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Objective Traumatic brain injury (TBI) in children is a significant public health concern estimated to result in over
500,000 emergency department (ED) visits and more than 60,000 hospitalizations in the United States annually. Sports
activities are one important mechanism leading to pediatric TBI. In this study, the authors characterize the demographics of sports-related TBI in the pediatric population and identify predictors of prolonged hospitalization and of increased
morbidity and mortality rates.
Methods Utilizing the National Sample Program of the National Trauma Data Bank (NTDB), the authors retrospectively analyzed sports-related TBI data from children (age 0–17 years) across 5 sports categories: fall or interpersonal
contact (FIC), roller sports, skiing/snowboarding, equestrian sports, and aquatic sports. Multivariable regression analysis
was used to identify predictors of prolonged length of stay (LOS) in the hospital or intensive care unit (ICU), medical
complications, inpatient mortality rates, and hospital discharge disposition. Statistical significance was assessed at a <
0.05, and the Bonferroni correction (set at significance threshold p = 0.01) for multiple comparisons was applied in each
outcome analysis.
Results From 2003 to 2012, in total 3046 pediatric sports-related TBIs were recorded in the NTDB, and these injuries
represented 11,614 incidents nationally after sample weighting. Fall or interpersonal contact events were the greatest
contributors to sports-related TBI (47.4%). Mild TBI represented 87.1% of the injuries overall. Mean (± SEM) LOSs in the
hospital and ICU were 2.68 ± 0.07 days and 2.73 ± 0.12 days, respectively. The overall mortality rate was 0.8%, and
the prevalence of medical complications was 2.1% across all patients. Severities of head and extracranial injuries were
significant predictors of prolonged hospital and ICU LOSs, medical complications, failure to discharge to home, and
death. Hypotension on admission to the ED was a significant predictor of failure to discharge to home (OR 0.05, 95% CI
0.03–0.07, p < 0.001). Traumatic brain injury incurred during roller sports was independently associated with prolonged
hospital LOS compared with FIC events (mean increase 0.54 ± 0.15 days, p < 0.001).
Conclusions In pediatric sports-related TBI, the severities of head and extracranial traumas are important predictors of patients developing acute medical complications, prolonged hospital and ICU LOSs, in-hospital mortality rates,
and failure to discharge to home. Acute hypotension after a TBI event decreases the probability of successful discharge
to home. Increasing TBI awareness and use of head-protective gear, particularly in high-velocity sports in older age
groups, is necessary to prevent pediatric sports-related TBI or to improve outcomes after a TBI.
http://thejns.org/doi/abs/10.3171/2016.1.FOCUS15612
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traumatic brain injury (TBI) is an important public health concern that is increasingly in
the spotlight of both the lay press and the general
public. Recent estimates suggest that 300,000 to 3.8 million sports-related TBIs occur in the United States annual-

ly,11,17,32,40,49 resulting in more than 500,000 emergency department (ED) visits and over 60,000 hospitalizations.31,44
In children older than 1 year, TBI is the leading cause of
death and disability,27 and roughly 60%–80% of sportsrelated TBI ED visits are by pediatric patients—predomi-

Abbreviations CCI = Charlson Comorbidity Index; ED = emergency department; FIC = fall or interpersonal contact; GCS = Glasgow Coma Scale; ICD-9 = International
Classification of Diseases, Ninth Revision; ICU = intensive care unit; ISS = Injury Severity Score; LOS = length of stay; NSP = National Sample Program; NTDB = National
Trauma Data Bank; TBI = traumatic brain injury.
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nantly adolescents.27,30,31 Of great concern are the evolutions of postconcussion symptoms that persist for weeks
to months after the injury event. These symptoms include
prodromal symptoms such as headaches (65%–93%),
fatigue (55%–82%), and dizziness (32%–75%), as well
as specific neurocognitive and neuropsychiatric deficits
such as difficulty concentrating (30%–57%), forgetfulness (34%–42%), and depression (17%–24%).13,21,40 The
persistence of these symptoms raises the risk not only for
extended time away from play, but also for second-impact
syndrome38,54 and possibly for chronic traumatic encephalopathy.13,36,38 Thus, persistent postconcussion symptoms
have long-term implications for disability and mortality
rates.43
Most athletic endeavors involve some risk for TBI. The
highest-risk sports are those that involve interpersonal
contact and collisions such as football, hockey, rugby,
wrestling, and boxing.29,41 Although there have been several investigations into TBI among collegiate and professional athletes,9,36,53 a much smaller number of studies has
characterized the morbidity and mortality rate profiles of
sports-related TBI in younger athletes.12,47 Furthermore,
few studies have focused on TBIs incurred outside of organized athletics, for example, during equestrian events,
skiing, or even normal playground activities.15,18,24–26,48
Therefore, the field of pediatric sports-related TBI
requires more focused study. Extrapolating from the literature on TBI in adults to that in children is insufficient
not just because the injury mechanisms are different between these 2 age groups, but also because age-dependent
changes in biomechanical properties, intracranial water
content, intracranial blood volume, and overall myelination within the CNS put the pediatric patient at greater risk
for posttraumatic brain edema.3,4,16,19,42,51 Efforts are therefore needed to characterize the mechanisms and morbidity and mortality rates of pediatric sports-related TBI in
US trauma centers.
Here, we use the National Sample Program (NSP) of the
National Trauma Data Bank (NTDB), a prospective registry established with the purpose of informing trauma care
and outcome analyses in the United States (https://www.
facs.org/quality-programs/trauma/ntdb). We retrospectively
analyzed data from 3046 pediatric sports-related head injuries collected from 2003 to 2012 to characterize the demographics, mortality rates, length of stays (LOSs) in the hospital and intensive care unit (ICU), inpatient complications,
and discharge disposition of children with sports-related
TBI. The analysis was grouped by the type of sports incident leading to the injury; these incidents included fall or interpersonal contact (FIC) and equestrian and related sports,
roller sports, skiing/snowboarding, and aquatic sports injuries. Our aim was to analyze and report the demographics of sports-related TBI in the pediatric population and to
identify characteristics among patients and sports that influence overall morbidity and mortality rates in this age group.

