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Abstract
Front airbags in conjunction with seatbelts are known to protect occupants from incurring serious
injury or fatality in high speed crashes. However, airbag deployment in low to moderate severity
crashes has often resulted in disproportionate injuries and has caused considerable public
controversy. Despite subsequent improvements in front airbag design, they can cause serious
injury in some collisions. Accurate determination of the role of the airbag in such cases is critical
for improving restraint system design, developing motor vehicle safety standards, and resolving
medico-legal issues. This study investigated the role of the front airbags in two moderateseverity (delta-V = 27 km/h) single vehicle frontal impacts where there were unusual fatal
outcomes. In both cases, either trauma from the collision or airbag involvement was
hypothesized to be involved. In one case, the front airbags did not deploy and the belted male
driver was found dead at the scene. Post-mortem evidence indicated that the occupant had a
bicuspid aortic valve and sudden aortic dissection likely precipitated by the collision. In the other
case, a belted elderly female front passenger sustained severe head and neck injuries due to
interaction with the first stage of the advanced passenger’s airbag, and subsequently died in
hospital. The elderly female had an underlying arthritic degenerative cervical spinal disc and
facet disease which contributed to the injuries. In-depth investigation and reconstruction,
including linking crash and injury data was critical for understanding occupant injury
mechanisms, and determining the role of the front airbags in these two cases.

Résumé
Les sacs gonflables frontaux s’ajoutent à la protection offerte par les ceintures de sécurité pour
les occupants dans des collisions routières à haute vitesse. Malheureusement, ces sacs sont un
sujet de plainte publique parce que les blessures causées par le déploiement des sacs dans des
cas de faible vitesse sont plus graves que la collision et la sévérité de la collision aura prédite.
Malgré les avancements, les sacs gonflables peuvent causer des blessures sérieuses et la
fatalité dans certaines collisions. Déterminer le rôle des sacs dans ces cas est nécessaire pour
améliorer les modèles de contrainte, les standards de sécurité routière et pour résoudre des
sujets médico-légaux. Cette étude examine le rôle des sacs gonflables frontaux dans deux
collisions frontales à moyenne sévérité (delta V = 27 km/h) où il y avait la fatalité inattendue.
Dans les deux cas, un trauma de la collision ou participation du sac a été supposé. Dans un
cas, les sacs gonflables frontaux n’ont pas déployé et le chauffeur contenu par ceinture de
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sécurité est mort sur scène. L’analyse des renseignements d’autopsie démontre qu’il avait une
valve bicuspide de l’aorte et dissection de l’aorte a précipité la collision. Dans l’autre cas, une
femme âgée et passagère contenue par ceinture de sécurité a reçu des blessures sévères à
cause de l’interaction avec le premier étage du sac passager et elle est morte à l’hôpital. Le lien
entre l’information de la collision et l’information médicale a été crucial pour comprendre les
mécaniques de blessure et déterminer le rôle des sacs gonflables frontaux.

INTRODUCTION
The Road Safety and Motor Vehicle Regulation Directorate of Transport Canada is responsible
for the safety regulations for new vehicles sold in Canada. A primary method for evaluating
vehicle safety is through investigations of real world collisions [1]. Consequently, the Directorate
funds a national network of university-based research teams to conduct in-depth collision and
defect investigation studies to monitor the effectiveness of the safety standards in real-world
crashes [2].
While many safety standards and improvements continue to be implemented in motor vehicles,
front airbags remain a source of controversy. While airbags are well known to protect occupants
in high severity frontal impacts, airbag deployment in low to moderate severity crashes has
often resulted in disproportionate injuries. Specifically, airbags have been directly related to a
number of fatalities in low to moderate severity impacts, which has caused much public interest,
especially when the injured individuals would have been adequately protected by a manual
restraint system [2].
The United States has documented 175 airbag-related fatalities since 1990. Due to higher
seatbelt usage rates, Canada has fared much better with only 4 fatalities prior to de-powering of
front airbags in 1998. However, Canadian studies continue to document airbags deploying in
low to moderate severity crashes, with at least half of these deployments resulting in minor
injuries to drivers and passengers [2]. While a solution to increase the threshold of airbag
deployment could counteract the fact that airbags may increase the probability and severity of
injury in low severity impacts, the risks are not well understood by the public who often expect
deployment of the inflatable cushion in such crashes.
The Office of the Chief Coroner for Ontario serves the living by performing death investigations
and inquests [3]. These processes help ensure that no death is ignored, and any findings are
used to modify or improve public safety standards and prevent similar deaths in future. To
determine the cause and/or manner of death, an autopsy is often performed. The autopsy
report generated provides information that can help relatives of the deceased find closure and
settle other issues such as insurance claims [3].
Unusual deaths warrant special attention especially when they may involve a safety feature
designed to reduce harm such as front airbags. In-depth investigation of such cases is
important to assess risks and is vital to improving safety and medicolegal knowledge. Without
such investigation, the importance that airbags play in injury causation could be perceived as
greater than is currently documented.
Two cases were selected for in-depth examination in order to assess current issues surrounding
airbags. The study contrasted a case of airbag non-deployment with a case of airbag
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deployment, both of which occurred in collisions where there was an unexpected fatality. The
injuries obtained in the non-deployment case were examined in order to determine whether
death was caused by the trauma of the collision, and if so, if the driver’s front airbag could have
aided if deployed. Similarly, the injuries in the airbag deployment circumstance were examined
to determine if the collision, or the airbag had played a role in injury and fatality, and if
inappropriate firing of the airbag had occurred.

