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Abstract

Objective—To investigate the effects of mild traumatic brain injury (mTBI) in children on
symptom ratings of behavior problems across the first year post injury.

Setting—Emergency departments of two regional children’s hospitals.

Participants—Parents of 176 children with mTBI and 90 with orthopedic injury (Ol) ages 8-15
years.

Design—Group comparisons of post-injury parent and teacher ratings of child behavior problems
controlling for background factors.

Main Measures—Child Behavior Checklist (CBCL) and Teacher’s Report Form (TRF).

Results—For younger but not older children in the sample, children with mTBI compared to
those with Ol had higher post-injury ratings on the CBCL Total Behavior Problem scale, t (264) =
3.34, p<.001, and higher rates of T-scores = 60 on this scale, OR (CI) = 3.00 (1.33, 6.77), p=.008.
For children with mTBI, hospitalization, motor vehicle accidents, loss of consciousness, and MRI
abnormality were associated with higher parent or teacher ratings.
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Conclusions—School-age children with mTBI are at risk for persistent symptoms of behavior
problems, especially if mTBI is more severe or occurs at a younger age. The findings justify
monitoring of behavior long after injury and further research to identify risk factors for these
symptoms and their association with clinical disorders.
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INTRODUCTION

Epidemiological surveys indicate that about half a million US children from birth to 14
years of age visit an emergency department each year for traumatic brain injury (TBI) and
that about 40,000 are hospitalized.1 Mild TBI (mTBI) accounts for the vast majority of these
injuries.? Post-concussive symptoms (PCS) are prevalent soon after injury and include
reports of headaches, dizziness, fatigue, depressed or anxious mood, sleep disturbance, light
sensitivity, forgetfulness, and concentration difficulties. Although these symptoms typically
resolve within a few months after mTBI,%5 they can persist for a year or more in some
children.6-9

The longer-term consequences of mTBI for behavioral adjustment more generally have been
less well researched and findings are inconsistent.10 One study found that children who
sustained mTBI at < 14 years had higher rates of psychiatric disorders, most often
hyperactivity, than controls without mTBI and that the differences persisted across a 3-year
follow-up.11 Another study found higher rates of hyperactivity/inattention and conduct
disorder at 10-13 years in children who sustained mTBI prior to age 10 years compared to
children without head injuries.1? The negative effects of mTBI were largely confined to
children who were hospitalized for their injuries and were more pronounced when injuries
were sustained at younger ages. However, other studies have failed to demonstrate persisting
effects of mTBI on child behavior.13.14

The purpose of this study was to examine the effects of mTBI on parent and teacher ratings
of child behavior problems across the first year post injury. The study was part of a larger
project investigating the pattern of recovery in the cognitive and behavioral outcomes of
pediatric mTBI in which children were assessed shortly after injury and at 3- and 12-month
post-injury follow-ups. To control for the experience of an acute injury and for tendencies
for children who sustain injuries to be at heightened risk for pre-injury behavior problems,1®
school-age children with mTBI were compared to those with orthopedic injuries (OI). As
previously reported, the mTBI group continued to have higher ratings of cognitive PCS than
the Ol group out to 1 year post injury.”~9 Based on our findings and data indicating
associations of PCS with behavior problems in children with mTBI,%:16 we hypothesized
that the mTBI group would have higher ratings of behavior problems than the Ol group
across the first year post injury and that these differences would be more evident for younger
children.12:17.18 |n view of previous research indicating age differences in the effects of
mTBI and evidence for diminishing effects of mTBI with increasing time post injury,’-8
moderating effects of these factors on group differences were also considered. A secondary
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goal was to determine if higher ratings of behavior problems within the mTBI group were
related to markers of more severe mTBI.

Children in both the mTBI and Ol groups were 8-15 years at the time of injury and were
recruited between September, 2001 and October, 2006 from consecutive admissions to the
outpatient emergency departments of two children’s hospitals. The project was approved by
the institutional review boards of the hospitals that collaborated on the study, and informed
parental consent and child assent were obtained prior to participation.

