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ABSTRACT

Objective To examine trends in number and seriousness
of major injuries in the National Football League (NFL) over
seasons 2010-2019 and the effect of rule changes to
injuries to the leg, back, arm and head.

Methods We calculated, from publicly available weekly
injury reports, the number of players that were injured

and playing time missed, that is, the number of weeks on
average that an injured player had to sit out, as a function
of injury to a specific body part. Using classical time series
analysis techniques, we fitted injury data with linear and
non-linear functions.

Results The number of major injuries to the leg, back,
arm and head has not declined over the last 10 years.
During this time period, time missed because of injuries
to the head has shown a significantly increasing trend.
Rule changes designed specifically to protect arm or head
have, respectively, succeeded in shortening the time that
the injured player misses, but the impact lasts only over a
single season.

Conclusions Overall, our data support the argument
that new, well-intentioned rules adopted every season

by the NFL have been proven to be too weak to make

the NFL game safer. Broad-based management of brain
and orthopaedic injuries and adoption of preventative
measures to reduce the number of players injured and the
seriousness of their injuries are required in the modern
NFL.

INTRODUCTION

American football has slipped in terms of its
popularity as compared with nearly a decade
ago' and one reason could be the negative
publicity football has received regarding inju-
ries in general and concussions in particular.
As a result, a bright spotlight has been placed
in recent years on steps the National Football
League (NFL)—the premier professional
association of American football—has taken
to enhance player safety.

The NFL tweaks its rules every year to
enhance player safety but also to make the
game more exciting, thereby increasing
TV viewership and live audiences. Online

What are the findings

» There has been no reduction in the number of or-
thopaedic or brain injuries in the National Football
League (NFL) over the last 10 years.

» Over the same time period, injuries to the head have
led to increasingly more time spent being unable to
play.

» Targeted rule changes tailored to protect the arm
and head from injury reduce time missed but the
effects are not long-lasting.

» Overall, NFL's rule changes have not had a positive
long-term impact on player safety.

How might it impact on clinical practice in the

future?

» The NFL season is associated with a significant risk
of injury (5.7% of player weeks lost due to injury in
2018). Player safety has not improved over the last
decade.

» Risk factors for orthopaedic injury should be iden-
tified, extant modern technologies to measure and
test impacts in the game must be used, and risk
management strategies and clinically informed ap-
proaches developed and tested in order to reduce
the risk of injury, particularly severe injuries.

» Concussions or time missed because of concussion
have not gone down in number . Medical staff, the
NFL and team officials combined can institute pre-
ventative measures based on diagnosing changes
in cognition occurring from multiple subconcussive
hits in a game, and planning appropriate player
management such as prophylactically resting the
affected, but not yet clinically concussed, player if
found to be at greater risk.

supplementary material highlights some of
the key safety related changes made each
season over the last ten years. On the basis of
these health and safety related rule changes,
we would expect sharp declines in the
number of players who suffered injuries over
the years and, when injuries do occur, less
serious or severe injuries now than in seasons
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past. In this context, it is imperative to analyse measures
and develop new metrics that will examine the efficacy
of these rules and/or changes in technology in terms of
limiting player injuries and enhancing player safety.

A number of studies have analysed the impact of
various injuries on player performance, overall short-
term and long-term health,” the player’s postinjury level
of performance’® and even the league’s bottom line.” *”
However, these aforementioned reports do not discuss
the effectiveness of preventative measures such as rule
changes on the number and extent of injuries (there has
been a seminal study demonstrating that concussions
are managed more conservatively now as compared with
15 years ago, but in collegiate football).'" The NFL has
published a now-dated study that gives the total number
of concussions and ACL and MCL injuries in years 2012—
2015, but no details have been provided, such as how
many players were injured, whether or not they had to sit
out any games because of the injuries, and, if they were
out of action, for how many weeks.'?

Our study is among the first to address using up-to-
date, publicly available data the following question: do
rule changes reduce injury? In particular, we examined if
rule changes instituted by the NFL over the past 10 years
have succeeded in (1) reducing the number of players
who suffered injuries and (2) affecting the number of
games the injured player missed.

MATERIALS AND METHODS

Data collection

We collected data on the number of major injuries in
the NFL from the past 10 full NFL seasons: 2010-2019.
Data from regular and postseason playoff games were
combined. For a given season, we obtained the weekly
injury report of each of the 32 NFL teams (see Ref. 13
for an example. There are 17 such injury reports for each
NFL regular season, and 4 injury reports for the NFL
playoffs) for all of our analyses. We did not include the
preseason in the data because so doing would not cast
an accurate picture. Teams use the preseason as a warm
up to the regular season. NFL players, especially starters,
do not play at all, play as much or play as hard in the
preseason as in the regular or post season. Moreover, if
the idea of a rise in conservative player management is
correct, it would especially hold true for the preseason
which would artificially deflate injury numbers, especially
for later seasons.

