
FILED 
SUPREME COURT 

STATE OF WASHINGTON 
111312017 3:59 PM 

BY SUSAN L. CARLSON 
CLERK No. 94559-4 

SUPREME COURT OF THE STATE OF WASHINGTON 

:MICHAEL GILMORE, a single man, 

Plaintiff-Petitioner, 

vs. 

JEFFERSON COUNTY PUBLlC TRANSPORTATION BENEFIT AREA, dfb/a 
Jefferson Transit Authority, a municipal corporation, 

Defendant-Respondent 

PLAINTIFF-PETITIONER GILMORE'S SUPPLEMENT AL BRIEF 

David S. Heller, WSBA #12669 
HELLER LAW FIRM, PLLC 

860 SW 143rd Street 

Seattle, WA 98166 
(206) 243-7300 

Sunshine Bradshaw, WSBA #40912 
2006 Avenue D. 

Scottsbluff, NE 69361-195 
(308) 635-5000 

Co-Attorneys for Plaintiff-Petitioner 



TABLE OF CONTENTS 

I. lN'IRODUCTION ..................................................................................... 1 

II. STATEMENT OF TIIE CASE - THE DEFENSE THEORY AT TRIAL 
WAS TIIAT MR. GILMORE WAS A LIAR, A CHEAT, AND A FRAUD ..... 3 

III. ARGUMENT - PlAINTIFF's CLOSING ARGUMENT WAS PROPER, 

AND THEREFORE DREW No OBJECTION TO TIIE TRIAL COURT ....... 6 

IV. ARGUMENT- THE DECISION TO ExCLUDE TENCER 

WAS PROPER, AND TENCER WAS UNIMPORTANT 

TO DEFENDANT ................................................................................... 14 

V. ARGUMENT- THE COLLATERAL SOURCE RULE APPLIES 

TO THis CASE AND COLLATERAL SOURCE EVIDENCE WAS 

PROPERLY ExCLUDED ........................................................................ 19 

- i -



TABLE OF AU1HORITIES 

Cases 

Aluminum Co. of America v. Aetna Cas. & Sur. Co., 

140 Wn.2d 517, 998 P.3d 856 (2000) ........................................................................ 13 

Heath v. Seatde Taxicab Co., 73 Wash. 177, 131 P. 843 (1913) ............................. 20 

In re Black, 187 Wn.2d 148, 385 P.2d 765 (2016) ...................................................... 6 

Jordan v. Seattle, 30 Wash. 298, 70 P. 743 (1902) .................................................... 15 

Mahler v. Szucs, 135 Wn.2d 398, 957 P.2d 632 (1998) ............................................ 20 

Schulz v. Wells, 13 P.3d 846 (Colo. App. 2000) ...................................................... 15 

State v. Dhaliwal, 150 Wn.2d 559, 79 P.3d 432, 442 (2003) ...................................... 7 

State v. Greene, 139 Wn.2d 64,984 P.2d 1024 (1999) ............................................ 16 

State v. Lewis, 141 Wn. App. 367, 166 P.3d 786 (2007) .......................................... 16 

State v. Nation, 110 Wn. App. 651, 41 P.3d 1294 (2002) ........................................ 16 

State v. Salgado-Mendoza (Ascencion), 93293-0 (October 12, 2017) ................. 1, 17 

Stedman v. Cooper, 172 Wn. App. 9,292 P.3d 764 (2012) .............................. 15, 17 

Thomas v. French, 99 Wn.2d 95,659 P.2d 1097 (1983) ......................................... 16 

Tobin v. Department of Labor & Industries, 169 Wn.2d 396, 

239 P.3d 544 (2010) .................................................................................................... 20 

- ii -



Statutes 

RCW 4.56.110 ................................................................................................................ 9 

RCW 4.96.050 ................................................................................................................ 9 

RCW 51.24.100 ...................................................................................................... 3, 19 

Evidence Rules 

ER403 ........................................................................................................................... 14 

ER 702 ..................................................................................................................... 15, 16 

ER 703 ........................................................................................................................... 14 

Other Authorities 

MOORE'S FEDERAL PRACTICE ..................................................................................... 13 

Roger M. Baron, Subrogation: A Pandora'.s Box Awaiting Closure, 
41 S. D. L. Rev. 237 (1996) ......................................................................................... 20 

- iii -



I. INTRODUCTION 

Michael Gilmore was rear-ended by defendant's bus. The impact 

caused injury to the disks in Mr. Gilmore's neck, as documented by l\1RI; 

the disks worsened over time, again as documented by l\1RI; and 

eventually his neck needed surgery. RP 657-58. 

There is no dispute that the standard of review of the trial court's 

decisions herein is "abuse of discretion". This Court's most recent ruling 

on "abuse of discretion", State v. Salgado-Mendoza (Ascencion), 93293-0 

(October 12, 2017), is that an appellate court can fmd abuse of discretion 

only if "' no reasonable person would take the view adopted by the trial 

court."' Slip Op. at 6 (emphasis original). Defendant's position therefore is 

that: (1) no reasonable person would have found plaintiffs closing argu

ment (which was never objected to and in fact was incorporated by the 

defense into its own closing) to be proper, or at least harmless; (2) no rea

sonable person would have excluded the testimony of Allan Tencer; and 

(3) no reasonable person would have obeyed RCW 51.24.100 when 

defendant provided no authority allowing its violation. 1 

1It is these three decisions by the Court of Appeals to which Mr. Gilmore assigns error. 
He asks that the Court of Appeals be reversed and the jury's verdict and Superior Court 

judgment be affirmed. 
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On appeal, defendant has repeatedly tried to reframe the issues 

away from the case it presented in Superior Court, and toward the case 

appellate counsel wishes defense trial counsel had presented. This is clear 

from defendant's emphasis on three irrelevant but potentially inflamma

tory themes, in oral argument at the Court of Appeals, and in its Answer 

to Petition herein, at 1-2: (1) there wasn't much damage done to Mr. Gil

more's vehicle, (2) the jury's verdict was $1.2 million, and (3) defendant is 

a taxpayer-supported government entity. This Court should not be fooled. 

The trial court record shows what truly occurred at trial. 

Here is the case defendant now wishes it had tried: 

Michael Gilmore's truck was hit by our bus at low speed. The impact was 
small and he was only slightly injured. His injuries healed within weeks. 
Much later, he developed a serious, unrelated neck condition which event
ually needed surgery. We are sorry our bus hit Mr. Gilmore, we are sorry 
he was hurt, and we are sorry when anyone needs surgery. But we did 
him no significant harm, and we are not responsible for his neck surgery. 
The jury should award him a modest amount for the harm we did, but far 
less than the amount he is asking for, and nothing for the surgery. 

Here is the case the defendant did try: 

Michael Gilmore is a liar and a fraud! He scammed the VA out of a pen
sion he didn't earn, and now he's trying to scam us out of money he 
doesn't deserve. He looks fine on surveillance video, and there's nothing 
wrong with him except he smokes and he's getting old. He didn't need 
medical treatment. We bet he cheated on his wife, and we think he's a 
drug addict or a drug dealer or both. Any verdict for him would be an 

outrage! 
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When we look to the record of what actually happened at trial, it is 

clear that the jury validly rejected defendant's case, that the trial court and 

jury did justice, that Mr. Gilmore's lawyer appropriately addressed the 

case the defendant presented, that Tencer's testimony was both unimpor-

tant and properly excluded, that collateral source evidence was properly 

excluded, and that the only injustice here was the decision by the Court of 

Appeals. Most of the facts established at trial are in Respondent's Brief to 

the Court of Appeals ("Respondent's Brief') at 5-19. Some additional 

events during the trial bear upon the issues before this Court, particularly 

plaintiffs closing argument, so they will briefly be summarized infra.
2 

II. STATEMENT OF THE CASE -THE DEFENSE THEORY AT TRlA.L WAS TIIAT 

MR. GILMORE WAS A LIAR, A CHEAT, AND A FRAun.3 

Even before voir dire, defense counsel's theory was clear to all. 

"He was trying to commit a fraud. And I can prove it." RP 50. The trial 

judge restated the defense theory that "Mr. Gilmore is either a fraud or a 

2Plaintiff's closing and rebuttal took about 42 pages of transcript. Unfortunately 

defendant and Division II focused on tiny excerpts in reaching the wrong conclusion. 

3In Respondent's Brief 15-18, and in the Petition for Review, p. 3 fn. 1, we listed numer

ous instances where the defense tried to convince the judge and jury that Mr. Gilmore 

was a liar and a fraud. We will try not to repeat all those instances here - instead we will 

provide many additional ones. 
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malingerer ... ", RP 56, and defense counsel made no attempt to contradict 

or correct the court. 

Bowing to the inevitable, plaintiffs counsel told the jury in her 

opening that the defense would attempt to prove that Mr. Gilmore was a 

fraud, that the jury would need to decide whether he was, and that if they 

so found, they should award him nothing. RP 273. Defense counsel did 

not object to this characterization of the defense then or later, because that 

was exactly how defendant intended to - and did - present its case. 

During plaintiffs case in chief, the defense questioned a lay witness 

about Mr. Gilmore's reputation for honesty at work. RP 466. Defense 

counsel repeatedly asked this witness whether he "knew" that Mr. Gilmore 

had allegedly made false statements to his doctors. RP 468-71, 473.4 The 

defense asked another lay witness whether he knew Mr. Gilmore received 

disability from the VA for his low back. RP 309.5 

40bviously, Mr. Gilmore's co-worker couldn't know what Mr. Gilmore told his doctors. 
These questions were intended to convey to the jury defense counsel's belief that Mr. 
Gilmore was a liar. 

5Mr. Gilmore was not claiming low back injury from this crash, so the purpose of these 
questions was not to show that Mr. Gilmore had a preexisting bad back, but to bolster 
the defense claim (an attempt at improper "propensity evidence") that Mr. Gilmore was 
already committing fraud before this crash. Defense counsel emphasized this very point 
in his closing. RP 1023. 
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Another of Mr. Gilmore's lay witnesses was a female neighbor for 

whom Mr. Gilmore had done some plumbing projects before the crash. 

RP 561. Defense counsel sought to impugn Mr. Gilmore's character by 

asking this witness whether Mr. Gilmore's then-wife "had any issues" or 

"seemed to mind" when Mr. Gilmore helped his neighbor out. RP 572. 

The defense even called one of Mr. Gilmore's other neighbors as 

its first witness, to testify that Mr. Gilmore had a bad reputation for truth 

and honesty. RP 827-34. As disclosed on cross exam, this witness had a 

grudge - he had built a fence encroaching on Mr. Gilmore's property, and 

Mr. Gilmore had sued this neighbor to have the fence removed. RP 833. 

The defense's CR 35 examiner, Dr. Barbarajessen, does not treat 

patients but instead does "defense evaluations". RP 852. She admitted 

that Mr. Gilmore was hurt in the crash, RP 873, but claimed his crash

related injuries healed within 6 to 8 weeks, RP 887. She testified that 

people who have neck injuries do better if they don't get treatment, RP 

887-8, and she attributed Mr. Gilmore's abnormal MRI results to smoking, 

not to the crash. RP 892. She falsely reported that Mr. Gilmore had ex

tensive pre-crash medical history regarding his neck, admitting only on 

cross that he did not. RP 904-06. 
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When shown on cross that a treating doctor, Dr. Suffis, and Dr. 

Niacon, and Dr. Marinkovich, and surgeon Dr. Cain all attributed Mr. 

Gilmore's ongoing neck problems to the crash, Dr. Jessen would not 

change her opinion - she just "disagreed" with them all. RP 923-29. 

Dr.Jessen also speculated during her testimony that Mr. Gilmore is 

a drug addict, RP 946, and that if he isn't a drug addict, perhaps he is a 

drug dealer. RP 947. Plaintiff objected and moved to strike this specula-

tion, but was overruled. Id 

ill. .ARGUMENT - PLAINTIFF'S CLOSING ARGUMENT WAS PROPER, 

AND THEREFORE DREW No OBJECTION TO THE TRIAL COURT. 

