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Abstract

Background

Recent interest in the study of concussion and other neurological injuries has heightened

awareness of the medical implications of American tackle football injuries amongst the

public.

Objective

Using the National Emergency Department Sample (NEDS) and the National Inpatient

Sample (NIS), the largest publicly available all-payer emergency department and inpatient

healthcare databases in the United States, we sought to describe the impact of tackle foot-

ball injuries on the American healthcare system by delineating injuries, specifically neurolog-

ical in nature, suffered as a consequence of tackle football between 2010 and 2013.

Methods

The NEDS and NIS databases were queried to collect data on all patients presented to the

emergency department (ED) and/or were admitted to hospitals with an ICD code for injuries

related to American tackle football between the years 2010 and 2013. Subsequently those

with football-related neurological injuries were abstracted using ICD codes for concussion,

skull/face injury, intracranial injury, spine injury, and spinal cord injury (SCI). Patient demo-

graphics, length of hospital stay (LOS), cost and charge data, neurosurgical interventions,

hospital type, and disposition were collected and analyzed.

Results

A total of 819,000 patients presented to EDs for evaluation of injuries secondary to Ameri-

can tackle football between 2010 and 2013, with 1.13% having injuries requiring inpatient

admission (average length of stay 2.4 days). 80.4% of the ED visits were from the pediatric

population. Of note, a statistically significant increase in the number of pediatric concussions

PLOS ONE | https://doi.org/10.1371/journal.pone.0195827 May 7, 2018 1 / 10

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: McGinity MJ, Grandhi R, Michalek JE,

Rodriguez JS, Trevino AM, McGinity AC, et al.

(2018) The impact of tackle football injuries on the

American healthcare system with a neurological

focus. PLoS ONE 13(5): e0195827. https://doi.org/

10.1371/journal.pone.0195827

Editor: Faramarz Dehghani, Martin Luther

University, GERMANY

Received: September 15, 2017

Accepted: March 23, 2018

Published: May 7, 2018

Copyright: © 2018 McGinity et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: National Inpatient

Sample (NIS) and Nationwide Emergency

Department Sample (NEDS) data are available from

the Healthcare Cost and Utilization Project (https://

www.hcup-us.ahrq.gov/tech_assist/centdist.jsp).

Data are available to all researchers following a

standard application process and signing of a data

use agreement. The authors confirm that they had

no special access to the data used in this study

(2010-2013 data from the Healthcare Cost and

Utilization Project’s National Inpatient Sample [NIS]

and Nationwide Emergency Department Sample

https://doi.org/10.1371/journal.pone.0195827
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0195827&domain=pdf&date_stamp=2018-05-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0195827&domain=pdf&date_stamp=2018-05-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0195827&domain=pdf&date_stamp=2018-05-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0195827&domain=pdf&date_stamp=2018-05-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0195827&domain=pdf&date_stamp=2018-05-07
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0195827&domain=pdf&date_stamp=2018-05-07
https://doi.org/10.1371/journal.pone.0195827
https://doi.org/10.1371/journal.pone.0195827
http://creativecommons.org/licenses/by/4.0/
https://www.hcup-us.ahrq.gov/tech_assist/centdist.jsp
https://www.hcup-us.ahrq.gov/tech_assist/centdist.jsp


over time was demonstrated (OR = 1.1, 95% CI 1.1 to 1.2). Patients were more likely to be

admitted to trauma centers, teaching hospitals, the south or west regions, or with private

insurance. There were 471 spinal cord injuries and 1,908 total spine injuries. Ten patients

died during the study time period. The combined ED and inpatient charges were $1.35

billion.

Conclusion

Injuries related to tackle football are a frequent cause of emergency room visits, specifically

in the pediatric population, but severe acute trauma requiring inpatient admission or opera-

tive interventions are rare. Continued investigation in the long-term health impact of football

related concussion and other repetitive lower impact trauma is warranted.