Consistent with existing definitions, 1920 eligibility for the mTBI group included blunt head
trauma and at least one of the following indications of concussion: loss of consciousness
(LOC) <30 minutes, a Glasgow Coma Scale (GCS)?! score of 13-14, or at least two of the
following acute signs of concussion: persistent post-traumatic amnesia, transient
neurological deficits, vomiting, nausea, headache, diplopia, and dizziness. Children were
excluded if they had delayed neurological deterioration or medical contraindications to
magnetic resonance imaging (MRI) but not if they had brain injuries on clinical CT scans
(i.e., cases of complicated mTBI) or were hospitalized following evaluation in the
emergency department. Children in the Ol group sustained upper or lower extremity
fractures associated with a score of 3 or less on the Abbreviated Injury Scale (AIS)22
without evidence of head injury or signs of concussion. Children were excluded from both
groups if they or their parents were non-English-speaking or if they had received surgical
treatment; sustained injuries that precluded neuropsychological testing conducted as a part
of the larger project (e.g., dominant arm fractures) or that were related to drug or alcohol
use; or had shock, hypoxia, or hypotension with injury or histories of previous head injury
requiring medical intervention, neurological disorder or intellectual disability, abuse, or
hospitalization for psychiatric disorder. To increase generalizability, children with prior
histories of learning disabilities, attention deficit hyperactive disorder, or other behavior
disorders were not excluded from either group.

Participation rates for children who met eligibility criteria were 47% for the mTBI group
and 35% for the Ol group. Eligible non-participants did not differ significantly from
participants in age at injury, sex, race, or census-tract-based demographic measures (e.g.,
income level, poverty rate).23 Children participating in the initial post-acute (baseline)
assessments included 186 in the mTBI group and 99 in the Ol group. Nineteen children (10
with mTBI, 9 with Ol) who did not return for follow-up visits at 3 and 12 month post injury
or had sustained a TBI after the initial assessment (4 from mTBI group, 1 from OI group)
were excluded, leaving 176 children with mTBI 90 with Ol. The 19 excluded children did
not differ significantly from the participants in sex, race, or socioeconomic status (SES) as
defined by an average of the sample z-scores for years of maternal education, median family
income for census tract, and parent occupational status as measured by the Duncan
Socioeconomic Index.24 Analysis also failed to reveal differences between excluded and
included children with mTBI on the measures of severity considered in this study (see
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below) or between the excluded and included in either group on the Injury Severity Scale,
which summarizes injury severity on the AlS across the three most affected body regions.22

The mTBI and Ol groups did not differ significantly in age at injury, days between injury
and the baseline visit, months between subsequent visits, sex, SES, race, or 1Q as measured
by a short form of the Wechsler Abbreviated Scale of Intelligence2® administered at baseline
(Table 1). However, a higher proportion of the mTBI group was injured in motor-vehicle-
related accidents and a higher proportion of Ol group had “other” injuries such as rough-
housing. The subset with teacher ratings (122/176 with mTBI and 66/90 with OI) had higher
SES and a lower proportion of non-white children than the subset without teacher ratings
(p<.05).

Procedure and Measures

Parents completed retrospective ratings of pre-injury functioning on the Child Behavior
Checklist (CBCL)26 at the baseline assessment. The CBCL was then re-administered at the
3- and 12-month follow-ups to obtain measures of concurrent post-injury behavior. Post-
injury teacher ratings were obtained by mailing the Teacher’s Report Form (TRF)Z® to
teachers immediately after the 12-month visit. The regular classroom teacher was asked to
complete the TRF for children attending primary school and a teacher of an academic
subject for children with multiple teachers. To insure ratings were made by the current
teacher, mailing of the TRFs was delayed until the second month of the next school year for
children injured during the summer months. The CBCL and TRF are Likert ratings that
assess a broad range of behavior problems and are sensitive to post-injury changes in
behavior following pediatric TBI.27 The primary outcome measures were the Total Behavior
Problem scales for the CBCL and TRF. Secondary outcomes were subscale ratings for
Internalizing and Externalizing problems, Social Problems, Thought Problems, and
Attention Problems. Scores for corresponding scales from the CBCL and TRF at the 12-
month follow-up were only modestly correlated (r’s .22-.50, all p’s<.01), suggesting that
they captured different perspectives on children’s behavior.

