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disorder” (WAD) to describe the spec-
trum of signs and symptoms that may
be experienced as a result of a whiplash
injury. The annual incidence of WAD

. Systematic review and meta-
analysis.
o Whiplash-associated disorder

(WAD) is the most common reported injury follow-
ing motor vehicle accident. Evidence for prognosis
and intervention are difficult to interpret due to
differences in inception times, outcomes used, and
sample heterogeneity.

. An extensive literature search was
conducted to identify published studies of progno-
sis following whiplash. Rigorous inclusion criteria
were applied to allow for meaningful results to be
drawn. Data were extracted, transformed where
necessary, and pooled to allow estimation of the
odds ratio for any factor with at least 3 data points
in the literature.

. From 11 cohorts (n = 3193), 25
factors were identified with at least 3 data points
in the existing literature. Of these, 9 were found to
be significant predictors based on the odds ratio
and confidence limits: no postsecondary educa-

hiplash following motor vehicle collision is a condition
with substantial social and, in many cases, personal cost.
Whiplash is defined as an acceleration-deceleration
mechanism of energy transfer to the neck, resulting from
rear-end or side-impact collisions but also from diving or other
mishaps.”® Spitzer et al®® coined the term “whiplash-associated

has been reported to range from
70 to 328 per 100 000 population
in Canada® and the United States.**

Insurance data report the indirect costs

tion, female gender, history of previous neck pain,
baseline neck pain intensity greater than 55/100,
presence of neck pain at baseline, presence of
headache at baseline, catastrophizing, WAD grade
2 or 3, and no seat belt in use at time of collision.
Neck pain intensity, WAD grade, headache, and no
postsecondary education were robust to publica-
tion bias.

U Using a rigorous process for
the identification and extraction of data from a ho-
mogenous subset of the prognostic WAD literature,
we were able to identify several factors for which
information is easy to collect clinically and could
provide clinicians with a good sense of prognosis
following whiplash injury.

U Prognosis, level 1a.
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o cervical spine, neck, prognosis,
WAD, whiplash-associated disorder

in Canada in 1995 to be estimated at ap-
proximately $2500 per case.* Patient his-
tory alone can establish that a whiplash
injury has occurred. However, a sound
method for determining the prognosis
is more elusive. Findings of persis-
tent problems in 12% to 84:%2°
of patients at 12-month follow-up
suggest that protracted pain or
disability following WAD is a com-
mon problem.

Since the Quebec Task Force (QTF)*
found that there were few, if any, meth-
odologically sound observational studies
on which to base recommendations for
prognosis, there has been an increase in
cohort studies aimed at identifying risk
factors for persistent WAD. Inconsisten-
cies in time from injury to baseline data
collection, time to follow-up, and out-
comes have made it difficult to synthesize
the literature in this area. Two previous
attempts have been made since the QTF
publication.®?® Both reviews included ar-
ticles of various designs and methodolo-
gies, and both took the form of systematic
review. The findings suggest that there is
strong evidence for high baseline pain as
a predictive factor, but provide little con-
crete information on the extent of risk or
an estimate of clinical impact.

The purpose of this review and meta-
analysis was to statistically synthesize the
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findings from a more homogenous sub-
set of prognostic studies to determine an
estimate of the size and strength of the
odds ratio for potential predictors of per-
sistent WAD-related pain or disability,
when collected within the first 3 weeks
following injury. This information will
allow for numerical comparisons of the
relative increase in the odds that a patient
will develop persistent pain or disability,
based on the presence or absence of the
factors identified herein.

METHODS

Search Strategy

N EXTENSIVE ELECTRONIC LITERA-
Ature search was conducted of 4 in-

ternational databases of scientific
literature (Medline, CINAHL, Embase,
and PsycInfo) from 1995 to May 2007.
We chose to limit our search to articles
published in or after 1995 because this
is the year that the QTF monograph was
released, providing the first standardized
definition of WAD. It is also notable that
the QTF found no published articles of
adequate methodological rigor on the
topic published up to 1993.%

The search terms used were “whip-
lash” or “traffic accident,” paired with
“prognosis,” “prospective” or “cohort,” and
“neck.” A secondary search was conduct-
ed through manual examination of refer-
ence lists of relevant literature identified
in the first search. In total, 4477 articles
were reviewed for relevance to the topic
(FIGURE 1).

Inclusion Criteria

Articles were included for further review
if they met the following criteria: (1) the
authors performed a prospective evalua-
tion of 1 or more clinical risk factors for
chronicity, (2) the inception (inclusion in
study) and all baseline data collection oc-
curred within 3 weeks of a motor vehicle
accident for all subjects, (3) subjects were
followed for at least 6 months postinjury
to determine the presence of ongoing
WAD-related symptoms and/or disabil-
ity, (4) subjects with serious injuries, in-

Medline (189 hits)
Embase (71 hits)
Cinahl (7 hits)
Psyclnfo (180 hits)

Key Words: [prognosis] AND
[prospective OR cohort]
AND [neck injuries OR traffic
accidents OR whiplash OR
neck pain]

Excluded articles (442):

* Not neck related: 182

« Not prognostic study: 13

+ Not in English: 14

« Not whiplash related: 39

* Included subjects under 18 years
of age: 7

 Duplicates: 145

A 4

47 publications retrieved for
detailed review

34 articles excluded after applying
inclusion/exclusion criteria:

+ Did not test predictive ability of items: 5

+ Outcome not presented as
presence/absence of recovery: 10

+ Data not presented adequately for
pooling: 4

- Baseline variables captured >21d
postinjury: 12

* Included fractures or other injuries: 2

v

14 studies/11 cohorts
retained for analysis

FIGURE 1. The search strategy and results.

cluding fracture of the skull or vertebral
column, paralysis, or significant brain in-
jury, were excluded, and (5) all subjects

were 18 years of age or older. Studies were
also required to present sufficient data
to allow for the calculation of effect size
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DESCRIPTIONS OF COHORTS INCLUDED IN THE META-ANALYSIS

Cohort, Authors Sampling Frame Time to Follow-up Outcome Collected Sample Size Study Quality*
1. Atherton et al (2006) Manchester, UK 12mo Report of persistent neck pain at 1, 3, and 12 mo postinjury 480 25
emergency department

Predictors followed:

General health prior to collision, lifetime experience of neck pain, preinjury widespread body pain, general practitioner consultation in year prior to collision, job satisfaction, boring or
monotonous work, fast-paced or hectic work, stressful work, able to make decision at work, ability to learn new things at work, dissatisfaction with support from boss and colleagues, in own
vehicle, collision severity, speed of own vehicle, speed of other vehicle, direction of collision, awareness of collision, position in vehicle, headrest type, seat belt use, airbag, initial injury sever-
ity (subjective), initial neck disability index score, number of other whiplash-associated disorders (WADs) symptoms, WAD classification, cervical bony tenderness, presence of neurological
signs or symptoms, limited range of motion.

2. Berglund et al (2006) Sweden insurance 6,12, 24 mo 1391 27

claims

Neck pain intensity on numeric rating scale (low, moderate,
high); Disability Rating Index (low, moderate, high); Hospital
Anxiety and Depression Scale (present or absent)
Predictors followed:

Gender, age, position in vehicle, individual disposable income, education, type of motor vehicle crash (MVC), awareness of collision, use of head rest, use of seat belt, head position at
impact, car seat broken, initial neck pain intensity, initial headache, self-reported whiplash severity (neck complaints only), neck complaints and perceived reduced neck movements, neck
complaints and perceived reduced neck movements and numbness or pain in arms or hands.t

3. Borchgrevink et al (1997)  Norway emergency 6 mo

department

Headache, neck pain, or neck stiffness every day or 88 15
constantly, using 4-point ordinal scale

Predictors followed:

Age, gender, employment status, family income, collision parameters, personality as measured by MCMI-1 personality inventory.

4. Hartling et al (2000,
2001, 2002)
Predictors followed:
Symptoms before accident, location of initial pain, other symptoms (headache, neck stiffness, upper extremity numbness or weakness, dizziness, nausea/vomiting, vision disturbances,
difficulty sleeping, fatigue, anxiety, difficulty concentrating, depression, total number of initial symptoms), initial severity and frequency of symptoms, position in vehicle, location of accident,
road conditions, prepared for crash, head position, vehicle pushed forward, vehicle hit another in front, seat belt in use, head restraint, head snapped back, head went over headrest, trans-
mission, brake light in rear window, size of vehicle that hit, posted speed limit, gender, age, height, body mass index, missed time from work, amount of time missed from work, changed
work activities, changed leisure activities, WAD category.

