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ABSTRACT 

A search of the automotive collision trauma literature 
reveals that over the last 35 years shows that there have 
been less than ten published Society of Automotive 
Engineers (SAE) articles describing the collision effects 
and resulting human occupant kinematics in low speed 
side impact collisions.    The aim of this study was to 
quantify the occupant response for both male and 
female occupants for a battery of low-speed side 
impacts with various impact speeds and configurations. 

Eight volunteers were used in a series of twenty-five 
staged side impact collisions with impact speeds ranging 
from approximately 2 km/h to 10 km/h and impact 
configurations to the front, middle and rear side portions 
of the vehicle.  A NHTSA FMVSS 301 moving barrier 
was used as the impacting vehicle.  A stiff bumper was 
constructed to fit the front of the barrier and was 
attached at a normal passenger vehicle bumper height.  
Occupant and vehicle responses were monitored by 
accelerometers and high-speed video. Occupant 
kinematic severity was found to have a positive 
correlation with increasing lateral Delta V.   

INTRODUCTION 

Lateral impact studies have traditionally concentrated on 
higher speed impacts that generally result in severe or 
fatal injuries [1,2,3].  Many of these studies assess the 
crashworthiness of vehicle side structures and occupant 
survivability using crash data from various reporting 
sources, such as the National Accident Sampling 
System (NASS), Fatal Accident Reporting System 
(FARS), Transport Canada and others [4-11].  Early 
research regarding side impacts utilized cadavers and 
primates in an effort to determine injury threshold values 
for the development of anthropomorphic test dummies 
suitable for side impacts [12-13].  The use of 
biomechanically based mathematical models and 
anthropomorphic test devices (ATD’s) have become 

prominent in side impact research [14-15].  Increased 
implementation of side impact airbags and supplemental 
inflatable restraints for the occupant head have spawned 
the development of improved side impact ATD’s and 
protocols for side impact testing that are more 
representative of real world crashes.  However, 
government compliance testing and independent agency 
testing is almost exclusively performed at relatively high 
closing speeds of 50 km/h or greater. 

Approximately 50% of side impacts reported in the 
National Automotive Sampling System (NASS) and 
Crashworthiness Database System (CDS) for both 
vehicle-to-vehicle and narrow object near side collisions 
occurred at delta-V’s less than 24 km/h (15 mph).  Of 
these near side impacts, 11% of the vehicle-to-vehicle 
impacts resulted in an MAIS 3+ compared to 25% in 
narrow object crashes [11].  Side impacts have been 
shown to result in more severe injuries for near side 
occupants compared to far side occupants for the same 
impact speeds and relative configurations [9].  Recent 
years have seen a rise in injury claims resulting from 
low-speed lateral impacts.  A review of the current 
literature yielded only a handful of published studies that 
address the severity and occupant kinematics of human 
subjects in low-speed side impacts [16-22].  This study 
was undertaken to quantify the occupant kinematics of 
both near side and far side occupants in lateral impacts 
with differing resulting speed changes. 

LITERATURE REVIEW 

SEVERITY OF IMPACT – A search of the accident 
reconstruction literature found two papers that 
concentrated on the quantification of low-speed side 
impacts.  Bailey et al used a momentum-energy-
restitution model to predict the change in linear and 
angular velocity for the target vehicle [16].  This model 
also predicted the linear velocity change for the bullet 
vehicle and the energy absorbed during the impact.  
Toor et al proposed a methodology for quantifying 



sideswipe collisions that is also applicable to low-speed 
side impacts [17].  This model utilizes the principles of 
the CRASH 3 algorithm along with several other 
calculated parameters, including: contact forces, 
longitudinal acceleration rates, relative sliding distance 
and contact duration.  Users of these models, as well as 
users of the CRASH 3 and SMAC algorithms, must 
apply these models with appropriate care given to the 
evaluation of the input parameters.  Side impact crush 
coefficient data from government testing is not available 
for many vehicle makes and models.  Additionally, side 
impacts that include involvement of the axle add an 
increased stiffness component that is not accounted for 
in most FMVSS 214 testing. 

