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Abstract

Objective: Motor vehicle collisions generate considerable transmitted forces result-
ing in traumatic brain injury in children presenting to emergency departments (EDs).
To date, no large study has examined post-concussive symptoms in children sustaining
concussions in motor vehicle collisions. This study aimed to compare trends in acute
post-concussive symptom burden in children with concussion following motor vehicle
collisions as compared to other injury mechanisms.

Methods: The study is a secondary analysis of the Predicting Persistent Post-
concussive Problems in Pediatrics study, which prospectively recruited a multicen-
ter cohort of 3029 children 5-17 years of age presenting to the ED with concussion
from 2013-2015. Post-concussive symptom ratings were obtained at pre-specified
time points for 12 weeks post-injury, using the validated Post-Concussion Symptom
Inventory (PCSI). Symptom severity and recovery trajectories were measured using
delta scores on the PCSI (mean post-injury symptom score minus perceived pre-injury
score). A multivariable, longitudinal model evaluated the adjusted effect of mechanism
of injury (motor vehicle collisions vs other mechanisms) on mean symptom scores, com-
pared to perceived pre-injury reports, and the temporal change in mean scores over
during recovery.

Results: Of 3029 study participants, 56 (1.8%) sustained concussion from motor vehicle
collisions. Children sustaining concussion in a motor vehicle collision had lower post-
concussive symptom scores upon ED presentation, measured as differences from their
perceived pre-injury reports, as compared to other injury mechanisms (—0.36 [95%

confidence interval (Cl) = —0.58, —0.15]). However, the motor vehicle collisions group
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1 | INTRODUCTION
1.1 | Background

Concussion, a type of mild traumatic brain injury (mTBI), is a com-
mon injury in children, resulting in >837,000 emergency department
encounters annually in the United States.>2 Although concussion has
been studied extensively after sports-related injuries in children, little
is known about the symptom burden and recovery trajectory of con-
cussion after motor vehicle collisions. Motor vehicle collisions repre-
sents a unique injury mechanism because of the potential for substan-
tial transmission of force to the brain including rotational forces and
multiple impacts in a single event, in addition to injuries to the head
from direct blows.3 Given the smaller size of children, the vulnerabil-
ity of their developing brains, the lack of corollary neck strength and
body musculature to respond to blows, and their need for adjunct har-
ness systems that may not always be used correctly or at all, children

are at risk for significant TBI in motor vehicle collisions.

1.2 | Importance

Children sustaining concussions in motor vehicle collisions may be at
risk for more severe symptoms and therefore may represent a pop-
ulation that would benefit from early identification with prognostic
counseling and coordinated medical follow-up.#-¢ Additionally, other
injuries sustained from motor vehicle collisions, such as orthopedic
injury, cervical spine injury, or intra-abdominal injury, present chal-
lenges in the assessment of post-concussive symptoms in emergency
settings, causing delays in or missed concussion diagnosis.”

1.3 | Goals of investigation

We hypothesized that children sustaining concussion attributable to
motor vehicle collisions would have a greater total post-concussive
symptom burden on initial presentation to the ED as compared to chil-
dren sustaining concussion from other mechanisms (eg, falls or blows

from sports, non-sports, or assault). We also hypothesized that children

showed the smallest decline in symptom burden over 1 month following injury (-0.54
[95% Cl =-0.81, -0.27]).

Conclusions: Children sustaining concussions in motor vehicle collisions may have
lower initial symptom burdens but slower symptom recovery at 1 month compared
to other mechanisms of injury and may represent a distinct population for prognostic

counseling in the ED requiring further research.

concussion, motor vehicle collision, post-concussive symptoms, traumatic brain injury

sustaining concussion in motor vehicle collisions would demonstrate

longer duration of recovery.

2 | MATERIALS AND METHODS
2.1 | Study design

This study is an exploratory secondary analysis of data from the Pre-
dicting Persistent Post-concussive Problems in Pediatrics (5P) study, a
prospective, multicenter cohort study involving 9 pediatric EDs within
the Pediatric Emergency Research Canada (PERC) network conducted
from August 2013 to June 2015 to derive and validate a clinical predic-
tion score for persistent post-concussive symptoms in children.8.? This
parent study was approved by the internal review boards at all sites.