Ontario emergency 6 mo?

department

Ongoing WAD, based on frequency and 334 21
intensity of symptoms

5. Hendriks et al (2005) The Netherlands

primary care

12 mo Recovered: pain intensity <<30 mm or work activities 19 27

>78 mm and not on pain medication

Predictors followed:

Age, gender, no postsecondary education, marital status, private insurance, employment status, direction of impact, location in vehicle, seat belt use, unprepared, head restraint and posi-
tion, moving or stationary. Pre-existent health status before injury (neck pain, headache, participation problems, comorbidity, pain medication use before accident). Physical health status
2 weeks after collision (pain medication use, neck pain intensity [visual analog scale (VAS)], total cervical range of motion, high number of complaints, radicular complaints, work activities

[VAS], absent from work), symptom checklist-90, diagnostic radiological or other imaging techniques (yes/ho), use of soft collar.

6. Kasch et al (2001) Denmark emergency 12 mo

department

Work capacity, as evaluated using the response to a 6-item, 141 21
nonvalidated scale (1-2, 3-6)

Predictors followed:

Age, gender, body mass index, pain intensity (VAS), presence/absence of nonpainful complaints (exhaustion, anxiousness, forgetfulness, sleep disturbance, irritability, impaired ability to
concentrate, imbalance, dizziness, nausea, increased sensitivity to noise, tinnitus, paresthesia in upper limbs, dysphagia, blurred vision, diplopia, Millon Behavioural Health Inventory, active
cervical range of motion, cervical neck muscle workload).

(frequency counts, means and standard
deviations, regression coeflicients and
standard error, regression coefficients
and P values, ¢ values, U values, or x? val-
ues). The effect estimate, or statistic, of
interest in this review was the odds ratio
for each predictor studied.

Studies that used the duration of
symptoms—most often in terms of time
to insurance claim closure—as the depen-
dent variable were excluded from this re-
view due to the inability to pool the data
with studies of ongoing symptoms at a
fixed follow-up.

To avoid giving artificially greater
weight to any predictors that were inves-
tigated in the same cohort but reported
in multiple publications, the decision was
made to score quality and extract data by
cohort rather than by study, an approach
similar to the one used by Scholten-Peeters
et al.” A total of 14 studies following 11 co-
horts (total n = 3193) were identified that
fit our inclusion criteria (FIGURE 1). TABLE 1
describes the included studies.

Quality Scoring and Data Extraction
Following the suggestion of Glass,> we

did not exclude articles based on an ar-
bitrary threshold of methodologic qual-
ity. Instead, we developed a scoring tool,
adapted from that of Scholten-Peeters et
al* to allow for better discrimination be-
tween levels of article quality given our
specific purpose. We used the score from
the tool as a moderator variable in further
analyses.

The scoring tool consisted of 17 items
covering the areas of patient sampling,
methodology, statistical analysis, and in-
terpretation of results (APPENDIX A). Two
authors independently scored each paper
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DESCRIPTIONS OF COHORTS INCLUDED IN THE META-ANALYSIS (CONTINUED)

Predictors followed:

Cohort, Authors Sampling Frame Time to Follow-up Outcome Collected Sample Size Study Quality*

7 Kivioja et al (2005) Sweden emergency 12mo “Do you have neck pain now?” (yes/ho) 96 24
department

Predictors followed:

Neck pain before accident, neck pain intensity at baseline, catastrophizing subscale of Coping Strategies Questionnaire, age, gender

8. Nederhand et al Netherlands emergency 6 mo Neck disability index (NDI)S score, dichotomized as no 84 19

(2003,2004) department disability (<15) or disability (=15)

Predictors followed:

NDI, pain intensity (VAS), Tampa Scale of Kinesiophobia (TSK), catastrophizing (PCL-E), isometric muscle activity

9.Radanov et al (1995a,b)  Switzerland 12,24 mo The presence of symptoms related to the crash, 117 17
primary care unclear as to what tool used

Age, gender, education, type of vocational activity, dissatisfaction with occupation, crash mechanism, patient was driver, seat belt, head restraints, seat damage, unprepared, head rotated
or inclined, car stationary, patient at fault, crash assessment by patient, illness or disability worry, familiarity with symptoms of whiplash, history of head injury, history of whiplash, history

of headache, time to neck pain onset, time to headache onset, initial neck pain intensity, initial headache intensity, presence of neck pain, headache, fatigability, shoulder pain, anxiety, sleep
disturbance, back pain, sensitivity to noise, impaired concentration, blurred vision, irritability, dizziness, forgetfulness, swallowing difficulty, jugular pain, neck muscle tenderness, restricted
range of motion, radicular irritation, radicular deficit, signs or symptoms of cranial nerve deficit, diplopia, oscillopsia, unsteadiness, vertigo, tinnitus, myelopathy, olfactory dysfunc-

tion, trigeminal-facial dysfunction, pupillomotor dysfunction, radicular deficit. Injury severity (WAD grade), multiple-symptom score, radiologic findings (misalignment of cervical curve,
osteoarthrosis, signs of restricted movement). Psychosocial stress (neurotic symptoms in childhood, performance problems in school, dysfunctional family, family history of somatic illness,
history of psychological or behavioral problems, current stress). Frieburg Personality inventory, score on well-being scale. Cognitive: self-rated cognitive ability, digit span, corsi block tapping,
number connection test, trail-making test A and B, paced auditory serial addition test (PASAT).

10. Soderlund et al (2000)  Sweden tertiary care

Predictors followed:

6 mo

Symptomatic or not. Nonsymptomatic fall more than half 47 12
an SD below the mean pain numerical rating scale (NRS)

value of the cohort

Pain disability index, self-efficacy scale, coping strategies questionnaire, pain intensity VAS, cervicothoracic posture, cervical range of motion, cervicocephalic kinaesthetic sensibility.

11. Sterner et al (2003) Sweden emergency
department, primary
care

Predictors followed:

16 mo

Disability, ranked according to “none/minor” or “major,” 296 21
based on subjective report of interference with work, leisure

activities, and activities of daily living

Age, sex, education, WAD grade, accident type, frequency of prior neck complaints, prior headache, prior back complaints.

* Highest posstible score, 34.

24-month follow-ups.

" Berglund et al® captured helplessness and locus of control at 1 month postinjury, hence these data were not included in the current analysis.
* Hartling et al” followed subjects for up to 24 months. All data were presented for 6-month follow-up only. WAD grade data were presented for 6-, 12-, 18-, and

to provide an index of interrater reliabil-
ity of the scale using Cohen’s kappa for
categorical items. The kappa value of the
scoring tool was 0.81 across all items. The
kappa values for individual items ranged
from 0.44 to 1.00, with 70% of the items
reaching values of 0.75 or greater. Dis-
crepancies in scoring were primarily due
to errors in reading or interpretation of
scoring criteria, and were easily settled
by consensus.

Data extraction was performed by the
primary author (D.W.). A structured cod-
ing scheme was constructed for each pre-
dictor pertaining to cohort identification
by primary author and year, methodolog-
ic quality (Jlow, moderate, high), sampling
frame (emergency department, primary
care clinic, specialist clinic, insurance

claims), time to follow-up (<12 months,
12-16 months, 18-24 months), outcome
captured (ongoing symptoms, ongoing
disability), and geographic region (North
America, United Kingdom, Scandinavia,
The Netherlands, Australia). Data were
entered into the Comprehensive Meta-
Analysis, Version 2.0 software* (Bio-
stat, Inc, Englewood, NJ) for statistical
manipulation.

Effect Size Calculations

Statistical conversions were required to
allow for the determination of pooled
odds ratios. These conversions were com-
plicated by the range of numerical indices
used for both risk factors and outcomes
across the different studies, including
dichotomous categorical presentations,

means and standard deviations, regres-
sion coefficients, and x? values. To pool
results it is necessary to synthesize find-
ings across studies using a common ef-
fect size estimator. The procedures used
to convert data, where necessary, are de-
scribed in APPENDIX B.

