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WHAT’S KNOWN ON THIS SUBJECT: Traumatic brain injury (TBI)
is a major cause of disability among US children. Population-
based data on TBI incidence are rare, especially for mild TBIs.

WHAT THIS STUDY ADDS: TBI incidence rates for King County,
Washington, were well below recent national estimates. Because
mechanisms of injury varied greatly according to age, prevention
strategies almost certainly must be customized to each age
group for greatest impact.

abstract
OBJECTIVE: Traumatic brain injury (TBI) is a major cause of disability
among US children. Our goal was to obtain population-based data on
TBI incidence rates.

METHODS: We conducted surveillance through a stratified random
sample of hospital emergency departments in King County, Washing-
ton, to identify children 0 to 17 years of age with medically treated TBIs
during an 18-month study period in 2007–2008. Additional cases were
identified through hospital admission logs and the medical examiner’s
office. For a sample of nonfatal cases, parents were interviewed to
verify TBIs, and medical record data on severity and mechanisms were
obtained.

RESULTS: The estimated incidence of TBIs in this setting was 304 cases
per 100 000 child-years. The incidence was highest for preschool-aged
children and lowest for children aged 5 to 9 years. Rates were uni-
formly higher for boys than for girls; there was a larger gender gap at
older ages. Falls were the main mechanism of injury, especially among
preschool-aged children, whereas being struck by or against an object
and motor vehicle–related trauma were important contributors for
older children. Approximately 97% of TBI cases were mild, although
moderate/severe TBI incidence increased with age.

CONCLUSIONS: TBIs led to many emergency department visits involv-
ing children, but a large majority of the cases were clinically mild.
Incidence rates for King County were well below recent national esti-
mates but within the range reported in previous US studies. Because
mechanisms of injury varied greatly according to age, prevention strat-
egies almost certainlymust be customized to each age group for great-
est impact. Pediatrics 2011;128:946–954
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Traumatic brain injury (TBI) is a signif-
icant cause of death, disability, and
health care use among US children.1,2

Quantitative estimates of the incidence
and mortality rates of TBIs can be use-
ful for quantifying the overall public
health burden of TBIs in relation to
other injuries and illnesses, revealing
disparities in TBI frequencies among
population subgroups, suggesting hy-
potheses regarding possible risk fac-
tors, and providing data to track the
success of prevention efforts.

Population-based epidemiologic stud-
ies of TBI occurrence generally have
relied on 3 data sources for case iden-
tification, namely, death certificates,3–7

hospital discharge records,5–12 and
emergency department (ED) re-
cords.13–18 Each data source captures a
different part of the TBI severity spec-
trum. To date, few studies have com-
bined data from all 3 sources,5,7 and
even fewer have been able to check the
validity of TBI diagnoses against data
from parent interviews and medical
records.

In 2006, we initiated a study of longer-
term disabilities among children with
TBIs, the Child Health After Injury
(CHAI) study. The CHAI study involves
identification of a population-based
sample of children with TBIs (mild,
moderate, or severe) and assessment
of their disability status at baseline
and 3, 12, 24, and 36 months after in-
jury. To identify eligible children, we
established a population-based sur-
veillance system for TBIs in King
County, Washington. This surveillance
network provided a rare opportunity
to study the incidence and descriptive
epidemiologic features of child TBIs in
an urban setting.

METHODS

Setting

King County includes the city of Seattle
and its suburbs. The county is predom-
inantly urban with an estimated total

population in 2008 of 1 884 200. The es-
timated racial distribution in 2008 was
76% white, 14% Asian/Pacific Islander,
6% black, and 4% other races.19 Ap-
proximately 7% of the population was
Hispanic.

