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Traumatic brain injuries (TBIs) are the most
common cause of death from trauma among
children and adolescents' and one of the most
common causes of acquired disability.* TBI
surveillance systems have provided important
aggregate information on the incidence of these
injuries.® Studies conducted in hospitals and
rehabilitation centers have provided information
on medical care* and rehabilitation of patients
with TBIs and their resultant impairments, fo-
cusing on those with more severe TBIs.” How-
ever, population-based estimates of subsequent
disability after pediatric TBIs are lacking. This
population-based information is important to
guide TBI prevention efforts and to ensure
appropriate planning and delivery of services to
children with TBIs who have special needs.
Although much of the focus in the literature
has been on severe TBISs, concerns about the
consequences of concussions and mild TBIs have
recently increased in both the medical literature
and the lay press.® Available data indicate that
mild TBIs are much more common than mod-
erate or severe TBIs,”® and thus even if the
consequences for most injured individuals are
much less serious, mild TBIs have the potential to
contribute a large share to the overall population
TBI burden. In this study, we examined the
burden of disability resulting from TBIs occur-
ring among children younger than 18 years.

METHODS

The data presented here were gathered as
part of a larger study on post-TBI disabilities
among children residing in King County,
Washington. We sought to identify all children
younger than 18 years who had been treated
for either a TBI or (for comparison purposes)
an arm injury in each of 9 study hospitals;
children were treated either in the emergency
department or as inpatients and discharged.
The 18 hospitals in King County with emer-
gency departments serving children were
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Objectives. We examined the burden of disability resulting from traumatic
brain injuries (TBIs) among children younger than 18 years.

Methods. We derived our data from a cohort study of children residing in King
County, Washington, who were treated in an emergency department for a TBI or
for an arm injury during 2007-2008. Disabilities 12 months after injury were
assessed according to need for specialized educational and community-based
services and scores on standardized measures of adaptive functioning and
social-community participation.

Results. The incidence of children receiving new services at 12 months was
about 10-fold higher among those with a mild TBI than among those with
a moderate or severe TBI. The population incidence of disability (defined
according to scores below the norm means on the outcome measures included)
was also consistently much larger (2.8-fold to 28-fold) for mild TBIs than for
severe TBls.

Conclusions. The burden of disability caused by TBls among children is
primarily accounted for by mild injuries. Efforts to prevent these injuries as well
as to decrease levels of disability following TBIs are warranted. (Am J Public

classified into 3 strata: the regional children’s
hospital and the only level 1 trauma center, the
county’s 7 level 3 and level 4 trauma centers,
and the 9 other non—trauma center hospitals.
Both hospitals in the first stratum were in-
cluded; 4 and 3 hospitals were randomly
sampled from the second and third strata,
respectively.

As described previously,” study participants
included parents of children and, for older age
groups, the children themselves. Participants
were randomly selected via computer-generated
random numbers from the list of all eligible
children treated between April 1, 2007, and
September 30, 2008. Potential participants
were contacted by letter and follow-up tele-
phone call or, among those who had been
admitted, in person.

Traumatic Brain Injury Definition
and Severity

As recommended by the Centers for Disease
Control and Prevention,'® a TBI was defined as
a blunt or penetrating injury to the head and
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documented in the medical record as having
1 or more of the following symptoms or signs:
observed or reported decreased level of con-
sciousness, amnesia, or objective neurological
or neuropsychological abnormality or diag-
nosed intracranial lesion.

A mild TBI'"' was defined as any period of
observed or self-reported transient confusion,
disorientation, or impaired consciousness as
recorded in the patient’s medical record; any
period of observed or self-reported amnesia
lasting less than 24 hours; or, in the case of
very young children, observed signs of other
neurological or other neuropsychological dys-
function such as posttraumatic seizures, irrita-
bility, lethargy, or vomiting following a head
injury. Also, to be classified as having a mild
TBI, patients had to have a worst Glasgow
Coma Scale (GCS) score of 13 to 15 at the time
of their first medical evaluation and a score of
15 at discharge from the emergency depart-
ment or, if hospitalized, at 24 hours after injury.

A moderate TBI was defined according to
a best motor GCS score at 24 hours postinjury
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of 4 or 5 or a motor GCS score of 6 among
those who did not meet the criteria for a mild
TBL'? A severe TBI was defined as a best
motor GCS score of 1 to 3 at 24 hours after
injury. Because of the small number of patients
with these injuries, moderate and severe TBls
were combined in our analyses.