Defendant's appellate counsel claims, and Division II agreed, that 

plaintiffs closing was improper, but defendant's trial counsel clearly did 

not believe this at the time of trial. "[T]he lack of a clear and prompt 

objection is strong evidence that counsel perceived no error." In re Black, 

187 Wn.2d 148, 154, 385 P.2d 765 (2016). Defense counsel never objected 

during closing argument or afterward. 

This is !!Q! a case of counsel failing to object because he was inex

perienced or incompetent. 6 Defense trial counsel was an experienced 

courtroom lawyer, a former felony prosecutor, and a member of the Bar 

6There is no 6th Amendment right to effective assistance of counsel in a civil case in any 

event 
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since 1980. Rather, in the context of the trial, neither the lawyer nor the 

trial judge perceived any impropriety in plaintiff's closing argument. 

After the jurors were excused to begin deliberations, the trial judge 

asked, "Is there anything we need to put on the record or do?" Moments 

later, he asked, "Anything else?" Defense counsel twice said "no". RP 

1036-37. After the jury announced its verdict, the trial judge asked yet 

again, "Is there anything the attorneys needed to put on the record ... about 

anything?" and defense counsel declined yet again. RP 1044. It was only 

after appellate counsel was hired that plaintiff's closing argument allegedly 

became "inflammatory," "flagrant" and "ill intentioned." Op. at 23.7 

Arguments are proper when based on the evidence or reasonable 

inferences from it, and "counsel are permitted latitude to argue the facts in 

evidence and reasonable inferences" in their closing arguments. State v. 

Dhaliwal, 150 Wn.2d 559, 577, 79 P.3d 432, 442 (2003). Faced with a de-

fense that repeatedly attacked Mr. Gilmore's integrity using innuendo and 

biased, non-credible witnesses, plaintiff's counsel drew reasonable infer-

ences: that defendant was trying to use its wealth and power to avoid ac-

7It was defense appellate counsel - not trial counsel - who prepared and argued 
defendant's CR 59 motion for a new trial or remittitur. CP 402. 
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countability for the harm it had done to Mr. Gilmore, and that it was the 

defense that was trying to commit fraud, to avoid paying what it owed. 

Plaintiff's counsel pointed out that defense counsel had exag

gerated the nature and seriousness of Mr. Gilmore's preexisting 

conditions, RP 980-82. She pointed out that Dr. Jessen disagreed with 

every other doctor, RP 986-8, and noted that Dr. Jessen gave inaccurate 

testimony about Mr. Gilmore's medical history, RP 991. She contrasted 

the testimony of Dr. Marinkovich, who explained the anatomy and 

medicine of Mr. Gilmore's neck injuries and pain, with Dr.Jessen's failure 

to explain anything. RP 995. 

The defense had surreptitiously followed and videoed Mr. Gilmore 

and his family for 20 hours over 2 days, but showed the jury only 1 hour 

of video. Plaintiff's counsel asked rhetorically where the rest was; certainly 

the jury was entitled to draw a reasonable inference that the defense had 

failed to show any video favorable to Mr. Gilmore. RP 983. 

Plaintiffs counsel reminded the jurors how the defense had cross 

examined Mr. Gilmore's female neighbor about "how his wife felt", RP 

982, had presented a witness with an axe to grind because of a boundary 

dispute as a "bad character" witness, RP 984, and had called Dr.Jessen to 
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say that Mr. Gilmore wasn't really hurt and might be a drug addict or 

drug dealer. RP 979. Plaintiffs counsel argued that the defense had im

pugned Mr. Gilmore's character in an effort to avoid paying the debt 

defendant owed him. RP 982. She reminded the jury that it was their job 

to decide whether the evidence supported the defense theory. RP 977. 

Plaintiffs counsel then referred to the defendant as "the govern

ment"8 and talked about "fighting the government", as in the expression, 

"you can't fight city hall. "9 She began discussing the damage instruction 

and described the nature and extent of Mr. Gilmore's injury, disability, 

physical pain, and mental pain. Counsel spoke simply and clearly from 

the evidence about the effects Mr. Gilmore's injuries had had upon him 

and his life. RP 996-1003. She made a valid type of "per diem" argument 

that is commonly made by plaintiff lawyers, comparing a life of pain and 

injury to having a very unpleasant job, and estimating the number of 

hours or days of pain someone would have to experience such 

8nefendantJefferson County Public Transportation Benefit Area is in fact a government 

entity and throughout this case has been very happy to be one when that means paying 

only the special low government post-judgment interest rate, RCW 4.56.110(3)(a), CP 727, 

and being permitted to appeal the judgment without posting a supersedeas bond, RCW 

4.96.050. See Appendix A. 

9This expression may date back to the Tammany HalljBoss Tweed era of 1850's New 

York City. Defense counsel made no objection, and in fact when it was his tum, he 

dismissed this and other arguments as "theater". RP 1007. 
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unpleasantness. RP 1002-04. She discussed a range of values for an hour 

or a day of pain, including Dr.Jessen's daily charge of $5,000, though she 

acknowledged that led to too high a figure. She made it clear to the jury 

that it was their decision, and she suggested that for all of Mr. Gilmore's 

past and future pain, disability, and lost ability to enjoy life, a total of $1.8 

million was reasonable. RP 1005. 

Far from being outraged, defense counsel made a tactical decision 

to leverage plaintiffs argument. He analogized both sides' arguments to 

theater: "A lot of this is theater. It's putting on a show." RP 1007. He 

dismissed the phrase "the government" by calling it a "lawyer technique", 

RP 1007-08.10 He even told the jurors this is normal, expected lawyer 

behavior: "that's how you present your case", RP 1008 (emphasis added). 

Defense counsel then went on the attack. He said that Mr. Gil-

more had lied and intentionally withheld information, has "unclean 

hands", and should get nothing. RP 1022. He accused Mr. Gilmore of 

"hiding the facts", RP 1024-25, and of receiving a VA pension he did not 

deserve. RP 1023. He repeatedly called Dr. Marinkovich and Dr. Niacon 

10Had the argument, in context, truly been inflammatory and prejudicial, and had 
defense counsel objected, and had he been sustained, then plaintiff's counsel would have 
used different words, such as "defendant" or "the bus company" or "the transit 
authority". The defense claim that no objection or instruction could "cure" the claimed 

prejudice is simply wrong. 
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"courtroom doctors", RP 1010-11, 1019, 1020,11 and he twice accused Dr. 

Marinkovich of "making stuff up". RP 1015-16. He attacked Mr. Gil-

mare's lay witnesses, saying of one that he "doesn't know the difference 

between the truth and a lie." RP 1026. 

And even though the defense had agreed and the trial court had 

ordered in limine that the defense not argue that money for plaintiff would 

be "a windfall", RP 18, defense counsel argued to the jury that the court 

system was not a "lottery", and not an "opportunity to retire." RP 1023. 

He told the jurors they should award $1,000 or nothing. RP 1028. Defense 

counsel concluded the substance of his closing thus: "It all boils down to 

credibility of the Plaintiff. How can you believe anything he says? How 

can you believe anything he says?" RP 1027-28. 

In rebuttal, plaintiffs counsel correctly pointed out that defense 

counsel had said, "I won't call him a liar, a cheat, and a fraud" and then 

had proceeded to do just that. RP 1029. She responded to the defense 

accusation of VA fraud by pointing out Mr. Gilmore's honesty: the docu

ments showed he had told the VA he could perform all his activities and 

11Plaintiff's counsel also referred to Dr.Jessen as a "courtroom doctor" in her closing, RP 
978. Sauce for the goose, sauce for the gander. 
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functions, and they nevertheless gave him a partial disability rating for his 

low back. RP 1030. 

Defense counsel had started his closing in a strange way, talking 

about instances where the police had killed someone and then tried to 

escape accountability for their actions, only to be stymied by video of their 

misdeeds. His point appeared to be that the jurors should heavily weigh 

the surveillance video of Mr. Gilmore, RP 1005-06, but he certainly there

by accentuated the issue of "lack of government accountability". 

As defense counsel had used plaintiffs themes in his own closing, 

so did plaintiffs counsel use defendant's themes in her rebuttal. She told 

the jury that Mr. Gilmore was trying to hold the government defendant 

accountable for the injury done to him, but that the defendant would not 

be held accountable unless the jurors did so. She argued that Mr. Gil

more had presented abundant evidence of his injuries, and that it was for 

the jury to determine the fair amount of compensation Mr. Gilmore was 

owed and thereby hold the defendant accountable. RP 1031-32. She did 

not just single out "the government" - in her conclusion, she told the 

jurors that in our society, "people are going to be held accountable when 

they're careless and they hurt somebody." RP 1032 (emphasis added). 
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The jury returned a verdict in Mr. Gilmore's favor. CP 401. 

Defendant then hired appellate counsel, who moved the trial court for 

remittitur or a new trial. CP 402-25. The trial court properly denied it. 

In its CR 59 motion, defendant cited Aluminum Co. of Amen·ca v. 

Aetna Gas. & Sur. Co., 140 Wn.2d 517, 538, 998 P.3d 856 (2000) for the 

proposition that criminal cases on prosecutorial misconduct provide 

criteria from which a court should decide whether to overturn a civil 

verdict on grounds of misconduct. CP 404. What the case actually held, 

however, was: "the circumstances of a civil case, where life and liberty are 

not at issue, militate in favor of a standard that more generally upholds 

trial court decisions." 140 Wn.2d at 539 (emphasis added). The Court 

also held, quoting MOORE'S FEDERAL PRACTICE ( ellipses original, citation 

omitted, emphasis added): 

[11he movant must establish that the conduct complained of consti
tutes misconduct ( and not mere aggressive advocacy) and that the 
misconduct is prejudicial in the context of the entire record.... The 
movant must ordinarily have properly objected to the misconduct at 

trial, ... and the misconduct must not have been cured by court 
instructions. 

Id The trial judge witnessed the entire trial and is in the best position to 

know whether any particular arguments or comments were made in such 

a manner as to be inflammatory and prejudicial. The trial court followed 
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case law precisely, holding "This was a hard-fought case characterized by 

aggressive advocacy, but the Court does not find, in the context of the 

entire record, that there was any event, misconduct, or discovery violation 

sufficient to justify a new trial or a remittitur (emphasis added)." CP 724. 

IV. ARGUMENT-THE DECISION TO ExCLUDE TENCER WAS PROPER, 

AND TENCER WAS UNIMPORTANT TO DEFENDANT. 

The defense and Division II focused solely on ER 703, which does 

permit expert testimony to be based on data not itself admissible. How

ever, ER 703 also requires a showing that the data underlying the opinion 

is reasonably relied upon, not just by the proffered witness, but by other 

experts in the witness's field, and not just for purposes of litigation. State 

v. Nation, 110 Wn. App. 651, 663, 41 P.3d 1294 (2002). That foundation 

is missing from this record. Indeed, the record implies the opposite: there 

is no general acceptance in the engineering community that one can deter-

mine injury or lack thereof by considering vehicle damage. CP 213-17. 

Even if a proper foundation had been provided, Tencer's testi

mony was properly excluded because the trial judge found it violated ER 

403. The trial court specifically stated at RP 39 that Tencer's proffered 

testimony had an "aura of authority that I don't think is reasonable or 
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justified", see, Stedman v. Cooper, 172 Wn. App. 9, 16, 292 P.3d 764 

(2012), and was "confusing ... [and] ... misleading to the jmy". 

Even if all the biomechanical calculations were correct, which they 

are not, the numbers are worse than useless. As the Court held in Schulz 

v. Wells, 13 P.3d 846, 852 (Colo. App. 2000), cited with approval in 

Stedman at 19, "Because of the lack of similarity between horizontal G-

forces sustained during daily living activities and the numerous forces 

sustained during an unexpected rear-end automobile collision, evidence of 

the former would have been misleading." The trial court here correctly 

held that Tencer's testimony would be both confusing and misleading to 

thejmy. 