Case Identification

Countywide surveillance for child TBIs
used a 2-stage sampling design with a
stratified sample of hospital EDs and
all children with acute TBIs during the
study period from each selected ED. In
the first stage, the 18 King County hos-
pital EDs serving children were divided
into 3 groups, as follows: group A, Se-
attle Children’s Hospital, the county’s
only exclusively pediatric hospital, and
Harborview Medical Center, the re-
gion’s only level 1 adult and pediatric
trauma center; group B, the county’s 7
level 3 or level 4 trauma centers; group
C, 9 non–trauma center hospitals. Both
hospitals in group A, 4 of 7 hospitals in
group B, and 3 of 9 hospitals in group C
were included. Within groups B and C,
hospitals were sampled at random.
One originally sampled hospital in
group B was replaced, before surveil-
lance began, with another random
selection, for logistic and financial
reasons.

Children 0 to 17 years of agewith acute
TBIs were identified initially from com-
puterized patient logs at participating
EDs. At this stage, TBI was defined on
the basis of (1) an International Clas-
sification of Diseases, Ninth Revision
(ICD-9), code of 800 to 804 or 850 to 854
or (2) a narrative noting a closed-head
injury, a TBI, a loss of consciousness, a
skull fracture, amnesia after a head in-
jury, any abnormal level of conscious-
ness after head trauma, or any abnor-
mal computed tomographic scan
results after a head injury. Computer-
ized ED log data transmitted electroni-
cally to the study center included iden-
tifying information (including the
address of residence and telephone

number), the child’s age and gender,
the date of injury, and the ED disposi-
tion. For the analyses reported here,
only children whose zip codes indi-
cated residence in King County were
included. Hospital admission logs at
Seattle Children’s Hospital and at Har-
borview Medical Center also were re-
viewed regularly, to identify eligible
children. Patients who died at the
scene of injury were identified through
the King County Medical Examiner’s of-
fice. The 18-month surveillance period
ran from April 2007 through Septem-
ber 2008.

For the larger CHAI study, all children
admitted to the hospital with TBIs and
their parents, as well as an age- and
gender-stratified random sample of
children seen in an ED for a TBI but not
admitted, were approached as poten-
tial participants. A brief screening in-
terview was conducted with a parent,
usually by telephone, to determine
whether the child had experienced a
loss of consciousness; had seemed
less aware or awake than normal; had
been disoriented, agitated, or con-
fused after the injury; or, if 5 years of
age or older, had exhibited posttrau-
matic amnesia. A child was considered
eligible if�1 of those features was re-
ported. If the family agreed to partici-
pate in the CHAI study, then permission
was sought to review the child’s medi-
cal record, from which information
was abstracted to verify the presence
of TBI and to determine TBI mechanism
and severity.

TBI Case Definition and Severity
Classification

During medical record review for the
subsample enrolled in the CHAI study,
mild TBI was defined on the basis of
criteria recommended by the Centers
for Disease Control and Prevention,20

that is, (1) �1 of any period of ob-
served or self-reported transient con-
fusion, disorientation, or impaired
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consciousness, as recorded in the
medical record; any period of ob-
served or self-reported amnesia last-
ing �24 hours; or observed signs of
other neurologic or other neuropsy-
chological dysfunction, such as post-
traumatic seizures or irritability, leth-
argy, or vomiting after head injury
among very young children; and (2) a
worst Glasgow Coma Scale (GCS)
score of �13 at the time of the first
medical evaluation and a GCS score of
15 at discharge from the ED or at 24
hours after injury, if hospitalized.

Moderate TBI was defined as TBI ac-
cording to criterion 1 detailed above
plus a motor GCS score of 4 to 5 at 24
hours after injury or a motor GCS
score of 6 but not meeting the criteria
for mild TBI. Severe TBI was defined as
TBI according to criterion 1 plus amax-
imal motor GCS score of �4 (without
pharmacologic paralysis) during the
24 hours after injury.