Analysis and statistics

All analyses and statistics were performed on MATLAB
(Mathworks). In all our analyses, we focused on injury to
four critical parts of the body—leg, back, arm and head—
in order to see if and how rule changes differentially
impacted injuries to different body parts. Leg injuries
included injuries to the knee, calf, ankle, hamstring,
thigh and fibula; back injuries included injuries to the
back, spine and skeleton; arm injuries included injuries

to the shoulder, forearm and elbow and head injuries
included injuries to the head and eye.

We studied the most serious injury grade—out, namely
the injured player having to sit out the next game. First,
we counted the number of players across the league who
suffered an injury that caused them to miss at least one
game of the regular season. Note that irrespective of how
many weeks a given player remains out because of a given
injury, he counts as one towards the first measure. This
measure informs on how many individual players suffer
a serious injury in a given NFL season. Second, we calcu-
lated the number of games the injured player had to
miss, representing the time a player was sidelined. Note
that the NFL does not use existing technology to measure
the impact of hits; note also that teams in the NFL do not
provide access to medical reports of any of their players
and furthermore, medical injuries and illnesses are typi-
cally scaled and discretised by healthcare providers for
convenience, that is, the severity of an injury is a contin-
uous variable but is often discretised. Therefore, in this
context, one interpretation of the number of games
missed is as a proxy for severity of injury, although we
will discuss alternative interpretations in the Discussion
below.

For both measures, we fitted the time series data (2010—
2019) with a straight line and determined its slope, then
tested whether the slope was significantly different from
zero using a two-tailed #test. This set of analyses addresses
long-term injury trends in the game. In supplementary
analysis, we compared a linear model with a non-linear
step function model, with the location of the step a free
parameter, for a statistically better fit of the injury data
(2010-2019; see online supplementary material).

In a complementary analysis, we looked at the rule
changes to improve player safety that the NFL adopted
prior to the beginning of every season, and marked each
rule for whether it was designed to protect the leg, back,
arm or head (see online supplementary material). For
instance, the new rule (2013) that requires players to wear
knee and thigh pads clearly protected the leg, whereas
the rule (2013) that expanded the list of ‘defenseless
players’ protected the player as a whole and therefore,
the entire body. We could not judge the efficacy of each
rule individually but rather counted the number of rule
changes adopted each season to protect each different
part of the body. Then, we subtracted from the number
of injuries that occurred during a season, the number of
injuries that occurred in the season immediately before,
and used that as a measure of short-term change in the
number of injuries (eg, ANumber of leg injuries =
Number of leg injuries - Number of leg 1r1Jurlés ar

_,)- Finally, we correlated the two variables— ANumber of
1nJurles . and Number of rule changes —and checked
the 51gn1ﬁcance of the correlation (two talled ttest). We
correlated the second measure —ANumber of games
missed— with Number of rule changesy as well.

In a related analysis of shortterm impact of rule
changes, we focused only on rules that were designed
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to protect a specific part of the body from injury. For
instance, the NFL rule banning helmet on helmet contact
targets head injuries. There were seasons in which rules
were adopted that were designed to protect players from
injury to specific part(s) of the body, and seasons in
which no such rules were adopted (or rules were adopted
that did not target specifically that particular body part).
For example, rules were adopted prior to the start of the
2018 season to protect the head (see asterisk above 2018
season in figure 4A), whereas no rules were adopted
to specifically protect the head prior to the start of the
2015 season (no asterisk above 2015 season in figure 4A;
note that rules were passed in 2015 that protected all of
the player). We calculated the difference between each
season and its previous one the number of injured players
and number of games missed on average (the same
measure as described in the paragraph above) for each
body part. We statistically compared (paired two-tailed
t-test) these season-to-season differences between seasons
before which body part specific rules were adopted and
seasons in which they were not. Note that alpha was set at
0.05 prior to all our statistical analyses.

Finally, we checked if the two measures, namely
number of players injured and the number of games the
player missed on average owing to injury, were correlated
across the last decade for injuries to the parts of the body
investigated here.

RESULTS

Figure 1A,B, respectively, shows the number of players
whose leg injuries were severe enough that the injured
player had to miss at least one regular season game, and
the mean number of games the injured players missed
for each of the last 10 NFL seasons (2010-2019). There
was no noticeable trend—increase or decrease—in the
number of players missing at least one game of the
regular season owing to injury to the leg—the slope
(m=2.879+4.852) of the linear fit did not significantly
differ from zero (¢(8)= 0.593, p=0.569). In terms of the
number of games the injured player missed, the slope
(m=0.091+0.066) of the linear fit was not significant as
well (¢(8)=1.366, p=0.209).

