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Abstract

Background—Musculoskeletal pain is common after motor vehicle collision. The study
objective was to evaluate distribution of pain and predictors of widespread musculoskeletal pain in
the early aftermath (within 48h) of collision.

Methods—European American adults aged 18—65 years presenting to the emergency department
after collision who were discharged to home after evaluation were eligible. Evaluation included an
assessment of reported pre-collision psychological characteristics, crash characteristics, current
pain severity and location, and current psychological symptoms. Adjusted risk ratios were
estimated using generalized linear models.

Results—Among 890 participants included in the study, 589/890 (66%) had pain in three or
more regions, and 192/890 (22%) had widespread musculoskeletal pain (pain in 7 or more
regions). In adjusted analyses, the presence of widespread pain was strongly associated with
depressive and somatic symptoms prior to collision, pain catastrophizing, and acute psychological
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symptoms, and was not associated with most collision characteristics (road speed limit, extent of
vehicle damage, collision type, driver vs. passenger, airbag deployment). The reported number of
body regions that struck an object during the collision was associated with both reported pre-
collision depressive symptoms and with widespread pain.

Conclusion—More than one in five individuals presenting to the emergency department in the
hours after motor vehicle collision have widespread pain. Widespread pain is strongly associated
with patient characteristics known to be modulated by supraspinal mechanisms, suggesting that
stress-induced hyperalgesia may influence acute widespread pain after collision.

1. Introduction

The great majority of individuals who experience a motor vehicle collision (MVC) do not
have a fracture or other acute injury requiring immediate medical intervention or
hospitalization (Platts-Mills et al., 2012b; Thygerson et al., 2011). Acute pain among these
patients is often ascribed to “musculoskeletal strain”. The majority of patients with acute
pain recover, but a subset transition to persistent pain (Holm et al., 2008). Persistent
musculoskeletal pain after MV C is an important public health problem (Holm et al., 2008),
and may occur in a number of body regions (Cassidy et al., 2003; Hincapie et al., 2010) and/
or may be widespread (Holm et al., 2007; Jones et al., 2011; Wynne-Jones et al., 2006).

To date, studies examining acute pain after MVVC have focused on the neck region (Berglund
et al., 2001; Kasch et al., 2001; Norris and Watt, 1983). A more comprehensive assessment
of the distribution and extent of acute pain in the early aftermath of MVVC may enrich our
understanding of patients’ experiences. In addition, evaluating the distribution and extent of
acute pain symptoms and the relationship between individual and collision-related
characteristics and pain extent may suggest biological mechanisms of acute post-MVC pain
pathogenesis.

In this study we evaluated the distribution, extent, and severity of pain symptoms among a
large cohort of individuals who presented for emergency evaluation in the hours after MVC
and were subsequently discharged to home. We hypothesized that multiple regions of body
pain would be the norm, and that a substantial subset of patients would have pain in seven or
more body regions (“widespread pain”). We based this hypothesis on preclinical and clinical
data suggesting that stress-induced hyperalgesia may be an important biological mechanism
contributing to acute pain after stressful events such as MVC (McLean, 2011). Such stress-
induced hyperalgesia is relatively widespread in nature (Imbe et al., 2006; Khasar et al.,
2003; Vidal and Jacob, 1982), and thus might be expected to contribute to acute pain across
a number of body regions.

We also assessed sociodemographic, health-related, crash-related, and psychological factors
associated with acute post-MVC widespread pain. We hypothesized that widespread pain
would be strongly associated with acute psychological symptoms. We based this hypothesis
on data indicating that acute psychological responses are modulated by central
neurobiological systems (Pervanidou and Chrousos, 2010) which also appear to be involved
in stress-induced hyperalgesia (Imbe et al., 2006). Because we hypothesized that biological
mechanisms contributing to acute post-MVC widespread pain are strongly influenced by
stress-induced mechanisms which are independent of tissue injury, we hypothesized that
collision-related characteristics would be less strongly associated with the presence of
widespread pain than psychological measures.
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2. Methods

