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Primary objective: To analyse the relationship between motor vehicle collision factors and TBI.
Research design: Retrospective design analysed the difference between the types of brain injuries
sustained in distinct collision configurations.
Methods and procedures: Medical charts and police accident reports were reviewed for individuals
sustaining TBI in 168 motor vehicle collisions between 1985± 1998.
Main outcomes and results: Lateral collisions and collisions involving contact with a fixed object were
associated with the most severe brain injuries. Analysis of safety restraints revealed that seatbelts not
only reduce the probability of injury, but they also mediate the severity of brain injury when it is
sustained.
Conclusions: Future research should focus the prevention of injury by better defining the minimum
physical thresholds at which brain injury might be sustained and the mechanisms by which these
thresholds are achieved during natural collisions.

Introduction
Traumatic brain injury (TBI) has been defined as an injury to the brain resulting
from an external source, which may lead to significant impairment in the individual’s physical, cognitive and psychosocial functioning [1]. Motor vehicle collisions
(MVCs) are the most common cause of TBI in the USA [2]. Each year, 3± 5 million
people sustain brain injury due to motor vehicle collisions [3], resulting in a large
number of individuals who endure life-long impairment and disability. As a result,
analysing the motor vehicle collision factors that influence incidence, severity and
outcome in TBI is of considerable importance.
Investigators of MVCs have focused their study on the initial angle of impact of
the vehicles and its relationship to occupant injury. Such research has revealed an
increased incidence of TBI during lateral collisions [4, 5] and collisions where
compartmental intrusion is significant [4± 6]. Similarly, in studies of motor vehicle
occupant fatality, occupants of `struck’ vehicles were significantly more likely to be
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killed during MVCs compared to occupants of `striking’ vehicles [7]. Moreover,
when comparing lateral and frontal collisions, seatbelt efficacy is reduced [4] and
brain injury occurs at lower closing speeds and with less vehicle deformation [8]
during lateral collisions. When considered together, these findings implicate lateral
collisions as particularly threatening to the motor vehicle occupants involved. In
fact, in one investigation of lateral collisions, the protection from TBI offered by
seatbelts was considered negligible [4].
In addition to the study of the angle of impact, velocity change is a factor that
mediates the affects of other collision variables such as angle of impact and seatbelt
use and is a primary determinant of occupant injury [9]. Velocity change is the
change in speed the vehicle undergoes during the collision and should not be
confused with the `speed’ of the vehicle prior to the collision. In analyses of natural
collisions, approximations of velocity change have been used to support the diagnosis of mild TBI [10] and to study brain injury and outcome in motor vehicle
related injuries (i.e. injuries to motor vehicle occupants, pedestrians, and bicyclists)
[11]. Because velocity change interacts with most collision variables, ideally it should
be included in all collision analyses. However, velocity change is often cumbersome
to approximate following real world collisions and requires assumptions regarding
the physical nature of each collision. For this reason, velocity change may be
`impractical’ for collision reconstruction and, to overcome this problem, investigators have used surrogates for velocity change, such as a measurement of vehicle
deformation [8].
Analysis of seatbelt use has indicated that, when brain injury is sustained,
seatbelts influence the severity of brain injury and the sites of brain lesions [12].
Although collisions were not analysed, a greater incidence of sub-cortical lesions
was observed in belted individuals compared to unbelted individuals sustaining
brain injury. The between group differences were attributed to the differential
expression of energy for belted individuals during an MVC (upward from the
neck, as opposed to downward from the skull). In addition, a greater incidence
of posterior cortical lesions was noted in unbelted occupants (i.e. parietal, occipital)
compared to those with seatbelts, due to the increased opportunity for posterior
skull versus obstacle contact for unbelted individuals. Separately, investigation
revealed that individuals who did not use a seatbelt at the time of injury show
greater difficulty on neuropsychological tests of executive functioning when
compared to a restrained group [13]. These findings indicate that seatbelts are
affecting the physical environment in which brain injury is sustained and,
subsequently, influencing brain lesion sites. These findings are not surprising,
considering that differing physical mechanisms (e.g. inertial and contact phenomenon) are responsible for dissociable brain lesions [14]. Because the type of brain
injury sustained often influences the acute recovery course [15], understanding
the relationship between the mechanism of injury and resultant lesion sites may,
eventually, be useful to rehabilitation specialists.