The number of players who missed game time owing to
injuries to the back (spine) did not vary much (slope—
m=0.109+ 0.420) over the last decade, as confirmed by
the lack of statistical significance of the trend ((8) =
0.260, p=0.802; figure 2A). The linear trend in game time
missed (figure 2B; m=-0.034+ 0.086) because of injury
to the back was not significant either (#(8) = -0.399,
p=0.700).

In contrast, the number of players missing at least one
game of the regular season owing to injury to the arm
showed a small but significantly increasing trend across
the last 10 NFL seasons: the slope (m=2.279+0.868) of
the linear fit to the data in figure 3A was significantly
greater than zero (¢(8)= 2.626, p=0.030, two-tailed). The
slope (m=0.129+0.076) of the average number of weeks
of game time missed over seasons 2010-2019 was not
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Figure 1 Number of most serious leg (ankle/knee) injuries

and resultant games missed (years 2010-2019). (A) shows a
bar graph of the total number of players who missed at least
one game because of a leg injury (ordinate) as a function

of NFL season (abscissa; 2010-2019). Asterisks indicate
rule changes adopted before the corresponding season

to specifically protect players from leg injuries. (B) shows

a bar graph of the number of weeks of game time that the
injured player missed on average (ordinate) as a function of
NFL season (abscissa; 2010-2019). NFL, National Football
League.

significantly different from zero, however (#(8) = 1.699,
p=0.128).

The number of players who missed game time owing
to head injuries showed no appreciable trend in either
direction (slope—m=1.491+ 1.954) over the last 10 NFL
seasons (#(8) = 0.763, p=0.467; figure 4A). On the other
hand, there was a strong linearly increasing trend in
game time missed because of head injury (figure 4B): the
slope was positive (m=0.138+0.037) and significant (#(8)
=3.779, p=0.0055; two-tailed).

In a companion analysis, we compared two models—a
linear model versus a non-linear family of step func-
tions—over the data to see if the data were better fitted
by a line, which is reflective of a gradual trend over the
last decade, or by a sharp, abrupt change, reflective of
some underlying change in the rules or improvement in
protective gear or in the game itself. In brief, the non-
linear step function was not a substantially better fit of
data on the number of players who suffered leg, back, arm
or head injuries (see online supplementary figures bA-8A
and online supplementary material for details). The step
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Figure 2 Number of most serious back (spine/back/
skeleton) injuries and resultant games missed (years 2010-
2019). (A) shows a bar graph of the total number of players
who missed at least one game because of injury to the back
(ordinate) as a function of NFL season (abscissa). There
are no asterisks, as there have not been any rule changes
adopted in the last decade to specifically protect players
from back injuries. (B) shows a bar graph of the number

of weeks of game time that the injured player missed on
average (ordinate) as a function of NFL season (abscissa;
2010-2019). NFL, National Football League.

function was not a significantly better fit of games missed
due to injuries to the leg (see online supplementary
figure 5B and online supplementary material for details)
and back (online supplementary figure 6B) and trended
towards significance for injuries to the arm (p=0.086;
online supplementary figure 7B) and head (p=0.071;
online supplementary figure 8B).

Next, we explored if new rules that the NFL enacts
every season have a short-term impact on player safety.
The NFL tweaks several rules annually prior to the start
of the new NFL season later that year in order to make
the game safer and more exciting. Online supplementary
material highlights the key rule changes that the NFL
has adopted each year to make the game safer for the
players as well as part of body—leg, back, arm, head or
some combination thereof (conveniently highlighted in
red text)—that was putatively impacted by each such rule
change. Arrowheads at the top of online supplementary
figures 1-4 show the number of rules that were adopted
prior to each NFL season, with each rule represented by
a single arrowhead. For example, right before the 2013
season, three rules (indicated by three arrowheads) were
changed, which putatively protected from injuries to the

60 1
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I
S

20
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Number of players who missed a game
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0
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Figure 3 Number of most serious arm (shoulder/arm)
injuries and resultant games missed (years 2010-2019).

