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D11 Biomechanical, Mechanical, and Epidemiologic Characteristics of Low-Speed 
Rear-Impact Collisions

Michael Freeman, MD, PhD*, 425 NW 10th Avenue, Ste 306, Portland, OR 97209

7KH�JRDO�RI�WKLV�SUHVHQWDWLRQ�LV�WR�SURYLGH�D�UHOLDEOH�GHVFULSWLRQ�RI�WKH�PHFKDQLFDO��ELRPHFKDQLFDO��DQG�LQMXU\�ULVN�FKDUDFWHULVWLFV�RI�
minimal and no-damage rear-impact collisions based on an analysis of epidemiologic data.

This presentation will impact the forensic science community by demonstrating a validated methodology for investigating and 
describing the dynamic vehicle and occupant characteristics of minimal and no-damage bumper-to-bumper, rear-impact collisions as 
ZHOO�DV�WKH�LQMXU\�ULVN�DVVRFLDWHG�ZLWK�VXFK�FROOLVLRQV�

Bumper-to-bumper, rear-impact collisions are unique events that can result in substantial occupant forces while leaving little 
SK\VLFDO�HYLGHQFH�RI�WKH�FROOLVLRQ���+LJKO\�HODVWLF�EXPSHU�FRPSRQHQWV�SURWHFW�WKH�YHKLFOH�IURP�YLVLEOH�GDPDJH�LQ����PSK����NP�K��
FORVLQJ�VSHHG�DQG���PSK����NP�K��GHOWD�9�FROOLVLRQV���3UHFLVH�UHFRQVWUXFWLRQ�RI�WKH�GHOWD�9�RI�WKH�WDUJHW�YHKLFOH�LV�FKDOOHQJLQJ��DV�D�
�PSK�GHOWD�9�FUDVK�FDQ�OHDYH�WKH�VDPH�GHJUHH�DQG�SDWWHUQ�RI�SK\VLFDO�HYLGHQFH�DV�D��PSK�GHOWD�9�FUDVK��OLWWOH�WR�QRQH���KRZHYHU��WKH�
energy of the latter collision is more than four times greater than the former.  Absent multiple full-scale reenactments of the collision, 
FRPPRQO\�HPSOR\HG�UHFRQVWUXFWLRQ�PHWKRGV��VXFK�DV�D�0DVV��(QHUJ\��DQG�5HVWLWXWLRQ��0(5��RU�FRQVHUYDWLRQ�RI�PRPHQWXP�FDOFXODWLRQ��
DUH�HUURU�SURQH�EHFDXVH�RI�WKH�VSHFXODWLYH�EDVLV�RI�VRPH�RI�WKH�FULWLFDO�LQSXW�YDULDEOHV��FORVLQJ�VSHHG��FRHI¿FLHQW�RI�UHVWLWXWLRQ��HWF���

Regardless of the shortcomings, such reconstructions are common in litigation involving minimal damage collisions.  This practice 
LV�LQ�SDUW�GXH�WR�WKH�IDFW�WKDW�LW�LV�QRW�XQFRPPRQ�WR�VHH�FODLPV�IRU�LQMXULHV�LQ�VXFK�FROOLVLRQV�WKDW�DUH�VLJQL¿FDQW��LQFOXGLQJ�FODLPV�RI�
VSLQDO�GLVN�GHUDQJHPHQW�UHVXOWLQJ�LQ�VXUJHU\���7KH�PRVW�FRPPRQ�SXUSRVH�RI�WKH�UHFRQVWUXFWLRQ�LV�WR�HVWLPDWH�YHKLFOH�IRUFHV��JLYHQ�LQ�
WHUPV�RI�DFFHOHUDWLRQ��J����9HKLFOH�DFFHOHUDWLRQ�LV�RIWHQ�XVHG�IRU�DQ�LQIHUHQFH�UHJDUGLQJ�RFFXSDQW�IRUFHV��ZKLFK�DUH�RIWHQ�XVHG�WR�HVWLPDWH�
WKH�LQMXU\�ULVN�RI�WKH�FROOLVLRQ���7KH�UHODWLRQVKLS�EHWZHHQ�WKH�YHKLFOH�GHOWD�9�DQG�DFFHOHUDWLRQ�LV�EDVHG�RQ�DQ�DVVXPSWLRQ�UHJDUGLQJ�WKH�
GXUDWLRQ�RI�WKH�FUDVK�SXOVH���7KH�PHWKRG�RI�HVWLPDWLQJ�WKH�RFFXSDQW�DFFHOHUDWLRQ�LV�RIWHQ�XQVSHFL¿HG��DQG�W\SLFDOO\�HVWLPDWHG�DV�HTXDO�WR�
WZR�RU�PRUH�WLPHV�WKH�DYHUDJH�YHKLFOH�DFFHOHUDWLRQ���7KH�HVWLPDWH�RI�LQMXU\�ULVN�IURP�WKH�GHOWD�9�LV�PRVW�FRPPRQO\�EDVHG�RQ�WKH�ODFN�RI�
VLJQL¿FDQW�LQMXU\�UHSRUWHG�LQ�IXOO�VFDOH�KXPDQ�YROXQWHHU�FUDVK�WHVWLQJ�DQG�WKH�HVWLPDWH�RI�LQMXU\�ULVN�IURP�DVVXPHG�RFFXSDQW�DFFHOHUDWLRQ�
is based on comparisons with reported accelerations of daily activities and other non-injurious events.

