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) STANDARD OF REVIEW

“We review de novo a trial court's denial of a motion for a directed
verdict or a judgment n.o.v. Jackson, 372 1ll. App. 3d at 1068. A directed
verdict or a judgment n.o.v. is properly entered where all the evidence,
when viewed in the light most favorable to the nonmoving party, so
overwhelmingly favors the moving party that no contrary verdict based
on that evidence could ever stand. Maple, 151 Ill. 2d at 453. In ruling on
a motion for a directed verdict or a judgment n.o.v., the court does not
weigh the evidence, nor is it concerned with the credibility of the
witnesses. Maple, 151 Ill. 2d at 453. Instead, the court may only consider
the evidence, and any rational inferences therefrom, in the light most
favorable to the nonmoving party. Maple, 151 Ill. 2d at 453.” Ford v.

= Grizzle, 398 111. App. 3d 639, 650, 338 Ill. Dec. 325, 336, 924 N.E.2d

531, 542 (2010).

STATEMENT OF FACTS

The facts at trial revealed that Plaintiff, William Kevin Peach, had
been at the home of Nicole Carter, his girlfriend, until about 10 p.m. on
July 17, 2010 when he dccided to drive home.(SPC 86, SPC 69) He
stopped for a stop sign on N. Shelby St. with its intersection with E. Main
St. in Salem, Illinois waiting for traffic to clear. He was driving a 1985
Nissan pickup truck. Suddenly, he was struck in the rear of his truck by

Defendant Lynsey McGovern who was driving a 2001 Mitsubishi Eclipse.
< 3
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His head hit the rear window. He was in a daze.(SPC 85) He estimated
her speed at 20-25 mph and she was on her cellphone. Defendant said

she was fully stopped when her foot slipped off the brake and she rolled

into Peach. (SPC 77-78)

The drivers got out of their cars and Peach told Defendant they
should call the police and exchange information. Defendant turned
around and told Peach she wasn’t giving him anything, got back into her
car and drove away. Peach’s back bumper was dented and it looked like

Defendant’s front bumper was cracked. It looked like a plastic bumper.

Peach’s neck felt like someone “set a match to my neck.” He then
drove back to Carter’s house. (SPC 85) He still had the neck pain, a
headache and felt like he was in a daze. Carter decided to take Peach to

the emergency room at Salem Township Hospital.

The ER staff put him in a neck collar and put him on a backboard.
(SPC 86) The ER staff did blood work, x-rayed him and took some MRI
images. Peach was in the ER for several hours before Carter could take
him home. (SPC 70) While there, a nurse called the Salem police to
report the accident. (SPC 100} Salem police sergeant Garland Simmons

came to the ER to talk to Peach.

Peach remembered the Defendant’s license plate number and when
he told Sergeant Simmons that she had just driven away, he attempted

to contact the Defendant at her home to issue her a traffic complaint, but

2




123156

no contact could be made that night. (SPC 101) Simmons returned the
next day and Defendant was there. Defendant admitted being in a motor
vehicle collision the day before. Simmons then had Defendant come to
the police station to make a report and issued Defendant a citation for
failure to reduce speed to avoid an accident. (SPC 102-103) McGovern

pleaded guilty to the traffic offence. (SPC 76)

Peach sought further medical treatment from his family physician,
Dr. Luecha two or three times who prescribed a neck brace and referred
him to the Orthopedic Center in Mt. Vernon where he was seen by Dr.
Templer. (SPC 72, 89) His medical expenses totaled $23,385.62. (SCC

59-71, Plaintiff’s Exhibit 1)

Dr. Templer testified by evidence deposition. (SPC 144-145, SCC
72-84, Plaintiff’s Exhibit 2) He is board certified in anesthesiology and
pain management and is now practicing in Minot, North Dakota.(SCC 72)
He first saw William Peach as a patient on October 5, 2010 when he was
practicing in Mount Vernon, lllinois. Peach’s chief complaint was neck
pain. Peach had had chronic neck pain since the motor vehicle collision
of July 17, 2010 when he was rear-ended. Peach had an MRI on
September 16, 2010. (SCC 73) It showed a straightening of the normal
lordosis consistent with muscle spasm and pain. The MRI further
showed that Peach had a right disc protrusion at C 3-4 with foraminal

narrowing on the right, compression of the right lateral recess,
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compression of the dural sac and compression of the anterior margin of
the spinal cord. Dr. Templer could tell it was a recent injury or acute
rather than degenerative, consistent with having been recently caused in

July, 2010,

At the C 4-5, there was a moderate right and left posterolateral
disc/osteophyte complex. (SCC 74) which was compressing the left
anterolateral margin of the spinal cord creating moderate left and right
foraminal stenosis. This was not acute, but it could be causing him

shoulder pain.

He has minimal disc bulging at the C 5-6. There is a small central
nuclear protrusion with a slight compression of the anterior margin of
the dural sac. This is acute or recent and can be a source of pain. The

injuries at the C 3-4, 5-6 are consistent with a rear-end collision. (SCC

75)

There is also some component of facet arthropathy. It is consistent

with a whiplash injury which he thought was causing Peach pain.

He prescribed a tapering steroid Dosepak, an anti-inflammatory
medication and suggested a medial branch block for facet joint
evaluation. The branch block was done on November 11. 2010. Neither
helped his neck pain but he did get some relief from the headaches. (SCC
76) The last time Dr. Templer saw Peach was December 2, 2010 when

Peach was offered an epidural injection which he refused.(SCC 77)

4
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Dr. Templer’s final diagnosis was: whiplash syndrome, chronic
neck pain, cervical facet arthropathy, cervical annular tear, and possible
cervical radiculopathy, cervical foraminal stenosis, cervical degenerative
disc disease. This condition was absolutely caused by the motor vehicle
collision of July 17, 2010 which also accelerated the degenerative

changes to the disc.(SCC 79)

On cross-examination by defense counsel, the doctor was asked to
assume the collision was at a speed slower than the 25 to 30 miles per
hour described by Peach and what effect that would have had on the
hyperextension of Peach’s neck. The doctor’s answer was that it would all
depend on the kinetics. “I don’t know the car he was driving. I don’t
know the weight. I don’t know how much material was crushed, was not

. crushed. At a low impact it depends on what force is put from his car to
the neck. It could be a low-speed injury, depending on the vehicles
involved, and where the accident occurred where absolutely it could still

cause a significant hyperflexion /extension injury.”(SCC 81)

Defense counsel then asked if the photos of the two vehicles in the
collision showed that the only damage to Défendants Mitsubishi Eclipse
showed a bent license plate and “perhaps” a slight crack in the bumper
and that the only damage to Plaintiff’s Nissan truck was a “slightly” bent
bumper would that affect his opinion as to whether any of the

abnormalities were related to the accident. Dr. Templer said he could not
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answer the question just from the damage to the car. That is not his
expertise. You can’t say it definitely is not. He said he was relying upon
the objective findings in the MRI. (SCC 82) Defense counsel then asked
the Doctor to speculate whether some other event may have caused those
findings. The doctor answered that “...a lot of things could have caused
the injury but he did not know of anything. Everything fits for a
hyperflexion/hyperextension injury for whiplash syndrome. These can

occur even at low speeds. This is well documented.”

The questioning continued in the same vein over standing

objection. (SCC 83-84). The trial court overruled the objection.

At the close of evidence, the Court directed a verdict for plaintiff on
negligence, reserving the questions of causation and damages for the

- jury.(SPC 148)

The first words out of Defense counsel’s mouth in closing
argument was: “A picture is worth a thousand words.” He then spent his
entire closing argument talking about the photographs and the doctor’s
answers to his speculative questions. (SPC 172-177)

The jury returned a verdict in favor of Defendant and against
Plaintiff (SCC 54) Judgment was entered on that verdict on February 23,
2016. (C 232) Plaintiff filed a Post Trial Motion on March 21, 2016 (C
233-235) which was denied May 27, 2016. Plaintiff filed his timely Notice

B of Appeal on June 20, 2016.(C248}).
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Defendant filed a motion to strike plaintiff’s appendix and all related
argument pertaining to the appendix in the appellate court. That motion
was ordered to be taken with the case. The appendix consisted of two
articles on the relationship between the damage to vehicles and injuries
to the occupants of those vehicles. Neither article was submitted to the
trial court as evidence in support of any argument asserted by plaintiff.
The appellate court allowed the Motion to Strike, holding that since
neither article was part of the record on appeal, the introduction of new

evidence on appeal was improper.

ARGUMENT

. The Photos and Testimony of Damage To the Vehicles Are
Irrelevant To Show a Correlation Between Damage To The
Vehicles and Injury To Their Occupants Without Supporting
Expert Opinion That Satisfies the Frye Test

The appellate court held that photographs are not relevant to show
a correlation between the damage to the vehicles and injury to the
vehicle’s occupants, citing Baraniak v. Kurby, 371 Il1. App. 3d 310,
312, 862 N.E.2d 1152, 1154 (1st Dist. 2007). “The Baraniak court
recognized the rule set forth in DiCosola v. Bowman, 342 Ill. App. 3d
530, 794 N.E.2d 875 (2003}, that “no Illinois case stands for the
proposition that ph.otographs showing minimal damage to a vehicle
are automatically relevant and must be admitted to show the nature

and extent of a plaintiff’s injuries. There simply is no such bright-line
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rule that photographs depicting minimal damage to a post-collision
vehicle are automatically admissible to prove the extent of a plaintiff’s
bodily injury or lack thereof.” DiCosola, 342 lll. App. 3d at 535.”

The Fifth District concluded that where the injuries were as
complicated as Mr. Peach’s and his treating physician, Dr. Templer
testified that they could occur in low impact collisions and Templer
did not have the expertise to make the correlation between impact and
injury, expert testimony was required before the photos were deemed
relevant and admissible.

Plaintiff would go further. The best analysis of the question
Plaintiff has been able to find is Whiting v. Coultrip, 324 Ill. App. 3d
161, 258 Ill. Dec. 111, 755 N.E.2d 494 (3d Dist., 2001). There, not
only did the Appellate Court find that the introduction of vehicle
damage photos to make the correlation between damage and
occupant injury was reversible error, the testimony of Gerald Harris,
an engineer specializing in biomechanics and biomedical engineering,
and Fred Monick, an engineer were also ruled inadmissible. Monick
calculated the forward and lateral gravitational forces (G-forces)
experienced by plaintiff. Using Monick's findings, Harris determined
that the amount of force actually experienced by plaintiff was not
sufficient to cause the injuries alleged. Whiting at 164.

While neither the Appellate Court nor Plaintiff are advocating the

adoption of the Daubert criteria for admission of scientific evidence,
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the case does have some value in determining what evidence should
* be evaluated by cither test.

“If the trial court determines that the proffered testimony
for evidence] will assist the trier of fact to understand the
evidence or determine facts in issue, then the court must
ask, does the proffered testimony constitute "scientific”
evidence? In Daubert v. Merrell Dow Pharmaceuticals, Inc.,
509 U.S. 579, 125 L. Ed. 2d 469, 113 S. Ct. 2786 {1993), the
Supreme Court averred that "science” represents a process
whereby theories are proposed and refined. The word
"scientific" implies a grounding in the methods and
procedures of science while "knowledge" indicates more than
a subjective belief or unsupported speculation. To qualify as
"scientific knowledge" then, an inference or assertion must
be derived by the scientific method. Daubert, 509 U.S. at
590, 125 L. Ed. 2d at 481, 113 S. Ct. at 2795. Webster's
defines scientific method as "the principles and procedures
used in the systematic pursuit of intersubjectively accessible
knowledge and involving as necessary conditions the
recognition and formulation of a problem, the collection of
data through observation and if possible experiment, the
formulation of hypotheses, and the testing and confirmation
of the hypotheses formulated." Webster's Third New
International Dictionary 2033 (1986).” Whiting at 166.