Analysis

Initiation of TBI surveillance was de-
layed at 4 sampled hospitals pending
necessary administrative approval. Ac-
cordingly, 5 analytic groups were
formed on the basis of hospital type
and period of active participation, as
shown in Table 1. ED-identified TBI
cases in each analytic group were as-
signed a weight as follows: (total num-
ber of hospitals in group)/(number of
actively participating hospitals in

group).21 Sums of weighted case
counts, plus any out-of-hospital
deaths, became the numerators for in-
cidence rates. All hospitalized TBI
cases and all except 2 fatalities were
first seen in an ED; therefore, ED cases,
hospitalized cases, and fatal cases
were not mutually exclusive groups.
Population estimates for King County
according to age, gender, and calen-
dar year were obtained from theWash-
ington State Office of Financial Man-
agement19 and were used to estimate
child-years at risk.22

Four key variables had missing values
for some study children. Verification
that the child had experienced a TBI, on
the basis of a telephone screening in-
terview with a parent, was established
for 1001 children whose parents were
reached successfully by telephone
but was not established for 524 chil-
dren who were not sampled and 442
who were sampled but whose par-
ents could not be contacted. Medical
record validation of TBI, TBI severity,
and TBI mechanism was established
only for the 405 children who were re-
cruited into the CHAI study and whose
medical records were abstracted. Re-
striction of the analysis to children
with complete data would imply that
this subsample is representative of all
eligible children, an assumption that
rarely is satisfied in practice and
clearly is not in this case. Instead, we

used multiple imputation. This ap-
proach relies on aweaker assumption,
that the distribution of true values
among children with missing data is
the same as the distribution among
similar children with known values.
“Similar” is defined on the basis of rel-
evant characteristics that are known
for all children. Several plausible data
values are imputed for each child with
missing data. Variability among these
imputed values reflects the degree of
uncertainty about the true value. This
variability is explicitly incorporated
into significance tests and confidence
intervals (CIs).

In preliminary analyses, hospital
group and ED disposition for children
seen at Harborview Medical Center
or Seattle Children’s Hospital were
strongly associated with missingness
and with the values of 3 of the vari-
ables when known, namely, parental
verification of TBI status, medical re-
cord validation of TBI status, and TBI
severity. Accordingly, hospital group
and ED disposition were used as pre-
dictors in the imputation model for
these variables. Appendix 1 shows
results related to this strategy for
TBI severity. For TBI mechanism, age
group and gender were used as pre-
dictors for the imputation model. Im-
putation was conducted by using the
approximate Bayesian bootstrap
method.23,24

TABLE 1 Numbers of TBI Cases Among Children Sampled in King County and Estimated Total Numbers Seen at King County Hospitals, According to
Hospital Group and Analytic Group

Group Description No. of Hospitals No. of Child ED Visits for
TBIs

No. of Children With
Confirmed TBIs

Hospital Analytic In Sample In County In Sample In County In Sample In County

A 1 Children’s/Harborview 2 2 1319 1319 861 861
B Other trauma centers 7

2 Apr 1, 2007, to May 15, 2007 2 35 122 27 96
3 May 16, 2007, to Sep 30, 2008 4 586 1026 423 740

C Non–trauma centers 9
4 Apr 1, 2007, to Oct 31, 2007 1 9 81 7 62
5 Nov 1, 2007, to Sep 30, 2008 3 18 54 15 46

Total 5–9 18 1967 2602 1333 1805

Children’s indicates Seattle Children’s Hospital; Harborview, Harborview Medical Center.
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Analyses were conducted by using the
survey package in the statistical lan-
guage R, version 2.13.0.25 CIs were de-
termined by using a resampling
method that mimicked the sampling
design. At each replication, first a
sample of hospitals was drawn; Har-
borview Medical Center and Seattle
Children’s Hospital were included au-
tomatically, whereas a bootstrap sam-
ple of hospitals in other hospital
groups was drawn.26 Then, for hospital
i, the number of eligible TBI cases ni
was determined, according to results
from multiple imputation of eligibility
status. A random number ki was
drawn from a Poisson distribution
with mean ni for each hospital. Finally,
ki cases were drawn at random, with
replacement, from the ni eligible cases
at each hospital. CIs were based on the
2.5th and 97.5th percentiles of case
counts across 4000 replications. Final
estimates and CIs thus accounted for
the 2-stage sampling design, the non-
random nature of the subsample with
complete data, the uncertainty in-
volved in imputing missing values, and
the expected random variation in case
occurrence over time. The study was
approved by the institutional review
boards at Seattle Children’s Hospital
and at other participating hospitals.

