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Abstract
Debate continues regarding the influence of litigation on pain outcomes after motor vehicle
collision (MVC). In this study we enrolled European Americans presenting to the emergency
department (ED) in the hours after MVC (n = 948). Six weeks later, participants were interviewed
regarding pain symptoms and asked about their participation in MVC-related litigation. The
incidence and predictors of neck pain and widespread pain six weeks after MVC were compared
among those engaged in litigation ("litigants") and those not engaged in litigation ("non-
litigants"). Among the 859/948 (91%) participants completing six week follow-up, 711/849 (83%)
were non-litigants. Compared to non-litigants, litigants were less educated and had more severe
neck pain, overall pain, and a greater extent of pain at the time of ED evaluation. Among
individuals not engaged in litigation, persistent pain six weeks after MVC was common: 199/711
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(28%) had moderate or severe neck pain, 92/711 (13%) had widespread pain, and 29/711 (4%) had
fibromyalgia-like symptoms. Incidence of all three outcomes was significantly higher among
litigants. Initial pain severity in the ED predicted pain outcomes among both litigants and non-
litigants. Markers of socioeconomic disadvantage predicted worse pain outcomes in litigants but
not non-litigants, and individual pain and psychological symptoms were less predictive of pain
outcomes among those engaged in litigation. These data demonstrate that persistent pain after
MVC is common among those not engaged in litigation, and provide evidence for bidirectional
influences between pain outcomes and litigation after MVC.

1. Introduction
Motor vehicle collisions (MVCs) result in fifty million injuries worldwide and almost four
million US emergency department (ED) visits each year [42; 62]. In the US, approximately
90% of individuals presenting to the ED after MVC are discharged to home after evaluation
[46]. Persistent pain after MVC in this population is a common and costly public health
problem [11].

Initial reports of persistent pain after MVC focused on neck pain, often termed "whiplash".
This term was subsequently revised to Whiplash-Associated Disorders, due to evidence that
symptoms after MVC include not only neck pain but also pain in adjacent body regions and
other cognitive and somatic symptoms [57]. More recently, it has been demonstrated that
pain after MVC may also be widespread [23; 26; 70; 71]. In addition, evidence suggests that
fibromyalgia (FM) may also occur after MVC [9; 35].

Compensation seeking has long been believed by some to be a dominant factor in
complaints of persistent pain after MVC [18; 38; 52]. Others have pointed out that pain
persistence after MVC may be associated with compensation seeking simply because those
with worse health outcomes incur more costs from their condition and therefore are more
likely to seek financial assistance [54; 55]. The ongoing debate regarding the role of
compensation has led to Whiplash-Associated Disorders being described as "one of the most
controversial conditions in medicine" [10].

To help understand the influence of compensation seeking on pain after MVC, it would be
useful to prospectively compare pain outcomes and predictors of persistent pain among
individuals who are engaged vs. not engaged in compensation seeking. To date this has not
been possible, because either the majority of study participants with persistent pain have
been seeking compensation [21; 28; 58] or because outcomes have evaluated time to
insurance claim closure rather than pain symptoms directly [12; 14].

In this study we recruited individuals presenting to the ED in the hours after MVC in several
"no fault" insurance states in the US, where litigation related to persistent post-MVC pain is
more restricted [64], and prospectively compared the incidence and predictors of moderate
or severe neck pain (MSNP) and widespread pain (WP) six weeks after the collision among
individuals who are engaged vs. not engaged in compensation seeking. Six weeks after
MVC is an important time point, because evidence suggests that individuals tend to establish
a recovery set point four to ten weeks after MVC, which thereafter is more resistant to
change [5; 8; 27; 37; 59]. We hypothesized that MSNP would be common after MVC
among individuals not engaged in litigation, and that WP and FM-like symptoms would also
occur among non-litigants. We also hypothesized that pain outcomes would be more
common among those engaged in litigation. Consistent with the biopsychosocial model and
with the potential contribution of stress systems modulated by supraspinal processes [34],
we hypothesized that individual psychological, somatosensory, and cognitive characteristics,
as well as sociodemographic and collision characteristics, would predict pain outcomes after
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MVC in both groups. Finally, we hypothesized that predictors of persistent pain among
litigants and non-litigants would be similar.