This type of biomechanical testimony also is inadmissible under 

ER 702. While most evidentiary decisions are discretionary, this Court has 

excluded certain types of evidence as a matter of law.12 

Defense biomechanical testimony about the forces generated dur

ing a crash should never be admissible, because it is not helpful to the 

jmy. Washington has long adhered to the "eggshell plaintiff' rule. Jordan 

12 See, e.g., Kirk v. WSU, 746 P.2d 285, 109 Wn.2d 448 (1987) (evidence plaintiff had an 
abortion inadmissible); Salas v. Hi-Tech Erectors, 168 Wn.2d 664, 230 P.3d 583 (2010) 
(evidence of immigration status inadmissible); State v. Greene, 139 Wn.2d 64, 79, 984 
P.2d 1024 (1999) (evidence of dissociative identity disorder inadmissible despite being 
generally accepted, because it is not helpful to the trier of fact). 

15 



v. Seattle, 30 Wash. 298, 302-03, 70 P. 743 (1902). An engineer's testimony 

that a crash was "no big deal", whether dressed up in numbers or not, is 

not helpful to jurors in answering the question they must answer: did this 

particular crash cause these particular injuries to this particular plaintiff? 

Even if for some reason Mr. Gilmore were exceptionally vulnerable to in

jury caused by a rear-end collision, that is no defense. Id Therefore, 

knowing how much force was applied is not helpful unless the jury also 

knows how much force it would have taken to injure Mr. Gilmore 

specifically. There is no way to know that. 

"Scientific evidence that does not help the trier of fact resolve any 

issue of fact is irrelevant and does not meet the requirements of ER 702." 

State v. Greene, 139 Wn.2d 64, 73, 984 P.2d 1024 (1999). Expert testi

mony that does not tell the jury about the effect of a particular event upon 

a particular person is speculative and irrelevant. State v. Lewis, 141 Wn. 

App. 367, 389, 166 P.3d 786 (2007) Biomechanical testimony fits this 

description and should be excluded. 

Finally, a trial court should be affirmed if there is any basis in the 

record to do so. Thomas v. French, 99 Wn.2d 95, 104, 659 P.2d 1097 

(1983). The defense and Division II disregarded the voluminous materials 
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supporting the motion in limine regarding Tencer, 13 and the extensive oral 

argument about his proffered testimony, RP 33-39, and instead focused on 

just one phrase14 out of a lengthy oral decision. From this isolated portion 

of the trial judge's oral ruling, Division II incorrectly concluded that the 

trial court had somehow abused its discretion. 

"Abuse of discretion" means no reasonable person would take that 

position. Salgado-Mendoza, supra. A single alleged slip of a judge's 

tongue should not be the basis for finding an "abuse of discretion", when 

the record herein shows that at least 9 Washington Superior Court judges 

have excluded defense biomechanical testimony in car crash cases. CP 

54-56, 179-80, 210-11, 231-32, plus the trial courts in Stedman v. Cooper, 

172 Wn. App. 9, 292 P.3d 764 (2012) and Benyman v. Metcalf, 177 Wn. 

App. 644, 312 P.3d 745 (2013), plus numerous courts in other states, some 

of which are cited in Stedman at 19-20. 

Division II incorrectly stated at Op. 18 that excluding Tencer pre-

vented defendant from presenting its theory of the case. But Tencer's 

13There were 10 pages of briefing and almost 200 pages of exhibits showing that Tencer's 
opinions and proffered testimony were scientifically and legally flawed, CP 47-232 (about 
15 pages of one of the transcripts pertains to another witness in another trial). 

14"based on facts that are not going to be in evidence", RP 39. 
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exclusion was hannless to defendant. As established above, defendant's 

theory of the case was that Mr. Gilmore was trying to commit fraud. 15 

To the extent that defendant's theory ~ that this crash was a 

minor impact, defendant had other, better evidence available to it regard

ing the nature of the impact: photos of vehicle damage which were admit-

ted into evidence, RP 750-53; the ER record in which Mr. Gilmore himself 

described the crash as "low velocity", RP 989-90; and testimony about the 

impact from bus passenger David Sachi, RP 834-36. 16 The unimportance 

of Tencer is further highlighted by the fact that defendant made no motion 

for reconsideration, never argued that Mr. Gilmore's trial testimony about 

the crash had "opened the door" to Tencer, and did not argue his exclu

sion in its CR 59 motion. The claim that Tencer's exclusion was rever-

sible error was first made in defendant's opening brief to Division II, after 

the trial court had rejected defendant's CR 59 claims of excessive verdict 

and attorney misconduct. 

15 See also Op. 4 (''.Jefferson Transit argued that because Gilmore was being untruthful to 

his treating doctors regarding past symptoms, the evidence could prove he tried to 

commit fraud.") 

16For some reason, defendant chose not to call its own employee, the bus driver, as a 

witness regarding the impact. 
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Division II incorrectly stated that there was "contradictory evidence 

that the collision was not significant enough to cause injury", Op. 18, pre-

sumably suggesting that Tencer could somehow have cleared up this con-

fusion. But there was in fact no evidence that this collision couldn't cause 

injury. Even low speed collisions do cause injury, CP 219-20, 222-30. Def-

endant's witness Dr.Jessen conceded that Mr. Gilmore was injured by this 

crash, RP 873, albeit slightly, RP 887. She admitted that a person can be 

uninjured in a very severe crash and can be injured in a non-severe crash, 

depending upon his or her vulnerability. RP 875. And even Tencer does 

not claim he can rule out injury for a given crash. CP 66-67. 

V. ARGUMENT - THE COLLATERAL SOURCE RULE APPLIES TO TIIlS CASE 

AND COLLATERAL SOURCE EVIDENCE WAS PROPERLY ExCLUDED. 

RCW 51.24.100 prohibits introduction of evidence of L&I pay-

ments, as does the common law collateral source rule. Defendant argues 

in part that the statute and the collateral source rule do not apply because 

plaintiffs trial counsel made the decision not to introduce Mr. Gilmore's 

medical bills into evidence. Defendant cites no authority for this proposi-

tion, and we are not aware of any. 

Defendant also claims, again without authority, that the statute and 

the collateral source rule do not apply because, according to defendant, 

19 



1&I cannot subrogate here pursuant to Tobin v. Department of Labor & 

Industries, 169 Wn.2d 396, 239 P.3d 544 (2010). Answer at 18. 17 The 

statute's clear language contains no such limitation. Nor does the com-

mon law collateral source rule, which predates subrogation and reimburse

ment clauses by decades. 

The collateral source rule was adopted because it is "contrary to 

public policy and shocking to the sense of justice" to allow a tortfeasor to 

benefit from collateral sources. Heath v. Seattle Taxicab Co., 73 Wash. 

177, 186, 131 P. 843 (1913). Only in the late 1950's did insurers even be-

gin inserting reimbursementjsubrogation clauses into their medical benefit 

policies. Mahler v. Szucs, 135 Wn.2d 398,414 fn. 6,957 P.2d 632 (1998).18 

The issue of reimbursement or subrogation, and the inadmissibility of 

collateral source evidence, have nothing whatsoever to do with each other. 

17This issue is not before the Court, nor is it ripe unless this Court reinstates the judgment 
and defendant satisfies it. IT all that occurs, 1&I has a process for determining its share of 
a recovery and for resolving disputes regarding that determination. 

18.In the early 1980's when plaintiffs lead appellate counsel first came to the Bar, there 
were still union benefit health insurance contracts which had no subrogation or 
reimbursement language. Some might argue that lack of subrogation results in a "wind
fall" to the injured person, but we believe the better view is that subrogation in fact pro
vides a windfall to the insurer, which does not refund premiums it collected even when it 
is reimbursed for benefits it paid out. See, Roger M. Baron, Subrogation: A Pandora's 
Box Awaiting Closure, 41 S. D. L. Rev. 237, 243 (1996). 
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DATED this _"}_,o( day of November, 2017. 

~g_C)~/ ~~/~ 
David S. Heller, WSBA #12669 Sunshine Bradshaw WSBA#40912 
Attorney for Petitioner Attorney for Petitioner 
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IN THE SUPERIOR COURT OF THE STATE OF WASHINGTON 
FOR THE COUNTY OF JEFFERSON 

MICHAEL GILMORE, a single man, 

Plaintiff/Respondent, 

V. 

JEFFERSON COUNTY PUBLIC 
TRANSPORTATION BENEFIT AREA, 
dba Jefferson Transit Authority, a 
municipal corporation. 

Defendant/ Appellant. 

No. 10-2-00390-7 

NOTICE THAT JUDGMENT IS 
SUPERSEDED WITHOUT BOND 

Appellant Jefferson County Public Transportation Benefit Area supersedes the 

Judgment presently on review, without bond, pursuant to RAP 8.1(f) and 

RCW 4.96.050. 

DATED this 1st day of September, 2015. 

By:_-=...L!-lc.:..:::.:.:,:_-r#~1--------
Catherine W. Smith, WSBA #9542 
Howard M. Goodfriend, WSBA #14355 

Attorneys for Defendant/ Appellant 

SMITH GOODFRIEND, P.S. 
1619 8™ AVENUE NORTH 

SEATILE, WASHINGTON 98109 
(206) 624-0974 FAX (206) 624-0809 
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Page 1036 

phone call telling you that the case is over with. 

And once that's done, you won't be here to hear my 

final instruction, but once the case is completely done and 

you're notified of that, you're free, then, to be able to 

discuss the case or talk to anybody about it, uh, or do 

anything you want. But as of right now, you're still part 

of the jury pool. And, um and the -- the only 

difference is you're not going in there and deliberating, 

but you may be called on to do that. 

Um, so, when, uh so, Mr. Erickson will take you 

out, uh, to the jury room now to begin deliberating. And, 

um, he'll handle all of the logistics of your work and your 

schedule and lunch and all that stuff. 

And Juror Number Twelve, make sure you have all your 

personal belongings and, um, uh -- to take with you when 

you go. And, uh, as I said, thank you for your service so 

far. 

And, um, the Bailiff will advise the Court, then, uh, 

of anything else or when we may need to reconvene. Okay. 

So, go ahead and go with Mr. Erickson. Thank you. 

(JURY EXITS AT 11:22 A.M.) 

THE COURT: Okay. Uh, two things. Uh, is there 

anything we need to put on the record or do? 

MS. BRADSHAW: No, Your Honor. 

THE COURT: Okay. 
CATHERINE M. VERNON & ASSOCIATES, LLC 

3641 North Pearl Street, Building D, Tacoma, WA 98407 - (253) 627-2062 
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MR. ROVANG: No. 

THE COURT: Um, we we have what we've always 

called, uh, the Ten Minute Rule. And if you could provide 

your cell phone numbers to the Clerk, um, whenever we need 

the jury to come back in and your presence is necessary, 

then the Clerks will give you a call. And, um -- and the 

idea is to try to be here within ten minutes of that call. 

Um, and Mr. Gilmore, the same thing would apply to 

you. You -- because you'd want to be present, unless your 

attorney tells you differently, I guess. So, um, anything 

anything else? Any questions? 

MR. ROVANG: No. 

MS. BRADSHAW: No, Your Honor. 

THE COURT: Yeah. Okay. Thank you very much. 

THE CLERK: Please rise. Court will be at recess. 

(TAPE PAUSED) 

(TAPE RESUMED) 

THE CLERK: Please rise. This ends the recess. 

Superior Court is again in session. The Honorable Keith 

Harper presiding. 

THE COURT: Thank you. Please be seated. Okay. Mr. 

Erickson, if -- if you'd step up, I guess. Okay. I'm not 

sure, uh -- we -- we were -- I was anticipating, um, 

recessing at 4:15 today, but the Clerk told me the jury 

wanted to come out here. Do they have a verdict? 
CATHERINE M. VERNON & ASSOCIATES, LLC 

3641 North Pearl Street, Building D, Tacoma, WA 98407 - (253) 627-2062 
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MR. ROVANG: Your Honor, I'd like an opportunity if 

any jurors are willing to, uh, stay behind, uh, and -- and 

talk to me in the jury room, I'd appreciate it. Counsel, 

too? 