Methods

The methods we used in this study are very similar to
those used in the study by Winkler et al., which also appears in this issue of Neurosurgical Focus.56 To aid readers, we provide detailed descriptions in both papers.
2

In this study, we used data in the NSP of the NTDB from
pediatric patients (age 0–17 years) treated in the ED for
sports-related TBI during a 10-year period (from 2003 to
2012). The NSP for each year consists of a stratified sample
of 100 NTDB-participating hospitals, based on US census
region, trauma care designation, and NTDB reporting status. The NTDB drew hospitals from the sampling universe
of 453 Level I or II trauma centers using the probabilityproportional-to-size-sampling-without-replacement method of Levy and Lemeshow. A previous review determined
that the sample size of 100 hospitals can be extrapolated to
represent the national patient distribution.56 Detailed data
qualification, selection, cleaning, and standardization algorithms have been previously reported.45 Because the NSP
of the NTDB is a fully deidentified data set without the
18 federal Health Insurance Portability and Accountability
Act identifiers, the current study was classified as being exempt from institutional review board review.
Of 1,490,076 incidents contained in the overall NSP
sample, data from 3711 pediatric individuals who sustained a TBI were extracted as defined by the International Classification of Diseases, Ninth Revision (ICD-9)
codes 800–801.99, 803–804.99, and 850–854.19 as previously described (Fig. 1).5,6,34 The subgroup with sportsrelated mechanisms of injury was included in the present
analysis on the basis of ICD-9 E-codes and stratified into
the following 5 categories: FIC, roller skate/skateboard
(roller sports), skiing/snowboarding, equestrian and related sports, and aquatic sports (Table 1). The ICD-9 Ecodes in the NTDB do not identify individual sports, and
the relative contributions of individual sports to each category are therefore unknown. The data from patients with
known sex (variable name “gender”), ED Glasgow Coma
Scale (GCS) score (variable name “edgcstotal”), and hospital discharge disposition (variable name “dischdisp” in
NTDB 2003–2006 and “hospdisp” in NTDB 2007–2012)
were extracted (n = 3049). Patients who were noted to have
died before hospital admission (variable name “eddisp” =
“died” or “died in ED,” n = 2), had penetrating TBI (variable name “injurytype” = “penetrating,” n = 1), or both
were excluded, yielding a final sample of 3046 cases.
Demographic and clinical variables of interest were
extracted to include age, sex, race, health insurance status,
medical history, mechanism of injury, scalar and stratified Injury Severity Score (ISS), ED discharge disposition,
medical complications, hospital mortality rate, hospital
discharge status, hospital and ICU LOSs, and number of
days on ventilator. Medical comorbidities and complications were coded as present/absent, and the Charlson Comorbidity Index (CCI) was calculated with the standard
comorbidity weights, as previously described.8,55
In considering age-dependent differences in TBI
pathophysiology, developmental milestones, and recovery profiles,3,4,16,19,42,51 we grouped patients by age into 3
categories: 0–6 years, 7–13 years, and 14–17 years. These
age brackets were determined by further considering representations of typical stages in the educational system
(preschool, primary and middle school, and secondary
or high school) and the increasing incidence of TBI with
age.27,30,31 Participation in sports activities is often dictated
by their availability at school; therefore, those in second-

Neurosurg Focus Volume 40 • April 2016
Unauthenticated | Downloaded 01/09/23 03:09 AM UTC

Sports-related TBI in children

FIG. 1. Flow chart depicting the extraction of the study data set from the NSP of the NTDB.

