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Study Design. Best evidence synthesis.
Objective. To undertake a best evidence synthesis on

the burden and determinants of whiplash-associated dis-
orders (WAD) after traffic collisions.

Summary of Background Data. Previous best evidence
synthesis on WAD has noted a lack of evidence regarding
incidence of and risk factors for WAD. Therefore there
was a warrant of a reanalyze of this body of research.

Methods. A systematic search of Medline was con-
ducted. The reviewers looked for studies on neck pain and
its associated disorders published 1980–2006. Each rele-
vant study was independently and critically reviewed by
rotating pairs of reviewers. Data from studies judged to
have acceptable internal validity (scientifically admissi-
ble) were abstracted into evidence tables, and provide the
body of the best evidence synthesis.

Results. The authors found 32 scientifically admissible
studies related to the burden and determinants of WAD.
In the Western world, visits to emergency rooms due to
WAD have increased over the past 30 years. The annual
cumulative incidence of WAD differed substantially be-
tween countries. They found that occupant seat position
and collision impact direction were associated with WAD
in one study. Eliminating insurance payments for pain
and suffering were associated with a lower incidence of
WAD injury claims in one study. Younger ages and being
a female were both associated with filing claims or seek-
ing care for WAD, although the evidence is not consistent.
Preliminary evidence suggested that headrests/car seats,
aimed to limiting head extension during rear-end colli-
sions had a preventive effect on reporting WAD, espe-
cially in females.

Conclusion. WAD after traffic collisions affects many
people. Despite many years of research, the evidence
regarding risk factors for WAD is sparse but seems to
include personal, societal, and environmental factors.
More research including, well-defined studies with accu-
rate denominators for calculating risk, and better consid-
eration of confounding factors, are needed.

Key words: neck injury, whiplash-associated disor-
ders, traffic collision, systematic review, epidemiology.

Whiplash injuries occur primarily after motor vehicle
collisions, although they can also occur in other settings,
such as work and sports. The Québec Task Force on
Whiplash-Associated Disorders defined whiplash as “an
acceleration-deceleration mechanism of energy trans-
ferred to the neck that results in soft tissue injury that
may lead to a variety of clinical manifestations including
neck pain and its associated symptoms.”1 That task force
also coined the term “whiplash-associated disorders”
(WAD) to describe the clinical entities related to the in-
jury, and to distinguish them from the injury mechanism.

It is likely that WAD results from cervical sprain or
strain. The exact pathophysiology is not known, and
there may or may not be damage to soft tissue, including
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the joints, ligaments and/or the muscles in the neck,
posterior shoulder and upper thoracic regions. Cervical
fractures are generally excluded from WAD, even though
they sometimes occur as a result of a whiplash accelera-
tion/deceleration mechanism. Although traffic collision
is the most common cause of WAD, the disorder can also
occur as a result of falls or other mishaps.2

A range of biomechanical research has been published
exploring possible mechanisms of injury to the neck.
One key area of interest is to determine the minimum
threshold of force during an impact that is required to
produce WAD. That literature includes experimental
studies of crash tests using dummies, animals or human
cadavers, and volunteers.3–5 The experimental literature
using dummies, animals or human cadavers was outside
of the mandate of the Neck Pain Task Force, and we did
not include those studies in our best evidence synthesis.

The occurrence of WAD is based on a combination of
factors, including exposure to a whiplash mechanism,
followed by the appearance of symptoms or clinical
signs. However, there is no gold standard diagnostic test,
such as radiograph, computerized tomography (CT) or
magnetic resonance imaging (MRI), to detect WAD. The
clinical diagnosis is also confused by the high prevalence
of neck pain and other WAD-like symptoms in the gen-
eral population and in the working population.2,6

In the introductory paragraphs of this report of the
Bone and Joint Decade 2000–2010 Task Force on Neck
Pain and Its Associated Disorders, details of the back-
ground of the Task Force and its purpose are presented.6a

The overall objective was to conduct a systematic search
and a critical review of the literature to produce a body
of the best evidence on neck pain and its associated dis-
orders. This includes findings on incidence, prevalence,
risk, diagnosis, prognosis, treatment, and prevention.
This article reports a best evidence synthesis on inci-
dence, prevalence and risk factors of WAD after traffic
collisions, i.e., for neck pain after traffic collisions. Other
results of the best evidence on neck pain and its associ-
ated disorders are reported elsewhere.7–10c,17–19

Materials and Methods

Design and Data Collection
The literature search and critical review strategy are outlined in
detail elsewhere.7 Briefly, we systematically searched the elec-
tronic library database Medline for literature published from
1980 through 2005 on neck pain and its associated disorders
(including neck pain after traffic collisions); we updated our
search with key articles published in 2006 and early 2007, and
we also systematically checked reference lists for other poten-
tially relevant articles. Our electronic search strategy is de-
scribed in more detail elsewhere,7 and is available in detail
online.