Arm Injury Patients
As recommended by the Centers for Disease
Control and Prevention,'® and consistent

16 we used

with previous studies on TBI,'*
patients with isolated orthopedic arm injuries
as comparison patients. Fifty controls were
sought in each of 4 age groups (0—4, 5-9,
10-14, and 15-17 years) from the same study
hospitals and during the same time period from
which the TBI cases were sampled; compari-
sons were frequency matched to patients with
mild TBIs with respect to gender.

Procedures

We conducted a baseline interview with one
participating parent or guardian to ascertain
children’s functioning before their injury. In
addition, adolescents aged 14 years or older
who were able to participate completed base-
line interviews as soon as possible after their
injury. Follow-up questionnaires were com-
pleted 3 and 12 months after the date of the
injury by the same respondents, either via
phone or online. As shown previously, the
responses obtained via these 2 modes of data
collection were similar.”

Definition of Disability

We operationalized new disabilities in 2
ways. In the first approach, a new disability was
evidenced by receipt of community resources
among study participants who were not re-
ceiving such resources before their injury.
These resources included services related to
federal statutes intended to ensure that all
children have equal access to education: special
education for children with disabilities as out-
lined by the Individuals with Disabilities Edu-
cation Act (104 Stat 1142), services for dis-
advantaged children as described in Chapter 1
or Title 1 of the Elementary and Secondary
Education Act (79 Stat 27), and special ac-
commodations arising from Section 504 of the
Americans with Disabilities Act (104 Stat 327).
Other special services included tutoring in the
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community, rehabilitation therapies (occupa-
tional therapy, speech therapy, or physical
therapy), and mental health services (e.g.,
counseling). Information on use of special
school services was obtained from parents and
confirmed by a review of school records.

In our second approach, we sought to iden-
tify those children who developed new func-
tional and social-behavioral abnormalities,
regardless of whether they were actually re-
ceiving services for these conditions. We con-
ducted 3 parallel analyses with different ab-
normality thresholds that defined as disabled
children who scored 1, 1.5, or 2 or more
standard deviations below the mean of test
norms for the Pediatric Quality of Life Inventory
(PedsQL), the communication and self-care
subscales of the Adaptive Behavior Assessment
System (ABAS), and the Child and Adolescent
Scale of Participation (CASP).

The PedsQL! is a measure of health-related
quality of life among children older than
24 months. The reliability and validity of the
PedsQL as a measure of general physical and
psychosocial health among children who have
suffered TBIs and musculoskeletal trauma are
well established."®*° Total PedsQL scores
range from O to 100, with a normative mean
score of 80 (SD=15). The ABAS (second
edition; ABAS-II) is a multidimensional instru-
ment that provides a comprehensive, norm-
referenced assessment of adaptive skills.*' The
ABAS-II includes 9 subscales; we used the
communication and self-care subscales, for
which the normative mean score is 10 (SD = 3).
The CASP consists of 20 items measuring the
involvement of children 5 years or older in
various activities in the home, school, and
community.**

The Pediatric Symptom Checklist (PSC-17)
is a measure of childhood emotional and
behavioral problems. Children with a total
score of 10 or above on the instrument are
defined as having a disability. In the case of
all of the measures included in our study,
children whose preinjury score fell below the
threshold and whose follow-up score exceeded
the threshold were classified as having a new
disability.

Medical Record Data
The principal investigator (Frederick P.
Rivara) or a trained research nurse (blinded to

the baseline and outcome measures) used

a standardized, online abstraction form to
abstract data from medical charts. Preinjury
comorbidities were identified from the medical
record and comprised any cases of prior head
trauma, prior surgery, or chronic illness from
a predefined list that included developmental
delay, seizures, prior TBI with loss of con-
sciousness, hemiplegia or paraplegia, lung dis-
ease, diabetes, attention deficit hyperactivity
disorder, depression, other mental health or
behavioral problems, learning problems, and
prior fractures.

Data Analysis

TBI incidence was calculated as described
previously,? and the same methods were used
to determine the incidence of disability from
TBIs. All incidence rate estimates and confi-
dence limits accounted for the 2-stage sampling
plan and stratification of hospitals. The esti-
mates of disability incidence rates and confi-
dence limits took into account the fact that
study participants were not a random sample
of injured children in King County because
moderate and severe TBI cases were over-
represented in the sample. Therefore, we used
a resampling method to derive incidence and
confidence interval (CI) estimates. We deter-
mined the number of children with TBIs at the
study hospitals and imputed the disability
status of children not recruited into the study.
We used TBI severity and, when there were
at least 20 known disability cases for a given
measure, age as predictors in the imputation
model.