HUMAN SUBJECT TESTING – In the mid-1960s, a 
series of lateral impact tests on human subjects was 
performed by the United States Air Force [18,19].  The 
first series of tests used a controllable lateral 
deceleration device with lap belted subjects [18].  The 
occupant kinematic data, physiologic data and 
associated symptoms were reported for the subjects for 
each of the impacts.  Subjects experienced average 
impact decelerations of 3.25 to 9.02 G and impact 
durations of 0.3 to 0.1 seconds.  This study found that 
no permanent physiological changes were found at 
exposure to an average deceleration of 9.02 G with a 
0.1 second duration for this population.  Minor physical 
complaints were noted for approximately 50% of the 
subjects at an average deceleration of 6.25 G or above.  
Physical complaints generally consisted of minor to 
moderate headache lasting a few minutes and up to a 
couple of hours and cervical pain lasting a few minutes 
with possible stiffness up to a couple of days.  In a 
follow-up study, the same controllable deceleration 
device was used in conjunction with a lap belt and a 
shoulder harness consisting of two over the shoulder 
harness straps [19].  In this battery of tests, subjects 
were exposed to average decelerations of 4.47 to 11.59 
G and durations of 0.22 to 0.09 seconds, respectively.  
Individual physical complaints were not reported; 
however, it was reported that no permanent 
physiological changes occurred in this population of 
young, healthy males.  Minor complaints, such as neck 
muscle soreness, were reported in 60% of the 
exposures at an average deceleration of 8.8 G and 
above.   

The Naval Aerospace Medical Research Laboratory 
studied a quantification of the dynamic response of the 
head and neck to lateral accelerations in the late 1970s 
[20].  Five volunteers were exposed to sled acceleration 
profiles ranging from 2 to 11 G, in 1 G increments.  
Various rates of onset and duration of acceleration were 
tested.  It was determined that increased peak 
accelerations at the first thoracic vertebrae (T1) resulted 
in increased head angular acceleration.  Peak T1 
acceleration was the major determinant of peak head 
angular acceleration and velocity.   Time profiles for the 
acceleration duration was found to be significantly 
related to T1 and head linear accelerations and to head 
angular accelerations.  Additional work looked at the 

effects of initial positioning of the head using the same 
basic sled test setup [21].  Peak accelerations ranged 
from 2 to 7 G, with the rate of onset increasing with the 
peak acceleration.  Different time durations were not 
tested in this study.  Four different seating positions 
were tested as the initial condition and were defined as 
follows: neck up/chin up, head tilted left, head tilted right 
and head down.  A peak acceleration of 5 G was the 
highest acceleration at which all conditions were 
analyzed.  The conclusions of the study determined that, 
for this population, the initial lateral bending of the head 
in the direction of the induced acceleration reduces the 
peak angular acceleration and velocity of the head but 
increases the head linear acceleration.  The effects of 
initial lateral flexion in the direction of the induced 
acceleration were found to be greater than in the 
direction contrary to the induced acceleration.  It was 
also determined that lateral bending of the head in 
general significantly reduced the peak head angular 
acceleration and velocity.  Forward flexion of the cervical 
spine increases the angular acceleration and velocity of 
the head put this after lateral bending discussion.  No 
physical symptoms were reported in these studies, 
however, it was indicated in the head down (flexed) 
condition that subjects who had struck their chin against 
the right shoulder or right shoulder restraint at 5 G were 
not run at 6 G and no head down conditions were run at 
7 G. 

Matsushita et al studied human neck motion using 
cineradiographic techniques and accelerometry in low-
speed rear-end, frontal and lateral impacts [22].  Only 
three tests were performed laterally at delta V’s of 3.4, 
3.4, and 4.2 km/h.  The use of electromyography (EMG) 
permitted the reporting of relaxed or tensed muscle 
activity in the neck prior to and immediately after impact.  
All three subjects were reported as relaxed at the time of 
impact.  One male subject was unbelted and the other 
male subject and female subject were both lap-shoulder 
belted at the time of impact.  No physical complaints 
were documented and it was noted that severe cervical 
lateral flexion did not occur because of the lack of a side 
structure to restrict the movement of the torso. 

Low speed vehicle-to-vehicle lateral impact testing with 
human volunteers was performed by Bailey et al [16].  
The five tests had a delta V range of 0.7 to 6.8 km/h with 
a peak vehicle acceleration of 4.8 G.  The vehicle motion 
was described as lateral with no significant rotational 
displacement.  Occupant kinematic data were not 
reported.  The male occupants were seated as far side 
passengers and the volunteers did not strike anything in 
the vehicle interior.  No physical symptoms were 
reported by any of the volunteers. 

