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Abstract 

Epidemiology and Prediction of Injuries in the National Football League (NFL) 

By Zachary O. Binney 

 

American football is the most popular sport in the U.S.; over a million high school students play it every year. 
It also has high injury rates. In the National Football League (NFL) the reported in-game injury rate is at least 
three times that of any other major U.S. professional sport. Yet the literature on NFL injuries has major gaps, 
including a lack of descriptive epidemiology, few assessments of rule changes designed to reduce injuries, and 
an inability to predict which players are most likely to get injured. This dissertation used a prospectively-
collected database of reported NFL injuries from 2007-2016 to address these gaps.  
 
In Aim 1 we calculated NFL injury rates and investigated their associations with an array of potential risk 
factors. Over two-thirds of player-seasons resulted in an injury. Injury rates were higher among older players, 
those with longer injury histories, heavier players, and on certain types of artificial turf. While injury rates did 
rise over time, it appeared a majority of the rise was due to better reporting. 
 
In Aim 2 we assessed whether the NFL’s 2011 collective bargaining agreement (CBA), which restricted 
practice times, affected the number of NFL injuries. Some had expressed concerns that the restrictions would 
worsen player conditioning and increase injury risk. To investigate this we split injuries by those likely and 
unlikely to be affected by poor conditioning and observed their changes pre- and post-CBA. After accounting 
for a pre-CBA increase in injuries, we found little evidence for an increase in injuries following the 2011 CBA.  
 
In Aim 3 we used publicly-available data on established NFL injury risk factors to develop prediction models 
for the 1-seaon risk of missing one or more games due to any injury or a lower extremity (LE) muscle injury. 
In all models discrimination and calibration were poor, and they were unable to predict NFL injuries in a way 
that would be useful for NFL players or teams. 
 
This work identified some new possible risk factors (specific brands of artificial turf) and suggested some 
common explanations for increased injuries such as short rest and practice restrictions may be overstated.  
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Chapter 1: Introduction and Literature Review 

I. Introduction to Football 
 American or gridiron football, hereafter referred to as “football,” is the most popular professional 

sport in the U.S.: in a recent Harris Poll asking 1,510 people who reported following at least one sport to pick 

their favorite from 21 options, the professional-level National Football League (NFL) held the top spot and 

college football ranked third (1). The sport is played with 11 men from each of two teams squaring off on a 

field 100 yards long (with a 10-yard “end zone” appended to each end) and 55 1/3 yards wide (2). The object 

of the game is to accumulate points by moving the ball – an oblong leather spheroid that, at the professional 

level, is 11 inches long and 2 feet in circumference at its widest point – either into the opponent’s end zone (6 

points plus an opportunity for 1 or 2 bonus points) or by kicking it through yellow uprights at the back edge 

of the opponent’s end zone (3 points) (2). The ball can be moved either by handing it to a player who runs 

with it, or by throwing it to a player who catches and subsequently tries to run with it. 

 Football is played in games 60 minutes long (though with breaks in play this is typically 3-3.5 hours), 

divided into four 15-minute quarters. The game is further subdivided into plays – segments of action 5-15 

seconds long where one team (the “offense”) tries to move the ball “up the field” (toward their opponent’s 

end zone) and the other (the “defense”) tries to stop them by tackling them. Teams have four chances to 

either move the ball at least ten yards up the field, whereupon their four chances reset, or “punt” the ball 

away by dropkicking it downfield to the other team. After a punt, score, or turnover (a play where the defense 

gains possession of the football from the offense), the teams typically switch roles (the team on offense goes 

on defense, and vice versa). There are 40-second rest periods between plays, though the offense may decide 

to take less time to rest. In addition to offense and defense, there is a third group of players called “special 

teams” – these players are used for plays that involve kicking the ball (punts and “kickoffs” that occur at the 

start of each half or after one team scores in order to hand the ball to the other team). Players typically play 

on either offense or defense, but any player could be on special teams. 

 On offense and defense, there are 8 basic types of players. On offense, quarterbacks (QBs) are 

responsible for organizing each play and either handing the ball off to a runner or throwing it to a receiver to 

try and move the ball up the field. There are special rules to protect them from injuries and are not hit as 

often as other players. Running backs (RBs) most often get handed the football by the QB and try to run it 

up the field before getting knocked down, though they may also catch the football or “pass block” (try and 

prevent defenders from reaching and knocking down the QB before he can get rid of the football). Wide 

receivers (WRs) most often run up the field and try to catch the ball from the QB, then either get knocked 

down immediately or run further toward the opponent’s end zone before scoring or being knocked down. 

Tight ends (TEs) are similar to WRs but are used more often for pass blocking. Offensive linemen (OLs) are 

5 men who stand in front of the QB and either “run block” (try and push defenders forward to allow a 
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runner to move the ball up the field) or pass block, depending on the type of play. On defense, defensive 

linemen (DLs) stand a few inches from the OLs and try and force their way past them to knock down 

whoever is holding the football (typically a runner or the QB). Linebackers (LBs) stand behind the DLs and 

have a variety of tasks in trying to stop the offense from moving the ball depending on the type of play. 

Defensive backs (DBs) play even deeper down the field and typically shadow the offense’s receivers to stop 

them from catching the football.  

 Football is an inherently physical, chaotic, and high-speed game. There are 22 men on the field for 

each play – 11 trying to move the ball up the field and 11 trying to physically stop them. Offensive players 

will push, shove, and ram into defenders in an effort to move the ball further toward their opponent’s end 

zone. Defenders also push and shove, but in addition they tackle (violently knock down) whichever offensive 

player has the ball in order to end the play. Injuries occur with regularity in both practices and games (3) and, 

given the physically taxing nature of the game, they happen frequently even without any physical contact 

between players (4-7). 
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II. Who Plays Football 
  As noted above, football is the most popular sport in the U.S., and that is reflected in the number of 

athletes playing it. In the 2013-14 school year, the National Federation of State High School Associations 

(NFSHSA) counted 14,262 high schools with boys’ 11-player football programs, comprising 1,093,234 

athletes (8). The National Collegiate Athletic Association (NCAA) reported 70,147 men’s college football 

players in 2013 (9). In 2015, 1,979 players were listed on an NFL game-day roster for at least one regular 

season game, with a few hundred additional players on practice squads or training camps(10). These numbers, 

along with the intense public interest and economic impact of the sport, underscore the importance of 

studying injuries among football players.  
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III. Football Injuries – Descriptive Epidemiology and Injury Surveillance 
 Much attention, particularly in recent years, has been given to the topic of concussions and head 

injuries in football (11-16). By contrast, relatively little has been written about general musculoskeletal trauma, 

which comprise the vast majority of football injuries (17); most studies in this realm focus on specific injuries 

and/or use case series from individual treatment centers or teams rather than taking an overarching approach.  

We begin Section III with a discussion of general descriptive injury studies and surveillance efforts at 

different levels of play. We then move into the more robust literature on specific injury types in the NFL and 

a brief discussion of the concussion literature. In the next section (Section IV) we will delve into analytic 

epidemiology and the factors affecting football injury risk. 

A. General Football Injury Studies – High School and Younger 

A 1991 review of five high school football epidemiology studies from 1979-1983 found that 51% of 

injuries occurred during training/practices, with contact sessions being 4.7 times more likely to produce 

injuries. 50% of injuries were to the lower extremities, with 36% to the knee; 30% of injuries were to the 

upper extremities. 40% of injuries were strains or sprains, 25% contusions/bruises, 10% fractures, 15% 

dislocations, and 5% concussions (18). All these data points are consistent with more recent, higher-quality, 

nationally-representative data discussed below. 

The best data we have for this level of play may come from the High School Sports-Related Injury 

Surveillance Study, also sometimes referred to as High School – Reporting Information Online (RIO). The 

study was conducted among a nationally-representative sample of 100 high schools and included any injury 

known to, and subsequently reported by, the high school’s certified athletic trainer(s) (ATCs). A 2006 analysis 

in the Morbidity and Mortality Weekly Report (MMWR) from the Centers for Disease Control and Prevention 

(CDC) for the 2005-06 school year found an overall injury rate of 4.36 injuries per 1,000 athlete-exposures 

(AE, commonly defined as 1 player participating in a practice or game) (19). The study also found this rate 

was the highest of 9 sports studied, and the rate for games (12.09/1,000 AEs) was nearly 5 times that of 

practices (2.54/1,000 AEs). About 45% of injuries resulted in 1-6 days out, while roughly 20% led to players 

being out for 3 weeks or more. A second analysis of these data reported in the 2007 American Journal of Sports 

Medicine (AJSM) found similar figures: 4.36, 2.56, and 12.04 per 1,000 AEs overall, during practice, and during 

games, respectively (7).  

Updated data from this same study for the 2012-13 school year show similar results: 3.87 injuries per 

1,000 AEs overall, 12.53 during games and 2.08 during practice (20). These numbers corresponded to 

616,209 boys’ football injuries nationwide. This report also included a wealth of additional information, 

including: 38-39% of injuries were sprains or strains and 25% concussions; excluding concussions, knee, 

ankle, hand/wrist, and shoulder injuries were the most common, respectively; 34% of injuries led to less than 
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a week lost from practices and games; 10.2% of injuries required surgery; 9% were recurrent injuries; 25% 

occurred in the preseason while 69.5% occurred during the regular season; 58% of practice injuries occurred 

1-2 hours into practice; and 51% of injuries occurred in the act of tackling and 26% during blocking (20). The 

2007 AJSM analysis of the 2005-06 school year data provided some additional details on injury mechanism: 

57% of practice and 77% of game injuries occurred from contact with another player; 18% and 5% were non-

contact (overuse) injuries; 40% and 62% occurred on running plays; and offensive players suffered 56% and 

52.5% of practice and game injuries (vs. 37% and 39% defensive players, with the remainder unknown or 

special teams) (7). 

 Another MMWR article published in 2011 used data from the National Electronic Injury Surveillance 

System – All Injury Program (NEISS-AIP) from 2001-2009 (11). It looked at all sports- and recreation-related 

injuries resulting in visits to a nationally representative sample of emergency departments (EDs), although the 

study’s primary focus was on traumatic brain injuries (TBIs). This study estimated there were 351,562 ± 

47,448 football-related ED visits in kids 19 and younger; 7.2% (25,376) of these visits were for TBIs. Football 

was found to be the number one source of sports-related TBI ED visits for boys 10-14, 15-19, and 19 and 

younger overall.  

 It is important to note that these injury rate estimates are very sensitive to the case definition of an 

“injury.” For example, the studies cited above all used some variation on a definition that required “restriction 

of the…athlete’s participation for one or more days beyond the day of injury” (20). A 2-year prospective 

study of 210 team- and 4,092 player-seasons from 13 youth leagues across 6 states that captured all injuries 

regardless of time loss found an overall injury rate of 10.3 per 1,000 AEs – nearly triple the values outlined 

above (21)! The majority of studies for youth and other levels of football seem to use the more restrictive 

definition, but it’s always important when interpreting a study and putting it in the context of other research 

to understand the exact case definition that was used. 

 Over the last 40 years or so there have been a host of other local or state-level studies on high school 

football injuries, but none of these provides the nationally-representative data available from NEISS-AIP or 

RIO and so they will only be reviewed briefly. The North Carolina High School Athletic Injury Study, a 

prospective cohort, followed 3,323 high school football players from 1996-99 (22). It found an overall injury 

rate of 3.54 per 1,000 AEs (95% CI: 3.31-3.78), which is slightly lower than the estimates from RIO; 52% of 

injuries occurred while tackling or blocking, and 59% occurred on running plays (22). The injury rate was 9x 

higher for games versus practices (15.7 vs. 1.7 per 1,000 AEs) (22). A study of 717 high school football 

players in Oklahoma City found injury rates of 3.20 (95% CI: 2.7-3.8) per 1,000 AEs overall (1.31 (0.9-1.7) in 

practices and 13.12 (10.4-16.0) in games) (23). There were 132 injuries; 62% of injuries were to the lower 

body, primarily the ankle and knee; 9% were shoulder injuries; 6% were concussions; 54% of injuries were 
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sprains or strains; 36% were non-contact; 60% occurred during a game; and 58% resulted in >= 1 game 

missed (10% >= 3 games) (23). In a study by the same group of 646 Oklahoma City middle school students 

found rates of 0.94 per 1,000 AEs for practices and 8.84 for games, a similar ratio but both lower than in high 

school (24). The distribution of 64 injuries was mostly similar, with a few notable exceptions: no concussions; 

only 39% of injuries to the lower body; and 30% of injuries to the hand/finger/wrist (24). A 1983 study of 

1,877 injuries treated at the University of Alabama-Birmingham (UAB) from 1976-79 found sprains (32%) 

and bruises (25%) were the most common injuries, with concussions comprising only 1%; the majority of 

injuries (70%) were to offensive players, and roughly 2/3 occurred during practices (25). Among 100 Texas 

high schools in 1989 covering 4,399 varsity football players, there were 2,228 injuries (most commonly knee 

and ankle injuries) and a calculated incidence rate of 0.003 injuries per student-hour of athletic exposure (26), 

which is not out of line with the RIO data. Among 20 Atlanta-area high schools, researchers found higher 

injury rates (79.9 per 10,000 AEs) among schools with <1,600 students vs. larger schools (46.6 per 10,000 

AEs); these rates are both somewhat above the national estimates from RIO of 38.7 injuries per 10,000 AEs 

(27). Among 678 9-14 year olds in central Michigan on 33 football teams in 2000 and 2001, there were 259 

injuries; about 2/3 were in practice, 64% were classified as “mild,” and both practice and game injuries 

increased with rising grade level (28). In 87 California high schools in the 2001 and 2002 seasons, there were 

9.3 injuries per 10,000 “player-hours” (no further definition was given) and 8.4 per 100 “session-hours” 

during a game or practice (29); assuming 3 player-hours per AE, these figures are somewhat lower than the 

national RIO estimates (0.93x3 = 2.79 vs. 3.87 per 1,000 AEs) (20, 29), but it’s difficult to make any confident 

comparison without more details on the calculation of the denominators in this study. In addition, this study 

found higher injury rates during games and higher rates for mobile offensive and defensive backfielders vs. 

more static linemen (29). There were also other similar studies in Oklahoma in 1978 (30) and South Carolina 

in 1982 (31). 

B. General Football Injury Studies – College 

1. NCAA ISS Data 

 The literature on general college football injury is more robust than that for either high school or 

professional players. This may be due in part to the NCAA’s robust Injury Surveillance System (NCAA ISS), 

which has been around since 1982 and has been used for a number of research studies (32). In all studies 

using the ISS, an athletic-exposure (AE) is defined as 1 student athlete participating in a practice or 

competition in which they were exposed to injury; an “injury” was defined as an event that “(1) occurred as a 

result of participation in an organized intercollegiate practice or competition and (2) required medical 

attention by a team certified athletic trainer or physician and (3) resulted in restriction of the student-athlete's 

participation or performance for 1 or more calendar days beyond the day of injury” (32). Time loss and return 

to play (RTP) estimates were based off the time it took the player to return to a level allowing competition 

participation (32).  
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Data are entered from selected institutions by ATCs. Unfortunately, participation in the NCAA ISS 

is voluntary, so these are not nationally-representative data. Participating schools were selected by the 

following process: each year, a letter is sent to the institution’s head ATC asking him/her to choose 1 primary 

and any number of secondary sports to report data for in each of the fall, spring, and summer seasons; all 

primary requests are chosen for the NCAA ISS and secondary requests are accepted until 15% of schools 

with a given sports program are accounted for; athletic trainers are given detailed instructions and data 

reporting forms (or, now, web-based log-ins (33)) and asked to provide data on injuries as they occurred and 

exposures (practices, competitions, participants) weekly from the first day of the preseason (including 15-day 

spring practices for football) to the end of any relevant postseason; ATCs responsible for each sport were 

give a “small monetary stipend” if their data were of sufficient quality to make it into the national data (32). 

No individually-identifiable information – only an institutional identifier – is included in the forms sent to the 

NCAA ISS, so injuries cannot be tracked longitudinally across players (32). Despite the limitations imposed 

by voluntary participation and anonymized data, these studies provide our best known estimates of injury 

risks and rates in college football and are outlined in the table below: 
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Table 1.1. College football injury studies using the NCAA ISS. 1 

Study Population Injury 

Risk/Rate 

Estimates 

Dimensions of Variation Other Notes 

Shankar et al, J 

Athl Train, 2007 

(7) 

2005-06 academic year 

55/68 schools who volunteered to provide 

data that actually provided data for >90% of 

expected competitions and activity weeks 

(e.g. practices, spring camps); 27 (11%) from 

DI, 7 (5%) from DII, 21 (9%) from DIII 

programs; 621 varsity NCAA football 

programs exist overall 

3,459 injuries (1,330 in competition; 2,129 in 

practice) 

8.61/1,000 AEs 

overall 

5.77/1,000 AEs 

practice 

40.23/1,000 AEs 

competition 

Game vs. Practice: 61.5% of injuries 

in practice, but competition rate 7x 

higher 

Injury Type, Competition/Practice: 

39%/25% sprain, 34%/25% strain, 

19%/10% contusion, 7%/7% 

concussion, 5%/4% fracture, 

16%/29% unknown 

Injury Location: Lower 

leg/ankle/foot (20.5%), Hip/thigh 

(17.3%), Knee (16.4%), Shoulder 

(13.2%), Torso/spine/neck (10.6%) 

RTP: ~50% in 1-6 days, ~40% in >= 

7 days, ~7.5% season/career ending, 

2% unknown  

Injury Mechanism, 

Competition/Practice: 75%/41% 

contact with player, 8%/7% contact 

with field, 16%/35% non-contact or 

overuse; 56%/47% tackling, 

35%/38% blocking, 9%/11% 

fallen/stepped on 

Play Type, Competition/Practice: 

42%/26% running, 29%/25% 

passing, 12%/4% punt or kickoff, 

0%/6% conditioning, 15%/26% 

“general play”, 1%/3% unknown 

Overall rates roughly 

double those for HS 

football (competition 

3x higher) 
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Position (Competition Only): 47% 

offense, 43% defense, 9% ST; 14% 

OL, 12% RB, 12% WR, 5% QB, 4% 

TE; 16% DL, 14% DB, 13% LB 

Dick et al, J Athl 

Train, 2007 (34) 

1988-89 through 2003-04 academic years 

19% and 18%, on average, of schools with 

football programs provided data in fall and 

spring each year; somewhat more DIII than 

DI or DII schools participated 

30,797 game, 42,355 fall practice, and 10,943 

spring practice injuries 

17,911 games, 128,395 practices 

Overall: 

35.9/1,000 AEs 

game, 3.80/1,000 

AEs fall practice, 

9.62/1,000 AEs 

spring practice 

(~5.0,1,000 AEs 

overall practice) 

2003-04: 

32.4/1,000 AEs 

game; 4.1/1,000 

AEs fall practice; 

7.9/1,000 AEs 

spring practice 

Game rate 

generally varied 

32-34/1,000 AEs, 

spring practice 

dropped from 9-

10 to around 

8/1000 AEs over 

time 

Game vs. Practice: 66.2% of injuries 

in practice, but competition rate ~7x 

higher 

Injury Location, Game/Fall/Spring: 

55/51/56% lower extremity, 

23/20/23% upper extremity, 

12/10/10% head/neck, 10/13/12% 

trunk 

Most Common Injuries: Knee 

internal derangement, ankle sprain, 

upper leg strain, concussion 

(~45/38% of all injuries in 

games/fall practices; full details in 

Table 6) 

Injury Mechanism, 

Game/Fall/Spring: 78/57/59% 

player contact; 5/5/6% other 

contact; 9/29/22% non-contact; 

8/10/3% unknown 

RTP: 27/25/34% required 10+ days 

to return 

Position (weighted by avg. # players): 

20% RB, 18% QB, 16% LB, 14% 

WR, 12% DB, 11% DL, 10% OL 

(wgt=6); (no TE category); 

concussions even more 

disproportionately common for QB 

Much more detail for 

knee and shoulder 

injuries not extracted 

here because they 

pertain to specific 

injuries rather than a 

general overview 



10 
 

Kerr et al, 

MMWR, 2015 

(33) 

2009-10 to 2013-14 academic years 

25 NCAA championship sports 

National estimates generated using inverse 

selection probabilities stratified by sport, 

division, and academic year; then “adjusted 

for potential underreporting” 

8,680 injuries in men’s football 

899,321 AEs in men’s football 

9.2 (95% CI 9.0-

9.4) per 1,000 

AEs overall 

39.9 per 1,000 

AEs competition 

5.8 per 1,000 AEs 

practice 

 

Game vs. Practice: 57.7% of injuries 

in practice, but competition rate ~7x 

higher (highest of any sport in study) 

RTP: ~28/22% of game/practice 

injuries required >= 7 days to return 

to full participation 

4th highest overall 

injury rate after men’s 

wrestling (13.1), 

women’s gymnastics 

(10.4), men’s ice 

hockey (9.5) 

Football had highest # 

injuries overall due to 

more participants 

Hootman et al, J 

Athl Train, 2007 

(35) 

1988-89 through 2003-04 academic years 

 

35.9/1,000 AEs 

game, 3.8/1,000 

AEs fall practice, 

9.6/1,000 AEs 

spring practice 

(same data as 

Dick et al 2007) 

- Ankle sprains: 0.83 

(fall) and 1.34 (spring) 

per 1,000 AEs 

ACLs: 0.18 and 0.33 

per 1,000 AEs 

Concussions: 0.37 and 

0.54 per 1,000 AEs 
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Summarizing the table above, we find fairly consistent estimates for overall injury rates in college football: 

approximately 8.6-9.2 injuries per 1,000 AEs during overall, approximately 40 injuries per 1,000 AEs during 

games, and approximately 5.8 per 1,000 AEs during practices (with substantially higher AEs in the spring 

than fall, 9.6 vs. 3.8 injuries per 1,000 AEs, although this could be explained by other factors as expanded 

upon below). Game injury rates were consistently about 7 times higher than practice rates, though practices 

accounted for 58-67% of injuries overall.  In terms of RTP, comparisons are a bit more difficult due to the 

use of different return time cutpoints and how season/career-ending injuries were treated, but it appears 

either around 30% (33, 34) or almost 50% (7) of injuries kept players out at least a week. The most common 

injuries, generally speaking, are to the lower extremities, with knee and ankle injuries particularly common; 

however, exact percentages are very sensitive to the specific categorizations chosen by a research group, 

making direct comparisons difficult. After weighting according to the number of players typically at each 

position, the two studies including positional breakdowns roughly agree that defenders account for a lower 

proportion of injuries than offensive players (approximately 38-43% vs. 47-51% after accounting for 9% of 

injuries to ST players), as well as that injuries are roughly evenly spread across defenders. On the offense, 

OLs appeared to be a bit less likely to be injured than other positions, with RBs and WRs (more mobile 

positions) a bit higher. After weighting, the two studies also roughly agreed on the proportion of injuries to 

QBs. 

2. Big 10 Conference ISS (B10 ISS) Data 

There is one other noteworthy general injury study that did not use the NCAA ISS. In the 2004 issue of 

AJSM, Albright et al used data from the Big 10 Conference’s own ISS (B10 ISS) (4). The Big 10 data are 

different than those reported to the NCAA ISS. The study’s overarching goal was to analyze the difference in 

injury rates between fall and spring practices – spring demonstrating higher rates – and assess whether new 

NCAA spring practice restrictions issued before the 1998 season reduced that disparity. The authors 

conducted two separate analyses: the first used data from the 1992-93 through 1996-97 academic years, and 

the second the 1998-99 to 2000-01 academic years. In both cases the data were provided by ATCs and 

included a full roster, daily logs of practices and games, and “all reportable injuries” (defined differently from 

the NCAA ISS: “evidence of tissue damage, as determined by the clinical signs of erythema, warmth, 

tenderness, swelling, or abnormal laxity, and the inability of the player to return to practice that day” plus all 

concussions, fractures, and dental injuries) (4). Team-seasons were only included if they had data for the fall 

and spring. In the first analysis, 44/55 (80%) team-seasons were included. This analysis found injury rates of 

19.8 per 1,000 AEs in spring practices and 10.6 per 1,000 AEs for fall practices (4); these figures are, notably, 

about twice as high as the same estimates from the NCAA ISS (33), though the B10 ISS only includes 

Division I (higher-level) schools with stronger competition and better players, which could explain at least 
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part of this difference. The researchers then stratified practice intensity into contact (“routine weekday 

practice and may include periods of full-contact scrimmage”, but has restrictions such as no “piling on”), 

limited contact (“contact but at a lesser degree of intensity and/or duration than is normal for the team” 

including no contact), and scrimmages (game-like conditions) (4). They found injury rates of 14.5, 5.8, and 5.7 

per 1,000 AEs, meaning, interestingly, injury rates for the mid-level contact practices were higher than either 

limited-contact practices or scrimmages (4). 

 In their second analysis, the group used similar data from 1998-99 through 2000-01, but with two 

added data elements: position and string. Positions were defined as “line” (OL and DL), “skill” (WR, RB, 

DB), “linebacker/tight end” (LB and TE), and “special teams” (ST); quarterbacks seemed to be excluded (4). 

“String” was defined fairly typically as “starters”, “substitutes”, and “non-players,” though it was not explicitly 

stated who assigned these designations and whether they could change over the course of the year. In these 

later years, all 33/33 possible team seasons were reported (100%). Furthermore, the NCAA had instituted 

rules to curb the intensity of spring practices in an effort to prevent injuries. Fall injury rates dropped from 

10.6 to 5.2 per 1,000 AEs, while spring rates dropped proportionally less from 19.8 to 16.4 per 1,000 AEs (4); 

these rates are still about 50% above the corresponding NCAA ISS rates (34). The injury rates were 7.4, 8.3, 

and 19.5 per 1,000 AEs for contact, limited contact, and scrimmage practices, respectively; this makes more 

sense intuitively but stands in contrast to the data reported for the earlier period (4). The data for this time 

period is also broken down by injury type but uses different categories than the earlier years, making 

comparisons difficult.  

The analyses also revealed that 66% of fall and 60% of spring injuries resulted in 0-7 days lost (4), which 

is in line with the NCAA ISS data. Leg injuries, especially ankle and knee injuries, were the most common 

practice injuries, followed by shoulder/arm and head/neck/scalp, with injury rate estimates per 1,000 AEs 

for each of these injuries for both fall and spring practices (though we will not get into those details here) (4). 

Once again, these data are also in line with analyses of the NCAA ISS. When broken down by practice type, 

in the older years scrimmages had the lowest injury rates, while in 1998-99 to 2000-01 they were highest (4). I 

am not sure what explains that, but perhaps it is also the result of eliminating selection bias in the later years. 

Finally, non-players had higher injury rates (18.6 and 6.3 per 1,000 AEs in the spring and fall, respectively) 

than starters (15.9 and 4.9) and substitutes (14.9 and 4.3) (4); this finding, however, could be easily explained 

by confounding by “injury-proneness” (i.e. players who get hurt easily – or are hurt – are more likely to be 

classified as non-players; this could be considered a type of confounding by indication and presents a separate 

difficult methodological challenge).  

3. Other College Data 

There are several other papers that used more limited datasets that merit a briefer discussion. The most 

important of these is the 2007 study by Brophy et al that analyzed data from the NFL combine – an invite-
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only workout and medical examination event for elite college football players with a shot at playing in the 

NFL. They analyzed the medical records from the New York Giants for combine players from 1987-2000 

(36). This yielded interesting data on the combined toll of injuries by the time pro-caliber players complete 

their college careers: among 5,047 records, there were an average of 2.45 musculoskeletal diagnoses and 0.53 

procedures per player (36) – these figures could be considered prevalences if we permanently assign a 

diagnosis or procedure to an individual (i.e. no recovery). The most common diagnoses were ankle sprains 

(0.29 per player), “burners” (nerve injuries) (0.17), wrist/hand non-fractures (0.17), medial collateral ligament 

(MCL) knee injuries (0.16), and AC joint shoulder injuries (0.16). The most common procedures were 

menisectomy in the knee (0.10), knee arthroscopy (0.08), ACL reconstruction (0.06), and shoulder 

stabilization (0.05) (36). Overall, 284 (5.63%) of players were given a “reject” grade by the Giants medical 

staff at the combine; this varied from 0.62% of kickers to, interestingly, 7.71% of OLs despite their generally 

lower injury rates (7, 34) and middle-of-the-pack diagnosis and procedure prevalences (36). Perhaps there is a 

higher medical threshold for these players at the combine. 

Three other papers merit a brief mention. In a 1979 study of data collected during the 1976 season for 5 

college teams that compared injury rates for 12 drills plus practice games, agility drills had the lowest rates (1 

injury per 47,138 minutes of exposure) while practice games had the highest (1 per 1,009 minutes) (37). This 

seems in line with NCAA ISS data. In a 2016 study that looked at 3 seasons of football and club rugby at 

Ohio State University, overall football injury rates were 4.9 per 1,000 AEs (38), substantially below the 

NCAA ISS data and national estimates; game and practice-specific injury rates were commensurately lower. 

The authors did find, however, a similar IDR for games vs. practices (6.5, 95% CI 4.5-9.3) (38). They also 

found that most injuries occurred during player contact and that knee, ankle, and head injuries were some of 

the most frequent (38), which is consistent with the NCAA ISS. Finally, a 2013 article by Iguchi et al reviewed 

data on the college football team at Doshisha University in Kyoto, Japan from 2007-2009, and found game 

and practice injury rates of 32.7 per 1,000 AEs and 10.9 per 1,000 AEs, respectively (39). The practice rates 

are higher than the NCAA ISS, while the game rate is somewhat lower – there are likely many differences 

between Japanese and U.S. college football players and systems to explain this, though. 

4. Synthesis 

The best descriptive data on college football injuries comes from the NCAA ISS, although these data 

cannot be taken as nationally-representative due to the voluntary nature of reporting. Several studies found 

consistent estimates for overall injury rates in college football: approximately 8.6-9.2 injuries per 1,000 AEs 

overall, approximately 40 injuries per 1,000 AEs during games, and approximately 5.8 per 1,000 AEs during 

practices (with substantially higher rates in the spring than fall – 9.6 vs. 3.8 injuries per 1,000 AEs – although 

this could be explained by other factors) (7, 33, 34). Game injury rates were consistently about 7 times higher 

than practice rates, though practices accounted for 58-67% of injuries overall because of their greater 
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frequency.  Return to play (RTP) estimates are more variable, partly due to the use of different cutpoints for 

return categories; either around 30% (33, 34) or almost 50% (7) of injuries kept players out at least a week. 

The most common injuries are to the lower extremities, with knee and ankle injuries particularly common; 

however, exact percentages are very sensitive to the specific categorizations chosen by a research group. After 

weighting for the number of players typically at each position, the two studies including positional 

breakdowns roughly agree that defenders account for a lower proportion of injuries than offensive players 

(approximately 38-43% vs. 47-51% after accounting for 9% of injuries to ST players), as well as that injuries 

are roughly evenly spread across defenders. On the offense, OLs appeared to be a bit less likely to be injured 

than other positions, with RBs and WRs (more mobile positions) a bit higher. A number of other smaller-

scale studies have provided data consistent with these estimates. Lastly, an analysis of college players at the 

NFL Combine provides injury prevalence estimates for these elite players after a full college career: an 

average of 2.45 musculoskeletal diagnoses and 0.53 procedures per player, with the most common being 

ankle sprains (0.29 per player), “burners” (nerve injuries) (0.17), wrist/hand non-fractures (0.17), medial 

collateral ligament (MCL) knee injuries (0.16), and AC joint shoulder injuries (0.16) (36). 

C. General Football Injury Studies – NFL 

1. NFL Injury Surveillance System (NFL ISS) 

Although the NFL has had its own Injury Surveillance System (NFL ISS) since 1980 (40, 41), it has not 

been used for broad-based investigations into injury risks and rates. Most studies using these data are focused 

on specific types of injuries such as ulnar collateral ligament (UCL) injuries or triceps tendon tears (42-48). 

Broad-based, general descriptive injury epidemiology and surveillance results from the NFL ISS are lacking. 

The reasons for that are unclear but may involve data access and research approval issues. In the absence of 

access to NFL ISS data, an alternative source of data is the official NFL injury reports. 

One recent report from Harvard Law School counted overall injuries in the NFL ISS. In 2014-15 (the 

most recent 2 years available for all injuries) there were 3,553 injuries in regular season games and 737 in 

regular season practices (82.8% of injuries occurred during games) (41). Assuming 92 athlete exposures per 

game (46-man game-day roster x 2) and 256 games per regular season, this translates to 3,553/(256 x 2 x 92) x 

1,000 = 75.4 injuries per 1,000 AEs in games. There were 737 injuries in regular season practices over the 

same time period (41). If we assume 4 practices per week, 61 athlete exposures per practice (53-man active 

roster + 8-man practice squad), 32 teams, 17 weeks, and 2 seasons, this translates to 737/(61 x 32 x 17 x 4 x 

2) = 2.8 injuries per 1,000 AEs in regular season practices. The combined game and practice regular season 

injury rate would then be 13.7 per 1,000 AEs. The report only provides data on one specific injury: 

concussions, and only for regular season games (practices are reported as combined pre- and regular season). 

The regular season game rate for concussions, using similar calculations to the above, was 350/(256 x 2 x 92) 

x 1,000 = 7.4 per 1,000 AEs in 2015-16 (the most recent two years available). This translates to ~0.68 
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concussions per game. Although it provides benchmarks for overall injury rates, the report did not stratify by 

any factors that may affect injuries. 

These numbers can be compared with the results of another NFL ISS-based study, which reported 

20,639 and 3,479 injuries in regular season games and practices, respectively, over 15 seasons (49). 85.6% of 

injuries occurred in games, similar to the 82.8% from the Harvard study. Using the same method we used 

above we can also estimate injury rates from these counts. For games: 20,639/(256 x 15 x 92) x 1,000 = 58.4 

injuries per 1,000 AEs (vs. 75.4 from 2014-15 in the Harvard study (41)). For practices: 3,479/(61 x 32 x 17 x 

4 x 15)  x 1,000 = 1.7 injuries per 1,000 AEs (vs. 2.8 in the Harvard study (41)). These numbers are lower 

than the estimates from the Harvard study (41), which isn’t surprising as the number of injuries recorded is 

known to have risen over time. Unfortunately, because of the different time periods we cannot make a direct 

comparison. The Harvard study should be considered the gold standard because it provides data that can be 

limited to more recent years. 

One other general epidemiology study used the NFL ISS to ascertain all injuries from 1988-2008, 

although the analysis focused on kicking positions (placekickers and punters) (50). The NFL ISS defined an 

injury as “significant and reportable if it resulted in premature cessation of at least 1 practice, game, or 

training event….football injuries that were treated in a delayed fashion, even if not associated with premature 

cessation of play, were also reported” (50). Data were entered by each team’s senior ATC and updated daily 

with treatment and practice and competition limitations until the player fully returned from that injury (50). 

Injuries during team-sanctioned activities in the preseason (including organized team activities (OTAs) in the 

spring and training camp), regular season, and post-season were included. Injury rates were calculated using 

AEs as a denominator, with 1 AE being a single game or practice for one player. Over the 20-year study 

period, there were 488 injuries (24 per year) and 264 kickers on NFL rosters (50). Unsurprisingly, 4 of the top 

5 injuries were in the leg/pelvis area:  adductor strains (54), hamstring strains (50), quadriceps strains (30), and 

lumbosacral sprains/strains (29). These injuries resulted in a mean of about 1.5-5.0 weeks lost, but the ranges 

indicate the data were heavily left-skewed (50). Concussions were the third most common injury (31), but 

they resulted in a mean of only 3 days lost (50). Overall, 72% of injuries were to the lower extremities and a 

further 17% to the head/neck/spine (50). 49% of injuries were to muscles and tendons, and 17% to 

ligaments. 62% of injuries occurred during games, with the game injury rate over 9x higher than the practice 

rate (17.7 vs. 1.91 injuries per 1,000 AEs) (50). 32% of injuries were caused by contact (54% non-contact and 

14% unknown), but this figure was 46% during games (beating out non-contact injuries at 43%); 42% of 

injuries overall occurred during kicking, with others occurring while tackling, blocking, or in other situations 

(50). Punters and placekickers exhibited similar injury profiles. This study provides a great example of the 

kind of descriptive epidemiology that the NFL ISS is capable of providing, but its utility is limited by being 

restricted to placekickers and punters.  
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2. NFL Injury Report Data 

As noted above, in the absence of NFL ISS data, the best source the public is left with are the NFL’s 

official injury reports. These are League-mandated public reports that all 32 teams put out each week of “any 

player hampered by an injury (17).” In concert with the injured/reserve (IR) and physically unable to perform 

(PUP) lists for longer-term injuries (>=6 weeks away from practice and >=8 away from games) (51), these 

reports provide a list of all NFL players suffering the effects of an injury at any given time. The reports have 

several limitations. First, the definition of “injury” is somewhat unclear. Second, the reported data are limited 

to player name, position, team, practice status (full/limited/no participation), the likelihood of playing in the 

team’s next game (probable, questionable, doubtful, out), and injury location (e.g. ankle, knee, arm, illness) 

(17). However, there is no universal structured nomenclature of injury location and teams vary in the level of 

detail they provide. Third, information on specifics of the injury, the player’s injury history, injury severity, or 

when or how the injury occurred (game vs. practice) is not available (17) though sometimes additional details 

can be garnered from interviews or other sources. Finally, there is substantial variability in how much 

information teams report, which may allow them to manipulate who exactly appears on an injury report and 

how much information is revealed about a given injury (3, 17, 52). A more thorough discussion of the 

limitations of the NFL’s injury report appears below in Chapter 2. Even with all of these limitations, however, 

the injury report remains the best available public injury information available by a wide margin. 

Lawrence and colleagues presented a comprehensive analysis of these data in their 2015 article published 

in the Orthopedic Journal of Sports Medicine (17). The authors prospectively collected weekly injury report data for 

the 2012-13 and 2013-14 regular seasons (presumably excluding injuries sustained during training camp, 

preseason, or the postseason) (17). They defined an “injury” as any event  in an official injury report (53). 

They counted new injuries as any entry that did not appear the previous week (17). As they did not know 

exactly when an injury occurred (a player appearing on the week 7 injury report could have been hurt in the 

game in week 6 or the practices between weeks 6 and 7), they assumed that every injury occurred in the prior 

game (17). This was based on other NFL studies that showed a substantial majority (>80%) of injuries 

occurring in games rather than practices, though these (41, 47, 54, 55) run counter to the data from college 

and high school football (7) that shows a majority of injuries during practices. They calculated “injury rates” 

using three different denominators: 1.) team-games (TG, 2 TGs per game played), 2.) team-game positions 

(TGP, TG x the typical number of positions [overall or of a given type] in a game, and 3.) athletes at risk 

(AAR, TG x 11 players on the field at any given time) (17). The first two could reasonably be called injury 

rates with “game” or “game-position” as measures of time. The interpretation of these measures is not 

straightforward, though; both measures could be interpreted as rates for recurrent diseases with an 

instantaneous recovery time, since injured players are always immediately replaced by someone else at the 

same position. The third denominator (AAR), as defined in this study, is redundant at best (it is defined in the 

article’s Table 1 to be the TG measure divided by 11 (17)) and difficult to interpret at worst. Because of its 
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redundancy and lack of value as an individual player risk (it assumes the same player is at risk the entire game, 

and different players have vastly different levels of exposure when they’re at risk for injury during games and 

practices), I will not use any of the AAR measures in this review. The study did not use AEs as a denominator 

in any analysis.  

The study ultimately included 984 TGs, 961 (97.7%) of which had at least one injury; there were 4,284 

injuries in 1,172 players (3.7 injuries per player injured), translating to 4.35 injuries per TG or 8.71 injuries per 

game overall (17). If we make an assumption of 46 athlete-exposures – the size of the active game-day NFL 

roster – per TG, this would translate to a game injury rate of 4,284 injuries/(984 TGs x 46 athletes per TG x 

82.8% of injuries in games) (41) = 78.4 injuries per 1,000 AEs, much higher than that for college and similar 

to what was found in the Harvard NFL ISS study (41). If we factor in 4 additional practices per week with the 

61 athletes per practice (53-man active roster + 8-man practice squad), we would get 4,284 injuries in 984 x 

46 game AEs + 4 x 61 x 984 practice AEs = 15.0 injuries per 1,000 AEs overall. This is about 50% above our 

best estimates for the college football injury rate (7, 33, 34) and is comparable with what a research team 

analyzing New York Giants training camp data reported (17.3 per 1,000 AEs overall) as well as the Harvard 

Law School study (13.7 per 1,000 AEs) (3). It may still be an overestimate from back-of-the-envelope 

calculations, however, especially since training camp injury rates may be higher than those for the regular 

season due to survivor bias. 

 The fact that the calculated game and overall injury rates are similar between studies based on public 

injury report data and the NFL ISS (17, 41) might give us more confidence in using the public data despite its 

known limitations. However, a closer reading of the numbers raises some eyebrows: the public injury reports 

counted 4,284 regular season injuries from 2012-13 through 2013-14, but the NFL ISS over this same time 

counted just 3,406 (17, 41). This difference is in the opposite direction of what would be expected if the NFL 

ISS were more thorough. Lawrence et al defined a new injury as any injury that was not present the previous 

week (they did not specify if or how they accounted for byes) (17); this may have led to over-counting of 

recurrent injuries as new injuries, which might explain some (but not nearly all) of the difference. Another 

difference might be in whether players who were on IR the entire season counted in either of these studies.  

61.9% of injuries were to lower extremities, with knee (17.8%) and ankle (12.4%) injuries most common; 

18.0% were to upper extremities, with the majority being shoulder injuries (8.4%); 10.2% were head and neck 

and 7.8% were “axial” injuries (back, ribs, abdomen, other) (17). After accounting for the number of players 

at each position, WRs (30.28 (95% CI: 27.90-32.82) injuries per 100 TGP), TEs (27.44 (24.26-30.91)), and 

DBs (23.60 (22.11-25.17)) had the highest injury rates, while QBs (12.09 (10.02-14.47)) and kickers/punters 

(4.88 (3.60-6.47)) had the lowest. Although I have concerns (as outlined above) about the appropriateness, 

calculation and interpretation of the TGP and AAR measures, this study provides invaluable raw data on the 
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number of injuries suffered and players injured over the course of two NFL seasons, as well as how those 

injuries break down by position and injury location. The descriptive injury location data from the study’s 

Figure 1 is particularly useful. Also, even if the TGP measures are difficult to interpret in isolation, in 

comparison to each other they show us that positions experiencing common high-velocity contact (WRs, 

TEs, DBs) are more subject to injury than those who aren’t (QBs, kickers, punters). 

A later extension of this study stratified data on the most common injuries by a range of game-level 

variables (56). Concussions appeared somewhat more frequent in away games and colder temperatures. Knee 

injuries were somewhat more common in higher temperatures. Ankle injuries were more common in lower 

temperatures but less common with 3+-hour time zone changes. Hamstring injuries were progressively less 

frequent as the season drags on; more common with less rest; less common at away games; and somewhat 

less frequent in colder games. Shoulder injuries were less common with 3+-hour time zone changes and more 

common on grass than artificial turf. 

3. Single Team Data 

In addition to the NFL ISS, more detailed injury data than that available to the public is also held by 

individual NFL teams. Teams are often reticent to disclose this information due to the competitive advantage 

it provides, but clinicians and researchers who work for these teams have sometimes managed to secure 

access to it for academic research purposes. One group working with the New York Giants has been 

particularly productive (3, 36, 57, 58).  

Brophy et al (2007) analyzed injury prevalence for players assessed by the New York Giants at NFL 

combine from 1987-2000 was already discussed above in the NCAA section (36). The data included medical 

grades (A+ to F) given by the Giants’ medical staff; an A+ was no injury history, an A was a minor injury 

treated successfully without surgery, a B was multiple injuries or a successful surgery, a D was a player with an 

injury likely to recur, and an F meant to reject adding to the player to the team because of injury concerns 

(36). Overall, 70.1% of players received an A or B and 5.6% received an F/reject grade (36). Brophy devised 

and executed a process to code and categorize all diagnosis and procedure information by himself to reduce 

misclassification. Among 5,047 players evaluated at the Combine, there were an average of 2.45 

musculoskeletal diagnoses and 0.53 procedures per player (36) – these figures could be considered 

prevalences if we permanently assign a diagnosis or procedure to an individual (i.e. no recovery). The most 

common diagnoses were ankle sprains (0.29 per player), “burners” (nerve injuries) (0.17), wrist/hand non-

fractures (0.17), medial collateral ligament (MCL) knee injuries (0.16), and AC joint shoulder injuries (0.16). 

The most common procedures were menisectomy in the knee (0.10), knee arthroscopy (0.08), ACL 

reconstruction (0.06), and shoulder stabilization (0.05) (36). Overall, 284 (5.63%) of players were given a 

F/reject grade by the Giants medical staff at the combine; this varied from 0.62% of kickers to, interestingly, 

7.71% of OLs despite their generally lower injury rates (3, 7, 34) and middle-of-the-pack diagnosis and 
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procedure prevalences (36). Only about 60% of these players went on the play in the NFL, though, so these 

prevalences are probably not indicative of these measures in the NFL. 

Feeley et al also used New York Giants data collected prospectively during training camps from 1998 to 

2007 to assess injury rates in the run-up to the regular season. An injury was defined as “an event that 

occurred as a result of participation in an organized practice or game, required medical attention by an athletic 

trainer or physician, and resulted in restriction of the athlete’s participation for at least 1 day beyond the day 

of injury”(3). All injuries were diagnosed and classified by one of the paper’s authors using a unique 

categorization system. Players who joined any time during training camp were included, leading to an open 

cohort where players had differing degrees of exposure (3), necessitating the calculation of rates with AE 

denominators. Players with any injury at the start of training camp or who were missing any data were 

excluded (3); this restricts generalizability to only healthy players and is arguably inappropriate because, for 

example, a player with a nagging ankle sprain wouldn’t be considered “at risk” for a shoulder labrum tear. It is 

unclear if players were eligible for multiple injuries (but they should have been). Injury severity was measured 

as the number of days a player was out (unable to perform any team activities during practice) or limited (able 

to only perform individual drills). The number of AEs was estimated based on the “total number of athletes 

in camp at any time minus the number of athletes who were out and limited” (3); it is unclear whether this 

was calculated each day or based on the overall average. Risk ratios (RRs) were calculated (3), but if we 

considered injuries per AE to be an incidence rate, these would technically be IDRs. There were 728 injuries 

and 42,030 AEs during the study period, for an overall incidence rate of 17.3 per 1,000 AEs (3). The rate for 

preseason games was roughly 5x higher than for practices (64.7 vs 12.7 per 1,000 AEs). On average these 

injuries resulted in 6.4 days missed, with an even split between “out” and “limited” days (3) – though the 

mean is misleading because the days missed measure is likely heavily right skewed. Injury rates peaked in 

weeks 1 and 2 of training camp (21.2 and 28.1 per 1,000 AEs, respectively, vs. 11.5 in week 3 and 5.4 in week 

5); this is suggestive of an injury-prone group getting hurt (and possibly cut) early, with heartier players – who 

also may have been more likely to make the team in the first place – being present in greater numbers in later 

weeks (3). This survivor bias needs to be accounted for in any analysis of NFL injuries over the course of a 

season. Injuries were also more severe in weeks 1 and 2, though this may be confounded by the quality of the 

player that was getting hurt. The most common injuries were knee sprains (2.12 and 10.84 per 1,000 AEs in 

practices and games, respectively), hamstring strains (1.79 and 4.07), ankle sprains (1.10 and 6.78), and all 

contusions (0.92 and 12.47) (3). Although these are data are only for one team during training camp and 

preseason, it comprises the best comprehensive estimates we have from a single study for NFL injury rates 

broken out by type.  

The rates stratified by position do not make sense as they are all far lower than the overall rates, which 

may indicate a calculation error. That said, defensive players were slightly more likely to get hurt than 
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offensive players (2.2 vs. 2.0 injuries per 1,000 AEs). Consistent with other studies, highly mobile positions 

prone to violent collisions once again had the highest injury rates (TEs 2.7 per 1,000 AEs, WRs 2.3, DBs 2.6, 

LBs 2.3); the relatively-protected QBs (1.2) and punters/kickers (0.7) had the lowest rates (3).  

 In an earlier 1988 study, Nicholas et al reviewed the medical records of the New York Titans/Jets 

from 1960-1985 (59). The authors used the American Medical Association’s (AMA’s) Standard Nomenclature of 

Athletic Injuries to classify injuries (59). The study focused only on “significant” and “major” injuries causing 

athletes to miss >= 2 or 8 consecutive regular-season games (or by judgement of the team physician if the 

injury occurred in the latter part of the season), respectively; other injuries were outside the study’s scope (59). 

The analytic dataset only included injuries during regular season games, not practices. The study found, over 

373 games and 55,643 plays, 331 significant and 130 major injuries; these convert to 89 and 35 significant and 

major injuries per 100 games, respectively. If we were to translate these to the common denominator of 1,000 

AEs (player-games), assuming 22 AEs per game (a questionable assumption), we get 40.5 and 15.9 significant 

and major injuries per 1,000 AEs. This is somewhat below the game estimate of 64.7 per 1,000 AEs reported 

in the Feeley et al study (3). However, Feeley’s study included minor injuries and was performed only in 

preseason games, where injury rates might be expected to be higher due to survivor bias. If we define an 

exposure as a single play rather than a snap and make the assumption of 22 AEs per snap (a more solid 

assumption for snaps than for games, since a snap is a closed cohort while a game is not), then the rate 

becomes 0.27 significant and 0.11 injuries per 1,000 AEs. About 76% of significant injuries were to lower 

extremities, with 39% to the knee alone; these figures were 78% and 58% for major injuries (59). These 

figures are in line with those of other studies. 

4. Review of NFL Injury Studies 

In 2014, Makhni et al reviewed different dimensions of and patterns within the medical literature around 

the Big Four U.S. sports leagues – the NFL, National Basketball Association (NBA), Major League Baseball 

(MLB), and National Hockey League (NHL) (60).  Any original research article providing data from 

professional athletes on a medical topic (injury or otherwise) was included; articles were identified using 

“broad search terms” (e.g. for the NFL, “NFL”, “National Football League”, and “Professional football”) 

and searching of reference lists (60). The study identified 211 NFL injury studies, second only to MLB with 

216 and well ahead of the NBA (34) and NHL (75) (60). Only about half of NFL articles appeared in “sports-

focused” journals such as AJSM (60). Approximately half of all articles addressed orthopedic (e.g. injuries) 

and nonorthopedic (e.g. cardiovascular disease) outcomes (60) – the latter type are not included in the current 

review. Among 102 orthopedic articles addressing injuries at various sites, 28% focused on the knee or lower 

leg, 18% on the spine, and 16% on the shoulder or elbow; these numbers reflect the frequency and severity of 

injuries in the NFL (60). Among nonorthopedic studies, 30% focused on neurology and another 30% on 

cardiovascular disease, underscoring the medical concerns of players during and after their playing days (60). 
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Highlighting the growing importance of and interest in studying NFL injuries, the number of studies has 

increased substantially from under 30 from 2000-2004 to almost 80 from 2010-2012; the 2010-2012 period 

also saw the NFL take the top spot in number of studies away from MLB by a nearly 2-to-1 margin (60).   