2. Methods
2.1 Design and setting

This prospective longitudinal study enrolled patients presenting to the ED within 24 hours of
MVC. Data were collected at eight EDs in four no-fault MVC litigation/insurance states
(Michigan, Massachusetts, New York, and Florida) between February 2009 and October
2011. The study was approved by the institutional review boards of all participating
hospitals, and each participant provided written informed consent. Complete information
regarding study design, procedures, and methods has previously been described [45].

2.2 Participant eligibility criteria and study sites
Patients ages 18 to 65 who presented to the ED within 24 hours after a MVC and were
unlikely to require hospitalization were screened for eligibility. Patients who were admitted
to the hospital, had fractures other than phalangeal fractures, had more than 4 lacerations
requiring sutures or a single laceration more than 20 cm in length, or had intracranial or
spinal injuries were excluded. Spinal injury was defined by the presence of a fracture,
dislocation, or new neurologic deficit. Enrollment was also limited to non-Hispanic whites
(the most common ethnicity at study sites) because the study included the collection of
genetic data and genetic analyses are potentially biased by population stratification [15].
Patients who were not alert and oriented were also excluded, as were pregnant patients,
prisoners, patients unable to read and understand English, patients taking a β-adrenoreceptor
antagonist, or patients taking opioids above a total daily dose of 20 mg of oral morphine or
equivalent.

2.3 Study procedures
Eligible and consenting participants completed ED interview evaluations regarding pre-
MVC health status, the details of the MVC, and current symptoms. Interviews were
conducted by research assistants at the time of the ED visit using a web-based survey with
explicit definitions of variables. Before enrolling patients in the ED, each research assistant
completed a study training module followed by an interview with a standardized mock ED
patient. Comparison of mock ED patient data across research assistants demonstrated an
error rate of 1.3%. Injury characteristics and medications administered in the ED were
obtained by data extraction from the ED medical record. Six weeks after the MVC,
participants completed a follow up interview online, by telephone, or via mail. Regardless of
follow up type, survey content was identical. Participants were compensated $50 for
completing the ED interview and $60 for completing the 6 week interview.

2.4 Measures
A number of measures were used to assess health status prior to MVC and symptoms in the
ED. Complete study measures are described in full elsewhere [45].

2.4.1 Participant demographics—Participant demographic characteristics (including
age, gender, income, height, weight, and educational attainment) were obtained from the ED
medical record and from participant self-report. Participant were also asked during the
interview to report their current smoking status and if they had ever smoked tobacco. Health
insurance coverage was obtained via self-report and classified as insured or not insured.
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2.4.2 Collision and injury characteristics—During the ED interview, participants
completed a structured interview questionnaire evaluating collision characteristics;
responses to this questionnaire have been shown to provide accurate collision information
[32]. Collision characteristics assessed included seat belt use, air bag deployment,
participant location in the vehicle, speed of the participant’s vehicle, direction of vehicle
impact, and extent of vehicle damage (rated by the participant as minor, moderate, or severe/
not drivable). Data regarding participant injury was abstracted from the ED medical record,
including the presence and location of fractures of the phalanges (as described above, other
fracture types resulted in participant exclusion), minor lacerations, contusions, avulsions,
and abrasions. In addition, participants were also asked whether they believed the collision
was their own fault, the fault of the other driver, or no one's fault.

2.4.3 Pain assessments and pain outcome definitions—Pain extent during the
month prior to the MVC and in the ED were both assessed at the time of ED evaluation, pain
extent six weeks after MVC was assessed at the six week timepoint. Pain extent was
assessed in 19 discrete body regions evaluated in the regional pain scale [67] and in the head
region. Individuals reporting ≥ 7 bodily regions of pain were defined as having WP during
that time period. This cut-off was selected to be consistent with 2010 American College of
Rheumatology (ACR) criteria, which defines WP as ≥ 7 body regions of pain during the past
week [68].

In each body region in which the participant reported pain, average pain severity was
assessed using a verbal 0 to 10 numeric rating scale (NRS). Verbal scores have advantages
in acute care settings, and verbally administered NRSs have been validated as highly
correlated with visual analogue scale scores [39]. Regional pain was defined by the presence
of one more body regions with a NRS score of ≥ 1. MSNP six weeks after the initial ED
visit was defined as MVC-related pain with a NRS score of ≥ 4 [17; 31].