Each citation was screened for relevance to the Neck Pain
Task Force mandate, using a priori inclusion and exclusion
criteria. However, we made no attempt to assess the scientific
quality of studies when establishing this level of relevance.
Studies were considered relevant if they pertained to neck pain
assessment, diagnosis, incidence, prevalence, determinants,

risk factors, prevention, course, prognosis, treatment and reha-
bilitation; if they pertained to the economic costs of neck pain;
if they contained data and findings specific to neck pain and/or
disorders associated with neck pain; if they included at least 20
persons with neck pain or at risk for neck pain; or if they
described a systematic review of the literature on neck pain.

We included neck pain resulting from traffic-related whip-
lash injuries, and work-related injuries and strains, and neck
pain from sports injuries and of unknown etiology in the gen-
eral population. Clinical case series were included if they were
judged to be of special relevance to the Neck Pain Task Force
report, for example, if they were frequently cited in the litera-
ture, or if they focused on a topic for which there was little or
no information available. We excluded studies on neck pain
that was associated with serious local pathology or systemic
disease, such as neck pain from fractures or dislocations (ex-
cept for studies on assessment, where such studies can inform
differential diagnosis), infections, myelopathy; rheumatoid ar-
thritis and other inflammatory joint diseases; or tumors.

Quality Assessment
Rotating pairs of clinician/scientist reviewers (members of the
Scientific Secretariat) performed independent, in-depth, critical
reviews of each article, identifying methodologic strengths, and
weaknesses. After a full discussion of each article, the reviewers
then made decisions about the article’s scientific and clinical
merit. Criteria used in the methodologic appraisal of the studies
are available on the following internet site (address of our web-
version). Our appraisal focused on sources of potential selec-
tion bias, information bias, and confounding; we also consid-
ered whether these biases would likely result in erroneous or
misleading conclusions.

Studies judged to have adequate internal validity were in-
cluded in our best evidence synthesis. We divided our syntheses
of evidence regarding incidence, prevalence, risk factors, and
prevention based on the following source populations: work-
ers; people involved in traffic collisions; and finally, the general
population (which included people with sports-related neck
pain).

Analysis
To better delineate risk factors and evidence strength from
cohort studies where risk factors were assessed, we adapted a
ranking method used in previous studies and systematic re-
views.8–12 The methodology acknowledges three types of analytic
approach when assessing associations between determinants and
an outcome:

● Phase I studies are hypothesis-generating, descriptive in-
vestigations that explore crude associations between single
factors and outcome.
● Phase II studies are also exploratory, but use stratified or
multivariable analyses to identify sets of predictors.
● Phase III studies are hypothesis-driven and confirmatory.
The goal is to confirm or refute hypotheses about the appar-
ent relationship between a particular risk factor and the
outcome of interest (in this case, onset of neck pain), after
adjusting for confounding.

Organization of the Findings
We have organized our results for incidence of WAD based
on study settings (i.e., emergency room visits and insurance
injury claims). We classified the studies identifying prognos-
tic factors into Phase I, II, or III studies (described earlier).
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We used this framework in our synthesis of the studies and in
our development of summary statements of the evidence.
Where the evidence from different studies varied, more em-
phasis was given to evidence from well-conducted Phase III
studies, and secondarily, to well-conducted Phase II studies.
The best evidence synthesis links summary statements and
conclusions to the evidence tables, so that the evidence
which formed the basis of any statements is made clear.13–15

In accordance with our conceptual framework on the
course and care of neck pain,16 and similar to the organiza-
tion of other papers in this supplement,2,6,17–19 we further
classified risk factors into the following categories:

● Demographic and socioeconomic factors: These are usu-
ally either nonmodifiable (for example, age, and gender) or
not easily modifiable (for example, socioeconomic status).
● Prior health/prior pain/comorbidities: These can be clas-
sified as “impairments” according to the WHO’s ICF frame-
work.20