5. Synthesis 

There has been limited descriptive epidemiology done on injuries to NFL players, especially relative to 

the work that’s been done in NCAA and even high school football. The best all-injury, NFL-wide study we 

have come from the Harvard Law School report using the NFL’s ISS (41). From this report, which only gave 

injury counts, we can estimate regular season overall/game/practice injury rates to be 13.7/75.4/2.8 per 1,000 

AEs in 2014-15. Although it provides excellent benchmarks for overall injury rates, the report did not stratify 

by any factors that may affect injuries.  

These data are similar to a study of public injury report data over the two-year period 2012-13 (17, 56), 

from which we calculated injury rates of 15.0 per 1,000 AEs overall and 78.4 per 1,000 AEs in games (17). 

This study also showed that, consistent with high school and college data, the most common NFL injuries 

were knee, ankle, hamstring, and shoulder injuries, as well as concussions (3, 17). These League-wide studies, 

however, only looked at how injuries varied by position (17); and time within the season, rest, travel variables, 

altitude, and weather (56). They neglect some other dimensions of interest (e.g. calendar time, age) that we 

seek to address. Additionally, these studies counted about 25% more injuries than the NFL ISS study did, and 

the reason is unclear. 

Researchers accessing the New York Giants’ training camp data provide us with another data point for 

injury rates: 17.3 injuries per 1,000 AEs overall, 64.7 in preseason games and 12.7 in practices (3). The 

preseason game rate is lower than the regular season game rate, but the practice rates are much higher; these 

make sense as players tend to play less time each in preseason games while practices are more intense and 

survivor bias has yet to take hold. The Giants data also stratified by position but the rates must have been 

calculated incorrectly as they are all far lower than the overall rate. Additionally, all these data are only for the 

preseason and only for a single team – and, while this is a different time period, one that has ranked dead last 

each of the last three years in Footballoutsiders.com’s adjusted games lost (AGL) metric of how badly the 

team was damaged by injuries (61).  

Specific Aim 1 will attempt to fill in some of these large descriptive epidemiology gaps. 

 

D. Specific Football Injury Studies – NFL 
A number of NFL ISS-based studies examined data pertaining to specific injuries. We briefly review these 

studies in Table 3.2 below. The table is limited to NFL ISS studies that included a count or injury rate for 

their target injury type, as well as a small number of additional studies. Also included are injury estimates from 
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two general NFL injury studies using public injury reports from 2012-13 to 2013-14 (17) and a single team’s 

data from 1998-2007 (3) to allow comparisons with the NFL ISS analyses. To get injury-specific rates from 

the public injury report study, we take the percent of all injuries in each category and multiply by the rate for 

all injuries calculated using the methodology described elsewhere in this paper (15.0 per 1,000 AEs). To get 

injury-specific rates for the single team data, we take the number of each injury reported in that paper, divide 

it by the total AEs reported in the paper (42,030) and multiply by 1,000. 
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Table 1.2. Specific Injury Studies from the NFL Injury Surveillance System. 2 

General Injury Type Specific Injury 

Type 

Study Population Time Injury Risk/Rate 

Estimates 

Correlated Factors 

Knee: 

Injury reports – 2.7 per 

1,000 AEs 

 

Single team – 2.9 per 

1,000 AEs (knee sprains) 

ACL tears Bradley et al, 

Arthroscopy, 

2002 (62) 

NFL ISS; pre-season 

through post-season 

1994-

1998 

In 5 years, 209 ACL tears 

~2,100 knee injuries overall, 

~1,155 knee sprains 

Game vs. Practice: 142/209 in 

games 

Time (Month): most practice 

injuries in July, more game 

injuries in August before 

flattening across regular season 

Turf: proportions 

commensurate with 

proportions of practices and 

games that take place on each 

turf 

Position: RBs higher, QBs and 

TEs lower 

Play Type: 31.7% occur on ST 

plays, suggesting they are 

higher risk 

Carey et al, 

AJSM, 2006 

(63) 

Injury reports/game 

summaries/player 

profiles; RBs and 

WRs only 

1998-

2002 

33 injuries to 31 players  

~6 per year 

 

21% did not RTP 

“Power rating” dropped 

significantly post-injury vs. 

control players 

Eisenstein et al, 

Ortho J Sports 

Med, 2016 (64) 

Public 

websites/post-game 

summaries; pre-

season through post-

season 

2013-

2014 

92 injuries to 90 players  

46 per season 

More likely to RTP: in-season, 

non-ST play, round 1-3 draft 

pick (i.e. better players) 

Position: highest 2-season 

incidence in WRs (5.3%), DL 

(4.6%), LB (4.0%), OL (2.9%)  
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 Read et al, 

AJSM, 2017 

(65) 

Public injury reports, 

websites, newspapers 

Defensive players only 

2006-

2012 

39 injuries overall in 7 

seasons 

 

 Secrist et al, 

Orthop J Sports 

Med, 2016 (66) 

Public injury reports, 

websites, newspapers 

2010-

2013 

219 injuries in 4 seasons  

Knee Articular 

Cartilage 

Brophy et al, J 

Knee Surg, 2009 

(67) 

“League database” 1992-

2006 

118 cases  8 per season Position: ~ ½ of injuries in 

“linemen” 

Chrondral 

lesions with 

microfracture 

surgery 

Steadman et al, 

J Knee Surg, 

2003 (68) 

 1986-

1997 

25 surgeries overall in 12 

seasons 

 

LCL injury Bushnell et al, 

AJSM, 2010 

(69) 

NFL ISS 1994-

2004 

88 injuries  8 per season 

9 isolated LCL tears 

7/9 from direct blow to knee 

MCL sprain Hershman et al, 

AJSM, 2012 

(70) 

NFL ISS 

Game injuries only 

Grass and FieldTurf 

only 

2000-

2009 

0.16 per team-game  ~3.4 

per 1,000 AEs 

Turf: IDR 1.03 (0.88-1.21)  

ACL sprain Hershman et al, 

AJSM, 2012 

(70) 

NFL ISS 

Game injuries only 

Grass and FieldTurf 

only 

2000-

2009 

0.05 per team-game  ~1.0 

per 1,000 AEs 

Turf: IDR 1.67 (1.30-2.15) 

Knee sprains Hershman et al, 

AJSM, 2012 

(70) 

NFL ISS 

Game injuries only 

Grass and FieldTurf 

only 

2000-

2009 

0.285 per team-game  

~6.2 per 1,000 AEs 

Turf: IDR 1.22 (1.09-1.36) 



25 
 

Knee sprains Orchard et al, 

Med Sci Sports 

Exercise, 2003 

(48) 

NFL ISS 

Game injuries only 

1989-

1998 

5.5 knee sprains per team-

season; 3.9 “significant” 

(>7d lost) knee sprains; 3.2 

MCL, 0.9 ACLs per team-

season 

Turf: rates ~20% lower on 

grass vs. AstroTurf 

Temperature: rates ~20-30% 

lower for ACLs/sig knee 

sprains, no difference MCLs in 

cold temps (<70 vs. >70) on 

grass; rates ~20-30% lower in 

cold across the board on 

AstroTurf 

Precipitation: no big 

differences wet vs. dry overall 

Ankle: 

Injury reports – 1.9 per 

1,000 AEs 

 

Single team – 1.7 per 

1,000 AEs (sprains) 

Ankle sprain Hershman et al, 

AJSM, 2012 

(70) 

NFL ISS 

Game injuries only 

Grass and FieldTurf 

only 

2000-

2009 

0.28 per team-game  ~6.0 

per 1,000 AEs 

0.12 inversion, 0.14 eversion 

per team-game 

Turf: IDR 1.31 (1.12-1.54) for 

eversion sprains, 1.08 (0.91-

1.29) for inversion 

Ankle sprains Orchard et al, 

Med Sci Sports 

Exercise, 2003 

(48) 

NFL ISS 

Game injuries only 

1989-

1998 

5.1 knee sprains per team-

season; 2.6 “significant” 

(>7d lost) ankle sprains; 2.1 

inversion, 2.4 eversion per 

team-season 

Turf: rates ~20-30% lower on 

grass vs. AstroTurf, and worse 

in domes 

Temperature: fewer inversions, 

significant sprains in cold 

games on turf but not grass 

Precipitation: rates ~20-25% 

lower for wet vs. dry games, 

mostly in cold weather, on 

grass 

Foot: 

Injury reports – 0.6 per 

1,000 AEs 

 

Jones fracture Low et al, J Surg 

Orthop Adv, 

2004 (71) 

NFL ISS 1996-

2001 

17 injuries overall in 6 

seasons 

 

Lisfranc injuries McHale et al, 

AJSM, 2016 

(72)  

Injury reports/game 

summaries/player 

profiles 

2000-

2010 

33 injuries overall in 11 

seasons 

Position: even offense-defense 

split 
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Single team – 0.8 per 

1,000 AEs (sprains) 

Achilles: 

Injury reports – 0.1 per 

1,000 AEs 

 

Single team – 0.6 per 

1,000 AEs (strains) 

Achilles ruptures Krill et al, Phys 

Sportsmed, 2017 

(73)  

Public websites, 

newspapers; regular 

season through post-

season 

2009-

2016 

44 injuries overall in 8 

seasons 

Position: 72.7% to defensive 

players 

Time of Season: 72.7% in first 

8 games of regular season 

Turf: 1.00 per team-game on 

grass vs. 1.08 on turf 

Achilles ruptures Parekh et al, 

Foot Ankle Spec, 

2009 (74) 

Injury reports/game 

summaries/player 

profiles 

1997-

2002 

31 injuries overall in 6 

seasons, 29 players 

0.015% per player per game 

 0.15 per 1,000 AEs in 

games 

Games vs. Practices: 25/31 

(81%) in games 

Time of Game: 70% in first 

half 

Position: most common in 

DTs (vs. DE, OL, DB, LB, 

etc.) 

Time of Season: even spread 

Turf: no differences reported 

Weather: no differences 

reported, but data not clear 

Kidney: 

Unavailable 

Kidney Brophy et al, 

AJSM, 2008 

(75) 

NFL ISS 1986-

2004 

52 cases  2.7 per season 

Overall 0.012 per 1,000 AEs 

Games 0.055 per 1,000 AEs 

Practices 0.0005 per 1,000 

AEs 

49/52 contact-related 

42 contusions, 6 lacerations 

Position: RBs, WRs more 

common 

Hand/Thumb/Finger: 

Injury reports – 0.54 per 

1,000 AEs 

Hand, Thumb, 

and Finger 

Mall et al, 

AJSM, 2008 

(55) 

NFL ISS; pre-season 

through post-season 

1996-

2005 

1,385 (307/414/664) 

hand/thumb/finger injuries 

Most common injuries: 

metacarpal fx (241), finger 

dislocation (232), finger fx 
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Single team – N/A 

0.13/0.18/0.29 per 1,000 

AEs  0.60 overall 

 

(196), thumb fx (135), thumb 

UCL (60) 

53% occur from blocking or 

tackling 

>90% from contact 

Game vs. Practice: only 62% in 

games (74% thumb, 54% 

fingers); 2.63/0.26 per 1,000 

AEs in games/practices 

Elbow: 

Injury reports – 0.33 per 

1,000 AEs 

 

Single team – 0.24 per 

1,000 AEs (elbow 

sprains) 

Elbow Carlisle et al, 

AJSM, 2008 

(54) 

NFL ISS; pre-season 

through post-season 

1996-

2005 

494 injuries  0.21 per 

1,000 AEs 

179 were sprains, 56 bruises, 

44 dislocations and 

subluxations 

>95% contact-related 

Game vs. Practice: 69% in 

games. Of 

elbow/forearm/wrist, 

1.93/0.11 per 1,000 AEs in 

games/practices 

Position: most common in 

OL/DL 

UCL injury Dodson et al, J 

Shoulder Elbow 

Surg, 2010 (42) 

NFL ISS; training 

camp through post-

season 

QBs only 

1994-

2008 

10 injuries  < 1 per year All on throwing arm 

7/10 from being tackled 

Acute elbow 

injuries 

Kenter et al, J 

Shoulder Elbow 

Surg, 2000 (76) 

NFL ISS 1991-

1996 

91 injuries overall; sprains 

most common, followed by 

dislocation / subluxation 

67% in games 

Forearm: 

Injury reports – 0.04 per 

1,000 AEs 

 

Single team – N/A 

Forearm Carlisle et al, 

AJSM, 2008 

(54) 

NFL ISS; pre-season 

through post-season 

1996-

2005 

108 injuries  0.05 per 

1,000 AEs 

84 fx 

>95% contact-related 

Game vs. Practice: 77% in 

games. Of 

elbow/forearm/wrist, 

1.93/0.11 per 1,000 AEs in 

games/practices 
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Position: most common 

among DBs 

Wrist: 

Injury reports – 0.21 per 

1,000 AEs 

 

Single team – N/A 

Wrist Carlisle et al, 

AJSM, 2008 

(54) 

NFL ISS; pre-season 

through post-season 

1996-

2005 

257 injuries  0.11 per 

1,000 AEs 

160 sprains, 43 fx, 23 

dislocations and 

subluxations 

>95% contact-related 

Game vs. Practice: 81% in 

games. Of 

elbow/forearm/wrist, 

1.93/0.11 per 1,000 AEs in 

games/practices 

Position: surprisingly even 

across positions except QB, so 

positions RBs probably at 

highest risk 

Shoulder: 

Injury reports – 1.3 per 

1,000 AEs 

 

Single team – 1.2 per 

1,000 AEs (shoulder 

sprains) 

Shoulder Chambers et al, 

AJSM, 2016 

(49) 

NFL ISS; pre-season 

through post-season 

2000-

2014 

1,524 overall in 15 seasons 

1,231 in regular season   

0.5 per 1,000 AEs 

1,106/125  3.1/0.06 per 

1,000 AEs in 

games/practices  

856 (41.3% sprains), 453 

(21.9%) strains 

Games vs. Practices: 

89.8% of regular season 

injuries in games vs. practices 

(73.5% if include pre- and 

post-season) 

AC Joint Injuries 

(distal clavicle 

contusion, 

sprains, 

separations, 

inflammation) 

Lynch et al, 

AJSM, 2013 

(47) 

NFL ISS; pre-season 

through post-season 

2000-

2011 

2,486 shoulder injuries 

(8.2% of total); 29.2% of 

those (727) AC joint  

2.61 per 1,000 AEs 

89% AC sprains; of known 

type, 64/24/12% type 

I/II/III 

30,304 all-type injuries 

Position: ST highest rate (7.6 

per 1,000 player-games), then 

QBs (7.4); WR (4.1); OL/DL 

lowest (1.8) 

Turf: IDR for turf 0.79 (0.67-

0.92), so grass higher 

Games vs. Practices: 81.5% of 

injuries in games 

Play Type: no difference 

between running/passing plays 
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Superior 

Labrum 

Anterior-

Posterior 

(SLAP) tears 

Chambers et al, 

AJSM, 2016 

(49) 

NFL ISS; pre-season 

through post-season 

2000-

2014 

65 overall in 15 seasons 

37 in regular season  

0.016 per 1,000 AEs 

0.01/0.001 per 1,000 AEs in 

games/practices 

88.6% during contact (75% 

with other player) 

Games vs. Practices: 

35/37 (95%) in games in 

regular season; 44/65 (67.7%) 

overall 

Position: OL seems to be at 

higher risk (18 tears vs. 9 each 

for DL and DB), with WRs (4 

tears) and RBs (1 tear) at lower 

risks 

Shoulder Kelly et al, 

AJSM, 2004 

(46) 

NFL ISS; pre-season 

through post-season 

Only injuries with 

>= 2 days limited 

included 

QBs only 

1980-

2001 

17.9 per 1,000 AEs in games 82.3% contact injuries, ~70% 

while being tackled 

Most common were deltoid 

contusions, rotator cuff, 

dislocation/separation 

Middle Third 

Clavicle 

Fractures 

Morgan et al, 

AJSM, 2010 

(77) 

NFL ISS; pre-season 

through post-season 

2003-

2007 

19 injuries overall in 5 

seasons 

Games vs. Practices: 12/19 

occurred in games; 5/7 

practice injuries in preseason 

Hamstring: 

Injury reports – 1.3 per 

1,000 AEs 

 

Single team – 2.0 per 

1,000 AEs  

Hamstring strain Elliott et al, 

AJSM, 2011 

(78) 

NFL ISS; pre-season 

through post-season 

Only injuries with 

>= 2 days limited 

included 

1989-

1998 

1,716 injuries 

0.77 per 1,000 AEs overall; 

2.7/0.47 in games/practices 

81.5% noncontact (88% 

practice, 73% game), mainly 

sprinting; this varied by 

position, with contact more 

common for linemen 

Games vs. Practices: majority 

(52.7%) occur in practices 

Time of Season: most practice 

injuries occur in preseason 

(0.82 vs. 0.18 per 1,000 AEs) 
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Position: rates highest for WR, 

DB; lowest for QB/TE/OL 

Play Type: 0.79/1.55/3.27 for 

runs/passes/STs; most ST 

injuries on kicking vs. receiving 

team 

Hip: 

Injury reports – 0.5 per 

1,000 AEs 

 

Single team – 0.7 per 

1,000 AEs 

“Hip or groin 

injuries” 

Feeley et al, 

AJSM, 2008 

(79) 

NFL ISS; pre-season 

through post-season 

1997-

2006 

738 injuries overall in 10 

seasons, of which 268 

strains and 237 contusions 

Vast majority are contact 

injuries 

Position: injuries most severe 

for OL/DL 

Triceps: 

Injury reports – 0.02 per 

1,000 AEs 

 

Single team –N/A 

Triceps tendon 

ruptures 

Finstein et al, 

Ortho J Sports 

Med, 2015 (43) 

NFL ISS; surgical 

injuries only 

2000-

2009 

37 injuries overall  in 10 

seasons 

Games vs. Practices: 68% 

during games 

Position: 31/37 (84%) were 

linemen, even split OL/DL 

Triceps tendon 

ruptures 

Mair et al, 

AJSM, 2004 

(80) 

NFL ISS 1991-

1996 

21 injuries overall in 6 

seasons; 19 players 

11 total, 10 partial ruptures 

“Most” occurred while 

blocking with elbows 

extended; 4/19 from blow or 

fall 

Position: 15/19 were linemen 

Quadriceps: 

Injury reports – 0.7 per 

1,000 AEs 

 

Single team – 0.7 per 

1,000 AEs 

Rectus femoris 

avulsion 

Gamradt et al, 

AJSM, 2009 

(81) 

NFL ISS 1986-

2006 

11 injuries overall in 20 

seasons 

Games vs. Practices: 7/11 in 

games 



31 
 

Face: 

Injury reports – 0.1 per 

1,000 AEs 

 

Single team – N/A 

Eye (orbital 

fractures) 

Williams et al, 

AJSM, 2001 

(82) 

NFL ISS; pre-season 

through post-season 

1980-

1997 

41 injuries overall in 18 

seasons; 29 orbital fx, 12 

zygomatic arch fx 

Mechanism: all contact, 14/19 

w known mechanism suffered 

an eye poke and remainder 

blunt trauma 

Position: OLs at highest risk 

Back: 

Injury reports – 0.7 per 

1,000 AEs 

 

Single team – 1.2 per 

1,000 AEs (lumbar 

strain) 

 

Neck: 

Injury reports – 0.4 per 

1,000 AEs (incl. stingers) 

 

Single team – 0.7 per 

1,000 AEs (cervical 

strain) 

 

Ribs: 

Injury reports – 0.3 per 

1,000 AEs  

 

Single team – N/A 

Disc herniations Gray et al, 

Spine, 2013 (83) 

NFL ISS 2000-

2012 

275 injuries overall in 13 

seasons ; 1.1 per 10,000 AEs 

74% lumbar, mostly lower 

13% of 1,984 overall spine 

injuries; 28% of lumbar and 

5-6% of other spine injuries 

Nerve injuries most 

common in cervical, muscle 

in thoracic/lumbar 

17% non-contact, 25% 

unknown; among contact 

injuries, a majority blocking 

and tackling rather than being 

tackled/blocked 

Position breakdown given, but 

only counts rather than rates 

Lumbar disc 

herniation 

Hsu WK, Spine, 

2010 (84) 

Injury reports / 

newspapers / press 

releases 

1979-

2008 

137 injuries overall in 30 

seasons 

 

Lumbar disc 

herniation with 

discectomy 

Savage et al, 

Clin J Sports 

Med, 2010 (84) 

Injury reports / 

newspapers / press 

releases 

QB/WR/TE/RB only 

1986-

2008 

23 injuries overall in 23 

seasons 

 

Cervical disc 

herniation 

Hsu WK, Spine, 

2011 (85) 

Injury reports / 

newspapers / press 

releases 

1979-

2008 

99 injuries overall in 30 

seasons 

 

Spine and axial 

skeleton 

(includes ribs, 

pelvis) 

Mall et al, 

AJSM, 2012 

(86) 

NFL ISS; pre-season 

through post-season 

2000-

2011 

0.93/3.55/0.41 per 1,000 

AEs 

overall/games/practices 

44.7% cervical, 30.9% 

lumbar, 10% 

>90% of cervical injuries from 

contact; ~80% for lumbar, 

pelvis/sacrum/coccyx 
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 sacrum/coccyx/pelvis, 9% 

unknown, 4% thoracic/ribs, 

0.6% spinal cord 

24.9% strains, 21.4% nerve 

injuries (45.9% of cervical), 

12% sprain, 11% disc 

31,338 all-type injuries 

Games vs. Practices: ~80% in 

games; game rate 3.55 per 

1,000 AEs vs. 0.41 in practices 

Mechanism: Cervical injuries 

32.5% blocking, 24% tackling; 

lumbar 20.8% non-contact, 

18.6% blocking; 

sacrum/coccyx/pelvis similar 

to lumbar 

Concussions: 

 

Injury reports – 1.1 per 

1,000 AEs 

(head/concussion) 

 

Single team – 0.5 per 

1,000 AEs 

Concussion Deubert et al, 

Harvard report, 

2017 (41) 

NFL ISS; pre-season 

through regular 

season 

2009-

2016 

1,951 concussions overall in 

8 seasons  1.1 per 1,000 

AEs 

 

Concussion Teramoto et al, 

Ortho J Sports 

Med, 2015 (87) 

Frontline Concussion 

Watch blog; pre-

season through 

regular season 

2012-

2014 

437 concussions overall in 3 

seasons 

Style of Play: more offensive 

concussions in West Coast 

Offense (3 per team-season) 

than Air Coryell (1.6) or other 

(2.2); no defensive difference 

in 3-4 vs. 4-3 (2.0 vs. 2.2) 
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It is important to note the concussions section of the above chart is substantially abbreviated; there are 

many studies looking at NFL concussion incidence, but we restricted our analysis to the most recent high-

quality study available (Deubert et al) and one unique study investigating differences by offensive and 

defensive schemes (Teramoto et al). 

E. Football Injury Surveillance Systems 
 

There are injury surveillance systems in high school, college, and professional football. The High School 

– Reporting Information Online (RIO) (88) takes detailed injury reports from ATCs using a sample of 100 

high schools nationwide and weights injury counts to get national estimates. These data have been used in 

several studies (7, 19, 20). 

At the college level similar data are provided by the NCAA Injury Surveillance System (NCAA ISS, 

which extends beyond football and has been operating since 1982) (32). Data are entered from selected 

institutions by ATCs. Participation in the NCAA ISS is voluntary, and so the data are not nationally-

representative. No individually-identifiable information – only an institutional identifier – is included in the 

forms sent to the NCAA ISS, so injuries cannot be tracked longitudinally (32). 

The NCAA ISS has been used in a large number of studies, all of which share a few useful 

commonalities. In all studies using the ISS an athletic-exposure (AE) is defined as 1 student athlete 

participating in a practice or competition in which they were exposed to injury, and an “injury” was defined as 

an event that “(1) occurred as a result of participation in an organized intercollegiate practice or 

competition and (2) required medical attention by a team certified athletic trainer or physician and (3) resulted 

in restriction of the student-athlete's participation or performance for 1 or more calendar days beyond the day 

of injury” (32). Time loss and return to play (RTP) estimates are based off the time it took the player to return 

to a level allowing competition participation (32).  

The NFL has its own Injury Surveillance System (NFL ISS) that has been around since 1980 but has 

improved and expanded substantially in recent years (40, 41). The system was first converted into electronic 

format in 2011 as a pilot with 5 teams and expanded to all 32 teams in 2012 (41). In 2013, the system 

expanded to become an “electronic medical record” (EMR) in an 8-team pilot that expanded to all 32 teams 

in 2014, however the advantages of the EMR in terms of data collection or integration remain unclear (41). 

Like the high school and college systems, detailed information about each injury is input by the teams’ athletic 

trainers. The definition of an “injury” has also varied in recent years, expanding in 2015 from injuries that 

resulted in time lost from practices or games (or were a fracture, concussion, dental injury, or anything 

requiring intravenous fluids or special equipment such as a brace) to include non-time-loss injuries, as well 
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(41).  Unlike systems at lower levels, the NFL ISS also tracks information on all medical care, including 

surgeries, that players receive for these injuries (41). 

These surveillance systems represent the most broad-based source of overall injury counts and rates at 

each level of football. They also tend to contain information about injury circumstances that is extremely 

useful for descriptive, associative, and predictive epidemiology. Although sometimes, but not always, more 

specific sources – such as single teams – may offer more details on individual injuries. While obtaining RIO 

and NCAA ISS data is relatively easy, the NFL ISS is more restricted and its research uses are usually limited 

to narrow NFL-approved projects. Most studies using NFL ISS data are focused on specific types of injuries 

such as ulnar collateral ligament (UCL) injuries or triceps tendon tears (42-48). Broad-based, general 

descriptive injury epidemiology and surveillance results from the NFL ISS are lacking.  
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IV. Football Injuries – Analytic Epidemiology and Factors Influencing/Predicting 

Injuries  
 

The purpose of this section of the review is to identify key potential predictors of injury risk to consider 

in our model for specific aim 3. A review of the literature relevant for this goal follows: 

A. Age 

There is broad consensus both in the NFL and other sports that older athletes are at higher risk for 

various injuries (89-93). However, little research has been done in this field with NFL players specifically (93). 

In American football more generally, studies of youth have shown that older age is associated with greater 

injury risk (18, 22, 24), but at this level the effects of age may be explained by differences in level of 

competition (22), athlete size, and speed of play. This is consistent with findings that age is only associated 

with increases in game, not practice, injury rates (22), and that after controlling for experience, race, BMI, grip 

strength, injury history, and coaching experience, age was independently associated only with fractures (24).   

Although studies of youth football injuries are probably not applicable to NFL players, relevant data 

may be found in other professional sports. In a study of all regular season matches from 1992-99 using the 

Australian Football League’s (AFL) own ISS, Orchard et al investigated a number of risk factors for 

hamstring, quadriceps, or calf muscle strains (92). Using logistic regression on 83,503 player-matches (1,607 

individual players), and adjusting for height, weight, BMI, previous relevant injury, competition level, date and 

time of match, and weather conditions, older age (dichotomized to > 23 years and <= 23 years) was 

associated with 1.34 times higher odds of a hamstring strain (95% CI: 1.14-1.57) and 2.59 times higher odds 

of a calf strain (95% CI: 1.75-3.83) (92). Older age was not significantly associated with quadriceps injuries, 

but actual model estimates were not provided. A major limitation of the study was the use of a binary age 

variable, which does not allow conclusions about the longitudinal effects of aging on player injury risk.  

One further consideration is that the effects of aging on injury risk can be difficult to assess in an 

open cohort such as the NFL, where survivor bias can influence the results because: 1.) only heartier players 

with a lower baseline injury risk survive to play in their later years in the NFL, and 2.) positions that get hit 

and injured less, and thus have longer careers (e.g. QBs and kickers), are disproportionately represented in 

older age groups. One method to control for this and properly estimate the effect of aging in subsets of 

players who play to certain ages would be to use closed cohorts of players who survive to a certain age in the 

NFL (e.g. only those players who played to 30 years or later) and then look at injury risks and rates in those 

cohorts as they age up to the minimum level specified for the cohort (e.g. 30 years).  

In summary, the effect of aging on injury risk in the NFL is widely-accepted but has not yet been 

rigorously analyzed in the academic literature.  
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B. Prior Injuries 
With the possible exception of age, prior injury history is arguably the most-accepted risk factor for 

injuries in the NFL, though once again analyses specific to the NFL are lacking (93, 94). A review of some of 

the key studies in football follows:  



37 
 

Table 1.3. Review of Studies Investigating Prior Injuries as Risk Factor for Football Injuries.3 

Study Population Outcome(s) Exposure(s) (Prior Injury 

Definitions) 

Analysis Design and Associations  Other Notes 

Knowles et al 2009 

(22) 

North Carolina High School 

Athletic Injury Study 

(prospective cohort), 1996-

1999 

N=3,323 high school football 

players, 3,948 player-seasons 

Injury rate (per 

1,000 AEs) 

“Prior injury in football included 

the following injuries: knee, ankle, 

shoulder, wrist, elbow, fracture, 

concussion, and heat-related 

injury” 

IRR 1.9 (95% CI: 1.5-2.4), adjusting 

for age, BMI, playing experience, 

grade, coach experience, competition 

level, multi-sport participation  

Held for both games and practices 

IRRs were especially high for same-

site prior injuries for knee (2.7), ankle 

(5.2), and shoulder (10.2) 

Unsure how you can 

adjust for both grade 

and age, since the two 

will be practically 

collinear in high school 

Turbeville et al 

2003, middle 

school (24) 

N=646 players from 9 

middle schools in Oklahoma 

City in the 1998-99 seasons 

Injury causing 

player to miss >=1 

game or practice, or 

concussion w/ 

altered 

consciousness 

Injury in prior season that kept 

player out for >= 1 game 

5% of players had injury the previous 

year 

6/5% of players with/without 

previous injury history experienced an 

incident injury (p=0.78) 

 

Turbeville et al 

2003, high school 

(23) 

N=717 players from 8 high 

schools in Oklahoma City in 

the 1998-99 seasons 

Injury causing 

player to miss >=1 

game or practice, or 

concussion w/ 

altered 

consciousness 

Injury in prior season that kept 

player out for >= 1 game 

15% of players had injury the previous 

year 

29/14% of players with/without 

previous injury history experienced an 

incident injury (p=0.001) 

OR 1.83 (95% CI 1.09-3.07) adjusting 

for age, BMI, position, grip strength, 

school, coach experience, player 

experience 

 

McHugh et al 2007 

(95) 

N=125 players on two high 

school varsity football teams 

from 2003-05 

Balance training intervention 

study; 107 player-seasons and 

15,543 AEs preintervention, 

175 and 27,778 

postintervention 

Incident 

noncontact 

inversion ankle 

sprain rate (per 

1,000 AEs) as 

defined by ATCs 

“Previous ankle sprain” 2.85 per 1,000 AEs with vs. 0.86 

without prior ankle sprain pre-

intervention, 1.29 vs. 0.43 post-

intervention 

Holds when stratify over BMI 

Think this is the 

same/similar 

population as Tyler et 

al 
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Tyler et al 2006 (6) N=152 athletes from 2 

schools observed for 1 

(N=117), 2 (25), or 3 (10) 

seasons  

Incident 

noncontact ankle 

sprain (per 1,000 

AEs) 

“Previous ankle sprain” 2.65 per 1,000 AEs vs. 0.41 without 

prior ankle sprain Holds when stratify 

over BMI 

Think this is the 

same/similar 

population as McHugh 

et al 

Brophy et al 2008 

and 2009 (57, 58) 

NFL-caliber college players 

assessed by New York Giants 

at 1987-2000 Combines 

(N=5,047) 

Playing >= 1 game 

in the NFL; Career 

length (games)  

Combine medical grades: 

no/minor injury with recovery, 

incomplete recovery/likely 

recurrence, reject 

Playing >= 1 game: 80%/39%/8% 

with increasing category of exposure 

Mean career length: ~54/~20/3 

games with increasing category of 

exposure  

Results varied by position 

Did not predict injury 

risk, just likelihood of 

playing and number of 

games. 

Differences shrank 

over time as treatment 

/ recovery techniques 

improve 

Brophy et al 2011 NFL-caliber college players 

assessed by New York Giants 

at 1987-2000 Combines who 

went on to play >= 1 game 

(N=2,845) 

42 with history of shoulder 

stabilization at Combine pair-

matched by position, draft 

year and round to players 

without other major injuries 

or surgeries 

Career length 

(years, games, 

games started) 

History of shoulder stabilization 

at NFL combine 

Games: mean 77 vs. 56  but median 

36 vs. 36 for controls/cases (p=0.03); 

Kaplan-Meier (KM) curves show 

significantly better survival in controls 

(p=0.04) 

Games started: 45 vs. 29 mean, 48 vs. 

7 median (p=0.06) 

Years: 6.9 vs. 5.2 mean, 6.5 vs. 4.0 

median (p=0.01) 

Significant for linemen + linebackers 

(N=20 cases), n.s. for others (N=22) 

Did not predict injury 

risk, just career length; 

however, may the two 

may be correlated 

because injuries can 

shorten careers 

Schroeder et al 

2014 (96) 

NFL-caliber college players 

assessed by one team at 

2003-11 Combines 

(N=2,965) 

N=143 with previous cervical 

spine injury, 93 of whom 

were drafted and matched to 

134 controls on position and 

draft age/year/round 

Career length 

(years, games, 

games started) 

“…Previous cervical spine injury 

[was] determined on the basis of 

athlete interviews, injury history, 

treating spine surgeon notes, 

operative reports (where 

applicable), and imaging reports” 

Games: mean 55.6 vs. 42.1  for 

controls/cases (p=0.01);  

Games started: 30.9 vs. 22.8 mean 

(p=0.08) 

Years: 4.6 vs. 3.7 mean (p=0.01) 

Did not predict injury 

risk, just career length; 

however, may the two 

may be correlated 

because injuries can 

shorten careers 

Guskiewicz et al 

2003 (97) 

2,509 NCAA football players 

from 25 schools in 

Incident concussion 

rate (per 1,000 

AEs) 

Number of previous concussions 

(self-reported); unclear if only 

from before study began 

Rate ratios: 1.4 (95% CI: 1.0-2.1), 2.8 

(1.6-4.8), 3.4 (1.8-6.5) for players 

reporting 0, 1, 2, >=3 prior 

concussions (adjusting for BMI, 
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prospective cohort study, 

1999-2001 

academic year, years of experience, 

Division, position) 

Williams et al 2017 

(98) 

365 NCAA football players 

from two Division I 

programs, 2007-2011 

Incident and 

subsequent injury 

rates per 10,000 

AEs 

Incident injury during this study 

period 

Rate ratios: 1.4 (95% CI 1.1-1.9) for 

subsequent vs. initial injuries; rates 

continued rising until 4th injury 

Head/neck/face injuries especially 

high (IDR 2.0 (1.1-3.5)) 
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As shown in Table 4.1, the strongest evidence for prior injuries as a predictor of any future injuries 

comes from multiple studies of high school football players (22, 23) in North Carolina and Oklahoma; the 

Oklahoma association did not hold in middle school players (24). There is also evidence from high school 

players that previous injuries are associated with noncontact ankle sprain injury rates (6, 95), and there are 

similar data from college football for concussions and all injuries combined (97, 98). At the NFL level, the 

relationship between previous injuries and future injury risk hasn’t been explicitly studied for all injuries; this 

represents an important knowledge gap that Specific Aim 3 will address. There is some evidence from single-

team NFL Combine records that players with substantial college injury histories are less likely to play in the 

NFL and, if they do make it, to have shorter careers (57, 58, 96, 99); while these shorter careers could be 

evidence of injury issues, the association with injury risk itself was never assessed. There could also be 

selection bias from a sort of self-fulfilling prophecy where a substantial injury history prevents a player from 

being given a chance to succeed in the NFL. 

C. Anthropometrics 

1. Athlete Size (BMI) 

Player size, most often quantified as body mass index (BMI), is a third possible predictor of NFL 

injuries. It is hypothesized mechanism of association is typically that impact forces are magnified for larger 

players, increasing injury risk (93). The association between athlete size and injuries has been heavily studied 

across many sports, yet the relationship remains unclear (93). The data for the association between BMI and 

injury risk in the NFL are, once again, limited. Data from college football might be applicable, especially if the 

schools are in Division I; studies have shown that incoming Division I freshmen are comparable to NFL 

players in various size measures (100). Data on the player size-injury association is limited in this population 

as well, however. While substantial research on this issue is available in youth football (high school especially), 

these data may not be relevant for the NFL because of the vast size differences between these populations; 

they are presented in the current review for completeness. 
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Table 1.4. Football studies investigating the association between BMI and injuries.4 

Study Population Outcome(s) Exposure(s) (Body 

size measures) 

Analysis Design and Associations  Other Notes 

Gomez et al 

1998 (101) 

215 high school linemen at 

10 public high schools in 

San Antonio with willing 

athletic trainers 

Prospective cohort during 

2-week pre- and 10-week 

regular season 

Injury rates per 1,000 hrs 

playing time  

Injuries as defined and 

reported by ATCs 

Playing time from 

population averages from 

ATCs (1.2 hrs/practice, 6 

min per quarter in game) 

BMI, m/kg2 

Skinfold (millimeters) 

at chest, abdomen, 

thigh; used to calculate 

“body density”, % 

body fat, and lean 

body mass (weight x 

(1-% body fat)) 

Crude: substantial increases in injury 

risk with rising body weight, BMI, and 

lean body mass 

After adjusting for age, playing level, 

and other body measures, BMI 

retained a significant association (but 

strength not given) 

Most common 

injuries were ankle 

sprains (22.1%) and 

MCL sprains 

(11.6%) 

Kaplan et al 

1995 (102) 

98 high school players from 

two public high schools in 

Miami 

Injury rates (per player-

season) 

Injuries as defined and 

reported by ATCs 

Practice times were given 

(2-4h, ~80 practices) but 

not used 

BMI, m/kg2 

Skinfold (millimeters) 

at triceps, subscapula 

Crude: significantly higher risks for 

BMIs >95th %ile and across tertiles of 

BMI; similar results for body weight 

>90kg and skinfold tertiles 

In multiple linear regression, only 

body weight significant, but 

coefficients not reported and unclear 

what was adjusted for 

A lot of missing and 

confusing 

information; study 

may not be 

particularly rigorous 

Did not adjust for 

position? 

Knowles et al 

2009 (22) 

North Carolina High 

School Athletic Injury Study 

(prospective cohort), 1996-

1999 

N=3,323 high school 

football players, 3,948 

player-seasons 

Injury rate (per 1,000 

AEs) 

Injury defined as the 

result of participating in a 

high school sport that 

limited participation 

beyond day of injury or 

required medical 

attention 

AEs calculated by 

summing games and 

practices x number 

players 

BMI-for-age, 

categorized into 

Underweight, Normal, 

Risk of overweight, 

and Overweight 

After adjusting for age, experience, 

coach experience, competition level, 

and prior injury, IRR for overweight 

vs. normal was significantly and 

substantially elevated (1.9, 95% CI 

1.2-2.9); no other substantial 

associations 

Did not adjust for position 

Unsure how you 

can adjust for both 

grade and age, since 

the two will be 

practically collinear 

in high school 

Did not seem to 

adjust for position 
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Malina et al 

2006 (28) 

678 youth football players 

(9-14 years old), 33 teams, 2 

Michigan communities, 

2000-01 seasons 

Injury rates per 1,000 

AEs and risks per 100 

athletes 

Injuries as reported by 

ATCs according to 

NATA definition 

BMI, m/kg2 In 6th grade and above, no crude or 

adjusted association between BMI and 

dichotomous injury status 

 

McHugh et al 

2007 (95) 

N=125 players on two high 

school varsity football 

teams from 2003-05 

Balance training 

intervention study; 107 

player-seasons and 15,543 

AEs preintervention, 175 

and 27,778 postintervention 

Incident noncontact 

inversion ankle sprain 

rate (per 1,000 AEs) as 

defined by ATCs 

BMI-for-age, 

m/kg2,categorized into 

Underweight (<=5th 

%ile), Normal (>5th to 

<85th %ile), Risk of 

overweight (85th to 

<95th%ile), and 

Overweight (>= 95th 

%ile) 

Before a balance intervention that was 

the main focus of the study, higher 

BMI was associated with a  

substantially higher risk of a 

noncontact ankle sprain among those 

with a previous ankle sprain, but no 

other consistent relationships were 

observed 

Think this is the 

same/similar 

population as Tyler 

et al 

Prager et al 

1989 (103) 

598 players in 4 high school 

football teams in Peoria, IL 

from 1982-85; 251 total 

injuries 

Dichotomous player 

injured/not injured 

Quetelet index No correlation in body size between 

injured and non-injured players 

Old paper, was 

unable to access 

beyond abstract, 

many things 

unknown 

Turbeville et 

al 2003, 

middle school 

(24) 

N=646 players from 9 

middle schools in 

Oklahoma City in the 1998-

99 seasons 

Injury causing player to 

miss >=1 game or 

practice, or concussion 

w/ altered consciousness 

Player categorized as 

injured or non-injured 

BMI, m/kg2 Crude: no association between BMI 

and dichotomous injury status (injured 

22.9 m/kg2, non-injured 23.9 m/kg2) 

Adjusted: after adjusting for 

experience, age, grip strength, prior 

injury, and coach experience, no 

association between BMI and injury 

status (but OR not given) 

 

Turbeville et 

al 2003, high 

school (23) 

N=717 players from 8 high 

schools in Oklahoma City 

in the 1998-99 seasons 

Injury causing player to 

miss >=1 game or 

practice, or concussion 

w/ altered consciousness 

Player categorized as 

injured or non-injured 

BMI, m/kg2 Crude: median BMI among injured 

players 27.2 vs. 24.1 among non-

injured players (p=0.001) 

Adjusted: after adjusting for position, 

injury history, age, and other variables, 

no longer significant (OR not given) 
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Tyler et al 

2006 (6) 

N=152 athletes from 2 

schools observed for 1 

(N=117), 2 (25), or 3 (10) 

seasons  

Incident noncontact 

inversion ankle sprain 

rate (per 1,000 AEs) as 

defined by ATCs 

BMI-for-age, 

m/kg2,categorized into 

Underweight (<=5th 

%ile), Normal (>5th to 

<85th %ile), Risk of 

overweight (85th to 

<95th%ile), and 

Overweight (>= 95th 

%ile) 

Crude: incidence rose from 0.5 to 1.05 

to 2.03 injuries per 1,000 AEs for 

normal, at risk, and overweight 

players, though 95% CIs overlapped 

considerably; increased risk was 

especially pronounced for overweight 

players with previous ankle sprains 

No adjusted analyses 

Think this is the 

same/similar 

population as 

McHugh et al 
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Overall the data show a mixed association between player size (BMI) and injury risk. Among the nine 

studies outlined above, four found substantial crude associations between higher BMI  and overall injury risk 

(22, 23, 101, 102) while another two (from the same population) found associations with inversion ankle 

sprains, especially for those with a previous ankle sprain (6, 95). The remaining three found no crude 

association (24, 28, 103). Only two found a significant association after adjusting for other relevant risk 

factors (22, 101), and only one of these adjusted for position (by looking solely at linemen) (101). Position is 

extremely important to adjust for, as BMI varies by position (for example, a WR or DB versus a lineman in 

terms of BMI, abdominal fat, lean mass, or other metrics) (100, 104-106), as does injury risk (7, 17, 22-24, 47, 

50, 86, 103, 105, 107-110). It could be, for example, that higher BMI raises a DL’s or OL’s injury risk, but 

that is masked by their lack of high-speed collisions relative to WRs, TEs, and DBs. Any association between 

BMI and injury risk is also likely to vary by position given their substantially different body compositions. 

Overall, none of these studies has provided conclusive evidence for an association between BMI and injury 

risk even in youth football; meanwhile, the evidence for college and the NFL is virtually nonexistent (at least 

in the academic literature). 

It should also be noted that BMI, while a very common measure of athlete size and a proxy for impact 

forces, may not be the best metric to use when studying injury risk – some studies have suggested that 

abdominal circumference or other abdominal measures may be a better (if less commonly used and harder to 

measure) predictor (104, 111). Elite athletes are also often outliers in BMI, especially in football: for example, 

incoming freshmen at a Division I college football program had BMIs that would classify them as overweight 

or obese, but their body fat percentages were considered within normal range (100). This means that 

associations discovered in this population should not be generalized outside this group and, at worst, means 

BMI isn’t measuring what we typically think of it measuring in elite athletes (though it still may be useful as a 

proxy/predictor of injury risk due to increased size and forces on the body). 

It may be useful to consider two possible effects of BMI on injury risk: internal and external. “Internal” 

applies to an individual-level effect associated with the increased force and wear and tear both in his daily life 

or on the field (for example, the wear and tear on a 290- vs. 350-pound lineman’s knees from getting up and 

out of his stance). “External” refers to a population-level effect stemming from the greater forces 

encountered in collisions with other players (for example, the difference between being tackled by a 290- 

versus 350-pound opponent).  

Is Player BMI Changing?  

One key point to address in this section is whether player size is changing over time. Players getting 

bigger, faster, and stronger as a contributor to rising injuries over time is a common refrain at the high school, 

college, and professional levels; here we’re focusing on just the bigger aspect, but even here the evidence is 
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somewhat mixed. A simple linear regression analysis of height, weight, and body fat percentage of 

professional football players from 1942-2011 found statistically significant increases in weight for “mixed 

offensive backs” (QBs and RBs, 0.362 kg/year) and “mixed linemen” (0.427 kg/year); nearly all other 

regression coefficients were positive but not statistically significant (112). The same study found college 

athletes also grew substantially over time (112). A study of 1,712 college athletes at the 1999-2001 and 2008-

10 NFL combines who were drafted the same year found significant differences in weight between the two 

groups, but the differences varied by position (DBs, defensive tackles, WRs, and QBs got heavier, while 

centers, offensive tackles, and TEs got lighter) (113). A comparison of Division I player sizes reported by 

strength and conditioning coaches in 2000 with a prior study from 1987 found that weights had risen about 5-

9 kg, but again the differences varied substantially by position (114). These results need to be viewed with 

caution because the data for the 2000 estimates were limited to 12 returned surveys; which represents 

approximately 10% of survey invitations. Another study of Division I college teams found that the average 

height, weight, and BMI estimates among football, basketball, baseball, and tennis players had all increased 

from the 1950s to 2000s, with the biggest gains in football, especially for offensive and defensive linemen 

(115). On the other hand, a study that compared the 2011 New York Giants to 3 other studies of NFL 

players from 1998-2009 found no significant differences in the sizes of players over this 13-year period, 

though the sample size was small especially after stratifying by position (116). Overall, the evidence does 

suggest that players are getting bigger, with some additional evidence for faster and stronger coming from 

comparisons of NFL Combine performance measures over time showing improvements to measures such as 

40-yard dash times and repetitions of the bench press (113, 114). 

2. Other Anthropometric Measures 

A number of physical attributes besides athlete size have been linked to injury risk. For the lower 

extremities, a 2003 review investigated aerobic fitness, joint laxity, muscle tightness, range of motion in the 

knee and ankle, limb dominance, muscle strength, muscle imbalance, reaction time, limb girth, postural 

ability, anatomical alignment, and foot morphology, though many of these associations are unclear or have 

conflicting results in the literature (93).  A more updated review of injury risk screening tools found that joint 

laxity, lower hamstring-to-quadriceps ratio, decreased hip range of motion, knee hyperextension, differences 

in knee abduction movement across legs, hip adduction-to-abduction strength ratio, plantar flexor strength, 

and postural sway were all associated with various kinds of leg injuries (90). A larger alpha angle in the hip 

joint, indicating more severe cam-type femoroacetabular impingement (FAI), was correlated with hip and 

groin pain among players at the NFL Combine, though this was not further correlated with actual injury risk. 

On the negative side, a 2013 study found isokinetic concentric quadriceps and hamstring strength measures 

conducted at the NFL Combine were not significantly associated with the risk of a hamstring injury in the 
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players’ rookie years (117). Unfortunately, the data we will be using for this project will not include many of 

these anthropometric measures, so we will stop this section of the review here. 

D. Games vs. Practices 

1. Games vs. Practices Overall 

Multiple studies have provided conclusive data that injury rates for football games/competitions are 

much higher than those for practices. This isn’t surprising given the increased violence, contact, and collisions 

in games. Roughly 10.8% (2005-06 school year) to 12.4% (2012-13 school year) of injuries in high school 

football came in non-contact situations (7, 20); estimates of this figure for college football ranged from 17.9% 

from 1988-89 to 2003-04 (34) to 27.8% in 2005-06 (7). A summary of some of the largest, most broadly 

representative studies providing data on this topic are summarized below. Several other studies have 

calculated similar rate ratios, but because they fell in these ranges and were from more restricted populations 

(e.g. single school or city), we have excluded them from the table below. 

Table 1.5. Estimates of game vs. practice injury rate ratios.5 

Competition Level Incidence Rate Ratio (IRR), 

Games/Competitions vs. Practices, All Injuries 

High School (7, 19, 20, 22) 4.70, 4.76, 6.02, 9.24 

College (7, 33-35) 6.82, 6.97, 9.45 

NFL (3, 41, 49) 5.09 (preseason), 26.9 (regular season), 34.5 (regular 

season) 

Overall we see that injury rates in games are roughly 5-9x those of practices except in the NFL regular season 

where the ratio jumps to 25-35x! In high school and college the estimates are remarkably consistent, with 

most clustering around a 5-7x higher rate. The one estimate we have for the NFL preseason is also in this 

range, but once we get into the regular season the ratios spike. Of note, our NFL regular season numbers 

required estimation of AEs using a new method developed for this dissertation that may not be comparable 

with the other studies that directly reported game and practice rates. Whether the true value in the NFL is 5x, 

9x, or 30x may not be as important as simply recognizing that game injury rates are greatly elevated over 

those for practices.  

Of note, there is evidence that these IRRs vary substantially by type of injury – for example, in 

college football shoulder injuries have a 5-6x higher game-vs.-practice IRR than knee injuries (34). However, 

a more thorough investigation of this issue is beyond the scope of this project. 