At the six week time point, average pain during the week prior to the interview was
assessed. If a participant reported pain in a body region then they were also asked if the pain
was due to the MVC. Only pain that was reported as present and subsequently reported as
due to MVC was evaluated in analyses of six week pain outcomes. FM-like symptoms six
weeks after MVC were defined by ≥ 8 body regions of pain together with a fatigue severity
score of ≥ 6 (0–10 NRS) in the past week [29; 69]. This criteria has been shown to have
72.3% concordance with the 2006 ACR criteria for fibromyalgia [29].

2.4.4 Psychological symptoms—Pain catastrophizing was measured using the Pain
Catastrophizing Scale [61]. This 13-item scale (combined score range 0 to 52) assesses an
individual’s tendency to experience fear, anxiety, and helplessness in response to pain [61].
Distress was assessed using the Peritraumatic Distress Inventory (PDI). This measure has
high internal consistency (0.75–0.76) and test-retest reliability (0.74) [7]. A PDI cut-off
score of ≥23 was used to define marked distress symptoms ("distress") [41]. Dissociation
was defined by the Michigan Critical Events Perception Scale (MCEPS) [36]. This measure
has high internal consistency (0.81) and strong correlation with the Peritraumatic
Dissociative Experiences Questionnaire (r=0.5) [36], a validated measure of dissociation
[33]. An MCEPS cut-off score of greater than 3.0 is indicative that the patient experienced
dissociation [36]. Depressive symptoms during the week prior to the MVC were assessed
using the Center for Epidemiologic Studies Depression Scale (CES-D) [47]. Based on
previous evidence, CES-D scores between 16 and 25 were defined as mild depressive
symptoms and scores greater than or equal to 26 were defined as severe depressive
symptoms [65; 72]. Physical and mental health status during the 4 weeks prior to the MVC
were assessed using the Mental Component Summary and Physical Component Summary
scores of the Short-Form Health Survey version 2 (SF-12) [25]. Generalized optimism was
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assessed using the ten item Life Orientation Test – Revised (LOT-R) survey [51]. Only
items 1, 2, 3, 4, 7, 9, and 10 are scored; the LOT-R has been shown to have good predictive
and discriminant validity [51]. Trait anger and anxiety were assessed using the State-Trait
Personality Inventory form Y (STPI-Y) anger and anxiety subscales [56]. To assess
confidence in recovery, participants were asked “How certain, or sure, are you that you will
fully recover from this accident” on a 0–10 scale, where 0 denotes “certain you will not
recover” and 10 denotes “certain you will recover fully”. Participants were also asked to
estimate how many days they expected it would take for them to recover physically and how
many days they expected it would take for them to recover emotionally from the accident.

2.4.5 Somatic symptoms—ED somatic symptom burden was assessed by asking
participants to rate the severity (0–10 NRS) of ten common post-traumatic symptoms [45].
Pre-MVC somatic symptom burden was also assessed in the ED by asking participants to
rate the severity (0–10 NRS) of twenty one common somatic symptoms (e.g. nausea,
dizziness, fatigue, ringing in ears, constipation or diarrhea) during the week prior to the
MVC [45]. The total number of symptoms was calculated as the number of somatic
symptoms with a response of ≥ 1 (0–21 Pre-MVC, 0–10 in the ED).

2.4.6 Litigation assessment—During the six-week follow-up assessment, participants
were asked "Have you hired a lawyer, or are you working with a lawyer, because of injuries
or other health problems that were related to your motor vehicle accident?" If participants
answered yes, they were then asked if they were “suing for damages or workman’s
compensation?” Participants who answered yes to both questions were classified as
"litigants" for the purpose of this analysis; others were classified as non-litigants.

2.5 Statistical analyses
Chi-square tests were performed in R [63] for contingency tables evaluating the null
hypothesis that the percentage retained in the cohort at six weeks was equivalent for each
group compared to baseline. Chi-square tests and Student’s t-tests were used to assess
differences in pain outcomes between litigants and non-litigants. Log-binomial regression
with a robust estimation method was used to evaluate the association between each
candidate predictor and primary outcome. Candidate predictor variable scores were
categorized according to established cut-offs or (absent such cut-offs) divided into tertiles.
Dummy variables for study site were included in each model. P-values in these bivariate
analyses were reported from a likelihood ratio test for all levels of the putative risk factor.
Estimates of the relative risk and associated 95% confidence intervals (95% CIs) were also
calculated for each level of each putative risk factor. This analysis was performed separately
for litigants and non-litigants. To test for differences in predictor strength by litigation
status, bivariate log-binomial models were re-run for the combined cohort of litigants and
non-litigants including a dummy variable for litigation status and an interaction term
(litigation status * putative predictor) in R (significance level p < 0.10).

