The Biomechanics of facet joint injury during whiplash
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I was recently retained as a expert in a personal-injury litigation in which a man,
while stopped in traffic, was struck from the rear by a 1997 Mercury Sable. The
impact forced his SUV the car in front of him. While the property damage to his
2007 Buick Rainer was relatively superficial as far as I could determine from
photographs (no other information was available about the Corvette other than
there was property damage), the victim's sustained damage to rear bumper, and the
under carriage The damage to the rear of the SUV appeared superficial, although
frame damage cannot be ruled out.
The 30-year-old man complained immediately of low back pain. After 6 weeks of
conservative treatment he underwent epidural facet joint injections at L3-4 and L45. Subsequently, the man developed a rather profound chronic pain.
These intriguing questions, of course, potentially invite new questions concerning
the appropriateness of treatment considering there was minimal property damage
to the SUV. And yet, the question of the acuteness of the injuries is an issue for
biomechanical assessment. So, I started with a search of the literature to visualize
what happened at the time of the crash, in order to demonstrate how the larger
SUV with little damage could create the facet joint injuries. Let's look at the

assessment; we'll delve into the biomechanical issues of the PEEK cage placement
and provide a final denouement of my analysis. There are several forces to
consider first is the rearward then the vertical component, as seen below.

Physical Evidence of Forces
In addition to the obvious signs of a crash (crushed sheet metal, bent or damaged
bumper components, etc.), other subtle, but telling, signs can become important
clues as to the forces experienced by a SUV's occupants in a crash. When the
occupant loads the seat belt/shoulder harness webbing violently in a crash, lasting
evidence may be visible in several forms: 1) "brinelling" (the wearing down of
sharp surfaces) of the locking pawl and/or spool socket of the retractor mechanism
results from the forced stripping out of webbing which is resisted by the ratcheting
of these gears, 2) the anchorages of the seat belt and shoulder harness at the
floorboard (most commonly) and B pillar respectively, may be deformed, 3)
"witness marks" (visible or palpable irregularities) may be visible on the webbing
material as it was drawn under high pressure through the D ring assembly, 4) the
plastic D ring assembly may also show witness marks from the webbing spooling
under pressure, 5) the guide rails and/or seat back frame may be bent or deformed,
and 6) the head restraint supports may be deformed. Such witness marks are also
useful in determining whether the restraint belts were actually worn, although
marks are not always visible.
We often consider the principal direction of force (PDOF), which is generally
indicated as the direction of forces through the crash vehicles and designated as a
clock direction. A direct frontal impact, for example, would be a 12 o'clock PDOF.

However, occupant kinematic responses will coincide with the PDOF: the
occupant of one vehicle will tend to move toward the center of mass of the other
vehicle and vice versa. Studies have shown that for drivers wearing shoulder
harness and lap belt, a 10 o'clock PDOF frontal crash will tend to produce spleen
injuries, while for the passenger, with the diagonal belt crossing the opposite
shoulder, liver injuries are more likely (1). Facet injuries should be considered in a
similar vein.
Ono et al. (1997) One of the two most important human subject crash test studies
of 1997 was that of Ono et al. (2). They not only subjected human volunteers to
rear impact low speed crash tests, as others have done, but, in addition to filming
the entire sequence on high speed videotape, they also captured the events with
high speed videofluoroscopy (cineradiography) to view the finite motions of the
cervical spine during actual impact loading. Subjects were 12 healthy Japanese
males with an average age of 24 years and no history of cervical spine injury. The
authors used a sled apparatus as they had used in the past (3) to simulate a rear
struck vehicle. They also measured the sEMG activity before and during the crash
pulses. All tests were conducted without head restraints. The clinical version of
this paper was published later in Spine (4).
The subject's muscles in the relaxed state did not affect the head-neck-torso
kinematics upon rear end impact. The ramping-up motion of the subject's torso was
observed as a result of the inclination of the seat back. Axial compression forces
occurred when this motion was applied to the spine, and very likely represent one
of the facet joint injury mechanisms. Furthermore, the more rigid the seat
cushion, the greater was the axial compression force applied to the spine. On the
other hand, the torso rebounding caused by the softer seat cushion tended to
intensify the shearing force applied to the vertebrae.

Fig. above: The force Fp was applied to the inferior facet as illustrated. The force
Sp, which exists normally (but not in the experiment), is that generated by
paraspinal musculature. The resultant vector of those forces is one of simple
tension along the neutral axis of the pars. Note, however, that bone is stronger in
compression than in tension that would create forces that would injure the facet
joints.
Based on the results of our crash tests at the Spine Research Institute of San Diego
(SRISD), the initial response of the lumbar spine in a rear-impact crash is
flattening of the spine with flexion and compression. This is followed immediately
by extension, which coin-cides with the compressive phase. So, what of the forces
produced in a rear-impact delta V collision? Recent cadaver sled tests simulating
rear impacts at up to 10 mph indicate early forward pelvic rotation, which would
be coincident of lumbar extension (See Figure below). Crash tests at SRISD, as
well as those of others, have demonstrated a strong vertical acceleration of the
lumbar and thoracic spine during the initial phase of a rear-impact crash test (i.e.,
the so-called vertical ramping effect). This produces a large axial compressive
force in the lumbar region. In recent finite element analysis (FEA) simulations of
rear-impact crashes of 15.5 mph, researchers reported the contact force between
the pelvis and seat back was more than 7,000 N (close to 1,600 lb-f).9 This would
produce a horizontal (extensile) line of force, and would coincide with ramping
and compression, thus creating injury to the lumbar facet joints.
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