There are available data sources for estimating all of the above-mentioned parameters of rear-impact collisions, thus eliminating the 
speculation inherent in the approach described above.  Several researchers have examined and described vehicle dynamics associated 
with low-speed rear-impact collisions via information collected contemporaneously by data event recorders in the vehicles and matched 
the vehicle information to injury outcome and duration.1,2  Other researchers have described the results of volunteer crash testing such 
WKDW�WKH�UDQJH�RI�RFFXSDQW�DFFHOHUDWLRQ�DW�D�VSHFL¿F�GHOWD�9�FDQ�EH�HVWLPDWHG�3  The purpose of the present investigation is to describe 
WKH�UDQJH�RI�YHKLFOH�DQG�RFFXSDQW�G\QDPLF�DQG�LQMXU\�UHVSRQVH�WR�D�UDQJH�RI�UHDU�LPSDFW�UHODWHG�GHOWD�9V�DVVRFLDWHG�ZLWK�PLQLPDO�DQG�
QR�GDPDJH�FROOLVLRQV�����PSK�GHOWD�9������NP�K����EDVHG�RQ�DQ�DQDO\VLV�RI�SUHYLRXVO\�SXEOLVKHG�REVHUYDWLRQDO�GDWD���7KH�VWDWLVWLFDO�
PHWKRGV�XVHG�IRU� WKH�FRQWLQXRXV�YDULDEOH�RXWFRPHV�ZHUH�UHJUHVVLRQ�XWLOL]LQJ�D�JHQHUDO� OLQHDU�PRGHO�DQG�IRU�GLFKRWRPRXV�RXWFRPHV�
ELQRPLDO�ORJLVWLF�UHJUHVVLRQ��-03®��9HUVLRQ�����
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7KH�DERYH�WDEOH�GHSLFWV�WKH�UHVXOWV�RI�WKH�DQDO\VLV�RI�HYHQW�GDWD�UHFRUGHU�UHSRUWHG�¿QGLQJV�DQG�WKH�DVVRFLDWHG�PHGLFDOO\�REVHUYHG�
outcomes in 114 occupants exposed to rear-impact collisions.  The reported vehicle accelerations were based on a 3g recording threshold, 
ZKLFK�PD\�KDYH�DIIHFWHG�WKH�VSHHG�FKDQJH�FDOFXODWLRQ���7KH�ULVN�RI�FHUYLFDO�GLVN�LQMXU\�LV�EDVHG�RQ�WKH�FODVVL¿FDWLRQ�RI�DQ�LQMXU\�DV�D�
³:$'�,,,�´�ZKLFK�LQFOXGHV�¿QGLQJV�RI�QHXURORJLF�LQYROYHPHQW���3HDN�KHDG�DFFHOHUDWLRQ�LV�EDVHG�RQ�WKH�UHVXOWV�RI����YROXQWHHU�FUDVK�
WHVWV���7KH�YDOXHV�IRU�RFFXSDQW�DFFHOHUDWLRQ�DW��PSK�GHOWD�9�DUH�HVWLPDWHG�GXH�WR�H[FHVVLYH�YDULDQFH���7KH�YDOXHV�LQ�EUDFNHWV�DUH�WKH�����
FRQ¿GHQFH�LQWHUYDO�IRU�WKH�SRLQW�HVWLPDWH�

7KH�DERYH�JUDSK�GHPRQVWUDWHV�WKH�FXUYLOLQHDU�UHODWLRQVKLS�EHWZHHQ�YHKLFOH�GHOWD�9�DQG�SHDN�KHDG�DFFHOHUDWLRQ�LQ����KXPDQ�YROXQWHHU�
FUDVK�WHVWV���7KH�VKDGHG�VHFWLRQ�LV�WKH�����FRQ¿GHQFH�LQWHUYDO��DQG�WKH�GRWWHG�OLQH�LV�WKH�SUHGLFWLYH�LQWHUYDO�GHSLFWLQJ�WKH�OLNHO\�UDQJH�RI�
accelerations in the general population. 

7KLV�SUHVHQWDWLRQ�ZLOO�GHPRQVWUDWH�WKH�PHFKDQLFDO��ELRPHFKDQLFDO��DQG�LQMXU\�ULVN�FKDUDFWHULVWLFV�RI�PLQLPDO�DQG�QR�GDPDJH�UHDU�
impact collisions.
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