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ABSTRACT

A second series of low speed rear end crash tests
with seven volunteer test subjects have delineated
human head/neck dynamics for velocity changes up to
10.9 kph (6.8 mph). Angular and linear sensor data from
biteblock arrays were used to compute acceleration
resultants for multiple points on the head's sagittal ptane.
By combining these acceleration fields with film based
instantaneous rotation centers, translational and
rotational accelerations were defined to form a sequential
acceleration history for points on the head. Our findings
suggest a mechanism to explain why cervical motion
beyond the test subjects’ measured voluntary range of
motion was never observed in any of a total of 28
human test exposures. Probable "whiplash” injury
mechanisms are discussed.

INTRODUCTION

Qur first study, done in February 1991 and reported®
to the SAE in March 1993, involved four test subjects
who were exposed to a series of ten low delta-V (4 - 8
kph or 2.5 - 5.0 mph} rear end impacts between
standard road vehicles in an approved human test study
protocol. Several other studies published since our first
presentation have reported similar findings®%25%. Drawing
from the practical lessons learned during our first test
series, a second test series was conducted in July 1993
utilizing seven test subjects (including three return
volunteers from the first series) who represented a
somewhat broader age and anthropometric variation
range. This paper reports findings from our analysis of
their kinematic responses to a test series of fourteen rear
end impacts including a higher range of impact related
AV (5.8 - 10.9 kph-or 3.6 - 6.8 mph) than was
previously studied. The resulting head, neck and torso
kinematics from a total of eighteen human and four
Hybrid Il anthropometric test device (ATD) exposures
were recorded using a variety of improved electronic and
high speed film based data collection methods. The
resulting data were analyzed with visual graphic methods
and with specially developed mathematical techniques to

215

interpret and combine both angular and translational
biteblock accelerometer information with digitized high
speed film data. With the resulting clearer picture, all but
one of our observations from the first article were
confirmed, some of our earlier observations and
unanswered questions were able to be refined or
corrected and a biomechanically rational explanation of
human head, neck, torso, seatback and head restraint
interaction during rear end collisions can now be offered
along with comments suggesting a proposed mechanism
of injury related to the often referred to, but ill defined
"whiplash"” syndrome.

APPARATUS AND TEST SUBJECTS

VEHICLES AND TEST SITE - The total of 14 test-
collisions were performed using three vehicles; one
vehicle was used primarily as the striking or "bullet"
vehicle, leaving the two other vehicles as primary
"target" or struck vehicles. The bullet vehicle was a
1984 GMC C-1500 pick-up truck, while the target
vehicles consisted of a 1986 Dodge 600 Convertible and
a 1984 Buick Regal Limited Coupe. The test site was an
unused section of paved road characterized by a very
mild slope running downward (approx. 2% grade) in the
direction of motion of the vehicles. A ramp inclined at
approximately 14° was constructed and used to launch
the bullet vehicle to the test protocol's desired impact
speed (Figure 1).

Some modifications were made to the test-
vehicles for practical and safety reasons. The GMC's
front bumper was replaced by a steel reinforced and
wood faced structure which better withstood the
horizontal impact forces during repeated impacts with
the struck cars. Since previous testing had shown that
the struck vehicle had acquired most of its velocity
change prior to any kinematic response of the occupant,
the acceleration pulse shape variation expected because
of this bumper modification did not appear to affect our
occupant kinematics. Modifications to the struck vehicles
included the addition of steel braces which were placed
behind the front seats to safeguard against seatback
failure. Since safety brace to seat back contact never
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Figure 1 - Test Area and Ramp Setup

occurred during any of the test runs, our safety braces
did not influence seat performance or occupant
kinematics. Another modification was to remove the
front doors of each test vehicle, allowing for better
visibility of both the occupant and the seat dynamics.
These doors were replaced with frame structures which
maintained the rigidity of the vehicles. Factory standard
head restraints in both the target vehicles were normally
kept in their most fully raised position. In the sedan,
where most of the head and neck kinematic data was
obtained, the top of the test subjects’ head was from 16
to 20 cm. (6.3 to 7.9 inches) above the top of the head
restraint and the back of their heads were between 5.1
to 11.7 cm. (2 to 4.6 inches) in front of the head
restraint's forward surface. The factory standard 3-point
restraint systems were used for each test run with the
intentional exception for one test run when both human
driver and right front seat passenger were asked not to
wear their restraint systems. Each vehicle was inspected
after each test run for any safety related problems, as
well as any mechanical or impact related changes that
might influence test outcomes. Repairs to the vehicles
were made as necessary prior to each test run.

TEST SUBJECTS - The test protocol for the
current test series was reviewed by the University of
Texas Health Science Center Institutional Review Board
and IRB Protocol #9010099006 of the University of
Texas health Science Center, under DHHS Regulation
46.110(3), approved the use of eight human test
subjects selected from the staff of Biodynamic Research
Corporation. Seven heaithy fully informed volunteer male
test subjects, ages from 32 to 59 years, ranging in
height and weight from 173 - 188 ¢cm and 76 - 118 kg.
{68 - 74 in. and 167 - 260 Ib.), completed a pre-testing
medical history and physical evaluation, including
cervical spine radiographic studies and measurement of
each subject's voluntary maximum neck range of motion
(extension and flexion) and normal upright head carriage
angle.

Test subject marking for photographic analysis
included photographically visible marks placed (a) on
each individually fitted biteblock and accelerometer
assembly, (b) just behind and above the orbital angle of
the outboard eye on the skin of the lateral forehead/face,
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canal over the mastoid prominence as an approximation
of the lateral projection of the upper end of the cervical
spine and (d)} a "flag" type target affixed to the skin over
the spinous prominence of the first thoracic vertebra (T-
1), meant to be visible from the side. (Figure 2) Same
sized target marks were placed laterally over the
outboard glenohumeral joint and elbow on a tight fitting
garment worn over the torso and arms. A similar target
mounted on a light plastic strip was affixed with Velcro
to a tightly fitted corset-like garment worn over the hips
and lower abdomen to approximate the lateral projection
of the outboard hip joint position. Bilateral foam rubber
ear plugs were utilized as additional visual targets and to
further mask the already low operating noises from the
distant high speed cameras that might alert the test
subjects to the exact time of the impact. A Hybrid Il
anthropomorphic test dummy (ATD) was fitted with a
biteblock type accelerometer assembly and had similar
right side anatomical reference point markings applied,
with the exception of the corset-target strip assembly,
ear plugs and the T-1 flag.

INSTRUMENTATION - Fourteen of the eighteen
total human test exposures were accomplished with our
test subjects instrumented with biteblock
accelerometers. (Figure 3} The individually fitted
biteblocks required only a minimal amount of bite
pressure in order to remain tightly in place during impact.
A biteblock typically housed an array of three
translational accelerometers (Endevco 7290-10/30)
mounted to record x-, y-, and z-accelerations. The x
(fore-aft) and z {up-down) accelerations were recorded
using 30-G accelerometers, while a 10-G accelerometer
measured y (left-right) accelerations. In most cases,
biteblocks also accommodated an array of up to three
angular accelerometers (ATA ARS-01) sensitive to head
angular motions in the pitch, roll and yaw directions {i.e.,
sagittal, coronal and transverse planes, respectively.) The
ATD was, for the most part, instrumented the same as
our human test subjects. Four of the human test
exposure runs were accomplished with the data
acquisition biteblock assembly replaced by specially
constructed light weight dental appliances (split
biteblocks} that carried two "flag" type photographic
targets which were fixed to the subject's upper
(maxillary) and lower (mandibular) teeth to assess any



