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Preface

The most favorable outcome of any forensic case is best served by open discussion between the forensic pathologist, investigating police officers, and other relevant members of the investigation.

In ideal circumstances, in which the pathologist’s routine work load permits attendance at the scene of a motor vehicle incident coupled with expert examination of a motor vehicle’s exterior and interior damage, a more reasoned analysis of a crash victim’s injuries can be made. When conditions dictate that the pathologist cannot attend the scene, the investigators (and courts) will still usually derive sufficient information from the postmortem report, providing accurate documentation of injuries has been performed and important concerns regarding the case have been communicated by the investigating team.

The autopsy examination of a victim of a motor vehicle incident needs to address a number of issues that may be of interest to a variety of different groups. A fundamental purpose of the postmortem examination is to provide a reasonable cause of death. A further important function of the pathologist is to detail the extent of internal injury in those who initially survive the trauma arising from the vehicle impact to allow objective audit for those involved in trauma care. Other interested parties may include researchers and engineers who wish to correlate impact points to motor vehicles and the associated injuries to occupants and pedestrians.

This book is written as a preliminary resource for those interested in the investigation of motor vehicle incidents and it is hoped the reader is stimulated to further study and productive associations with his or her colleagues in related fields of study.
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1 Motor Vehicle Design and Causation of Injuries


Overview

Motor vehicle collisions are the major cause of death in the 15- to 30-year age group, the major cause of injury leading to death in the 5- to 15-year age group, and the source of enormous financial and social cost to the community as a whole.

In developed countries, a large proportion of deaths arising from motor vehicle incidents occur on roads with higher speed limits (i.e., faster than 100 km/hr). On Australian roads, approximately 32% of deaths occur in 100 km/hr zones, 12% occur in 110 km/hr zones, and 21% happen in 60 km/hr zones. Most crashes involving loss of life occur during daytime (56.9%) and the great majority of crashes occur in fine weather (72.3%).1

For any given collision, it has been shown that the size of the motor vehicles involved is a significant factor in the outcome of a crash. Occupants of a larger vehicle by size and mass have a more favourable outcome than those in a smaller vehicle.2 This “vehicle mismatch” is of particular concern in side impact collisions.

Collisions between traditional passenger vehicles and four-wheel drive (4WD) and sports utility vehicles (SUV) lead to more significant injuries to the occupants of the passenger vehicle.3

The increase in injury also occurs when the passenger vehicle has a larger mass than the 4WD vehicle.4 The relative and absolute numbers of 4WD vehicles and SUVs on the roads are increasing and the “aggressive” nature of these vehicles in crashes is an important issue for research into vehicle safety design.

It has been estimated that sitting in the rear seat of a passenger vehicle may reduce the risk of death in a motor vehicle collision by approximately 39% and reduce the risk of serious injury by a similar amount.5 An earlier study by Brown showed that injured motor vehicle occupants presenting to a hospital emergency department also showed the protective effect of rear seat occupancy.6



Introduction

Modern motor vehicles have numerous safety features for drivers and passengers including seat belts with pretensioners, front, side and curtain airbags, collapsible steering columns and pedals, and frontal crush zones.

The dashboard fascia has a moulded, curved configuration with padding to cushion impact from the knees and lower legs. The dashboard padding must be of sufficient thickness and compressibility to cushion impact to the knees in a frontal collision, yet firm enough to prevent forceful contact of the knee into underlying hard materials. The most efficient type and thickness of interior padding has utilised information derived from research on the biomechanics of injury causation.7 It has been shown from computer simulation that increasing the thickness of the roof side rail padding to 5 cm reduced the peak acceleration to the head during a motor vehicle collision, with a subsequent 85% reduction in the head injury score.8

Research in exterior vehicle designs progresses for strategies to minimise fatalities and long-term physical effects to pedestrians injured in crashes.