(A) shows a bar graph of the total number of players who
missed at least one game because of an arm injury (ordinate)
as a function of NFL season (abscissa). Asterisks indicate
rule changes adopted before the corresponding season

to specifically protect players from injuries to the arm. (B)
shows a bar graph of the number of weeks of game time that
the injured player missed on average (ordinate) as a function
of NFL season (abscissa; 2010-2019). NFL, National Football
League.

head. We analysed whether the adoption of new rules
prior to a given season was correlated with change in
the number of injuries and/or change in the number of
weeks the player had to miss game time because of injury
in the given season as compared with the season prior.
The number of rules adopted to protect players from
injuries to the leg (indicated by counting the number of
arrowheads for a given NFL season in online supplemen-
tary figure 1A) and change in the number of players who
suffered a major leg injury (that caused them to miss at
least 1week of the regular season) were not significantly
negatively correlated (r=-0.413, p=0.269; online supple-
mentary figure 9A). Corresponding correlations for back
(r=-0.272, p=0.479; online supplementary figure 10A),
arm (r=—0.100, p=0.798; online supplementary figure
11A) and head (7=-0.319, p=0.402; online supplementary
figure 12A) injuries were not statistically distinguish-
able from chance either. We conducted a similar set of
analyses for the relationship between number of rules
changes made and year-to-year change in the number
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Figure 4 Number of most serious head injuries and
resultant games missed (years 2010-2019). (A) shows a bar
graph of the total number of players who missed at least
one game because of a head injury (ordinate) as a function
of NFL season (abscissa). Asterisks indicate rule changes
adopted before the corresponding season to specifically
protect players from injuries to the head. (B) shows a bar
graph of the number of weeks of game time that the injured
player missed on average (ordinate) as a function of NFL
season (abscissa; 2010-2019). NFL, National Football
League.

of games the injured player had to miss—to the leg
(7=0.099, p=0.799; online supplementary figure 9B), back
(7=0.052, p=0.894; online supplementary figure 10B), arm
(7=0.081, p=0.837; online supplementary figure 11B) and
head (r=-0.157, p=0.687; online supplementary figure
12B); none of the correlations was statistically significant.

Rules that are meant to enhance player safety overall
may be too general, and their impact too diffuse to be
able to pinpoint any tangible benefit to player safety. A
complementary way of investigating the short-term impact
of changes in NFL rules is to focus on rules targeted to
protect specific parts of the body. For example, a rule
that prohibits helmet-on-helmet contact protects players
from concussions. Such specific, targeted rule changes
are provided by asterisks at the top of figures 1-4, for
example, an asterisk at the top of figure 4 (head injuries)
above the 2018 season indicates that a rule change (s) was
adopted prior to the 2018 season that was tailored specifi-
cally to protect players from concussion. We conducted an
analysis of the relationship between specific rule changes

adopted to protect specific body parts and change in the
two measures investigated here. The results were nega-
tive in regards to change in number of injured players:
seasons in which new rules were adopted to protect
specifically the leg (#(7) = 0.901, p=0.398), arms ((7) =
1.5434, p=0.167) or head (#(7) =-0.220, p=0.832) did not
yield statistically fewer injuries as compared with seasons
in which no new rules were adopted to target specifically
said body parts (we did not identify any rules adopted to
protect specifically the back; therefore, a similar analysis
on injuries to the back was not possible). The results were
somewhat different for the second measure. Whereas
seasons in which rules were adopted to protect specifi-
cally the leg (#(7) = 0.118, p=0.910) were not statistically
related to change in the number of games the injured
player had to miss, seasons that saw the adoption of rules
to protect specifically the arms (#(7) = 4.194, p=0.004)
and head (#(7) = 3.125, p=0.017) did show a significant
decrease in the number of games the injured player
had to miss in a particular season as compared with
the previous season; the result also shows that seasons
where no targeted rules were adopted saw corresponding
increase in the number of games that players with inju-
ries to the arm and head missed.

Finally, we address if the two measures provide similar
or different information. The measures we have adopt-
ed—the number of players who missed game time
because of injury and the number of weeks of game time
missed—were intended to provide two related but none-
theless different perspectives into injuries and their effect
or injury management. One way of understanding how
related the two measures are is to calculate their correla-
tion for each major body part investigated. The analysis
revealed a statistically significant correlation between the
two measures in regard to injuries to the leg (r=0.729;
95% CI (0.184 to 0.931), p=0.017); however, the correla-
tions between the two measures in regards to injuries to
the back (7=0.315; 95% CI (-0.392 to 0.788), p=0.375),
arm (7=0.466; 95% CI (-0.231 to 0.847), p=0.174) and
head (7=0.062; 95% CI (-0.590 to 0.864), p=0.854) were
not significant.

