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D2 Enhanced Injury From Failure of Seats, Seat Belts, and Unsafe Vehicle Interiors
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7KH�JRDO�RI�WKLV�SUHVHQWDWLRQ�LV�WR�LQIRUP�LQYHVWLJDWRUV�IRU�SROLFH��PHGLFDO��DQG�WUDQVSRUWDWLRQ�VDIHW\�RUJDQL]DWLRQV�RI�WKH�KD]DUGV�
presented to vehicle occupants in collisions when seats and seat belts fail.  Injuries can be enhanced when such failures allow occupant 
FRQWDFW�ZLWK�KD]DUGRXV�VWUXFWXUHV�ZLWKLQ�YHKLFOH�RFFXSDQW�FRPSDUWPHQWV�� �7KH�FRPELQDWLRQ�RI�ZHDN�VHDWV��VODFNHQHG�VHDW�EHOWV��DQG�
XQSDGGHG��IRUFH�FRQFHQWUDWLQJ�VWUXFWXUHV�SUHVHQWV�H[WUHPH�KD]DUGV�WR�IURQW�DQG�UHDU�VHDW�YHKLFOH�RFFXSDQWV�

7KLV� SUHVHQWDWLRQ�ZLOO� LPSDFW� WKH� IRUHQVLF� VFLHQFH� FRPPXQLW\� E\� HGXFDWLQJ� ¿HOG� LQYHVWLJDWRUV�� PHGLFDO� SHUVRQQHO�� DQG� VDIHW\�
UHVHDUFKHUV� RQ� KRZ� WR� EHWWHU� XQGHUVWDQG� WKH� KD]DUGV� FUHDWHG�ZKHQ� WKHUH� LV� D� FRPELQDWLRQ� RI�ZHDN� VHDWV�� VODFNHQHG� VHDW� EHOWV�� DQG�
XQSDGGHG�VWUXFWXUHV�ZLWKLQ�YHKLFOHV���7KHVH�KD]DUGV�DUH�QRW�SHUPLWWHG�LQ�WKH�IURQW�RI�YHKLFOH�RFFXSDQW�FRPSDUWPHQWV��DQG�YHKLFOH�VHDW�
belts, airbags, and structural padding all combine to prevent such injuries in frontal impacts.  No such protection is provided for rear 
impacts.

)URQW�VHDW�DQG�EHOW�IDLOXUH�LQ�UHDU�LPSDFW�KDV�EHHQ�NQRZQ�WR�FDXVH�VHYHUH�LQMXU\�DQG�GHDWK�WR�ERWK�IURQW�DQG�UHDU�VHDW�RFFXSDQWV���
Several cases of predictable enhanced head and spinal injury have been discovered in vehicles where front seat and seat belt failure was 
combined with inadequately padded force-concentrating structures in the rear of vehicle occupant compartments.  Causation of these 
enhanced injuries was proven by a combination of accident reconstruction, static testing, and dynamic testing.  Prevention of injury by 
lightweight, technologically and economically feasible means was also demonstrated.

,W�KDV�EHHQ�NQRZQ�IRU�GHFDGHV�WKDW�KHDG�LPSDFW�LQWR�QDUURZ��IRUFH�FRQFHQWUDWLQJ�VWUXFWXUHV�FDQ�UHVXOW�LQ�VNXOO�IUDFWXUH��EUDLQ�LQMXU\��
spinal injury, and death at much lower load levels than if those same structures were adequately padded or contoured to reduce their 
OHWKDOLW\���7R�UHGXFH�RU�HOLPLQDWH�VXFK�LQMXULHV��)0966������2FFXSDQW�3URWHFWLRQ�IURP�,QWHULRU�,PSDFW��KDV�EHHQ�SDUW�RI�WKH�&RGH�RI�
Federal Regulations related to vehicle crashworthiness since 1967.  It has required certain interior structures to be effectively padded, 
ÀDWWHQHG��URXQGHG��DQG�RWKHUZLVH�PDGH�OHVV�OHWKDO�ZKHQ�FRQWDFWHG�E\�YHKLFOH�RFFXSDQWV�ZKHWKHU�EHOWHG�RU�XQEHOWHG���7KLV�LV�ZK\�GDVK�
panels and other vehicle interior trim is padded and why narrow, projecting controls and other structures have been eliminated in the 
forward areas of passenger vehicles.

6HYHUDO�FRQWUDGLFWLRQV�WR�WKH�ZHOO�NQRZQ�IRUHJRLQJ�RFFXSDQW�SURWHFWLRQ�SULQFLSOHV�KDYH�EHHQ�GLVFRYHUHG�LQ�ODWH�PRGHO�YHKLFOHV��LQ�
which unpadded, force-concentrating structures have been placed into the path of vehicle occupant heads that are allowed to catapult 
rearward as a result of predictable front seat and belt failure.  These dangerous conditions have occurred in vehicles produced by multiple 
manufacturers.  There have been enhanced brain and spinal injuries and death caused to vehicle occupants that would otherwise not 
have occurred if the front seat had remained reasonably upright and, therefore, the belts and head restraints would have been effective at 
SURWHFWLQJ�WKH�RFFXSDQW��DQG�LI�WKHUH�KDG�EHHQ�HQHUJ\�DEVRUELQJ�SDGGLQJ�RU�HOLPLQDWLRQ�RI�WKH�ULJLG��IRUFH�FRQFHQWUDWLQJ�VWUXFWXUHV�LQ�WKH�
UHDU�RI�WKH�YHKLFOH�LQWHULRU���6RPH�RI�WKHVH�IRUFH�FRQFHQWUDWLQJ�UHDU�LQWHULRU�VWUXFWXUHV�DUH�KD]DUGRXV�WR�DOO�YHKLFOH�RFFXSDQWV��LQFOXGLQJ�
those in the rear seats. 

The reason these dangerous conditions are occurring in late model vehicles is that there are not occupant protection standards 
for rear impact, no dynamic seat or belt performance standards for rear impact, and there are no requirements for equivalent padded 
structures in the rear of vehicle interiors as those found in the front seating areas.

7KLV�VWXG\�SUHVHQWV�WKH�IRUHQVLF�¿HOG�LQYHVWLJDWLRQV�WKDW�KDYH�EHHQ�FRQGXFWHG�WR�LGHQWLI\�WKHVH�GDQJHURXV�GHVLJQV��DV�ZHOO�DV�VWDWLF�
and dynamic testing that discovered both the failure mode of the seats, head restraints and belts, as well as how to prevent such injuries.  
Improved seat and head restraint designs were incorporated in the static and dynamic testing to prevent any occupant contact with the 
force-concentrating structures.  Alternative designs that would eliminate the force-concentrating structures in the rear of vehicles were 
also determined.
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7KLV�SUHVHQWDWLRQ�ZLOO�EHQH¿W�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�VKRZLQJ�WKDW�WKHVH�VHYHUH�KD]DUGV�H[LVW��ZK\�WKH\�H[LVW��KRZ�WKH\�
create enhanced injury, and how those injuries can be prevented using lightweight, economically and technologically feasible means.  
9HKLFOH�FUDVK�LQYHVWLJDWRUV�ZLOO�OHDUQ�KRZ�WR�LGHQWLI\�YHKLFOH�VHDW�DQG�EHOW�IDLOXUH��YHKLFOH�LQWHULRU�RFFXSDQW�FRQWDFW�ZLWQHVV�PDUNV��DQG�
associated forensic evidence that will allow more accurate assessment of occupant injuries in such circumstances.

Enhanced Injury, Seat and Belt Failure, Unpadded Vehicle Structure