Predictors showing evidence of association with outcomes in bivariate analyses were used as
candidate predictors in multivariate analyses. Evidence of association in bivariate analyses
was identified using p < 0.05 for non-litigants and p < 0.10 for litigants (p < 0.10 was used
for litigants, because the sample of litigants was substantially smaller). Multivariate analyses
were performed using a Least Absolute Shrinkage and Selection Operator (LASSO). Lasso
is a form of penalized regression that also performs variable selection and is useful for
obtaining a set of predictors that are associated with an outcome while guarding against
over-fitting. The tuning parameter for each model was chosen as one standard error (SE)
below the model which maximizes the area under the receiver operating curve characteristic
(AUROCC) curve without over fitting the model. All models were fit using the “glmnet”
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package in R [19]. As with most implementations of Lasso, in this package there is a lack of
a consensus on how estimates should be interpreted. We chose to report the strongest sparse
subset of predictors and derive risk ratios and 95% CIs using log-binomial models that
adjust for age, sex, and site, but not for other predictors in each given subset. For each Lasso
model, the mean AUROCC curve from the cross-validation was also reported.

In secondary analyses that investigated the relationship between initial characteristics and
the proportion of the study sample which pursued litigation, a generalized linear model was
used to obtain least squares means (LS-means). Reported LS-means were controlled for age,
sex, and state of participant residence (due to variation in no fault laws between states).
Differences in one characteristics amongst a single category of another characteristic are
known as simple effects [66] and were deemed significant if p<0.05.

3. Results
3.1 Baseline participant characteristics and characteristics of those completing six week
follow-up evaluation

A total of 10,629 patients were screened, 1,416 were eligible, 969 consented to study
participation and 948 completed baseline evaluation (Figure 1). Slightly more than 60% of
participants were female, more than three quarters had some education past high school, and
more than half worked full time (Table 1). The median age of study participants was 36
(range 18–65). Fractures were present in 1/948 (<1%, phalanx fracture) participants, a small
laceration was present in 53/948 (6%) participants. The vast majority of study participants
had musculoskeletal strain only. At the time of the ED visit, more than half of study
participants had MSNP and nearly one in five had widespread pain (Table 1) [6].

Six week follow-up assessments were completed on 859/948 (91%) of enrolled patients.
There were small (< 2%) but statistically significant differences in the characteristics of
participants who did and did not complete six week follow-up: study participants who did
not complete six week follow-up evaluation were more likely to be younger, male, to smoke,
and to have a lower socioeconomic status than patients completing 6 week follow-up
evaluation (Table 1). In the overall cohort, 70% of participants reported pain in at least one
body region six weeks after MVC and over one third reported pain in four or more body
regions. The most common regions with moderate or severe pain were the neck, lower back,
shoulder, and upper back (Figure 2).

3.2 ED characteristics and six week pain outcomes among litigants and non-litigants
Among the 859 participants who completed six week follow-up, 711/859 (83%) had not
hired a lawyer to sue for compensation. Compared to individuals who were not engaged in
litigation, study participants who hired a lawyer had more severe neck pain in the ED (4.5
(3.2) vs 3.5 (3.0), t = 3.7 (df = 855), p = .0002), more severe overall pain in the ED (6.4
(2.2) vs 5.3 (2.4), t = 4.7 (df = 849), p < .0001), had a greater extent of pain (mean (SD)
body regions with pain 5.8 (4.5) vs 5.0 (3.6), t = 2.2 (df = 858), p = .0254), and were less
educated (e.g. 31% of litigants vs. 21% of non-litigants had less than a high school
education, p = .0039). Persistent pain six weeks after MVC was common among individuals
not engaged in litigation: 493/711 (69%) reported pain related to the MVC in one or more
body regions, 199/711 (28%) had MSNP, 92/711 (13%) had WP, and 29/711 (4%) had FM-
like symptoms. Among the 148/859 (17%) study participants who had hired a lawyer to sue
for compensation, rates of persistent pain six weeks after MVC were substantially higher:
141/148 (95%) reported pain related to the MVC in one or more body region, 95/148 (64%)
had MSNP, in 61/148 (41%) had WP, and 20/148 (14%) had FM-like symptoms. (p < .
00001 for all incidence comparisons with non-litigants.) Of note, because the number of
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individuals with FM-like symptoms six weeks after MVC was relatively small (n = 29
among non-litigants and n = 20 among litigants), subsequent bivariate and multivariate
analyses were limited to MSNP and WP only.

