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D13 Biomechanical Evaluation of Head Kinematics During Infant Shaking vs. 
Pediatric Activities of Daily Living

John D. Lloyd, PhD*, 32824 Michigan Avenue, San Antonio, FL 33576; William E. Lee III, PhD, University of South Florida, College 
of Engineering, Tampa, FL 33620; and Edward Willey, MD, 7869 9th Avenue, S, Saint Petersburg, FL 33707

After attending this presentation, attendees will understand the mechanisms associated with traumatic brain injury in a pediatric 

population.  Thresholds for injury will be discussed and compared against alleged forms of physical harm.

7KLV�SUHVHQWDWLRQ�ZLOO� LPSDFW� WKH� IRUHQVLF� VFLHQFH�FRPPXQLW\�E\� LQIRUPLQJ�DWWHQGHHV� WKDW� DEXVLYH� VKDNLQJ�RI� LQIDQWV�KDV�EHHQ�
DVVHUWHG�DV�D�SULPDU\�FDXVH�RI�VXEGXUDO�EOHHGLQJ��FHUHEUDO�HGHPD��DQG�UHWLQDO�KHPRUUKDJHV���7KLV�SUHVHQWDWLRQ�VHHNV�WR�FRPSDUH�OLQHDU�
DQG�DQJXODU�DFFHOHUDWLRQV�EHWZHHQ�LQIDQW�VKDNLQJ�DQG�SHGLDWULF�DFWLYLWLHV�RI�GDLO\�OLYLQJ�

Background:��$�ELRPHFKDQLFDO�HYDOXDWLRQ�ZDV�SHUIRUPHG�WR�TXDQWLI\�NLQHPDWLF�YDULDEOHV�DVVRFLDWHG�ZLWK�YDULRXV�LQIDQW�VKDNLQJ�
WHFKQLTXHV��ZLWK�FRPSDULVRQ�WR�D�VHULHV�RI�SHGLDWULF�DFWLYLWLHV�RI�GDLO\�OLYLQJ��DV�DEXVLYH�VKDNLQJ�RI�LQIDQWV�KDV�EHHQ�DVVHUWHG�DV�D�SULPDU\�
FDXVH�RI�VXEGXUDO�EOHHGLQJ��FHUHEUDO�HGHPD��DQG�UHWLQDO�KHPRUUKDJHV��KRZHYHU��PDQXDO�VKDNLQJ�RI�YDULRXV�ELR¿GHOLF�PDQQHTXLQV�KDV�
IDLOHG�WR�JHQHUDWH�WKH�KHDG�NLQHPDWLFV�EHOLHYHG�QHFHVVDU\�WR�FDXVH�WKHVH�LQWUDFUDQLDO�V\PSWRPV�LQ�WKH�KXPDQ�LQIDQW���7KLV�VWXG\�VRXJKW�
WR�FRPSDUH�OLQHDU�DQG�DQJXODU�DFFHOHUDWLRQV�EHWZHHQ�LQIDQW�VKDNLQJ�DQG�SHGLDWULF�DFWLYLWLHV�RI�GDLO\�OLYLQJ���$GGLWLRQDOO\��LQMXU\�ULVN�DV�D�
IXQFWLRQ�RI�NQRZQ�ELRPHFKDQLFDO�WKUHVKROGV�RI�LQMXU\�ZDV�GHWHUPLQHG��

Methods:  Using InterSenseÔ sensors attached to the heads and torsos of two infant surrogates, investigators collected linear and 

DQJXODU�PRWLRQ�GDWD�GXULQJ�UHVXVFLWDWLYH��DJJUHVVLYH��DQG�JUDYLW\�DVVLVWHG�VKDNLQJ�DV�ZHOO�DV�GXULQJ�YDULRXV�QRQ�DEXVLYH�DFWLYLWLHV�QRUPDOO\�
H[SHULHQFHG�E\�LQIDQWV��VXFK�DV�EXUSLQJ��URXJK�SOD\��HWF���7DVNV�ZHUH�SHUIRUPHG�E\�QLQH�VXEMHFWV��UDQJLQJ�LQ�DJH�IURP����\HDUV�WKURXJK�
77 years and included two females and seven males.  The researchers also collected data from a 7-month-old infant spontaneously at play 

in a commercial jumping toy.  Raw data including orientation, angular velocity, and linear acceleration were acquired wirelessly.  Using 