METHODS 

COORDINATE SYSTEM - All acceleration axis systems 
were in accordance with SAE J211/1 Recommended 
Practice and SAE J1733 Information Report with the 
positive X, Y and Z axes forward, rightward and 
downward, respectively [23,24].  The SAE sign 



convention dictated that lateral flexion of the spine was 
positive going from left to right (+Y axis directed 
mediolaterally from L to R).   

HUMAN SUBJECTS – Four male (28.8 ± 7.5 years, 179 
± 1.5 cm, 83 ± 2.9 kg) and four female (22.3 ± 3.5 years, 
167.6 ± 3.7 cm, 61.1 ± 4.1 kg) volunteers were 
subjected to six impacts.  Basic anthropometric data for 
each subject can be found in Table 1.  Each of the male 
subjects were directly involved in the research and the 
female subjects were previously known to the 
researchers.  For each of the impacts, the male subject 
was seated as the near side front passenger and the 
female subject as the far side front passenger.  The 
volunteers were adequately informed of the aims, 
methods, anticipated benefits and potential hazards of 
the study.  Each participant was informed that they were 
at liberty to abstain from participation and free to 
withdraw consent for participation at any time.  The 
subjects submitted informed consent in writing according 
to the Declaration of Helsinki [25]. 

Subject Seating 
Position Age Height 

(cm)
Weight 

(kg)

F1 far side 26 163.8 61.4
M1 near side 24 177.8 86.4
F2 far side 24 165.1 55.9
M2 near side 25 180.3 81.8
F3 far side 18 171.5 65.9
M3 near side 26 180.3 79.5
F4 far side 21 170.2 61.4
M4 near side 40 177.8 84.1  

 
Table 1 – Anthropometric data and seating position 

for vehicle occupants 
 
Head accelerations for both the near side and far side 
occupants were obtained via a single triaxial block of IC 
Sensors 3031-050 (50 g) accelerometers affixed to the 
center of the forehead via a lightweight headband.  The 
headband was made of rubber which, when tightly 
fastened to the subject’s head, formed a secure bond.   

Thorax and lumbar accelerations were also obtained for 
the far side (female) occupants.  A specially developed 
low profile (<1 cm) triaxial block of accelerometers was 
constructed using two Entran EGAXT-50 accelerometers 
and one IC Sensors 3031-050 accelerometer.  This was 
affixed to the occupant with medical adhesive at the 
approximate level of C7-T1 on the anterior torso.  A 
lightweight uniaxial IC Sensors 
3031-050 accelerometer was affixed with medical 
adhesive to the base of the subject’s lumbar spine at the 
approximate location of L5-S1. 

VEHICLES – A Federal Motor Vehicle Safety Standard 
(FMVSS) 301 rigid moving barrier was used as the bullet 
vehicle.  Photographs of the FMVSS 301 barrier used 
can be found in Appendix A.  A rigid bumper was 
attached to the face of the barrier at a normal bumper 

height.  The target vehicles were two 1989 Ford Escort 
GT’s.  Neither of the vehicles were modified other than 
removal of the center console and carpeting for sensor 
placement.  Vehicle and barrier data for the tests can be 
found in Table 2. 

Table 2 – Vehicle and barrier information 

 
Figure 1 - Barrier/vehicle exemplar orientation 

The barrier was accelerated down an inclined roadway 
and was assisted by the researchers for the higher 
speed impacts.  The barrier was perpendicular to the 
target vehicle for all impacts.  Figure 1 shows the impact 
configuration for the tests to the front side portion of the 
vehicle.  Each portion of the vehicle’s side (front, 
door/middle, rear) were impacted twice; once at an 
approximate damage onset threshold (approximately 2 
to 4½ km/h) and a second time at a damage producing 
speed (approximately 6 to 10 km/h).   A time trap (DTS 
Timer Interval Meter) triggered by pressure sensitive 
tape switches (Tape Switch Corporation Type 102A) and 
an optical time trap (Farmtek, Inc.) recorded the bullet 
vehicle’s velocity immediately prior to impact.  A triaxial 
array of accelerometers (IC Sensors 3031-050) was 
affixed to the target vehicle’s approximate static center 
of gravity.  The accelerometer placement was 
approximately equal to the longitudinal (X-axis) position 
of the normal seating position of the occupants.  The 
acceleration data were used to determine the kinematic 
response of the center of gravity of the target vehicle.  
The target vehicle was in neutral with the driver’s foot on 
the brake pedal prior to impact. 