2.2 | Measurements and outcomes

The Post-Concussion Symptom Inventory (PSCI) is a validated post-
concussive symptom-rating scale that is used to assess self-reported
post-concussive symptom burden and allows for comparisons with per-
ceived pre-injury symptom reports. Unique versions of the PCSI were
used depending on participant age. The PCSI consists of 13 items rated
on a 3-point scale for children 5-7 years of age, 17 items rated on a
3-point scale for children 8-12 years of age, and 20 items rated on a
7-point scale (0-6, 6 = maximum symptom severity) for children 13-
18 years of age.1%11 High total symptoms scores may reflect a com-
bination of higher individual symptoms severity and/or higher number
of symptoms reported. For each item, both a current (post-injury) rat-
ing and a pre-injury rating are obtained, with the difference constitut-
ing the item “delta” score. A positive delta score indicates the presence
of the symptom post-injury and the higher the delta score, the larger
the difference in temporal severity. Average delta scores, reported in a
single paper, may range widely from deltas of 4 through 18 in the first
assessment to 0.2 through 2 at 1 month.12 Because children of all ages
and mechanisms of injury frequently omitted responses to individual
items that they may not have felt were applicable, the mean of item
delta scores was computed when at least 85% of the item delta scores
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were available (otherwise, no PCSI score was computed), to derive a
uniformly comparable PCSI score for each participant. To include par-
ticipants of all age groups (5-7,8-13, and 13-18) in the same analyses,
we reconciled the scaling difference between age groups by uniformly
rescaling all item mean delta scores to be consistent with the 7-point
symptom-rating scale used by the 13-18 years age-group (ie, rescaled
to arange from 0-6).

To characterize the post-concussive symptom burden and recov-
ery trajectory of children with concussion following motor vehicle
collisions as compared to children sustaining concussion via other
mechanisms (falls or blows related to: sports injury, injury occurring
unrelated to sports, and assault), differences in symptom burden,
compared to perceived pre-injury reports elicited during the initial ED
visit, were quantified. The differences were measured as the PSCI total
delta score (post-injury minus pre-injury report), assessed at multiple
time-points (0, 1, 2, 4, 8, and 12 weeks post-injury). Analyses compared
PSCI total delta scores following motor vehicle collisions versus other

mechanisms of injury.

2.3 | Selection of participants

The 5P study included children 5-17 years of age who presented to
participating EDs with an isolated acute head injury and were uni-
formly diagnosed with concussion in accordance with the fourth Zurich
consensus statement criteria.13 Patients were excluded for a Glasgow
Coma Scale score of 13 or less, a structural abnormality on neuroimag-
ing (if performed), neurosurgical intervention, intubation or intensive
care unit admission, multisystem injury requiring hospitalization, pro-
cedural sedation, severe preexisting neurological developmental delay

resulting in communication difficulties, or intoxication.

2.4 | Analysis

Summary statistics (eg, median, interquartile range [IQR]) of key
baseline characteristics reported in the initial ED visit were computed,
with stratification of participants into the 4 mechanism of injury
groups. Statistical comparisons in baseline characteristics between
the 4 mechanism groups were assessed by either the Kruskal-Wallis
test (for continuous variables) or Pearson chi-square (y2) test (for
categorical variables). To describe the symptom burden over time
for each group, group means and medians with non-parametric 95%
confidence intervals (Cl), as well as interquartile ranges, of the PCSI
were computed at each study time point (ie, weeks 0, 1,2, 4, 8, 12).
The primary study objective was to explore if differences existed
between post-concussive symptom burden upon ED presentation
and recovery trajectory over 12 weeks in children with concussion
sustained in motor vehicle collisions as compared to other mecha-
nisms of injury. A multivariable, longitudinal model was fitted using
generalized least squares with the restricted maximum likelihood
estimator, where the rescaled PCSI item mean delta score (range: 0-6)
was specified as the outcome variable. To account for within-subject

The Bottom Line

Concussion syndromes in children may be more heteroge-
neous in nature than we thought. This multi-center study of
3029 children showed that children with concussions follow-
ing motor vehicle collisions had fewer presenting symptoms

but slower symptom resolution than with other mechanisms.