0$7/$%®��GDWD�ZDV�¿OWHUHG�E\�D��th�RUGHU�%XWWHUZRUWK�ORZ�SDVV�¿OWHU���$QJXODU�DFFHOHUDWLRQV�ZHUH�VXEVHTXHQWO\�GHULYHG��URRW�PHDQ�
VTXDUH�YDOXHV�FDOFXODWHG�DQG�+HDG�,QMXU\�&ULWHULRQ��+,&����FRPSXWHG���5HVXOWV�ZHUH�FRPSDUHG�EHWZHHQ�WKH�H[SHULPHQWDO�FRQGLWLRQV��
DJDLQVW�RWKHU�ELRPHFKDQLFDO�VWXGLHV�RI�VKDNLQJ��DQG�LQ�FRQWUDVW�WR�DFFHSWHG�ELRPHFKDQLFDO�WKUHVKROGV�RI�LQMXU\��

Results:��,Q�WKHVH�H[SHULPHQWV��WKH�SHDN�URWDWLRQDO�DFFHOHUDWLRQ�JHQHUDWHG��DYHUDJHG�DFURVV�QLQH�DGXOW�VXEMHFWV��GXULQJ�DJJUHVVLYH�
VKDNLQJ�RI�WKH�&KLOG�5HVWUDLQW�DQG�$LUEDJ�,QWHUDFWLRQ��&5$%,������ELR¿GHOLF�PDQQHTXLQ�������UDG�V���ZHUH�ERWK�FRQVLVWHQW�ZLWK�WKH�
reports of prior biomechanical studies and, most interestingly, statistically undifferentiated from angular accelerations spontaneously 

generated and well tolerated by a normal 7-month-old infant at play in a commercially available jumping toy (954rad/s2).  Furthermore, 

PHDVXUHV�RI�KHDG�DQJXODU�DFFHOHUDWLRQ�DUH�VXEVWDQWLDOO\�EHORZ�VFLHQWL¿FDOO\�DFFHSWHG�ELRPHFKDQLFDO�WKUHVKROGV�RI�LQMXU\���7KXV��VKDNLQJ�
SURGXFHV�KHDG�NLQHPDWLFV�WKDW�DUH�FOHDUO\�EHQLJQ�DQG�ZHOO�WROHUDWHG�E\�QRUPDO�LQIDQWV��HYHQ�LI�UHSHWLWLYH���,I�LQWUDFUDQLDO�LQMXU\��6'+��
('+��6$+��'$,��FRQFXVVLRQ��LV�FOLQLFDOO\�SUHVHQWHG��WKLV�GDWD�ZRXOG�LQGLFDWH�WKDW�VKDNLQJ�ZRXOG�QRW�EH�SDUW�RI�LWV�HWLRORJ\���

Conclusions:��7KLV�LV�WKH�¿UVW�VFLHQWL¿F�VWXG\�RI�WKH�HIIHFWV�RI�VKDNLQJ�UHODWHG�VKHDU�IRUFHV�RQ�D�KXPDQ�LQIDQW�EUDLQ�DQG��RI�FRXUVH��
there were no ill effects experienced by the infant.

1RQ�FRQWDFW� VKDNLQJ� DSSHDUV� WR� UHVXOW� LQ� KHDG� NLQHPDWLFV� WKDW� DUH� ZHOO� WROHUDWHG� E\� QRUPDO� LQIDQWV�� HYHQ� LI� WKHVH� URWDWLRQDO�
DFFHOHUDWLRQV�DUH�UHSHWLWLYH��DV�H[SHULHQFHG�E\�WKH�LQIDQW�DW�SOD\���7KLV�GDWD�ZRXOG�LQGLFDWH�WKDW�LQWUDFUDQLDO�LQMXU\�LQ�DQ�LQIDQW�LV�XQOLNHO\�
WR�EH�WKH�GLUHFW�UHVXOW�RI�WKH�OLQHDU�DQG�RU�DQJXODU�DFFHOHUDWLRQV�JHQHUDWHG�GXULQJ�QRQ�FRQWDFW�VKDNLQJ��

Biomechanics, Pediatrics, Shaken Baby


