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Abstract
BV^c^OW^\^QdZMcW^]�͈ B3?͉�cVRaM_h�Wb�M]�W]PaRMbW]UZh�_^_dZMa�\^QMZWch�S^a�MRbcVRcWP�bYW]�aRXdeR]McW^]͙�B3?�W]QdPRb�UR]^\WP͜�
_a^cR^\WP͜�M]Q�\RcMO^Z^\WP�_a^PRbbRb�fWcVW]�cMaURc�PRZZb͜�Odc�bdPV�\M]W_dZMcW^]�^S�PRZZ�ORVMeW^a�VMb�ZRQ�c^�P^]PRa]b�MO^dc�
^]P^Z^UWP�bMSRch͙�FVWb�MacWPZR�_aRbR]cb�M�bd\\Mah�^S�cVR�PZW]WPMZ�M]Q�_aRPZW]WPMZ�ReWQR]PR�S^a�cVR�^]P^Z^UWP�bMSRch�^S�B3?�S^a�
MRbcVRcWP�bYW]�aRXdeR]McW^]͙�2�S^PdbRQ�bhbcR\McWP�aReWRf�fMb�_RaS^a\RQ͜�W]�fVWPV�bMSRch�QMcM�Sa^\�PZW]WPMZ�caWMZb�^S�B3?�S^a�
bYW]�aRXdeR]McW^]�fMb�bd__ZR\R]cRQ�Oh�M]MZhbRb�^S�W]�eWca^�QMcM�^OcMW]RQ�Sa^\�PRZZb�QRaWeRQ�Sa^\�Vd\M]�bYW]�M]Q�Vd\M]�
]R^_ZMbcWP�PRZZb�M]Q�W]�eWe^�QMcM�^S�cd\^ab�^S�cVR�bYW]͜�^aMZ�PMeWch͜�M]Q�OaRMbc͙�IWcVW]�RbcMOZWbVRQ�_MaM\RcRab͜�aRQ�M]Q�]RMa�
W]SaMaRQ�ZWUVc�\MW]Zh�R]VM]PRb�_a^ZWSRaMcW^]�^S�VRMZcVh�PRZZb�fWcV^dc�M�PZRMa�_MccRa]�^S�W]ůdR]PR�̂ ]�PRZZ�eWMOWZWch͙�FVR�bM\R�ZWUVc�
_MaM\RcRab�\MW]Zh�aRQdPR�]R^_ZMbcWP�PRZZ�_a^ZWSRaMcW^]�M]Q�eWMOWZWch�^a�RZbR�\MYR�]^�QWSSRaR]PR͙�;]eMbWeR]Rbb�_^cR]cWMZ�͈M_͹
_aMWbRQ�Oh�PRZZ�\WUaMcW^]�MbbMhb�M]QΧ^a�QWSSRaR]cWMZ�UR]R�Rg_aRbbW^]͉�Wb�R`dWe^PMZ͙�B3?�Q^Rb�]^c�W]QdPR�Qhb_ZMbcWP�PVM]UR�
W]�VRMZcVh�PRZZb͙�;]�eWe^�cd\^a�\^QRZb�hWRZQ�eMaWRQ�aRbdZcb�fWcV�]^�PZRMa�_MccRa]�R\RaUW]U͙�FVRaR�MaR�]^�aRZReM]c�PZW]WPMZ�caWMZ�
QMcM�ZW]YW]U�B3?�fWcV�M]h�bWU]WŬPM]c�MQeRabR�ReR]cb͜�W]PZdQW]U�cVR�Ŭ]QW]U�^S�M�]Rf�^a�aRPdaaR]c�\MZWU]M]Ph͙
4daaR]c�PZW]WPMZ�M]Q�_aRPZW]WPMZ�ReWQR]PR�bdUURbcb�cVMc�B3?�Wb�^]P^Z^UWPMZZh�bMSR�S^a�bYW]�aRXdeR]McW^]͜�M]Q�cVRaR�Wb�]^�Re͹

WQR]PR�c^�bd__^ac�cVR�_a^_^bWcW^]�cVMc�Wc�bV^dZQ�OR�Me^WQRQ�Oh�_McWR]cb�fV^�VMeR�_aReW^dbZh�d]QRaU^]R�caRMc\R]c�S^a�PM]PRa͙

Level of Evidence: 4 

6QWc^aWMZ�5RPWbW^]�QMcR͛�<M]dMah�	�͜�	�	
͝�^]ZW]R�_dOZWbV͹MVRMQ͹^S͹_aW]c�7ROadMah��͜�	�	
͙

BV^c^OW^\^QdZMcW^]� ͈B3?͉͜� bh]^]h\^db� fWcV� Z^f͹ZReRZ�
ZWUVc�͈ ZMbRa͉�cVRaM_h�͈ >>>F͉�VMb�UMW]RQ�caMPcW^]�Mb�M�]^]W]eM͹
bWeR� cVRaM_h� S^a�bYW]� aRXdeR]McW^]͜� W]PZdQW]U� caRMc\R]c�^S�
SMPWMZ�aVhcWQb͜�QhbPVa^\WMb͜�M]Q�MP]R�edZUMaWb͝�f^d]Q�VRMZ͹
W]U� W]PZdQW]U� bPMa�\M]MUR\R]c͝� O^Qh� P^]c^daW]U� ͈RWcVRa�
MZ^]R�^a�Mb�M�\RM]b�^S�R]VM]PW]U�cVR�aR\^eMZ�^S�SMc�QdaW]U�
ZW_^bPdZ_cdaR͉͝�M]Q�M]Qa^UR]WP�MZ^_RPWM͙� FVR� cVRaM_RdcWP�
_^cR]cWMZ�̂ S�B3?�Wb�ORP^\W]U�UR]RaMZZh�MPPR_cRQ�Mb�PZW]WPMZ�
caWMZ� QMcM� P^]cW]dRb� c^� _a^eWQR� ReWQR]PR� ^S� RSŬPMPh� M]Q�
bMSRch͙� :^fReRa͜� P^]ca^eRabWRb� aR\MW]͙	͹� A]R� ^S� cVR�
\^bc�_RacW]R]c�QWbPdbbW^]�_^W]cb�Wb�cVR�WbbdR�^S�^]P^Z^UWP�
bMSRch͜�fWcV�cVR^aRcWPMZ�P^]PRa]b�Rg_aRbbRQ�^]�MPP^d]c�^S�

cVR�d_aRUdZMcW^]�^S�PRZZdZMa�\RcMO^ZWP�MPcWeWch�^]�Rg_^bdaR�
c^�aRQ�M]Q�]RMa�W]SaMaRQ�ZMbRa�ZWUVc͙�͹�
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FVR�aRMb^]�S^a�cMYW]U�cVWb�̀ dRbcW^]�bRaW^dbZh�ZWRb�W]�cVR�P^\͹
_ZRg�_VhbW^Z^UWPMZ�aRb_^]bRb�c^�Z^f͹ZReRZ�ZMbRa�ZWUVc͙�DRQ�M]Q�
]RMa�W]SaMaRQ�ZWUVc�R]RaUh�Wb�MOb^aORQ�Oh�W]caM\Wc^PV^]QaWMZ�
PVa^\^_V^aRb� W]PZdQW]U� Phc^PVa^\R� P� ^gWQMbR� ͈4PA͉� M]Q�
_RaVM_b�^]R�^a�\^aR�ůMe^R]jh\Rb͙�FVR�MOb^a_cW^]�^S�ZWUVc�
Oh�4PA�͈M]�W\_^acM]c�R]jh\R�W]�cVR�RZRPca^]�caM]b_^ac�PVMW]͉�
SMPWZWcMcRb� RZRPca^]� caM]b_^ac� M]Q� QaWeRb� MQR]^bW]R� caW_V^b͹
_VMcR�͈ 2FB͉�bh]cVRbWb͙�2FB͜�W]�cda]͜�QaWeRb�PRZZ�\RcMO^Z^\WPb͙�

?^aR^eRa͜�W]�M�Z^PMZWjRQ�R]eWa^]\R]c�^S�^gWQMcWeR�bcaRbb͜�aRQ�
M]Q�]RMa�W]SaMaRQ�ZWUVc�QWbb^PWMcRb�]WcaWP�^gWQR�͈@A͉͜�P^\_RcW͹
cWeRZh�O^d]Q�c^�4PA�Mc�cVR�Rg_R]bR�̂ S�̂ ghUR]͜�aRbc^aW]U�Sd]P͹
cW^]MZWch�c^�cVR�RZRPca^]�caM]b_^ac�PVMW]�M]Q�aRZRMbW]U�@A�c^�
W]QdPR�Z^PMZWjRQ�eMb^QWZMcW^]͜�cVRaROh�W\_a^eW]U�Z^PMZWjRQ�̂ g͹
hUR]�QRZWeRah�M]Q�cVR�\WUaMcW^]�^S�PRZZb�^S�W]]McR�W\\d]Wch͙�
EW\dZcM]R^dbZh� cVR� MOb^a_cW^]� ^S� ZWUVc� Oh� ůMe^R]jh\Rb�
bdPV�Mb�ůMeW]�QRVhQa^UR]MbR�MZcRab�cVR�aRQdPcW^]Χ^gWQMcW^]�
͈aRQ^g͉�bcMcR�^S�cVR�W]caMPRZZdZMa�\WPa^R]eWa^]\R]c͙�@^c�^]Zh�
Q^Rb�cVR�OMZM]PR�^S�aRMPcWeR�^ghUR]�b_RPWRb�W]ůdR]PR�\Wc^͹
PV^]QaWMZ�2FB�_a^QdPcW^]�Mb�QRcMWZRQ�MO^eR͜�Wc�MZcRab�cVR�caM]͹
bPaW_c^\R� c^� SMe^a� cVR� Rg_aRbbW^]� ^S� UR]Rb� W\_ZWPMcRQ� W]�
aRUR]RaMcW^]�M]Q�aR_MWa�M]Q͜�cVRaROh͜�cVR�aRPadWc\R]c�̂ S�PRZZb�
^S�W]]McR�M]Q�MQM_cWeR�W\\d]Wch�W\_ZWPMcRQ�W]�cVR�P^^aQW]McW^]�
^S�cWbbdR�aR_MWa͙��͹�
 2�\^aR�QRcMWZRQ�QRbPaW_cW^]�^S�cVR�a^ZR�^S�
B3?�^]�PRZZ�bWU]MZW]U͜�W\\d]R�\^QdZMcW^]͜�M]Q�aRUdZMcW^]�^S�
\WPa^PWaPdZMcW^]�Wb�_a^eWQRQ�RZbRfVRaR͙��͜��

;]�M�bR]bR�fR�VMeR�]^f�P^\R�SdZZ�PWaPZR͜�ORPMdbR�cVR�Ŭabc�
Rg_RaW\R]cb�fWcV�Z^f͹R]RaUh�aRQ�ZMbRa�ZWUVc�fRaR�MPcdMZZh�
_RaS^a\RQ�S^a�cVR�_da_^bR�^S�RbcMOZWbVW]U�^]P^Z^UWP�bMSRch�
^eRa����hRMab�U^͝�Rg_RaW\R]cb�cVMc�hWRZQRQ�W]PWQR]cMZ�ReW͹
QR]PR�^S�MPPRZRaMcRQ�VMWa�aRUa^fcV�M]Q�R]VM]PRQ�f^d]Q�
VRMZW]U�Odc͜�Wc�bV^dZQ�OR�]^cRQ͜�]^�ReWQR]PR�^S�]R^_ZMbcWP�
PVM]UR͙�
͜�� IWcV�M�ZMaUR�O^Qh�^S�PZW]WPMZ�M]Q�Rg_RaW\R]cMZ�
ReWQR]PR�]^f�ORVW]Q�db�M]Q�cVR�_^_dZMaWch�^S�B3?�O^^\͹
W]U͜�Wc�Wb�cW\R�c^�aRRgM\W]R�cVR�ReWQR]PR�c^�RbcMOZWbV�fVRcV͹
Ra�cVWb�cVRaM_h�Wb�bMSR�S^a�^da�MRbcVRcWP�_McWR]cb͜�W]PZdQW]U�
cV^bR�fV^�VMeR�_aReW^dbZh�d]QRaU^]R�caRMc\R]c�S^a�PM]͹
PRa�^a�cV^bR�fWcV�M]�d]QWMU]^bRQ�Qhb_ZMbWM�^a�]R^_ZMbWM͜�
M]Q�c^�R]MOZR�db�c^�MQQaRbb�cVR�`dRaWRb�M]Q�P^]PRa]b�^S�
^da�fRZZ͹W]S^a\RQ�M]Q�PdaW^db�_McWR]cb͙

METHODS

Search Strategy
2�ZWcRaMcdaR�aReWRf�fMb�P^]QdPcRQ�c^�WQR]cWSh�MacWPZRb�_Ra͹
cMW]W]U� c^� cVR� ^]P^Z^UWP� bMSRch� ^S� B3?�fVR]� dcWZWjRQ� S^a�
MRbcVRcWP� bYW]� aRXdeR]McW^]͜� W]PZdQW]U� bPMa� \M]MUR\R]c͙�
FVR� bcdQh� fMb� _RaS^a\RQ� Oh� 88� M]Q� aR_RMcRQ� Oh� 2:�
M]Q� <3� ͈bRR� MPY]^fZRQU\R]cb͉͙� FVdb͜� 
� W]QR_R]QR]c�
bRMaPVRb� fRaR� _RaS^a\RQ͙� 5WbPaR_M]PWRb� fRaR� VM]QZRQ�
Oh�cVR�b^ZR�MdcV^a�͈88͉͜�fV^�\MQR�cVR�Ŭ]MZ�QRPWbW^]b�^]�
b^daPR�W]PZdbW^]͙�FVR�bRMaPV�fMb�P^]QdPcRQ�fWcV�8^^UZR�
EPV^ZMa�͈�����c^�?Mh�	�		͝�8^^UZR͜�?^d]cMW]�HWRf͜�42͉͝�

BdO?RQ� ͈����� c^� APc^ORa� 	�		͝� GE� @McW^]MZ� >WOaMah� ^S�
?RQWPW]R͜�3RcVRbQM͜�?5͉͝�AH;5�?RQZW]R�͈<M]dMah������c^�
APc^ORa�	�		͝�I^ZcRab�=ZdfRa͜�2Z_VR]�eM]�QR]�DWX]͜� cVR�
@RcVRaZM]Qb͉͝�M]Q�cVR�4^PVaM]R�QMcMOMbR�̂ S�bhbcR\McWP�aR͹
eWRfb�M]Q�cVR�4^PVaM]R�P^]ca^ZZRQ�caWMZb�aRUWbcRa�͈ bRMaPVRQ�
<dZh���͜�	�		͝�IWZRh͜�:^O^YR]͜�@<͉͙�2�	�͹hRMa�aM]UR�fMb�
PV^bR]� ORPMdbR� Wc� fMb� SRZc� cVMc� cVWb� ORbc� R]PM_bdZMcRQ�
cVR�P^]cR\_^aMah�ZWcRaMcdaR�^]�cVR�bdOXRPc͙�3^cV�_aRPZW]WPMZ�
͈Rg_RaW\R]cMZ͉�W]�eWca^�M]Q�W]�eWe^�bcdQWRb�M]Q�PZW]WPMZ�caWMZb�
fRaR�W]PZdQRQ͙�FVR�bRMaPV�fMb�_RaS^a\RQ�W]�MPP^aQM]PR�
fWcV� BaRSRaaRQ� DR_^acW]U� ;cR\b� S^a� EhbcR\McWP� DReWRfb�
M]Q�?RcM͹2]MZhbRb�͈ BD;E?2͉͙�� FVR�bRMaPV�bcaMcRUh�Wb�bd\͹
\MaWjRQ�W]�Ed__ZR\R]cMZ�FMOZR�� M]Q�cVR�BD;E?2�PVRPYZWbc�
Wb�_a^eWQRQ�W]�Ed__ZR\R]cMZ�FMOZR�	͙

Inclusion Criteria
2ZZ�ReWQR]PR�fMb�b^dUVc� S^a�cVR�^]P^Z^UWP�bMSRch�^S�B3?�
fVR]�dcWZWjRQ�S^a�bYW]�aRXdeR]McW^]͙�;]�eWca^�bcdQWRb�fRaR�W]͹
PZdQRQ�WS�cVRh�R\_Z^hRQ�Vd\M]�_aW\Mah�PRZZb͜�bcR\�PRZZb͜�̂ a�
cd\^a�PRZZ�ZW]Rb�QRaWeRQ�Sa^\�bYW]͜�OaRMbc͜�SMc͜�bMZWeMah�̂ a�̂ aMZ�
\dP^bM͜�R]Q^cVRZWd\͜�̂ a�VMWa�S^ZZWPZRb͙�FVRbR�W]PZdQRQ�\Rb͹
R]PVh\MZ�bcR\�PRZZb͜�MQW_^PhcRb͜�ŬOa^OZMbcb͜�YRaMcW]^PhcRb͜�
\RZM]^PhcRb͜� >M]URaVM]b� PRZZb͜� R]Q^cVRZWMZ� PRZZb͜� QdPcMZ�
R_WcVRZWMZ�PRZZb͜�M]Q�Z^OdZMa�R_WcVRZWMZ�PRZZb�M]Q�cVR�Mbb^PWMc͹
RQ�_aRPdab^a�PRZZb͙
IWcV�W]�eWe^�bcdQWRb͜�W]eRbcWUMc^ab�MQQaRbb�cVR�bV^acP^\͹