The Whiting Court then found that: “There is no evidence in the
record that use of photographs and repair estimates is a generally
accepted method in the field of engineering for determining G-forces.
See generally, Clemente, 183 Misc. 2d at 934, 705 N.Y.S.2d at 800
HN11 (the use of repair costs and photographs as a method for
calculating the change in velocity of two vehicles at impact is not a
generally accepted method in any relevant field of engineering).”
Whiting at 168.

After determining that the use of photos and/or testimony

SUBMITTED = 1386744 - Amand fsom = 7112018 1:31 PR~
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regarding those photographs to make a correlation between vehicle
damage and the occupant’s injury was based upon science, the
Whiting Court subjected the testimony to a Frye analysis.

“If the trial court determines that the proffered testimony
constitutes scientific evidence, then the court must ask, is that
scientific evidence "novel," or does it involve instead a firmly
established method or technique?”

Whiting at 167.

This Court has never examined this proffered and heavily used
theory to deny damages to injured plaintiffs, nor has any Illinois
Appellate Court examined the alleged correlation other than the
Whiting Court. Defendant’s claim that it is “common sense” is the
usual claim of validity. In fact, the amicus brief of the IDC uses the
term “common sense” (6 times), “reasonable inference” (10 times), “fair
inference”, “life experience”, “ordinary experience”, “accepted
assumptions”, “common logic”, “common experience”, and “simple
inference” to support its claim that admission of photographs to argue
that there is a correlation between vehicular damage and the
occupant’s injury is relevant and admissible. Nowhere in either brief,
defendant’s nor amicus IDC, are any medical or engineering studies or
publications mentioned as supporting this alleged “common
knowledge”.

¥ This Court has adhered to the “general acceptance’ standard
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established in Frye v. United States, 54 App. D.C. 46, 293 F. 1013
{D.C. Cir. 1923) for the admission of scientific evidence.

In Harris v. Cropmate Co., 302 11l. App. 3d 364, 376, 235 Ill. Dec.
795, 805, 706 N.E.2d 55, 65 (1999) the Court explained the Frye plus
reliability analysis:

“In attempting to prove that evidence subject to Frye is

admissible under that standard, its proponent may use --

and the trial court may consider -- the following: {1) scientific

publications and law review articles; (2) prior judicial

decisions in Illinois and other jurisdictions; (3) practical

applications of the technique or method; and (4) testimony or

affidavits of experts regarding (a) the acceptance of the
technique or method within the relevant scientific

community, and (b) the attitudes of their fellow scientists.

See Kirk, 289 11l. App. 3d at 332, 681 N.E.2d at 1077, see

also 1 J. Strong, McCormick on Evidence § 203, at 870 (4th

ed. 1992) (and cases cited therein)..”

While defendant claims this is “common sense”, the correlation
between vehicle damage and occupant injury is a scientific question
as the Whiting Court found, and as the Fifth District found in this
case. There are authoritative publications contradictory to defendant’s

“logical” and “common sense” correlation.

orrelating Crash Severity With Injury Risk, Injury Severity, and

Long-Term Symi, s In Low Velocity Motor Vehicle Collisions, Croft

and Freeman, Medical Scie onitor 2005, 11(10}): RA316-321, (Al-

6), the authors found that property damage_ is an unreliable predictor

stnceén
so found that bv ordccf'
®-3-1

of injury risk or outcome in low velocity crashes. Th

the MIST protocol for defense (Minor Impact Soft Tissue) formula

W 11
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S+ricken

ovder 3~3-1%

By various insurance companies to be invalid.

Lhe same result was found in the paper Lack of Relationship

Betwegn Vehicle Damage and Occupant Injury, Robbins, M.C., SAE

paper 978494, Society of Automotive Engineers, 1997;117-119.(A7- -

11) “...the crush damage does not relate to the expected occupant

injury, i.e., the\more vehicle damage, the more chance that the

occupant is injureq, is not a conclusion that can be made. In fact, it is

more likely the reverae....This conclusion has been demonstrated by

both mathematical expression and practical examples. ” (p.119) The
author then went on to desc¢ribe the various factors and mathematical
formulas that were necessary ‘o take into consideration to qualify a

valid opinion. Significant to this tase, Robbins states that,

“...on a vehicle with a chassis, no\serious visual deformation
may occur even though it is subjected to relatively high
speeds of impact. Classically, we see\this in the case of
pickup trucks...that are traditionally fitted with a solid
bumper-to-bumper chassis. Many of thgse types of vehicles
are subjected to relatively severe impacts\with little or no
resulting damage to their bodies and bumpers... Motor
vehicle bodies or bumper-to-bumper chassi$ offer little or no
crushing effect on arresting obstacles when impacted; thus,
relatively high G forces can be experienced by dccupants
when rear-ended, resulting in whiplash injury.
stiffl motor vehicle bodies and chassis will also produce a
spiked G force loading to occupants, even if little da
occurs to vehicle body or chassis.” Robbins, p18.

Medical studies are equally critical of such assumptions. In

Deceleration During “Real Life” Motor Vehicle Collisions-A Sensitivg

B 12
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Stricken
dictor For The Risk of Sustaining a Cervical Spine Injury? Ebel, by srdel

i Krambg, Huber-Lang Hartwig and Dehner, Patient Safety in Surgery 3"3""5

2009, 3:5fA12-19) the authors found that the predictive value of the
the collision for the\tesulting cervical spine injuries that they
investigated for their st

y was not a conclusive predictor for cervical

spine injury in real-life motog vehicle accidents.

Likewise, in The Influence of hology on Cervical Injury

Characteristics, Stemper, Pintar and Rao, Spine, Volume 16, Number
258, ppS180-8186, 2011, (A20-26) the authors found that there were
many other factors that impacted the severity of injury in rear end

collisions other than damage to the vehicle or force\of impact and that

low velocity contact can lead to serious injury.

The Whiting court, at 169, recognized that the testimony of these
experts regarding the correlation of vehicular damage and occupant
injury was not demonstrated by the “experts” to be “...generally
accepted and empirically tested methods in determining that plaintiff

could not have sustained the type of injury claimed....”

Defendant has not submitted a single peer reviewed publication in
either the medical or engineering field to support her “common sense”

theory.

13
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At a minimum, this Court should require a party to comply with its
ruling in People v. New (In re Det. of New), 2014 IL 116306, § 25, 386
Ill. Dec. 643, 648, 21 N.E.3d 406, 411 when a party attempts to
utilize a photograph or expert testimony to claim there is a correlation
between damage to a vehicle and injury to an occupant. “In Illinois,
the admission of scientific evidence is governed by the Frye standard
{In re Commitment of Simons, 213 Ill. 2d 523, 529, 821 N.E.2d 1184,
290 I1l. Dec. 610 (2004) (citing Frye v. United States, 293 F. 1013
(D.C. Cir. 1923)), which has now been codified by the Illinois Rules of
Evidence: ...., the proponent of the opinion has the burden of showing
the methodolog or scientific principle on which the opinion is based
is sufficiently established to have gained general acceptance in the
particular field in which it belongs." Ill. R. Evid. 702 (eff. Jan. 1,

2011).

While it may seem to be a simple correlation given the acceptance
by Courts who believe they have the requisite “common sense
knowledge” in the misconception and rule favorably on admission of
the photographs and allow opening and closing arguments based
upon the photographs, it is not so simple and leads, as here, to

severely injured Plaintiffs receiving little or no compensation.

Here, defendant submitted no testimony or other corroborating

evidence to validate her argument. Defense counsel was allowed to

14
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make the argument without exposure to cross examination,

essentially becoming defendant’s star witness.

This Court, in Voykin v. Estate of Deboer, 192 Ill. 2d 49, 59, 248 Ill.
Dec. 277, 282, 733 N.E.2d 1275, 1280 (2000), recognized that the
human body is complex and that how é prior injury effects a person’s
current injury is a question which cannot be answered by laymen and
requires medical testimony. So too the effect on the body of the
occupant of a vehicle when struck by another vehicle is dependent on
many variables. It is only reasonable to require expert testimony that
is based upon generally accepted scientific bases before finding that
photos showing minimal damage to the vehicle or vehicles involved
equates to prove or disprove the severity of the injury to the

occupants of that vehicle.

It was once “common knowledge” that the earth was flat. It is time
we dispose of the “common knowledge” that there is a correlation
between damage to a vehicle and the injury to its occupant. The
Appellate Court’s holding regarding the inadmissibility of the

photographs in this case should be affirmed.

Il. Even if the Appellate Court’s Decision is Held to Be a
Judgment Non Obstante Veredicto, the Facts of the Case Justify
the Appellate Court’s Decision

Defendant is correct that the standard to be applied to the grant of

a Judgment n.o.v, is that it must be shown that”,..the evidence, when

15
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viewed in its aspect most favorable to the opponent, so overwhelmingly
favors movant that no contrary verdict based on that evidence could ever
stand.” Maple v Gustafson, 151 111.2d 445, 453, 603 N.E.2d 508,177 Il
Dec. 438 (1992) citing Pedrick v. Peoria & Eastern R.R. Co., 37 111.2d at

510.

The issues to be decided by the jury were: was the plaintiff injured
and was the defendant’s negligence the proximate cause of plaintiff's
injuries (Plaintiff’s instruction 25, IPI 21.02 Mcdified, C32) and the
nature and extent of plaintiff’s injuries and the amount of damages to be
awarded for those injuries.(Defendant’s instruction 3A, IPI 30.01, given

over Plaintiff’s objection, C 33).

The Appellate Court in this case correctly held that testimony
about the speed and force of impact and the extent of damage to the
vehicles and the photographs of the vehicles was irrelevant and
improperly admitted. That testimony and evidence should not to be

considered when analyzing the remaining issues before this Court.

The parties agreed that their vehicles collided and that Plaintiff was
stopped at a stop sign when Defendant’s vehicle struck the rear of
Plaintiff's truck. The parties agreed that there was damage to both
vehicles. Defendant admitted that she pleaded guilty to failure to reduce
speed to avoid an accident and that she left the scene of the accident

prior to the arrival of the police.

16
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The uncontested testimony was that Plaintiff was injured as a
result of the collision. The medical testimony of Dr. Templer was
uncontested by any witness as was his testimony that Plaintiff’s injuries

could be caused by a low impact collision.

Defendant’s argument on this issue assumes that the photos and
defense counsel’s “testimony” in opening and closing was relevant and
admitted. She also assumes that there is some issue of credibility which
would allow the photos admission. Whether or not the defendant’s speed
on impact was Smph or 30mph is irrelevant to any issue in the case
because speed on impact is only one of many variables that determine

the extent of plaintiff’s injuries, 4

Shndeen
b\_J srder

—pp S180.S186,A20-26) and no witness’ relevant testimony took into e O
8-3-1%

consideration or depended on speed at the time of impact or the amount
of damage to the vehicles which is irrelevant. Dr. Templer was quite

clear: “Everything fits for a hyperflexion/hyperextension injury for

whiplash syndrome. These can occur even at low speeds. This is well

documented.” Templer deposition, p 49, SC C 83.-Sec-forexampier
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Defendant’s interpretation of Doctor Templer’s testimony is
specious. There was extensive testimony about objective evidence of
Plaintiff’s injuries. Dr. Templer testified about the MRI taken after the
collision: “The first thing that stands out is there’s straightening of
what’s called the normal cervical lordosis...That’s consistent with muscle
spasm and pain....He had a right posterolateral disc protrusion at C3-
4....This resulted in a foraminal narrowing on the right side, so where the
nerve comes out the right...that would be the C4 nerve. Ther{: is
compression of the right lateral recess, compression of the dural sac and
compression of the anterior margin of the spinal cord, all on the right
side.” Deposition of Dr. Michael Templer, January 22, 2016, pp 11-12,

SC C73-74.

