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Abstract

Objectives—To assess the distribution of injury mechanisms and activities among children with
concussions in a large pediatric healthcare system.

Study design—All patients, age 0-17 years, who had at least 1 clinical encounter with an
International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis of
concussion in the Children’s Hospital of Philadelphia’s electronic health record system from July
1, 2012 to June 30, 2014, were selected (N = 8233) and their initial concussion-related visit
identified. Approximately, 20% of the patients (n = 1625) were randomly selected for manual
record review to examine injury mechanisms and activities.

Results—Overall, 70% of concussions were sports related; however, this proportion varied by
age. Only 18% of concussions sustained by children aged 0—4 were sports related, compared with
greater proportions for older children (67% for age 5-11, 77% for age 12-14, and 73% for age 15—
17). When the concussion was not sports related, the primary mechanisms of injury were struck by
an object (30%) and falls (30%).

Conclusions—Sports-related injuries in children older than 6 years of age contributed to the
majority of concussions in this cohort; however, it is important to note that approximately one-
third of concussions were from non-sports-related activities. Although there is increased
participation in community and organized sports activities among children, a focus on prevention
efforts in other activities where concussions occur is needed.
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Methods

Youth concussion has received heightened attention in recent years owing to evidence
suggesting that concussions may lead to long-term physical, behavioral, and neurocognitive
effects that affect learning and school performance.1~4 Recent estimates report an increase in
the number of youth with medically attended concussion, possibly owing to increased
involvement in youth sports, introduction of return-to-play legislation, and increased
concussion awareness among healthcare providers, parents, and youth.25-8

Understanding the circumstances where concussions occur can provide insights for targeting
intervention efforts. Most studies of youth concussion focus on injuries sustained from
participation in specific sports teams or leagues,®-12 injuries treated in emergency
departments (EDs),13:14 or injuries reported through systems such as High School Reporting
Information online,1 a surveillance system of interscholastic sports injuries.1>16 As a result,
most prevention efforts, including return-to-play policies, state laws, and education, are
focused on athletic environments. However, like more serious brain injuries, concussions can
occur via diverse mechanisms and activities beyond sports, which likely vary by age and
patient demographics. Recent estimates of ED visits for all severities of traumatic brain
injury (TBI) point to the importance of falls in young children up to 4 years of age.1” As
children age, injuries caused by being struck by or against an object, assaults, and motor
vehicle crashes (MVCs) make up greater proportions.1’ Limited pediatric studies on causes
of TBI in children indicate that TBI severity may be related to injury mechanism, with
abusive head trauma and MVC resulting in more severe TBI.18:19 |n addition to age,
pediatric TBI mechanisms vary by sociodemographic characteristics, such as race and
insurance status.20-22

To inform prevention efforts and promote increased care consistency, delineating the
proportion of youth concussions occurring from specific mechanisms or activities, and
describing the demographics across circumstances, is critical. Using a linked electronic
health record (EHR) system in large pediatric healthcare network, we aimed in this study to
(1) categorize the broad mechanisms of injury for concussions sustained by youth aged 0-17
years, (2) quantify the proportion of concussions owing to sports-related and non—sports-
related activities, and (3) describe the distribution of sports-related concussions by activity
level of contact.

The Children’s Hospital of Philadelphia (CHOP) network encompasses more than 50
locations throughout southeastern Pennsylvania and southern New Jersey, including 31
primary care centers, 14 specialty care centers, a 535-bed inpatient hospital, 2 EDs, and 2
urgent care centers supporting more than 1 million visits annually. The CHOP network
serves a socioeconomically and racially diverse patient population, and accepts most
insurance plans, including Medicaid. In addition to primary care clinicians, sports medicine,
neurology, and trauma care providers evaluate and manage concussions using a linked EHR
system (EpicCare, Epic Systems, Inc, Madison, Wisconsin). The EHR is used for managing
all aspects of in-patient and outpatient clinical care, including initial office visits and all
follow-up care.
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Study Sample