3.3 Bivariate predictors of MSNP six weeks after MVC
Initial bivariate analyses indicated that interactions were present between litigation status
and the strength of association between some predictor variables and the development of
MSNP six weeks after MVC. For this reason, predictors of six week pain outcomes between
individuals litigating and not litigating were evaluated separately.

3.3.1 Demographic and collision characteristics—Associations between individual
sociodemographic and crash characteristics and pain outcomes are shown in Figure 3A.
Among individuals not engaged in litigation, female gender, older age, and extent of vehicle
damage predicted the presence of MSNP six weeks after MVC. In addition, being in a car
traveling 41–80mph was protective of MSNP vs. being in a stopped vehicle. Among
individuals engaged in litigation, different factors predicted the presence or absence of
MSNP. Full time employment, presence of health insurance, and being the vehicle driver all
were protective against the development of MSNP in litigants.

3.3.2 Pain and somatic symptoms—Associations between pain and somatic symptoms
reported prior to MVC and in the immediate aftermath of MVC and MSNP six weeks after
MVC are shown in Figure 3B. Among individuals not engaged in litigation, pain and
somatic symptoms in the ED were strong predictors of persistent MSNP. ED pain and
somatic symptoms that predicted MSNP six weeks after MVC among non-litigants included
the presence of moderate neck pain, severe neck pain, moderate overall pain, severe overall
pain, any regional pain, any widespread pain, having post-MVC somatic symptoms in the
middle vs. lowest tertile, and having post-MVC somatic symptoms in the highest vs. lowest
tertile. In general, ED pain and somatic symptoms were less predictive of MSNP six weeks
after MVC among individuals engaged in litigation. Being in the middle or highest tertile of
somatic symptoms in the ED predicted MSNP in litigants, but overall pain severity and the
presence of regional or WP in the ED did not. Neck pain severity in the ED predicted MSNP
among litigants, but the strength of this association was weaker than among non-litigants.
Being in the middle or highest tertile of past somatic symptom burden predicted MSNP in
litigants, but not in non-litigants.

3.3.3 Psychological and cognitive characteristics—Associations between
psychological and cognitive characteristics and MSNP six weeks after MVC are shown in
Figure 3C. Among non-litigants, belief that the MVC was another person's fault (vs
nobody's fault) increased risk of persistent pain. Among litigants, this association was not
significant, likely because among litigants the belief that the MVC was nobody's fault was
very uncommon (therefore confidence intervals were very wide). Among non-litigants, a
number of psychological and cognitive characteristics predicted the presence of MSNP six
weeks after MVC, including peritraumatic distress, peritraumatic dissociation, number of
days that the individual estimated it would take to recover physically at the time of the ED
visit, number of days that the individual estimated it would take to recover emotionally at
the time of the ED visit, belief that the MVC was not the participant's fault, and high pain
catastrophizing in the ED. Among individuals engaged in litigation, these factors were all
less predictive of MSNP, with only increased catastrophizing score (highest vs. lowest
quartile) significantly associated with persistent MSNP at the p<0.05 level.
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3.4 Bivariate predictors of WP six weeks after MVC
3.4.1 Demographic and collision characteristics—Individual predictors of WP six
weeks after MVC, and differences in patterns of WP predictors between individuals engaged
vs. not engaged in litigation were generally similar to those observed for MSNP. As with
MSNP, older age and female sex increased risk of WP among non-litigants, but not among
litigants (Figure 4A). As with MSNP, lack of health insurance predicted WP among litigants
only.

3.4.2 Pain and somatic symptoms—Also as with MSNP, ED pain and somatic
symptom characteristics were more predictive of WP among non-litigants than among
litigants. Among non-litigants, history of neck pain during the month prior to MVC,
moderate neck pain or severe neck pain in the ED in the hours after MVC, overall pain in
the ED, WP in the ED, and number of somatic symptoms in the ED all predicted persistent
WP six weeks after MVC (Figure 4B). Among litigants, only prior WP, WP in the ED, and
number of somatic symptoms in the ED were predictive of WP six weeks after MVC. (A
number of differences in the influence of pain and somatic symptoms on risk of WP after
MVC according to litigation status reached statistical significance.)