METHODOLOGY
Two cases were selected based on similar conditions in order for appropriate comparison to be
made between deployment and non-deployment airbag circumstances. Both cases were single
vehicle frontal impacts involving narrow collisions into poles and were of similar impact severity
(delta-V = 27 km/h) with unusual fatal outcomes. Information about the vehicles and occupants
was obtained for both cases using police records, interviews with occupants if applicable, and
medical records.
External and internal examinations of the vehicles were performed to determine crash severity,
occupant location, restraint system use and seatbelt loading evidence in both cases, and airbag
contact marks in the case of airbag deployment. Seatbelt geometry measurements on an
individual of similar stature were performed as a positive control for accuracy of seatbelt loading
evidence and seatbelt geometry measurements. Specific data that included age, sex, and
injuries of the deceased as well as results of ancillary testing was provided by autopsy reports,
and was approved by the Undergraduates Ethics Review Board at the University of Toronto at
Mississauga.
Crash reconstruction was performed using WinSLAM, a software program based on the linear
relationship between vehicle crush and equivalent barrier speed (EBS) determined by Campbell
[4], which incorporates crush measurements (measurements of deformation on the vehicle in
the crash), vehicle stiffness and inertial properties in order to determine the delta-V or EBS of
the vehicle at impact [5]. Delta-V is the change in velocity that occurs during an impact. It is
regarded as a good predictor of crash severity and is often used by investigators to gauge the
severity of the collisions [5]. Additionally, delta-V can be helpful in predicting the biomechanics
of injury and likelihood of fatality, based on the measure of severity [5].
Crush measurements were determined from the external vehicle examination by taking six
measurements across the length of damage according to a specific protocol [6]. Principal
direction of force (PDOF) was determined from the vehicle examination. Frontal stiffness values
were determined from crash tests of similar vehicles, obtained from NHTSA’s (National Highway
Traffic and Safety Act) Query on Vehicle Databases, where crush measurements from crash
vehicles were subsequently compared to ensure values calculated in WinSLAM were
reasonably consistent [7].
Delta-V values obtained from WinSLAM were compared with event data recorder (EDR)
information in one case, which served as a positive control for delta-V accuracy. The EDR also
provided airbag deployment threshold and information about deployment circumstance and
stage of deployment during the collision.
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RESULTS
Case 1: Airbag non-deployment
This head-on collision into a wooden hydro pole occurred on a clear evening at an artificiallyilluminated T-intersection of an urban arterial and a shopping mall exit. The 2004 Honda Civic
2-Dr was exiting the mall as the driver attempted to make a left turn onto the arterial. The
Honda crossed both northbound lanes of the arterial before mounting the east curb and
travelling onto the roadside. The front end of the Honda subsequently struck the hydro pole
which was approximately 2 m from the east curb. The vehicle came to rest against the 30 cm
diameter pole with the engine running and the right front wheel spinning.
Attempts by paramedics to resuscitate the driver failed and the 42-year-old restrained male [180
cm (5’11"); mass of 119 kg (262 lb)] died at the scene. The vehicle sustained moderate direct
frontal damage with a maximum crush of 34 cm (Figure 1). Interior examination revealed a
minor scuff on the steering column trim. The front airbags and seatbelt pretensioners were not
activated. Slight striations on the seatbelt D-ring and light concurrent plastic transfers on the
webbing indicated restraint use. The seatbelt geometry determined from loading marks was
found to be reasonable for a large male driver, suggesting the driver was properly restrained.

