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D9 Biomechanics of Short Falls in Children

John D. Lloyd, PhD*, 32824 Michigan Avenue, San Antonio, FL 33576

$IWHU�DWWHQGLQJ�WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�FRPSUHKHQG�WKH�ULVN�RI�WUDXPDWLF�KHDG�DQG�EUDLQ�LQMXULHV�LQ�D�SHGLDWULF�SRSXODWLRQ�
associated with short household falls.

This presentation will impact the forensic science community by informing attendees of the mechanisms of head and brain injuries 

LQ�SHGLDWULF�SRSXODWLRQV�DQG�WKH�ULVNV�DVVRFLDWHG�ZLWK�VKRUW�IDOOV�
Introduction:��7KLV�VWXG\�LQYROYHG�V\VWHPDWLF�DVVHVVPHQWV�RI�IDOOV�IURP�KHLJKWV�UDQJLQJ�IURP�WZR�WR�VL[�IHHW�RQWR�YDU\LQJ�ÀRRULQJ�

surfaces including concrete, linoleum, apartment-grade carpeting with underlay, Berber carpet with underlay, commercial carpeting 

without pad, and wood laminate. 

Methods:� �$�&KLOG�5HVWUDLQW� DQG�$LUEDJ� ,QWHUDFWLRQ� �&5$%,�� ���� ELR¿GHOLF�PDQQHTXLQ� �����LQ���OE�� DQG� D�+\EULG� ,,,� WKUHH�
\HDU�ROG� �����LQ������OE��ELR¿GHOLF�PDQQHTXLQ�ZHUH�XVHG�GXULQJ� WKLV� V\VWHPDWLF�HYDOXDWLRQ�RI� VKRUW� IDOOV�� �$� WUL�D[LDO�SLH]R�HOHFWULF�
DFFHOHURPHWHU��FDOLEUDWHG�DQG�FHUWL¿HG�E\�3&%®�3LH]RWURQLFV��ZDV�LQVWDOOHG�DW�WKH�FHQWHU�RI�PDVV�RI�WKH�&5$%,�KHDGIRUP��LQ�DFFRUGDQFH�
with convention described in the Society of Automotive Engineers (SAE) J211 along with an InvenSense® tri-axial digital gyroscope.  

Still photography and high-speed video were used to record the fall sequences.

A height-adjustable platform was used to represent the fall surface.  The platform has trap doors, which are held in place by 

electromagnets.  Interruption of power to the electromagnets causes the sprung trapdoors to open instantaneously, thereby initiating the 

fall sequence.  To investigate biomechanical mechanisms of injury associated with short falls in children, 175 trials were completed. 

'DWD�IURP�WKH�WUL�D[LDO�SLH]R�HOHFWULF�DFFHOHURPHWHU��PRXQWHG�LQ�WKH�KHDG�RI�WKH�ELR¿GHOLF�PDQQHTXLQ��ZHUH�DFTXLUHG�DW�D�UDWH�RI�
�������VDPSOHV�SHU�VHFRQG�XVLQJ�/DE9,(:®�VRIWZDUH���'DWD�IURP�WKH�0LFURHOHFWURPHFKDQLFDO�6\VWHP��0(06��WUL�D[LDO�J\URVFRSH�
ZHUH�DFTXLUHG�DW������+]�SHU�FKDQQHO�� �5DZ�GDWD�ZHUH�GLVSOD\HG�RQ�VFUHHQ�IRU�YLVXDO�YHUL¿FDWLRQ���7KHVH�GDWD�ZHUH�DQDO\]HG�XVLQJ�
0$7/$%®��LQFOXGLQJ�)DVW�)RXULHU�7UDQVIRUP�DQDO\VLV�WR�YLVXDOL]H�WKH�IUHTXHQF\�VSHFWUXP�RI�WKH�GDWD��IROORZHG�E\�SKDVH�OHVV�¿OWHULQJ�
using a 4th�RUGHU�ORZ�SDVV�%XWWHUZRUWK�¿OWHU�ZLWK�D�FXW�RII�IUHTXHQF\�RI�����+]���7KH�SHDN�PDJQLWXGH�YDOXH�RI�KHDG�OLQHDU�DQG�DQJXODU�
DFFHOHUDWLRQ�FRPSRQHQWV�ZHUH�GHULYHG�DQG�+HDG�,QMXU\�&ULWHULRQ��+,&��FRPSXWHG��

Results:��%RWK�WKH�&5$%,����LQIDQW�UHSUHVHQWDWLYH�DQG�+\EULG�,,,�WRGGOHU�UHSUHVHQWDWLYH�H[FHHGHG�LQMXU\�WKUHVKROG�YDOXHV�IURP�D�
IDOO�KHLJKW�RI�RQO\�WZR�IHHW����FP���EDVHG�RQ�SHDN�PDJQLWXGH�OLQHDU�DFFHOHUDWLRQ�DQG�+,&��ZKLFK�LQGLFDWHV�WKDW�VXFK�VKRUW�IDOOV�FDQ�FDXVH�
substantial head/brain injuries in young children.

Conclusions:  Results clearly show that household short falls events do exceed established thresholds of injury based on linear and 

DQJXODU�DFFHOHUDWLRQV���)XUWKHUPRUH��NLQHPDWLF�PHDVXUHV�DVVRFLDWHG�ZLWK�KRXVHKROG�VKRUW�IDOOV�DUH�FRPSDUDEOH�WR�KLJK�ULVN�DGXOW�VSRUWLQJ�
DFWLYLWLHV��VXFK�DV�D�W\SLFDO�ER[LQJ�SXQFK�RU�D�FRQFXVVLYH�WDFNOH�LQ�FROOHJH�IRRWEDOO���%DVHG�XSRQ�WKHVH�HYDOXDWLRQV�DQG�DVVRFLDWHG�UHVXOWV�
SUHVHQWHG�KHUHLQ��LW�LV�WKH�H[SUHVVHG�FRQFOXVLRQ�WKDW�KRXVHKROG�VKRUW�IDOOV�SUHVHQW�D�YHU\�UHDO�DQG�VLJQL¿FDQW�ULVN�RI�KHDG�DQG�EUDLQ�LQMXU\�
among infants and toddlers.
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