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The validity of whiplash syndrome has been a source
of debate in the medical literature for many years. Some
authors have published articles suggesting that whiplash
injuries are impossible at certain collision speeds; others
have stated that the problem is psychological, or is
feigned as a means to obtain secondary financial gain.
These articles contradict the majority of the literature,
which shows that whiplash injuries and their sequelae
are a highly prevalent problem that affects a significant
proportion of the population. The authors of the current
literature critique reviewed the biomedical and engineer-
ing literature relating to whiplash syndrome, searching
for articles that refuted the validity of whiplash injuries.
Twenty articles containing nine distinct statements re-
futing the validity of whiplash syndrome were found that
fit the inclusion criteria. The methodology described in
these articles was evaluated critically to determine if the
authors’ observations regarding the validity of whiplash
syndrome were scientifically sound.

The authors of the current critique found that all of
the articles contained significant methodologic flaws
with regard to their respective authors’ statements re-
futing the validity of whiplash syndrome. The most fre-
quently found flaws were inadequate study size, nonrep-
resentative study sample, nonrepresentative crash
conditions (for crash tests), and inappropriate study de-
sign. As a result of the current literature review, it was

_determined that there is no epidemiologic or scientific
_basis in the literature for the following statements: whip-
lash injuries do not lead to chronic pain, rear impact
collisions that do not result in vehicle damage are un-
- likely. to cause injury, and whiplash trauma is biome-
. chanically comparable with common movements of daily
- living. Spine 1999;24:86-98
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One of the more frequently disputed conditions in the
medical literature in recent decades is the constellation of
symptoms comprising acute whiplash and its chronic it-
eration, late whiplash (collectively known as whiplash
syndrome). The primary reason for the dispute stems
from the fact that the validity of whiplash syndrome
often is a key issue in litigation arising from the alleged
etiology of the whiplash, i.e., a motor vehicle crash in
which the injured party is not at fault. The judge and/or
jury in such cases are asked to weigh opposing medical
and scientific evidence supporting both the plaintiff’s po-
sition that whiplash injuries and their sequelae are real
and the defense position that the injuries are manufac-
tured or greatly exaggerated. Over $29 billion per year is
spent on whiplash injuries and litigation in the United
States alone.'?

It is not surprising, considering the financial stakes,
that many medical experts have dedicated their profes-
sional careers to one side or another of the whiplash
controversy. These experts increasingly are relying on
medical and engineering literature to support both sides
of the debate over the validity of whiplash syndrome.

A recent review of the literature reported over 10,000
articles relating to whiplash injuries.** The majority of
this literature is devoted to probing fundamental ques-
tions about whiplash injuries, such as mechanism of in-
jury, pathogenesis, and epidemiology. More than 30 ¢p-
idemiologic studies have been published that document
the cumulative incidence {risk) of chronic (lasting longer
than 6 months) whiplash symptoms, or “late whiplash.”
In a recent publication, 13 of these studies were consid-
ered sufficiently well constructed (low selection bias, suf-
ficient study size, adequate research methodology) to be
relied on for an accurate clinical projection for late whip-
lash.'® A study population-weighted meta-analysis of
these studies showed a 0.33 risk of late whiplash at 33
months after injury for those seeking treatment for acute
whiplash injuries.'* Therefore, the epidemiologic litera-
ture appears to support a substantial risk of chronicity
after acute whiplash injury.

Federal government statistics and epidemiologic stud-
ies indicate that whiplash syndrome affects a large num-
ber of people. The National Highway Traffic Safety Ad-
ministration reports that, in 1995, there were 5,500,000
Americans injured in motor vehicle crashes (MVCs).” A
large, population-based study found that $3% of MVC
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injuries include whiplash injuries, amounting to
2,900,000 acute whiplash cases in 1995,* or an inci-
dence rate of 1107 per 100,000 person-years.'™* If, as 1s
suggested by the results of the meta-analysis described
earlier, 33% of acutely injured persons continue to ¢x-
perience symptoms at 33 months after injury, then as
many as 900,000 new cases of late whiplash may have
occurred in the U. S.in 19935,

A recent case—control study of 6635 patients with
chronic spine pain found that 45% of patients who re-
ported having at least onc intrusive episode of neck pain
weekly for more than 6 months attributed the onset of
their symptoms to a whiplash injury. Although it is im-
portant to keep in mind that the results of any case-
control study must be interpreted carefully because of
the potential effece of recall bias, if the resulrs of this
chronic neck pain study are applied to what, to the au-
thors’ knowledge, 1s the most conservative published es-
nimate of the prevalence of chronic neck pain in the pop-
ulation (13.8%).” then it can be reasonably, if
cautiously, estimated that 6.2%, or 15.5 million Amen-
cans, currently have late whiplash. Other authors have
estimated chronic neck pain prevalence to be as high as
32.9% for women and 27.5% for men”; therefore, the
prevalence of late whiplash could be substan-
tially higher.

Despite the strong epidemiologic evidence supporting
whiplash syndrome as a valid clinical entity thar leaves
many persons with permanent symptoms, numerous ar-
ticles have been published, the majority since 1990, that
refute the validity of some or all aspects of whiplash
syndrome. And, although the entire whiplash literature
base has been criticized for methodologic weakness in
general,>®** the quality of the literature refuting whip-
lash syndrome has stood largely unchallenged.