DISCUSSION

Our research probed whether the NFL'’s efforts through
rule changes to reduce player injuries has had a positive
impact on player safety. The NFL tweaks its rules every
year; instead, we looked at general trends over a longer
period of time—the last decade (2010-2019) of NFL
football. We focused on injury to four major categories of
body parts—leg, back, arm and head—through seasons
2010-2019. Our investigations revealed no overall trends
in the number of injuries over the last decade. In other
words, rule changes (or, for that matter, improvements
in protective gear) do not appear to have reduced the
number of players suffering injuries (that caused them to
miss at least a game of the season/postseason) over the
last decade (in fact, there was a linearly increasing trend
over the last decade in number of players that suffered
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injury to the arm). In terms of the amount of game time
the injured player had to miss, our investigations revealed
an interesting dichotomy: no overall statistical trend in
the number of games the player who suffered injury to
the leg, back or arm over the last decade but a signifi-
cant positive trend for players who suffered injury to the
head, suggesting that players that suffer head injuries stay
out of games longer today than before. A complementary
study of the short-term impacts (in a season as compared
with the one previous) of new rules designed to protect
specific body parts revealed that rules designed to specif-
ically protect players' arms and head were successful in
reducing the amount of game time the injured player had
to miss, but had little short-term impact on numbers of
injured players for any of the body parts examined here.

Evolution of player safety in the NFL (2010-2019)

Lack of a decreasing trend in the number of players with
injuries to the leg, back, arm or head indicates that the
NFL’s annual ritual of rule changes has had negligible
long-term impact on player safety. Alternatively, one
could argue that had the NFL not adopted new rules, the
numbers would have gotten worse as the league has grad-
ually been becoming more physical over the years. We
have no way of determining which of the two possibilities
is correct; regardless, playing in the NFL has not become
safer over the last decade.

Time lost due to injury—interpretation

Counting the number of injuries in a given season is
important in understanding how effective new NFL
rules have been in affecting player safety. In this regard,
a measure of how serious each injury is on average is
complementary information. There is not a standard
measure of the seriousness of injury, however. The
league does not provide medical records to the public
for justifiable reasons, and even if they were to have been
provided, there is no universal medical consensus on
injury severity anyway. Here, we calculate the number
of games the injured player misses and argue that it can
provide a useful, if limited, measure of player safety for
the simple reason that more serious injuries take more
time to recover from.

However, one might argue that more time removed
from the sport may be attributable to more conservative
injury management. It can be argued that the decade long
trend in the NFL of an increase in time missed following
injuries to the head is an example of conservative manage-
ment of concussions. Of course, there are individual
differences, for example, interprovider discrepancies in
how aggressively or conservatively a concussion is treated;
time off is a selection determined by the player reporting
the concussive symptoms and his physician choosing
jointly to adjust the return-to-play protocol. Nevertheless,
the recent explosion of awareness about concussions in
the NFL and long-term impact on player health implies
that the overall increase in time missed from head inju-
ries over the last decade of the NFL is perhaps the result

of the player, his physician and their team exercising
increasingly more caution before the player returns to
play. Similar long-term increasing trends in time missed
were not observed for injuries to other body parts; given
that injuries to the head have gotten a lot more press and
publicity in recent years than injuries to the arm, leg or
back, the increasing trend in time missed observed for
head injuries alone also indirectly supports the assertion
of more conservative concussion management today.

On the other hand, there are both data and arguments
in favour of the simple Occam’s Razor interpretation,
namely that the more time lost playing, more serious is
the injury—or at least, that the seriousness of injury must
be a contributing factor to time lost. A study of season-to-
season changes in average time missed because of injury
revealed that seasons that saw rules specifically tailored
to protect the head exhibited a significant reduction in
time missed for players suffering injuries to the head as
compared with seasons that did not see such rule changes.
The effect was significant. The finding suggests that
reducing time missed due to injury is an effective outcome
of rules meant to enhance player safety. Reducing time
missed from injury also makes sense from an economic
perspective, on the part of both player and his team, and
is in line with a ‘warrior’ mentality common among NFL
players."*'® In the end, the decade-long trend of increase
in missed games from head injury may well be because of
both more serious head injuries and more conservative
management of them.

More physical game, more offensive game and consequences
The present study found a similar outcome for injuries
to the arm—seasons that saw rules specifically tailored
to protect players’ arms exhibited a significant reduc-
tion in time missed for players suffering injuries to the
arm as compared with seasons that did not see such rule
changes. We are not aware of any literature arguing for
more conservative management of arm injury; here, the
measure of time lost is probably indicative of seriousness
of arm injury.

The results are in keeping with the way the NFL game
has evolved. NFL players today are faster, bigger and
stronger than before'” ™ (compare graphs of NFL player
body size over the years).'® The end-result of a bigger and
faster player is increased momentum (product of mass
and speed—both are greater today) when a player makes
contact with another player or with the ground, which
means increased likelihood of more serious injury.