Important motor vehicle design features discussed in this chapter include:


	Crashworthiness

	Seat belts

	Airbags

	Antilock braking systems

	Electronic stability control

	Event data recorders

	Pedestrian friendly motor vehicles

	Intelligent vehicle systems

	Improvements in lighting





Crashworthiness

Crashworthiness is the measure of how well a vehicle provides protection to its occupants during a collision. An analysis of British data between 1980 and 1998 on improvements in the crashworthiness of motor vehicles has estimated a reduction in the number of drivers killed or seriously injured to be at least 19.7%.9 Government-regulated tests and a number of private organisations provide objective measures of a vehicle’s performance in a number of simulated crash tests. Typically frontal, offset frontal, side impact, rear impact, and rollover tests are employed in various combinations.

The vehicle must impart sufficient stiffness in the body shell to prevent cabin intrusion yet provide frontal crush zones to dissipate kinetic energy and decrease the risk of deceleration injury (Figure 1.1). Deforming elements in the front and rear of modern vehicles include engine support arms, radiator assemblies and longitudinal support arms (Figure 1.2). Cross-bars in the front of a vehicle allow some energy to be absorbed by the “nonaffected” side in an offset frontal collision.

Protection in side impact collisions is afforded by a rigid passenger cell with cross-bars, side impact protectors, and structural designs to absorb energy to the frame and offside of the vehicle. Steering columns and foot pedals are engineered to collapse away from the driver to reduce the probability of significant direct blunt force injury to the chest and feet/ankles.

Vehicles such as trucks, vans, 4WD, and SUV, which have a relatively high center of gravity, have a higher incidence of rollover events. In these vehicles, it is important for manufacturers to address excessive roof crush if identified in controlled rollover tests or real life situations.


[image: ]

Figure 1.1 Frontal crash test showing frontal “crush” zones. (Photo courtesy of BMW.)
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Figure 1.2 Longitudinal and transverse components of body shell. (Drawing courtesy of BMW.)
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Figure 1.3 Frontal collision of passenger sedan and four-wheel drive vehicle showing override



SUVs are an increasingly popular choice of vehicle for motorists. Collisions involving SUVs and conventional passenger cars tend to lead to proportionally greater injuries the occupants of the conventional vehicle. In a frontal collision, the SUV may override the bumper and hood of the passenger vehicle, causing intrusion of the steering column and dashboard in the passenger car. If override occurs, the relatively stiff nature of the SUV front end can lead to marked floor pan intrusion into a conventional vehicle (Figure 1.3). In side impact collisions, some SUVs may override the passenger car door, resulting in significant cabin intrusion.



Seat Belts

The legislative requirement to wear seat belts resulted in a marked decline in the incidence of injury and death associated with motor vehicle collisions in the State of Victoria, Australia. Seat belt use led to reduced deaths from head injury, chest injury, and the effects of rapid deceleration. Seat belts are designed principally for frontal crashes and the protective effect is primarily for these types of collisions. Wearing a seat belt also reduces the incidence of occupant ejection. The use of seat belts has not resulted in a similar reduction in injuries for nearside side impact motor vehicle occupants in which head injury is caused by impact with the adjacent cabin interior and vehicle intrusion.

More recent developments in seat belt design include pretensioners and energy management systems (Figure 1.4). Seat belt pretensioners virtually instantaneously retract excess slack in the seat belt, resulting in better approximation between the occupant and the seat and hence improving the individual’s deceleration profile during the collision. The better approximation between the occupant and seat also minimises “out of position” events in which injuries from airbag deployment are more likely to arise. The closer fit between the occupant and seat also decreases the probability of submarining injuries.
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Figure 1.4 Seat belt assembly with pretensioner. (Drawing courtesy of BMW.)



Energy management systems are features that allow seat belts to yield during a collision to decrease the forces that are concentrated on the chest by the seat belt. The most common types of energy management systems are load limiters, which are typically present within the seat belt retractor.

Other features include “tear stitching” in the belt webbing, which allows the belt to gradually stretch during a crash. Walz has reported significant reductions in head injury criteria scores and chest acceleration and deflection in anthropomorphic dummies in frontal collisions in vehicles fitted with seatbelt pretensioners.10 Energy management systems led to significant decreases in chest acceleration and deflection. While further research is warranted to confirm these findings, it would seem reasonable to suggest that seat belt pretensioners and load limiters will provide further protection to occupants in crashes.