3.4.3 Psychological and cognitive characteristics—Also consistent with findings
regarding MSNP, among non-litigants peritraumatic dissociation, number of days estimated
for emotional recovery, number of days estimated for physical recovery, number of days
estimated for emotional recovery, and high pain catastrophizing predicted WP six weeks
after MVC (Figure 4C). Point estimates indicated that these characteristics were less
predictive of WP among litigants (e.g., high catastrophizing among litigants had a relative
risk of 1.0, vs. 2.3 among non-litigants), and none of these factors significantly predicted
WP six weeks after MVC among litigants (Figure 4C).

3.5 Multivariate models
From the bivariate predictors shown in Figure 3 and Figure 4, a parsimonious set of
variables for predicting MSNP and WP were identified using Lasso regression. Among
individuals not engaged in litigation, female sex, severe neck pain in the ED, and severe
overall pain in the ED most efficiently predicted MSNP six weeks after MVC (Figure 5A,
CV AUROCC=0.73). Among litigants, in addition to these variables, Lasso regression also
selected lack of full time employment, lack of health insurance, rear end collision type,
being a passenger vs driver, moderate neck pain in the ED, peritraumatic distress, a
predisposition to anger (anger predisposition high vs. low tertile and middle vs. low tertile),
and a higher participant age (42 to 65 years old vs. 18 to 27 years old) (Figure 5B, CV
AUROCC=0.73). Of note, a number of individual predictors in the final multivariate model
for litigants, including patient sex, age, moderate neck pain in the ED, peritraumatic distress,
and both strata of anger predisposition were not significant in the log-binomial models
controlling for site as well as age and sex (where appropriate). While not significant in these
adjusted models, they are important as part of the sparse subset of factors determined by
Lasso regression to maximize the AUROCC for MSNP amongst litigants.

Multivariate predictors of WP among non-litigants included neck pain and widespread pain
in the ED, estimated time to recover physically in the ED (> 30 days vs. less than 7 days),
and high vs. low pain catastrophizing (Figure 5C, mean CV AUROCC=0.68). Among
individuals engaged in litigation, predictors of WP six weeks after MVC included a history
of neck pain or WP during the month prior to MVC, presence of WP in the ED, and absence
of health insurance (Figure 5D, CV AUROCC=0.61).
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3.6 Secondary analyses in litigants
Because the predictive influence of sociodemographic characteristics (e.g. income level,
having health insurance) and initial pain characteristics (e.g. overall pain severity in the ED)
seemed to vary by litigation status, we exploring these relationships in more detail. As
shown in Figures 6A and 6B, as overall ED pain severity increased, the percentage of
individuals litigating generally increased, regardless of health insurance status or income.
However, individuals without any pain in the ED were more likely to litigate if they did not
have health insurance (Figure 6A) or had an income of less than $40,000 (Figure 6B).

4. Discussion
In this study we compared the incidence and predictors of MSNP and WP six weeks after
MVC among litigants (148/859 (17%)) and non-litigants (711/859 (83%)). Compared to
non-litigants, litigants were less educated and had more severe neck pain, overall pain, and a
greater extent of pain at the time of ED evaluation. The incidence of pain outcomes was
substantially higher among individuals engaged in litigation, however among individuals not
engaged in litigation persistent pain six weeks after MVC was still common, and the
majority of pain sequelae within the entire cohort occurred in non-litigants (68% of MSNP,
60% of WP, and 59% of FM-like symptoms). Thus these data provide important evidence
from a large patient cohort that post-MVC pain outcomes frequently occur among those who
are not engaged in litigation.

Our study design does not provide us with a means to directly assess whether the increased
incidence of MSNP and WP among litigants was due to (1) worse pain outcomes increasing
likelihood of litigation, (2) litigation causing worse pain outcomes, or (3) bidirectional
effects where (1) and (2) both occur. However, indirect evidence from this study suggests
that bidirectional effects are most likely. Supporting hypothesis (1), initial pain symptom
severity was greater among litigants, and initial pain symptom severity among litigants
predicted pain outcomes among litigants as well as non-litigants. In addition, high pain
catastrophizing in the ED, which may be considered a proxy of anticipated pain-related
disability [53], predicted persistent MSNP in both groups. Supporting hypothesis (2),
socioeconomic disadvantage was more predictive of adverse pain outcomes among litigants,
suggesting that potential litigation-related monetary gain may (consciously or
unconsciously) influence pain persistence or worsening pain. Also supporting hypothesis
(2), individual pain and psychological characteristics were generally less predictive of pain
outcome among those engaged in litigation, and individuals with no pain in the ED were
more likely to litigate if they did not have health insurance or reported an annual household
income of less than $40,000. (Similar trends were observed for those with mild pain in the
ED, but these differences did not reach statistical significance.) These results support a
nuanced view of compensation system design, and suggest that systems at either extreme
(systems which provide no opportunity for financial support for those with pain-related
disability and systems which readily allow for any litigation) are unlikely to provide the
most societal benefit.