CT scans were conducted as part of acute clinical care and MRIs as a component of the
baseline assessment (in most cases within 3 weeks of injury) for children with mTBI. MRIs
included sagittal T1-weighted spin echo, axial T2-weighted and proton density fast spin
echo, coronal gradient echo, coronal fluid attenuated inversion recovery (FLAIR), and axial
diffusion-weighted echo planar images.

Data Analysis

Raw scores from the CBCL and TRF used to maximize sensitivity to age-related change and
cube root transformations were applied prior to analysis to correct for non-normality in the
raw score distributions. Group comparisons of CBCL ratings at the 3- and 12-month follow-
ups were conducted using general linear mixed model analysis.28 Factors in the analysis
were group (mTBI vs. Ol), age at injury, time since injury (3 and 12 months), and the
interactions of these factors. Covariates were SES, race, and sex. Analysis of scores on each
CBCL scale also controlled for the corresponding pre-injury rating. Similar analysis was
conducted on TRF scores but did not include time since injury or pre-injury ratings as
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factors. Preliminary analysis of the total sample revealed associations of higher pre-injury
ratings, younger age at injury, and lower SES with higher post-injury ratings on multiple
CBCL and TRF scales. To reduce risks of overfitting and enhance the interpretability of
findings,29-3 initial models were trimmed by deleting non-significant higher- and then
lower-order interactions.

Additional analyses were conducted using 2 analysis and General Estimating Equations
(GEE)?3! to determine if group differences on rating scores were accompanied by differences
in rates (or odds) of elevated T-scores. Because few children received ratings in the clinical
range, elevations were defined as T-scores falling =1 standard deviation above the normative
mean (i.e., =60). The use of this cut-off was justified by the utility of similar cut-offs to
identify clinical “caseness” in previous research and by evidence that such less stringent cut-
offs provide a more optimal balance of sensitivity and specificity in predicting future
behavior disorders.32:33 GEE analyses included the same factors as the mixed models.
Mixed model and GEE analyses were also conducted within the mTBI to determine if any of
several indicators of more severe mTBI were related to ratings of behavior problems,
including LOC, motor-vehicle-related mechanism of injury, hospital admission,
accompanying non-head injuries, and neuroimaging abnormalities.”~912:34 These factors
were examined in analyses that paralleled those described above, with the presence vs.
absence of each severity indicator examined separately in place of group membership.

Effects sizes were estimated in terms of Cohen’s d3° for group differences in dimensional
ratings (i.e., standardized mean differences), standardized regression coefficients for
differential change (slopes) over time post-injury, and odds ratios (95% confidence
intervals) for T-score elevations. Small, medium, and large effect sizes, respectively, are 0.2,
0.5, and 0.8 for d and 0.1, 0.3, and 0.5 for standardized regression coefficients. The alpha
level for significance was .05 for the two primary measures and .01 for each of the five
subscale scores from the CBCL and TRF.

