUVW�VWXG\�
WKDW�KDV�H[DPLQHG�WKH�DFXWH�H̥HFWV�RI�(27�RQ�&2'�NLQHWLFV�DQG�
ÀWQHVV�SHUIRUPDQFH��$V�H[SHFWHG��(27�SURGXFHG�JUHDWHU�SHUIRU�
PDQFH� GXULQJ� &2'� WDVNV�ZLWKRXW� VKRZLQJ� DFXWH� IDWLJXH� �SUR�

SULRFHSWLYH�GLVWXUEDQFH��PHDVXUHG�WKURXJK�NLQHWLF�SDUDPHWHUV��
5HJDUGLQJ� SHUIRUPDQFH�� D� SRVVLEOH� SRWHQWLDWLRQ� ZDV� IRXQG� LQ�
MXPSLQJ� DQG� VSULQWLQJ� ��²���P�� DELOLWLHV� WKURXJK� GL̥HUHQW�
PHFKDQLVPV�VXFK�DV�DQ� LQFUHDVH� LQ�UHDFWLYH�VWUHQJWK�� OHJ�VWL̥�
QHVV�>��@�DQG�3$3�UHVSRQVH�>��@�
7KH�DQDO\VLV�RI� IRUFH�SODWIRUP�UHVXOWV�VKRZHG�D�VKRUWHU�VWDQFH�
SKDVH� IROORZLQJ� (27� FRPSDUHG� WR� &21�� $V� VXFK�� D� ORZHU� &7�

Effect of YoYo half-squat training in crossover cutting task

Control Condition

vGRF
PvGRF

T_vGRF
T_PvGRF

CT
ECC_IMP

CONC_IMP
TOT_IMP

Mx
My
Mz

1.5 1.0 0.5 0.5 1.0 1.50
Standardized differences (ES)

Eccentric Overload training

Almost Certain
Very Likely
Unclear
Possibly

Possibly
Possibly
Possibly
Likely
Likely

Likely
Likely

)LJ���� (̦FLHQF\�RI�WKH�HFFHQWULF�RYHUORDG�WUDLQLQJ��<R<R�KDOI�VTXDW��
LQ�FRPSDULVRQ�WR�FRQWURO�FRQGLWLRQ�WR�LPSURYH�YHUWLFDO�JURXQG�UHDFWLRQ�
IRUFH��Y*5)��DQG�SURSXOVLYH�IRUFH��3Y*5)���WLPH�WR�Y*5)��7BY*5)��DQG�
SURSXOVLYH�IRUFH��7B3Y*5)���FRQWDFW�WLPH��&7���HFFHQWULF�LPSXOVH��(&&B
,03���FRQFHQWULF�LPSXOVH��&21&B,03���WRWDO�LPSXOVH��727B,03���DQG�WKH�
PRPHQWV�LQ���SODQHV��0[��0\�DQG�0]��LQ�WKH�FURVVRYHU�FXWWLQJ�PDQHXYHU�
�EDUV�LQGLFDWH�XQFHUWDLQW\�LQ�WKH�WUXH�PHDQ�FKDQJHV�ZLWK������FRQÀGHQFH�
LQWHUYDOV���7ULYLDO�DUHDV�ZHUH�FDOFXODWHG�IURP�WKH�VPDOOHVW�ZRUWKZKLOH�
FKDQJH��6:&���VHH�PHWKRGV��

&21752/�YV��+$/)�648$7��Q� ����

3UH� 3RVW� ���'L̵HUHQFH &KDQFHV

������&/�

&URVVRYHU�
FXWWLQJ

Y*5) ���������� ���������� ����������������� ���������
3Y*5) ���������� ���������� ���������������� ��������
7BY*5) ����������� ����������� ������ï����������� ���������
7B3Y*5) ����������� ����������� ������ï����������� ���������
&7 ����������� ����������� ��������������� ��������
(&&B,03 ����������� ����������� ���������������� ���������
&21&B,03 ����������� ����������� ������ï����������� ���������
727B,03 ����������� ����������� ������ï����������� ���������
0[ ����������� ����������� �������ï����������� ���������
0\ ����������� ����������� ���������������� ���������
0] ����������� ����������� �������ï����������� ���������

6LGH�VWHS�
FXWWLQJ

Y*5) ����������� ����������� ���������������� ���������
3Y*5) ����������� ���������� ������ï����������� ���������
7BY*5) ����������� ����������� ���������������� ��������
7B3Y*5) ����������� ����������� ������ï����������� ����������
&7 ����������� ����������� ������ï����������� ���������
(&&B,03 ����������� ����������� �ï�������ï������������ ����������
&21&B,03 ����������� ����������� ������ï������������ ����������
727B,03 ����������� ����������� �ï�������ï����������� ���������
0[ ����������� ����������� �ï�������������ï������ ���������
0\ ����������� ����������� ����������������� ��������
0] ����������� ����������� ������ï������������ ����������

Y*5)��YHUWLFDO�JURXQG�UHDFWLRQ�IRUFH��3Y*5)��SURSXOVLYH�IRUFH��7BY*5)��WLPH�WR�YHUWLFDO�JURXQG�UHDFWLRQ�IRUFH��7B3Y*5)��WLPH�WR�SUR�
SXOVLYH�IRUFH��&7��FRQWDFW�WLPH��(&&B,03��HFFHQWULF�LPSXOVH��&21&B,03��FRQFHQWULF�LPSXOVH��727B,03��WRWDO�LPSXOVH��0[��PHGLRODWHUDO�
PRPHQW��0\��DQWHURSRVWHULRU�PRPHQW��0]��YHUWLFDO�PRPHQW����'L̥HUHQFH��SHUFHQWDJH�GL̥HUHQFH��&/��FRQÀGHQFH�OLPLWV��&KDQFHV��
SHUFHQWDJH�FKDQFH�RI�KDYLQJ�EHWWHU�VLPLODU�SRRUHU�YDOXHV

7DEOH��� $FXWH�NLQHWLF�UHVSRQVHV�
LQ�FKDQJH�RI�GLUHFWLRQ�WDVN�IROORZ�
LQJ�HFFHQWULF�RYHUORDG�WUDLQLQJ��
'DWD�DUH�PHDQ���6'�
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�GXULQJ� VLGH�VWHS� FXWWLQJ� ZDV� REVHUYHG� �(6�� ��������� IROORZLQJ�
FRPSOHWLRQ�(27��$GGLWLRQDOO\��D�ORZHU�&7�GXULQJ�FURVVRYHU�FXW�
WLQJ�ZDV� DOVR� IRXQG� �(6�� ���������� 7KHVH� UHVXOWV� DUH� LQ� FRQWUDVW�
ZLWK�WKRVH�IRXQG�IROORZLQJ�D�VXEPD[LPDO�ZDUP�XS�VWUDWHJ\����
VHWV�DW������������DQG������50�LQ�SDUDOOHO�EDFN�VTXDW���ZKLFK�QR�
VKRZHG�D�UHOHYDQW�FKDQJH��(6�����������LQ�WKH�VWDQFH�SKDVH�WLPH�
GXULQJ�D�&2'�PDQRHXYUH�>��@��)XUWKHUPRUH��DQ�(&&� LVRNLQHWLF�
TXDGULFHSV� SURWRFRO� REVHUYHG� D� JUHDWHU� VWDQFH� SKDVH� WLPH� LQ�
UHODWLRQ�WR�XQIDWLJXHG�SURWRFRO��(6�� �ï�������>��@��'L̥HUHQFHV� LQ�
WKH�ORDG�XVHG�DQG�H[HUFLVHV�PLJKW�H[SODLQ�WKHVH�LQWHU�VWXG\�GLI�
IHUHQFHV�DQG��FRQVHTXHQWO\��LW�PD\�EH�SRVVLEOH�WKDW�D�ORZHU�ORDG�
FRXOG�SURPSW�D�SRWHQWLDWLRQ�UHVSRQVH�LQVWHDG�RI�IDWLJXLQJ�
7KLV�VKRUWHU�VWDQFH�SKDVH�ZDV�RQO\�DFFRPSDQLHG�RQO\�E\�D�UHOH�
YDQW�FKDQJH�LQ�WKH�,03B(&&�GXULQJ�FURVVRYHU�FXWWLQJ��(6������������
(&&�LPSXOVH�KDV�UHFHQWO\�EHHQ�DVVRFLDWHG�ZLWK�WKH�VWRUDJH�DQG�
XWLOLVDWLRQ� RI� HODVWLF� HQHUJ\� GXULQJ� VSULQWLQJ� >��@� DQG�� FRQVH�
TXHQWO\��VXEVHTXHQW�LPSURYHPHQW�GXULQJ�WKH�SURSXOVLYH�SKDVH�
LQ�&2'�WDVNV�>�@��ZKHUH�LW�LV�LPSRUWDQW�WR�JHW�D�UDSLG�DFFHOHUDWLRQ�
LQ�WKH�QHZ�GLUHFWLRQ�>����������@��,Q�WKLV�SKDVH��WKH�IRUFH�DEVRUS�
WLRQ�DQG�WHQVLRQ�SURGXFLQJ�SURSHUWLHV��SRVLWLYH�VWL̥QHVV��RI�WKH�
TXDGULFHSV� IHPRULV� DQG� KDPVWULQJ� PXVFOH� JURXSV� DUH� YHU\�
LPSRUWDQW� >������@�� (̦FLHQW� (&&� DFWLYDWLRQ� WLPLQJ� DQG� WRUTXH�
SURGXFWLRQ� IURP� WKHVH�PXVFOH� JURXSV� GXULQJ� WKH� HDUO\� VWDQFH�
SKDVH�ZRXOG� VHHP� QHFHVVDU\� WR� SURYLGH� EHWWHU� HODVWLF� HQHUJ\�

DEVRUSWLRQ� DQG� VWRUDJH� IRU� WKH� LPSXOVH� GXULQJ� WKH� WDNH�R̥�
SKDVH�>��@��7KXV��WKH�IDWLJXH�RI�WKHVH�PXVFOH�JURXSV�FRXOG�SUR�
GXFH�DOWHUDWLRQV� LQ�&2'�VWUDWHJLHV�WR�DYRLG�NQHH�VWUHVV�>��@�� ,Q�
WKLV� UHJDUG�� QR� IDWLJXH� V\PSWRPV� �L��H��� NLQHWLF� YDULDEOHV��ZHUH�
REVHUYHG�DIWHU�WKH�(27��0RUHRYHU��WKH�3Y*5)�VKRZHG�DQ�DYHUDJH�
LQFUHDVH� LQ� WKH� DPSOLWXGH� LQ� ERWK�&2'� WDVNV� DIWHU� WKH� H[SHUL�
PHQWDO�SURWRFRO��$V�VXFK��3Y*5)�UHYHDOHG�DQ�LQFUHDVH�DIWHU�VLGH�
VWHS� FXWWLQJ� �(6�� ��������� DQG� FURVVRYHU� FXWWLQJ� �(6�� ���������� $�
ORZHU�&7�DVVRFLDWHG�ZLWK�D�JUHDWHU�3Y*5)�PD\�EH�GXH�WR�EHWWHU�
QHXURPXVFXODU�FRRUGLQDWLRQ�GXULQJ�WKH�&2'�WDVN�>�@��)XUWKHU�
PRUH�� SUHYLRXV� VWXGLHV� KDYH� UHSRUWHG� WKDW� D� GHFOLQH� LQ� 3Y*5)�
SUREDEO\� UHÁHFWV� DQ� RYHUDOO� GHFOLQH� LQ� WKH� DEVROXWH� IRUFH�SUR�
GXFLQJ� FDSDFLW\� RI� WKH� VSHFLÀF� PXVFOHV� IROORZLQJ� IDWLJXH�
>����������@�� ,QWHUHVWLQJO\��.HOOLV�HW�DO��>��@�LQGLFDWHG�WKDW�RQH�RI�
WKH�JHQHUDO�IHDWXUHV�RI�SHUIRUPLQJ�D�WDVN�ZLWK�IDWLJXH�LV�WKH�WHQ�
GHQF\�IRU�WKH�DEVROXWH�IRUFH�SURGXFLQJ�FDSDFLW\�WR�GHFOLQH�RYHU�
WLPH��$GGLWLRQDOO\��D�GHFUHPHQW�LQ�WKH�Y*5)�DQG�PRPHQW�DPSOL�
WXGH�DQG�YDULDELOLW\��6'��IROORZLQJ�DQ�H[HUFLVH�LQGXFHG�IDWLJXH�
LV� REVHUYHG� >��@�� &RQYHUVHO\�� Y*5)��0[� DQG�0\�ZHUH� VXEVWDQ�
WLDOO\�JUHDWHU�LQ�ERWK�&2'�WDVNV�DIWHU�WKH�(&&�SURWRFRO�SHUIRUPHG�
LQ�RXU�VWXG\��$FFRUGLQJO\�� LW�VHHPV�WKDW� WKLV�ZDUP�XS�VWUDWHJ\�
PLJKW�SURGXFH�JUHDWHU�PXVFOH�DFWLYDWLRQ�DQG�QR�ORFDO�IDWLJXH�
5HJDUGLQJ�SHUIRUPDQFH� WHVWV�� D� &0-� HQKDQFHPHQW� �(6�� ���������
ZDV� IRXQG� DIWHU� WKH� (;3� SURWRFRO�ZKLOH� D� SRVVLEOH� H̥HFW�ZDV�
UHÁHFWHG�LQ�WKH��²���P�WHVW��(6������������7KHVH�UHVXOWV�DUH�LQ�FRQ�
WUDVW�ZLWK�WKRVH�IRXQG�E\�%RJGDQLV�HW�DO��>�@��ZKR�REVHUYHG�WKDW�
(&&�EDFN�VTXDW�H[HUFLVH�SHUIRUPHG�DW�������LW�ZDV�FKDUDFWHUL]HG�
E\�KLJK�IRUFH�DQG�UDWH�RI�IRUFH�GHYHORSPHQW��5)'���DFFRUGLQJ�WR�
WKH�DXWKRUV��50��IDLOHG�WR�HOLFLW�D�EHWWHU�&0-�UHVSRQVH��,W�LV�OLNHO\�
WKDW�WKLV�UHVSRQVH�LV�UHODWHG�WR�WKH�3$3�SKHQRPHQRQ��6LQFH�PXV�
FOH�SHUIRUPDQFH�IROORZLQJ�D�FRQGLWLRQLQJ�PXVFOH�DFWLRQ�GHSHQGV�
RQ�WKH�EDODQFH�EHWZHHQ�3$3�DQG�IDWLJXH�>��@��WKH�SRVVLEO\�(&&�
ORDG� XVHG� E\� %RJGDQLV� HW� DO�� >�@� PD\� KDYH� SURGXFHG� IDWLJXH��
,QWHUHVWLQJO\��RQO\���RXW�RI����SOD\HUV� LQ�RXU� VWXG\�DFKLHYHG�D�
SRRUHU� &0-� SHUIRUPDQFH�� 7KXV�� LW�PD\� EH� VXJJHVWHG� WKDW� (27�
PLJKW� SURGXFH� D� EHQHÀW� LQ� WKH� DELOLW\� WR� MXPS� KLJKHU�� :LWK�
UHJDUG�WR��²���P�VSULQWLQJ��VHYHUDO�VWXGLHV�KDYH�EHHQ�GHYHORSHG�
GL̥HUHQW� WUDLQLQJ� PHWKRGV� WR� DFXWHO\� HQKDQFH� VSULQW� SHUIRU�
PDQFH� >������@�� ,Q� WKLV� UHJDUG�� QR� VLJQLÀFDQW� GL̥HUHQFHV�ZHUH�
IRXQG�LQ�VSULQW�SHUIRUPDQFH�IROORZLQJ�GL̥HUHQW�ZDUP�XS�SURWR�
FROV��GHDGOLIWV���50��WXFN�MXPSV�DQG�LVRPHWULF�NQHH�H[WHQVLRQV��
LQ�MXQLRU�VRFFHU�SOD\HUV�>��@��7KHVH�DXWKRUV�VXJJHVW�WKDW�WKHUH�LV�
D�ODUJH�YDULDELOLW\�LQ�WKH�3$3�UHVSRQVH�WR�LPSURYH�VSULQW�SHUIRU�
PDQFH�� 6LPLODUO\�� RXU� SOD\HUV� VKRZHG�ZLGH� YDULDELOLW\� ��ï�������
WR������������,W�VHHPV�WKDW��LUUHVSHFWLYH�RI�WKH�H[HUFLVH�SHUIRUPHG�
SULRU�WR�VSULQW��DQ�LQGLYLGXDO�EDVLV�WR�SURPSW�3$3�VKRXOG�EH�FRQ�
VLGHUHG��+RZHYHU��WKLV�LV�WKH�ÀUVW�VWXG\�ZKLFK�KDV�DQDO\]HG�WKH�
H̥HFW�RI�DQ�(27�LQ�WKH�DFXWH�UHVSRQVH�RI�&0-�DQG��²���P�VSULQW�
LQJ�DQG��WKHUHIRUH��IXUWKHU�VWXGLHV�DUH�QHHGHG�WR�FRQÀUP�WKH�SUH�
VHQW�UHVXOWV�

Effect of YoYo half-squat training in side-step cutting task

Control Condition

vGRF
PvGRF

T_vGRF
T_PvGRF

CT
ECC_IMP

CONC_IMP
TOT_IMP

Mx
My
Mz

1.5 1.0 0.5 0.5 1.0 1.50
Standardized differences (ES)

Eccentric Overload training

Likely

Likely
Unclear

Unclear

Unclear
Unclear

Possibly

Very unlikely
Very unlikely
Likely

Likely

)LJ���� (̦FLHQF\�RI�WKH�HFFHQWULF�RYHUORDG�WUDLQLQJ��<R<R�KDOI�VTXDW��
LQ�FRPSDULVRQ�WR�FRQWURO�FRQGLWLRQ�WR�LPSURYH�YHUWLFDO�JURXQG�UHDFWLRQ�
IRUFH��Y*5)��DQG�SURSXOVLYH�IRUFH��3Y*5)���WLPH�WR�Y*5)��7BY*5)��DQG�
SURSXOVLYH�IRUFH��7B3Y*5)���FRQWDFW�WLPH��&7���HFFHQWULF�LPSXOVH��(&&B
,03���FRQFHQWULF�LPSXOVH��&21&B,03���WRWDO�LPSXOVH��727B,03���DQG�WKH�
PRPHQWV�LQ���SODQHV��0[��0\�DQG�0]��LQ�WKH�VLGH�VWHS�FXWWLQJ�PDQHXYHU�
�EDUV�LQGLFDWH�XQFHUWDLQW\�LQ�WKH�WUXH�PHDQ�FKDQJHV�ZLWK������FRQÀGHQFH�
LQWHUYDOV���7ULYLDO�DUHDV�ZHUH�FDOFXODWHG�IURP�WKH�VPDOOHVW�ZRUWKZKLOH�
FKDQJH��6:&���VHH�PHWKRGV��

&21752/�YV��+$/)�648$7��Q� ����

3UH� 3RVW� ���'L̵HUHQFH 6WDQGDUGL]HG�

�GL̵HUHQFH

&KDQFHV 4XDOLWDWLYH

������&/� ������&/� $VVHVVPHQW

&0-��FP� ���������� ���������� �������������� ����������������� �������� 9HU\�/LNHO\
�²���P��V� ����������� ����������� ������ï���������� �������ï������������ ���������� 8QFOHDU
�²���P��V� ����������� ����������� ������ï���������� �������ï������������ ��������� 3RVVLEO\
&0-��FRXQWHUPRYHPHQW�MXPS���²���P�����P�VSULQW�WLPH���²���P�����P�VSULQW�WLPH����'L̥HUHQFH��SHUFHQWDJH�GL̥HUHQFH��6WDQGDUGL]HG�
GL̥HUHQFH��H̥HFW�VL]H��&/��FRQÀGHQFH�OLPLWV��&KDQFHV��SHUFHQWDJH�FKDQFH�RI�KDYLQJ�EHWWHU�VLPLODU�SRRUHU�YDOXHV

7DEOH��� $FXWH�SHUIRUPDQFH�
UHVSRQVHV�IROORZLQJ�HFFHQWULF�
RYHUORDG�WUDLQLQJ��'DWD�DUH�
PHDQ���6'�
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GH�+R\R�0�HW�DO��(̥HFWV�RI�(FFHQWULF�2YHUORDG�«� ,QW�-�6SRUWV�0HG

,Q�FRQFOXVLRQ��(27�SURGXFHG�D�EHWWHU�PXVFOH�DFWLYDWLRQ�GXULQJ���
GL̥HUHQW�&2'�WDVNV�DQG�JUHDWHU� MXPSLQJ�DQG�VSULQWLQJ�SHUIRU�
PDQFH��7KHVH�UHVSRQVHV�DUH�YHU\�LPSRUWDQW�WR�FRDFKHV��DV�WKHVH�
VWUHQJWK� SURWRFROV� DUH� IUHTXHQWO\� XVHG� EHIRUH� VRFFHU� WUDLQLQJ�
VHVVLRQV�� )LQDOO\�� GXH� WR� WKH� DEVHQFH� RI� IDWLJXH�� LW� ZRXOG� EH�
H[SHFWHG�WKDW�WR�HQKDQFH�SK\VLFDO�SHUIRUPDQFH�DQG�LQMXU\�SUH�
YHQWLRQ��(27�VKRXOG�EH�LPSOHPHQWHG�EHIRUH�VRFFHU�WUDLQLQJV�DQG�
PDWFKHV�� $GGLWLRQDO� UHVHDUFK� ZLWK� SOD\HUV� RI� GL̥HUHQW� VSRUWV��
JHQGHU��DJH�DQG�SOD\LQJ�VWDQGDUGV�VKRXOG�EH�FRQGXFWHG�EHIRUH�
WKH�DSSOLFDELOLW\�RI�WKH�FXUUHQW�UHVXOWV�FDQ�EH�JHQHUDOL]HG�

&RQÁLFW�RI�LQWHUHVW��7KH�DXWKRUV�KDYH�QR�FRQÁLFW�RI�LQWHUHVW�WR�
GHFODUH�

$̶OLDWLRQV
��3K\VLFDO�(GXFDWLRQ�DQG�6SRUW��8QLYHUVLW\�RI�6HYLOOH��6HYLOOH��6SDLQ
��0HGLFDO�6HUYLFHV��*HWDIH�)RRWEDOO�&OXE��0DGULG��6SDLQ
��'HSDUWPHQW�RI�6SRUW�6FLHQFHV��8QLYHUVLW\�RI�=DUDJR]D��+XHVFD��6SDLQ
��)LWQHVV�6HFWLRQ��6HYLOOD�)RRWEDOO�&OXE��6HYLOOH��6SDLQ
��6SRUWV�DQG�+HDOWK�'HSDUWPHQW��8QLYHUVLW\�RI�eYRUD��6SRUWV�DQG�+HDOWK�
'HSDUWPHQW��eYRUD��3RUWXJDO

��)DFXOW\�RI�+HDOWK�6FLHQFHV��8QLYHUVLW\�RI�6DQ�-RUJH��=DUDJR]D��6SDLQ
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