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Introduction: Consumer product‒related traumatic brain injury in children is common, but longterm trends have not been well characterized. Understanding the long-term trends in consumer
product‒related traumatic brain injury may inform prevention efforts. The study objective is to
examine the trends in consumer product‒related traumatic brain injury in school-aged children.

Methods: Data were extracted from the National Electronic Injury Surveillance System−All Injury
Program for initial emergency department visits for consumer product‒related traumatic brain
injury (2000-2019) in school-aged children and analyzed in 2021.

Results: Approximately 6.2 million children presented to emergency department with consumer
product‒related traumatic brain injury during 2000−2019. Consumer product‒related traumatic
brain injury increased from 4.5% of overall consumer product‒emergency department visits in
2000 to 12.3% in 2019, and its incidence rate (cases per 100,000 population) was higher in males
(681.2; 95% CI=611.2, 751.2) than in females (375.8; 95% CI=324.1, 427.6). The annual percentage
change in consumer product‒related traumatic brain injury was 3.6% from 2000 to 2008, 13.3%
from 2008 to 2012, and ‒2.0% through 2019. Average annual percentage change was higher in
females (5.1%; 95% CI=3.4, 6.8) than in males (2.8%; 95% CI=1.6, 3.9). Consumer product‒related
traumatic brain injury increased from 2000 to 2012 in females and then remained stable. In males,
annual percentage change increased from 2008 to 2012 and then declined through 2019.

Conclusions: Traumatic brain injury incidence rate in school-aged children increased from 2000
to 2019, peaked in 2012, and then declined in males but not in females. Percentage increases were
highest in females. Prevention strategies should continue, with a speciﬁc focus on reducing
consumer product‒related traumatic brain injury in female children.
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INTRODUCTION

T

raumatic brain injury (TBI) is a major public
health concern1,2 negatively affecting not only
the lives of individuals and their families but
also society, healthcare systems, and the economy.3 Children have the highest rate of emergency department
(ED) visits for TBI.4 In 2014, the Centers for Disease
Control and Prevention estimated that 13.5 million individuals were living with a TBI-related disability, that
there were approximately 2.89 million ED visits and
deaths related to TBI, and over 837,000 TBI cases in children in the U.S.1 TBI is the leading cause of death and
disability in children aged 0−4 years and 15−19 years.5
Nonfatal TBI in children can lead to emotional, physiologic, and cognitive sequelae.6 In 2005, an estimated
145,000 children aged 0−19 years were living with lasting cognitive, physical, or behavioral deﬁcits because of
TBI.7 TBI resulting from sports and recreation activities
are common in the U.S.,8,9 accounting for approximately
3.4 million ED visits from 2001 to 2012.10 A total of 65%
of all sports and recreation activity‒related (SRR) TBIs
(SRR-TBI) presenting to the ED in 2001−2009 were
among children aged ≤19 years and resulted from bicycling, football, and other playground activities.8,9 Cheng
et al.11 (2016) reported that approximately one third of
all nonfatal TBI among children aged 0−14 years in
2001−2013 occurred at places of recreation or sports
and school, and TBI-related ED visits increased from
2005 to 2013. Recently, Waltzman and colleagues12
(2020) reported that among children aged 5−18 years,
TBI-ED visits increased in the U.S. from 2001 to 2012,
before declining from 2012 to 2018. These ﬁndings suggest that efforts to reduce TBI have been successful.
However, further examination of subgroups may reveal
areas where additional focused efforts may be needed.
This study aimed to describe characteristics and
trends in consumer product (CP)-related TBI (CP-TBI)
incidence among school-aged children over the past
20 years (2000−2019) in a novel way. Considering the
previous reports for more limited time periods, the
hypothesis was that ED visits for pediatric CP-TBI
would increase initially and then decline before stabilizing for all age groups in males and females.