RESULTS

Differences Between the mTBI and Ol Groups in Behavior Outcomes

Analysis of CBCL ratings revealed age at injury x group interactions for the Total Behavior
Problem scale, F (1,267) = 7.42, p<.007; Externalizing, F (1,266) = 14.89, p<.001; and
Social Problems, F (1,264) = 8.87, p<.003. To examine the interaction, younger and older
ages were defined as ages that were 1 SD below and 1 SD above the sample mean,
corresponding to mean ages of 10 and 14 years respectively. Group differences in model
estimates were significant only at the younger age level for the Total Behavior Problem
scale, estimate (standard error) [est. (se)] = 0.29 (0.09), p<.001, d = .29, and Externalizing,
est. (se) = 0.29 (0.08), p<.001, d =.29. A similar trend was found for Social Problems, est.
(se) =0.22 (0.09), p=.013, d = .30. To illustrate these differences, Figure 1 graphs model
estimates of mean scores on the Total Behavior Problem scale for younger and older
children in the two groups at the 3- and 12-month follow-ups.

Group comparisons of T-scores = 60 using GEE revealed similar findings, with group x age
at injury interactions for the CBCL Total Behavior Problem scale, ¥ (1) = 4.61, p=.032;
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Externalizing, ¥ (1) = 10.91, p=.001; and Social Problems, ¥2 (1) = 7.10, p=.008. Follow-up
analyses indicated higher rates of covariate-adjusted proportions of T-score elevations on the
Total Behavior Problems scale for the mTBI group compared to the Ol group for younger
children only, 14% vs. 5%, odds ratio (95% confidence interval) [OR (CI)] = 3.00 (1.33,
6.77), p=.008. Similar trends were found for Externalizing, 13% vs. 4%, OR (CI) = 3.76
(1.32,10.71), p=.013, and Social Problems, 13% vs. 6%, OR (Cl) = 2.57 (1.09, 6.08), p=.
032. Analysis also revealed an unexpected and potentially spurious trend for higher
Externalizing scores for the older children with Ol compared to those with mTBI, 13% vs.
5%, OR (Cl) =0.32 (0.12, 0.84), p=.022. Analysis of the TRF failed to reveal any group
differences (data not shown).

The ranges of the T-scores for the two groups, covariate-adjusted mean T-scores, and
frequencies of T-scores at or above specific cut-offs for the CBCL and TRF scales are
presented in Tables 2 for descriptive purposes. Mean T-scores were similar for the two
groups and well within the average range, with few T-scores at clinically significant levels.
As evident in Table 2, rates of elevated T-scores tended to be lower in the mTBI group than
in the Ol group. However, this same trend was found for most of the pre-injury CBCL
ratings. The mTBI group had significantly lower rates of pre-injury T-scores =60 than the Ol
group for the Total Problem scale, ¥ (1, N=221) = 7.22, p=.007, and Social Problems, y2 (1,
N=216) = 7.19, p=.007, with similar but non-significant differences in rates of T-score
elevations on other scales and in pre-injury raw score ratings. These pre-injury differences
may help to account for the disparities between the unadjusted data presented in Table 2 and
findings from the adjusted group comparisons. Table 2, moreover, describes overall group
differences rather than the more subtle differences revealed by analysis, which accounted for
background factors and varied by age at injury. Because pre-injury behavior problems were
not rated by teachers and thus could not be controlled in analysis of the TRF, any tendency
for the mTBI group to have fewer symptoms prior to injury than the Ol group also would
have made it more difficult to detect group differences on the teacher ratings.