Figure 1 - Damage to vehicle after driver, while performing
a routine turning maneuver, lost control and struck a
wooden hydro extremity

Autopsy findings revealed a 4 cm vertical rupture of the posterior ascending aorta, 1.5 cm above
a bicuspid aortic valve (Figure 2). A small area of aortic dissection was located at this rupture.
A large hemopericardium (740 cc) was also noted. Microscopy was performed using
hematoxylin and eosin, and Movat staining, the latter highlighting elastic fibers in the aortic wall.
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Underlying disease of the aortic wall, known as cystic medial necrosis, characterized by the
disorganization of elastic fibers with accumulation of mucin in the affected areas, was observed
(Figure 3).
The driver also had costal sternal dislocation (right ribs 2-6), minor abrasions of the sternum,
and the right fingers and minor contusions of the left arm (AIS-1). These minor injuries were
attributed by the pathologist to resuscitation attempts, the torso belt, steering wheel and interior
of the vehicle respectively.

Figure 2 - Autopsy photo showing intimal tear in the
ascending aorta (arrow) and associated bicuspid aortic
valve

Figure 3 - Microscopy with Movat staining highlighting (A)
elastin fibres in normal aorta and (B) aorta involved by
cystic medial necrosis.
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Case 2: Airbag deployment
This single vehicle collision occurred in the late afternoon in the parking lot of a gas station. The
weather was clear and the parking lot was dry. The elderly driver of a 2005 Ford Focus SE 4Door Wagon was traveling at low speed when he unintentionally accelerated. The Focus
accelerated for approximately 18 m and traveled over a 15 cm high concrete curb before striking
a non-frangible 10 cm diameter metal pole with its front end. The distance from the curb to the
pole was approximately 3.8 m. The Focus came to rest at the pole. The fully restrained 83year-old female right front passenger [160 cm tall (5'3"); mass of 53 kg (117 lb)] was seriously
injured in the collision and expired three days later in hospital after surgery to relieve traumatic
spinal cord compression. Exterior vehicle examination revealed that the vehicle sustained direct
damage near the centre of the front end with a maximum crush measured to be 42 cm at
bumper level (Figure 4).

Figure 4 - Damage to vehicle after driver accelerated, went
over a curb, and struck a pole

Interior examination of the vehicle revealed that the seatbelt webbing was jammed and spooled
out and the retractor-type pretensioner had activated. Striations on the D-ring and seatbelt
tongue and concurrent plastic transfers were identified on the restraint webbing indicating a lap
belt length of 90 cm and torso belt length of 77 cm. Additional seat belt geometry
measurements were taken with a female surrogate [168 cm tall (5’6”); mass of 60 kg (130 lb)].
These measurements revealed a lap belt length of 86 cm and a torso belt length of 77 cm,
suggesting the occupant may have been wearing her seatbelt with a small amount of slack
(Figure 5). The advanced frontal airbags in the vehicle had deployed, and the passenger’s
airbag cover had fractured the windshield. No visible contact marks such as lipstick or makeup
were noted on the surface of the airbag. The restraint control module of the vehicle recorded
that seatbelts were buckled, pretensioners had activated, and the 1st stage of the dual stage
airbag had deployed in response to the collision environment.
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Interviews with family members revealed that the female passenger had arthritis affecting the
cervical spine and would sit in a fully rearward position as a passenger. Autopsy reports
indicated that the female passenger suffered a multitude of injuries of varying severity, including
a left subdural hemorrhage overlying the orbital plate (AIS-4) (Figure 6) , a bilateral C5-C6 facet
subluxation without fracture (AIS-3) and consequent spinal cord contusion (Figure 7,8) and
bilateral (R 4-6 / L 4,5) rib fractures (AIS-2). Minor contusions were found on the sternum, the
right inguinal region, right shoulder and left iliac crest. Abrasions to the right bicep were also
noted.