Samples were assembled from various
geographic regions and points of contact
with the healthcare system, all statistical
pooling was performed using a random-
effects model, which is a more conserva-
tive approach when heterogeneity of the
population is thought to exist.!

Missing Data

In studies that indicated the collection
and analysis of a risk factor and de-
scribed “no significant effect” of that risk
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factor without accompanying data, we
used a conservative approach and as-
sumed equal frequency of exposure in
each group of recovered/not-recovered
patients. This forced the odds ratio to
1.00 (log odds ratio, 0.00) with SElOgO Adera
.o (used for calculating 95% confidence
intervals [CIs]) equal to the square root

of the sample variance.

Moderator Analysis

It is possible that effect sizes (magnitude
of the odds ratio in this review) are influ-
enced by systematic sources of bias that
can be explored separately. A moderator
variable can be thought of as a stratifica-
tion variable, in which data are grouped
and analyzed within and between levels
of the variable to determine what effect,
if any, that variable has on the outcome.
In this review, the presence of moderator
variables was determined through evalu-
ation of the Q statistic.” Specifically, we
evaluated the moderating effect of 4 vari-
ables determined a priori: (1) study quality,
based on our quality-scoring tool, catego-
rized as strong (>22/34, n = 4), moderate
(18-22/34, n = 4), or weak (<18/34, n =
3); (2) outcome captured, categorized as
the presence of ongoing symptoms (n =
8) or ongoing disability (n = 4/, with the
study by Berglund et al®> capturing both
outcomes; (3) sampling frame categorized
as emergency department (n = 6), primary
care (n = 4, tertiary care (n = 1), or in-
surance claims (n = 1), with the study by
Sterner et al** sampling from emergency
departments and primary care; and (4)
length of follow-up categorized as less than
12 months (n = 5), 12 to 16 months (n = 8),
or 18 months or greater (n = 3). Hartling
et al,”” Berglund et al,? and Radanov et al?¢
each collected outcomes at multiple time
points, in which case, the earliest follow-
up point was used. These moderators were
chosen based on the possibility that they
may function as confounding variables
in interpretation of results. Geographic
region was also considered for use as a
moderator, given empirical support for
this in the literature®; but our sample of
literature was too small to perform mean-

| LITERATURE REVIEW |

ingful analyses on geographic region.

The Q statistic is a statistical test of the
null hypothesis that the effect sizes from
each cohort in the sample are the same.
The test provides a P value indicating the
probability that the heterogeneity within
the sample of effect sizes is truly greater
than zero. To avoid type II error, we chose
aliberal P value of .1 as significant for het-
erogeneity. For each individual predictor
identified, a significant overall Q . in-
dicates substantial heterogeneity within
the sample of effect sizes. In this case,
the sample is categorized based on 1 of
the moderator variables listed above, and
the Q_,,;, for each category is determined
along with the Q, ., as an omnibus test
of significance between the levels of the
moderator variable. An appropriate mod-
erator variable was identified when the
Q, i, Tor each level of the variable was
nonsignificant, indicating homogeneity
within levels, and the Q, ., Was signifi-
cant indicating heterogeneity between
levels of the moderator. This procedure
can be considered analogous to the F test
in an analysis of variance.

Publication Bias

It is possible that the results of a meta-
analysis are biased due to the fact that
studies finding nonsignificance are less
likely to be published, leading to an
overestimation of the effect size in meta-
analysis. To test for this bias, we exam-
ined the funnel plot for each predictor
and calculated the fail-safe N statistic.?®
The fail-safe N can be considered an om-
nibus test of the robustness of the result,
providing an estimate of the number of
unpublished studies of nonsignificant re-
sults that would be required to nullify the
findings of significant pooled effect size.

RESULTS

HE NUMBER OF PREDICTORS IDENTI-
Tﬁed from the 11 cohorts totaled 239,
averaging 22 predictors and 49 ef-
fect sizes per cohort (TABLE 1). A total of

535 different effect sizes were extracted,
including various permutations of a

single predictor (ie, WAD 2 versus WAD
1, WAD 3 versus WAD 1, WAD 3 versus
WAD 2, and WAD 3 versus WAD 1and 2)
and at all time points.

The definition of chronicity varied for
each cohort. Out of 11 cohorts followed,
there were 13 different criteria for the
presence of persistent pain and/or disabil-
ity. There were 8 cohorts in which some
indicator of persistent symptoms was cap-
tured, and 4 cohorts in which an indicator
of persistent disability was captured, with
Berglund et al® capturing both.

We identified 25 predictors that had
been studied in at least 3 cohorts, and
that had enough information presented
to allow for meaningful statistical pool-
ing. In the interest of clarity and readabil-
ity, the 25 predictors have been grouped
into 4 categories for presentation: patient
demographics (4 predictors), collision pa-
rameters (9 predictors), previous history
(2 predictors), and presenting symptoms
(10 predictors).

Demographic Variables

FIGURE 2 provides a graphic representa-
tion of the odds ratio and 95% CI (forest
plot) for the 4 demographic variables of
older age (n = 1142), no postsecondary
education (n = 2019), female gender (n =
3109), and obese body mass index (BMI)
category (n = 559).

Four studies''*2%% indicated older age
as a variable, but did not provide a clear
definition of “older.” Three studies®'**¢ in-
dicated that older age referred to subjects
over the age of 50, compared with sub-
jects under 50. There was significant het-
erogeneity in the pooling of all studies (Q
=16.7, P = .025) for older age, so a mod-
erator analysis was performed. When the
studies were stratified by type of outcome
(persistent symptoms versus disability),
the Q,,,,, became nonsignificant while
the Q, ..., remained significant, indicat-
ing an appropriate moderator was found.
As seen in FIGURE 2, the size of the effect of
older age on the risk of persistent disabil-
ity is negligible (odds ratio [OR], 0.99;
95% CI: 0.97-1.01). The size of the effect
of older age on persistent pain is stronger
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Statistics for Each Study

Study Name Outcome  Follow-up (mo) OddsRatio  Lower Limit  Upper Limit z Value P Value Odds Ratio and 95% CI
Borchgrevink (1997) Pain 6 2.85 054 15.00 124 0.22 =
Hartling (2002) Pain 6 240 137 422 3.04 0.00 -
Hendriks (2005) Pain 12 1.00 053 190 0.00 1.00
Radanov (1995) Pain 24 10.00 0.86 11594 184 0.07
Soderlund (2000) Pain 6 1.00 0.37 273 0.00 1.00 = ;
168 093 3.05 172 0.09
B
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  OddsRatio  Lower Limit  Upper Limit z Value P Value Odds Ratio and 95% CI
Kasch (2001) Disability 12 1.00 0.55 1.83 0.00 1.00
Nederhand (2004) Disability 6 290 071 11.83 148 0.14
Sterner (2003) Disability 12 099 097 101 -097 033
101 084 121 0.09 093 , : E
©
Statistics for Each Study
Study Name Outcome  Follow-up (mo) OddsRatio  Lower Limit  Upper Limit z Value P Value Odds Ratio and 95% CI
Berglund (2006) Pain 6 219 1.59 3.00 4.84 0.00 ]
Hendriks (2005) Pain 12 401 175 9.24 327 0.00
Kivioja (2005) Pain 12 171 063 4.65 1.06 0.29
Radanov (1995) Pain 24 143 0.54 377 073 0.47 .
Sterner (2003) Disability 12 1.87 105 3.32 214 0.03 = ! -
215 168 275 6.09 0.00 e
D
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  LowerLimit  Upper Limit z Value P Value Odds Ratio and 95% CI
Atherton (2006) Pain 12 1.00 0.66 1.50 -0.01 099 =
Berglund (2006) Pain 6 1.40 i 176 2.82 0.00
Borchgrevink (1997) Pain 6 0.82 0.35 1.89 -0.47 0.64
Hartling (2002) Pain 6 131 0.82 212 112 0.26 -
Hendriks (2005) Pain 12 473 2.23 10.00 4.06 0.00 .
Kasch (2001) Disability 12 1.00 052 193 0.00 1.00 =
Kivioja (2005) Pain 12 299 118 755 231 0.02 .-
Nederhand (2004) Disability 6 352 113 1095 217 0.03 1 le !
Radanov (1995) Pain 24 121 0.46 319 0.39 070 Y e i
Soderlund (2000) Pain 6 100 0.36 281 0.00 100
Sterner (2003) Disability 16 2.32 137 393 312 0.00
1.54 116 2.06 296 0.00
E
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  Lower Limit ~ Upper Limit z Value P Value Odds Ratio and 95% CI
Hartling (2002) Pain 6 096 0.59 1.55 -0.18 0.85
Kasch (2001) Disability 12 1.00 0.55 1.83 0.00 100
Nederhand (2004) Disability 6 3.00 113 798 2.20 0.03
1.24 071 219 076 0.45 : i .