The current study reviews, from a methodologic per-
spective, the literature refuting whiplash syndrome. The
objective of this review is twofold. The first objectiveis to
determine whether there are significant methodologic
flaws in the individual articles that may undermine the
accuracy of their conclustons regarding the biomechan-
ics, pathogenesis, or epidemiology of whiplash syn-
drome. The second objective is to determine, if there are
methodologic tlaws in the literature, i.e., whether there
are categorical flaws that are common to more than

one study.

Methods

Ihe hrerature was searched for articles that contained state-
ments i the abstract or conclusions that retuted the validiny of
part or all of whiplash svndrome. For the purpase ot the cur-
rent studv, whiplash svndrome was defined as mjuries and therr
sequelae resulting from ndirect rrauma o the spine ateer
AVOS of Tow to moderare severity. Late whiplash was detined
as whiplash svadrome persisting tor longer than 6 months.
Uhe Birerature was searched for tiddes orabstraces contanung
the term “whiplash. ™ Direrature databases searched were Med-

line. and those ot the Socieny of Automouve Fongimeers, e

national Rescarch Council on Biomechanics of Impact, and
National Technical Information Service for the years 1966
through 1997, in addition to published studies the authors
were aware of that contained statements refuting whip-
lash syndrome.

More than 2000 articles were reviewed at least cursortly to
determine their relevance to the current review. Of these, more
than 700 of the most relevant articles were read in extenso. The
articles were reviewed for specific statements that were consid-
ered 10 be contrary to the current authors’ understanding of
how the majority of the current literature characterizes the
biomechanics, pathogenesis, and epidemiology of whiplash
syndrome. These statements were categorized and described. In
addition, logical implications of the statements that may arise
in a medicolegal setring were extrapolated and desceribed. The
statements and their respective implications are hsted in Ta-
ble 1.

The studies then were reviewed by the authors for the pres-
ence of significant methodologic flaws. A significant method-
ologic flaw was defined as a potenrial threat to the validity of
the study in light of the study’s conclusions regarding whiplash
syndrome. In other words, although some of the study’s meth-
ods and inferences regarding whiplash syndrome may have
been valid, the study methods were evaluared solely in refer-
ence to its conclusion or conclusions that caused it to be in-
cluded in the current critical review.

The authors of this review were asked to critique the articles
individually, and if methodologic flaws were found, to describe
them. The methodologic crrors then were described, catego-
rized, and put into table form (Table 2).

Results

The literature search revealed 20 articles containing
statements in the abstract, conclusions, or clsewhere in
the text that were interpreted as refuting whiplash syn-
drome. Those statements are summarized in Table 1 at
the end of this results section.

The articles ranged, with respect to study type, from
literature reviews to cohort studies. The articles eicher
were designed a priori as a refutation of whiplash syn-
drome or were designed for another purpose but made
extrapolative statements that refuted the validity of
whiplash. The articles were divided primanly between
biomedical studies and editorials, and enginceer-
ing studies.

All 20 articles were found to have significant method-
ologic flaws relative to therr proclamations regarding the
validity of whiplash syndrome. These tlaws were of sut-
ficient magnitude to cast doubt on the theoretical basis
for the stated link between the study results and the con-
clusions of the study regarding the validite of whiplash
syndrome. The articles are categorized below, according
to study type. A brief description of the major pomts of
cach article is given, followed by a discussion of the
methodologic laws that were tound in this review. It
there were Haws thar were common to more than one
study i a category, then all of the studies with the com-
mon flaws are listed, followed by a deseriprion of

the taws,
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Table 1. Statements Refuting the Validity of Whiplash Syndrome

#

Statement

Implication

Acute whiplash injuries do not cause, or are unlikely to cause, chronic
pain.

An identifiable threshold exists and has been documented that relates
velocity at impact to injury potential. The threshoid of injury is above
that of vehicle damage

Specific actions or movements common to daily living or sports and
recreational activities don’t cause injury, yet involve forces similar
to, or higher than, those produced in whiplash injuries.

Whiplash injuries, particularly late whiplash, are less common in coun-
tries where no remuneration exists tor the injuries and their long-
term sequelae, or where awareness of the injury is not thought to
be widespread.

Symptoms commonly attributed to whiplash injuries following low-
speed motor vehicle accidents, particularly chronic neck pain, are
psychogenic.

There is a direct correlation between the severity of impact forces and
the probability of developing chronic symptoms.

It is highly unlikely or impossible to injure the temporomandibular joint
in a whiplash-type motor vehicle accident injury.

Management of acute whiplash injuries is @ contributing cause of late
whiplash.

The prevalence of chronic neck pain in the general population is the
same as the risk of late whiplash following an acute whiplash injury.

Those claiming chronic pain after whiplash do not actually have
chronic pain that can be attributed to the whiplash trauma.

Collisions in which there is no vehicle damage cannot cause
occupant injury

Whiplash trauma should not cause injury because it is compa-
rable with other, noninjury producing movements

Whiplash injuries, particufarly late whiplash, are not rea, and
claims of injury, chronic pain, and disability are a result of
greed or are psychogenic.

Reports of chranic pain following a low-speed motar vehicle
accident are not a result of a physical injury.

If the impact is not severe, chronic symptoms are unlikely.

Claims of injury of the temporomandibular joint following whip-
lash trauma are false.

No treatment is effective for whiplash injuries, and seeking and
receiving treatment reinforces illness behavior in whiplash
patients.

Symptoms of late whiplash are a result of a condition predating
the motor vehicle accident and would be present regardless
of the history of an acute whiplash injury.