Figure 5 - Seatbelt webbing was found spooled out with the
retractor jammed and the retractor-type pretensioner
activated

Figure 6 - Base of skull showing subdural hemorrhage on
left orbital plate (AIS-4)
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Figure 7 - MRI (Magnetic Resonance Imaging) scan of
upper spine showing dislocation of C5 vertebra relative to
C6 (arrow)

Figure 8 - (A) Dislocation of C5-C6 vertebrae
demonstrated by posterior neck exposure at autopsy
(B) Metal plate stabilizing dislocation site after surgery.

as
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DISCUSSION
Case 1
Crash Severity
Damage analysis was performed in WinSLAM using default frontal stiffness values after doing a
comparison of similar NHTSA frontal crash tests [7]. The Honda sustained a narrow impact with
a maximum crush of 34 cm. The 27 km/h delta-V calculated using WinSLAM appeared
consistent with the damage indicating a moderate-severity impact. One would expect minimal
injuries at most for a typical properly-restrained occupant in a rearward seating position.
Therefore autopsy information was further evaluated.
Aortic Dissection
The driver suffered an aortic dissection that led to an external rupture into the pericardial space,
and resulted in death by cardiac tamponade. Aortic dissection is defined as the separation of
aortic media caused by flowing blood flow into the layers of the aortic wall, which creates an
extra luminal channel called the false lumen (Figure 9) [8,9].
Once this false lumen is formed, there can be a reentry into the true lumen by another tear, or
there can be an external rupture from the ascending aorta into the pericardial space (i.e. the
membrane-enclosed space which surround the heart) [10]. A rupture into the pericardial space
prevents the heart from filling properly and can cause cardiac tamponade — a life-threatening
disorder [10].
Major chest injury occurs in 40-50% of motor vehicle occupant fatalities, with vehicle collisions
causing about one-half to 95% of aortic ruptures [5]. Aortic injuries have been specifically
associated with severe deceleration. In this case, the aortic findings were unusual considering
that the collision was only of moderate severity [5]. Dissection of the aorta due to trauma is
relatively uncommon [11].
Aortic dissection is more commonly due to underlying disease [11]. The autopsy report
supported this, revealing the presence of a bicuspid aortic valve and underlying pathology (i.e.
cystic medial necrosis of the aorta). A bicuspid aortic valve is associated with a significant
increased risk of aortic dissection, specifically 5-10 times higher than in the normal population
[12-16].
Bicuspid Aortic Valve
The bicuspid aortic valve (BAV) is the most common congenital cardiac malformation, occurring
in 1% to 2% of the population, as compared with 0.8% for all other forms of congenital cardiac
diseases combined [12,17]. The majority of BAV patients develop complications requiring
treatment at some point in their life [17].
One such complication is the association of BAV with cystic medial necrosis: a disorder of larger
arteries, like the aorta, that results in a focal degeneration of the elastic tissue and media
muscle, and non-inflammatory smooth muscle cell loss. This increases the risk of tearing, or
dissection occurring in the aorta [18].
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Cystic medial necrosis occurs more frequently after 40 years of age, and is twice as common in
males (typically middle-aged or older) than in females [18,19]. Additionally, aortic dissection
occurs earlier in life in patients who have a bicuspid aortic valve than in patients who have a
normal, tricuspid aortic valve. The average age of the patient with a bicuspid aortic valve
suffering an aortic dissection is younger (54 years old) compared to 62 years old for the patient
with a tricuspid aortic valve [16].
In the present case, the driver fit the demographic profile for being at increased risk for cystic
medial necrosis associated with his bicuspid aortic valve [18,19]. Microscopic examination
confirmed cystic medial necrosis in the aorta (Figure 3). The dissection originated in the
ascending aorta, which corresponds with 65% of cases of dissection occurring in individuals
with bicuspid aortic valves [20].

Figure 9 - Aortic Dissection
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Case 2
Crash Severity
Damage analysis was performed using WinSLAM to determine the delta-V and impact speed.
Vehicle specific frontal stiffness values were calculated based on crash tests carried out for the
US Department of Transportation [7]. The calculated longitudinal delta-V was 27 km/h, which
was in agreement with the EDR-recorded longitudinal delta-V of 27 km/h. In a crash of this
severity one would expect minimal injuries for a properly-restrained occupant in a rearward
seating position. Therefore autopsy information was further evaluated.
Event Data Recorder (EDR)
The vehicle was equipped with an EDR that records information such as time history of delta-V,
restraint use, and timing of the deployment command during the crash pulse [21]. The EDR
was downloaded by the manufacturer and the following information was reported:
•
•
•
•
•
•

Both the driver and passenger seat belts were buckled
The driver’s seat was in the rear of the seat track position and the passenger was classified
as an adult (large) occupant
Both seatbelt pretensioners were commanded to deploy 105 ms after algorithm enable (AE)
The first stages for both front airbags were commanded to deploy at 111 ms after AE, while
the second stages of the airbags were fired to exhaust at 211 ms after AE.
The total longitudinal delta-V recorded during the 254 ms algorithm run time was 27 km/h
and the total lateral delta-V measured was 2 km/h.
The Principle Direction of Force (PDOF) was calculated using the recorded longitudinal and
lateral delta-Vs to be 5 degrees.