2.1. Study participants

Participants in this study were individuals aged 18 to 65 years who presented to one of eight
emergency departments (EDs) for care after MVC. Only individuals who spoke English and
who were alert, oriented, and clinically stable were enrolled. In addition, we excluded
patients who had spinal, facial, long bone, and skull fractures as well as prisoners, pregnant
patients, patients with intracranial injury or laceration with significant hemorrhage, patients
who were admitted to the hospital, and patients presenting to the ED more than 24 hours
after MVC. In addition, to reduce sample heterogeneity, patients who rode a motorcycle or
scooter at the time of collision were excluded. The study was approved by the Institutional
Review Board at each study site (Bay State Medical Center, Springfield, MA; Beaumont
Hospital, Troy, Michigan, USA; Beaumont Hospital, Royal Oak, Michigan, USA;
Massachusetts General Hospital, Boston, Massachusetts, USA; North Shore University
Hospital, Manhasset, New York, USA; Saint Joseph Mercy Health System, Ann Arbor,
Michigan, USA; Spectrum Health, Grand Rapids, Michigan, USA; Shands Jacksonville,
Jacksonville, Florida, USA). Participants were recruited as part of an ongoing RO1 study
(AR056328). Because other portions of the study will include genetic analyses, only patients
who identified themselves as European American were recruited in order to reduce
population stratification bias (Diatchenko et al., 2007). All participants gave written
informed consent.

2.2. Data collection procedures

A research assistant stationed in each of the study site EDs monitored the chief complaint
and injury history of presenting patients. Potentially eligible patients were approached to
determine eligibility and eligible patients were offered enrollment into the study. The
research assistant informed patients of the voluntary nature of their participation, discussed
the risks and benefits of the study, and informed patients that their participation could be
withdrawn at any time. In addition, in order to assess patient competency to give informed
consent, patients were required to describe the essential elements of the study back to the
research assistant. Following consent, study participants completed an ED interview 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 high concordance, with an error rate of only 1.3%. To enhance
participation and to compensate participants for their time during their ED visit, study
participants were provided with $80.00 remuneration for completing the ED interview. After
study participant discharge from the ED, a research assistant completed a web-based data
extraction form. This form collected information from ED and hospital medical records.

2.3. Measures

Demographic information was assessed using standardized questionnaire items. Pain
symptom location was evaluated using the Regional Pain Scale (Wolfe, 2003). This scale
has been shown to be a valid and reliable measure of pain location and distribution (Wolfe,
2003). Current pain intensity in each body region and current overall pain severity were
assessed via a numeric rating scale (NRS) ranging from 0 (“no pain”) to 10 (“worst pain
possible”). If participants reported pain they were also asked whether the pain was related to
the MVC,; only MV C-related pain (greater than 99% of all pain reported) was included in
the present analyses. Peritraumatic distress was assessed using the Peritraumatic Distress
Inventory (PDI). The PDI is a reliable and valid instrument for measuring distress during the
peritraumatic period (Brunet et al., 2001; Udelsman et al., 1987). Total scores can range
from 0 to 52, with scores greater than 23 indicating severe distress (Nishi et al., 2010).
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Perceived threat to life was assessed using 0-10 numeric scale. Information regarding the
collision was assessed using a structured questionnaire developed in consultation with
biomechanics experts at the University of Michigan Transportation Research Institute. This
questionnaire included questions regarding position inside the vehicle (driver or passenger),
airbag deployment, number of body regions striking the vehicle interior or other object
during the collision, road speed limit, location of primary vehicle damage, and extent of
vehicle damage (none, minor, moderate, severe/car not drivable). Information regarding
collision characteristics assessed using this interview have been shown to demonstrate
excellent agreement with collision information recorded by police at the scene of the MVC
(Lee et al., 2012). Patient injuries were scored using the Abbreviated Injury Scale (Baker et
al., 1974).