RESULTS

During the 18-month study period, par-
ticipating EDs reported 1967 patient
visits in which a King County child was
seen for treatment of an injury re-
corded as acute TBI. Nine of those ED
visits were for an apparently new oc-
currence of TBI for a child who had
made a previous visit for TBI�2 weeks
earlier. From the total identified, 1443
children were sampled for possible
participation in the CHAI study. For
1001 of them, a parent was contacted
successfully and completed a screen-
ing interview for determination of
whether the child had experienced a
TBI that met the study’s case definition.
The TBI screening criteria described
above were met in 724 of those cases;
for 419 of those cases, consent to par-
ticipate in the CHAI study was obtained.
Medical records were available and
abstracted for 405 of those 419
children.

On the basis of the sampling design,
data from participating EDs were used
to estimate the total number of child
visits with a recorded diagnosis of
acute TBI in the entire county (Table 1).
Overall, an estimated 2602 such visits
occurred throughout the county dur-
ing the study period. Approximately

51% of those visits were to either Seat-
tle Children’s Hospital or Harborview
Medical Center, 44% to a level 3 or level
4 trauma center ED, and the remaining
5% to non–trauma center EDs.

On the basis of information gathered
subsequently from parental inter-
views and medical record reviews, it
was determined that not all children
recorded in ED logs as having been
seen for acute TBIs actually met the
study’s case definition for TBI. With the
application of results for the sub-
sample of children with TBI validation
data to the full sample identified from
ED logs, an estimated 1333 of the 1967
children originally identified actually
had TBIs (Table 1). With further extrap-
olation from the full study sample to
the county at large, an estimated 1805
children were seen at a King County ED
during the study period for an injury
that would actually meet our TBI case
definition. All subsequent results are
based on the estimated number of
cases that would meet the study’s TBI
case definition.

Table 2 shows the estimated numbers
of patients with TBIs who were seen in
an ED (regardless of disposition), were
admitted to a hospital, or experienced
fatal injuries, according to age and

TABLE 2 Estimated Numbers of TBI Cases According to Level of Care and Incidence Rates According to Age and Gender

Gender Age, y No. of Children With TBIs, Estimate Exposure,
Child-Years

Incidence Rate, Estimate (95% CI), Cases
per 100 000 Child-Years

Seen in ED Hospitalized Dieda Alla

Male 0–4 412 18 6 412 85 481 482 (339–666)
5–9 220 11 0 220 83 078 265 (177–373)
10–14 306 12 3 307 82 282 373 (236–518)
15–17 236 21 4 236 53 155 444 (270–674)
0–17 1174 62 13 1175 303 996 387 (283–490)

Female 0–4 289 8 5 290 81 334 357 (244–503)
5–9 125 3 0 125 78 981 158 (102–228)
10–14 123 6 1 123 78 699 156 (93–225)
15–17 94 10 2 94 51 152 184 (107–271)
0–17 631 27 8 632 290 165 218 (163–279)

Both 0–4 701 26 11 702 166 815 421 (303–581)
5–9 345 14 0 345 162 059 213 (147–290)
10–14 429 18 4 430 160 981 267 (173–360)
15–17 330 31 6 330 104 307 316 (206–458)
0–17 1805 89 21 1807 594 161 304 (229–383)