Predictors of MSNP six weeks after MVC in this study, particularly among non-litigants,
were consistent with risk factors identified in previous studies, including female sex [12;
20], pain and somatic symptom severity in the early aftermath of MVC [2; 12; 70], collision
characteristics [3; 43], posttraumatic stress symptoms after MVC [2; 30; 60], and cognitive
characteristics (estimated days to recover physically and emotionally, pain catastrophizing
[4; 24; 40]). As with previous studies [1; 60], pain severity in the immediate aftermath of
MVC was a dominant predictor of subsequent pain outcomes. The fact that three bivariate
predictors, which would be simple to assess clinically, provided good prediction of six week
MSNP suggests that brief ED-based clinical instruments may be effective in identifying
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individuals at high risk of adverse pain outcomes at the time of the initial ED visit. If so,
then this creates the opportunity to begin to test preventive interventions in high risk
individuals identified at the time of their initial presentation for care. Such differential
treatment based on risk profile has recently been shown to improve outcomes among
individuals presenting to a primary care provider with low back pain [22].

Consistent with previous studies [23; 70], some patients in our cohort who experienced
MVC developed WP. Among non-litigants, pain severity in the ED predicted WP, just as it
predicted MSNP. However, unlike MSNP, WP among non-litigants was also predicted by
extent of pain (WP) in the ED in the early aftermath of MVC. WP in the ED has been shown
to be strongly associated with patient characteristics known to be modulated by supraspinal
mechanisms [6], suggesting that individual neurobiologic factors which predispose an
individual to stress-induced hyperalgesia in the hours after trauma also mark vulnerability to
WP persistence. Further studies to identify biological factors associated with vulnerability to
immediate and persistent WP after MVC are needed. Catastrophizing in the ED also
predicted WP (but not MSNP) among non-litigants, suggesting that psychological or
cognitive characteristics after the MVC, and/or other factors associated with catastrophizing,
have a more important influence on WP than regional pain. To our surprise, assessment of
bivariate and multivariate predictors among individuals engaged in litigation differed from
individuals not engaged in litigation. Patterns of differences described above suggest that,
compared to non-litigants, pain outcomes among litigants are more strongly influenced by
socioeconomic factors and less influenced by initial pain and psychological symptom
burden. For both MSNP and WP, optimal multivariate prediction models among litigants
(but not non-litigants) included sociodemographic factors (for MSNP, employment and
health insurance status, for WP, health insurance status). MSNP among litigants was also
relatively more influenced by psychological factors and being a driver vs. passenger (the
later potentially influenced by beliefs regarding fault). In general, multivariate prediction
models for litigants included a greater number of predictors, but were less effective at
predicting pain outcomes, suggesting that pain outcomes among litigants may be influenced
by a more complex set of factors than pain outcomes among non-litigants.