Introduction

According to the results of the most recent survey by The Harris Poll1, professional football

has remained America’s favorite sport for the past thirty years [1]. Owing to a heightened

awareness of mild traumatic brain injury (TBI) sustained during tackle football, there has

recently been increased interest in understanding the medical consequences of football, specif-

ically relating to neurologic injuries. Concussion and spinal cord injury (SCI) have garnered

significant attention in illustrating the potential dangers associated with playing football [2]. In

addition, researchers are currently investigating a possible connection between repetitive head

trauma from American football and chronic traumatic encephalopathy (CTE). Football players

have been shown to be twice as likely to sustain a severe injury (i.e., any injury that resulted in

a loss of> 21 days of sports participation), than those playing the next most dangerous sport,

wrestling [3]. While efforts have been made in implementing injury prevention measures, as

well as incorporating new rules and safety regulations (e.g., coach/player education, banning

helmet-to-helmet tackles, and institution of return to play guidelines), there is still concern of

the violent nature of the sport. A survey through the Physical Activity Council13 indicated a

recent decline in youth football participation, with these frequently discussed risks potentially

representing a key factor in parents discouraging their children to play.

The risk of injury associated with playing American football is significant and this risk

increases as the competition advances [4]. Past studies have reported all-cause injury rates as

high as 8 injuries per 1000 in high school football, 36 per 1000 in college football, and 65 per

1000 in the National Football League (NFL) [5–7]. Furthermore, football has one of the highest

incidences of TBI of all major sports, and concussions have been identified as one of the most

frequently occurring injuries across all ages [6,8,9]. With recent evidence demonstrating an

association between repetitive head trauma and long-term neuropsychiatric and cognitive out-

comes, concerns regarding the impact of repeated head injuries are especially noteworthy

given that the majority of organized football participants are of the pediatric age [10,11].

The National Emergency Department Sample (NEDS) and the National Inpatient Sample

(NIS) represent the largest publicly available all-payer emergency department (ED) and inpa-

tient healthcare databases, respectively, yielding national estimates on ED visits and inpatient

stays. NEDS and NIS are components of a set of databases and software tools developed for the

Healthcare Cost and Utilization Project (HCUP) [12,13]. We aimed to assess the demograph-

ics of patients injured and specific neurological injuries sustained by patients secondary to
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tackle football who required ED visits and/or inpatient admissions. The secondary aim was to

determine the likelihood of hospital admission based on patient age, type of neurological

injury and hospital demographics.

Methods

Data were abstracted from the NEDS and NIS databases from 2010 through 2013. Both data-

bases are included in the HCUP. Unweighted, the NEDS contains data from more than 30 mil-

lion ED visits each year and the NIS contains data from more than 7 million hospitalizations

each year; weighted, each database estimates roughly 135 million ED visits and 35 million hos-

pitalizations each year, comprising a 20% random sample of all ED visits and admissions to

community hospitals in the United States [12,13].

The ICD9-CM code E007.0 was used to identify patients with an ED presentation and/or

inpatient admission for injury related to American tackle football. Of patients presenting to

the ED with code E007.0 in the NEDS file, those with NEDS disposition equal to 9, ’Admitted

as inpatient to hospital’ were selected as having been admitted to hospital. Over the course of

the 4 years of collected data, a total of 118,045,438 charts were queried from the NEDS data-

base with a weighted sum of 529,287,163 charts. Similarly, 29,987,376 charts from the NIS

database were queried with a weighted sum of 146,031,246 charts. We report weighted totals

using year and hospital-specific weights included with each database with statistical methods

for survey designs including the SAS surveyfreq and surveymeans procedures. The significance

of associations between categorical outcomes, such as injury type, and admission to hospital

(Admitted, Not Admitted) were assessed with weighted mixed effects generalize estimating

equations models with adjustment for clustering within hospital using the SAS genmod proce-

dure (SAS Version 9.4 for Windows, SAS Institute, Cary, North Carolina). Similar statistical

models were used for continuously distributed outcomes, such as age, total charges, cost, and

length of stay. Graphics were made with R. Data were extracted based on ICD-9 and Clinical

Classification Software (CCS) diagnostic and procedure codes, shown here in character for-

mat. Diagnostic codes for intracranial injury (CCS 233), concussion (ICD-9 8500, 85011,

85012, 8502, 8503, 8504, 8505, 8509), spinal cord injury (CCS 227), all spine injuries (ICD-9