We then drew a sample from these data,
mimicking the sampling design used in the
study, and counted the number of children
with disabilities in the resulting data set; this
procedure was repeated 4000 times. The
confidence limits for the number of children
with disabilities related to injuries were the
2.5th and 97.5th percentiles of that count
across the 4000 replications. We converted
these counts to rates by dividing by the corre-
sponding number of child-years at risk deter-
mined from population estimates for King
County according to age, gender, and calendar
year.>® We then examined the relationship
between the disability measures and any new
services at 12 months separately for TBIs and
arm injuries.
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RESULTS

A total of 436 patients with TBIs and 153
with arm injuries participated in the study;
62.2% of eligible TBI patients and 58.5% of
eligible arm injury patients participated.**
Enrollees were similar with respect to age and
gender to those selected but not enrolled but
were more likely to have a moderate or severe
TBI and less likely to be seen at a lower level
trauma center. Follow-up data were available
for 90.8% and 92.4% of the children, respec-
tively, at 12 months. The estimated incidence of
nonfatal mild TBIs among children aged 2 to 17
years was 265.8 cases per 100 000 child-years
(95% CI=199.2, 329.4), and the incidence of
nonfatal moderate or severe TBIs was 6.8 cases
per 100 000 child-years (95% CI=4.2, 9.5).

Receipt of Special Services

An estimated 222 children with TBIs of any
severity in King County were receiving services
at 12 months after their injury that they had
not been receiving before their injury (Table 1).
Overall, 61.6% of those with moderate or
severe injuries received new services; among
those with mild TBIs, 14.3% were receiving
new services 12 months after their injury. By
comparison, 8.3% of children with arm injuries
were receiving new services.

Although the proportion of patients receiving
special services was much higher among those
with moderate or severe TBIs than among those
with mild TBIs, the population burden of dis-
ability was mostly due to mild TBIs because of
their much higher incidence. The population
incidence rate of children receiving new services
at 12 months was nearly 9-fold higher among
those with mild TBIs than among those with
moderate or severe TBIs (Table 1).

Despite the high incidence of TBIs in pre-
school children, the incidence rate of disability
after a mild TBI increased with age from 27.2
per 100 000 child-years among children aged
2 to 4 years to 66.2 among those aged 15 to
17 years at the time of their injury; the reason
was that the percentage of mild TBI cases that
were followed by a new disability increased
with age from 8.2% to 22.0% in these groups.
This pattern was not seen among those with
moderate or severe injuries. The incidence
of disability from TBIs varied according to
gender; male patients, who had about a
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Estimated No. of Children
Receiving New Service (% of Those Injured)

TABLE 1—Incidence of New Services 12 Months After a Traumatic Brain Injury (TBI),
by Age and Gender: Children Residing in King County, Washington, 2007-2008

Estimated Disability
Incidence Rate® (95% Cl)

Mild TBI Moderate/Severe TBI Mild TBI Moderate/Severe TBI

Total 200 (14.3) 22 (61.6) 37.9 (24.9, 52.4) 4.1 (2.1, 6.6)
Age group, y

2-4 27 (8.2) 6 (100.0) 27.2 (5.0, 57.9) 5.9 (1.0, 12.0)

5-9 51 (14.9) 4 (100.0) 31.6 (13.4, 55.1) 2.4 (0.0, 5.6)

10-14 53 (12.7) 5 (50.0) 32.7 (14.6, 55.8) 3.0 (0.6, 6.2)

15-17 69 (22.0) 7(44.3) 66.2 (28.3, 124.4) 6.6 (1.0, 15.3)
Gender

Male 132 (14.1) 15 (59.2) 48.9 (30.5, 72.4) 5.4 (2.2,9.3)

Female 68 (14.5) 7(67.3) 26.5 (13.4, 40.7) 2.7 (0.8, 5.4)

Note. Cl = confidence interval. Services included special educati

“Rate of children receiving services per 100 000 child-years.

1.8-fold higher incidence of TBIs, had similarly
higher rates of disability.