The NFL game is also more exciting than before. The
NFL game has evolved in recent years from a defensive,
running game to a more exciting, offense-dominant,
passing oriented game, which means more plays per
game (compare, eg, Refs. 19 and 20 showing signifi-
cantly more plays in 2016 vs 2009, p<0.001), more players
involved per play (due to more movement at the line
of scrimmage as well as downfield) and more acrobatic
plays. Put together, evolutions of player and game ought
to have had a negative impact on player safety (see also
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Ref. 21 demonstrating increasing time lost in rugby over
the years). Seen in this light, the fact that no long-term
increasing trend in the number of players with leg, back
or head injuries or in time lost owing to leg, back or arm
injury was found could lead the NFL to claim that it has
managed to protect its players at the same time that the
game has become more exciting and physical. On the
other hand, the fact that injuries are not decreasing is
not encouraging news.

New standards for player safety

It is important that there be a clear consensus among
interested parties on quantification of player safety. This
has not always been the case thus far. Case in point is
the NFL's thinking on concussions: The NFL’s own
assessment is that their concussion protocols are working
based on data that they began sharing with the public
since 2012."2 According to the NFL, a lower number of
diagnosed concussions is a sign of progress, but so is a
higher number, because the NFL claims that a higher
number points to a sign of ‘culture change’, a point that
was made in 201622 and again, back in 2010 when the
number of concussions first showed an uptick compared
with the year before.” ** Flexible interpretations of a
single measure muddy its importance and end up making
a case for alternative measures of player safety.

Indeed, a single measure of anything runs into the
singular problem of Goodhart’s law,%_27 that is, the
premise that if a measure (number of injuries in the
present day NFL) is picked as an indicator of some desir-
able outcome (player safety), it inexorably ceases to
function as that indicator because, over time, interested
parties (NFL, teams, players) learn to game it. Having
two or more measures renders it harder to game both at
the same time.

These measures should not be correlated with each
other in order for them to be able to provide different
perspectives. The two measures used here correlated
for injury to the leg (which indicates that number of
players with leg injuries and game time the player missed
because of leg injury changed in lockstep over the last
decade), but did not for injury to the back, arm or head,
suggesting that number of injured players and games
missed on average provide at least somewhat different
perspectives on player safety. In addition, the ease of
its availability to the public and ability to be a common
measure irrespective of body part makes games missed
a simple, viable, if imperfect, candidate to be a second
measure of player safety.

LIMITATIONS

Our measures are probably underestimates of injury.
Injuries that occur in the last game of the season or play-
offs for a team do not lead to any missed games for the
player, because injuries in the offseason are never moni-
tored. Moreover, teams may under-report injuries or, for
strategic advantages, over-report injuries, so that other
teams may not prepare for the ‘injured’ player’s skill set.

The latter is unlikely, because a team would not leave out
a player of a game for financial and other reasons; alter-
natively, for a team to report that a player is out on the
status report and then play him would lead to a major
loss of the team's credibility around the league and lead
to league sanction. Access to medical data for all injuries
would have led to a strong measure of the seriousness of
injury. We do not expect to be gaining access to such data
any time soon. All in all, the above limitations, while real,
do not exhibit a bias for some seasons over others, which
goes to bolster trust in the present findings.

CONCLUSION

We studied the evolution of player safety over the last 10
seasons and found a discouraging trend in that an incon-
trovertible long-term improvement in player safety was
not found. Despite the NFL'’s efforts over the years to
enhance player safety, the modern game has not become
safer—a sobering conclusion for the economic health
of the NFL. The NFL must adopt, in tandem with inde-
pendent clinicians, state-of-the-art risk management
strategies for preventing and treating injury.

Acknowledgements SBS acknowledges Ms Hill from Carnegie Vanguard High
School for her encouragement and insightful critiques of the work.

Contributors SBS: study concept, study planning, data collection, data
interpretation, manuscript (first draft), manuscript editing. DA: data collection,
data interpretation, manuscript editing. SSS: study planning, data analysis, data
interpretation, manuscript (first draft) manuscript editing. BRS: responsible for
the overall content as guarantor, data analysis including statistical analysis, data
interpretation, manuscript editing.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

Ethics approval Data used for the study are in the public domain. All authors have
been certified by the IRBs of UH and/or BCM.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access
repository. All data used for our analysis are available from publicly available
websites, which have been cited in the article.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Bhavin R Sheth http://orcid.org/0000-0002-8846-7099

REFERENCES

1 Norman J. Football still Americans' favorite sport to watch, 2018.
Available: https://news.gallup.com/poll/224864/football-americans-
favorite-sport-watch.aspx

2 Mez J, Daneshvar DH, Kiernan PT, et al. Clinicopathological
evaluation of chronic traumatic encephalopathy in players of
American football. JAMA 2017;318:360-70.