8050.0–805.08, 805.10–805.18, 805.2–805.9, 806.00–806.39, 806.4, 806.5, 806.60–806.62,

806.69–806.72, 806.79, 806.8, 806.9, 349.39, 952.00–952.19, 952.2–95.24, 952.8, 952.9), and

skull/face injuries (CCS 228) were abstracted to determine specific neurologic injuries. Patient

demographic information, length of hospital stay, cost and charge data, hospital location and

designation (trauma center, non-trauma center, teaching facility, non-teaching facility), dispo-

sition, and payer type were abstracted. In addition, all patients admitted to an inpatient facility

were queried for neurosurgical procedures, including all relevant cranial surgery (ICD-9 pro-

cedure codes 01.31, 01.21, 01.24, 01.25, 01.09, 01.26, 01.28, 02.02, 02.99, 01.10, 02.21, 01.39,

01.59) and spine surgery (810.0, 810.1, 810.2, 810.3, 810.4, 810.5, 810.6, 810.7, 810.8, 845.1,

816.2–4, 80.51, 03.09). Patients with at least one occurrence of these codes or groups of codes,

as indicated, were identified and categorized with SAS code to permit tabulation and statistical

analysis. Throughout, we used ‘patient’ in reference to individual records in the NIS and

NEDS files even though patients have been de-identified.

Results

Over the four-year period from 2010 to 2013, 529 million visits were evaluated in community

hospital emergency departments in the United States, and of these, 819,000 with American

tackle football-related injuries were seen (0.15%), increasing from 193,826 in 2010 to 213,607

in 2013. Over this time period 9,216 out of all 819,000 ED patients with football injury (1.13%)
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were admitted to the hospital where there was an average length of stay of 2.4 days. A total of

8,348 patients in the NIS files for the years 2010, 2011, 2012 and 2013 were coded as E007.0.

Thus 868 = 9,216–8348 were coded as E007.0 in the NEDS files with disposition ‘Admitted as

inpatient to hospital’ but were not in the NIS files, preventing us from determining their

disposition.

Among patients who presented to the ED with football injuries, patients were more likely

to be admitted to the hospital in which the ED was associated if the hospital was designated a

trauma center (1.6% vs 0.5%, OR = 3, 95% CI 2.4 to 3.8). Similarly, patients presenting to

teaching hospital EDs were more likely to be admitted to that hospital (1.9% vs 0.7%, OR = 2.9,

95% CI 2.2 to 3.7). Patients were also more likely to be admitted to the hospital if they had

private insurance compared to Medicaid or self-pay (1.3%%, 0.9%, 0.9%%, respectively). Inter-

estingly, the region of the country was found to be a factor in determining likelihood of admis-

sion. Hospitals in the Southern and Western U.S. were more likely to admit patients with

football related injuries than those in the Northeast or Midwest. (South 1.25%, West 1.36%,

Northeast 0.85%, Midwest 0.85%). Table 1 describes the demographics of patients seen at the

ED with football injuries.

The combined inpatient and ED charges over 4 years were 1.35 billion dollars for an aver-

age of $337,500,000/year while inpatient cost totaled $102,648,960.

80.4% of all ED visits were patients aged 17 or younger. Of patients presenting to the ED

with tackle football injury and diagnosis of concussion, 62,088 of 68,830 (90%) were from the

pediatric population (age 17 and younger), which demonstrated a statistically significant

increase across time (OR = 1.1, 95% CI 1.1 to 1.2, Fig 1). Diagnostic codes for spinal cord

injury (SCI) and all spine injuries revealed 472 and 1908 evaluations, respectively, over the

same time frame; however, there was no increase in the number of ED evaluations for these

pathologies over this time period.

Among people who presented to the ED with a football injury (Table 2), SCI diagnosis

resulted in the highest likelihood of inpatient admission (SCI 43.3%, Other diagnoses 1.1%,

OR = 68.5, 95% CI 44.8 to 104.8). A total of 1,908 patients were evaluated for spinal injuries

and 472 for spinal cord injuries during the study period.

Table 1. Demographics of patients seen at the ED with football injuries by admission to hospital 2010 to 2013 ((N = 819,000).