TEST PROTOCOL – Six impacts were performed to 
each side of the vehicles.  The first three impacts were 
at the damage onset threshold speed and the second 
series at the higher damage producing speed.  Each 
series of three side impacts started with an impact to the 
front, followed by an impact to the door structure and 
then an impact to the rear section of the vehicle. 

Year Make Model VIN Wf (kg) Wr (kg) Wt (kg)
1989 Ford Escort GT 1FAPP93J1KWxxxxxx 663.2 404.5 1067.7
1989 Ford Escort GT 1FAPP93J0KWxxxxxx 664.1 404.1 1068.2
N/A FMVSS 301 Barrier N/A 1250 627.3 1877.3

 



The volunteers were given no specific instruction 
regarding seating position, and were simply told to adopt 
a normal driving or seating position.  The volunteers 
adjusted the seat fore-aft position and seat back angle to 
whatever position they determined was comfortable.  
Standard lap and shoulder belt were worn for all tests.  
The only instruction given to the occupants was to 
maintain their normal seating position and to look 
forward prior to impact.   Figure 2 represents a basic 
schematic of the test impact configurations relating the 
barrier position to the vehicle.   

A

B

C  

Figure 2 - Barrier/vehicle impact orientation to (A) 
front, (B) door area/middle and (C) rear 

DATA ACQUISITION AND POST PROCESSING - All 
data were collected following the general theory of SAE 
Recommended Practice: Instrumentation for Impact Test 
- J211/1 Mar95 [23].  All accelerometer data were 
collected at 1000 Hz.   Vehicle changes in velocity were 
calculated from vehicle acceleration data filtered with an 
SAE Class 180 filter.  Occupant acceleration data were 
filtered with an SAE Class 60 filter in accordance with 
previous research [26]. 

RESULTS 

The lateral acceleration were collected from the target 
vehicle and used to determine the Delta V (change in 

velocity of the struck vehicle).  In addition, the lateral 
displacement of the front and rear tires of the target 
vehicle were measured immediately post impact.  The 
relevant peak values are shown in Table 3.  

Lateral occupant accelerations were recorded for both 
near and far side occupants.  More acceleration 
measures were collected from the female occupant in all 
tests due to their under representation in the human 
subject testing literature.  Relative acceleration between 
the thorax and lumbar region was also considered as an 
indicator of possibly deleterious occupant motion.  Table 
4 shows the peak values of the selected quantities.  
Note that, as with the vehicle parameters, the occupant 
parameters are reported in accordance with the SAE 
J211 sign convention.  Thus, the peak value of interest 
is typically of opposite sign for left vs. right-sided 
impacts.   

Minor physical complaints were noted immediately after 
five of the twenty-five impacts.  The complaints were 
generally a transient complaint of pain in the back or a 
slight headache that lasted only a few minutes.  All of 
these came after the higher velocity impacts.  Physical 
complaints were noted/experienced within the one to 
three days following testing in four of the eight subjects.  
They consisted of minor neck or shoulder soreness that 
lasted a day in three of the subjects and a maximum of 
three days in one of the subjects.  All symptoms 
resolved without treatment and no permanent 
physiological changes were noted.  Occupant 
information including answers to the post-impact 
questionnaire for each test and a follow-up regarding 
any physical symptoms are reported in Appendices B 
and C. 

Test

Area of 
target 

contact

 Peak Y-
Axis 

Accel. 

Lateral 
Delta V    
(km/h)

Front wheel 
Y disp.      
(mm)

Rear wheel 
Y disp.      
(mm)

Right Sided Impacts
8 front -3.9 -2.5 -102 0
9 door -2.5 -2.0 -102 -32
10 rear -1.6 -1.3 -76 -279
11 front -9.7 -5.4 -356 -25
12 door -17.0 -6.4 -368 -343
13 rear -5.0 -3.6 -152 -579
14 front -4.4 -3.2 -203 0
15 door -5.2 -3.9 -83 -127
16 rear -1.2 -2.2 -254 -533
17 front -18.3 -5.8 -991 -203
18 door -14.8 -9.8 -686 -673
19 rear -7.0 -4.0 -2083 -1727

Left Sided Impacts
1 front 3.2 1.7 133 13
3 door 5.1 3.7 76 146
4 rear 2.7 2.0 0 292
5 front 8.8 5.3 57 140
6 door 4.8 5.8 273 413
7 rear 6.0 3.5 203 129
20 front 12.8 3.0 216 0
21 door 5.4 4.3 114 152
22 rear 1.6 1.8 91 699
23 front 22.0 6.7 1308 451
24 door 18.6 7.5 508 762
25 rear 6.8 4.0 1378 2870  