Collision analyses in the areas of angle of impact, deceleration and safety restraint
use have typically studied the frequency of occupant injury, including TBI. The
necessity for continued analysis of natural collisions and their effect on occupant
injury has been emphasized for some time [16]. An important aim in this study is to
analyse the relationship between MVC factors and their influence on qualitative
differences in the types and degree of TBI sustained.
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Study aims and anticipated results
It is anticipated that, when brain injury does occur, the frequency of sub-cortical
and brainstem injuries would increase in the case of seatbelt use due to the propagation of physical energy from the neck up, instead of from the skull down. It is also
anticipated that, when brain injury occurs, the frequency of posterior cortical lesions
would increase when a seatbelt is not used, due to the increased opportunity for
posterior skull versus obstacle contact. Based on the relationship between `oblique’
head movements and diffuse axonal injury [17], it is anticipated that lateral collisions
will result in a greater frequency of white matter shear injuries and will be associated
with more severe brain injury when compared to frontal collisions. Based on the
importance of velocity change in mediating occupant injury, occupants in vehicles
striking fixed objects would sustain the most severe injuries (when compared to
struck and striking vehicles) due to the presumed rapid deceleration. It is anticipated
that seatbelts would not only reduce the likelihood of sustaining TBI, but they
would reduce the severity of brain injury when TBI occurred. Finally, in accordance with previous findings [4], it was anticipated that protection from TBI
afforded by seatbelts would be reduced during lateral collisions.
Methodology
Participants
Those included in the study were 168 individuals admitted to one of three local
medical facilities and were occupants of a motor vehicle collision between 1985±
1998. Although police accident reports were sought for all cases, a match between
the patient and their accident report was required for consideration in the study.
Access to medical records followed IRB approval across three separate facilities and
access to police accident reports was granted following approval from city officials.
Individuals in this study were divided into four groups. Individuals were
included in Group 1 (moderate-to-severe brain injury, n ˆ 75) if neuroimaging
results for brain lesion were positive or if they had a GCS score of less than 12 in
the emergency room. In addition, individuals with a skull fracture were included in
Group 1, even in the absence of documented brain lesion. Individuals in Group 2
(mild brain injury, n ˆ 38) included patients whose GCS scores ranged from 13± 15
in the emergency room, who experienced a period of loss of consciousness at the
scene, and who had negative neuroimaging results for the skull and brain.
Individuals with evidence of facial fracture (in the absence of a skull fracture) and
with only a short period of loss of consciousness at the scene of the accident were
also included in Group 2. Individuals in Group 3 (no brain injury, n ˆ 30) experienced no documented period of loss of consciousness or acute confusion and there
was no noted treatment for head injury or concussion. For those with CT scans,
evidence of skull or facial fracture eliminated the patient from Group 3; however,
patients with soft tissue swelling or lacerations on the neck or face were included.
Variables definitions
Injury severity
Injury severity was measured through analysis of three separate variables: Glasgow
Coma Scale (GCS, 18) scores in the emergency room (ER), duration of loss of
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consciousness (LOC), and the number of acute care days spent in the hospital.
Duration of LOC was adapted from an ordinal level scale [19] and was determined
from medical charts as follows:
(1) no appreciable confusion and no LOC at the time of the collision,
(2) initial disorientation or confusion with no reported period of LOC,
(3) very brief LOC at the time of the collision, yet the individual was reportedly
lucid at the scene,
(4) a longer period of LOC at scene that cleared prior to arrival in the ER and a
GCS of greater than 12 in the ER,
(5) LOC lasting for greater than 1 hour but no longer than 1 day,
(6) LOC lasting for greater than 1 day but less than 1 week,
(7) LOC lasting for greater than 1 week but less than 3 weeks,
(8) LOC lasting for greater than 3 weeks but less than 5 weeks, and
(9) LOC lasting for greater than 5 weeks.
Lesion analysis
Computerized tomography (CT) or magnetic resonance imaging (MRI) results
were taken from radiologic reports or discharge summaries from acute care records.