Characteristic Admitted to Hospital OR (95% CI)

Yes (N = 9,217) Total (N = 819,000)

Male 9062 (1.2) 782589 (95.6) 2.7 (1.9, 3.9)

Age [0, 17] 2197 (1.4) 160622 (19.6) 1.3 (1.1, 1.5)

17+ 7019 (1.1) 658377 (80.4)

Payer Medicare 109 (1.6) 6666 (0.8) 1.2 (0.7, 2.1)

Medicaid 2532 (0.9) 281859 (34.4) 0.7 (0.6, 0.8)

Uninsured 1150.4 (0.9) 121678 (14.9) 0.7 (0.6, 0.8)

Private Insurance 5420 (1.3) 406880 (49.7)

Region Northeast 805 (0.8) 95048 (11.6) 0.6 (0.4, 0.9)

Midwest 1887 (0.9) 222008 (27.1) 0.6 (0.5, 0.8)

South 3809 (1.3) 302708 (37) 0.9 (0.7, 1.2)

West 2713 (1.4) 199234 (24.3)

Hospital Teaching 5682 (1.9) 296462 (36.2) 2.9 (2.2, 3.7)

Non-Teaching 3534 (0.7) 522537 (63.8)

Trauma Status Trauma 7365 (1.6) 467475 (57.1) 3 (2.4, 3.8)

Non-Trauma 1851 (0.5) 351524 (42.9)

https://doi.org/10.1371/journal.pone.0195827.t001
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Fig 1. The number of patients admitted to an emergency department with a concussion diagnosis and football

injury by age bracket (�17,>17) from 2010–2013. Among persons� 17 years of age, the number of such admissions

increased significantly from 2010 to 2013 (p<0.001).

https://doi.org/10.1371/journal.pone.0195827.g001

Table 2. Specific injuries in patients seen in the ED with football injuries by hospital admission (N = 819,000).

Admitted to Hospital OR (95% CI)

Injury Age Injury Yes/No Yes (N = 9,217) Total (N = 819,000)

Concussion [0,17] Yes 766 (1.2) 62087 1.2 (1, 1.4)

No 6253 (1) 596288

17+ Yes 133 (2) 6741 1.5 (1, 2.3)

No 2063 (1.3) 153880

All Yes 900 (1.3) 68830 1.2 (1, 1.4)

No 8316 (1.1) 750169

Spinal Cord [0,17] Yes 158 (38.6) 410 59.6 (36.8, 96.6)

No 6860 (1) 657964

17+ Yes 46 (74.4) 61 214 (64.7, 707.9)

No 2150 (1.3) 160559

All Yes 204 (43.3) 472 68.5 (44.8, 104.8)

No 9011 (1.1) 818525

All Spine [0,17] Yes 335 (21.4) 1569 26.5 (18.9, 37)

No 6683 (1) 656805

17+ Yes 121 (35.9) 337 42.7 (24.6, 74)

No 2075 (1.3) 160284

All Yes 457 (24) 1908 29.1 (21.6, 39.2)

No 8759 (1.1) 817090

Skull and Face [0,17] Yes 104 (3) 3444 2.9 (1.8, 4.7)

No 6915 (1.1) 654931

17+ Yes 135 (4.2) 3212 3.3 (2.2, 5)

No 2061 (1.3) 157409

All Yes 239 (3.6) 6657 3.3 (2.5, 4.5)

No 8976 (1.1) 812340

https://doi.org/10.1371/journal.pone.0195827.t002
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Among patients evaluated in the ED with a football injury, 6,657 patients presented with

skull and/or facial injuries during the 4-year study period (mean 1,665/year); this number had

a yearly decline from 1,737 in 2010 to 1,497 in 2013. Similarly, among patients requiring

admission to the hospital with diagnosis of skull and/or facial injuries, a declined from 72 in

2010 to 40 in 2013 was seen.

Due to small counts, co-occurring injuries [All Spine with Skull and Face: 10 (0.0%), Con-

cussion with Skull and Face: 358 (0.04%), Concussion with All Spine: 134 (0.02%), Concussion

with Spinal Cord: 92 (0.01%)] are not tabulated.