W]Ub�^S� W]� eWca^� bcdQh�QRbWU]�Oh�RgM\W]W]U� cd\^a� PRZZ� aR͹
b_^]bR� W]� cVR� P^]cRgc� ^S� cWbbdR� MaPVWcRPcdaR� M]Q� V^bc�
W\\d]R� aRb_^]bR͙� 3h� cVRWa� ]McdaR͜� \^bc� W]� eWe^� bcdQWRb�
dbR�M]W\MZ�\^QRZb�M]Q�PRZZ�ZW]Rb͙�:^fReRa͜�fVR]�cVR�PRZZ�
ZW]R�M]Q�W]�eWe^�\^QRZ�MSS^aQRQ�cVR�^__^acd]Wch�^S�M�QWaRPc�
P^\_MaWb^]�fWcV�M�]R^_ZMbcWP�_a^PRbb�^S�PZW]WPMZ�aRZReM]PR�
c^� cVR� dbR� ^S� B3?͜� cVR� W]PZdbW^]� ^S� bdPV� bcdQWRb� fMb�
cV^dUVc�c^�OR�aRZReM]c͙�;]�eWe^�bcdQWRb�^S�aRZReM]PR�c^�^da�
W]eRbcWUMcW^]�W]PZdQRQ�^aMZ�b`dM\^db�PRZZ�PMaPW]^\M�͈M]Q�
^cVRa�cd\^ab�^S�cVR�VRMQ�M]Q�]RPY͉͝�\RZM]^\M͝�M]Q�OaRMbc�
͈MQR]^͉PMaPW]^\M͙�FVR�SMPc�cVMc�cVWb�fMb�cVR�^]Zh�bRPcW^]�
P^]cMW]W]U� M]W\MZ� QMcM�\RM]c� cVMc� Wc� P^dZQ�OR� ReMZdMcRQ�
^]�Wcb�^f]�\RaWcb�fWcV^dc�PZ^dQW]U�cVR�^eRaMZZ�_WPcdaR͙
4ZW]WPMZ�caWMZb�fRaR�W]PZdQRQ�WS�cVR�QMcM�cVRh�P^]cMW]RQ�aR͹

ZMcRQ�c^�cVR�̂ ]P^Z^UWP�bMSRch�̂ S�B3?�̂ a�P^dZQ�OR�RgcaM_^ZMc͹
RQ� c^� QaMf� W]SRaR]PRb� MO^dc� ^]P^Z^UWP� bMSRch� fVR]�
R\_Z^hRQ� S^a� bYW]� aRXdeR]McW^]͙� A]Zh� B3?� M__ZWRQ� fWcV�
ZWUVc�^S�fMeRZR]UcVb�Mc�cVR�aRQ�͈
	�͹����]\͉�M]Q�W]SaMaRQ�
͈���͹�����]\͉�R]Q�̂ S�cVR�b_RPcad\�fRaR�W]PZdQRQ͜�ORPMdbR�
cVWb�aR_aRbR]cRQ�cVR�b_RPcad\�^S� ZWUVc�dcWZWjRQ�W]�B3?�S^a�
bYW]�aRXdeR]McW^]�P^\\RaPWMZZh͙

Exclusion Criteria
;]� eWca^� bcdQWRb� dcWZWjW]U� ]^]Vd\M]� PRZZb� M]Q� ]^]Vd\M]�
͈eRcRaW]MaWM]͉�PZW]WPMZ�caWMZb�fRaR�RgPZdQRQ͙�EW\WZMaZh͜�W]�eWca^�
M]Q�W]�eWe^�bcdQWRb�dbW]U�_aW\Mah�PRZZb�^a�cd\^a�PRZZ� ZW]Rb�
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fWcV�]^�QWaRPc�^a� W]QWaRPc� P^aaRZMcW^]� c^� bYW]� aRXdeR]McW^]�
͈RU͜�QWMORcWP�ŬOa^OZMbcb�M]Q�YRaMcW]^PhcRb͜�O^]R�\Maa^fͼ�
QRaWeRQ�bcR\�PRZZb͜�R]Q^cVRZWMZ�PRZZb͉�M]Q�]^]aRZReM]c�PZW]͹
WPMZ�bcdQWRb�͈RU͜�B3?�S^a�aMQWMcW^]�\dP^bWcWb͉�fRaR�RgPZdQ͹
RQ͙� EcdQWRb� cVMc� QWQ� P^aaRZMcR�fWcV� bYW]� aRXdeR]McW^]� Odc�
aR_^acRQ�^]Zh�^]�cVR�RSŬPMPh�^S�B3?�M]Q�]^c�^]�^]P^Z^UWP�
bMSRch�fRaR�MZb^�RgPZdQRQ�ORPMdbR�cVRh�VMeR�ORR]�P^]bWQ͹
RaRQ�RZbRfVRaR͙� A]Zh�Rg_RaW\R]cMZ�QMcM�fRaR�P^]bWQRaRQ͝�
cVRaRS^aR� aReWRfb� fRaR� RgPZdQRQ� Sa^\� cVR� M]MZhbRb͙�
FVRa\MZ�ZWUVc�Rg_^bdaRb͜�W]PZdQW]U�VWUV͹R]RaUh�ZMbRa͜�W]cRa͹
\WccR]c�_dZbRQ�ZWUVc͜�M]Q�_V^c^Qh]M\WP�cVRaM_h͜�Mb�fRZZ�Mb�
B3?�fWcV�ZWUVc�^S�fMeRZR]UcVb�^cVRa�cVM]�cV^bR�W]�cVR�aRQΧ�
]RMa�W]SaMaRQ�R]Q�̂ S�cVR�b_RPcad\�fRaR�MZb^�RgPZdQRQ͙�>^f�
`dMZWch�PZW]WPMZ�caWMZb͜�ZRccRab͜�^a�bV^ac�aR_^acb�cVMc�aRZWRQ�Rg͹
PZdbWeRZh�^]�bdOXRPcWeR�QMcM�fRaR�]^c�P^]bWQRaRQ͙