Cohort Studies
Study by Shrader et al. These authors studied 202 indi-

viduals in Lithuania who had been involved in a MVC.*?
This cohort was age- and gender-matched with a control

group of 202 individuals who had no history of a MVC.
The two groups were surveyed for neck pain an average
of 21.7 months after their crash (relative to the time of
the MVC for the MVC-exposed cohort) and were found
to have the same prevalence of neck pain. The authors
concluded that whiplash injuries do not cause chronic
symptoms, and that late whiplash exists in industrialized
countries because insurance settlements are available to

at least 3000 individuals to have sufficient statistical
power to discern a significant difference between the
two groups.

Study by Balla. Balla® reported on a cohort of 20 whip-

lash patients who were treated by an orthopedist in Sin-
gapore, with a follow-up period of more than 2 years. He
reported that none of the 20 patients had symptoms of
late whiplash, and concluded that late whiplash was rare
in Singapore, compared with its incidence among a
group of 300 Australian patients. Balla attributed the
late whiplash rate difference between the two countries
to cultural differences and economic factors, among

those claiming chronic pain.*? other variables.

Methodologic Errors

Inadequate Sample Size. This study was criticized be-
cause only a very small proportion of the exposed
cohort (15% [31 subjects]) had been injured initially
and therefore exposed to the putative etiologic agent
in late whiplash (an acute whiplash_injury).]6 For the
purposes of the current literature critique, a post hoc
sample-size calculation was performed on the data in
this study, using an alpha of 0.05 and a beta of 0.20.
The smallest detectable difference between the groups
was 14.6%. Thus, 94% of the acutely injured subjects
(29 of 31) in this study would have had to develop
chronic symptoms to enable the authors to detect a
statistically significant difference between the two
groups, an extremely remote possibility. A recalcula-
tion of sample size using a meta-analysis—based esti-
mate of effect (expected proportion chronic) of 5% '*
(i.e., 33% of the 15% acutely injured subjects) dem-
onstrates that the total study cohort needed to include

Methodologic Errors

Inappropriate Study Design. Balla compared a group
of 300 patients with late whiplash with 20 patienrs
who had been evaluated after whiplash trauma. Not
only were the numbers in the two groups grossly dis-
parate, but the patients were enrolled in two different
studies using different enrollment criteria and study
protocol. The 300 Australian patients were selected
for study because they had late whiplash. The 20 Sin-
gaporean patients were recruited from a specialist’s
practice on the basis that they had sustained an acute
whiplash injury. As a result of different selection cri-
teria for the two groups and other dissimilarities, the
study could not validate or invalidate the author’s
hypothesis that the natural history of whiplash inju-
ries in Australia differs from that of such injuries
in Singapore.

Inadequate Sample Size. Twenty patients is not a suf-
ficient size for a prospective.study of late whiplash.
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Misleading
Mustration

Improper Use
of Terminology

Misquoted
Literature

Unsupported
Conclusions

Methodologic Errors
Inappropriate Unsubstantiated/
Unreferenced Claims

Study Design

Nonrepresentative
Study Sample

Inadequate
Sample Size

Crash Conditions

Nonrepresentative

23
21
2.7
23
2,7

1,

1,45

gory Number
23586

Statement Cate-

Table 2. Methodologic Errars in the Critiqued Articles

Mertz and Patrick {1971)
Mertz and Patrick {1967)
Mills and Horne
Rosenbluth and Hicks
Szabo and Welcher {1996)

Schrader et al

McConnell et al {1993)
Spitzer et al

Allen et al

Awerbuch

Balla

Castro et al

Ferrari and Russell
Heise et al

Howard et al {1995)
Howard et al {1991)
McConnell et at {1995)
Szabo et al (1994}

Author
Bovim

Using Balla’s Singapore data, a post boc power calcu-
lation was performed, assuming that the risk of late
whiplash in Australia of 33% (a literature-based as-
sumption) was an unlikely eight times greater than
that in Singapore. At least 44 randomly selected sub-
jects would be needed in Singapore for such a study.
Recalculation of power using a more reasonable risk
ratio of three to one results in the need for 64 ran-
domly selected Singaporean subjects. The current au-
thors” power calculation assumed several study fac-
tors not actually present in Balla’s® study: identical
selection criteria in both countries; random patient
selection, with control for potentially confounding
differences between the countries not attributable
to cultural differences; and idenrtical subject ap-
praisal criteria.

Selection Bias. Selection bias was introduced in this
study when patients in Australia were selected for
study retrospectively based on their disease status
(they already had late whiplash when the study was
begun) and the patients from Singapore were selected
prospectively based on their exposure status (an acute
whiplash injury).

Study by Heise et al. Heise et al'® reported on 155 pa-

tients treated in an emergency room after experiencing
whiplash trauma. The patients were divided into two
groups: 63 patients with (unspecified) radiographic evi-
dence of cervical musculoskeletal injury and 92 patients
with no radiographic evidence of injury. The two groups
were examined and interviewed for temporomandibular
joint (TM]) symptorms at the time of initial presentation,
then their progress was followed by conducting phone
interviews 1 month and 1 year subsequently. The fol-
low-up rate at 1 year after their initial examination was
70% of the positive radiographic findings group and
65% of the negative radiographic findings group. None
of the patients who were contacted at 1 vear had contin-
ued symptoms of TM]J dysfunction. The authors con-
cluded that the incidence of TM] injury present after
whiplash trauma was “extremely low.”'®

Methodologic Errors

[nappropriate Study Design. The authors do not state
their rationale for stratifying their cohort into two
groups on the basis of “positive radiographic find-
ings” of whiplash, which are unspecified. The authors
of this review were unable to find any reference in the
literature to a correlation between TM] injury and
radiographic findings of whiplash injury that would
justify the study design used by Heise et al.