One limitation worth noting is the data for our dissertation do not allow us to differentiate between 

game and practice rates. This is a product of needing to know exactly when an injury occurred rather than the 

week in order to get these estimates, which either requires cross-referencing public injury reports with play-
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by-play data to identify major injuries (118) or accessing the NFL ISS (40), which the League holds close to 

the vest. Public injury report data only tells you the week an injury occurred, not whether it occurred in a 

game or practice. These details may be gleaned on a case-by-case basis from media reports, but this is a very 

time-intensive data collection method. 

2. Practice Intensity 

Just as games have higher injury rates than practices overall, it’s possible that more “intense” (i.e. 

contact-heavy) practices have higher injury rates than less “intense” ones. Unfortunately, data on the relative 

injury rates for different types of practices is harder to get than that for games vs. practices because, put 

simply, you need even more detailed information about when the injury occurred (i.e. the type of practice).  

The most detailed study we could locate on this issue is Albright et al’s 2004 analysis of the Big 10 

Conference’s ISS for college football injuries (4). This study has been discussed and critiqued in detail both 

above and in the next section, so here we’ll simply focus on the numbers. The researchers stratified practice 

intensity into contact (“routine weekday practice and may include periods of full-contact scrimmage”, but has 

restrictions such as no “piling on”), limited contact (“contact but at a lesser degree of intensity and/or 

duration than is normal for the team” including no contact), and scrimmages (game-like conditions); they also 

used more detailed categories for the second time period they investigated prospectively (1998-99 through 

2000-01 seasons) (4). These more detailed categories were laid out in new conference practice rules before the 

1998-99 season. A modified summary of their results is below: 
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Table 1.6. Estimates of injury rates by practice time, Big 10 Conference, 1992-1996 and 1998-2000 seasons.6 

Time Period Season Practice Type Injury Rate per 1,000 AEs 

1992-93 to 1996-97 

Fall 

Limited contact 4.2 

Contact 13.7 

Scrimmage 3.5 

Spring 

Limited contact 10.4 

Contact 18.8 

Scrimmage 8.4 

1998-99 to 2000-01 

Fall 

Limited contact 2.7 

Contact 5.3 

Scrimmage 16.2 

Spring 

Limited contact 12.3 

Contact 17.5 

Scrimmage 22.3 

1998-99 to 2000-01 Spring 

Helmets only 5.8 

Full pads/no tackle 20.8 

Full pads/tackling 15.3 

Spring game 14.3 

Other scrimmage 26.5 

These results are a bit confusing and internally contradictory. In the later period of the study, injury rates 

showed a distinct dose-response relationship with practice intensity in both fall and spring, with “limited 

contact” practices the lowest and game-like “scrimmages” the highest. In the early period, “contact” practices 

still had higher injury rates than “limited contact” practices, but scrimmages were lower than both. In the 

more detailed analysis of spring practices, the lightest-intensity practices (“helmets only”) had the lowest 

injury rates and scrimmages the highest, but within full-padded practices those with more contact (“tackling”) 

had lower injury rates than those without tackling (and the 95% confidence intervals did not overlap). 

Generally, these data do seem to show that more intense practices have higher injury rates, but we are at a 

loss to explain the low injury rates for scrimmages in the early period or the full padded tackling inversion in 

the second period. Our best guess is that this is due to some differences in how practices were classified 

between the two periods, but the article does not provide explicit details to back up that hypothesis (4). 

Another study of a single college football team over 4 seasons found significant correlations between injuries 
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and exposure to full-contact practices and games or scrimmages in both the pre-season and regular season 

(119). 

 Considering this evidence together with the fact that, as discussed in the previous section, the vast 

majority of football injuries come from some form of contact, we think there is at least moderate evidence for 

higher injury rates in more intense and contact-driven practices. Unfortunately, we could not find any data 

that addressed this question specifically for NFL players, though we think the data above from Division I 

college football should generalize pretty well to that population. Unfortunately, we will not be able to address 

this question in our analyses, either, due to insufficient information on the timing of injuries and breakdown 

of practices. 

3. Seasonal Variation (Spring vs. Fall Practices) 

Multiple analyses from the NCAA ISS and other sources have shown that, in college, spring practices 

have 2-3x higher injury rates than fall practices (4, 34, 35). Many explanations have been put forth for this 

difference, but one major one has gone basically untested: survivor bias. Spring practices are shorter, so while 

injury-prone players have a chance to get hurt early in the course of both fall and spring practices, fall has 

more practices later with heartier players to reduce its overall injury rate.  

One of the most thorough treatments of this topic appears in the 2004 issue of AJSM, where 

Albright et al used data from the Big 10 Conference’s ISS (B10 ISS) (4) to analyze the difference in injury 

rates between fall and spring practices and assess whether new NCAA spring practice restrictions issued 

before the 1998 season reduced that disparity. They conducted two separate analyses: the first used data from 

the 1992-93 through 1996-97 academic years, and the second the 1998-99 to 2000-01 academic years; 44/55 

(80%) team-seasons were included in the first period and 33/33 (100%) in the second. This analysis found 

injury rates of 19.8 per 1,000 AEs in spring practices and 10.6 per 1,000 AEs for fall practices (4); these 

figures are, notably, about twice as high as the same estimates from the NCAA ISS (33), though the B10 ISS 

only includes Division I (higher-level) schools with stronger competition and better players, which could 

explain at least part of this difference. This corresponds to an incidence density ratio (IDR) of 1.9 (95% CI 

1.7-2.0) for spring vs. fall practices. They also calculate an “etiologic fraction” (EF) that is really an “excess 

risk” (ER, or the incidence density difference (IDD) where spring is the exposed divided by the rate in the 

spring) translated to a “number of excess cases/injuries” (ER x # of spring injuries): 469 additional injuries in 

the spring were “attributed” to an amorphous “spring risk factor” ([19.8-10.6]/19.8 x 1,007 spring injuries) 

(4). They provide similar calculations for several specific injury types, with IDRs ranging from 2.0 (1.6-3.2) 

for acromioclavicular (AC) joint sprains in the shoulder to 3.0 (2.4-7.0) for anterior cruciate ligament (ACL) 

injuries in the knee. The researchers then stratified practice intensity into contact (“routine weekday practice 

and may include periods of full-contact scrimmage”, but has restrictions such as no “piling on”), limited 

contact (“contact but at a lesser degree of intensity and/or duration than is normal for the team” including no 
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contact), and scrimmages (game-like conditions) (4). They found IDRs for spring vs. fall of 1.4 (1.2-2.5), 2.5 

(2.1-2.8), and 2.4 (2.1-2.8), respectively – all elevated, but with the mid-level “contact” practices 

demonstrating the lowest IDR. In their second analysis, the group used similar data from 1998-99 through 

2000-01, but with two added dimensions collected: position and string. Furthermore, the NCAA had 

instituted rules to curb the intensity of spring practices in an effort to prevent injuries. Fall injury rates 

dropped from 10.6 to 5.2 per 1,000 AEs, while spring rates dropped proportionally less from 19.8 to 16.4 per 

1,000 AEs (4); these rates are still about 50% above the corresponding NCAA ISS rates (34). Commensurate 

with this, IDRs rose to 3.2 (2.9-3.5) for all practices, rose to 4.5 (3.7-5.4) for limited contact practices, rose to 

3.3 (2.9-3.8) for contact practices, but dropped to 1.4 (1.1-1.7) for scrimmages. The elevated IDRs held across 

all categories of position and string except for ST players; it also held across categories of RTP time (0-7, 8-

21, and 22+ days lost). The data for this time period is broken down by injury type but uses different 

categories than the earlier years, making comparisons difficult.  

The authors interpret these findings as the NCAA rule changes not having their intended effect of 

closing the fall-spring injury rate gap (though I assume their actual goal was to reduce spring injuries, not just 

close the gap, otherwise the NCAA could have legislated that all coaches bring lead pipes to hit players with 

at fall practices) (4). Considering the fact that although spring practice injury rates dropped, fall practice injury 

rates dropped more (perhaps driven partly by the elimination of selection bias in moving from 80% of team-

seasons reported in the old period to 100% in the new period), I would have to agree that this analysis does 

not support the NCAA’s rule changes having the hypothesized effect. However, they neglect to address 

survivor bias as a possible explanation for the elevated injury rate in the spring. To control for this, a better 

analysis might have been to compare the first X practices of each type (e.g. contact, limited contact) in the fall 

and spring and inspect the IDRs – if they’re closer to 1.0, survivor bias could explain the difference. 

In summary, multiple analyses have demonstrated a crude difference in injury rates between fall and 

spring practices, but none has sufficiently controlled for survivor bias. 

E. Play Type 
Do certain types of plays, such as runs up the middle or long pass plays, put players at greater risk for 

injuries? We have some data breaking down injuries by type of play, but unfortunately the data on any 

association(s) between play types and injury rate are scarce. 

High School RIO tells us that, for example, 51.2% of injuries in 2012-13 were associated with tackling, so 

perhaps plays less likely to involve a tackle – such as sideline passing routes – might have lower injury rates, 

but we do not have the direct data to support that (20).  Shankar et al break down 2005-06 RIO data and find 

that, among game injuries, 62.1% occurred on running plays and just 20.0% on passing plays (for practices 

the numbers were in a similar ratio, 40.1% and 14.9%, respectively). In college games these numbers were 
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closer but still substantially different from one another at 42.2% on rushing plays and 28.7% on passing plays 

(for college practices, interestingly, the numbers were nearly identical at 25.8% and 24.3%). While we cannot 

calculate the rates for running vs. passing plays without knowing the number of each type of plays, what we 

can do is figure out the percentage of all plays that would have to be runs if the injury rate per play were equal 

and make a decision about whether that’s plausible. For example, for high school games, for the injury rates 

to be equal for running and passing plays while producing the 62.1% to 20.0% breakdown, running plays 

would have to outnumber passing plays by 62.1%/20.0% = 3.1-fold, meaning passing plays would only be 

1/(3.1+1) = 24.4% of high school football plays. This is a purely subjective judgment, but that number seems 

far too low, suggesting that in high school running plays do indeed have a higher injury rate than passing 

plays. For college, pass plays would have to be 40.5% of all plays using a similar calculation, which also seems 

low and suggests running plays do carry greater injury rates – though maybe with a smaller differential than in 

high school. On the other hand, you have a study from NFL analyst Brian Burke that used injury play-by-play 

data (a sub-sample of injuries that stopped play and/or were otherwise severe enough to be recorded in game 

log data) that found that from 2000-2010 about 1.6% of rushing and 1.5% of passing plays had an injury 

(118). All of these studies have flaws or require assumptions of questionable validity, but it seems like the 

balance of evidence suggests running plays are slightly to moderately more dangerous than passing plays (or at 

least that passing plays aren’t less safe). 

To directly calculate rates by type of play we would need to know on which kind of play each injury 

occurred – which is collected in some surveillance systems such as RIO and the NCAA ISS, as well as the 

NFL ISS – and the number of plays of that type overall that occurred – which is not, to our knowledge, 

available at the high school level but is in college and the NFL. At the NFL level, in particular, there are some 

databases that capture information on rushes vs. passing plays or even more granular play data (120). These 

data, if it were able to be linked with data on what types of plays each injury occurred during (such as might 

be found in the NFL ISS), would provide powerful data to tease out whether certain play types actually have a 

higher injury rate than others. While we do not have access to data on individual injuries via the NFL ISS, we 

will try and address this question by comparing team injury rates to the percent of their plays that were rushes 

or passes over the course of an entire season in Specific Aim 1. 

Kickoff Returns and Special Teams Plays 

 The NFL has said that special teams plays – in particular kickoffs and kickoff returns – have the 

highest rate of injury and has taken many steps to try and reduce injuries on these plays specifically, with 

some success (121, 122). The hypothesis is that the high speed cuts and collisions by virtually all players on 

kickoffs leads to higher injury rates. There is some data to bear this out: for example, in the Brian Burke 

article referenced above, he found 2.0% of kickoffs had an injury recorded in the play-by-play data vs. 1.5% 



52 
 

of passing and 1.6% of running plays (punts were actually a bit lower at 1.3%) (118). Shankar et al found that 

7.7% and 4.0% of game injuries occurred on kickoffs in college and high school football (vs. 4.3% and 2.1%, 

respectively, on punts) – these figures translate to 9.3% and 4.5% of injuries occurring on known 

running/passing/punt/kickoff plays (7). Assuming 9.5 kickoffs per game (118) out of an average of about 

130 plays per game, kickoffs account for about 7.3% of plays in the NFL. If we assume a similar percentage 

in college, then it looks like kickoffs may indeed have an elevated injury rate in the NCAA, as well. Taken 

together these data suggest kickoffs may be especially dangerous, but a direct investigation involving all 

injuries where the precise timing of each injury is known has yet to be done. Unfortunately, once again, the 

data we will be using for this dissertation do not allow us to identify the type of play during which an injury 

occurred. As a side note, efforts to reduce injuries in the NFL that focus solely on kickoffs because they’re 

the plays with the highest injury rate are misguided because kickoffs are less than 10% of plays games (and 

even less in practices) – the vast majority of injuries have and will continue to occur outside of kickoffs. 

F. Position 
Position is, if not the most common, one of the top two or three most common dimensions of variation 

for studies to investigate with respect to football injuries. Dozens of studies have compared injury rates and 

risks for OLs, DLs, QBs, RBs, LBs, DBs, TEs, and WRs (7, 17, 22-24, 34, 47, 50, 86, 103, 105, 107-110) 

(these references are an incomplete list). Instead of going through each of these studies individually, we chose 

to focus on a handful of high-quality national surveillance-type studies to investigate how injuries vary by 

position. We will focus on game rather than practice injuries since this is where most studies have focused 

their attention and it’s also where differences are most likely to be apparent. 

Among high school and college football players, Shankar et al provide positional game injury estimates 

using High School RIO (high school) and the NCAA ISS (college) (7). This study has already been examined 

in more detail above.  In short, the paper provides numbers of injuries broken down by position for both 

college and high school football for the 2005-06 academic year. The RIO data are weighted to be nationally 

representative, while the college data are simply the raw numbers from the schools participating in the NCAA 

ISS for football that year. To get injury rates per 1,000 AEs we can first estimate the total number of game 

AEs provided in the paper (21,386,004 for high school after national weighting and 29,782) after excluding 

AEs from players with unknown positions (1.1% in college, 3.1% in high school). We must then distribute 

these AEs across players, which requires assuming a breakdown of AEs by position in games: we assumed 1 

QB, 5 OLs, 1 RB, 3 WRs, 1 TE, 4 DLs, 3 LBs, 4 DBs, and 2 STs (a kicker and punter) per game since these 

are the most common personnel groupings on offense and defense, and we split the total AEs in these ratios. 

It is important to note here that our actual rate estimates are extremely sensitive to this choice of breakdown; 

this is especially true for RBs, who look much more in line with other positions if we assume they account for 
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2 AEs rather than 1 AE per game. But assuming these assumptions are valid, we can now simply divide the 

number of injuries given in the paper by our estimated positional breakdown of AEs: 
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Figure 1.1. Calculated Game Injury Rates per 1,000 AEs by Position, HS RIO and NCAA ISS Data, Shankar 

et al 2007.7 

 

We see that RBs stand out as having by far the highest injury rates in both high school and college, by a 

substantial margin (though, as noted above, this may be an artifact of our allocation scheme for AEs rather 

than a real difference in risk). Even if we assume 2 AEs rather than 1, though, they retain the highest injury 

rates, albeit by a much slimmer margin. Interestingly, QBs had the next highest injury rates, which is 

somewhat unexpected given that they typically experience fewer collisions than other players. However, they 

are also actively involved in virtually every play, perhaps putting them at greater risk for overuse injuries. OLs 

are on the low end in both high school and college, but especially the latter. TEs and DBs form the second 

lowest tier, while WRs, DLs, and LBs cluster together pretty closely. Special teams players are an odd case 

that’s difficult to sort out – we assumed there are two “true” ST players per game (the kicker and punter), 

which may hold in high school better than college – the latter may have more players who play strictly special 

teams, while in high school most ST players will also be on offense or defense, skewing our estimated rate 

here for college upwards.  

Dick et al provide another data point. Using 16 years of NCAA ISS from 1988-89 through 2003-04, they 

calculated the percent of game injuries for each position adjusted for the frequency of that position (i.e. a team 
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typically fields 1 QB but 4 DLs) (34). The authors say they simply took the percent of game injuries for each 

position and then divided them by the position weights (e.g. QB = 1, DL = 4, OL = 6, etc.) – however, I do 

not think that’s correct, since the percentages below still sum to 100% (well, 99.9%). I think what they mean 

they did is they took the total number of injuries for each position, divided by the weights for each position, 

and then calculated a percent of those total weighted injuries for each position. Regardless, this breakdown 

shows RBs (19.6% of weighted injuries) and QBs (17.5%) have the highest weighted share of injuries – and, 

by extension, should have the highest injury rates and risks, as well. LBs and WRs/TEs form the next tier at 

around 14-15%, followed by DBs and DLs at 11-12% and OLs at 10%. We can back-calculate game injury 

rates from these numbers using the weights and the total number of game injuries (30,797), sum of the player 

weights (22), and total number of games (17,911) (34). First we calculate a weighted number of injuries at each 

position using the equation 𝑾𝒆𝒊𝒈𝒉𝒕𝒆𝒅 𝒑𝒆𝒓𝒄𝒆𝒏𝒕 ∗  𝑾𝒆𝒊𝒈𝒉𝒕 ∗ 𝟑𝟎, 𝟕𝟗𝟕. Then, to get the true number of injuries 

for each position, we multiply each of those weighted numbers by 
𝟑𝟎,𝟕𝟗𝟕

𝑺𝒖𝒎 𝒐𝒇 𝑾𝒆𝒊𝒈𝒉𝒕𝒆𝒅 𝒊𝒏𝒋𝒖𝒓𝒊𝒆𝒔=𝟖𝟕𝟐𝟖𝟕.𝟕
= 𝟐. 𝟖𝟑𝟒.  

Then, to get injury rates per 1,000 games we simply divide by 𝑻𝒐𝒕𝒂𝒍 𝒈𝒂𝒎𝒆𝒔 (𝟏𝟕, 𝟗𝟏𝟏) ∗

𝑷𝒐𝒔𝒊𝒕𝒊𝒐𝒏𝒔 𝒑𝒆𝒓 𝒈𝒂𝒎𝒆 (𝒘𝒆𝒊𝒈𝒉𝒕). However, we have to apply one final correction, since the weights only 

sum to 22 positions per game but the data tells us that on average the NCAA ISS reported an overall game 

injury rate of 35.90 per 1,000 AEs = 
30,797 𝑖𝑛𝑗𝑢𝑟𝑖𝑒𝑠

17,911 𝑔𝑎𝑚𝑒𝑠
∗

1 𝑔𝑎𝑚𝑒

𝑋 𝐴𝐸𝑠
∗ 1,000, where solving for X gives us 47.98 AEs 

(i.e. players) per game. Therefore we will need to multiply our estimates by 22/47.98 to ensure we get an 

overall rate in line with what Dick et al calculated (note, this simple correction is imprecise and flawed since 

the number of players rotated in and out – and thus who are exposed for a given game – varies by position). 

For example, for offensive linemen we have (30,797*9.9%*6/2.834)/17,911*6*1,000 = 27.54 injuries per 

1,000 games. Our calculated rates for each position are below: 
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Figure 1.2. Calculated Game Injury Rates per 1,000 AEs by Position, NCAA ISS Data, Dick et al 2007.8 

 

These results are fairly similar to Shankar et al, though the gap between RBs and everyone else is much 

less – this is driven by Dick et al giving them a weight of 2 while above we gave them a weight of 1. If that 

discrepancy were fixed our estimated game rates would be quite close. Everything else lines up fairly closely, 

although Dick et al did not separate out TEs. 

Finally, let’s take a look at some NFL data from Lawrence et al (17). Importantly, the data in this study 

are from injuries that occurred in or outside of games, but they are all assumed to have occurred during a game 

(i.e. no AEs are accumulated for practices). Once again, this study has already been described and critiqued in 

detail above, so we’ll just focus here on the positional breakdowns. Although Lawrence et al provide their 

own estimates of injury rates per 100 “team game positions” (TGP) by position (# injuries/Total TGPs for 

position x 100, where total TGPs = 964 games in the data*Y players per position on a typical game play), to 

improve comparability with Shankar et al we’ll apply the same methodology here to calculate rates from the 

raw numbers of injuries and AEs. We’ll simply take the numbers of injuries reported by position and divide 

by 964 games in the data x the number of players at each position on the field for a typical play, already given 

above.  Here’s what we see: 
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Figure 1.3. Calculated Game Injury Rates per 1,000 AEs by Position, NFL Data, Lawrence et al 2015.9 

 

As noted above, the numerators here are injuries that occur at any time but the denominators are only 

games, which inflates all these estimates relative to other studies that looked at in-game injuries only. 

Regardless, though, RBs once again top the list by a substantial margin. WRs and TEs form the next tier; LBs 

are somewhat lower than we saw in the last two studies, forming their own tier with DBs. Linemen on both 

sides form a lower risk stratum, with OLs at particularly low risk as we saw in other studies. The biggest 

difference is QBs are now one of the least likely positions to get hurt, which is more in line with our a priori 

thinking. 

None of these studies or calculations is perfect, they all rely on some assumptions of questionable 

validity, and they sometimes disagree with each other. What we can synthesize from all this, though, is that 

injury rates do vary substantially by position, with more mobile positions such as RBs in general exhibiting 

higher injury rates. In Specific Aim 1 we will attempt to calculate rigorous rate and risk breakdowns by 

position beyond that which has appeared in the literature so far and been described above. 

G. Rest 

The optimal rest time between football games is a subject of great debate. What is the balance between 

full recovery and getting “rusty” or deconditioned? The studies on this in American football are limited. 

The main study looking at this question so far used public NFL injury data from the 2012-2013 seasons 

that split rest by long (10-15 days), short (4 days), and normal (6-8 days) periods found no substantial 

association between rest and concussions, ankle injuries, or shoulder injuries (56). There was a small 
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association between shorter rest periods and fewer knee injuries, but the confidence interval was wide (56). 

Hamstring injuries, however, showed ~30% higher rates with shorter rest and ~30% lower rates with longer 

rest versus a normal rest period (56). Hamstring injuries are soft tissue (muscle) injuries and might be 

expected to the most impacted by extra or shortened rest. 

One other biomarker study is worth mentioning. A study at the University of Connecticut took blood 

from 28 players before, 18-20 hours after, and 42-44 hours after a single game (123). They found temporary 

rises in markers of muscle tissue damage; although these had returned to pre-game levels by two days post-

game, pre-game levels of these markers were still above normal ranges, indicating soft tissue injuries likely 

carry over game-to-game (123). This suggests that even rest periods on the short end in the NFL (4 days) may 

allow time for certain biomarkers to return to normal, though whether you have 4, 7, or 10 days to rest may 

make only a modest difference, if any at all, in terms of your injury risk.  

H. Game-Day Conditions 

1. Altitude 

One research group (Myer et al) looking at public injury data for the 2012-13 seasons found statistically 

significantly fewer concussions (OR 0.70, 95% CI 0.50-0.94) for NFL stadiums at “higher altitudes”, defined 

as being >= 644 feet above sea level (the median elevation of NFL stadiums) (124). The physiological theory 

behind this is that as elevation increases atmospheric pressure decreases, causing the brain to swell and 

leaving less room for it to move around and bang against the inside of the skull (124, 125). However, other 

studies have questioned these results. Some have pointed out the proposed physiological mechanism is 

unknown to have a meaningful effect under ~1,000 m (>3,000 feet), and there is only a single NFL stadium 

over that altitude (Denver) (125). A separate research group investigating public injury data over the same 

timeframe as Myer et al split stadiums into quartiles by altitude but found no consistent associations between 

that and concussions or knee, ankle, hamstring, and shoulder injuries (56). A study of 21 Division I NCAA 

football programs found statistically significantly greater concussion rates at higher altitudes by splitting both at 

the median and by quartile (126). A meta analysis of this question in contact sports found no association 

between altitude and concussion incidence (127). 

Overall, there is no compelling evidence for an effect of altitude on concussions or other injuries in the 

NFL. Especially concerning is the fact that Myer’s findings do not seem to be robust to other altitude 

categorization schemes (quartiles vs. a median split) (56, 124). However, it may be interesting to look at 

Denver’s (the only true “high altitude” NFL stadium, physiologically speaking) injury patterns in more detail. 

2. Precipitation 

Field conditions can have a major impact on injury rates in football, particularly lower extremity injuries. 

Wet or snowy fields, for example, have less traction than dry fields, leading to more slipping but fewer hard 
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cuts putting extreme torsion on leg joints (128). Yet studies investigating this question directly in football are 

relatively limited. In addition to the traction and torsion mechanism mentioned above, precipitation 

conditions may also impact injury rates by altering game plans (e.g. by causing a team to shift to more running 

rather than passing plays). We know of no study that has successfully teased out these effects, however.  

The most direct investigation into the effect of precipitation on injury rates in the NFL is a 2003 study 

focusing on knee and ankle sprains from 1989-1998 using data from the NFL ISS. They split games into wet 

and dry days (any vs. no precipitation in the game city). Dome stadiums were excluded from the analysis, and 

all results were stratified by natural grass vs. artificial turf in open stadiums. The study found a 46% greater 

rate of ACL injuries in wet games on grass (95% CI 0.98-2.18), but a 39% lower rate in wet games on artificial 

turf (95% CI 0.34-1.09); no substantial difference for knee sprains overall was found on either turf type (48). 

There was a 24% lower rate of ankle sprains in wet vs. dry games on grass (95% CI 0.61-0.94), but no such 

difference was observed on artificial turf (48). The study also stratified by “hot” (maximum daily temperature 

70+ F) and “cold” days. Although the study did not present a direct comparison for wet/cold and dry/cold 

days, we can calculate differences from their wet/cold vs. dry/hot and dry/cold vs. dry/hot ratios. On natural 

grass, ACL sprains had a 25% higher rate when wet on cold days and a 74% higher rate when wet on hot days 

(48). Knee sprains overall did not show a substantial difference on either hot or cold days (48). Ankle sprains 

were just 12% lower on wet days when hot but 36% lower for wet and cold vs. dry and cold days (48). This 

relationship carried over to both inversion and eversion sprains. On artificial turf, the difference in ACL rates 

was driven entirely by a 54% decrease on hot and wet days vs. hot and dry days; wet and dry days in cold 

temperatures were almost identical (48). Consistent with the all-temperature results, no substantial differences 

were seen on artificial turf for knee sprains overall or ankle sprains overall in cold or hot days (48). 

Summarizing, we have the following findings: an effect of precipitation on ACL injuries and ankle sprains 

that varies by turf and also possibly temperature, but no effect on knee sprains overall. 

One study of the Australian Football League (AFL) from 1992-98 found high water evaporation in the 

month before and low rainfall in the year before a match were associated with greater risk of ACL injuries 

(RRs 2.80 and 1.93, respectively). Although these are rather distal exposure measures, they provide modest 

evidence that dryer turf is worse for ACL injuries, possibly because of greater shoe-surface traction (128). 

Another study from the same group that included the 1999 season and adjusted for various intrinsic player 

factors found similar results (129). 

Overall, there is substantial evidence for some sort of precipitation effect on lower extremity injuries, 

though the studies on this topic are old and, in the NFL, limited in number. The effect seems to be, in 

general, for wet games to be associated with no difference in or fewer lower extremity injuries than dry 

games. This question could benefit from additional, updated investigations, however.  
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3. Temperature 

In addition to precipitation, temperature is another weather factor that may impact injury rates through, 

for example, fatigue, conditioning, muscle tightness, or dehydration (130). This area has seen more NFL 

studies than precipitation, but there remains ample room for further research. 

An investigation of public NFL injury reports from the 2012-2013 seasons that split mean game-day 

temperature into quartiles (roughly <=50 F, 51-62 F, 63-69 F, 70+ F) found more concussions and ankle 

injuries in colder temperatures (especially the lowest quartile) (56). However, there were more knee injuries in 

the warmest quartile and more hamstring injuries in the two warmest quartiles; shoulder injuries did not 

exhibit any consistent trend (56). 

Another investigation into the effect of temperature on injury rates in the NFL is a 2003 study focusing 

on knee and ankle sprains from 1989-1998 using data from the NFL ISS. The authors dichotomized games 

into “hot” (maximum daily temperature 70+ F) and “cold” days and also stratified by whether there was 

precipitation (wet) or not (dry) and turf type (natural grass vs. artificial turf). Dome games were excluded. On 

natural grass the study found a 31% lower rate of ACL sprains (95% CI 0.47-1.03) and 17% lower rate of 

eversion ankle sprains (95% CI 0.65-1.06) on cold days, but no substantial effect on knee sprains or ankle 

sprains overall (48). On artificial turf, the study found a 29% lower rate of knee sprains overall (95% CI 0.58-

0.88) and 50% fewer ACL sprains, as well as a 39% lower rate of inversion ankle sprains (95% CI 0.45-0.82) 

on cold days (48). When stratifying by precipitation on natural grass, the reduction in ACL sprains was seen in 

both types but was stronger on wet days; the change in eversion ankle sprains was similar for wet and dry 

days (48). Ankle sprains overall were 26% lower on cold and wet days than hot and wet days (48). On 

artificial turf, knee and ankle inversion sprains were lower for cold days regardless of precipitation (48). 

Summarizing, knee and ankle sprains were less common when it was cold; this effect varied by turf type but 

not by meaningfully by precipitation. 

A study of the Australian Football League (AFL) from 1992-1998 categorized their teams into “warmer” 

or “cooler” climates. This study found more concussions (IDR 1.24, 0.89-1.71), knee injuries (IDR 1.18, 1.06-

1.31) (especially MCL and knee cartilage injuries), and ankle injuries (IDR 1.17, 1.00-1.37) in warmer climates 

(131). There was a tendency towards fewer Achilles injuries in warmer climates (IDR 0.70, 0.47-1.03), 

however (131). Overall, injury rates were 5% higher in warmer climates (131).  This same study sought to 

compare these results to a similar analysis for European (UEFA) soccer teams. That analysis found fewer 

concussions and knee injuries in warmer climates, along with fewer shoulder injuries; it also found no 

substantial difference in Achilles injuries, though ankle injuries remained elevated (131). Overall, injury rates 

were 14% lower for soccer teams in warmer climates (131). It is difficult to reconcile these sets of results into 

a coherent effect of temperature, though that may be due to differential effects by sport. The AFL results 
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may be expected to more closely mimic the NFL than soccer would. Additionally, the authors here attempt to 

interpret these differences not as causal effects of temperature per se, but rather as an effect of the different 

kinds of grasses that grow in these climates (131). 

One study of a single British rugby club’s in-game injuries found nearly 50% higher rates (182 vs. 126 per 

1,000 player-hours) in summer than winter games (132). The increase appeared relatively consistent over 

injury site and type, with the notable exception of shoulder injuries (132). This could be evidence of higher 

injury rates in higher temperatures. However, the study  leveraged a change in the season of play from 1993-

1995 (winter) to 1996-1999 (summer) from the team’s league. This was a clever study design, but such a 

change could have included a number of other extraneous effects, such as altered training schedules, that 

impacted injuries. 

In summary, we see a consistent association between warmer temperatures and more injuries across the 

NFL, AFL, and rugby, though not soccer. However, these studies often used imprecise measures of 

temperature (such as season or climate) or categorized temperatures into a handful of groups that make little 

biological or physiological sense. There is a need for studies that consider temperature on a continuous scale 

to tease out broader trends and possible thresholds where injury risk increase or decrease. 

As a sidenote, in all studies seeking to estimate a causal effect of temperature it is critical to control for 

the time point within the season. However, this is often difficult as time in season and temperature may be 

tightly correlated (in the NFL, later games being colder). One solution might be to look at teams, such as 

those on the west coast, with relatively invariant climates. To our knowledge no study has tried to tease out 

these effects in this way in the NFL. 

4. Turf 

The effects of artificial turf versus natural grass surfaces is one of the most frequently investigated aspects 

of sports injuries. The greater stiffness of many artificial turfs may increase impact forces on the leg and foot, 

while greater friction at the shoe-surface interface can also result in greater injury-causing forces when an 

athletes stops, starts, or cuts (93, 133). Studies have been addressing this question since shortly after the first 

generation of Astroturf was rolled out in 1965 (134, 135). However, because of the evolution in artificial 

surfaces since then, only more recent studies may be relevant to today’s NFL injuries (45). What follows is a 

brief review of some of the most relevant literature from professional and college football since 2000. 

NFL Studies: 

A study from the NFL Injury and Safety Panel that used the 2000-2009 NFL ISS game injuries compared 

injury rates for ankle and knee sprains on natural grass versus one particular type of newer-generation 

artificial infill surface (FieldTurf) (45). The authors found higher rates of knee sprains (IDR 1.22) on 
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FieldTurf; there was virtually no difference for MCL injuries (IDR 1.03) but a major increase in ACL injuries 

(IDR 1.67) (45). Ankle sprains exhibited an identical increase (IDR 1.22 for FieldTurf vs. grass), with a larger 

difference in eversion (“high”) sprains (IDR 1.31) than inversion (“low”) sprains (IDR 1.08) (45).  

Another study of 2012-2013 public NFL injury reports that compared natural grass to all artificial 

surfaces found no differences in concussions or hamstring injuries, but higher (~40%) rates of shoulder 

injuries and modestly (~10%) lower rates of knee and ankle injuries on natural grass (56). A similar study of 

219 ACL tears from 2010-2013 found no substantial difference between grass and turf fields (136). Another 

study of in-game Achilles ruptures from NFL public injury reports from 2009-2016 found no substantial 

difference between games played on turf vs. natural grass (1.08 vs. 1.00 per 100 team-games) (73). 

An older study using 1989-1998 NFL ISS data found ~20% lower rates of knee sprains, especially MCL 

sprains, on natural grass versus artificial turf in both domes and open stadiums with artificial turf (48). A 

similar effect (~20-30% lower on grass) was seen for ankle sprains, including for both the inversion (“low”) 

and eversion (“high”) types (48). 

College Football Studies: 

The NCAA ISS has issued several studies on artificial turf. One study using 2004-05 to 2008-09 NCAA 

ISS data (5 seasons) found ACL tear rates of 1.73 vs. 1.24 per 10,000 AEs on artificial vs. grass playing 

surfaces (137, 138). Another study using the NCAA’s ISS from the 2004-05 to 2008-09 seasons found “turf 

toe” injuries – essentially a sprain or fracture to the big toe – had rates over twice as high on artificial turf vs. 

natural grass (0.87 vs. 0.47 per 10,000 AEs) (108). A similar study of high ankle sprains also found elevated 

rates of those injuries on 3rd-generation “fill” turf vs. natural grass (0.29 vs. 0.22 per 1,000 AEs) (109).  

Another study of 24 Division I football programs that did not use the NCAA ISP found lower rates of 

overall injuries, minor injuries, and severe injuries on FieldTurf versus natural grass (139). However, this 

study was funded by FieldTurf, and data on individual injury types – placed in an Appendix – were not 

available at the time of this writing (September 14, 2017) due to journal site maintenance. The study does 

state no significant differences were found for knee, shoulder, or head injuries (139). 

A study of a single Big 10 NCAA football program from the 2007-2009 seasons found higher overall 

rates of game injuries on artificial turf vs. grass (172.0 vs. 51.6 per 10,000 AEs), but in practices the trend was 

reversed (20.0 vs. 28.8 per 10,000 AEs) (140). 

Systematic Reviews: 

A systematic review from 2015 of the effect of turf vs. grass on ACL injuries in football players found 

four studies reporting an increased rate of between 10 and 92% versus one with a 25% decreased rate on turf 
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(141). The one study that showed a (non-significant) decrease of 25% was funded by Field Turf (139). These 

articles were not combined in any kind of meta-analysis, but the largest studies reported increased rates of 

40% and 68% (141). Another 2011 systematic review of injuries in soccer, rugby, and football that reviewed 

11 papers comprising 20 player cohorts concluded there was good evidence for higher rates of ankle injuries 

(IDRs 0.7-5.2) but inconsistent evidence for knee and other injuries (133). Both systematic reviews included 

some of the individual studies mentioned above. 

I. Calendar Time (Years/Seasons) 

A handful of analyses have investigated how NFL injuries have varied over time in recent years. 

However, it remains an open question how much of this increase is a true increase in the injury dangers of 

football and how much is increased reporting or, in the case of concussions especially, better recognition of 

injuries in recent years (35). The latter could be considered a form of diagnosis bias if our goal is to identify 

underlying changes in injury rates from across seasons. The increasing revenue, sky-high television ratings, 

ballooning media coverage in the social networking age, and rising popularity of fantasy football all create a 

constant and expanding pressure for information on and scrutiny of players’ injury issues, which can be hard 

to tease out from true increases over time.  

One way to separate these two issues might be to look at injury severity. Injuries resulting in players 

missing substantial time are less subject to increasing reporting or diagnostic pressure than more minor or 

nagging injuries. An analysis of an earlier version of this dissertation’s dataset (public NFL injury reports) 

revealed an increase in the number of reported injuries from roughly 2007-2012 (2000-06 and 2012-14 were 

relatively flat) while the average severity in weeks missed of injuries remained relatively unchanged (142). This 

provides evidence for a true increase in the underlying injury rate rather than increased reporting, which 

would be expected to drive average injury severity down.  
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Figure 1.4. NFL injury counts and severity over time, Binney 2015.10 

 

Other data from the NFL’s ISS paints a different picture. A 2012 report from Edgeworth Economics on 

NFL ISS data provided by the NFLPA found no substantial change of injury counts through 2009 before a 

small spike in 2010 and a much larger increase in 2011 (143). These increases were almost entirely in “Minor” 

injuries that resulted in less than 8 days missed (143). This suggests two things. First, what increases there 

were were due largely to better identification or reporting of minor injuries. Second, the NFL public injury 

reports displayed increases during a time (2007-2009) when the NFL’s own internal counts were not 

increasing, suggesting the increases in that timeframe were due to better reporting and not a true rise in the 

underlying rate. 

More recent NFL ISS data mimics and extends these findings. Deubert et al’s Harvard report also found 

a jump – in both game and practice injuries from the preseason and regular season – from 2010 to 2011, 

though this was only by about 300 injuries rather than 1,500 reported by Edgewood (41). They did not stratify 

by severity. There was then another spike of roughly 200 injuries in the preseason and 450 in the regular 

season from 2013-2014 before the numbers eased off a bit in 2015 (41). In general, the Harvard report found 

increases in injuries over time, but they weren’t steady: there were instead large jumps to a “new normal” in 

2011 and 2014. This sort of pattern suggests sudden changes – such as new reporting regulations or rule 

changes – are more responsible for observed increases than some sort of gradual, continuing change over 

time such as increasing media attention or heavier players. It also does not reflect the pattern observed in 

public injury report data over the same time period, suggesting some differences between the NFL ISS and 

public reports (142). Nonetheless, all these studies agree a greater number of injuries are being reported and 

counted in more recent years, though the explanatory mechanism remains unclear. 
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One non-NFL study, from college football, merits mentioning. Dick et al studied data from the NCAA 

ISP from 1988-2004 and found no substantial changes in game or fall practice injury rates, though spring 

practice rates did appear to decrease from 1997-2004 (34). Division I NCAA football would likely be a good 

control for teasing out the impact of increasing attention and reporting in the NFL as their ISS is less subject 

to that while the sport has been subject to similar increasing attention. Unfortunately, the early time period of 

this study limits the lessons we can draw from it for our more recent data. 

J. Within-Season Time (Weeks) 

In addition to variation across seasons, several analyses have looked at how injuries vary within a season 

from week-to-week. Any observed trend over time in a season needs to consider the survivor effect as a likely 

explanation: “frailer” players are likely to get injured earlier in the season, leaving a heartier group with lower 

baseline injury risk in the season’s later weeks. Regardless of the causal mechanism, these analyses provide us 

with good descriptive data for how observed injury rates vary over the course of a season. 

An analysis of an earlier version of this dissertation’s dataset (public NFL injury reports) found the risk of 

any new injury did not vary substantially as the season dragged on, but there was substantial variation by 

injury type (142). Concussions became more common later in the season, while soft tissue injuries like 

hamstring and groin injuries became less common – soft tissue injuries are where we might expect survivor 

bias to exert a stronger downward force on incidence in later weeks (142). Ankle sprains and ACL tears 

remained relatively flat from week to week (142). 
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Figure 1.5. NFL injury risk by week and injury type, Binney 2015.11 

 

The 2012 Edgeworth Economics report, meanwhile, found relatively flat injury counts through the first 

half of the regular season before a modest (~10%) decrease from week 10-17 (143). The report also looked at 

concussions specifically and did find an increase over the course of the season, though it was inconsistent in 

the latest weeks (143). 

There are several other NFL studies that looked at this issue. Lawrence et al looked at public injury 

report data for the 2012 and 2013 NFL seasons and found there were higher rates of concussions in the last 

12 vs. the first 4 games; lower rates of hamstring injuries in later weeks; and somewhat higher rates of 

shoulder injuries in the last 12 vs. the first 4 games (56). The study found no discernible difference in ankle or 

knee injuries over the course of the season (56). Another analysis of NFL ISS data from 1989-1998 found 

lower rates of ACL tears in November-January (approximately weeks 9-17) vs. July-October (approximately 

preseason through week 8) but did not look at other injuries over in-season time (48). In a study of Achilles 

tendon ruptures using public injury report data, Krill et al found lower rates of ruptures in each subsequent 4-

game stretch of the regular season, dropping from 1.7 to 0.5 per 100 team-games (73). 

One other study from rugby merits a brief mention. In a study of New Zealand rugby players during the 

1993 season, Alsop et al found a gradual drop in injuries over the course of a 19-week (women) or 25-week 
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(men) season (144). The changes did vary by injury type, with lower leg/foot injuries decreasing but trunk 

injuries increasing over the course of the season (144). 

Overall, there is clear evidence that injury rates vary for at least some types of injuries over the course of 

the season, and this relationship warrants further investigation. To determine any causal effect of this 

progression through the season, however, would necessitate further controlling for environmental factors that 

change as the season progresses, such as temperature and precipitation. 

K. Coach Experience 

It is likely that coaches exert at least some influence over injury rates in the NFL as they set, among other 

things, practice schedules (including duration and intensity) and drills. More experienced coaches may have 

more refined practice regimens and a better feel for player health management, leading to lower injury rates. 

On the other hand, more experienced coaches tend to be older, and perhaps younger/less experienced 

coaches will approach practices with a less intense, “old school” attitude given the ever-increasing recognition 

of the injury toll in the NFL. Unfortunately, prior research into the effects of coaches on injury rates in 

football is limited. What evidence exists comes from high school and youth football and is largely centered 

around concussions. A brief review of that evidence follows. 

A study of 3,323 high school football players over 3,948 athlete-seasons in North Carolina from 1996-

1999 measured “coach experience, qualifications, and training” on a 5-point scale (yes/no to 1+ years playing 

experience, 1+ year sport-specific coaching experience, college degree, coaching class, and current first aid or 

CPR certification) where 1-2 was low, 3 medium, and 4-5 high (22). This study found no substantial 

difference in overall injury rates or practice injury rates across coach experience categories (22). However, 

when an injury occurred, medium and high levels of coaching experience were associated with 68% and 59% 

reductions in the odds of that injury being “severe” (3+ weeks prevented from football participation), 

respectively (22). These percentages shrank to 41% and 51% after adjusting for player variables (age, playing 

experience, BMI, prior injury history) and competition level (22). Older studies also demonstrated lower 

football injury rates for teams with more experienced coaches and larger coaching staffs (18). 

 

Another study from Washington state focusing on concussions found that the least experienced coaches 

(1-5 years) were more likely to be aware of their athletes’ concussions (6/6, 100%) than those with 6+ years 

of experience (52/89, 58%) (145). However, the association between coach experience and concussion rate 

was not investigated.   

A study investigating the league-level impact of two injury-reduction programs (Heads Up Football 

(HUF) and Pop Warner practice contact restrictions (PW)) instituted in 2012 studied 2,108 players ages 5-15 
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during the 2014 season from 10 leagues that received either HUF only (4), HUF and the Pop Warner 

restrictions (2), or neither (4). The study found 63% (95% CI 47-74%) and 87% (95% CI 79-92%) lower 

practice injury rates in the HUF and HUF+PW groups versus the non-HUF group, respectively; there was a 

similar reduction for concussions (67%, 89% decrease to 2% increase) in the HUF+PW group but not in the 

HUF group (146). Game injury rates were 75% (95% CI 56-85%) lower in the HUF+PW group; game 

concussion rates were 54% lower but with much uncertainty (95% CI 87% decrease to 66% increase) (146). 

This study could be construed as providing evidence that coach education can help to reduce practice injury 

rates, but top-down practice contact restrictions appear more effective and consistent. However, the lack of 

data from before the rules were introduced severely limits the conclusions we can draw from it. Additionally, 

this study assumed all coaches were similarly impacted by the educational efforts as the exposure was 

measured at the league level and did not control for any other covariates.  

The effect of coaches on injury rates generally is understudied and merits further investigation. Almost 

nothing is known to date about their effect in the NFL. The best analyses would be able to zero in on 

practice injuries, as this is likely where coaches have their strongest impact. If a subset of coaches can be 

found where age and experience are not too collinear, it may also be worth controlling for age to tease out 

what aspects of older and more experienced coaches may be impacting injury rates. 

L. Travel 

Travel can impact a team in many ways. Although they have traveling medical and training staffs, when 

on the road teams are away from their homes and parts of their routines, their locker rooms, their normal 

training and practice facilities, and they may also have to deal with a time change. Any of these could be 

reasonably expected to impact injury rates, though the literature to date in football is very limited. 

One study of public NFL injury report data from the 2012-2013 seasons compared various injury rates 

per team-game for teams at home to those traveling under or over 627 miles (the median travel distance for 

road teams) (56). This study found greater rates of concussions and shoulder injuries for away teams, but no 

substantial differences between those traveling short or long distances (56). As these are both often contact 

injuries, such a similarity might be expected. Hamstring injuries, which are typically non-contact muscle 

strains, had lower rates for away teams, but again exhibited no difference based on distance traveled (56). 

Knee and ankle injuries exhibited no discernible trend, though ankle injuries did exhibit a roughly 20% higher 

rate for teams that had to travel a long distance (56). 

This same study also looked at body clock differences, operationalized as a 3+ time-zone shift versus a 0, 

1, or 2-zone shift. This comparison yielded no substantial differences in concussions or hamstring injuries, 

but shoulder, knee, and ankle injuries were all lower for teams with a greater time shift (56). This runs counter 
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to our expectation given the well-known handicap in winning percentage and some performance metrics west 

coast teams traveling to the east coast face (147). 

Overall there is more we do not know than what we do know about travel and NFL injuries, though 

what data we do have does not suggest a detrimental effect of traveling on injuries. 

M. Pre-season Conditioning 

The new collective bargaining agreement (CBA) between the NFL and its players’ union negotiated 

following a pre-season lockout in 2011 put substantial restrictions on offseason workout, overall practice, and 

contact/padded practices for NFL teams (148). These regulations were implemented to improve player safety 

and reduce practice injuries (148-150). However, some have argued that they have had the opposite effect by 

worsening player conditioning and limiting access to team medical and training resources, thus leaving players 

more susceptible to injuries than before (151-155). It’s possible both sides have a point. 

There is a substantial body of research linking high training loads with increased risk of injuries, 

particularly soft tissue injuries (156, 157). However, there is a growing body of literature suggesting that too 

little training – a low “chronic workload” – is also a predictor of increased injury risk; indeed, high training 

loads results in a host of physiologic changes that are associated with lower injury (156, 157). Out of this was 

born the more recent idea of the “acute:chronic workload ratio,” wherein a high chronic workload is 

necessary to achieve fitness and maximize competitive performance but too high an acute workload over a 

short period can lead to fatigue overwhelming fitness and increasing injury risk (156). The goal is to find a 

“sweet spot” between undertraining and overtraining that leaves athletes both equipped to perform at a high 

level and resistant to injuries.  

What is unknown and virtually unstudied in the academic literature is whether the NFL’s requirements, 

including a large slate of full-contact practices – provided this appropriate level of conditioning before and/or 

after the 2011 CBA. 

N. Synthesis 

Our review identified a handful of factors that have been clearly shown to impact football injury rates, 

though several others exhibit sufficient plausibility to merit further investigation. The strongest evidence is 

for higher rates in games, on kickoff and punt plays, among those with injury histories, for those who play 

more mobile positions, on dryer surfaces, in higher temperatures, and on artificial turf. Age, rest, year, week 

of season, coach experience, and travel, and player conditioning all merit further investigation. Specific Aims 

1 and 3 of this dissertation will attempt to fill in some of these knowledge gaps. 
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V. Injury Risks and Rates in Football vs. Other Sports 
 

It may also be instructive to see how injury rates in the NFL compare to other professional sports. There 

is a wide-ranging belief that the NFL has the highest injury rates of the major North American sports, but by 

how much? Because game injury rates tend to be easier to calculate (and more available across studies) than 

those incorporating practices, we’ll focus on those. All numbers are provided as a rate per 1,000 “athlete-

exposures” (AE), defined as 1 athlete participating in a practice or game. 

Figure 1.6. Game injury rates per 1,000 AEs across sports.12 

 

The best available estimate of overall NFL injuries comes from a 2017 report from Harvard Law School 

that used NFL Injury Surveillance System (ISS) data. In 2014-15 (the most recent 2 years available for all 

injuries) there were 3,553 injuries in regular season games and 737 in regular season practices (82.8% of 

injuries in games) (41). Assuming 92 athlete exposures per game (46-man game-day roster x 2) and 256 games 

per regular season, this translates to 3,553/(256 x 2 x 92) x 1,000 = 75.4 injuries per 1,000 AEs in games in 

the NFL. This translates to an average of about 7 injuries in any given game. There were 737 injuries in 

regular season practices over the same time period (41). If we assume 4 practices per week, 61 athlete 

exposures per practice (53-man active roster + 8-man practice squad), 32 teams, 17 weeks, and 2 seasons, this 

translates to 737/(61 x 32 x 17 x 4 x 2) = 2.8 injuries per 1,000 AEs in regular season practices. The 

combined game and practice regular season injury rate would then be 13.7 per 1,000 AEs. 