All abnormalities noted on CT or MRI, including haematomas and haemorrhagic
and non-hemorrhagic infarctions were classified as brain injury, or `lesions’. Lesions
were coded dichotomously (irrespective of the number or size in any given region)
across 15 anatomical regions. These 15 regions were collapsed into six primary
regions. The primary regions included each of the four cortical lobes, a group of
sub-cortical structures (corpus callosum, internal capsule, basal ganglia, thalamus),
and a group of brainstem structures (pons, medulla, fourth ventricle haemorrhage).
Collision types
From 168 police accident reports, two basic collision types (frontal and lateral) were
first determined. Separate from these two basic collision types, three categories were
developed according to the direction of energy during the collision (striking, struck,
fixed), as described below. Based on the differential fatality rates between the
`striking’ and the `struck’ vehicle during two car collisions [5], these two categories
were used (i.e. Striking, Struck). A third group involving single car collisions with
fixed objects was referred to as the `Fixed’ group. These categories did not include
collisions in the analyses in which the physical nature of the collision was difficult to
determine (i.e. rollover collisions, collisions with multiple contacts) or collisions that
were too unique to fit into the groups developed (e.g. telephone pole falling onto a
moving vehicle). This resulted in a total of 132 collisions for collision analyses. In
police accident reports, the point of contact is logged through the use of a clock
analogy (e.g. the front of the vehicle is 12 o’clock). For consistency, the clock
analogy was used in this study.
Frontal
This group of collisions (n ˆ 75) was composed of any collision involving single or
multiple contact between 11± 1 o’clock. This group included two car collisions and
single vehicle collisions that involved contact with fixed structures within the range
of specified impact points.
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Lateral
This group of collisions (n ˆ 38) was composed of any collision involving single or
multiple contact between 2± 4 and 8± 10 o’clock. This group includes contact with
other vehicles or contact with fixed objects.
Striking
This group of collisions (n ˆ 26) was composed of two-car collisions that included
single or multiple contact to the front of the vehicle (11± 1 o’clock), followed by a
change in direction and dissipation of the vehicle’s energy over a period greater than
10 feet prior to coming to a controlled or uncontrolled stop.
Struck
This group of collisions (n ˆ 47) involved only two-car collisions, and the vehicle of
interest was struck by another vehicle. This group did not include `head-on’ collisions. After a change in direction, struck vehicles continued along a new vector.
Although the overlap between the lateral and struck collision groups is significant
(29 collisions), struck vehicle collisions included non-lateral contact.
Fixed
This group of collisions (n ˆ 44) involved one-car collisions that included a lateral or
frontal impact with a fixed object (e.g. building, parked tractor trailer) resulting in
very little movement in the direction of the original vector (typically 3 m or less).

Data analysis
For all statistical analyses, the data were initially compiled in an Excel 2000 spreadsheet and later transferred to the SPSS statistical package version 10 for Windows.
Both parametric and non-parametric analyses were conducted with the use of this
statistical package.
Descriptive statistics
Descriptive statistics were used to provide a context by which further data analysis
may be conducted. These statistics included mean, median, mode, standard deviation, variance and kurtosis. Through the use of descriptive statistics, the distribution
and range of the data for each variable was observed prior to statistical analysis.
Location of injury and injury severity
One purpose of this study was to analyse the relationship between collision factors
and the resultant lesion location. Because location of neurological injury (anatomical
structures affected) was coded as a dichotomous variable, non-parametric statistics
( À2 ) were used for this analysis. In addition, the relationship between collision
factors and injury severity was analysed. Due to the non-normality of variables
describing injury severity (e.g. LOC scale and GCS scores), À2 analyses were conducted. Finally, to analyse the influence of vehicle factors on the number of acute
hospital days, independent sample t-tests were used.
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Due to multiple statistical comparisons, the traditional p-value of 0.05 was not
recognized as statistically significant in all cases. Holm’s sequential Bonferroni procedure was used to correct for multiple comparisons [20]. This procedure determines alternate and hierarchical ¬-levels based upon the number of comparisons.