avars Profecton Favon Bk

FIGURE 2. Demographic variables that have been investigated at least 3 times as risk factors for persistent whiplash-related problems. (A) older age as a risk factor for
persistent pain. (B) Older age as a risk factor for persistent disability. (C) No postsecondary education. (D) Female gender. (E) Body Mass Index (obese). For all variables and
figures, the square represents the odds ratio for that study and the lines are the 95% confidence interval. The diamond represents the pooled odds ratio from all studies, with
the upper and lower bounds of the 95% confidence interval represented by the right and left corners of the diamond, respectively. If the confidence interval crosses 1, the
variable is not a significant predictor of outcome.
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A
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  Lower Limit  Upper Limit z Value P Value Odds Ratio and 95% CI
Atherton (2006) Pain 12 0.84 0.56 1.26 -0.84 0.40
Hartling (2002) Pain 6 0.60 0.36 102 -1.88 0.06
Hendriks (2005) Pain 12 100 050 2.02 0.00 100
Radanov (1995) Pain 12 173 073 411 124 0.21
0.87 0.61 125 -0.75 0.45
. .
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  Lower Limit  Upper Limit z Value P Value Odds Ratio and 95% CI
Atherton (2006) Pain 12 081 0.46 144 -071 048 -
Borchgrevink (1997) Pain 6 0.64 0.23 182 -0.84 0.40 e
Hendriks (2005) Pain 12 100 033 304 0.00 100 —_—
Nederhand (2004) Disability 6 0.56 014 2.24 -0.82 041 —"_—
Radanov (1995) Pain 12 0.85 0.32 2.26 -0.32 075 ; -
079 0.53 117 -118 0.24
©
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  LowerLimit  Upper Limit z Value P Value Odds Ratio and 95% CI
Atherton (2006) Pain 12 0.86 0.57 129 -073 0.46
Borchgrevink (1997) Pain 6 2.56 103 6.39 2.02 0.04
Hendriks (2005) Pain 12 1.00 0.40 251 0.00 100
Kivioja (2005) Pain 12 077 0.32 1.84 -0.59 0.56
Nederhand (2004) Disability 6 214 070 6.58 133 0.8
Radanov (1995) Pain 12 197 0.83 4.65 154 0.12 = N ; 5
Sterner (2003) Disability 12 077 031 189 -0.57 0.57 R
117 081 170 0.84 0.40
D
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  LowerLimit  Upper Limit z Value P Value Odds Ratio and 95% CI
Atherton (2006) Pain 12 163 101 2.62 2.00 0.05 3
Borchgrevink (1997) Pain 6 014 0.03 0.67 -2.45 0.01
Hendriks (2005) Pain 12 100 0.33 3.04 0.00 100 |
Nederhand (2004) Disability 6 0.47 0.09 2.38 -091 0.36
Radanov (1995) Pain 12 0.45 0.10 213 -1.01 0.31 2 : ;
0.66 0.27 159 -093 0.35 R
FIGURE 3. Collision parameters and their influence on the risk of persistent whiplash-related problems at follow-up. (A) Vehicle stationary when hit. (B) Frontal collision. (C)
Rear-end collision. (D) Side-on or “other” collision. (E) Driver of vehicle (compared to other positions in vehicle). (F) Front passenger in vehicle. (G) Unprepared for the collision.
(H) No seat belt in use at time of collision. (1) No head rest in use at time of collision.

(OR, 1.68; 95% CI: 0.93-3.06), but failed
to reach statistical significance.

Obesity, as indicated by a BMI greater
than 27, was investigated in 3 cohorts.!s>2?
The results were homogenous and indi-
cated no significant effect of BMI on out-
come (OR, 1.24; 95% CI: 0.71-2.19).

Lower education, defined here as
having no postsecondary education, was
investigated in 5 cohorts>'*92635 and ap-
pears to be a risk factor for persistent
WAD-related pain or disability (OR, 2.15;

95% CI: 1.69-2.75), with homogeneity.
Female gender as a risk factor, inves-
tigated in all 11 cohorts, showed a signifi-
cant but modest effect (OR, 1.54; 95% CI:
1.16-2.06). There was significant hetero-
geneity within the pool of effect sizes (Q,
24.3; P<.01). We were unable to identify a
logical or meaningful moderator variable.

Collision Parameters
FIGURE 3 provides the forest plots for the
9 collision parameter variables: vehicle

stationary when hit (n = 1050), frontal
collision (n = 888), rear-end collision (n
= 984), side or “other” collision (n = 800),
driver of vehicle (n = 1050), front passen-
ger in vehicle (n = 931), unprepared for
the collision (n = 1050), no seat belt used
(n = 1050), and no head restraint used (n
=1050). The only variable that proved to
have significant predictive power was that
of not wearing a seat belt at the time of
collision, collected in 4 cohorts.»>»26 Not
wearing a seat belt led to a nearly 2-fold
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E
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  LowerLimit  Upper Limit z Value P Value Odds Ratio and 95% CI
Atherton (2006) Pain 12 077 0.49 1.23 -1.08 0.28
Hartling (2002) Pain 6 121 072 2.03 071 0.48
Hendriks (2005) Pain 12 100 0.40 2.51 0.00 100
Radanov (1995) Pain 12 0.87 0.32 2.33 -0.29 077
094 0.69 128 -0.38 071 v 1 2
i — o
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  LowerLimit  Upper Limit z Value P Value Odds Ratio and 95% CI
Atherton (2006) Pain 12 129 0.81 2.06 108 0.28
Hartling (2002) Pain 6 083 0.47 144 -0.68 050
Radanov (1995) Pain 12 124 043 3.56 041 0.68
1.09 078 153 0.50 0.62 . . . o
G Favers Probactios Favers Righ
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  LowerLimit  Upper Limit z Value P Value Odds Ratio and 95% CI
Atherton (2006) Pain 12 114 072 1.80 0.56 0.58
Hartling (2002) Pain 6 121 070 2.09 0.68 0.49
Hendriks (2005) Pain 12 100 0.47 212 0.00 100
Radanov (1995) Pain 24 119 040 3.57 031 076
114 0.84 155 0.84 0.40
' -
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  LowerLimit  Upper Limit z Value P Value Odds Ratio and 95% CI
Atherton (2006) Pain 12 1.86 0.52 6.70 095 0.34 —f-
Hartling (2002) Pain 6 188 0.59 595 1.07 0.29 ‘I
Hendriks (2005) Pain 12 2.28 1.05 494 2.09 0.04 —t—
Radanov (1995) Pain 12 148 0.42 5.24 0.61 054 >
197 117 332 254 0.01
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  LowerLimit  Upper Limit z Value P Value Odds Ratio and 95% CI
Atherton (2006) Pain 12 099 0.38 2.56 -0.02 098
Hartling (2002) Pain 6 0.84 052 138 -0.68 050
Hendriks (2005) Pain 12 1.00 0.47 212 0.00 100
Radanov (1995) Pain 24 116 0.23 5.89 018 0.86
091 0.63 132 -0.48 0.63 1 a
FIGURE 3. Continued

increase in the risk of developing persis-
tent WAD-related pain or disability at
follow-up (OR, 1.97; 95% CI: 1.17-3.32).