“....[A]llso on C3-4, at that level there is no spurring noted which
would be more consistent with degenerative changes. The disc was
hydrated. Both of these represent acute findings....[TJhat would mean
that they’re recent, that these aren’t degenerative changes that he’s
accumulated, that this is something that would be recent.” pp 14-15, SC

C 74.

“At C5-6 he has minimal disc bulging. There’s a small

central nuclear protrusion. This is confined by the outer annular fibers.

18
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Slight compression of the anterior margin of the dural sac.” p 17, SC C

75

“...This showed essentially what’s called an annular tear or an
annular fissure, which is—you get something called a high-intensity
zone, a white area in the disc. This is consistent with a tear to the disc.
Once again, this is more of an acute or subacute finding, something
that’s happened recently....When that tears, that can be a source of pain.
We have nerve fibers in the outer annulus, so that can cause neck pain

directly.”

“This is a more of an acute finding. Once again, this
disc...appeared also to be hydrated, meaning that on the MRI there was
good water content in the disc, meaning this would also represent more

of an acute/subacute finding.” Pp 17-18, SC C 75

“He had cervical sprain or strain, which is consistent with—it’s
essentially what whiplash is. So what happens when we're involved with

an injury, rear-ended...” P 19, SCC 75

Q. Doctor, what’s your final diagnosis?

19
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A, Whiplash syndrome, chronic neck pain, cervical facet
arthropathy, cervical disc herniation, possible cervicogenic pain, cervical
annular tear, and possible cervical radiculopathy, cervical foraminal

stenoses, cervical degenerative disc disease.

“Q. Doctor, do you have an opinion based upon a reasonable
degree of medical certainty as the whether or not any of those conditions

were caused by the motor vehicle accident of October (sic) 17, 2010?

A. Absolutely, I'd say that the whiplash would be caused by it. I
think there’s a good chance that the annular tear that we talked about,
the integrity of the loss of the disc that was reported at C5-6 could have
been caused by the accident. The facet disease could certainly and is
common to be caused by whiplash injury. The foraminal narrowing and
the radicular symptoms can be caused by the disc material which could
be caused by the accident. It can accelerate degenerative changes to the

disc.” pp 34-35, SC C 79.

Defendant claims that the Doctor equivocated on the cause for
Plaintiff’s injuries. Defense counsel is basing that on the admission by

the doctor that there could be another cause.

First, the questions were objected to from the inception as asking
the Doctor to speculate. There was no evidence of another proximate
cause and the trial court erred in overruling plaintiff’s objection to the

line of questioning. Templer deposition, pp 48-49, SC C 83. The line of

20
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questioning which allegedly led to defense counsel’s argument that the
collision was not the proximate cause of plaintiff’s injuries was not as

counsel would have it be,

“Q. Would you agree with me that the objective findings did not
tell you in and of themselves whether they were related to this

automobile collision or not?

A. No. Obviously unless you have an MRI right before and right
after, I don’t know where that’s ever happened. I can only say that—

what’s acute and subacute, the findings that [ find.
Q.  Okay. So there could have been some other event—
A. Of course.
. --that caused that—those findings?

Mr. Ripplinger: Well, now I’'m going to object that you’re asking the

doctor to speculate.

Mr. Adelman: Then let the doctor answer.
Mr. Ripplinger: I will, but under—over an objection.
(The trial judge overruled the objection.)

Doctor Templer: You know, I—I don’t know. 1 go on—based on

what I’'m told. I'm sure a lot of things could have happened. Maybe—to

21
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my knowledge, he was not in another car injury. Everything fits for a
hyperflexion/hyperextension injury for whiplash syndrome. These can

occur even at low speeds. This is well documented.

Q.  Butyou don’t know the extent of that hyperextension in this

particular accident, do you?

A. No. There’s absolutely no way to tell. He—we can go based
on the objective findings, but there is no way to tell unless you have
video footage of his neck snapping forward and backward. Even very low
speed collisions can cause hyperflexion/hyperextension injuries. That’s
well documented. That’s not just me saying that. Especially—he was

rear-ended; correct?

Q. Doctor, I—you’re the one who's testifying. Was he rear-

ended?

A. Yes. Was—that was my question. That was my
understanding, he was rear-ended, meaning that he was surprised when

it happened, meaning that we’re more likely to see these injuries.

Q.  All right. And he told you that the estimated speed was 25 to

30 miles per hour; is—

A. That’s—
Q. --that correct?
A. That’s —that’s what’s written down. Yes.

22
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. Q. Okajr. Now, Doctor, you testified that he had multiple

abnormalities in part of your final diagnosis; is that correct?
A.  Yes,itis.

Q.  And you told—and you testified they could have been caused

by this accident; isn’t that correct?

A. Yes.

Q. It’s also true that they might not have been caused by this

accident; isn’t that correct?

A.  Yes. That’s true. It might not have been caused by the

accident.

Q. In fact, he had—before the accident he had degenerative disc

disease in his spine—in his cervical spine; isn’t that correct?

A. He had some mild facet disease that was—and I did review
the images of his CT, which is going to be the best thing to see, were very

minimal changes which were appropriate for our age.

Q.  All right. And many of the objective findings that you found
were as—were as a result of that degenerative disc disease; isn’t that

correct?
A. Were any of them?

- 3 Many of them.
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A. Some of them were the result of degenerative changes I think

you could say, yes.” Templer deposition, pp 48-51. SC C 83.

“Opinion testimony that is purely speculative in nature and based
on guess, surmise or conjecture is inadmissible and is tantamount to no
evidence at all. Poulakis v. Taylor Rental Center, Inc., 209 1ll. App. 3d
378, 383, 568 N.E.2d 196, 199, 154 Ill. Dec. 196 (1991)” DiCosola v.
Bowman, 342 Ill. App. 3d 530, 538, 276 Ill. Dec. 625, 632, 794 N.E.2d
875, 882 (2003). Defendant called no opinion witness to contradict the
testimony of Dr. Templer. The doctor testified on direct examination that
some of plaintiff’s conditions of ill being were not caused by the collision.
Dr. Templer was asked to speculate on other causes. There was no
evidence of any other cause and the Doctor had previously testified that
he was “absolutely” sure of the injuries that were proximately caused by
the collision. The trial Court should have sustained the objection to this
line of questioning and barred the defendant from arguing that the

injuries were not from this collision as the Court did in DiCosola.

The only thing the parties disagreed on was the speed at impact
and whether Peach’s truck was pushed into the intersection by the force

of the impact; two irrelevant facts.

Defendant’s argument that the photos are relevant to question
plaintiff’s and his treating physician’s credibility is strikingly similar to

e the argument made by defendant in Baraniak:

P 24
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“Defendant argues that the vehicle photographs were not
admitted into evidence in order to support a connection
between the amount of the property damage and the extent
of plaintiff's injuries but were used to aid the jury in
assessing plaintiff's credibility when she testified that the
impact was "hard." To illustrate her point, defendant cites to
defense counsel's closing argument, in which he stated:
"When you take these photographs back into the jury room,
you can use them to [the] issue of credibility. The plaintiff
testified that this was a really hard or heavy impact. Now,
since so much of what is going on here depends on her
credibility, take a look at the photos and see whether it is
credible that this is a hard or heavy impact or the
defendant’s testimony that this was a light impact, a fender
bender impact, so to speak ***."During the trial, none of the
medical expert witnesses testified that the amount of the
damage to plaintiff's vehicle correlated to her injuries.
Although plaintiff's credibility was an issue for the jury to
determine, that is true in every case since it is axiomatic that
it is the function of juries to determine the credibility of all of
the witnesses who testify before them. If we were to accept
defendant’s reasoning, we would essentially be conducting
an end run around the relevancy rule, and photographs of
damaged vehicles would always be admissible in trials of this
nature on the grounds that credibility is always an issue.
The effect of such a ruling would be to allow parties to
accomplish indirectly what the courts have already
determined is improper absent expert testimony, i.e., to
argue or even imply that there is a correlation between the
extent of vehicular damage and the extent of a person's
injuries caused by an accident. Therefore, upon retrial,
absent expert testimony on the correlation between the
vehicular damage and plaintiff's injuries, the photographs of
the parties' damaged vehicles shall be excluded.” Baraniak v.
Kurby, 371 1ll. App. 3d 310, 317-18, 308 Ill. Dec. 949, 955-
56, 862 N.E.2d 1152, 1158-59 (2007).

The holding of the Appellate Court in this case should be affirmed.
The evidence, when viewed in its aspect most favorable to the defendant,
so overwhelmingly favors plaintiff that no contrary verdict based on that

evidence could ever stand.

25
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lll.  Should This Court Determine That the Evidence Does Not
Support Remand for a Trial on Damages Only, the Court Should
Remand for a New Trial and Bar the Defendant from Use of the
Photographs, Testimony Regarding Speed of Impact, Damage to
the Vehicles and Asking the Doctor to Speculate on Other
Causes for Plaintiff’s Injuries

“...[O]ln a motion for a new trial, a court will weigh the evidence
and set aside the verdict and order a new trial if the verdict is contrary to
the manifest weight of the evidence. Maple, 151 Ill. 2d at 454. A verdict is
against the manifest weight of the evidence where the opposite result is
clearly evident or where the findings of the jury are unreasonable,
arbitrary, and not based on the evidence. Maple, 151 Ill. 2d at 454. A
court's ruling on a motion for a new trial will not be reversed except in
those instances where it is affirmatively shown that it clearly abused its
discretion. Maple, 151 Ill. 2d at 455. In determining whether the trial
court abused its discretion, the reviewing court should consider whether
the jury's verdict was supported by the evidence and whether the losing
party was denied a fair trial. Maple, 151 Ill. 2d at 455.” Jackson v. Seib,
372 11l. App. 3d 1061, 1068-69, 310 Ill. Dec. 502, 511, 866 N.E.2d 663,

672 (2007).

Plaintiff will not be repetitive and repeat the statement of the
evidence recited in the previous argument. Suffice to say, if the facts of
this case do not justify the Appellate Court’s decision below, the jury’s

verdict was clearly not supported by the admissible evidence and Mr.
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Peach was clearly denied a fair trial. Plaintiff requests this alternate relief

if the Court does not believe the prior argument is valid.

-ARGUMENTFOR-CROSSRELIEF— <Hicken
by srder
The Appellate Court Should Not Have Stricken the Secondary ®-X-)2
Authority Cited by Plaintiff and Included in the Appendix and

This Court Should Consider Them and the Others Cited by
Plaintiff in This Brief and Included In This Appendix

e Appellate Court struck from Plaintiff’s brief and appendix the
nd the copies of two scientific peer reviewed articles which
are cited in this\prief and are included in the Appendix to this brief:
Correlating crash seberity with injury risk, injury severity, and long-term
symptoms in low velocityNnotor vehicle collisions, Croft and Freeman,
Medical Science Monitor 2005, 11(10): RA316-321 (A1-6) and Lack of
Relationship Between Vehicle Damage and Occupant Injury, Robbins
M.C., SAE paper 970494, Society of Alitomotive Engineers, 1997;117-
119. (A7-11) The Court held that since these articles were not presented
to the trial court they constituted evidence thatwas not in the record and
could not be so included, citing People ex rel. Madigan v. Leavell, 388 Ill.

App. 3d 283, 287, 329 1ll. Dec. 11, 16, 905 N.E.2d 849,854 (2009).

The article were not included in Plaintiff’s Brief as evidence. They
were cited as secondary authority to explain why the plaintiff challenged

T evidence, the vehicle photographs, and objected to Defendant’s attorn
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argument that there was a direct correlation between that damage to the

vehicles and injury to their occupants.