Associations of mTBI Characteristics with Behavior Outcomes

Analysis of CBCL ratings for the Total Behavior Problem scale revealed a LOC(+/-) x age
at injury X time since injury interaction, F (1,171) = 4.94, p=.028. Follow-up analysis
indicated a significant decline in scores from the 3- to 12-month follow-up for the younger
LOC- subgroup, est. (se) = —0.20 (0.09), p = .035, standardized regression coefficient = .20,
but not for the younger LOC+ subgroup (see Figure 2). Hospitalization was associated (as a
main effect) with higher scores on the TRF Total Behavior Problem scale, F (1,116) = 16.63,
est. (se) = 0.70 (0.17), p<.001, d = .70; Externalizing, F (1,116) = 14.80, est. (se) = 0.65
(0.17), p<.001, d = .65; Internalizing, F (1,116) = 12.67, est. (se) = 0.66 (0.19), p<.001, d =.
66; and Social Problems, F (1,116) = 13.08, est. (se) = 0.64 (0.18), p<.001, d = .64; and
motor-vehicle-related injuries with higher scores on the TRF Total Behavior Problem scale,
F (1,116) = 4.69, est. (se) = 0.50 (0.23), p=.032, d =.50. MRI abnormality interacted with
age at injury in analyses of TRF Thought Problems, F (1,113) = 6.95, p<.010, with a trend
for MRI abnormality to be associated with higher scores only among younger children, est.
(se) =0.70 (0.35), p=.047, d = .70.
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In parallel with these findings, GEE analysis of rates of T-score =60 revealed a LOC+/- x
time since injury interaction for the CBCL Total Behavior Problem scale, 32 (1) = 4.01, p=.
045. Follow-up of this interaction indicated a decline in rates of T-scores =60 over follow-up
only for the LOC- subgroup, OR (CI) = 0.37 (0.15, 0.89), p=.027, with a trend for the LOC+
subgroup to have a higher rate of elevated T-scores than the LOC- subgroup at the 12-month
follow-up, OR (CI) = 2.80 (0.92, 8.56), p=.071. Additionally, hospitalization was associated
with higher rates of score T-scores =60 on the TRF Total Behavior Problem scale, OR (ClI)
=3.50 (1.14, 10.76), p=.029; Internalizing, OR (CI) = 4.55 (1.49, 13.96), p=.008; and Social
Problems, OR (CI) = 44.30 (5.01, 391.70), p<.001. Analysis also revealed that a lower rate
of T-scores =60 for CBCL Social Problems for the LOC+ relative to LOC- subgroup, F
(1,173) = 7.38, p=.007, a finding that is difficult to reconcile with the adverse effects of
LOC on the CBCL Total Behavior Problem scale.

DISCUSSION

Younger children with mTBI, compared to those with Ol, had higher parent ratings of
behavior problems out to 1 year post injury. Within the mTBI group, LOC was associated
with higher parent ratings of behavior problems, whereas hospitalization and motor-vehicle-
related injury mechanism were associated with higher teacher ratings. Although acute
abnormalities on CT scans were not associated with behavior ratings, there was also a trend
for post-acute MRI abnormality to be associated with higher teacher ratings of Thought
Problems in younger children. The findings are consistent with past reports of persisting
behavioral sequelae of mTBI1%:11.12.17.18,36 and support other evidence pointing to younger
age at injury and more severe injury as risk factors for adverse behavioral, educational, and
health outcomes of mTBI.>7-911.12 Although younger children may be more vulnerable to
brain insults,37:38 other possible explanations for this age effect include a lesser ability of
younger children to adjust to mTBI-related somatic and cognitive PCS or greater parental
awareness of behavioral changes in younger children.

The findings extend past evidence for persisting behavior sequelae of mTBI by
demonstrating differences relative to a comparison group with other injuries. Our procedure
of recruiting consecutive admissions to the two participating emergency departments and
low attrition rate also contribute to our confidence in the findings. The results contrast with
the failure of a similarly designed study to reveal adverse effects of mTBI relative to other
injuries on the CBCL at 1 year post injury.14 However, the latter investigation did not
examine age at injury as a moderator of group differences and did not include children
hospitalized for mTBI. As nearly one third of our mTBI group was hospitalized, our mTBI
cohort likely included children with more severe injuries. In comparing our findings to
previous reports, it is important to emphasize that effects sizes for significant differences
were small to medium and that differences were only significant for younger children on the
CBCL or in relation to injury severity factors. As illustrated by the descriptive data
presented in Table 2, adverse effects of mTBI were less evident in comparisons that failed to
consider these factors.