Past Medical History

FIGURE 4 provides the forest plots for the 2
variables pertaining to past medical his-
tory: preaccident history of neck pain (n
=1393) and preaccident history of head-
ache (n = 532). It should be noted that the

criteria for determining whether a patient
did or did not have a past history of neck
pain or headache was not clear, and were
collected through patient self-report, rais-
ing the possibility of recall bias. The effect
size for history of neck pain was homoge-
nous, and indicated a small but significant
risk of developing persistent WAD-relat-
ed problems at follow-up (OR, 1.70; 95%
CI: 1.17-2.48). The effect size for history of

headache demonstrated significant het-
erogeneity (Q = 8.9, P = .012), with the
effect from Radanov et al*¢ the clear out-
lier. With data from only 3 cohorts it was
difficult to identify a moderator variable,
but the difference in length of follow-up
between Radanov et al?¢ (24 months),
Hendriks et al'” (12 months), and Sterner
et al** (16 months) might explain the dif-
ference. Regardless, the effect of previous
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A
Statistics for Each Study
Study Name Outcome  Follow-up (mo) OddsRatio  Lower Limit  Upper Limit z Value P Value Odds Ratio and 95% CI
Atherton (2006) Pain 12 141 0.88 2.25 142 0.15 =
Hartling (2002) Pain 6 2.39 1.34 425 295 0.00 = s
Hendriks (2005) Pain 12 1.00 0.27 364 0.00 1.00 —t
Radanov (1995) Pain 24 0.57 012 270 -071 0.48 i
Soderlund (2000) Pain 6 1.00 022 4.49 0.00 100 @
Sterner (2003) Disability 16 2.63 142 488 3.07 0.00 aar w !
170 117 248 275 0.01 Frvas Proecto Foors s
B
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  Lower Limit  Upper Limit z Value P Value Odds Ratio and 95% CI
Hendriks (2005) Pain 12 1.00 0.37 271 0.00 1.00
Radanov (1995) Pain 24 10.00 275 36.34 350 0.00
Sterner (2003) Disability 16 135 074 246 098 033
215 0.69 6.73 131 0.19 oo . o

FIGURE 4. The influence of preaccident history of (A) neck pain and (B) headache on the risk of persistent whiplash-related problems at follow-up.

history of headache on the risk of ongoing
problems at follow-up, calculated from
all 3 cohorts, failed to reach significance
(OR, 2.15; 95% CI: 0.69-6.73).

Presenting Signs and Symptoms

FIGURE 5 provides the forest plots for the 8
variables pertaining to presenting signs
and symptoms: high neck pain inten-
sity (n = 2391), restricted cervical range
of motion (n = 904), report of disturbed
sleep since the accident (n = 570), current
presence of headache (n = 1930), current
presence of neck pain (n = 539), current
presence of radicular symptoms (n = 570),
higher catastrophic cognitions (n = 277),
and depressive symptoms (n = 541). The
strongest predictive variables were those
that dealt with pain on presentation. The
presence of headache (FIGURE 5D) or neck
pain (FIGURE 5E) at initial assessment was
associated with a significant increase in
the risk of reporting persistent WAD-
related problems at follow-up (headache
OR, 2.71; 95% CI: 2.16-3.41; neck pain
OR, 2.87; 95% CI: 1.51-5.46).

Data on the intensity of neck pain at
intake, captured in 8 cohorts,*!%1719:22,26:30
were presented in such a way that it was
possible to establish a meaningful and
consistent cut point of 55 out of 100, or
5 out of 10, on a pain visual analog scale

or numeric rating scale, respectively, for
each cohort. Those subjects who reported
a pain intensity at intake of greater than
55/100 demonstrated a nearly 6-fold in-
crease in the risk of persistent pain or
disability at follow-up (OR, 5.77; 95%
CI: 2.89-11.52). Moderator analysis of
these data revealed significant heteroge-
neity of effect sizes (Q = 28.4; P<.001).
Using type of outcome (pain versus dis-
ability) as a moderator variable, the odds
ratios from the cohorts that used disabil-
ity as an outcome became homogenous,
while significant heterogeneity remained
amongst the pooled odds ratios when
symptoms were the outcome. The odds
ratio, when ongoing symptoms were used
as the outcome, was 5.14 (95% CI: 2.14--
12.38) and 12.57 (95% CI: 8.66-18.26)
when ongoing disability was the outcome.
This difference failed to reach statistical
significance (Q, ..., = 2.20; P>.10), and
therefore type of outcome (pain versus
disability) did not fully meet the criteria
to be deemed an adequate moderator
variable’ in this analysis.

Catastrophic cognitions were cap-
tured in 3 cohorts.’?>%° Catastrophiz-
ing in 2 cohorts'¥*° was captured using
the catastrophizing subscale of the cop-
ing strategies questionnaire.”” We were
able to establish a meaningful cut point

of greater than 7 points out of the total
36 points possible on the scale. Neder-
hand et al*® used the Pain Cognition
List-Experimental (PCL-E)* to capture
catastrophizing. These authors used the
area under the receiver operating char-
acteristic curve to identify a meaningful
cut point of 15 points on the catastroph-
izing subscale of the tool. Perhaps due to
the use of 2 different, albeit valid, mea-
sures of catastrophizing, the effect sizes
were heterogeneous (Q = 5.8; P = .055).
The findings indicated that high cata-
strophizing is a significant risk for poor
outcome (OR, 3.77; 95% CI: 1.33-10.74.).
No clear moderator could be found with
only 3 cohorts in the sample.

The presence of depressive symptoms
was based on scores on the SCL-90,7
the MCMI-1,? or through telephone in-
terview.”” We were able to perform a
meaningful statistical pooling procedure
here based solely on the fact that there
was no significant effect for depression
when the SCL-90 or MCMI-1 were used,
so the effect size was forced to nil. The
dichotomization procedure would oth-
erwise not have been possible, as insuffi-
cient data were presented. This indicates
that, based on limited evidence, depres-
sive symptoms appear to play no role in
outcome following WAD.
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SuMMARY OF KEY FINDINGS
Relative Increase in Risk Over Number of Independent Mean Study
Someone Without the Factor (95% CI) Cohorts (Total n Subjects) Fail-Safe N* Quality*
Variables with strong evidence of a significant effectt
High baseline neck pain intensity (greater than 55/100) 572 (2.95,11.10) 8 (2391) 310 210
Presence of headache on intake 2.71(2.16, 3.41) 4 (1930) 53 200
WAD grade 3 (compared to grade 2, when outcome is 2.41(162,3.59) 3 (2205) 16 240
captured 12 mo postinjury)
No postsecondary education 2.15 (169, 2.75) 5 (2019) 33 230
WAD grade 2 or 3 (compared to grade 0 or 1, when outcome 196 (141, 2.74) 4 (2501) 29 235
is captured 12 mo postinjury)
Variables with moderate evidence of a significant effect®
Catastrophizing (>7 on CSQ subscale or >15 on PCL-E) 377 (1.33,10.74) 3 (277) 1 180
Presence (yes/no) of neck pain at intake 2.87 (151, 5.46) 3 (539) 5 175
No seat belt in use at time of accident 197 (117,3.32) 4 (1050) 225
History of neck pain prior to the accident 170 (117, 2.48) 6 (1393) 205
Female 1.54 (116, 2.06) 11 (3109) 25 210
Variables that just miss significance!l
Disturbed sleep 296 (097,904) 3 (570) 215
Older age (for pain as an outcome) 168 (093, 3.06) 5 (1142) 185
Variables with strong evidence of no effect?
Rear-end collision 117 (0.81,170) 7 (984) 210
Unprepared-for collision 114 (0.84, 1.55) 4 (1050) 225
Front passenger in vehicle 1.09 (078, 1.53) 3 (93)) 210
Driver of vehicle 094 (0.69, 1.28) 4 (1050) 225
No head rest in use 092 (0.63,1.32) 4 (1050) 225
Vehicle stationary when hit 0.87(0.61, 1.25) 4 (1050) 225
Frontal collision 079 (0.53,117) 5 (888) 205
Side-on or “other” collision 0.66 (0.27,1.59) 5 (800) 205
Abbreviations: CSQ, Coping Strategies Questionnaire; PCL-E, pain cognitions list, experimental; WAD, whiplash-associated disorder.
* The number of studies showing no significant effect of the predictor that would have to be included in this analysis to nullify these findings of significance.
Fuail-safe N cannot be calculated for factors that are not significant.
" The highest possible score is 34.
* Estimate of fail-safe N at least 5 times greater than the number of studies included in the review.
§ Estimate of fail-safe N less than 5 times greater than the number of studies included in the review.
I Lower limit of 95% CI between 0.9 and 1.0.
T Investigated in at least 4 studies, upper and lower limits of 95% CI >0.10 away from 1.0.