[Reference Table 2 for injury specific features of admission likelihood]

The number of patients with football injuries requiring cranial and spinal surgery over the

course of 4 years was relatively low, at 54 and 155, respectively. Direct injuries related to foot-

ball trauma accounted for a total of 10 deaths during this time period.

Discussion

In this study, we found that American tackle football-related injuries accounted for 0.15% of

all ED visits, of which 1.13% of the patients required admission to the hospital. 80% of the ED

visits are from the pediatric population. Diagnosis of spinal cord injury, private insurance sta-

tus, presentation to trauma center or teaching institution, and location in the southern or west-

ern regions of the country increased the likelihood of inpatient admission.

American Football remains America’s favorite sport [1] despite recent declines in participa-

tion. In 2014, there were 2.13 million youth (�14 years old) participants in tackle football,

compared to 3 million in 2010 [14]while high school level participation has demonstrated a

more modest decline with 1.11 million athletes in 2014 compared to 1.13 million in 2010 [15].

Notwithstanding, an estimated average 3.75 million individuals participated in organized

tackle football each year between 2010 and 2013 [16].

In our study, we found an estimated 819,000 patients requiring visitation to the emergency

department and 9,216 requiring admission over the course of four years. Given an estimated

denominator of 15 million participants during this same time period, the risk of sustaining a

football injury necessitating emergency room visitation and inpatient admission may be pre-

dicted at 5.5% and 0.076% per year, respectively. Fortunately, more severe injuries requiring

inpatient admission are relatively very low. Unsurprisingly, the largest proportion of ED visits

involved pediatric patients, reflecting this population as the majority demographic in terms of

participation in tackle football.

Possibly relevant to at least some of the 68,830 concussions reported in Table 2, recent con-

cern regarding the dangers of American tackle football has led to significant interest in epide-

miological and biomechanical studies of concussion and understanding the consequences of

repetitive sub-concussive impacts [17–26]. In a 2016 study from the University of Florida,

more than one out of every four players sustained a concussion over the course of 9 years[17].

At the NFL level, the incidence of concussions has been reported as 0.41 concussions/game

[20] A review by Forbes and colleagues (2012) concluded that 0.2% of all collisions on the foot-

ball field result in concussion [22], an especially sobering finding considering that high school

lineman sustain an average of over 850 impacts per season [27]. Biomechanical data, specifi-

cally with helmet accelerometers, have recently been used to collect information on the severity

of head impacts; however, this data has been unreliable in predicting whether an athlete suffers

a concussion [22]. Indeed, in one study, the range of impact severity for high school players

sustaining a concussion varied between 48g to 146g of translational acceleration, underscoring

the concept that multiple factors are involved in determining whether or not an athlete experi-

ences a concussion [26].
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During the study period included in our analysis, an average of 17,207 patients per year pre-

sented to an ED with a football-related concussion, representing 68,830 of 819,000 (8.4%) of

all football related presentations.

In our study, we did see a yearly increase in the number of patients with concussions pre-

senting to the ED. One can only speculate as to whether this was because of an actual increase

in the number of concussions sustained or because of increased vigilance regarding head inju-

ries in those playing football. Post concussive return to play laws have greatly improved care of

these patients by ensuring a physician clears the patient prior to return, but does not mandate

early provider post-concussion evaluation or participation in the diagnostic process. This is

indeed an improvement from protocols in the 1990’s where players potentially could return to

the field on the following play series, placing the player at higher chance for second impact

syndrome [28]. A single concussion can increase suicide risk by three times, independent of

past psychiatric history[20]. This information may further involve physicians in early treat-

ment of concussion and necessitates documentation of concussion when obtaining a patient’s

medical history.

Amongst the patients presenting to EDs with neurologic injuries, the diagnosis associated

with the highest rate of admission (43%) was SCI. Fortunately, the overall incidence of cata-

strophic SCI secondary to tackle football injuries has dropped precipitously since the 1970’s,

likely due to rule changes limiting the use of the head as initial contact point during tackling

[29]. The rate of catastrophic injury has been estimated between 0.5–1.1 per 100,000 in high

school and 1.5–4.72 per 100,000 in college [30].

