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Resisted sprint training in football

INTRODUCTION
Sprint ability represents an important determinant of success in mod-
HUQ�WHDP�VSRUWV�VXFK�DV�VRFFHUb>�ļ�@��'XULQJ�DbFRPSHWLWLYH�VRFFHU�
JDPH��SOD\HUV�FDQ�SHUIRUPb!b��bVSULQWV�SHU�PDWFKb>�@��6HYHUDO�
WUDLQLQJ�PRGDOLWLHV�KDYH�EHHQ�SURSRVHG�WR�HQKDQFH�WKH�VSULQWLQJ�
DELOLW\�RI�VRFFHU�SOD\HUV��&RPELQHG�VWUHQJWK��SRZHU�DQG�VSRUW�VSH-
FLğF�GULOOV�KDYH�SURGXFHG�LPSURYHPHQW�LQ�VRFFHU�SOD\HUVĳ�VSULQW�DELO-
LW\b>�ļ�@��3O\RPHWULFV�WUDLQLQJ�KDV�DOVR�EHHQ�UHSRUWHG�WR�KDYH�DbSRV-
LWLYH� HIIHFW� RQ� VSULQW� SHUIRUPDQFH� RI� VRFFHU� SOD\HUVb >�ļ��@��
$GGLWLRQDOO\��WKH�FRPELQDWLRQ�RI�KLJK�LQWHQVLW\�LQWHUYDO�WUDLQLQJ�ERXWV�
LQ�FRQMXQFWLRQ�ZLWK�KHDY\�ORDG�VWUHQJWK�WUDLQLQJ�KDV�EHHQ�VKRZQ�WR�
HQKDQFH�VSULQWLQJ�FDSDELOLW\�LQ�VRFFHU�SOD\HUVb>��@��0RUHRYHU��DORQJ�
ZLWK�WUDGLWLRQDO�VSULQW�WUDLQLQJ��UHVLVWHG�VSULQW��56��WUDLQLQJ�UHSUHVHQWV�
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SURWRFRO��%HIRUH�DQG�DIWHU�WKH���ZHHN�WUDLQLQJ�SURJUDPPH��UXQQLQJ�
VSHHG����bP��ZLWK�VSOLW�WLPHV�DW������bDQG���bP��SRZHU�WHVW��YHUWL-
FDO�DQG�KRUL]RQWDO�MXPSV��DQG�NLQHPDWLFV��VWULGH�OHQJWK�DQG�IUH-
TXHQF\��ZHUH�DVVHVVHG��7ZR�IDPLOLDUL]DWLRQ�VHVVLRQV�ZHUH�SHUIRUPHG�
GXULQJ�WKH�ZHHN�SUHFHGLQJ�WKH�ğUVW�WHVWLQJ�VHVVLRQ��3OD\HUV�ZHUH�
UDQGRPO\�DVVLJQHG�WR�WZR�WUDLQLQJ�JURXSV��UHVLVWHG�VSULQW�WUDLQLQJ�
JURXS��56��Qb b���DQG�QRQ�UHVLVWHG�VSULQW�WUDLQLQJ�JURXS��156��
Qb b����7KH�56�JURXS�WUDLQHG�XVLQJ�WKH�SDUWQHU�WRZLQJ�VSULQWLQJ��
ZKLOH�WKH�156�JURXS�FRPSOHWHG�WKH�VDPH�VSULQW�WUDLQLQJ�SURJUDPPH�
DV�WKH�56�JURXS�EXW�ZLWKRXW�DQ\�UHVLVWDQFH��$b��bPLQ�VWDQGDUGL]HG�
ZDUP�XS�ZDV�SHUIRUPHG�EHIRUH�HDFK�WHVWLQJ�DQG�WUDLQLQJ�VHVVLRQ��
([SHULPHQWDO�VHVVLRQV�ZHUH�DGPLQLVWHUHG�GXULQJ�WKH�FRPSHWLWLRQ�
SKDVH��VHDVRQ�VWDUWLQJ�LQ�6HSWHPEHU�DQG�ğQLVKLQJ�LQ�0D\���'XULQJ�
WKH�LQWHUYHQWLRQ�SHULRG��WKH�VRFFHU�WUDLQLQJ�VFKHGXOH�FRQVLVWHG�RI�
���bWUDLQLQJ�VHVVLRQV�DQG�RQH�RIğFLDO�JDPH�SHU�ZHHN�

Subjects
8����PDOH�HOLWH�VRFFHU�SOD\HUV�SDUWLFLSDWHG�LQ�WKH�VWXG\�DQG�ZHUH�
UDQGRPO\�DVVLJQHG�WR�WZR�WUDLQLQJ�JURXSV��UHVLVWHG�VSULQW�WUDLQLQJ�
JURXS��56��Qb b����DQG�QRQ�UHVLVWHG�VSULQW�WUDLQLQJ�JURXS��156��
Qb b����$bPLQLPXP�VDPSOH�VL]H�RI���bZDV�GHWHUPLQHG�IURP�DQ�
ĴDbSULRULĵ�VWDWLVWLFDO�SRZHU�DQDO\VLV�XVLQJ�*
3RZHU��9HUVLRQ������
8QLYHUVLW\�RI�'XVVHOGRUI��*HUPDQ\���7KH�SRZHU�DQDO\VLV�ZDV�FRP-
SXWHG�ZLWK�DQ�DVVXPHG�SRZHU�DW������DW�DQ�DOSKD�OHYHO�RI�������DQ�
HIIHFW�VL]H�RI������3OD\HUVĳ�DQWKURSRPHWULF�FKDUDFWHULVWLFV�DUH�SUH-
VHQWHG�LQ�7DEOH����7KH\�KDG�DW�OHDVW�IRXU�\HDUV�RI�VRFFHU�SUDFWLFH�LQ�
WKH�ğUVW�GLYLVLRQ�RI�DbQDWLRQDO�1RUWK�$IULFDQ�VRFFHU�OHDJXH��0RUHRYHU��
WKH�SOD\HUV�SHUIRUPHG��bIRRWEDOO�WUDLQLQJ�VHVVLRQV�DbZHHN�GXULQJ�WKH�
ODVW��bPRQWKV��1RQH�RI�WKH�SDUWLFLSDQWV�KDG�SUHYLRXV�H[SHULHQFH�ZLWK�
VSHFLğF�VSULQW�WUDLQLQJ�DQG�ZHUH�KHDOWK\�DQG�KDG�QRW�KDG�DQ\�LQMXULHV�
GXULQJ�WKH�PRQWK�SUHFHGLQJ�WKH�H[SHULHQFH��6NLQIROG�WKLFNQHVV�ZDV�
PHDVXUHG�WR�WKH�QHDUHVW����bPP�DW�IRXU�SUHGHWHUPLQHG�VLWHV��ELFHSV��
WULFHSV��VXEVFDSXODU��DQG�VXSUDLOLDF��XVLQJ�+DUSHQGHQ�VNLQIROG�FDO-
OLSHUV��/DQJH��&DPEULGJH��0$��86$���3HUFHQWDJH�RI�ERG\�IDW�ZDV�
HVWLPDWHG�XVLQJ�WKH�HTXDWLRQV�GHVFULEHG�E\�'XUQLQ�DQG�:RPHUV-
OH\�b>��@�7KH�VWXG\�ZDV�FRQGXFWHG�DFFRUGLQJ�WR�WKH�'HFODUDWLRQ�RI�
+HOVLQNL�DQG�WKH�SURWRFRO�ZDV�DSSURYHG�E\�WKH�LQVWLWXWLRQDO�HWKLFV�

(6b b������WR�ĲPRGHUDWHĳ�LPSURYHPHQWV�LQ�PD[LPDO�VSULQW�YHORFLW\�
�������(6b b�������,Q�VWUHQJWK�WUDLQHG�RU�WHDP�VSRUW�LQGLYLGXDOV��
Ĳ0RGHUDWHĳ����ļ�����%0��WR�ĲYHU\�KHDY\ĳ������%0��VOHG�ORDGV�
SURYLGH�ĲWULYLDOĳ�WR�ĲH[WUHPHO\�ODUJHĳ�LPSURYHPHQWV�LQ�DFFHOHUDWLRQ�
SHUIRUPDQFH�����ļ������(6b b����ļ�������2Q�WKH�RWKHU�KDQG��
5XPSI�HWbDO�b>��@�VKRZHG�WKDW�WKLV�W\SH�RI�WUDLQLQJ�LQFUHDVHV�YHORF-
LW\�YLD�LQFUHDVHG�VWHS�IUHTXHQF\��LQFUHDVHG�KRUL]RQWDO�IRUFH�DQG�
SRZHU�SURGXFWLRQ�
,Q�DGGLWLRQ�WR�VOHG�WRZLQJ��WKHUH�DUH�RWKHU�PRGDOLWLHV�RI�UHVLVWHG�

VSULQW�WUDLQLQJ�WKDW�FDQ�EH�XVHG�WR�RYHUORDG�WKH�SOD\HUV�ZKLOVW�VSULQW-
LQJ��H�J��VSULQWLQJ�ZLWK�SDUWQHU�UHVLVWDQFH��7KH�XVH�RI�VXFK�HTXLSPHQW�
RYHUFRPHV�LVVXHV�RI�GDPDJLQJ�LQGRRU�DQG�RU�RXWGRRU�VXUIDFHV�DQG�
DOVR�SURYLGHV�PDQ\�RSWLRQV�LQ�WHUPV�RI�WUDLQLQJ��H�J��YDU\LQJ�UHVLVWDQFH�
ZKLOH�VSULQWLQJ�DQG�RU�LQVWDQWDQHRXV�UHOHDVH�RI�SDUWQHU�IRU�VSHHG�DQG�
ORZHU�OLPE�IRUFH�GHYHORSPHQW��8QIRUWXQDWHO\��WKHUH�LV�QR�UHIHUHQFH�
LQ�WKH�OLWHUDWXUH�GHVFULELQJ�WKH�ODWWHU�SRLQWV�WKDW�ZH�KDYH�PHQWLRQHG�
DFFRUGLQJ�WR�SUDFWLFDO�REVHUYDWLRQV�IURP�WKH�ğHOG��:H�K\SRWKHVL]HG�
WKDW�WKH�XVH�RI�WKH�SDUWQHU�WRZLQJ�WUDLQLQJ�PHWKRG�ZLOO�UHVXOW�LQ�
SRVLWLYH�WUDLQLQJ�DGDSWDWLRQV�DPRQJ�\RXQJ�HOLWH�VRFFHU�SOD\HUV��L�H��
LPSURYHG�VSULQW�DFFHOHUDWLRQ�SKDVHV�DQG�VSULQW�NLQHPDWLFV��+RZ-
HYHU��DV�VXFK�DbFRQWHQWLRQ�QHHGHG�WR�EH�LQYHVWLJDWHG��WKH�DLP�RI�WKLV�
VWXG\�ZDV�WR�TXDQWLI\�WKH�HIIHFWV�RI�SDUWQHU�WRZLQJ�RQ�OHJ�H[SORVLYH�
IRUFH��VSULQW�SHUIRUPDQFH�DQG�VSULQW�NLQHPDWLF�SDUDPHWHUV�LQ�\RXQJ�
HOLWH�VRFFHU�SOD\HUV�

MATERIALS AND METHODS 
Experimental Approach to the Problem
$bORQJLWXGLQDO�UHSHDWHG�FURVV�VHFWLRQDO�VWXG\�GHVLJQ�ZDV�XVHG��LQYROY-
LQJ�UHSHDWHG�REVHUYDWLRQV�RYHU�DbVL[�ZHHN�SHULRG��$OO�WHVWLQJ�ZHUH�
FDUULHG�RXW�WKH�VDPH�GD\�RQ�DQ�LQGRRU�KDOO�UXEEHUL]HG�WUDFN��DW�WKH�
VDPH�WLPH�RI�GD\�������WR������bDP���(QYLURQPHQWDO�WHPSHUDWXUH�
UDQJH�ZDV���ļ��Ş&�DQG�KXPLGLW\���ļ�����'XULQJ�DOO�WHVW�VHVVLRQV��
SOD\HUV�ZHUH�DVNHG�WR�ZHDU�LQGRRU�WUDLQHUV�IRU�WHVWLQJ�DQG�VRFFHU�
ERRWV�GXULQJ�JUDVV�WUDLQLQJ�VHVVLRQV��LQ�DbFRQVLVWHQW�ZD\�WKURXJK�WKH�
H[SHULPHQW��7ZR�KRXUV�EHIRUH�WHVWLQJ��WKH�DWKOHWHV�ZHUH�JLYHQ�WKH�
VDPH�EUHDNIDVW��FRQVLVWLQJ�RI�RQH�FDNH��DbJODVV�RI�RUDQJH�MXLFH�DQG�
DG�OLELWXP�ZDWHU� LQ�DbFRQVLVWHQW�ZD\�GXULQJ� WKH�SHULRG�RI� WKH�

TABLE 1.�$JH�DQG�DQWKURSRPHWULF�GDWD�RI�WKH�SDUWLFLSDQWV�

RS NRS

Pre-training Post-training Pre-training Post-training

$JH��\� ����břb��� ����břb��� ����břb��� ����břb���

+HLJKW��FP� �����břb��� �����břb��� �����břb��� �����břb���

%RG\�PDVV��NJ� ����břb��� ����břb��� ����břb��� ����břb���

%RG\�IDW���� ����břb��� ����břb��� ����břb��� ����břb���


�56b bUHVLVWHG�VSULQW��156b bQRQ�UHVLVWHG�VSULQW��ŀ'DWD�DUH�SUHVHQWHG�DV�PHDQ�DQG�6'�
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FRPPLWWHH��$OO�SDUWLFLSDQWV�DQG�WKHLU�SDUHQWV�JXDUGLDQV�ZHUH�IXOO\�
LQIRUPHG�DERXW�WKH�SURWRFRO��WKH�ULVNV�DQG�EHQHğWV�RI�WKH�VWXG\�DQG�
VLJQHG�ZULWWHQ�FRQVHQW�IRUPV�

Procedures
Testing methods
Jump testing
3DUWLFLSDQWV�SHUIRUPHG�FRXQWHUPRYHPHQW��&0-��DQG�VTXDW�MXPSVb>��@�
VWDUWLQJ�IURP�WKHLU�SUHIHUUHG�FRXQWHUPRYHPHQW�SRVLWLRQ�WR�DFKLHYH�
WKH�EHVW�SHUIRUPDQFHb>��@��9HUWLFDO�MXPS�SHUIRUPDQFH�ZDV�DVVHVVHG�
XVLQJ�DbSRUWDEOH�IRUFH�SODWIRUP��4XDWWUR�-XPS��.LVWOHU�����&��:LQ-
WHUWKXU��6ZLW]HUODQG�b>��@��7KH�EHVW�MXPS�DIWHU��bUHSHWLWLRQV�RI�HDFK�
MXPSLQJ�SURWRFRO�ZDV�VHOHFWHG�IRU�DQDO\VLV��$EVROXWH�DQG�UHODWLYH�
SHDN�MXPSLQJ�IRUFH��)SHDN���SHDN�MXPSLQJ�YHORFLW\��9SHDN���SHDN�MXPS-
LQJ�SRZHU��:SHDN���DQG�WKH�SHDN�KHLJKW�RI�WKH�MXPSV��+SHDN�@�ZHUH�
UHFRUGHGb>��@��$bTXLQWXSOH�KRUL]RQWDO�MXPS�WHVW���-7��ZDV�DOVR�SHU-
IRUPHG�E\�WKH�SOD\HUV�DV�DQ�DVVHVVPHQW�RI�KRUL]RQWDO�OHJ�SRZHUb>��@�

Sprint testing
6SULQW�SHUIRUPDQFH�RYHU���bPbZDV�DVVHVVHG�XVLQJ�WLPLQJ�SKRWRFHOOV�
�%URZHU�7LPLQJ�6\VWHPV��6DOW�/DNH�&LW\��87��DFFXUDF\�RI�����bV��DQG�
�������DQG���bPbVSOLW�WLPHV�ZHUH�UHFRUGHGb>��@� $OO�WLPLQJ�JDWHV�
ZHUH�SODFHG��bPbDERYH�WKH�JURXQG�DQG�VSDFHG����bPbDSDUW��)LJXUHb����
3OD\HUV�VWDUWHG�LQ�DbVWDQGLQJ�SRVLWLRQ�ZLWK�WKHLU�SUHIHUUHG�IRRW�IRUZDUG�
H[DFWO\����bPbEHKLQG�WKH�ğUVW�WLPLQJ�JDWH��7KH���bPbVSULQW�WHVW�ZDV�
UHSHDWHG�WKUHH�WLPHV��ZLWK�WZR�PLQXWHV�RI�UHVW��DQG�WKH�EHVW�VSULQW�
WLPH�ZDV�XVHG�IRU�VWDWLVWLFDO�DQDO\VLVb>��@�

Kinematic analysis
.LQHPDWLF�SDUDPHWHUV�ZHUH�FROOHFWHG�YLD�DbVWDQGDUG�WZR�GLPHQVLRQ-
DO���'��PHWKRG��$*�'9;���%���&&'�0LQL�'9����b+]�DQG�VKXWWHU�

VSHHG��������th�RI�DbVHFRQG���%RG\�PDUNHUV�ZHUH�GLJLWL]HG�XVLQJ�WKH�
+DQDYDQ�PRGHO�PRGLğHG�E\�'H�/HYDb>��@� 7KH�YLGHR�EDVHG�GDWD�
DQDO\VLV�V\VWHP�6NLOO6SHFWRU������b�2GHQVH�6 ļ'HQPDUN��ZLWK�
TXDQWLF�VSOLQH�GDWD�ğOWHULQJ�ZDV�XVHG��7KUHH�PXWXDOO\�V\QFKURQL]HG�
GLJLWDO�FDPHUDV��7LPH�&RGH�6\QFKURQL]DWLRQ��7&�/LQN��ZHUH�XVHG�WR�
FDSWXUH�VDJLWWDO�SODQH�YLGHR�GDWD�RYHU�WKH���bPbGLVWDQFH��7KH�FDP-
HUDV�ZHUH�SODFHG�WR�WKH�OHIW�RI�WKH�WUDFN�OLQH����bPbIURP�WKH�DWKOHWH�
DQG�DW�DbKHLJKW�RI�����bP�b>��@�DQG�ZHUH�FDOLEUDWHG�LQ��'�XVLQJ�
Db�bPbFDOLEUDWLRQ�FXEH�ZLWK��bUHWUR�UHĠHFWLYH�ERG\�PDUNHUV�ğOPHG�
LQ�WKH�RSWLFDO�SODQH�IRU���bV��$bIRXUWK�FDPHUD�ZDV�SODFHG�PLGZD\�
�DW���bPbRI�VSULQWLQJ�GLVWDQFH��WR�DOORZ�ğOPLQJ�RI�WKH�ZKROH�VSULQW�
LQ�RUGHU�WR�FRXQW�WKH�QXPEHU�RI�VWULGHV��6WULGH�DQDO\VLV�LQFOXGHG�VWULGH�
IUHTXHQF\�DQG�VWULGH�OHQJWK��SRLQW�RI�IRRW�VWULNH�RI�RQH�IRRW�WR�WKH�
SRLQW�RI�IRRW�VWULNH�RI�WKH�FRQWUDODWHUDO�IRRW���7KH�SDUWLFLSDQWV�ZHUH�
UHFRUGHG�IRU�WKH�HQWLUH�UXQ��,I�WKH�IHHW�GLG�QRW�ODQG�H[DFWO\�RQ�WKH�OLQH��
WKHQ�KDOI�VWULGHV�ZHUH�FRXQWHGb>��@��7KH�VWULGH�OHQJWK�DQG�VWULGH�
IUHTXHQF\�ZHUH�GHWHUPLQHG�DV�IROORZV��VWULGH�OHQJWKb bGLVWDQFH�VWULGH�
QXPEHU�DQG�ZDV�H[SUHVVHG�LQ�PHWUHV��VWULGH�IUHTXHQF\b bVWULGH�QXP-
EHU�WLPH�DQG�ZDV�H[SUHVVHG�DV�VWULGHV�SHU�VHFRQG��RU�+]�b>������@�

Training programmes
,W�ZDV�LPSRVVLEOH�WR�TXDQWLI\�WKH�UHVLVWDQFH�LPSRVHG�E\�WKH�SDUWQHU��
EXW�WKHUH�ZDV�DQ�DWWHPSW�WR�VWDQGDUGL]H�DQG�FDOLEUDWH�WKH�LQWHQVLW\�
WR�EH�WKH�VDPH�GXULQJ�DOO�WKH�UHSHWLWLRQV��E\�SHUIRUPLQJ�KDOI�RI�WKH�
VSULQWHG�GLVWDQFH�RYHU��bVHFRQGV��IRU�WKH�ğUVW�SDUW���WKHQ�WKH�SOD\HU�
ZDV�UHOHDVHG�E\�KLV�SDUWQHU�WR�ğQLVK�WKH�VHFRQG�KDOI�RI�WKH�GLVWDQFH�
IUHH�VSULQWLQJ��:HHNV��bDQG����SOD\HUV�SHUIRUPHG���bPbVSULQWV�ZLWK�
WKH�LQVWUXFWLRQ�WR�SHUIRUP�WKH�ğUVW��bPbLQ��bVHFRQGV�EHIRUH�EHLQJ�
UHOHDVHG�WR�ğQLVK�WKH�GLVWDQFH�IUHH�VSULQWLQJ��:HHNV��bDQG����SOD\HUV�
SHUIRUPHG���bPbVSULQWV�ZLWK�WKH�LQVWUXFWLRQ�WR�SHUIRUP�WKH�ğUVW�
��bPbLQ��bVHFRQGV�EHIRUH�EHLQJ�UHOHDVHG�WR�ğQLVK�WKH�GLVWDQFH�IUHH�

FIG. 1.�(TXLSPHQW�VHWXS�XVHG�GXULQJ�GDWD�FROOHFWLRQ FIG. 2. 5HVLVWDQFH�VSULQW�KDUQHVV
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GD\V�ZLWK�Db&URQEDFKĳV�PRGHO�LQWUDFODVV�FRUUHODWLRQ�FRHIğFLHQW��,&&���
VWDQGDUG�HUURU�RI�PHDVXUHPHQWV��6(0��DQG�FRHIğFLHQW�RI�YDULDWLRQ�
�&9��DFFRUGLQJ�WR�WKH�+RSNLQV�PHWKRGb>��@��6HQVLWLYLW\�WR�GLVFULPL-
QDWH�WKH�WUDLQLQJ�HIIHFW�ZDV�HVWDEOLVKHG�IURP�WKH�UHFHLYLQJ�RSHUDWRU�
FKDUDFWHULVWLFb>��@�FXUYH�DQDO\VLVb>��@��$FFRUGLQJ�WR�'H\R�DQG�&HQ-
WRUb>��@��DQ�DUHD�XQGHU�WKH�52&�FXUYH��$8&�b!b�����LV�FRPPRQO\�
FRQVLGHUHG�WR�LQGLFDWH�JRRG�GLVFULPLQDQW�VHQVLWLYLW\�RI�WKH�WHVW��6WD-
WLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�WKH�6366�VRIWZDUH�VWDWLVWLFDO�
SDFNDJH��6366�,QF���&KLFDJR��,/��YHUVLRQ��������DQG�VWDWLVWLFDO�VLJ-
QLğFDQFH�ZDV�VHW�DW�Sb�b�����

RESULTS 
7KH�,&&��6(0�DQG�&9�YDOXHV�IRU�DOO�PHDVXUHV�GHPRQVWUDWHG�ĲKLJK�
UHOLDELOLW\ĳ��6-�KHLJKW��,&&b b������6(0b b������&9b b������&0-�
KHLJKW��,&&b b������6(0b b������&9b b��������-7��,&&b b������
6(0b b������&9b b�������VSULQW�WHVWV��,&&b b�����WR�������
6(0b b�����WR�������&9b b����WR�������DQG�NLQHPDWLF�SDUDPHWHUV�
�,&&b!b�����DQG�&9b�b�����)XUWKHUPRUH�DbSDLUHG�W�WHVW�VKRZHG�QR�
VLJQLğFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�VFRUHV�UHFRUGHG�GXULQJ�WKH�WHVW�
DQG�UHWHVW�IRU�DOO�WKH�YDULDEOHV�PHDVXUHG�
1R�VLJQLğFDQW�SUH�WR�SRVW�WUDLQLQJ�YDULDWLRQV�LQ�DQWKURSRPHWULF�

YDUL�DEOHV�ZHUH�IRXQG�LQ�HLWKHU�WKH�56�RU�156�JURXS��7DEOH�����0HDQV�
DQG�VWDQGDUG�GHYLDWLRQV�RI�GHSHQGHQW�YDULDEOHV�DUH�UHSRUWHG�LQ�7D-
EOHVb�ļ��

Explosive force of lower limbs
$bVLJQLğFDQW�JURXSbŚbWLPH�LQWHUDFWLRQ�ZDV�QRWHG�IRU�RQO\�WKH�6-�WHVWV��
DEVROXWH�)SHDN��)b b������Sb�b����� �b bODUJH���UHODWLYH�)SHDN܏�
�)b b������Sb�b����������)b b���b bODUJH���+SHDN܏��Sb�b������

܏
�b bODUJH��DQG���MXPS�WHVW��)b b�������Sb�b����������b bODUJH܏�
6LJQLğFDQW�JURXS�HIIHFWV�ZHUH�REVHUYHG�IRU�WKH�6-�WHVWV��DEVROXWH�
)SHDN��)b b������Sb�b���������)b b���b bODUJH���UHODWLYH�)SHDN܏���
Sb�b�������b bODUJH��DQG܏������b�)b b������Sb���b bODUJH���+SHDN܏�
��MXPS�WHVW��)b b������Sb�b�������b bODUJH���$IWHU�WKH�WUDLQLQJ܏�
SHULRG��WKH�56�JURXS�LPSURYHG�VLJQLğFDQWO\�LQ�DOO�H[SORVLYH�IRUFH�WHVWV�
�Sb�b ������� 3RVW�KRF� DQDO\VLV� VKRZHG� Db VLJQLILFDQWO\� EHWWHU�

VSULQWLQJ��:HHNV��bDQG����SOD\HUV�SHUIRUPHG���bPbVSULQWV�ZLWK�WKH�
LQVWUXFWLRQ�WR�SHUIRUP�WKH�ğUVW���bPbLQ��bVHFRQGV�EHIRUH�EHLQJ�UH-
OHDVHG�WR�ğQLVK�WKH�GLVWDQFH�IUHH�VSULQWLQJ��%RWK�WUDLQLQJ�JURXSV�
FRPSOHWHG�WKHLU�UHVSHFWLYH�WUDLQLQJ�SURJUDPPH�WZLFH�DbZHHN�IRU�
�bZHHNV��%RWK�JURXSV�SHUIRUPHG�LGHQWLFDO�WRWDO�VSULQWHG�GLVWDQFH�
GXULQJ�WKH�WUDLQLQJ�SURJUDPPH��+RZHYHU��WKH�56�JURXS�SHUIRUPHG�
VSULQW�WUDLQLQJ�ZLWK�DQ�DGGLWLRQDO�UHVLVWDQFH��SDUWQHU�WRZLQJ��KDYLQJ�
DbVLPLODU�KHLJKW�DQG�ERG\�PDVV���)LJXUH�����)RXU�IDPLOLDUL]DWLRQ�VHV-
VLRQV�ZHUH�SHUIRUPHG�GXULQJ�WKH�WZR�ZHHNV�SUHFHGLQJ�WKH�WUDLQLQJ�
SURJUDPPH. 'HWDLOHG�LQIRUPDWLRQ�RI�WKH�WUDLQLQJ�SURJUDPPH�LV�SUH-
VHQWHG�LQ�7DEOH���

Statistical analysis
0HDQV�DQG�VWDQGDUG�GHYLDWLRQVb>��@�ZHUH�XVHG�DV�PHDVXUHV�RI�FHQ-
WUDOLW\�DQG�VSUHDG�RI�GDWD��UHVSHFWLYHO\��1RUPDOLW\�ZDV�YHULğHG�XVLQJ�
WKH�6KDSLUR�:LON�WHVW��2Q�WKH�EDVLV�RI�DbSRZHU�DQDO\VLV��H[SHFWHG�
HIIHFW�VL]Hb b����GHVLUHG�SRZHUb b������DQG�DOSKD�HUURUb b�������
ZH�GHWHUPLQHG�WKDW�DbVDPSOH�VL]Hb b��bZRXOG�EH�VXIğFLHQW�WR�GHWHFW�
GLIIHUHQFHV�EHWZHHQ�JURXSV��:LWKLQ�JURXS�FRPSDULVRQV��6WXGHQW�
SDLUHG�W�WHVW��ZHUH�FDUULHG�RXW�WR�GHWHFW�VLJQLğFDQW�GLIIHUHQFHV�EHWZHHQ�
WKH�SUH�WHVW�DQG�SRVW�WHVW�LQ�DQ\�YDULDEOH�LQ�ERWK�JURXSV��7KH�GDWD�
ZHUH�WKHQ�DQDO\VHG�XVLQJ�PXOWLYDULDWH�DQDO\VLV�RI�YDULDQFH���bŚb���
ZLWK�UHSHDWHG�PHDVXUHV�RQ�WKH�VHFRQG�IDFWRU��7KH�IDFWRUV�LQFOXGHG�
WZR�VHSDUDWH�JURXSV�RI�WUDLQLQJ��56�DQG�156��DQG�UHSHDWHG�PHDVXUHV�
RI�WLPH��SUH��DQG�SRVW�WUDLQLQJ���%HFDXVH�RI�VOLJKW�LQLWLDO�GLIIHUHQFHV�
EHWZHHQ�WKH��bJURXSV��DQDO\VHV�RI�FRYDULDQFH�ZLWK�WKH�SUH�WHVW�YDO-
XHV�DV�WKH�FRYDULDWH�ZHUH�XVHG�ZKHUH�QHFHVVDU\�WR�GHWHUPLQH�VLJ-
QLğFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�SRVW�WHVW�DGMXVWHG�PHDQV��,I�VLJ-
QLğFDQW�PDLQ�HIIHFWV�ZHUH�IRXQG��Db%RQIHUURQL�SRVW�KRF�DQDO\VLV�ZDV�
SHUIRUPHG��7KH�HIIHFW�VL]H�ZDV�FDOFXODWHG�IRU�DOO�$1&29$V�XVLQJ�
SDUWLDO�HWD�VTXDUHG��7KH�YDOXHV�RI������������DQG������ZHUH�FRQ-
VLGHUHG�DV�VPDOO��PHGLXP��DQG�ODUJH�FXW�RII�SRLQWV��UHVSHFWLYHO\b>��@��
(IIHFW�VL]H��(6��ZDV�DOVR�FDOFXODWHG�IRU�DOO�SDLUHG�FRPSDULVRQV�DQG�
HYDOXDWHG�ZLWK�WKH�PHWKRG�GHVFULEHG�E\�&RKHQ��VPDOO�b�b������
PRGHUDWH�b b����ļ�����DQG�ODUJH�b!b�������5HOLDELOLW\�RI�WKH�PHD-
VXUHV��GHSHQGHQW�YDULDEOHV��ZDV�DVVHVVHG�WZLFH�RYHU�DbQXPEHU�RI�

TABLE 2.�6XPPDU\�RI�WKH�VSULQW�WUDLQLQJ�SURJUDP�IRU�56��Qb b���DQG�156��Qb b���JURXSV

Week Sessions [Distance (m) × repetition] × sets
Total distance/session 

(m)
Intensity (%)

�
�
�
�
�
�

�ļ�
�ļ�
�ļ�
�ļ�
�ļ��
��ļ��

>���Ś��@�Ś��
>���Ś��@�Ś��
>���Ś��@�Ś��
>���Ś��@�Ś��
>���Ś��@�Ś��
>���Ś��@�Ś��

��
���
���
���
���
���

����
����
����
����
����
����

Rest intervals between repetitions and sets were 1- and 3- minutes, respectively
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Resisted sprint training in football

SRVW�WUDLQLQJ�SHUIRUPDQFH�DPRQJ�WKH�56�JURXS�SHUIRUPLQJ�EHWWHU�LQ�
FRPSDULVRQ�WR�WKH�156�JURXS��DEVROXWH�)SHDN��������YV���������
Sb�b������(6b bODUJH���UHODWLYH�)SHDN��������YV���������Sb�b������
(6b bODUJH���+SHDN��������YV���������Sb�b������(6b bODUJH��DQG�
��MXPS��������YV��������Sb�b������(6b bODUJH���UHVSHFWLYHO\�
�7DEOH����

Sprint time at 5, 10, 20 and 30 m
7KH�DQDO\VLV�RI�YDULDQFH�UHYHDOHG�DbVLJQLğFDQW�JURXSbŚbWLPH��HIIHFWV�
IRU�WKH��ļ�bP�VSULQW�WLPH�RQO\��)b b������Sb�b���������b bODUJH܏�
$bVLJQLğFDQW�JURXS�HIIHFW�ZDV�REVHUYHG�IRU�WKH��ļ�bPbVSULQW�WLPH��
�)b b������Sb�b�������b bODUJH���*UHDWHU�LPSURYHPHQW�LQ��ļ�bPbVSULQW܏�
WLPHV��Sb�b������(6b bODUJH��ZDV�IRXQG�LQ�WKH�56�JURXS�FRPSDUHG�

TABLE 3.�(IIHFW�RI���ZHHNV�RI�WUDLQLQJ�RQ�H[SORVLYH�IRUFH�RI�ORZHU�OLPEV��PHDQbřb6'��

Parameter
RS NRS ANCOVA

p-value 
(2܏)

Pre-
training

Post-
training

Delta % Cohen’s d Pre-
training

Post-
training

Delta % Cohen’s d

SJ

)SHDN��NJI�
������
řb�����

������
řb�����*§ ���� ����

�������
�����

������
řb�����

����� ����
0.04 

(0.89)

)SHDN��NJI�NJ�
����
řb����

����
řb����*§ ���� ����

����
řb����

����
řb����

����� ����
0.02 

(0.37)

+SHDN��FP�
�����
řb����

�����
řb����*§ ���� ����

�����
řb����

�����
řb����

����� ����
0.02 

(0.34)

CMJ

+SHDN��FP�
�����
řb����

�����
řb����*

���� ����
�����
řb����

�����
řb����

����� ����
�����
������

:SHDN��:�NJ�
�����
řb����

�����
řb����

���� ����
�����
řb����

�����
řb����

����� ����
�����
������

5-jump

'LVWDQFH��P�
�����
řb����

�����
řb����*§ ���� ����

�����
řb����

�����
řb����

���� ����
0.01 

(0.39)


�6LJQLğFDQW�GLIIHUHQFH��Sb�b�����EHWZHHQ�SUH��DQG�SRVW�WUDLQLQJ�YDOXHV��§ VLJQLğFDQW�GLIIHUHQFH��Sb�b�����EHWZHHQ�56�DQG�156�
JURXSV��56b b UHVLVWHG�VSULQW��156b bQRQ�UHVLVWHG�VSULQW��6-b bVTXDW� MXPS��&0-b bFRXQWHUPRYHPHQW� MXPS��)SHDNb b IRUFH�SHDN��
+SHDNb bKHLJKW�SHDN��:SHDNb bSRZHU�SHDN�

TABLE 4.�(IIHFW�RI���ZHHNV�RI�WUDLQLQJ�RQ�VSULQW�WLPH�DW����������bDQG���bP��PHDQbřb6'��

Parameter
RS NRS ANCOVA

p-value
(2܏)

Pre-
training

Post-
training

Delta % Cohens’d Pre-
training

Post-
training

Delta % Cohens’d

�ļ�bP��V�
����
řb����

����
řb����*§ ����� ����

����
řb����

����
řb����

���� ����
0.03 

(0.32)

�ļ��bP��V�
����
řb����

����
řb����*

����� ����
����
řb����

����
řb����

���� ����
�����
������

�ļ��bP��V�
����
řb����

����
řb����

����� ����
����
řb����

����
řb����

����� ����
�����
������

�ļ��bP��V�
����
řb����

����
řb����*

����� ����
����
řb����

����
řb����*

����� ����
�����
������


�6LJQLğFDQW�GLIIHUHQFH��Sb�b�����EHWZHHQ�SUH��DQG�SRVW�WUDLQLQJ�YDOXHV��§ VLJQLğFDQW�GLIIHUHQFH��Sb�b�����EHWZHHQ�56�DQG�156�
JURXSV�
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7KH�UHVXOWV�RI�YHUWLFDO�MXPS��6-�DQG�&0-��DQG�KRUL]RQWDO�MXPS�WHVWV�
��-7��VKRZHG�DbVLJQLğFDQW�LPSURYHPHQW�LQ�DOO�SRZHU�UHODWHG�SDUDP-
HWHUV�RQO\�IRU�WKH�56�JURXS��DEVROXWH�IRUFH�DQG�UHODWLYH�IRUFH�RI�OHJV�
LQ�6-����������������UHVSHFWLYHO\���YHUWLFDO�MXPS�KHLJKW��������LQ�
6-��������LQ�&0-��DQG�WKH���MXPS�WHVW�KRUL]RQWDO�MXPS�GLVWDQFH�
���������7KHVH�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�WKRVH�RI�SUHYLRXV�UH-
VHDUFKb>������@�UHSRUWLQJ�WKDW�H[SORVLYH�IRUFH�SDUDPHWHUV�RI�WKH�
ORZHU�OLPEV�LPSURYHG�IROORZLQJ�UHVLVWHG�VSULQW�WUDLQLQJ��7KHVH�UHVXOWV�
PD\�KLJKOLJKW�WKH�HIğFLHQF\�RI�56�WUDLQLQJ�IRU�LPSURYLQJ�ORZHU�OLPE�
H[SORVLYH�SRZHU�ZKHQ�LQ�VHDVRQ�VKRUW�VSULQW�SHUIRUPDQFH�LPSURYH-
PHQWV�DUH�WDUJHWHG�WR�EH�PDLQWDLQHG�RU�LQFUHDVHG��7KLV�LV�HVSHFLDOO\�
QRWHZRUWK\�DV�VXFK�ğWQHVV�PHDVXUHV�XVXDOO\�GHWUDLQ�GXULQJ�WKH�LQ�
VHDVRQ�
2I�LQWHUHVW�ZDV�WKH�HIIHFW�RI�WKH�WZR�WUDLQLQJ�SURJUDPPHV�RQ�VSULQW�

SHUIRUPDQFH��ZKLFK�ZDV�GLVVLPLODU��7KH�56�JURXS�VLJQLğFDQWO\�LP-
SURYHG�LQ��ļ�bPbDQG��ļ��bPbSHUIRUPDQFH�E\�������ZKLOH�QR�
LPSURYHPHQW�ZDV�REVHUYHG�LQ�WKH�156�JURXS����������&RQYHUVHO\��
WKH�156�JURXS�LPSURYHG�LQ��ļ��bPbVSULQW�SHUIRUPDQFH�E\�������
�Sb�b������ZKLOH�QR�VLJQLğFDQW�LPSURYHPHQW�ZDV�REVHUYHG�LQ�WKH�
56�JURXS�IRU�WKLV�GLVWDQFH��7KHVH�UHVXOWV�FRQFXU�ZLWK�SUHYLRXV�OLW-
HUDWXUH�KLJKOLJKWLQJ�WKDW�56�WUDLQLQJ�VLJQLğFDQWO\�LPSURYHV�VKRUW�VSULQW�
GLVWDQFH�SHUIRUPDQFHb>������@��3UHYLRXV�VWXGLHV�DOVR�VXJJHVWHG�WKDW�
VOHG�WRZLQJ�PD\�SURYLGH�DbVXSHULRU�WUDLQLQJ�VWLPXOXV�IRU�VSULQWV�RYHU�
VKRUW�GLVWDQFHVb>������@��)RU�H[DPSOH��WKH�UHVXOWV�RI�WKLV�VWXG\�DUH�
LQ�DJUHHPHQW�ZLWK�WKRVH�RI�=DIHLULGLV�HWbDO�b>��@��ZKR�IRXQG�WKDW�DQ�
��ZHHN�UHVLVWHG�VSULQW�WUDLQLQJ�SURJUDPPH�ZLWK�DbGLIIHUHQW�WHFKQLTXH�
�>��NJ�ORDGHG�E\�VOHG�WRZLQJ@���bVHVVLRQV�SHU�ZHHN���VLJQLğFDQWO\�
LPSURYHG�SHUIRUPDQFH�GXULQJ�WKH�DFFHOHUDWLRQ�SKDVH���ļ��bPbDQG�
�ļ��bP���ZLWKRXW�DIIHFWLQJ�WKH�PD[LPXP�YHORFLW\�SKDVH����ļ��bP���
7KH�VLPLODULWLHV�LQ�UHVXOWV�EHWZHHQ�WKH�SUHVHQW�VWXG\�DQG�WKRVH�RI�
=DIHLULGLV�HWbDO�b>��@�SURYH�WKH�HIIHFWLYHQHVV�RI�WKH�SDUWQHU�UHVLVWHG�
VSULQW�WUDLQLQJ�LQ�WKH�HQKDQFHPHQW�RI�YHORFLW\�DQG�VSHHG�SHUIRUPDQFH�
LQ�VRFFHU�SOD\HUV��6SHFXODWLYHO\��WKH�UHVLVWDQFH�WUDLQLQJ�SHUIRUPHG�E\�
WKH�56�JURXS�PD\�KDYH�DFWHG�DV�DbSUHORDGLQJ�VWLPXOXVb>��@��LQGXF-
LQJ�SRVW�DFWLYDWLRQ�SRWHQWLDWLRQ� �3$3��GXULQJ� WKH� VSULQWV�ZLWK�

WR�WKH�156�JURXS��������YV��������UHVSHFWLYHO\���6LJQLğFDQW�SRVW�
WUDLQLQJ� LPSURYHPHQWV�DW��ļ��bPb ���������(6b b ODUJH�� DQG�
�ļ��bPb���������(6b bVPDOO��ZHUH�GHWHFWHG�LQ�WKH�56�JURXS��ZKLOH�
WKH�156�JURXS�LPSURYHG�WKH��ļ��bPbVSULQW�WLPH�SHUIRUPDQFH�
���������(6b bVPDOO��7DEOH����

Kinematic parameters
$129$�UHYHDOHG�DbVLJQLğFDQW�JURXSbŚbWLPH��HIIHFWV�IRU�WKH�VWULGH�
IUHTXHQF\��)b b�������Sb�b�������)b b���b bODUJH��DQG�OHQJWK܏������
Sb�b������\�b bODUJH���6LJQLğFDQW�HIIHFWV�LQ�WKH�VWULGH�IUHTXHQF܏�
�Sb�b��������b bODUJH��ZHUH܏������b�Sb���b bODUJH��DQG�OHQJWK܏�
REVHUYHG�EHWZHHQ�WKH�WZR�JURXSV�DW�SRVW�WHVWLQJ��$bKLJKHU�VWULGH�
IUHTXHQF\�ZDV�IRXQG�LQ�WKH�56�JURXS����������Sb�b������(6b bODUJH��
FRPSDUHG�WR�WKH�156�JURXS����������Sb!b������(6b bVPDOO���,Q�
FRQWUDVW��WKH�156�JURXS�ZDV�IRXQG�WR�KDYH�JUHDWHU�VWULGH�OHQJWK�
��������Sb�b������(6b bVPDOO��LQ�FRPSDULVRQ�WR�WKH�56�JURXSV�
��������Sb!b������(6b bPDUJLQDO�� �7DEOH���

Receiver operator characteristics
5HVLVWHG�VSULQW�WUDLQLQJ�ZLWK�SDUWQHU�WRZLQJ�ZDV�VLJQLğFDQWO\�PRUH�
HIIHFWLYH�LQ�WKH�SRVW�WHVW WKDQ�QRQ�UHVLVWHG�VSULQW�LQ�WKH�GHYHORSPHQW�
RI�VKRUW�VSULQW��H[SORVLYH�IRUFH��DQG�VWULGH�IUHTXHQF\�LQ�\RXQJ�VRFFHU�
SOD\HUV��7KH�DUHD�XQGHU�WKH�UHFHLYHU�RSHUDWRU�FKDUDFWHULVWLFVb>��@�
FXUYH�ZDVb!b������Sb�b������7KH�VHQVLWLYLW\�ZDV���ļ�����DQG�
WKH�VSHFLğFLW\���ļ����

DISCUSSION 
7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH�56�YV�156�WUDLQLQJ�DQG�WKH�
SRWHQWLDO�GLIIHUHQWLDO�HIIHFWV�RQ�OHJ�H[SORVLYH�IRUFH��VSULQW�SHUIRUPDQFH�
DQG�VSULQW�NLQHPDWLF�SDUDPHWHUV��VWULGH�OHQJWK�DQG�IUHTXHQF\��GXULQJ�
Db��bPbVSULQW�WHVW�LQ�\RXQJ�HOLWH�VRFFHU�SOD\HUV��7KH�PRVW�LPSRUWDQW�
ğQGLQJV�RI�WKLV�VWXG\�ZHUH�WKDW�WKH�56�JURXS�VLJQLğFDQWO\�LPSURYHG�
�ļ��P���ļ��bPbDQG��ļ��bPbVSULQW�SHUIRUPDQFH��OHJ�SRZHU�DQG�
VWULGH�IUHTXHQF\��ZKLOH�WKH�156�VLJQLğFDQWO\�LQFUHDVHG���bPbVSULQW�
SHUIRUPDQFH�DQG�VWULGH�OHQJWK�

TABLE 5.�(IIHFW�RI���ZHHNV�RI�WUDLQLQJ�RQ�NLQHPDWLF�SDUDPHWHUV �PHDQbřb6'��

RS NRS ANCOVA
p-value

(2܏)
Pre-

training
Post-

training
Delta % Cohen’s d Pre-

training
Post-

training
Delta % Cohen’s d

6WULGH�)UHTXHQF\
�+]���VWULGH�VHFRQG�

����
řb����

����
řb����*§ ���� ����

����
řb����

����
řb����

����� ����
0.01 

(0.60)

6WULGH�/HQJWK��P��
����
řb����

����
řb����

���� ����
����
řb����

����
řb����*§ ���� ����

0.01 
(0.40)


�6LJQLğFDQW�GLIIHUHQFH��Sb�b�����EHWZHHQ�SUH��DQG�SRVW�WUDLQLQJ�YDOXHV��§ VLJQLğFDQW�GLIIHUHQFH��Sb�b�����EHWZHHQ�56�DQG�156�
JURXSV
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FKURQLF�H[SRVXUH�OHDGLQJ�WR�JUHDWHU�WUDLQLQJ�UHVSRQVHVb>��@��,W�QHHGV�
WR�EH�QRWHG�WKDW�WKH�REVHUYHG�LPSURYHPHQWV�LQ�WKH�56�JURXS�FRXOG�
DOVR�KDYH�RFFXUUHG�GXH�WR�WKH�WUDLQLQJ�GXUDWLRQ�GLIIHUHQFH�LQ�DGGLWLRQ�
WR�WKH�ORDGLQJ��$OWKRXJK�WKH�VSULQW�WUDLQLQJ�SURJUDPPH�VWDQGDUGL]HG�
VSULQWLQJ�GLVWDQFH��WKH�56�JURXS�VSHQW�PRUH�WLPH�VSULQWLQJ�WUDLQLQJ�
�a�bPLQ�RYHU�WKH��bZHHNV�RI�WUDLQLQJ��GXH�WR�WKH�SDUWQHU�UHVLVWDQFH��
)XWXUH�VWXGLHV�DUH�UHTXLUHG�WR�GHWHUPLQH�DQ�DSSURSULDWH�WUDLQLQJ�PR-
GDOLW\�RI�WKLV�VW\OH�RI�WUDLQLQJ��HVSHFLDOO\�WKH�UHVLVWDQFH�LQWHQVLW\�DQG�
WKH�UHVW�WLPH�EHWZHHQ�VSULQW�UHSHWLWLRQV�DQG�VHWV�
&RQYHUVHO\�WR�WKH�SUHVHQW�VWXG\��/XWHEHUJHWbDO�b>��@�IRXQG�QR�

GLIIHUHQFH�EHWZHHQ�56�DQG�156�WUDLQLQJ�JURXSV�IRU���bPbVSULQW�WLPH��
ZLWK�DbEHWWHU�SHUIRUPDQFH�LQ�WKH�156�WUDLQHG�JURXS�FRPSDUHG�WR�56�
RYHU�Db��bPbVSULQW�GLVWDQFH��,Q�WKDW�UHJDUG��:HVW�HWbDO�b>��@�IRXQG�
WKDW�UHVLVWHG�VSULQW�KDG�DbPRUH�SURQRXQFHG�HIIHFW�WKDQ�QRQ�UHVLVWHG�
WUDLQHG�JURXSV�DQG�VXJJHVWHG�WKDW�RWKHUV��ZKR�KDYH�IRXQG�WKDW�56�
LV�QR�PRUH�HIIHFWLYH�WKDQ�156�VSULQW�WUDLQLQJ��XVHG�WRR�OLJKW�ORDGV��
,Q�WKLV�FRQWH[W��%DFKHUR�HWbDO�b>��@�VXJJHVWHG�WKDW�WR�LPSURYH�WKH�
LQLWLDO�DFFHOHUDWLRQ��KLJK�ORDGV��a����RI�%0��VKRXOG�EH�XVHG��DQG�
WR�LPSURYH�KLJK�VSHHG��ORZ�DQG�PHGLXP�ORDGV�����DQG�������RI�
%0��ZHUH�PRUH�HIIHFWLYH�
2Q�WKH�RWKHU�KDQG��UHVXOWV�UHODWLQJ�WR�WKH�DFFHOHUDWLRQ�SKDVH�LQ�

WKH�SUHVHQW�VWXG\�FRLQFLGH�SDUWLDOO\�ZLWK�WKRVH�RI�6SLQNV�HWbDO�b>��@��
ZKR�IRXQG�VLJQLğFDQW�LPSURYHPHQWV�LQ�DFFHOHUDWLRQ�SKDVH���ļ�bP��
�ļ��bP����ļ��bPbDQG�ZKROH��ļ��bP��DIWHU��bZHHNV�RI�56�WUDLQLQJ�
�WZLFH�DbZHHN���7KH�ODWWHU�DXWKRUV�DOVR�IRXQG�WKDW�156�WUDLQLQJ�LP-
SURYHG�VSULQW�WLPH�RYHU��ļ��bP��7KH\�WKHUHIRUH�FRQFOXGHG�WKDW�WKH�
56�WUDLQLQJ�ZDV�QR�PRUH�HIIHFWLYH�WKDQ�156�WR�LPSURYH�SHUIRUPDQF-
HV�RI�WKH�DFFHOHUDWLRQ�SKDVH��6XFK�DbGLIIHUHQFH�EHWZHHQ�WKH�UHVXOWV�
RI�WKH�SUHVHQW�UHVHDUFK�DQG�WKH�VWXG\�RI�6SLQNV�HWbDO�b>��@�PD\�EH�
GXH�WR�WKH�DJH�RI�WKH�SDUWLFLSDQWV�DQG�WKHLU�VSRUW��,QGHHG��WKH�DYHUDJH�
DJH�RI�SDUWLFLSDQWV�LQ�WKLV�VWXG\�ZDV�a��b\HDUV�ZKLOH�SDUWLFLSDQWV�
LQ�WKH�VWXG\�RI�6SLQNV�HWbDO�b>��@�ZHUH�a��b\HDUV��:H�VSHFXODWH�WKDW�
WKH�DJH�RI�WKH�DWKOHWHV�PLJKW�KDYH�DQ�HIIHFW�RQ�WKH�HIIHFWLYHQHVV�RI�
WKH�UHVLVWHG�VSULQW�WUDLQLQJ��DQG�WKLV�ZDUUDQWV�IXUWKHU�LQYHVWLJDWLRQV��
)XUWKHUPRUH��6SLQNV�HWbDO�b>��@�VWXGLHG�SDUWLFLSDQWV�IURP��bGLIIHUHQW�
WHDP�VSRUWV��,Q�WKDW�UHJDUG��LW�LV�RI�LPSRUWDQFH�WR�PHQWLRQ�WKDW�QRW�
DOO�WKH�VSULQWV�DUH�VLPLODU��)RU�LQVWDQFH��WKH�LQLWLDO�SKDVH�RI�DbVSULQW�
RI�DbVRFFHU�SOD\HU��ZKR�XVXDOO\�VWDUWV�WKH�VSULQW�IURP�DbVWDQGLQJ�
SRVLWLRQ��LV�YHU\�GLIIHUHQW�IURP�WKDW�RI�DbVSULQWHU��ZKR�VWDUWV�WKH�VSULQW��
DQG�WKHUHIRUH�DFFHOHUDWHV��IURP�DbPXFK�ORZHU�SRVLWLRQ�GXH�WR�WKH�XVH�
RI�VWDUWLQJ�EORFNV���7KLV�H[SODLQV�ZK\�LQ�WKH�SUHVHQW�VWXG\�WKH�VSULQW�
DVVHVVPHQWV�ZHUH�SHUIRUPHG�IURP�DbVWDQGLQJ�VWDUWLQJ�SRVLWLRQ��7KHUH-
IRUH��WKLV�GLIIHUHQFH�LQ�VSRUWV�VSHFLğFLWLHV�UHVXOWV�LQ�FRPSOHWHO\�GLI-
IHUHQW�WHFKQLTXH�IRU�WKH�DFFHOHUDWLRQ�SKDVH��6XFK�GLIIHUHQFHV�VKRXOG�
EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�FRPSDULQJ�VWXGLHV�KDYLQJ�LQYROYHG�GLI-
IHUHQW�DWKOHWHV�DQG�WHFKQLTXHV��DQG�PLJKW�DOVR�EH�DQ�LQĠXHQFLQJ�
IDFWRU�ZKHQ�FRPSDULQJ�VRFFHU�SOD\HUV�IURP�GLIIHUHQW�ğHOG�SRVLWLRQV�
�GHIHQGHUV��PLGğHOGHUV�DQG�DWWDFNHUV��IRU�LQVWDQFH�b>������@�
7KH�DFFHOHUDWLRQ�SKDVH�GHSHQGV�RQ�DbSRZHUIXO�H[WHQVLRQ�RI�WKH�

OHJ�PXVFOHV��ZKLOH�WKH�PD[LPXP�VSHHG�SKDVH�GHSHQGV�RQ�WKH�PRYH-
PHQW�VSHHGb>��@��,Q�JHQHUDO��UHVLVWHG�WUDLQLQJ�VHHPV�WR�LPSURYH�

ORZHU�OLPE�VWUHQJWK��UHDFWLYLW\�DQG�VSULQW�SHUIRUPDQFHb>��@��,PSURY-
LQJ�PD[LPDO�SRZHU�DOORZV�IRU�JUHDWHU�IRUFH�SURGXFWLRQ�LQ�WKH�OHJV��
UHVXOWLQJ�LQ�DbUHGXFWLRQ�RI�JURXQG�FRQWDFW�WLPH�DQG�DbSRVVLEOH�LQFUHDVH�
LQ�VWULGH�IUHTXHQF\b>��@�
)URP�WKH�UHVXOWV�RI�WKLV�VWXG\��LW�DSSHDUV�WKDW�WKH�LPSURYHPHQW�LQ�

VSULQW�SHUIRUPDQFH�LQ�WKH�DFFHOHUDWLRQ�SKDVH�DIWHU�56�WUDLQLQJ�LV�WKH�
UHVXOW�RI�DbVLJQLğFDQW�LQFUHDVH�LQ�VWULGH�IUHTXHQF\����������ZLWK�QR�
FRQFRPLWDQW�VLJQLğFDQW�LQFUHDVH�LQ�VWULGH�OHQJWK��7KHVH�UHVXOWV�DUH�
LQ�DFFRUGDQFH�ZLWK�WKRVH�RI�=DIHLULGLV�HWbDO�b>��@��ZKR�UHSRUWHG�WKDW�
56�WUDLQLQJ�LQFUHDVHG�VWULGH�IUHTXHQF\�ZKLOH�VWULGH�OHQJWK�UHPDLQHG�
XQFKDQJHG��7KHUH�DUH�VHYHUDO�WKHRULHV�SURYLGLQJ�SODXVLEOH�H[SODQD-
WLRQV�IRU�WKH�LPSURYHPHQW�RI�WKH�VWULGH�IUHTXHQF\�DIWHU�UHVLVWHG�VSULQW�
WUDLQLQJ�LQ�WKH�DFFHOHUDWLRQ�SKDVH��2QH�RI�WKHVH�WKHRULHV�LV�WKH�LQFUHDVH�
RI�WKH�WUXQN�DQJOH�GXULQJ�WKH�DFFHOHUDWLRQ�SKDVHb>��@��)ROORZLQJ�WKH�
PRGHO�GHPRQVWUDWLQJ�WKH�SRVVLEOH�FRQWULEXWLRQ�RI�NLQHPDWLF�SDUDP-
HWHUV�WR�UXQQLQJ�YHORFLW\��FKDQJHV�LQ�WUXQN�DQJOH�PD\�KDYH�DQ�LQĠXHQFH�
RQ�VWULGH�OHQJWK�WKURXJK�LWV�HIIHFW�RQ�WKH�FHQWUH�RI�PDVV�RI�WKH�IRRW�
DQG�WKH�FHQWUH�RI�PDVV�RI�WKH�ERG\b>��@��$FFRUGLQJO\��WKH�LQFUHDVH�
LQ�WKH�VWULGH�OHQJWK�GXULQJ�WKH�DFFHOHUDWLRQ�SKDVH�WKDW�ZDV�H[SHFWHG�
ZRXOG�EH�VXSSUHVVHG�DQG�WKH�SRVVLEOH�UHLQIRUFHPHQW�RI�WKH�KLS�DQG�
NQHH�PXVFOHV�ZRXOG�EH�WUDQVIHUUHG�WR�LQFUHDVLQJ�VWULGH�IUHTXHQF\�
,W�VKRXOG�DOVR�EH�QRWHG�WKDW�WKH�SDUWLFLSDQWV�RI�WKLV�VWXG\�ZHUH�

QRW�HOLWH�VSULQWHUV�EXW�UDWKHU�VRFFHU�SOD\HUV�DQG�WKDW�SUREDEO\�156�
WUDLQLQJ�UHVXOWHG�LQ�DQ�LPSURYHPHQW�LQ�VSULQWLQJ�WHFKQLTXH�RI�WKLV�
FRKRUW��,Q�WKDW�UHJDUG��SRZHUIXO�DQG�FRRUGLQDWHG�DUP�PRYHPHQWV�DUH�
GHHPHG�WR�EH�HVVHQWLDO�LQ�SURPRWLQJ�IRUZDUG�GULYH�GXULQJ�WKH�HQWLUH�
VSULQW�F\FOHb>��@�DQG�FULWLFDOO\�LPSRUWDQW�GXULQJ�WKH�LQLWLDO�DFFHOHUD-
WLRQ�SKDVHb>��@��7KH�KRUL]RQWDO�DFFHOHUDWLRQ�RI�WKH�DUP�VZLQJ�LV�
EHOLHYHG�WR�DOVR�LPSDFW�VWULGH�OHQJWK��VKRZLQJ�WKDW�DQ\�FKDQJH�LQ�
DUP�PRYHPHQWV�GXULQJ�VSULQWLQJ�FRXOG�LPSDFW�VSULQWLQJ�NLQHPDWLFV��
,Q�WKDW�UHJDUG��LW�KDV�EHHQ�GHPRQVWUDWHG�LQ�VHYHUDO�RWKHU�UHVHDUFK�
VWXGLHV�WKDW�QRQ�HOLWH�VSULQWHUV�LPSURYHG�WKHLU�PD[LPXP�VSHHG�SKDVH�
SHUIRUPDQFH�DIWHU�VSULQW�WUDLQLQJ�E\�LQFUHDVLQJ�WKH�VWULGH�OHQJWK��DQG�
UDUHO\�E\�LQFUHDVLQJ�WKH�IUHTXHQF\b>��@��7KLV�ZDV�IXUWKHU�VXSSRUWHG�
E\�0HUR�DQG�.RPLb>��@��ZKR�VWDWHG�WKDW�RQO\�HOLWH�VSULQWHUV�LPSURYH�
WKHLU�VSULQW�SHUIRUPDQFH�DIWHU�VSULQW�WUDLQLQJ�E\�LQFUHDVLQJ�WKHLU�VWULGH�
IUHTXHQF\�
7KH�UHDGHU�QHHGV�WR�EH�DZDUH�RI�VRPH�OLPLWDWLRQV�DVVRFLDWHG�ZLWK�

WKLV�VWXG\���D��7KH�QDWXUH�RI�SDUWQHU�WRZLQJ�PDNHV�WKH�PHDVXUH�RI�
WKH�UHVLVWDQFH�GLIğFXOW��LW�PD\�EH�LQWHUHVWLQJ�WR�XVH�DbYDOLG�G\QDPRP-
HWHU�WR�DVVHVV�WKH�LQWHQVLW\�RI�SXOOLQJ�DQG�SXVKLQJ�IRUFH���7KLV�LV�WKH�
FDVH�IRU�PDQ\�H[DPSOHV�DVVRFLDWHG�ZLWK�WKH�KXPDQ�ERG\�DQG�PRYH-
PHQW��+RZHYHU��ZH�VWLOO�UHSRUW�DQG�ZULWH�DERXW�WKHLU�LQĠXHQFH��)RU�
H[DPSOH��WKH�DFWXDO�ORDGLQJ�WKDW�LQFRUSRUDWHV�WKH�IULFWLRQDO�IRUFHV�RI�
UHVLVWHG�VOHG�SXVKLQJ�DQG�SXOOLQJ�LV�QRW�UHSRUWHG��EXW�WKHUH�LV�DbODUJH�
ERG\�RI�OLWHUDWXUH�SXEOLVKHG�LQ�WKLV�DUHD�WKDW�UHSRUWV�WKH�LQĠXHQFH�RI�
WKLV�W\SH�RI�ORDGLQJ�RQ�VSULQW�WLPHV��6LPLODUO\��WKH�DLU�UHVLVWDQFH�HIIHFWV�
RI�SDUDFKXWH�UXQQLQJ�DUH�QRW�TXDQWLğHG��\HW�WKHLU�FRQWULEXWLRQ�WR�
XQGHUVWDQGLQJ�VSULQW�RYHUORDG�KDV�EHHQ�SXEOLVKHG��+RZHYHU��LI�ZH�
ORRN�SDVW�WKLV�OLPLWDWLRQ��ZH�WKLQN�WKLV�VWXG\�KDV�DbORW�WR�RIIHU�WKH�
UHDGHU�DQG�� LQ�VRPH�ZD\��PLJKW�VWLPXODWH�UHDGHUV�VFLHQWLVWV� WR�
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WLPHV�DQG�VWULGH�OHQJWK�ZHUH�DOVR�VHHQ�ZKHQ�HPSOR\LQJ�DbVSULQW�
WUDLQLQJ�SURJUDPPH�ZLWKRXW�UHVLVWDQFH��+HQFH��LW�LV�VXJJHVWHG�WKDW�
�L��56�WUDLQLQJ�ZLWK�SDUWQHU�WRZLQJ�EH�DSSURSULDWHO\�SHULRGL]HG�LQ�
\RXQJ�VRFFHU�SOD\HUVĳ�WUDLQLQJ�SURJUDPPH�WR�HQVXUH�RSWLPDO�VSULQW�
SHUIRUPDQFH�JDLQV�DQG��LL��PRUH�UHVHDUFK�EH�SHUIRUPHG�RQ�WKLV�W\SH�
RI�WUDLQLQJ�

Practical applications
5HVLVWHG�VSULQW�WUDLQLQJ�LQ�WKH�IRUP�RI�SDUWQHU�WRZLQJ�IRU�VSHHG�RYHU�
VKRUW�GLVWDQFHV�KDV�EHHQ�VKRZQ�WR�LQFUHDVH�WKH�LQLWLDO�VSULQW�SHUIRU-
PDQFH���ļ��bP���$OVR��WKH�FXUUHQW�ğQGLQJV�VXJJHVW�WKDW�WKLV�WUDLQLQJ�
PRGDOLW\�ZRXOG�DSSHDU�WR�HQVXUH�LPSURYHPHQWV�LQ�ORZHU�OLPE�H[SOR-
VLYH�IRUFH�DQG�DIIHFW�WKH�DYHUDJH�VWULGH�IUHTXHQF\��&RDFKHV�VKRXOG�
IRFXV�RQ�VSHFLğF�VSULQW�WUDLQLQJ��HVSHFLDOO\�UHVLVWHG�VSULQWLQJ�SURWRFROV��
WR�HQKDQFH�WKHVH�SK\VLFDO�TXDOLWLHV��:H�FDQQRW�GLVFDUG�WKH�EHQHğWV�
RI�156�WUDLQLQJ�GXH�WR�WKH�IDFW�WKDW�LW�ZDV�HIIHFWLYH�LQ�LPSURYLQJ�
SHUIRUPDQFH�LQ�WKH�PD[LPXP�VSHHG�SKDVH���ļ��bPbDQG�WKH�VWULGH�
OHQJWK��+RZHYHU��LI�FRDFKHV�ZLVK�WR�LPSURYH�FRQFXUUHQWO\�WKH�VSHHG�
DQG�H[SORVLYH�IRUFH�RI�WKHLU�VRFFHU�SOD\HUV��WKH\�FRXOG�DGG�RQ�LQ�
VHDVRQ�56�VHVVLRQV�WR�HQVXUH�VKRUW�VSULQW�SHUIRUPDQFH�LPSURYHPHQWV�
LQ�\RXQJ�VRFFHU�SOD\HUV�
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