Pediatric restraint systems have been demonstrated to protect babies and infants, toddlers, and children. Baby capsules and forward-facing child restraint systems are highly effective in preventing serious injury and death in motor vehicle collisions. A recent study showed a 78% reduction in serious injury for children in forward-facing child restraint systems compared with seat belts.11



Airbags


Introduction

The introduction of frontal airbags in otherwise unrestrained vehicle occupants resulted in a reduction in the incidence of injury and deaths in frontal impacts. The National Highway Traffic Safety Administration, a division of the U.S. Department of Transportation, reported that the risk of fatal injury to car drivers in frontal crashes was reduced by 31% through the use of airbags alone. The protective effect that frontal airbags give to front seat occupants when used alone is considerably less than the protection afforded to occupants who also use a seat belt. Airbags should be viewed as a supplementary restraint system. Side airbags have been shown to decrease the incidence of significant head and chest injury in side impact collisions.

The airbag was introduced as a passive safety restraint system requiring no active input from the vehicle occupants. In countries with a low rate of seat belt use, the driver and passenger frontal airbags in a frontal collision provide significant protection from impact with the steering wheel assembly, dashboard, windshield, and surrounds.

Airbag deployment must occur rapidly as most vehicle collisions are over in about 100 msec.

The impact force of the expelled plastic module cover and expanding airbag, and physicochemical effects of the chemicals and gases produced in the deployment have been shown to cause injuries to vehicle occupants. Most injuries are relatively minor abrasions and bruises. Fractures of the face and extremities are well described. Upper limb fractures to children are common when in close proximity to the airbag when it is deployed.12

Airbag deployment may also cause lethal injury. The great majority of these cases involve children and adults of small stature who are “out of position” (i.e., not in a normal driving position relative to the airbag when deployment occurs). Risk reduction is attained by keeping children younger than 12 years of age in the rear seat of a motor vehicle, or, if circumstances are such that they must travel in the front passenger seat, by pushing the seat back as far as possible and correctly fastening the seatbelt. Small adults should also push the seat back at least 10 in from the module cover. In some jurisdictions on/off switches can be installed to deactivate the airbag.



Design

The driver airbag is located within the steering wheel hub and the front passenger airbag is located above or adjacent to the glove box. Depending on the design of the particular manufacturer, the side airbag may be located in the seat, roof, or pillars (Figure 1.5).
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Figure 1.5 Typical driver and passenger airbag locations. (Drawing courtesy of BMW.)



The driver and front passenger front airbags are deployed after the detection of an impact by sensors usually present in the front bumper and engine bay. The change in velocity (delta V) required for deployment is usually of the order of 15 to 20 km/hr, but may be increased if the system allows detection of the occupant wearing a seat belt.

When the control module detects a deployment signal, a charge ignites the sodium azide propellant within the airbag. The subsequent explosion results in the rapid generation of nitrogen gas with smaller amounts of nitrogen oxide, carbon monoxide, ammonia, and numerous hydrocarbon compounds, which rapidly inflate the nylon fabric airbag.13 The airbag accelerates from 225 to 325 km/hr in 25 to 30 msec. The airbag rapidly deflates by gas escaping through vents.

Early generation airbags utilised a large amount of energy in deployment. A serious consequence of this energy was airbag-related injury and deaths. The introduction of depowered airbags led to a reduction in airbag deployment injury. Depowered airbags had less vigorous inflation characteristics and used an increased number and size of vents to allow escape of gases. Further improvements in design led to dual-stage, multistage, and variable output airbags. Dual and multistage airbags utilise inflators that fire in steps to alter the inflation, depending on the severity of the frontal collision. Variable output airbags can decrease the output of a single inflation. In severe frontal collisions, each type of system utilises a rapid, full-energy deployment.

Advanced frontal airbags have been introduced to some motor vehicles and will inevitably become standard equipment. Advanced frontal systems have various detectors in the seat or vehicle floor to detect the weight of an object (occupant) in the seat, seat belt use, and position sensors to determine occupant position (Figure 1.6). The system resolves how much energy the airbags should utilise for a particular frontal collision given the prevailing occupant variables.