Data Extraction
;]� MPP^aQM]PR�fWcV� cVR� aRP^\\R]QMcW^]b� ^S� <R]YW]b� M]Q�
4Maa^ZZ�͈	���͉�^]�cVR�\W]W\d\�aR_^acW]U�bcM]QMaQb�S^a�B3?͜�
cVR�S^ZZ^fW]U�WaaMQWMcW^]�_MaM\RcRab�fRaR�]^cRQ�fVR]�MeMWZ͹
MOZR͛�b^daPR�^S�ZWUVc͜�fMeRZR]UcV͜�_^fRa͜�ORM\�MaRM͜�QdaM͹
cW^]� ^S� Rg_^bdaR� ͈cVRaRS^aR͜� Oh� PMZPdZMcW^]͜� ůdR]PR͉͜� M]Q�
P^]cW]d^db�^a� _dZbRQ�fMeR͜� Mb�fRZZ� Mb� cVR� PVMaMPcRaWbcWPb�
^S�cVR�bcdQh�W]PZdQW]U�_MacWPW_M]cb͜�cVRaM_RdcWP�_a^c^P^Z͜�^O͹
XRPcWeR�^dcP^\R�\RMbdaRb͜�M]Q�Ŭ]QW]Ub͙�� FVR�]McdaR�^S�cVR�
PZW]WPMZ�bMSRch�QMcM�^a�cVR�Rg_RaW\R]cMZ�QMcM�^]�fVWPV�bMSRch�
P^]PZdbW^]b�P^dZQ�OR�QaMf]�fMb�]^cRQ͙

Data Analysis
7^ZZ^fW]U� RgcaMPcW^]� ^S� cVR� aMf� QMcM͜� M]MZhbWb� aReRMZRQ� M�
ZMaUR�]d\ORa�^S�eMaWMOZRb�fWcV�aRb_RPc�c^�O^cV�ZWUVc�M]Q�Rg͹
_RaW\R]cMZ�\^QRZ͙�FVRbR�W]PZdQRQ�ZWUVc�b^daPR͜�fMeRZR]UcV͜�
_^fRa͜�ůdR]PR�͈R]RaUh�_Ra�d]Wc�MaRM͉͜�M]Q�Rg_^bdaR�_a^c^͹
P^Z͝�M]Q�\^QRZ�PRZZ�ch_R�M]Q�b^daPR͜�b_RPWRb͜�PdZcdaR�P^]QW͹
cW^]b� W]PZdQW]U� cVR� _aRbR]PR� ^S� MQQWcW^]MZ� Rg_RaW\R]cMZ�
eMaWMOZRb͜�Rg_RaW\R]cMZ�_a^c^P^Z͜�M]Q�\RcV^Qb�^S�ReMZdMcW^]�
^S�RSSRPc͙
7^a� cVWb� aRMb^]͜� Wc�fMb� SRZc� cVMc� M]� MccR\_c� c^� _RaS^a\�

`dM]cWcMcWeR�M]MZhbWb�f^dZQ�MPVWReR�ZWccZR�W]�cRa\b�^S�PZMaWch͙�
2ZcV^dUV� bhbcR\McWP� aReWRf�\RcV^Q^Z^Uh�fMb�^ObRaeRQ͜�
bh]cVRbWb�^S�cVR�ReWQR]PR�c^^Y�cVR�S^a\�^S�M�]MaaMcWeR�aR͹
eWRf͙�FVR�]MaaMcWeR�bh]cVRbWb�fMb�P^]bcadPcRQ�fWcV�M�b_R͹
PWŬP� S^Pdb� ^]� cVR� ]RRQ� ^S� cVR� MRbcVRcWP� _aMPcWcW^]Ra� c^�
d]QRabcM]Q�cVR�ReWQR]PR�S^a�cVR�^]P^Z^UWP�bMSRch�^S�B3?�
W]�PZW]WPMZ�_aMPcWPR͙

RESULTS

2�c^cMZ�^S����_M_Rab�fRaR�W]PZdQRQ�S^a�M]MZhbWb͜�P^\_aWbW]U����
W]�eWca^�bcdQWRb͜���W]�eWe^�bcdQWRb͜�M]Q���PZW]WPMZ�caWMZb͙	�͹�� EcdQh�
bRZRPcW^]�Wb�bV^f]�W]�7WUdaR��͙