ary or high school were separated from primary or middle
school students to maximize homogeneity within each age
group. Demographic and clinical variables that were missing from the NSP or marked as not known or not recorded
were coded as “unknown.”
Analysis of mortality rates included all patients with a
known hospital discharge status (n = 3046). An analysis
of hospital discharge to home included all patients with
a known hospital discharge status, excluding death (n =
3023); these patients were dichotomized to “home, with or
without services” versus “skilled nursing facility, rehabilitation, or other form of higher level care.” Hospital LOS
analysis included all patients who were alive at discharge
(n = 3023), excluding 1 outlier LOS of 356 days (final n
= 3022). An ICU LOS analysis included all patients who
were alive at discharge (n = 3023), were admitted to the
ICU or operating room (n = 1227), and had known or recorded ICU LOS (n = 1129), excluding 2 outlier ICU LOSs

of 59 and 81 days (final n = 1127). Analysis of the length of
time on mechanical ventilation included all patients who
were alive at discharge (n = 3023) and were admitted to
the ICU or operating room (n = 1227), and whose length
of time on mechanical ventilation was known or recorded
(n = 425), excluding 4 outlier values of 59, 66, 175, and 216
days on ventilation (final n = 421).
Statistical Analysis
Descriptive variables are presented as mean and SEM
unless specified otherwise for continuous variables and as
proportions for categorical variables. Group differences
were assessed for statistical significance with ANOVA for
continuous variables and with Pearson’s chi-square test
for categorical variables. For analyses with individual cell
counts < 5, Fisher’s exact test was used in place of the
chi-square test. Categorical outcome variables (presence
of any inpatient medical complication, mortality rate, and
Neurosurg Focus Volume 40 • April 2016
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TABLE 1. Summary of extracted sports-related ICD-9 E-codes
Type of Sports
Injury & Code
FIC
886.0
917.0
917.5
Roller skate/skateboard
885.1
885.2
Ski/snowboard
885.3
885.4
Equestrian/related sports
828.2
828.9
Aquatic sports
831.4
831.5
832.4
832.5
833.4
833.5
883.0
910.0
910.1
910.2

Fall on same level from collision, pushing, or shoving, by or w/ other person in sports
Striking against or struck accidentally by objects or persons in sports
Striking against or struck accidentally by object in sports w/ subsequent fall
Fall from roller skates
Fall from skateboard
Fall from skis
Fall from snowboard
Accident involving animal being ridden injuring rider of animal
Accident involving animal being ridden injuring unspecified person
Accident to watercraft causing other injury to water skier
Accident to watercraft causing other injury to swimmer
Other accidental submersion or drowning in water transport accident injuring water skier
Other accidental submersion or drowning in water transport accident injuring swimmer
Fall on stairs/ladders in water transport injuring water skier
Fall on stairs/ladders in water transport injuring swimmer
Accident from diving or jumping into water (swimming pool)
Accidental drowning & submersion while water-skiing
Accidental drowning & submersion while engaged in other sport or recreational activity
w/ diving equipment
Accidental drowning & submersion while engaged in other sport or recreational activity
w/o diving equipment

hospital discharge to home) were assessed with binary
logistic regression. Continuous outcome variables (hospital and ICU LOSs and days on ventilator) were assessed
with linear regression. All multivariable analyses were
conducted with multivariable regression adjusted for the
category of injury (FIC, roller sports, skiing/snowboarding, equestrian and related sports, and aquatic sports),
demographic and clinical variables (age, sex, race, health
insurance, ED GCS score, stratified ISS, and CCI score).
Odds ratios with 95% CIs are reported for all logistic
regression models, and mean increase or decrease values
with 95% CI are reported for all linear regression models.
Statistical significance was assessed at a = 0.05. The Bonferroni correction for multiple comparisons was applied in
the 5 outcome analyses (presence of any medical complication, mortality rate, discharge to home, and hospital and
ICU LOSs; a = 0.05 divided by 5), yielding a statistical
significance threshold of p = 0.01. All analyses were performed with SPSS version 22 (IBM Corporation).

Results

Patient Demographics and Injury Characteristics
During the 10-year period chosen for this study (2003–
2012), 54,713 incidents resulting in TBI in children were
recorded in the NSP. Of these, 3046 patient events were the
4

No. of
Incidents

ICD-9 E-Code Description

1444
196
566
682
806
46
760
318
124
194
427
424
3
51
7
0
3
1
0
0
24
0
2
14

result of sports-related mechanisms of injury, and these
events were included in this study. After adjustment for
sample weighting, these data represented 11,614 incidents
nationally, and sports-related TBIs accounted for 5.6% of
pediatric TBI in US trauma centers. The mean age (± SD)
of the cohort was 13.3 ± 3.5 years (Table 2). Most of the
patients were boys (76.1%), and white was the most represented racial group (72.7%).
The most prevalent injury category was FIC (47.4%)
followed by roller sports (26.5%), equestrian and related
sports (14%), skiing/snowboarding (10.4%), and aquatic
sports (1.7%) (Table 2). The mean ISS was 10.0 ± 7.1, and
the median GCS score was 15 (interquartile range 14–15).
Mild TBI (GCS score of 13–15) accounted for 87.1% of all
head injuries, and 4.5% and 8.4% of TBIs were moderate
(GCS score of 9–12) and severe (GCS score of 3–8), respectively. Injuries led to hospital admission in nearly 84% of
ED visits—with patients being admitted to a general ward
most frequently (38.5%), followed by ICU (36.2%), operating room (4.8%), and telemetry-monitored units (4.4%).
The number of sports-related TBI events increased
with age in this pediatric cohort; adolescents (14–17 years)
contributed to approximately 60% of all events (Fig. 2).
When we analyzed sports-related mechanism as a function of age, several trends emerged. Injuries from FIC
represented the largest proportion of sports-related TBI
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TABLE 2. Demographic data and injury characteristics of 3046
pediatric patients with sports-related TBI*
Variable