METHODS
Study Population
This was a serial cross-sectional study using data from the 2000−2019
National Electronic Injury Surveillance System (NEISS)−All Injury
Program (NEISS-AIP), a surveillance system that monitors CP-related
injuries presenting to participating hospital EDs. Detailed NEISS-AIP
methods have been published elsewhere.13 The database includes all

ED visits for CP-related injuries (CP-ED visits) presenting to NEISS
participating hospitals in the U.S. from January 1, 2000 to December
31, 2019. Data were abstracted with a weighted national estimation
from 5 strata and 100 clusters from 66 of 100 NEISS hospital EDs
selected from all (>5,300) U.S. hospitals. The study population
included children aged 5‒18 years who presented to an ED for CPinjury care and met inclusion and exclusion criteria (Appendix Table
1, available online). This study was conducted under a protocol
reviewed and exempted by the IRB of The University of Texas Health
Science Center at Tyler, Texas.

Measures
TBI cases were identiﬁed on the basis of the NEISS criteria if a
patient had a head injury (body part injured code: 75) related to
CPs and diagnosis codes of 52 for concussion, 57 for skull fracture, 58 for hematoma, and 62 for internal head injury that
includes subdural hematoma, cerebral contusion, and head injury
not otherwise speciﬁed (Appendix Table 1, available online). The
NEISS criteria are reliable as compared with the International
Classiﬁcation of Diseases, Ninth Revision/ICD-10-CM code.14,15
School-aged children aged 5‒18 years were stratiﬁed by age
groups as 5−10, 11−13, and 14−18 years for elementary, middle-,
and high-school students, respectively.16 Injury locales were a priori categorized as at home, in school, in sporting and recreational
areas, on streets and highways, and other.14 Mortality included
dead on arrival, death in the ED, and death after admission.
Numbers of reported CP-TBI cases were ﬁrst calculated as the
percentage among CP-ED visits, and then estimated (weighted)
national CP-TBI cases with incidence rates were deﬁned as CPTBI cases per 100,000 population (TBI-IR), overall and then by
sex and age groups. The TBI-IR was used as a primary outcome
measure for trends, related causes, and locales by sex and age
groups.

Statistical Analysis
To illustrate national trends in CP-TBI over time, incidence rates
of CP-TBI were used. The data were weighted to represent the U.
S. population. National injury estimates were calculated using
established statistical weights.13 TBI-IR was standardized using
the U.S. Census population as the denominator to estimate CPTBI incidence rates per 100,000 population for each corresponding year by age groups and sex. Temporal trends in TBI-IR were
evaluated using Joinpoint regression analysis.17 Joinpoints identiﬁed years at which trends in magnitude and direction of CP-TBI
changed signiﬁcantly and are illustrated by annual percentage
changes (APC) and then estimated average APCs (AAPC) overall,
by age groups, by sex, and by locales. Logarithmic transformation
of the TBI-IR was applied, and the heteroscedastic errors option
was assumed as SEs. Estimates of APC and AAPC (with 95% CI)
were calculated and investigated to determine whether the APC
for each segment and the AAPC within groups and overall were
statistically signiﬁcant. Linear regression was used to determine
changes in the incidence rates and the odds of CP-TBI over time.
Rao-Scott chi-square analysis was also performed to test the differences between years for secular trends and to calculate the relative risk with 95% CI.
Data reported were national estimates with weighted cases
unless speciﬁed as unweighted. Descriptive statistics characterized
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Table 1. Estimated Numbers and Incidence Rates of Consumer Products‒Related ED Visits in School-Aged Children by Age
and Sex
Variables
All age
CP-ED visits
TBI care
Age 5−18 years ED visits (all)
CP-ED visits
Annual average
Sex
Male
Female
Unknown
Age 5−18 years ED visits (TBI)
CP-ED visits
Annual average, thousands
Age group, years (TBI)
5−10
11−13
14−18
Age group by sex (TBI)c
Male
5−10 years
11−13 years
14−18 years
Female
5−10 years
11−13 years
14−18 years
Overall mortality, counts

Estimated N (95% CI), millionsa

%

Incidence rate (95% CI)b

273.4 (238.7, 307.9)
22.8 (18.1, 27.5)

100
8.3

4,455.5 (4,397.2, 4,513.9)
365.3 (315.3, 415.3)

76.6 (66.0, 87.2)
3.8 (3.2, 4.5)