Beliefs regarding emotional recovery were assessed by asking participants to estimate their
expected time to emotional recovery (Carosella et al., 1994). Pain catastrophizing was
assessed using the Pain Catastrophizing Scale (Sullivan et al., 1995). Pain Catastrophizing
Scale scores range from 0-52, with scores of 30 or more indicating an increased propensity
to catastrophize (Sullivan et al., 1995). Dissociation was assessed using the Michigan
Critical Events Perception Scale (MCEPS) (Michaels et al., 1999). MCEPS scores range
from 5-25, with scores of 15 or more indicating significant dissociation (Michaels et al.,
1999). After assessment of current pain and psychological symptoms, participants were also
asked about pain symptoms during the previous calendar month. For the assessment of past
pain, the Regional Pain Scale (Wolfe, 2003) and numeric rating scale assessments were
again used. The presence and severity of 21 common somatic symptoms during the calendar
month prior to MVC was also assessed (Adapted from Pennebaker, 1982); such symptoms
have been shown to predict chronic pain (McBeth et al., 2005). The Center for
Epidemiological Studies Depression (CESD) Scale, a 20-item self-report questionnaire, was
used to assesses symptoms of depression (Radloff, 1977) during the calendar month prior to
MVC. CESD scores range from 0 to 60, with scores of 26 or more indicating substantial
depressive symptoms (Geisser et al., 1997). SF-12 physical component summary and mental
component summary scores were used to evaluate general physical and mental health during
the month prior to the MVVC (Ware et al., 1996). Transformed scale scores for these
measures range from 0 to 100, with higher scores indicating better mental or physical health
(Ware et al., 1996). Additional details regarding the study design and measurements have
been published (Platts-Mills et al., 2011).

2.4, Statistical analysis

The number of body regions with acute pain was calculated by summing the number of body
regions in which participants reported any MV C-related pain at the time of ED assessment
(defined as NRS score > 0). Widespread pain was defined by the presence of seven or more
body regions with pain (Wolfe et al., 2010). When evaluating the association between
candidate predictors and widespread pain, predictors measured on a continuous scale were
categorized to facilitate effect size assessment and to account for potential non-linear effects.
Predictors were categorized using cut-off scores demonstrated in the literature to define
clinically relevant categories. In the event that such cut-off scores were not available, tertiles
were used. Relative risks and confidence intervals for associations were estimated using
generalized linear models for binary outcomes after adjustment for potential confounders.
Associations between sociodemographic characteristics and the presence of widespread pain
were adjusted for study site. Associations between crash-related characteristics and the
presence of widespread pain were adjusted for age, sex, education, and study site.
Associations between pre-crash health and psychological factors and the presence of
widespread pain were adjusted for age, sex, education, study site, and the number of body
parts striking an object in the vehicle during the collision. All statistical analyses were
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performed using SAS (version 9.2, SAS Institute Inc., Cary, NC). P-values <0.05 were
considered statistically significant.

3.1. Sample acquisition and socio-demographic characteristics

3.2. Number

A total of 10,629 patients were screened, 1,416 were eligible, 969 consented to study
participation, and 948 completed baseline evaluation (Figure 1). After exclusion of those
whose collision occurred while driving a motorcycle or a scooter (n = 58), 890 study
participants were available for analyses. Most study participants were female, less than 40
years of age, and did not have a college degree. The median time between MVC and ED
presentation was 1 hour and 14 minutes. Three quarters of study participants presented to the
ED within 2.5 hours of the MVVC. Nearly three quarters (634/890, 71%) of study participants
came to the ED directly from the scene of the collision, and more than half (493/890, 56%)
were transported to the ED by ambulance. Patients had minor injury as classified by
anatomical scoring systems. Ninety nine percent of participants had an Abbreviated Injury
Scale score of one, the remaining one percent had a score of two.

of body regions with pain in the hours after MVC

Nearly all study participants (827/890, 93%) had some MV C-related pain; two thirds
(589/890, 66%) had pain in three or more regions (Figure 2). Widespread pain (pain in seven
or more body regions) was present in more than one in five participants (192/890, 22%).
Moderate or severe neck pain (NRS >3) was present in more than half of the study
participants (488/890, 55%); and 161/192 (84%) of patients with widespread pain also had
moderate or severe neck pain. The number of body regions with pain was moderately
correlated with increased overall pain severity (Pearson r = 0.38, p < 0.001, Figure 2) and
with neck pain severity (r = 0.13, p = 0.001). Body regions with the highest prevalence of
pain in the early aftermath of MVC were the neck, head, upper back, lower back, and
shoulders (Figure 3).

3.3. Association between socio-demographic characteristics and the risk of widespread
pain in the hours after MVC

Associations between socio-demographic characteristics and the risk of widespread pain in
the hours after minor MVC, adjusted for participant study site, are shown in Table 1.
Women had a higher risk of widespread pain than men (Table 1). Participants with some
post-high school or college education had higher risk of widespread pain than those with
higher or lower education levels (Table 1).