Value†

Mean age in yrs (SD)
M/F ratio (%)
Mean CCI score (SD)‡
Race
  White
  Black
   Asian or Pacific Islander
  Native American
  Other
  Unknown
Health insurance
  Private/commercial
  Medicare/Medicaid
  Government/other
  Self-pay/unbilled
  Unknown
Coagulopathy
  No
  Yes
Injury mechanism
  FIC
   Roller skate/skateboard
  Ski/snowboard
  Equestrian/related sports
  Aquatic sports
ED SBP
   ≥90 mm Hg
   <90 mm Hg
  Unknown
ED GCS score
  3–8
  9–12
  13–15
ISS
  0–8
  9–15
  16–24
  25–75
  Unknown
ED disposition
  Home
  Observation
  General ward
  Telemetry-monitored units
  ICU
   OR
  Transfer
  Other/unknown

13.3 (3.5)
2317 (76.1):729 (23.9)
0.06 (0.27)
2214 (72.7)
248 (8.1)
90 (3.0)
18 (0.6)
247 (8.1)
229 (7.5)
1400 (46.0)
306 (10.0)
362 (11.9)
202 (6.6)
776 (25.5)
3043 (99.9)
3 (0.1)
1444 (47.4)
806 (26.5)
318 (10.4)
427 (14.0)
51 (1.7)
2809 (92.2)
121 (4.0)
116 (3.8)
256 (8.4)
136 (4.5)
2654 (87.1)
1292 (42.4)
552 (18.1)
710 (23.3)
126 (4.1)
366 (12.0)
81 (2.7)
48 (1.6)
1174 (38.5)
135 (4.4)
1102 (36.2)
146 (4.8)
15 (0.5)
345 (11.3)

OR = operating room; SBP = systolic blood pressure.
* The age range of the patients was 0–17 years.
† Data represent number of patients (%), unless indicated otherwise.
‡ The range of the CCI score is 0–8.

Sports-related TBI in children

in all age groups, and the proportion of TBIs due to FIC
increased with age. Traumatic brain injuries due to roller
sports showed an age-dependent increase from children
0–6 years old to those of older age. In contrast, equestrian
and related sports showed an age-dependent decrease in
contribution to TBI. Traumatic brain injury due to aquatic
sports was the smallest contributor in all age groups, and
TBI due to aquatic sports or skiing/snowboarding showed
no significant age-specific trends (Fig. 2).
Hospital LOS and Medical Complications
Across sports-related injury mechanisms, the mean
hospital LOS was 2.68 ± 0.07 days; patients admitted to
the ICU or operating room spent on average 2.73 ± 0.12
days and 1.96 ± 0.19 days in the ICU and on mechanical
ventilation, respectively. Multivariable linear regression
identified several statistically significant predictors for
prolonged hospital LOS in sports-related TBI, including
moderate or severe TBI; an ISS of 9–15, 16–24, 25–75, or
unknown; and roller sports–related TBIs (Table 3). Comparing the sports mechanism of injury, we found that roller
sports were associated with statistically significantly prolonged hospital LOS compared with FIC (mean increase
0.54 days, 95% CI 0.25–0.83 days, p < 0.001). Aquatic
sports TBI showed a statistically nonsignificant trend toward prolonged hospital LOS compared with FIC (mean
increase 1.12 days, 95% CI 0.2–2.03 days, p = 0.017) after
multiple comparisons correction (significance threshold p
= 0.01). Additional multivariable analyses indicated that
moderate or severe TBI and an ISS of 16–24, 25–75, or
unknown also were significant predictors of increased
ICU LOS (p < 0.001) (Table 4). No statistically significant
association was observed between injury mechanism and
the duration of ICU stay.
In total, 65 patients (2.1% overall) had a medical complication during their hospital stay: 38 had pneumonia, 25
acute respiratory distress syndrome, 8 decubitus ulcers,
7 coagulopathy, 4 cerebrovascular accidents, and 1 each
had cardiac arrest, deep venous thrombosis, and urinary
tract infection; no cases of acute kidney injury, renal failure, myocardial infarction, or pulmonary embolism were
observed. The rates of any medical complication for the
sports categories were as follows: FIC 1.1%, roller skating/
skateboarding 2.6%, skiing/snowboarding 2.2%, equestrian and related sports 4.4%, and aquatic sports 3.9%.
Univariate analysis confirmed statistically significantly
higher rates of medical complications in TBIs resulting
from equestrian and related sports and significantly lower
rates of medical complications from FIC events (p < 0.05).
Multivariable logistic regression analysis indicated that
moderate or severe TBI and an ISS of 25–75 or unknown
were statistically significant predictors of medical complications (Table 5). This analysis also showed that no sportsspecific mechanism of injury was significantly associated
with increased rates of medical complications.
Mortality Rates and Discharge Disposition
There were 23 deaths in the cohort, corresponding to
a mortality rate of 0.8% (Table 6). All deaths occurred
in patients with severe TBI as evidenced by an ED GCS
Neurosurg Focus Volume 40 • April 2016
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FIG. 2. Demographics of sports-related TBI by age and sports mechanism of injury. Left: Graph depicting the number of sportsrelated TBI events in each of the 3 pediatric age groups. Right: Graph depicting the proportions of sports-related TBI attributed
to FIC, roller skating/skateboarding, skiing/snowboarding, equestrian and related sports, and aquatic sports in the 3 pediatric age
groups.