MS. BRADSHAW: Yeah, definitely. 

THE COURT: Yeah. You bet. Um, the -- the building 

will stay open until 4:30. I think somebody might shoo you 

all out, um, at 4:30. But, um, yeah, anybody that wants to 

take up the attorneys on that, you're welcome to stay and 

talk. And, uh, like I say, it's totally up to you and it's 

a very common practice. There's no restrictions 

whatsoever, so. 

Okay. Well, thank you again. And, uh, Mr. Erickson 

will lead you out. And, um, go from there. 

(JURY EXITS AT 4:10 P.M.) 

THE COURT: Um, is there anything the attorneys needed 

to put on the record or any --

MR. ROVANG: I don't think so. 

THE COURT: about anything? 

MS. BRADSHAW: No, Your Honor. 

THE COURT: Okay. I, um -- I just wanted to take the 

opportunity to thank each of you. Um, whenever I do a 

trial, um, I always learn a lot. And I appreciate that. 

And, uh, I appreciate the hard work that you both obviously 

put into this case and everything. So, um, anyway. And I 
CATHERINE M. VERNON & ASSOCIATES, LLC 

3641 North Pearl Street, Building D, Tacoma, WA 98407 - (253) 627-2062 
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Rear-end impacts: vehicle and occupant response. 
Q.ayisCG. 

Abstract 
BACKGROUND: There is a controversy regarding the likelihood of injuries sustained when one car 
strikes another at a relatively low speed with little or no vehicle damage. Plaintiffs often claim injuries 
whereas defendants counterclaim that injuries could not have occurred with such a relatively minor 
impact. 

OBJECTIVE: To review the dynamics of low-speed rear-end collisions resulting in little or no visible 
damage and to decide whether occupant injury can occur; also, to discuss diagnostic examination and 
treatment that may be helpful to the clinical practitioner. 

DATA SELECTION: A Medline search for articles discussing low-speed rear-end collisions was 
conducted. Other articles and studies were reviewed that discussed low-speed rear-end collisions and 
factors impacting the neuromusculoskeletal system relevant to clinical practitioners. Articles included 
were human low-speed rear-end tests, lab tests on cadavers, automotive engineering articles, and 
peer-reviewed journal articles on whiplash. A few live animal and simulation studies were considered for 
the background of possible injury mechanism and vehicular deformation. Excluded were non-rear-end 
collison and single case reports. 

DATA SYNTHESIS: The data were studied to find a relationship between the resultant vehicle dynamics 
and occupant movement, biological mechanisms of injury and the neurological mechanisms causing 
complaints. Data were also studied to investigate objective findings supporting subjective complaints. 

. -·· 
,,/There does not seem to be an absolute speed or amount of damage a vehicle sustains for a 

person to experience injury. Crash tests indicate that a change of vehicle velocity of 4 km/hr (2.5 mph) 
may produce occupant symptoms. Vehicle damage may not occur until 14-15 km/hr (8.7 mph). 
Occupant soft tissue and joint injuries resulting from low-speed vehicle collisions respond positively to 
afferent stimulation of mechanoreceptors. The diagnosis of the occupant injuries relies on standard 
orthopedic neurological testing, autonomic concomitant signs and qualitative and quantitative testing. 

Comment in 
Rear-end impacts: vehicle and occupant response. [J Manipulative Physiol Ther. 2000] 
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970494 

Lack of Relatlonshlp Between Vehicle 
Damage and Occupant Injury 

A common~ formulated is that the 
amount ofvehi.cle crash damage due to a collision, offl:ts a 
duect correJaticm to the degtte of occupant injury. This paper 
~ this COIIOCPt and explains why it is misc R:a$00ing 
Explanations with suppor1ing data an, setfonh to show how 
minor vehicle damage <:a.11.~ or even f>e the~ 
contributing factor to occupant injwy, Mathematical 
equ:alions and models aJso support iliesc findings.. 

WTROOUCTION 

A common concept fommlated is Iha! the amount of 
mocor velude C13SIJ. damage offers a din:ct condation to the 
dqrcc of occupant injmy. This paper explores this concept 
aod explains why it is false reasoning. This falsie reasoning is 
often applied by insurance adjustm, attomeys and physicjans 
and ~y results in costly unjllStified litigation. Due to 
this litigation process. the injured.panics often are not 
c.ompemated, iesuJting in unjustified hardship to the party 
who has already been il\iuJ'ed. 

The object of this paper is to pn:seot a clear 
understandi.,g of vehicle body perfonna.oce when it is 
~ to crash.dynamics and tbe tdalionsbip to occupant 
dynamic responses and rcsuitmg injury. 

l'HEORY 

One of the major fac:toss rda1ing to ocarpant injury 
due to a a>llision is the G force to which the occupant is 
subjected. {l ){21 Even with seat belts air bags and other 
measures, severe injury and fatality ocx:urs'11hen a vehiele is 
subject to a collision. (ll(4J[51{6J This is a rather complex 
subject to answer in a s¥ngJe paper. but :fundamen1ally C\'Cll 

when scat bclis are llSed. the a ton:e sustaiBCd by lhe wh.iclc 
beyond the crush 2'(IJle or arresting distanCe is transtemd to 
the occapanl. 

Galileo Galilei fonnulated an c:quatioll that can be 
used to demonstrate the G force an ocic:upaAt will receive. 
8S'l!1mi11g a "fixed" seated position. If an object starts from 
rest. Galilel.,s equation swes: Ill 

(I) 
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where V • Velocity of object 
a ... acceleration rate 

s "' distance moved by object 

Rearranging Equation 1 to &Ct deoeleratioe, we have: 

pl 
a=- (2) ls 

where s • am:stin& or crush distance 
V = Velocity at ~'11 impaa 
a• decderation 

Applyjog dus formula (2) to the scenario of a pole vaulter. If 
a pole vaulter jumps 6.5 metea"S (20 feet), bis speed. when 
reaching a 1.5-metcr (S-foot) safety mat can be ca1culated 
thus, using Equation 1: 

V'"" .J2as (t) 

whele s • 6.S • J.5 .. 5 meters 
.-~.81 m/~ 

hcnoe: V "' 11.29 m/sec or 40 km/hr (2S mph) 

The R\SU!ting O ftilt:e to whidl the: pole~ is~ cu 
be caJeulated to be as roUows.11$ing Equation l: 

v2 
a=- (2) 

2s 

where V • ll.29 mlsec 
s • l.S - 0.5 • l meter 

b.cnoe: a= 63.7 ml Sl:l?-(6.S Os) 

If the vaulter impacted a Cl)ACR:t.e SUJfaoc. the 
mrults wouicl be clearly ditrereot. It is the amount oC Ct1l$h in 
the safety padding that prcven1S mJU1Y 10 the pole wwrer. 

App!yillg tbe formula U> vehicles which iaapact a 
solid brick wall: 

fjJSt smnmo: Vetik:le Green is baYeling at a 
velocity of 12 meters/second (25 mph) and crushes 1 meter 

{3 .1 feet) while impacting a solid brick 'Willi. Using equation 
(2) above, then V = S m/StX; (lS mph). s,.. 1 m (3.1 feet) aDd 
dccc{en#on is: 
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e 

a = 12' == 72m I sec2 = 7G 
2 

Second &;eparjo: Vdudc Red uodcrtakes same 
velocity as Vehicle Green but cnasbcs only 0.2 meters while 
impacting the solid brick wall. Deceleration is: 

121 
a=-='36<nl sec2 =37G 

02 

The n:sulu shaw' that the.greater the crush diS1aDCe of the 
vehicle, the less the G ftm.:c rcceiwd by the oc:icupant. 

I 2 3 flat 

Figure 1 

The graph shown in Figure 1 demonstrates the effed a 
vehicle•s crushing distance has on the(; force with a fixed 
oollisioa speed. 

DlsCUs$ION 
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While the amount of crush a vehicle sustaios does 
not Idate to occuput injury, provided DO petldr8tion OCC:WS 

to the occupant compartment. the amowat of cnrsh does relate 
to the .impact vclocif;y or~ in the ewnt of. a c:olliaoD widl 
another vehicle or object. 1n facl. evaluation oi occupant 
injwy when related to vehicle damage can only be made 
when several factors~ taken into acc:ouat. Some of these 
fadors are the followiag: 

I>ynamiq of fon::e apoljqi to occupapt, 
- Velocity of vehicle or objects oa impact. 
- Crushing or IU'tt.Wngdistanco of vehicle or~ [7){8) 
- Ability of vehicle or objects to dissipati= die eaiergy of the 

impact . 
- Colooination of above iactots will csiablisll the dyDamjcs 

of force applied to occupant 
- Initial positiooing of OCXUpant in relation to safety devices 

ruch as seat belts or air ba,p. 
Physical ooooition wmuant. 
- Degree of muscuJat stimulation It the lime of impact. i.e .• 

was impact anticlpa$ed by~ 
- Suuaw:al stlCDgth of occupaDt. i.e .• sc:,c, age, bone 

mioeml content and joint stmlgth. (9) 
- Geometric dimensions, i.e.. height. weight. 

One main fac:tor for determining the dynamics of 
occupant injury due IO a motor~ collision is the amount 
of crush or am.sung diswice. bown as value •s• and 
previously discussed. nus value am vary a great deal from 
vehicle to \'dlicle and its location on the~ If we 
examine a soft drink exuuded alumimun am and 1ikea it to a 
motor vehicle body,~~ ambc made: 
- Firstly. force applied on the top ot'tbc can downwards 

meets a greater R$i.siance tbaa·a force applied • the sides. 
Clearly the type of~ of the can plays a mivor part 
in the dcfomlation n:sisumoe. 

- Secondly, if a force ia applied to 'die top. a reSatiw pat 
deal of rc:sist.ance is initially met, 1hen sJowly, as the can 
is c:rushed. the amount of resis1aDce cleleriomtes and the 
can yields. 

Likewise. on a vellicle with a chassis. no seriollS 
visual deformation may occur even though it is~ to 
relatively bigh speeds of impact Classically, we see Ibis in 
the case of pidcup trucks or all-temin Ydlides that are 
traditionally fitted with a solid bumper-to-blamper chassis. 
Many of these types of vehldes ate mt:;ectcd IO reJatiwJy 
severe impact$ with little or m n:sultio,g damage to their 
bodies and bumpers. ne classk: 'Whiplash mjmy associated 
with a great deal of litigation is most libly fouadcd on the 
reasoning that if there was little M GO whicJe ~ no 
injwy eaa result Motor vehicle bodies Oir bumper-to-bumper 
chassis oJfer little OI' J2IO c:tU:Shing effect on amsting ob.Uades 
when impacted;. thus, l'elatively higb G fon::es can be 
experienced by occ:upa.ncs when tt:ar-eoded, resulting in 
whiplash injury. Tbe use of stiff mca 'Ydlicle bodies and 
chassis will also~ a spiked G f.on::e 1oadiog to 
occupanU,. eyen if lilile damage occurs to vehidc body or 
chassis. 

Spite Joadiag is a result of a 1IOll..fincar yicldine Ma 
vehicle body. as previously discussed in the scenario o£ the tin 



can. In actUal pnciicc, ck:ceJe:ration .rates during an 
automobile collisioo are r.ard)' u:n.ifomi. especially wheu 
chassis, drive uams and mounting panels an: involved in the 
collision. 

It is not nncommon to see a motor vehide that llas 
experienced mass deslruction and damage, yet the oo:upantS 
sustained litdc or no mjUgeS. This is often a prime example 
rx a situation ill which the vehicle or \/Cbiclcs have ab$olbed 
the diuipat.ing kinetic energy oft.be collision. The occnpanls 
are thus not subj«tecl to SC\'Cle G fon:cs. It is for this very 
reason that racing cars. when seea jn a a>llisKm. appear to 
almost skecl their body suuc:tme. Wheels arc seen detaching 
and the body SttUCtUre is seen to dissipale and crush almost. in 
CYefY direction. High-pc:rfonnance racing cm as seen on the 
Giand Prix ci.l'Cllit are desiped with stale-Of-the-art crash 
~- The main outside struetmeof these racing cars 
is designed to allow for crushing and to clissipalC eqergy in 
the event of a oolli$ion. Tho driver is pror.ected by a rigid 
enclosure and is also vay dfectively restrained. These design 
faaors in high-perfonnaac:c eta.sh Catginecring aocoum. !Qr the 
low driver-iajwy mres. even tbough the COUiSiOnS ilm>lve 
\'af hlgh speeds. So -. we see heavy veltici:c-body damage 
and teJativdy low occupam hi.jury mes. ie.. the body of the 
racing car is sacrificed kl prevent driver injwy or deatil.. 