Increased post-injury symptoms in the mTBI group relative to Ol group on the CBCL at a
younger age level were found on a summary rating of behavior problems as well as on
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ratings of externalizing and social problems. These differences suggest that younger school-
age children with mTBI are at increased risk for symptoms of disruptive and oppositional
behaviors and difficulties relating to others. Higher ratings of internalizing problems by
teachers for the subgroup of children hospitalized for mTBI compared to those not
hospitalized suggests that children admitted to an inpatient unit following mTBI are more
likely to develop symptoms of anxiety, withdrawal, and depressed mood. The findings
indicate risks for both dimensional increases in symptoms of behavior problems and higher
rates of moderately elevated symptom ratings relative to normative standards (T-scores
>60). However, as the rates of score elevations within the clinical range were too small to
permit meaningful analysis, the findings fail to indicate an increased risk for clinical
disorders. While we cannot rule out the possibility of post-injury-onset disorders in a small
subset of children, behavior changes following mTBI may be primarily within the
subclinical range.

Neural abnormalities have been identified in some individuals with mTBI3%:40 and insults to
brain circuits underlying behavior and mood self-regulation have been proposed as a
potential neural basis of post-injury-onset affective disorders.1’ Other factors that may have
contributed to post-injury increases in behavior symptoms in the mTBI group include parent
expectations regarding the effects of mTBI, children’s emotional response to their injuries,
and persisting adjustment issues triggered by difficulties in the child’s ability to cope with
post-acute symptoms.#142 As part of our larger project, we administered a coping
questionnaire to children and found associations of coping style with PCS.43 A further
possibility is that parents were more negatively affected by transient changes in the
children’s level of physical discomfort, behavior, or mentation, and may have reacted in
ways that exacerbated or failed to normalize the child’s longer-term adjustment.*4

Several limitations must be considered in interpreting the findings. Some parents may have
minimized the adverse effects of mTBI, while others may have over-reported symptoms
based on their expectations of the injury effects.1542 Retrospective parent ratings of pre-
injury status may also have been biased, although these ratings were collected soon after
injury. Group differences in hospitalization (31% of mTBI vs. 0% of OI) and lower rates of
pre-injury CBCL T-score elevations in the mTBI group compared to children with Ol also
raise questions regarding the appropriateness of these children as a comparison group. While
our major purpose in recruiting children with Ol was to control for behavioral
predispositions to injury, mTBI and Ol are associated with different types and degrees of
traumatic experience. A further issue relates to the different results obtained for teacher vs.
parent ratings. Some differences might be anticipated based on the modest correlations
between the CBCL and TRF, as well as the fact that pre-injury status was controlled only in
analysis of the CBCL. While the findings confirm the importance obtaining teacher ratings
in assessing the behavioral consequences of mTBI, demographic differences between the
children with and without teacher ratings suggest caution in generalizing the teacher results
to a broader population of children with mTBI. Finally, children with mTBI recruited from
emergency departments of children’s hospitals may not be representative of the larger
population as this excludes those who are treated in other settings or do not receive acute
medical care.
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In conclusion, the findings suggest that children with mTBI are at risk for persistent post-
injury increases in symptoms of behavior problems and that these effects are more
prominent in younger school-age children and in those who sustain LOC, are hospitalized,
or have motor-vehicle-related trauma or post-acute abnormalities on MRI. The findings
imply a need to monitor behavioral consequences of mTBI long after injury, particularly in
children in these higher risk subgroups. More research is needed to replicate the findings,
determine the extent to which these symptoms are associated with clinically significant
behavior problems, and examine mechanisms underlying the group differences in behavior
ratings and their association with injury characteristics. We also need to identify factors that
contribute to risks for persistent behavior symptoms and explore interventions to prevent or
reduce these sequelae. Injury factors of interest include measures of the severity of the initial
brain insult, as measured by acute abnormalities on MRI, symptom presentation, or
neuropsychological impairments.3® Non-injury factors include children’s psychological
adjustment to the trauma or to initial somatic, emational, and cognitive symptoms, as well as
family adaptations to the injury and to children’s initial symptoms.20 Interventions
approaches could focus on managing of children’s return to school, educating children and
their parents about injury consequences, or helping children, families, and schools cope with
the physical and cognitive effects of injury.45:46
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—M— mTBI| younger
=ir— Ol younger