WAD Grades

Given the presentation of the data, we
were able to perform 2 meaningful com-
parisons using the WAD grades. A total
of 6 studies evaluated WAD grade as a
variable 12263035 Hartling et al and
Berglund et al? each captured outcome
at 3 different time points, which allowed
for an estimation of the effect size at
each time point. FIGURE 6 shows the forest
plots for the comparison of WAD grades
2 and 3 against grades 0 and 1. The size
of the effect was significant and relative-
ly consistent at each of 6 months (OR,

2.40; 95% CI: 1.41-4.10; n = 1772), 12-16
months (OR, 1.96; 95% CI: 1.41-2.74; n =
2501), and 24 months (OR, 2.67; 95% CI:
1.99-3.58; n = 1842). There was homoge-
neity in the effect sizes within each time
point, except for the 6-month follow-up
(Q = 5.0; P = .084), for which no clear
moderator was identified.

FIGURE 7 shows the forest plots when
WAD grade 3 was taken as the risk factor
against WAD grade 2 as the comparator.
Five studies presented data that allowed
for this comparison (total n = 2369). There
was homogeneity of effect sizes within

each time point. Here the effect decreases
slightly with greater time from intake to
follow-up, and becomes nonsignificant by
24-month follow-up (6 months OR, 2.66;
95% CI: 1.54-4.58; 12 months OR, 2.41;
95% CI: 1.62-3.59; 24 months OR, 1.63;
95% CI: 0.41-6.51). Of interest, the work
of Radanov et al,*® who found WAD grade
3 to have a protective effect when com-
pared against WAD grade 2, was the only
study to report such a finding.

Publication Bias
TABLE 2 provides the fail-safe N values for
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A
Statistics for Each Study
Study Name Outcome  Follow-up (mo) OddsRatio  Lower Limit  Upper Limit z Value P Value Odds Ratio and 95% CI
Berglund (2006) Disability 6 1373 907 2079 12.37 0.00
Hartling (2002) Pain 6 914 292 2861 3.80 0.00
Hendriks (2005) Pain 12 4,06 169 974 313 0.00
Kasch (2001) Disability 12 6.86 171 2746 2.72 0.01
Kivioja (2005) Pain 12 884 2.54 3072 343 0.00 —i—
Nederhand (2004) Disability 6 999 338 2949 417 0.00
Radanov (1995) Pain 24 341 129 901 247 0.01 o | I
Soderlund (2000) Pain 6 100 0.37 273 0.00 100 ot Proection Fases sk
572 295 1110 515 0.00
B
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  OddsRatio  Lower Limit  Upper Limit z Value P Value 0dds Ratio and 95% CI
Atherton (2006) Pain 12 0.74 0.34 161 -0.75 0.45
Hendriks (2005) Pain 12 529 183 15.26 3.08 0.00
Kasch (2001) Disability 12 26.22 6.13 1221 440 0.00
Radanov (1995) Pain 24 169 0.63 456 104 0.30
Soderlund (2000) Pain 6 1.00 0.37 273 0.00 100 - . .
2.56 0.85 772 166 0.10 B, !
©
Statistics for Each Study
Study Name Outcome  Follow-up (mo) Odds Ratio  Lower Limit  Upper Limit z Value P Value Odds Ratio and 95% CI
Hartling (2002) Pain 6 4.22 2.56 6.94 5.66 0.00 s 3
Hendriks (2005) Pain 12 1.00 0.53 190 0.00 1.00
Radanov (1995) Pain 24 704 2.36 21.00 350 0.00
296 097 904 190 0.06 .
FIGURE 5. Variables pertaining to presenting signs and symptoms and their influence on the risk of persistent whiplash-related problems at follow-up. (A) Neck pain intensity
at baseline >55/100. (B) Restricted cervical range of motion. (C) Disturbed sleep. (D) Presence of headache at intake. (E) Presence of neck pain at intake. (F) Presence of
radicular symptoms at intake. (G) Presence of depressive symptoms. (H) Catastrophizing (see text for details).

each of the significant predictors iden-
tified above. Rosenthal*® proposes that
the fail-safe N should be at least 5 times
greater than the number of studies in the
analysis before an effect can be consid-
ered robust to publication bias. Based on
that criterion, no postsecondary educa-
tion, high neck pain intensity, report of
headache at intake, and WAD grades can
be considered findings that are robust to
publication bias.

DISCUSSION

SING A METHODICAL, STEPWISE
U approach to search the literature,
perform quality assessment, and
extract data, we have identified a relative-

ly homogenous subset of cohorts from the
prognostic WAD literature that allowed

for meaningful statistical pooling. Based
on the results of our meta-analysis, there
are a number of factors for which infor-
mation is easy to obtain clinically that
have the potential to provide the clini-
cian with an overall estimate of a patient’s
level of risk for persistent WAD-related
problems at least 6 months following the
injury (TABLE 2).

In agreement with the findings of 2
previous narrative reviews on the topic,*
we have found that a rating of high neck
pain intensity at intake, here defined as
greater than 55/100 on a visual analog
scale, is the strongest predictor of ongo-
ing problems at long-term follow-up. Our
study builds on this work by indicating
the extent of this risk to be nearly a 6-fold
increase in the level of risk of ongoing
pain or disability. In contrast to the 2

previous narrative reviews, we were able
to identify 8 additional significant risk
factors for persistent problems using a
statistical-pooling technique. Other sig-
nificant risk factors from the currently
available literature are broadly classed as
demographic variables (no postsecondary
education, female gender) and variables
pertaining to initial signs and symptoms
(presence of headache or neck pain, previ-
ous history of neck pain, catastrophizing,
WAD grade). The only collision-related
variable to show any predictive value
when captured within 3 weeks of the col-
lision is the nonuse of a seat belt, but it
is a weak finding (OR, 1.97; fail-safe N =
2). These findings appear to support a bi-
opsychosocial model for the development
of persistent pain, but it should be noted
that only 5 studies'”®?2253° included a

344 | MAY 2009 | VOLUME 39 | NUMBER 5 | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY



Statistics for Each Study

FIGURE 5. Continued

Study Name Outcome  Follow-up (mo) OddsRatio  Lower Limit  Upper Limit z Value P Value Odds Ratio and 95% CI
Berglund (2006) Pain 12 2.65 2.03 3.45 717 0.00 u
Borchgrevink (1997) Pain 6 178 0.59 534 103 0.30 2o
Hartling (2002) Pain 6 2.89 164 508 368 0.00
Radanov (1995) Pain 12 470 164 1348 2.88 0.00 +
271 216 341 852 0.00 o :
E
Statistics for Each Study
Study Name Outcome  Follow-up (mo) OddsRatio  Lower Limit  Upper Limit z Value P Value Odds Ratio and 95% CI
Barchgrevink (1997) Pain 6 2.51 091 6.90 178 0.08
Hartling (2002) Pain 6 325 132 8.01 256 0.01 <=
Radanov (1995) Pain 12 267 0.32 2231 091 0.37 >
2.87 151 5.46 322 0.00 - o " .
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  OddsRatio  Lower Limit ~ Upper Limit z Value P Value 0Odds Ratio and 95% CI
Hartling (2002) Pain 6 364 2.27 582 538 0.00 -
Hendriks (2005) Pain 12 100 043 2.32 0.00 100
Radanov (1995) Pain 24 219 0.68 706 131 0.19
2.09 0.88 495 168 0.09 o _ o
g R e
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  Lower Limit ~ Upper Limit z Value P Value Odds Ratio and 95% CI
Borchgrevink (1997) Pain 6 1.02 048 218 0.05 096
Hartling (2002) Pain 6 279 167 4.65 392 0.00 =
Hendriks (2005) Pain 12 100 053 190 0.00 100
1.47 071 303 103 0.30 X . ; =
H Favors Prstection Favots sk
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  Lower Limit  Upper Limit z Value P Value Odds Ratio and 95% CI
Kivioja (2005) Pain 12 181 075 435 133 018
Nederhand (2004) Disability 6 999 338 2949 417 0.00
Soderlund (2000) Pain 6 3.23 091 1142 182 0.07
377 133 1074 249 0.01 g N

[ ———

physical assessment in their battery of
potential predictors, and these were not
standardized across studies. This may ac-
count for the lack of support for physical
findings in this analysis.