Using the CHOP EHR database, we identified a total of 9704 patients, age 0-17 years, who
visited for concussion within the CHOP network from July 1, 2012, through June 30, 2014.
Visits were defined as when the healthcare provider selected an /nternational Classification
of Diseases, Ninth Revision Clinical Modification (ICD-9-CM) diagnosis code indicative of
a concussion23 (Appendix; available at www.jpeds.com). Each patient was counted only
once, using their initial visit, defined as the first clinical encounter for a concussion within
the study period. Patients receiving ongoing concussion treatment during the study period
but whose initial concussion visit occurred before July 1, 2012, were excluded (n = 1436).
Patients also were excluded from the study if they had a moderate or severe TBI diagnosis
(eg, cerebral contusion, laceration, subarachnoid, sub-dural, epidural, intracranial
hemorrhage, and moderate [1-24 hours] or prolonged [>24 hours] loss of consciousness)
within 2 weeks of the initial concussion visit (n = 35). From the remaining 8233 subjects, we
selected a simple random sample of 20% (n = 1647) using the SAS surveyselect procedure
(SAS Institute, Cary, North Carolina) for manual EHR abstraction to code the injury
mechanism. No differences were observed in patient demographic characteristics between
the underlying population and the randomly selected sample (data not shown). From the
random sample, patients who met the inclusion/exclusion criteria as described (n = 1625)
were manually abstracted and included in the analysis.

Injury Mechanism Coding

Injury mechanism was defined as circumstances leading up to the injury. Two trained data
abstractors, blinded to study aims, reviewed each patient’s EHR narrative describing the
injury and the child’s activity at injury. We developed and used a structured coding system
based on external causes of injury codes to categorize broad mechanism of injury: falls,
MVC (occupant or pedestrian), being struck by a person (unintentional), being struck by an
object, bicycle related, assault, not documented, unknown, or other. Data were coded in a
hierarchical sequence based on guidelines for injury mechanism coding assignment.24 If
multiple mechanisms were described, the first description in the series of events was
selected, except in the case of a documented head impact occurring after a non-head impact
event. After broad injury mechanism was assigned, coders then categorized each concussion
as either a sports- and recreation-related (SRR) injury or a non-SRR injury using a list of
abstracted SRR activities agreed upon by the authors. Cases in which the SRR activity could
not be identified definitively by the coders were not included in the analysis comparing SRR
and non-SRR activities (n = 120). Because riding a bicycle is considered an injury
mechanism and a category within recreational activities for children,13:14 all concussions
assigned bicycle riding as the broad mechanism of were categorized as an SRR injury. SRR
injuries were coded subsequently by the contact level associated with that activity using a
classification system developed by the American Academy of Pediatrics’ Committee on
Sports Medicine and Fitness.2> Categories included contact sports, sports with limited or no
contact, and undetermined. Activities not included in the American Academy of Pediatrics’
system were assigned categories based on the likelihood of contact or collision by consensus
of the coauthors.
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The abstractors received coding system training from 1 study author and achieved 100%
agreement on 10 test cases before coding data. Upon coding completion, 20% of the cases
were randomly assigned for agreement assessment by the lead author. Interrater reliability
was excellent (Cohen kappa = .804; £=.000) with the observed percentage of agreement of
91%.26 All disagreements were reviewed and resolved by the authors.

Other Variables

Sex, race/ethnicity, age, and insurance payor at the initial visit were abstracted from the
EHR. The presence of clinically important injuries to body regions other than the brain was
identified using ICD-9-CM codes 800-957, excluding minor injuries such as sprains/strains,
superficial injuries, and contusions. When noted in the EHR narrative, we calculated the
number of days between concussion injury and date of first visit to CHOP. Last, we
classified a healthcare system point of entry for concussion care for each CHOP network
patient.23

Statistical Analyses

Results

We determined the distribution of relevant characteristics among patients across broad
mechanism of injury and SRR and non-SRR activities. To identify demographic factors that
were independently associated with likelihood that a concussion was SRR vs non-SRR, we
used log-binomial regression models to estimate directly risk ratios and corresponding 95%
Cls. Multivariable models included sex, race/ethnicity, age at initial concussion visit, and
payor at the initial concussion visit. We calculated the frequency and proportion of
concussions by specific SRR activities. All analyses were conducted in SAS, version 9.3
(SAS Institute Inc, Cary, NC, USA). This study was approved by the CHOP Institutional
Review Board.

