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0�VF�ORVNHOHWDO�LQM�ULHV��RU�06,V��DUH�UHIHUUHG�WR�
E��D�YDULHW��RI�GLIIHUHQW�QDPHV��7KH��LQFO�GH�

UHSHWLWLYH� VWUDLQ� LQM�ULHV� �56,V��� UHSHWLWLYH� PRWLRQ�
LQM�ULHV�� F�P�ODWLYH� WUD�PD� GLVRUGHUV� �&7'V���
ZRUN�UHODWHG� �SSHU� OLPE� GLVRUGHUV� �:58/'V���
DQG� RWKHUV�� ,Q� HDFK� FDVH�� WKH� QDPH� LV� �VHG� WR�

GHVFULEH� LQM�ULHV� RI� WKH� ERQHV�� MRLQWV�� OLJDPHQWV��
WHQGRQV�� P�VFOHV�� DQG� RWKHU� VRIW� WLVV�HV�� 6LQFH�
WKHUH�LV�P�FK�LQFUHDVH�LQ�WKH�VHUYLFH�MREV�LQ�PDQ��
GHYHORSHG�FR�QWULHV��WKHUH�KDV�EHHQ�D�PRYH� IURP�
KHDY�� H[HUWLRQ� DW� ZRUN� WR� PRUH� SRVW�UDO� VWUHVV��
�SSUR[LPDWHO��� RQH� WKLUG� RI� DOO� LQG�VWULDO� MREV� LQ�
WKH� �QLWHG� VWDWHV� LQYROYHV� VRPH� IRUP� RI� PDQ�DO�
PDWHULDO�KDQGOLQJ�V�FK�DV�OLIWLQJ��S�VKLQJ��S�OOLQJ��
FDUU�LQJ�DQG�WKHVH�WDVNV�UHV�OWV�LQ��������RI�DOO�WLPH�
ORVW�G�H� WR� LQG�VWULDO� LQM�ULHV�����0DQ�DO�PDWHULDOV�
KDQGOLQJ��RU�00+��LV�WKH�SURFHVV�RI�D�K�PDQ�OLIWLQJ��
ORZHULQJ�� S�VKLQJ�� S�OOLQJ�� RU� FRQG�FWLQJ� DQ��
VLPLODU� WDVN� LQ�ZKLFK�DQ� REMHFW� LV�PRYHG� WKUR�JK�
VSDFH�VROHO��E��WKH�SRZHU�RI�WKDW�K�PDQ��0DQ�DO�
KDQGOLQJ�WDVNV�KDYH�EHFRPH�D�PDMRU�FD�VH�RI�ZRUN�
KD]DUGV� WR� LQG�VWULDO� ZRUNHUV��������� 2YHU� WKH� SDVW�
IHZ�GHFDGHV��WKHUH�KDV�EHHQ�D�V�EVWDQWLDO�LQFUHDVH�
LQ� WKH� DPR�QW� RI� S�VKLQJ� VHHQ� LQ� WKH�ZRUNSODFH��
3�VKLQJ� DFWLYLWLHV� RFF�UV� LQ� PDQ�� W�SHV� RI� ZRUN�
HQYLURQPHQW�OLNH�GHSDUWPHQWDO�VWRUHV��DJULF�OW�UH��
IDUPLQJ��Q�UVLQJ�KRPHV�HWF�ZKHUH�ZRUNHUV�DGRSW�
DZNZDUG� SRVW�UHV� ZKLOH� S�VKLQJ� KHDY�� WUROOH�V�
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RU� FDUWV� DQG� WKLV� LV� D� SRWHQWLDO� HQYLURQPHQW� IRU�
WKH� GHYHORSPHQW� RI�P�VF�ORVNHOHWDO� LQM�ULHV��7KLV�
LV� WKH� UHDVRQ� WKDW� HUJRQRPLF� LQWHUYHQWLRQV� KDYH�
EHFRPH� LPSHUDWLYH� LQ� PRGHUQ� VRFLHW����� /LIWLQJ�
activities� are� the� signi�cant� risk� factor� for� the�
RFF�SDWLRQDOO�� UHODWHG� P�VF�ORVNHOHWDO� GLVRUGHUV��
7KHUHIRUH�� WKH� OLIWLQJ� ORDG� LV� LQFUHDVLQJO��DYRLGHG�
E�� WKH� LQG�VWULHV�� �QG� WK�V�� WKH� LQG�VWU�� KDV�
UHVSRQGHG�WR�WKLV�ULVN�E��PRGLI�LQJ�WKH�ZRUNSODFH�
DQG� UHSODFLQJ� WKH� OLIWLQJ� DFWLYLWLHV� E�� S�VKLQJ�
DFWLYLWLHV�� ,W� LV� WKHUHIRUH�� QRW� H[DJJHUDWHG�� ZKHQ�
LW� LV� VWDWHG� WKDW� RYHUDOO� QHDUO��KDOI� RI� WKH�PDQ�DO�
PDWHULDO�KDQGOLQJ�FRQVLVWV�RI�S�VKLQJ�DFWLYLWLHV��������
0DQ�DO� PDWHULDO� KDQGOLQJ� WDVNV� VROHO�� UHT�LUHV�
WKH� K�PDQ� HIIRUW�� 'HVSLWH� WKH� DWWHQWLRQ� WKDW� KDV�
EHHQ� JLYHQ� WR� HUJRQRPLFV� LQ� ERWK� LQG�VWULDOL]HG�
DQG� GHYHORSLQJ� FR�QWULHV�� WKH� RFF�UUHQFH� RI� WKH�
P�VF�ORVNHOHWDO� FRPSODLQWV� LQ� WKH� ZRUNSODFH� DUH�
VWLOO� D� FRQVLGHUDEOH� SUREOHP�� 3�VKLQJ� DFWLYLWLHV�
DUH� WKH� GDLO�� UR�WLQH� DFWLYLWLHV� IRU� D� V�EVWDQWLDO�
Q�PEHU�RI�ZRUNHUV�� ,W�ZDV�REVHUYHG� WKDW�S�VKLQJ�
DFWLYLWLHV� GR� QRW� QHFHVVDULO�� UHG�FH� WKH� RYHUDOO�
VWUDLQ�H[SHULHQFHG�E�� WKH�ZRUNHUV�FRPSOHWLQJ� WKH�
WDVNV��5DWKHU�WKHVH�ZRUNHUV�U�Q�D�FRQVLGHUDEOH�ULVN�
RI� GHYHORSLQJ� WKH� P�VF�ORVNHOHWDO� FRPSODLQWV�����
+RR]HPDQ� ������� DQG�RWKHU� UHVHDUFKHUV� LQGLFDWHV�
D� UHODWLRQ� EHWZHHQ� S�VKLQJ� DQG� VKR�OGHU�
FRPSODLQWV�� )RU� VKR�OGHU� FRPSODLQWV�� D� GRVH�
UHVSRQVH� UHODWLRQVKLS� ZDV� REVHUYHG� IRU� H[SRV�UH�
WR� S�VKLQJ� RU� S�OOLQJ� WDVNV��� 0�VF�ORVNHOHWDO�
SDLQ� LQ� VKR�OGHU� UHJLRQ� LV� FRPPRQ� LQ� ZRUNLQJ�
SRS�ODWLRQ� RI� YDULR�V� LQG�VWULHV�� 9DQ� GHU� EHHN�
����������SURSRVHG�WKDW�S�VKLQJ�OHG�WR�DQ�LQFUHDVH�LQ�
WKH�LQFLGHQFH�RI�SDLQ�DQG�VWLIIQHVV�LQ�WKH�VKR�OGHU�
UHJLRQ�DQG�QRW�QHFHVVDULO��WKH�ORZ�EDFN�FRPSODLQWV��
,W�LV�UHFRJQL]HG�WKDW�V�FK�VKR�OGHU�SDLQ�LV�JHQHUDOO��
DVVRFLDWHG� ZLWK� UHSHWLWLYH� S�VKLQJ� DFWLYLWLHV��
)�UWKHUPRUH�� ZLWK� WKH� LQFLGHQFH� RI� S�VKLQJ� LQ�
LQG�VWU��RQ�WKH�LQFUHDVH�� LW�FR�OG�EH�H[SHFWHG�WKDW�
WKH� SHUFHQWDJH� RI� WRWDO�P�VF�ORVNHOHWDO� SUREOHPV�
DVVRFLDWHG� ZLWK� PDQ�DO� ZRUN� EHLQJ� FD�VHG� E��
S�VKLQJ� ZLOO� DOVR� EHFRPH� LQFUHDVLQJO�� HYLGHQW��
,W� VHHPV� OLNHO�� WKDW� VKR�OGHU�SDLQ� LV� WKH� UHV�OW� RI�
PDQ��IDFWRUV�LQFO�GLQJ�WKH�PLVPDWFK�EHWZHHQ�WKH�
WDVN� GHPDQGV� DQG� WKH� ZRUNHUV� FDSDELOLWLHV� DQG�
LW� LV� OLNHO�� WKDW� WKH� P�VF�ORVNHOHWDO� V�VWHP� PD��
EHFRPH� SK�VLFDOO�� RYHU� H[HUWHG��� ,Q� UHFHQW� SDVW�
ZRUNLQJ�� SRVW�UH�KDYH� DOVR� EHHQ� DWWULE�WHG� DV� DQ�
LPSRUWDQW�HWLRORJ��RI�WKHVH�FRPSODLQWV��/HVV�WKDQ�
RSWLPDO� SRVW�UHV� V�FK� DV� OHDQLQJ� IRUZDUG� IURP�
WKH� ZDLVW� IRU� H[WHQGHG� SHULRGV� RI� WLPH�� FDQ� ORDG�
P�VFOHV� ZLWK� ¶VWDWLF� ZRUN��� 6WDWLF� ZRUN� LQYROYHV�
muscles� being� tensed� in� �xed� positions� and� over�
WLPH�� EHFRPLQJ� WLUHG�� �QFRPIRUWDEOH�� DQG� HYHQ�
painful.�Body�(awkward)�posture�greatly�in�uence�

VWUHQJWK� G�ULQJ� S�VKLQJ� HVSHFLDOO�� SRVLWLRQ� RI�
DUP�DQG�WU�QN����V�D�FRQVHT�HQFH��DUP�UHDFK�DQG�
WU�QN� SRVW�UH� G�ULQJ� IRUFH� H[HUWLRQ� VKR�OG� EH�
de�ned�precisely.�There� is� a� strong� evidence� that�
WKH�FRPELQDWLRQ�RI�WZR�RU�PRUH�ULVN� IDFWRUV�� V�FK�
DV� IRUFH� DQG� DZNZDUG� ZRUNLQJ� SRVW�UH�� FD�VH�
H[FHVVLYH� ELRPHFKDQLFDO� VWUHVVHV�ZKLFK�PD�� OHDG�
WR� GHJUDGDWLRQ� RI� SHUIRUPDQFH�� P�VFOH� IDWLJ�H��
DQG�P�VF�ORVNHOHWDO�GLVRUGHUV�WKHUHE��GHFUHDVLQJ�
the�ef�ciency�of�work.�Shoulder�muscle� fatigue� is�
D� FRPPRQ� VHT�HO� RI� UHSHWLWLYH� DUP� �VH� DQG� WKLV�
KDV� EHHQ� SURSRVHG� DV� D� SRVVLEOH� OLQN� WR� H[SODLQ�
WKH� DVVRFLDWLRQ� EHWZHHQ� UHSHWLWLYH� DUP� �VH� DQG�
WKH� GHYHORSPHQW� RI� VKR�OGHU� SDLQ������� (YHQ� ZLWK�
WKH� LQFUHDVHG� SUHYDOHQFH� RI� S�VKLQJ� DV� D� IRUP�RI�
QRUPDO�ZRUN�DQG�WKH�UHFHQW�GRF�PHQWDWLRQ�RI�WKH�
KLJK�DVVRFLDWHG�LQM�U��UDWH��S�VKLQJ�KDYH�UHFHLYHG�
VFDQW� DWWHQWLRQ� ZKHQ� FRPSDUHG� WR� OLIWLQJ� WDVNV��
:KLOH�P�FK� DWWHQWLRQ� LQ� HUJRQRPLFV� KDV� IRF�VHG�
WR� WKH� ORZ� EDFN� FRPSODLQWV�� YHU�� OLWWOH� KDV� EHHQ�
JLYHQ� WR� WKH� VKR�OGHU� FRPSODLQWV� DVVRFLDWHG�ZLWK�
WKH� S�VKLQJ� DFWLYLWLHV�� 7KHUHIRUH�� WKH� S�USRVH� RI�
WKLV�UHVHDUFK� LV�WR�HYDO�DWH�WKH�HIIHFW�RI�WU�QN�DQG�
HOERZ�SRVLWLRQ�RQ�WKH�P�RHOHFWULFDO�DFWLYLW��RI�WKH�
6HUUDW�V�DQWHULRU�G�ULQJ�S�VKLQJ�

0(7+2�2/2��

6DPSOH

The� convenience� sample� of� forty-�ve� male�
V�EMHFWV�LQFO�GLQJ�RQO��DG�OW�ZHUH�UHFU�LWHG�LQ�WKH�
VW�G����OO� V�EMHFWV�ZHUH� ULJKW� VLGH�GRPLQDQW�� )RU�
JUR�S����WKH�PHDQ�DJH�ZDV���������“��������HDUV�DQG�
PHDQ�KHLJKW�ZDV� ��������“�������FP��)RU�JUR�S�%��
WKH�PHDQ�DJH�DQG�KHLJKW�ZDV���������“��������HDUV�
DQG� �������� “� ������ FP� UHVSHFWLYHO��� )RU�JUR�S�&��
PHDQ�DJH�ZDV���������“��������HDUV�DQG�PHDQ�KHLJKW�
ZDV���������“�������FP���OO�WKH�V�EMHFWV�ZHUH�WDNHQ�
IURP� WKH� SRS�ODWLRQ� LQ� DQG� DUR�QG� WKH� GLIIHUHQW�
KRVSLWDO�RI�'HKUDG�Q��(DFK�DQG�HYHU��V�EMHFW�ZDV�
LQIRUPHG� DER�W� WKH� SURFHG�UH� DQG� GHPRQVWUDWHG�
E�� WKH� H[SHULPHQWDO� WKHUDSLVW� SULRU� WR� WKH� VW�G���
7KH�VW�G��KDG�UHFHLYHG�D�ZULWWHQ�LQIRUPHG�FRQVHQW�
IURP�WKH�V�EMHFWV�ZLWK�WKHLU�ZLOOLQJQHVV�

,QFOXVLRQ�&ULWHULD�

‡�+HDOWK��PDOH�V�EMHFWV

‡��JH����������HDUV

‡�+HLJKW����������FPV

(�FOXVLRQ�&ULWHULD�

•�History�of�signi�cant�low�back�pain

‡�:HDNQHVV�RI�VHUUDW�V�DQWHULRU�P�VFOH

0RKDPPHG��VODP��7R�DQDO�]H�WKH�HIIHFW�RI�WU�QN�IRUZDUG�EHQGLQJ�ZLWK�DQG�ZLWKR�W�(OERZ�)OH[LRQ�RQ�
WKH�0�RHOHFWULFDO��FWLYLW��RI�6HUUDW�V��QWHULRU�G�ULQJ�S�VKLQJ�

0RKDPPHG��VODP��7R�DQDO�]H�WKH�HIIHFW�RI�WU�QN�IRUZDUG�EHQGLQJ�ZLWK�DQG�ZLWKR�W�(OERZ�)OH[LRQ�RQ�
WKH�0�RHOHFWULFDO��FWLYLW��RI�6HUUDW�V��QWHULRU�G�ULQJ�S�VKLQJ�
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‡��Q��P�VF�ORVNHOHWDO�LQM�U��RI�VKR�OGHU�RU�QHFN�

‡�(OERZ�SDLQ�RU�GLVFRPIRUW

‡�:HDNQHVV�RI��SSHU�WUDSH]L�V

‡�+LVWRU��RI�DQ��V�UJHU��RI��SSHU�T�DGUDQW

�HVLJQ�

7KLV�LV�DQ�REVHUYDWLRQDO�VW�G�

,��W��PH�WDWLR�

(OHFWURP�RJUDSK����Q�1LFROHWYL�DVLV�(0*��QLW�
ZLWK�VLOYHU�FKORULGH�HOHFWURGH�RI��FP�GLDPHWHU�ZDV�
�VHG� WR� UHFRUG� WKH� DPSOLW�GH�RI� VHUUDW�V� DQWHULRU�
DQG��SSHU�WUDSH]L�V�HOHFWULFDO�DFWLYLW��

Goniometer:�It� is�used�to�measure�trunk��exion�
DQJOH�

0HDV�ULQJ�7DSH�� ,W� LV��VHG� WR�PHDV�UH� WKH�PLG�
KHLJKW�RI�WKH�V�EMHFWV�

&KDON�� &KDON� SLHFHV� ZHUH� �VHG� WR� PDUN� IRRW�
placement�on�the��oor.

3�VK��SSDUDW�V��7KH�S�VK�DSSDUDW�V�FRQVLVWHG�RI�
D���FP�GLDPHWHU�DO�PLQ�P�EDU�KDQGOH�DWWDFKHG�WR�
WZR�YHUWLFDO�EDUV�PR�QWHG�RQ�D�ZDOO��7KH�KRUL]RQWDO�
KDQGOH�FDQ�EH�UDLVHG�RU�ORZHUHG�WR�PDWFK�WKH�KHLJKW�
UHT�LUHPHQW�RI�HDFK�V�EMHFW���

��RWRFRO

Forty-�ve� subjects� were� recruited� in� the� study�
EDVHG� RQ� LQFO�VLRQ� DQG� H[FO�VLRQ� FULWHULD�� DQG�
UDQGRPO�� DVVLJQHG� LQWR� WKUHH� JUR�SV�� )LIWHHQ�
V�EMHFWV�ZHUH�SDUWLFLSDWHG�LQ�HDFK�JUR�S�

*UR�S����3�VKLQJ�ZLWK� WU�QN� IRUZDUG�EHQGLQJ�
DW����GHJUHHV�

*UR�S�%�� 3�VKLQJ�ZLWK� WU�QN� IRUZDUG�EHQGLQJ�
DW����GHJUHHV�

*UR�S�&��3�VKLQJ�ZLWK� WU�QN� IRUZDUG�EHQGLQJ�
DW����GHJUHHV�

Procedure:� Forty-�ve� selected� subjects� will� be�
UDQGRPO�� DVVLJQHG� LQWR� WKUHH� JUR�SV�� 7KH� ZKROH�
SURFHG�UH� ZDV� H[SODLQHG� WR� HDFK� V�EMHFW� DQG�
WKHQ� HDFK� V�EMHFW� VLJQHG� D� FRQVHQW� IRUP� EHIRUH�
SHUIRUPLQJ�WKH�SURFHG�UH�

6�EMHFW�SUHSDUDWLRQ�DQG�LQVWU�PHQWDWLRQ��%HIRUH�
SODFLQJ� WKH� HOHFWURGHV�� WKH� VNLQ� SUHSDUDWLRQ� ZDV�
GRQH�LQ�ZKLFK�WKH�VNLQ�RI�HDFK�LQGLYLG�DO�ZDV�ZLSHG�
ZLWK�WKH�DOFRKRO� WR� UHG�FH�WKH�VNLQ� LPSHGDQFH�������
Two�Ag/Agcl� surface� electrodes�were� �lled�with�
HOHFWURGH� SDVWH� DQG� SODFHG� �QLODWHUDOO��� 7KH� LQWHU�
HOHFWURGH�GLVWDQFH�ZDV����PP�IURP�FHQWHU�WR�FHQWHU�
RI� WKH�HOHFWURGH�DQG� HDFK�HOHFWURGH�ZDV�RI�����FP�

GLDPHWHU��(OHFWURGHV�ZHUH�RULHQWHG�LQ�WKH�GLUHFWLRQ�
of� the�muscle� �bers.� First� of� all� palpation� of� C-7�
VSLQR�V�SURFHVV�ZDV�GRQH�E��PRYLQJ� WKH�KHDG� LQ�
�exion�and�extension�for�the�placement�of�ground�
HOHFWURGH�IRU�HOHFWURP�RJUDSK���(0*�����

(0��0HFKLQH

���K��SSD�W��

(OHFWURGHV� 3ODFHPHQW� IRU� WKH� 6HUUDW�V��QWHULRU��
7KH� LQIHULRU� DQJOH� RI� WKH� VFDS�OD� LV� SDOSDWHG� E��
DVNLQJ�WKH�V�EMHFW�WR�S�VK�WKH�ZDOO�ZLWK�ERWK�KDQGV�
DQG�PDUNHG�� �� OLQH�ZDV� GUDZQ� IURP� WKH� LQIHULRU�
DQJOH�ODWHUDOO��ZLWK�WKH�KHOS�RI�D�PDUNHU��7KHQ�WKH�
electrodes�are�placed�to�the�muscle��bres�below�the�
D[LOOD�� DQWHULRU� WR� WKH� ODWLVVLP�V��SODFHG�YHUWLFDOO��
RYHU�WKH�ULEV�������

(OHFWURGHV�SODFHPHQW�)RU� WKH�8SSHU� 7UDSH]L�V��
7KH� VKR�OGHU�ZDV�SRVLWLRQHG� LQ� ����RI� DEG�FWLRQ��
7ZR� HOHFWURGHV� ZHUH� SODFHG� VR� WKDW� WKH�� UDQ�
parallel�to�the�muscle��bers�and�positioned�so�that�
��HOHFWURGH�ZDV�V�SHURPHGLDO�DQG���LQIHURODWHUDO�WR�

0RKDPPHG��VODP��7R�DQDO�]H�WKH�HIIHFW�RI�WU�QN�IRUZDUG�EHQGLQJ�ZLWK�DQG�ZLWKR�W�(OERZ�)OH[LRQ�RQ�
WKH�0�RHOHFWULFDO��FWLYLW��RI�6HUUDW�V��QWHULRU�G�ULQJ�S�VKLQJ�
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D�SRLQW���FP�ODWHUDO�WR�RQHKDOI�WKH�GLVWDQFH�EHWZHHQ�
WKH� &�� VSLQR�V� SURFHVV� DQG� WKH� ODWHUDO� WLS� RI� WKH�
DFURPLRQ����7KH�HOHFWURGHV�ZHUH�VHF�UHG�WR�WKH�VNLQ�
E�� PHDQV� RI� DGKHVLYH� WDSHV�� 6�UIDFH� HOHFWURGHV�
ZHUH� FKRVHQ� EHFD�VH� WKH��ZHUH� VLPSOH� WR�KDQGOH�
DQG� WKH�� SLFN� �S� VLJQDO� IURP� D� FRPSDUDWLYHO��
ODUJH�YRO�PH�RI�P�VFOH�DQG�GR�QRW�GLVFRPIRUW�WKH�
V�EMHFW��,W�ZDV�QHFHVVDU��WR�KDYH�HOHFWURGH�DWWDFKHG�
IRU�ORQJ�SHULRG�DQG�DW�WKH�VDPH�WLPH�UHWDLQ�FRPIRUW�
DQG� UHOD[DWLRQ�� 7KH� SDUDPHWHUV� �VHG� LQ� (0*�
GDWD� ZHUH� VHQVLWLYLW�� RI� “� ���� —9�� EDQGZLGWK� RI�
��� WR� �����+]��7KH� LQS�W� LPSHGDQFH�RI� WKH�(0*�
ampli�er� was� less� than� 10� Megaohms,� common�
PRGH� UHMHFWLRQ� UDWLR� RI� ��� GE� DQG� *DLQ� RI� ��������
Trunk� �exion� angle� is� measured� with� the� metal�
JRQLRPHWHU��7KH�V�EMHFWV�ZHUH�LQVWU�FWHG�WR�VWDQG�
HUHFW� ZLWK� WKH� VWDJJHULQJ� IHHW� SRVLWLRQ� �RQH� IRRW�
IRUZDUG�RI�WKH�RWKHU��IDFLQJ�WRZDUGV�WKH�ZDOO��7KH�
JRQLRPHWHU� D[LV�ZDV�SODFHG�DW� WKH� M�QFWLRQ�RI� WKH�
V�SHULRU� LOLDF� FUHVW� DQG� WKH�PLG�D[LOODU�� OLQH�� 7KH�
VWDWLRQDU�� DUP� RI� WKH� JRQLRPHWHU�ZDV� SRVLWLRQHG�
vertical�to�the��oor;�the�movable�arm�was�aligned�
ZLWK� WKH�PLGD[LOODU�� OLQH�� 7KH� V�EMHFWV�ZHUH� WKHQ�
LQVWU�FWHG� WR� EHQG� IRUZDUG� ZLWKR�W� EHQGLQJ� WKH�
NQHHV��7KH�UDQJH�RI�PRWLRQ�ZDV�WKHQ�PHDV�UHG�DQG�
UHFRUGHG�DV������������GHJUHHV�ZLWK�WKHLU�UHVSHFWLYH�
JUR�SV�������3DUWLFLSDQWV�S�VKHG�RQ�D�VWDWLRQDU��EDU�
DGM�VWHG� DW� KHLJKW�PLGZD�� EHWZHHQ� WKH� VKR�OGHU�
DQG�ZDLVW�KHLJKW��PLG�KHLJKW��7KH�UHIHUHQFH�SRLQW�
IRU� PHDV�ULQJ� WKH� PLG� KHLJKW� LV� IURP� DQWHULRU�
DFURPLDO� SURFHVV� DQG� DORQJ� WKH� PLGD[LOODU�� OLQH�
WR� WKH� WLS� RI� �6,6���� �� PHDV�ULQJ� WDSH� ZDV� �VHG�

WR�PHDV�UH�WKH�PLG�KHLJKW�IURP�VKR�OGHU�WR��6,6��
7KH�S�VK�DSSDUDW�V�FRQVLVWHG�RI�D��� FP�GLDPHWHU�
DO�PLQ�P� EDU� KDQGOH� DWWDFKHG� WR� WZR� YHUWLFDO�
EDUV�PR�QWHG�RQ�D�ZDOO��7KH�KDQGOH�FDQ�EH�UDLVHG�
RU� ORZHUHG� WR� PDWFK� WKH� KHLJKW� UHT�LUHPHQW� RI�
HDFK� V�EMHFW���� 5HFRUGLQJ� WKH� (0*� DFWLYLW�� RI�
6HUUDW�V� DQWHULRU� DQG� WUDSH]L�V�� %HIRUH� WKH� WULDOV��
SDUWLFLSDQWV�ZHUH�JLYHQ�SUDFWLFH�WULDOV�DQG�DVNHG�WR�
�nd�the�most�comfortable�staggering�feet�position�
IRU� WKH� GHVLJQDWHG� EDU� KHLJKW� DQG� VWDQFH�� �IWHU�
WKHLU� SUHIHUUHG� IRRW� SRVLWLRQ� ZDV� HVWDEOLVKHG�� WKH�
locations� of� their� feet� were� marked� on� the� �oor�
ZLWK� WKH� FKDON� SLHFH� VR� WKDW� SDUWLFLSDQWV� FR�OG�
UHW�UQ�WR�WKH�VDPH�IRRW�SRVLWLRQ�EHWZHHQ�WULDOV��7KH�
SDUWLFLSDQWV�ZHUH�UHT�LUHG�WR�PDLQWDLQ�WKH�VDPH�IRRW�
SRVLWLRQ�IRU�DOO�WKH�S�VKLQJ�H[HUWLRQV�IRU�D�JLYHQ�EDU�
KHLJKW� DQG�VWDQFH���IWHU� WKH� HOHFWURGHV�SODFHPHQW�
DQG� WKH� FRPIRUWDEOH� IRRW� SRVLWLRQ� DWWDLQPHQW� WKH�
trunk��exion�angles�were�measured.�Each� subject�
LQ� WKHLU� UHVSHFWLYH� JUR�SV�ZHUH� UHT�LUHG� WR� S�VK�
the�stationary�bar��rst�with�elbow��exed�and�then�
with�elbow�extended�maintaining�the�trunk��exion.�
7KH�V�EMHFWV�ZHUH�LQVWU�FWHG�WR�EHJLQ�H[HUWLQJ�WKHUH�
PD[LP�P�YRO�QWDU�� LVRPHWULF� IRUFH� DQG�KROG� IRU�
���VHF��:KLOH�WKH�V�EMHFW�H[HUWHG�IRUFH��(0*�VLJQDOV�
ZHUH�SLFNHG��S�E��V�UIDFH�HOHFWURGHV�DQG�UHFRUGHG�
LQ� (0*� PDFKLQH�� 7KHUH� ZHUH� WKUHH� VHVVLRQ� RI�
PHDV�ULQJ�(0*�ZLWK�UHVW�LQWHUYDO�RI����VHFRQGV�WR�
DYRLG� IDWLJ�H�RI�P�VFOH���FWLYLWLHV� RI� WKH� 6HUUDW�V�
DQWHULRU� DQG� WUDSH]L�V� ZHUH� GLVSOD�HG� WR� WKH�
PRQLWRU� DQG�SHDN�(0*�DPSOLW�GH�ZDV� QRWHG� IRU�
HDFK�WULDO��2�W�RI�WKDW�WKH�EHVW�UHDGLQJ�RI�HOHFWULFDO�

)LJ�����(OHFWURGH�3ODFHPHQW�IRU�6HUUDW�V��QWHULRU�0�VFOH�(OHFWURGH�SODFHPHQW�IRU�8�3�7UDSH]L�V

0RKDPPHG��VODP��7R�DQDO�]H�WKH�HIIHFW�RI�WU�QN�IRUZDUG�EHQGLQJ�ZLWK�DQG�ZLWKR�W�(OERZ�)OH[LRQ�RQ�
WKH�0�RHOHFWULFDO��FWLYLW��RI�6HUUDW�V��QWHULRU�G�ULQJ�S�VKLQJ�
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)LJ�����3�VKLQJ�ZLWK�(OERZ�)OH[LRQ�LQ�*UR�S���3�VKLQJ�ZLWK�(OERZ�([WHQVLRQ�LQ�*UR�S����

)LJ�����(0*�UHFRUG�VKHHW�RI�6HUUDW�V�DQWHULRU�P�VFOH�(0*�UHFRUG�VKHHW�RI�8SSHU�7UDSH]L�V�P�VFOH�

)LJ�����3�VKLQJ�ZLWK�(OERZ�)OH[LRQ�LQ�*UR�S�%�3�VKLQJ�ZLWK�(OERZ�([WHQVLRQ�LQ�*UR�S���%

0RKDPPHG��VODP��7R�DQDO�]H�WKH�HIIHFW�RI�WU�QN�IRUZDUG�EHQGLQJ�ZLWK�DQG�ZLWKR�W�(OERZ�)OH[LRQ�RQ�
WKH�0�RHOHFWULFDO��FWLYLW��RI�6HUUDW�V��QWHULRU�G�ULQJ�S�VKLQJ�
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DFWLYLW�� YDO�H� LV� WDNHQ� IRU� GDWD� DQDO�VLV�� 6DPH�
SURFHG�UH�ZLOO�DOVR� EH� IROORZHG�E�� WKH�RWKHU� WZR�
groups�i.e.�25�and�35�degrees�trunk��exion.

5(68/76

7KH� PHDQ� IRU� SK�VLFDO� FKDUDFWHULVWLFV� RI� DOO�
WKH� V�EMHFWV� L�H�� DJH� DQG� KHLJKW� ZHUH� VKRZQ� LQ�
GHPRJUDSKLF� WDEOH�� �7DEOH� ��� 7KH� S�YDO�H� RI� WKH�
(0*�RI�WKH�6HUUDW�V�DQWHULRU�DQG�WUDSH]L�V�ZLWKLQ�
group-A� (i.e.� 15� degrees� trunk� �exion)� were�
FDOF�ODWHG��VLQJ�SDLUHG�VDPSOH�WHVW�ZLWK�ERWK�HOERZ�
positions�(i.e.�elbow��exion�versus�extension).�The�
(0*�RI� 6HUUDW�V�DQWHULRU�ZLWKLQ�JUR�S���VKRZHG�
signi�cant�differences�(p=0.001)�with�elbow��exion�
�6��()�� FRPSDUHG� ZLWK� HOERZ� H[WHQVLRQ� �6��((���
�OVR��WKH�(0*�RI�WUDSH]L�V�P�VFOH�ZLWKLQ�WKH�VDPH�
group� showed� signi�cant� differences� (p=0.002)�
ZKHQ� WKH� FRPSDULVRQ�ZDV� GRQH� EHWZHHQ� WKH� WZR�
HOERZ� SRVLWLRQV� �73�()� YHUV�V� 73�((��� �7DEOH� ���
3DLUHG�VDPSOH�W�WHVW�ZDV�SHUIRUPHG�WR�VHH�WKH�(0*�
RI� ERWK� 6HUUDW�V� DQWHULRU� DQG� WUDSH]L�V� P�VFOHV�
within� group-B� (i.e.� 25� degrees� trunk� �exion)�
with�elbow��exion�versus� extension.�The�p-values�
showed� signi�cant� differences� for� the� Serratus�
DQWHULRU�DQG�WUDSH]L�V�P�VFOHV�(0*�ZLWKLQ�JUR�S%�
with�elbow��exion�comparing�with�elbow�extension�
�S �������� DQG� �S �������� UHVSHFWLYHO��� �7DEOH� ���
For� group-C� (35� degrees� trunk� �exion),� the� EMG�
RI�6HUUDW�V�DQWHULRU�DQG�WUDSH]L�V�ZLWK�ERWK�HOERZ�
SRVLWLRQV� FRPSDULVRQ�ZDV� FDOF�ODWHG��VLQJ�SDLUHG�
VDPSOH�W�WHVW��7KH�S�YDO�HV�IRU�WKH�HOHFWULFDO�DFWLYLW��
RI�6HUUDW�V�DQWHULRU��S �������DQG�WUDSH]L�V�P�VFOHV�
(p=0.037)� showed� signi�cant� differences� when�
compared�with�elbow��exion�and�elbow�extension.�

�7DEOH� ��� �QDO�VLV� RI� YDULDQFHV� ��129��� ZDV�
DSSOLHG�WR�DQDO�VH�WKH�(0*�RI�6HUUDW�V�DQWHULRU�DQG�
WUDSH]L�V�ZLWK�GLIIHUHQW�HOERZ�SRVLWLRQV��L�H��6��()��
6��((��73()��73�((��EHWZHHQ�WKH�WKUHH�JUR�SV��7KH�
S�YDO�HV� IRU� 6HUUDW�V� DQWHULRU�� HOHFWULFDO� DFWLYLW��
LQ� WKH� GLIIHUHQW� HOERZ� SRVLWLRQV� EHWZHHQ� DOO� WKUHH�
groups� revealed� signi�cant� differences� (p=0.0001)�
while� the� EMG� of� trapezius� showed� insigni�cant�
GLIIHUHQFHV� EHWZHHQ� WKH� WKUHH� JUR�SV� ZLWK� WKH�
position� of� elbow� �exion� (p=0.427).� The� p-value�
showed� signi�cant� difference� for� the� trapezius�
HOHFWULFDO�DFWLYLW��ZLWK�HOERZ�H[WHQVLRQ�EHWZHHQ�WKH�
WKUHH�JUR�SV��S ���������7DEOH����3RVW�+RF�DQDO�VLV�
ZDV� �VHG� WR� DQDO�]H� JUR�S� ZLVH� FRPSDULVRQ�
IRU� WKH� (0*� RI� 6HUUDW�V� DQWHULRU� DQG� WUDSH]L�V�
muscles� with� elbow� �exion� and� elbow� extension.�
7KH�S�YDO�HV�IRU�(0*�RI�6HUUDW�V�DQWHULRU�VKRZHG�
signi�cant�differences�for�elbow��exion�(SA.EF)�on�
FRPSDULVRQ�EHWZHHQ�*UR�S���%� �S ��������*UR�S�
%�&� �S ��������� *UR�S� &��� �S ��������� �7DEOH� ���
For� Serratus� anterior� electrical� activity,� signi�cant�
GLIIHUHQFHV� IRU� HOERZ� H[WHQVLRQ� �6��((�� ZHUH�
IR�QG�� ZKHQ� FRPSDULVRQ� ZHUH� PDGH� EHWZHHQ� DOO�
WKUHH� JUR�SV�� *UR�S� ��%� �S �������� *UR�S� %�&�
�3 ��������� *UR�S� &��� �S ��������� �7DEOH� ��� ,Q�
EMG� of� trapezius,� insigni�cant� differences� using�
elbow� �exion� position� (TP.EF)� were� found� when�
FRPSDULVRQ� EHWZHHQ� DOO� WKUHH� JUR�SV� ZDV� GRQH��
*UR�SV���%��S ��������*UR�S�%�&��S ��������*UR�S�
C-A� (p=0.230).� (Table� 6)� Insigni�cant� differences�
ZHUH� REWDLQHG� IRU� WKH� (0*� RI� WUDSH]L�V� HOERZ�
H[WHQVLRQ� �73�((�� ZKHQ� FRPSDULVRQ� EHWZHHQ�
Groups� A-B� was� done� (p=0.698)� but� signi�cant�
GLIIHUHQFHV� ZDV� IR�QG� EHWZHHQ� *UR�SV� %�&�
�S �������DQG�*UR�SV�&����S ���������7DEOH���

)LJ�����3�VKLQJ�ZLWK�(OERZ�)OH[LRQ�LQ�*UR�S�&�3�VKLQJ�ZLWK�(OERZ�([WHQVLRQ�LQ�*UR�S���&

0RKDPPHG��VODP��7R�DQDO�]H�WKH�HIIHFW�RI�WU�QN�IRUZDUG�EHQGLQJ�ZLWK�DQG�ZLWKR�W�(OERZ�)OH[LRQ�RQ�
WKH�0�RHOHFWULFDO��FWLYLW��RI�6HUUDW�V��QWHULRU�G�ULQJ�S�VKLQJ�
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)�W��H��H�HD�FK

��� ,Q�WKLV�VW�G���WKHUH�LV�M�VW�LVRPHWULF�S�VKLQJ��
,Q� I�W�UH� VW�GLHV�� WKH� SDUWLFLSDQWV� PD�� EH�
DVNHG� WR� SHUIRUP� WKH� G�QDPLF� S�VKLQJ� VR�
WKDW�WKH�H[DFW�UHFRUGLQJ�RI�WKH�P�VFOH�DFWLYLW��
RI�WKH�P�VFOHV�FDQ�EH�GRQH�

��� 7KH� VLPLODU� VW�G�� FDQ� EH� GRQH� ZLWK� WKH�
VLP�OWDQHR�VO�� UHFRUGLQJ� RI� WKH� P�VFOH�
DFWLYLW��RI�WU�QN�P�VFOHV�VR�WKDW�WKH�HIIHFW�RI�
S�VKLQJ�RQ� WKH�EDFN� FDQ� DOVR� EH�PHDV�UHG�
DORQJ�ZLWK�VKR�OGHU�

��� ,Q� I�W�UH� VW�G��� WKH� I�UWKHU� H[SHULPHQWV�
GHWDLOLQJ� NLQHPDWLFV� RI� WKH� VFDS�OD� VKR�OG�
EH�FRQG�FWHG�

��� 7KH� LPSDFW� RI� S�VKLQJ� WDVNV� RQ� WKH�
ELRPHFKDQLFDO� ORDGLQJ� RI� WKH� ERG�� �QGHU�
G�QDPLF�FRQGLWLRQ�LV�D�F�UUHQW�DUHD�RI�LQWHUHVW�
VWUHVV�WKH�QHHG�IRU�GHWDLOHG�LQYHVWLJDWLRQ�

�HOH�D�FH�WR�&OL�LFDO��W�G�

7KH� UHV�OW� RI� WKH� SUHVHQW� VW�G�� VKRZV� WKDW�
6HUUDW�V� DQWHULRU� P�VFOH� DFWLYLW�� LQFUHDVHV� DV� WKH�
trunk��exion�increases�and�the�elbow�is��exed�while�

�JH +HLJKW

0HDQ���6� 0HDQ���6�

*UR�S�� �������“����� �������“�����

*UR�S�% ����������� �������“�����

*UR�S�& �������“����� �������“�����

7DEOH����'HPRJUDSKLF�'DWD

7DEOH����3DLUHG�W�WHVW�ZLWKLQ�WKH�JUR�S��

7DEOH����3DLUHG�W�WHVW�ZLWKLQ�JUR�S�%

7DEOH����3DLUHG�W�WHVW�ZLWKLQ�JUR�S��&

7DEOH�����QRYD�EHWZHHQ�JUR�SV

7DEOH����0�OWLSOH�FRPSDULVRQ�EHWZHHQ�WKH�JUR�SV

W��9DOXH S�YDOXH

6HUUDW�V�
DQWHULRU

()�96�(( ����� �����

7UDSH]L�V ()�96�(( ����� �����

W��9DOXH S�YDOXH

6HUUDW�V�
DQWHULRU

()�96�(( ����� ������

7UDSH]L�V ()�96�(( ����� ������

W��9DOXH S�YDOXH

6HUUDW�V�
DQWHULRU

()�96�(( ����� �����

7UDSH]L�V ()�96�(( ����� �����

)�9DOXH S�YDOXH

6HUUDW�V�
DQWHULRU

(OERZ�IOH[LRQ ������ ������

(OERZ�H[WHQVLRQ ������ ������

7UDSH]L�V (OERZ�IOH[LRQ ����� �����

(OERZ�H[WHQVLRQ ����� �����

0HDQ�
GLIIHUHQFH���
6WDQGDUG�HUURU

S�YDOXH

6��() *5���96�*5�% ������“������ �����

*5�%�96�*5�& �������“������ ������

*5�&�96�*5�� �������“������ ������

6��(( *5���96�*5�% ������“������ �����

*5�%�96�*5�& �������“������ ������

*5�&�96�*5�� �������“������ ������

73�() *5���96�*5�% �����“������ �����

*5�%�96�*5�& ������“������ �����

*5�&�96�*5�� ������“������ �����

ΤΡ.ΕΕ *5���96�*5�% �����“������ �����

*5�%�96�*5�& ������“������ �����

*5�&�96�*5�� ������“������ �����

)LJ�����5HODWLRQVKLS�EHWZHHQ�(0*�RI�6��DQG�73�0�VFOHV�
EHWZHHQ�WKH�WKUHH�JUR�SV�

)LJ�����5HODWLRQVKLS�EHWZHHQ�(0*�RI�6��DQG�73�0�VFOHV��
ZLWKLQ�WKH�JUR�SV

0RKDPPHG��VODP��7R�DQDO�]H�WKH�HIIHFW�RI�WU�QN�IRUZDUG�EHQGLQJ�ZLWK�DQG�ZLWKR�W�(OERZ�)OH[LRQ�RQ�
WKH�0�RHOHFWULFDO��FWLYLW��RI�6HUUDW�V��QWHULRU�G�ULQJ�S�VKLQJ�
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S�VKLQJ�� 7KLV� ZLOO� VWUHVV� WKH� VKR�OGHU� MRLQW� DQG�
OHDGV�WR�WKH�P�VF�ORVNHOHWDO�GLVRUGHU�RI�VKR�OGHU�

��� 7KH� GDWD� JDWKHUHG� �VLQJ� (0*� PD�� HDVLO��
EH� �VHG� WR� HVWDEOLVK� WKH� ULVN� HYDO�DWLRQ�
J�LGHOLQHV� WR� PLQLPL]H� WKH� ULVN� RI�
P�VF�ORVNHOHWDO�GLVRUGHUV�RI�VKR�OGHU�

��� 7KH� GDWD� FROOHFWHG� VKR�OG� EH� �VHG� DV�
D� SURDFWLYH� WRRO� LQ� DVVHVVLQJ� PD[LPDO�
LVRPHWULF� S�VKLQJ� YDO�HV� DQG� HVWDEOLVKLQJ�
RSWLPDO� ZRUNLQJ� SRVW�UH� UHT�LUHPHQWV� IRU�
ZRUNHUV� LQ� WKH� ZRUNSODFH�� 7K�V�� WKLV� KDYH�
SUDFWLFDO� UHOHYDQFH� LQ� WKH�ZRUNSODFH�� LQ� WKH�
ZD�� WKDW�� WKH� LQG�VWU�� ZRUNHUV� VKR�OG� EH�
HQFR�UDJHG� WR� S�VK� WKH� WUROOH�V� RU� FDUWV� LQ�
upright�posture�with�elbow��exed� in�order�
WR� UHG�FH� WKH� SRWHQWLDO� KD]DUGV� DVVRFLDWHG�
ZLWK�P�VF�ORVNHOHWDO�GLVRUGHUV�RI�VKR�OGHU�

/LPLWDWLR��RI�WKH��W�G�

��� ,Q� WKLV� VW�G��� OHVV�Q�PEHU�RI� V�EMHFWV�ZHUH�
WDNHQ�

��� 6HFRQG� OLPLWDWLRQ�RI� WKH� SUHVHQW� VW�G��ZDV�
the�maintenance�of� the� trunk��exion�angle,�
ZKLFK�PLJKW�JHW�FKDQJH�G�ULQJ�WKH�S�VKLQJ��

��� 7KLUG� OLPLWDWLRQ� ZDV� WKH� DSSOLFDWLRQ� RI�
WKH� PD[LP�P� YRO�QWDU�� FRQWUDFWLRQ�� 1R�
PHWKRG�KDV�EHHQ��VHG�LQ�WKH�VW�G��WR�FKHFN�
R�W�ZKHWKHU�WKH�V�EMHFW�LV�H[HUWLQJ�PD[LPDO�
YRO�QWDU��FRQWUDFWLRQ�RU�QRW�

&21&/86,21

)URP� WKH� DERYH� VW�G��� LW� ZDV� FRQFO�GHG� WKDW�
S�VKLQJ� DFWLYLW�� SHUIRUPHG�� ZKHQ� WKH� WU�QN� LV�
IRUZDUG� EHQG� DQG� HOERZ� LV� H[WHQGHG�� SURG�FH�
LQFUHDVHG�P�RHOHFWULFDO�DFWLYLW��RI�6HUUDW�V�DQWHULRU�

�R��FH�RI�)��GL����6HOI�

(WKLFDO� &OH�H�FH�� It� is� aboni�ed�work� done� by�
PH� DQG� ,� KDYH� QRW� WDNHQ� DQ�� SDUW� RI� WKHVLV� IURP�
DQ�ZKHUH�

5()(5(1&(6

��� 0�-�0�+RR]HPDQ�HW�DO��/RZ�EDFN�DQG�VKR�OGHU�
FRPSODLQWV� DPRQJ�ZRUNHUV�ZLWK�S�VKLQJ�DQG�
S�OOLQJ� WDVNV�� 6FDQG� -� :RUN� (QYLURQ� +HDOWK�
�������������������
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��� 9DQ�GHU�:LQGW�HW�DO����2FF�SDWLRQDO�ULVN�IDFWRUV�
IRU�VKR�OGHU�SDLQ��D�V�VWHPDWLF�UHYLHZ��2FF�S�
(QYLURQ�0HG�������-�O������������������

��� 0�-�0�+RR]HPHQQ� HW�DO�� 3�VKLQJ� DQG� S�OOLQJ�
LQ� DVVRFLDWLRQ� ZLWK� ORZ� EDFN� DQG� VKR�OGHU�
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IDFWRUV�� ,QWHUQDWLRQDO� -R�UQDO� RI� 2FF�SDWLRQDO�
6DIHW�� DQG� (UJRQRPLFV� �-26(�� 9RO�PH� ����
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��� +RR]HPDQV�0-0�HW��DO��3�VKLQJ�DQG�S�OOLQJ�LQ�
UHODWLRQ�WR�P�VF�ORVNHOHWDO�GLVRUGHUV��D�UHYLHZ�
RI�ULVN�IDFWRUV��(UJRQRPLFV����������������
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