What about the other of the “Big 4” North American sports? For MLB, the Harvard report began with 

data from MLB’s Healthy Injury and Tracking System (HITS) that showed 2,988 injuries in the 2011-12 
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seasons across spring training, the regular season, and postseason (41, 158). Since ~71.7% of those games 

would have been in the regular season, we can assume 2,142 regular season injuries. Other data reveal 138,085 

regular season player-games in 2011-12 (159), translating to a game injury rate of 15.5 per 1,000 AEs (41). In 

the NBA, Drakos et al used data from the NBA Trainers Association database to estimate a rate of 19.1 

injuries per 1,000 AEs in regular season games from the 1988-89 through 2004-05 seasons (160). Due to the 

age of these data and the fact that it did not come from a modern EMR system, this is likely something of an 

underestimate of the true NBA injury rate. In the NHL, McKay et al used data from the Athlete Health and 

Management System (AHMS) to estimate a regular season game injury rate of 15.6 per 1,000 AEs from the 

2006-07 to 2011-12 seasons (161). The NFL thus has roughly 4-5 times the in-game injury rate of the 

NBA, MLB, and NHL. 

What about other international sports? For soccer, MLS data is unfortunately limited and old, but better 

data is available from the Union of European Football Associations (UEFA). From 2001-2008, Ekstrand et al 

estimated 27.5 injuries per 1,000 hours of match play (162). At 90 minutes per game for most players, this 

translates to approximately 27.5 / 1.5 hours = 18.3 injuries per 1,000 AEs in UEFA games. (More recent data 

from the 2014 UEFA Report on injuries reported 23.2 injuries per 1,000 hours of match play in 2013-14, 

translating to 15.5 injuries per 1,000 AEs). For Australian Rules Football, Orchard et al estimated a game 

injury rate of 25.7 per 1,000 hours from 1997-2000 (163). At 80 minutes per game, this translates to 

approximately 25.7 / 1.33 hours = 19.7 per 1,000 AEs. Due to its age, this number may also, like the NBA’s, 

be a substantial underestimate. The NFL has roughly 4 times the in-game injury rate of soccer and 

Australian rules football. 

There is one sport, however, that competes with the NFL: rugby. One study of the highest level of 

English rugby found a game injury rate of 91.4 per 1,000 player-hours from 1,534 injuries in 420 matches 

from the 2002-03 to 2003-04 seasons (164). In this league there are 15 players per team with up to 8 

replacements; if we assume the maximum played in each game (23 x 2 = 46), this would translate to 1,534 

injuries / (420 matches x 46 players per match) = 79.4 injuries per 1,000 AEs in English Premiership rugby 

games. A systematic review of 15 men’s senior rugby studies found an overall game injury rate of 81 per 1,000 

player-hours (95% CI 63-105) (165). If we take the same ratio of AEs to player-hours as in the English 

Premiership study, this would translate to 70.4 injuries per 1,000 AEs in games (95% CI: 54.7-91.2). 

Additionally, a comparison of football and club rugby teams at Ohio State University from 2012-2014 found 

game injury rates of 23.4 per 1,000 AEs for football and 39.6 per 1,000 AEs for club rugby (38) – though this 

football rate was lower than the 35-40 per 1,000 AEs reported in other college studies (7, 34). In the end, it 

seems likely that at similar levels of competition rugby has game injury rates at least similar to, if not 

higher than, the NFL.  
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Speaking of rugby, a common question is with the lack of protective gear, how do head injury rates in 

rugby compare to the NFL? Despite a higher overall injury rate, concussion incidence in the English 

Premiership rugby study was only 4.4 per 1,000 player-hours – this is much lower than the 7.4 per 1,000 AEs 

calculated from the Harvard Law Study (41, 164). Although these numbers aren’t directly comparable - the 

average NFL player plays far less than an hour per game - meaning an NFL estimate of concussion incidence 

per 1,000 player-hours is likely >> 7.4 vs. 4.4 in English rugby. Part of that difference may be that the rugby 

study is from a time when less attention was paid to concussions, depressing that rate artificially. Additionally, 

a comparison of football and club rugby teams at Ohio State from 2012-2014 found game concussion rates of 

4.4 per 1,000 AEs for football and 9.6 per 1,000 AEs for club rugby (38). In summary, the NFL has fewer 

injuries overall than rugby – but it’s less clear for concussions specifically.  
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Chapter 2: Specific Aims, Data Sources, and Methods Overview 

I. Overview and Specific Aims 
American football is the most popular professional sport in the U.S.: in a recent Harris Poll asking 1,510 

people who reported following at least one sport to pick their favorite from 21 options, the professional-level 

National Football League (NFL) held the top spot and college football ranked third (1). This popularity is 

reflected in the number of athletes playing it: in the 2013-14 school year there were 14,262 high schools with 

boys’ 11-player football programs, comprising 1,093,234 athletes (8); the National Collegiate Athletic 

Association (NCAA) reported 70,147 men’s college football players in 2013 (9); and in 2015, 1,979 players 

were listed on an NFL game-day roster for at least one regular season game, with a few hundred additional 

players on practice squads or training camps (10). Football is also an inherently physical, chaotic, and violent 

game. There are 22 men on the field for each play – 11 trying to move the ball up the field and 11 trying to 

physically stop them. Offensive players will push, shove, and ram into defenders in an effort to move the ball 

further toward their opponent’s end zone. Defenders also push and shove, but in addition they tackle 

(violently knock down) whichever offensive player has the ball in order to end the play. Injuries occur with 

regularity in both practices and games in the NFL –and, given the physically taxing nature of the game, 

injuries happen frequently even without any physical contact between players (4-7). The injury rate is 

approximately 15-18 injuries per 1,000 athlete-exposures (3, 17, 41) (AE, a single athlete’s participation in a 

game or practice) overall, with much higher rates in games (75.4 per 1,000 AEs) (3, 41). These rates are 

approximately 5 times higher than those for high school football (7, 20), approximately 1.5-2 times higher 

than those for college football (7, 33, 34), higher than those for any college sport (21), and higher than Major 

League Baseball (MLB), the National Basketball Association (NBA), and the National Hockey League (NHL) 

(160, 161, 166). These numbers, along with the intense public interest and economic impact of the sport, 

underscore the importance of studying the injuries among football players.  

The academic literature on NFL injuries, however, is sparse in some areas, including descriptive 

epidemiology. Aim 1 will attempt to fill this gap by investigating the associations between injuries and a range 

of factors such as position, weather, weight, and age. We will then take a deeper dive on one specific risk 

factor – a rule change the League and players’ union undertook to limit injury rates in Aim 2. Finally, we 

sought to see whether these risk factors could be used to identify and predict which players are at highest risk 

for an injury. A schematic of how the aims fit together is provided in Figure 2. A more detailed discussion of 

the three specific aims is below: 

Aim 1: Describe the epidemiology of injuries among NFL players from 2007-2015 using publicly 
available injury report data that have been compiled by Footballoutsiders.com. We will calculate rates, 1-
season risks, and end-season prevalences for any injury and by injury type (e.g. ACL tear, ankle sprain, 
concussion). We will also investigate how these rates vary by person (chronological age, career snap 
count, position), place (team, head coach, game climate, turf type), and time (variation within a season, 
variation over time between seasons).  
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Aim 2: We will investigate the effects of the 2011 collective bargaining agreement (CBA)’s practice 
limitations on injury risks among NFL players. The new CBA limited offseason practice times, which 
some have claimed leads to more poorly-conditioned players and greater injury risk and others have 
suggested might lead to fewer injuries due to extra rest and fewer practices in which to get hurt. We will 
investigate these hypotheses in conditioning-dependent and non-conditioning dependent injuries to tease 
out effect pathways, controlling for temporal trends in injury risk as well as other injury-relevant factors.  

Aim 3: We will develop models for predicting the 1-season risk of missing any games due to injury 
among NFL players. The models will include age, height, weight, previous injury history, and other 
relevant predictors and will be stratified by position. Models will be created using logistic regression with 
GEEs and assessed on discrimination and calibration in a validation cohort from the 2015-2016 NFL 
seasons. 

Figure 2.1. Dissertation Aim Schematic.13 
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II. Cross-Aim Methods 

A. Data Sources 
FootballOutsiders.com (FO) (167) has agreed to let us use their database of NFL injuries and other 

NFL player data from 2000-2015. The injury database includes information from the injury report (player 

name, position, team, injury type), duration, history, player body mass index (BMI), age, and many other 

relevant variables. There are over 30,000 unique injuries (30,186 through 2014) and >30,000 individual player-

seasons (31,184 through 2014) in FO’s database. We are free to publish our findings from these data as long 

as it is offered to FO for publication first. 

1. Study Design and Data Collection Methods 

We collected data relevant to injury description and prediction at multiple levels. We will primarily 

focus on player-season-level injury predictors, but some relevant data from the team-season, game-, and 

season-level were also be collected. Injury data were collected at the player-week level. These data were linked 

to the most granular player-week-level data. The primary unit of analysis will vary by specific aim and within 

specific aim 1. 

General Player-Season-level Data: FO has compiled a database of all player-seasons in the NFL 

since at least the year 2000 with a lot of basic information – age, position, team, games and snaps played, 

height, weight, body mass index (BMI), and various physical characteristics such as 40-yard dash time 

collected at the NFL Combine. These data could best be described as a cohort study with mixed timing of 

data collection (prospective since the site began cataloging each piece of data, retrospective before that). 

These data have been cleaned and analyzed by multiple editors at FO and are used for all of the site’s 

published analyses, including those appearing on ESPN and in their popular Football Outsiders Almanac 

series (168). 

Injury Player-week-level data: In 2007, FO began prospectively collecting data from regular-

season NFL injury reports. That information included player name, team, year, week of season, and a 

description with a “reasonable degree of specificity” of the type of injury (53) – sometimes additional details 

about the injury are also gleaned from player or team interviews or other sources. The data could best be 

described as a cohort study with mixed timing of data collection (prospective for 2007 and later, retrospective 

before that). Data on weekly injury reports has been gathered prospectively every year since 2007 by FO 

interns under the supervision of a series of FO editors (Bill Barnwell, then Danny Tuccitto, currently Scott 

Kacsmar). The interns are different every year, leading to the potential for variations in data quality. 

Compounding that concern is that data for the 2000-2006 seasons were collected retrospectively, which may 

be associated with a difference in data quality between these two periods.  

Team-Season, Game-, and Season-level data: Various other data sources were collated with this 

player-level data for all analyses. These data include team-season-level data on head coaches, schedules, 
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stadium type (dome vs. outdoors), stadium turf (natural vs. artificial) and play type breakdowns from a 

combination of FO, pro-football-reference.com (PFR) (120), the NFL’s website, and team websites. Game-

level weather data came from Weather Underground (169). Season-level data on new rules (e.g. moving the 

kickoff up 5 yards, banning hits on defenseless receivers, spring practice limitations) were be abstracted from 

the NFL’s website and media coverage of all changes. 

2. Study Population 

General Player data: These data are available for all players who were on a regular season NFL 53-

man roster or 8- to 10-man practice squad, including some who never appeared in an NFL regular season 

game. There may also be additional players in the data, but these were not collected in a way that allows them 

to be well-defined. As they are only of peripheral interest for our project, they will be excluded from all 

analyses. 

Injury data: These data are available for all players who were eligible to appear on a regular season 

injury report: all players on the 53-man roster or 8- to 10-man practice squad at any time during the regular 

season, or players who were put on the injured/reserve (IR), physically unable to perform (PUP), or non-

football injury (NFI) lists prior to the regular season. There may also be additional players in the data, but 

these were not collected in a way that allows them to be well-defined. As they are only of peripheral interest 

for our project, they will be excluded from all analyses. 

Team-Season, Game-, and Season-level data: These data were available for all or virtually all 

team-seasons and games in the NFL since the year 2000. We were able to link them to every player-season in 

our data. 

We define our study population and target population as only players who appeared in at least one regular-

season NFL game over the course of their career. Any player-seasons that do not meet this criterion will be 

excluded from the FO player and injury data. We make this restriction for three reasons: 1. It controls for any 

changes in the type of players FO may have tracked over the last 15 years since at minimum they have always 

tracked this group; 2. It focuses our analysis on the group that could best be defined as at-risk for an NFL 

injury, and; 3. It is the group for whom descriptive statistics and predictive models will be most relevant. The 

drawback is this will not allow us to generalize to players who may only appear in an NFL training camp or be 

briefly on a regular season roster, but we feel that the other considerations outweigh this minor concern. 

B. Limitations and Methodologic Challenges 

There are a variety of limitations to the data described above, as well as other general methodologic 

issues in sports injury epidemiology that we are likely to encounter. These challenges are briefly reviewed 

below: 
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1. Limitations Inherent to Injury Report Data 

Defining an Injury 

 A detailed case definition is important epidemiologically to avoid misclassification of outcomes. In 

football injury studies, there is some variation in the case definition of injury. In a study using the NFL ISS, 

Brophy et al defined injuries as “significant and reportable if it resulted in premature cessation of at least 1 

practice, game, or training event. Additionally, football injuries that were treated in a delayed fashion, even if 

not associated with premature cessation of play, were also reported” (50). Interestingly, another study using 

the NFL ISS data had a somewhat different injury definition: “An injury is reportable when 1 or more of the 

following conditions exist: (1) any injury for which the player was removed from the session or missed 1 day 

after the injury; (2) any fracture, regardless of time loss; (3) any concussion, regardless of time loss; (4) any 

dental injury, regardless of time loss; and (5) any heat-related problem, regardless of time loss” (45). In a study 

using the Big 10 Conference’s ISS, an injury “required evidence of tissue damage, as determined by the 

clinical signs of erythema, warmth, tenderness, swelling, or abnormal laxity, and the inability of the player to 

return to practice that day. In addition, all concussions (regardless of time loss), fractures, and dental injuries 

were reportable” (4). The NCAA ISS defines an injury as “one that (1) occurred as a result of participation in 

an organized intercollegiate practice or competition and (2) required medical attention by a team certified 

athletic trainer or physician and (3) resulted in restriction of the student-athlete's participation or performance 

for 1 or more calendar days beyond the day of injury. If an off day followed the injury event, athletic trainers 

were asked to assess whether the injured athlete would have been able to participate…include[s] any dental 

injury occurring in an organized practice or game, regardless of time loss” (32). While these definitions exhibit 

some variation, they revolve around a couple central themes: any physical incident that makes a player unable 

to participate in some portion of a practice or game, plus a few specific categories of incidents that should 

always be reported. Beyond that core, though, there is some substantial variation: medical attention from an 

ATC or physician may be required, the player may have been required to be limited beyond the day of the 

injury, clinical signs of or treatment for an injury might be enough in some cases, and so on.  

 In our analysis we will be using data from the NFL injury report, and so we are reliant on their 

definition of an injury. These are League-mandated public reports that all 32 teams put out each week of “any 

player hampered by an injury (17).” In concert with the injured/reserve (IR) and physically unable to perform 

(PUP) lists for longer-term injuries (>=6 weeks away from practice and >=8 away from games) (51) and the 

non-football injury list for other issues that cost players playing time, these reports provide a list of all NFL 

players suffering the effects of an injury at any given time. The definition of “injury” for the injury report is 

rather muddled (emphasis added) (53): 

All players with significant or noteworthy injuries must be listed on the report, even if the player takes all 
the reps in practice, and even if the team is certain that he will play in the upcoming game. This is especially 
true of key players and those players whose injuries have been covered extensively by the media. … A 
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player who misses a game due to injury or a player who does not finish a game due to injury must be 
included on the Injury Report each day of the following week… 

“Significant or noteworthy injuries” is subject to different interpretations by different teams. The second 

emphasized sentence also suggests that it may be acceptable to have differential reporting thresholds for 

different players depending on skill and media scrutiny, which muddles the definition of “injury” and “injured 

player” even further. The only clearly delineated requirement is to include players whose injuries cost them 

well-defined chunks of in-game playing time, but there are many instances where an injury may just limit a 

player in practice or force them to be used less in games while still playing in all four quarters. 

This lack of a strict, consistent case definition could lead to misclassification of players as injured or 

non-injured, though in most cases this will be non-differential – the one case in which it could certainly be 

differential is when stratifying the data by team or team-season, when different training and coaching staffs 

could tend to report borderline injuries in different ways. Even if this misclassification is non-differential, 

though, it could still bias our estimates in specific aim 2 and degrade the quality of our prediction model in 

aim 3. This misclassification is likely to be minimized if we restrict our analyses to injuries that resulted in 

players missing >= 1 regular season game, since these injuries will virtually always appear on the injury report 

– the League gets very suspicious if a player who normally play sits out a game without a reported injury or 

disciplinary problem. Also, it should be noted that the League is able to levy penalties against teams who 

abuse the injury report, which likely places a cap on the severity of the misclassification in injury report data. 

Teams Manipulating the Injury Report 

 The imprecise definition of an injury as outlined above gives teams opportunities to modify the 

injury report for competitive advantage, either through the decision of whether to list the player at all or in 

determining how much information to reveal about their injury (3, 17, 52). This is especially a problem for 

top quality players, who could either be kept off the injury report to force opponents to prepare for them as if 

they were healthy or put on with inflated issues to lull teams into a false sense of security. The New York Jets 

were fined for doing the former with QB Brett Favre in 2009, while the Cowboys were investigated for the 

same with QB Tony Romo in 2014 (52). However, this problem is not limited to top quality players. The 

vagaries of the “likelihood of playing” categories of “probable,” “questionable,” and “doubtful” – especially 

the first two – lend themselves to different applications by different teams. For example, in 2015 the percent 

of players listed as questionable who played that week ranged from 30.8% (4/13, Pittsburgh) to 84.7% 

(50/59, Cleveland); the NFL average was 62.4% (61). This may not be a problem if it’s just year-to-year 

variation, but often the same teams (unless they change coaching staffs) are consistent offenders from year to 

year: 6 of the bottom 10 in questionable playing percentage repeated from 2014 to 2015, while Miami and 

Cleveland were in the bottom 3 both years (61). 5 of the bottom 8 in number of “probable” players also 

repeated from 2014 to 2015 (61).  
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 This can lead to misclassification of truly injured players as non-injured or vice versa and could bias 

results in the same ways as a loose injury case definition could. It may be possible to develop corrections 

based on past data on team-head coach injury reporting trends, but at least for the initial analyses it will be 

sufficient to stick to the injury report and interpret injury risks and rates as conditional on the injury being 

reported. Also, it should be noted that the League is able to levy penalties against teams who egregiously 

abuse the injury report, which likely places a cap on the severity of the misclassification in injury report data. 

 One additional issue is worth discussing. One might think from its name and private, in-house nature 

that the NFL ISS would be less subject to this kind of misclassification. However, we find it unlikely that this 

would be the case: the League could easily correlate injuries reported to its ISS with public injury reports, and 

if it found substantial differences could levy heavy fines against the offenders. We find it likely that the NFL 

ISS suffers from the same sorts of competitive manipulation problems the public injury reports do, though 

that would be a very interesting ancillary analysis beyond the scope of this dissertation. 

Limited Information of Circumstances Around Injury 

The data in the injury reports are limited to player name, position, team, practice status 

(full/limited/no participation), the likelihood that they will play in the team’s next game (probable, 

questionable, doubtful, out), and injury location (e.g. ankle, knee, arm, illness) (17). Potentially important but 

unavailable data points include: 1. Whether the injury occurred in a game vs. a practice, 2. The mechanism of 

the injury (contact vs. non-contact, contact with another player vs. the field), 3. The activity that led to the 

injury (blocking vs. tackling vs. conditioning vs. other), and 4. If a game injury, the type of play the injury 

occurred on (running vs. passing vs. kick/punt return). Indeed, all we know is that if a player first appears on 

an injury report in week 7, they were either injured during the team’s prior (week 6) game or a practice in the 

interceding period (early part of week 7). This injury circumstance information is available in surveillance 

systems such as High School RIO (20), the NCAA ISS (32, 34), and the NFL ISS (50).  

This lack of information restricts us from conducting any analyses using these variables, even though 

they may be of interest. For example, we will not be able to calculate injury rates for practices vs. games, a 

stratification which is commonly reported in other injury studies – though we may be able to estimate 

stratified rates using data from college or previous smaller NFL studies. We also will not be able to answer 

questions such as whether running or passing plays are more risky; the percent of injuries that are non-

contact or whether they have increased over time; and whether rule changes to reduce injuries on kickoffs 

have accomplished what they intended. Without gaining access to the NFL ISS data or linking our data with 

another source such as NFL play-by-play data, we will simply have to work around these limitations in our 

analysis. 

How Big Are These Problems? – Quantifying Bias 
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 If we consider the NFL’s ISS to be the gold standard for NFL injury reporting, we can attempt to 

replicate several published studies on specific types of injuries, such as AC joint shoulder sprains, in our injury 

report data to see how far off our estimates might be. Our ability to quantify this bias will be limited because 

gold standard data are only available for a subset of injuries, but it will give us a good starting point for 

quantifying potential bias in our risk and rate estimates in specific aim 1. 

2. Limitations with the FO Injury Data 

Variations in Data Quality Across Years 

The FO injury data are subject to several additional sources of potential variation in quality: 1. 

Different interns collecting data each year, 2. Three different editors leading the effort since 2007, and 3. 

Retrospective data collection prior to 2007 but prospective data collection thereafter. This could lead to 

systematic differences across years regarding which players and injuries are included in the data, complicating 

our efforts to make comparisons over time. Our decision to restrict our population to players who played at 

least one regular season game in their career will substantially mitigate the issue of variation in which players 

are included in the data (while admittedly restricting generalizability beyond those players). Our decision to 

restrict analysis to 2007 and later also eliminates any differences from retrospective versus prospective 

reporting. As an ancillary analysis, in concert with FO staff we may try to develop corrections for earlier years 

if it becomes apparent that that is appropriate (e.g. if we find substantial mismatches between historical 

injured/reserve (IR) data from NFL transaction reports and the FO injury database in earlier years). 

In addition to these sources of variation, there is also a more general issue: with the rise of fantasy 

football, internet sports journalism, and other trends, injury data has become more accessible, rich, and 

detailed over time. What in 2001 may have been a vague “knee” injury could today be a grade 2 right MCL 

sprain. NFL injury reports, as noted above, typically only provide a high-level categorization such as “knee” 

or “ankle”; additional information has to come from team news conferences or other media reports. We 

could crudely quantify this trend by calculating the percent of injuries with such enhanced information over 

the last 15 years. The corrections that implies, however, are not straightforward but may provide an avenue 

for future investigation. Can we assume a similar proportion of injuries went entirely unreported? Can we 

estimate probabilities for vague injuries from earlier years? Could we triangulate these percentages with 

previously published data on specific injuries from the NFL ISS to apply corrections for earlier years on those 

specific injuries (or could we broaden those corrections to other injuries)? 

Offseason, Training Camp, and Preseason Injuries – the “Week 1 Tag” 

 As noted above, the FO injury report data are organized by player-week. An injury marked as first 

occurring in “week 7” either occurred during the week 6 game or a practice in week 7. However, any injury 

first listed in “week 1” could be one that: 1. Occurred in a preseason game; 2. Occurred in a practice at any 
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time throughout training camp or the preseason; 3. Occurred in spring minicamps; 4. Occurred at any other 

time in the offseason; 5. Is a “hold-over” injury from last season, or 6. Occurred in a practice during week 1. 

Further complicating matters, no injuries that happened in training camp or preseason from which the player 

recovered fully prior to week 1 of the regular season is included in our data, though we could correct for this 

issue using previously published training camp data (79). These issues make it difficult to provide any valid 

risk or rate estimates specific to the offseason, spring practices, training camp, or preseason. It also means the 

“week 1” injury numbers and rates will appear much higher than those for other weeks, but these differences 

should be disregarded. The “week 1” injury reports can be included in calculating rates at the full-season or 

higher levels, however. 

No Postseason (Playoff) Injuries  

A smaller issue is that we are also ignoring postseason injury rates, since these teams and players are 

systematically different from teams that do not make the postseason in many ways that could affect injury 

risks and rates. These data were collected by FO, but only for more recent years and with somewhat more 

variability than the regular season data. 

3. Methodologic Challenge: Categorizing Injuries 

There are hundreds of International Classification of Diseases version 9 (ICD-9) – and even more 

ICD-10 – codes that can be used to describe sports injuries. These individual codes are far too granular to 

create useful categories for studying sports injuries on the population level, as epidemiologists typically want 

to do. At the same time, simply categorizing an injury as “leg” or “head” is often too broad to draw 

meaningful conclusions. Where is the sweet spot in the middle? 

Different football injury researchers have come to different conclusions on this question. Some have 

created their own injury categorization schemes for specific studies or strings of studies (3, 36, 170). Others 

have appealed to authorities such as the AMA’s Standard Nomenclature of Athletic Injuries (59). Some are at the 

mercy of categorizations imposed by their data sources (e.g. surveillance systems such as High School RIO, 

the NCAA ISS, and the NFL ISS) – though that doesn’t stop them from commonly wrapping multiple injury 

types up into broader categories for ease of analysis or interpretation (7, 34, 50). Our situation is closest to, 

though not exactly the same as, this third class of studies. 

For this dissertation, when classifying injuries we are primarily restricted by the data in the NFL 

injury reports. These data are supposed to include a fairly specific injury location (e.g. ankle, knee, arm, 

illness) (17). However, no universal structured classification schema exists, and the level of detail available 

about an injury can vary widely. The NFL provides only the following guidance (emphasis added) (53): 

Injuries must be identified with a reasonable degree of specificity in terms that are meaningful to 
coaches, other club officials, the media, and the public. For example, leg injuries must be specified as ankle, 
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knee, thigh or calf. Arm injuries must be identified as a shoulder, elbow, wrist, hand, or muscle injury. Listing 
an injury simply as “leg,” “arm,” “upper body,” or some other vague description is not acceptable. For 
quarterbacks, kickers, and punters, the report must designate “left” or “right” if the injury is to the 
arm/hand of a quarterback or the leg/foot of a kicker or punter. 

“Reasonable degree of specificity” here is subject to uncertainty, and the exact threshold can clearly vary by 

position and injury. However, for us there is also another wrinkle: frequently additional details can be 

garnered from media interviews or other sources, and FO has regularly tried to gather that information. Thus, 

for example, while the 2015 official injury report for Jaguars defensive lineman Dante Fowler may specify 

him as going on IR with a “knee” injury, his injury is more correctly coded in our data as a “Knee – ACL 

tear.” This information is not always available, however – it tends to be more easily available for recent 

injuries, more severe injuries, and higher-profile players. Even when it is available, we cannot be certain how 

often FO has captured it. Thus a true medial collateral ligament (MCL) knee sprain could be coded in our 

data as “Knee,” “Knee Sprain,” or “Knee – MCL Sprain,” and it’s difficult to predict which it will be. 

Particularly at granular levels, then, we run the risk of substantial misclassification by injury type. On the other 

hand, the more granular categories – such as ACL tears and high ankle sprains – can be important to consider 

and differentiate from more general “knee” or “ankle” injuries. 

 To address this issue we propose a two-tier injury classification system: one more granular tier 

incorporating some of the additional data collected by FO, and a second higher-level anatomical tier that 

more closely aligns with the NFL’s injury report requirements and is expected to reduce the misclassification 

that occurs at the more granular level. Our proposed scheme is below; of note, the granular category is 

condensed from 380 different injury descriptions in the FO data after cleaning (before that it was over 1,600): 
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Table 2.1. Injury categorization schema.14 

Granular Injury Type (51 categories) Condensed Injury Type (39 categories) 

Abdomen Abdomen 

Achilles Achilles 

Ankle – High Ankle Sprain 

Ankle Ankle – Other 

Ankle – Sprain 

Arm – Broken 
Arm 

Arm – Other 

Back Back 

Biceps Biceps 

Buttocks Buttocks 

Calf Calf 

Chest Chest 

Elbow Elbow 

Eye Eye 

Face Face 

Finger Finger 

Foot – Broken 

Foot Foot – Lisfranc 

Foot – Other 

Toe – Other 
Toe 

Toe - Turf Toe 

Groin Groin 

Hamstring Hamstring 

Hand Hand 

Head – Concussion 
Head 

Head – Other 

Heart Heart 

Hip Hip 

Illness Illness 

Knee – ACL 

Knee 
Knee – Other 

Knee – Sprain 

Knee - Tear, non-ACL 

Leg – Broken 
Leg 

Leg – Other 

Lung Lung 

Neck Neck 

Non-Injury NFI 

Other Other 

Pectoral Pectoral 
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Pelvis Pelvis 

Quadriceps Quadriceps 

Ribs Ribs 

Shoulder – Other 
Shoulder 

Shoulder – Tear 

Spine Spine 

Thigh Thigh 

Thumb Thumb 

Triceps Triceps 

Unknown Unknown 

Wrist Wrist 

 

4. Methodologic Challenge: Calculating Injury Risks and Rates 

Football and other sports injury studies have a variety of ways for calculating measures of disease 

frequency: 

Injury Rates 

 Generally speaking, an incidence rate for sports injuries could be written as 

# 𝑜𝑓 𝑖𝑛𝑗𝑢𝑟𝑖𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑎𝑡ℎ𝑙𝑒𝑡𝑒−𝑡𝑖𝑚𝑒 𝑎𝑡 𝑟𝑖𝑠𝑘 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑖𝑛𝑗𝑢𝑟𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑛𝑢𝑚𝑒𝑟𝑎𝑡𝑜𝑟
. The numerator in this ratio is calculated as the 

number of injuries among players who played at least 1 regular season game in their career, with adjustments 

for training camp to account for injuries that did not last to the regular season. The calculations for the 

denominator are more complex. Sometimes actual hours of athlete participation in athletic activity putting 

them at risk for injury are measured or can be estimated (29). More often, however, broader categories of 

time such as athlete-game, athlete-practice, athlete-exposure (AE, defined as 1 athlete participating in one 

game or practice), or team-game (defined as 1 team playing 1 game) are used (17, 171). In the football injury 

literature, athlete-exposure (AE) is the most common unit used for incidence rates (3, 4, 7, 34, 50, 171). This 

is the unit we will use when calculating incidence rates for this dissertation. AEs will be calculated by 

summing up the number of player-games and the approximate number of practices multiplied by the number 

of players from our target population participating in those practices (the 53-man roster as an approximation). 

 This method may underestimate true injury rates because it does not account for injured players 

missing practice on a day-to-day basis, thus inflating the denominator. It also may inappropriately count some 

players who make the 53-man rosters but never played a regular-season game – and who thus wouldn’t be in 

the numerator – in the denominator, biasing our estimate upwards. In addition, it fails to account for the fact 

that different players will have different levels of participation and work in practice – in one practice a starting 

cornerback may make dozens of quick accelerations and cuts while a backup QB will make virtually none. 
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Their “true exposure” to injury risk is going to be different, but our AEs will count them each as 1 in the 

denominator.  

Risks 

 The primary time period for risks in our analysis is a single season (i.e., we most commonly ask “what 

is the risk of player X suffering Y injury over the course of the season?). A season is defined as the beginning 

of training camp through the end of the regular season, excluding the postseason. The general formula for 

injury risk is:  
# 𝑜𝑓 𝑎𝑡ℎ𝑙𝑒𝑡𝑒𝑠 𝑖𝑛𝑗𝑢𝑟𝑒𝑑

# 𝑜𝑓 𝑎𝑡ℎ𝑙𝑒𝑡𝑒𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 𝑓𝑜𝑟 𝑖𝑛𝑗𝑢𝑟𝑦 𝑎𝑡 𝑡ℎ𝑒 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 𝑎 𝑠𝑒𝑎𝑠𝑜𝑛
 (171). The numerator is defined as the 

number of players suffering an injury that impacts them in the regular season (either by occurring in the 

regular season, placing them on IR, or occurring in training camp but evident into the regular season) who are 

included in the denominator. The denominator for an all-injury/specific injury risk is all players without any 

injury/that specific injury at the beginning of a season. All injuries will be treated as potentially recurrent 

between seasons (i.e. having a hamstring injury two seasons ago doesn’t exclude you from the denominator 

for the current season). We will also assume all players are healthy at the beginning of training camp unless 

they are on the PUP list – which is specifically for players entering training camp with an injury (51). 

 As mentioned above, NFL players over the course of a season are an open but stable-dynamic cohort 

– as players get injured, other players enter the roster to replace them. This can be accounted for in injury 

rates but is harder to address in 1-season injury risks (171). For 1-season injury risks, we assume all non-PUP 

players are healthy by the start of training camp and propose the following denominator: all players with >= 1 

regular season game in their career who are on a team’s week 1 53-man roster, plus any player with >= 1 

regular season game who was put on IR for the entire season. This counts players who would have been at 

risk for injury in the regular season had they survived that long, as well as their non-injured replacements who 

have an entire regular season – and, if they were on the week 1 53-man roster, very likely the entirety of 

training camp – at risk for an injury.  

Temporal Variation that Impacts Injury Rates and Risks 

An evaluation of temporal changes in injury rates and risks may be complicated due to three sources of 

systematic error: 

 Number and Types of AEs changing over time: The 2011 collective bargaining agreement (CBA) 

between the NFL and its players’ union reduced the numbers of padded practices in training camp 

and the regular season (by as much as 50% in training camp and perhaps more in the regular season) 

(148-150).  

o Effect on Rates: This decreases the denominator for rates in recent years, which may inflate 

injury rates even if it reduces the number of injuries. More injuries tend to happen earlier in 
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training camp (79), meaning the numerator will decrease proportionally less than the 

denominator).  

 Larger Rosters: The 2011 CBA also increased maximum roster sizes in training camp from 80 to 90 

players, though the 53-man regular season roster size did not change (the game day roster size 

increased from 45 to 46, but this was effectively offset by the removal of the 3rd emergency QB 

designation) (148). 

o Effect on Rates and Risks: This is expected to be negligible because the target and study 

populations are limited to players who played at least one regular season game, and the 

majority of these additional training camp roster spots are occupied by players who never 

make a regular season or game-day roster.  

 More Players Playing in the Regular Season: Data from pro-football-reference has shown an 

approximately 4% increase in the number of players playing in a regular season game from 2007 

(1,903) to 2015 (1,979). The observed increase could be from more injury replacements or from 

increasing rotation of players within games. 

o Effect on Rates: If the observed increase is from increasing rotation of players, that could 

mean an “AE” today poses lower injury exposure risk than an “AE” in an earlier year, 

potentially biasing comparisons across years (with rates in more recent years being lower 

than they should be for a fair comparison).    

o Effect on Risks: This is expected to be negligible because of how we have chosen to define 

our risk denominator (players on the 53-man roster or on IR for 16 games). The majority of 

this increase is anticipated to be coming from players within the week 1 53-man roster (i.e. 

increasing rotation), rather than from totally new players being swapped in (e.g. injury 

replacements). 

5. Methodologic Challenge: Multiple Injuries 

It is possible for players to accrue multiple injuries on the injury report simultaneously, either in the 

same game or over multiple weeks. In those cases it is common to choose a primary injury (171), and we will 

do so with the following algorithm: 1. The earlier injury will take primacy until it is removed from the player’s 

injury report entry, 2. Unless the later injury immediately sends the player to the IR list or is otherwise 

obviously more severe (e.g. if a player has a hamstring injury from week 2 onwards, but in week 5 tears his 

ACL in practice, the ACL becomes the primary injury for week 5). 

6. Methodologic Challenge: Recurrent Injuries 

The FO database tracks injuries by week. We defined an injury as a new, separate event if it meets 1 

of 2 criteria: 1. It is of a different general type (e.g. foot, ankle) from any previous injury that season, or 2. It is 

of the same type as a previous injury that season, but the player has not been on the injury report with that 
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injury for at least 2 weeks. For example, if Player X is listed with a hamstring injury in weeks 2-3, then suffers 

a shoulder injury for weeks 4-7, then re-injures his hamstring in week 10, these will be counted as 3 distinct 

injuries. If the second hamstring had occurred in week 5, however, we could consider it a continuation of the 

first hamstring injury and the player would be counted as having 2 injuries. This helps account for players 

who are brought back from an injury too soon and avoids any issues with injury reports not appearing during 

a team’s bye week.   

7. Methodologic Challenge: Estimating Injury Severity and Return-to-Play 

Many studies have sought to measure injury severity, and – while some have access to detailed 

medical records that record, for example, the grade of a muscle strain – most of them have used the amount 

of time a player is away from practice and games as a proxy (3, 7, 34, 172-175). This typically works well for 

relatively short-term injuries that occur in the early or middle parts of the season, but for long-term injuries – 

such as ACL tears – or moderate injuries that occur late in the season, this estimate can fall short. In 

epidemiologic terms, we have censoring – a player can only miss days until the end of the season, then 

observation essentially stops and they’re out until the next season (unless you’re following them through the 

offseason and are able to estimate when they would have been able to return to practice, but that is rare). To 

address this issue, we’ll use survival analysis methods to generate median return-to-play (RTP) estimates for 

each injury. Only injuries resulting in the player missing all 16 games or occurring during the regular season 

(i.e. not appearing on the week 1 injury report) will be used for this analysis. This will avoid downward bias 

from, for example, a 3-week hamstring injury occurring in preseason week 3 that then only appears to hamper 

a player for 1 week during the regular season. 

One added consideration for the NFL in particular is the IR system (51). The incentives behind 

ending a player’s season are complex, and a player being placed on IR doesn’t always mean they have a 

season-ending injury. It may mean the team wants to keep them but free up a roster spot for another player. 

In addition, it becomes less costly for teams to put players on IR later in the season they get hurt, so a 

relatively minor injury is more likely to place a player on IR in week 15 than week 6. Once a player is on IR, 

he is out for the rest of the year (unless he is listed as IR-Designated for Return, an option that was 

introduced in 2012 and may be used by each team once per year). This issue is likely to bias the RTP 

estimates upwards. This bias may differ by position – for example, it may be less of a problem for QBs, who 

are less likely to be placed on the IR list in borderline cases. Unfortunately, any attempts at corrections would 

probably inject more uncertainty than they remove. 

8. Methodologic Challenge: Survivor Bias in Aging and Career Snapcount Analyses 

When investigating how injury risks and rates vary with chronological age or career snapcount, it is 

important to consider that their effects can be difficult to assess in an open cohort such as the NFL due to 

survivor bias. Survivor bias can impact the analyses via two mechanisms: 1.) only heartier players with a lower 
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baseline injury risk continue to play into their later years or accumulate more snapcounts in the NFL, and 2.) 

positions that get hit and injured less, and thus have longer careers (e.g. QBs and kickers), are 

disproportionately represented in older age groups/higher snapcount categories.  Either one causes older 

players to exhibit a substantially lower baseline injury risk, on average, than younger or less experienced 

players, which could make aging and experience appear to have no or a protective effect against injuries. One 

method to control for this and properly estimate the effect of aging and snapcount is to use closed cohorts of 

players who survive to a certain age or snapcount mark in the NFL (e.g. only those players who played to 30 

years or 5,000 snaps or later) and then examine injury risks and rates in those cohorts up to the minimum 

level specified for the cohort (e.g. 30 years/5,000 snaps).  

9. Methodologic Challenge: Categorizing Special Teams Players 

Another issue when evaluating injury rates and risks by position is how to categorize special teams 

(ST) players. There are three specialized positions who play only on ST: placekickers, punters, and long 

snappers. Other players, however, especially lower-string backups, may be listed as one position (e.g. DB) but 

actually play primarily on special teams. As the data do not allow differentiating between ST players and those 

who play their listed position on offense or defense, the ST category will consist solely of placekickers, 

punters, and long snappers.  
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Chapter 3: Specific Aim 1. Descriptive Epidemiology of NFL 

Injuries, 2007-2015. 

I. Abstract 

Introduction: Football is a popular and violent sport with injury rates substantially above those of other 

professional sports in the U.S. Despite this, descriptive epidemiology of NFL injuries is surprisingly sparse. 

Objective: We sought to calculate overall NFL injury rates and 1-season risks and investigate their 

associations with an array of player-, player-season-, and game-level variables.  

Methods: A total of 19,389 player-seasons with 17,652 injuries from the 2007-2015 seasons were studied. 

Players without at least one career NFL game were excluded. Injuries were identified using a prospectively-

collected database from the website Football Outsiders. The database was derived from NFL injury reports 

but supplemented with other sources. Injury rates per 1,000 regular season athlete-exposures (one athlete 

participating in one game or practice) and 1-season risks (regular season week 1 through regular season week 

17 practices) were calculated. Rates and risks were compared across positions, turf type, game weather 

conditions, travel, rest days, week of season, year, player weight, age, career snapcounts, and two-year injury 

history. We calculated injury-specific rates and risks for ankle, back, concussion, groin, hamstring, knee 

ligament, shoulder, and upper extremity fractures. 

Results: The overall injury rate was 15.1 per 1,000 AEs (SE 0.1). 68.1% of player-seasons involved at 

least one injury; 38.9% involved at least one missed game due to injury. Injury rates (per 1,000 AEs) were 

higher among running backs (20.7 per 1,000 AEs) and other mobile positions (range 16.9-17.4) than offensive 

(12.8) or defensive linemen (15.1). 2012-2015 visiting team injury rates were higher on artificial turf than grass 

(18.2 vs. 16.7); among specific turf types, A-Turf (21.1), Momentum Turf (19.3), and FieldTurf (19.2) all 

exhibited elevated injury rates. Injury rates were higher for heavier players except running backs. Hamstring 

and groin injuries were more common during warmer conditions and earlier in the year, while the 

corresponding results for concussions were in the opposite direction. Back, groin, hamstring, ankle, and knee 

ligament injury rates rose with increasing player age. Longer overall injury histories were associated with 

greater injury risk; this association was similar for specific injuries except for face and upper extremity bone 

and joint injuries. While reported injury rates did rise from 2007-2015, the largest increases occurred in minor 

injuries that caused no missed games. 

Conclusions: NFL injuries are common. Rates varied by several known injury risk factors including position, 

weight, age, turf, weather, and injury history. While reported injury rates have also risen in recent years, this 

may be attributable to better reporting. 
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II. Introduction 

American football is the most popular professional sport in the U.S (1). This popularity is reflected in the 

number of athletes playing it: in the 2013-14 school year there were 14,262 high schools with boys’ 11-player 

football programs, comprising 1,093,234 athletes (8); the National Collegiate Athletic Association (NCAA) 

reported 70,147 men’s college football players in 2013 (9); and in 2015, 1,979 players were listed on a 

National Football League (NFL) game-day roster for at least one regular season game, with a few hundred 

additional players on practice squads or in training camps (10). Football is also an inherently physical, chaotic, 

and violent game. Injuries occur with regularity in both practices and games in the NFL: previous studies 

have shown the injury rate is approximately 15-18 injuries per 1,000 athlete-exposures (3, 17). Athlete-

exposure (AE) is a common measure in sports injury research, defined as a single athlete’s participation in a 

game or practice (3). The rates in the NFL are approximately 5 times higher than those for high school 

football (7, 20, 176), approximately 1.5-2 times higher than those for college football (7, 33, 34, 176) or any 

college sport (21). NFL injury rates are also higher than the corresponding rates in Major League Baseball 

(MLB), the National Basketball Association (NBA), and the National Hockey League (NHL) (160, 161, 166, 

176), as well as soccer and Australian Rules Football (162, 163, 176). Rugby appears to have injury rates 

comparable to those in the NFL, though there is some variation across studies (38, 164, 165, 176, 177). The 

number of studies evaluating NFL injuries increased over time: 78 studies appeared in press in the 3-year 

period from 2010-12 versus 28 studies published in the 5-year period 2000-04 (60). In the 2010-12 period the 

NFL also passed the MLB as the most studied U.S. professional league with regards to injuries (60). 

Despite this increase in research interest, descriptive epidemiology data on NFL injuries are sparse. The 

most important data source is the NFL’s Injury Surveillance System (NFL ISS), which has been in existence 

since 1980 (40, 41). However, most studies using the NFL ISS are focused on specific types of injuries such 

as ulnar collateral ligament (UCL) injuries or triceps tendon tears (42-48) rather than incidence estimates 

across a wide range of injuries. To our knowledge, only two previous studies exist that provide even reliable 

total counts of NFL injuries (41, 49). The reasons for that are unclear but may involve data access and 

research approval issues.  

In the absence of access to NFL ISS data, an alternative source of data are the NFL’s public injury 

reports, but research here is also limited. The existing injury report-based studies (17, 56) are limited because 

they used data from only two (2012 and 2013) seasons, were unable to consider several potentially important 

risk factors (e.g. precipitation, player weight and age), and did not calculate injury rates by AE (a common 

person-time unit in epidemiology sports injuries). Additionally, no study to date has rigorously calculated 1-

season risks for NFL injuries.  
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 We sought to fill these knowledge gaps by using a unique database of injuries created by football 

analytics researchers to supplement public injury reports with other information from media reports (167). 

The study’s objectives were three-fold: 1. To calculate overall epidemiologic rates per 1,000 AEs and 1-season 

risks of NFL injuries (Aim 1a); 2. To investigate the associations between injury rates and risks and a range of 

player-, player-season-, and game-level variables (Aim 1b); 3. To investigate how these associations vary by 

injury type using injury rates (Aim 1b). 

III. Methods 

A. Data Sources 

Data on injuries comes from a database maintained by the football analytics website Football Outsiders 

(167). The data were collected prospectively from the 2007-2015 regular seasons. It is based on the official 

public injury reports released weekly by each NFL team, supplemented with additional details from media 

reports where available. Information for all injuries includes player name, team, position, week, season, injury 

type, final practice report status, and the player’s anticipated availability and actual participation in that week’s 

game. Due to possible temporal variations in injury reporting and data collection procedures, only injuries to 

players with at least one regular season game appearance were included. Thus, the study population includes 

all NFL players who appear in at least one regular season NFL game. 

Other data on players (position, weight, height, and career snapcounts) and team-seasons (head coaches, 

schemes, and play types on offense and defense) were also provided by Football Outsiders. Regular season 

game-level data (date, time, home and away teams, temperature, stadium and turf type) were collected from 

Pro-Football-Reference.com (120). Turf type for each game was ascertained from publicly available online 

resources. Game-day precipitation data were extracted from Weather Underground using the weatherData 

package in R (178).  

B. Injury Counts and Measures of Injury Frequency 

Risk Period: Our primary risk period is the “regular season” from week 1 through week 17’s practices. 

Injury information from week 17 games is only available for a subset of teams that make the playoffs.  

Injury Counts: An “injury” was an event that appeared on the public injury reports NFL teams release 

before each regular season game or that placed a player on the “injured reserve” (IR) list – a designation given 

to players with long-term injuries. We included both time-loss and non-time-loss injuries. We defined an 

injury as a new, distinct event if it meets one of two criteria: 1. It is of a different general type (e.g. foot, ankle) 

from any previous injury that season, or 2. It is of the same type as a previous injury that season, but the 

player has not been on the injury report with that injury for at least 2 weeks excluding byes. Injuries were 

designated as occurring the week prior to their first appearance on a report, though we could not distinguish 

between injuries occurring in the previous week’s game or the current week’s practices. Our data contained 
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392 distinct injury definitions (e.g. anterior cruciate ligament (ACL) tear) over 41 anatomic locations (e.g. 

Knee). 

Specific Injuries: We calculated risks and rates for all injuries together as well as eight specific types of 

injuries, chosen to represent common injuries across a wide range of body parts and mechanisms: soft tissue 

injuries (hamstring, groin, back Muscle); joint injuries (Ankle Sprains, Knee Ligament Injuries); contact-

related joint injuries (Shoulder); and other contact-related injuries (Concussions, Upper Extremity (UE) 

Fractures). Further details and definitions are available in Table A1 of the Appendix. 

Specific Injury Types for Prior Injury History Analyses: We grouped all 392 original injury definitions into 20 

categories for analyzing the association between prior injury history and 1-season risk of missing 1+ games 

due to injury. All bruises and fractures except ankle and foot fractures were excluded. The categories were 

chosen a priori based on similar clinical expectations for future injury risk. The category definitions are given 

in detail in Table A1. Three categories (“Organ,” “Other,” and “Unknown”) were excluded from all analyses 

due to small sample sizes (N < 20 injuries); this left 17 categories for all analyses of prior injury history. 

Measures of Injury Frequency: Three different measures of injury frequency were calculated. Injury rates 

were calculated per 1,000 athlete-exposures (AEs), with one AE defined as one player participating in a game 

or practice. The formula for an injury rate is 

# 𝑜𝑓 𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 𝑖𝑛𝑗𝑢𝑟𝑖𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑎𝑡ℎ𝑙𝑒𝑡𝑒−𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑠 𝑤ℎ𝑖𝑙𝑒 𝑎𝑡 𝑟𝑖𝑠𝑘 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑖𝑛𝑗𝑢𝑟𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑛𝑢𝑚𝑒𝑟𝑎𝑡𝑜𝑟
. The denominator used the 53-man active 

roster of each NFL team as a proxy for our target population of players appearing in at least one career game. 

We then calculated the AEs at risk as: (53 players per team x 32 teams x 4 practices per week x 17 weeks x 9 

seasons) + (46 active game-day players x 480 team-games per season x 9 seasons) = 1,236,672 AEs. We then 

subtracted AEs for any player still on the 53-man roster who did not play in a game or did not participate in a 

practice1(179). Because we did not have data on what play the injury occurred, we could not calculate injury 

rates on a per-play or per-snap basis. This also precluded us from calculating injury rates for rushing, passing, 

and special teams plays. 

1-season injury risks were calculated using the formula 
# 𝑜𝑓 𝑎𝑡ℎ𝑙𝑒𝑡𝑒𝑠 𝑟𝑒𝑝𝑜𝑟𝑡𝑒𝑑 𝑖𝑛𝑗𝑢𝑟𝑒𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑠𝑒𝑎𝑠𝑜𝑛

# 𝑜𝑓 𝑎𝑡ℎ𝑙𝑒𝑡𝑒𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 𝑓𝑜𝑟 𝑖𝑛𝑗𝑢𝑟𝑦 𝑎𝑡 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 𝑠𝑒𝑎𝑠𝑜𝑛
. To 

identify players at risk for a full season we restricted both numerator and denominator to player-seasons 

                                                           
1 Our data set only had information from the last practice report issued by each team each week (for a Sunday 
game, Friday). This was then cross-referenced with full practice report data from CBS Sports in 2016 that showed 
that players with full/limited/no participation in their last practices missed on average 0.50/1.45/2.53 of 3 
practices with reports that week, counting a limited practice as 0.5 practices missed. Extending this to 4 practices 
per week we subtracted 0.67/1.94/3.38 practices for players with a full/limited/no participation listing in our data. 
Those without a final practice status listing were counted as not missing any practices. For full season estimates, 
we applied an identical proportionate reduction to the 673,920 additional AEs we estimate were accrued during 
training camp and preseason. 
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where the player played at least one snap in week 1. This cutoff produced 12,687 player-seasons from 2007-

2015, or 44.0 players per team-season over that timeframe. We also calculated the 1-season risk of missing 1 

or more games due to injury, which may be a more relevant outcome for some stakeholders. This was 

calculated using the formula 
# 𝑜𝑓 𝑎𝑡ℎ𝑙𝑒𝑡𝑒𝑠 𝑚𝑖𝑠𝑠𝑖𝑛𝑔 1+𝑔𝑎𝑚𝑒 𝑑𝑢𝑒 𝑡𝑜 𝑖𝑛𝑗𝑢𝑟𝑦 𝑑𝑢𝑟𝑖𝑛𝑔 𝑠𝑒𝑎𝑠𝑜𝑛

# 𝑜𝑓 𝑎𝑡ℎ𝑙𝑒𝑡𝑒𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 𝑓𝑜𝑟 𝑖𝑛𝑗𝑢𝑟𝑦 𝑎𝑡 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 𝑠𝑒𝑎𝑠𝑜𝑛
. 