28.0
—

—
6,609.9 (6,410.5, 6,809.3)

48.0 (41.4, 54.6)
28.6 (24.5, 32.7)
0.009 (0.006, 0.013)

62.6
37.3
0.1

8,089.3 (7,783.7, 8,394.8)
5,056.6 (4,956.2, 5,156.9)
—

6.2 (4.9, 7.4)
308.5 (237.2, 379.8)

8.1
—

—
532.1 (471.5, 592.7)

33.8
22.1
39.1

492.8 (444.8, 540.9)
544.7 (476.6, 612.8)
569.8 (497.8, 641.8)

65.5
39.2
23.2
37.6
34.5
38.1
19.9
42.0
0.04

681.2 (611.3, 751.2)
637.9 (577.2, 698.6)
734.0 (648.7, 819.4)
699.5 (624.2, 774.7)
375.8 (324.1, 427.6)
341.1 (305.8, 376.5)
346.8 (295.1, 398.5)
433.3 (361.7, 505.0)
36.4 (26.4, 43.5)

2.4 (1.5, 2.9)
1.4 (1.1, 1.6)
2.4 (1.9, 2.9)
4.0 (3.2, 4.8)
1.6 (1.2, 1.9)
0.9 (0.8, 1.1)
1.5 (1.2, 1.8)
2.1 (1.7, 2.6)
0.8 (0.6, 1.0)
0.4 (0.3, 0.5)
0.9 (0.7, 1.1)
2,264 (1,296, 3.233)

Note: Percentages and 95% CIs are estimated using weighted method.
a
Estimated numbers are presented in millions unless otherwise indicated.
b
Incidence rate is calculated as the number of ED visits per 100,000 population.
c
Unknown sex is very small: n=13 (unweighted 0.06%) and estimated 257 (weighted 0.04%).
CP, consumer product; ED, emergency department; TBI, traumatic brain injury.

patient demographics. Categorical variables were presented as frequencies and percentages. Continuous variables were expressed as
means and SDs or medians and IQRs, where appropriate. Statistical signiﬁcance was determined at the 2-sided p<0.05 level. Data
analyses were performed in 2021 using SAS, version 9.4 (SAS
Institute, Inc.).

RESULTS
From 2000 to 2019, the weighted estimate for all initial
ED visits was 76.6 (95% CI=66.0, 87.2) million, with an
estimated average of 3.8 (95% CI=3.2, 4.5) million ED
visits yearly. Of these, ED visits for CP-TBI care were
estimated at 6.2 (95% CI=4.9, 7.4) million, accounting
for 8.1% (95% CI=7.4, 8.5) of CP-ED visits. Males
accounted for 65.5% of all school-aged TBI cases
(n=4,040,593) and a higher proportion of CP-TBI to
CP-ED visits than females, 8.4% (4,040,593/47,978,963)
& 2022

vs 7.4% (2,129.059/28,609,156), (p<0.001) (Table 1 and
Appendix Tables 2−3, available online).
The annual average was 308,496 CP-TBI cases (95%
CI=237,241, 379,750) with the lowest frequency in 2000
(n=188,710) and highest frequency in 2012 (n=420,066).
Percentage of CP-TBI‒related visits increased from 4.5%
in 2000 to 6.8% in 2008, then increased sharply to 12.3%
(2019) (Figure 1A; Appendix Figures 1−3, available
online; and Appendix Tables 2−3, available online).
The overall incidence rate of CP-TBI shows a similar
trend (Figure 1B), with a TBI-IR of 532.1 (95%
CI=471.5, 592.7) cases per 100,000 person-year. Two
joinpoints of CP-TBI incidence were identiﬁed: at the
years 2007 and 2012 (Appendix Figure 2A, available
online); therefore, the trend in TBI-IR was segmented
into 3 periods (2000−2007; 2007−2012, and 2012
−2019) (Table 2). Overall TBI-IR increased over time
with an AAPC of 3.6% (95% CI=2.3, 4.9). Detailed
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Figure 1. National estimated numbers and trends in CP-related TBI among school-aged children by age and sex, 2000−2019.
Note: Figure 1 shows annually nationally estimated (weighted) numbers of school-aged children who arrived at ED for CP-related injuries (CP-injury;
Panel A, black bars; left Y-axis) and trends in the percentage of ED visits for CP-related TBI (CP-TBI; Panel A, black solid line; right Y-axis). Panel B illustrates the trends in incidence rates of CP-TBI over time from 2000 to 2019 by age group and sex deﬁned as shown. The arrows indicate the timelines
of policy implementation.
CP, consumer product; ED, emergency department; TBI, traumatic brain injury.