Four variables demonstrate robustness
to publication bias through evaluation of
the fail-safe N statistic: no postsecondary
education, high neck pain intensity, the
presence of headache, and WAD grade 2
or 3.

Self-rated anxiety at baseline was

captured in 4 cohorts,*'>'726 but the data
were not presented in such a way as to al-
low clinically or statistically meaningful
comparison. It is unfortunate that a more
standardized approach to capturing post-
accident anxiety has not been adopted, as
there is good theoretical evidence that anx-
iety and/or fear play a key role in the devel-
opment of persistent pain or disability.*
We identified several variables that
were investigated in 2 cohorts, and even
more that were investigated in only 1 co-

hort. It is our belief that statistical pool-
ing with data from only 2 cohorts lacks
meaning and provides potentially mis-
leading results, especially where hetero-
geneity of effect sizes exists, so we have
excluded those variables from this discus-
sion. Many of the cognitive and percep-
tual variables, such as coping and threat
appraisal, were among these.

It should be recognized that systematic
review and meta-analysis are susceptible
to publication bias, insofar as data for pos-
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A
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  OddsRatio  Lower Limit  Upper Limit z Value P Value 0Odds Ratio and 95% CI
Berglund (2006) Pain 6 342 2.39 4.89 6.73 0.00 B
Hartling (2002) Pain 6 2.00 124 320 2.87 0.00 el
Soderlund (2000) Pain 6 100 023 443 0.00 100 -
240 141 410 322 0.00 o . .
B Protects
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  Lower Limit  Upper Limit z Value P Value 0dds Ratio and 95% CI
Atherton (2006) Pain 12 123 071 213 073 047
Berglund (2006) Pain 12 261 1.88 362 571 0.00 L
Hartling (2002) Pain 12 1.80 1.04 310 211 0.03 -
Sterner (2003) Disability 16 217 123 383 2.67 0.01 *
196 141 2.74 397 0.00
. .
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  Lower Limit  Upper Limit z Value P Value 0dds Ratio and 95% CI
Berglund (2006) Pain 24 272 197 377 6.04 0.00 =
Hartling (2002) Pain 24 263 123 563 249 0.01 i
Radanov (1995) Pain 24 176 0.37 8.35 071 048 *
2.67 199 358 6.54 0.00
FIGURE 6. The influence of whiplash-associated disorders grade 2 or 3 (as risk factor) against grades 0 or 1 (as comparator) on the risk of persistent whiplash-related problems,
at follow-ups of (A) 6 months, (B) 12 to 16 months, and (C) 24 months.

itive results are more likely to be published
than are negative results. The calculation
of the fail-safe N for significant findings
lends confidence to the robustness of the
findings from this review. However, it is
possible that there are other factors that
have been followed in 3 cohorts but have
been excluded from the meta-analysis
because the results, or data adequate for
pooling, were not published. Readers
should be aware of this limitation.
Medico-legal factors were not well rep-
resented in this sample. The criteria for in-
clusion of articles with inception times of
3 weeks or less probably means that many
subjects would not have entered into for-
mal litigation when baseline predictors
were collected. Only Hendriks et al7 in-
vestigated the effect of retaining a lawyer
or having private insurance. Neither factor
(retaining a lawyer nor having insurance)
demonstrated a significant ability to pre-
dict outcome. It has been suggested that
the medico-legal setting plays a significant
role in recovery from WAD,? and this item

should be considered for inclusion in fu-
ture studies of this type.

In an effort to identify a homogenous
pool of literature, we included only those
studies in which all subjects in the cohort
were intercepted within 3 weeks of the ac-
cident. We chose the 3 week cut-off as an
acceptable definition of acute pain®' and
because it is within the first 3 weeks fol-
lowing injury, during which physical ther-
apists are often asked to comment on the
prognosis of the patient.’® We considered
the potential impact of this decision in
terms of excluding potentially useful ad-
ditional data. The clear strength is in the
ability to draw clinically meaningful con-
clusions from a more homogenous pool of
literature. Clinicians are able to use the
results presented here in a meaningful
way by applying them to only the patient
population seen within the first 3 weeks
of injury. The weakness is that we exclude
potentially useful cohorts in which not all
subjects were recruited within 3 weeks of
injury. The most significant cohort that we

have excluded in this case is that of Ster-
ling et al,**** who evaluated 78 subjects
within 4 weeks of injury to determine the
predictive ability of a multitude of physi-
cal and psychological variables. While this
cohort just missed our inclusion criteria,
the findings from that cohort are largely
consistent with the findings of this review.
Had this cohort been included in the cur-
rent review, it would have impacted the
effect of older age only. A sensitivity
analysis, in which we included the data
from the Sterling et al®>** cohort, showed
a slight increase in effect size of older age
on persistent disability that was neither
statistically nor clinically significant (OR,
1.06; 95% CI: 0.93-10.20).

Some of the factors used in the analysis
were presented as continuous data. This
required the identification of a meaningful
cut point and a dichotomization of these
data for the purpose of meaningful pooling
(APPENDIX B). The process of dichotomization
of continuous data, as done in this analysis,
assumes a normal distribution of data. We
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A
Statistics for Each Study
Study Name Outcome  Follow-up (mo) OddsRatio  Lower Limit  Upper Limit z Value P Value 0Odds Ratio and 95% CI
Berglund (2006) Pain 6 294 2.24 3.85 781 0.00 [}
Hartling (2002) Pain 6 714 0.34 15071 126 021 I
Soderlund (2000) Pain 6 100 023 443 0.00 100 -
2.66 154 458 352 0.00 "
5 " o
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  OddsRatio  Lower Limit ~ Upper Limit z Value P Value Odds Ratio and 95% CI
Atherton (2006) Pain 12 118 0.37 3.80 0.28 078 —
Berglund (2006) Pain 12 2.57 196 3.38 6.77 0.00 | =
Hartling (2002) Pain 12 797 0.37 169.42 133 018 *>
241 162 359 434 0.00 o 4 "
c .
Statistics for Each Study
Study Name Outcome  Follow-up (mo)  Odds Ratio  Lower Limit  Upper Limit z Value P Value Odds Ratio and 95% CI
Berglund (2006) Pain 24 2.74 2.09 359 128 0.00 4
Hartling (2002) Pain 24 3.34 013 85.56 073 047 —+‘
Radanov (1995) Pain 24 0.32 0.04 2.62 -106 0.29 i .
163 041 6.51 0.69 049 : "
FIGURE 7. The influence of whiplash-associated disorders grade 3 (as risk factor) against grade 2 (as comparator) on the risk of persistent whiplash-related problems, at follow-
ups of (A) 6 months, (B) 12 months, and (C) 24 months.

have taken every reasonable step to ensure
that the data presented in the included
studies were not skewed by outliers; but it
remains a possibility that the dichotomiza-
tion procedure overestimates or underesti-
mates the true odds ratio. By scouring each
report and using 2 independent methods of
statistical conversion to come to the same
result (APPENDIX B), we are confident that our
findings represent a reasonable estimation
of the true odds ratio as presented in the
literature for those predictors in which the
dichotomization procedure was used.
Despite some controversy in the lit-
erature," it appears that the WAD clas-
sification (1 through 4) system provides
a reasonable estimate of risk. Unfortu-
nately, relying solely on the WAD sys-
tem does not provide any information
as to the nature or mechanism behind
that risk. Several authors have proposed
modifications to the WAD classification
system'*?>%7 based on findings from their
own cohorts, or have proposed new risk
assessment tools altogether.'>'>?> None of
these tools or recommendations have, to

date, been tested on cohorts independent
from the one on which they were devel-
oped. Our findings suggest that simple
modifications to the WAD classification
system are warranted. Additional cohort
studies that evaluate these changes as
well as other classification systems would
be useful to help clinicians and could be
used to develop more specific clinical
pathways or clinical practice guidelines.
There is a clear need for a standard-
ized definition of “chronic” WAD. From
the 11 cohorts identified for this review,
there were 13 different criteria for identi-
fying the presence of persistent problems.
We chose only those cohorts in which the
outcome was expressed as ongoing pain
or ongoing disability. Of interest is that
for none of the significant predictors did
type of outcome (ongoing pain or ongo-
ing disability) significantly affect the size
of the odds ratio, although there appears
to be a trend for type of outcome to mod-
erate the effect of pain intensity. This
might suggest that all of the outcomes,
while seemingly different, captured a

similar underlying construct.