correlation (ie, repeated outcomes assessed for each patient), a
continuous autoregressive process of order 1 correlation structure
was applied to the time covariate with participant nested in site (9
levels) specified as the grouping factor to reflect the hierarchical
structure of our data. In terms of model predictors, in addition to the
four-level mechanism of injury variable (sports, non-sports, motor
vehicle collisions, assault), other covariates selected a priori included:
age (continuous), time (continuous, in weeks), sex (males vs females),
maximum duration of previous concussion symptoms (continuous), and
participant history of migraine (Yes/No), learning disability (Yes/No),
ADHD (Yes/No), depression (Yes/No), anxiety (Yes/No), develop-
mental disorders (Yes/No), and sleep disorders (Yes/No), according
to parent report. These covariates were selected because they are
known risk factors for prolonged recovery.14-16 Before model fitting,
Spearman correlations among model covariates were assessed to
determine the potential for multicollinearity (largest correlation was
r = 0.38 between depression and anxiety). To allow for non-linearity
of predictor effects or a non-constant effect of injury mechanism over
time, we incorporated flexible restricted cubic spline functions for
all continuous predictors in the model (ie, 5 knots for age, 4 knots
for maximum duration of previous concussion symptoms and week,
reflecting the number of internal values) and specified an interaction
term of mechanism-of-injury by (splined) time.1” Leastwise deletion
was performed if there were missing values (outcome or covariate).
Because we adopted a longitudinal modeling strategy, individual
participants could still contribute to the model even if they were
missing values on the outcome at some time points. Therefore, a high
proportion of our eligible sample (97%, 2953/3029) contributed to
the final multivariable model (ie, they had at least one outcome value
available and contributed at least 1 row of data to modeling).

After model fitting, the overall contribution of individual predictors
(ie, their adjusted effects) was summarized with the Wald y?2 statis-
tic (and associated P-value), which provides an indication of the rel-
ative importance of individual predictors. To quantify the influence
of mechanism-of-injury on recovery in further detail, we performed
2 sets of post-model fit contrasts to elucidate its effects on the out-
come at various time points over the study periods. The first set of
contrasts provided adjusted comparisons of the estimated outcome
(ie, predicted PCSI values) among injury mechanisms at selected time
points (weeks 0, 2, 4, and 12), whereas the second set of contrasts
compared temporal changes in outcome (ie, predicted changes in PCSI)
among injury mechanisms at selected time intervals (week O vs 1,0 vs

2,0 vs 4) to gain insights into potential differences in rate of recovery.
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TABLE 1 Key pre-injury characteristics of sample stratified by injury mechanism

Variable
Age, median (IQR)
Sex, freq/n (%)
Male
Female

Maximum duration of previous
concussion(s), freq/n (%)

Never had concussion
<1wk
1-2wk
3-4 wk
5-8wk
>8 wk
Personal history of migraines, freq/n (%)
No
Yes
History of learning disability, freq/n (%)
No
Yes

History of attention deficit disorder,
freq/n (%)

No
Yes
History of depression, freq/n (%)
No
Yes
History of anxiety, freq/n (%)
No
Yes

History of other developmental
disorders, freq/n (%)

No
Yes
History of sleep disorder, freq/n (%)
No
Yes

Baseline PCSI (median item delta score,
0-6), (IQR)

For all contrasts, continuous covariates were set to their median value,

3029
3028

3014

3016

3017

3014

3025

3023

3003

3018

2985

Sports
(n=2065)

12.7(10.0, 14.9)

Non-sports
(n=866)

10.1(7.3,12.9)

1303/2065 (63.1) 477/865 (55.1)
762/2065 (36.9) 388/865 (44.9)
1538/2053 (74.9) 713/863(82.6)
224/2053(10.9) 67/863(7.8)
114/2053(5.6) 32/863(3.7)
78/2053 (3.8) 18/863(2.1)
39/2053(1.9) 9/863(1.0)
60/2053(2.9) 24/863(2.8)
1794/2053 (87.4) 753/865 (87.1)
259/2053(12.6) 112/865(12.9)
1907/2060 (92.6) 791/861(91.9)
153/2060 (7.4) 70/861(8.1)
1874/2058 (91.1) 794/860 (92.3)
184/2058 (8.9) 66/860(7.7)
2004/2062 (97.2) 844/865 (97.6)
58/2062(2.8) 21/865 (2.4)
1909/2059 (92.7) 791/866(91.3)
150/2059 (7.3) 75/866(8.7)
1975/2047 (96.5) 821/859 (95.6)
72/2047 (3.5) 38/859 (4.4)
2016/2056 (98.1) 848/864 (98.1)
40/2056 (1.9) 16/864 (1.9)
1.8(1.1,2.6) 1.6(1.0,2.5)

3 | RESULTS

while categorical covariates were set to their modal value. To account

for multiplicity in our hypothesis testing, statistical significance of indi-

vidual contrasts was appraised against a Holm-Bonferroni corrected

alpha of 0.05 to control Type | error for all contrasts from the same
time-point or interval (ie, each set of such contrasts represent a fam-

ily of hypothesis tests). All analyses were conducted using R version

33218

Motor vehicle
collisions
(n=56)