examination of segments illustrated a slight increase in
segment 1 with an APC of 2.7% (95% CI=0.8, 4.5), a
large increase in segment 2 with an APC of 13.3% (95%
CI=8.6, 18.2), and a gradual decrease in segment 3 with
an APC of‒2.0% (95% CI= 3.8, 0.2) (Table 2).

Incidence rate of CP-TBI was highest in children aged
14−18 years (569.8; 95% CI=497.8, 641.8), followed by
those aged 11−13 years (544.7; 95% CI=476.6, 612.8)
and those aged 5−10 years (492.8, 95% CI=444.8, 540.9)
(Table 1). TBI-IR was higher in males than in females:

Table 2. APC in TBI Incidence in ED TBI Care Visits of School-Aged Children by Age and Sex Using Joinpoint Regression
Variables

Age 5−18 years, all
Male
Female
Age 5−10 years, all
Male
Female
Age 11−13 years, all
Male
Female
Age 14−18 years, all
Male
Female

All
AAPC
(95% CI)
3.6
(2.3, 4.9)
2.8
(1.6, 3.9)
5.1
(3.4, 6.8)
3.1
(0.9, 5.3)
2.8
(0.2, 5.5)
3.6
(2.1, 5.2)
3.5
(1.8, 5.1)
2.8
(1.3, 4.4)
4.8
(2.1, 7.7)
4.1
(3.0, 5.1)
2.8
(1.7, 3.9)
6.6
(4.9, 8.3)

Segment 1
Period
2000−2007
2000−2006
2000−2007
2000−2007
2000−2007
2000−2007
2000−2006
2000−2006
2000−2006
2000−2005
2000−2005
2000−2007

APC
(95% CI)
2.7
(0.8, 4.5)
1.0
( 1.1, 3.1)
3.7
(1.7, 5.7)
0.5
( 1.4, 2.3)
0.4
( 2.6, 1.9)
2.1
(0.8, 3.5)
0.03
( 3.1, 2.8)
0.5
( 3.2, 2.3)
0.3
( 4.5, 5.4)
2.8
(0.2, 5.5)
2.1
( 0.6, 4.9)
6.6
(4.3, 8.9)

Segment 2
Period
2007−2012
2006−2012
2007−2011
2007−2010
2007−2010
2007−2010
2006−2012
2006−2012
2006−2012
2005−2012
2005−2012
2007−2012

APC
(95% CI)
13.3
(8.6, 18.2)
11.4
(8.4, 14.6)
17.3
(9.2, 26.0)
17.5
(2.5, 34.7)
18.0
( 0.2, 39.5)
16.7
(5.6, 28.9)
14.3
(9.9, 18.9)
13.8
(9.7, 18.1)
15.6
(8.3, 23.4)
12.1
(10.0, 14.3)
10.9
(8.6, 13.2)
17.0
(11.2, 23.2)

Segment 3
APC
(95% CI)

Period
2012−2019
2012−2019
2011−2019
2010−2019
2010−2019
2010−2019
2012−2019
2012−2019
2012−2019
2012−2019
2012−2019
2012−2019

2.0
( 3.8, 0.2)
2.7
( 4.3, 1.0)
0.7
( 0.9, 2.3)
0.7
( 0.6, 1.9)
0.6
( 0.9, 2.2)
0.8
( 0.2, 1.7)
2.0
( 4.3, 0.4)
3.0
( 5.2, 0.9)
0.2
( 3.7, 4.2)
2.5
( 4.0, 1.0)
4.3
( 5.8, 2.7)
0.4
( 2.5, 1.8)