The types of special services children re-
ceived are shown in Table 2. Special education,
Chapter 1 or Title 1 programs, and accommo-
dations under 504 plans are covered by federal
statutes related to ensuring that all US children
who require specialized instruction, are disad-
vantaged, or require accommodations as a result
of a disability receive these services. The other
services are community-based resources not
specifically covered by federal statutes. In every
instance, although the proportion of injured

programs, and occupational therapy/physical therapy/speech therapy/counseling/other.

TABLE 2—Receipt of Specific Services 12 Months After a Traumatic Brain
Injury (TBI): Children Residing in King County, Washington, 2007-2008

on, 504 accommodations, Chapter 1/learning assistance

children receiving new services was higher
among those with moderate or severe TBIs than
mild TBIs, the population incidence rate of new
services was substantially higher among those
with mild TBIs than those with moderate or
severe TBIs. Only 3 children with arm injuries
were receiving federally mandated new services
12 months after their injury.

Disabilities in Clinical and
Social-Behavioral Domains

The numbers of children who scored greater
than 1, 1.5, or 2 standard deviations below

Services related to federal statutes
Special education
Chapter 1/learning assistance
Plan 504 accommodations
Other services
Occupational therapy/physical
therapy/speech therapy
Tutoring
Any service

Estimated No. of Children
Receiving Services (% of Those Injured)

Estimated Incidence
Rate of Disability® (95% Cl)

Mild TBI Moderate/Severe TBI Mild TBI Moderate/Severe TBI
31(22) 6 (16.8) 5.8 (1.8, 11.3) 1.1 (0.2, 2.5)
25 (1.8) 8 (22.4) 4.7 (0.8, 11.1) 1.6 (0.4, 3.4)
24 (1.7) 2 (5.6) 45 (0.9, 10.0) 0.4 (0.0, 1.5)
77 (5.5) 13 (36.4) 14.6 (7.2, 26.5) 2.4 (0.9, 4.4)
63 (4.5) 14 (39.2) 11.8 (5.8, 20.9) 2.7 (0.9, 5.1)
200 (14.3) 22 (61.6) 37.9 (24.9, 52.4) 4.1 (2.1, 6.6)

Note. Cl = confidence interval.
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the mean norm on the measures of functioning
are shown in Table 3. Again, the population
incidence of disabilities as defined by these
measures was consistently much larger for mild
TBIs than for severe TBIs (ranging from 2.8-
fold to 28-fold larger). At baseline, the per-
centages of children in the mild TBI group with
disabilities, as measured by scores greater than
1, 1.5, or 2 standard deviations, ranged from
7.0% to 22.7%, 4.4% to 12.5%, and 1.7%
to 7.0%, respectively. The incidence rates
shown in Table 3 are those for new disabilities
occurring after an injury.

Scores on these measures were correlated
with one another, with correlation coefficients
ranging from to 0.32 to 0.71 (Table S1, avail-
able as a supplement to the online version of
this article at http://www.ajph.org), indicating
that a child who scored as impaired in one
domain of functioning was more likely to be
impaired in other domains as well. Although
different measures are designed to assess
different aspects of disability, this pattern of
correlations provides evidence of the conver-
gent validity of these measures of disability in
our population. The percentage of children
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who received new special services among those
who scored 1 standard deviation or more
below the norms on each measure varied but
was never more than 38.5%, suggesting an
unmet need for at least some children (Table 4).

These data also provide cross validation of
our measures of disability because, in most
instances, children with new disabilities identi-
fied on the standardized measures were more
likely than those who fell within 1 standard
deviation of the norm mean on each measure
to be receiving new services as well. The
exceptions, the ABAS self-care subscale and the
CASP, may represent aspects of disability
wherein the link to need for new services may
not be as strong. None of the children with arm
injuries who scored 1 standard deviation or
higher received new special services.

DISCUSSION

Few population-based studies on the inci-
dence of disability resulting from TBI have
been conducted, and none to our knowledge
have been conducted among children. We
found that the overall population burden of

disability after a TBI is largely a consequence
of mild TBIs rather than moderate or severe
TBIs. Although the proportion of children with
disabilities at 12 months was much greater
among those with moderate or severe TBIs
than among those with mild injuries, the higher
incidence of mild TBIs resulted in their much
greater contribution to the overall burden of
disability. We also found that many children
with disabilities as defined in this study did not
receive special services.

We chose to define disability at 12 months
after injury according to 2 approaches: receipt of
new community services and a score beyond
a certain threshold on standardized measures of
functioning. We used the World Health Organi-
zation’s International Classification of Functioning,
Disability, and Health®® in selecting the specific
domains of functioning to be assessed in our study
and the specific follow-up measures to be used.