15.0(12.2,16.5)

23/56(41.1)
33/56(58.9)

44/56(78.6)
5/56(8.9)
5/56(8.9)
0/56(0.0)
1/56 (1.8)
1/56 (1.8)

48/56(85.7)
8/56(14.3)

45/55(81.8)
10/55(18.2)

46/55 (83.6)
9/55 (16.4)

52/56(92.9)
4/56(7.1)

50/56 (89.3)
6/56(10.7)

52/55(94.5)
3/55(5.5)

52/56(92.9)
4/56(7.1)
14(0.7,2.3)

3.1 | Characteristics of study subjects

WILEY_L**

Assault
(n=42)

13.8(12.5,15.6)

30/42(71.4)
12/42 (28.6)

33/42(78.6)
2/42(4.8)
4/42(9.5)
0/42(0.0)
0/42(0.0)
3/42(7.1)

35/42(83.3)
7/42(16.7)

35/41(85.4)
6/41(14.6)

34/41(82.9)
7/41(17.1)

38/42(90.5)
4/42(9.5)

37/42(88.1)
5/42(11.9)

36/42(85.7)
6/42(14.3)

40/42(95.2)
2/42(4.8)
2.1(1.3,2.7)

A total of 3029 participants were included in the complete analysis,
with 2065 (68.2%) in the sports injury group, 866 (28.6%) in the non-

sports injury group, 56 (1.8%) in the motor vehicle collisions group, and

42 (1.4%) in the assault group. Summary statistics (eg, median, IQR,
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FIGURE 1 Symptom recovery trajectories stratified by injury mechanism. The individual trajectories of PCSI over the study period are
presented for each of the 4 mechanisms of injury groups. In all 4 groups, clear decreases in the group-level PCSI mean and median PCSI over time
were evident, with the most dramatic changes occurring during the initial weeks after injury. In addition, all 4 groups were characterized by some

heterogeneity in recovery trajectory

%) of key pre-injury characteristics of the eligible sample stratified by
injury mechanism is provided in Table 1.

3.2 | Symptom burden over time

The individual and summarized trajectories of PCSI delta scores over
the study period for each of the mechanism of injury groups are
illustrated in Figure 1. In all 4 groups, clear decreases in mean and
median PCSI over time were evident, with the largest declines occur-
ring during the initial weeks (1-2 weeks after initial ED visit). In addi-
tion, all 4 groups were characterized by some heterogeneity in recov-
ery trajectory, especially during the initial weeks. For the motor vehicle
collisions group, the median delta PCSI (95% Cl) at initial ED visit (week
0) was 1.35 (0.88, 2.05). At week 2, the median PCSI (95% Cl) was 0.25
(0.10, 0.69). By the end of the study (week 12), the median PCSI (95%
Cl) had decreased to 0.05 (0.00, 0.20).

3.3 | Influence of mechanism of injury on recovery

Using Wald y2 for individual model predictors (see Table 2), mecha-
nism of injury is significantly associated with post-concussive symp-
tom burden (2 for the joint test of the variable and its interaction
with time = 25.82; degrees of freedom [df] = 12). Additionally, the
magnitude of this association varies with time (2 for interaction term
only = 23.95; df = 9). Among all covariates included in the model, time
(week) was the strongest predictor (y2 = 8414.56; df = 12), demon-
strating a non-linear relationship with the outcome (y2 = 4426.24;
df = 8). Non-linear plots of the predicted values (ie, estimated PCSI
delta score) over time based on the fitted model demonstrate a steep
initial recovery followed by a plateauing of PCSI (Figure 2). The associ-
ation of symptom burden with mechanism of injury was most promi-
nent at the initial post-injury assessment in the ED, occurring within
48 hours of injury, week O (Table 3). The estimated PCSI mean delta

score associated with motor vehicle collisions was lower than sports
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FIGURE 2 Predicted PCSI by injury mechanism. Summarized non-linear plots of the predicted values (ie, estimated PCSI) over time based on
the fitted model demonstrate a steep initial recovery followed by a plateauing of PCSI for each of the 4 mechanisms of injury groups, characterized

by some heterogeneity in recovery trajectory

(—0.36 [-0.58, —0.15]), non-sports (—0.28 [-0.50, —0.06]), and assault
(-0.43[-0.75, —0.11]). However, at all other time-points (ie, 2-, 4-, and
12-weeks post-injury), no group differences were statistically signifi-
cant for any contrasts.