a Includes 2 out-of-hospital deaths.
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gender. It should be noted that being
seen in an ED, being hospitalized, and
dying as a result of TBI were not mutu-
ally exclusive. Overall,�1.2% of the pa-
tients died, �5.0% were hospitalized,
and �93.7% were seen only in an ED.
The overall TBI incidence rate was 304
cases per 100 000 child-years (95% CI:
229–383 cases per 100 000 child-
years). The rates for boyswere greater
than those for girls in every age group,
but the relative risk (boys/girls) gener-
ally increased with age, being 1.35 for
ages 0 to 4 years, 1.68 for 5 to 9 years,
2.39 for 10 to 14 years, and 2.41 for 15
to 17 years. Children 0 to 4 years of age
had the highest incidence (421 cases
per 100 000 child-years), and those 5 to
9 years of age had the lowest (213
cases per 100 000 child-years); rates
increased again for the older age
groups.

Table 3 shows the distribution accord-
ing to TBI severity among the 405 chil-
dren for whom medical record data
were available, the estimated severity
distribution among all cases, and the
resulting incidence rate estimates for
mild TBIs and for moderate, severe, or
fatal TBIs, according to age and gen-
der. Overall, the incidence of mild TBIs
was �296 cases per 100 000 child-
years, that is,�39 times the incidence

of moderate, severe, and fatal TBIs
combined (7.6 cases per 100 000 child-
years). The estimated incidence rates
for moderate and severe nonfatal TBIs
were 6.5 and 0.8 cases per 100 000
child-years, respectively, but there
were too few such cases to yield sta-
ble age- and gender-specific rate es-
timates. Although mild TBIs were far
more common than more-severe
TBIs within each age and gender cat-
egory, the incidence rates for moder-
ate, severe, or fatal TBIs were high-
est at ages 15 to 17 years for both
boys and girls.

The distribution of injury mechanisms
varied substantially according to age
and gender (Table 4). Falls were by far
themost commonmechanism for both
boys and girls at age 0 to 4 years, and
the incidence of fall-related TBIs was
much higher among preschool-aged
children than among older children.
The rates of being struck by or against
an object increased steadily with age
among boys but not girls. The inci-
dence of TBIs associated with motor
vehicle collisions generally increased
with age. Among the 18 patients with
motor vehicle–related TBIs who were
15 to 17 years of age and had medical
record data available for review, 9
were passengers, 4 were drivers, 4

were pedestrians, and 1 was a cyclist.
Other cycling-related TBIs were most
common at 10 to 14 years of age. It
should be noted that, for some age, gen-
der, and mechanism combinations, no
TBI caseswere observed, which resulted
in an estimated incidence rate of 0, al-
though the true rate is likely not to be 0.
These estimates reflect limited sample
sizeandshouldbe interpretedas lowbut
not necessarily 0.

Figure 1 shows that the incidence
rates of TBIs varied somewhat accord-
ing to calendar quarter; generally
higher rates were found in warmer
months (April through September)
than in colder months (October
through March), but these differences
fell short of statistical significance
(P � .3; 5 degrees of freedom). CIs
for rates in the first 2 calendar quar-
ters were wide because fewer hospi-
tals contributed data in the early
quarters. The overall seasonally ad-
justed rate was 295 cases per
100 000 child-years (95% CI: 263–326
cases per 100 000 child-years).

Finally, Fig 2 showsmodest variations in
the incidence rates of TBIs according to
the day of the week (P� .8; 6 degrees of
freedom). Rates were slightly higher on
Fridays and Saturdays.

TABLE 3 Estimated Incidence of TBIs in King County According to Severity, Age, and Gender

Gender Age, y No. of Cases in Abstracted
Sample

Total No. of Cases in County,
Estimatea

Incidence Rate, Estimate (95% CI), Cases per
100 000 Child-Years

Mild Moderate or
Severe

Mild Moderate, Severe,
or Fatal

Mild Moderate, Severe, or
Fatal

Male 0–4 60 6 401 10.7 469 (329–654) 12.5 (4.7–22.2)
5–9 61 2 218 2.5 262 (175–370) 3.0 (0.0–7.2)
10–14 71 6 299 8.2 363 (228–510) 10.0 (3.6–17.0)
15–17 47 5 225 11.1 423 (251–655) 20.9 (7.5–39.5)
0–17 239 19 1143 32.5 376 (272–479) 10.7 (6.6–15.5)