An important aspect of the population bur-
den of disability is the need for special services
for those who are disabled. The services in-
cluded in our definition require community
resources from the school system as well as the
health care and mental health care delivery
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TABLE 3—Incidence of New Disability-Related Abnormalities 12 Months After a Traumatic Brain Injury (TBI), by Degree of
Abnormality on Standardized Measures: Children Residing in King County, Washington, 2007-2008
Estimated No. of Injured Children With New Disability (% of Those Injured) Estimated Incidence Rate of New Disability® (95% CI)
Disability Measure Age Range, Y Mild TBI Moderate/Severe TBI Mild TBI Moderate/Severe TBI
PSC-17 2-17 114 8.1) 8 (22.4) 21.5 (11.5, 33.7) 1.5 (0.4, 3.0)
Beyond 1 SD from norm
PedsQL 2-17 120 (8.6) 11 (30.8) 22.8 (132, 36.1) 2.1 (0.8, 4.0)
ABAS I communication 0-17 71 (4.0 6 (13.2) 12.0 (5.2, 20.3) 1.0 (0.2, 2.4)
ABAS Il self-care 0-17 185 (10.5) 10 (22.0) 31.1 (19.1, 45.6) 1.6 (0.5, 3.0)
CASP 5-17 67 (6.2) 2 (6.7) 15.6 (7.2, 26.7) 0.4 (0.0, 1.6)
Beyond 1.5 SD from norm
PedsQL 2-17 60 (4.3) 6 (16.8) 11.3 (5.3, 20.3) 1.1(0.2,2.7)
ABAS II communication 0-17 51 (2.9) 6 (13.2) 8.5 (3.2, 16.5) 1.0 (0.2, 2.2)
ABAS II self-care 0-17 143 (8.1) 3 (6.6) 24.0 (133, 39.1) 0.4 (0.0, 1.2)
CASP 5-17 38 (3.5) 2(6.7) 8.8 (3.2, 16.8) 0.4 (0.0, 1.4)
Beyond 2 SD from norm
PedsQL 2-17 31(2.2) 4(11.2) 5.8 (1.9, 14.3) 0.8 (0.0, 1.9)
ABAS I communication 0-17 20 (1.1) 6 (13.2) 3.4 (0.5, 8.3) 0.9 (0.2, 2.2)
ABAS II self-care 0-17 20 (1.1) 4(8.8) 3.3(05,82) 0.7 (0.0, 2.0)
CASP 5-17 36 (3.4) 4 (13.5) 85 (2.7, 16.3) 0.9 (0.0, 2.1)
Note. ABAS = Adaptive Behavior Assessment System; CASP = Child and Adolescent Scale of Participation; Cl = confidence interval; PedsQL = Pediatric Quality of Life Inventory; PSC-17 = Pediatric
Symptom Checklist.
“Rate per 100 000 child-years.
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systems. However, receipt of services depends
on both need for services and access to those
services, and access can vary according to
many factors, including family socioeconomic
status, family place of residence, and school
policies. Our second (“statistical”) approach to
measuring disability at least partially rectified
the discrepancy between need for services and
receipt of services by focusing on significant
functional and social-behavioral effects of TBI.

The 2 methods we used provided comple-
mentary information in determining the burden
of disability among children and adolescents
created by TBIs. Services related to federal law
are special education (individual educational
programs), 504 accommodations, and Chapter
1 learning assistance. New mandated services
were rare among our control group of children
with arm injuries but were more frequent
among children with TBIs, especially those with
moderate or severe injuries. Nevertheless, the
majority of children with moderate or severe
TBIs did not receive such services. Somewhat
more common were community-based tutoring,
rehabilitative therapies, and counseling.

