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After attending this presentation, attendees will understand the most pertinent and valid risk factors associated with injury in motor
vehicle occupants subjected to collinear rear-impact collisions. This presentation will address four common mechanisms which alter
the biomechanical loading capacity of the cervical spine and one mechanism which is unique to rear impacts. For each mechanism, the
presenters will describe what tissues or structures are placed at risk and how the pain of injury to these structures is expressed.

This presentation will impact the forensic science community by elucidating common factors which increase the risk of injury
in rear-impact collisions. This will enable biomechanical experts to better understand and analyze the mechanisms of injury in these
collisions and aid care providers in assigning prognoses to patients recovering from these events. This presentation will help illuminate
a field which has been fraught with bias due to the lack of understanding of the true injury mechanism and interaction between human,
vehicle, and collision factors which can increase injury risk and lower long-term prognosis for recovery.

The risk factors most commonly identified in motor vehicle collision testing include: (1) Gender — females are more likely to
be injured in rear-end collisions than males.* The female anatomy and physiology is less conducive to withstand impact loads, shear,
compression, tension, torsion or jolt injuries as sustained in a rear-end collision; (2) Stature — persons with smaller frames and smaller
neck circumferences are more likely to be injured in rear-end collisions.* Tissues with smaller circumference or geometrical size are
less able to withstand trauma; (3) Occupant Position — studies have found that when the head is rotated from ideal position, neck
strain becomes more common.* Additionally, multiple injuries and more severe injuries occurred with increased frequency.® When
an occupant is not seated in ideal position, structures are less likely to be in an optimal load tolerance state and likelihood of injury is
increased; (4) Unpreparedness— it has been shown that unprepared occupants are more likely to sustain multiple injuries and more
severe injuries.’* When an occupant is hit unaware, he or she is unable to brace for impact, which increases risk of deep spinal injuries
and lowers prognosis for recovery; and, (5) Rear-Impact Unique Loading Event — when struck from the rear, a motor vehicle occupant
experiences an S-shaped curve in the cervical spine, which produces a loading event unlike daily activities, sports, or other traumatic
events.®” This event combines a pre-loading level of compression that decreases the load tolerance of the pain-sensitive structures of the
upper quarter. This compression is immediately followed by a shear-torsion mechanism causing differential loading between the lower
and upper cervical spine, concentrating forces and increasing the risk of injury of deep and superficial pain-sensitive spinal structures.

Forensic analysis and medical examination are further complicated by intrinsic links between these factors. For example, females
are typically smaller than males and are more likely to have a smaller stature and automobile seats often do not accommodate persons
of smaller stature, making it difficult or impossible for them to sit in ideal occupant position or brace effectively for collision. This
presentation will discuss how the interplay of these factors affects likelihood of injury and prognosis for recovery of individuals involved
in rear-impact collisions.

There is a confluence of evidence from international sources including independent and institutional researchers which consistently
documents increased injury risk when these factors are present. This evidence comes from a variety of sources, including cadaver and
human volunteer studies, autopsy studies, provocative injections, palliative injections, and long-term population studies. The data
provided by each of these sources will be discussed as it relates to cervical injuries in rear-impact collisions.

Copyright 2015 by the AAFS. Unless stated otherwise, noncommercial photocopying of editorial published in this periodical is permitted by AAFS.
Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by AAFS.

523 * Presenting Author



@1 Engineering Sciences Section - 2015

References:

1.

2.

3.

Dolinis J. Risk factors for “whiplash” in drivers — A cohort study of rear-end traffic crashes. Injury 1997: 28(3): 173-9.
Mayou R, Bryant B. Outcome of “whiplash” neck injury. Injury 1996: 27(9): 617-23.

Jakobsson L, Norin H, Isaksson-Hellman I. Parameters influencing the risk of AIS1 neck injuries in frontal and side impacts.
International Research Council on the Biomechanics of Impact (IRCOBI) Conference Proceedings; 2000, Montpellier, France.

Winklestein BA, Nightingale RW, Richardson WJ, Myers BS. Cervical facet capsule and its role in whiplash injury — A
biomechanical investigation. Spine 2000: 25(10):1238-46.

Sturzenegger M, Di Stefano G, Radanov B, Schnidrig A: Presenting symptoms and signs after whiplash injury — The influence
of accident mechanisms. Neurology 1994: 44(4): 668-93.

Grauer JN, Panjabi MM, Cholewicki J, Nibu K, Dvorak J. Whiplash produces an S-shaped curvature of the neck with
hyperextension at lower levels. Spine 1997: 22(21): 2489-94.
Ono K, Kaneoka K, Wittek A, Kajzer J. Cervical injury mechanism based on the analysis of human cervical vertebral motion

and head-neck-torso kinematics during low speed rear impact. SAE Technical Paper 973340. In: Proceedings of the 41st Stapp
Car Crash Conference. Warrendale, PA: Society of Automotive Engineers, 1997: 339-356.

Injury Risk, Cervical Spine, Rear Impact

Copyright 2015 by the AAFS. Unless stated otherwise, noncommercial photocopying of editorial published in this periodical is permitted by AAFS.
Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by AAFS.

524 * Presenting Author