 
Table 3 - Peak Y-axis vehicle parameters 



DISCUSSION 

The results indicate that there was a clear difference 
between near and far sided occupants with respect to 
peak head lateral acceleration.  Near sided occupants 
typically had higher peak accelerations and shorter 
duration acceleration curves.  This was most 
pronounced in impacts where the near side occupant 
reported body contact (i.e. arm, shoulder, head) with the 
interior structure of the door; however, the condition still 
persisted where no contact was reported.  A 
representative comparison is shown in Figure 3.  This 
result would appear to be similar to what Matsushita [22] 
found in that the far side occupant’s lateral motion is not 
restricted by occupant interior contact.  There may also 
be effects from the stature differences between the near 
and far sided occupants (typically the far side occupant 
was 8-15 cm shorter). 

In addition, a time shift of acceleration onset for different 
portions of the occupant was clearly represented for 
both near and far side occupants.  The lumbar region 
acceleration was most tightly coupled with the vehicle 
acceleration.  The thorax acceleration lagged behind the 
lumbar acceleration and almost always had a lower 
peak.  Likewise, the onset of significant head 
acceleration did not occur until after the vehicle 
acceleration pulse had already subsided and was 
generally lower than both the lumbar and thorax 
accelerations.  This is similar to the trend seen in antero-
posterior (X-axis) direction acceleration pulses seen in 
rear end collisions with the exception that the head 
accelerations in rear end impacts tend to be higher due 

to head-to-head restraint contact.  An example of this 
phenomenon is shown in Figure 4. 
 

Finally, there was weak but significant (p<0.05) 
correlation between the measured target vehicle lateral 
Delta V and the relevant lateral occupant acceleration 
measures. 

Physical complaints immediately after impact were noted 
in only five out of the 50 exposures (10%).  Of these 
complaints, 60% were reported by the far side (female) 
occupant and all were transient in nature.  Care should 
be used when attempting to extend this result to an 
occupant involved in a single impact as each human 
subject in this test series was exposed to a total of six 
impacts.  Multiple exposures in the subject study may 
have resulted in an increased prevalence of complaints.  
Post-test interviews with the subjects revealed that three 
of the subjects that had experienced physical complaints 
immediately following a test, experienced symptoms 
consisting of minor muscle soreness in the back or neck 
region of not more than 24 hours in duration.  One of the 
female subjects who did not experience any symptoms 
the day of or day after testing had minor muscle 
soreness two days after the series of tests.  This 
soreness lasted only one day and was similar to the 
phenomenon of delayed onset muscle soreness 
(DOMS). 

Figure 4 - Comparison of acceleration profiles for the 
lumbar, thoracic and head mounted accelerometers 
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Figure 3 - Head acceleration comparison of near side to 

far side occupant for a driver’s side impact 

Near Side Far Side

Test
Head (Y) 

G
Head (Y) 

G
Thorax (Y) 

G  
Lumbar (Y) 

G

Thorax 
relative to 

Lumbar (Y) 
G

Right Side Impacts
8 -1.0 dl dl dl dl
9 -1.4 -0.9 -0.6 -1.6 -1.6

10 -1.2 -1.4 -1.3 -2.1 -2.1
11 -2.2 -1.7 -1.6 -3.6 -3.6
12 -2.2 -1.9 -2.7 -1.5 -1.5
13 -2.4 -2.6 -5.6 -5.7 -5.7
14 -1.4 -1.0 -1.2 -1.8 -1.8
15 -1.5 -1.3 -2.1 -3.0 -2.5
16 -1.3 -1.3 -1.7 -2.1 -1.9
17 -2.4 -2.8 -2.2 -2.6 -2.8
18 -7.1 -3.8 -6.4 -5.3 -6.7
19 -6.1 -2.5 -4.3 -4.9 -6.2

Left Side Impacts
1 1.5 0.7 0.7 1.3 1.4
3 2.5 2.4 2.2 3.4 3.4
4 1.7 1.4 1.6 2.2 2.0
5 2.5 0.8 2.0 2.3 1.9
6 4.3 3.4 5.2 4.5 6.2
7 4.5 dl dl dl dl