‘When we used the statistical definitions of
performance on standardized measures covering
quality of life, adaptive skills, participation in
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TABLE 4—New Services Received 12 Months After a Traumatic Brain Injury (TBI), by Scores
on Standardized Measures: Children Residing in King County, Washington, 2007-2008
TBI Group Arm Injury Group

Standardized Measure Total Receiving Services, No. (%) Total Receiving Services, No. (%)
PedsQL

<1 SD from norm 2871 44 (15.3 102 9 (8.8)

>1 SD from norm 26 10 (385 6 0 (0.0)
ABAS communication

<1 SD from norm 300 53 (17.7) 99 9(9.1)

>1 SD from norm 14 1(7.) 9 0 (0.0)
ABAS self-care

<1 SD from norm 290 46 (1 100 9 (9.0

>1 SD from norm 24 8 (333 8 0 (0.0
CASP

<1 SD from norm 257 46 (17.9) 871 9 (10.3)

>1 SD from norm 16 3(18.7) 2 0 (0.0)
PSC-17

<1 SD from norm 288 44 (1 101 989

>1 SD from norm 25 9 (36.0 7 0(0.0)
Note. ABAS = Adaptive Behavior Assessment System; CASP = Child and Adolescent Scale of Participation; PedsQL = Pediatric
Quality of Life Inventory; PSC-17 = Pediatric Symptom Checklist.

age-appropriate activities, and behavioral—-
emotional problems, the incidence of disability
was lower but still substantial. The Americans
with Disabilities Act defines disability as “a
physical or mental impairment that substantially
limits one or more of the major life activities.”*®
We used the statistical cut points of 1, 1.5, and
2 standard deviations to show the full spectrum of
children who may be disabled by TBIs.

Among children aged 3 to 8 years residing in
Washington State, developmental delay is defined
as scoring 2 standard deviations below the mean in
1 or more of 5 developmental areas or scoring
1.5 standard deviations below the mean in 2 or
more areas.>” Many children who met this crite-
rion for one measure did not do so for other
measures, indicating that different areas of func-
tioning were affected in different children. Never-
theless, in every instance the population incidence
of disability was again larger in the case of mild
TBIs than in the case of moderate or severe TBIs.

Not all children with moderate or severe
TBIs received special services at 12 months.
In addition, not all children who scored above
2 standard deviations from the mean on the
measures of functioning were receiving special
services. This may indicate that these children
have unmet needs (although we cannot

confirm this supposition). Previous studies have
reported on unmet health needs of children
12 months after a TBL?®

In recent years, much more attention has
been paid to mild TBIs resulting from concus-
sions, especially sports-related concussions.?~32
The symptoms and signs of these concussions,
as well as their possible longer term conse-
quences, had often previously been overlooked
or discounted, thereby leading to underestima-
tion of the population incidence of TBIs.

Our participants all sought care at hospital
emergency departments; those with concussive
symptoms who either did not report them or
did not seek care in an emergency department
would thus have escaped detection. Recruit-
ment of patients into this study occurred before
the implementation of a mandatory reporting
law in Washington State for sports-related
concussions. Thus, the population burden of
disabilities after mild TBIs may be larger than
we have estimated. The incidence of disabilities
after mild TBIs increased with age, a relationship
not observed among those with moderate or
severe injuries. This pattern is rather different
from the pattern of variation in TBI incidence
with age, which is U-shaped.

Limitations

A number of limitations must be considered
when interpreting our results. Because patients
with less severe TBIs were less likely to par-
ticipate in the study, our estimates of disability
may be biased. Although we used medical
reports, computed tomography scans, and par-
ents’ reports to classify TBI severity, injury
severity within groups (mild, moderate or
severe) may not have been homogeneous, and
this heterogeneity may account for some
of the variation in who received services.

In addition, although all patients were from
King County, they attended many different
schools in a variety of districts that may differ in
the degree to which the needs of children with
disabilities are met. Some children with a mild
TBI may be receiving new services after injury
for preexistent conditions rather than for dis-
abilities resulting from their TBI, potentially
inflating our estimates of disabilities due to TBIs.
We did not have information on the reasons
why our participants received new services.
Although preinjury disabilities were not in-
cluded in our estimates of new disabilities, some
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children may qualify for special services for
reasons unrelated to their injuries.

We did not attempt to collect a population
sample of children with arm injuries, and thus
we could not generate incidence rates for
disabilities due to arm injuries. However, 8.3%
of children with arm injuries were receiving
new services at 12 months, compared with
14.3% of those with mild TBIs. Finally, this
study focused on only one area of the country.
Regional differences in the availability of ser-
vices and awareness of injuries, especially of
mild injuries, may result in different rates
of disability and receipt of services.