Ancillary Injury Frequency Measures: Because the risks estimated above were conditional on a player making 

it to the first regular season game healthy (i.e. not out for the season), we sought to re-estimate these 

measures for a “full season” including training camp and preseason games but not the postseason. This may 

be a more relevant risk period for teams, training staffs, and other stakeholders. We modified injured player 

counts to include injuries occurring in training camp or preseason and impacting the player in the regular 

season (i.e. injuries appearing on the week 1 reports). We modified risk denominators to include players who 

missed all 16 regular season games. “Full-season” risks stratified by a subset of important variables are 

provided in an Appendix.  

Lastly, a new measure – “end-season toll” – was calculated using as a risk numerator the number of 

athletes in the denominator who were on the injury report for regular season week 17. This captures the 

percent of players from the week 1 roster who were injured at the end of the regular season. Calculations of 

end-season toll stratified by a subset of variables is provided in the Appendix. 

C. Injury Risk Factors 

In addition to calculating overall injury rates and risks, we examined their association with various known 

or hypothesized risk factors at various levels. At the player level we investigated the time-independent 

variables position, weight, height, and body mass index (BMI) at the time the player entered the NFL. At the 

player-season level we considered age; total career snap count from all prior seasons; the percent of a player’s 

team’s plays that were rushes vs. passes; week of season; year; and the player’s injury history over his previous 

two seasons. At the game level we considered the game’s turf type, temperature, precipitation, rest since the 

previous game, and whether each player was at home or away. We limited analyses of turf type to the 2012-15 

seasons to minimize the risk of turfs introduced in more recent years appearing to be worse because of a time 

trend of rising injuries; we also excluded home team injuries to remove the effects of the home team’s roster, 

training staff, and other team-level factors that can impact injury rates.  We defined all indoor stadium (domes 

and those with retractable roofs) games as dry and as their own temperature category. Because we lack data 

on injury timing more specific than week, for all game-level variables we made an assumption that all injuries 

occurred in the previous week’s game rather than that week’s practices. Studies have shown that >80% of 

NFL injuries occur in games rather than practices (17, 41, 47, 54, 55).  
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How we defined a player’s injury history merits a brief discussion. Injury histories were defined as the 

number of discrete injuries of a given type over a player’s previous two NFL seasons. Because we did not 

have reliable injury data from college or before 2007, we excluded seasons before 2009 as well as each player’s 

first two seasons in the NFL. This left 7,525 player-seasons from 2009-2015 for the injury history analysis vs. 

12,687 player-seasons in all other analyses. 

When calculating injury rates and risks we distributed AE and player-seasons at risk proportionately to 

their distribution across risk factor categories. A detailed description of these allocations is provided in the 

Appendix. 

D. Statistical Analysis 

Using the definitions above we calculated injury rates per 1,000 AEs and 1-season risks for all injuries and 

eight specific injury types. As each team accrued 4,340 AEs each regular season, a 1-unit change in injury rate 

equates to 4.3 fewer injuries for a team over that time span. All frequency measures were calculated overall 

and stratified by the variables listed above except for game-level variables, for which we only calculated rates. 

Some data were restricted to an Appendix. Standard errors (SEs) were calculated using normal 

approximations to the Poisson distribution for counts/rates and binomial distributions for risk and 

prevalence. We present uncertainty in our rates and risks using one standard error (1-SE) bars rather than 

95% confidence intervals to avoid conflation with null hypothesis significance testing. 95% confidence 

intervals can be generated from our data by adding or subtracting 1.96 times the standard error to our point 

estimates. Results for categorical variables variables are presented in tabular format. Other continuous 

variables are presented as line graphs or scatterplots.  

For categorical variables we identified risk and rate differences meriting attention using a “minimally 

important difference” (MID) approach (180, 181). This approach is common in patient-reported outcomes in 

orthopedics and elsewhere, but it is applicable to population-level injury rates as well (182, 183). We defined a 

threshold above which an effect size would be considered meaningful to players, teams, or other 

stakeholders. The MID by its nature is subjective and depends on both the population under study and how 

big an effect a subject or other stakeholder considers worthwhile (181). We defined two MIDs. For specific 

injuries we chose an MID of one less injury of a given type per team per season – this translates to a rate 

difference of approximately 0.25 per 1,000 AEs. For overall injuries we chose an MID of 4 fewer injuries per 

team per season – this translates to a rate difference of approximately 1.0 per 1,000 AEs. This threshold was 

chosen because avoiding 4 injuries can materially impact an NFL team’s season. The 17,652 injuries in our 

data caused 24,612 missed games for an average of 1.4 missed games per injury; 4 additional injuries translates 

to 5.6 missed player-games on average, which – especially if they occur to high-value players or are 

particularly severe injuries – could be the difference between teams winning or losing one or more of their 16 
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regular season games. Such a loss could also affect a team’s bottom line. The average NFL salary is 

approximately $1.9 million, or approximately $120,000 for each of 16 regular season games (184). An average 

of 5.6 missed games translates to approximately $672,000 per team per season in lost player productivity due 

to injuries. For the 32 NFL teams as a whole, then, a rate difference of 1.0 injury per 1,000 AEs translates to 

$21 million more or less per year in lost productivity.  All differences also had to be at least 1.5 SEs in 

magnitude to limit the identification of differences that are due to random error.  

The MID is typically used to make comparisons between two groups, such as subjects before and after a 

treatment or running backs versus wide receivers. It is less clear how to apply this framework to variations in 

injury rates over a continuous variable such as temperature since the magnitudes of differences will be 

sensitive to the cutpoints of the variable used to make comparisons. Instead we present these data using line 

graphs of injury risks or rates across small buckets of each continuous variable (for example, 5-degree buckets 

for temperature). Bucket width was chosen to balance within-bucket homogeneity of rates with sample size 

concerns; all buckets had to contain a minimum of 20 player-seasons-at-risk over our study period. We then 

identified differences using two criteria: a consistent dose-response relationship (for example, did injuries 

increase or decrease in a consistent fashion over the entire range of temperatures we observed); and either 

physiologic plausibility or identification of the variable as a risk factor in prior literature. In the absence of a 

clear dose-response relationship, we considered any pairwise differences between buckets that exceeded the 

categorical MID to likely be chance findings resulting from multiple comparisons.  

All analyses were performed in R version 3.3.2 and RStudio version 1.0.143. The Emory University IRB 

determined this project was not human subjects research as all data is publicly available. 

IV. Results 
There were 17,652 injuries in the 2007-2015 NFL regular seasons, corresponding to an injury rate of 15.1 

per 1,000 AEs (SE 0.1) (Table 1). The 1-season risk of any injury for a player on the week 1 roster was 68.1% 

(SE 0.4%), while the 1-season risk of an injury costing a player at least 1 game was 38.9% (SE 0.4%) (Table 

1). Among the specific injuries we studied, knee ligament injuries had by far the highest rate at 2.71 per 1,000 

AEs; ankle sprains were second at 1.86 (Table 2).  

Position: 

Running backs (RBs) had the highest injury rate (20.7 per 1,000 AEs); followed by mobile positions such 

as linebackers (LBs), defensive backs (DBs), wide receivers (WRs), and tight ends (TEs) at around 17 per 

1,000 AEs; then defensive linemen (DLs) at 15.1; offensive linemen (OLs) at 12.8, quarterbacks (QBs) at 8.6, 

and special teams players (STs) at 4.4 (Table 1).  
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With respect to specific injury types, RBs had above-average rates of ankle sprains, concussions, 

hamstring, knee ligament, and shoulder injuries (Table 2). DBs also had above-average concussion, groin, and 

hamstring injury rates (Table 2). LBs had elevated hamstring, knee, and shoulder rates (Table 2). Linemen 

(both OLs and DLs) had below-average rates of concussions and hamstring injuries but above-average rates 

of knee injuries (Table 2). OLs also had lower rates of groin but higher rates of ankle injuries (Table 2). TEs 

had the highest rate of concussions (1.72 (SE 0.16) per 1,000 AEs followed by DBs at 1.32 (SE 0.08)) (Table 

2). 

Travel and Rest: 

Using our MID criterion there was no difference in injury rates for home and away games (Table 1). 

There was no clear trend in travel, though teams traveling 3+ time zones to the east (west coast to east coast, 

or any team to London) did have a lower rate than even home teams (13.7 vs. 14.9 per 1,000 AEs) (Table 1). 

Among the specific injury types we investigated, there were no differences between home and away games 

overall (Table 2).  

Four-day (Sunday-Thursday) rest periods were associated with lower injury rates than typical 7-day 

(Sunday-Sunday) rests overall (14.4 vs. 16.0 per 1,000 AEs) (Table 1). When examined by injury type, the 

differences were only seen for knee and shoulder injuries (Table 2). 

Turf: 

Overall 2012-2015 visiting team injury rates were higher on artificial turf than grass (18.2 vs. 16.7) (Table 

1). We also stratified by type of artificial turf; compared to natural grass over this period (16.7 per 1,000 AEs), 

A-Turf (21.1), Momentum Turf (19.3), and FieldTurf (19.2) all exhibited elevated injury rates. If we include 

home and visiting team injuries there is no longer an overall difference between grass and artificial turf (16.9 

vs. 17.2 per 1,000 AEs), but FieldTurf (18.0) and A-Turf (18.8) remain elevated. There was no difference in 

grass and artificial turf visiting team injury rates from 2007-2011 (14.3 vs. 14.6 per 1,000 AEs). 

Precipitation: 

There were no overall differences between games that were dry (15.1 per 1,000 AEs), rainy (15.5), or 

snowy (14.5) (Table 1).  When stratifying by injury type, snowy games were associated with lower rates of 

hamstring injuries and rainy games with lower rates of knee ligament injuries (Table 3). Data on precipitation 

stratified by turf type is available in the Appendix (Tables A2 and A3). 
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Table 3.1. Regular season injury counts, rates, and 1-season risk estimates for all NFL injuries, 2007-2015.15 

Variable Injuries AEs 
Injury Rate per 
1,000 AEs (SE) 

Player-
seasons with 

Injury 

1-Season Injury 
Risk (SE) 

Player-
Seasons with 

1+ Games 
Missed Due 

to Injury 

1-Season Risk 
of Missing 1+ 
Games Due to 

Injury (SE) 

Player-Seasons 
at Risk 

Total 17,652 1,166,055 15.1 (0.1) 8,639 68.1% (0.4%) 4,930 38.9% (0.4%) 12,687 

Position                 

QB 585 67,834 8.6 (0.4) 237 68.1% (2.5%) 144 41.4% (2.6%) 348 

RB 1,796 86,560 20.7 (0.5) 826 73.0% (1.3%) 530 46.8% (1.5%) 1,132 

WR 2,241 130,677 17.1 (0.4) 988 74.2% (1.2%) 578 43.4% (1.4%) 1,331 

TE 1,103 65,344 16.9 (0.5) 568 70.3% (1.6%) 348 43.1% (1.7%) 808 

OL 2,553 199,662 12.8 (0.3) 1,302 66.3% (1.1%) 684 34.8% (1.1%) 1,963 

DL 2,663 176,245 15.1 (0.3) 1,351 69.2% (1.0%) 721 36.9% (1.1%) 1,952 

LB 2,607 152,532 17.1 (0.3) 1,316 70.7% (1.1%) 749 40.2% (1.1%) 1,862 

DB 3,797 218,151 17.4 (0.3) 1,801 74.5% (0.9%) 1,098 45.4% (1.0%) 2,417 

ST 307 69,050 4.4 (0.3) 250 28.6% (1.5%) 78 8.9% (1.0%) 874 

Side                 

Defense 9,067 546,928 16.6 (0.2) 4,468 71.7% (0.6%) 2,568 41.2% (0.6%) 6,231 

Offense 8,278 550,077 15.0 (0.2) 3,921 70.2% (0.6%) 2,284 40.9% (0.7%) 5,582 

Game Day Precipitation       - - - - - 

   Dry/Dome 14,322 946,198 15.1 (0.1) - - - - - 

Snow 689 47,499 14.5 (0.6) - - - - - 

   Rain (> 0.05 in) 2,540 164,362 15.5 (0.3) - - - - - 

Turf Typea       - - - - - 

   Natural Grass 2,029 121,560 16.7 (0.4) - - - - - 

  Any Artificial 2,319 127,170 18.2 (0.4) - - - - - 

Specific Turf Typesa                 

  Natural Grass 2,029 121,560 16.7 (0.4) - - - - - 

  A-Turf 145 6,883 21.1 (1.7) - - - - - 

  Astroplay 142 8,581 16.5 (1.4) - - - - - 
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  Desso 328 18,586 17.6 (1.0) - - - - - 

  FieldTurf 903 47,105 19.2 (0.6) - - - - - 

  Matrix Turf 123 7,893 15.6 (1.4) - - - - - 

  Momentum Turf 155 8,031 19.3 (1.6) - - - - - 

  UBU 523 30,093 17.4 (0.8) - - - - - 

Rest                 

4 days 754 52,381 14.4 (0.5) - - - - - 

5-6 days 1,307 
           

79,271  
16.5 (0.5) - - - - - 

7 days 11,379 
         

711,674  
16.0 (0.1) - - - - - 

8-11 days 1,818 
         

110,641  
16.4 (0.4) - - - - - 

12+ days 1,232 
           

74,493  
16.5 (0.5) - - - - - 

Travel Distance                 

Home 8,601 578,567 14.9 (0.2) - - - - - 

Away 9,051 587,488 15.4 (0.2) - - - - - 

Within 2 Time Zones 8,086 520,191 15.5 (0.2) - - - - - 

3+ Time Zones West 468 31,054 15.1 (0.7) - - - - - 

3+ Time Zones East 497 36,243 13.7 (0.6) - - - - - 

a2012-2015, visiting teams only 
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Table 3.2. Regular season injury rates by injury type, 2007-2015. Red-shaded cells represent injury rates higher (using our MID framework) than those 

for the indicated referent group, while green-shaded cells represent the same but for lower injury rates.16 

Variable 

Injury Rate per 1,000 AEs (SE) 

Ankle Back Concussion Groin Hamstring 
Knee 

(ligamentous) 
Shoulder 

UE 
Fracture 

Total 1.86 (0.04) 0.71 (0.02) 0.92 (0.03) 0.67 (0.02) 1.27 (0.03) 2.71 (0.05) 1.27 (0.03) 0.14 (0.01) 

Position (Ref. = 
Overall Average)                 

QB 0.92 (0.12) 0.39 (0.08) 0.82 (0.11) 0.13 (0.04) 0.16 (0.05) 0.91 (0.12) 1.40 (0.15) 0.27 (0.06) 

RB 2.99 (0.19) 0.65 (0.09) 1.21 (0.12) 0.71 (0.09) 2.03 (0.15) 3.80 (0.22) 1.52 (0.13) 0.22 (0.05) 

WR 1.95 (0.12) 0.75 (0.08) 1.10 (0.09) 0.87 (0.08) 2.07 (0.13) 2.82 (0.15) 1.26 (0.10) 0.12 (0.03) 

TE 2.04 (0.18) 0.83 (0.11) 1.72 (0.16) 0.52 (0.09) 1.22 (0.14) 3.11 (0.22) 1.20 (0.14) 0.11 (0.04) 

OL 2.09 (0.10) 0.87 (0.07) 0.68 (0.06) 0.29 (0.04) 0.38 (0.04) 3.09 (0.13) 1.09 (0.07) 0.05 (0.02) 

DL 1.83 (0.10) 0.89 (0.07) 0.56 (0.06) 0.68 (0.06) 0.74 (0.07) 3.06 (0.14) 1.36 (0.09) 0.09 (0.02) 

LB 1.77 (0.11) 0.65 (0.07) 0.86 (0.08) 0.84 (0.07) 1.92 (0.11) 3.05 (0.15) 1.50 (0.10) 0.12 (0.03) 

DB 1.99 (0.10) 0.64 (0.05) 1.32 (0.08) 1.01 (0.07) 1.95 (0.10) 2.52 (0.11) 1.47 (0.08) 0.25 (0.03) 

ST 0.36 (0.07) 0.47 (0.08) 0.10 (0.04) 0.54 (0.09) 0.35 (0.07) 0.65 (0.10) 0.16 (0.05) 0.03 (0.02) 

Side (Ref. = Offense)                 

Defense 1.88 (0.06) 0.72 (0.04) 0.95 (0.04) 0.86 (0.04) 1.55 (0.05) 2.84 (0.07) 1.44 (0.05) 0.16 (0.02) 

Offense 2.05 (0.06) 0.74 (0.04) 1.01 (0.04) 0.50 (0.03) 1.11 (0.05) 2.86 (0.07) 1.25 (0.05) 0.13 (0.02) 

Game Day 
Precipitation (Ref. = 
Dry)                 

   Dry/Dome 1.84 (0.04) 0.71 (0.03) 0.89 (0.03) 0.68 (0.03) 1.26 (0.04) 2.75 (0.06) 1.29 (0.04) 0.14 (0.01) 

Snow 1.92 (0.20) 0.91 (0.14) 0.96 (0.14) 0.51 (0.10) 0.84 (0.13) 2.89 (0.26) 1.35 (0.17) 0.25 (0.07) 

   Rain (> 0.05 in) 2.03 (0.11) 0.71 (0.07) 1.10 (0.08) 0.68 (0.06) 1.45 (0.09) 2.50 (0.13) 1.16 (0.08) 0.12 (0.03) 

Turf Typea (Ref. = 
Natural Grass)                 

   Natural Grass 1.93 (0.13) 0.84 (0.08) 1.06 (0.09) 0.77 (0.08) 1.34 (0.11) 2.76 (0.15) 1.63 (0.12) 0.12 (0.03) 

Any Artificial 2.11 (0.13) 0.71 (0.08) 1.42 (0.11) 0.66 (0.07) 1.36 (0.10) 3.34 (0.17) 1.46 (0.11) 0.12 (0.03) 
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A-Turf 2.06 (0.55) 0.44 (0.25) 2.05 (0.55) 0.29 (0.21) 1.92 (0.53) 3.65 (0.74) 2.37 (0.59) 0.29 (0.21) 

Astroplay 1.66 (0.44) 0.23 (0.17) 1.17 (0.37) 0.59 (0.26) 1.88 (0.47) 2.80 (0.58) 1.89 (0.47) 0.23 (0.17) 

Desso 2.01 (0.33) 0.87 (0.22) 1.52 (0.29) 0.86 (0.22) 1.19 (0.25) 3.32 (0.43) 1.58 (0.29) 0.05 (0.05) 

FieldTurf 2.28 (0.22) 0.86 (0.14) 1.52 (0.18) 0.56 (0.11) 1.31 (0.17) 3.59 (0.28) 1.62 (0.19) 0.11 (0.05) 

Matrix Turf 2.07 (0.52) 0.64 (0.28) 1.66 (0.46) 0.38 (0.22) 0.89 (0.34) 3.08 (0.64) 1.15 (0.38) 0.00 (0.00) 

Momentum Turf 2.39 (0.55) 0.25 (0.18) 1.75 (0.47) 0.75 (0.31) 1.51 (0.44) 3.65 (0.69) 0.89 (0.34) 0.12 (0.12) 

UBU 1.99 (0.26) 0.73 (0.16) 1.00 (0.18) 0.87 (0.17) 1.35 (0.21) 3.04 (0.33) 1.05 (0.19) 0.13 (0.07) 

Rest (Ref. = 7 Days)                 

4 days 1.70 (0.18) 0.52 (0.10) 0.88 (0.13) 0.54 (0.10) 1.20 (0.15) 2.36 (0.21) 0.95 (0.13) 0.14 (0.05) 

5-6 days 1.82 (0.15) 0.86 (0.10) 1.01 (0.11) 0.79 (0.10) 1.21 (0.12) 2.85 (0.19) 1.29 (0.13) 0.10 (0.03) 

7 days 1.88 (0.05) 0.74 (0.03) 0.94 (0.04) 0.69 (0.03) 1.25 (0.04) 2.66 (0.06) 1.30 (0.04) 0.13 (0.01) 

8-11 days 1.99 (0.13) 0.68 (0.08) 0.99 (0.09) 0.52 (0.07) 1.15 (0.10) 3.02 (0.17) 1.25 (0.10) 0.14 (0.03) 

12+ days 1.75 (0.15) 0.62 (0.09) 0.97 (0.11) 0.61 (0.09) 1.50 (0.14) 2.90 (0.20) 1.39 (0.13) 0.23 (0.05) 
Travel Distance (Ref. 
= Home)                 

Home 1.88 (0.06) 0.71 (0.04) 0.90 (0.04) 0.67 (0.03) 1.30 (0.05) 2.62 (0.07) 1.26 (0.05) 0.12 (0.01) 

Away 1.85 (0.06) 0.72 (0.04) 0.95 (0.04) 0.67 (0.03) 1.24 (0.05) 2.81 (0.07) 1.29 (0.05) 0.15 (0.02) 
Within 2 Time 

Zones 1.87 (0.06) 0.74 (0.04) 0.94 (0.04) 0.66 (0.04) 1.23 (0.05) 2.87 (0.08) 1.32 (0.05) 0.15 (0.02) 
3+ Time Zones 

West 1.86 (0.25) 0.49 (0.13) 1.04 (0.18) 0.55 (0.13) 1.24 (0.20) 2.44 (0.29) 1.31 (0.21) 0.16 (0.07) 
3+ Time Zones 

East 1.52 (0.21) 0.55 (0.12) 0.89 (0.16) 0.92 (0.16) 1.31 (0.19) 2.30 (0.26) 0.87 (0.16) 0.19 (0.07) 

Green/Red Colors: Difference between rate and referent rate must be at least 0.25 per 1,000 AEs and 1.5 SEs. 

a2012-2015, visiting teams only 
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Temperature and Week of Season: 

Overall injury rates did not exhibit a clear dose-response relationship with temperature (Figure 1). Indoor 

games (stadiums with a dome or retractable roof) did not have different injury rates than outdoor games. 

When evaluating specific injuries, however, we observed varying trends. Leg muscle strains such as groin and 

hamstring injuries increased with rising temperatures, while concussion rates appeared to drop with higher 

temperatures (Figure 2). Indoor games did not have a higher rate for any of the specific injuries we 

investigated (Figure 2). 

Figure 3.1. Regular season injury rates for all injuries by temperature, 2007-2015, with 1-standard error 

bars.17 
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Figure 3.2. Regular season injury rates by temperature and injury type, 2007-2015, with 1-standard error 
bars.18 
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When stratifying by week of season the analyses were restricted to indoor games to control for changes in 

temperature. Among indoor games injury rates did not vary over the season (Figure 3). After stratification by 

injury type, however, a more pronounced variation was observed. Hamstring and knee ligament injuries 

declined in the second half of the season (Figure 4), while concussions appear to increase over the course of a 

season (Figure 4).  

Figure 3.3. Regular season injury rates by week of season, 2007-2015, with 1-standard error bars.19 

 

  



104 
 

Figure 3.4. Regular season injury rates per 1,000 AEs by week of season and injury type, 2007-2015, with 1-

standard error bars.20 
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Player Size: 

Data on injuries by 20-lb weight categories are presented by position. Increasing weight was associated 

with an increased injury rate for most positions (Figure 5a). Injury rates do not exhibit an association with 

weight for DLs. By contrast, among RBs and the heaviest TEs injury rates decrease with increasing weight 

(Figure 5a). 

The association between weight and the 1-season risk of missing 1+ games due to injury were similar for 

most positions, with three notable differences. TEs experienced a more consistent decrease with increasing 

weight, LBs appeared to have a decreasing risk in contrast to their increasing rates, and WRs no longer 

exhibited an increase with rising weight (Figure 5b). 

Although most position-specific analyses demonstrated no discernable association between player weight 

and injury type (Figure 6b), rates of hamstring injuries among LBs and DLs appeared to decrease with higher 

weights.  The data for DLs exhibit the same trend with respect to groin injuries.  
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Figure 3.5a. Regular season injury rates by height, weight and position, 2007-2015, with 1-standard error 
bars.21 

 

  



107 
 

Figure 3.5b. 1-regular season risk of missing 1+ games due to injury, by weight and position, 2007-2015, 
with 1-standard error bars.22 
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Figure 3.6. Regular season injury rates by height, weight and position, 2007-2015, with 1-standard error 
bars.23 
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 Player Age and Career Snapcounts: 

Injury rates appeared to differ by age and by total number of plays or “snapcounts” (Figure 7). Among 

players in their early 20s the observed rates were 12-15 per 1,000 AEs; the corresponding rates for players in 

their early 30s were 18-20 per 1,000 AEs; and those in the late 30s experienced lower rates compared to their 

younger counterparts  There was a sustained increase in injury rates with higher snapcounts.  The risk of 

missing 1+ games due to injury, did not change with age until a player was around 30 years old.  With 

snapcounts, the risk of missing 1+ game due to injury did not appear to vary in a notable pattern (Figure 7).   

When examining specific injury types we observed the same general trend of an increasing injury rate 

with age in soft tissue and joint injuries (ankle sprains, knee ligaments, back muscles, hamstrings, and groins), 

but less so for contact-based injuries (concussions, shoulders, and UE fractures) (Figure 8). Career snapcount 

rate data by injury type is presented in the Appendix; patterns were generally similar to those for overall 

injuries (Figure A2). 
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Figure 3.7. Regular season injury rates and 1-season risks by player age and prior career snapcount (excluding 
ST players), 2007-2015, with 1-standard error bars.24 

 

Snap count x axis labels are the upper end of each snap count group except where noted. 

We hypothesized the decreases after 30 years of age could be for two reasons: 1. higher representation of 

QBs and STs – who have lower injury rates – in these groups, or 2. lower baseline injury risk among players 

managing to play for so long (survivor bias). After we excluded QBs and STs from the data, the previously 

observed decreases in the oldest ages were no longer evidence. In Figure 8 we further limited our data to 

stable cohorts of players playing until they were at least 28/30/32/35 years old. Here we also do not see 

decreases in the oldest ages. In addition we see that players who retire at older ages tend to have lower injury 

rates when they are younger.  
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Figure 3.8. Regular season injury rates and 1-season risks by player age for closed cohorts retiring at or after 
a certain age, 2007-2015, with 1-standard error bars.25 
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Figure 3.9. Regular season injury rates by player age and injury type, 2007-2015, with 1-standard error 
bars.26 
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Season/Year: 

Injury rates and 1-season risks rose between 2007 and 2015 while the risk of missing 1+ game due to 

injury remained relatively unchanged over time (Figure 10). Rates rose steadily from approximately 12.5 to 

17.5 per 1,000 AEs from 2007-2015. 1-season any-injury risks rose from around 62% to 75%, while the risk 

of missing 1+ game due to injury remained relatively flat around 38-40% (Figure 10). When stratifying by 

injury type we observed the same increase for all injury types except UE fractures. The increases were 

particularly pronounced for concussions – their rate more than doubled while those of other injuries 

increased about 20-50% (Figure 11). 

Figure 12 presents the same analyses by injury severity (0, 1-2, or 3+ games missed) and head vs. other 

injuries in Figure 12. Figure 12 shows similar percentage increases in head injuries regardless of severity, but 

among non-head injuries much smaller increases were seen in the more severe categories than in those that 

did not cause any missed games. 
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Figure 3.10. Regular season injury rates and 1-season risks by season, 2007-2015, with 1-standard error 
bars.27 
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Figure 3.11. Regular season injury rates by season and injury type, 2007-2015, with 1-standard error bars.28 
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Figure 3.12. Regular season injury rates by season and injury severity, 2007-2015, with 1-standard error 
bars.29 
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Previous Injury History: 

The number injuries in the previous two NFL seasons was associated with the risk of missing 1+ games 

due to injury in the subsequent season (Figure 13a). There was an exponential pattern in injury risk with an 

increasing number of prior injuries; the increases are steepest when comparing o injury history to a modest 

history of three injuries over the previous two years (Figure 13a). In the injury type-specific analyses there 

were consistent linear increases of injury risk as the number of previous injuries of a given type rises; the only 

exceptions are Face/Eye and Upper Extremity (UE) Bone and Joint injuries (Figure 13b). 
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Figure 3.13a. 1-season risk of missing 1+ games due to injury by number of prior injuries in the previous two seasons, 2007-2015, with 1-standard 

error bars.30 
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Figure 3.13b. 1-season risk of missing 1+ games by prior injuries of specific types in the previous two seasons, 2007-2015, with 1-standard error 
bars.31 
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V. Discussion 
This study identified 17,652 injuries in 9 regular NFL seasons, for a rate of 15.1 per 1,000 AEs. The 1-

season risk of any injury was 68%, and 39% of player-seasons resulted in at least 1 game missed due to injury. 

There were several interesting associations between various intrinsic and extrinsic risk factors and injury rates. 

Running backs and mobile positions suffered more injuries than linemen. Among visiting team injuries from 

2012-2015 artificial turf exhibited worse injury rates than natural grass, with certain brands of artificial turf 

exhibiting particularly high rates. Injury rates were generally higher for heavier players, but this depended 

greatly on the roles players of varying weights play on their teams. Soft tissue injuries were more common in 

warmer games and earlier in the year, while concussions exhibited the opposite trends. Individual players 

suffer higher soft tissue and joint injury rates as they age, but a survivor effect that leaves only the hardiest 

players at older ages mean on average the risk for a 30+ player missing a game is not higher than that for 

younger players. While reported injury rates have risen in recent years it appears this is mostly due to 

reporting and diagnostic bias rather than true changes in the underlying rate. Finally, a player’s injury history 

appears to be a strong predictor of future injury risk regardless of the types of injuries they have suffered. 

These findings suggest important avenues for future research to better understand and mitigate injuries in a 

high-risk sport like football.  

This study has several important limitations. Public injury reports do not use a strong case definition of 

“injury” – the official NFL guidance is that “significant and noteworthy injuries,” as well as anything causing 

a player to miss any part of a game, must be reported (53). That definition is fungible. Public injury reports 

are also subject to differences in team injury reporting behaviors; teams are known to exhibit variable 

reporting behaviors and possibly manipulate the injury report for competitive advantage (3, 52, 61, 179). Both 

of these limitations could lead to unpredictable over- or under-counting of injuries. We also lacked data on 

various elements of injury timing: we did not know when an injury occurred in the preseason period, nor did 

we know if it occurred in a practice versus a game during the regular season. This likely led us to 

inappropriately attribute some injuries that occurred in practices rather than games to a particular stadium’s 

turf or game day temperature, which in turn may have led to overestimates in our rates for game-level 

variables across the board. Whether these rates were differentially over- or underestimated in different 

categories of these variables is unclear. For example, while the rates of injuries for games in rainy and dry 

conditions are likely higher than they should be, whether rainy rates are any more upwardly biased than dry 

game rates is unknown. We also lacked data on when (i.e. on which play or snap) an injury occurred. This 

forced us to calculate injury rates on a per-practice or per-game level rather than a per-snap level and left us 

unable to, for example, compare ST player injury risk to others on a per-snap basis. As a result ST players – 

who participate in only a few snaps per game – in our study appear to have especially low injury rates on a 



121 
 

per-AE (game or practice) basis when prior studies have shown injury rates on ST plays are higher than other 

plays (118). Additionally, we lacked data on the mechanism of injury (e.g. contact vs. non-contact), which 

limits our ability to draw conclusions about the effects of playing more contact-prone positions. We also did 

not have access to player medical records to determine when injuries were new vs. re-aggravations or 

recurrences. We chose to define a new injury as any injury that hadn’t appeared on that player’s injury report 

for at least two weeks, byes excluded. Based on comparisons with the NFL ISS over our study time period 

(41) this may have led us to overestimate the true number of unique injuries in our cohort, inflating rates. 

Finally, our data were not able to account for multiple injuries at once, though only 0.7% of our injuries had a 

secondary issue associated with them. In those cases whichever injury took place first took precedence until it 

disappeared from the report unless the second injury was known to be more severe (e.g. an ACL tear versus 

an AC sprain). This likely caused slight underestimates in our injury rates. Any bias induced by these 

limitations was likely less for risks than it was for rates, as risks only allow for any injury to have happened or 

not happened in a given season, while rates require us to accurately count each injury that occurred. Despite 

these limitations, this study offers several important insights into the epidemiology of NFL injuries. 

Although we identified many associations in our results, we focus our discussion on the four most 

interesting below. First, while many players have complained about injury risk in games on short rest (185, 

186) 4-day rest periods were associated with lower injury rates (14.4 per 1,000 AEs vs. 16.0 for a typical 7-day 

rest) (Table 1). These results are consistent with the NFL’s own analyses of its ISS that shows lower injury 

rates for games on short rest in three out of the last four years (187). However, the overall injury rate 

differences between short and normal rest games are most likely quirk of NFL injury reporting: the first injury 

reports are issued 5 days after a Thursday (short rest) game, but 2 days after the more common Sunday 

games. Thus any injury that resolves in the 2-5 day timeframe will be counted for a Sunday game but not for a 

Thursday game, driving the Thursday rates down. Another possible explanation is that players have less time 

to recover from old injuries and re-join the injury risk pool on a short week, pushing new injury rates 

downward. Regardless, injury reports do not offer strong evidence for an elevated injury rate in games on 

short rest as some have contended.  

Second, injury rates exhibited an increase with weight in most positions. This is likely due to the greater 

forces and strain being placed on joints and ligaments by heavier players. There are two exceptions to this 

trend: RBs exhibited lower injury rates at higher weights, and the heaviest TEs (270-290 lbs) exhibited a drop 

in rates (Figure 5a). It is possible these are due to the ways in which heavier TEs and RBs are used –as 

blockers or short-yardage runners who may cover less ground and are involved in fewer violent collisions. 

Interestingly, hamstring injuries among LBs and DLs and groin injuries among DLs exhibited clear decreases 

with higher weights; DLs exhibit the same trend for groin injuries (Figure 6). It is possible these are due to 

lower running and sprinting demands placed upon these players relative to lighter defensive linemen and 
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linebackers (188). Previous youth and high school football studies have shown a mixed association between 

player size (BMI) and injury risk: four found substantial crude associations between higher BMI and overall 

injury risk (22, 23, 101, 102) while three others found no crude association (24, 28, 103). Only one of these 

adjusted for position (by looking solely at linemen) (101). Prior investigations of this topic in the NFL do not 

exist, to our knowledge. Our study thus adds to the knowledge base on BMI and injuries in football by 

suggesting that, within positions, greater weight is generally associated with higher injury rates except when 

the changing duties of higher-weight players offsets it. 

Third, while there is broad consensus both in the NFL and other sports that older athletes are at higher 

risk for various injuries, we could not identify any prior studies that have investigated this in the NFL 

specifically (89-93). Age was associated with overall injury rates and a range of soft tissue and joint injuries 

(ankle sprains, knee ligaments, back muscles, hamstrings, and groins), but it did not exhibit an association 

with several contact-based injuries (concussions, shoulders, and UE fractures) (Figure 8). This suggests that 

the underlying trauma of the game, rather than age-related biological processes, is likely the biggest 

determinant of contact-based injury rates. In our study injury rates rose with age before dropping for those 

over 30 (Figure 7). We hypothesized that our observed decreases in risk after 30 years of age could be for two 

reasons: 1. higher representation of QBs and STs – who have lower injury rates – in these groups 

(confounding by position), or 2. lower baseline injury risk among players managing to play for so long 

(survivor bias) (189). To investigate this, we first eliminated QBs and STs from our data, which eliminated the 

decreases seen in the oldest ages. We then further limited our data to stable cohorts of players playing until 

they were at least 28/30/32/35 years old. Here we noted that players who retire at older ages tend to have 

lower injury rates when they are younger (Figure 8) – for example, those retiring at 28 or later had an injury 

rate of about 4 per 1,000 AEs when they were 23 vs. 1 per 1,000 AEs at the same age for players who retired 

at 32 or later. This suggests players who play later into their careers may be “heartier” in some way than 

others, indicating a survivor effect may be present when looking at crude injury rates by age. Whether this 

survivor effect is a bias depends on one’s specific research question, however. If we want to know the causal 

effect of age, closed cohorts adjusting for survivor bias (Figure 8) are better. But if we are an NFL team 

curious about a player’s injury risk before signing him to a contract, the crude results (excluding QBs and 

STs) are more pertinent as they account for the “current wisdom” of the NFL with regards to signing older 

players and their injury risk.    

Finally, prior injury history is a heavily-studied predictor of subsequent injuries (93, 94, 97, 98). Studies 

from college football for concussions and all injuries combined show higher injury risk for those with a 

history of prior injuries (97, 98). At the NFL level, this relationship has not been explicitly studied for all 

injuries. Although there is some evidence from single-team records that players with substantial college injury 

histories are less likely to play in the NFL and, if they do make it, have shorter careers (57, 58, 96, 99), the 
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association with injury risk itself was never assessed. Our analysis found a strong association between a 

player’s past injury history and current injury risk (Figure 13a). The increase was exponential and steepest 

when comparing someone with no injuries in the previous two years to someone with a modest injury history 

(e.g. 2-3 injuries). As injury histories continued to worsen the risk increases weakened but did not disappear, 

suggesting a “diminishing returns” effect of total injury history. However, this type of association could also 

be driven by particularly long injury histories forcing many players out of the NFL, leaving hardier or higher-

skilled players who suffered bad injury luck over a short period. This selection would artificially deflate injury 

rates among players with the longest histories. When looking at specific injury types longer injury histories 

corresponded to a linearly increasing risk of future injuries (Figure 13b). Two categories did not exhibit an 

increasing linear trend (Face/Eye and Upper Extremity (UE) Bone and Joint injuries), but both of these tend 

to be traumatic injuries that are not prone to recurrence and so were unlikely to be associated with future 

injury risk.  

VI. Conclusions 
Football is a violent sport with injury rates substantially above those of other professional sports in the 

U.S. Running backs and mobile positions suffer more injuries than linemen. There were fewer injuries on 

grass versus artificial turf. Injury rates were generally higher for heavier players, but this depended greatly on 

the roles players of varying weights play on their teams. Soft tissue injuries were more common in warmer 

games and earlier in the year, while concussions exhibited the opposite trends. Individual players suffer higher 

soft tissue and joint injury rates as they age, but a survivor effect that leaves only the hardiest players at older 

ages mean on average the risk for a 30+ player missing a game is not higher than that for younger players. 

While reported injury rates have risen in recent years it appears this is mostly due to reporting and diagnostic 

bias rather than true changes in the underlying rate. Finally, a player’s injury history appears to be a strong 

predictor of future injury risk regardless of the types of injuries they have suffered. Despite its limitations, this 

study represents a large, recent, thorough, and publicly available analysis of NFL injury data, and as such it 

makes an important contribution to public health. 
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VII.  Appendix 
 

Table 3.A1.  Specific injury type definitions.32 

Injury Description 

Specific Injury Type Definitions 

Main Analyses 
Prior Injury 

History 

Abdomen   Abdomen 

Abdomen - bleeding   Abdomen 

Abdomen - bruise   Abdomen 

Abdomen - hernia   Abdomen 

Abdomen - oblique   Abdomen 

Abdomen - oblique strain   Abdomen 

Abdomen - oblique tear   Abdomen 

Abdomen - strain   Abdomen 

Abdomen - tear   Abdomen 

Achilles   Achilles 

Achilles - partial tear   Achilles 

Achilles - strain   Achilles 

Achilles - tear   Achilles 

Ankle Ankle Sprain Ankle 

Ankle - bone bruise Ankle Sprain Ankle 

Ankle - bone chips Ankle Sprain Ankle 

Ankle - broken   Ankle 

Ankle - bruise Ankle Sprain Ankle 

Ankle - dislocation   Ankle 

Ankle - high ankle sprain   Ankle 

Ankle - ligament Ankle Sprain Ankle 

Ankle - ligament strain Ankle Sprain Ankle 

Ankle - ligament tear Ankle Sprain Ankle 

Ankle - sprain Ankle Sprain Ankle 

Ankle - stress fracture   Ankle 

Ankle - tendon tear   Ankle 

Appendix   Organ 

Arm   UE Bone or Joint 

Arm - bone bruise     

Arm - broken UE Fracture   

Arm - broken forearm UE Fracture   

Arm - bruise     

Arm - forearm UE Fracture UE Bone or Joint 

Arm - forearm strain   UE Muscle 

Arm - infection   UE Bone or Joint 
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Arm - upper arm   UE Bone or Joint 

Back Back Muscle Back 

Back - broken   Back 

Back - bruise Back Muscle Back 

Back - disc   Back 

Back - nerves Back Muscle Back 

Back - spasms Back Muscle Back 

Back - sprain Back Muscle Back 

Back - strain Back Muscle Back 

Back - tailbone   Back 

Back - tailbone bruise   Back 

Biceps   UE Muscle 

Biceps - bruise     

Biceps - strain   UE Muscle 

Biceps - tear   UE Muscle 

Biceps - tendon tear   UE Muscle 

Blood clot - heart   Organ 

Blood clot - leg   Leg 

Blood clot - lung   Organ 

Buttocks   LE Muscle 

Buttocks - bruise   LE Muscle 

Buttocks - strain   LE Muscle 

Calf   LE Muscle 

Calf - bruise     

Calf - partial tear   LE Muscle 

Calf - strain   LE Muscle 

Calf - tear   LE Muscle 

Chest   Chest 

Chest - bruise   Chest 

Chest - internal bleeding   Chest 

Chest - strain   Chest 

Clavicle Shoulder Shoulder 

Clavicle - broken Shoulder   

Clavicle - bruise Shoulder   

Clavicle - dislocation Shoulder Shoulder 

Concussion Concussion Head 

Concussion - spinal Concussion Spine 

Cramps   Other 

Dehydration   Other 

Depression   Illness 

Elbow   UE Bone or Joint 



126 
 

Elbow - bone chips   UE Bone or Joint 

Elbow - broken UE Fracture   

Elbow - bruise     

Elbow - dislocation   UE Bone or Joint 

Elbow - hyperextension   UE Bone or Joint 

Elbow - infection   UE Bone or Joint 

Elbow - laceration   UE Bone or Joint 

Elbow - ligament   UE Bone or Joint 

Elbow - ligament sprain   UE Bone or Joint 

Elbow - ligament tear   UE Bone or Joint 

Elbow - sprain   UE Bone or Joint 

Elbow - strain   UE Bone or Joint 

Elbow - tendon   UE Bone or Joint 

Elbow - tendon tear   UE Bone or Joint 

Elbow - UCL   UE Bone or Joint 

Elbow - UCL sprain   UE Bone or Joint 

Eye   Face or Eye 

Eye - myasthenia gravis   Face or Eye 

Eye - pink eye   Face or Eye 

Face   Face or Eye 

Face - broken   Face or Eye 

Face - broken jaw   Face or Eye 

Face - broken nose   Face or Eye 

Face - cheek   Face or Eye 

Face - chin   Face or Eye 

Face - ear   Face or Eye 

Face - jaw   Face or Eye 

Face - nose   Face or Eye 

Face - teeth   Face or Eye 

Face - teeth infection   Face or Eye 

Face - throat   Face or Eye 

Face - throat, broken cartilage   Face or Eye 

Finger   UE Bone or Joint 

Finger - broken UE Fracture   

Finger - dislocation   UE Bone or Joint 

Finger - laceration   UE Bone or Joint 

Finger - ligament tear   UE Bone or Joint 

Finger - sprain   UE Bone or Joint 

Finger - tendon tear   UE Bone or Joint 

Foot   Foot 

Foot - arch/plantar fascia   Foot 



127 
 

Foot - arch/plantar fascia partial tear   Foot 

Foot - arch/plantar fascia sprain   Foot 

Foot - arch/plantar fascia strain   Foot 

Foot - arch/plantar fascia tear   Foot 

Foot - broken     

Foot - bruise     

Foot - heel   Foot 

Foot - Jones Fracture   Foot 

Foot - ligament   Foot 

Foot - ligament sprain   Foot 

Foot - ligament tear   Foot 

Foot - Lisfranc   Foot 

Foot - Lisfranc fracture   Foot 

Foot - Lisfranc sprain   Foot 

Foot - Lisfranc tear   Foot 

Foot - midfoot sprain   Foot 

Foot - midfoot strain   Foot 

Foot - sprain   Foot 

Foot - strain   Foot 

Foot - stress fracture   Foot 

Foot - tendon   Foot 

Foot - tendon tear   Foot 

Groin Groin LE Muscle 

Groin - hernia Groin LE Muscle 

Groin - partial tear Groin LE Muscle 

Groin - sports hernia Groin LE Muscle 

Groin - strain Groin LE Muscle 

Groin - tear Groin LE Muscle 

Groin - tendon tear Groin LE Muscle 

Gunshot   NFI 

Hamstring Hamstring LE Muscle 

Hamstring - bruise Hamstring LE Muscle 

Hamstring - partial tear Hamstring LE Muscle 

Hamstring - strain Hamstring LE Muscle 

Hamstring - tear Hamstring LE Muscle 

Hand   UE Bone or Joint 

Hand - broken UE Fracture   

Hand - bruise     

Hand - flexor tendon tear   UE Bone or Joint 

Hand - laceration   UE Bone or Joint 

Hand - ligament   UE Bone or Joint 
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Hand - tendon tear   UE Bone or Joint 

Head Concussion Head 

Head - cluster headaches   Head 

Heart   Organ 

Heart - abnormal rhythm   Organ 

Heel - bruise     

Hip   Hip 

Hip - abscess   Hip 

Hip - bone bruise     

Hip - broken     

Hip - bruise     

Hip - cartilage   Hip 

Hip - cartilage tear   Hip 

Hip - dislocation   Hip 

Hip - flexor   Hip 

Hip - flexor strain   Hip 

Hip - flexor tear   Hip 

Hip - labrum tear   Hip 

Hip - ligament tear   Hip 

Hip - strain   Hip 

Hip - tendon tear   Hip 

Illness     

Illness - acute leukemia     

Illness - asthma     

Illness - Crohn's     

Illness - epilepsy     

Illness - flu     

Illness - gastroenteritis     

Illness - gout     

Illness - infection     

Illness - intestine blockage     

Illness - lung cancer     

Illness - lymphoma     

Illness - pneumonia     

Illness - respiratory     

Illness - seizures     

Illness - staph     

Illness - stomach     

Illness - strep     

Illness - stroke     

Illness - tonsils     
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Illness - virus     

Kidney   Organ 

Kidney - bruise   Organ 

Kidney - laceration   Organ 

Knee Knee (ligamentous) Knee 

Knee - ACL Knee (ligamentous) Knee 

Knee - ACL partial tear Knee (ligamentous) Knee 

Knee - ACL partial tear/MCL Knee (ligamentous) Knee 

Knee - ACL tear Knee (ligamentous) Knee 

Knee - ACL tear/MCL sprain Knee (ligamentous) Knee 

Knee - ACL/LCL/iliotibital band tear Knee (ligamentous) Knee 

Knee - ACL/LCL/meniscus tear Knee (ligamentous) Knee 

Knee - ACL/MCL tear Knee (ligamentous) Knee 

Knee - ACL/MCL/meniscus tear Knee (ligamentous) Knee 

Knee - ACL/MCL/PCL tear Knee (ligamentous) Knee 

Knee - ACL/meniscus tear Knee (ligamentous) Knee 

Knee - ACL/patellar tendon tear Knee (ligamentous) Knee 

Knee - ACL/PCL tear Knee (ligamentous) Knee 

Knee - bone bruise   Knee 

Knee - bone chips   Knee 

Knee - broken   Knee 

Knee - broken kneecap   Knee 

Knee - bruise   Knee 

Knee - bursa   Knee 

Knee - cartilage   Knee 

Knee - cartilage tear   Knee 

Knee - dislocated kneecap Knee (ligamentous) Knee 

Knee - dislocation Knee (ligamentous) Knee 

Knee - hyperextension Knee (ligamentous) Knee 

Knee - infection   Knee 

Knee - kneecap   Knee 

Knee - kneecap subluxation Knee (ligamentous) Knee 

Knee - laceration   Knee 

Knee - lateral meniscus tear   Knee 

Knee - LCL sprain Knee (ligamentous) Knee 

Knee - LCL tear Knee (ligamentous) Knee 

Knee - LCL/PCL tear Knee (ligamentous) Knee 

Knee - ligament Knee (ligamentous) Knee 

Knee - ligament sprain Knee (ligamentous) Knee 

Knee - ligament tear Knee (ligamentous) Knee 

Knee - MCL Knee (ligamentous) Knee 
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Knee - MCL partial tear Knee (ligamentous) Knee 

Knee - MCL sprain Knee (ligamentous) Knee 

Knee - MCL tear Knee (ligamentous) Knee 

Knee - MCL/LCL sprain Knee (ligamentous) Knee 

Knee - MCL/PCL partial tear Knee (ligamentous) Knee 

Knee - MCL/PCL sprain Knee (ligamentous) Knee 

Knee - MCL/PCL tear Knee (ligamentous) Knee 

Knee - meniscus   Knee 

Knee - meniscus partial tear   Knee 

Knee - meniscus tear   Knee 

Knee - meniscus/MCL tear   Knee 

Knee - nerve   Knee 

Knee - patella tendon Knee (ligamentous) Knee 

Knee - patella tendon tear Knee (ligamentous) Knee 

Knee - PCL Knee (ligamentous) Knee 

Knee - PCL partial tear Knee (ligamentous) Knee 

Knee - PCL sprain Knee (ligamentous) Knee 

Knee - PCL tear Knee (ligamentous) Knee 

Knee - popliteus tear Knee (ligamentous) Knee 

Knee - scope   Knee 

Knee - sprain Knee (ligamentous) Knee 

Knee - strain   Knee 

Knee - tendon Knee (ligamentous) Knee 

Leg   Leg 

Leg - bone bruise     

Leg - broken   Leg 

Leg - bruise     

Leg - infection   Leg 

Leg - shin   Leg 

Leg - stress fracture   Leg 

Liver   Organ 

Lung   Organ 

Lung - bruise   Organ 

Lung - collapse   Organ 

Lung - puncture   Organ 

Migraine   Head 

Neck   Neck 

Neck - broken   Neck 

Neck - disc   Neck 

Neck - ligament tear   Neck 

Neck - nerves   Neck 
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Neck - sprain   Neck 

Neck - stinger   Neck 

Neck - strain   Neck 

NFI   NFI 

Non-injury   NFI 

Pectoral   Chest 

Pectoral - partial tear   Chest 

Pectoral - strain   Chest 

Pectoral - tear   Chest 

Pelvis   Other 

Pelvis - bone bruise   Other 

Pelvis - broken     

Pelvis - tear   Other 

Personal   NFI 

Player decision   NFI 

Quadriceps   LE Muscle 

Quadriceps - bruise   LE Muscle 

Quadriceps - strain   LE Muscle 

Quadriceps - tear   LE Muscle 

Quadriceps - tendon strain   LE Muscle 

Quadriceps - tendon tear   LE Muscle 

Rest   NFI 

Ribs   Ribs 

Ribs - broken   Ribs 

Ribs - bruise   Ribs 

Ribs - cartilage   Ribs 

Ribs - cartilage tear   Ribs 

Ribs - dislocation   Ribs 

Ribs - sternum   Ribs 

Ribs - sternum separation   Ribs 

Ribs - strain   Ribs 

Shoulder Shoulder Shoulder 

Shoulder - AC sprain Shoulder Shoulder 

Shoulder - broken Shoulder   

Shoulder - broken scapula Shoulder   

Shoulder - bruise Shoulder   

Shoulder - capsule tear Shoulder Shoulder 

Shoulder - cartilage tear Shoulder Shoulder 

Shoulder - dislocation Shoulder Shoulder 

Shoulder - labrum partial tear Shoulder Shoulder 

Shoulder - labrum tear Shoulder Shoulder 
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Shoulder - ligament tear Shoulder Shoulder 

Shoulder - nerve Shoulder Shoulder 

Shoulder - rotator cuff Shoulder Shoulder 

Shoulder - rotator cuff partial tear Shoulder Shoulder 

Shoulder - rotator cuff strain Shoulder Shoulder 

Shoulder - rotator cuff tear Shoulder Shoulder 

Shoulder - SC joint Shoulder Shoulder 

Shoulder - SC joint sprain Shoulder Shoulder 

Shoulder - scope Shoulder Shoulder 

Shoulder - separation Shoulder Shoulder 

Shoulder - sprain Shoulder Shoulder 

Shoulder - strain Shoulder Shoulder 

Shoulder - subluxation Shoulder Shoulder 

Skin - infection   Other 

Skull - broken   Head 

Spine   Neck 

Spine - broken   Neck 

Spine - bruise   Neck 

Spine - cervical   Neck 

Spine - stenosis, cervical   Neck 

Spleen   Organ 

Spleen - bruise   Organ 

Spleen - laceration   Organ 

Spleen - rupture   Organ 

Stomach   Organ 

Team decision   NFI 

Testicles - infection   Other 

Thigh   LE Muscle 

Thigh - broken   LE Muscle 

Thigh - bruise   LE Muscle 

Thigh - strain   LE Muscle 

Thigh - tear   LE Muscle 

Thumb   UE Bone or Joint 

Thumb - bone bruise     

Thumb - broken UE Fracture   

Thumb - dislocation   UE Bone or Joint 

Thumb - laceration   UE Bone or Joint 

Thumb - ligament   UE Bone or Joint 

Thumb - ligament partial tear   UE Bone or Joint 

Thumb - ligament tear   UE Bone or Joint 

Thumb - sprain   UE Bone or Joint 
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Thumb - surgery   UE Bone or Joint 

Toe   Foot 

Toe - broken     

Toe - bruise     

Toe - dislocation   Foot 

Toe - infection   Foot 

Toe - ligament tear   Foot 

Toe - sprain   Foot 

Toe - tendon tear   Foot 

Trapezius   Back 

Trapezius - strain   Back 

Triceps   UE Muscle 

Triceps - partial tear   UE Muscle 

Triceps - strain   UE Muscle 

Triceps - tear   UE Muscle 

Triceps - tendon tear   UE Muscle 

Turf toe   Foot 

Turf toe - tear   Foot 

Undisclosed   Unknown 

Unknown   Unknown 

Upper Body   Unknown 

Wrist   UE Bone or Joint 

Wrist - broken UE Fracture   

Wrist - bruise     

Wrist - dislocation   UE Bone or Joint 

Wrist - ligament   UE Bone or Joint 

Wrist - ligament tear   UE Bone or Joint 

Wrist - sprain   UE Bone or Joint 

Wrist - surgery   UE Bone or Joint 
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Artificial Turf Type for Knee, Ankle, and Foot Injuries: 

We stratified by type of artificial turf, limiting to the years 2012-15 to ensure that turfs introduced in 

more recent years do not appear worse because of the time trend of rising injuries. We also limited ourselves 

to visiting teams only to remove the effects of the home team’s roster, training staff, and so on, which can 

have a major impact on injuries. When we restrict ourselves to knee, ankle, and foot injuries natural grass 

looks superior to the worst artificial turfs for these lower limb issues, which are the most likely injuries to be 

impacted by poor turf (Figure A1). 