Female 0–4 57 2 286 3.9 352 (239–497) 4.8 (1.2–9.8)
5–9 31 1 123 1.4 156 (100–226) 1.8 (0.0–6.3)
10–14 35 2 120 2.8 152 (89–220) 3.6 (0.0–8.9)
15–17 17 2 89 4.8 174 (96–260) 9.4 (2.0–21.5)
0–17 140 7 618 12.9 213 (158–274) 4.4 (2.1–7.2)

Both 0–4 117 8 687 14.6 412 (294–571) 8.8 (4.2–14.4)
5–9 92 3 341 3.9 210 (145–289) 2.4 (0.0–5.6)
10–14 106 8 419 11.0 260 (167–354) 6.8 (3.1–11.2)
15–17 64 7 314 15.9 301 (191–443) 15.2 (6.7–25.9)
0–17 379 26 1761 45.4 296 (221–375) 7.6 (5.2–10.6)

a Averaged over 50 imputations.
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DISCUSSION
The overall incidence of TBIs among
children in King County over an 18-
month period in 2007–2008 was�304

cases per 100 000 child-years. More
than 97% of those children had mild
TBIs, and �94% were seen only in an
ED, without being hospitalized. TBI inci-

dence was greater for boys than for
girls in every age group; there were
larger gender gaps at older ages. Chil-
dren 0 to 4 years and 15 to 17 years of
age were at highest risk, and those 5
to 9 years of age were at lowest risk.
Falls predominated as the mecha-
nism among preschool-aged children,
whereas being struck by or against an
object and motor vehicle collision-
related trauma were more common
mechanisms among older children.
TBI incidence rates did not vary sig-
nificantly according to season or
weekday.

Previous population-based studies of
out-of-hospital, nonfatal TBIs among
US children yielded variable estimates
of incidence (Table 5). Our overall inci-
dence estimate of 304 cases per
100 000 child-years falls well within the
range seen in previous studies. Part of
the observed variability is no doubt at-
tributable to methodologic differ-
ences, including TBI case definitions
and data sources. In particular, our in-
cidence estimates are considerably
lower than those reported by Langlois
et al5 and by Faul et al,7 who used data
from the National Hospital Ambulatory
Medical Care Survey. Our TBI case def-
inition for ED surveillance was nar-
rower than the definitions used by
those authors. Langlois et al5 included
ICD-9 code 959.01 (head injury, unspec-
ified), whereas we did not. Faul et al7

used a still broader case definition,
adding ICD-9 codes 950.1 to 950.3 (in-
jury to optic nerve and pathways) and
995.55 (shaken infant syndrome). It
also should be noted that those 2 stud-
ies could not validate diagnoses in Na-
tional Hospital Ambulatory Medical
Care Survey records against original
medical records or against parental
interview data by using a standardized
clinical case definition of TBI, aswe did.
We found that �28% of children who
were reported by a participating ED as

TABLE 4 Incidence of TBIs According to Mechanism, Age, and Gender

Gender and Age Fall Struck by/Against Motor Vehicle Cycling Other

No. of cases in subsample with
medical record review

Male
0–4 y 57 5 2 1 1
5–9 y 35 17 5 5 1
10–14 y 34 28 4 10 0
15–17 y 13 25 12 0 1
Female
0–4 y 51 7 0 0 1
5–9 y 18 11 1 1 0
10–14 y 11 16 3 6 0
15–17 y 7 4 6 2 0
Both
0–4 y 108 12 2 1 2
5–9 y 53 28 6 6 1
10–14 y 45 44 7 16 0
15–17 y 20 29 18 2 1

Incidence rate, estimate, cases per
100 000 child-years

Male
0–4 y 416 36 15 7 7
5–9 y 147 72 21 21 4
10–14 y 167 137 20 49 0
15–17 y 113 218 105 0 9
Female
0–4 y 308 42 0 0 6
5–9 y 92 56 5 5 0
10–14 y 48 69 13 26 0
15–17 y 67 39 58 19 0
Both
0–4 y 363 39 7 4 7
5–9 y 120 64 13 13 2
10–14 y 109 104 16 38 0
15–17 y 91 130 82 9 4
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FIGURE 1
Incidence of TBIs among children in King County according to calendar quarter.
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having made a visit for acute TBI did
not meet our case definition for TBI.