score of 3–8. Similarly, 19 of the 23 deaths occurred in
those with an ISS of 25–75, suggesting severe extracranial
injury. Univariate analysis indicated a statistically nonsignificant trend of dissimilar mortality rates across the
sports categories (p = 0.041); however, a post hoc analysis
indicated a higher mortality rate in TBI from equestrian
and related sports. The small number of deaths and concentration of all events in more severe injury categories
precluded a multivariable analysis.
We next shifted our analysis focus to survivors. Overall, 89.4% of the pediatric patients ultimately returned
home, and 10.6% of the patients were discharged to rehabilitation or skilled nursing facilities. Broken down by the
sports categories causing the TBI, rates of return to home
were as follows: FIC 90.8%, roller sports 90.0%, skiing/
snowboarding 84.2%, equestrian and related sports 88.3%,
and aquatic sports 80.0%. Univariate analyses indicated a
significantly lower rate of return to home in both skiing/
snowboarding and aquatic sports groups (p < 0.05), whereas patients with FIC injuries returned home at a significantly higher rate. Multivariable regression analysis identified several predictors of decreased odds of returning to
home, including ED hypotension, moderate or severe TBI,
and an ISS of 16–24 or 25–75 (Table 7). With regard to
sports category, only skiing/snowboarding injuries were
associated with a trend toward lower odds of returning
home (p = 0.011), which was nonsignificant after correction for multiple comparisons (at a significance threshold
of p = 0.01).

Discussion

Sports-related TBI in the pediatric population is presently one of the most widely discussed neurosurgical topics in the public discourse. With the intense public and
media scrutiny of TBI in professional sports, parents are
increasingly concerned about encouraging their children
to participate in both contact and noncontact sports. Unfortunately, the large, population-based observational
studies that are necessary to inform this conversation are
scarce in the scientific literature. Previous studies have
described the incidence of sports-related TBI in adult ED
populations.10,23,46 Similarly, a large study in the Pediatric
6

Emergency Care Applied Research Network, conducted
between 2004 and 2006, recently reported that the overall
incidence of sports-related TBI was 1%, with significant
variation by type of sports.20 However, the characteristics
of inpatient hospital LOS, complications, discharge, and
mortality rates in a large, nationally representative cohort
have yet to be described.
One obstacle to such an analysis is the paucity of nationwide epidemiological statistics on inpatient complications
and acute outcomes after sports-related TBI in children.
The NTDB, although not set up specifically for tracking
sports-related TBIs, is well suited for this analysis because
of its large overall sample. From 2003 to 2012, we identified more than 3000 cases that fit our inclusion criteria,
and we subsequently could characterize the demographic
profiles, hospital and ICU LOSs, medical complications,
mortality rates, and discharge dispositions across various
categories of injury mechanism in pediatric sports-related
TBI. To our knowledge, this study is the first in the English
literature to characterize predictors of acute outcomes in
pediatric sports-related TBI across sports disciplines and
pediatric age groups.
Age and Sports-Related TBI
Overall, our data showed that sports-related TBI events
dramatically increased with older age, a finding consistent
with previous epidemiological studies.27,31,50 We found that
that the rate of TBI due to roller sports significantly increased at age 7, and comprised over a quarter of TBIs in
ages 7–17 years. This relationship between injury and age
likely reflects how mobility and balance, both key components of roller sports, reach a threshold at this point in
development that allows children to pursue this sport. This
trend is present across many sports categories; indeed,
sports activities become more systematic in the community starting in middle childhood.28 Interestingly, TBI from
equestrian and related sports bucked this trend; it showed
a marked decrease in contribution to overall TBI with increasing age. Although we do not have a definite explanation for this finding, we hypothesize that this decrease may
reflect the changing interests of children as they mature.
Additionally, although we refer to this category as “eques-
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TABLE 3. Multivariable linear regression of predictors of LOS in the hospital after pediatric sports-related TBI
Parameter
Injury mechanism
  FIC
   Roller skate/skateboard
  Ski/snowboard
  Equestrian/related sports
  Aquatic sports
Age in yrs
  0–6
  7–13
  14–17
Sex
  Male
  Female
Race
  White
  Not white
Health insurance
  Private/commercial
  Medicare/Medicaid
  Government/other
  Self-pay/unbilled
  Unknown
ED SBP
   ≥90 mm Hg
   <90 mm Hg
  Unknown
ED GCS score
  13–15
  9–12
  3–8
ISS
  0–8
  9–15
  16–24
  25–75
  Unknown
CCI score (per-unit increase)