● Collision factors: These could include information about
the collision, such as direction of impact, occupant’s seat
position, and use of headrests and other safety devices.
Some of the factors may be modifiable, through car design.
● Psychological and social factors: These would include de-
pression, anxiety, and coping strategies, and interpersonal
factors (e.g., relationships with friends). Many of these fac-
tors are potentially modifiable.
● Societal factor: This would include the prevailing com-
pensation systems and laws. Such factors are potentially
modifiable, although not on an individual basis.
● Genetic factors: These are potentially important factors,
although not considered modifiable.
● Cultural factors: This would include health lifestyle fac-
tors, and perception of health, including health expectations
and beliefs. Some may be potential modifiable, others not
easily modifiable.

Incidence rates, estimates of prevalence, and relative risks
with confidence intervals from these studies are presented in the
tables, or when possible, calculated from data contained in the
papers.

Studies concerning neck pain related to mechanisms other
than motor vehicle collisions are described elsewhere in the
Neck Pain Task Force Report.2,6 However, studies containing
information related to both risk of neck pain due to traffic
collisions and information about risk of neck pain due to un-
specific mechanisms in the general population are cited in both
this article and in Hogg-Johnson et al.2

Results

Our results are organized according to study design, the
subpopulation of interest and the type of evidence found
in the literature. Four evidence tables summarize the ad-
missible papers as follows: cohort studies providing evi-
dence on incidence and risk factors (Tables 1 and 2,
available online through Article Plus); experimental studies
providing evidence of possible injury mechanism in low-
impact, rear-end collisions (Table 3, available online
through Article Plus), and cohort and cross-sectional stud-
ies providing evidence on prevalence and/or associated fac-
tors (Table 4, available online through Article Plus).

The reviewers looked at 469 relevant studies relating
to incidence, risk factors, and prevention of neck pain
and its associated disorders. Of the 249 studies (53%)
judged to be scientifically admissible, 32 were related to
WAD after traffic collisions and are included in the best
evidence synthesis.1,21–51 Eighteen of the studies are from
Europe, eight are from North America, four are from Aus-
tralia, one is from Asia, and one is a systematic review.

Cumulative Incidence
There were nine scientifically admissible studies on the
annual cumulative incidence of neck injuries based on
population denominators (Table 1, available online
through Article Plus).21,25,27–29,40,41,43,46 These studies are
from different time periods, different settings, and span five
different countries (Sweden, the United Kingdom, the Neth-
erlands, the United States and Canada).

Emergency Room Visits for WAD. Four of the accepted
studies were from the northern part of Sweden. The two
oldest studies included all mechanisms of injury, but the
traffic specific incidences were given or could be calcu-
lated; thus these traffic-specific incidences are included in
this article.25,27 The two most recent studies included
motor vehicle injuries only.28,43 Over time, there was an
increase of the number of subjects seeking emergency
room health care for traffic-related WAD, with an annual
cumulative incidence increasing from 83 per 100,000
inhabitants (1985–1986), to 142 per 100,000 (1988–
1990), to 147 per 100,000 (1990–1991), and to 302 per
100,000 (1997–1998). The latter study also included vis-
its to general practitioners (about 10% of the cases). A
1983–1984 hospital-based study from the United King-
dom (which included persons presenting to hospital for
evaluation of WAD symptoms) reported an annual inci-
dence of WAD of 27.8 (95%CI 23.6–32.6) per 100,000
inhabitants.40 A Dutch study identified patients who had
been exposed to a traffic collision and had attended an
emergency department, complaining of neck pain.46 Over
a 20-year period, they found a 10-fold increase in such
visits, from an average annual incidence of 3.4 visits per
100,000 inhabitants (1970–1974) to 40.2 visits per
100,000 (1990–1994). Quinlan et al reported the weighted
annual incidence of emergency room visits to be 328 visits
(95%CI 254–402) per 100,000 inhabitants, based on the
population of the United States in the year 2000.41

Insurance Claims for WAD. Two studies from Canada
used insurance data to assess the cumulative incidence of
WAD. These studies included those who made a claim
and/or who presented for treatment for WAD (since ini-
tiating treatment also resulted in making an insurance
claim). The incidence of reported/treated injuries varied
substantially, from 70 per 100,000 in the province of
Québec in 1993,21 to approximately 600 per 100,000 in
the province of Saskatchewan in 1995.29 During the last
6 months period of a “tort” system (as opposed to a “no
fault” system) in Saskatchewan in 1994, the incidence
was 417 per 100,000. This is despite the fact that, in
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those years, it was possible to for people in both prov-
inces to make claims for disability and treatment costs.
However, policy conditions may have differed in other
ways between these provinces, for example, inception
into the Québec cohort study was limited to those who
actually received compensation, although this difference
is unlikely to completely explain the large difference in
incidence.