20 2.1 0.7 0.7 1.6 1.5
21 1.7 1.3 1.4 0.5 1.1
22 1.4 1.4 1.6 2.0 1.9
23 2.7 1.5 3.0 2.4 2.4
24 8.8 4.1 7.7 6.5 5.8
25 8.4 4.9 5.9 6.2 6.5  

 
Table 4 - Peak Y-axis occupant parameters 
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CONCLUSION 

A series of 24 lateral impact tests were performed 
resulting Delta V’s of the struck vehicle of 1.3-9.8 km/h.  
Acceleration measurements were recorded from eight 
human occupants (4 female, 4 male) with particular 
emphasis on the far side, or female, occupant.  Each 
occupant underwent six impacts.  The data indicated a 
tight coupling between the lumbar region of the occupant 
and the vehicle (likely due to lap belt use and frictional 
effects of the seat).  In addition, statistical analysis 
showed an increase in occupant kinematic severity with 
increasing lateral Delta V measured at the center of 
gravity of the target vehicle.   
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APPENDIX 

Appendix A - NHTSA FMVSS 301 rigid moving barrier photos 

  

Appendix B – Post-test follow-up interview summary 

 

Subject Day of test 1 day post 1 week 
post

2 weeks 
post

3 weeks 
post

1 month 
post

2 months 
post

3 months 
post

4 months 
post

5 months 
post

6 months 
post

F1

reduced 
movement 
of neck and 

slight 
headache 
after test 4

left 
subscapular, 
subclavicular 

neck 
stiffness 1 

day duration

none none none none none none none none none

M1
slightly light-

headed 
after test 7

none none none none none none none none none none

F2 none none

minor neck 
stiffness 1 

day 
duration, 
less than 

working out, 
2 to 3 days 
post testing

none none none none none none none none

M2 none none none none none none none none none none none

F3

slight 
headache 
after test  
18 and 

small cut on 
ankle some 
upper back 
stiffness 3 
hours post

mid to lower 
back 

stiffness only 
1 day

rear-ended 
at approx 
20 mph 
while 

driving (no 
additional 
soreness 

attributable 
to testing)

none none none none none none none none

M3 none none none none none none none none none none none

F4

slight pain 
in thoracic 
(T7) area 
following 
test 24

none none none none none none none none none none

M4

slight 
dizziness 
after last 

impact test 
25

exacerbation 
of previous 
soft-tissue 
complaints 

in left 
shoulder

none none none none none none none none none



Appendix C – Post-impact questionnaire responses. 
 

Responses following right-sided impacts 

Test # Subject
Perceived 

body 
motion 

Impact 
vehicle 
interior

Hands 
remain on 
steering 
wheel

Foot 
remain 

on 
brake

Vehicle 
pushed 
lateral

Relaxed/not 
anticipating

Rate 
impact to 

1st

Seatbelt 
engage

Physical 
Complaints

8 M2 Right Yes - upper 
arm hit door N/A N/A No Yes Normal No No

F2 Left  No Yes Yes
Yes - 

couple of 
inches

Yes Very light No No

9 M2 Right Yes - upper 
arm hit door N/A N/A No Yes Less 

Severe No No

F2 Josselled No Yes Yes No Yes Less 
Severe No No

10 M2 Right No N/A N/A Yes - 10" 
at rear Yes About the 

same No No

F2 Left No Yes Yes Yes - 5" No
More 

Severe, 
strong

No No

11 M2 Right

Yes - upper 
arm hit door, 
head hit edge 

of roof

N/A N/A
Yes - 20" 