Airbag Deployment
One would expect a crash pulse duration from initial engagement with the pole to separation of
approximately 120 ms. Thus, a deployment command at 111 ms after AE suggests that the
front airbag may have deployed very late during the crash pulse. However the vehicle was
involved in multiple impacts and AE does not necessarily correspond to the pole impact. The
rear wheels would have contacted the curb approximately 30 to 50 ms before the front end of
the vehicle struck the pole. Impact between a rear wheel and the curb may have “woken the
system up” and thus have been the point where recording started and the airbag deployment
algorithm was enabled. It is likely that airbag deployment was commanded between 60 and 111
ms after initial pole contact.
Injury
Unlike thoracic or lumbar areas, the cervical area of the spine is the most vulnerable to injury
during vehicle collision [22]. This could be due to the fact that the only structures that stabilize
the neck are the muscles, intervertebral discs and the configuration of the posterior apophyseal
joints and their supporting ligaments [22]. The occupant sustained a C5-C6 bilateral subluxation
without fracture. Bilateral facet dislocations result when superior vertebral body is displaced
anteriorly over its subjacent vertebra, and can occur by compression-flexion mechanisms [23].
Compression-flexion injuries are often produced by loading of the head [23].
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The loading and consequent injury likely came from the expanding airbag, as is evident from
localized impact to the head in the form of a subdural hemorrhage, consistent with a frontal
blow. The occupant was likely out of position due to the vehicle’s contacts with the curb and
appears to have contacted the deploying airbag while out of position. Late deployment of the
front airbag may have been a factor as well. If the path of airbag deployment is blocked by the
occupant, then increased pressure builds up in the cushion during its inflation and high forces
are exerted on the driver or passenger. Membrane-force loading is one mechanism of airbag
deployment injury which occurs when the individual in the path of the partly inflating bag and
can sustain head and neck trauma [24].

CONCLUSIONS
Case 1: Airbag non-deployment
Motor vehicle collisions cause up to 95% of traumatic aortic ruptures mainly by rapid horizontal
deceleration and chest compression. However, the vehicle crash forces required to produce
these ruptures are generally very severe [5]. Therefore, combining age factors and
predisposition, observing that the crash was of low severity with a delta-V below 30 km/h, and
noting that an average driver typically does not lose vehicle control during a routine turning
maneuver; the observed aortic rupture was unlikely a result of the impact. More probable is that
the aortic rupture was the cause of this collision and thus occurred prior to impact. Pathological
assessment revealed underlying disease of the aorta i.e. cystic medial necrosis, which
predisposes to aortic dissection [11]. The manner of death in this case was not accidental but
was due to natural causes.
Case 2: Airbag deployment
The elderly driver unintentionally accelerated, struck a curb and then impacted a metal pole.
The EDR and damage analysis confirmed a moderate-severity frontal collision. The vehicle was
equipped with advanced air bags. A first stage air bag deployment was commanded as well as
the front seat belt pretensioners, but the second stage airbag deployment was not deployed, as
one would expect given the severity of the impact. The fully-restrained driver and rear
passenger received minor injuries. The fully-restrained right front passenger seated in a fully
rearward position suffered severe neck injury.
The initial curb impact likely caused the front passenger to be out of position during the
secondary pole impact which caused the front airbags to deploy. Late deployment of the
passenger’s airbag may also have been a contributing factor. The passenger’s underlying
arthritic condition also contributed to her cervical spinal injury.
Meaningful analysis of how a restraint system such as an airbag can cause injury during a
motor vehicle collision depends on an in-depth assessment of occupant, vehicle and impact
factors [25]. Being out of position remains a major risk factor for airbag deployment injury in a
crash of any severity, despite advancements in airbags. Airbag deployment should continue to
be a consideration in trauma assessment and injury evaluation even with increased used of
manual restraints and advanced or depowered airbags.
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