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D12 Biomechanics of Spinal Injury

Harold Franck, MSEE, PE*, Advanced Engineering Associates, Inc, 4713 MacCorkle Avenue, SE, Charleston, WV 25304; and Darren 
Franck, MSME, Advanced Engineering Associates, Inc, 4713 MacCorkle Avenue, SE, Charleston, WV 25304

$IWHU� DWWHQGLQJ� WKLV� SUHVHQWDWLRQ�� DWWHQGHHV�ZLOO� EHWWHU� XQGHUVWDQG� WKH� IRUFHV� DQG� DFFHOHUDWLRQV� UHTXLUHG� WR� SURGXFH� ³ZKLSODVK´�
cervical soft tissue injuries.

The presentation will impact the forensic science community by quantifying a method to assess the potential for spinal soft tissue 

LQMXULHV�EDVHG�RQ�WKH�NQRZQ�VFLHQWL¿F�OLWHUDWXUH�RQ�WKH�VWUHQJWK�RI�WKH�DIIHFWHG�ELRORJLFDO�PDWHULDOV�
Over the years, there has been considerable argument over the occurrence of soft tissue injuries during low-speed collisions.  

Although a variety of ailments have been claimed during these low-speed impacts, only cervical soft tissue injuries are addressed in this 

presentation.  Some of the most common unrelated injuries claimed include rotator cuff injuries, carpal tunnel injuries, Temporomandibular 

-RLQW�,QMXULHV��70-���$QWHULRU�&UXFLDWH�/LJDPHQW��$&/��LQMXULHV��DQG�WKRUDFLF�DQG�OXPEDU�VSLQH�LQMXULHV���&HUYLFDO�VRIW�WLVVXH�LQMXULHV�DUH�
FRPPRQO\�UHIHUUHG�WR�DV�³ZKLSODVK�´��7KH�UDQJH�RI�FRPSODLQWV�IRU�WKLV�W\SH�RI�LQMXU\�LQFOXGHV�KHDGDFKHV��QXPELQJ�DQG�WLQJOLQJ�RI�WKH�
arms, pain, and loss of range of motion.

In this presentation, the other types of injury claims are disregarded simply because they have no merit in low-speed rear-end 

collisions because a biomechanical effect cannot be attributed to them.  Cause and effect must be established in order to proceed 

ZLWK�ELRPHFKDQLFDO�FDOFXODWLRQV���,Q�WKLV�FRQWH[W��VHYHUDO�UHVHDUFKHUV�KDYH�VWXGLHG�WKH�³ZKLSODVK´�SKHQRPHQRQ���&OHPHQV�DQG�%XUURZ�
determined that there are three areas of the spine susceptible to injury, at the base of the cranium and C1, the region of C3 and C4, and 

the region of C6 and C7.  Their tests in the range of 17 miles per hour and decelerations of 30gs correlated to serious injury involving 

����RI�UXSWXUHV�DQG�����RI�IUDFWXUHV���7KH\�IRXQG�WKDW�WKH�OLPLW�RI�YXOQHUDELOLW\�WR�LQMXU\�WR�EH���PSK�DQG���JV���'DPDVN�SODFHV�WKH�
YXOQHUDELOLW\�WR�LQMXU\�EHWZHHQ���PSK�DQG���PSK�DQG���JV�WR���JV�WR�LQFOXGH�LVRODWHG�¿VVXUHV�RI�GLVFV�ZLWKRXW�LQMXU\�WR�WKH�OLJDPHQWV�
RU�ERQHV���7KH�NQRZQ�VFLHQWL¿F�OLWHUDWXUH�LQGLFDWHV�D�KLJK�SUREDELOLW\�RI�FHUYLFDO�VRIW�WLVVXH�LQMXU\�DW�DFFHOHUDWLRQV�RI���JV�RU�JUHDWHU��

)URP�WHVWV�SHUIRUPHG�RQ�ELRORJLFDO�PDWHULDOV��<DPDGD�GHWHUPLQHG�WKH�ORZHVW�YDOXH�RI�WKH�XOWLPDWH�VWUHQJWK�RI�GLVFV�WR�YDU\�IURP�
0.20 Kg/mm2 to 0.24Kg/mm2���&DOFXODWLRQV�FDQ�EH�SHUIRUPHG�RQ�WKH�QXPEHU�RI�GLVFV��D�YDULDWLRQ�LQ�WKH�VL]H�RI�WKH�GLVF�VWUXFWXUHV��WKH�
weight of the individual affected, and various speed changes to determine the probability of injury to the cervical spine.  This type of 

SDUDPHWULF�DQDO\VLV�OHQGV�LWVHOI�ZHOO�WR�DVVHV�DQG�FRUUHODWH�SRWHQWLDO�LQMXULHV�WR�WKH�ZRUN�RI�RWKHU�UHVHDUFKHUV�WKDW�KDYH�HVWDEOLVKHG�ZHOO�
UHFRJQL]HG�OLPLWV�RQ�YXOQHUDELOLW\�WR�LQMXU\���&KDUWV�DQG�JUDSKV�ZLOO�EH�SUHVHQWHG�WR�VKRZ�WKH�DQDO\VLV�DQG�WKH�XQGHUO\LQJ�EDVLF�HTXDWLRQV�
used to formulate the problem.
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