SUMMARY 

The amount or crus1l or damage received by a motor 
whiclc in a collision is an indk:ation of velocities involved 
wbca the stiffness of the motor vehicle and object or objects is 
known. However, the crush dlunage does not relate to the 
expected oocupan1: iluwY, i.e.. tile more \ielticle damase. the 
moie ~ that the oo::upant is injured,.. is not a conclusion 
that caa be made. In fact. it is more lilcdy tbe reverse. If thc 
occ:upaat is decelet.ated O\'Cr' a greater lime/ctistanoe due to a 
large CtllSh/arrestiog distance, then Che 11.kelihood of injury is 
ffduced. 

This oonclusion has been demonsttated by both 
mathematical expression and p,actical examples. Thefin.t 
example is that of the pole vaultbe wbQ survives his s..merer 
(16-foot) drop by the crush of the paddins or mat Jt is mis 
C1USh wllic:h breaks the \iaulta''s fall and hence allows for 
increased stopping~ and time. The second practical 
example is that of tbc bi~ t;tCittg car wbich 
makes use of a rigid driver compartmeot for protection. 
~. the compartmeot is 6Ul"tOOnded by a body wbich is 
designed IO allow for crush or~ due to a collision. 
The result is a ~uced number of. injuries or fatalities. 
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Clinical Response of Human Subjects to Rear-End 
Automobile Collisions 
John R. Brault, MS, Jeffrey B. Wheeler, MS, Gunter P. Siegmund, BA&, Elaine J. Brault, MS, PT 

ABSTRACT. Brault JR. Wheeler JB, Siegmund GP, Brault 
FJ. Clinical response of human subjects to rear-end automobile 
collisions. Arch Phys Med Rehabil 1998;79:72-80. 

Objective: Forty-two persons were exposed to controlled 
low-speed rear-end automobile collisions to assess the relation 
between both gender and impact severity and the presence, 
severity, and duration of whiplash-associated disorders 0N AD). 
Inruvidual measures were also assessed for their potential to 
predict the onset of WAD. 

Design: Experimental study subjecting individuals to a speed 
change of 4km/h and 8km/h and utilizing pretest and posttest 
physical examinations (immediately after and 24 hours after 
impact) to quantify subje(:ts' clinical response. 

Results: Approximalely 29% and 38% of the subjects ex
posed to the 4k.m/h and &km/h speed changes. respectively, 
experienced WAD symptoms, with cervical symptoms and 
headaches predominating. Objective clinical deficits consistent 
with WAD were measured in both men and women subjects at 
both 4krn/h and 8km/h. At 4kmlh. the duration of symptoms 
experienced by women was significantly longer when compared 
with that in men (p < .05). Thei:e were no significant differences 
in the presence and severity of WAD between men and women 
at 4km/h and 8km/h or in the duration of WAD at Skm/h. There 
was also no significant difference in the presence, severity, and 
duration of WAD between 4km/h and 8km/h. No preimpact 
measures were predictive of WAD. 

Conclusion: The empirical findings in this study contribute 
to establishing a causal relationship between rear-end collisions 
and clinical signs and symptoms. 

© 1998 by the American Congress of Rehabilitation Medicine 
and the American Academy of Physical Medicine and Rehabili
tation 

A PPROXIMA TEL Y 6.5 million motor vehicle accidents oc
ficurred in the United States in 1994, resulting in approxi
mately 3.2 million injuries. Eighteen percent of the accidents 
involving passenger cars were rear-end impacts that caused in
jury to 500,000 persons. 1 Rear-end impacts resnlt in a higher 
frequency of "whiplash" injuries in comparison with other 
crash configurations.1-4 According to the Insurance Research 
Council,' the incidence of bodily injury liability claims associ
ated with motor vehicle accidents has been increasing, with 
sprain/strain injuries accounting for the greatest share of inju
ries. Frequently, scientific literature uses the tenn whiplash to 
describe not only a mechanism of injury but also the injury or 
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syndrome associated with the mechanism. According to the 
recommendations proposed by the Quebec Task Force in 1995, 
this study uses the tenn whiplash-associated disorders (WAD) 
to refer to the various clinical manifestations associated with 
the whiplash injury mechanism, including cervical soft-tissue 
strain, headache, dizziness, tinnitus, memory loss, temporoman
dibular joint (TMJ) pain, and others..6 

Because of the prevalence of this condition in low-speed 
rear-end automobile collisions, much research bas attempted to 
Identify who is at risk for the disorder. Epidemiologic stud
ies2·4A-10 have concluded that women sustain WAD more fre
quently than do men. States and coworkers2 showed that women 
have a ~ter ratio of head mass (represented by head circum
ference ) to neck cross-sectional area (represented by neck cir
cumference2) in comparison with men and proposed that this 
bead-to-neck (H3/N2) ratio may explain the increased incidence 
of WAD. Using mathematical modeling based on anthropomet
ric data, Snyder and colleagues11 concluded that decreased cer
vical strength may be responsible for the increased incidence 
of cervical injuries in women exposed to rear-end collisions. 

In the search for predictive factors, researchers have investi
gated the association between vehicle or crash-related factors 
and WAD injury severity following rear-end collisions.12•

14 In 
a descriptive case series study, Radanov and colleagues14 found 
no correlation between the patient's perception of the severity 
of the automobile collision and the duration of pain. Likewise, 
Olsson and coworkers 12 found no correlation between the dura
tion of neck symptoms and impact severity in rear-end coUi
sions; however, the dw-ation of neck symptoms increased if the 
estimated horizontal distance between the occupant's head and 
tlie vehicle's head restraint exceeded 10cm. at the time of the 
collision. Using five measures of neck strain severity and two 
measures of impact severity, Ryan and coworkers13 concluded 
that initial severity of neck strain is positively correlated with 
impact severity. 

It is presumed within the medical community that WAD 
involve soft tissues, and that clinical examination often detects 
only subjective findings. Moreover, because the disorder is non
fatal and usually does not require surgical treatment, no patho· 
logic studies have identified the site or nature of the offending 
lesions. 15 Current physical models (anthropometric devices and 
cadavers16

) and mathematical models17 typically employed by 
automotive safety laboratories can be useful to study general 
impact response. They have not, however, been fully validated 
against human subject response during low-speed rear-end colli
sions. Currently, these models are not suitable for human surro
gates to study injury response during low-speed, rear-end colli
sions. For this reason. researchers have turned to human subjects 
to study the injury mechanism in staged low-speed, rear-end 
impacrs.18

•
11 In these studies, human subjects were exposed to 

rear-end impacts with speed changes ranging from 3.2 to 
10.9km/h, with WAD produced at changes in velocity of 6 to 
7km/h and above. Speed change is a common measure of colli
sion severity in vehicle occupant studies and is equal to the 
difference between the preimpact and postimpaa velocity of 
the vehicle. In the situation of a stationacy vehicle being rear
ended, the speed change is equal to tbe postimpact speed of the 
rear-ended vehicle. 
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Given the greater frequency of WAD reported in women, a 
specific goal of this study was to expose an equal number of 
male and female volunteer human subjects of a specific age 
group to two controlled low-speed rear-end automotive colli
sions (change in velocity of 4km/h and 8km/h) to assess the 
relation of gender and impact severity with the presence, sever
ity, and duration of WAD. A second purpose of this stu~y was 
to assess the potential for individual parameters to predict the 
onset of WAD in rear-end automobile collisions. The study was 
also designed to assess the subjects' eventual clinical outcome 
after the impacts. It is hoped that our research findings will 
contribute to establishing the causal relationship between the 
whiplash injury mechanism and the objective clinical response 
in rear-end collisions. 

METHODS 

Subjects 
This study was part of a larger project that analyzed occupant 

kinematics and kinetics in low-speed rear-end automobile colli
sions through the use of high-speed video, accelerometry, an
thropometry, and electromyography (EMG). Fony-two volun
teers recruited by local newspaper and university job-line 
advertisements participated in the study. Men and women were 
equally represented. Because injury statistics suggest a high 
incidence in this age group, 6 and in an attempt to select a homog
enous population, subjects ranging from 20 to 40 years old were 
targeted (men, 26.4yrs [SD ± 4.5J, women, 27.lyrs [SD ± 
4.8)). The mean height of the men was 175cm (SD± 5): the 
mean height of the women was 164cm (SD ± 5). Mean body 
weight was 75kg (SD :!: 10) for the men and 62kg (SD::!: 9) 
for the women. 

Subjects had no medical conditions or history of soft-tissue 
disease or related syndrome. Additionally, subjects with a his
tory of neck or back injury or having treatment within the 
previous 3 years and those with a current insurance claim for 
neck or back injuries were excluded. Only subjects in the 10th 
to 90th percentile heights for gender2 (men, 165 to 185cm; 
women, 152 to 173cm) and 10th to 90th percentile weights for 
their height22 were eligible for the study. In addition, a maxi
mum erect seated height of 95.5cm was pennissible to ensure 
head but no neck contact with the head restraint. This latter 
criterion was required to allow kinetic analysis of data. Pretest 
magnetic resonance imaging (MRI) of the head and cervical 
spine, interpreted by a radiologist, ensured that no subject had 
a fracture, disk herniation, disk protrusion greater than 2mm, 
spinal canal stenosis, tumor, or any degenerative findings rated 
as moderate or greater. These criteria were developed to exclude 
subjects with MRI findings that may have predisposed them to 
acute injury. Subjects were asked to refrain from drastically 
changing their activity level in the week before testing and to 
not drink alcohol 24 hours before and after testing. 

Test Apparatus 
Subjects were seated in the right front seat of a stationary 

l 990 Honda Accord, which was struck on the rear bumper by 
a 1976 Volvo 240D station wagon. The Volvo was accelerated 
down a ramp from a predetennined height to impact speeds of 
4.86 :t .12km/h and 10.02 :t: .06km/h to produce a speed change 
of 3.95 ± .llkm/h and 8.10 :t: .llkmlh. respectively, for the 
Honda. Both vehicles were in neutral gear with the engine off. 
After impact, the Honda rolled forward into gravel located about 
3m ahead of the vehicle and decelerated to a stop. Speed change 
of the target vehicle was measured with an MEA 5th wheela 
(commercial device for low-speed impact testing) and verified 
with bumper-mounted load cells.b · 
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The choice of 4 and 8km/h speed changes was based on 
previous testing of human subjects in rear-end collisions which 
reported no symptoms at a speed change of 4km/h and only 
minimal WAD of 2 -:Jays' duration with a speed change of 8km/ 
h.18,19 

Human Subject Protection 

Protection policies and procedures for the human subjects 
were in accordance with and approved by the Western Institu
tional Review Board. Preliminary subject eligibility was deter
mined by an initial telephone interview, after which subjecrs 
visited the test facility where the project's principal investigator 
(OPS) explained the test protocol and procedures to each subject 
and infonned consent was obtained. Subjects also completed a 
questionnaire assessing their availability, occupation, medical 
history, and physical activity. The head and neck of each subject 
was examined using MRI to determine eligibility based on the 
previously defined radiologic criteria. 

Anthropometry 
Anthropometric measures were obtained from each subject 

by a physical therapist (EJB). Head circumference was recorded 
via metal tape measure at the level of the glabella (most anterior 
protrusion of forehead} and opisthocranion (most posterior pro
trusion of back of head} perpendicular to the midsagittal plane. 
Neck circumference. also recorded via metal tape measure, was 
obtained at the midpoint of the neck perpendicular to the long 
axis. These two anthropometric measurements were used to 
calculate the ratio of head volume to neck cross-sectional area 
(computed using H3/N2

). 