3.4. Association between crash characteristics and widespread pain in the hours after

MVC

Associations between collision-related characteristics and the presence of widespread pain
in the acute aftermath of MVC, adjusted for age, sex, education, and study site, are shown in
Table 1. Vehicle characteristics selected as markers of crash severity/collision energy were
not associated with the presence of widespread pain. An individual injury characteristic, the
number of participant body regions which struck an object during the collision, was
associated with the presence of acute post-MVC widespread pain (adjusted relative risk of
1.51 (95% CI 1.05 to 2.18) for striking one body region and 2.38 (95% CI 1.67 to 3.39) for
striking multiple body regions). Of note, the number of body regions striking the vehicle
was associated with both a non-rear end collision (p < .0001) and increased reported
depressive symptoms during the month prior to collision (r = .13, p =.0002) and increased
reported somatic symptoms reported during the month prior to collision (r = .08, p =.02).
Striking an object during collision was not a necessary antecedent to the presence of acute
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widespread pain: 37/267 (14%) of those who did not strike a body part reported widespread
pain, including 9/60 (15%) of those who had only minor vehicle damage.

3.5. Association between health and psychological factors and the presence of
widespread pain in the hours after MVC

After adjustment for study site, socio-demographic characteristics, and the number of body
parts striking an object during the collision, a greater number of somatic symptoms in the
calendar month prior to collision was strongly associated with the presence of widespread
pain in the acute aftermath of MVC. Increased depressive symptoms and the number of
body regions with pain during the calendar month prior to collision were also significantly
associated with widespread pain. Pain catastrophizing also strongly associated with
widespread pain; this strong association remained after adjustment for overall pain severity
at the time of pain catastrophizing assessment. There was no association between mental and
physical health subscales of SF-12 and the presence of widespread pain in the acute
aftermath of MVC.

3.6. Association between immediate post-MVC psychological outcomes and the presence
of widespread pain in the hours after MVC

Associations between immediate post-MVC psychological responses and the presence of
widespread pain were evaluated adjusting for sociodemographic factors, collision-related
factors, and study site. All of the psychological responses to MVC assessed (perceived life
threat, peritraumatic distress, dissociation symptoms, and estimated time to emotional
recovery) were strongly associated with the presence of widespread pain (Table 2).

4. Discussion

In this observational study of adult European Americans evaluated in the ED in the hours
after MVC and subsequently discharged to home, pain in 3 or more body regions was the
norm, and more than one in five participants experienced pain in 7 or more body regions
(defined as “widespread pain”). The body regions with the highest prevalence of acute pain
after MVVC were the neck, head, upper back, lower back, and shoulders. Consistent with our
study hypothesis that biological mechanisms contributing to acute post-MVC widespread
pain are strongly influenced by stress-induced mechanisms which are independent of tissue
injury, the presence of widespread pain was strongly associated with depressive and somatic
symptoms prior to collision, pain catastrophizing, and acute psychological symptoms in
response to trauma, and generally not associated with crash-related characteristics.

There was one exception to this general lack of association between crash-related
characteristics and the presence of widespread pain: the number of body regions that
participants reported struck an object during the collision was strongly associated with the
presence of widespread pain. In bivariate analyses, this characteristic was strongly
associated with collision direction, with a greater number of body regions struck in front or
side impact collisions. This bivariate association is consistent with tissue injury
biomechanics, as the great majority of our study participants (86%) were drivers, and
collisions from the front or side are higher energy collisions (Bedard et al., 2002) which are
more likely to result in contact with the driver’s side door, steering wheel, and/or dash
board. Interestingly, in bivariate analyses participant recollection of the number of body
regions struck was also associated with depressive and somatic symptom burden prior to
collision. We hypothesize that number of body regions reported struck was associated with
widespread pain both because it is the most direct, accurate measure of the contribution of
injury severity to widespread pain, and also because this report was influenced by
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psychological characteristics which have shared vulnerability with experiencing stress-
induced hyperalgesia.

We based our study hypothesis on preclinical and clinical data suggesting that stress-
induced hyperalgesia, which is relatively widespread in nature (Imbe et al., 2006; Khasar et
al., 2003; Vidal and Jacob, 1982), contributes to acute pain after stressful events such as
MVC (McLean, 2011). Considered together, our study findings support this hypothesis: (i)
acute post-MVC pain was commonly present in a number of body regions; (ii) pain in 7 or
more body regions (widespread pain) was present in more than one in five individuals; (iii)
individual characteristics modulated by central neurobiological systems involved in stress-
induced hyperalgesia (increased depressive and somatic symptoms prior to MVC, pain
catastrophizing, and acute psychological responses to collision) were strongly associated
with the presence of widespread pain, and (iv) widespread pain occurred in 14% of the
participants with no body areas struck during collision (vs. 22% of all patients), and in 18%
of participants with no or minor vehicle damage.