Inadequate Sample Size. Using a literature-based esti-
mate of effect of 0.04%% (i.e., 4% of the whiplash-
injured population will sustain a TMJ injury), an al-
pha of 0.05, and a beta of 0.20, the authors of the
current review performed a post hoc power calcula-
tion on Heise et al’s'® data. Assuming only double the
frequency of TM] injury in the exposed group, the
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authors would have needed more than 2500 subjects
for their study. Assuming a highly unlikely eight times
greater frequency of TM]J injury between the two
groups studied, the authors still would have needed
more than 650 subjects, four times greater than the
number in the study.

Case Series Studies

Study by Spitzer et al. In their Quebec Task Force (QTF)

Cross-sectional Study

Study by Bovim et al. In their report on chronic neck pain
in the general population in Norway, Bovim et al” stated
that 13.8% of respondents experienced “troublesome
neck pain” for longer than 6 months. The authors com-
pared this proportion with similar figures reported by
previous authors regarding the risk of late whiplash fol-
lowing an acute whiplash injury and concluded that
“chronic neck pain after whiplash injuries may be a con-
tinuation of pre-existing complaints.””

on Whiplash-Associated Disorders monograph, Spitzer
et al** conducted a retrospective case series study and a
literature search, and issued a set of guidelines and rec-
ommendations based on the results. Among other find-
ings, the QTF concluded that whiplash injuries were
“short-lived,” involving “temporary discomfort,” that
the pain resulting from whiplash was “not harmful,” and
that whiplash injuries have a “favorable prognosis.”
They also concluded that 87% and 97% of their cohort
“recovered” from their whiplash injuries at 6 months
and 12 months after the crash, respectively.**

Methodologic Error

Misquoting Literature/Selecting Biased Literature.
The basis for the primary conclusion of Bovim et al” is
the comparison of their survey resules with a litera-
ture-based estimate of the prevalence of late whiplash
among the population of individuals who have sus-
tained whiplash trauma. The authors referenced four
articles that contained estimates of chronicity follow-
ing whiplash. One of the articles, written in Norwe-

Methodologic Errors

Improper Use of Terminology. The Results and Dis-
cussion section of the case series study contained nu-
merous references to the percentage of the study pop-
ulation “recovered” at the time of cessation of
compensation. However, the QTF did not gather any
data regarding the symptoms, amount or type of treat-
ment, or functional impairment of its cohort—all fac-
tors necessary to determine the level of recovery after
an injury. The QTF chose to define “recovery” uncon-
ventionally as cessation of time-loss compensation.
Not surprisingly, the QTF found that 87% and 97%
of its cohort was “recovered” at 6 and 12 months
after the crash, respectively. To refer to these individ-
uals as recovered_misrepresents the data collected.'®

Unsupported Conclusions. In a table entitled “Preva-
lence of Symptoms at Follow-Up,” the QTF enumer-
ated the four studies on prognosis that were accepted
for review, along with its findings, which were as fol-
low: Norris and Watt®® reported that 66% of their
cohort had neck pain at an average of 2 years after
injury; Radanov et al®® reported that 27% of their
cohort were symptomatic 6 months after the MVC,
and, in a study 2 years later,® reported that 27% of
their cohort had headaches 6 months after the MVC;
and Hildingsson and Toolanen'® reported that 44%
of their cohort were symptomatic at an average of 2
years after the MVC.

Based on its literature review and its cohort study,
however, the QTF concluded that “Whiplash-
associated disorders are usually self-limited,” and
“Patients should be reassured that most WAD are be-
nign and self-limiting,” inaccurately summarizing the
results of its literature review and case-series study.

gian, could not be evaluated for this critique. The re-
maining three articles were stated to have reported a
prevalence of chronicity of 12-18%. However, the
authors did not reference 27 of the 30 articles on
whiplash prognosis available in indexed journals at
the time of their study. A meta-analysis of the 13 high-
est-quality articles on whiplash chronicity showed
that 33% of whiplash-injured individuals will have
chronic neck pain at 33 months after the crash.'® This
more accurate appraisal of the literature-based esti-
mate of chronicity invalidates Bovim et al’s hypothesis
that late whiplash is merely a continuation of pre-
existing neck pain. Additionally, Bovim et al mis-
quoted the article by Gotten,!” claiming he had found
a 12-18% chronicity rate, when in actuality, Gotten
reported a prevalence of late whiplash of 46% at 12
months after the MVC.

Correlational Study

Study by Mills and Horne. Mills and Horne®® compared
the rate of whiplash injuries in Victoria, Australia, with
the rate in New Zealand. They reported that the rate was
substantially higher in Victoria and concluded that the
difference was attributable to the fact that an injured
occupant in Victoria must seek compensation through
the common law system, as opposed to New Zealand,
where apparently it is less difficult to gain compensation
for MVC-related injuries. The authors concluded that
Victorians are “more conversant with and more attuned
to receiving compensation for injury, which may in itself
be stimulus for claiming an injury that they would not
normally have claimed for.”?®

Methodologic Error

Unsupported Conclusions. The authors do not
present any evidence that supports their statement
that the greater barriers to claiming compensation in
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Victoria actually increase claims of whiplash injury.
Indeed, the logical conclusion 1s quite the opposite.
The difference in the whiplash rate between Victoria
and New Zealand may be accounted for by any of a
variety of potentially confounding factors that may
exist between the two countries, including different
criteria for reporting and recording whiplash injuries,
different driving conditions, or different diagnostic
classification systems.