Pretest Clinical Examination 
At least 48 hours before the collision testing, maximum iso

metric cervical flexion and extension force was measured by a 
physical therapist with a MicroFE~ hand-held dynamometer. 
Maximum isometric cervical Hexion was measured with the 
subject supine on an examination table with the head and neck 
in a neutral position, C7 placed at the edge of the table so that 
the head and neck were extended over the edge. arms folded 
across the chest, and the torso stabilized. The dynamometer 
was centered on the glabella, and the subject was instructed to 
maintain maximally the head-neutral position while a downward 
force was applied to the forehead. Maximum isometric cervical 
extension was measured with the subject prone, positioned with 
the sternoclavicular joints at the edge of the table. The head 
and neck were over the edge of the table in a head-neutral 
position, hands behind the back, and torso stabilized. The sub
ject was instructed to maintain maximally that head position 
while resistance was applied to the opisthocranion in a down
ward direction. A minimum 48-hour delay between isometric 
cervical testing and impact testing was chosen because the maxi
mum isometric contractions of the cervical muscles potentially 
could have induced symptoms in these cervical spine muscles 
that mimic WAD, thus confounding our assessment of symp
toms caused by the vehicle impacts. Measurement of maximum 
isometric cervical ftexion and extension was performed to inves
tigate whether these measures predispose individuals to WAD. 
In addition, the cervical Hexion and extension maximal isomet
ric forces were measured 24 hours after both impacts and com
pared with preimpact forces as an objective clinical measure
ment of cervical muscle function. 

Before each impact, the physical therapist examined the cer
vical spine of each subject. The purpose of the clinical examina
tions was to use objective clinical measures to assess the sub
jects' neuromuscular system, to establish baseline values for 
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the measurements, to identify objective clinical changes in these 
measurements attributable to our interVention, and to identify 
any abnormal neuromuscular condition present either preimpact 
or postimpact that might require medical attention, which helped 
to ensure human subject protection. Components of a basic 
orthopedic examination of the cervical spine were performed, 
including measurement of cervical and TM] active range of 
motion (ROM), assessment of the C4-Tl myotomes and derma
tomes, deep tendon reflexes, and point tendemess.'3 

Cervical Hexion, extension, right and left lateral flexion, right 
and left rotation, protraction, and retraetion active ROM were 
measured with the cervical range of motion device (CROM}.4 

a plastic instrument that rests on the bridge of the nose and ears 
and that is secured at the back of the head with Velcro. The 
CROM had three orthogonal goniometers to measure sagittal, 
frontal, and coronal plane motions and a bubble level and ruler 
for measuring protraction/retraction. Previous stndies have dem
onstrated its intratester reliability .2'".25 Subjects were seated in a 
straight-back chair with the feet flat and bands on the lap, facing 
and focusing forward, with a lumbar support to maintain the 
lumbar lordosis. The CROM was applied to the head and the 
subjects given verbal and visual instructions on the perfonnance 
of each cervical movement Subjects were allowed one to two 
practice trials for each molion followed by the experimental 
trial, which was documented. 

Range of motion of the TMJ was measured with the subject 
in a seated position. The examiner instructed the subject in 
maximum jaw opening, left excursion, and right excursion, and 
measmements were made in millimeters with a ruler. 

Assessment of the C4-Tl dermatomes was done to evaluate 
sensation of cervical nerve roots emanating to the upper exirem
ities. This was accomplished by performing a sharp/dull test 

with a pinwheel. With the subject seated, eyes closed. and the 
bands supinated on the lap, the right and left C4-Tl dermatomes 
were given either a sharp or dull sensation via the alternate 
ends of a pinwheel, and the subject was asked to answer appro
priately. 

The C4--Tl myotornal strength was assessed bilaterally using 
manual muscle testing (MMT) with the MicroFET dynamome
ter following published guidelines.26 The C4 myotome, repre
sented by the upper trapezius muscle, was tested by measuring 
the subjects' maximum isometric force output at 90" of ami 

elevation in the scapular plane. Ann elevation has been shown 
to recruit maximally the upper ttapezius.27 The CS/6 myotomes, 
represented by the elbow fl.exors. were tested by measuring 
maximum isometric elbow Hexion. The C7 myotome, repre
sented by the triceps muscle, was assessed by measuring sub
jects' maximum isometric elbow extension. The CB/fl myo
tomes, represented by the first dorsal interosseous muscle, were 
assessed by measuring maximum isometric abduction of the 
index finger. All of the MMT with the hand-held dynamometer 
was performed with the subject seated on an examination table, 
except the test for the C7 myotome, which was petformed with 
the subject supine on a mat to give the examiner a mechanical 
advantage. 

Deep tendon reflexes of the bilateral brachioradialis and tri
ceps were measured with a reflex hammer and graded on the 
established 1 + to 4+ scale.23 Point tenderness of specific re
gions of the body was assessed by the examiner through palpa
tion of the soft tissue overlying the oociput and suboccipital 
area, as well as the bilateral sternocleidomastoid (SCM}, sca
lene, cervical para.spinal, upper trapezius, and middle trapezius 
muscles and TMJ. Subjects were seated in a chair and instructed 
by the examiner to relax as the specific regions were palpated. 
The examiner asked the subjects to report any tenderness elic
iled by the palpation, which was graded on a 1 + to 4+ scale 
(1 + = slight, 2+ = minimal, 3+ = moderate, 4+ = severe). 

Ard1 Phys MIid Rehabil Vol 79, Jan-v 1898 

Electromyography 

Surface EMG electrodes were applied to the subject's bilat
eral SCM and cervical paraspinal muscles by an investigator 
experienced in the use of surface EMO (JRB). The primary 
purpose of the EMG sampling was to investigate cervical mus
cle response during the impact (EMO results will be presented 
in another report). A secondary purpose of the EMO was to 
ensure that preimpact cervical muscle response, which could 
alter the occupant kinematics during impact, did not increase 
above seated resting levels. Four-millimeter IVM Ag-AgCl re
usable disk electrodes" were taped to the skin overlying the 
c1avicular head of the bilateral SCM muscle in a bipolar config
uration using the technique of Zipp.29 Eight-millimeter IVM 
Ag-AgCl reusable disk electrodes" were taped to the skin overly
ing the posterior cervical spine in a bipolar configuration 1cm 
lateral to the C4 and C6 spinous processes bilaterally with a 
4cm interelectrode distance. To reduce impedance at the elec
trode sites, the skin was shaved, lightly abraded with sandpaper, 
wiped with 50/50 alcohoVdistilled water, and coated with elec
trode gel.30 The electrode leads were connected to a transmitter.! 
The EMG signals were telemetered to a receiver, converted 
from analog to digital by an AID board,1 and then analyzed by 
LABVIBW' software. Proper placement of the electrodes was 
confinned by visual inspection of the muscle interference pat
tern during manual muscle testing. EMG data were sampled at 
a frequency of l,OOOHz and band-pass-filtered with a second
order ButterWorth filter with high- and low-pass filters of 40 to 
500Hz. respectively. 

Collision 1 

Following the initial examination, subjectS were exposed to 
their first test collision. To control for series effect, the order 
of impact severity was randomized by flipping a coin. Subjects 
were not told which speed change they would experience. 

In the test vehicle (Honda), the fore/aft seat· position, seat 
back angle. and head restraint height were kept constant for all 
subjects. Subjects were instructed to sit with their backs against 
the seat back, face forward with the head horizontal, feet on 
the floor, hands in the lap, and to otherwise assume a normal 
seated position. The lap/shoulder belt was worn by all subjects, 
and the subjects were instructed not to rest their heads on the 
head restraint. The horizontal distance between the opisthocra
nion and head restraint was measured with a FaroAnn 3D digi
tizer' and confirmed from the digitized video frame correspond
ing to impact 

Ryan and coworkers31 found that automobile occupants who 
were unaware of the impending collision were 15 times more 
likely to have persisting WAD 6 months postimpact; therefore, 
we attempted to control for this variable by mini~ng subject 
expectation of the impending collision. First, subjects did not 
see the striking vehicle (Volvo) on the ramp prior to their test 
collisions and therefore derived no preconception of impact 
severity from its height on the ramp. Second, a curtain was 
placed between the Honda and Volvo to eliminate visual cues 
of the impending collision, and no teSt personnel were visible 
to the subjects in the minutes immediately preceding the test 
collision. Third, subjects wore foam ear plugs, and loud music 
was played before and during the test collisions to eliminate 
aural cues. Fourth, the subjects' seated position was monitored 
before impact via closed-circuit video from a camera mounted 
to the Honda's driver's side A-pillar to ensure no change of 
position prior to impact. Lastly, the subjects' EMG output from 
the bilateral SCM and cervical paraspinal muscles was visually 
monitored for a minimum of 1 minute before impact to ensme 
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no increase in muscular contraction above that present in the 
nonnal seated position. · . 

After the first test collision, subjects were told the seventy 
of the rear-end collision to minimize apprehension in those 
subjects first exposed to the 8km/h speed change an~ ~ho might 
elect to withdraw if they presumed the first c0Ibs1on was a 

4km/h speed change. 

Posttest Clinical Examination 
A second clinical examination was perfonned within 30 min

utes after the first test collision. All of the tests perf onned in 
the preimpact clinical examination were repeated by the sarn.e 
examiner, and subjects were asked whether ~y were expen
encing any symptoms not present before the impact. Because 
the primary symptom of WAD is often the subjective expression 
of pain,6 the objective of the examination :w~s to quantify the 
subjects' symptoms to treat the data stattsucally. Therefore, 
if subjectS reported symptoms following a. test ~ollision,. the 
postimpact examination included the McGill Pain Question
naire, which was designed to provide quantitative measures of 
clinical pain that can be treated statistieally.32 Through the use 
of word descriptors chosen by subjects to best represent their 
pain, the quality of pain was docu~nted. The intensity of the 
pain was assessed with the questionnaire's Present Pain Inten
sity scale (PPI), which is a combination numerical and descrip
tive measure of pain. The PPI was recorded as a number from 
l to 5, with each number associated with the following w~rds: 
I = mild, 2 == discomforting, 3 = distressing, 4 = homble, 
and 5 = excruciating. Subjects recorded the location of pain on 
the questionnaire's body diagram, which portrayed an ant~or 
and posterior outline of a body of appropriate gender. SubJects 
were instructed to shade the area on the body diagram corre
sponding to the location of their pain. Because th~ _subjects 
could not be observed continuously after the test col11s1ons, the 
assessment of the subjects' pain experief1CC: included the McGill 
Home Recording Card.32 After each test collision, the subjects 
were given a card on which they recorded their symptoms and 
level of pain (PPI) at four different times throughout the day 
{morning. noon, dinner, bedtime) between the time of their first 
postimpact examination and the 24-hour follow-up examination. 
Toe Home Card provided a method of documentation away 
from the test site and allowed continuous tracking of symptoms 
and injury severity. 

24-Hour Posttest Examination 

Subjects returned to the test facility the day after the test 
collision (approximately 24 hours posttest) for a third clinical 
examination during which all of the previous cervical spine 
testing was repeated. If symptoms were reported, the McGill 
Pain Questionnaire was completed. la addition. subjects re
turned the completed McGill Home Recording Card and were 
observed until their symptoms and clinical deficits subsided. 

Collision 2 

Subjects returned for the second test collision a minimum of 
7 days after the first test collision or 7 days after resolution of 
their symptoms attributed to tbe first test collision. The protocol 
for the second test collision was identical to that in the first, 
except that subjects were aware of the severity of the second 
test collision beforehand. 