3 Didehbani N, Munro Cullum C, Mansinghani S, et al. Depressive
symptoms and concussions in aging retired NFL players. Arch Clin
Neuropsychol 2013;28:418-24.

Sheth SB, et al. BMJ Open Sp Ex Med 2020;6:2000684. doi:10.1136/bmjsem-2019-000684 7


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8846-7099
https://news.gallup.com/poll/224864/football-americans-favorite-sport-watch.aspx
https://news.gallup.com/poll/224864/football-americans-favorite-sport-watch.aspx
http://dx.doi.org/10.1001/jama.2017.8334
http://dx.doi.org/10.1093/arclin/act028
http://dx.doi.org/10.1093/arclin/act028

Open access

4

Guskiewicz KM, Marshall SW, Bailes J, et al. Association between
recurrent concussion and late-life cognitive impairment in retired
professional football players. Neurosurgery 2005;57:719-26.
discussion 19-26.

Omalu BI, DeKosky ST, Hamilton RL, et al. Chronic traumatic
encephalopathy in a national football League player: Part Il.
Neurosurgery 2006;59:1086-93. discussion 92-3.

Omalu Bl, DeKosky ST, Minster RL, et al. Chronic traumatic
encephalopathy in a National Football League player. Neurosurgery
2005;57:128-34. discussion 28-34.

Erickson BJ, Harris JD, Heninger JR, et al. Performance and return-
to-sport after ACL reconstruction in NFL quarterbacks. Orthopedics
2014;37:e728-34.

Myer GD, Schmitt LC, Brent JL, et al. Utilization of modified NFL

17

20

NFLFootballOperations. Evolution of the NFL player, 2018.
Available: https://operations.nfl.com/the-players/evolution-of-the-
nfl-player/

Veltman N. NFL players: height & weight over time, 2014. Available:
noahveltman.com/nflplayers/

SportingCharts. Team total offense and defense plays per game:
2009 NFL season: SportingCharts, 2009. Available: https://www.
sportingcharts.com/nfl/stats/team-total-offense-and-defense-plays-
per-game/2009/

SportingCharts. Team total offense and defense plays per game:
2016 NFL season: SportingCharts, 2016. Available: https://www.
sportingcharts.com/nfl/stats/team-total-offense-and-defense-plays-
per-game/2016/

combine testing to identify functional deficits in athletes following 21 Schwelinus MP, Jordaan E, Janse van Rensburg G, et al. Match
) - injury incidence during the super rugby tournament is high: a
9 ggrl;];?;?gsgﬁnt':?\'”‘:toﬁhﬁ% SWSSI—TS%SMT;I’TZ:; é:ngz Iﬁ?.The prospective cohort study over five seasons involving 93 641 player-
new York ti’mes 2009 - 1N Y e hours. Br J Sports Med 2019;53:620-7.

10 Vrentas J. The NFL’s Future in Europe. In: Sports illustrated, 2015. 22 Campbell .R' Re'portecll concussions in NFL up 32 percent in 2015,
https://www.si.com/mmab/2015/07/24/nfl-future-europe 2016. Available: https://www.chicagotribune.com/sports/football/ct-

11 McCrea M, Broglio S, McAllister T, et al. Return to play and risk 03 \r;\l;l—concts?\mns—sp:t—.0130—201_60159—story.ht_ml 432 ¢
of repeat concussion in collegiate football players: comparative agner L. N1 report. concussion dlagnoses increase percent,
analysis from the NCAA concussion study (1999-2001) and care 2016. Available: https://www.npr.org/sections/thetwo-way/2016/
consortium (2014-2017). Br J Sports Med 2019. 01/29/464880358/nfl-report-concussion-diagnoses-increased-32-

12 NFL.com. 2015 injury data, 2016. Available: http://static.nfl.com/ percent , .
static/content/public/photo/2016/01/29/0ap3000000629781. pdf 24 NFL.com. Concussions reported in NFL up 21 percent from

13 FFToday. Injury update. Available: http://www.fftoday.com/nfl/10_ last season 2010. Available: http://www.nfl.com/news/story/
injury_wk1.html 09000d5d81cdf2d6/article/concussions-reported-in-nfl-up-21-

14 Bowen M. How NFL players play through pain, 2016. Available: percent-from-last-season
https://www.espn.com/nfl/story/_/id/14564481/how-nfl-players- 25 Goodhart C. Problems of monetary management: the U.K.
play-pain Experience. In: Courakis AS, ed. Inflation, depression, and

15 Lillibridge M. Injured or hurt: a former player's perspective on economic policy in the West. Lanham, MD: Rowman & Littlefield,
NFL injuries, 2012. Available: https:/bleacherreport.com/articles/ 1981: 111-46.
1303698-injured-or-hurt-a-former-players-perspective-on-nfl-injuries 26 Strathern M. ‘Improving ratings’: audit in the British University

16 Pompei D. Inside the NFL's secret world of injuries, 2017. Available: system. European Review 1997;5:305-21.
https://bleacherreport.com/articles/2749101-inside-the-nfls-secret- 27 Biagioli M. Watch out for cheats in citation game. Nature
world-of-injuries 2016;535:201.