Literature Reviews/Editorials

Review/Editorial by Ferrari and Russell. In their editorial/
literature review, Ferrari and Russell'? stated that more
than “2000 runs of volunteer collisions have been con-
ducted using specialized sled devices and actual vehicles
(old and new, big and small), and never, ever, has the
multitude of chronic symptoms of whiplash patients
been reproduced.”'?

The authors stated that it is “unacceptable, however,
to claim that a muscle sprain or some as yet unidentified
injury 1s responsible for the chronic pain and the large
number of symptoms of whiplash patients. Instead, the
symptom complex can be explained as a whole not by an
injury, but rather by a psychological disorder.”

Methodologic Errors

Unsubstantiated/Unreferenced Claims. Ferrari and
Russell provide no citation for their statement regard-
ing the number or scope of crash testing. The litera-
ture review performed for the current critique re-
vealed published accounts of fewer than 100
volunteers in crash tests, with the largest single major-
ity {42 subjects) from one study that was published
after Ferrari and Russell published their article.*? Al-
though the authors state that no crash test study has
ever produced chronic symptoms, there is no evidence
in the literature to substantiate this statement. The
authors of the current critique were only able to find
two studies with a total of nine volunteers that infor-
mally followed the subjects for more than a few days
to determine if there were chronic symptoms after
crash testing.*>**¢

The authors do not cite any references to substantiate
their statement that it is “unacceptable™ to claim an
as-yet unidentified cause of chronic pain that follows
whiplash. Although the authors state that no cause
has been identified for chronic pain following whip-
lash, they ignore the research of Barnsley et al,® who
have demonstrated quite convincingly the cervical
zygapophyseal joints as the origin of a substantial pro-
portion of chronic neck and head pain following
whiplash trauma. Ferrari and Russell do not cite any
references that substantiate their claim that late whip-
lash is a psychogenic illness.

Review/Editorial by Awerbuch. In his literature review/
editorial, Awerbuch? stated that as soon as a doctor
makes a diagnosis of whiplash, he or she is contributing

to the patient’s potential for chronicity. The author con-
tinued, “later the patient may be referred for a range of
imaging (plain x-ray, computed tomography, isotope
bone scan, MRI, or thermography) which can only be
interpreted by the patient as being necessary to define the
gravity of the ‘whiplash’ injury,” thus, further contrib-
uting to the potential for chronicity.’

Methodologic Error

Unsubstantiated/Unreferenced Claim. The author
does not cite any published sources to substantiate the
statement that treatment and diagnosis contribute to
potential chronicity of whiplash symptoms. Awer-
buch® overlooks the alternative explanation that
symptomatic patients may be more likely to need ad-
ditional treatment and diagnostic testing.

Crash Test Studies

1. Study by McConnell et al (1993). McConnell et al®®
reported the results of human volunteer rear-impact
crash testing of four subjects. They determined that, in
reference to whiplash injuries resulting from rear-impact
collisions, the threshold of a “very mild, single event
musculoskeletal cervical strain injury” is a delta V (the
absolute velocity change of the struck vehicle as opposed
to the speed of the striking vehicle at impact) of 4-5
miles per hour (mph).2¢

2. Study by McConnell {1995). McConnell et al®® studied
the movements and acceleration forces sustained by
seven human occupant volunteers subjected to repeated
rear-end collisions of up to 6.8 mph delta V. They con-
cluded that at a delta V of S mph “the likelihood of
transient acute neck and shoulder muscle strain injury
and possible mild compressive irritation of the posterior
neck may increase” for the average vehicle occupant.
They also concluded that any injury to the low back is
“quite unlikely as a result of a low velocity rear end col-

. . Y
lision.” <>

3. Study by West et al. West et al*® studied the accelera-
tion forces sustained by six human volunteers in crash
testing of five different vehicles. They concluded that ve-
hicle occupants are unlikely to be injured in collisions
with an equivalent barrier speed (EBS) of less than 8§ mph
(EBS is an estimate of impact speed based on vehicle
damage, compared with a known amount of damage
from a 30-mph collision with a fixed barrier). The au-
thors also stated that they did not observe jaw opening
during crash testing and that this finding rebutted claims
that TM] injury can result from whiplash trauma.*®

4. Study by Szaho et al. Szabo et al*® reported on human
volunteer crash testing of five volunteers who were in
vehicles that were struck in the rear at approximately 10
mph by another vehicle, resulting in an average delta V of
S mph. The volunteers were evaluated by an orthopedic
surgeon and underwent magnetic resonance imaging be-
fore and after the crash testing. Although four of five
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volunteers reported having a headache immediately after
the crashes, none had symptoms that lingered for more
than 2 days, and no volunteers reported turther symp-
toms during the subsequent year. The authors concluded
that rear-end collisions with a delta V of § mph or less
were within human tolerance levels, and that injury was
unlikely after such a collision. Szabo et al concluded that
the jaw does not open during whiplash trauma, and
stated that their study results support an earlier author’s
contention that there is no potential for TM] injury as a
result of a whiplash trauma.