Note: Boldface indicates statistical signiﬁcance (p<0.05).
AAPC, average annual percentage change; APC, annual percentage change; ED, emergency department; TBI, traumatic brain injury.
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681.2 (95% CI=611.3, 751.2) and 375.8 (95% CI=324.1,
427.6), respectively (Table 1).
TBI-IR (Figure 1B) increased over time in all age
groups and both sexes. TBI-IR was highest in males aged
11−13 years (734.0; 95% CI=648.7, 819.4), followed by
males aged 14−18 years (699.5; 95% CI=624.2, 774.7)
and males aged 5−10 years (637.9; 95% CI=577.2,
698.6). In females, those aged 14−18 years were highest
(433.2; 95% CI=361.7, 505.0), and those aged 5−10 years
were lowest (341.1; 95% CI=305.8, 376.5).
AAPC signiﬁcantly increased during the study period
overall and within age and sex groups. AAPCs in TBI-IR
in females were higher than in males (5.1%; 95% CI=3.4,
6.8 vs 2.8%; 95% CI=1.6, 3.9), and this pattern was consistent within age groups (Table 2). The Joinpoint
regression model revealed 2 Joinpoints in years 2007
and 2012 at which trends in TBI-IR signiﬁcantly
changed overall. Analysis of segments within speciﬁc age
by sex groupings yielded slightly different Joinpoints
(Table 2). In segment 1, TBI-IR in males was unchanged
but signiﬁcantly increased in females with an overall
3.7% APC (Table 2). In segment 2, IR-TBI increased
more in females than in males in each age group and
overall (overall APC of 17.3% vs 11.4%, respectively)
(Table 2). In segment 3, whereas TBI-IR declined for
males overall and within age groups of 11−13 and 14
−18 years by ‒2.7%, 3.0%, and 4.3% APC, respectively, female TBI-IR was unchanged (Table 2 and
Appendix Figure 4, available online).
The most common locales of CP-TBI were SRR areas
(1,663,110 [27.0%]), home (1,379,355 [22.4%]), schools
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(1,229,919 [19.9%]), streets and highways (277,658
[4.5%]), and other (1,619,867 [26.2%]) (Figure 2A and
Appendix Table 5, available online). The predominant
locale for males was SRR areas (28.7 §1.9%), whereas
home was most common for females (26.9§1.4%)
(Appendix Figure 5, available online).
The most common causes of CP-TBI overall were
football (734,967 [11.9%]), bicycling (469,285 [7.6%]),
basketball (396,613 [6.4%]), contact with ﬂoors or ﬂooring materials (385,792 [6.3%]), and soccer (305,215
[4.9%]) (Figure 2B and Appendix Table 6, available
online). The top 5 most common activities/causes of
CP-TBI in males were football (17.6%), bicycling (9.0%),
basketball (6.6%), contacting ﬂoors and ﬂooring materials (5.2%), and baseball (4.4%). In females, the most
common were contacting ﬂoors and ﬂooring materials
(8.3%), soccer (6.9%), basketball (6.2%), bicycling
(5.0%), and contacting stairs (4.2%) (Appendix Table 7,
available online). The frequency of initial ED visits for
concussion and internal head injuries such as subdural
hematoma and cerebral contusion increased over the
study period. The proportions of TBI diagnoses
remained relatively stable (Appendix Figure 6, available
online).

DISCUSSION
This study found that ED visits for CP-TBI care
increased in all groups from 4.5% in 2000 to 12.3% in
2019, with a sharp increase from 2008 to 2012, a period
that coincided with the implementation of a number of