Apart from these methodologic differ-
ences, true TBI incidence rates almost
certainly vary according to place, time,
and demographic subgroup. For exam-
ple, the Seattle area has been the site
of child injury prevention programs to
increase the use of bicycle helmets27

and booster seats.28 More broadly, a
secular decrease in TBI hospitalization
rates among US children over the 15-

year period of 1991–2005 has been
found.8

The predominant mechanisms for TBIs
varied substantially according to age,
which has implications for the types of
preventive interventions that may be
needed to reduce the burden of TBIs.
Fall-related TBIs were particularly
common among preschool-aged chil-
dren, which suggests that interven-
tions aimed at household safety or pa-
rental supervisionmight have greatest

potential impact. At ages 5 to 14, being
struck by or against an object also was
found to be common. Although the chil-
dren’s activities at the time of injury
were not captured here, recreational
injuries (including cycling-related inju-
ries) that are preventable through hel-
met usemight be an appropriate inter-
vention target, especially for boys.
Motor vehicle–related trauma was a
larger factor for older teenagers, even
as passengers.

Several study limitations should be
noted. As with most previous epidemi-
ologic studies of TBIs, TBI episodes that
did not result in medical care being
sought, those that were treated in phy-
sicians’ offices or clinics other than
EDs, and those listed with erroneous
or nonspecific diagnosis codes in ED
logs were not captured. Data for chil-
dren who resided in King County but
were treated elsewhere for TBIs were
not captured. Parental interview data
and medical record data were avail-
able only for a subset of cases, which
necessitated imputation of some vari-
ables for the remaining cases. Bias
might be present if cases with missing
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FIGURE 2
Incidence of TBIs among children in King County according to day of the week.

TABLE 5 Selected Previous US Studies of TBI Incidences Among Children

Study Setting Years Data Source Case Definition Incidence Rate, Cases
per 100 000 Child-Years

Kraus et al29 (1986) San Diego
County,
California

1981 Countywide surveillance
through EDs, hospital
discharges, and coroner
records

Physical damage to, or functional
impairment of, cranial contents by
acute mechanical energy exchange,
exclusive of birth trauma

0–14 y: 185

Sosin et al30 (1996) United States 1991 National Health Interview
Survey

Self-report of medically attended head
injury with loss of consciousness in
previous 12 mo

0–14 y:�380

Jager et al16 (2000) United States 1992–1994 National Hospital Ambulatory
Medical Care Survey

ICD-9-CM codes 800–801.9, 803–804.9,
850–854.1, 959.01

0–4 y: 1091; 5–14 y: 571

Guerrero et al15 (2000) United States 1995–1996 National Hospital Ambulatory
Medical Care Survey

ICD-9-CM codes 800–801.9, 803–804.9,
850–854.1, 959.01

0–14 y: 692

Minnesota Department
of Health31 (2005)

Minnesota 1995–2001 Statewide ED surveillance,
medical records

ICD-9-CM codes 800–804, 850–854.1,
950–953, 959.01, 995.55

0–4 y:�180; 5–9 y:
147; 10–14 y: 221;
15–19 y: 330

Langlois et al5 (2006) United States 1995–2001 National Hospital Ambulatory
Medical Care Survey

ICD-9-CM codes 800–801.9, 803–804.9,
850–854.1, 959.01

0–4 y: 1035; 5–9 y: 603;
10–14 y: 567; 15–19
y: 661

Faul et al7 (2010) United States 2002–2006 National Hospital Ambulatory
Medical Care Survey