In People v. Schaap (In re Schaap), 274 11l. App. 3d 497, 501, 211
I11. Dec. 274, 276, 654 N.E.2d 1084, 1086 (1995) the State moved to
strike portions of rgspondent’s brief which quoted medical texts to
support his position tkhat the trial court should not have ordered
involuntary administratian of psychotropic drugs for respondent. The
Appellate Court held that: “A court of review must determine the issues
before it based upon the evidence presented to the trial court. (People v.
Reimolds (1982), 92 1ll. 2d 101, 186-07, 65 Ill. Dec. 17, 440 N.E.2d 872.)
However, a reviewing court is entitled, to rely on secondary authority
where there is no controlling primary authority. (See SK Handtool Corp. v.
Dresser Industries, Inc. (1993), 246 I1l. App\ 3d 979, 986, 189 Ill. Dec.

233, 619 N.E.2d 1282.).”

The prior decisions have been without consistency and have
required each trial court to make a decision about requiring expert
testimony without any standard to guide them. The casgg cited by
Plaintiff and Defendant in this case make that clear. Whers, the courts
have allowed an expert to opine on the issue, no basis except
that the witness is a doctor and claims to have such knowledge was
given. No studies were cited or scholarly journals were introduced

support the expert’s opinion. See for example the unsupported testimony
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nabarger v. Burns, 385 11l. App. 3d 560, 563-564 (5% Dist., 2008) %_5-16

and JacKson v. Seib, 372 1ll. App. 3d 1061, 1066-1067(5t Dist., 2007)

These articles clearly show that there is no possible way to justify
such a correlation Without expert testimony and even with it, there is no
scientific justification tonmake such a correlation. They were and are
submitted to interpret the evdence and testimony, not to be evidence
and submitted as such as was approved in People v. Wilhoite, 228 111.
App. 3d 12, 23(1% Dist., 1991) where\the DSM-III-R was used to explain
doctors’ testimony. “...[W]e may consider
by the parties in interpreting the evidence. (Péaple v. Garrett (1975), 62

IIl. 2d 151, 339 N.E.2d 753.)"

The Appellate Court erred in striking the articles, plaintiff requests
this Court to allow their citation and take them into consideration in

ruling in this case.
CONCLUSION

Wherefore, for the foregoing reasons, Plaintiff respectfully requests
that this Court affirm the judgment of the Appellate Court of Illinois Fifth
Judicial District and remand this case for a trial on damages. This Court
should further order that testimony regarding speed of the vehicles at
impact or damages to the vehicles after impact and photographs of the

damage to the vehicles after impact should not be admissible.
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In the alternative, Plaintiff respectfully requests that this Court
affirm the judgment of the Appellate Court of Illinois Fifth Judicial
District and remand this case for trial. This Court should further order
that testimony regarding speed of the vehicles at impact or damages to

the vehicles after impact and photographs of the damage to the vehicles

after impact should not be admissible.

Respectfully submitted,

/s/ George R. Ripplinger
George R. Ripplinger #02343797

Ripplinger & Zimmer, LLC

2215 West Main Street

Belleville, 1llinois 62226

Phone (618)234-2440

Fax (618)234-6728
RipplingerZimmer@ripplingerlaw.com
george@ripplingerlaw.com

30

SUBMITTED - 1396744 - AMaHAE 186 - TIB2018 131 PN+~ v = oo i



123156
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Under penalties as provided by law pursuant to Section 1-109 of

the Code of Civil Procedure, the undersigned certifies that this
Appellee/Cross Appellant’s Brief conforms to the requirements of Rule
341(a) and (b). The length of this Brief, excluding the pages contained in
the Rule 341(d) cover, the Rule 341(hj{1) statement of points and
authorities, the Rule 341(c) certificate of compliance, the certificate of
service, and those matters to be appended to the brief under Rule 342(a),

is 30 pages.

[s/ George R Ripplinger

PROOF OF SERVICE
The undersigned certifies that on the 6% day of July, 2018, he caused

the foregoing Appellee/Cross Appellant’s Brief to be electronically filed with
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Under penalties as provided by law pursuant to Section 1-109 of the
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/s/ George R Ripplinger
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Summary

Auto insurers use a variety of techniques to control their losses, and one that has been widely em-
ployed since the mid-1990s is the Minor Impact Soft Tissue (MIST) segmentation strategy. MIST
protocol dictates that all injury claims resulting from collisions producing US$1000 or less in dam-
age be “segmented,” or adjusted for minimal compensation.

Mulnplc databases were searched for studies comparing any of threc dependent variables (injury
risk, injury severity, or duration of symptoms) with structural damagc in motor vehicle crashes of
under 40 km/h (25 mph).

A limited correlation between crash severity and injury claims was found. We could not determine,
however, whether this rela.uomh:p held across all crash severities, Other studies provided conflict-
ing results with regnrd to acute injury risk, but both found no statstcally significant correlation
becween crash severity and long-term outcome.

A substantial number of injuries are reported in crashes of little or no property damage. Property
damage is an unreliable predictor of injury risk or outcome in low velocity crashes. The MIST pro-
tocol for prediction of injury does not appear to be valid.
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BACKGROUND

MATERIAL AND METHODS

In the mid-1990s, a set of}gudd.mu was published by a
leading U.S. auto insurer for ¢laims adjustors concerning
the handling of certain types of crashrelated injury claims
[1]. This training manual identified injury claims result-
ing from motor vehicle crashes \si_th US$1000 or less in
claimant’s vehicle property damage as those that should
be categorized, or “segmented,” separately from all oth-
er injury claims. Claims adjustors were instructed that, as
a general precept, crashes with minimal damage are un-
likely to-or cannotcause significant or permanent injury.
Thus, any claim for injury in the presence of minimal vehi-
cle property damage was to be handled as a type of fraud-
ulent claim and claims adjustors were instructed that, re-
gardless of medical evidence of injury, the injury should
not or could not have occurred because of the nature of
the crash, and the claim goal was to close without pay-
ment. The MIST claims segmenting protocol continues
to be used up to the present time, and many other insur-
ers have adopted similar claims handling practices based
on an assumed lack of relationship between vehicle prop-
erty damage below a certain monetary level and the po-
tential for injury.

The MIST protocol uses vehicle property damage as a con-
struct for injury presence rather than probability, as all inju-
ry claims in the presence of <§US1000 vehicle property dam-
age are considered to be false, while crashes with >$US1000
vehide p damage ar¢ considered as possibly injury
producing, with the medical records used as the determi-
nant of injury presence and severity.

The purpose of the present study is 1o synthesize the pub-
lished literature for evidence that allows for validation of a
system that can accurately predictinjury presence, severity, or
duration based solely on vehicle property damage levels.

Within the epidemiological and clinical literature, authors
have traditionally described injuries occurring in motor ve-
hicle crashes in various ways: on a nominal scale such as
acute injury vs. no injury; on an ordinal scale of severity of
injury; or on an interval scale of time for prolonged symp-
toms. Crash severity has also been variously described in
terms of crash velocities, component crush (property dam-
age or stuctural damage), wtal repair costs, or tow-away
status. The hypothesis we endeavored to assess in this best
evidence synthesis is that property damage following low
velocity frontal or rear impact motor vehicle crashes can
be shown to be quantitatively related (o any of three inju-
ry metrics: initial injury presence, injury severity, or symp-
tom duration. Given that vehicle property damage levels are
not used by insurers as a means o predict injury but rath-
er as a determinant that injury is not present, the validity
of MIST segmentation protocol can be judged by the lew
el of specificity of the technique (defined as the percent-
age of cases not injured that are identified correctly), and
negative predictive value of the technique (defined as the
percentage of cases identified by MIST as not possibly in-
jured that are truly uninjured). We conducted a compre-
hensive best evidence synthesis of the existing medical and
engineering literature to investigate the relationship be-
tween vehlcular structural damage and occupant injury in
motor vehicle crashes.
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We conducted literature searches of MEDLINE, CINAFIL,
WebDex, Road Safety Library, and the Transportation Library
literature datahases for years 1970 to 2005, inclusively, using
a variety of search terms designed to identify studies cor
relating occupant injury occurring in motor vehicle crash-
€5 to some measure of crash severity. This search was aug-
mented by smdies known to the authors as well
as by supplemental studies identified within the papers re-
viewed. Because side impact and roll-over crashes are as-
sociated with higher levels of property damage and signif-
icantly higher risks for occupant injury or fatality, these
crash types were excluded to avoid confounding effects and
only crashes defined as chiefly frontal (from 11 o'clock to
1 o’clock) or rear (from 5 o’clock to 7 o'clock) were con-
sidered in this synthesis. Reports focusing on high velocity
crashes of 40 km/h (25 mph) or more were excluded since
more than 95% of rear impact injury crashes are reported
to occur below this speed [2] and because this is one of the
most prevalent and expensive injury mechasisms in motor
vehicle trauma, with an estimated annual comprehensive
cost in the U.S. of $42.9 billion [3].

Only papers published in peer reviewed journals were con-
sidered acceptable, We included only those studies in which
the authors correlated the resulting vehicle property dam-
age with at least one measure of injury risk. Only studies in
which some reliable methodology of damage assessment
was identified, such as investigation by trained crash inves-
tigators, crash reconstructionists, or insarance investigators

 was decmed suitably robust for this analysis.

In addition to literature satisfying our inclusion criteria,
we identified a number of studies in which the authors de-
seribed crash severity only in terms of crash velocity. This
material was considered as supplemental to the structur-
al damage studies because structural damage is related to
crash velocity and allows some assumptions to be made
about structural damage,

REsULTS

Sixteen citations were discovered initially. Of these, 12 were
later excluded based on exclusion criteria described above.
In the largest study reviewed, the authors examined all rear
impact property damage Hability claims across 38 states from
1993 through 1996. From a total of 32,904 cligible claims
from State Farrn Mutual Automobile Insurance Company,
5083 claims were included [4]. Vehicles studied were restrict-
ed to a subset of those judged to be approximately similar
in size and weight o each other and did not differ signifi-
cantly in design from those of model year 1995. Damage 10
the vehicle was coded as minor if only the bumper, bumpe'r
cover, rear body panel, or tail lamp were repaired; moderate

if repairs were made to the bumper reinforcement, bumper
energy absorber (isolator), deck lid, or quarter panels; and
severe if either the trunk floorpan or frame were repaired,
orif the car was declared a total loss. Data for each stratum
were weighted by the reciprocal of the sampling probabil-
ity to obtain estimated neck injury rates across all claims
and statistical testing was preformed. Logistic regression was
used o model neck injury risk on the basis of sex, age, di-
rection of impact, crash location, repair cost, damage sever-
=
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Med Sci Moalt, 2005; 11{10): RA316-321
—

In tort and add-on tort liability states, 30
and 23% of male drivers reported neck inj
ofpmeﬂrdamat the risk of injury clain

ty damage; 27% for moderate property damage 419
severe property damage). Significant differences
ported when comparing minor to severe property damag
for both males and females, and when comparing mod
ate to severe for males. No comparative data were provid-
ed comparing minor to moderate damage-informadon that
would be necessary to examine the entire continuum of
this relationship. On the basis of repair cost, the reported
proportion of claims with neck injury increased incremen-
tally with increasing repair cost, although the differences
between the lowest category, <§500, and the next catego-

ry, $500-999, was only 2% for males and 4% for females,
a.nd no significance figures were provided. In their logistic
regression, when property damage was dichotomized be-
tween more than $1000 damags and less than $1000 damage,
the authors reported that the results were significant, but
only for females.