Side impact collisions are associated with an increased risk of serious injury compared with frontal collisions. The major injury risks in side impact collisions are head injury from contact with the B-pillar, side windows, and surrounds, and chest injury from contact with the interior aspect of the door and vehicle intrusion (Figure 1.7).

Side airbags provide protection from injury by forming energy absorbing barriers between vehicle occupants and the side of the cabin. The side airbag will deploy following a side impact collision, depending on the severity of the crash, the site, and angle of the impact. Side airbags are generally smaller in size compared with frontal airbags. There are various combinations of side airbags to protect the head or thorax that deploy from seat mouldings, doors, and roof in the front and rear compartments.

Difficulties for designers and manufacturers include ergonomic considerations such as the physical size of the driver and passenger and engineering problems such as available space for the devices and obstructing elements such as the seats and seat belts. Because of the lack of a frontal crush zone, side airbags need to deploy more rapidly than frontal airbags. Deployment must occur within approximately 4 to 8 msec of impact. Thorax side airbags take approximately 10 msec to fully inflate and curtain airbags approximately 25 msec to inflate.
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Figure 1.6 Schematic diagram of front passenger airbag with occupancy detector. (Drawing courtesy of BMW.)
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Figure 1.7 Side airbags for head and neck protection. (Drawing courtesy of BMW.)



Early studies have suggested a reduction in deaths of drivers with side airbags designed for head protection in driver side collisions.14




Antilock Braking Systems

Antilock braking systems (ABS) demonstrate highly desirable braking characteristics on the test track.15 ABS has been shown to decrease stopping distances, especially on slippery surfaces, and enable increased driver control in emergency braking situations. Unfortunately, real-world experience has not realised the expected across-the-board improvements in crashes, morbidity, and mortality rates.16

ABS are designed to prevent wheel lock up during hard braking maneuvers. The system recognises imminent lock up of a wheel and releases brake pressure preventing lock up and tire slip. The automatic brake pressure adjustments occur numerous times per second while the driver maintains firm pressure on the brake pedal. Because tire slip is prevented and tire/road frictional force is maintained, the driver is able to steer the motor vehicle. The frictional force between a dry road surface and locked wheels is similar to the braking efficiency of a vehicle fitted with ABS. It is on slippery surfaces, where the coefficient of friction is very low, that ABS is clearly superior to conventional brakes in test conditions.17

Studies addressing the performance of ABS have examined accident and fatality rates in occupants of motor vehicles identical in every aspect except for the addition of ABS. Somewhat surprisingly, there has not been a decrease in all types of crashes, injuries, and fatalities in vehicles following the addition of ABS.

It has been suggested that the lack of education of the general driving public on the use of ABS brakes may have contributed to the lack of benefit. The braking technique of some older drivers on slippery roads is to pump the brake pedal, which will clearly impair the performance of ABS and may significantly reduce effective braking ability. It has also been suggested that drivers of cars fitted with ABS drive more aggressively than other drivers.

Deaths from collisions with pedestrians and cyclists have been shown to decrease after the introduction of ABS. The driver’s ability to steer the motor vehicle during emergency braking is the likely cause. A study on ABS showed an increase in deaths in rollover and single vehicles running off the road collisions in ABS-equipped vehicles.18 The ability to steer the ABS-fitted motor vehicle during an emergency may paradoxically increase the risk for running off the road and subsequent rollover incidents. The inexpert driver who panics while braking and turns the steering wheel sharply may run off the road or overcorrect and drive into oncoming traffic.



Electronic Stability Control

Electronic stability control is a technology to assist drivers in maintaining safe handling of the motor vehicle and decrease the incidence of run off the road incidents and rollover. The system automatically adjusts the throttle and braking of the vehicle if oversteer or understeer is detected.19 The system monitors the vehicle’s speed, yaw, and lateral acceleration and adjusts the throttle and individual wheel brakes accordingly.

Other systems in development monitor the rapidity and force that a driver uses on the brake and, if the situation is deemed critical yet the driver has applied insufficient force to the pedal, the system applies maximum force to minimize the stopping distance.



Event Data Recorders

Event data recorders (EDR) have been present in selected motor vehicle incidents since the 1990s.