ICD-9-CM codes 800–801.9, 803–804.9,
850–854.1, 950.1–950.3, 959.01,
995.55

0–4 y: 1256; 5–9 y: 533;
10–14 y: 560; 15–19
y: 757

ICD-9-CM indicates ICD-9 Clinical Modification.
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data were systematically different in
ways that were not captured by other
measured characteristics. We also as-
sumed that the distribution of mecha-
nisms among children with available
medical records was representative of
the distribution among children of simi-
lar age and gender. Lastly, the sociode-
mographic profile and environmental
characteristics of KingCountymakegen-
eralizability to other settings uncertain.

CONCLUSIONS

A large proportion of child TBI epi-
sodes were treated only in the ED and
were classified as clinically mild. Be-
cause of the large number of mild TBI
episodes, however, even modest ad-
verse, long-term effects on daily func-
tioning and academic performance
might translate into a significant pub-
lic health burden of mild TBIs. We hope
that the CHAI follow-up study, which

provided an opportunity to character-
ize the descriptive epidemiologic fea-
tures of child TBIs in this setting, can
also shed light on the longer-term con-
sequences of mild TBIs among
children.
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COLD WATER BLUES: One afternoon last week, two of my children played high
school soccer games. The fields weremuddy and the play physical. By the end of
the afternoon, their previously white uniforms were covered in mud and ap-
pearedmore brown than white. That night my wife and I washed their uniforms.
As we put the uniforms into the washer, my wife remarked that they would have
to be washed in hot water. I was more than a little surprised. After all, we keep
the thermostat at 64F in the winter, have low flow (more like fast drip) shower
heads, and my wife recycles everything. Why would she wash the clothes in hot
water? Evidently, my wife is not alone in her views. According to an article in The
New York Times (Business: September 16, 2011), using cold water detergents to
wash clothes in cold water has not caught on in the U.S. Even in Germany, where
there is even a greater interest in reducing energy costs, cold water detergents
do not sell well. That more than three-quarters of the energy costs associated
with washing a load of clothes goes to heating the water seems lost on the
average consumer. Marketing campaigns touting the energy saving associated
with using cold water detergents and washing clothes in cold water have not
been effective. One problem is that most people seem to know that hot water
really does clean better than cold water. However, water temperature is not the
only determinant of whether clothes are cleaned effectively; the mechanical
force applied to the clothes and the detergent used play critical roles. Deter-
gents are now formulated far differently than even a decade ago. Many are
specifically designed to work in cold water. Cold water detergents use different
surfactants and enzymes than typical detergents. The formulation ensures that
they clean as effectively as traditional detergents. Blinded head-to-head com-
parisons have shown that cold water detergents can clean clothes very well and
as effectively as top-rated detergents. As for us, when I tried, ever so gently, to
remind my wife that cold water works well, she seemed unimpressed by my
laundry acumen (disclaimer: I wash all my own clothes. I never sort them and
only use cold water which is definitely not her style). The uniforms were washed
in hot water. I guess I will just turn the thermostat down to 62F this winter.

Noted by WVR, MD

APPENDIX Imputation Groups for Imputation of TBI Severity When Not Available From Medical Record Review

Imputation Group TBI Severity Verified Through Medical
Record Review

TBI Severity Among Cases Verified Through Record Review

No. Description Yes, n No, n Proportion
Verified, %

Mild, n Moderate/Severe,
n

Proportion
Moderate/Severe, %

1 HMC, admitted 53 31 63.1 33 20 37.7
2 HMC, sent home 37 64 36.6 33 4 10.8
3 SCH, admitted 3 9 25.0 1 2 66.7
4 SCH, sent home 194 928 17.3 194 0 0.0
5 Neither HMC nor SCH 118 530 18.2 118 0 0.0

SCH indicates Seattle Children’s Hospital; HMC, Harborview Medical Center.
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