Conclusions

We found that the population burden of
disability after a TBI among children residing
in King County, Washington, was primarily
accounted for by mild TBIs. Efforts to prevent
these injuries, to identify those children with
mild TBIs who are at the highest risk for
becoming disabled, and to decrease levels of
postinjury disability are warranted. |

About the Authors

Frederick P. Rivara is with the Departments of Pediatrics
and Epidemiology, University of Washington, Seattle.
Thomas D. Koepsell is with the Departments of Epidemi-
ology and Health Services, University of Washington. Jin
Wang is with the Department of Pediatrics, University of
Washington. Nancy Temkin is with the Departments of
Neurologic Surgery and Biostatistics, University of Wash-
ington. Andrea Dorsch is with the Department of Re-
habilitation Medicine, Seattle Children’s Hospital, Seattle,
WA. Monica S. Vavilala is with the Departments of
Anesthesiology and Pain Medicine and Pediatrics, Uni-
versity of Washington. Dennis Durbin is with the De-
partment of Emergency Medicine, Children’s Hospital
of Philadelphia and University of Pennsylvania. Kenneth M.
Jaffe is with the Departments of Rehabilitation Medicine
and Neurologic Surgery, University of Washington.
Correspondence should be sent to Frederick P. Rivara,
MD, MPH, Harborview Injury Prevention and Research
Center, Box 359960, 325 Ninth Ave, Seattle, WA 98104
(e-mail: fpr@uw.edu). Reprints can be ordered at
http://www.ajph.org by clicking on the ‘Reprints” link.
This article was accepted January 19, 2012.

Contributors

F.P. Rivara wrote the first draft of the article. The
analysis was led by T.D. Koepsell, ]. Wang, and N.
Temkin. All of the authors contributed to the conceptu-
alization of the study, interpretation of the findings, and
review and editing of the article.

Acknowledgments

This project was supported by the National Center for
Injury Prevention and Control, Centers for Disease
Control and Prevention (grant R49 CE 001021).

November 2012, Vol 102, No. 11 | American Journal of Public Health

RESEARCH AND PRACTICE

We thank Maria Roper Caldbeck, Eileen Houseknecht,
and Andrea Miller for their work on participant recruit-
ment and interviews and their administrative support. Also,
we thank the many children and parents who participated
in this study, as well as the study hospitals.

Note. The Centers for Disease Control and Prevention
had no role in the design and conduct of the study; the
collection, management, analysis, and interpretation of the
data; or the preparation, review, or approval of the article.

Human Participant Protection

This study was approved by the human subject committees
of all of the participating institutions. Written informed
consent was obtained from all parents, and written assent
was obtained from children 14 years or older.

References

1. Guice KS, Cassidy LD, Oldham KT. Traumatic injury
and children: a national assessment. J Trauma. 2007;63
(suppl 6):S68-S80.

2. Fay TB, Yeates KO, Wade SL, Drotar D, Stancin T,
Taylor HG. Predicting longitudinal patterns of functional
deficits in children with traumatic brain injury. Neuro-
psychology. 2009;23(3):271-282.

3. Koepsell TD, Rivara FP, Vavilala MS, et al. Incidence
and descriptive epidemiologic features of traumatic brain

injury in King County, Washington. Pediatrics. 2011;128

(5):946-954.

4. Adelson PD, Bratton SL, Carney NA, et al. Guide-
lines for the acute medical management of severe
traumatic brain injury in infants, children, and adoles-
cents. Chapter 1: introduction. Pediatr Crit Care Med.
2003;4(suppl 3):52-54.

5. Yeates KO, Taylor HG, Wade SL, Drotar D, Stancin
T, Minich N. A prospective study of short- and long-term
neuropsychological outcomes after traumatic brain injury in
children. Neuropsychology. 2002;16(4):514-523.

6. Mitka M. Reports of concussions from youth sports
rise along with awareness of the problem. JAMA. 2010;
304(16):1775-1776.

7. Bazarian J], McClung ], Cheng YT, Flesher W,
Schneider SM. Emergency department management of
mild traumatic brain injury in the USA. Emerg Med J.
2005;22(7):473-477.

8. Numminen H]J. The incidence of traumatic brain
injury in an adult population—how to classify mild cases?
Eur J Neurol. 2011;18(3):460-464.

9. Rivara FP, Koepsell TD, Wang ], et al. Comparison of
telephone with World Wide Web-based responses by
parents and teens to a follow-up survey after injury.
Health Serv Res. 2011;46(3):964-981.

10. Marr AL, Coronado VG. Central Nervous System Injury
Surveillance Data Submission Standards—2002. Atlanta, GA:
Centers for Disease Control and Prevention; 2004.

11. Report to Congress on Mild Traumatic Brain Injury in the
US: Steps to Prevent a Serious Public Health Problem. Atlanta,
GA: Centers for Disease Control and Prevention; 2003.