Table | presents the characteristics at the time of initial concussion visit in the abstracted
sample. Children were primarily white (68.8%), male (53.1%), and had private insurance
(81.3%). Distribution of age was as follows: 4.5% were 0-4 years of age, 30.9% were 5-11
years of age, 34.5% were 12-14 years of age, and 30.1% were 15-17 years of age. In this
sample, 53.4% had their initial clinical visit within primary care, 27.1% within specialty
outpatient clinic, and 16.6% within ED or urgent care. Only 3.3% of this sample had other
injuries at time of concussion. Approximately one-sixth of the children (15.2%) were seen
on the same day of their injury; however, most children were seen 2 or more days after
injury (58.3%). The injury to clinical visit is unknown for 9.8%.

Broad Mechanism of Injury

Concussions are described by broad mechanism of injury in Table 1. The most common
broad mechanisms were being struck by an object (31.1%), fall (29.9%), and being struck by
a person (21.0%), with similar distributions among males and females. The proportion of
concussions owing to falls decreased with age (71.2% of 0—4 year olds, 38.0% of 5-11 year
olds, 26.9% of 12-14 year olds, and 18.8% of 15-17 year olds). These decreases were offset
by increases in the proportion of concussions owing to being struck by a person or struck by
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an object mechanisms as children age. Among non-Hispanic (NH) black children, the
proportion presenting with assault (14.0%) or MVC (12.9%) is similar to the proportion of
concussions sustained by being struck by an object (17.6%) or struck by a person (17.2%).
The preponderance of injury mechanisms in NH white children and Hispanic children
occurred primarily within the struck by an object, struck by a person, and fall categories as
described.SRR concussions were primarily owing to being struck by an object (32.9%), falls
(29.6%), and being struck by a person (29.3%). When concussions were sustained in non-
SRR activities, primary mechanisms were falls (30.1%), being struck by an object (29.7%),
MVC (20.0%), and assaults (15.5%). Additional injuries, such as fractured upper and lower
extremities, were more likely to occur in non-SRR injury activities (58.8% of concussions
with additional injuries) compared with those occurring in sports activities (41.2% of
concussions with additional injuries; £ < .001; Table I).

SRR and Non-SRR Injuries

Table Il presents the demographic and characteristics of children with concussions from
SRR and non-SRR activities. Although the majority of concussions were determined to be
owing to an SRR (70.4%) activity, more than one-fourth (29.5%) were due to a non-SRR
activity. Adjusting for payor, race/ethnicity, and sex, those 5-11 years, 12-14 years, and 15—
17 years of age were more than 3 times more likely to sustain an SRR concussion versus a
non-SRR concussion than 0—4 year olds. The Figure illustrates the percentage of SRR across
the age span of 0-17 years. The proportion owing to SRR activities increase steadily up to
age 10; from ages 10 to 16, the proportion is constant at approximately three-fourths; a small
decrease occurs at age 17. Those with private insurance were 1.4 times more likely to sustain
an SRR concussion versus a non-SRR concussion than those with Medicaid or who were
self-pay (Table 111). NH black children were less likely to have an SRR-related concussion
(risk ratio of 0.8) versus a non-SRR concussion.

Classification of Sports and Recreation Activities

Table 111 presents SRR activities classified by contact level. The majority of SRR
concussions occurred during activities involving contact or collision (57.1%), including
football (15.9% of all concussions), soccer (14.7%), basketball (9.7%), ice hockey (5.4%),
and lacrosse (4.2%). Several activities had undetermined contact such as playing, gym class,
recess, and playground (12.8%). Cheerleading, a limited contact sport, led to 4.4% of SRR-
related concussions. Playing and gym class were responsible for 3.9% and 3.6% of injuries,
respectively.