Figure 2. Distribution of ED visits for CP-injury and CP-TBI among school-aged children by locales and causes.
Note: Figure 2 shows the distribution (weighted) of the most common incident locales from all CP-related injuries (CP-injury; black bars) and CPrelated TBIs (CP-TBI; crosshatched bars) and the proportion of CP-TBI to overall CP-injury (%) by locales among school-aged children presenting to
NEISS EDs (Panel A). Panel B shows the distribution (weighted) of the most common causes of CP-TBI (crosshatched bars) and the percentage of
CP-TBI related to the causes. Left Y-axis represents the distribution in thousands of weighted CP-injury and CP-TBI. The right Y-axis shows the proportion (%) of CP-TBI attributed to the common locales or causes.
CP, consumer product; ED, emergency department; NEISS, National electronic injury surveillance system; SR, sports and recreation; TBI, traumatic
brain injury.
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public policy and awareness programs. TBI-IRs in all
school-aged children or speciﬁc sex and age groups were
signiﬁcantly segmented into 3 periods determined by 2
Joinpoints at years 2007 and 2012. An unexpected ﬁnding was that the patterns of change after 2012 differed
between males and females. From 2013 to 2019, males
aged 11−13 and 14−18 years exhibited a gradually
decreasing incidence rate, whereas the incidence rate in
females of the same ages remained unchanged. The overall incidence of SRR-TBI ED visits increased with
increasing age, consistent with previous observations.18
The overall sharp increase in incidence rate between
2007 and 2012 may reﬂect increased awareness and
school-/sport-speciﬁc requirements for medical referral,
whereas the later decline in males may reﬂect successes
in prevention. The lack of a decline in females may have
a number of contributing factors, but data suggest a
need for increased emphasis on this subpopulation of
school-aged children.
Increasing awareness of TBI is reﬂected in public
health policy. The TBI Act, passed in 1996, authorized
funding for programs to mitigate the incidence and
impact of TBI in the U.S. This bill was expanded and
reauthorized in 2000, 2008, and 2014.19,20 A review of
state-wide legislation revealed that 44 states and Washington, DC passed youth sports TBI laws between 2009
and 2012, where the Lystedt law required that highschool athletes who sustain a concussion be cleared to
return to play by a medical professional.21 During this
same period, a number of military policies were implemented, which recognized the importance of awareness,
prevention, and treatment of TBI and successfully
addressed the issue of under-reporting.22 Increasing
awareness of TBI can also be appreciated at the intersection of scientiﬁc research and popular culture. Bennet
Omalu has published extensively on repetitive head
trauma; his autopsy case report on former Pittsburgh
Steeler Mike Webster brought TBI and chronic traumatic encephalopathy into public focus.23,24 Documentaries, books, and even feature ﬁlms surrounding this
issue have followed.25-27 TBI exposure in popular culture
has likely also increased awareness among parents and
coaches and subsequently resulted in increasing incident
cases of TBI among school-aged children over this time
period.
Waltzman et al.12 (2020) reported that SSR TBI-ED
visits increased from 2001 to 2012 and then declined by
32% between 2012 and 2018. This was the ﬁrst report
indicating that TBI-related awareness, education, and
safety policies had yielded a measurable decline in SRRTBI among children. The general pattern of an increasing followed by a decreasing trend was primarily associated with contact sports and was most pronounced