Figure 3.A1. Knee, Ankle, and Foot injury rates per 1,000 AEs by type of artificial turf in the NFL regular 

season, 2012-2015, with 95% confidence intervals.33 

 

Precipitation Injury Rates, Stratified by Turf: 
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There is some indication that wet games on grass have a more positive effect relative to dry games on 

grass than the same comparison for artificial turf. 

Table 3.A2. Injury rates by turf type and precipitation, 2007-2015.34 

Variable Injuries AEs 
Injury Rate per 

1,000 AEs (95% CI) 

Precipitation x Turf       

Dry, Artificial 7,337 480,550 15.3 (14.9, 15.6) 

Dry, Grass 6,985 465,648 15.0 (14.6, 15.4) 

Snow, Artificial 397 26,731 14.9 (13.4, 16.3) 

Snow, Grass 292 20,768 14.1 (12.4, 15.7) 

Wet, Artificial 1,331 81,539 16.3 (15.4, 17.2) 

Wet, Grass 1,209 82,824 14.6 (13.8, 15.4) 

 

Table 3.A3. Injury rates by injury type, turf type and precipitation, 2007-2015.35 

Variable 

Injury Rate per 1,000 AEs (SE) 

Ankle Back 
Concussio

n 
Groin 

Hamstrin
g 

Knee 
(ligamentou

s) 

Shoulde
r 

UE 
Fracture 

Precipitatio
n x Turf 
(Ref. = 
Dry of 
Given 
Turf)                 

Dry, 
Artificial 

1.88 
(0.06) 

0.76 
(0.04) 0.96 (0.04) 

0.61 
(0.04) 1.18 (0.05) 2.85 (0.08) 

1.20 
(0.05) 

0.15 
(0.02) 

Dry, 
Grass 

1.80 
(0.06) 

0.66 
(0.04) 0.82 (0.04) 

0.75 
(0.04) 1.34 (0.05) 2.66 (0.08) 

1.39 
(0.06) 

0.12 
(0.02) 

Snow, 
Artificial 

1.88 
(0.27) 

0.98 
(0.19) 0.98 (0.19) 

0.57 
(0.15) 0.84 (0.18) 2.91 (0.34) 

1.27 
(0.22) 

0.38 
(0.12) 

Snow, 
Grass 

1.97 
(0.31) 

0.83 
(0.20) 0.93 (0.21) 

0.44 
(0.15) 0.83 (0.20) 2.86 (0.39) 

1.44 
(0.27) 

0.10 
(0.07) 

Wet, 
Artificial 

2.08 
(0.16) 

0.74 
(0.10) 1.26 (0.12) 

0.72 
(0.09) 1.52 (0.14) 2.71 (0.19) 

1.15 
(0.12) 

0.14 
(0.04) 

Wet, 
Grass 

1.97 
(0.16) 

0.68 
(0.09) 0.95 (0.11) 

0.64 
(0.09) 1.38 (0.13) 2.29 (0.17) 

1.17 
(0.12) 

0.10 
(0.03) 
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Prior Career Snap Count by Injury Type: 

Figure 3.A2. Regular season injury rates by injury type and prior career snap count, 2007-2015, with 1-

standard error bars.36 
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End-Season Toll: 

27.9% (95% CI 27.1-28.7%) of players beginning their season on the week 1 roster were injured as of 

the final week of the regular season (Table A5). WRs had the second greatest end-season toll, with 32.6% 

(95% CI 30.1-35.1%) of receivers ending the regular season on the injury report (Table A5). 

Table 3.A4. Regular season injury end-season toll estimates for all NFL injuries, 2007-2015.37 

Variable End-Season Toll 

Player-
Seasons 

with Injury 
at End of 
Regular 
Season 

Total 27.7% (27.0%, 28.5%) 3,518 

Position     

QB 32.5% (27.6%, 37.4%) 113 

RB 32.2% (29.4%, 34.9%) 364 

WR 32.1% (29.6%, 34.6%) 427 

TE 26.2% (23.2%, 29.3%) 212 

OL 26.4% (24.5%, 28.4%) 519 

DL 26.7% (24.7%, 28.7%) 521 

LB 29.1% (27.0%, 31.1%) 541 

DB 30.7% (28.8%, 32.5%) 741 

ST 9.2% (7.2%, 11.1%) 80 

Side     

Defense 28.9% (27.8%, 30.1%) 1803 

Offense 29.3% (28.1%, 30.5%) 1635 
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Full-Season Injury Measures: 

Full-season injury frequency measures all follow similar patterns to, but are modestly higher than, their 

regular season counterparts (Table A6, Figures A7-A8). Overall 1-season risk was estimated as 71.1% vs. 

68.5% for the regular season only (Tables 1 and A6), while the risk of missing 1+ regular season game was 

41.7% vs. 39.0% in just the regular season. End-season toll was 33.3% and 27.9%, respectively (Tables A5 

and A6). 

Table 3.A5. Full-season injury counts, 1-season risks, and end-season toll estimates for all NFL injuries, 

2007-2015.38 

Variable 

Player-
seasons 

with 
Injury 

1-Season Injury Risk 

Player-
Seasons 
with 1+ 
Games 
Missed 
Due to 
Injury 

1-Season Risk of 
Missing 1+ Games 
Due to Injury (95% 

CI) 

End-Season Toll 

Total 9,394 71.1% (70.4%, 71.9%) 5,502 41.7% (40.8%, 42.5%) 33.3% (32.5%, 34.1%) 

Position           

QB 264 72.1% (67.5%, 76.7%) 162 44.3% (39.2%, 49.4%) 36.6% (31.7%, 41.5%) 

RB 881 75.4% (73.0%, 77.9%) 568 48.6% (45.8%, 51.5%) 38.1% (35.3%, 40.9%) 

WR 1,080 77.5% (75.3%, 79.7%) 656 47.1% (44.4%, 49.7%) 38.7% (36.2%, 41.3%) 

TE 623 73.5% (70.5%, 76.4%) 389 45.9% (42.5%, 49.2%) 31.5% (28.4%, 34.6%) 

OL 1,436 69.6% (67.6%, 71.6%) 793 38.4% (36.3%, 40.5%) 32.1% (30.1%, 34.1%) 

DL 1,473 72.5% (70.5%, 74.4%) 815 40.1% (38.0%, 42.2%) 32.3% (30.2%, 34.3%) 

LB 1,440 74.1% (72.1%, 76.0%) 843 43.4% (41.2%, 45.6%) 35.2% (33.1%, 37.3%) 

DB 1,922 76.8% (75.1%, 78.4%) 1,188 47.4% (45.5%, 49.4%) 36.5% (34.6%, 38.3%) 

ST 275 31.1% (28.1%, 34.2%) 88 10.0% (8.0%, 11.9%) 10.8% (8.7%, 12.8%) 
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Figure 3.A3. Full season injury measures: 1-season risks by weight and position, 2007-2015, with 1-standard 

error bars.39 
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Figure 3.A4. Full-season injury measures: 1-season risks by age, 2007-2015, with 1-standard error bars.40 
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Allocation of AEs and Player-Seasons At-Risk Across Injury Risk Factor Categories: 

Position: AEs for each position were calculated proportionally according to one typical composition of a 

53-man NFL roster – 3 quarterbacks (QB), 4 running backs (RB), 6 wide receivers (WR), 3 tight ends (TE), 9 

offensive linemen (OL), 8 defensive linemen (DL), 7 linebackers (LB), 10 defensive backs (DB), and 3 special 

teams (ST) (190). In below calculations this makes for 25 offensive, 25 defensive, and 3 ST players. We do 

not have injury data at the play-level, so we do not make comparisons between ST players, who tend to play 

fewer snaps, and other players on a per-snap level. 

Weight: Weight is the player’s weight when they were drafted (or, if undrafted, when they debuted in the 

NFL). We split players into 20-lb weight buckets. We repeated this analysis with 2-unit buckets of body mass 

index (BMI), but the results were nearly identical and so are not presented here. Because weight is tightly 

correlated with position we present only stratified estimates; collapsing obscures any association between 

weight and injury frequency. AEs were distributed proportional to the player-seasons observed in each 

position-weight stratum. 

Game-Level Variables (Turf, Weather, Rest, Home vs. Away): Because we lack data on injury timing more 

specific than week, for all game-level variables we made an assumption that all injuries occurred in the 

previous week’s game rather than that week’s practices. Other studies have shown that >80% of NFL injuries 

occur in games rather than practices (17, 41, 47, 54, 55). We also only calculate injury rates as 1-season risks 

do not make sense at this level. AEs were distributed proportional to the number of regular-season games in 

each stratum of the variables. To maintain party with other rates, practice AEs were included despite our 

assumption of all injuries happening in-game. Rates including only game AEs would be higher across the 

board, but the comparisons across strata should be similar. 

Turf: Turf data were extracted from PFR and then cross-referenced for accuracy with stadium data from 

Wikipedia and sports news sources. Artificial turfs were categorized by manufacturer as the specific product 

installed was not always available. We limited turf analyses to the 2012-15 seasons to ensure that turfs 

introduced in more recent years do not appear worse because of the time trend of rising injuries. We also 

limited these analyses to visiting team injuries to remove the effects of the home team’s roster, training staff, 

and other team-level factors, which can impact injury rates. 

Precipitation: Precipitation was measured for the full day of the game and was classified as follows. First, all 

games in domes and stadiums with retractable roofs were considered dry. Second, if any snow was noted the 

game was marked as such. Third, if there was 0.05 inches or more of non-snow precipitation the game was 

considered wet. All other games were dry. Preliminary analyses showed injury rates did not differ appreciably 

between indoor venues and outdoor dry games. 
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Temperature: Temperature was measured as the mean temperature of the home team’s city on the game 

day per Weather Underground and was classified as follows. We plotted injury rates for all outdoor games by 

5-degree Fahrenheit buckets. All games in domes or stadiums with retractable roofs were considered indoor 

games and plotted separately. 

Rest: The most frequent time between games is 7 days (Sunday-Sunday). We categorized rest into 4 days 

(short week, Thursday Night Football after a Sunday game), 5-6 days, 7 days, 8-11 days (extended rest, non-

bye week) and 12+ days (bye week). Week 1 games were excluded. 

Home vs. Away: We split away games by the travel burden in time zones: 0-2 time zones in either direction, 

3+ east (local time later than body clock), or 3+ west (local time earlier than body clock). Neutral site games, 

including London, were counted as away for both teams. 

Age: Age was bucketed at either extreme to ensure >= 100 injuries in each category. We looked at 

measuring age as years of NFL experience, but because this and chronological age were so tightly correlated 

we present only the results for age below. Because the distribution of position differs at older ages, we 

conducted a sensitivity analysis excluding QBs and STs. We also conducted a second sensitivity analysis to 

account for survivor bias – the idea that players playing at older ages are systematically different (“heartier”) 

than the players who do not make it that long. To conduct this analysis we extended our injury data back 

from 2007 to 2000 and only included a stable, closed cohort of players whose entire careers were observed 

and who retired at 28, 30, 32, and 35 years of age and older. 

Career Snapcount: This is used as a secondary measure of age that accounts for the wear-and-tear a player 

has experienced as the number of plays he has participated in in live regular and postseason games. Only 

snaps occurring prior to the current player-season are counted (e.g. an injury occurring in Kelechi Osemele’s 

2015 season would be associated with a career snap count of 2,539 snaps played by Osemele from 2012-

2014). This analysis was restricted to players who made their NFL debut in 2002 or later because we needed 

full career snap count data. Special teams players were also excluded, as they reflect a special population of 

players with very low snap counts and injury rates. We tried numerous categorization schemes (100-, 500-, 

and 1,000-snap buckets) and found 500-snap buckets did the best at capturing injury trends while maintaining 

an interpretable graph. We bucketed every player-season with a career snapcount above 7,500 (the maximum 

snap count was 12,637) to ensure there were sufficient player-seasons in each bucket.  

Rushing Percent: This was used as a proxy measure for team-level playing style: does a team like to run or 

pass the ball more relative to other teams? It was defined at the team-season level as the number of rushes 

divided by rushes + passing plays (attempts + sacks) over the course of a season. It was calculated separately 

for the two sides of the ball: offense (the team’s own plays) and defense (the plays each team faced). AEs 

were allocated to buckets proportionately by the number of team-side-seasons in each bucket; injury counts 
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and at-risk players were assigned to buckets based on the team and side of the ball on which they played 

(players playing on multiple teams in a single season were excluded). These data are provided in the 

Appendix, Figure A1. 
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Additional Discussion of Interesting Results: 

The overall injury rate in our study (15.1 per 1,000 AEs) was somewhat higher than those calculated from 

other NFL studies. Deubert et al’s study using the NFL’s ISS yielded a rate of approximately 13.7 per 1,000 

AEs based off 12,476 injuries reported from 2009-2015 and the calculations for AEs outlined in our Methods 

(41). Our data yielded 14,352 regular season injuries over this same time, a difference of 1,876 injuries. This 

may understate the true difference, however, as our data did not include injuries from week 17 and the NFL 

ISS data did. Two main methodological differences may explain our variation from the NFL ISS data in 

Deubert: different data sources, and differences in how a new injury was defined. We defined a new injury as 

any broad class of injury (e.g. hamstring) that was not listed for at least the two previous weeks, byes 

excluded; Deubert simply states that all injuries reported to the NFL ISS were counted. If their definition of a 

new injury was moderately stricter, this could explain the differences in rates. Our rate was nearly identical to 

another study using public injury report data – 15.0 per 1,000 AEs using the AE counting process outlined in 

our Methods (17), which further suggests the differences between our study and the Deubert study derive 

from their use of the NFL ISS versus our use of public injury report data.  

Looking by position RBs had the highest injury rate (20.7 per 1,000 AEs) and 1-season risk of missing at 

least 1 game due to injury (Table 1). Several other positions (WRs, TEs, LBs, and DBs) were clumped 

together with injury rates around 17 per 1,000 AEs (Table 1). These are the more mobile positions who are 

more likely to engage in sprinting, sharp directional changes, and high-velocity impacts. Linemen, especially 

offensive linemen, are less mobile and had lower injury rates; their reported injury rates may also be lower if 

they are more often able to play through minor injuries than other positions. The injury profiles of different 

positions also were consistent with their in-game duties, with linemen having fewer concussions, groin and 

hamstring injuries, while DBs, WRs, and RBs had the highest rates of hamstring injuries. Linemen did have 

above-average rates of knee and, on the offensive line, ankle injuries, possibly due to their high weights and 

associated joint stresses. TEs had the highest rate of concussions by a wide margin (Table 2), suggesting they 

suffer more hits to the head than other positions. These positional results are consistent with previous studies 

of football injuries in high school, college, and the NFL that found particularly high injury rates for running 

backs and higher rates for mobile positions than linemen (7, 17, 34).  

While there was a higher injury rate for home teams versus those who travel at least 3 time zones east 

(west coast to east coast, or any team to London) (13.7 vs. 14.9 per 1,000 AEs) (Table 1), the lack of a 

difference among other travel categories leads us to interpret this as a spurious finding. It is possible that an 

east-only difference could be due to differential difficulty in correcting one’s circadian rhythms, leading to 

injury. However, this runs counter to what we would expect given the well-known handicap in winning 

percentage and some performance metrics west coast teams traveling to the east coast face as well as the 
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previous literature on jet lag (147, 191). The previous literature on NFL injury rates for home and away teams 

is limited, but one other study found statistically significantly lower rates of knee, ankle, and shoulder injuries 

for teams traveling at least 3 time zones, though it did not differentiate between directions (56). With all this 

in mind, we treat our finding of safer eastward travel as likely spurious. 

We found higher injury rates on artificial turf versus natural grass among visiting team injuries from 2012-

2015. We limited our analysis to this period to ensure that turfs introduced in more recent years do not 

appear worse because of the time trend of rising injuries, and we limited our analysis to visiting team injuries 

to remove the effects of the home team’s roster, training staff, and other team-level factors that can impact 

injury rates.  However, for full disclosure we did not observe a difference between grass and artificial turf in 

2007-2011 or when including home team injuries from 2012-2015. Previous NFL studies have found 

statistically significantly elevated injury rates for artificial turf, particularly for knee and ankle injuries; this is 

hypothesized to be due to greater stiffness of and shoe-surface friction on artificial turf (45, 48, 56, 93). Two 

other studies found no statistically significant difference in ACL tears and Achilles tears between turf and 

grass (73, 136), but no NFL study to our knowledge has found significantly lower injury rates on turf. Among 

specific brands of artificial turf Matrix Turf had the lowest injury rate, but the fact that it is only installed in 

one stadium (Dallas) makes drawing firm conclusions difficult; its large standard error prevented it from 

meeting our MID definition versus natural grass (Table 1). A-turf had the worst injury rate, and even though 

it was also installed at only one stadium (Buffalo) the difference between it and grass was large enough (4.4 

per 1,000 AEs) to meet our MID definition (Table 1). Momentum Turf and FieldTurf – the latter of which is 

the most common artificial turf used in the NFL – exhibited elevated injury rates relative to natural grass 

(Table 1). All other artificial turfs were similar to natural grass with regards to injury rate (Table 1). Similar 

patterns were apparent for knee, ankle, and foot injuries specifically in the Appendix (Figure A1). To our 

knowledge there are no prior studies that compare NFL injury rates on artificial turf from different 

manufacturers. Overall our findings are consistent with those of previous studies that found artificial turf may 

exhibit moderately higher injury rates, and natural grass may be the safer choice in climates and stadiums 

where it is feasible.  

Precipitation – categorized as dry, wet, or snowy – exhibited no relationship with overall injury rates. 

Snowy games were associated with lower rates of hamstring injuries, possibly due to less high-speed sprinting 

in these games. Rainy games exhibited lower rates of knee ligament injuries (Table 3). This may be because 

wet fields have less traction than dry fields, leading to more slipping but fewer hard cuts putting extreme 

torsion on leg joints (128). One previous NFL study found significantly fewer ankle sprains, but not knee 

sprains, on wet football fields (48); we found no difference in ankle sprains on wet vs. dry fields. While it may 

have an association with specific injuries, precipitation does not seem to be a reliable indicator of overall 

injury rates in the NFL. 
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We investigated temperature and week of season together because the two are closely correlated in the 

approximately 75% of NFL games that occur outdoors, with warmer temperatures early in the season (the 

NFL regular season runs from September to December). Overall injury rates did not vary with temperature 

(Figure 1) or week of the season when we controlled for temperature by looking at indoor games only (Figure 

3). When stratifying by injury type we saw leg muscle strains such as groin and hamstring injuries were higher 

at higher temperatures; hamstring injuries were also higher earlier in the season in indoor games. We would 

expect more leg muscle injuries in colder temperatures due to tighter muscle fibers and early in the season 

due to lower muscle fiber tolerance, which improves with training (3, 130). Combining our results with our 

expectations it is likely the increase in hamstring injuries with temperature is at least partially confounded by 

week of the season, but further studies are needed to tease out these dueling associations. We also observed a 

drop in knee injuries in indoor games in later weeks of the season, but the reason for this is unclear (Figure 

4). It is possible this is a survivor effect where those at risk for knee injuries tend to suffer those early in the 

season and leave the risk pool for as long as those injuries continue to hamper them. However, no other 

injuries exhibited a change over the season, and it is unclear why only knee injuries would be subject to a 

survivor effect. Although there is substantial noise, Figure 4 also suggested an increase in concussion rates as 

the season drags on, which is consistent with the higher rates at lower temperatures we also observed (Figure 

2). This may indicate a build-up of sub-concussive head traumas over the early part of the season that leaves 

players more susceptible to them later on (97), but more studies would be needed to fully investigate this 

possibility. Previous NFL studies have found more knee and hamstring injuries in warmer temperatures and 

concussions in colder temperatures, which is consistent with our crude temperature findings (48, 56); these 

analyses did not adjust for week of season, however. NFL studies on week of season have exhibited mixed 

results by the type of injury: overall injuries, hamstrings, ACLs, and Achilles tears down, concussions up, and 

no effect on total knee and ankle injuries later versus earlier in the season (56, 73, 143); these results all align 

with our own. In summary, while our study found no overall association between injury rates and 

temperature or week of season, leg muscle injuries appear to the decline over the course of the season while 

concussions rise; corresponding trends were seen for the temperatures that correlate with week of the season. 

Injury rates rose steadily over time from approximately 12.5 to 17.5 per 1,000 AEs from 2007-2015 

(Figure 10). When stratifying by injury type we see the same increase for all injury types except UE fractures, 

though reported concussions experienced a particularly rapid increase (Figure 11). Prior studies have also 

shown an increase in injuries over time, including for concussions (41, 143). Because these changes may be 

driven by increased reporting and diagnosis of injuries – especially head injuries – rather than a change in the 

underlying rate, we stratified by injury severity (0, 1-2, or 3+ games missed) and head vs. other injuries in 

Figure 12. Increased reporting might be expected to have a differentially stronger effect in less severe injuries. 

The additional attention paid to concussions might be expected to increase reported head injuries overall and 
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more circumspect approaches to treatment might be expected to cause more players suffering concussions to 

miss games. Figure 12 demonstrates this: there are smaller rises in non-head injuries causing players to miss 

games versus all other groups. This suggests that a large proportion of the increase over time may be due to 

reporting and diagnostic bias rather than a true change in the underlying injury rate. 
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Chapter 4: Specific Aim 2. 2011 CBA’s Effects on Injuries. 

I. Abstract 

Introduction: The National Football League’s (NFL) 2011 collective bargaining agreement (CBA) with its 

players placed a number of contact and quantity limitations on offseason, training camp, and regular season 

practices and workouts. Some coaches and others have expressed a concern that this has led to poor 

conditioning and a subsequent increase in injuries. Rigorous studies on the effects of the NFL’s new practice 

restrictions have not been performed, however. 

Objective: We sought to assess whether the 2011 CBA’s practice restrictions affected the number of overall, 

conditioning-dependent, and/or non-conditioning-dependent injuries in the NFL or the number of games 

missed due to those injuries.  

Methods: The study population was player-seasons from 2007-2016 for any player who had participated in at 

least one career regular season game. We included only regular season, non-illness, non-head, game-loss 

injuries. Injuries were identified using a database from the website Football Outsiders based on public NFL 

injury reports and the injured reserve list. The primary outcomes were overall, conditioning-dependent and 

non-conditioning-dependent injury counts by season.  We also investigated games missed due to these 

injuries as a secondary outcome. We calculated injury counts and games missed per season and compared the 

results before (2007-2010) and after (2011-2016) the CBA. We also used a Poisson interrupted time series 

model to assess whether there was an immediate change after the CBA or if a pre-CBA increase in injuries 

accelerated post-CBA.  

Results: The number of game-loss regular season, non-head, non-illness injuries grew from 701 in 2007 to 

804 in 2016 (15% increase). The number of regular season weeks missed exhibited a similar increase. 

Conditioning-dependent injuries increased from 197 in 2007 to 271 in 2011 (38% rise), but were lower and 

remained relatively unchanged at 220-240 injuries per season thereafter. Non-conditioning injuries decreased 

by 37% in the first three years of the new CBA before returning to historic levels in 2014-2016. Poisson 

models for all, conditioning-dependent, and non-conditioning-dependent game-loss injury counts did not 

show statistically significant detrimental changes associated with the CBA.  

Conclusions: We did not observe a sustained increase in conditioning- or non-conditioning-dependent 

injuries following the 2011 CBA. Other concurrent injury-related rule and regulation changes limit specific 

causal inferences about the practice restrictions, however, and further studies are warranted.  

II. Introduction 

Periodically the National Football League (NFL) and the NFL Players’ Association (NFLPA) negotiate a 

new collective bargaining agreement (CBA) that governs labor associations between the NFL and its players. 
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The most recent CBA was negotiated after a 4.5-month offseason “lockout” period prior to the 2011 season. 

During the lockout players and teams were prohibited from any contact including practices and medical 

examinations. The new CBA placed a number of limitations on offseason, training camp, and regular season 

practices and workouts (148). These new limitations reduced the physical burdens put on players outside of 

games: organized team activities (OTAs) each spring were reduced from 14 days to 10, the voluntary 

offseason workout program reduced from 14 to 9 weeks, twice-daily padded practices were eliminated during 

the 6-week training camp prior to each season, and regular season padded practices were restricted from no 

limit to 14 during the 17-week season (149, 150). These regulations were implemented to improve player 

safety and reduce injuries by avoiding overtraining and increasing rest (148-150). Some, however, have argued 

that they have had the opposite effect, leading to undertraining that worsens player conditioning and leaves 

them more susceptible to injuries (151-154).  

There is evidence for both undertraining and overtraining increasing injury risk. A substantial body of 

sports research in track and field, baseball, cricket, rugby, and Australian Rules Football suggests that high 

intensity training and high activity loads may lead to injuries, particularly soft tissue injuries (156, 157, 192-

200). On the other hand, the extant literature suggests that too little training – particularly a low long-term 

“chronic” workload – is also a predictor of increased injury risk in sports such as cricket and rugby (156, 193, 

201). The goal is to find a balance between undertraining and overtraining that leaves athletes equipped to 

perform at a high level and renders them less susceptible to injuries. More recent research has demonstrated 

the importance of a balanced “acute:chronic workload ratio,” wherein a high long-term chronic workload is 

necessary to achieve fitness and maximize competitive performance but excessive short-term acute workloads 

can lead to fatigue overwhelming fitness and an increase in injury risk (156). Associations between rapid 

changes in workload and increased injury risk have been reported in in cricket, rugby, soccer, and Australian 

Rules Football (193, 202-205).  

Studies of practice or training load and injury risk in American football, however, are relatively limited. 

One study from the Big 10 Conference in college football found that 1998 rules to limit scrimmages and full-

contact practices in the spring did not decrease the number of spring injuries per year, though injuries in the 

fall did decline by one third (4). Two studies of middle school and high school football players in Oklahoma 

City found that the extent of participation in preseason conditioning activities did not differ among players 

who sustained an injury and those who remained injury-free (23, 24). To our knowledge no similar studies of 

preseason practice load and injury risk been performed for the NFL, however. 

It is unknown whether the NFL’s practice regimens resulted in overtraining in the pre-CBA era, 

undertraining in the post-CBA era, both, or neither. One research group identified a sudden increase of 

Achilles tendon injuries immediately after the 2011 NFL lockout ended and training camp began, noting 12 



150 
 

Achilles tendon ruptures the first 29 days after the lockout versus 6 and 10 total Achilles tendon ruptures the 

last two full seasons, respectively (155). The evidence we can take from such a short period is limited, 

however.  

We hypothesized that the effects of undertraining and overtraining would be most apparent in overuse 

injuries such as muscle strains, which we refer to as “conditioning-dependent” injuries. However, fewer 

practices – and especially fewer padded practices – also result in fewer chances for suffering an injury in the 

post-CBA era. This effect may be more evident in contact-based injuries such as fractures and trauma of 

internal organs, which we refer to as “non-conditioning-dependent” injuries. 

In an effort to tease out the varying effects of the 2011 CBA’s practice restrictions, we sought to 

investigate whether the restrictions were followed by changes in the number of overall, conditioning-

dependent, and non-conditioning-dependent injuries in the NFL. A secondary objective was to investigate 

whether the 2011 CBA’s practice restrictions were associated with changes in the number of games missed 

due to these injuries. 

III. Methods 

Study Population: Any player who had participated in at least one regular season NFL game in their 

career through the 2016 season was eligible for this study. The study population included 19,803 player-

seasons and 22,331 injuries from 2007-2016. We excluded 2,643 preseason injuries (11.8%) to ensure 

comparable populations in the pre- and post-CBA eras since the CBA increased preseason roster sizes. We 

excluded 11,399 non-game-loss injuries (51.0%) to account for the more complete reporting of minor injuries 

in recent years seen in Specific Aim 1 (143, 206). We excluded 685 head injuries (4.1%) to minimize the 

impact of improved reporting and diagnosis of concussions on our results (207, 208). Finally, we excluded 

179 illnesses (0.8%) because they are unlikely to be related to any practice rule changes but tend to spike and 

drop quickly, introducing noise into the data. This left a total of N=7,425 injuries over ten seasons. We 

conducted sensitivity analyses removing the preseason, minor injury, and head injury exclusions. 

Outcome: The primary outcomes of interest in these analyses were conditioning-dependent and non-

conditioning-dependent injury counts at the season and player-season levels. We used counts rather than rates 

because the new CBA reduced practices and thus decreased the total number of athlete-exposures (AEs), a 

common denominator unit in calculating rates of sports injuries. This reduction could increase injury rates 

even if it decreased the number of injuries overall. To examine injury severity we investigated the number of 

regular season games missed due to conditioning-dependent, non-conditioning-dependent, and all injuries as 

a secondary outcome.  
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We defined an injury as any relevant event that appeared on the public injury reports NFL teams release 

before each regular season game or that placed a player on the long-term “injured reserve” list. A new injury 

had to meet one of two criteria: 1. It was to a different location (e.g. foot, ankle) from any previous injury that 

season, or 2. It was to the same location as a previous injury that season, but the player had not been on the 

injury report with that injury for at least two weeks, excluding weeks without a game.  

Conditioning-Dependent Injuries: The definitions of conditioning and non-conditioning injuries are given in 

Table A1 in the Appendix. Conditioning injuries involved soft tissues such as the Achilles tendon, calf, groin, 

hamstring, biceps, triceps, pectoral, quadriceps, and anterior cruciate ligament (ACL). Non-conditioning 

injuries included contact injuries such as fractures, high ankle sprains, and various types of trauma to the face 

and eye, Lisfranc joint, internal organs, neck, ribs, or toes. Some injuries – such as non-ACL knee and ankle 

injuries – could not be reliably categorized as conditioning-dependent or non-conditioning-dependent and 

were kept as a separate category or only included in the all-injury analysis. We conducted a sensitivity analysis 

re-classifying all non-ACL knee and ankle injuries as non-conditioning. We also conducted a sensitivity 

analysis using only hamstring injuries, which are some of the most likely injuries to be impacted by poor 

conditioning. 

Exposure: The main independent variable of interest was the time interval, which was dichotomized as post-

CBA (2011-2016) vs. pre-CBA (2007-2010) 

Statistical Analysis:  

The primary hypothesis for the NFL’s practice restrictions worsening injury risks is that with less training 

players are more poorly conditioned, leading to more injuries. We thus sought to evaluate the CBA’s effects 

within a subset of injuries most likely to be impacted by this mechanism of poor conditioning and in those 

that weren’t. In the absence of any bias, the CBA training restrictions could plausibly affect injury risk via 

three possible mechanisms: 

1. Fewer practices  more rest  fewer injuries 

2. Fewer practices  poorer conditioning  more injuries 

3. Fewer practices  fewer chances for injury  fewer injuries 

Each of the three proposed mechanisms is expected to differentially affect counts of conditioning and non-

conditioning injuries (Table 1). 
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Table 4.1. Possible Effects of CBA on Conditioning and Non-Conditioning Injuries. 41 

CBA’s Effect on Conditioning 

Injuries 

CBA’s Effect on Non-

Conditioning Injuries 

Mechanisms Responsible 

Fewer Injuries Fewer Injuries 1, 3 

Fewer Injuries No Change/More Injuries 1 

No Change Fewer Injuries 3 

No Change No Change/More Injuries None, or 1 & 2 offsetting 

More Injuries Decline 2, 3 

More Injuries No Change/More Injuries 2 

 

To examine the hypothesis that CBA practice restrictions may affect risk of injury we first calculated 

counts of injuries and games missed by year. We then stratified these counts by whether the injuries were 

conditioning-dependent. We inspected these curves for evidence of immediate and delayed effects of the 

CBA on injury counts. A rise or fall was defined as a sustained change of at least 1 injury per 1,000 AEs, 

which is equivalent to a 6.7% change in injury counts, for three or more seasons from the pre-CBA to post-

CBA period. 

In order to account for a secular trend in increasing injuries before the 2011 CBA we used a mixed 

Poisson interrupted time series model at the player-season level to separate out the effects of the CBA from 

broader time trends: 

ln (𝑌𝑖𝑗) = ln(𝐺𝑖𝑗) + 𝛽0 + 𝛽1 ∗ 𝑡𝑖𝑗 +  𝛽2 ∗ 𝐶𝐵𝐴𝑖𝑗 +  𝛽3 ∗ 𝑃𝑜𝑠𝑡𝐶𝐵𝐴𝑖𝑗 + 𝛽4 ∗ 𝐴𝑔𝑒𝑖𝑗 +  𝑏0𝑖 +  𝑒𝑖𝑗   

where 𝑌𝑖𝑗 = count of injuries or games missed due to injury for the i’th player in the j’th season; 𝑡𝑖𝑗 = Year – 

2007; 𝐶𝐵𝐴𝑖𝑗 = 1 if 2011 or later, 0 if 2010 or earlier; 𝑃𝑜𝑠𝑡𝐶𝐵𝐴𝑖𝑗 = 0 for 2007-11, otherwise Year – 2011; 

𝐴𝑔𝑒𝑖𝑗 = age of the i’th player in the j’th season; and 𝑏0𝑖 is a random intercept to account for correlated risks 

of injury within the same player. ln (𝐺𝑖𝑗) is an offset accounting for the number of games player i was at risk 

of injury in season j. When exponentiated, 𝛽2 represents the effect of the CBA on injuries (i.e. the percent 

change in injury rates from the pre-CBA to post-CBA eras). When exponentiated, 𝛽1 represents the percent 

change in injury rates from one year to another in the pre-CBA era. When exponentiated, 𝛽1 + 𝛽3 represents 

the percent change in injury rates from one year to another in the post-CBA era. To assess model fit we 

summed each player-season’s predicted count of injuries or games missed due to injury for each year and 

plotted these predicted counts against the actual injury counts for each year.  
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All analyses were performed in R version 3.3.2 and RStudio version 1.0.143 with the exception of the 

Poisson models, which were run in SAS v. 9.4 (SAS Institute, Cary, NC). The Emory University IRB 

determined this project was not human subjects research as all data is publicly available. 

IV. Results 

Overview of Time Trends: The number of minor regular season, non-head, non-illness injuries increased 

substantially from 754 in 2007 to 1,169 in 2012 (55% rise) from 2007-2012 before stabilizing through 2016 

(Figure 1, blue line). The number of game-loss injuries exhibited a smaller increase of approximately 15% 

(804 in 2016 vs. 701 in 2007). The number of regular season weeks missed (Figure 1, purple line) – which 

accounts for injury severity – largely corresponds to the number of game-loss injuries (red line).  
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Figure 4.1. Number of Regular Season Non-Head, Non-Illness Injuries and Weeks Missed, 2007-2016, with 

95% CIs.42 
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Time Trends Stratified by Conditioning Status : The overall number of regular season, non-head, non-illness 

conditioning-dependent injuries increased from 197 in 2007 to 271 in 2011 (38% rise) from before reaching a 

plateau at 220-240 injuries per season between 2012 and 2016 (Figure 2, top left). Regular season non-

conditioning injuries remained at historical levels in post-CBA (Figure 2, middle left). Other regular season 

injuries remained stable before rising 19% between 2012 and 2015 (Figure 2, lower left). The time trends in 

the number of regular season weeks missed resemble those of the injury counts (Figure 2, right).  
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Figure 4.2. Number of Regular Season Game-Loss, Non-Head, Non-Illness Injuries and Games Missed, 

Stratified by Conditioning Status, 2007-2016, with 95% Poisson CIs.43 
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Poisson Interrupted Time Series Models:  

Among all regular season non-head, non-illness injuries there was little evidence of a detrimental effect of 

the 2011 CBA (Figure 1, top row, red line). A Poisson model estimated that injury rates were 7% lower in the 

post-CBA era than they would have been had the CBA never been implemented (95% CI -17% to +3%) 

(Table 2, “CBA” coefficient). The model also estimated an annual 3% increase in injury rates in both the pre- 

(95% CI 0% to +7%) and post-CBA (95% CI +1% to +4%) eras (Table 2). For total games missed, the 

model estimated a pre-CBA annual increase in the rate of games missed of 13% (95% CI +11% to +16%), 

while in the post-CBA period this decreased to a 4% annual rise (95% CI +3% to +5%) (Table 2).  

Among conditioning-dependent injuries there appeared to be an immediate one-year increase post-CBA 

(Figure 2, top row); the model estimated that injury rates were 5% higher overall in the post-CBA era than the 

pre-CBA era (95% CI -13% to +27%) (Table 2). These injuries appeared to be increasing prior to the CBA 

before stabilizing in the post-CBA era (Figure 2, top row). This result was consistent with the Poisson model, 

which estimated a pre-CBA annual change in injury rates of 4% (95% CI -2% to +10%) but no time trend in 

the post-CBA era (-1% annual change, 95% CI -4% to +2%) (Table 2). The results were similar when 

considering the number of games missed due to injury (Table 2). 

Non-conditioning injuries remained at historical levels (Figure 2, middle row). The model estimated that 

non-conditioning injury rates were 10% lower in the post-CBA era than they would have been had the CBA 

never been implemented (95% CI -31% to +16%). It also estimated an annual increase in the injury rate of 

5% CBA (95% CI -4% to +14%) and no time trend in the post-CBA era (0% annual change, 95% CI -4% to 

+5%) (Table 2). The results were similar when considering the number of games missed due to injury (Table 

2).  
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Table 4.2. Poisson Models for Regular Season Game-Loss, Non-Head, Non-Illness Injuries and Games 

Missed, Stratified by Conditioning Status, 2007-2016.44 

Model Rate Ratio 95% CI p-valuea 

Number of Injuries 

All Injuries       

Pre-CBA Time Trend (1-year increase) 1.03 1.00, 1.07 0.07 

CBA (Post-CBA vs. Pre-CBA) 0.93 0.83, 1.03 0.16 

Post-CBA Time Trend (1-Year increase) 1.03 1.01, 1.04 0.74 

Age (1-year increase) 1.01 1.00, 1.01 0.16 

Conditioning Injuries       

Pre-CBA Time Trend (1-year increase) 1.04 0.98, 1.10 0.25 

CBA (Post-CBA vs. Pre-CBA) 1.05 0.87, 1.27 0.62 

Post-CBA Time Trend (1-Year increase) 0.99 0.96, 1.02 0.19 

Age (1-year increase) 1.02 1.00, 1.03 0.01 

Non-Conditioning Injuries       

Pre-CBA Time Trend (1-year increase) 1.05 0.96, 1.14 0.27 

CBA (Post-CBA vs. Pre-CBA) 0.90 0.69, 1.16 0.42 

Post-CBA Time Trend (1-Year increase) 1.00 0.96, 1.05 0.37 

Age (1-year increase) 1.02 1.00, 1.03 0.07 

Games Missed Due to Injury 

All Injuries       

Pre-CBA Time Trend (1-year increase) 1.13 1.11, 1.16 0.00 

CBA (Post-CBA vs. Pre-CBA) 0.90 0.85, 0.96 <.0001 

Post-CBA Time Trend (1-Year increase) 1.04 1.03, 1.05 <.0001 

Age (1-year increase) 1.07 1.06, 1.08 0.00 

Conditioning Injuries       

Pre-CBA Time Trend (1-year increase) 1.13 1.09, 1.18 <.0001 

CBA (Post-CBA vs. Pre-CBA) 0.97 0.88, 1.08 0.64 

Post-CBA Time Trend (1-Year increase) 1.04 1.02, 1.07 0.00 

Age (1-year increase) 1.10 1.08, 1.11 <.0001 

Non-Conditioning Injuries       

Pre-CBA Time Trend (1-year increase) 1.19 1.13, 1.25 <.0001 

CBA (Post-CBA vs. Pre-CBA) 0.90 0.78, 1.03 0.13 

Post-CBA Time Trend (1-Year increase) 0.98 0.95, 1.01 <.0001 

Age (1-year increase) 1.06 1.04, 1.08 <.0001 

ap-values for post-CBA time trends are for a difference between the pre- and post-CBA time trends. 
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Sensitivity Analyses: We conducted several sensitivity analyses. Including minor injuries in did not 

substantially alter the model’s coefficients, nor did including preseason injuries or re-classifying knee and 

ankle injuries from unknown to non-conditioning. When examining hamstring injuries specifically, we 

observed an increase of these injuries over time pre-CBA followed by a reversing of that trend in the post-

CBA era (Figure 3). The Poisson models also indicated stronger beneficial effects of the CBA. The models 

estimated a pre-CBA annual increase in hamstring injury rates of 12% (95% CI +2% to +23%) but a 4% 

annual decrease in the post-CBA era (95% CI -8% to +1%) (Table 3). The results were similar when 

considering the number of games missed due to injury (Table 3). 
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Figure 4.3. Number of Regular Season Game-Loss Hamstring Injuries, 2007-2016, with 95% Confidence 

Interval.45 
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Table 4.3. Poisson Models for Regular Season Game-Loss Hamstring Injuries and Games Missed, 2007-

2016.46 

Model Rate Ratio 95% CI p-valuea 

Number of Injuries 

Hamstring Injury Counts       

Pre-CBA Time Trend (1-year increase) 1.12 1.02, 1.23 0.02 

CBA (Post-CBA vs. Pre-CBA) 0.98 0.74, 1.31 0.92 

Post-CBA Time Trend (1-Year increase) 0.96 0.92, 1.01 0.01 

Age (1-year increase) 0.97 0.95, 0.99 0.00 

Hamstring Games Missed       

Pre-CBA Time Trend (1-year increase) 1.29 1.21, 1.38 <.0001 

CBA (Post-CBA vs. Pre-CBA) 0.73 0.61, 0.88 0.00 

Post-CBA Time Trend (1-Year increase) 0.99 0.95, 1.02 <.0001 

Age (1-year increase) 1.01 0.99, 1.03 0.53 

ap-values for post-CBA time trends are for a difference between the pre- and post-CBA time trends. 
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V. Discussion 

Overall regular season game-loss, non-head, non-illness injuries did not rise or fall from the pre- to post-

CBA practice restriction period. Our conclusions are primarily based on the descriptive data in Figures 2 and 

3 and the definitions of rise and fall presented in the Methods, but they are consistent with the interrupted 

time series models presented in Figure 3 and Table 2, which show no evidence for an increase in 

conditioning-dependent injuries or injuries overall in the post-CBA era. In the context of the three injury-

affecting mechanisms we outlined in the Methods, the results suggest we have seen either none of these 

mechanisms operating or nearly-offsetting effects from additional rest/fewer chances for injury and poorer 

conditioning.  

The limitations of the Poisson interrupted time series models underlying Figure 3 and Table 2 merit 

additional discussion. As with any interrupted time series analysis our conclusions are reliant on assumed 

counterfactuals for the post-CBA period. If we assume that injury counts would have continued rising 

unabated the CBA’s practice restrictions may appear beneficial. If we instead assume that injury rates would 

have plateaued even in the absence of the CBA then the effects could better be described as non-detrimental. 

In models that included no pre- or post-CBA time trends, the CBA appeared detrimental (results not 

presented). The choice of counterfactual assumption exerts a strong effect on the interpretations of our 

models. 

With that said, the models are a useful supplement to visual graph inspection and descriptive analyses. 

Among all regular season non-head, non-illness injuries visual inspection and comparison to the rise/fall 

criteria outlined in the Methods suggested no detrimental effect of the practice restrictions (Figure 1, top row, 

red line). Consistent with our interpretation, the model estimated injury rates were 7% lower in the post-CBA 

era than they would have been absent the CBA and no change in time trends pre- and post-CBA (Table 2). 

Visual analysis suggested a similar lack of detrimental effects for conditioning-dependent injuries (Figure 2, 

top row). The Poisson model did not identify a substantial difference in injury rates or time trends in the pre- 

vs. post-CBA eras (Table 2). Visual inspection of non-conditioning injuries suggested they remained largely at 

historical levels (Figure 2, middle row). This interpretation is consistent with the results of the Poisson 

models, though the large year-to-year variance in these injuries (Figure 2) suggests the model’s coefficients 

may not be reliable.  

In 2014 there was a substantial jump in injuries of unknown conditioning status that lasted through the 

2016 season (Figure 2). The increase was across a range of injury locations – knee, ankle, foot, back, and 

shoulder, primarily. This is unlikely to be an effect of the CBA’s practice restrictions due to its delayed timing 

and sudden onset. However, we were unable to identify a single event or set of events between the 2013 and 

2014 seasons to account for this change.  
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To our knowledge this is the first study to investigate the injury effects of the 2011 CBA’s practice 

restrictions over a substantial time period. One research group identified a sudden increase in Achilles injuries 

immediately after the 2011 NFL lockout ended and training camp began (12 Achilles tendon ruptures the first 

29 days after the lockout versus 6 and 10 total Achilles tendon ruptures the last two full seasons, respectively) 

(155). Our findings are consistent with theirs, however: we classified Achilles injuries as conditioning-

dependent, and such injuries did exhibit a temporary bump in 2011 before returning closer to historical levels 

(Figure 2). 

This study has several strengths. We analyzed 10 full years of data – 4 years pre- and 6-years post-

intervention – which allows us to place the effects of the practice restrictions in context of broader injury 

trends and mitigates the risks of drawing conclusions from natural season-to-season variations. We also 

attempted to account for time trends that might distort a simple pre-/post-CBA comparison using 

interrupted time series models. 

There are also several important limitations in this study. First, there were several other changes designed 

to enhance player safety and reduce injuries concomitant with the 2011 CBA and throughout the study 

period. Changes concomitant with the CBA included moving the kickoff up to encourage more touchbacks 

and the expansion of the “defenseless players” list to include, among others, receivers who have not re-

established themselves as runners. It is difficult to disentangle the effects of all these various changes in our 

data, but it is most likely these effects would have biased injuries in later years downward from what they 

would have been absent these changes. This would in turn have made the CBA look more beneficial than it 

truly was.  

Second, we interpreted our models assuming as a counterfactual that the pre-CBA rise in injuries would 

have continued unabated during our study period absent the CBA. If instead injuries would have plateaued 

absent the CBA our estimated effects would be biased in favor of the CBA. 