Statmical Analysis 

The null hypothesis was that there would be no difference in 
the presence, severity, and duration of WAD between genders 
and impact severity. Comparisons of the presence, severity, 
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Fig t. Symptom dl&tribution for the men and women aublects combened: 
r::J, 4km/h; •. 8km/h. 

and duration of WAD between genders were perfonned using 
Fisher's exact test, 33 Wilcoxon rank sums test,34 and log-rank 
test,35 respectively. The tests were performed on the 4km/h and 
Skrn/h data separately. Comparison of the presence of WAD 
between impact speeds was carried out using McNemar's chi
squared tesl36 Comparisons of the severity and duration of 
WAD between speed changes were canied out using the Wil
coxon sign-rank test.:14 Comparisons of severity and duration 
were perfonned using only the data of subjects with WAD. 

Logistic regression37 (modeled using a log linear model) was 
used to determine whether the measured variables of H3/N2, 
pre-impact cervical Hexion and extension isometric force, pre
impact cervical ROM, and horizontal distance from head to 
head restraint could be used to predict the onset of WAD. The 
likelihood ratio chi-squared was used to test for significant ef
fects of the various measurements. A separate regression analy
sis was carried out for the 4km/h and Skm/h trials. 

A repeated measures analysis of variance {ANOVA);& was 
used to test the effect of the presence of symptoms and the time 
of measurement (preimpact, postimpaet, 24-hours postimpact) 
on ROM and cervical MMT values. This analysis was con
ducted on the cervical ROM values of fiexion and extension, 
right and left Jatcral flexion, right and left rotation, and protrac
tion and retraction to test for statistical significance. Again, the 
analyses were perfonned separately for the 4krn/h and 8km/h 
trials. A p value of .05 level of significance was used for all 
statistical comparisons. 

Power was calculated for the duration of symptoms between 
the 4kmlh and 8krn/h collisions, assuming the obseived values 
in this study are exponentially distributed. Under this assump
tion, the power of the study to detect a significant difference in 
duration of symptoms is 90%. 

~ULTS 

Because no women at the 4km/h and only one woman at the 
81cm/h impact severity experienced symptoms at the time of 
either of the postimpact clinical examinations, the data from 
the component of the McGill Pain Questionnaire using word 
descriptors of pain were not utilized for statistical purposes. 
Given that nearly an of the symptoms experienced by the sub
jects occurred while the subjects were away from the test site, 
data obtained from the PPI index on the McGill Home Card 
and Pain Questionnaire were treated statistically. 

Figure 1 shows the combined male and female distnoution 
of WAD by body region for the 4km/h and 8km/h impacts. 
Headaches and posterioc neck symptoms were the predomi
nating complaints. After the 4kmlh impact, the examiner identi
fied three subjects with I+ to 3+ tenderness with a duration of 
up to 48 hours. The 8km/h impact produced eight subjects with 
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Table 1: c:omp.rison Between Gllll!ders at 4km/h 

Men Women 

Presence• S (23.8) 7133.3) 
Severity' 1.2(1.11 1.3 t1 . .fl 
Ourationi 2 (1-8) 12tH8) 

• Count (percent). 
• Fisher's exact test. 
• Mean tSO) PPJ of subjects wiCh symptoms. 
• Wilcoxon rank sums test. , 
1' Median duration !range) in hours of subjects with symptoms. 
1 Log-rank test. 

pValue 

.73' 
1.00' 
.03' 

I+ to 2+ tenderness lasting np to 48 hours. In both impacts, 
the areas of tenderness included the bilateral cervical paraspinal, 
SCM, scalene, upper trapezius, middle trapezius, and occiput 
areas. No significant differences were noted postimpact for the 
reflex, sensory, or upper extremity MMf. 

At 4kmlh, there were no significant differences in either the 
presence of WAD between men and women or in the mean 
severity (PPI) of symptoms between men and women (table I). 
A significant difference, however, did exist in the median dura
tion of symptoms between men (2 hours) and women (12 bouts). 
An unpaired t test between male and female H;/N2 ratio revealed 
a statis~ically significant higher ratio in women in our sample 
population. At Bkm/h, no significant differences existed in the 
presence, severity, or duration of WAD between men and 
women (table 2). 'There were no differences in the presence 
severity, or duration of WAD between the 4km/h and 8km/h 
collisions when both men and women were combined (table 3). 

The logistic regression analyses failed to identify a pre-im
pact measurement variable predictive of the presence of WAD 
at either 4 or 8km/h (tables 4 and 5, respectively). 

Analysis of the effect of the 4km/h impact severity on ROM 
measurements over time revealed that, at both postimpact exam
inations, subjects with and without symptoms had a significant 
decrease in cervical flexion, extension, retraction, and right lat
eral ftexion, with left lateral fiexion ROM approaching statistical 
signifi;ance (table 6). In addition, an analysis of subjects with 
and without symptoms revealed that the subjects with symptoms 
had significantly reduced left and right lateral Hexion ROM 
values preimpact and at both post.impact examinations (table 6). 
At the 8~ i:°pact sev<;ritY, ROM val~ were significantly 
reduced immediately posttmpact for cemcal flexion, right and 
le~ lateral ~exion, right rotation, and retraction for both groups 
with and without symptoms (table 7). An analysis of the effect 
of the interaction between the presence of symptoms and the 
time of examination on ROM values at both the 4krn/h and 
8km/h impact severity revealed no significant differences (tables 
6 and 7). 

Significantly higher cervical flexioo MMT values were mea
sured postimpact in subjects with and without symptoms at both 
4 and 8km/h, but there was no differeru:e in cervical MMT values 
when the ~ were analyzed by the presence of symptoms. 

Three subjects (one male and two female) having experienced 

Tabla 2: Comparison ~ Genders at 8km/h 

Presence* 
Severity' 
Duration• 

• count (percent!. 
• Fisher's exact test. 

Man 

8 (38.1) 
0.8 (0.6) 
8.8 (O.S-1111 

• Mean ISO) PPI of subjects with syml)tOms. 
• Wilcoxon rank sums test 

Women 

7 {36.81 
0.9(0.4) 

24 (0.5-241 

~ Median cluratlon (ranget In hours of subjects with symptoms. 
1 log-ntnk test. 
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p\fafUII 

1.00• 
1.00' 
0.911 

Table 3: Comparison of 4km/h Wlfll llkm/h 

Presence• 
Seventy• 
OurationU 

"' Count (percent). 
1 McNemar r test. 

,km/h 

12 (28.6) 
1.3 {1.21 
5.8 (1-48) 

8bn1'1 

15 (38.6) 
0.8{0.5} 

24 (0.3-1111 

• Meen (SD) PPI of subjectS with symptoms. 
• Wilcoxon sign-rank test. 
u Median cluration l111ngef in hours of subjects with symptoms. 

pValue 

.H' 

.991 .,,. 

only the 4km/h trial were lost to observation for the 8km/h trial. 
No _increas~ in cervi~ EM'? activity was observed immediately 
pretmpact m companson with the resting levels, suggesting not 
only adequate control of the potential confounding variable of 
a preimpact increase in cervical muscle resistance but also that 
the subjects were unprepared for the collisions. 

DISCUSSION 

1be results of this study reveal objective clinical deficits 
~onsistent with WAD at both 4km/h and 8kmfh speed changes 
m ~ men and .wOIII;~· The distribution of symptoms by body 
region agrees with clinical reviews and descriptive case series 
of~ AD,6.14

•
15 W?th cervical symptoms and headaches predomi

nating. A potentiaJ confounding variable which may have influ
enced the number of complaints of headache was the tightness 
of the head gear worn to measure head acceleration. The WAD 
experienced by the subjects is consistent with the Quebec Task 
Force clinical classification of grade II, which is defined as neck 
complaints and musculoskeletal signs such as decreased ROM 
and point tenderness.' 

The lack of a significant difference in lhe presence of WAD 
bem:een male and female subjects is inconsistent with many 
prevtous reports documenting an increased incidence of WAD 
in. f:males.2:··6,.10 These .previous epidemiologic studies, utilizing 
climcal reviews of patients, emergency room medical records 
ins~e claims,. and traffic collision reports, have incorporated 
a wide range of impact severity. Perhaps the speed changes in 
our study were too low, narrow. or both to delineate a difference 
~een genders. In a recent questionnaire-based study of 202 
vtctims of rear-end collisions,39 no significant difference was 
evident in the prevalence of chronic neck pain or headache 
between males and females. That study, however, investigated 

Table 4: LoglRlc Regr-'on of FllotOl'I U$ed to Predict far the 
.,__ of WAD Foltowlng a tkm/11 Colffslon 

Sub)e<:t Wilhcut Subject With 
Symptoma Symptoms 

Mean(SD) Mean(SDI pVarw• 

Head to head rest Imm) 44.0121).11 49.1 (15.41 .44 
H3/N2 (cm) 152.7122,701 158.6 (24.27) .63 
Cervical MMT (Newtons)• 

Flexlon 104.2 (48.6) 81.6 (43.2) .14 
Extension 217 .9 162.8) 193.4 {67.31 .26 

Cervical ROM 1°1• 
Flexion 61.016.7) 58.018.4) .23 
Extemion 69.9 (7.6) 70.5 18.8) .81 
R lateral flexfon .CS.3 {6.6) 40.7 (7.4) .Otl 
L lateral flexion 46.5 (6.2) 43.3 (5.3) .13 
R rotation 68.9 (7.6) 67.7 (8.4) .63 
L rotation 68.7 (6.7) 66.0 {4.7) .21 
Retraction 3.3 (1.1) 3.1 (0.9) ,68 
Protradion 3.7 (o.9) 3.8 (1.41 .78 

* Likelihood ratio ,r: from loglstlc regreesion. 
• Pretest cervical manual mull<:I& test 
• Preiest cervical range of motion. 
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Table 6: 1.oQ!stlc RegrNSion of Fectors u.d to Preclct for the 
Pr8$ence of WAD FoffoWlnu a 81un/h Collision 

Subject Wilhout Sut,/aot With 
Symptoms SymptamS 

Moon (SO, Mean(SO) pValue• 

Distance to head rest (mrnl 41.7 (18.31 40.9 (18.5) .90 
H'/N2 (cm) 153.3(21.4) 154.7 (24.9) .84 
Cervical MMT (Newtonsl' 

Flexion 100.3 (47.2) 97.6144. 1) .88 
Extension 217.5 (65.1) 211 .2 (56.6) .98 

Cervical ROM (•)• 
Flexion 61.5 (7.4) 59.3 (6.41 .35 
Extension 69.818.6) 71.9 (8.21 .44 
R lateral flexion 45.217.4} 41.7 (5.7} .14 
L lateral flexion 46.6 (7.3) «.5 (6.7) .38 
R rotation 70.8 (8.0) 67.7 (7.3) .23 
L rotation 68.1 (6.4} 66.1 {5.9} .34 
Retraction 3.0 (1.0) 3.2 (0.9) .24 
Protraction 3.811.31 4.0 (1.21 .70 

+ Likelihood ratio >f' from logistic regression. 
• Pretest cervical manual mueete test 
• Pretest cel'Vical range of motion. 

chronic symptoms and not initial symptoms, precluding any 
direct comparison to our results. 

The presence of WAD at the 4lcm/h speed change conflicts 
with all previously published accounts of low-speed rear-end 
automobile testing involving human subjects.18

•
21 The different 

results found in our study may be explained by the small sample 
size, predominately male population, variable age range, vari
able speed cbanges,1s.•9.21 multiple impact exposures, and failure 
to perform a complete pre-impact and postimpact objective clin· 
ical examination in the previous studies. In addition, in all cases, 

the subjects were either the investigators or professionally asso
ciated with the investigators, which could potentially introduce 
researcher bias. Although these studies provide the groundwork 
for understanding occupant response to low-speed rear-end im
pacts, the results are difficult to apply to any subset of the 
general population given these limitations. 

Although the median duration of symptoms at 4km/h was 
significantly longer for women in comparison with men ( 12 
hours versus 2 hours), no clinical significance can be deduced 
from this infonnation given the fact that few persons would be 
expected to seek medical treatment beyond an initial consulta
tion for symptoms of such short duration. 