Discussion

Our findings revealed that youth concussions occur from diverse mechanisms and activities
that vary by age. Broadly, the most common mechanisms responsible for concussions were
being struck by an object, falls, and being struck by a person. Younger children were most
likely to have a concussion from a fall, whereas older children were more likely to have a
concussion from being struck by an object or person. These findings align with previous
estimates describing TBI-related ED visits.1” Although sports-related injuries in children
older than 5 years of age contributed to the majority of concussions in this cohort,
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approximately 30% of concussions were from non-sports-related activities, with higher
proportions for younger children. Specifically, for the age group of 0-4 years, fewer than 1
in 5 concussions were owing to SRR activities.

SRR activities become the primary source of concussions beginning at 6 years of age, a
finding that aligns with previous reports of sports-related injuries across the lifespan.2’ The
proportion of SRR concussions increased linearly to approximately three-quarters at 10
years of age, remaining constant through age 16 years. This increase corresponds with the
ages when children are more likely to join organized sports, which have a higher risk
compared with individual sports.28:2% Further, this corresponds with a period in a child’s life
where sports exposure increases substantially owing to introduction of year-round play, or
participation in multiple teams within a sport or multiple sports.2%39 A national survey
reports that 58.4% of 15- to 19-year-old high school students played on at least 1 sports
team, with a higher prevalence among males (64.0%).31 Among 17 year olds, there is slight
decrease in SRR concussions that is potentially explained by an increased proportion owing
to MVC. This age range aligns with independent driving initiation as well as attrition rates in
adolescents withdrawing from sports.32

A greater proportion of males sustained SRR concussions compared with females, likely
corresponding with higher rates of male participation in contact sports activities comprising
the largest concussion findings. Females have a higher proportion of concussions from non-
SRR mechanisms than males. Given the possible concern of sex-related factors predisposing
females to non-SRR concussion, non-SRR injuries warrant further investigation.

Important differences existed across race/ethnicity and insurance payor (as a proxy for
socioeconomic status). NH black children and Medicaid-insured or self-pay patients were
less likely to have sustained their concussion from SRR activities. This finding warrants
further study owing to epidemiologic evidence that overall sports participation are
comparable among NH white, NH blacks, and Hispanic children.33 This finding suggests
that the differences in our cohort based on race and payor status may be due to other factors.
It is important to note that the data analyzed do not represent incidence, but rather proportion
of concussions sustained activities among those who presented for concussion care in a large
health care network. The subject demographics in our analyzed cohort could be influenced
by issues such as limited access to care, parents’ inability to take time from work for doctor
visits for what may be perceived as a “minor” injury, and varied presence of sideline health
care providers in schools. Quantifying concussion incidence in demographic subgroups is an
important area of future study that requires a broader sample beyond those presenting for
care.

The data suggest that non-SRR concussions may be considered urgent; this condition was
evident in the injury patterns and differences in time to seeking care. Approximately 60% of
patients with a concussion sustaining clinically significant injuries to other body regions
were injured in non-SRR activities. Further, more than one-fourth of those with non-SRR
concussions sought care on the day of injury compared with just greater than 10% of those
with SRR concussions. Two of the broad injury mechanisms—MVC and assault—have been
previously reported as likely to cause more severe TBI.18:19 These mechanisms typically
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involve higher energy impacts that are more likely to affect multiple body regions. In
addition, concussion symptoms often evolve over the subsequent hours and days after an
injury, which may delay care seeking if there are no concomitant injuries.34

Children participate in diverse types of sports and recreational activities across the
developmental age range. Although the highest number of concussions in this study occur in
contact/collision sports, the results show a broad range of activities that children engage in
on a daily basis, such as playing, recess, and gym class, which also can result in
concussions. The combination of gym class, recess, and playground (all similar activities)
would represent the fourth most common SRR activity, following football, soccer, and
basketball, and ahead of ice hockey. A previous study examining all injuries in sports and
recreational activities reported injuries in noncontact activities across the age span.1® These
findings highlight the importance of prevention efforts in children’s activities at school and
other locations outside of organized athletics to ensure that children receive quality care
regardless of the injury mechanism.