8 Sheth SB, et al. BMJ Open Sp Ex Med 2020;6:6000684. doi:10.1136/bmjsem-2019-000684


http://dx.doi.org/10.1227/01.NEU.0000175725.75780.DD
http://dx.doi.org/10.1227/01.NEU.0000245601.69451.27
http://dx.doi.org/10.1227/01.NEU.0000163407.92769.ED
http://dx.doi.org/10.3928/01477447-20140728-59
http://dx.doi.org/10.2519/jospt.2011.3547
https://www.si.com/mmqb/2015/07/24/nfl-future-europe
http://static.nfl.com/static/content/public/photo/2016/01/29/0ap3000000629781.pdf
http://static.nfl.com/static/content/public/photo/2016/01/29/0ap3000000629781.pdf
http://www.fftoday.com/nfl/10_injury_wk1.html
http://www.fftoday.com/nfl/10_injury_wk1.html
https://www.espn.com/nfl/story/_/id/14564481/how-nfl-players-play-pain
https://www.espn.com/nfl/story/_/id/14564481/how-nfl-players-play-pain
https://bleacherreport.com/articles/1303698-injured-or-hurt-a-former-players-perspective-on-nfl-injuries
https://bleacherreport.com/articles/1303698-injured-or-hurt-a-former-players-perspective-on-nfl-injuries
https://bleacherreport.com/articles/2749101-inside-the-nfls-secret-world-of-injuries
https://bleacherreport.com/articles/2749101-inside-the-nfls-secret-world-of-injuries
https://operations.nfl.com/the-players/evolution-of-the-nfl-player/
https://operations.nfl.com/the-players/evolution-of-the-nfl-player/
noahveltman.com/nflplayers/
noahveltman.com/nflplayers/
https://www.sportingcharts.com/nfl/stats/team-total-offense-and-defense-plays-per-game/2009/
https://www.sportingcharts.com/nfl/stats/team-total-offense-and-defense-plays-per-game/2009/
https://www.sportingcharts.com/nfl/stats/team-total-offense-and-defense-plays-per-game/2009/
https://www.sportingcharts.com/nfl/stats/team-total-offense-and-defense-plays-per-game/2016/
https://www.sportingcharts.com/nfl/stats/team-total-offense-and-defense-plays-per-game/2016/
https://www.sportingcharts.com/nfl/stats/team-total-offense-and-defense-plays-per-game/2016/
http://dx.doi.org/10.1136/bjsports-2018-099105
https://www.chicagotribune.com/sports/football/ct-nfl-concussions-spt-0130-20160129-story.html
https://www.chicagotribune.com/sports/football/ct-nfl-concussions-spt-0130-20160129-story.html
https://www.npr.org/sections/thetwo-way/2016/01/29/464880358/nfl-report-concussion-diagnoses-increased-32-percent
https://www.npr.org/sections/thetwo-way/2016/01/29/464880358/nfl-report-concussion-diagnoses-increased-32-percent
https://www.npr.org/sections/thetwo-way/2016/01/29/464880358/nfl-report-concussion-diagnoses-increased-32-percent
http://www.nfl.com/news/story/09000d5d81cdf2d6/article/concussions-reported-in-nfl-up-21-percent-from-last-season
http://www.nfl.com/news/story/09000d5d81cdf2d6/article/concussions-reported-in-nfl-up-21-percent-from-last-season
http://www.nfl.com/news/story/09000d5d81cdf2d6/article/concussions-reported-in-nfl-up-21-percent-from-last-season
http://dx.doi.org/10.1017/S1062798700002660
http://dx.doi.org/10.1038/535201a

	Orthopaedic and brain injuries over last 10 seasons in the National Football League (NFL): number and effect on missed playing time
	Abstract
	Introduction﻿﻿﻿﻿
	Materials and Methods
	Data collection
	Analysis and statistics

	Results
	Discussion
	Evolution of player safety in the NFL (2010﻿–﻿2019)
	Time lost due to injury﻿—﻿interpretation
	More physical game, more offensive game and consequences
	New standards for player safety

	Limitations
	Conclusion
	References