An average of 383 patients per year were diagnosed with non-concussion intracranial

injury, indicating more severe acute injury, which includes intracranial hemorrhage or cere-

bral edema. Over our 4-year study period, 54 patients had an intracranial injury requiring an

operation, representing only 0.007% of all patients who presented to EDs for evaluation of

football-related injuries, and 0.08% of those who presented with a diagnosis of intracranial

injury; 155 patients had spinal injury requiring operative intervention, representing 0.02% of

all football injured patients presenting to the ED and 8.1% of patients who presented with a

diagnosis of spinal injury. Assuming 3.75 million participants per year, the rate of neurologic

injury requiring any operative intervention was inferred to be 0.0014%, (209/15M) over the

four-year study period. Overall, these data indicate that acute injuries relating to the neuroaxis

secondary to tackle football are very unlikely to warrant surgery; however, there is no data

regarding the long-term effects of tackle football and its potential impact on the development

of degenerative pathology eventually requiring surgery. This particular concept is further

underscored by data showing that players competing in more than 5 NFL seasons were almost

2.5 times greater to have whole-person impairment. The most common symptomatic joints

were lumbar and cervical spine [31].

Teaching institutions and trauma centers were both more likely to admit patients. Presum-

ably, patients with injury severity are taken to both of these types of centers so this information

was not unexpected. Interestingly, the region of the country impacted likelihood of admission,

with hospitals in the South and West demonstrating a significantly higher likelihood of ED vis-

its turning into admissions than the Northeast or Midwest. Whether this is due to differing

practice pattern, injury management, or differing severity of injuries is out of the scope of this

investigation, but may be the source of future study.

The hospital charges from both ED visits and admissions over the 4-year study period

totaled almost $1.7 billion, amounting to $90 dollars/participant per year. However, though

rare, the very few patients with devastating TBI or SCI undoubtedly pose a significant finan-

cial burden on our healthcare system. The financial ramifications associated with these partic-

ular patients are important to note, given the extended, often life-long, healthcare and
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rehabilitation costs associated with their care. Although total charges are included in the

NEDS database and are reported here, the necessary cost to charge ratios were not included,

preventing us from reporting ED costs.

The National Center for Catastrophic Sports Injury Research tracks fatalities relating to

American tackle football. From 1990–2010, there were 243 football related fatalities [30]; 67%

were from indirect causes, such as heat exhaustion, cardiac arrhythmias or dehydration, while

33% were from direct traumatic football injuries such as TBI, spinal trauma, or internal bleed-

ing. From 1945–1984, 643 deaths were attributed directly to football injuries at a rate of 16.5

deaths per year [28]. Using the NEDS and NIS databases, we identified 10 football-related

deaths from 2010–2013, indicating about 2.5 deaths per year. However, specific causes for each

of these cases in our study population were not defined. Though the likelihood of death has

decreased in modern American tackle football, we are only beginning to grasp the long-term

impact of sustaining non-devastating and acutely nonclinical neurological injuries such as

repetitive minor head trauma.

The strengths of this study are that the NEDS and NIS databases are large, well-documented

and, by design, comprise a 20% random sample of the community hospital population, making

national estimates possible. Limitations include that these data are restricted to diagnostic and

procedure codes and that individual patients, being de-identified, cannot be tracked over time

or across databases from the NEDS to NIS files, the relatively recent introduction of the tackle-

football E-code, possibly missing E-codes, possible misclassifications and unidentifiable

repeated visits, and care sought outside of the ED or community hospital system are not

included.

Conclusion

Despite recent concern over neurological injuries related to American tackle football, the

number of admissions to the hospital remained relatively low over our study period. Operative

intervention on more severe neurological injury proved to be extremely infrequent. Most of

the ED visits and hospital admission were from the pediatric age group. Acute, devastating

neurological injuries are infrequent in American tackle football, but continued investigation in

the long-term health impact of football related concussion and other repetitive lower impact

trauma is warranted. To that end, further analysis of trends in ED evaluations, admissions, and

operations as well as tracking the financial burden of football-related injuries on the U.S.

healthcare system has significant merit.
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