Demographics
Collision variables and injury and outcome data were analysed for 75 individuals
with moderate-to-severe TBI (Group 1), 38 individuals with mild TBI (Group 2)
and 30 individuals who sustained non-brain injuries (e.g. arm fractures, abdominal
laceration) (Group 3). Motor vehicle drivers made up the largest percentage of the
total sample (n ˆ 120; 71.4%), with the remainder being front seat passengers
(n ˆ 35; 20.8%), backseat passengers (n ˆ 9; 5.4%), and individuals whose position
was unable to be determined (n ˆ 4; 2.4%). Individuals in the study were predominantly male (73.7%) and the average age for the entire sample was 36.5 years
(SD ˆ 17.2). For those collisions with definitive determinations for seatbelt use (67%
of total population), 70.9% of the patients were unrestrained by a seatbelt. Female
occupants employed their seatbelt 40% of the time, versus 22.9% for male occupants. Use of alcohol or illicit drugs at the time of injury was associated with
reduced seatbelt use (14.3%). Alcohol and/or illicit drugs were used by just over
one-fifth (21.4%) of the individuals included in the study.
Clinical data
For the moderate-to-severe TBI group (Group 1), the mean acute care hospital stay
was 28.3 days (n ˆ 67, SD ˆ 19.1), the mean Glasgow Coma Scale score was 7.0
(n ˆ 61, SD ˆ 3.9), and the mean score on the LOC scale was 6.0 (n ˆ 55,
SD ˆ 1.4). In mild TBI (Group 2), the mean acute care stay was 5.3 days
(n ˆ 36, SD ˆ 12.4), the mean Glasgow Coma Scale score was 14.5 (n ˆ 34,
SD ˆ 0.66), and the mean score on the LOC scale was 2.7 (n ˆ 24, SD ˆ 1.0).
For individuals without brain injury (Group 3), the mean acute care hospital stay
was 2.7 days (n ˆ 29, SD ˆ 2.1), the mean Glasgow Coma Scale score was 15
(n ˆ 28, SD ˆ 0), and the score on the LOC scale was 1.1 (n ˆ 11, SD ˆ 0.4).
Analysis of collision types …significance at p < 0:05†

When considering the direction of energy for only those occupants sustaining TBI,
individuals were unconscious in the ER 37.5% of the time in the striking group
(n ˆ 16), 59.4% in the struck group (n ˆ 32), and 78.6% in the fixed group (n ˆ 28).
Periods of unconsciousness for longer than 1 day occurred in 23.1% of the striking
group (n ˆ 13), 50% of the struck group (n ˆ 22), and 63.2% of the fixed group
(n ˆ 19). Analysis of the effect of direction of energy on duration of LOC revealed
non-significant differences ( À2 ˆ 2, p ˆ 0.077). While the use of safety restraints
(seatbelts or airbags) was different between groups (Fixed ˆ 17.2%, Striking ˆ 55%,
Struck ˆ 40.6%), the average GCS score for the seven unrestrained occupants of
striking collisions remained quite high (12.8). The influence of direction of energy
on duration of LOC is illustrated in figure 1.
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Relationship between duration of LOC and the direction of energy at the time of the collision.

Lesion analysis …significance determined at p < 0:007± 0.05 sequentially†

Results did not support the hypothesis that subcortical/brainstem damage would be
more common in restrained vs unrestrained individuals with brain injury
(restrained ˆ 21%, unrestrained =18%) ( À2 ˆ 0.127, p ˆ 0.72). For all unrestrained
occupants with positive CT scans, lesions to either posterior cortical lobe (parietal or
occipital) were sustained 42.5% of the time (n ˆ 40) vs 30% for restrained motorists
(n ˆ 13). Unrestrained occupants sustained lesions solely to the occipital lobe 20% of
the time (n ˆ 40) vs 7% for restrained motorists (n ˆ 13). As expected, comparisons
between the occupants of frontal and lateral collisions revealed no effect on the
likelihood of sustaining frontal lobe lesions ( À2 = 446, p ˆ 0.336). Contrary to the
hypotheses, white matter shearing injury was no more likely to occur in lateral
collisions (23%, n ˆ 30) compared to frontal collisions (22%, n ˆ 53) ( À2 = 0.005,
p ˆ 0.943). When comparing lateral and frontal collisions for the incidence of
injuries indicative of more severe types of TBI, occupants of lateral collisions
were significantly more likely to sustain skull fractures ( À2 ˆ 4.13, p ˆ 0.04), haemorrhagic lesions ( À2 = 14.1, p < 0.001), and temporal lobe damage ( À2 = 10.97,
p ˆ 0.001). In addition, individuals involved in lateral collisions were significantly
more likely to undergo surgical interventions (craniotomy, draining or evacuation
of subdural, lobectomy, ICP bolt placement, or ventriculostomy) ( À2 ˆ 7.38,
p ˆ 0.007) compared to occupants of frontal collisions.