Third, our data often only gives us the body part injured rather than the specific injury, which along with 

the unknown impact of conditioning on many injuries inserts the possibility for misclassification of 

conditioning/non-conditioning injuries. Additional information such as whether the injury was contact or 

non-contact would help with making these designations in future studies. The direction of this bias can be 

inferred by comparing the fitted lines for all conditioning injuries (Figure 3, middle row) to those for only 

hamstring injuries (Figure 4), which are known to be affected by over- and undertraining (209). The trend in 

hamstring injuries switches from an increase pre-CBA to a decrease post-CBA (Figure 4 and Table 3); if this 

represents the true effect of practice restrictions on conditioning-dependent injuries, then our full 

conditioning-dependent results (which do not show decreasing injury counts post-CBA) may suffer from 

misclassification that biases it against a beneficial effect of the CBA. 
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VI. Conclusions 

Among regular season game-loss, non-head, non-illness injuries, descriptive analyses and interrupted time 

series models did not indicate the CBA’s practice restrictions had a net harmful effect on injury burden in the 

NFL. It does not appear that the practice restrictions pushed the NFL, on average, from a state of optimal 

training to one of undertraining, but whether there was previous overtraining – or whether there is still 

undertraining – remains unclear. However, other concurrent injury-related rule and regulation changes are 

potential confounding factors that limit specific causal inferences about the practice restrictions, and further 

studies are warranted.  
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VII. Appendix 

Table A1 lists 51 injury types from our injury database and how they were classified with respect to the 

impact of conditioning on the incidence of those injuries. As described below, we also conducted a sensitivity 

analysis where ankle sprains, general ankle injuries, knee sprains, and general knee injuries were classified as 

not conditioning-dependent rather than unknown. These categories were chosen because they were the 

largest components of the unknown group, which was substantially larger than either the conditioning or 

non-conditioning groups in the main analysis. 

Table 4.A1. Condensed Injury Types and Conditioning Status.47 

Condensed Injury Type Conditioning-Dependent? 
Alternative Conditioning 

Designation 

Abdomen No  

Achilles Yes  

Ankle - High Ankle Sprain Unknown  

Ankle - Other Unknown No 

Ankle - Sprain Unknown No 

Arm - Broken No  

Arm - Other No  

Back Unknown  

Biceps Yes  

Buttocks Yes  

Calf Yes  

Chest Yes  

Elbow No  

Eye No  

Face No  

Finger No  

Foot - Broken No  

Foot - Lisfranc No  

Foot - Other Unknown  

Groin Yes  

Hamstring Yes  

Hand No  

Head - Concussion EXCLUDED  

Head - Other EXCLUDED  

Heart No  

Hip Unknown  

Illness EXCLUDED  

Knee - ACL Yes  

Knee - Other Unknown No 
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Knee - Sprain Unknown No 

Knee - Tear, non-ACL Unknown  

Leg - Broken No  

Leg - Other No  

Lung No  

Neck No  

Non-Injury No  

Other No  

Pectoral Yes  

Pelvis Unknown  

Quadriceps Yes  

Ribs No  

Shoulder - Other Unknown  

Shoulder - Tear Unknown  

Spine Unknown  

Thigh Unknown  

Thumb No  

Toe - Other No  

Toe - Turf Toe No  

Triceps Yes  

Unknown Unknown  

Wrist No  
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Stratified Time Trends: Among regular season injuries, there has been a large increase in minor injuries while 

game-loss injuries have remained relatively flat over our study period (Figure A2, upper left). Among 

preseason injuries, both minor and game-loss injuries exhibited steady increases over our study period (Figure 

A2, upper right). 

When looking at games missed due to injury, those due to injuries in the regular season exhibited a 

modest but inconsistent increase over our study period (Figure A2, lower left). Games lost due to preseason 

injuries, however, exhibited a rapid increase from 2012-2016 (Figure A2, lower right). The spike from 2014 to 

2015-16 was almost entirely driven by an increase in “Undisclosed” injuries that landed players on injured 

reserve, the majority of which occurred to career backups who were likely at the end of their careers. These 

may not reflect a true increase so much as more thorough reporting and capturing of these sorts of injuries.  
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Figure 4.A1. Number of Non-Head, Non-Illness Injuries and Games Missed, Stratified by Severity and 

Timing, 2007-2016, with 95% CIs.48 
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Sensitivity Analysis – Include Preseason Injuries: As seen in Figure A1, preseason game-loss injuries and the 

games missed due to them increased steadily from 2007-2015 while game-loss injuries occurring in the regular 

season remained relatively flat. When we include preseason injuries in our analysis our injury count results do 

not differ substantially from the main analysis (Figure A2, Table A2, Figure 3, Table 2). 

While it would be ideal to include preseason injuries in our analysis as this may be where the CBA’s 

practice restrictions had their strongest effect, it is difficult to define a player population that is exchangeable 

with the pre-CBA period due to another concomitant rule instituted by the CBA. Specifically, the maximum 

training camp roster increased from 80 players to 90; the cut-down periods during training camp have also 

been progressively pushed back in recent years. All this means more players are collecting more exposures to 

injury in the preseason, driving counts up. We attempted to account for this by limiting our target population 

to players with at least one career NFL game, but there are still a substantial number of veterans with game 

experience who make these expanded training camp rosters but would not have made a training camp in the 

pre-CBA period (210). We attempted but could not find a satisfactory way to define a consistent population 

of preseason players that is exchangeable between the pre- and post-CBA periods. Thus we have limited our 

main analysis to the regular season, which has maintained a consistent 53-man roster throughout the entire 

study period. “Practice squad” rosters – which contains players who usually do not play except as injury 

replacements – did expand from 8 to 10 under the new CBA, as well, but the bias from this is likely minor 

and would be in the direction of a detrimental effect of the new CBA.   
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Figure 4.A2. Number of Game-Loss, Non-Head, Non-Illness Injuries Stratified by Conditioning Status, 

2007-2016, with Poisson Additive Model Regression Line and 95% Confidence Interval.49 
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Table 4.A2. Poisson Additive Models for Game-Loss, Non-Head, Non-Illness Injuries and Games Missed, 

Stratified by Conditioning Status, 2007-2016.50 

Model Rate Ratio 95% CI p-valuea 

Number of Injuries 

All Injuries       

Pre-CBA Time Trend (1-year increase) 1.04 1.01, 1.07 0.02 

CBA (Post-CBA vs. Pre-CBA) 0.94 0.85, 1.03 0.19 

Post-CBA Time Trend (1-Year increase) 1.02 1.00, 1.03 0.22 

Age (1-year increase) 1.00 0.99, 1.01 0.66 

Conditioning Injuries       

Pre-CBA Time Trend (1-year increase) 1.05 1.00, 1.12 0.06 

CBA (Post-CBA vs. Pre-CBA) 1.01 0.85, 1.20 0.87 

Post-CBA Time Trend (1-Year increase) 0.99 0.96, 1.02 0.06 

Age (1-year increase) 1.01 1.00, 1.02 0.11 

Non-Conditioning Injuries       

Pre-CBA Time Trend (1-year increase) 1.05 0.98, 1.14 0.19 

CBA (Post-CBA vs. Pre-CBA) 0.89 0.70, 1.12 0.32 

Post-CBA Time Trend (1-Year increase) 1.00 0.96, 1.05 0.28 

Age (1-year increase) 1.00 0.99, 1.02 0.60 

Games Missed Due to Injury 

All Injuries       

Pre-CBA Time Trend (1-year increase) 1.21 1.19, 1.24 0.00 

CBA (Post-CBA vs. Pre-CBA) 0.85 0.80, 0.89 <.0001 

Post-CBA Time Trend (1-Year increase) 0.98 0.97, 0.99 <.0001 

Age (1-year increase) 1.10 1.09, 1.11 <.0001 

Conditioning Injuries       

Pre-CBA Time Trend (1-year increase) 1.28 1.23, 1.32 <.0001 

CBA (Post-CBA vs. Pre-CBA) 0.85 0.78, 0.93 0.00 

Post-CBA Time Trend (1-Year increase) 1.00 0.98, 1.02 <.0001 

Age (1-year increase) 1.11 1.09, 1.12 <.0001 

Non-Conditioning Injuries       

Pre-CBA Time Trend (1-year increase) 1.26 1.21, 1.32 <.0001 

CBA (Post-CBA vs. Pre-CBA) 0.77 0.68, 0.87 <.0001 

Post-CBA Time Trend (1-Year increase) 0.96 0.94, 0.99 <.0001 

Age (1-year increase) 1.05 1.03, 1.07 <.0001 

ap-values for post-CBA time trends are for a difference between the pre- and post-CBA time trends. 
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  Chapter 5: Specific Aim 3. Predicting 1-Year Injury Risk in the 

NFL. 

I. Abstract 

Introduction: Effective and accurate injury prediction models is an important topic sports medicine. 

However, this is a difficult task particularly in contact sports, and published injury prediction models have 

produced mixed results. 

Objective: We sought to use publicly-available data on established NFL injury risk factors to develop a 

preseason injury prediction model for the 1-seaon risk of a player missing one or more games due to injury. 

Methods: The data included N=7,669 player-seasons from 2009-2016 for non-quarterback, non-special 

teams NSL players who participated in their team’s week 1 game or missed all 16 due to injury. Injuries were 

identified using a database from the website Football Outsiders based on public NFL injury reports and the 

injured reserve list. The outcome of interest was 1-season risk of missing 1 or more games due to injury. 

Separate models examined the risk of any injury and lower extremity (LE) muscle injuries. We used logistic 

regression with generalized estimating equations to predict the injury risk using player age, position, height, 

weight, injury history, turf, and expected rest in the upcoming season. The data were divided into a training 

(2009-2014) and a validation (testing) set (2015-2016). Discrimination and calibration in each model were 

examined separately by position. 

Results: The overall risks of missing 1+ games due to any injury were 41% and 46% in the training and 

testing datasets, respectively. LE muscle injury risk was 13% in both sets. For all injuries, training area under 

the curve (AUCs) estimates ranged from 0.57 to 0.64 for different positions; testing AUCs were similar and 

ranged from 0.53 to 0.61. For LE muscle injuries, the corresponding training and testing ranges were 0.55 to 

0.62 and 0.53 to 0.71. Calibration was acceptable in the training data but poor in the testing data for all 

models. 

Conclusions: The models were unable to effectively predict NFL injuries. Discrimination and calibration 

were both poor in the testing data. This may have been due to lacking the right predictors or insufficiently-

sophisticated models. Future studies should consider the use of more detailed player data available from 

individual teams or from the NFL’s Injury Surveillance System. 

II. Introduction 

Effective and accurate injury prediction models have been called the “Holy Grail” of sports medicine 

(211). However, predicting sports injuries is a notoriously difficult task (212) especially in violent contact 

sports such as American football (7, 23, 34, 55, 213). 
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The precise form of a predictive model – including the predictors it uses – depends on its audience, 

prediction timeframe, and intended use. For example, if we are trying to make a prediction before a sports 

season begins we are limited to predictors known at that time such as player age or their score on a pre-

season screening test. If, on the other hand, the objective is to develop a model to make dynamic risk 

predictions for each player during a season there may be an opportunity to incorporate repeated time-

dependent measurements such as weekly training load. Key choices for developing a predictive model also 

vary by sport. For example, models in basketball have tried to predict any in-game injury (214) while those for 

more violent contact sports have focused on non-contact injuries, which are assumed to be more predictable 

(209, 213).  

Published injury prediction models in sports medicine have relied on a variety of methods and produced 

mixed results. One basketball study reported remarkable success (area under the curve [AUC] 0.92) predicting 

any in-game injury in the next 7 days using information from the previous 14 days including distance run and 

average speed. It is important to note, however, that the authors of that study may have used variables that 

reveal underlying injuries rather than predict new issues (214). Among contact sports, one rugby model using 

weekly differences between planned and actual training loads found success predicting injuries on the player-

week level (sensitivity 87.1%, specificity 98.8%) (213). By contrast, another study from Australian Rules 

Football that used training load over various time windows to predict non-contact injuries using various 

machine learning methods showed “limited ability to predict future injury” with most AUCs in the 0.5-0.65 

range (209).  

To our knowledge there are no injury prediction models for American football published in the peer-

reviewed academic literature. There is an extensive literature on individual injury risk factor identification (3, 

17, 56, 93, 215), but multivariable prediction models are lacking. Some private organizations have claimed 

remarkable success predicting NFL injuries with AUCs as high as 0.81 (216), while others present their work 

as unspecified “algorithms” that deliver results with no validation or uncertainty quantification (217). Even 

when validation data are presented, however, the model specifications are typically undisclosed for 

competitive reasons, preventing scientific scrutiny. What information is available sometimes suggests 

methodological flaws such as assessing predictive ability across all positions rather than within positions and 

using future player usage to predict injury risk (which itself impacts future player usage) (216). There is a need 

for more transparent and verifiable models that can be revised and deployed across the football landscape. 

With these considerations in mind, our goal was to develop a transparent model to predict the risk of a 

National Football League (NFL) player missing 1 or more games due to injury in the upcoming season. The 

model is designed to be used in the preseason period, and for this reason it is limited to predictors that are 

known at that time such as player age, position, weight, height, and prior injury history. We chose candidate 
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predictors based off those shown to exhibit a bivariate association with injury risk in Specific Aim 1 and prior 

publications to ensure our model had a strong theoretical framework. To achieve greater applicability of the 

model the independent variables of interest were based on the information about players that is publicly 

available. This precluded us from using physical screening tools such as the Functional Movement Screen, but 

these tools have shown limited predictive ability in American football (218). A transparent preseason injury 

prediction model based off public data, if effective, would be of immense value and interest to players, the 

NFL, agents, teams, and other parties.  

III. Methods 

Data and Study Population 

Data on injuries were obtained from a database maintained by the football analytics website Football 

Outsiders (167). The data covering NFL regular seasons were collected prospectively from 2007-2016. The 

database is based on the official public injury reports released weekly by each NFL team, supplemented with 

additional details from media reports. Information for all injuries includes player name, team, position, week, 

season, injury type, age, height, weight, final practice report status, and the player’s anticipated availability and 

actual participation in that week’s game. Only injuries to players who have participated in at least one regular 

season game in their career were included.  

Outcome 

The outcome of interest was 1-season risk of missing 1 or more games due to injury, defined as 

# 𝑜𝑓 𝑝𝑙𝑎𝑦𝑒𝑟−𝑠𝑒𝑎𝑠𝑜𝑛𝑠 𝑚𝑖𝑠𝑠𝑖𝑛𝑔 1+𝑔𝑎𝑚𝑒 𝑑𝑢𝑒 𝑡𝑜 𝑖𝑛𝑗𝑢𝑟𝑦 𝑑𝑢𝑟𝑖𝑛𝑔 𝑠𝑒𝑎𝑠𝑜𝑛

# 𝑜𝑓 𝑝𝑙𝑎𝑦𝑒𝑟−𝑠𝑒𝑎𝑠𝑜𝑛𝑠 𝑎𝑡 𝑟𝑖𝑠𝑘 𝑓𝑜𝑟 𝑖𝑛𝑗𝑢𝑟𝑦 𝑎𝑡 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 𝑠𝑒𝑎𝑠𝑜𝑛
. Separate analyses focused on all-injury risk and 

the risk of lower extremity (LE) muscle injuries (i.e. hamstring, groin, calf, and quadriceps). We hypothesized 

that LE muscle injuries would be easier to predict because they are usually not related to violent in-game 

contact.  

The data were restricted to players who played at least one snap in week 1 of the regular season or were 

on the long-term “injured reserve” list for the entire season. This ensured all players were at risk for the full 

season. The risk period began in the preseason and ended in week 17, excluding the last regular season game 

because injury reports from the week 17 game are only available for teams that appear in the playoffs. As 

predictions were based on the history of injuries in the previous two years the analyses also excluded each 

player’s first two seasons. Quarterbacks and special teams players were also excluded due to the low injury 

risks for these positions. Following these exclusions, the analyses were based on a total of 7,669 player-

seasons from 2009-2016, or 30.0 players per team-season.  

Training and Validation Datasets  
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To ensure the model will be useful for making future predictions rather than assessing past injuries, we 

employed a prospective validation approach (219). We trained our model on 2009-2014 data (N = 5,764) and 

tested it on 2015-2016 data (N = 1,905). For the final all-injury model, 43 and 16 player-seasons were 

excluded from the training and the testing data, respectively, due to missing data. This gave final sample sizes 

for the final models of N = 5,721 for training and N = 1,889 for testing.  

Modeling Strategy  

We used a multivariable logistic regression model to predict the risk of a player missing at least one game 

due to injury during the upcoming season. Within-player correlations were taken into account using 

Generalized Estimating Equations (GEE) (220) with an exchangeable correlation structure.  

The full model was based on bivariate analyses of the association between each candidate predictor and 

the outcome of interest. Variables were used as linear terms except where indicated below. The candidate 

predictors were selected on the basis of an association with injury risks in Specific Aim 1, the bivariate 

analyses described above, or in prior scientific studies. The candidate predictors included: 

 Player age  

 Height and weight at the time the player was drafted  

 The number of injuries during the previous two years in the NFL, coded as 0/1/2/3/4/5+ 

 The number of games missed due to injury over the previous two seasons 

 The number of specific injuries over the past two seasons in up to 17 site categories: Abdomen, 

Achilles tendon, Ankle, Back, Chest/Pectoral, Face/Eye, Foot, Head, Hip, Knee, LE Muscle, Leg, 

Neck, Ribs, Shoulder, Upper Extremity (UE) muscle, and UE Bone/Joint. These 17 categories 

represented 392 discrete injury types in our raw data.  

o Not all 17 categories were used in each model. Only those exhibiting the strongest bivariate 

associations with the outcome of interest were included.  

 Two composite injury history measures (216): 

o Durability, defined as a ratio of games missed due to injury and games played, coded such 

that the maximum value was 0.4 

o Susceptibility, defined as the total number of injuries per season played, coded such that the 

maximum value was 1.0 

 Position: defensive back (DB), defensive line (DL), linebacker (LB), offensive line (OL), running 

back (RB), tight end (TE), and wide receiver (WR) 

 Two-way interaction terms between position and age and position and weight 
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 An indicator for whether the player is scheduled to play more than 8 games on artificial turf in the 

upcoming season 

 Number of games to be played on short (<7 days) or long (>7 days) rest in upcoming season 

Other variables considered but not included were head coach experience, career snapcounts (a measure of 

player “mileage” beyond chronological age), the number of games played 3 time zones east or west of a 

team’s home city, calendar year, and the number of games played in the “morning” or “evening” of a player’s 

body clock. These were excluded because they did not meet one of our inclusion criteria as outlined above. 

As separate models for each player position did not converge, we used a single model for all positions 

(running back (RB), offensive line (OL), wide receivers (WR), tight ends (TE), defensive line (DL), 

linebackers (LB),)).  However, because injury risks vary widely by position and a team must be made up of 

players from all positions all predictions and model performance assessments were stratified by position. This 

ensures we are predicting injuries within as well as across positions.  

A modified stepwise backwards elimination procedure was used to develop a “final” reduced model 

based on lower Quasilikelihood under the Independence model Criterion (QIC) to indicate better models 

(221, 222). First we dropped interaction terms (weight and age with position). If this yielded a worse QIC we 

kept both interaction terms and the main effects of age, weight, and position in the model. If not, we dropped 

the interaction terms and all other terms were subject for elimination. We then sought to drop combinations 

of variables with missing data: durability, susceptibility, and games on turf. After considering these missing 

variables we proceeded to eliminate other variables one by one choosing the highest p-value for elimination 

each time. We continued until the QIC rose, indicating worse model fit. 

We then compared discrimination and calibration measures between the full and final reduced 

models. If there was evidence that the full model performed better than the reduced model, we added 

variables back in until there were no substantial performance degradations between the two models. We only 

present our final models in the Results; the full models can be found in the Appendix.  

Model Performance Evaluation 

We calculated three model performance metrics for all models. 

 Maximum Accuracy: The maximum percent of player-seasons correctly classified as having the 

outcome of interest at whatever the optimal cutpoint is for this number. It is a top-line number that 

is easy for laymen to interpret. We compared this number to a “no player gets injured” model that 

assumes no player suffers the type of injury that the model attempts to predict. 
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 Calibration: A comparison of observed and model-predicted risks. It is commonly measured using 

the Hosmer-Lemeshow Goodness-of-Fit statistic (223) or by plotting the observed and predicted 

risks by quantile of predicted risk.  

 Discrimination: The ability of the model to differentiate between events and non-events. It is 

typically measured by the area under the curve (AUC) of the receiver-operator characteristic (ROC) 

curve (223, 224).  

IV. Results 

Descriptive Statistics of Training and Testing Cohorts: 

As shown in Table 1, the distributions of predictors were similar in the training and testing data. The 

largest discrepancies were with prior injury history – player-seasons in the testing data tended to have greater 

injury histories (Table 1). 

Table 5.1. Descriptive statistics for training and testing data.51 

  

Mean (SD), Median [IQR], or Percent 

Training (N = 5,764 
player-seasons) 

Testing (N = 1,905 
player-seasons) 

Age, years 27.8 (2.8) 27.6 (2.7) 

Position, %     

DB 20.3% 21.3% 

DL 17.5% 16.6% 

LB 16.1% 16.4% 

OL 18.6% 18.0% 

RB 9.5% 8.5% 

TE 6.9% 7.8% 

WR 11.2% 11.4% 

Height, in 74.0 (2.7) 74.1 (2.7) 

Weight, lbs 244.0 (46.7) 249.0 (46.5) 

Number of Injuries in Previous 
2 Seasons 

2 [1-3] 2 [1-4] 

Number of Games Missed Due 
to Injury in Previous 2 Seasons 

1 [0-3] 1 [0-5] 

Durability 0.00 [0.00-0.10] 0.08 [0.02-0.20] 

Susceptibility 0.8 [0.4-1.0] 1.0 [0.7-1.0] 

Number of Games Played on 
Artificial Turf 

10 [4-12] 9 [4-12] 

Number of Games Played on 
Short (<7 Days) Rest 

2.0 (0.9) 2.4 (0.7) 

Number of Games Played on 
Long (>7 Days) Rest 

2.8 (0.9) 3.3 (0.9) 
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Injury History, % With Any History 
of Each Injury in Previous 2 Seasons 

    

Abdomen 1.7% 2.6% 

Achilles 2.0% 2.4% 

Ankle 32.7% 38.2% 

Back 12.0% 13.0% 

Chest/Pectoral 3.0% 4.5% 

Face/Eye 0.7% 0.9% 

Foot 15.8% 19.3% 

Head 13.0% 16.0% 

Hip 7.1% 10.1% 

Knee 45.7% 46.7% 

LE Muscle 47.9% 52.0% 

Leg 2.4% 2.8% 

Neck 7.5% 6.9% 

Ribs 4.1% 4.2% 

Shoulder 19.9% 22.7% 

UE Muscle 12.6% 16.0% 

UE Bone/Joint 1.7% 1.7% 

  

The overall risk of missing 1+ games due to any injury was somewhat higher in the testing versus training 

data: 46% vs. 41%, with the most pronounced position-specific differences observed among DBs, OLs, and 

TEs (Table 2). The differences for LE muscle injuries were much smaller.  

Table 5.2. Number of Player-Seasons and Injury Risk in Training and Testing Cohorts.52 

  
Number of Player-Seasons Risk of Player Missing 1+ Games Due to Injury 

LE Muscle Injury Any Injury 

Position Train Test Train Test Train Test 

DB 1171 406 14% 17% 43% 50% 

DL 1006 317 9% 11% 39% 43% 

LB 930 312 14% 13% 43% 42% 

OL 1074 343 5% 5% 36% 45% 

RB 545 162 12% 13% 45% 49% 

TE 395 148 7% 7% 42% 51% 

WR 643 217 13% 13% 44% 41% 

Total 5764 1905 11% 11% 41% 46% 
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Final Model Results – LE Muscle Injuries: 

Discrimination was poor across all LE muscle injury models. AUCs in the training data ranged from 0.55 

for DLs to 0.62 for DBs (Figure 1). The corresponding estimates in the testing data were generally similar and 

ranged from 0.53 for RBs to 0.71 for LBs; confidence intervals in the testing data were wide (Figure 2). 

Calibration was acceptable in the training data but poor in the testing data, particularly for RBs and TEs 

(Figure 2). Final model coefficients are given in Table 3; 10 of 16 full-model variables remained in the final 

model. 

The predicted risk cutoff for maximum accuracy varied greatly by position (15-45% in the testing data 

using the final model) but never performed substantially better than a simpler “no player gets injured” model 

in the training data (Tables 2 and Appendix A1a).  
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Figure 5.1. Discrimination, Final Model, LE Muscle Injuries.53 
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Figure 5.2. Calibration, Final Model, LE Muscle Injuries.54 
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Table 5.3. Final Model Coefficients.55 

Variable 

Model Coefficients, Beta (SE) 

LE Muscle All 

Beta (SE) p-value Beta (SE) p-value 

Intercept -1.85 (1.46) 0.206 -0.07 (1.05) 0.950 

Age 0.02 (0.02) 0.136 0.01 (0.01) 0.368 

Position (Ref. = DB)        

DL -1.75 (1.84) 0.342 -2.90 (1.30) 0.025 

LB 5.29 (2.41) 0.028 4.13 (1.64) 0.012 

OL -3.81 (3.26) 0.242 -4.14 (1.90) 0.030 

RB -3.76 (1.95) 0.053 0.72 (1.41) 0.611 

TE 5.42 (5.17) 0.294 5.01 (3.26) 0.125 

WR -1.57 (1.99) 0.429 -0.71 (1.47) 0.628 

Height, in - - - - 

Weight, lbs -0.01 (0.01) 0.355 -0.01 (0.01) 0.330 

Durability - - 0.90 (0.32) 0.006 

Susceptibility 0.69 (0.18) 0.000 0.34 (0.10) 0.000 

Total Injuries in Previous 2 Seasons -0.09 (0.04) 0.020 - - 

Total Games Missed in Previous Two Seasons 0.01 (0.01) 0.158 0.01 (0.01) 0.334 

Expected Games on Artificial Turf - - - - 

Count of Injuries in Previous 2 Seasons         

LE_Muscle_2y 0.30 (0.06) 0.000 0.15 (0.04) 0.000 

Foot_2y 0.18 (0.10) 0.078 - - 

Shoulder_2y - - 0.16 (0.06) 0.006 

UE_Muscle_2y 0.56 (0.30) 0.059     

Knee - - - - 

Hip - -     

UE Bone or Joint         

Achilles     - - 

Head     0.11 (0.08) 0.137 

Ankle         

  2+ vs. 0-1 - -     

  3+ vs. 0-2 - -     

Age x Position Interaction (Ref. = DB)         

Age x DL - - - - 

Age x LB - - - - 

Age x OL - - - - 

Age x RB - - - - 

Age x TE - - - - 

Age x WR - - - - 

Weight x Position Interaction (Ref. = DB)         
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Weight x DL 0.01 (0.01) 0.409 0.01 (0.01) 0.052 

Weight x LB -0.02 (0.01) 0.058 -0.02 (0.01) 0.031 

Weight x OL 0.01 (0.01) 0.332 0.01 (0.01) 0.043 

Weight x RB 0.02 (0.01) 0.060 0.00 (0.01) 0.763 

Weight x TE -0.02 (0.02) 0.279 -0.02 (0.01) 0.162 

Weight x WR 0.01 (0.01) 0.443 0.00 (0.01) 0.621 

 

Final Model Results – All Injuries: 

Discrimination was also poor in the all-injury models. AUCs in the training data ranged from 0.57 for 

DLs to 0.64 for TEs (Figure 3). The corresponding estimates in the testing data were similar and ranged from 

0.55 for TEs to 0.61 for OLs; confidence intervals in the testing data were generally quite wide (Figure 3). 

Calibration was acceptable in the training data but poor in the testing cohort for all positions (Figure 4). Final 

model coefficients are given in Table 3; 10 of 17 full-model variables remained in the final model. 

The model’s best accuracy was observed around a predicted risk cutoff of 40-50% and resulted in 5-10% 

more correct predictions than a simpler “no player gets injured” model in the training data (Tables 2 and 

Appendix A1c). For example, a predicted risk cutoff of 46% for RBs led to 60% of RB player-seasons being 

correctly classified as injured or non-injured in the testing data; a “no player gets injured” model would only 

correctly classify 51% of RB player-seasons. 
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Figure 5.3. Discrimination, Final Model, All Injuries.56 
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Figure 5.4. Calibration, Final Model, All Injuries.57 

 



186 
 

V. Discussion 

Overall we did not find that publicly-available established risk factors allowed effective  preseason injury 

predictions for the 1-seaon risk of missing one or more games due to any or LE muscle injuries. It is 

instructive to compare our results to those from similar models in violent contact sports. Our LE muscle 

injury results exhibited worse AUCs than those from a similar study in an Australian Rules Football study and 

a rugby study, but these groups used daily player training loads while we used higher-level publicly-available 

predictors (209, 213). Our results were also worse than another NFL model that used publicly-available risk 

predictors (AUC 0.81 in 2016 testing data) (216). However, this model was created for a private company 

(SportsInjuryPredictor.com (SIP)) and its exact methods and predictors have not been publicly disclosed. 

One explanation for this model’s better performance is it made its predictions across all positions together 

while we evaluated our predictions separately for each position. To maximize their utility NFL injury 

prediction models should be able to identify the high-risk players within each position group since all these 

groups are needed to form a team; models should thus be evaluated on a position-specific basis. Moreover, by 

combining all positions together the large differences in risk between positions inflates discrimination relative 

to a model that considers predictions within each position. This inflation is exacerbated in the case of the SIP 

model by the fact that it also includes 58 QB seasons (9.5% of its dataset) – QBs are a particularly low-risk 

position that are easy to discriminate from other positions in terms of injury risk. These easily discriminated 

QBs were excluded from our study. However, when re-assessing AUC for all positions together our models 

achieved an AUC of only 0.65, so it is unlikely that this difference in assessment fully explains the AUC 

differences between our models. A second explanation for the SIP model’s superior performance is it uses an 

unspecified projection of future player usage as a predictor in its model. Teams most commonly will wish to 

make a decision on player usage based off injury risk rather than vice versa. A third explanation is that the SIP 

model considers injuries that occur in the preseason or training camp as risk factors for injuries during the 

upcoming regular season. Because we sought to make predictions about the upcoming season prior to the 

beginning of the regular season, we did not include such a predictor in our model. Unfortunately, the private 

nature of this model makes it difficult to identify what other factors might be responsible for the observed 

performance differences. To summarize, our models exhibited worse prediction than other injury prediction 

models for contact sports, but direct comparisons are difficult due to differences in predictor and 

performance assessment choices.  

Discrimination was similarly poor in the training and testing data for all models, while calibration was 

generally acceptable in the training but not the testing data. The consistency in our discrimination across our 

training and testing data suggests we may have identified risk factors that operate similarly in both groups. 

However, the poor AUCs suggest they were too weak to separate injured and non-injured players effectively. 

The drop in calibration from training to testing data suggests the potential for overfitting. Simpler models 
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yielded worse discrimination in the training and testing data, however, so while further model reduction may 

have closed the calibration gap between training and testing data it would have been unlikely to result in 

major model improvements.  

Our discrimination was poor when calibration was acceptable because there was not a steep separation of 

predicted risks (Figures 2 and 4). For example, the mean predicted LE muscle injury risks in the middle 3 

quintiles for DBs are all between 11 and 15% (Figure 2). This narrow range of predictions makes separating 

the injured and non-injured difficult.  

Whether a model’s AUC is “good” or “bad” depends on its intended application. Our models’ 

discrimination was between 0.5 and 0.7, generally considered poor. More importantly, it would not be 

effective if applied to screen players for an NFL team. As an example we consider our best model 

performance by AUC in the testing data – 0.71 from the LE muscle injury model for LBs. Identifying 55% of 

all LE muscle injuries to LBs (55% sensitivity) results in a 25% false positive rate (75% specificity) (Figure 1). 

With a 1-season risk of missing 1+ games due to an LE muscle injury of 13% among LBs, in a group of 100 

player-seasons we would expect 13 to be injured. To correctly identify 0.55 x 13 ≈ 7 of these 13 player-

seasons as “high-risk” we would also have to tag approximately 0.25 x (100-13) ≈ 22 uninjured player-seasons 

as “high-risk.” Thus among 29 “high-risk” player-seasons, 7/29 would be expected to truly result in injury 

(positive predictive value of 24%). Furthermore, in this scenario we would still not identify almost half of the 

player-seasons with an actual injury. It is likely teams would be willing to allocate additional injury prevention 

efforts to 29% of LBs in order to stop 7% or less from developing a LE muscle injury. However, our 

predictions would not be useful for teams deciding whether to sign a player based on his injury risk: teams 

would be unlikely to accept shying away from 29% of LBs in order to avoid 7% who will get injured. Our 

predictions would also not likely be useful for teams seeking to quantify and manage their exposure to injury 

risks via disability insurance policies to pay some or all of a high-risk player’s salary if they are injured for 

similar reasons. In short, it would be difficult to make the case to use these models to decide which players to 

sign or not sign, though it may be possible to make the case for using them to identify already-signed players 

for additional training, therapy, or treatment designed to reduce injury risk.  

Our models performed poorly despite using commonly-accepted risk factors for NFL injuries. Our poor 

model performance could be due to three reasons: our data did not include sufficiently strong predictors of 

NFL injuries, our methods did not allow us to properly model injury risk, and/or NFL injuries are simply not 

predictable on a population level. To the first reason, we chose our predictors a priori based on previously 

demonstrated associations in the literature and/or theory-based associations with injury risk. However, we 

were restricted to predictors that were both publicly available and known during the preseason timeframe. We 

did not have information on the severity of injuries (e.g. a grade 1 vs. grade 3 hamstring strain), the 
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circumstances surrounding them (e.g. contact vs. non-contact, game vs. practice), or the players’ performance 

on injury screening tools. Our goal of 1-season risk prediction also precluded the use of dynamic training load 

data, which is commonly used for shorter-term injury predictions (156, 196, 225). All of these predictor 

exclusions may have limited our ability to predict injuries.  

To the second reason, some researchers have suggested the processes underlying injury occurrence 

function as a complex system or web of determinants that may require sophisticated machine learning 

methods such as random forests or neural networks to identify (212). This analysis used logistic regression – 

which, in the absence of interaction terms, assumes an additive linear relationship between the predictors and 

the log-odds of injury risk. A preliminary replication of our full logistic regression model using random 

forests – which allow for non-linear relationships and interactions among all predictors – did not improve the 

model’s AUC, however. This lack of improvement when using a model that allows for more complex 

associations between our available predictors and injury risk suggests the problem may be with our data rather 

than our use of a model that does not account for sufficiently complex relationships among predictors. 

The third – and perhaps most likely – reason for poor model performance is that NFL injuries are simply 

not predictable, at least on the level we investigated. A large proportion of NFL injuries are due to contact 

and violent collisions. This makes injury prediction in contact sports particularly difficult (213). It is unlikely 

we would be able to predict a broken bone or an ankle sprain due to contact with another player, but our 

models were not better when limiting to LE muscle injuries, which are often non-contact. It may be that even 

non-contact injuries are difficult to predict due to the complex web of interacting factors that can impact 

their occurrence (212).  

This study has several limitations. Our definition of prior injury history forces us to exclude players in 

their first two years from the model, but the added ability to account for injury-proneness outweighs that 

concern. Another limitation may be that player-seasons at truly high risk are already being filtered out by 

teams, complicating our prediction efforts and weakening model discrimination. Our data only includes 

player-seasons where the player at least attempted to play and does not include instances where, for example, 

a severe injury history prevented them from ever being signed to a team. This survivor effect is likely to be 

most severe among lower-skilled players, though running the models on a subset of higher-skilled players – 

defined as those playing 25 or more snaps per active game – did not improve performance. Finally, as 

discussed above our model does not include a variety of risk factors such as training load data that may aid in 

injury prediction.  

VI. Conclusions 

Overall we did not find that publicly-available established risk factors allowed effective preseason 

predictions for the 1-seaon risk of missing one or more games due to any injury or LE muscle injuries. 
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Discrimination (AUC 0.5-0.7) and calibration were both poor when we fit the model to testing data from the 

2015-16 NFL seasons. It is possible our models did not include sufficiently strong or frequent risk factors to 

make effective population-level predictions or that NFL injuries are simply not predictable. Any future efforts 

to predict NFL injuries should consider the use of more granular player data available from individual teams 

or the NFL’s Injury Surveillance System. 
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VII.  Appendix 

Full Model Results – LE Muscle Injuries: 

Discrimination, calibration, and maximum accuracy were generally similar to the final model in both the 

training and testing data. The largest differences were in calibration for DBs and DLs in the testing data – the 

full model appeared to perform slightly better in this group, though calibration was still poor. 
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Figure 5.A1. Discrimination, Full Model, LE Muscle Injuries.58 
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Figure 5.A2. Calibration, Full Model, LE Muscle Injuries.59 
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Full Model Results – Ankle Injuries: 

Discrimination, calibration, and maximum accuracy were generally similar to the final model in both the 

training and testing data. The largest differences were in calibration for DBs in the testing data and OLs in the 

training data – the full model appeared to perform slightly better in these groups. 

Figure 5.A3. Discrimination, Full Model, Ankle Injuries.60 
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Figure 5.A4. Calibration, Full Model, LE Muscle Injuries.61 
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Maximum Accuracy for All Models: 

Table 5.A1a. Maximum Accuracy for Full and Final Models, LE Muscle Injuries.62 

  Full Model Final Model 

  Training Data Testing Data Training Data Testing Data 

Posit
ion 

Thres
hold 

% Correctly 
Classified 

Thres
hold 

% Correctly 
Classified 

Thres
hold 

% Correctly 
Classified 

Thres
hold 

% Correctly 
Classified 

DB 0.51 86% 0.35 83% 0.49 86% 0.43 83% 

DL 0.32 91% 0.25 89% 0.31 91% 0.22 89% 

LB 0.35 87% 0.35 89% 0.37 86% 0.36 88% 

OL 0.14 96% 0.19 95% 0.19 96% 0.15 95% 

RB 0.27 88% 0.23 87% 0.28 88% 0.25 88% 

TE 0.26 93% 0.24 95% 0.26 93% 0.23 94% 

WR 0.29 87% 0.26 87% 0.3 87% 0.45 87% 

 

Table 5.A1b. Maximum Accuracy for Full and Final Models, All Injuries.63 

  Full Model Final Model 

  Training Data Testing Data Training Data Testing Data 

Posit
ion 

Thres
hold 

% Correctly 
Classified 

Thres
hold 

% Correctly 
Classified 

Thres
hold 

% Correctly 
Classified 

Thres
hold 

% Correctly 
Classified 

DB 0.47 61% 0.42 57% 0.47 60% 0.4 57% 

DL 0.49 62% 0.49 61% 0.51 61% 0.43 59% 

LB 0.52 60% 0.47 62% 0.5 60% 0.5 64% 

OL 0.52 65% 0.42 60% 0.5 65% 0.44 60% 

RB 0.51 59% 0.44 64% 0.5 59% 0.46 60% 

TE 0.5 63% 0.49 64% 0.43 63% 0.5 57% 

WR 0.5 59% 0.56 63% 0.51 60% 0.52 64% 
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Bivariate Association Between Injury Risk and Time for Each Outcome: 

In addition to the bivariate investigations we added a centered year term (Year – 2012) to each final model to 

see if it improved calibration (it had trivial if any effects on discrimination). It had no beneficial effect on 

calibration for any of our injury models. 

Figure 5.A5. Association Between Ankle, All, and LE Muscle Injury Risk and Time.64 
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Chapter 6: Public Health Impact/Significant Contribution to the 

Field 

American football is the most popular professional sport in the U.S.: in a recent Harris Poll asking 

1,510 people who reported following at least one sport to pick their favorite from 21 options, the 

professional-level National Football League (NFL) held the top spot and college football ranked third (1). 

The popularity of the sport is reflected in the number of athletes playing football: in the 2013-14 school year 

there were 14,262 high schools with boys’ 11-player football programs, comprising 1,093,234 athletes (8). The 

National Collegiate Athletic Association (NCAA) reported an additional 70,147 men’s college football players 

in 2013 (9). Football is also an inherently physical, high-speed game. Injuries occur with regularity in both 

practices and games in the NFL: the injury rate is approximately 15-18 injuries per 1,000 athlete-exposures (3, 

17) (AE, a single athlete’s participation in a game or practice) overall, with much higher rates in games (64.7 

per 1,000 AEs) (3). These rates are approximately 5 times higher than those for high school football (7, 20), 

approximately 1.5-2 times higher than those for college football (7, 33, 34); higher than those for any college 

sport (21); and higher than Major League Baseball (MLB), the National Basketball Association (NBA), and 

the National Hockey League (NHL) (160, 161, 166); and higher than soccer and Australian Rules Football 

(162, 163), though some rugby studies have found higher injury rates than the NFL (177). These data – 

particularly the fact that over a million high school students play football each year – demonstrate that 

football injuries exert a major toll on public health. NFL players, as a very high-risk population with 

particularly rich data available, represent a fertile target for public health and epidemiologic studies. 

In addition to their high injury risk, football players, and NFL players in particular, are subject to 

lifelong health sequelae from various types of trauma sustained during their playing careers. The physical toll 

of the sport carries over long into retirement. Studies have shown that 7% of NFL retirees use opioids – 

triple the general population prevalence (226). 40.6% of NFL retirees under 60 reported having arthritis, 

versus just 11.7% of U.S. males under 60 (227). 14.7% of retirees overall suffer from moderate to severe 

depression and 47.6% report difficult with pain as quite or very common, with both of these correlated with 

trouble sleeping, financial difficulties, marital or relationship problems, and problems with fitness, exercise, 

and aging (228). 24% of NFL retirees reported 3 or more concussions during their playing career, which was 

associated with a 5x and 3x increases in the prevalence of mild cognitive impairment (MCI) and significant 

memory problems, respectively, versus retirees reporting no concussions (229). Finally, retirees reporting 

more concussions reported higher incidence of depression (9-year risk 3.0% in those reporting no 

concussions versus 26.8% in those with 10 or more) (230). These studies demonstrate that injuries are a 

major lifelong health issue for thousands of retired NFL players. Anything that can be done to reduce injury 
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rates now will pay large public health dividends as thousands of ex-players – including college and high school 

players, as well – age. 

These data, along with the sport’s intense public interest and the amount of attention and money the 

NFL is directing towards injury prevention and medical research (231), underscore the importance of 

studying the occurrence and determinants of injuries among football players. The pace of research on football 

injuries has rapidly risen in recent years, with the NFL generating twice as many studies from 2010-2012 than 

the previous leader, Major League Baseball (60). Despite this increase in research output, many questions 

about NFL injuries remain unanswered. This dissertation has contributed to answering some of those 

questions.   

Aim 1 confirmed that NFL injury rates and risks were high. We also found rates varied by several known 

and hypothesized injury risk factors including position, weight, age, turf, weather, and injury history. We did 

not previously have rigorous epidemiologic estimates of injury rates and risks that could be compared with 

other sports. There were also previously no academic studies investigating how injury rates varied with 

weight, age, or artificial turf type, all three of which our analysis quantified. Injury rates were generally higher 

for heavier players, but this trend was reversed for running backs, possibly because of lower workloads for 

heavier RBs. Visiting team injury rates were higher on artificial turf than grass (18.2 vs. 16.7); among specific 

turf types, A-Turf (21.1), Momentum Turf (19.3), and FieldTurf (19.2) all exhibited elevated injury rates. 

Back, groin, hamstring, ankle, knee ligament, and overall injury rates rose as players aged, but a strong 

survivor effect leaving lower-risk players at older ages caused the risk curve to flatten after about 30 years of 

age. In addition, no previous NFL study had explicitly calculated the injury risk for players with varying injury 

histories. We found longer overall injury histories were associated with greater injury risk, and this association 

held for a range of specific non-traumatic injuries. While reported injury rates did rise from 2007-2015, the 

largest increases occurred in minor injuries that caused no missed games. In addition to these novel findings, 

this analysis gives us a better idea of the strongest risk factors to focus on – and where we may not want to 

waste our time. Some of the findings – especially those for turf and age – could have real world impacts on 

stadium construction and roster risk management. Other results – such as those for rest and changes over 

time – indicate that common explanations for injuries in the football world are not borne out in the data. 

Aim 2 also makes a contribution to the NFL injury literature. Some coaches and other NFL 

stakeholders have blamed the CBA for increasing injury rates, but there had been no previous academic 

investigation of this allegation. Aim 2 identified little evidence for an increase in conditioning-dependent 

injuries or injuries overall following the 2011 CBA and its practice restrictions. The practice restrictions did 

not appear to move the NFL from a state of optimal to undertraining with regards to injury risk; elite NFL 
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athletes appear to be as well-conditioned for injury avoidance under the new regimen as the old one. This 

suggests that mitigating practice loads further is an injury management tool worth pursuing. 

Aim 3’s predictive models were unable to effectively predict NFL injuries using publicly-available, 

accepted risk factors including age, weight, and injury history. Our predictors were too weak to effectively 

separate high- and low-risk players. The results were a clear illustration of how difficult it is to predict injuries 

in violent contact sports, and injury prediction models claiming excellent performance should be investigated 

carefully. That said, we were restricted to predictors that were both publicly available and known during the 

preseason timeframe. We did not have information on the severity of injuries (e.g. a grade 1 vs. grade 3 

hamstring strain), the circumstances surrounding them (e.g. contact vs. non-contact, game vs. practice), the 

players’ performance on injury screening tools, or ongoing training load and physical performance 

measurements. It is possible that such data may allow for better prediction of NFL injuries in the future. For 

now our results suggest that any future efforts at NFL injury prediction need to be undertaken with care and 

will require spending time to collect data that are not publicly available. 

All of these aims fill major gaps in the NFL injury literature. For example, Aim 1 identified what 

appear to be particularly dangerous brands of artificial turf, which teams re-surfacing their fields may wish to 

avoid in the future. Aim 2 suggests that the CBA’s practice time reductions did not result in an increase in 

injuries; this has real-world implications for how teams at the NFL level and below design training schedules. 

Aim 3 found that publicly-available risk factors could not be used to effectively predict NFL injuries; this 

should encourage skepticism of models that claim otherwise and encourage anyone wishing to attempt such 

predictions to collect more granular data on such things as player training load and the mechanisms of 

injuries.  

This work also suggests a number of ideas for future studies. Further research into the injury rates on 

the most dangerous artificial turfs identified in Specific Aim 1 is merited. It is possible there is something in 

the design of those specific turfs that leads to higher rates of certain kinds of injuries. More robust studies of 

the health effects of short between-game rests are also needed. For example, as injury reports do not describe 

the full health burden placed upon NFL players, players should be surveyed regularly during the season to 

determine in more detail their health status before and after games on short, normal, and long rest. Lastly, 

Aim 2 suggests there is room to further reduce practice and training loads to minimize injury risks. A 

thorough survey of practice schedules for multiple NFL teams with varying injury rates could help identify 

more accurately the optimal balance between over- and under-training. 

This dissertation investigated sports injuries in a small very-high-risk occupational group (NFL 

players), but the results on risk factors, training practices, and injury prediction are applicable to reducing 
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injuries and their lifelong effects among the million-plus high school players who engage in the sport every 

year. As such, this paper makes a substantial contribution to public health knowledge. 