Factors Associated With WAD in Traffic Collisions
Twelve cohort studies presented factors associated with
WAD after traffic collisions (Table 1; available online
through Article Plus).11,21,24,27,29,31,32,35,38,41,46,48 Ten
of these studies were Phase I studies, one was a natural
experiment, and one was a Phase II study. All potential
risk factors for WAD that have been investigated in sci-
entifically admissible cohort studies are listed in Table 2
(available online through Article Plus). All studies iden-
tified WAD cases through either hospital attendance or
insurance claims.

Demographics/Socioeconomic Variables in WAD

Gender. The evidence that gender is associated with risk
of WAD is inconsistent, although it seems as females are
at slightly greater risk. Three studies based on hospital
attendance did not find any gender differences in risk for
sustaining WAD25,27,46; however, one other study found
that female gender was associated with seeking hospital
care due to WAD.41 Furthermore, one Phase I study,21

one natural experiment29 and the Phase II study,24 all
based on insurance claims, found that females had a
slightly increased risk of WAD compared to males. In the
study by Cassidy et al, we recalculated the gender strat-
ified incidence and the results reveal that the gender dif-
ference was greater during the period of no-fault system
(IRR 1.6) compared to claiming under tort system
(IRR � 1.1).29

Age. In a Phase II study, younger age was associated with
a slightly higher risk of WAD (IRR point estimates were
less than 1.2 for all age groups), compared with age 55
years and older.24 A recalculation of the age stratified
incidence in a large natural experiment showed a much
stronger (unadjusted) association between younger age
and being treated for or claiming for WAD, especially
when claiming under the tort insurance system (IRR for
ages 18–23 � 4.6 under tort and IRR � 3.5 under the no
fault system).29

Prior Health/Prior Pain/Co-Morbidities in WAD. In one
Phase I study, subjects who recalled having more than 1
day a month of neck pain before a rear-end collision had
a higher incidence of acute neck pain after the collision.38

We found no scientifically admissible studies examining
whether degenerative changes in the cervical spine in-
crease the risk of WAD after a traffic collision. However,
the fact that younger age groups are more likely to seek
health care or file a claim for WAD (see above) argues

against that association, since degenerative changes are
highly associated with increasing age.

Collision Factors in WAD. One Phase II study of persons
filing an traffic-injury insurance claim reported that
WAD was associated with being the driver or the front
seat passenger (vs. being a rear seat passenger) and being
exposed to a rear-end or frontal collision (vs. a side col-
lision).24 A Phase I study (of insurance claims) found that
persons exposed to rear-end collisions and seated in cars
equipped with tow-bars were not at higher risk for re-
porting WAD.35 Results from one Phase I study (of in-
surance claims) suggest that the type of restraint used to
secure children in vehicles was not associated with neck
injury in children (recalculated by the Neck Pain Task
Force).48 However, differences in the subjects’ age might
have impacted on the findings, since the different child re-
straints are age specific.

Two studies (of insurance claims) assessed the effect of
equipment aimed at limiting head extension during rear-
end collisions (Table 1, available online through Article
Plus).31,32 One study found female drivers, but not
males, had a lower rate of WAD if they were in cars
equipped with “good-rated” (vs.“poor-rated”) head re-
straints.31 The other study found that active (i.e., acti-
vated automatically in case of a rear end collision and not
movable by the driver/passenger) devices such as active
head rests and seat backs were associated with an overall
43% significant reduction in WAD claims in favor of the
devices.32 The effect was greater in females.

Psychological and Social Factors in WAD. We found no
scientifically admissible study or studies examining the
effect of psychological or social factors in the onset of
WAD after traffic collision.

Compensation, Legal, Societal Factors in WAD. One study
found that, at the population level, changing the insur-
ance system from tort (involving compensation for pain
and suffering) to no-fault (higher health care, income
replacement and other benefits, but no compensation for
pain and suffering) was associated with a 40% lower
incidence rate of filing an insurance claim or seeking health
care treatment for WAD after traffic collision.29

Genetic Factors in WAD. We found no scientifically ad-
missible study or studies examining the effect of genetic
factors on the onset of WAD after traffic collision.