Odds ratios from observational stud-
ies can be used to provide an estimate
of the relative increase in risk of a poor
outcome for a patient with a specific risk
factor, as compared to another individu-
al who does not have that factor, but the
absolute values should be interpreted
with caution. Further, it is unclear as to
how these odds ratios can be combined
for the patient with several risk factors
beyond an appreciation that some fac-
tors represent greater risk than others,
and the more risk factors present the
greater the risk of poor long-term out-
come. It is important for clinicians to
become familiar with the factors that
increase risk of poor outcomes and the
extent of increased risk to provide more
accurate prognosis to their patients.
Some risk factors will be modifiable and
others will not. Risk modification stud-
ies or studies that evaluate the response
to different interventions on the basis of
these predictors will provide evidence
that allows clinicians to not only predict
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outcomes more accurately but to cus-
tomize treatment plans.

There are 2 key areas that demand
clinicians exercise caution in interpret-
ing the results of this analysis. First, it
must be noted that the overall quality of
the literature from which the data were
extracted was moderate, with some com-
mon threats to internal validity, such as
a lack of clear validity for the method of
capturing many of the prognostic vari-
ables, or the lack of blinded assessors.
Second, the bivariate nature of the rela-
tionships between exposure and outcome
does not control for the potential inter-
action between variables. For example,
it might be the case that people with no
postsecondary education tend to cata-
strophize about pain more than those
with higher levels of education, thereby
making education level significant only
by virtue of its association with catastro-
phizing. The nature of the data did not
allow for metaregression, and thus the
interaction between predictor variables
cannot be evaluated.

In summary, based on the results of
our meta-analysis of the available prog-
nostic literature in WAD, we make the
following recommendations. (1) The
initial assessment should document the
presence of the factors listed in the top
2 sections of TABLE 2, and note the extent
to which each increase the risk of an ad-
verse outcome at 6 to 24 months. (2) We
recommend that documentation, partic-
ularly documentation provided to payers,
reference this meta-analysis to indicate
the source of evidence and provide an in-
dication of evidence-based practice. (3)
We recommend that the following state-
ment be included wherever statements
listed in 1 are used: “Patients often have
1 or more risk factors that affect their
outcome. The evidence available at this
time indicates how to interpret single
risk factors in the way we have in this as-
sessment. The evidence does not provide
direction on how to interpret multiple
factors at this time. It cannot be assumed
that multiple risk factors are directly ad-
ditive, but evidence suggests that having

r
L
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multiple risk factors does increase risk in
most cases.”

CONCLUSIONS

META-ANALYSIS OF COHORT STUD-
ies examining risk of persistent (at
least 6 months postinjury) pain or

disability in patients assessed within 3
weeks of whiplash injury indicates that
several risk factors should be routinely
assessed during history taking and con-
sidered when establishing a prognosis for
recovery. Clinicians should also remem-
ber that “lack of evidence” is not synony-
mous with “evidence against,” a point that
is especially relevant when considering
the absence of hard physical signs as sig-
nificant predictors in our review. @
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5. Was the exposure to the prognostic factor(s) captured using valid and reliable instruments?

6. Were the investigators who captured outcome blinded to the presence/absence of prognostic factors?

7. Did follow-up occur at the same point postinjury for all subjects?

8. Ifthe patients received intervention during the study, was it standardized, or was the effect of intervention statistically controlled for?
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11. Are appropriate univariate crude estimates presented?

12. Are appropriate multivariate analysis techniques employed?
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APPENDIX B

The size of the effect is the ratio of the magnitude of the point estimate (in this case, the
odds ratio) to its variability, which allows for comparisons across different scales by forcing
point estimates into a similar metric. This gives clinicians an estimate of the actual amount
of risk modulation expected, given the presence or absence of the different risk factors. The
pooled effect size was calculated for the various predictors in one of the following ways.

When results for categorical risk variables are presented as frequencies of occurrence/
nonoccurrence,*51316172233 3 2-by-2 table is constructed, in which the rows represent the
subject’s status on the predictor (positive/hegative), and the columns represent the status
on the outcome (recovered/hot recovered). The table below provides a graphic representa-
tion, with boxes labeled A, B, C, and D, representing the number of subjects that fall into
each category. To calculate the odds ratio, the formula (A/B) + (C/D) is used.

In papers where only computed
odds ratios were presented with
95% confidence limits,>=% these
data were entered directly into
the database.

Some authors!3515161%32 opted
to categorize continuous data
such as baseline pain intensity,
age, or years of education and
calculate odds ratios using these
sometimes arbitrarily defined
categories. In these cases, the
approach described above using
a 2-by-2 table applied.

Other authors*12228:33
presented baseline results in
continuous form, providing
means and standard deviations
of continuous baseline risk factors for each group of recovered and nonrecovered subjects.
The continuous data were converted to allow pooling with binary data. We used 2 different
approaches to this problem, which allowed us to conduct a sensitivity analysis between the
approaches and ensure that our results were not a result of artifact from the conversion
procedures. The approaches are described below.

Approach 1 (Dr Charlie Goldsmith, personal communication, July 2007) Meaningful cut
point values were determined for continuous measures based on the available literature
(ie, high versus low) or on the cut points of similar measures from other papers in this
review. Two normal distribution curves for each continuous predictor were constructed,
1for the recovered and 1 for the nonrecovered groups, based on means and standard
deviations presented in the published paper. The z value of the meaningful cut point was
then determined for each distribution, and an estimation of the number of subjects that lay
below that cut point and the number of subjects that lay above that cut point was entered
into the database for statistical pooling.

Approach 2* The standardized mean difference (Cohen’s d) was calculated by dividing the
difference in mean values between the 2 groups by the pooled standard deviation within
groups:

Status on outcome measure
Recovered Not recovered

Positive

Status on predictor

Negative

A 2-by-2 contingency table for determining odds
ratios.

STATISTICAL CONVERSION PROCEDURES FOR DETERMINING EFFECT SIZE

d = (mean, - mean,) + SD, . , where

within !

SD,,,, = VIIN-1) X SDZ+ (N, - 1) X SD7] = [N, + N, 2]

within

The standard error of d was calculated as:

SE,= \/([N1 +IN,]+ [N, X N,]) + [+ 2 X (N, +N,)]

Subsequently, the log odds ratio and SE were then calculated as:

xxd
V3
SE =\m? X SE2+3

Log odds ratio

Log odds ratio =

As a sensitivity analysis, individual point estimates were compared across methods to
determine if the odds ratio obtained through each approach was encompassed within
the 95% confidence interval from the other approach. We then included the results from
each approach in the database to estimate the pooled odds ratio for that predictor, and
determined whether the difference in pooled odds ratio, when using the results from the 2
different approaches, changed the overall clinical picture for that predictor. The differences
between the results obtained using the 2 approaches were insignificant for each instance
in which this conversion was necessary. Therefore, the results from the dichotomization
procedure have been reported, as they are more easily interpreted.

Data presented by Hendriks et al” presented a unique challenge for conversion as
only univariate regression coefficients (beta values) with P values were provided. In this
case the regression coefficients were input directly into the database as log odds ratios,
and converted to the odds ratio. The 95% confidence interval was calculated using a z
transformation, given beta coefficient (log odds ratio), and P value only (Mr Larry Stitt,
personal communication):

z=Logodds ratio + SE, . 1o

This means that if the log odds ratio (beta coefficient) and z score are known, the equa-

tion can be rearranged to solve for SE:
SE g o6s o = LOg 0dlds ratio + 2

With 1 degree of freedom, z is equal to V2. The 2 value was determined from a table of
critical values, given the P value with 1 degree of freedom. To get the values for SE into the
same metric as the log odds ratio, the natural log of the »? was used. The formula for SE
was then estimated as:

SE g ot = LO8 00l ratio +/1n(y?)
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