  



201 
 

References 
1. Shannon-Mishall L. Pro Football is Still America’s Favorite Sport 2016 [Available from: 
http://www.theharrispoll.com/sports/Americas_Fav_Sport_2016.html. 
2. Wikipedia. American Football  [Available from: https://en.wikipedia.org/wiki/American_football. 
3. Feeley BT, Kennelly S, Barnes RP, Muller MS, Kelly BT, Rodeo SA, et al. Epidemiology of National 
Football League training camp injuries from 1998 to 2007. The American journal of sports medicine. 
2008;36(8):1597-603. 
4. Albright JP, Powell JW, Martindale A, Black R, Crowley E, Schmidt P, et al. Injury patterns in big ten 
conference football. The American journal of sports medicine. 2004;32(6):1394-404. 
5. Scranton PE, Jr., Whitesel JP, Powell JW, Dormer SG, Heidt RS, Jr., Losse G, et al. A review of 
selected noncontact anterior cruciate ligament injuries in the National Football League. Foot & ankle 
international. 1997;18(12):772-6. 
6. Tyler TF, McHugh MP, Mirabella MR, Mullaney MJ, Nicholas SJ. Risk factors for noncontact ankle 
sprains in high school football players: the role of previous ankle sprains and body mass index. The American 
journal of sports medicine. 2006;34(3):471-5. 
7. Shankar PR, Fields SK, Collins CL, Dick RW, Comstock RD. Epidemiology of high school and 
collegiate football injuries in the United States, 2005-2006. The American journal of sports medicine. 
2007;35(8):1295-303. 
8. 2013-14 HIGH SCHOOL ATHLETICS PARTICIPATION SURVEY: National Federation of State 
High School Associations; 2014 [Available from: http://www.nfhs.org/ParticipationStatics/PDF/2013-
14_Participation_Survey_PDF.pdf. 
9. Estimated Probability of Competing in Athletics Beyond the High School Interscholastic Level: 
National Collegiate Athletic Association; 2013 [Available from: 
http://www.ncaa.org/sites/default/files/Probability-of-going-pro-methodology_Update2013.pdf. 
10. Player Season Finder Query Results For single seasons, in 2015, requiring Games >= 1, sorted by 
descending: Pro Football Reference;  [Available from: http://goo.gl/ik6S68. 
11. Nonfatal traumatic brain injuries related to sports and recreation activities among persons aged 
</=19 years--United States, 2001-2009. MMWR Morbidity and mortality weekly report. 2011;60(39):1337-42. 
12. Buzas D, Jacobson NA, Morawa LG. Concussions From 9 Youth Organized Sports: Results From 
NEISS Hospitals Over an 11-Year Time Frame, 2002-2012. Orthopaedic Journal of Sports Medicine. 
2014;2(4):2325967114528460. 
13. Harmon KG. Football concussion rates across school levels. The Journal of pediatrics. 2016;168:253-
6. 
14. Langlois JA, Rutland-Brown W, Wald MM. The epidemiology and impact of traumatic brain injury: a 
brief overview. The Journal of head trauma rehabilitation. 2006;21(5):375-8. 
15. Casson IR, Viano DC, Powell JW, Pellman EJ. Twelve Years of National Football League 
Concussion Data. Sports Health. 2010;2(6):471-83. 
16. Yengo-Kahn AM, Johnson DJ, Zuckerman SL, Solomon GS. Concussions in the National Football 
League: A Current Concepts Review. The American journal of sports medicine. 2015. 
17. Lawrence DW, Hutchison MG, Comper P. Descriptive Epidemiology of Musculoskeletal Injuries 
and Concussions in the National Football League, 2012-2014. Orthopaedic Journal of Sports Medicine. 
2015;3(5). 
18. Saal JA. Common American football injuries. Sports medicine (Auckland, NZ). 1991;12(2):132-47. 
19. Sports-related injuries among high school athletes--United States, 2005-06 school year. MMWR 
Morbidity and mortality weekly report. 2006;55(38):1037-40. 
20. Comstock RD, Collins CL, Currie DW. Summary Report: National High School Sports-Related 
Surveillance Study, 2012-13 School Year. Pediatric Injury Prevention, Education, and Research Program; 
Colorado School of Public Health, University of Colorado-Denver; 2014. 
21. Kerr ZY, Marshall SW, Simon JE, Hayden R, Snook EM, Dodge T, et al. Injury Rates in Age-Only 
Versus Age-and-Weight Playing Standard Conditions in American Youth Football. Orthopaedic Journal of 
Sports Medicine. 2015;3(9):2325967115603979. 

http://www.theharrispoll.com/sports/Americas_Fav_Sport_2016.html
https://en.wikipedia.org/wiki/American_football
http://www.nfhs.org/ParticipationStatics/PDF/2013-14_Participation_Survey_PDF.pdf
http://www.nfhs.org/ParticipationStatics/PDF/2013-14_Participation_Survey_PDF.pdf
http://www.ncaa.org/sites/default/files/Probability-of-going-pro-methodology_Update2013.pdf
http://goo.gl/ik6S68


202 
 

22. Knowles SB, Marshall SW, Bowling MJ, Loomis D, Millikan R, Yang J, et al. Risk factors for injury 
among high school football players. Epidemiology (Cambridge, Mass). 2009;20(2):302-10. 
23. Turbeville SD, Cowan LD, Owen WL, Asal NR, Anderson MA. Risk factors for injury in high 
school football players. The American journal of sports medicine. 2003;31(6):974-80. 
24. Turbeville SD, Cowan LD, Asal NR, Owen WL, Anderson MA. Risk factors for injury in middle 
school football players. The American journal of sports medicine. 2003;31(2):276-81. 
25. Culpepper MI, Niemann KM. High school football injuries in Birmingham, Alabama. Southern 
medical journal. 1983;76(7):873-5, 8. 
26. DeLee JC, Farney WC. Incidence of injury in Texas high school football. The American journal of 
sports medicine. 1992;20(5):575-80. 
27. King H, Campbell S, Herzog M, Popoli D, Reisner A, Polikandriotis J. Epidemiology of Injuries in 
High School Football: Does School Size Matter? Journal of physical activity & health. 2015;12(8):1162-7. 
28. Malina RM, Morano PJ, Barron M, Miller SJ, Cumming SP, Kontos AP. Incidence and player risk 
factors for injury in youth football. Clinical journal of sport medicine : official journal of the Canadian 
Academy of Sport Medicine. 2006;16(3):214-22. 
29. Ramirez M, Schaffer KB, Shen H, Kashani S, Kraus JF. Injuries to high school football athletes in 
California. The American journal of sports medicine. 2006;34(7):1147-58. 
30. Moretz A, 3rd, Rashkin A, Grana WA. Oklahoma high school football injury study: a preliminary 
report. The Journal of the Oklahoma State Medical Association. 1978;71(3):85-8. 
31. Lackland DT, Akers P, Hirata I, Jr. High school football injuries in South Carolina: a computerized 
survey. Journal of the South Carolina Medical Association (1975). 1982;78(2):75-8. 
32. Dick R, Agel J, Marshall SW. National Collegiate Athletic Association Injury Surveillance System 
commentaries: introduction and methods. Journal of Athletic Training. 2007;42(2):173-82. 
33. Kerr ZY, Marshall SW, Dompier TP, Corlette J, Klossner DA, Gilchrist J. College Sports-Related 
Injuries - United States, 2009-10 Through 2013-14 Academic Years. MMWR Morbidity and mortality weekly 
report. 2015;64(48):1330-6. 
34. Dick R, Ferrara MS, Agel J, Courson R, Marshall SW, Hanley MJ, et al. Descriptive Epidemiology of 
Collegiate Men's Football Injuries: National Collegiate Athletic Association Injury Surveillance System, 1988–
1989 Through 2003–2004. Journal of Athletic Training. 2007;42(2):221-33. 
35. Hootman JM, Dick R, Agel J. Epidemiology of collegiate injuries for 15 sports: summary and 
recommendations for injury prevention initiatives. Journal of Athletic Training. 2007;42(2):311-9. 
36. Brophy RH, Barnes R, Rodeo SA, Warren RF. Prevalence of musculoskeletal disorders at the NFL 
Combine--trends from 1987 to 2000. Medicine and science in sports and exercise. 2007;39(1):22-7. 
37. Cahill BR, Griffith EH. Exposure to injury in major college football. A preliminary report of data 
collection to determine injury exposure rates and activity risk factors. The American journal of sports 
medicine. 1979;7(3):183-5. 
38. Willigenburg NW, Borchers JR, Quincy R, Kaeding CC, Hewett TE. Comparison of Injuries in 
American Collegiate Football and Club Rugby: A Prospective Cohort Study. The American journal of sports 
medicine. 2016. 
39. Iguchi J, Yamada Y, Kimura M, Fujisawa Y, Hojo T, Kuzuhara K, et al. Injuries in a Japanese 
Division I collegiate american football team: a 3-season prospective study. Journal of Athletic Training. 
2013;48(6):818-25. 
40. Henderson L. Injury Surveillance System Kickoff. Applied Clinical Trials Online. 2012. 
41. Deubert CR, Cohen IG, Lynch HF. Comparing Health-Related Policies & Practices in Sports: The 
NFL and Other Professional Leagues. Petrie-Flom Center for Health Law Policy, Biotechnology, and 
Bioethics: Harvard Law School; 2017. 
42. Dodson CC, Slenker N, Cohen SB, Ciccotti MG, DeLuca P. Ulnar collateral ligament injuries of the 
elbow in professional football quarterbacks. Journal of shoulder and elbow surgery / American Shoulder and 
Elbow Surgeons  [et al]. 2010;19(8):1276-80. 
43. Finstein JL, Cohen SB, Dodson CC, Ciccotti MG, Marchetto P, Pepe MD, et al. Triceps Tendon 
Ruptures Requiring Surgical Repair in National Football League Players. Orthopaedic Journal of Sports 
Medicine. 2015;3(8):2325967115601021. 



203 
 

44. Gray BL, Buchowski JM, Bumpass DB, Lehman RA, Jr., Mall NA, Matava MJ. Disc herniations in 
the National Football League. Spine. 2013;38(22):1934-8. 
45. Hershman EB, Anderson R, Bergfeld JA, Bradley JP, Coughlin MJ, Johnson RJ, et al. An analysis of 
specific lower extremity injury rates on grass and FieldTurf playing surfaces in National Football League 
Games: 2000-2009 seasons. The American journal of sports medicine. 2012;40(10):2200-5. 
46. Kelly BT, Barnes RP, Powell JW, Warren RF. Shoulder injuries to quarterbacks in the national 
football league. The American journal of sports medicine. 2004;32(2):328-31. 
47. Lynch TS, Saltzman MD, Ghodasra JH, Bilimoria KY, Bowen MK, Nuber GW. Acromioclavicular 
joint injuries in the National Football League: epidemiology and management. The American journal of 
sports medicine. 2013;41(12):2904-8. 
48. Orchard JW, Powell JW. Risk of knee and ankle sprains under various weather conditions in 
American football. Medicine and science in sports and exercise. 2003;35(7):1118-23. 
49. Chambers CC, Lynch TS, Gibbs DB, Ghodasra JH, Sahota S, Franke K, et al. Superior Labrum 
Anterior-Posterior Tears in the National Football League. The American journal of sports medicine. 
2016;45(1):167-72. 
50. Brophy RH, Wright RW, Powell JW, Matava MJ. Injuries to kickers in American football: the 
National Football League experience. The American journal of sports medicine. 2010;38(6):1166-73. 
51. Pichereau C. New NFL Injured/Reserve (IR) Rule: Abisher House Publishing/Wiley; 2012 
[Available from: http://www.dummies.com/how-to/content/new-nfl-injuredreserve-ir-rule.html. 
52. Archer TW, Calvin. Sources: Romo tore rib cartilage ESPN.com: ESPN.com; 2014 [Available from: 
http://espn.go.com/dallas/nfl/story/_/id/11984447/nfl-investigating-tony-romo-rib-injury-whether-dallas-
cowboys-concealed-it. 
53. 2015 NFL Injury Report Policy: National Football League (NFL); 2015 [updated August 14, 2015. 
Available from: http://uaasnfl.blob.core.windows.net/live/1818/2015-injury-report-policy.pdf. 
54. Carlisle JC, Goldfarb CA, Mall N, Powell JW, Matava MJ. Upper extremity injuries in the National 
Football League: part II: elbow, forearm, and wrist injuries. The American journal of sports medicine. 
2008;36(10):1945-52. 
55. Mall NA, Carlisle JC, Matava MJ, Powell JW, Goldfarb CA. Upper extremity injuries in the National 
Football League: part I: hand and digital injuries. The American journal of sports medicine. 2008;36(10):1938-
44. 
56. Lawrence DW, Comper P, Hutchison MG. Influence of Extrinsic Risk Factors on National Football 
League Injury Rates. Orthopaedic Journal of Sports Medicine. 2016;4(3):2325967116639222. 
57. Brophy RH, Chehab EL, Barnes RP, Lyman S, Rodeo SA, Warren RF. Predictive value of 
orthopedic evaluation and injury history at the NFL combine. Medicine and science in sports and exercise. 
2008;40(8):1368-72. 
58. Brophy RH, Lyman S, Chehab EL, Barnes RP, Rodeo SA, Warren RF. Predictive value of prior 
injury on career in professional American football is affected by player position. The American journal of 
sports medicine. 2009;37(4):768-75. 
59. Nicholas JA, Rosenthal PP, Gleim GW. A historical perspective of injuries in professional football. 
Twenty-six years of game-related events. Jama. 1988;260(7):939-44. 
60. Makhni EC, Buza JA, Byram I, Ahmad CS. Sports reporting: a comprehensive review of the medical 
literature regarding North American professional sports. The Physician and sportsmedicine. 2014;42(2):154-
62. 
61. Kacsmar S. 2015 Adjusted Games Lost Footballoutsiders.com: Football Outsiders; 2015 [Available 
from: http://www.footballoutsiders.com/stat-analysis/2016/2015-adjusted-games-lost. 
62. Bradley JP, Klimkiewicz JJ, Rytel MJ, Powell JW. Anterior cruciate ligament injuries in the National 
Football League: epidemiology and current treatment trends among team physicians. Arthroscopy : the 
journal of arthroscopic & related surgery : official publication of the Arthroscopy Association of North 
America and the International Arthroscopy Association. 2002;18(5):502-9. 
63. Carey JL, Huffman GR, Parekh SG, Sennett BJ. Outcomes of anterior cruciate ligament injuries to 
running backs and wide receivers in the National Football League. The American journal of sports medicine. 
2006;34(12):1911-7. 

http://www.dummies.com/how-to/content/new-nfl-injuredreserve-ir-rule.html
http://espn.go.com/dallas/nfl/story/_/id/11984447/nfl-investigating-tony-romo-rib-injury-whether-dallas-cowboys-concealed-it
http://espn.go.com/dallas/nfl/story/_/id/11984447/nfl-investigating-tony-romo-rib-injury-whether-dallas-cowboys-concealed-it
http://uaasnfl.blob.core.windows.net/live/1818/2015-injury-report-policy.pdf
http://www.footballoutsiders.com/stat-analysis/2016/2015-adjusted-games-lost


204 
 

64. Eisenstein ED, Rawicki NL, Rensing NJ, Kusnezov NA, Lanzi JT. Variables Affecting Return to 
Play After Anterior Cruciate Ligament Injury in the National Football League. Orthopaedic Journal of Sports 
Medicine. 2016;4(10):2325967116670117. 
65. Read CR, Aune KT, Cain EL, Fleisig GS. Return to Play and Decreased Performance After Anterior 
Cruciate Ligament Reconstruction in National Football League Defensive Players. The American journal of 
sports medicine. 2017:0363546517703361. 
66. Secrist ES, Bhat SB, Dodson CC. The Financial and Professional Impact of Anterior Cruciate 
Ligament Injuries in National Football League Athletes. Orthopaedic Journal of Sports Medicine. 
2016;4(8):2325967116663921. 
67. Brophy RH, Rodeo SA, Barnes RP, Powell JW, Warren RF. Knee articular cartilage injuries in the 
National Football League: epidemiology and treatment approach by team physicians. The journal of knee 
surgery. 2009;22(4):331-8. 
68. Steadman JR, Miller BS, Karas SG, Schlegel TF, Briggs KK, Hawkins RJ. The microfracture 
technique in the treatment of full-thickness chondral lesions of the knee in National Football League players. 
The journal of knee surgery. 2003;16(2):83-6. 
69. Bushnell BD, Bitting SS, Crain JM, Boublik M, Schlegel TF. Treatment of magnetic resonance 
imaging-documented isolated grade III lateral collateral ligament injuries in National Football League athletes. 
The American journal of sports medicine. 2010;38(1):86-91. 
70. Cohen SB, Towers JD, Bradley JP. Rotator cuff contusions of the shoulder in professional football 
players: epidemiology and magnetic resonance imaging findings. The American journal of sports medicine. 
2007;35(3):442-7. 
71. Low K, Noblin JD, Browne JE, Barnthouse CD, Scott AR. Jones fractures in the elite football player. 
Journal of surgical orthopaedic advances. 2004;13(3):156-60. 
72. McHale KJ, Rozell JC, Milby AH, Carey JL, Sennett BJ. Outcomes of Lisfranc Injuries in the 
National Football League. The American journal of sports medicine. 2016;44(7):1810-7. 
73. Krill MK, Borchers JR, Hoffman JT, Krill ML, Hewett TE. Effect of position, time in the season, 
and playing surface on Achilles tendon ruptures in NFL games: a 2009-10 to 2016-17 review. The Physician 
and sportsmedicine. 2017:1-6. 
74. Parekh SG, Wray WH, 3rd, Brimmo O, Sennett BJ, Wapner KL. Epidemiology and outcomes of 
Achilles tendon ruptures in the National Football League. Foot & ankle specialist. 2009;2(6):283-6. 
75. Brophy RH, Gamradt SC, Barnes RP, Powell JW, DelPizzo JJ, Rodeo SA, et al. Kidney injuries in 
professional American football: implications for management of an athlete with 1 functioning kidney. The 
American journal of sports medicine. 2008;36(1):85-90. 
76. Kenter K, Behr CT, Warren RF, O'Brien SJ, Barnes R. Acute elbow injuries in the National Football 
League. Journal of Shoulder and Elbow Surgery. 2000;9(1):1-5. 
77. Morgan RJ, Bankston LS, Jr., Hoenig MP, Connor PM. Evolving management of middle-third 
clavicle fractures in the National Football League. The American journal of sports medicine. 
2010;38(10):2092-6. 
78. Elliott MC, Zarins B, Powell JW, Kenyon CD. Hamstring muscle strains in professional football 
players: a 10-year review. The American journal of sports medicine. 2011;39(4):843-50. 
79. Feeley BT, Powell JW, Muller MS, Barnes RP, Warren RF, Kelly BT. Hip injuries and labral tears in 
the national football league. The American journal of sports medicine. 2008;36(11):2187-95. 
80. Mair SD, Isbell WM, Gill TJ, Schlegel TF, Hawkins RJ. Triceps tendon ruptures in professional 
football players. The American journal of sports medicine. 2004;32(2):431-4. 
81. Gamradt SC, Brophy RH, Barnes R, Warren RF, Thomas Byrd JW, Kelly BT. Nonoperative 
treatment for proximal avulsion of the rectus femoris in professional American football. The American 
journal of sports medicine. 2009;37(7):1370-4. 
82. Williams RJ, 3rd, Marx RG, Barnes R, O'Brien SJ, Warren RF. Fractures about the orbit in 
professional American football players. The American journal of sports medicine. 2001;29(1):55-7. 
83. Hirshorn KC, Cates T, Gillogly S. Magnetic resonance imaging-documented chondral injuries about 
the knee in college football players: 3-year National Football League Combine data. Arthroscopy : the journal 



205 
 

of arthroscopic & related surgery : official publication of the Arthroscopy Association of North America and 
the International Arthroscopy Association. 2010;26(9):1237-40. 
84. Hsu WK. Performance-based outcomes following lumbar discectomy in professional athletes in the 
National Football League. Spine. 2010;35(12):1247-51. 
85. Hsu WK. Outcomes following nonoperative and operative treatment for cervical disc herniations in 
National Football League athletes. Spine. 2011;36(10):800-5. 
86. Mall NA, Buchowski J, Zebala L, Brophy RH, Wright RW, Matava MJ. Spine and axial skeleton 
injuries in the National Football League. The American journal of sports medicine. 2012;40(8):1755-61. 
87. Teramoto M, Petron DJ, Cross CL, Willick SE. Style of Play and Rate of Concussions in the National 
Football League. Orthopaedic Journal of Sports Medicine. 2015;3(12):2325967115620365. 
88. Health CSoP. High School RIO™: Reporting Information Online  [Available from: 
http://www.ucdenver.edu/academics/colleges/PublicHealth/research/ResearchProjects/piper/projects/RI
O/Pages/default.aspx. 
89. Bahr R, Holme I. Risk factors for sports injuries--a methodological approach. British journal of 
sports medicine. 2003;37(5):384-92. 
90. Dallinga JM, Benjaminse A, Lemmink KA. Which screening tools can predict injury to the lower 
extremities in team sports?: a systematic review. Sports medicine (Auckland, NZ). 2012;42(9):791-815. 
91. Liu H, Garrett WE, Moorman CT, Yu B. Injury rate, mechanism, and risk factors of hamstring strain 
injuries in sports: A review of the literature. Journal of Sport and Health Science. 2012;1(2):92-101. 
92. Orchard JW. Intrinsic and extrinsic risk factors for muscle strains in Australian football. The 
American journal of sports medicine. 2001;29(3):300-3. 
93. Murphy D, Connolly D, Beynnon B. Risk factors for lower extremity injury: a review of the 
literature. British journal of sports medicine. 2003;37(1):13-29. 
94. Toohey LA, Drew MK, Cook JL, Finch CF, Gaida JE. Is subsequent lower limb injury associated 
with previous injury? A systematic review and meta-analysis. British journal of sports medicine. 2017. 
95. McHugh MP, Tyler TF, Mirabella MR, Mullaney MJ, Nicholas SJ. The effectiveness of a balance 
training intervention in reducing the incidence of noncontact ankle sprains in high school football players. 
The American journal of sports medicine. 2007;35(8):1289-94. 
96. Schroeder GD, Lynch TS, Gibbs DB, Chow I, LaBelle MW, Patel AA, et al. The impact of a cervical 
spine diagnosis on the careers of National Football League athletes. Spine. 2014;39(12):947-52. 
97. Guskiewicz KM, McCrea M, Marshall SW, Cantu RC, Randolph C, Barr W, et al. Cumulative effects 
associated with recurrent concussion in collegiate football players: the NCAA Concussion Study. Jama. 
2003;290(19):2549-55. 
98. Williams JZ, Singichetti B, Li H, Xiang H, Klingele KE, Yang J. Epidemiological Patterns of Initial 
and Subsequent Injuries in Collegiate Football Athletes. The American journal of sports medicine. 
2017;45(5):1171-8. 
99. Brophy RH, Gill CS, Lyman S, Barnes RP, Rodeo SA, Warren RF. Effect of shoulder stabilization on 
career length in national football league athletes. The American journal of sports medicine. 2011;39(4):704-9. 
100. Kaiser GE, Womack JW, Green JS, Pollard B, Miller GS, Crouse SF. Morphological profiles for first-
year National Collegiate Athletic Association Division I football players. Journal of strength and conditioning 
research / National Strength & Conditioning Association. 2008;22(1):243-9. 
101. Gomez JE, Ross SK, Calmbach WL, Kimmel RB, Schmidt DR, Dhanda R. Body fatness and 
increased injury rates in high school football linemen. Clinical journal of sport medicine : official journal of 
the Canadian Academy of Sport Medicine. 1998;8(2):115-20. 
102. Kaplan TA, Digel SL, Scavo VA, Arellana SB. Effect of obesity on injury risk in high school football 
players. Clinical journal of sport medicine : official journal of the Canadian Academy of Sport Medicine. 
1995;5(1):43-7. 
103. Prager BI, Fitton WL, Cahill BR, Olson GH. High school football injuries: a prospective study and 
pitfalls of data collection. The American journal of sports medicine. 1989;17(5):681-5. 
104. Bosch TA, Burruss TP, Weir NL, Fielding KA, Engel BE, Weston TD, et al. Abdominal body 
composition differences in NFL football players. Journal of strength and conditioning research / National 
Strength & Conditioning Association. 2014;28(12):3313-9. 

http://www.ucdenver.edu/academics/colleges/PublicHealth/research/ResearchProjects/piper/projects/RIO/Pages/default.aspx
http://www.ucdenver.edu/academics/colleges/PublicHealth/research/ResearchProjects/piper/projects/RIO/Pages/default.aspx


206 
 

105. Dengel DR, Bosch TA, Burruss TP, Fielding KA, Engel BE, Weir NL, et al. Body composition and 
bone mineral density of national football league players. Journal of strength and conditioning research / 
National Strength & Conditioning Association. 2014;28(1):1-6. 
106. Robbins DW. Positional physical characteristics of players drafted into the National Football League. 
Journal of strength and conditioning research / National Strength & Conditioning Association. 
2011;25(10):2661-7. 
107. Andresen BL, Hoffman MD, Barton LW. High school football injuries: field conditions and other 
factors. Wisconsin medical journal. 1989;88(10):28-31. 
108. George E, Harris AH, Dragoo JL, Hunt KJ. Incidence and risk factors for turf toe injuries in 
intercollegiate football: data from the national collegiate athletic association injury surveillance system. Foot & 
ankle international. 2014;35(2):108-15. 
109. Hunt KJ, George E, Harris AH, Dragoo JL. Epidemiology of syndesmosis injuries in intercollegiate 
football: incidence and risk factors from National Collegiate Athletic Association injury surveillance system 
data from 2004-2005 to 2008-2009. Clinical journal of sport medicine : official journal of the Canadian 
Academy of Sport Medicine. 2013;23(4):278-82. 
110. Nathanson JT, Connolly JG, Yuk F, Gometz A, Rasouli J, Lovell M, et al. Concussion Incidence in 
Professional Football: Position-Specific Analysis With Use of a Novel Metric. Orthopaedic Journal of Sports 
Medicine. 2016;4(1):2325967115622621. 
111. Nye NS, Carnahan DH, Jackson JC, Covey CJ, Zarzabal LA, Chao SY, et al. Abdominal 
circumference is superior to body mass index in estimating musculoskeletal injury risk. Medicine and science 
in sports and exercise. 2014;46(10):1951-9. 
112. Anzell AR, Potteiger JA, Kraemer WJ, Otieno S. Changes in height, body weight, and body 
composition in American football players from 1942 to 2011. Journal of strength and conditioning research / 
National Strength & Conditioning Association. 2013;27(2):277-84. 
113. Robbins DW, Goodale TL, Kuzmits FE, Adams AJ. Changes in the athletic profile of elite college 
American football players. Journal of strength and conditioning research / National Strength & Conditioning 
Association. 2013;27(4):861-74. 
114. Secora CA, Latin RW, Berg KE, Noble JM. Comparison of physical and performance characteristics 
of NCAA Division I football players: 1987 and 2000. Journal of strength and conditioning research / 
National Strength & Conditioning Association. 2004;18(2):286-91. 
115. Yamamoto JB, Yamamoto BE, Yamamoto PP, Yamamoto LG. Epidemiology of college athlete 
sizes, 1950s to current. Research in sports medicine (Print). 2008;16(2):111-27. 
116. Pryor JL, Huggins RA, Casa DJ, Palmieri GA, Kraemer WJ, Maresh CM. A profile of a National 
Football League team. Journal of strength and conditioning research / National Strength & Conditioning 
Association. 2014;28(1):7-13. 
117. Zvijac JE, Toriscelli TA, Merrick S, Kiebzak GM. Isokinetic concentric quadriceps and hamstring 
strength variables from the NFL Scouting Combine are not predictive of hamstring injury in first-year 
professional football players. The American journal of sports medicine. 2013;41(7):1511-8. 
118. Burke B. Will the New Kickoff Rules Really Reduce Injuries? Advanced Football Analytics2011 
[Available from: http://archive.advancedfootballanalytics.com/2011/09/will-new-kickoff-rules-really-
reduce.html. 
119. Steiner ME, Berkstresser BD, Richardson L, Elia G, Wang F. Full-Contact Practice and Injuries in 
College Football. Sports Health. 2016. 
120. Pro-Football-Reference.com: Pro Football Reference;  [Available from: http://www.pro-football-
reference.com/. 
121. Battista J. ‘Train Wreck of a Play’ Collides With Consciences. New York Times. 2012;Sect. Sports. 
122. Ruestow PS, Duke TJ, Finley BL, Pierce JS. Effects of the NFL's Amendments to the Free Kick Rule 
on Injuries during the 2010 and 2011 Seasons. Journal of occupational and environmental hygiene. 
2015;12(12):875-82. 
123. Kraemer WJ, Spiering BA, Volek JS, Martin GJ, Howard RL, Ratamess NA, et al. Recovery from a 
national collegiate athletic association division I football game: muscle damage and hormonal status. Journal 
of strength and conditioning research / National Strength & Conditioning Association. 2009;23(1):2-10. 

http://archive.advancedfootballanalytics.com/2011/09/will-new-kickoff-rules-really-reduce.html
http://archive.advancedfootballanalytics.com/2011/09/will-new-kickoff-rules-really-reduce.html
http://www.pro-football-reference.com/
http://www.pro-football-reference.com/


207 
 

124. Myer GD, Smith D, Barber Foss KD, Dicesare CA, Kiefer AW, Kushner AM, et al. Rates of 
concussion are lower in National Football League games played at higher altitudes. The Journal of 
orthopaedic and sports physical therapy. 2014;44(3):164-72. 
125. Smoliga JM, Zavorsky GS. “Tighter fit” theory—physiologists explain why “higher altitude” and 
jugular occlusion are unlikely to reduce risks for sports concussion and brain injuries. Journal of Applied 
Physiology. 2017;122(1):215. 
126. Lynall RC, Kerr ZY, Parr MS, Hackney AC, Mihalik JP. Division I College Football Concussion 
Rates Are Higher at Higher Altitudes. The Journal of orthopaedic and sports physical therapy. 2016;46(2):96-
103. 
127. Zavorsky GS, Smoliga JM. Risk of Concussion for Athletes in Contact Sports at Higher Altitude vs 
at Sea Level: A Meta-analysis. JAMA neurology. 2016;73(11):1369-70. 
128. Orchard J, Seward H, McGivern J, Hood S. Rainfall, evaporation and the risk of non-contact anterior 
cruciate ligament injury in the Australian Football League. The Medical journal of Australia. 1999;170(7):304-
6. 
129. Orchard J, Seward H, McGivern J, Hood S. Intrinsic and extrinsic risk factors for anterior cruciate 
ligament injury in Australian footballers. The American journal of sports medicine. 2001;29(2):196-200. 
130. Thein LA. Environmental conditions affecting the athlete. The Journal of orthopaedic and sports 
physical therapy. 1995;21(3):158-71. 
131. Orchard JW, Waldén M, Hägglund M, Orchard JJ, Chivers I, Seward H, et al. Comparison of injury 
incidences between football teams playing in different climatic regions. Open Access Journal of Sports 
Medicine. 2013;4:251-60. 
132. Hodgson L, Standen PJ, Batt ME. An analysis of injury rates after the seasonal change in rugby 
league. Clinical journal of sport medicine : official journal of the Canadian Academy of Sport Medicine. 
2006;16(4):305-10. 
133. Williams S, Hume PA, Kara S. A review of football injuries on third and fourth generation artificial 
turfs compared with natural turf. Sports medicine (Auckland, NZ). 2011;41(11):903-23. 
134. Bowers KD, Jr. Ankle and knee injuries at West Virginia University before and after astro turf. The 
West Virginia medical journal. 1973;69(1):1-3. 
135. Bramwell ST, Requa RK, Garrick JG. High school football injuries: a pilot comparison of playing 
surfaces. Medicine and science in sports. 1972;4(3):166-9. 
136. Dodson CC, Secrist ES, Bhat SB, Woods DP, Deluca PF. Anterior Cruciate Ligament Injuries in 
National Football League Athletes From 2010 to 2013: A Descriptive Epidemiology Study. Orthopaedic 
Journal of Sports Medicine. 2016;4(3):2325967116631949. 
137. Dragoo JL, Braun HJ, Durham JL, Chen MR, Harris AH. Incidence and risk factors for injuries to 
the anterior cruciate ligament in National Collegiate Athletic Association football: data from the 2004-2005 
through 2008-2009 National Collegiate Athletic Association Injury Surveillance System. The American 
journal of sports medicine. 2012;40(5):990-5. 
138. Dragoo JL, Braun HJ, Harris AH. The effect of playing surface on the incidence of ACL injuries in 
National Collegiate Athletic Association American Football. The Knee. 2013;20(3):191-5. 
139. Meyers MC. Incidence, mechanisms, and severity of game-related college football injuries on 
FieldTurf versus natural grass: a 3-year prospective study. The American journal of sports medicine. 
2010;38(4):687-97. 
140. Iacovelli JN, Yang J, Thomas G, Wu H, Schiltz T, Foster DT. The effect of field condition and shoe 
type on lower extremity injuries in American Football. British journal of sports medicine. 2013;47(12):789-93. 
141. Balazs GC, Pavey GJ, Brelin AM, Pickett A, Keblish DJ, Rue JP. Risk of Anterior Cruciate Ligament 
Injury in Athletes on Synthetic Playing Surfaces: A Systematic Review. The American journal of sports 
medicine. 2015;43(7):1798-804. 
142. Binney ZO. NFL Injuries Part II: Variation Over Time Football Outsiders: FootballOutsiders.com; 
2015 [Available from: http://www.footballoutsiders.com/stat-analysis/2015/nfl-injuries-part-ii-variation-
over-time. 
143. David J. Edgeworth Detailed Analysis: NFL Season 2011 Statistics. Edgeworth Economics; 2012. 

http://www.footballoutsiders.com/stat-analysis/2015/nfl-injuries-part-ii-variation-over-time
http://www.footballoutsiders.com/stat-analysis/2015/nfl-injuries-part-ii-variation-over-time


208 
 

144. Alsop JC, Chalmers DJ, Williams SM, Quarrie KL, Marshall SW, Sharples KJ. Temporal patterns of 
injury during a rugby season. Journal of science and medicine in sport / Sports Medicine Australia. 
2000;3(2):97-109. 
145. Rivara FP, Schiff MA, Chrisman SP, Chung SK, Ellenbogen RG, Herring SA. The effect of coach 
education on reporting of concussions among high school athletes after passage of a concussion law. The 
American journal of sports medicine. 2014;42(5):1197-203. 
146. Kerr ZY, Yeargin S, Valovich McLeod TC, Nittoli VC, Mensch J, Dodge T, et al. Comprehensive 
Coach Education and Practice Contact Restriction Guidelines Result in Lower Injury Rates in Youth 
American Football. Orthopaedic Journal of Sports Medicine. 2015;3(7):2325967115594578. 
147. Stonelake B. The East Coast Scheduling Bias Footballoutsiders.com: Football Outsiders; 2016 
[Available from: http://www.footballoutsiders.com/stat-analysis/2016/east-coast-scheduling-bias. 
148. Collective Bargaining Agreement. NFL and NFLPA; 2011. 
149. Clark K. How Teams Practice When They Can't Practice. Wall Street Journal. 2015 July 28, 2015. 
150. Rosenthal G. The CBA in a Nutshell. Pro Football Talk. 2011 July 25, 2011. 
151. Doherty J. NATA Now [Internet]. Siegle J, editor2015. [cited 2016 March 20, 2016]. Available from: 
http://www.nata.org/blog/nata-admin/has-nfls-adapted-training-schedule-led-more-player-injuries. 
152. Florio M. Are new practice rules contributing to rash of serious injuries? Pro Football Talk. 2013 
August 7, 2013. 
153. Farrar D. Bill Belichick attributes increased injuries to NFL offseason workout limits. Sports 
Illustrated. 2013 December 26, 2013. 
154. Chao D. Monday Morning MD: More preseason injuries or not? National Football Post. 2015 
August 31, 2015. 
155. Myer GD, Faigenbaum AD, Cherny CE, Heidt RS, Jr., Hewett TE. Did the NFL Lockout expose the 
Achilles heel of competitive sports? The Journal of orthopaedic and sports physical therapy. 2011;41(10):702-
5. 
156. Gabbett TJ. The training—injury prevention paradox: should athletes be training smarter 
&lt;em&gt;and&lt;/em&gt; harder? British journal of sports medicine. 2016;50(5):273. 
157. Windt J, Gabbett TJ, Ferris D, Khan KM. Training load--injury paradox: is greater preseason 
participation associated with lower in-season injury risk in elite rugby league players? British journal of sports 
medicine. 2017;51(8):645. 
158. Pollack KM, D'Angelo J, Green G, Conte S, Fealy S, Marinak C, et al. Developing and Implementing 
Major League Baseball's Health and Injury Tracking System. American journal of epidemiology. 
2016;183(5):490-6. 
159. Green GA, Pollack KM, D'Angelo J, Schickendantz MS, Caplinger R, Weber K, et al. Mild traumatic 
brain injury in major and Minor League Baseball players. The American journal of sports medicine. 
2015;43(5):1118-26. 
160. Drakos MC, Domb B, Starkey C, Callahan L, Allen AA. Injury in the National Basketball 
Association: A 17-Year Overview. Sports Health. 2010;2(4):284-90. 
161. McKay CD, Tufts RJ, Shaffer B, Meeuwisse WH. The epidemiology of professional ice hockey 
injuries: a prospective report of six NHL seasons. British journal of sports medicine. 2014;48(1):57-62. 
162. Ekstrand J, Hagglund M, Walden M. Injury incidence and injury patterns in professional football: the 
UEFA injury study. British journal of sports medicine. 2011;45(7):553-8. 
163. Orchard J, Seward H. Epidemiology of injuries in the Australian Football League, seasons 1997-2000. 
British journal of sports medicine. 2002;36(1):39-44. 
164. Brooks J, Fuller C, Kemp S, Reddin D. Epidemiology of injuries in English professional rugby union: 
part 1 match injuries. British journal of sports medicine. 2005;39(10):757-66. 
165. Williams S, Trewartha G, Kemp S, Stokes K. A Meta-Analysis of Injuries in Senior Men’s 
Professional Rugby Union. Sports Medicine. 2013;43(10):1043-55. 
166. Posner M, Cameron KL, Wolf JM, Belmont PJ, Jr., Owens BD. Epidemiology of Major League 
Baseball injuries. The American journal of sports medicine. 2011;39(8):1676-80. 
167. FootballOutsiders.com  [Available from: http://www.footballoutsiders.com. 
168. Football Outsiders Almanac 2015. Schatz A, editor: Footballoutsiders.com; 2015. 

http://www.footballoutsiders.com/stat-analysis/2016/east-coast-scheduling-bias
http://www.nata.org/blog/nata-admin/has-nfls-adapted-training-schedule-led-more-player-injuries
http://www.footballoutsiders.com/


209 
 

169. Weather Underground 2018 [Available from: https://www.wunderground.com/. 
170. Rae K, Orchard J. The Orchard Sports Injury Classification System (OSICS) version 10. Clinical 
journal of sport medicine : official journal of the Canadian Academy of Sport Medicine. 2007;17(3):201-4. 
171. Knowles SB, Marshall SW, Guskiewicz KM. Issues in Estimating Risks and Rates in Sports Injury 
Research. Journal of Athletic Training. 2006;41(2):207-15. 
172. Aune KT, Andrews JR, Dugas JR, Cain EL, Jr. Return to Play After Partial Lateral Meniscectomy in 
National Football League Athletes. The American journal of sports medicine. 2014;42(8):1865-72. 
173. Lareau CR, Hsu AR, Anderson RB. Return to Play in National Football League Players After 
Operative Jones Fracture Treatment. Foot & ankle international. 2016;37(1):8-16. 
174. Miller BS, Downie BK, Johnson PD, Schmidt PW, Nordwall SJ, Kijek TG, et al. Time to return to 
play after high ankle sprains in collegiate football players: a prediction model. Sports Health. 2012;4(6):504-9. 
175. Shah VM, Andrews JR, Fleisig GS, McMichael CS, Lemak LJ. Return to play after anterior cruciate 
ligament reconstruction in National Football League athletes. The American journal of sports medicine. 
2010;38(11):2233-9. 
176. Binney ZO. NFL Injury Analytics [Internet]2017. [cited 2017]. Available from: 
https://nflinjuryanalytics.com/2017/06/06/just-how-dangerous-is-the-nfl-vs-other-sports/. 
177. Bird YN, Waller AE, Marshall SW, Alsop JC, Chalmers DJ, Gerrard DF. The New Zealand Rugby 
Injury and Performance Project: V. Epidemiology of a season of rugby injury. British journal of sports 
medicine. 1998;32(4):319-25. 
178. Narasimhan R. weatherData: Get Weather Data from the Web. 0.5.0 ed2017. p. Functions that help 
in fetching weather data from websites. Given a location and a date range, these functions help fetch weather 
data (temperature, pressure etc.) for any weather related analysis. 
179. Binney ZO. NFL Injury Analytics [Internet]2017. [cited 2017]. Available from: 
https://nflinjuryanalytics.com/2017/03/01/the-post-probable-injury-report-era-full-season-update/. 
180. Nielsen RO, Bertelsen ML, Verhagen E, Mansournia MA, Hulme A, Møller M, et al. When is a study 
result important for athletes, clinicians and team coaches/staff? British journal of sports medicine. 
2017;51(20):1454. 
181. Page P. BEYOND STATISTICAL SIGNIFICANCE: CLINICAL INTERPRETATION OF 
REHABILITATION RESEARCH LITERATURE. International Journal of Sports Physical Therapy. 
2014;9(5):726-36. 
182. Çelik D, Çoban Ö, Kılıçoğlu Ö. Minimal Clinically Important Difference of Patient Reported 
Outcome Measures of Lower Extremity Injuries in Orthopedics: Systematic Review. Orthopaedic Journal of 
Sports Medicine. 2017;5(2 suppl2):2325967117S00072. 
183. Mills KA, Naylor JM, Eyles JP, Roos EM, Hunter DJ. Examining the Minimal Important Difference 
of Patient-reported Outcome Measures for Individuals with Knee Osteoarthritis: A Model Using the Knee 
Injury and Osteoarthritis Outcome Score. The Journal of rheumatology. 2016;43(2):395-404. 
184. Manfred T. Business Insider2013. [cited 2017]. Available from: 
http://www.businessinsider.com/charts-expose-how-badly-nfl-players-get-paid-2013-9. 
185. Baccellieri E. Deadspin [Internet]. Deadspin.com2017. [cited 2018]. Available from: 
https://deadspin.com/doug-baldwin-thursday-night-football-should-be-illega-1820322336. 
186. Petchesky B. Deadspin [Internet]. Deadspin.com2017. [cited 2018]. Available from: 
https://deadspin.com/everybody-hates-thursday-football-1820108285. 
187. Seifert K. Roger Goodell downplays rise in Thursday night injuries ESPN.com: ESPN; 2018 
[Available from: http://www.espn.com/nfl/story/_/id/22276859/roger-goodell-rise-thursday-night-injuries-
insignificant. 
188. Ward PA, Ramsden S, Coutts AJ, Hulton AT, Drust B. Positional Differences in Running and Non-
Running Activities During Elite American Football Training. Journal of strength and conditioning research / 
National Strength & Conditioning Association. 2017. 
189. Binney ZO. NFL Injuries Part III: Variation by Position and Age Football Outsiders: 
FootballOutsiders.com; 2015 [Available from: http://www.footballoutsiders.com/stat-analysis/2015/nfl-
injuries-part-iii-variation-position-and-age. 

https://www.wunderground.com/
https://nflinjuryanalytics.com/2017/06/06/just-how-dangerous-is-the-nfl-vs-other-sports/
https://nflinjuryanalytics.com/2017/03/01/the-post-probable-injury-report-era-full-season-update/
http://www.businessinsider.com/charts-expose-how-badly-nfl-players-get-paid-2013-9
https://deadspin.com/doug-baldwin-thursday-night-football-should-be-illega-1820322336
https://deadspin.com/everybody-hates-thursday-football-1820108285
http://www.espn.com/nfl/story/_/id/22276859/roger-goodell-rise-thursday-night-injuries-insignificant
http://www.espn.com/nfl/story/_/id/22276859/roger-goodell-rise-thursday-night-injuries-insignificant
http://www.footballoutsiders.com/stat-analysis/2015/nfl-injuries-part-iii-variation-position-and-age
http://www.footballoutsiders.com/stat-analysis/2015/nfl-injuries-part-iii-variation-position-and-age


210 
 

190. Lillibridge M. The Anatomy of a 53-Man Roster in the NFL bleacherreport.com: Bleacher Report; 
2013 [Available from: http://bleacherreport.com/articles/1640782-the-anatomy-of-a-53-man-roster-in-the-
nfl. 
191. Lu Z, Klein-Cardeña K, Lee S, Antonsen TM, Girvan M, Ott E. Resynchronization of circadian 
oscillators and the east-west asymmetry of jet-lag. Chaos: An Interdisciplinary Journal of Nonlinear Science. 
2016;26(9):094811. 
192. Colby MJ, Dawson B, Heasman J, Rogalski B, Gabbett TJ. Accelerometer and GPS-derived running 
loads and injury risk in elite Australian footballers. Journal of strength and conditioning research / National 
Strength & Conditioning Association. 2014;28(8):2244-52. 
193. Cross MJ, Williams S, Trewartha G, Kemp SP, Stokes KA. The Influence of In-Season Training 
Loads on Injury Risk in Professional Rugby Union. International journal of sports physiology and 
performance. 2016;11(3):350-5. 
194. Gabbett TJ. Influence of training and match intensity on injuries in rugby league. Journal of Sports 
Sciences. 2004;22(5):409-17. 
195. Huxley DJ, O'Connor D, Healey PA. An examination of the training profiles and injuries in elite 
youth track and field athletes. European Journal of Sport Science. 2014;14(2):185-92. 
196. Gabbett TJ, Ullah S. Relationship between running loads and soft-tissue injury in elite team sport 
athletes. Journal of strength and conditioning research / National Strength & Conditioning Association. 
2012;26(4):953-60. 
197. Fleisig GS, Andrews JR, Cutter GR, Weber A, Loftice J, McMichael C, et al. Risk of serious injury for 
young baseball pitchers: a 10-year prospective study. The American journal of sports medicine. 
2011;39(2):253-7. 
198. Orchard JW, James T, Portus M, Kountouris A, Dennis R. Fast bowlers in cricket demonstrate up to 
3- to 4-week delay between high workloads and increased risk of injury. The American journal of sports 
medicine. 2009;37(6):1186-92. 
199. Gabbett TJ, Jenkins DG. Relationship between training load and injury in professional rugby league 
players. Journal of science and medicine in sport / Sports Medicine Australia. 2011;14(3):204-9. 
200. Lee AJ, Garraway WM, Arneil DW. Influence of preseason training, fitness, and existing injury on 
subsequent rugby injury. British journal of sports medicine. 2001;35(6):412-7. 
201. Dennis R, Farhart P, Goumas C, Orchard J. Bowling workload and the risk of injury in elite cricket 
fast bowlers. Journal of science and medicine in sport / Sports Medicine Australia. 2003;6(3):359-67. 
202. Rogalski B, Dawson B, Heasman J, Gabbett TJ. Training and game loads and injury risk in elite 
Australian footballers. Journal of science and medicine in sport / Sports Medicine Australia. 2013;16(6):499-
503. 
203. Ehrmann FE, Duncan CS, Sindhusake D, Franzsen WN, Greene DA. GPS and Injury Prevention in 
Professional Soccer. Journal of strength and conditioning research / National Strength & Conditioning 
Association. 2016;30(2):360-7. 
204. Hulin BT, Gabbett TJ, Blanch P, Chapman P, Bailey D, Orchard JW. Spikes in acute workload are 
associated with increased injury risk in elite cricket fast bowlers. British journal of sports medicine. 
2014;48(8):708-12. 
205. Hulin BT, Gabbett TJ, Lawson DW, Caputi P, Sampson JA. The acute:chronic workload ratio 
predicts injury: high chronic workload may decrease injury risk in elite rugby league players. British journal of 
sports medicine. 2016;50(4):231-6. 
206. Binney ZO. The Truth Behind Rising Injury Rates Football Outsiders: FootballOutsiders.com; 2017 
[Available from: http://www.footballoutsiders.com/stat-analysis/2017/truth-behind-rising-injury-rates. 
207. Currie DW, Kraeutler MJ, Schrock JB, McCarty EC, Comstock RD. Time Trends in Concussion 
Symptom Presentation and Assessment Methods in High School Athletes. The American journal of sports 
medicine. 2017:363546517725068. 
208. Kerr ZY, Register-Mihalik JK, Kay MC, DeFreese JD, Marshall SW, Guskiewicz KM. Concussion 
Nondisclosure During Professional Career Among a Cohort of Former National Football League Athletes. 
The American journal of sports medicine. 2017:363546517728264. 

http://bleacherreport.com/articles/1640782-the-anatomy-of-a-53-man-roster-in-the-nfl
http://bleacherreport.com/articles/1640782-the-anatomy-of-a-53-man-roster-in-the-nfl
http://www.footballoutsiders.com/stat-analysis/2017/truth-behind-rising-injury-rates


211 
 

209. Carey DL, Ong K-L, Whiteley R, Crossley KM, Crow J, Morris ME. Predictive modelling of training 
loads and injury in Australian football. ArXiv e-prints. 2017;1706:arXiv:1706.04336. 
210. Duffy K. Eye on Foxborough [Internet]. MassLive.com2016. [cited 2017]. Available from: 
http://blog.masslive.com/patriots/2016/08/nfl_roster_cuts_2016_tracker_p.html. 
211. McCall A, Fanchini M, Coutts AJ. Prediction: The Modern-Day Sport-Science and Sports-Medicine 
"Quest for the Holy Grail". International journal of sports physiology and performance. 2017;12(5):704-6. 
212. Bittencourt NFN, Meeuwisse WH, Mendonça LD, Nettel-Aguirre A, Ocarino JM, Fonseca ST. 
Complex systems approach for sports injuries: moving from risk factor identification to injury pattern 
recognition—narrative review and new concept. British journal of sports medicine. 2016;50(21):1309. 
213. Gabbett TJ. The development and application of an injury prediction model for noncontact, soft-
tissue injuries in elite collision sport athletes. Journal of strength and conditioning research / National 
Strength & Conditioning Association. 2010;24(10):2593-603. 
214. H T, T V, G F, C H, J H, A K, et al. Preventing In-Game Injuries for NBA Players.  MIT Sloan 
Sports Analytics Conference; Boston, MA, USA2016. 
215. Kiesel KB, Butler RJ, Plisky PJ. Prediction of injury by limited and asymmetrical fundamental 
movement patterns in american football players. Journal of sport rehabilitation. 2014;23(2):88-94. 
216. Phelps J. Evaluating Our “Chance of Injury” and “Games Missed” Models 
SportsInjuryPredictor.com2017 [Available from: http://sportsinjurypredictor.com/nfl-injury-
news/evaluating-our--chance-of-injury--and--games-missed--models/. 
217. Inside Injuries: NFL Injury Rankings InsideInjuries.com: Inside Injuries; 2017 [Available from: 
https://www.insideinjuries.com/nfl/injury-rankings/. 
218. Moran RW, Schneiders AG, Mason J, Sullivan SJ. Do Functional Movement Screen (FMS) 
composite scores predict subsequent injury? A systematic review with meta-analysis. British journal of sports 
medicine. 2017;51(23):1661-9. 
219. Santolaya ME, Alvarez AM, Aviles CL, Becker A, Venegas M, O'Ryan M, et al. Prospective 
Validation of a Risk Prediction Model for Severe Sepsis in Children with Cancer and High Risk Fever and 
Neutropenia. The Pediatric infectious disease journal. 2013. 
220. Zeger SL, Liang KY. Longitudinal data analysis for discrete and continuous outcomes. Biometrics. 
1986;42(1):121-30. 
221. Pan W. Akaike's information criterion in generalized estimating equations. Biometrics. 
2001;57(1):120-5. 
222. Pan W. Model selection in estimating equations. Biometrics. 2001;57(2):529-34. 
223. Kleinbaum DG, Klein M. Logistic regression: A self-learning text. 3rd Edition ed. New York, NY: 
Springer; 2010. 
224. Pencina MJ, D'Agostino RB, Pencina KM, Janssens AC, Greenland P. Interpreting incremental value 
of markers added to risk prediction models. American journal of epidemiology. 2012;176(6):473-81. 
225. Carey DL, Blanch P, Ong K-L, Crossley KM, Crow J, Morris ME. Training loads and injury risk in 
Australian football—differing acute: chronic workload ratios influence match injury risk. British journal of 
sports medicine. 2017;51(16):1215. 
226. Cottler LB, Ben Abdallah A, Cummings SM, Barr J, Banks R, Forchheimer R. Injury, pain, and 
prescription opioid use among former National Football League (NFL) players. Drug and alcohol 
dependence. 2011;116(1-3):188-94. 
227. Golightly YM, Marshall SW, Callahan LF, Guskiewicz K. Early-onset arthritis in retired National 
Football League players. Journal of physical activity & health. 2009;6(5):638-43. 
228. Schwenk TL, Gorenflo DW, Dopp RR, Hipple E. Depression and pain in retired professional 
football players. Medicine and science in sports and exercise. 2007;39(4):599-605. 
229. Guskiewicz KM, Marshall SW, Bailes J, McCrea M, Cantu RC, Randolph C, et al. Association 
between recurrent concussion and late-life cognitive impairment in retired professional football players. 
Neurosurgery. 2005;57(4):719-26; discussion -26. 
230. Kerr ZY, Marshall SW, Harding HP, Jr., Guskiewicz KM. Nine-year risk of depression diagnosis 
increases with increasing self-reported concussions in retired professional football players. The American 
journal of sports medicine. 2012;40(10):2206-12. 

http://blog.masslive.com/patriots/2016/08/nfl_roster_cuts_2016_tracker_p.html
http://sportsinjurypredictor.com/nfl-injury-news/evaluating-our--chance-of-injury--and--games-missed--models/
http://sportsinjurypredictor.com/nfl-injury-news/evaluating-our--chance-of-injury--and--games-missed--models/
https://www.insideinjuries.com/nfl/injury-rankings/


212 
 

231. Roehr B. Why the NFL is investing in health research. BMJ (Clinical research ed). 2012;345:e6626. 

 