Seatbelt use …significance determined at p < 0:16± p < 0:05 sequentially†

Comparisons of belted and unbelted individuals sustaining TBI (irrespective of
airbag deployment) revealed between group differences for injury severity variables.
For example, the difference in length of acute care stay for belted occupants
(M ˆ 15.6, SD ˆ 18.9, n ˆ 22) and unbelted occupants (M ˆ 25.9, SD ˆ 19.4,
n ˆ 55) approached significance [t(75) ˆ 2.1, p ˆ 0.039]. Similarly, difference in
GCS scores for belted occupants (M ˆ 11.1, SD ˆ 5.0, n ˆ 19) and unbelted occupants (M ˆ 8.2, SD ˆ 4.4, n ˆ 49) also neared significance ( À2 = 4.7, p ˆ 0.03).
Finally, the scores between LOC scale scores for belted (M ˆ 4.1, SD ˆ 1.9,
n ˆ 20) and unbelted occupants (M ˆ 5.7, SD ˆ 1.6, n ˆ 20) were significantly
different ( À2 = 11.2, p ˆ 0.001). Figures 2 and 3 provide a breakdown of the
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relationship between lateral and frontal collisions, seatbelt use, and injury severity
variables.

Discussion
Collision analysis
Analysis of MVCs revealed relationships between specific collision variables and the
nature and magnitude of TBI. For example, lateral collisions were associated with
reduced seatbelt efficacy and more severe brain injury. When considering the entire
sample, patients were more likely to arrive unconscious at the ER following lateral
collisions (54.3%, n ˆ 35) compared to frontal collisions (44.8%, n ˆ 58) and were
more likely to be unconscious after 24 hours when comparing the two groups (48%
and 38.5%, respectively). As noted, injuries indicative of severe brain injury (e.g.
skull fractures, intracranial haemorrhage, and the requirement of neurosurgical
intervention) were significantly more common following lateral collisions. It is
concluded that occupants are of greater risk for severe TBI in lateral collisions
due to the reduced energy absorption that is typically afforded when the side of
the vehicle is struck and because the occupant potentially maintains closer proximity
to the point of impact.
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It appears that prior research of MVC fatality [7] is consistent with the current
findings for brain injury; occupants of the `struck’ vehicle sustain more severe brain
injuries when compared to individuals in `striking’ vehicles. For struck vehicles, the
deleterious effects on their occupants were attributed to the significant transfer of
energy from one vehicle to another and the abrupt change in direction following
contact. Occupants of struck vehicles, like occupants of vehicles involved in lateral
collisions, are also more likely to be adjacent to the point of impact.
Fixed collisions were also associated with severe TBI. It is concluded that the
increased incidence of severe TBI for occupants of fixed collisions is due to the
expression of significant kinetic energy upon the vehicle and the occupant as `work’.
During any collision, energy is lost to either `work’ or to `heat’. In fixed object
collisions, the energy transferred to heat (e.g. friction during skidding) is minimized
and the remaining kinetic energy must be transferred, or used-up, for the vehicle to
come to a stop. For example, when a car strikes a local diner on a city corner (a
collision included in this sample), the amount of energy lost to heat (friction) is
likely to be much less than if the car strikes an object of less resistance (e.g. another
vehicle) and subsequently slides to an uncontrolled stop. Therefore, the energy not
expressed as friction is expressed as work on the building (if the building sustains
recognizable damage). The remainder of the collision’s energy is absorbed by the
vehicle and, subsequently, the vehicle occupant. Therefore, when a vehicle stops
abruptly, the occupant continues forward and may strike his/her head against an
unyielding structure such as the windshield. In this case, there is direct expression of
kinetic energy (work) on the occupant’s skull and/or the brain tissue.