B

SEM

95% CI

p Value*

Reference
0.5
0.2
0.2
1.1

NA
0.2
0.2
0.2
0.47

NA
0.2 to 0.8
−0.2 to 0.6
−0.2 to 0.6
0.20 to 2.0

NA
<0.001
0.221
0.250
0.017

Reference
−0.1
0.3

NA
0.3
0.3

NA
−0.6 to 0.5
−0.2 to 0.8

NA
0.817
0.303

Reference
0.0

NA
0.2

NA
−0.3 to 0.3

0.905

Reference
0.14

NA
0.1

NA
−0.1 to 0.4

NA
0.315

Reference
0.2
−0.4
−0.2
−0.1

NA
0.3
0.2
0.2
0.2

NA
−0.2 to 0.6
−0.8 to −0.0
−0.6 to 0.3
−0.3 to 0.2

NA
0.400
0.044
0.537
0.737

Reference
0.0
−0.2

NA
0.3
0.3

NA
−0.8 to 0.4
−0.6 to 0.6

NA
0.475
0.938

Reference
1.4
5.0

NA
0.3
0.2

NA
0.9–2.0
4.5–5.4

NA
<0.001
<0.001

Reference
0.8
1.5
6.3
1.6
0.5

NA
0.2
0.2
0.3
0.2
0.2

NA
0.5–1.1
1.2–1.8
5.6–6.9
1.2–2.0
0.1–0.9

NA
<0.001
<0.001
<0.001
<0.001
0.018

NA = not applicable.
* The statistical significance threshold was set at p = 0.01 because we investigated 5 outcomes in the primary analysis.

trian and related,” within the ICD-9 coding, this category
is called “rider of animal.” As such, these injuries may
also result from encounters between small children and
pets. Thus, it is unsurprising that the incidence of these
injuries declines with increasing age.
In our study, we observed a significant increase in FIC
in the high school age group compared with their younger
counterparts. It is likely that high school athletics contributed to this difference. More than 7 million US high school
students play sports, and a nationwide representative study
in 2008 estimated that 2.5 per 10,000 injury exposures of
high school athletes result in concussion.35 Sports injuries

show a substantial increase at age 13 and range from 20
to 33 per 100,000 exposures in those 13–16 years old.2
Protective devices such as helmets are known to decrease
rates of TBI;7 however, the rate of helmet use is lower
among older teens than among younger children.52 Thus,
the combination of increased exposure and decreased use
of protective wear drive the overall increase in TBI among
older children.
Inpatient Complications
The overall rate of medical complications was 2.1% in
our study, with GCS scores and ISSs being independent
Neurosurg Focus Volume 40 • April 2016
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TABLE 4. Multivariable linear regression of predictors of LOS in the ICU after pediatric sports-related TBI
Parameter
Injury mechanism
  FIC
   Roller skate/skateboard
  Ski/snowboard
  Equestrian/related sports
  Aquatic sports
Age in yrs
  0–6
  7–13
  14–17
Sex
  Male
  Female
Race
  White
  Not white
Health insurance
  Private/commercial
  Medicare/Medicaid
  Government/other
  Self-pay/unbilled
  Unknown
ED SBP
   ≥90 mm Hg
   <90 mm Hg
  Unknown
ED GCS score
  13–15
  9–12
  3–8
ISS
  0–8
  9–15
  16–24
  25–75
  Unknown
CCI score (per-unit increase)

B

SEM

95% CI

p Value*

Reference
0.3
−0.2
0.5
1.0

NA
0.2
0.4
0.4
0.7

NA
−0.2 to 0.8
−0.9 to 0.6
−0.2 to 1.2
−0.4 to 2.4

NA
0.213
0.695
0.132
0.150

Reference
−0.4
−0.1

NA
0.5
0.5

NA
−1.4 to 0.6
−0.9 to 1.0

NA
0.444
0.899

Reference
−0.1

NA
0.3

NA
−0.7 to 0.4

NA
0.624

Reference
−0.1

NA
0.2

NA
−0.5 to 0.4

NA
0.818

Reference
−0.3
−0.8
−0.8
−0.4

NA
0.3
0.3
0.4
0.3

NA
−1.0 to 0.3
−1.5 to −0.2
−1.7 to 0.0
−0.9 to 0.2

NA
0.326
0.016
0.059
0.182

Reference
0.8
−1.1

NA
0.8
0.7

NA
−0.8 to 2.4
−2.5 to 0.2

NA
0.332
0.098

Reference
1.5
3.2

NA
0.4
0.3

NA
0.7 to 2.3
2.6 to 3.7

NA
<0.001
<0.001

Reference
0.7
1.1
5.6
1.7
0.2

NA
0.3
0.3
0.4
0.3
0.3

NA
0.0 to 1.3
0.5 to 1.6
4.8 to 6.5
1.0 to 2.4
−0.5 to 0.8

NA
0.040
<0.001
<0.001
<0.001
0.573

* The statistical significance threshold was set at p = 0.01 because we investigated 5 outcomes in the primary analysis.