at front, 4" 
at rear

Yes More 
severe No No

F2 Left No No Yes Yes - 2'  Yes Much more 
severe No No

12 M2 Right Yes - upper 
arm hit door N/A N/A Yes - 6" 

total Yes More 
severe No No

F2 Left
Yes - right 

ankle hit center 
console mount

Yes No Yes - 2' Yes More 
severe Yes No

13 M2 Right

Yes - upper 
arm hit door, 
head hit edge 
of roof, knee 
hit window 

crank

N/A N/A
Yes - 5' at 
rear, 1.5' 
at front

Yes More 
severe No No

F2 Left
Yes - left 

shoulder hit 
side door

Yes Yes Yes - 4' at 
the rear Yes More 

severe Yes No

14 M3 Left No N/A N/A Yes - 6" Yes Minor 
impact Yes No

F3 Right No Yes Yes Yes - 3" Yes N/A No No

15 M3 Right No N/A N/A Yes - 1'  Yes Less 
Rotation No No

F3 Left No Yes Yes Yes - 6" Yes About the 
same No No

16 M3 Right No N/A N/A Yes - 1.5' 
at rear Yes A little 

worse No No

F3 Right No Yes Yes Yes - 2' Yes More 
severe No No

17 M3 Right

Yes - upper 
arm hit door, 
right knee hit 

door

N/A N/A Yes - 2' in 
the front

Yes - but saw 
it coming

More 
severe No No

F3 Left No No Don't 
know

Yes - 3' at 
the front Yes More 

severe No No

18 M3 Right

Yes - upper 
arm hit door, 
right knee hit 

door

N/A N/A Yes - 2' Yes More 
severe No No

F3 Right

Yes - left leg 
hit door, right 

ankle hit center 
console brace

Yes No Yes - 2' Yes More 
severe No

Yes - tension 
headache, 

small cut on 
right ankle

19 M3 Right Don't know N/A N/A
Yes - 5' at 
rear, 1' at 

front
Yes More 

severe Yes No

F3 Right No Yes Yes
Yes - 6' at 
rear, 2' at 

front
Yes

More 
severe, 
much 
worse

No No



Responses following left-sided impacts 

 

 

Test # Subject
Perceived 

body 
motion 

Impact 
vehicle 
interior

Hands 
remain on 
steering 
wheel

Foot 
remain 

on brake

Vehicle 
pushed 
lateral

Relaxed/not 
anticipating

Rate 
impact to 

1st

Seatbelt 
engage

Physical 
Complaints

1 M1 Right No Yes Yes Yes - 1' Yes Severe/Fo
rceful No No

F1 Right No N/A N/A Yes - 6" Yes - eyes 
closed

Harder 
than 

expected
No No

3 M1 Left to Right No Yes No Yes - 4" Yes Not as 
sharp N/A No

F1 Right No N/A N/A Yes - < 6" Yes Harder  No No

4 M1 Right No Yes Don't 
know Yes - 1' Yes Similar N/A No

F1 Right No N/A N/A Yes - 1' at 
rear Yes

More 
Severe, 

very hard
No

Yes - 
Reduced/painfu

l neck 
movements, 

headache
5 M1 Right No Yes No Yes - 1.5' Yes Harder N/A No

F1 Slightly to 
the right No N/A N/A Yes - 2' at 

front Yes

Harder 
impact, 

body felt it 
less

No No

6 M1 Dramatically 
to right No Yes No Yes - 1' Yes Stronger N/A No

F1 Right No N/A N/A Yes - 1.5' Yes
More 

Severe/Ve
ry hard

No No

7 M1 Strongly to 
the right

Yes - 
shoulder hit 

door
Yes No Yes - it 

rotated 4' Yes Stronger N/A
Yes - A little 
lightheaded, 

not very severe

F1 Don't know No N/A N/A Yes - 5' Yes
More 

Severe, 
hardest

No No

20 M4 Left No Yes Yes Yes - 1' Yes Minor, 
loud No No

F4 Right then 
left No N/A N/A Yes - 1' Yes Loud, 

small jolt Yes No

21 M4 Left No Yes Yes Yes - 1' Yes More 
severe No No

F4 Left No N/A N/A Yes - 1' Yes More 
severe No No

22 M4 Right No Yes Yes Yes - 1.5' at 
rear Yes Less 

severe No No

F4 Left No N/A N/A Yes - 2' at 
rear Yes Less 

severe No No

23 M4 Left

Yes - left 
knee 

bumped 
the door

Yes Yes Yes - 3' at 
the front Yes More 

severe No No

F4 Left No N/A N/A Yes - 4' at 
the front Yes More 

severe No No

24 M4 Left
Yes - left 

shoulder hit 
side door

Yes Yes Yes - 4' Yes More 
severe No No

F4 Left then 
right

Yes - right 
elbow hit 

door
N/A N/A Yes - 1' Yes More 

severe Yes

Felt pain 
immediately 

after in 
thoracic, ~ T7

25 M4 Left
Yes - left 

shoulder hit 
side door

No Don't 
know

Yes - 5' at 
the rear Yes

More 
severe, 
not as 

severe as 
straight 

broadside

No
Yes - dizziness 

and 
unsteadiness

F4 Forward left No N/A N/A Yes - 5' at 
the rear

More 
severe Yes No