In sum, brain injury severity was influenced by specific collision configurations.
The physical circumstances predictive of injury severity are most evident during
lateral collisions or collisions where the patient’s vehicle is struck (where there is
presumably diminished safety restraint efficacy and less absorption of energy by the
vehicle), and collisions with fixed objects, where deceleration occurring over very
short distances forces the occupant to absorb a majority of the collision’s kinetic
energy.
Lesion analysis
The incidence of frontal lobe lesions was similar across collision types. These data
are consistent with literature suggesting that the incidence of frontal lobe lesions are
common, irrespective of the side of the head that is struck [21]. Contrary to the
hypothesis, the incidence of sub-cortical white matter lesions (or shear injury) was
not more likely to occur in lateral collisions when compared to frontal collisions.
However, one interesting finding should be noted: increased incidence of shear
injury was observed in collisions involving significant change in the vehicle’s direction after the initial contact. That is, when considering both frontal and lateral
collisions involving individuals who sustained diffuse petechial haemorrhaging, or
sub-cortical white matter injury, six-to-12 maintained a post-collision angle change
(i.e. change in vehicle direction following initial contact) greater than 50°. By
contrast, occupants sustained the same pattern of injuries only 11% of the time
when the post-collision angle change was less than 50° (one out of nine collisions).
Significant post-collision angle change may create a similar angular or `oblique’ head
movement, which has been determined to contribute to shear injury in non-human
primates [17]. This relationship is intriguing and should be more rigorously
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investigated through on-site collision analysis and the employment of advanced
neuroimaging techniques that maintain increased sensitivity to measuring white
matter lesions, such as magnetic transfer imaging (for review see [22]) or magnetic
resonance spectroscopy (for review see [23]). In addition, because head vs obstacle
contact reduces the amplitude of energy required to cause DAI [24], instances of
head contact must be accounted for in order to better delineate the relationship
between change in vehicle direction, potential head rotation, and white matter
shear injuries.
During lesion analysis of cortical and sub-cortical injuries, it was noted that of
the 64 individuals with positive CT findings in this study, 12 maintained subcortical or brainstem (or both) lesions in the absence of any gross cortical lesion.
These data are important for two reasons. First, these findings have been reported to
be rare [25] and, secondly, deep brain lesions have been correlated with poor patient
outcome [26]. Of these 12 collisions, six involved lateral impact and four involved
striking a fixed object and, in this investigation, these collision types were associated
with severe brain injury. Furthermore, in the lateral collisions where the postcollision angle change could be determined (four of six), all values were greater
than 60° (e.g. 64, 67, 100, 153°). Although this finding requires further investigation of a greater number of collisions, it appears that isolated sub-cortical lesions can
occur in nearly one out of five of those individuals sustaining moderate or severe
brain injury in MVCs. Furthermore, isolated subcortical/brainstem lesions may be
more likely to occur when there is significant post-collision angle change or deceleration over a short distance (e.g. fixed object collisions).

Use of seatbelts
In this study, the incidence of seatbelt use for individuals sustaining brain injury
(Groups 1 and 2, 27.7%) was lower than has been reported as the national average
(68%, [28]). The overall rate of seatbelt use in this group of individuals with brain
injury is consistent with prior research of seatbelt use in another investigation of
individuals with moderate and severe TBI [12]. Safety restraints (seatbelts and airbags) were associated with lower incidence of brain injury and less severe TBI when
brain injuries occurred. For example, disparities in seatbelt use were evident when
comparing individuals with moderate and severe TBI (Group 1, 21.3%) and individuals with mild TBI (Group 2, 45.5%). Thus, an important conclusion to be
drawn is that safety restraints not only reduce the probability of sustaining TBI,
but they also moderate the severity by which injuries may be sustained. When
considering both TBI groups, use of a seatbelt resulted in a reduction of scores
for all injury severity variables, irrespective of the angle of impact. This reduced
injury severity was somewhat greater in frontal collisions, but there remained an
appreciable protective affect offered by seatbelts during lateral collisions (see
figure 1). For example, when considering the eight lateral collisions where a seatbelt
was used in the absence of airbag deployment, the number of individuals who
arrived to the emergency room unconscious was three (37.5%). This number is
compared to the 13 out of 19 (68.4%) unbelted individuals without airbags who
were unconscious in the emergency room following lateral impact. These data are
not consistent with previous findings concluding that seatbelts do not provide
significant protection during lateral collisions [4].