EDRs are analogous to the “black box” cockpit recorders within aircraft and similar systems present for some time in ships, trains, trucks, and buses. EDRs evolved with electronic systems in motor vehicles and especially with the introduction and evolution of airbag technology. The control unit is usually positioned beneath the driver’s seat or dashboard.

The EDR stores information derived immediately before a collision and information on the severity of the collision. The type and format of information recorded in the system varies with different manufacturers but can include precrash throttle position and brake operation, restraint use, crash characteristics, and can potentially relay postcrash data to an automatic collision notification system.20 Depending on the particular system of the manufacturer, the EDR can store up to two different deployment events, stored in near-deployment and deployment files. A near-deployment event can be overwritten by a deployment event, but a deployment event cannot be cleared from the system. There is a need for standardisation in data retrieved from different systems.

With the availability of satellite positioning, the EDR can relay information regarding a collision to appropriate emergency personnel and provide the exact location of the crash. The system can provide the delta V as an objective measure of crash severity, which has been shown to be superior in triage and the perception of crash severity than assessment by medical and paramedical personnel.

The information recorded in EDR systems has obvious benefit to collision reconstructionists, motor vehicle safety designers, and road safety engineers.21 The National Highway Traffic Safety Administration has sponsored Rohan University in the United States to develop a database of EDR data from real-world crashes.22 More accurate information regarding velocity changes during collisions and the performance of restraint systems has potential benefits for the development and introduction of future safety systems.

EDRs have limitations. In studies of controlled collisions, the measured delta V was found to be slightly higher than true delta V because of restitution during the incident. Side impact and rollover events require appropriate detection systems that are not readily available in most models. Rear end collisions are not recorded in the target vehicle. Multiple events may not be captured as two deployment and near-deployment events are recorded. A complex multiple incident collision may mean that the most important and most severe impact is not recorded.

Information may be lost if the vehicle’s electrical system is damaged during the collision. If there is severe deformation from the collision, the control module may not be physically accessible. Recent technology with wireless probes is being developed so that investigators can still download information from the unit at the scene or via a direct telecommunication link to a central data location.22

Privacy is an issue with EDR data. Accurate information regarding a motor vehicle incident is obviously of interest to law enforcement personnel, lawyers and the courts, and insurance companies. The information within EDR systems can provide an objective measure of a vehicle’s history. Depending on the local jurisdiction, the information may be ordered by a coroner, be obtained as evidence through a search warrant, or be considered the property of the vehicle’s owner.



Design Features to Protect Pedestrians

Pedestrian collisions result in significant mortality and morbidity in both developing and Western societies. Education programs, measures to decrease vehicle speed, and engineering measures to separate pedestrians from vehicles have been introduced to address pedestrian collisions, injuries, and deaths.

Depending upon the relative configurations of the motor vehicle and stature of the pedestrian, there are differences in the types and distribution of injuries sustained by the pedestrian. In the usual case of an adult pedestrian and conventional passenger sedan with a defined hood, primary impact occurs to the driver’s pelvis and lower limbs, after which the victim is scooped up onto the hood and head impact occurs from contact with the windshield and windshield surrounds. Death or significant brain injury is a common outcome. In those trauma victims who survive the crash, impact to the pelvis and lower limbs can cause major bone and joint disruption requiring operative fixation, joint reconstruction, and often residual reduction in mobility and subsequent osteoarthritis.

Research and development is assessing the options to site airbags beneath the windshield with appropriate sensors in the bumper to detect impact with a pedestrian. The deployed airbag could protect the pedestrian’s head from blunt force injury from the windshield and surrounds. Collapsing segments to windshield surrounds require more wide-ranging engineering input. Increasing the space between the yielding sheet metal of the hood and the metallic components of the engine would also reduce significant injuries and requires engineers to redesign engine components such that solid metallic objects are sited away from the hood region.