In Vitro Studies
The Influence of PBM on Normal Human Cell 
Behavior in Culture
FVR�SRMcdaRb�^S�]^a\MZ�Vd\M]�PRZZ�ORVMeW^a�W]�PdZcdaR�cVMc�
\WUVc�OR�MZcRaRQ�Oh�B3?� W]PZdQR�_a^ZWSRaMcW^]͜�\WUaMcW^]͜�
QWSSRaR]cWMcW^]͜� M]Q�eWMOWZWch͙� FVR�_aRbR]c� aRbRMaPV� WQR]cW͹
ŬRQ����aRZReM]c�W]�eWca^�bcdQWRb�W]�cVR�ZMbc�	��hRMab�cVMc�dcW͹
ZWjRQ� _aW\Mah� Vd\M]� PRZZb� ^a� PRZZ� ZW]Rb� ^S� W]cRaRbc� W]� cVR�
P^]cRgc�^S�bYW]�aRXdeR]McW^]͝�W]�fVWPV�B3?�fMb�W]eRbcWUMc͹
RQ�Oh�Rg_^bW]U�cVR�PRZZb�W]�PdZcdaR�c^�\^]^PVa^\McWP�ZWUVc�
fWcV�^a�fWcV^dc�^cVRa�MZcRaMcW^]b� W]� cVR�PdZcdaR�_a^c^P^Zb͝�
M]Q�fVWPV�RgM\W]RQ�^]R�^a�\^aR�^S� cVRbR���PRZZdZMa� aR͹
b_^]bRb͙� FVR� W\_^acM]c� ZWUVc� eMaWMOZRb� W]PZdQRQ� ZWUVc�
b^daPR͜� fMeRZR]UcV͜� c^cMZ� R]RaUh� QR]bWch� _Ra� Rg_^bdaR͜�
M]Q� ]d\ORa� ^S� Rg_^bdaRb͙� FVR� PRZZb� dcWZWjRQ� fRaR� \^bc�
P^\\^]Zh�ŬOa^OZMbcb�M]Q�YRaMcW]^PhcRb͙�FVR�PdZcdaR�P^]QW͹
cW^]b�b^\RcW\Rb�W]PZdQRQ�cVR�MQQWcW^]�^S�_VMa\MP^Z^UWP�^a�
_VhbW^Z^UWP�MUR]cb�c^�cVR�PdZcdaR�\RQWd\�c^�_Ra\Wc�RgM\W͹
]McW^]�^S�cVR�W]ůdR]PR�^S�B3?�W]�cVR�_aRbR]PR�^S�M]^cVRa�
eMaWMOZR͙
EReR]cRR]�^S����bcdQWRb�R\_Z^hRQ�ZMbRa�ZWUVc͜�M]Q�M�bW]͹

UZR�bcdQh�dcWZWjRQ�>65�ZWUVc͙�IMeRZR]UcVb�^S�����c^�����]\�
fRaR�RgM\W]RQ͜�MZcV^dUV�\^bc�bcdQWRb�dbRQ�ZMbRa�ZWUVc�Mc�
ORcfRR]�

��M]Q�

��]\͙� ;]� �
�^S� ��� bcdQWRb�R]VM]PRQ�

7WUdaR��͙� EcdQh�bRZRPcW^]͙
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PRZZ�_a^ZWSRaMcW^]�d]QRa�Mc�ZRMbc�̂ ]R�B3?�_MaM\RcRa�fMb�̂ O͹
bRaeRQ͙�;]�cVR�
�bcdQWRb�W]�fVWPV�QW\W]WbVRQ�PRZZ�_a^ZWSRaM͹
cW^]� W]�Mc� ZRMbc�^]R�B3?�_MaM\RcRa�fMb�^ObRaeRQ͜� ��fMb�
cVR�bcdQh�R\_Z^hW]U�>65�ZWUVc�Mc�����M]Q��
��]\�͈fMeR͹
ZR]UcVb� MO^eR� �
��]\� M__RMaRQ� c^� RgRac� ]^� RSSRPc� ^]�
PRZZ� _a^ZWSRaMcW^]͉͜� �� dcWZWjRQ� W]SaMaRQ� ZMbRa� ZWUVc� ͈����]\͉͜�
M]Q� W]� cVR� cVWaQ�QW\W]WbVRQ�PRZZ� _a^ZWSRaMcW^]�fWcV� M�VWUV͹�
R]RaUh� QR]bWch� ͈≥��<ΧP\	͉� ^S� aRQ� ZWUVc� ͈

	͙��]\͉� fMb�
^ObRaeRQ͙�Ff^�̂ S�cVR�
�bcdQWRb�W]�fVWPV�\WUaMcW^]�fMb�ReMZ͹
dMcRQ�aR_^acRQ�R]VM]PRQ�PRZZ�\WUaMcW^]�fWcVW]�M�]Maa^f�R]͹
RaUh�QR]bWch�^S��͙�͹�<ΧP\	͙�AS�cVR��
�bcdQWRb�W]�fVWPV�PRZZ�
eWMOWZWch�fMb�ReMZdMcRQ͜�
�QRbPaWORQ�PVM]URb�W]�PRZZ�eWMOWZWch�
Mbb^PWMcRQ�fWcV�B3?͜�RWcVRa�W]�Wb^ZMcW^]�^a�W]�cVR�P^]cRgc�^S�
M�bRP^]Q�Rg_RaW\R]cMZ�eMaWMOZR͜�fVRaRMb�]^�PVM]UR�fMb�
^ObRaeRQ�W]��͙�2�bd\\Mah�^S�cVR�ReWQR]PR�S^a�cVR�RSSRPcb�
^S�B3?�^]�Vd\M]�PRZZb�W]�PdZcdaR�Wb�_aRbR]cRQ�W]�FMOZR��͙