Estimated temporal declines in symptom burden were smaller dur-
ing recovery following motor vehicle collisions as compared to other
mechanisms of injury (Table 4). For example, from week O to week 2, the
estimated change in PCSI mean delta score for the motor vehicle colli-
sions group was —0.54 (-0.81, 0.27), when compared to sports injury,
meaning that on average, a child recovering from a sports-related con-
cussion would be expected to decline 0.54 points more (ie, 9% of the
0-6 PCSI range) over the first 2 weeks than a similar child with concus-

sion arising from a motor vehicle collisions.

3.3.1 | Limitations

Study limitations included variability in participant characteristics in
the injury mechanism groups; children in the motor vehicle collisions

group were slightly older and had higher incidences of pre-morbid
learning disabilities, depression, and ADHD. Although these variables
were accounted for as model predictors, their influence on injury
mechanism or symptom manifestation and recovery is unclear. We
acknowledge that there may be additional associated, unmeasured
confounders in this population that are not accounted for in the model.
Although the overall sample size was large, only 56 total subjects
were in the motor vehicle collisions group, with 52 contributing to
model-fitting. This number permitted adequately powered statistical
analyses, although a larger motor vehicle collision sample may have
allowed for further elucidation of potential differences within this
group. This study did not include a control group to compare post-
concussive symptoms ratings between children with concussion versus
other injuries or medical problems. Three-fourths of the motor vehi-
cle collision-related concussions were sustained in low speed collisions,
which may generate forces similar to or less than those occurring in
high-speed sports. This study was unable to examine outcomes related
to seatbelt use or where the child was seated in the car, as these data
were not collected. Further studies including more high-speed motor
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TABLE 2 Multivariable model: “adjusted” effect of injury
mechanism on mean PCSI delta scores

Factor x> df
Age 60.61 4
Non-linear 59.06 3
Sex 182.16 1
Max duration of previous concussion(s) 4351 3
Non-linear 0.17 2
Personal history of migraines 14.83 1
History of learning disability 1.81 1
History of attention deficit disorder 14.28 1
History of depression 1.50 1
History of anxiety 5.10 1
History of other developmental disorders 0.00 1
History of sleep disorder 1.01 1
Mechanism of injury (factor + higher order 25.82 12
factors)
All interactions 23.95 9

WE (factor + higher order factors) 8414.56 12

All Interactions 23.95 9
Non-linear (factor + higher order factors) 4426.24 8

Mechanism of injury * wk (factor + higher 23.95 9
order factors)

Non-linear 14.70 6
Total non-linear 4485.61 13
Total non-linear + interaction 4495.41 16
Total 8815.20 30

phi=0.491,0bs = 15111, clusters =2953

vehicle collisions-related concussion and injury related to seat belt use
are needed to understand true differences. Children who sustained
concussion via mechanisms resulting in concomitant injuries may have
had more severe concussive symptoms but were excluded from this
study. Finally, children injured in motor vehicle collisions may exhibit
post-traumatic stress symptoms or musculoskeletal complaints, which
may have significant overlap with post-concussive symptoms, plausi-
bly reflected by the motor vehicle collisions group’s slower recovery
trajectory.

4 | DISCUSSION

The results of this exploratory study suggest that children who sus-
tain concussion in motor vehicle collisions present to EDs with lower
reported symptom burden immediately following injury as compared
to children who sustain concussion via other mechanisms. However,
they also demonstrate a slower rate of post-concussive symptom
improvement over 1 month.

Although the U.S. National Highway Traffic Safety Administration
reports that head injuries are the most common injuries sustained by

children following motor vehicle collisions, the actual incidence and

TABLE 3 Modeled mean PCSI delta scores between injury

mechanisms by time

Contrast

Time O—motor vehicle collisions vs sports
Time 2—motor vehicle collisions vs sports
Time 4—motor vehicle collisions vs sports

Time 12—motor vehicle collisions vs sports

Est (95% Cl)
—-0.36(-0.58,-0.15)
0.18 (-0.04,0.39)
0.08(-0.11,0.27)
0.13(-0.10,0.36)

—0.28 (-0.50, —0.06)
0.19 (-0.03,0.41)
0.08 (-0.12,0.27)
0.10(-0.14,0.34)

Time O—motor vehicle collisions vs non-sports
Time 2—motor vehicle collisions vs non-sports
Time 4—motor vehicle collisions vs non-sports