Study participants were limited to those seeking care for concussion within a single
healthcare network and did not include visits outside of this setting or those children who
not seek care. Consequently, the findings cannot be extrapolated to represent all concussions
among children in this age range. Those in the study cohort were primarily NH white
children with private insurance. Although there are a limited number of papers examining
race/ethnicity factors related to concussion, further examination of larger nationally
representative samples would capture greater diversity. Some patients may have had more
than 1 concussion during this period; however, the EHR medical record and data abstraction
was not structured to identify multiple unique concussions.

In summary, the majority of concussions in this dataset were sustained by children 6 years of
age and older primarily via SRR activities, as previously reported3; thus, concussion
prevention in athletic settings is important to ensure safety for all children in sports and
recreational activities. Importantly, these findings also show that approximately 30% of
youth 0-17 years of age sustain concussions from activities other than sports. Having a
similar index of suspicion for concussions from non-SRR falls and MV C is warranted, 36 as
are efforts to promote safety in these activities. Currently, much of the work on protocols
and guidelines for postconcussion care has been on return to play or organized sports.
Expanding these approaches to include guidance for returning children to their previous
activity level such as gym class and recess, addresses an important gap in educational
efforts. Last, little is known about concussion in the very young (<5 years of age); these
results suggest that they do sustain concussions, and generally from nonsports activities.
Future research is needed to understand concussions in this age group, develop prevention
strategies in other settings outside sports, addressing mechanisms such as falls, and to
provide age-related guidance for return to activities of daily life for all children who sustain
a concussion.
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Appendix. Concussion-related ICD9-CM codes

ICD-9-CM code  Description

800.02 Fracture of vault of skull w/brief (<1 h) LOC

800.09 Closed fracture of vault of skull without mention of intracranial injury, with concussion,
unspecified

800.52 Open fracture of vault of skull without mention of intracranial injury, with brief (<1 h) LOC

800.59 Open fracture of vault of skull without mention of intracranial injury, with concussion, unspecified

801.02 Closed fracture of base of skull without mention of intracranial injury, with brief (<1 h) LOC

801.09 Closed fracture of base of skull without mention of intracranial injury, with concussion, unspecified

801.39 Closed fracture of base of skull with concussion, unspecified

801.52 Open fracture of base of skull without mention of intracranial injury with brief (<1 h) LOC

801.56 Open fracture of base of skull without mention of intracranial injury with LOC of unspecified
duration

801.59 Open fracture of base of skull without mention of intracranial injury, with concussion, unspecified

803.02 Other and unqualified skull fractures with brief (<1 h) LOC

803.09 Other and unqualified skull fractures with concussion, unspecified

803.52 Other open skull fracture without mention of intracranial injury with brief (<1 h) LOC

803.59 Other open skull fracture without mention of intracranial injury, with concussion, unspecified

804.02 Closed fractures involving skull or face with other bones, without mention of intracranial injury,
with brief (<1 h) LOC

804.09 Closed fractures involving skull of face with other bones, without mention of intracranial injury,
with concussion, unspecified

804.52 Open fractures involving skull or face with other bones, without mention of intracranial injury, with
brief (<1 h) LOC

850 Concussion

850.0 Concussion with no LOC

850.1 Concussion with brief LOC

850.10 Concussion with brief LOC

850.11 Concussion, with LOC of <30 minutes

850.5 Concussion with LOC of unspecified duration

850.9 Concussion, unspecified

LOC, loss of consciousness.
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Figure.
Percentage of youth concussion with SRR activities by age in years (n = 1505).
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