A number of limitations should be considered when interpreting our results. First,
differences in outcomes according to litigation status may vary depending on the
permissiveness of the litigation environment. Therefore cohort studies conducted in other
compensation and sociocultural environments are needed to better understand the
generalizability of our results. A related limitation is that differences in the legal
environment between states (e.g. interpretation of legal precedent, likelihood of attorney
taking or keeping case), and/or potential geographic differences in clinical management, are
unknown. In addition, the risk of false positive associations is increased by the fact that we
did not adjust for multiple comparisons in our bivariate analyses. However, many of the
candidate predictor variables assessed (e.g. psychological-related factors, pain-related
factors) were correlated with one another, therefore adjusting for multiple tests would most
likely result in a significant decrease in power with very little corresponding decrease in the
risk of type I error [49]. In addition, the need for such adjustment is a matter of considerable
debate [16; 44; 48; 50], particularly in the setting of studies such as this one, in which
candidate predictors were selected because substantial previous evidence suggests that they
may be associated with study pain outcomes. Another limitation of this study is that self-
report information obtained from study participants might have been inaccurate or
incomplete. However, baseline data were obtained at the time of initial evaluation, six weeks
prior to the assessment of pain outcomes and litigation status, and sociodemographic
variables and pain prior to MVC were more influential among individuals engaged in
litigation, in whom reporting bias (conscious or unconscious) might be most incentivized.
This suggests that reporting bias in providing information on candidate predictors was
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limited. Another limitation is potential bias in reporting six week pain outcomes. As noted in
the introduction, the influence of litigation/active involvement in compensation on pain
reporting is a contentious issue. Stratifying our analyses by litigation status at least allowed
us to remove this potential concern from the majority of our (non-litigating) study
participants. In addition, study participants were informed that our study data would remain
confidential and were protected by a National Institute of Health Certificate of
Confidentiality, and that our study data would not be accessible to them or other parties
potentially involved in litigation. Another potential bias in our study is that is that, six weeks
after MVC, individuals could falsely attribute musculoskeletal pain present prior to the
collision as pain related to the MVC. However, evaluation of information obtained at the
time of the initial ED visit indicates that only a small percentage of participants with adverse
pain outcomes at six week reported such symptoms prior to MVC (15/294 (5%) of those
with MSNP, 9/153 (6%) with WP, and 1/48 (2%) of those developing FM-like symptoms).
Finally, study outcomes were assessed six weeks after MVC, and the influence of litigation
on pain outcomes at later time points is not known.

In conclusion, the results of this study indicate that adverse pain outcomes after MVC are
common among individuals who are not engaged in litigation or compensation seeking, and
that such adverse pain outcomes can be predicted by initial pain characteristics. In addition,
our study results provide indirect evidence that post-MVC pain and litigation status have
bidirectional influences on one another. Further research is needed to better understand the
influence of litigation/compensation systems on pain outcomes after MVC. Such improved
understanding is critical in order to design compensation systems around the world that most
effectively promote pain recovery among the 50 million individuals [62] who are involved
in a MVC annually.
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Summary

Most individuals with pain sequelae six weeks after MVC are not engaged in litigation.
Evidence supports bidirectional effects between litigation and post-MVC musculoskeletal
pain outcomes.
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Figure 1.
A flow chart of the cohort reported on in this study. At the top, potential participants
screened at participing EDs and the reasons for exclusions. The number eligible is reported
next, and reasons for refusal to participate in the study are listed. Enrolled participants,
participants retained at six weeks, and participants involved in litigation are shown at the
bottom.
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Figure 2.
Percentage of study participants with moderate or severe musculoskeletal pain (NRS ≥ 4)
according to body region six weeks after motor vehicle collision (study participants not
engaged in litigation only).
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Figure 3.
Associations between baseline characteristics (evaluated in the emergency department in the
hours after motor vehicle collision) and moderate or severe neck pain at six weeks among
individuals not seeking compensation ("non-litigants”, n = 859) and individuals seeking
compensation ("litigants", n = 148) after motor vehicle collision. Characteristics investigated
include (A) sociodemographic and crash characteristics (B) pain and somatic symptoms
reported prior to and in the immediate aftermath of MVC and (C) psychological and
cognitive characteristics. *Category listed second is reference group
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Figure 4.
Associations between baseline characteristics (evaluated in the emergency department in the
hours after motor vehicle collision) and widespread pain at six weeks among individuals not
seeking compensation ("non-litigants”, n = 859) and individuals seeking compensation
("litigants", n = 148) after motor vehicle collision. Characteristics investigated include (A)
sociodemographic and crash characteristics (B) pain and somatic symptoms reported prior to
and in the immediate aftermath of MVC and (C) psychological and cognitive characteristics.
*Category listed second is reference group
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Figure 5.
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Multivariate Predictive Models of MSNP and WP six weeks after MVC
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Figure 6.
Percent of individuals reporting engagement in litigation six weeks after motor vehicle
collision according to overall pain severity in the ED (no pain (0 on NRS), mild pain (1–3.5
on NRS), moderate pain (4–6.5 on NRS), or severe pain (7–10 on NRS)) and health
insurance status (Panel A) and income (Panel B). Results adjusted for age, sex, and state
where participant recruited. *Comparisons designed with an asterix are significant at p <
0.05.
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