A smaller study was conducted by Olsson et al. [5). Twenty-
six rear impact crashes with 33 front seat occupants were
followed longitudinally for 12 months. All were Volvo vehi-
cles that had crashed in 1987-1988 in Gothenburg, Sweden.
None of the cars would have been equipped with the Volvo
Whiplash Protection Seat (WHIPS), which became availa-
ble only 2 decade later. A detailed crash investigation and
subject interview was conducted. Crash severity from defor-
mation of the vehicle was converted into energy equivalent
speed (EES) based on barrier ¢rash tests. The authors fur-
ther characterized the crashes as either soft or stiff depend-
ing on whether or not the rear side member was activated
(struck or permanently deformed) or not. The authors also
estimated the head restraint geometry in terms of the hor-
izontal distance between the head and head restraint. This
dimension is also known as the backset, Data were subject-
ed to logistic regression analysis.

Of the 38 subjects in the study, 88% were initially injured. At
12 weeks, 39% continued to be symptomatic. At 12 month
follow-up, 36% continued to have symptoms. Symptoms were
significantly prolonged when backset distance exceeded 10
cm. The calculated EES was less than 10 km/h (6.2 mph)
for six subjects and between 10 km/h and 20 kn/h (10.4
mph) for 20 occupants. It was more than 20 km/h for seven
cases, No correlation was found between either EES or soft
vs. stiff crash characteristic and the duration of neck symp-
toms or type of neck symptoms. Notably, of the four subjects
in the study who were not injured, all had damage to the
side members of their cars which the authors defined as stiff
crashes. Of the crashes described as soft (e.g., less property
damage), 60% of the subjects had symptoms éxceeding 12
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months compared to only 32% of those injured in stiff col-
lisions, suggesting a paradoxic ip between crash
severity and injury severity within this crash range.

A similar sized study was conducted in Australia [6]. The au-
thors recruited 82 subjects from the offices of physiothera-
pists and general medical practitioners, as well as through
radio station and yaper ads. Subjects were interviewed
and examined. The subjecis’ vehicles were inspected as were
crash partner vehicles when possible, In addition to crash
severity, independent variables considered by the authors
included head orientation at time of the crash and aware-
ness of the impending crash. Crashes included rear impacts
(68.8%), frontal impacts {15.6%), side impacts (12.5%), and
3.1% unknown. Most crashes were reported as being rela-
tively minor with velocity changes calculated to be between
10 km/h (6.2 mph) and 19 km/h (11.8 mph). Maxinum
deformation was 0~49 mm in 25%, 50~100 mm in 21.9%,
>100 mm in 37.5%, and unknown in 15.6%. The authors ap-
phod correla.nonal statistical analysis. Thr.'y found a statisti-

age and crash velocity is not linear, however. M;
cars are capable of absorbing bumper to bum
without appreciable damage at low speeds. We
for supplemental literature describing damage to
es or thresholds for rear or frontal crashes. Seven s
were found in which the thresholds for structural
could be determined [8~16]. Reported damage thresholds
ranged from closing velocities from 7.7 km/h {4.8 mph)
to 16.3 km/h (10.1 mph) and delta Vs from 12.9
km/h (8.0 mph) to 19.3 km/h (12.0 mph). The latter fig-
ures imply slightly higher closing velocities based on prin-
ciples of physics. In many cases, multiple crashes were con-
ducted in this crash speed range before structural damage
was reported. These results can then be compared tg real
world crash statistics,

In a study of rear impact crash injuries which were record-
ed with on-board crash recorders, the reported mean
delta V was 10.0 kin/h (6.2 mph) for injuries lasting less
than one month and 20.0 km/h (12.4 mph) for those last-
ing longer than one month [17]. In another real world
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Croft AC — Comelating crash sevesity with injury risk.
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Figure 1. Note that curves were used here only fos the purpose of
illustration. Only the mean values (dashed fines) are known
with onfidence,

study employing crash pulse recorders, the risk of initial
neck injury in a rear impact collision was 40% at a delta V
of 10 km/h (6.2 mph) {18]. For frontal crashes, the mean
injury delta V has been reported to be somewhat higher at
13.0 km/h (8.1 mph) [19]. In an analysis of whiplash inju-
ries, the majority of which occurred in rear impact crashes,
24% were reported to occur in crashes with delta Vs of 0-5
km/h (0-3.1 mph); another 49% were reported in crashes
of 5.0-10.0 km/h (3.1-6.2 mph) [20].

One can safely assume that any distribution of crash veloci-
ties producing mean values of 10.0~20.0 km/h and 18.0 km/
h will also include crashes at lower speeds. A proportion of
these would fall well below the structural damage thresh-
olds reported above. According, itis logical to assume that
injuries arc not uncommon in crashes with minimal or no
structural damage, Figure 1.

Discussion

In the Farmer et al. [4] study, the majority of claims had
some degree of property damage, and we could not deter-
mine what proportion of people with no property damage
had injuries from this study design. The main limitations to
the study were that the subjects’ medical and other records
were reviewed only by claims adjustors and no questionnaires
or contacts were made with claimants to verify injury type,
severity, duration, or persistence. Whea dichotomizing re-
pair cost to under vs. over $1000, significance was found
only for females and the authors did not report a compar-
ison between minor vs, moderate property damage, which
limits the conclusions that can be drawn since the lower
part of this crash severity vs. injury risk continuum cannot
be evaluated. The study has strength from the standpoint
of its size, but is limited in its retrospective record review
design and missing correlative range.

In the Olsson etal, [5] study, there were apparently no non-
injured persons and a potential selfselection bias existed. It

-vicwcdinthismﬂysisfoﬂowcdrhe‘nme

is not clear whether there were any crashes with zero prop-
erty damage, From the standpoint of the occupant’s physical
expuienoeinagivenmsh.:mmphsﬁcdefomﬁonof
the car’s structural components can provide the occupants
with some degree of ride down. Thus, the authors’ desig-
nation of soft and stiff may be misleading in terms of injury
risk. One other potential problem concerns external valid-
ity. There was a disproportionately large male make-up of
this group (88%}. Females, however, are injured with twice
the frequency than males [21,22].

In the Ryan et al. [6,7] studies, crash severity was found to
correlate with injury severity as judged by both the subjects
themselves and the examining therapist in the acute phase,
but this significance did not persist at the 6-month follow-up
period. These studies, like the Olsson et al. [5] study, while
small, have the advantage ofa i ign and more
valid injury assessment than the Farmer et al [4] study. In
both longitudinal studies, no significant correlations were
found between crash severity and long-term symptoms [7,23].
These findings are summarized in Table 1. -

Our supplemental literature review demonstrates that pas-
senger cars can collide with one another in a collinear fash-
qn at low speeds without sustaining appreciable and
al at or below these crash speeds, epidemiological stud-
demonstrate thatambsuunalmmntkeﬂmhﬁ'on-

otproﬁdeare]iahlcmmmafasseuhg:he

wed, provides no relizble means of prog-
qn outcome. It is likely that other factors,
tpg {4] or geometry [5] are compet~
onger, detcrmmanuofmjmymkﬂnn

jects. Another study followed only 26 subj
est dataset (n=5088 claims) the authors did rot interview
or examine the subjects. They reported mjuryéhnmand,
in cases in which the records allowed thein to it,
symptoms exceeding 6 months. These claims were

ently not all verified and no information was
garding injury severity or long-term symptoms ou
retrospective claims review of insurance files by non-phy
cian claims persons, Damage assessment was made on th
basis of repair costs and did show a positive correlation be-
tween increasing costs and property damage. However, it
was not clear whether a continuous relationship existed
across all crash severity categories, since differences be-
tween the two lowest ranges were marginal and since one
comparison group was omitted from analysis without ex-
FEE s S

re-
of
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* Same subjects as reference 15.

planation. Selection bias in the other two studies tended
to exclude persons who were not injured. As a result, none
of the studies can be used to develop risk tables regarding
property damage and injury risk, injury severity, or injury
duration or persistence,

Our best evidence synthesis demonstrates thac while there
appears to be some relationship between property damage
and injury risk or severity, this may only be true when con-
sidering 2 wider property damage range (e.g., minor vs, se-
vere or moderate vs. severe) but this metric does not hold
for males nor does it correlate significantly with long-term
symptoms for persons of either sex. A substantal number of
injuries are reported in crashes of severities that are unlike-
ly to result in significant property damage. Thus, property
damage is neither a valid predictor of acute injury risk nor
of symptom duration, Other factors, such as head restraint
geometry, awareness of the impending crash, sex, and pri-
or injury are likely to impose competitive or stronger out-
come effects, particularly as regards long-term outcome.
Based upon our best evidence synthesis, the level of vehicle
property damage appears to be an invalid construct for in-
jury presence, severity, or duration. The MIST protocol for
prediction of injury does not appear to be valid.
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ABSTRACT

A common misconception formulated is that the
amount of vehicle crash damage due to a collision, offers a

direct correlation to the degree of occupant injury. This paper

explores this concept and explains why it is false reasoning.
Explanations with supporting data are set forth to show how
minor vehicle damage can relate or even be the major
contributing factor to occupant injury. Mathematical
equations and models also support these findings.

INTRODUCTION

A common concept formulated is tha: the amount of

motor vehicle crash damage offers a direct correlation to the
degree of occupant mjury. This paper explores this concept

and explains why it is false reasoning. This false reasoning is

this litigation process, the injured parties often are not
compensated, resulting in unjustificd hardship to the party
who has already besn injured.

The object of this paper is to present a clear
understanding of vehicle body performance when itis
subjected to crash dynamics and the relationship to occupant

THEORY

One of the major fictors srelating 1o occupant injury
due to 2 collision is the G force 10 which the occupant is
subjected. [1)]2] Evea with seat belts air bags and other
measures, sever injury and fatality occnrs when a vehicle is
subject 10 a collision, [3][4]{5]{6] This is a rather complex
subject 1o answer in a single paper, but fundamentally even
when seat belts arc used, the G force sustained by the vehicle
beyond the crush zone or arresting distance is transferred to
the occupant.

Galileo Galilei formulated an equation that can be
used to demonstrate the G force an occupant will receive,
assuming a "fixed” scated position. Ifan object starts from
rest, Galillei's equation states: [1]

- V =2z

€8]
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where V= Velocity of object
a = acoeleration rate
s = distance moved by object
Rearranging Equation 1 to get deceleration, we bave:
2
k7]
where s = arresting or crush distance
V = Velocity at time of impact
a = decelemtion
this fornula (2) to the scenario of 2 pole vaulter. If
1_S-meter (5-foot) safety mat can be calcolated
quation 1:

@

@

@

where V= 11.29 m/sec
s=15~-0.5= 1 meter

hence: a= 63.7 n/ sec® (6.5 Gs)

: Vehicle Green is traveling ata
velocity of 12 meters/second (25 mph) and crushes 1 meter
{3.1 feet) while impacting a solid brick wall. Using equation
(2) above, then V = 8 s/sec (25 mph), s = 1 m (3.1 fecty and
deceleration is:
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m / sec? =7G

econd Scenmarity  Vehicie Red undertakes same
velocity as Vehicle Green But crushes only 0.2 meters while
122
a=——=360m/ sec¢ =37G
02
The results show that the greater the crush distance of the
vehicle, the less the G farce received by the occupant.

03 meler

(TR Y R

DECELERATION DISTANCE/ CRUSH DISTANCE

Figure 1

The graph shown in Figure 1 demonstrates the effect 2
vebicie’s crushing distance has on the G force with a fixed
collision speed.

Discussion

The average force an occupant of a motor vehicle
experiences with normal driving is in the range of 0.2 10 0.5
G. Under these conditions motor vehicle oocupants can
readily change direction or speed with the vehicle. Some
braking will impose a resulting force of 0.9 G, which may
cause unrestrained occupants to be thrown forward in the
occupant area. The limiting factor is the amount of
coefficient of friction available between tire and road for
braking and steering. Injury has been known to result due to
severe braking, typically when cccupants did not have time 1o
brace themselves and were restrained.