Motor vehicle engineers have reviewed safety issues relating to the front of motor vehicles in which the majority of pedestrian incidents occur to make cars more “pedestrian friendly.” Bumper impact in the vicinity of the knee is associated with serious knee injuries. Injuries to the lower limbs may be decreased by a lower profile to the front of the motor vehicle so that pedestrians are “scooped” up onto the hood to prevent differential movement of the thigh and lower leg region. A bumper lead angle below 60 degrees will reduced injury severity to the lower extremity in car-pedestrian accidents.23



Improvements in Lighting


Enhanced Rear Lighting

Enhanced rear lighting and signalling systems have been proposed to address the problem of rear end collisions. Centre high-mounted stop lights were introduced to alert following drivers of the lead vehicle’s deceleration. The introduction of the centre light system was estimated to result in a 4% reduction in rear end crashes.24 Another focus of research into early warning mechanisms has suggested more rapid illumination of the brake light using circuits from accelerator pedal release.



Adaptive Headlighting

Several approaches have been employed to improve the performance of vehicle headlights.25 These include:


	Raising the beam of light with increasing speed

	Releveling the beam of light under different load distributions

	Adjusting lights in the event of adverse weather conditions (e.g., fog)

	Rotating the beam of light when cornering.



A study by Sullivan demonstrated that pedestrian deaths on rural roads were related to the amount of ambient light.26 Depending on a vehicle’s speed when a pedestrian is encountered on a rural road, the vehicle lights may not provide early enough illumination and warning to prevent a collision. Adaptive head lights that raise the level of the beam of light with increasing speed may reduce such collisions.

Pedestrian incidents leading to injury and death at intersections may be addressed by adaptive head lights that rotate the beam of light when the car turns through the intersection. Another approach utilises side lights that are activated with the turn signal.

In addition to possible reductions in pedestrian injuries and deaths, the introduction of adaptive head lights has the potential to decrease headlight glare for motorists and reduce driver fatigue and stress.26




Intelligent Vehicle Systems

It is generally accepted that most motor vehicle collisions are caused by driver behaviour or error.

Driver errors may occur from an inability to perceive a potential hazard or the failure to react quickly and appropriately. Information technology has the potential to aid drivers’ tasks to provide early warning of hazardous situations and, in some instances, arrest control of the vehicle for some time in an avoidance effort. Smart technologies in current top-of-the-line motor vehicles include adaptive cruise control which incorporates a warning system when the vehicle is approaching the lead vehicle and alters speed to avoid a collision.

Intelligent vehicle systems include warning systems and collision avoidance systems. Intelligent vehicle systems that provide warning of rear end collisions have been available in buses and heavy vehicles for some time.

Other warning systems in development are designed to avoid running off the road, warn drivers of hazards when changing lanes, and improve driver decisions when approaching hazardous situations.

These systems use electronic sensors, infrared and radar technology, global positioning systems, in-vehicle cameras and computer systems, and driver-vehicle interface using audio and visual warnings.

Intelligent vehicle systems have to be compatible with current technology, driver ergonomics, and human behaviours and expectations.27 False warnings may lead to drivers ignoring positive warnings. A preliminary study on the effect of false forward collision warnings showed that nondistracted drivers stopped responding to false warnings after only a few exposures. Interestingly and importantly, distracted drivers still responded to a false warning regardless of prior false warning exposures.28



[image: ]

Figure 1.8 Intelligent vehicle system addressing drowsy driving. (Photo courtesy of BMW.)



Head-up displays of dashboard and other information can decrease the time a driver has to take his or her eyes off the road to gather pertinent information.29 This may be especially helpful for elderly drivers. Head-up display could provide appropriate and relevant information with depth characteristics that are readily understandable to the driver. Enhanced visual displays for night time and poor visibility driving are in research and development.

Evolving technology that uses infrared cameras to determine the opening angle of the driver’s eyes and rapidity and frequency of blinking is being assessed as an early warning device to alert drowsy drivers (Figure 1.8).

Collision avoidance systems use more sophisticated sensors and computer technology than warning systems. Collision avoidance systems identify an imminent collision such as a run-off-the-road event, side swipe crash or head-on collision, and arrest control of the vehicle’s steering, clutch, or braking from the driver and initiate a collision avoidance manoeuver. Although these concepts appeared futuristic in the not too distant past, the technologies required for the successful implementation of such systems are evolving rapidly.
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