Cultural Factors in WAD. We found no scientifically ad-
missible studies examining the effect of cultural influence
on the onset of WAD after traffic collision.

Experimental Studies
We found two admissible experimental studies involving
exposing volunteers to low-speed collision and recording
the onset of neck pain and associated disorders (Table 3,
available online).26,30 Approximately one-third of sub-
jects exposed to such a low-speed collision (where the
speed change at impact was between 4 and 8 km/h) re-
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ported transient WAD symptoms.26 However, so did
one-quarter of subjects exposed to a sham collision.30

Other Health Factors and WAD
We included 12 studies which looked at various health-
related factors and their associations with previous motor
vehicle collision (Table 4, available online through Article
Plus).22,23,33,34,36,37,39,42,47,50,51

Three of these studies were cohort studies describing
the incidence and/or prevalence of factors associated
with WAD.33,37,51 One study describes the prevalence of
various precollision health conditions and incidence of
postinjury symptoms affecting neck injury insurance
claimants in Saskatchewan.33 Both sexes also had a high
incidence of WAD symptoms other than neck pain, al-
though in general, females reported more postinjury
symptoms than males. For example, in addition to neck
pain, 86.1% of women reported postinjury headaches as
a result of the collision (as did 78.4% of men); 64.6% of
women reported low back pain (as did 61.9% of men);
and 20% of women reported reduced or painful jaw
movement (as did 13.2% of men). Females also reported
a higher prevalence than males of preinjury health com-
plaints, such as prior neck/shoulder pain, headaches, and
low back pain.33 One study examined the incidence of
temporomandibular disorders, treated by dentists in
Australia and reported to a motor insurer. These were
uncommon: The incidence of treated temporomandibu-
lar disorders in WAD claims was 0.05% over a five-year
period.51 One study by Matsumoto et al, found that cer-
vical lordosis and angular kyphosis were equally preva-
lent in normal controls and in patients with acute WAD
(presenting to hospital after the injury).37

Nine cross-sectional studies/case series described as-
sociations between various health complaints and having
persistent WAD.22,23,34,36,39,42,45,47,50 Three of these
studies looked at cognitive functioning/malingering in
patients with chronic WAD.34,39,42 We conclude from
these studies that no evidence exists to show that poor
cognitive functioning in patients seeking treatment for
chronic WAD is the result of demonstrable brain dam-
age; instead, these deficits may be linked to a chronic
health condition (including chronic pain). A study by
Guez et al found no evidence of malingering on MMPI in
21 volunteers with chronic WAD.34 However, in an-
other study which differentiated litigants and nonliti-
gants, litigants were found to obtain higher scores on a
malingering test.42 However, this should not be taken to
mean that litigation leads to malingering or that those
who litigate are malingerers.

Four studies looked at associations between reporting
a WAD and different psychological states.22,23,36,47 One
cross-sectional study assessed coping in WAD patients
who had been referred to a tertiary rehabilitation clinic
3–22 months after their injury, and found that pain in-
terference was associated with type of coping strategies
used, but pain severity was not associated with any par-
ticular type of coping.36 Another cross-sectional study

reported that in patients with chronic pain and work
disability after WAD, depression and use of the coping
style of “catastrophizing” were associated with reduced
health quality of life.22 Wenzel et al reported greater
anxiety and depression in those who reported that they
had experienced a whiplash trauma at least 2 years pre-
viously: No such association was found for more recent
whiplash trauma.23 Finally, in a study of patients re-
ferred to a specialty research unit for chronic (more than
3 months) neck pain attributed to a motor vehicle colli-
sion, those with chronic headaches and neck pain have
similar psychological profiles (on testing using the SCL-
90) to those with neck pain but no headaches. In the
subgroup of patients with headaches, those with non-
traumatic headaches had higher (signifying more psy-
chological distress) subscale scores than the normative
sample; whereas those with WAD-related headaches had
higher scores than the normative sample on only four
subscales and on the global severity index.47

Another study found that within 1 month of subjects
seeking emergency, hospital or private practice care for
WAD, there was a positive associations between the
early severity of pain and various outcomes, including
generalized hypersensitivity, cervical range of motion,
reported dizziness and psychological distress.50 One
study found positive associations between dizziness and
balance in patients with chronic WAD, who had been
referred to a specialty whiplash clinic.45 It is important to
note that we cannot generalize any of the prevalence
estimates from these cross-sectional studies to other pop-
ulations, since the study samples are selective. It is also
important to note that neither temporal relationships nor
causation can be determined by cross-sectional studies.