predictors of increased complication rates. This observed
rate among children is relatively low compared with that
of adults, a finding we attribute to the better overall health
of and fewer preinjury comorbidities among the pediatric trauma patients.27 With the exception of respiratory
disease (4.6% prevalence)—likely attributable to childhood asthma—the rates of all other comorbidities ranged
from 0.0%–0.3% in our pediatric cohort. Although sports
injury mechanism was not an independent predictor of
complication rates in the multivariable analysis, we note
that the highest rate of complications was observed after
equestrian-related TBI, and the lowest was observed af8

ter FIC-associated TBI. The likelihood of higher velocities and forces involved in causing animal-riding injuries
compared with those in ground-level interpersonal contact
may contribute to this higher complication rate.
LOS and Discharge Disposition
Similar to complication rates, hospital and ICU LOSs
were both strongly predicted by GCS scores and ISSs in
the ED. The sports injury mechanism was an independent
predictor of hospital LOS, driven by the prolonged hospital LOS observed in roller sports compared with FIC.
A statistically nonsignificant trend of prolonged hospital
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TABLE 5. Multivariable logistic regression of predictors of
complications after pediatric sports-related TBI
Parameter
Injury mechanism
  FIC
   Roller skate/skateboard
  Ski/snowboard
  Equestrian/related sports
  Aquatic sports
Age (yrs)
  0–6
  7–13
  14–17
Sex
  Male
  Female
Race
  White
  Not white
Health insurance
  Private/commercial
  Medicare/Medicaid
  Government/other
  Self-pay/unbilled
  Unknown
ED SBP
   ≥90 mm Hg
   <90 mm Hg
  Unknown
ED GCS score
  13–15
  9–12
  3–8
ISS
  0–8
  9–15
  16–24
  25–75
  Unknown
CCI score (per-unit increase)

Odds Ratio (95% CI)
Reference
1.0 (0.4–2.1)
1.4 (0.5–4.1)
2.2 (0.8–5.5)
0.8 (0.1–4.5)
Reference
0.5 (0.2–1.8)
1.1 (0.3–3.5)

p Value*

Variable

0.457
NA
0.918
0.492
0.112
0.798
0.132
NA
0.322
0.880
0.207

Injury mechanism
  FIC
   Roller skate/skateboard
  Ski/snowboard
  Equestrian/related sports
  Aquatic sports
Age (yrs)
  0–6
  7–13
  14–17
ED GCS score
  3–8
  9–12
  13–15
ISS
  0–8
  9–15
  16–24
  25–75
  Unknown
All

Reference
0.6 (0.3–1.3)
Reference
1.1 (0.5–2.1)
Reference
1.0 (0.4–2.5)
0.6 (0.2–1.7)
0.6 (0.2–2.0)
0.9 (0.4–1.9)
Reference
2.2 (0.6–7.5)
0.7 (0.1–3.5)
Reference
13.0 (4.0–42.8)
53.7 (22.9–126.0)
Reference
2.1 (0.6–8.0)
3.3 (1.1–9.8)
8.8 (3.1–25.5)
5.8 (1.9–17.8)
0.9 (0.3–2.9)

TABLE 6. Hospital mortality distribution after pediatric
sports-related TBI*

0.875
NA
0.814
NA
0.959
0.322
0.418
0.762
0.419
NA
0.224
0.645
<0.001
NA
<0.001
<0.001
<0.001
NA
0.259
0.028
<0.001
0.002
0.880

* The statistical significance threshold was set at p = 0.01 because we investigated 5 outcomes in the primary analysis.

LOS was observed in aquatic sports compared with FIC.
No significant differences were observed in ICU LOS
across the sports mechanisms of TBI; we surmise that this
lack of a difference resulted from an overall low rate of
medical comorbidities or complications in this age group
and also from small sample sizes.
Similarly, neither age group nor category of injury predicted the likelihood of discharge to home. However, in a
subgroup analysis, we did find that compared with FIC,
skiing/snowboarding injuries approached statistical sig-

Alive

Dead

1438 (99.6)
798 (99.0)
317 (99.7)
420 (98.4)
50 (98.0)

6 (0.4)
8 (1.0)
1 (0.3)
7 (1.6)
1 (2.0)

p Value
0.041

0.342
171 (98.8)
1042 (99.0)
1810 (99.4)

2 (1.2)
10 (1.0)
11 (0.6)

233 (91.0)
136 (100.0)
2654 (100.0)

23 (9.0)
0 (0.0)
0 (0.0)

1292 (100.0)
552 (100.0)
709 (99.9)
107 (84.9)
363 (99.2)
3023 (99.2)

0 (0.0)
0 (0.0)
1 (0.1)
19 (15.1)
3 (0.8)
23 (0.8)

<0.001

<0.001

* The data represent number of patients (%); row percentages are shown. The
statistical significance threshold was set at p = 0.01 because we investigated 5
outcomes in the primary analysis.