5. Study by Szabo and Welcher. Szabo and Welcher*’

reported on volunteer crash testing of four men and one
woman. Each volunteer was exposed to two rear-end
collisions with an average closing speed of 8.9 mph and
an average delta V of 5.8 mph. The authors concluded
that “a rear impact with a change on velocity of [S mph]
or less is within tolerance for a reasonably healthy occu-

pant...”

6. Study by Mertz and Patrick (1967). Mertz and Patrick?’
studied the responses of a human volunteer, a cadaver,
and anthropomorphic dummies to simulated rear-end
collisions. They compared the responses of the volunteer
with an index of neck injury that was developed for the
study by statically loading the neck of one of the authors
with tension to the point that the author believed that
injury might occur. The authors concluded that a 10-
mph rear-cnd impact for an unsuspecting occupant was
within human tolerance for injury.?’

7. Study by Mertz and Patrick (1971). Mertz and Patrick?®
used an anthropometric dummy, four cadavers, and one
of the authors for sled testing simulating a rear-impact
collision. The author who had volunteered for the study
sustained accelerations at the head of 1.9-6.8 gravity (g)
with no injury. However,2 9.8 g acceleration resulted in
back and neck injury. The authors developed a guide for
tolerance to injury in a whiplash trauma.””

8. Study by Rosenbluth and Hicks. Rosenbluth and Hicks*
studied the acceleration forces sustained by two human
crash-test volunteers who were seated in a vehicle that
was struck from behind atan EBS of up to 4.8 mph. They
concluded that an EBS of 4.8 mph was below the thresh-
old of human injury tolerance. The authors also mea-
sured the acceleration forces at the head (as measured by
tri-axial accelerometers affixed to a helmet) of a 7-year-
old child and a 29-year-old adult skipping rope. They
reported that acceleration at the head was similar to that
found in the crash testing.*

9, Study by Howard et al. Howard et al?® studied the
acceleration forces at the TM] that occurred during rear-
impact crash testing of four human volunteers. These
authors used accelerometers fitted to a bite plate to mea-
sure the acceleration forces at the approximate level of
the TM] during S mph delta V impacts. They concluded
that the forces measured at the jaw during crash testing

constitute a “minor fraction” of the normal forces expe-

rienced during mastication, and that low-velocity whip-
- 20

lash trauma cannot cause injury to the TM].

10. Study by Castro et al. Castro et al'! studied the effect
of 17 rear impacts with an average delta Vof 7.1 mph on
14 men and S women (the authors did not specify which
two study participants were excluded from crash test-
ing).'! Of the 17 impact-exposed participants, five
(29%) reported whiplash symptoms following testing,
including one male participant who had objective find-
ings of injury 10 weeks after the crash. The authors con-
cluded that “the ‘limit of harmlessness’ for stresses aris-
ing from rear-end impacts with regard to the velocity
changes lies between [6.2 mph] and [9.4 mph].”

Methodologic Errors

Inadequate Study Size (Studies 1-10). When attempt-
ing to study a population sample to make an inference
that is applicable to a population bevond that of the
study, it is essential to use inferential statistics to de-
termine if the study results were causally related to the
variables under study, or if they were caused by ran-
dom variation. With crash testing, the dependent vari-
able (the variable under study) is injury status; either
an occupant is injured or not injured. Because the two
outcomes are mutually exclusive, a 95% confidence
interval can be established for the study results using a
binomial probability distribution that is based on the
study size. That s, if the study were to be repeated, the
959, confidence interval tells us how many and how
few injuries are possible, based on the results of the
current study. The width of a confidence interval is
indirectly related to the number of participants in a
study, because random error makes the interpretation
of the study results less precise, e.g., if a coin is tossed
three times and heads is observed all three times, it is
much less precise to state that the coin has heads on
both sides, in comparison with 100 coin rosses result-
ing in heads.

Even with crash testing, with as many as 20 partici-
pants who sustain no injury in the crash test, the prob-
ability of injury in a larger population is stll 0.15
(based on the confidence interval), which means that
three participants could be injured the next time the
same study is conducted with the same individuals,
and those results would still be consistent with the
results of the current study. Thus, the confidence in-
terval for crash test studies of five or six individuals is
too wide to conclude that no injury is possible under
similar conditions. To describe the range of injury
responses for the general population adequately,
given the wide variety of human susceptibility to n-
jury, vehicle types, crash conditions, and other such
variables, many hundreds or even thousands of indi-
viduals would need to be studied in crash tests.

Nonrepresentative Study Sample (Studies 1-10). The
participants in the crash test squdies consisted of the
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Figure 1. Reprinted with permission from SAE paper no. 710855.%8

© 1971 Society of Automotive Engineers, Inc.

authors of the studies, employees of the corporations
financing the study, and other associates of the au-
thors who may have a vested interest in the outcome
of the study. In addition, almost all of the test subjects
were male. To generalize the results of any study to a
larger population (in this case, the general population
at risk for whiplash injuries), the study population
must adequately represent the larger population.

Nonrepresentative Crash Conditions (Studies 1-10).
Even if the numbers of study participants were suffi-
cient to generalize the results of the above-listed crash
tests to the general population, the results would be
applicable only to healthy men who were prepared for
a rear impact and perfectly situated in the vehicle seat
at the time of impact. Only a very small proportion of
the crash-injured population fits this description.