Discussion

Our review of the literature found consistent evidence
that the annual cumulative incidence of hospital visits
due to WAD in traffic collisions has increased in some
western countries during the past 30 years. It is unclear if
the observed increase is a true population increase in the
frequency and/or severity of WAD, since it may reflects a
change in care-seeking behavior for suspected neck
injuries after traffic collisions. For example, Verstee-
gen et al found a greater than fourfold increase in
hospital visits due to reported neck sprains from
causes other than car collisions during the last two
decades of the 20th century.52 Alternatively, the in-
crease might possibly reflect changes in how such in-
juries are recorded in health records. Estimates of the
occurrence of WAD using insurance data may be less
prone to those biases. However, ascertaining fre-
quency of WAD through insurance claims may be
prone to other biases, for instance, insurance systems
where there are no benefits for the person responsible
for the collision may underestimate the frequency of
WAD since they would have fewer claims, as may in-
surance systems where insurance claim access is lim-
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ited, or where payments for compensation result in a
significant increase of the insurance premium.

The evidence of gender as a risk factor for seeking
health care or making a claim for WAD is not consistent.
However, the four strongest of the seven studies suggest
that females have a slightly increased risk.21,24,29,41 In-
terestingly, neck pain is also more common in females in
both the general population and in working popula-
tions.2,6 There is also preliminary evidence that neck
pain before a collision might be a risk factor for acute
neck pain after a rear-end collision.38 That might explain
the apparent gender difference in risk (i.e., it might be
that females are more vulnerable to WAD because they
are more likely to have experienced previous episodes of
neck pain, or perhaps already have neck pain at the time
of the collision).

Younger persons seem to be at greater risk of making
insurance claims and/or being treated for WAD. The
strength of this association was variable, and ranged
from an increased risk of only 20% (or less)24 to an over
fourfold increase in risk for the youngest age group (aged
18–23).29 There is also a suggestion that the strength of
the relationship between age and WAD claims/clinical
care for WAD might depend on the characteristics of the
insurance compensation system. These findings also sug-
gest that there is not a strong association between degen-
erative cervical changes and risk of WAD, although this
question should be studied directly.

Despite the fact that the first case series on neck pain
after a whiplash mechanism was published more than 50
years ago,53 the knowledge about risk factors for sustaining
such injury is still lacking. We found no Phase III study or
studies on this topic during our search of the literature. We
only found one Phase II study, in which the authors had
adjusted for a limited number of potential confounders,
and there was one population-based natural experiment.

One reason for this sparseness of evidence and inconsis-
tency in the study findings might be that it is difficult to
obtain accurate and similar denominators to calculate risk
(incidence). Rather than using all vehicle occupants ex-
posed to collisions as the denominator (which would be the
most appropriate denominator, but is difficult information
to obtain), researchers have used proxies, such as registered
licensed drivers,21 population censuses,21,25,27,29,41 or per-
sons involved in collisions where at least one persons was
injured.24 Although recognizing the difficulties in collecting
appropriate data, especially on uninjured occupants in car
crashes or on injured individuals electing not to seek health
care or compensation, we think that studies that include
both collisions with injuries and collisions without injuries
are of utmost importance for the assessment of risk. Such
studies should have clearly stated hypotheses and include
proper controls for potential confounding factors, such as
age, gender, premorbid conditions, and for collision-
specific circumstances.

One potentially important factor in risk of WAD is
the severity of impact, but to date no method exists to
assess this in a standardized way. Although we found

preliminary evidence of a positive, protective effect of
various preventive devices in passenger cars in rear-end
collisions, such findings must be confirmed in larger set-
tings, and with consideration of the persons preinjury
health, age, gender, and other potential confounders.

The two experimental studies included in our best evi-
dence synthesis raise an interesting hypothesis: do low-
speed collisions cause any significant damage to cervical
soft tissues, or might fearfulness and/or cervical muscle ten-
sion fully or partially explain the development of some
WAD symptoms after low-impact exposure? However, the
current evidence does not allow us to draw any conclusions
about a specific injury mechanism, if one exists. We believe
findings from such experiments must be confirmed by con-
ducting methodologically sound studies involving real-life
crashes.