The Influence of PBM on Neoplastic Human Cell 
Behavior in Culture
;]� cVR�P^]cRgc�^S�B3?͜� aRZReM]c�]R^_ZMbcWP�PRZZ�ORVMeW^ab�
cVMc�PM]�OR�W]eRbcWUMcRQ�W]�eWca^�W]PZdQR�PRZZ�eWMOWZWch͜�_a^ZWS͹
RaMcW^]͜�M]Q�W]eMbWeR]Rbb�_^cR]cWMZ͜�fVWPV�W]PZdQR�PRZZ�\W͹
UaMcW^]� M]Q� cVR� Rg_aRbbW^]� ^S� UR]R� _a^QdPcb� cVMc�\WUVc�
bRaeR�c^�P^]SRa�W]eMbWeR]Rbb͙�2�c^cMZ�^S�	
�aRZReM]c�bcdQWRb�
fWcV� 
�� aRZReM]c� PRZZ� ch_Rb� fRaR� WQR]cWŬRQ� cVMc� \Rc� cVR�
bRMaPV�PaWcRaWM͙�;]�cVRbR�bcdQWRb͜��
�VRMQ�M]Q�]RPY�͈W]PZdQ͹
W]U�^aMZ͉�b`dM\^db�PRZZ�PMaPW]^\M�PRZZ�ZW]Rb͜����OaRMbc�MQR͹
]^PMaPW]^\M�^a�QdPcMZ� PMaPW]^\M�PRZZ� ZW]Rb͜�
�\RZM]^\M�
PRZZ�ZW]Rb͜�M]Q�	�ZMah]URMZ�PMaPW]^\M�PRZZ�ZW]Rb�fRaR�W]eRb͹
cWUMcRQ͙�;]�S^da�bcdQWRb͜�>65�ZWUVc�b^daPRb�fRaR�R\_Z^hRQ͜�
M]Q� cVR� aR\MW]QRa� dbRQ� ZMbRab͙� 2ZcV^dUV� OZdR� ͈����]\͉�
M]Q� W]SaMaRQ� ͈��
��]\͉� ZWUVc�fRaR� W]eRbcWUMcRQ�Mb�_Mac�^S�
cVR�_a^c^P^Zb�^S�b^\R�bcdQWRb͜�W]�\^bc�bcdQWRb�cVR�RSSRPcb�
^S�Z^f͹ZReRZ�aRQ�M]Q�]RMa�W]SaMaRQ�ZWUVc�fRaR�RgM\W]RQ͜�Mb�
fMb�Q^]R�W]�cVR�W]�eWca^�bcdQWRb�^]�]^a\MZ�Vd\M]�PRZZb͙
;]��
�bcdQWRb�fWcV�	��PRZZ�ZW]Rb͜�cVR�W]ůdR]PR�^S�B3?�^]�

]R^_ZMbcWP�PRZZ�eWMOWZWch�fMb�RgM\W]RQ͙�B3?�fMb�S^d]Q�c^�
aRQdPR�cVR�eWMOWZWch�^S��
�^S�	��]R^_ZMbcWP�PRZZ�ZW]Rb�RWcVRa�
W]� Wb^ZMcW^]� ^a� W]� cVR� _aRbR]PR� ^S� M]^cVRa� Rg_RaW\R]cMZ�
MUR]c͜�M]Q�B3?�fMb�S^d]Q�]^c�c^�W]ůdR]PR�cVR�eWMOWZWch�^S�
M�SdacVRa���PRZZ�ZW]Rb͙�AS�cVR�aR\MW]W]U���PRZZ�ZW]Rb͜�cVR�eWMOWZ͹
Wch�^S�
�fMb�S^d]Q�c^�OR�QR_R]QR]c�^]�c^cMZ�R]RaUh�_Ra�d]Wc�
MaRM� ͈ůdR]PR͉͜�fVRaRMb� cVR�eWMOWZWch�^S� cVR�aR\MW]W]U�PRZZ�
ZW]R�fMb�QR_R]QR]c�^]�fMeRZR]UcV�^S�ZWUVc͜�RgVWOWcW]U�aR͹
QdPRQ�eWMOWZWch�fVR]�Rg_^bRQ�c^�OZdR�ZWUVc�^]Zh͙
;]����bcdQWRb�fWcV�	��PRZZ�ZW]Rb͜�cVR�RSSRPc�^S�B3?�^]�]R^͹

_ZMbcWP�PRZZ�_a^ZWSRaMcW^]�fMb�W]eRbcWUMcRQ͙�FVR�aRbdZcb�fRaR�
\WgRQ͙� B3?� bd__aRbbRQ� _a^ZWSRaMcW^]� W]� �� Rg_RaW\R]cMZ�
_a^c^P^Zb�M]Q�\MQR�]^�^ObRaeMOZR�QWSSRaR]PR� W]�M]^cVRa�
�͙�B3?�R]VM]PRQ�PRZZ�_a^ZWSRaMcW^]�W]�
�Rg_RaW\R]cMZ�_a^c^͹
P^Zb͙�;]�cVR�aR\MW]W]U���Rg_RaW\R]cMZ�_a^c^P^Zb͜�cVR�RSSRPc�
^S�B3?�fMb�̂ ObRaeRQ�c^�eMah�QR_R]QW]U�̂ ]�cVR�Rg_RaW\R]͹
cMZ�_MaM\RcRab͜�_MacWPdZMaZh�c^cMZ�R]RaUh�QR]bWch�͈ ůdR]PR͉�̂ ]�
�� ^PPMbW^]b͙� ;]� bW]UZR� Rg_RaW\R]cMZ� _a^c^P^Zb͜� PRZZdZMa�

_a^ZWSRaMcW^]�fMb�]^cRQ� c^�OR�QR_R]QR]c�^]� c^cMZ�R]RaUh�
͈]d\ORa� ^S� ZWUVc� Rg_^bdaRb͉͜� fMeRZR]UcV� ^S� ZWUVc͜� M]Q� M�
\Wg�^S�fMeRZR]UcV�M]Q�ůdR]PR�aRb_RPcWeRZh͙
;]���bcdQWRb�fWcV���PRZZ�ZW]Rb͜�cVR�RSSRPc�^S�B3?�^]�cVR�W]͹

eMbWeR]Rbb�_^cR]cWMZ�̂ S�]R^_ZMbcWP�PRZZb�fMb�RgM\W]RQ͝�
�Oh�
fMh�^S�PRZZ�\WUaMcW^]�MbbMhb�M]Q���Oh�fMh�^S�W]eRbcWUMcW]U�
QWSSRaR]cWMZ�UR]R�Rg_aRbbW^]͙�;]�	�bcdQWRb�Wc�fMb�P^]PZdQRQ�
cVMc� B3?� aRQdPRQ� ]R^_ZMbcWP� PRZZ� \WUaMcW^]͝� b_RPWŬPMZZh͜�
aRQ�M]Q�]RMa�W]SaMaRQ�ZWUVc�W]�cf^�bcdQWRb�M]Q�OZdR�ZWUVc�W]�
cVR�cVWaQ͙�;]�^]R�bcdQh�aRQ�ZWUVc�M__RMaRQ�c^�R]VM]PR�PRZZ�
\WUaMcW^]�Odc�cVR�R]RaUh�QR]bWch�dcWZWjRQ�c^�MPVWReR�cVWb�aR͹
bdZc�fMb�d]PZRMa͙�;]�cVR�aR\MW]W]U�bcdQh͜�aRQ�ZWUVc�͈

��]\͉�
fMb�Mbb^PWMcRQ�fWcV� W]PaRMbRQ�Rg_aRbbW^]�^S�??B͹��M]Q�
aRQdPRQ� Rg_aRbbW^]� ^S� 6͹PMQVRaW]� fVWPV͜� c^URcVRa͜� W]͹
PaRMbR�cVR�_^cR]cWMZ�S^a�PRZZ�\^OWZWjMcW^]�fWcVW]�cVR�RgcaMPRZ͹
ZdZMa�\McaWg͙�2�bd\\Mah�^S�cVR�ReWQR]PR�S^a�cVR�RSSRPcb�^S�
B3?�^]�]R^_ZMbcWP�PRZZb�W]�PdZcdaR�Wb�_aRbR]cRQ�W]�FMOZR�	͙

Evidence for Pro-oncogenic Effects of PBM on 
Normal Human Cells in Culture
:MeW]U�ReMZdMcRQ�cVR�W]ůdR]PR�̂ S�B3?�̂ ]�]^a\MZ�M]Q�]R^͹
_ZMbcWP� Vd\M]� PRZZb͜� ReWQR]PR� fMb� b^dUVc� c^� RbcMOZWbV�
fVRcVRa�B3?�VMb�ORR]�W\_ZWPMcRQ�W]�Qhb_ZMbcWP�̂ a�]R^_ZMb͹
cWP�PVM]UR�W]�VRMZcVh�Vd\M]�PRZZ�ZW]Rb͙�@^�Vd\M]�PRZZ�W]�eW͹
ca^�Rg_RaW\R]cMZ�ReWQR]PR�fMb�S^d]Q�c^�bd__^ac�cVWb�eWRf͙

In Vivo Preclinical Studies
The Influence of PBM on (Solid) Tumor
6eWQR]PR�fMb�]Rgc�b^dUVc�S^a�cVR�RSSRPc�^S�B3?�^]�RbcMO͹
ZWbVRQ�cd\^ab͙�3h�QRŬ]WcW^]͜�Wc�fMb�]^c�_^bbWOZR�c^�aRbcaWPc�
cVWb� _Mac� ^S� cVR� W]eRbcWUMcW^]� c^� Vd\M]� cWbbdR� MZ^]R͜� M]Q�
cVRaRS^aR�MZZ� M]W\MZ�\^QRZb�fRaR�P^]bWQRaRQ͜�Mb� Z^]U�Mb�
Wc�fMb�_^bbWOZR�c^�P^]PRWeR�cVMc�cVR�cd\^a�d]QRa�W]eRbcWUM͹
cW^]�\WUVc� cVR^aRcWPMZZh�OR� bcW\dZMcRQ�Oh� PdcM]R^db� ZWUVc�
Rg_^bdaR͙�:R]PR͜�eWbPRaMZ�cd\^ab�M]Q�]^]ͼb^ZWQ͹bcMcR�cd͹
\^ab�fRaR�RgPZdQRQ͙�2�c^cMZ�̂ S����aRZReM]c�\^QRZb�fRaR�QR͹
bPaWORQ�W]���_M_Rab͙�FVaRR�\^QRZb�dcWZWjRQ�]dQR�\WPR�Mb�cVR�
V^bc�b_RPWRb�S^a�Vd\M]�cd\^ab͜���fRaR�\^dbR�cd\^ab͜�	�
fRaR�VM\bcRa�cd\^ab͜�M]Q���fMb�M�cd\^a�W]�M�aMc͙�FVR�cd\^a�
W]eRbcWUMcRQ� fMb� b`dM\^db� PRZZ� PMaPW]^\M� W]� �� \^QRZb�
͈^aMZ�W]��͝�bYW]�W]��͉͜�OaRMbc�PMaPW]^\M�W]�	͜�\RZM]^\M�W]�	͜�
M]Q� cVha^WQ� PMaPW]^\M� W]� cVR� aR\MW]W]U� \^QRZ͙�
>MbRa͹OMbRQ� ZWUVc�fMb�R\_Z^hRQ� W]� ��^S� ���\^QRZb͜�fWcV�
>65͹OMbRQ�ZWUVc�dbRQ�W]�cVR�aR\MW]W]U�	͙�2UMW]͜�aRQ�M]QΧ�
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