12. Carroll L], Cassidy JD, Holm L, Kraus ], Coronado
VG. Methodological issues and research recommenda-
tions for mild traumatic brain injury: the WHO Collab-
orating Centre Task Force on Mild Traumatic Brain
Injury. J Rehabil Med. 2004;43(suppl):113-125.

13. Langlois JA. Traumatic Brain Injury in the US:
Assessing Outcomes in Children. Atlanta, GA: Centers for
Disease Control and Prevention; 2000.

14. Thompson RS, Rivara FP, Thompson DC. A case-
control study of the effectiveness of bicycle safety
helmets. N Engl ] Med. 1989;320(21):1361-1367.

15. Thompson DC, Rivara FP, Thompson RS. Effec-
tiveness of bicycle safety helmets in preventing head
injuries: a case-control study. JAMA. 1996;276(24):

1968-1973.

16. Mueller BA, Cummings P, Rivara FP, Brooks MA,
Teraski RD. Injuries of the head, face, and neck in relation
to ski helmet use. Epidemiology. 2008;19(2):270-276.

17. Varni JW, Limbers CA. The Pediatric Quality of Life
Inventory: measuring pediatric health-related quality of
life from the perspective of children and their parents.
Pediatr Clin North Am. 2009;56(4):843-863.

18. Varni JW, Seid M, Kurtin PS. PedsQL 4.0: reliability
and validity of the Pediatric Quality of Life Inventory
version 4.0 generic core scales in healthy and patient
populations. Med Care. 2001;39(8):800-812.

19. McCarthy ML, MacKenzie EJ, Durbin DR, et al.
Health-related quality of life during the first year after
traumatic brain injury. Arch Pediatr Adolesc Med. 2006;
160(3):252-260.

20. McCarthy ML. Measuring children’s health-related
quality of life after trauma. / Trauma. 2007;63(suppl 6):
$122-8129.

21. Harrison PL, Oakland T. Adaptive Behavior Assess-
ment System manual. San Antonio, TX: Harcourt; 2003.

22. Bedell G. Research update: the Child and Adoles-
cent Scale of Participation. Brain Inj Prof. 2006;3(4):14.

23. Official Population Estimates: 201 1. Olympia, WA:
Office of Financial Management, State of Washington;
2010.

24. Rivara FP, Koepsell T, Wang ], et al. Disability 3, 12,
and 24 months after traumatic brain injury among
children and adolescents. Pediatrics. 2011;128(5):
e1129-e1138.

25. International Classification of Functioning, Disability,
and Health. Geneva, Switzerland: World Health Organi-
zation; 2001.

26. US Equal Employment Opportunity Commission.
Section 902 definition of the term disability. Available
at: http://www.eeoc.gov/policy/docs/902cm html.
Accessed July 16, 2012.

27. Washington State Legislature. Child with a disability
or student eligible for special education. Available at:
http://apps.leg.wa.gov/wac/default.aspx?cite=392-
172a-01035. Accessed July 16, 2012.

28. Slomine BS, McCarthy ML, Ding R, et al. Healthcare
utilization and needs following pediatric traumatic brain
injury. Pediatrics. 2006;117(4):e663-e674.

29. McCrory P, Meeuwisse W, Johnston K, et al. Consen-
sus statement on concussion in sport: the 3rd International
Conference on Concussion in Sport held in Zurich, No-

vember 2008. Br J Sports Med. 2009;43(suppl 1):176-190.

30. Gessel LM, Fields SK, Collins CL, Dick RW,
Comstock RD. Concussions among United States high
school and collegiate athletes. / Athl Train. 2007;42
(4):495-503.

31. Straume-Naesheim TM, Andersen TE, Holme KIM,
MecIntosh AS, Dvorak ], Bahr R. Do minor head impacts in
soccer cause concussive injury? A prospective case-
control study. Neurosurgery. 2009;64(4):719-725.

32. Meehan WP III, Bachur RG. Sport-related con-
cussion. Pediatrics. 2009;123(1):114-123.

Rivara et al. | Peer Reviewed | Research and Practice | 2079


mailto:fpr@uw.edu
http://www.eeoc.gov/policy/docs/902cm.html
http://apps.leg.wa.gov/wac/default.aspx?cite=392-172a-01035
http://apps.leg.wa.gov/wac/default.aspx?cite=392-172a-01035