Time 12—motor vehicle collisions vs non-sports

Time O—motor vehicle collisions vs assault
Time 2—motor vehicle collisions vs assault
Time 4—motor vehicle collisions vs assault

Time 12—motor vehicle collisions vs assault

—-0.43(-0.75,-0.11)
0.05(-0.28,0.39)
0.05(-0.25,0.34)

—0.02(-0.38,0.35)

TABLE 4 Modeled mean PCSI delta scores and temporal changes
by injury mechanism

Est (95% Cl)
-0.30(-0.45,-0.15)

Contrast

Motor vehicle collisions (TO-T1) vs sports

(TO-T1)

Motor vehicle collisions (TO-T2) vs sports -0.54(-0.81,-0.27)
(TO-T2)

Motor vehicle collisions (TO-T4) vs sports -0.45(-0.72,-0.17)
(TO-T4)

Motor vehicle collisions (TO-T1) vs -0.26(-0.41,-0.11)

non-sports (TO-T1)

Motor vehicle collisions (TO-T2) vs -0.47 (-0.75, -0.20)

non-sports (TO-T2)

Motor vehicle collisions (TO-T4) vs -0.36 (-0.64, -0.07)

non-sports (TO-T4)

Motor vehicle collisions (TO-T1) vs assault -0.26 (-0.49, -0.03)

(TO-T1)

Motor vehicle collisions (TO-T2) vs assault —0.48 (-0.90, —0.06)
(TO-T2)

Motor vehicle collisions (TO-T4) vs assault -0.48 (-0.91, -0.05)
(TO-T4)

manifestations of motor vehicle collisions-related concussion in chil-
dren are limited.1?-21 This study demonstrates that among children
presenting to 9 large pediatric EDs in Canada and diagnosed with con-
cussion, only 1.8% sustained their injury in an motor vehicle collisions,
as compared to 68% presenting after sports injury and 29% after non-
sports injury or assault. This represents a much smaller percentage of
motor vehicle collision-related concussion as compared to previously
reported U.S. incidence rates of motor vehicle collision-related con-
cussion (20%) calculated from discharge codes, and may reflect differ-
ences in methods of diagnosis, diagnostic criteria, or location-specific
differences in ED utilization and triage systems.22-25

This study prospectively examined a large sample of children with

wide variability in injury mechanism, captured acutely at multiple
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centers and followed routinely to inform differences in trends of
post-concussive symptom burden in children. The follow-up rate was
good, allowing for the classification of multiple mechanisms of injury at
varying time points. Methodologically, a notable aspect of our analysis
was that our longitudinal modeling incorporated flexible regression
splines (to uncover non-linearity), interaction terms, and specification
of a comprehensive set of post-model fit contrasts to allow for more
understanding of relationship between key predictors and outcome at
different study time-points.

Motor vehicle collisions are distressing for children and their fami-
lies and often involve multiple stressful medical experiences: (1) emer-
gency medical service transportation to the hospital; (2) c-spine and
backboard immobilization; (3) intense trauma evaluations; and (4) tem-
porary separation of children from their families in the event that other
family members also require ED care. The effect of such experiences on
post-concussive symptom self-reports in children in the acute setting
is unclear. Future research is needed to differentiate and understand
associations between concussion and post-traumatic stress disorders.
Guidelines recommend that children should be triaged to “pediatric
capable” trauma centers for evaluation given that forces transmitted to
vehicle occupants in motor vehicle collisions can be large and result in
brain injury secondary to both indirect (translated forces to the body)
as well as direct injury to the head.2427 Although this study did not
find an increase in post-concussive symptom burden immediately fol-
lowing motor vehicle collisions as compared to other mechanisms of
injury, evaluation at pediatric trauma centers is important to the man-
agement of co-existing injury and more severe brain injury. Although
assault and sport-related injuries were associated with higher acute
post-concussive symptom reports, further research is needed to com-
pare manifestations of injury sustained via a variety of mechanisms
using objective measures of diagnosis and recovery. The results of this
study suggest that concussion reassessment and prognostic counsel-
ing is important in children following motor vehicle collisions because
their recovery trajectory may be slower and further research is needed
to determine whether earlier subspecialty referral supports recovery.

Children sustaining concussions in motor vehicle collisions may
have lower initial symptom burdens but slower symptom recovery at
1 month compared to concussions following sports injury, non-sports
injury, or assault, and may represent a distinct population for prognos-

tic counseling in the ED requiring further research.
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