among those aged 10‒17 years. Among males, the rate
of contact sports‒related TBI visits to the ED increased
between 2001 and 2012, before declining by 31% by
2018. Among females, the rate increased and then fell by
38% after 2014. These patterns are generally similar to
the present ﬁndings for CP-TBI. However, using a longer sampling period, the authors found 2 Joinpoints,
resulting in 3 segments, with a gradual increase from
2000 to 2007, a sharp increase from 2007 to 2012, and
ﬁnally a gradual decline from 2012 to 2019. Patterns differed among age groups and sexes. Among boys, rates
did not statistically increase between 2000 and 2008,
increased between 2008 and 2012, and then declined in
middle school‒ and high school‒aged boys (Table 2).
However, among girls, the rate increased signiﬁcantly
for both the 2000‒2008 and 2008‒2012 segments and
then remained stable in all age groups. Different patterns
of change in sports-related TBI have previously been
noted. Between 2012 and 2016, sports and recreation
TBI-related ED visits declined among boys but not
among girls.28 This may reﬂect changes in participation
in contact sports. During the past 10 years, boys’ participation in football has declined considerably, whereas
girls’ participation in high school sports such as wrestling has increased.29,30 In addition, girls participating in
sex comparable sports tend to have a higher rate of concussions than boys.31-33 Most pediatric patients with
concussions enter the healthcare system through their
primary care provider.18,34 Therefore, it is possible that
the overall reduction in CP-TBI incidence observed after
2012 reﬂects a shift away from ED entry. However, it
seems unlikely that this could account for the differences
in trends observed between girls and boys. Although it
appears that efforts to decrease TBI in children’s sports
have been effective, our ﬁndings suggest that more
focused efforts are needed among females.
The most common incident locales are at SRR places,
homes, and schools. Altogether, two thirds of TBI cases
occurred in places where children’s activities are generally under the supervision of coaches, parents, or teachers; hence, incident TBI cases may be reduced by
primary prevention (e.g., injury prevention training for
coaches) and awareness campaigns targeted at coaches,
parents, teachers, and even children.12,35 Playing football
or baseball and riding bicycles are the most common
causes of TBI, suggesting that improved helmets may
help to reduce TBI.36,37 In addition, contacting ﬂoors
and ﬂooring materials are also involved in incident TBI
at home, accounting for one ﬁfth of all TBI cases, likely
reﬂecting unintentional falls, highlighting the need to
address the home environment safety for fall prevention.
Although overall trends are promising, TBI is relatively
common in a broad range of activities and occurs in
www.ajpmonline.org
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many places that are presumed to be safe for children.
Continued efforts are needed to further mitigate CP-TBI
risk, such as removing in-home, school, and playground
surface hazards (e.g., uneven surfaces); improving lighting; and installing home safety devices (e.g., stairway
handrails), along with the use of appropriate protective
devices (e.g., properly ﬁtting, high-quality helmets).
Although it is not possible to determine cause and
effect, the present ﬁndings are consistent with others
suggesting that policies and programs that increase
awareness and promote speciﬁc training and guidelines
for prevention and treatment of TBI can be effective in
both increasing the awareness and reducing the
incidence.12,22,28 However, further research is needed,
particularly to determine the degree of effectiveness of
policies in prevention. Implementation of policies
related to the prevention and diagnosis of TBI at the
high-school level has been variable among states in the
U.S.38-40 An evaluation of TBI-ED visits and outcomes
among states may yield additional information regarding
the relationship between policy implementation and
outcomes.

Limitations
This study has several limitations. First, injuries and TBI
reported in the NEISS-AIP relate only to CPs, so TBIIRs in this study are not inclusive of all pediatric TBI.
Second, TBI-IR in this study may be underestimated
because some patients may not enter the healthcare system through the ED or may enter at non-NEISS hospitals or because some parents do not seek care for mild
concussions, similar to other mild injuries.34 Third, children with CP-TBI may not seek care in EDs because
most children with SRR-TBI are asymptomatic within 4
weeks after the accident.41 Fourth, NEISS-AIP lacks the
resolution to identify speciﬁc diagnoses and severity.
Fifth, before 2018, NEISS-AIP allowed 1 diagnosis and
body part for injury classiﬁcation. Therefore, TBI diagnoses may have been missed in the setting of multiple
injuries. However, a weighted method to estimate CPrelated injuries, CP-TBI cases, and incidence rates with
95% CIs was used that may reduce selection biases.

CONCLUSIONS
An average of 380,000 school-aged children suffered CPTBI annually, and overall CP-TBI incidences increased
signiﬁcantly. TBI-IRs were higher among males than
among females. However, percentage increases in TBI
were highest among females. Among males, TBI-IRs
were stable from 2000 to 2008, then increased from 2008
to 2012 before declining thereafter. In contrast, the rates
of CP-TBI increased from 2008 to 2012 and then
& 2022
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remained stable among females. Data suggest that
although efforts at reducing CP-TBI have been successful, further efforts are needed, and greater emphasis
should be placed speciﬁcally on reducing CP-TBI among
females. The ﬁndings highlight the need for effective
CP-TBI prevention strategies and policies that focus on
school-aged children, their physical activities, coaches,
and parents. Intervention strategies to reduce CP-TBI
should be included in programs of risk mitigation and
safety in areas where children are active, namely homes,
schools, and sporting/recreational venues as well as in
the primary healthcare setting.
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