The failure to demonstrate a difference between the 4km/h 
and 8km/h trials with respect to the presence, intensity, and 
duration of WAD is noteworthy, because one might expect 
greater injury as speed change increases. Perhaps the range of 
speed change was too low and narrow to elicit such a biologic 
effect in our subjects. Increasing the range of impacts is not a 
viable option, however, given the potential harm associated with 
exposing human subjects to greater impact severity. Previous 
studies have failed to reveal a dose-response for duration12 and 
severity14 of WAD following rear-end collisions. However, the 
studies included higher speed collisions than used in our study, 
and the measure of accident severity used by Radanov and 
coworkers, 1• the patient's perception, could be considered unre
liable. 

The inability of the H3/N2, cervical Hexion and extension 
isometric force, and horizontal distance from head to head re
straint to predict the presence of WAD failed to support several 
t.heories2. 11

,
11 which purport that preimpact parameters may in

fluence an individual's susceptibility to WAD. Differing study 

Table II: ANOVA for Range of Motion Values at 4krn/h 

TIITl6 ""'1od NG SV,,.,ptoms• 

Flexion (0 J Pretest 61.0 t6.n 
Posttast 69.9 {7.01 
Poat-24hrs 61.3 (6.61 

Extension Fl Pretest 69.9 (7.61 
PostteSI 68,6 (7.81 
Post·24hrs 70.0 (7.3) 

R lateral f!exlon (") Pretest 45.3 (6.61 
Posttest 44.4 Ui.41 
Post-2.thrs 45.9 {6.61 

L lateral flexion ("I Pretast 46.5 (8.21 
Posttest 46.5(5.71 
Post-24hr& 47.716.31 

R rotation l"l Pretest 68.9 (7.61 
Posttest 88.9 (7.01 
Post·24hrs 70.6 (7.1) 

L rotation Fl Pretest 68.7 (8.71 
Posttest as., 1a.s1 
Poat-24hr11 68.4 (8.81 

Protractl9n (cm) Pretest 3.7 (0.91 
Posttest 3.8 (0.91 
Post-24hrs 4.0 {0.9) 

Retraction (om) Pretest 3.3 (1.1) 
Posttest 3.0(1.01 
Post-24hrs 3.4 (0.8) 

TMJ opening 4mm) Pretest 47.5 (7.2) 
Posttest 47.5(7.5) 
Poat>-24hrs 47.6 (7.2) 

TMJ L excursion (mml Pretest 3.5 (1.4) 
PO/lttfft 3." (1.3) 
Poet-2"'1rs 3.3 (1.31 

TMJ R excursion (mm) Pretest 3.6 (1,7) 
Posttest 3.6 (1.81 
Poat-24hrs 3.6(1.71 

"Mean (SDI ROM. 
'pvalue . 
• ,, < .06. 

Symptoms• 
Svmptom 

Effect' 

58.0 (8.41 .21 
56.2 (9,0) 
59.0 (8.8) 
70.5 (B.Sl .90 
68..7 (7.3) 
70.3 (10.31 
40.7 (7.6) .04' 
40.0 (6.81 
40.7 (8.51 
43.3 (5.3) .04' 
41.7 (6.81 
43.2 (7.6) 
87.7 (8.4) .38 
67.3(6.6) 
67.0 {6.6) 
66.0 (4.7} .14 
64.7 (3.5} 
65.7 (4.3) 
3.8(UJ .98 
3.9 (1.41 
3.8 (1,6) 
3.111.0l .78 
2.8 (0.81 
3.6 (0.6} 

"5.3(4.3) .34 
45.7 (4.51 
45.2 (3.9) 

4.4 (1.lll .03' 
4.5(1.6) 
4.411,6} 
4.111.0) .41 
4.0 (1.0) 
4.0 (1.01 
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Tim• 
Effect' 

.004' 

.02 

.03* 

.06 

.56 

.16 

.28 

.0002• 

.t7 

.28 

.53 

Symptom x 
Time Effect' 

Posttest < pretest .51 
Posttest < post-24hni 

Posttest < pretest .88 
Posttest < post-24hrs 

POSW1$t < pretest .57 
Posttest < post-24hrs 

.28 

.16 

.87 

.67 

Posttest < pretest .19 
Posttest < post-24hrs 

.06 

.46 

.73 
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Table 7: ANIJVA for Range of Motion Valun at 8km/h 

Aexkmr) 

Extension (") 

R lateral flexlon 1°1 

L lateral flexion ("I 

R rotation (0 1 

l rotation 1°} 

Protraction 1cm) 

Retraction (cm) 

TMJ Ol)ening Imm) 

TMJ L excursion (mm) 

TMJ R excursion (mm! 

• Mean (SDI ROM. 
'pvalue. 
'p< .05. 

Tune Period 

Prete$t 
Posttest 
Post-2-lhrs 
Pretest 
Posttest 
Post·24hrs 
Pretest 
Posttest 
Post-24hrs 
Pretest 
Posttest 
Post-24hrs 
Pretest 
Postwst 
Post-24hrs 
Pretfit 
Posttsst 
Post·24hrs 
Pretest 
Poattest 
Post-24hrs 
Pretest 
Posttest 
Post-2"'1rs 
Pretest 
Posttest 
Post-24hrs 
Pretest 
PostblSt 
Post-24hrs 
Pretut 
Posttest 
Post-24hrs 

No Symptoms• Symptoms• 

61.6 (7.4) 69.316.41 
60.7 (7.4) S7.316.0J 
61.8 i7.31 59.5 (6.21 
69.6 (8.61 71.918.2} 
69.1{9.0I 71.1 (7.3) 
69.9 f7.8) 71.618.7) 
45.2 {7.41 41.7 (5.7) 
45.2(5.8) 40,4 (6.2) 
46.2 (6.3) 42.9 (7.4) 
46.6 (7.31 44.5 (6.71 
45.6 (6.01 42.816.2) 
48.0 (5.7) 46.9 (7.51 
70.818.11 67.7 f7.3) 
69.617.71 67.116.6} 
71.4 (8.61 68.0 (7.11 
68.1 (6.41 66. t (5.9) 
68.416.11 65.3(5.11 
68.1 f5.9} 66.7 {4.5) 
3.8 (1.31 4.0 (1.2) 
3.8 (1.2) 4.2 (1.1) 
3.8 (0.91 4.0 (1.0) 
2.9 {0.9) 3.2 (0.8) 
2.9 (0.8) 3.0 I0.91 
3.4 (0.81 3.711.21 

47.3 (5.41 46.917.8} 
47.215.51 46,917.6) 
47.4 (5.61 46.817.8) 
3.6(U) 4.3 (1.8) 
3.6 (1.31 ,.2 (1.8) 
3.5 (1.1) 4.3 (1.8) 
3.6 (1.9) 3.9 (1.71 
3.7 (1.81 3.7 (1.71 
3.6 '1.91 3.9 {1.8} 

designs may account for this discrepancy. In an epidemiologic 
survey of police accident reports, States and colleagues2 hypoth
esized that a higher female H3/N2 ratio suggested a larger head 
relative to neck size and thus an increased suscepn1rllity to 
WAD in rear-end automobile collisions; however, the investiga
tors relied on military anthropometric data and did not directly 
measure the H3/N2 ratio of the subjects in their population. 
Our results could not be compared with those of Olsson and 
coworkers, 12 who reported an increased duration of neck symp
toms in rear-end collisions when the head to head .restraint 
distance exceeded I 0cm, because our data did not include any 
head to head restraint distances greater than 8cm. Regarding 
the postulate by Snyder and coworkers11 that decreased cervical 
strength is responsible for the greater incidence of WAD in 
women in rear-end colUsions, no comparison can be made with 
our study as Snyder's group examined only neck characteristics 
(anthropometry, ROM, strength, and muscle reflex times) and 
did not expose the subjects to rear-end automobile collisions. 

In our attempt to assess the outcome of clinical measurements 
in the subjects over time, we discovered an increase in cervical 
flexion isometric force postimpact. which we attributed to a 
learning effect resulting from the unusual nature of the activity. 

Of most importance clinically was the statistically significant 
decrease in cervical ROM immediately following both 4k:m/h 
and Bkm/h trials, which suggests that the rear-end collisions 
caused measurable clinical deficits. Surprisingly, these deficits 
occurred in subjects with and without symptoms. The presence 
of cervical ROM deficits after a rear-end automobile collision 
without concomitant symptoms may be a function of an individ
ual's tolerance for, or perception of, pain. Although statistically 
significant, the magnitude of these ROM deficits was suffi. 
ciently small to be of limited clinical value. The reduced ROM 
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Tune Symptomx 
Symptom Effect' Effect' iune EffiK:t' 

.23 .04' Posttest < pretest .62 
Posttest < post-2'hrs 

.47 .03 .92 

.07 .o,• Postt:est < post-24hrs .36 

.34 .0001' Pretest < post-24hrs .39 
Posttest < pretest 
Postt&st < post..24hrs 

.23 .04' Posttest < post-24hrs .68 

.24 .65 .29 

.38 .6 .57 

.32 .0001' Pretest < post-24hrs .71 
Posttest < post-24hrs 

.85 .95 .48 

.16 .76 .49 

.69 .66 .07 

measured immediately following the impacts fell within a nor
mal range of values, 41 and, without specific knowledge of a 
patient's preimpact ROM values, a health care professional 
would not likely be capable of detecting these deficits. The 
CROM device was capable of measuring sagittal plane rotation, 
lateral flexion, and coronal plane rotation to the nearest 2°, 
whereas retraction and protraction could be measured to the 
nearest 0.5cm. Based on the standardized protocol for measure
ment performed by a single examiner for all subjects and the 
small standard deviations in ROM data, we are confident that 
the observed ROM deficits a.re real and not an artifact of the 
measuring device or examiner reading error. 

Most interesting from a clinical perspective was the fact that 
the cervical ROM deficits were characteristically similar to the 
subjective reports of symptoms in that both were transienL In 
most cases, the ROM deficits were present immediately postim
pact, but by the 24-hour postimpact physical examination, cervi
cal ROM bad returned to normal, consistent with most subjects• 
short duration of symptoms. 1bese results are consistent with a 
study by Ryan and coworkers,3' who found a strong correlation 
between objective measures of neck strain and the subject's 
own rating of neck symptoms. 

The degree to which theories about causation of a disease 
are supponed by empirical evidence is termed construct valid
iry.401be clinical findings of this experimental study contribute 
to the construct validity of the whiplash injury mechanism and 
establish the causal relationship between the rear-end collisions 
and the clinical signs and sympt0ms. The highly variable clini
cal findings observed among the subjects in our study also 
attests to the nonspecific effect of the whipl~h injury mecha
nism (low descriptive validity) previously reported in the litera
ture.40 
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Our sample was one of convenience and consisted of volun
teers who were selected to control for variables such as age, 
previous medical history, and pre-existing spine pathology. 
Therefore, our study population does not entirely reflect the 
total population exposed to rear-end automobile collisions. Fur
thermore, the controlled conditions under which these automo
bile collisions were conducted (normal seated posture, aligned 
impacts, head restraint available) are not representative of all 
rear-end collisions in a noninvestigative setting producing 
WAD. Additionally, we did nothing to control for other vari
ables such as subjects' psychologic profile41 or culture/3 which 
previously have been reported to influence the outcome follow
ing the whiplash injury mechanism. Therefore, meaningful 
prognoses of WAD in aJl rear-end collisions cannot be derived 
from the data, because the accuracy of a given outcome is 
dependent on many variables. 

CONCLUSIONS 
Approximately 29% and 38% of individuals exposed to rear

end impacts at 4km/h and 8kmlh speed changes, respectively, 
experienced WAD symptoms of minimal severity and short 
duration. with cervical symptoms and headaches predominating. 
The presence, severity, and duration of WAD were similar in 
men and women exposed to rear-end automobile collisions with 
speed changes of 4:km/h and 8km/h. In addition. the study failed 
to identify useful predictive factors predisposing individuals to 
the development of WAD from rear-end automobile collisions. 
The empirical evidence gained from this experimental study 
contributes to the construct validity by establishing a causal 
relationship between rear-end collisions and clinical signs and 
symptoms. 
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