Previous studies indicate that some individuals develop chronic widespread pain after the
types of MVCs included in this study (Buskila et al., 1997; Holm et al., 2007; Wynne-Jones
et al., 2006). In a prospective study of Canadians filing MV C-related insurance claims
assessed 6 weeks and 4, 6, and 12 months after MVVC, Holm et al found widespread pain to
be present in 21% of individuals at one or more time points. Among individuals
experiencing widespread pain, more than half had developed widespread pain prior to 6
week evaluation (Holm et al., 2007). Our study results extend these findings and suggest that
for some individuals experiencing MV C, widespread pain may develop within hours, rather
than developing initially as regional pain and then gradually transitioning to widespread
over a period of weeks or months. This hypothesis is supported by the consistency of
predictors for acute widespread pain identified in this study and predictors of chronic
widespread pain identified in previous studies (Holm et al., 2007; Wynne-Jones et al., 2006).

Several limitations should be considered when interpreting our study results. First, our study
was limited to European Americans age 18 to 65 years of age who presented to the ED for
evaluation. The extent of pain following MVC and determinants of widespread pain may
differ in other ethnic and racial groups, older adults (Platts-Mills et al., 2012a), and
individuals who do not come to the emergency department for evaluation after MVC. In
addition, our study focused on individuals who were evaluated in the ED and subsequently
discharged to home. The extent of pain and determinants of widespread pain may differ
among those experiencing more serious injuries who are admitted to the hospital, however
in the United States more than 90% of all individuals who present to the ED for evaluation
after MVC are discharged to home after evaluation (Platts-Mills et al., 2012b). Finally,
widespread pain present prior to MVC might have biased our results. However, widespread
pain in the month prior to MVC was reported by only 3% of participants, and only 6% (n =
11) of those who developed widespread pain after MVC (n = 192) reported widespread pain
during the calendar month prior to MVC. In addition, in our analyses we used only pain that
participants reported as MVC-related, and none of our participants was engaged in litigation.
Given these considerations, we believe that pre-existing widespread pain is unlikely to bias
substantially our study results.

In summary, our findings indicate that widespread pain in the early aftermath of MVC is
common. The onset of widespread pain within hours of MVC and the association of
widespread pain with factors known to be modulated by supraspinal mechanisms suggest
that stress-induced hyperalgesia may contribute to the development of acute widespread
pain. Further studies examining the etiology and outcomes of acute post-MVC widespread
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pain are needed, and may lead to new methods to prevent and treat widespread pain
developing after MVC.
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Screened in ED

(n=10 629) Inellglble (n=8,934, 86%)

Major reasons for ineligibility:
Race other than EA (18%)
Under 18 years (14%)
Over 65 years (12%)
Hispanic (10%)

Present to ED > 24 hours after MVC (9%)

Clinically unstable (7%)

Fracture other than phalanges (7%)

\ 4 Not willing to provide a blood sample (5%)

Eligible
(n=1416, 14%)

Refused (n=445, 31%)

Major reasons for refusal:
> In too much pain (25%)
Would take too much time (18%)
Too ill, too weak, or too tired (15%)
No reason given (10%)

v

Consented
(n=969, 69%)

1

Completed ED
Evaluation
(n=948, 93%)

Figure 1. Study recruitment flowchart
Patients may have multiple reasons for ineligibility or refusal. ED, Emergency Department;
EA, European American; MVC, motor vehicle collision.
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none 1 2 3 4 5 6 7 8 9 10 11 12+

Number of pain sites

Figure2.

Percentage of participants and overall pain scores (mean + standard error) by number of pain
sites in the immediate aftermath of motor vehicle collision. Number of pain sites and overall
pain score were significantly associated (Pearson r = 0.38, p < 0.001).
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Figure 3.
Percentage of participants reporting pain in the early aftermath of motor vehicle collision
according to body region (pain score > 0, 0-10 scale).
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