nificance for decreased odds of discharge to home (OR
0.58, 95% CI 0.38–0.88). Again, we highlight the need for
improved compliance with helmet use for sports in general
and high-velocity sports in particular.22,33 Patients with no
known or unrecorded health insurance status had higher
odds of being discharged to home than those with private
or commercial insurance. Although it is possible that this
disparity reflected a lack of available rehabilitation resources for the uninsured, it may also be due to the speedy
discharge of patients with minor injuries before health insurance information was fully collected.
Mortality Rates and Sports-Related TBI
The overall mortality rate in children due to TBI of
any cause has been estimated to be at 2.5%; previously
identified predictors of poor recovery in children include
age younger than 4 years, cardiopulmonary resuscitation,
multisystem trauma, hypotension and hypoxia, hyperventilation and hyperglycemia, and intracranial pressure.27 In
our study, 0.8% of the patients died, and in all the TBI
had been classified as severe (with a GCS score of 3–8).
Twenty (87%) of the 23 deaths were graded as severe or
critical systemic trauma by the ISS, and the 3 remaining
deaths had an unknown ISS. Although the mortality rate
observed in our study was lower than the average for overall pediatric TBI, it is yet unknown whether this trend is
typical of sports-related pediatric TBI. Not surprisingly, in
our study, mortality rate was driven by the severity of TBI
Neurosurg Focus Volume 40 • April 2016
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TABLE 7. Multivariable logistic regression of predictors of
hospital discharge disposition to home after pediatric
sports-related TBI
Parameter
Injury mechanism
  FIC
   Roller skate/skateboard
  Ski/snowboard
  Equestrian/related sports
  Aquatic sports
Age (yrs)
  0–6
  7–13
  14–17
Sex
  Male
  Female
Race
  White
  Not white
Health insurance
  Private/commercial
  Medicare/Medicaid
  Government/other
  Self-pay/unbilled
  Unknown
ED SBP
   ≥90 mm Hg
   <90 mm Hg
  Unknown
ED GCS score
  13–15
  9–12
  3–8
ISS
  0–8
  9–15
  16–24
  25–75
  Unknown
CCI score (per-unit increase)

Odds Ratio
Reference
1.1 (0.8–1.5)
0.6 (0.4–0.9)
0.9 (0.6–1.4)
0.5 (0.2–1.3)
Reference
0.7 (0.4–1.4)
0.6 (0.3–1.1)

p Value*
0.051
NA
0.665
0.011
0.580
0.171
0.157
NA
0.363
0.117
0.602

Reference
1.1 (0.8–1.6)
Reference
0.7 (0.5–1.0)
Reference
1.3 (0.8–2.1)
0.8 (0.5–1.1)
0.7 (0.4–1.1)
1.9 (1.3–2.8)
Reference
0.05 (0.03–0.07)
1.6 (0.6–3.8)
Reference
0.3 (0.2–0.5)
0.2 (0.1–0.2)
Reference
0.6 (0.4–0.9)
0.5 (0.4–0.8)
0.2 (0.1–0.2)
0.9 (0.6–1.5)
0.8 (0.5–1.2)

0.033
NA
<0.001
NA
0.274
0.165
0.115
0.001
<0.001
NA
<0.001
0.314
<0.001
NA
<0.001
<0.001
<0.001
NA
0.020
<0.001
<0.001
0.684
0.315

* The statistical significance threshold was set at p = 0.01 because we investigated 5 outcomes in the primary analysis.

as graded by presenting GCS score and the overall trauma
severity as graded by the ISS.
Of note, for mortality rates, the sports injury mechanism varied across the 3 age groups: animal riding led to
both of the deaths recorded for the youngest age group,
whereas FIC and roller sports caused most of the deaths
in the 2 older age groups. This variation likely reflects the
aforementioned overall age-dependent shift away from
equestrian sports and toward organized athletics and roller
sports.
10

Limitations
Despite the large size of our cohort, one limitation was
the relatively low number of deaths in this sample. As a
result, a multivariable analysis of predictors of mortality
rates was not feasible. Future works in larger sample populations with greater heterogeneity of cause of death are
needed to create such a model.
It is possible that the mortality rates due to certain
sports mechanism are underreported in the NTDB overall
because this database includes only patients triaged to a
Level I or Level II trauma center. Deaths that occur in the
field, in rural areas, or at community hospitals are therefore not included in the NTDB. Most likely, this limitation would cause an underestimation of the mortality rate,
particularly after equestrian sports–related injuries, which
are more likely to take place outside of major metropolitan
centers. Furthermore, the NTDB fails to capture the countless mild TBIs that are never reported because either they
are too minor to require medical attention or they are managed in community hospitals and do not require referral to
a Level I or Level II trauma center. Last, our analysis did
not include those injuries incurred through mechanisms
that fall outside the coding parameters of the NTDB. We
therefore expect that our analysis of sport-related TBI did
not estimate its true prevalence, which is likely several
times that of our reported number of injuries.

Conclusions

In pediatric sports-related TBI, the severity of extracranial injury and low admission GCS scores were the
strongest predictors of acute medical complications, prolonged hospital and ICU LOSs, in-hospital mortality rate,
and failure to discharge to home. Acute hypotension in the
ED was found to be detrimental to successful discharge to
home. The injury mechanism of roller sports was an independent predictor of prolonged hospital LOS after TBI in
the pediatric population. Use of protective headgear, particularly during high-velocity sports in older age groups,
is necessary to improve outcomes after pediatric sportsrelated TBI. Understanding the characteristics of sportsrelated TBI in terms of complication, morbidity, and mortality rates could help focus public awareness efforts on
preventing these debilitating injuries.
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