We found no scientifically admissible evidence support-
ing common statements that awareness of the collision and
head position at the time of injury are relevant to WAD
risk. Nor did we find scientifically admissible evidence that
persons with cervical degeneration are higher risk for WAD
than those without this condition. Furthermore, we need to
determine the minimum threshold of impact forces (for sus-
taining WAD) in real-life crashes. It is possible, for exam-
ple, that this threshold differs in different populations (e.g.,
gender, age, prior neck pain).

In conclusion, in the western world, the annual inci-
dence of reported WAD is likely at least 300 per 100,000
inhabitants. The incidence of reported WAD in these
geographic areas has increased over the past 30 years,
but we found no clear explanation for this increase. Risk
factors for WAD are not well established, and there is a
need for more research into this area, both regarding the
influence of personal factors such as for instance premor-
bid conditions, and collision factors. This should include
large, well-defined Phase III studies, and should expand
to include subjects exposed to a whiplash mechanism,
whether or not they sustain a WAD, and whether or not
they elect to file claims or seek health care.

Key Points

● The incidence of reported WAD in western coun-
tries has increased over the past 30 years.
● The annual incidence varied, but in North Amer-
ica and western Europe, the incidence is likely to be
at least 300 per 100,000 inhabitants.
● The evidence of determinants for WAD is sparse,
but personal, societal, and environmental factors
are of importance.
● There is consistent evidence from five studies
that in the western world, the incidence of emer-
gency room attendance due to WAD after a traffic
collision has increased in the general population
during the last 30 years.
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● There is preliminary evidence that persons in
younger ages and persons with prior neck pain
were at higher risk of seeking care or filing a claim
for WAD. The strongest studies suggest that fe-
males were at slightly increased risk, although the
evidence is not consistent.
● There is evidence from one large study (a popu-
lation-based natural experiment, elimination of in-
surance payment for pain and suffering (change
from a “tort” system, where compensation for pain
and suffering is available to a “no-fault” system,
where insurance benefits were increased but no
pain and suffering compensation was available)
was associated with fewer insurance claims for
WAD.
● There is preliminary evidence for the efficacy of
whiplash protection devices aimed at limiting pas-
senger head extension in rear-end collision. One
study (using insurance claims to identify WAD)
found female drivers, but not males, had a lower
rate of WAD if they were in cars equipped with
“good-rated” (vs.“poor-rated”) head restraint po-
sition. Another study of insurance claims found
that devices such as active head rests and seat backs
were associated with reduction in WAD insurance
claims; this positive effect was greater in female
drivers.
● We found no evidence on the effect on crash se-
verity for the onset of WAD. We found no evidence
supporting the common statement that awareness
of the collision and head position at the time of
injury were important in the onset of WAD. Nor
did we find evidence supporting the common state-
ment that persons with spinal degenerative changes
have a higher risk for WAD.

Tables available online through Article Plus.
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9. Carroll LJ, Cassidy JD, Côté P. Depression as a risk factor for onset of an
episode of troublesome neck and low back pain. Pain 2004;107:134–9.

10. Carroll LJ, Cassidy JD, Peloso PM, et al. Prognosis for mild traumatic brain
injury: results of the WHO collaborating centre task force on mild traumatic
brain injury. J Rehabil Med 2004;43:84–105.

10a.Hurwitz EL, Carragee EJ, van der Velde G, et al. Treatment of neck pain:
noninvasive interventions. Spine 2008;33(Suppl):S123–S152.

10b.Nordin M, Carragee EJ, Hogg-Johnson S, et al. Assessment of neck pain and
its associated disorders: results of the bone and joint decade 2000–2010 task
force on neck pain and its associated disorders. Spine 2008;33(Suppl):S101–
S122.

10c.Carragee EJ, Hurwitz EL, Cheng I, et al. Treatment of neck pain: injections
and surgical interventions: results of the bone and joint decade 2000–2010
task force on neck pain and its associated disorders. Spine 2008;33(Suppl):
S153–S169.

11. Cassidy JD, Carroll LJ, Peloso PM, et al. Incidence, risk factors and preven-
tion of mild traumatic brain injury: results of the WHO collaborating centre
task force on mild traumatic brain injury. J Rehabil Med 2004;43:28–60.
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