For their crash test, Mertz and Patrick®® used a sled
scat with a specially designed head restraint that did
not allow for any posterior movement of the head
(Figure 1). The results of such crash testing are not
generalizable to the population at risk for whiplash
trauma, because car seats allow for posterior excur-
sion of the head, which is the most significant injury-
producing phase of whiplash trauma.?®

Inappropriate Study Design (Studies 8 and 9).
Howard et al?® used a bite plate to measure forces at
the TM]J, which required firm closure of the mouth on
the plate. Because jaw-opening is integral to the mech-
anism of injury at the TM] during whiplash,*' having
the participants keep their mandible firmly elevated
during the crash testing defeated the purpose of the
study, and the results are meaningless with regard to
the actual forces sustained at the TM] during 7 rivo
whiplash trauma.

Rosenbluth and Hicks*" gave no rationale for com-
paring whiplash trauma with rope-skipping. The
maximum acceleration reported in the x vector was

3.5 g for the 7-year-old and approximately 1 g for the
29-year-old, far less than ranges of acceleration re-
ported by other authors for low-speed, rear-impact
crash testing (6-14.5 g).***% The difference between
the acceleration noted for the child and that for the
adult may be artifactual, because the helmets were
secured to the study participants with a single strap
under the chin, an arrangement that may have al-
lowed for excessive movement between the helmet
and the head (Figure 2).

Unsupported Conclusions (Studies 9 and 10).
Howard et al*” compared the acceleration forces mea-
sured at the TM]J during a low-velocity rear-impact
collision with those of mastication, concluding that
the noninjurious forces of mastication were far
greater than those of whiplash trauma. However, the
authors did not study acceleration forces specifically
at the TMJ; therefore they cannot compare the forces
measured in their study with those found with masti-
cation, because mastication produces a differential ac-
celeration between the cranium and the mandible. Be-
cause the jaw was closed in this study, the mandible
was accelerated at the same rate as the cranium, and
no differential movement for the two osseous compo-
nents of the TMJ was allowed. There was no scientific
support for the conclusions of the authors regarding

Figure 2. © ASTM.*® Reprinted with permission.
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TM] injury potential in the methods or results of
this study.

Castro et al'! noted symptoms of whiplash injury in
29% of their study subjects, vet ignored their study
results when concluding that similar impacts were
harmless. The authors contradicted their own study
findings in their conclusions.

Biomechanical Studies

Study by Allen et al. Allen et al' studied the acceleration
forces of common movements in eight volunteers with
triaxial accelerometers affixed to a helmet. They reported
peak accelerative forces, measured while subjects
“plopped in a chair,” that were similar to accelerative
forces recorded during published accounts of volunteer
crash testing. Citing the results of their study, the authors
stated that “no-damage accidents,” like the common
movements examined in the study, were unlikely to
cause mjury.

Methodologic Errors

Unsupported Conclusions. Allen et al' concluded that
whiplash trauma and ordinary daily movements were
comparable, even though none of the movements
studied duplicated the vector or force of whiplash
trauma. The majority of acceleration in a rear-impact
crash is in the x vector, i.e., front to back. The largest
single acceleration reported by these authors was
10.1 g in a diagonal vector (54.9 degrees from hori-
zontal) during “plopping 1n a chair” (Figure 3) How-
ever, the x vector component was only 5.6 g. In “Ta-
ble 2” of their article, the mean x vector acceleration
of plopping in a chair was 3.3 g, the highest mean x
vector acceleration of all of the movements. In actu-
ality, Allen et al reported that 10 of the 13 movements
studied had mean x vector accelerations of less than
2 g. In comparison, West et al*® reported a range of
peak acceleration at the head during crash testing of
six volunteers of 6-14.5 g (at 9 km/hour EBS). Sieg-
mund et al,*? in the largest published crash test to
date, reported 6.7-12 g of peak head acceleration
among 41 study participants crash-tested at 8 km/
hour delta V. Additionally, the duration of peak ac-
celeration of the movements studied by Allen et al
{approximately 1 millisecond) is not comparable with
the duration of peak acceleration measured during
whiplash trauma (70 milliseconds).** Taking into ac-
count both components of acceleration {magnitude
and duration), whiplash trauma produces a peak ac-
celerative force that is more than 150 times greater
than that produced by plopping in a chair.

Misleading Illustration. In Allen et al’s' illustration of
the acceleration forces measured while “plopping n a
chair,” the authors showed a human head apparently
moving into extension, with an arrow traveling rear-
wards through the head, and “10.1G” labeled at the
arrow head (Figure 3). However, the legend of the

=)

Figure 3. Vector forces. Schematic respresentation of the vector
forcers and direction for the high values of “plop in chair” event,
scaled to represent the angle at which the forces would be
expressed. {The apparent axis of rotation of the head in this
schematic is not the true motion of the head. it is an expression of
the acceleration forces. (Reprinted with permission from Lippin-
cott-Raven).’

figure parenthetically states “the apparent axis of ro-
tation of the head in this schematic is not the true
motion of the head. It is an expression of the acceler-
ation forces.” In spite of the disclaimer in the legend,
it appears that the authors are attempting to convince
the reader that “plopping in a chair” produces the
same vector and magnitude of acceleration, as well as
movement at the head, as a rear-end collision.

Inappropriate Study Design. Allen et al' did not give a
rationale for comparing common movements that do
not usually cause injury to whiplash trauma, which
results in 2.9 million injuries annually. By its design,
Allen et aP’s study could not yield any information
about whiplash injuries, because neither whiplash in-
juries nor the mechanism of injury in whiplash injuries
was studied.