— B mTBlolder

= &~ Ol older

Model estimates of mean ratings on the CBCL Total Behavior Problems scale (cube root
transformation) at 3- and 12-month follow-up assessments for mild traumatic brain injury
(mTBI) and orthopedic injury (OI) groups at younger and older age levels. Mean scores are
estimates from mixed model analysis that control for the pre-injury rating on this measure as
well as SES (see text for definition), race, sex, and age at injury. Error bars designate values
within 1 standard error of the means. The group difference across the two assessments is

significant only at the younger age level.
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Figure2.
Model estimates of mean ratings on the CBCL Total Behavior Problems scale (cube root

transformation) at 3- and 12-month follow-up assessments for mild traumatic brain injury
(mTBI) subgroup with loss of consciousness (LOC+) vs. the subgroup without loss of
consciousness (LOC-) at younger and older age levels. Mean scores are estimates from
mixed model analysis that control for the pre-injury rating on this measure as well as SES
(see text for definition), race, sex, and age at injury. Error bars designate range of values
within 1 standard error of the means. Scores declined significantly from 3 to 12 months only
for the LOC- subgroup at the younger age level, with a trend (p=.072) for lower scores for
the younger LOC- subgroup compared to the younger LOC+ subgroup at the 12-month
follow-up.
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Characteristic

mTBI Group (n=176)

Ol Group (n=90)

Age at injury in years, M (SD)

Months between injury and 3-month follow-up, M (SD)
Months between injury and 12-month follow-up, M (SD)
Males, n (%)

White race, n (%)

Socioeconomic status (SES), M (SD)

WASI short form 1Q at baseline assessment, M (SD)

Abbreviated Injury Severity Scale, M (SD)*

Injury mechanism:™
Falls, n (%)
Sports/recreation, n (%)
Motor vehicle, n (%)
Other, n (%)
Injury to other body region in addition to head, n (%)
Loss of consciousness (LOC), n (%)
Glasgow Coma Scale score 13-14, n (%)

Skull fracture, n (%)

Injury-related abnormality on acute-phase computed tomography (CT) scan, n/122 (%)

Injury-related abnormality on MRI, n/172 (%)

Hospitalized, n (%)~

11.94 (2.23)
3.21(0.39)
12.26 (0.50)
123 (70%)
125 (71%)
0.06 (0.90)
99.95 (13.84)
456 (4.46)

35 (20%)
99 (56%)
29 (16%)
13 (7%)

44 (25%)
72 (41%)
23 (13%)
14 (8%)

10 (8%)

28 (16%)
55 (31%)

11.73 (2.22)
3.21(0.41)
12.23 (0.60)
59 (66%)

60 (67%)
-0.06 (1.18)
100.12 (14.80)
3.27 (1.52)

19 (21%)
56 (62%)
3 (3%)

12 (13%)

0 (0%)

Note: mTBI = mild traumatic brain injury; Ol = orthopedic injury; WASI = Wechsler Abbreviated Intelligence Scale. SES defined as average of
sample z scores for year of maternal education, median family income based on census data for the neighborhood of residence, and the Duncan
Socioeconomic Index (a measure of occupational status). Other injuries comprise those associated with rough-housing and carelessness (e.g.,
wrestling, tripping, running into objects). CT abnormalities included 6 children with parenchymal lesions or edema and 4 with extra-axial lesions
only. MRI abnormalities included 22 with parenchymal lesions, 4 with extra-axial hemorrhages only, and 2 with mild atrophy only.

*
p<.05.
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