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$%675$&7�� 7ZR� KRPRJHQHRXV� JURXSV� RI� HOLWH� VSRUWVPHQ� �� HLJKW�
VSULQWHUV� �������P�� DQG� HLJKW� F\FOLVWV� �URDG�� –� DUH� VHOHFWHG�� ,W� LV�
DVVXPHG� WKDW�ELRPHFKDQLFDO�FKDUDFWHULVWLFV�–�FRQWUDFWLRQ�SDUDPHWHUV�
RI� YDULRXV� VNHOHWDO�PXVFOHV� DUH� VLJQLILFDQWO\� GLIIHUHQW� LQ� ERWK� JURXSV��
7KH�H[SHFWDWLRQ� LV�EDVHG�RQ�K\SRWKHVLV� WKDW�PXVFOHV� LQ�VSULQWHUV�DUH�
IDVWHU� WKDQ� WKRVH� LQ� F\FOLVWV�� 7KH� TXHVWLRQ� LV� KRZ� WR� DFFHVV� DQG�
HYDOXDWH� WKH� WLPH� DQG� YHORFLW\� SDUDPHWHUV� DV� UHVSRQVHV� WR� D� VLQJOH�
WZLWFK�HOHFWULFDO�VWLPXODWLRQ��
$� VLPSOH� DQG� QRQ�LQYDVLYH� PHDVXUHPHQW� PHWKRG� KDV� EHHQ� XVHG��
7\SLFDO� FRQWUDFWLOH� SURSHUWLHV�� FRQWUDFWLRQ� WLPH�� VXVWDLQ�� DQG� KDOI�
UHOD[DWLRQ� RI� VL[� PXVFOHV� DUH� FRQVLGHUHG�� �P�� ELFHSV� EUDFKLD�� P��
YDVWXV� ODWHUDOLV�� P�� UHFWXV� IHPRULV�� � P�� HUHFWRU� VSLQDH�� P�� ELFHSV�
IHPRULV� DQG�P�� JDVWURFQHPLXV��� 7KH� SURSRVHG� WHFKQLTXH� LV� D� XVHIXO�
WRRO� IRU� VWXG\LQJ� FRQWUDFWLOH� SURSHUWLHV� RI� VNHOHWDO� PXVFOHV� LQ�
VSRUWVPHQ�� � 0XVFOHV� ZHUH� DVVHVVHG� E\� PHDVXUHPHQW� EDVHG� RQ�
PDJQHWLF�GLVSODFHPHQW�VHQVRU��PHDVXULQJ�WKH�PXVFOH�EHOO\�UHVSRQVH��
7KH� PXVFOH� UHVSRQVH� WR� VLQJOH� WZLWFK� HOHFWULFDO� VWLPXODWLRQ� ZDV�
PHDVXUHG�� 7KH� SXOVH� ZLGWK� ZDV� �� PV� DQG� YROWDJH� RI� VWLPXOL� ZDV�
DGMXVWHG� XS� WR� ��� 9� IURP� WKUHVKROG� RI� FRQWUDFWLRQ� DQG� UHVSHFWLYHO\��
%LSRODU�VXUIDFH�HOHFWURGHV�ZHUH�DSSOLHG�LQ�RUGHU�WR�HOLFLW�VLQJOH�PXVFOH�
UHVSRQVH��7KH�WLPH�UHVSRQVHV�RI�PXVFOH�FRQWUDFWLRQV�ZHUH�DQDO\]HG��
7KH�FRQWUDFWLRQ�WLPH��VXVWDLQ�WLPH��DQG�KDOI�UHOD[DWLRQ�WLPH�ZHUH�WDNHQ�
LQWR�DFFRXQW�DV�UHSUHVHQWDWLYH�SDUDPHWHUV�RI� WKH�UHFRUGV��7KH�UHVXOWV�
VKRZ�VLJQLILFDQW�GLIIHUHQFHV��VRPHWLPHV�LQ�UDQJH�RI�XS�WR�����SHUFHQW��
ZKHQ�DOO�SDUDPHWHUV�DUH�FRPSDUHG�DPRQJ�GLIIHUHQW�PXVFOHV��%HWZHHQ�
JURXSV�RI�F\FOLVWV�DQG�VSULQWHUV�WKH�VLJQLILFDQW�GLIIHUHQFH�LV�REWDLQHG�LQ�
FRQWUDFWLRQ�WLPH�DQG�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�RWKHU�SDUDPHWHUV��7KH�
UHVXOWV� DQVZHUHG� WKH� TXHVWLRQ� KRZ�PXVFOHV� VLJQLILFDQWO\� GLIIHUHQWLDWH�
LQ�VSULQWHUV�DQG�F\FOLVWV���
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$Q� LPSRUWDQW� FKDUDFWHULVWLF� RI� D� PRWRU� V\VWHP� LV� LWV�
DGDSWDELOLW\��:KHQ�VXEMHFWHG�WR�DQ�DFXWH�RU�FKURQLF�
VWUHVV��WUDLQLQJ��� WKH�PRWRU�V\VWHP�FDQ�DGDSW�WR�WKH�
DOWHUHG�GHPDQGV�RI�XVDJH��7KHVH�DGDSWDWLRQV�FDQ�EH�

H[WHQVLYH� DQG� KDYH� EHHQ� VKRZQ� WR� DIIHFW� PRVW�
DVSHFWV� RI� WKH� V\VWHP�� ERWK� PRUSKRORJLFDO� DQG�
IXQFWLRQDO�� 6SRUWV� SK\VLRORJLVWV� KDYH� DOZD\V� EHHQ�
LQWHUHVWHG�LQ�WKH�VWXG\�RI�PXVFOH�DGDSWDWLRQV��ZKLFK�DUH�
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WKH�UHVXOW�RI�D�ORQJ�DQG�WDUJHWHG�WUDLQLQJ�SURFHVV��,Q�
HOLWH� VSRUWVPHQ� WKH� PRUSKRORJLFDO� DQG� IXQFWLRQDO�
PXVFOH� FKDUDFWHULVWLFV� DUH� FRPELQDWLRQV� RI� WKHLU�
LQKHULWHG� DQG� VSHFLILFDOO\� WDUJHWHG� FXPXODWLYH�
FKDQJHV�LQ�WKH�WUDLQLQJ�SURFHVV��ZKLFK�PDNHV�WKHP�D�
YHU\� LQWHUHVWLQJ� WDUJHW� JURXS�� %XW� WKH� VWXG\� RI�
FRQWUDFWLOH�PXVFOH� FKDUDFWHULVWLFV� LQ� VSRUWVPHQ� KDV�
XVXDOO\� EHHQ� YHU\� GLIILFXOW� EHFDXVH� DGHTXDWH�
PHWKRGV� KDYH� VR� IDU� QRW� EHHQ� DYDLODEOH�� )RU� WKLV�
UHDVRQ� ZH� KDYH� GHVLJQHG� DQG� WHVWHG� D� QHZ�
QRQLQYDVLYH� PHWKRG� IRU� WKH� VWXG\� RI� FRQWUDFWLOH�
SURSHUWLHV� RI� VL[� PXVFOH� JURXSV�� 8VLQJ� D� QHZ�
PHWKRG��WKH�DFWLRQ�RI�D�VLQJOH�PXVFOH�ZLWKLQ�D�JLYHQ�
PXVFOH�JURXS�FDQ�EH�PHDVXUHG��7ZR�KRPRJHQHRXV�
JURXSV�RI�HOLWH�VSRUWVPHQ�ZHUH�VHOHFWHG��F\FOLVWV�DQG�
VSULQWHUV���ZKLFK�DUH�GLIIHUHQW�LQ�WKH�W\SH�RI�FKURQLF�
DGDSWDWLRQV� DQG� WKHLU� LQKHULWHG� FKDUDFWHULVWLFV�� :H�
ZRXOG�DVVXPH�WKDW�WKHVH�GLIIHUHQFHV�DOVR�SHUWDLQ�WR�
FRQWUDFWLOH� SURSHUWLHV� RI� WKH� WHVWHG� PXVFOHV�� 7KH�
DERYH�PHQWLRQHG� PHWKRG� FRXOG� DOVR� EH� XVHIXO� LQ� WKH�
VWXG\�RI�FKURQLFDOO\�DQG�DFXWH�DGDSWDWLRQ�LQIOXHQFHV�RQ�
FRQWUDFWLOH�PXVFOH�SURSHUWLHV�LQ�KXPDQV����
�
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)LJXUH� ��� 7LPH� SDUDPHWHUV� GHILQLWLRQ� LQ� W\SLFDO� � WZLWFK�
UHVSRQVH��

�$� VLPSOH�PHWKRG� IRU� WKH�PHDVXUHPHQW�RI� VNHOHWDO�
PXVFOH�FRQWUDFWLRQ�KDV�EHHQ�XVHG�>�@��7KH�PHWKRG�LV�
EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� UDGLDO� PXVFOH� EHOO\�
GLVSODFHPHQW� GHWHFWHG� E\� D� PDJQHWLF� VHQVRU� LV�
SURSRUWLRQDO� WR� PXVFOH� IRUFH�� %\� PXVFOH� EHOO\�
GLVSODFHPHQW�LV�WKH�JOREXOLVDWLRQ�RU�WKH�URXQGLQJ�RI�
WKH�PXVFOH�VXUIDFH�GXH�WR�FRQWUDFWLRQ��7KH�SURFHGXUH�
KDV� EHHQ� HYDOXDWHG� LQ� KHDOWK\� VXEMHFWV� >�@�� VXEMHFW�
DIWHU� DERYH� NQHH� DPSXWDWLRQ� >�@� DQG� GHQHUYDWHG�
SUHWLELDO�PXVFOH�JURXS�� ,W� KDV�EHHQ� VKRZQ� WKDW� WKH�

PHWKRG�FDQ�EH�DSSOLHG�DV�D�VXEVWLWXWH�IRU�PHFKDQLFDO�
EUDFH�PHDVXUHPHQW�V\VWHPV��ZKLFK�DUH�EDVHG�RQ�IRUFH�
WUDQVGXFHUV�� � :LWK� WKH� PHWKRG� SURSRVHG� RQH� FDQ�
PHDVXUH�WKH�DFWLRQ�RI�D�VLQJOH�PXVFOH�ZLWKLQ�D�JLYHQ�
PXVFOH� JURXS�� 7KH� WUDQVGXFHU� LV� PHFKDQLFDOO\�
FRQVWUXFWHG� RQ� D� VXSSRUWLQJ� IUDPH� ZLWK� D�
PLFURPDQLSXODWRU�IRU�WKH�SUHFLVH�SRVLWLRQLQJ�RI�WKH�
WUDQVGXFHU�GLUHFWO\�RQ� WKH�EHOO\�RI� WKH�PXVFOH��7KH�
VXEMHFW�LV�VLWWLQJ�RU�O\LQJ�RQ�D�VSHFLDO�WDEOH�GXULQJ�WKH�
H[SHULPHQW���
6L[WHHQ� VXEMHFWV�� HLJKW� VSULQWHUV� �QDWLRQDO� DWKOHWLFV�
WHDP��DQG�HLJKW�F\FOLVWV��QDWLRQDO�URDG�WHDP��DJHG����
WR� ��� ZHUH� PHDVXUHG� E\� WKH� V\VWHP� LQ� LVRPHWULF�
FRQGLWLRQV�� 7KH�PHDVXUHPHQWV� ZHUH� FRQGXFWHG� RQ�
WKH�IROORZLQJ�PXVFOHV��P��ELFHSV�EUDFKLD��P��YDVWXV�
ODWHUDOLV��P�� UHFWXV� IHPRULV�� �P�� HUHFWRU� VSLQDH��P��
ELFHSV�IHPRULV�DQG�P��JDVWURFQHPLXV��7KH�IRUHDUP�
ZDV� IL[HG� WR� WKH� PHFKDQLFDO� EUDFH� ZLWK� DQ� LQLWLDO�
IOH[LRQ�RI����GHJUHHV��ELFHSV�EUDFKLL���WKH�NQHH�ZDV�
IL[HG� WR� WKH� IOH[LRQ� RI� ��� IRU� YDVWXV� ODWHUDOLV� DQG�
UHFWXV�IHPRULV�DQG����GHJUHH�IRU�JDVWURFQHPLXV�DQG�
ELFHSV� IHPRULV�� 7KH� HUHFWRU� VSLQDH� PXVFOH� ZDV�
PHDVXUHG� ZKLOH� WKH� VXEMHFW� ZDV� O\LQJ� IODW� RQ� KLV�
IURQWVLGH��7KH�GLVSODFHPHQW�VHQVRU�ZDV�SRVLWLRQHG�DW�
WKH� VXUIDFH� RI� WKH� EHOO\� RI� WKH�PXVFOHV� ZKHUH� WKH�
PD[LPDO� HQODUJHPHQW� �JOREXOLVDWLRQ�� RI� WKH� EHOO\�
ZDV� REVHUYHG� LI� WKH� PXVFOH� FRQWUDFWHG�� ,Q� WKH�
H[SHULPHQW�VLQJOH�WZLWFK�VWLPXOL�ZHUH�XVHG�LQ�RUGHU�
WR� VWXG\� WKH� G\QDPLF� UHVSRQVH� RI� WKH� PXVFOH�� ,Q�
UHVSRQVH��WLPH�GLVSODFHPHQW�FXUYH��WKUHH�SDUDPHWHUV�
ZHUH� REVHUYHG� �)LJ�� ���� FRQWUDFWLRQ� WLPH�� VXVWDLQ�
WLPH�DQG�KDOI� UHOD[DWLRQ� WLPH��7KH�VWLPXODWLRQ�ZDV�
SURYLGHG� FXWDQRXVO\� E\� WZR� VXUIDFH� HOHFWURGHV�
�UDGLXV�RI���FP���7KH�SRVLWLYH�HOHFWURGH�ZDV�SODFHG�
RYHU� WKH�PXVFOH� XS� WR� �� FP� DERYH� WKH�PHDVXULQJ�
SRLQW� DQG� WKH� QHJDWLYH� RQH� XS� WR� �� FP� EHORZ� WKH�
PHDVXULQJ� SRLQW�� 7KH� GXUDWLRQ� RI� WKH� VWLPXOL� ZDV�
DGMXVWHG� WR� �� PV� DQG� WKH� YROWDJH� DPSOLWXGH� ZDV�
JUDGXDOO\�LQFUHDVHG�IURP�XS�WR����9�DERYH�WKUHVKROG�
PXVFOH� FRQWUDFWLRQ� UHVSRQVH�� 7KH� LPSXOVHV� ZHUH�
JHQHUDWHG�E\�WKH�*UDVV�6���VWLPXODWRU�ZLWK�LVRODWLRQ�
XQLW��
7KH� VLJQLILFDQFH� RI� GLIIHUHQFHV� EHWZHHQ� WLPH�
SDUDPHWHUV� RI� ERWK� JURXSV�ZDV� WHVWHG� E\� WKH� WZR�
sample Student’s t�7HVW���$�3�YDOXH�ORZHU�WKDQ������
ZDV�FRQVLGHUHG��VWDWLFDOO\��VLJQLILFDQW��

�
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,Q� FRPSDULVRQ�EHWZHHQ� F\FOLVWV� DQG� VSULQWHUV� WKUHH�
SDUDPHWHUV�ZHUH�REVHUYHG�LQ�VL[�GLIIHUHQW�PXVFOHV���
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7KH�FRPSDULVRQ�RI�FRQWUDFWLRQ�WLPH��WDEOH���DQG�)LJ���
���VKRZV�WKDW�VWDWLVWLFDOO\�WKH�IROORZLQJ�PXVFOHV�DUH�
VLJQLILFDQWO\�GLIIHUHQW��P��JDVWURFQHPLXV��S���������
P�� UHFWXV� IHPRULV� �S�������� P�� ELFHSV� EUDFKLL�
�S������� LQ� P�� HUHFWRU� VSLQDH� �S�������� 7KH�
GLIIHUHQFH�LQ�YDVWXV�ODWHUDOLV�LV�QRW�VLJQLILFDQW�ZKLOH�LW�
LV�QRW�REWDLQHG�LQ�ELFHSV�IHPRULV��
7KH�FRPSDULVRQ�RI�VXVWDLQ�WLPH��WDEOH���DQG�)LJ������
EHWZHHQ� F\FOLVWV� DQG� VSULQWHUV� GRHV� QRW� VKRZ� D�
VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH� LQ� WKH� REVHUYHG�
PXVFOHV��,Q�KDOI�UHOD[DWLRQ�WLPH��WDEOH���DQG�)LJ������
WKH�GLIIHUHQFH�H[LVWV�RQO\�LQ�(UHFWRU�VSLQDH��S���������
�
',6&866,21�
2XU� REMHFWLYH�ZDV� WR� ILQG� RXW�ZKHWKHU� WKH� PHWKRG��
ZKLFK�PHDVXUHV�PXVFOH�EHOO\�GLVSODFHPHQW��ZDV�VXLWDEOH�IRU�
WKH�VWXG\�RI�FRQWUDFWLOH�SURSHUWLHV�LQ�GLIIHUHQW�PXVFOH�
JURXSV� DQG� IRU� WKH� FRPSDULVRQ� RI� GLIIHUHQW�
VSRUWVPHQ�UHJDUGLQJ�WR�WKH�W\SH�RI�FKURQLF�DGDSWDWLRQV�
WKDW� WKHVH� VSRUWVPHQ� DUH� H[SRVHG� WR�� 7UDLQLQJ�
DGDSWDWLRQV� DUH� VSHFLILF� WR� WKH� FHOOV� DQG� WKHLU�
VWUXFWXUDO� DQG� IXQFWLRQDO� HOHPHQWV� WKDW� DUH�
RYHUORDGHG�>�@��,I�DQ�LQGLYLGXDO�SHUIRUPV�D�VWUHQJWK�
WUDLQLQJ� SURJUDP�� RQO\� WKLV� FKDUDFWHULVWLF� �VWUHQJWK��
DQG� QRW� RWKHUV� �H�J��� HQGXUDQFH�� ZLOO� H[KLELW� DQ�
DGDSWDWLRQ�>�����>��
7KH�UHVXOWV�RI�RXU�PHDVXUHPHQWV�VKRZ�WKDW�WKHUH�DUH�
VLJQLILFDQW� GLIIHUHQFHV� LQ� FRQWUDFWLOH� SURSHUWLHV� RI�
GLIIHUHQW�PXVFOH�JURXSV�EHWZHHQ�LQGLYLGXDO�PXVFOHV�
RI� WKH� VDPH� VXEMHFWV� �PLQLPXP� FRQWUDFWLRQ� WLPH�
�����PV�DQG�PD[LPXP�FRQWUDFWLRQ�WLPH�����PV��RU�
WZR� JURXSV� RI� VXEMHFWV� �F\FOLVW� DQG� VSULQWHUV����
6LJQLILFDQW� GLIIHUHQFHV� LQ� FRQWUDFWLRQ� WLPH� DUH� WKH�
UHVXOW�RI�YDULDWLRQ�LQ�HQ]\PH�P\RVLQ��

$73DVH��WKH�UDWH�DW�ZKLFK�&D���LV�UHOHDVHG�IURP�DQG�
WDNHQ�XS�E\�WKH�VDUFRSODVPDWLF�UHWLFXOXP�>�@�DQG�WKH�
DUFKLWHFWXUH�RI�WKH�PXVFOH��
FRPSDULVRQ� EHWZHHQ� F\FOLVWV� DQG� VSULQWHUV�
VLJQLILFDQW� GLIIHUHQFHV� LQ� FRQWUDFWLRQ� WLPH� ZHUH�
REVHUYHG��7KH�H[FHSWLRQ�ZDV�ELFHSV�IHPRULV��$QG�UH�
ZDV� D� VOLJKW� �QRQVLJQLILFDQW�� GLIIHUHQFH� LQ� YDVWXV�
ODWHUDOLV��7KH�UHPDLQLQJ�WZR�REVHUYHG�SDUDPHWHUV�GR�
QRW� VKRZ� VLJQLILFDQW� GLIIHUHQFHV� H[FHSW� LQ� HUHFWRU�
VSLQDH� LQ� WKH� FDVH� RI� KDOI� UHOD[DWLRQ� WLPH�� 7KH�
JUHDWHVW� GLIIHUHQFH� EHWZHHQ� WKH� WZR� JURXSV� ZDV�
REVHUYHG� LQ� WKH� PXVFOH� JDVWURFQHPLXV� ZKLFK� LV�
FRQVLGHUHG� WR� EH� DPRQJ� WKH� VORZHVW� >�@�� 7KH�
H[SODQDWLRQ� IRU� UHODWLYHO\� VPDOO� GLIIHUHQFHV� LQ�
PXVFOHV�ZLWK�VKRUW�FRQWUDFWLRQ�WLPH�LV�PRVW�SUREDEO\�
WKH�IDFW� WKDW�FRQYHQWLRQDO�VWLPXOXV�ZDYHIUDPHV�DUH�
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)LJXUH����7KH�FRPSDULVRQ�RI�WZLWFK�VXVWDLQ�WLPH�DPRQJ�
GLIIHUHQW�PXVFOHV�

)LJXUH� ��� 7KH� FRPSDULVRQ� RI� WZLWFK� FRQWUDFWLRQ�
WLPH�DPRQJ�GLIIHUHQW�PXVFOHV��

)LJXUH� ��� 7KH� FRPSDULVRQ� RI� WZLWFK� KDOI� UHOD[DWLRQ�
WLPH DPRQJ GLIIHUHQW PXVFOHV
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NQRZQ� WR� SUHIHUHQWLDOO\� DFWLYDWH� ODUJH� GLDPHWHU�
PRWRU� XQLWV� LQ� FRQWUDVW� WR� WKH� VPDOO�WR�ODUJH�
UHFUXLWPHQW� RUGHU� WKDW� RFFXUV� ZLWK� YROXQWDU\�
DFWLYDWLRQ� >�@�� 7KHUHIRUH� WKH� SDUWLFLSDWLRQ� RI� VORZ�
fibers in the measured muscles is “not detected” 
EHFDXVH� WKH� FRQWUDFWLRQ� DPSOLWXGH� LV� FRQVLGHUDEO\�
VPDOOHU�����WLPHV��DQG�FRQWUDFWLRQ�WLPH�ORQJHU�>��@���
$V� D� VXUSULVH� FRPHV� D� UHODWLYHO\� VKRUW� FRQWUDFWLRQ�
WLPH�LQ�HUHFWRU�VSLQDH�LQ�VSULQWHUV��7KH�GDWD�REWDLQHG�
LQ� JHQHUDO�� KHDOWK\� � SRSXODWLRQ� LQGLFDWH� WKDW� LW� LV� D�
VORZ�PXVFOH� >��>��EXW�DOPRVW�QR�GDWD�LQ�VSRUWVPHQ�
DUH�DYDLODEOH�IRU�WKLV�PXVFOH��
7KH�DERYH�PHQWLRQHG�PHWKRG�VHHPV�VXLWDEOH�IRU�WKH�
VWXG\�RI� LQGLYLGXDO�PXVFOHV�DQG�FRPSDULVRQ�RI�WKH�
VDPH�PXVFOH� LQ� GLIIHUHQW� VXEMHFWV�� ,Q� WKH� IXWXUH� LW�
FRXOG�HQDEOH�XV�WR�GUDZ�DQ�DWODV�RI�LQGLYLGXDO�PXVFOH�
ILEHU� W\SHV� GLVWULEXWLRQV� �FRQWUDFWLOH� SURSHUWLHV�� LQ�
GLIIHUHQW� LPSRUWDQW� PXVFOHV� IRU� YDULRXV� JURXSV� RI�
VSRUWVPHQ���
�
5()(5(1&(6�
�
>�@� 9DOHQþLþ� 9�� .QH]� 1��� 0HDVXULQJ� RI� VNHOHWDO�

PXVFOHV� G\QDPLF� SURSHUWLHV�� $UWLILFLDO� 2UJDQV��
�������������SS����������

>�@� %XUJHU�+���9DOHQþLþ�9���0DULQþHN�ý��.RJRYãHN�
1���3URSHUWLHV�RI�PXVFXOXV�JOXWHXV�PD[LPXV�LQ�
DERYH� NQHH� DPSXWHHV�� &OLQLFDO� %LRPHFKDQLFV�
�������������SS�������

>�@� 0F&DIIHUW\� :��� +RUYDWK� 6��� 6SHFLILFLW\� RI�
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