I a motor vehicle impacts an object, loads on
occupants can rise to very high values. When this takes place,
the unrestrained occupant cannot keep pace with the vehicle’s
change in speed or direction. Hence the nnrestrained
occupant continues to move within the interior passeager
compartment, colliding with the compartment surfaces such
as steering wheel, windshield or dashboard. The introduction
of seat belts is an attempt to keep the occupant restrained and
woving afong with vehicle speed and direction. Air bags and
padded interior surfaces are provided to cushion the
occupant’s Embs and head, which contact with occupant
interior surfces.

A-10
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While the amount of crush a vehicle sustains does
not relate to occupant ijury, provided no penetration occurs
to the oconpant compartment, the amount of crush does relate
to the impact velocity or speed in the event of a collisiop with
another vehicle or object. In fact, evaluation of occupant
injury when related to vehicle damage can only be made
when several factors are taken into account. Some of thess
factmsu’etbeﬁoﬂmmg:

- Vdndwaob’wumm
— Crushing or arresting distance of vehicle or obgject. [7]{8]
- Mdvﬁ&wmmdﬁm&m&m

impact.

~ Combination of above factors will establish the dysamics
nfrmncappuedtompmt.

~ Initiaf of occupant in relation 1o safety devices
such as seat belts or air bags.
- itiom of

~ Degree of muscnlar stimmulation as the time of impact, ie,,
was impact anticipated by occupant?

- Structural strength of occupant, Le., sex, age, bone
mineral content and joint strength. [9]

=~ Geometric dimensions, i.e., height, weight.

One main factor for determining the dynamics of
occupant injury due 10 2 motor vehicle collision is the amount
of crush or arresting distance, known as value “s” and
previously discussed. This value can vary a great deal from
vehicle to vehicle and its location on the vehicle. If we
examine a soft drink extruded aluminum can and likea it 1o 2
motor vehicle body, scveral observations can be made:

Firstly, force applied on the top of the can downwards
meels a greater resistance than a force applied to the sides.
Clearly the type of strocture of the can plays a major part
hthe deformation resistance.
~ Secqndly, if a force is applied to the 1op, 2 relative great
deal of resistance is initially met, then slowly, as the can
is crushed, the amount of resistance deteriorates and the
m [C108
kewise, on a vehicle with a chassis, no sedous
W defon u:li M wmmtﬂt@ﬁkmm
relatively high speeds of impact. Classically, we see thisin
the case of pickup tucks or all-tzrain vehicles that are
traditionally fitted wigh a solid bumper-to-bramper chassis,
Many of these types of\vehicles are subjected to relatively
severe impacts with little or no resulting damage to their
with a great deal of litigatidp is most likely founded on the
reasoning that if there was Hitle or no vehicle damage, no
injury can result. Motor vehicle bodies or bumper-to-bumper

chassis offer linle or no crushing effect on arresting obstacles
when impacted; thus, relatively high G forces can be
experienced by occupants when rear-ended, resulting in

whiplash injury. The use of stiff molgr vehicle bodies and
chassis will also produce a spiked G fogee Joading to
occupants, cvea if lintle damage occurs 1y vehicle body or
chassis,

Spike loading is a result of a non-lipear yielding of 2
vehicle body, as previously discussed in the seenario of the tin
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can. In actual practicey, deceleration rates during an

chassis, drive trains and mpunting panels are involved in the
Hisi

) It is not ncomman 1 see 2 motor vehicle that has
experienced mass destruction agd damage, yet the occupants
sustained litde or no injuries. This is often a prime example
of a situation in which the vehicle\gr vehicles have absorbed

the dissipating kinetic energy of the \ollision, The occupants
are thus not subjected to severe G forces. It is for this very
reason that racing cars, when seen in a gollision, appear to
almost shed their body structire, Wheel\are seen detaching

and the body structure is seen 1o dissipate and crush almost in
every direction. High-perforrnance racing cars as seen on the
Grand Prix circuit are designed with state-of-the-art crash
engineering. The main ovtside structure of thess racmgm
is designed to allow for crushing and to dissipaie tpergy in
the event of a collision. The driver is protected by a\rigid
enclosure and is also very effectively restrained, These design
factors in hi !.l"ll or the
low driver-injury rates, even though the collisions involve
and relatively low occupant injury rates. ie., the body of the
racing car is sacrificed to prevent driver injury or death.

SUMMARY

The amount of crush or damage received by a motor
vehicle in a collision is an indication of velocities involved
when the stiffness of the motor vehicle and object or objects is
known. However, the crush damage does not relate to the
expected occupant injury, i.g., the more vehicle damage, the
more chance that the oocupant is injured, is not a conclusion
that can be made. In fact, it is more likely the reverse. If the
occupant is decelerated over a greater time/distance due to a
large crush/arresting distance, then the likelihood of injury is
reduced.

This conclusion has been demonstrated by both
mathematical expression and practical examples. The first
sxample is that of the pole vaulter who survives his S-meter
(16-foot) drop by the crush of the padding or mat. It is this
crush which breaks the vaulter’s fall and hence allows for
example is that of the high-performance racing car which
makes use of a rigid driver compartment for protection.
However, the compartment is surrounded by a body which is
designed to allow for crush or deformation due to a collision.
The result is a reduced number of injuries or fatalities.
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Abstract
Background: The predictive value of trauma impact for the seviyity of whiplash injuries has mainly
been investigated in sled- and crash-test studies. However, little daws exist for real-life

accidents. Therefore, the predictive value of the trauma impact as asigssed by the change in velocity
of the car due to the collision (AV) for the resulting cervical spine injyries were investigated in 57
cases after real-life car accidents.

Methods: AV was determined for every car and clinical findings related ty the cervical spine were
assessed and classified according to the Quebec Task Force (QTF).

Results: In our study, 32 (56%) subjects did not complain about symptoms'and were therefore
classified as QTF grade 0; 25 (44%) patients complained of neck pain: 8 (14%N\were classified as
QTF grade |, 6 (10%) as QTF grade Il, and 11 (19%) as QTF grade IV. Only a slighbcorrelation (r =
0.55) was found between the reported pain and AV. No relevant correlation was Yound between
AVY and the neck disability index (r = 0.46) and between AY and the QTF grade (r =0.45) for any
of the collision types. There was no AV threshold associated with accepuable sengitivity and
specificity for the prognosis of a cervical spine injury.

Conclusion: The results of this study indicate that AV is not a conclusive predictor for tervical
spine injury in real-life motor vehicle accidents. This is of importance for surgeons invol in
medicolegal expertise jobs as well as patients who suffer from whiplash-associated diso
(WADs) after motor vehicle accidents.

Trial registration: The study complied with applicable German law and with the principles of the
Helsinki Declaration and was approved by the institutional ethics commission.
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Background

Whiplash injuries remain’y barely understood phenome-
non. 'The economic damage'caused by whiplash amounts
1o some 10 billion Euros a yeag in Europe [1] and 29 bil-
lion US Dollars a year in the USA [2]. As whiplash occurs
as a result of motor vehicle accidepts (MVAs), questions
inevitably arise regarding who is liable for these costs.

Biomechanical considerations have bean based on the

assumption that damage to a given material only occurs
when the energy that acts on this material is high enough
Thus, energy doses below a defined threshold\have been

considered harmless [3,4]. 1n this contexy, the
delta v (AV), which describes the velocity chan
motor vehicle during a collision with another vehicléyhas
become a widely accepted criterion for the energy thal ats
on the vehicle during a collision [3].

In numerous sted or car crash-test studies, volunteers were
subjected to acceleration forces in order to define a thresh-
old below which a cervical spine injury could be excluded
|6-15]. The results of these studies are rather inconclusive
and sometimes contradictory. Thus the scientific commu.
nity has not yet reached consensus regarding the thresh-
old value for cervical spine injuries after whiplash.
Nonetheless, AV threshold values were adopted very early
in the history of insurance law as a criterion to accept or
deny the claim settlement for whiplash-associated disor-
ders (WADs) [16].

Up until now, all volunteer crash-test studies precisely
defined the subject's sitting position. While waiting for
the collision, the subjects maintained an upright body
and head position, with an optimally adjusted headrest. It
is obvious that the real-life sitting position in traffic may
significantly differ from this laboratory position in one or
several points. Furthermore, an increased risk of injury
has been observed for various factors such as the seat and
headrest settings [11,17-20|, the distance between head
and headrest [21-23}, the head rotation, and the collision
type [24]. The inherent variability of these factors makes it
unclear how easily the results from laboratory crash tests
can be transferred to real-life accident situations. In order
w elucidate these issues, this study analyzes the correla-
tion between AV and cervical spine injuries in real-life
accidents and questions whether AV is a valid predictor for
cervical spine injuries following whiplash.

Methods

The study included 57 patients after a car collision. The
patients were tecruited either by an engineer's office for
vehicle damage assessment and claims adjustment (n =
46} or by the first consultation of an emergency room (n
= 11). We obtained the approval of the local independent

hitp fiwww.pssjournal.com/content/3/1/5

ethics board and all patients gave their written informed
consent to participate in the study.

Clinical Data

The clinical data were collected within 48 h after occur-
rence of the accident. Neck pain was determined on a vis-
ual analog scale (VAS) ranging from 0 (no pain) to 100
{maximal pain). The neck disability index (NDI) was used
to assess disability problems related to neck pain. The
NDI includes 10 items that attempt to describe the impact
of neck pain: pain intensity, personal care, lifting, reading,
headaches, concentration, work, driving, sleeping and rec-
reation |25). Subjects are requested to choose for each
item, the statement that best describes their current situa-
tion; the statements represent different grades of severity.
Atotal score which ranges from 0 to 50 was finally derived
as the sum of the ten items.

eral flexion wag measured. In addition, X-rays of the cervi-
cal spine wereNtaken in two planes. A CT scan was

additionally taken, if pathological findings were noted.
The clinical and radiglogical findings were used to classify
the whiplash injury ascording to the Quebec Task Force
(QTF) system [26| (Tabla,1). The medical investigator was
blinded concerning the nical data. Patients were
informed of all results from the clinical examination
excluding the QTF values.

Technical Data
In addition 1o the clinical findings, ¢
tive accident vehicles were determined

AVs of their respec-

sustained by the vehicles. Depending on the available
data, the AV was analyzed either by calculation ‘and
graphicillustration [27] or with the EES method [28].
engineer was blinded concerning the clinical examination
results.

Statistics

Descriptive analysis was performed for all parameters.
Pearson's conrelation coefficient was determined for the
correlation between the pain score (VAS) and AV and for
the correlation between the NDI and AV. The correlation
between QTF classification and AV was described by

Page 2 of 8
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Table I; Clinical classificatidy of whiplash-associated disorders according to the Quebec Task Force

* Musculoskeletal signs include decreased range of
reflexes, weakness and sensory deficits; Symptoms
memory loss, dysphagia and temporamandibular join

and that injuries can occur above this threshald. P-
below 0.05 were considered significant.

Results
We enrolled 57 individuals (25 males and 32 females) in
the study; these individuals had been the occupants of 51
cars (Table 2). The median age was 33 (range 3 1o 90
years) for the males and 30 (range 18 to 59 years} [or the
females.

Atotal of 25 (44%j) paticnts complained about pain in the
neck. VAS pain scores of 7 1o 96 (median = 71) were
reported. Filteen patients reported an immediate onset of
pain, four individuals reported a time 0 onset of minutes
to hours, and four patients reported a time to onset of
hours to one day. The Pearson’s correlation coefficient of
r = 0.55 indicated a moderate correlation between the
pain that was subjectively reported and AV (Fig. 1).

Atotal of 25 (44%) patients complained pain related neck
disability. NDI scores of 4 10 49 {median = 24) were
reported. The Pearson's correlation coefficient of r = 0.46
indicated no relevant cosrelation between the NDT and AV

(Fig. 2).