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The average `year of manufacture’ for the vehicles in this sample was 1986
(SD ˆ 5.99). Because airbags were not standard in most new vehicles until 1991
(this year varied for major motor vehicle companies), many of the motor vehicle
occupants in this sample did not have this passive restraint system available in their
vehicle. Future analyses will allow for examination of airbag efficacy in reducing the
incidence and severity of brain injury.
Hypotheses regarding the effects of seatbelt use on brain lesion location were
partially supported in this study. Consistent with a previous study, lesion analysis
indicated a difference in the incidence of posterior cortical injuries between
restrained and unrestrained groups. However, lesion analysis of sub-cortical/brainstem lesions did not reveal a significant between group differences for restrained and
unrestrained motor vehicle occupants. These data are inconsistent with those
observed in a group of individuals with moderate-to-severe brain injury. The
apparent inconsistencies in these data may be attributable to the small size of the
restrained sample with positive CT findings in this study (n ˆ 13). In addition, the
mean injury severity (e.g. LOC scale score and GCS score) was less severe in this
sample compared to those in a previous study. For example, the typical restrained
motor vehicle occupant in this study experienced a period of altered consciousness
briefly at the scene and became more lucid in the emergency room or within 1 hour
of admission (LOC score of 3.8). The typical duration of LOC for restrained motor
vehicle occupants in a previous study was 1± 3 weeks. The difference in brain injury
severity between these two groups is considerable and may have influenced the
replicability of these results. Therefore, to determine the influence of safety restraint
use on the incidence of specific brain lesion types, investigations analysing distinct
collision configurations, varying degrees of collision severity, and varying resultant
degrees of brain injury severity (e.g. mild, moderate and severe) will be important.
This will allow investigators to determine if the use of a safety restraint influences
the incidence of sub-cortical brain lesions.
Conclusion
The data indicated that motor vehicle collision factors are useful predictors of the
type and severity of TBI. Analysis of safety restraints revealed that seatbelts not only
reduce the probability of injury, but they also mediate the severity of brain injury
when it is sustained. In addition, specific collision configurations such as lateral
collisions, struck vehicles, and collisions involving contact with a fixed object
were associated with the most severe brain injuries. Admittedly, the physical conditions present in motor vehicle collisions are chaotic and can be cumbersome to
determine. The fact that each collision may create a distinct physical environment
only increases the difficulty in cataloguing the parameters necessary to cause TBI.
Moreover, important collision factors such as velocity change and the degree of
vehicle deformation are difficult to measure and often require approximations.
Continued efforts should work to reduce this `chaos’ through the on-site reconstruction of each collision, brain lesion analysis with advanced neuroimaging techniques, and neuropsychological assessment of cognitive dysfunction. By integrating
these sources of information, the physical circumstances responsible for disparate
forms of brain injury and the subsequent cognitive outcomes may be profiled.
In acute brain trauma, traditional neuroimaging techniques such as CT or MRI
may be negative for hours following brain injury or may not reveal gross pathology
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at all [28]. In these cases, patients must be carefully monitored early on and determinations regarding the severity of injury and necessity for neurosurgical intervention (e.g. intracranial monitor placement) may be difficult to ascertain. It is during
this time period that treating specialists might benefit from specific information
regarding the physical conditions responsible for the patient’s TBI. These data
may eventually have important implications for acute care treatment as well as
for the development of the next generation of vehicle safety devices.
Limitations of this investigation support the need for on-site collision analysis to
better understand the specific physical conditions involved in collisions and their
effect on brain injury. Continued research should focus on TBI prevention by better
defining the minimum physical thresholds that brain injury might be sustained in
and the mechanisms by which these thresholds are achieved during real-world
collisions.
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