Study by Howard et al. In their article on the theoretical
biomechanics of temporomandibular joint during whip-
lash trauma, Howard et al?! state that “head accelera-
tions produced by forces in the neck (extension-flexion
motion). . .will generate forces in the temporomandibu-
lar joints that. . .are of substantially lower magnitude
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than the forces encountered routinely with normal mas-
tication.”?! They also state that the normal motion of
chewing produced “greater potential to produce trau-
matic injury” than whiplash trauma.

Methodologic Error

Uthe au-

Inappropriate Study Design. In this article,?
thors theorized that extension of the head with the
mouth closed would not cause injury to the TM]. Al-
though this may be true, the most widely accepted and
rescarched model of TM] injury during whiplash cen-
ters around jaw opening during cervical extension, a
motion that leaves the TM] much more susceptible to
posterior joint and intra-articular disc injury than
when it is closed.*! The comparison that Howard et al
make between the forces acting on the TM] during
whiplash trauma and the normal forces of mastication
is fundamentally unsound. The position of the joint at
the point of maximum force (closed) as well as the
direction (cephalad) and type (compression) of the
force during mastication cannot be compared mean-
ingfully with the position of the joint (open) and the
direction (posterior) and type (shear) of force during
whiplash trauma to the TM]J.

Discussion

The methodologic flaws most frequently found in the
reviewed studies were the use of a nonrepresentative
study sample (60% of studies), inadequate study size
(60%), nonrepresentative crash conditions (50%), and
inappropriate study design (45%). Other flaws found
were unsupported conclusions (25% of studies), unsub-
stantiated/unreferenced claims {15%), misquoted litera-
ture (5%), improper use of terminology (5%), and mis-
leading illustrations (5%) (Table 2).

All of the articles that had nonrepresentative study
samples and crash conditions, inadequate sample size,
and other errors resulting in poor internal validity
{meaning that bias was present) also had poor external
validity (lack of generalizability) as a result. In other
words, if the study methods were significantly flawed,
the results of the study could not be extrapolated to any
population outside the study.

Although the majority of studies that were reviewed
for this critique were found to be lacking in study num-
bers, it is doubtful that any study size or design will
define a threshold for whiplash injury, because it is prob-
able that one does not exist. This presumption is based
on the confirmed existence of numerous risk factors for
whiplash injury that contribute to a highly variable indi-
vidual susceptibility to injury.

Variables intrinsic to the injured occupant that have
been identified as risk factors for injury presence, sever-
ity, and duration following whiplash trauma are female
gender,'#?? increased age,’” preexisting degenerative
changes in the spine,**® out-of-position occupant in the
vehicle during impact,'? rotation of the head during im-
pact,** lack of preparation before impact,?**’ and a

slender physique,'* collectively referred to as Intrinsic
Injury Risk Factors (IIRF) for the purposes of this liter-
ature review. Risk factors for injury extrinsic to the oc-
cupant are direction of impact,*** presence and posi-
tion of a head restraint,"*** and presence of a shoulder
restraint,>*? referred to as Extrinsic Injury Risk Factors
(EIRF). Acceleration forces interact with the above-
mentioned risk factors, as well as Unconfirmed Probable
Risk Factors (UPRF), such as car seat construction and
bumper dynamics, to produce injury. The number of
meaningful permutations of the IRFs, EIRFs, and UD-
RFs is conceivably in the thousands or tens of thousands,
making volunteer crash testing a highly unlikely study
design for delincating an injury threshold for an en-
tire population.

Conclusions

The resules of the current literature review and critique
suggest that the methodology used by authors attempt-
ing to refute the validity of whiplash syndrome is flawed
generally. With only a few exceptions, however, the
studics reviewed contained other facets that involved rel-
atively sound methods and that contributed to the
knowledge base of whiplash injuries and biomechanics.
Therefore, it is important to reiterate that the current
critique only evaluated study methodology as it related
to statements refuting whiplash syndrome.

It may be concluded, as a result of this literature cri-
tique, that there is currently no epidemiologic or scien-
tific basis for the following statements:

1. Acute whiplash injuries do not lead to chronic pain.
2. Chronic pain resulting from whiplash injuries is
usually psychogenic.

3. Whiplash injuries are unlikely to result in chronic
pain in countries where there is no compensation
for injury.

4. Rear-impact collisions that do not result in vehicle
damage are unlikely to cause injury.

5. Whiplash trauma is biomechanically comparable
with common movements of daily living.

6. There is insufficient force generated at the TM]
during whiplash trauma ro cause injury.

7. TM] injuries are not associated with whip-
lash trauma.

8. There is a direct correlation between vehicle dam-
age and the probability of developing chronic pain
after whiplash trauma.

9. Chronic pain following acute whiplash injury is
caused or worsened by treatment and diagnos-
tic testing.

10. The risk of chronic neck pain among acutely in-
jured whiplash victims is the same as the prevalence of
chronic neck pain in the general population.

As the body of literature about whiplash increases,
reports with findings that support one side or another of
the legal debate over the validity of whiplash syndrome
are increasingly likely to be used in legal settings. Editors
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and manuscript reviewers need to be alert for articles on
whiplash with flawed methodology or that over-
extrapolate their findings. The purpose of the current
critique is to provide an overview of some of the weak-
nesscs and the strengths of the literature on whiplash.
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