Thirty-two patients (56%) were classified as QTF grade 0.
Eight patients (14%) presented with QTF grade 1, 6
patients {10%) with QTF grade I1, and 11 patients (19%)
with QTF grade IV. No (QTF grade I injuries were scored.
The Spearman's correlation coefficient of r = 0.45 indi-
cated no relevant conelation between AV and the QTF
grade of cervical spine injury (Fig. 3).

Rear-end collision (n = 21, 36%) was the most frequent
collision type, followed by sidc collisions {n = 19, 33%)
and {ront collisions {n = 13, 23%}); there were also three
multiple collisions and one rollover. For the rear-end col-
lisions, individuals with and without cervical spine inju-
ries were found in a AV range between 9 km/h and 37 km/
h. This range was 15 kim/h to 28 km/h for frontal colli-

tion and point tenderness: ** Neurologic signs include decreased or absent deep tendon
disorders that can be manifest in all grades include deafness, dizziness, tnnitus, headache,

sions and 9 km/h to 36 km/h for side collisions. Within
these ranges, the percentage of false-positive and false-
negative results varied greatly, depending on the prede-
fined cut-off values (Tables 3, 4 and 5). Therefore, for all
collision types it was impossible to define a AV value that
excluded the occurrence of cervical spine injury with
acceptable sensitivity while simultaneously predicting the
occurrence of cervical spine injury with acceptable specif-
.

Disgussion

ine injuries rnay occur at low AV values, while it
to escape unscathed from collisions with high
particular, the correlation between AV and
of WADs was very low for any of the colli-
sion types. Thexgfore it is impaossible to make meaningful
statements aboulthe existence of WAD based solely on
assessment of the\AV value. This finding might be of
importance for the'gurgeon's assessment and patient's
safety after a car acclent. Diagnostic and therapeutic
management should no\be based solely on information
related to trauma impact.

The results of the present s
numerous sled and car-crash

y support the findings of

sions with AVs as low as 7 km/h [1
studies [8,32-34], neck problems

In other crash-test studies, frontal impacts at AV
12 km/h caused no injuries [34]. However, differe
ings were obtained in our study and in a study tha
formed a retrospective analysis of 24 real-life fro
collisions [37]. In that study, 18 of the 24 subjects we
classified as QT grade I1. It is noteworthy that 8 of these
had neck problems for more than one year. The AVs in
these cases ranged from 3 km/h to 23 km/h. The authors
also reported that one subject suffered a prolapsed disk at
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. Table 2: Collision type,

V, sex, age, QTF grade, pain score, neck disability index (ND1) and description of injury in cases of QTF
grade 1V in all studied su :

No. Collision DeltaV \Sox Age QTF Painscore NDI Injury

) Fronal 8 o o
2 Frontal 1 d 0 0
3 Fronwl 15 d 0 a
4 Frontal 16 ¢ Q a
5  Fronal 17 o 0 0
& Fronal 17 o 0 0
7 frongl 14 o 0 o
8 Ffrontal 15 Q 0 0
9  Frontal 28 o 0 0
10 Frontl 18 1 26 1 49 17
11 Froncal is Q 37 4 91 44 Fracture at C7 with dislocation at C&/7
12 Fronal 32 Q 20 4 8% 40 Fracture ac C5 with dislocation ar C5/6, paraplegia at C7
13 Frontal 50 o 20 4 B9 36 Fracture at C5 with dislocation at C4/5
14  PRear 3 2 39 0 1] a
15  Rear [3 Q 40 0 0
16 Rear 8 o - ] 4]
17  PRear 9 Q 27 0 0 o
18  Rear 9 o 20 0 0 [+}
I9  Rear I ad 23 0 V] 0
20 PRear 1 Q 31 0 [\] 0
21 Rear 12 @ 31 0 0
22 Rear 13 o 3 0 0
23 Rear 15 Q 59 o0 0 0
24  Rear 15 o 7 0 0 [+
25 Rear 24 d 53 0 0 0
26 Rear 37 o 42 1] 0 0
27 Rear ] d 3 1 70 1]
28  Rear 9 Q? 26 i 51 1]
29  Rear 11 o 3 1 16 4
. 30 Rear 23 Q 19 1 50 5
3 Rear 24 2 58 1 44 17
32 PRear 58 ? 19 | 26 8
33 Rear 15 2 2 49 14
E: 34 Resr 20 Q 31 2 55 16
35 Side 4 Q 23 0 0 0
36 Side 7 Q 39 0 0 0
37 Side 9 o3 34 0 0 ]
38 Side 10 d 54 0 0 0
39  Side 10 Q 30 0 0 o
40 Side 10 o 5t 0 0 0
4]  Side H o 56 (1] 0 0
41  Side 14 ) 42 0 0 0
43 Side 18 e 1 0 0 0
44 Side 36 9 22 0 0 0
45 Side 9 g 55 2 T 1]
46 Side 10 Q 59 2 [ 20
47  Side 10 o A 4 83 35 Zygapophyseal joint fracture ag C4
48  Side 16 o 90 4 94 46 Fracture at CF with dislocation ab, C4/7
49 Side 3 ? 29 4 86 33 Zygapophyseal joint fracture at
50 Side 50 d 33 4 Bl 47 Fracture at C5 with dislocation at C5/6, pa aatCh
51 Side 52 g 34 4 92 34 Bony rupture of the alar ligaments
51 Side 58 g 3 L] 96 49 Atlantoaxial dislocation
53 Side 59 Q 39 4 87 48 Bony rupture of the alar ligaments
54 Multiple 46 Q2 [B:] 1 6% 21
55 Mudtiple i3 o 32 2 67 38
56  Muliple 46 9 19 2 a5 4
5 57 Rollover 15 < 30 4 94 42 Dens axds fracture Anderson 2
Page 4 of 8 .
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Figure i

Pain score (YAS) for all subjects (n = 57) as a function of delta ¥V (km/h).

C5/6 at a AV of 11-15 km/h. The occupant had not been
wearing his seat belt and the airbag had deployed. He also
had a frontal laceration as a sign of direct head impact. It
was assumed that these factors caused the struciural injury
of the cervical spine at a low AV. The occurrence of struc-
tural injuries at AV values of less than 20 km/h had been

NDI

50

40+
30+
201 .

104 .

cynsidered improbable in expert discussions. However,
we\also observed a luxation fracture at C5/6 resulting
a frontal collision at a AV of 15 kimfh and a facet
acture at C4 due to a side collision at a AV of 10

Figure 2

Neck disability index (NDJ) for all subjects (n = 57) as a function of delta V (kmih).
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0
0 : \

3 4 Spine Injury

Severity (QTF)

Figure 3
Deita V for all subjects (n = 57) as a function of the
=8, QTFll:n=6, QTFiIVin=1I).

e injury severity (QTF grade) (QTF0: n=32, QTFI:n

had not deployed. In both cases, it is unclear which fac-
tors, either alone or in combination, were responsible for
these structural injuries at considerably low AV. In accord-
ance with other studies mentioned below, these results are
indicative that multiple factors may influence the risk of
injury in each individual case. Due to the additive effecis
of various protective factors, high-energy impacts may be
absorbed without injury, while the additive effects of
unfaverable factors could explain injuries sustained in
low-energy impacts. Some factors have been described to
influence the risk of injury, such as sex {38,39], head posi-
tion {40], sitting position [24,4 1|, distance between head
and headrest [21-23) and seat construction [11,17-19].
The duration of the crash pulse is also thought to signifi-
cantly contribute 1o the risk of cervical spine injury. These
authors stated that an earlier acceleration peak during
deformation of the colliding cars was correlated with a
higher probability of cervical spine injury [24]. However,

Table 3: Specificity and sensitivity for specific delta V threshold
values in frontal collisions (n = 13),

unclear to what extent each one of these factors
the risk of cervical spine injury.

injury. It is temRting to speculate that the development of
a cervical spine Ijjury after whiplash is more like a com-
plex system such ay those described in chaos theory [42].
Complex systems cainot be simplified into linear correla-
tions. Even small vargtions of the initial conditions can
affect the end result so\that it is no longer predictable,
such as in the case of the ‘\butterfly effect”: the flapping of
a butterlly's wings can uNimately result in a different
weather pattern [43]. Taken Ypgether, it can be concluded
that AV is an irrelevant predictjve value for cervical spine
injury after a MVA. Nevertheless further studies will be
necessary to evaluate the developiient of pain chronifica-

Table 4: Specificity and sensitivity for spe delta ¥ threshold
values in rear-end collisions (n = 11),

Deita ¥ [km/h] Sensitivity \ SpecHicity
Deita ¥ [km/h] Sensitivity SPECRERY o - —_—
e 1 0% 100%
8 0% 100% 10 38% 75%
5 3% 75% 15 85% 0%
20 67% 50% 25 9% 1
3s 100% 25% 40 100% 13
Page 6 of
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’ Table 5: Specificity and sensitivity fok specific delta V threshold 9.
values in side collisions (n = 19).

Delta V [km/h] s«mmﬁ\ Specificity o
4 0% 100%
10 §0% 67% I
20 90% 56%
35 100% 44%
40 100% 0% 12

tion in dependence of the AV to investigate ns\possable 13,
predictive value as "long-term” parameter. N

\
Conclusion
The AV value as measured in the trauma impact does Rot
represent a condusive predictor for cervical spine injury
real-life maotor vehicle accidents. This could be importan
for surgeons and patients in their medicolegal assessment
of WADs.
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E Study Design. Review of peer-reviewed literature.

{ Objective. Outline the effects of neck and cervical spine
§ morphology on soft tissue injury Potential during low wijocity
E automotive rear impacts.

Summary of Background Data. Automotive rear impacts
mechanical events and the response of the human hea
complex can be thought of in biomechanicat terms, This manuscript
reviews evidence from peer-reviewed studies implicating occupant-
related factars in the onset and severity of cervical spine soft-tissue
injury.

Methods. Effects of anatomical characteristics, head-neck and
spine orientation, facet joints, and neck muscles were reviewed.
Results. On the basis of existing biomechanically based researcls,
: the following occupdnt-related characteristics can influence the
response of the cervical spine during automotive rear impacts:
anatomical dimensions of the cervical spine, head-neck and cervical
spine orientation at the lime of impact, facet joint orientation, and
neck muscle size and orientation.

Concdlusion. The response of the cervical spine to rear impacts
can be described using biomechanical concepts. This review
has identified occupant-related factors that can influence injury
susceptibility and cited biomechanically related research 1o outline
the method by which those factors affect the overall head—neck and
cervical spine response in such a way as to increase the susceptibility
or severity of injury for a given rear impact event,
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CONTEXT
Auromotive rear impacts are mechanical events and the
response of the head-neck complex can be thought of
m biomechanical terms. As such, geometry, orientation,
boundary conditions, material properties, and loading are
known to affect the response of the cervical spine to these
dynamic events. Clinical literature has identified a number
of biomechanical factors that may influence injury poten-
ial or severity during automotive rear impacts. Perhaps
the most common occupant-based factor is gender. With
regard to gender, females were consistently shown to be
morg susceptible to whiplash trauma.'' Females were
also ‘\associated with increased susceptibilicy for long-
ronic} symptoms.>™*'! Higher injury rates may be
to biomechanical, psychological, socialogical, or

From a mechanical\standpoint, the cervical spine can be
viewed as a column that transmits loads from the head to
the body. The ability to\transmir loads without experiencing
a sudden change in shapg (ie., buckling) is a phenomenon
known in mechanics as stabylity. Although column mechanics
and stability are typically doncerned with axial loads (ie.,
compression}, the cervical coliymn is also exposed to a variety
of other loading modes including flexion/extension, lareral
bending, axial rotation, tension, apd shear during both physi-
ologic and traumatic loading scejarios. During low speed
automotive rear impacts, anteriorly\directed shear loads are
transmitted from the seatback to the base of the cervical
spine, This results in inertial loading a¥ the base of the spine
displaces anteriorly relative to the heady which temporarily
remains stationary because of its inertia. The stability of the
cervical spine during this type of loading i3\ dependent upon
several intrinsic factors including spinal geonmetry, head-neck
orientation, neck muscle sizes and relative locations, and the
orientation of cervical facet joints. This article Will focus on
the contribution of these factors to the stability of the cervical
spine during rear impacts.

Dec 201
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Dynamic stability of the
potential or severity of inju
directly on soft tissue injuries i
ance or associated pain sympto
provide a brief overview of factors\that affect spinal stabil-
ity and the mechanisms that influen¥e injury potential and
severity. To do so, four assumpuions hyve been made. First,
motions of the cervical vertebrae result\in distortion of the
interconnecting soft tissues including ligaments, interverte-
bral discs, and joints. Greater intervertebral aotion results in
greater tissuc distortions. Each tissue has specific wlerances
for subfailure, wherein the tissue remains intack but is struc-
twrally weakened, or carastrophic failure, rcsultfng in loss of
the load carrying capacity for the tissue. Increasing motions
of the cervical spine transition from the physiologic to the
rraumatic realm, evenwally resulting in subfailure of cata-
strophic failure of one or more tissues. Second, for a given
external oad, decreased stability of the spine will lead\ to
greater motions and, therefore, increased distortion of s
tissues. Third, from an injury standpoint, increased soft tis”
sue distortion results in either an increased potential of injury
or a higher severity of injury. Given interpersonal differences
in tissue mechanical tolerance, increasing the level of tissue
distortion will increase the potential that a specific individual
will sustain an injury. Likewise, once injured, increasing tissue
distortion beyond that level will lead to a more severe injury.
Finally, higher subfailure injury severity will result in greater
chronicity of symptoms for the affected individual because of
the greater extent of tissue damage and the higher level of
associated repair and healing. The following contributing fac-
tors are discussed under these four assumptions.

rvical spine can influence the
This article will not focus
terms of mechanical toler-
. Rather, the article will

ANATOMICAL CONCEPTS

In the most basic function, the cervical spine is a column
that is responsible for supporting the mass of the head and
facilitating physiologic motions of the head and neck. As such,
column-related metrics can be used to assess spinal stability.
According to column mechanics, stability is dependent upon
length and cross-sectional area with the ratio of those two
quantities describing, the slenderness. In anatomical terms,

Vertebial body

column length is the superior-inferior distance from the
cranio-vertebral junction to the base of the cervical spine.
From a compressive stability standpoint, the cross-sectional
area of the ligamentous spine consists of the axial plane pro-
jection of the intervertebral discs and facet joints. Stability of
the cervical column is increased for shorter and thicker spines
and decreased for slender spines. Although the biomechanical
implications of column length are fairly straightforward, the
implications of cross-sectional area are less clear because of
the orientation of the facet joints and differing contributions
of cross-sectional dimensions depending on the direction of
loading. In the case of anteriorly directed shear force, such as
that experienced during automotive rear impacts, the ante-
rior—posterior contribution to cross-sectional area is more
umportant in the column resistance o bending. This describes
a property of beams that is mechanically termed second
moment of area or area moment of inertia, and represents a
column’s resistance to bending. Therefore, the distance from
the anterior of the intervertebral disc to the posterior of the
facet joints is a relevant quantity for spinal stability during
whiplash loading,.

Recent literature has identified the importance of cross-
actional dimensions on cervical column stability and reported
e data for C2 to C6 spinal levels as derived from CT scans
ng volunteers.'*"* Focusing on the effect of gender for

the general population,
metrically smaller, these di
that females have historicall

rences may be accenmated. Given

identified as being more sus-

Figure 1. Geometrical dimensions of cervical vertebrae, All geomelrical measures were greater in men for two subsets of younger size-matched
volunteers. Vertebral width and disc-facet depth were significantly greater {P < 0,051 in men. Obtained pending permission from Stemper et al.

Spine 2008.
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in column stability identified in those studies may partially
explain increased female susceptibility identified in clinical and
epidemiological literature.

Other studies have recognized the\importance of cross-
sectional geomertry in cervical column stability's and anatomi-
cal investigations have reported similar \metrics,””* albeit
using different population characteristics. \Previous studies
generally focused on vertebral body metrics\ including lat-
eral width and anterior—posterior depth. Althgugh popula-
tions were not sized matched, those studies also identified
greater dimensions in males, which were particulaxly evident

C7 levels. Vertebral body to spinous process length was also
significantly greater in males at C5 1o C7 levels. Howeve
vertebral body dimensions only partially conuribute to cervi-
cal column bending stability and the spinous process contrib-
utes to stability primarily during flexion. Nonetheless, these
studies identified anatomical differences berween males and
females that likely contribute to column stability and may
partially explain greater rates of whiplash injury and pain
chronicity in women after automotive rear impacts.

HEAD-NECK AND SPINE ORIENTATION

Similar to anaromical characteristics, cervical spine orientation
can also influence head-neck nse to automotive rear
impacts, as well as the likelihood and severity of injury. Spine
orientation can refer to the inherent cervical curvature or the
position of the head-neck complex at the time of impact. The
normal shape of the cervical spine is represented by lordosis,
which forms an anteriorly convex curvature in the sagittal
plane. The magnitude of the lordotic curvature is distributed
consistently between cach spinal segment from C2 to C3
through €6 to C7, with the overall magnitude of curvarure
varied hetween individuals. The lordotic curvature of the spine
can be affected by the aging process (i.e., spinal degeneration),
traumatic events,”? or surgical intervention.”* Because
curvature influences the load carrying capacity of the spine,
abnormal cervical curvatures may increase the likelihood or
severity of soft tissue injury."*™* Clinical literature supports
this hypothesis and has correlated abnormal cervical curva-
tures with higher rates of injury and postinjury degencrative
changes in the spine.''*? Although not investigated in human
subjects, the biomechanical effect of abnormal curvatures on
the response of the cervical spine to rear impacts was delin-
eated using a validated head-neck computational model
{Figure 2).* That study identified increased facet joint capsular
ligament strecch for straight and kyphotic curvatures, which
can be associared with an increased potential or scverity of
injury, Kyphotic curvature increased facet joint ligament elon-
gations by 73% at the C5 to Cé level compared to elonga-
tions sustained in the normal lordotic spine. Therefore, clinical,
experimental, and computational studies outlined in this
section have demonstrated that cervical spinal curvature can
influence the likelihood and chronicity of injury.

5182  www.spinejournal.com

Figure 2. Nommal lordotic curvature (left) and abnormal curvatures
(middle, right) computationally simulated for their effect on facet joint
ligament elongations during dynamic rear impacts. Obtained pending
permission from Stemper et al. | Biomech 2005,

Cervical spine orientation can also refer to the position of
he head-neck complex at the time of rear impact. Wich regard

with head ¥ptated at the time of impact had a higher rate of
high-grade MRI abnormalities of the alar and transverse liga-

studics have attempted to prove this hypothesis using experi-
mental testing and colpputational modeling. Using isolated
cervical segments and ghasi-statically applied shear loading,
one study identified incregsed capsular ligament strains for
axially rotated segments colgpared to segments with neutral
initial position. Strains weré\greatest on the ipsilateral side.
Other studies investigating the'effect of axially rotated head
positions at the time of impact Uging isolated cervical spines
demonstrated increased potential\of ganglion compression
and vertebral artery injury, although those injury mecha-
nisms remain outside of the traditiony] concept of whiplash
injury.”*® More recendy, the effect of axial head rorarion at
the time of dynamic impact on capsular ligament strains was
paramctrically investigated using a validaded computational
model.*! That study reported increased ligaypent strains for
simulations incorporating axial head rotation, with greater
strain increases for greater magnitudes of axjal rotation.
Similar to the previous study incorporating quasi®gtatic load-
ing, strains were greatest on the ipsilateral side. Thése studies
have clearly demonstrated that prestrain on cervical spine soft
tissucs because of axial rotation can increase the potential and
severity of injury during low velociry rear impacts.

ROLE OF FACET JOINTS
Cervical facet joints have been studied primarily as the site
of injury during automotive rear impacts, but also play a

December 2011
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levels were described using ¢ylindrical coordinates.™* That
study incorporated a unique pragocol and obtained data on
neck muscle positions using upright MR scans of six younger
male volunteers. Upright MRI has\the benefit of obtaining
images with the volunteer in the seatey position and allowing
the head ro load the cervical spine and structures of the neck
More relevant to the study of cervical spine stability, one study
reported statistically significantly different neck nwscle sizes
and positions between male and female volunteers.®® Male
neck muscles demonstrated greater crass-sectignal areas and

C2ta C3
Neutral position

tative MRI image

Rl image

were positioned at a greater distance from the cervical spine
(Figure 4). Specifically, sternocleidomastoid cross-sectional
arcas were 81% greater in males than in females, Greater
cross-sectional areas are associated with maximum contractile
force, whereas muscles located further from the cervical spine
have a higher moment generating capacity. A recent study by
Yoganandan et al,’7 reported only 26% greater head mass in
males (3.66 kg for males compared to 2.89 kg for females).
Therefore, according to muscle size and locations, male neck
muscles have a greater ability to stabilize the cervical spine

Figure 4. Neck muscle centroid positions for C2 to C3, C4 to C5, C5 to €6, and Cb to C7 levels. S: stemocleidomastoid, C: longus colli, L: leva-

tor scapulae, T: trapezius.
5184  wwwspinejounal.com
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under dynamic loading, given Yhe slightly greater head mass
in that population. Once again,\this finding is supported by
clinical studies demonstrating higher incidence of whiplash
injuries in females.

Moment generating capacity can also be directly measured
in human volunteers or cadaveric specimens. One study incor-
porating the tendon excursion method p human cadavers
identified that neck muscle moment arms, were dependent
upon the plane of loading (i.e., flexion/extensign, lateral bend-
ing, or axial rotation), spinal level, and invilved muscle,®
which highlights the importance of morphology dn the ability
of a specific neck muscle to influence intervertebyal motion
and prevent soft tissue injury. Studies directly quantifying
moment generating capacity have all reported greatex sagit-
tal plane moments in male volunteers compared to [dmale
volunteers.***' These findings of decreased muscle strerigth
in females compared to males can be used as a validation &
morphometric studies described above. As with the other met-
rics described above, the morphometry of neck muscles can
influcnce maximum contractile force and moment generating
capacity which can alter the stability of the head-neck com-
plex and influence the potential or severity of injury during a
specific rear impact scenario,

SUMMARY/FUTURE RESEARCH DIRECTIONS
Vehicle safety research is often concerned with crash-related
factors when determining the likelihood of injury for a
specific impact scenario. Although factors such as impact
velocity are important for the outcome of a vehicle collision,
this article has highlighted several occupant-related factors
that may also influence the injury potential and chronic-
ity of symptoms after low velocity rear impact. Continu-
ing safety rescarch should consider interpersonal variabil-
ity in terms of anatomical morphology of the ligamentous
cervical spine and head-neck complex. This highlights the
importance of computational and statistics-based paramet-
ric modeling in future research endeavors, where anthro-
pometric models of a single geometry were incorporated
in the past, The foundation of these computational models
includes accurate material properties and validation data,
which must continue to be developed using experimental
biomechanics rescarch. Additionally, tolerance criteria that
relate biomechanical measures to specific soft tissue injuries
must be proposed.

> Key Points

U Slender female cervical spines may be more suscep-
tible to bending for a given rear impact.

0 straight and kyphotic cervical curvatures can increase
facet joint ligament stretch during rear impacts.

(I Axial rotation of the head at the time of rear impact
increases ipsilateral facet joint ligament strains.

] Different sizes and relative orientations of the neck
muscles between men and women may explain differ- .
ing injury susceptibility between those populations.

Spine
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