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Abstract

Objective: Emerging evidence has identified an ~2x elevated risk of musculoskeletal (MSK)
injury in the year following a concussion. Most of these studies have examined a single
college/university athletic department and may lack generalizability to professional sports.
Therefore, the purpose this study was to assess the odds of post-concussion MSK injury utilizing
publicly available National Football League (NFL) injury reports.

Methods: Concussions were identified through review of published NFL injury reports during
the 2015, 2016, and 2017 regular seasons. Concussed players were matched by team and
position and injuries were tracked for both groups for the remainder of the season. A chi-square
analysis compared the frequency of MSK injury in both groups and a Cox Proportional Hazard

model calculated the risk of sustaining a subsequent MSK injury.

Results: There were 322 concussed NFL players who meet inclusion criteria and were
successfully matched. From the time of concussion through the remainder of the season, 21.4%
of the concussed players were injured and 26.4% of control participants were injured. There was
no difference in MSK injury rates (p=0.166) and the relative risk ratio was (0.90) for subsequent
injury in the concussion group. There was no difference in the time to event for subsequent

MSK between the two groups (p=0.123).

Conclusion: The primary finding of this study was no elevated risk of post-concussion MSK in

NFL football players.

Keywords: Injury Risk Reduction, Mild Traumatic Brain Injury, Professional Athletics.
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Introduction

Sport related concussions are a complex neurophysiological injury which involves
deficits in cognition, postural control, autonomic, visual, oculomotor, and sleep which manifest
numerous symptoms.[1-7] While concussions occur across all sports, they are particularly
common in American football with National Football League (NFL) players experiencing about
200 concussions per season in the last half decade.[8] While the acute effects of concussions
have been well documented,[7] increased concern has focused on the long term
neurodegenerative effects of multiple concussions with numerous adverse outcomes in former
NFL players.[9] However, emerging research has identified an intermediate concern — an

elevated rate of musculoskeletal (MSK) injuries in the year following a concussion.[10, 11]

In the NFL, MSK injuries are commonplace with single season risks of approximately
41% per player.[12] It is critically important to understand sports injury risk factors and identify
those conditions which elevate individuals risks above the universal risk of injury from sport
participation.[13] While recurrent injury to the same body part is a known risk factor, most
injuries occur to a different body part with a different mechanism.[13] However, an emerging
trend is an ~2x elevated rate of post-concussion MSK injuries.[10, 11] This finding has
consistently been identified in intercollegiate student-athletes,[14-22] high school and
adolescent-age athletes,[23-25] community members and recreational athletes,[26-28] and
military populations.[29, 30] Likely due to diverse methods, important determinants remain to
be elucidated with inconsistent findings related to sex differences,[17, 22, 23, 27] elevated injury
rates prior to the concussion,[15, 17, 18, 23, 26, 31, 32] timing of the subsequent MSK,[14, 16,

17, 32] and subsequent MSK mechanisms and classifications.[15, 21, 23, 29, 31] Large
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databases in high risk concussion sports may further elucidate these factors and assist in

identifying athletes at elevated risk of post-concussion MSK.

Professional sports leagues, including the NFL, pose unique challenges to sports
medicine research given their limited injury transparency.[33, 34] Injury data can be acquired
from publicly available sources, (e.g., NFL.com) however injury reports are only released twice
a week and only during the regular- and post-season. In contrast to the consistent findings in
amateur athletics, professional sports studies on concussion and subsequent MSK have had
mixed results with both increases [31, 32, 35] and no differences[36-38] identified. Retired NFL
players had a dose-response relationship whereby prior concussion history was associated with
elevated self-reported serious MSK injuries.[39] Specific to the NFL, there have been mixed
findings with offensive “skill” players not having an elevated MSK risk within 90 days of a
concussion.[40] Conversely, when matched to uninjured controls, post-concussion players had a
2.35x elevated risk of MSK, but no difference from prior MSK injured players.[37] Both the
tight matching and limited time window of the study resulted in only 13% of the concussions
being analyzed. Thus, the larger question on the risk of post-concussion subsequent MSK

remains to be elucidated in NFL players.

There is a clear relationship between concussion and subsequent MSK injury in collegiate
student-athlete populations[10, 11] and football specifically, however less is known about
professional athletes. Therefore, the purpose this study was to assess the odds of post-concussion
MSK injury utilizing publicly available NFL injury reports. We hypothesized that there would an
elevated odds of injury sustained over the remainder of the season in NFL players who

experienced a concussion.
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Materials and Methods

Participants

All data were collected by reviewing the NFL.com injury reports during the 2015, 2016,
and 2017 seasons which included player status for that respective week and the injured body
part. The concussion group (CONC) was collected first by identifying players reported to have a
concussion on an injury report during the regular season, cross referenced on the PBS Frontline
concussion database,[41] and were on the roster for at least one week. Once the CONC group
was determined, non-concussion (Control) players were identified by matching to a teammate of
the same position with no reported injury prior to the matching (e.g., if the concussion player
suffers their concussion in Week 5, the control participant would not have been on the injury
report prior to Week 5). Position matching was narrowly defined initially (e.g., middle
linebacker), but in the event a matched control could not be identified then a broader definition
(e.g., linebacker) was used based on position listed on the NFL.com website. All CONC
participants were successfully matched to a teammate to reduce the influence of coaching, team
exposure, and concussion treatment processes to minimize extraneous circumstances. As all data
collected during this study was publicly available, the university’s institutional review board

deemed the project exempt from informed consent.

Procedures

Only concussions which occurred during the regular season, except for Week 17, and
returned to play in at least one game following their concussion were utilized in this study. Pre-
season concussions were not assessed because injuries are not uniformly disclosed until the first

week of the season. Week 17, the last week of the season, was not included because players
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seasons may have ended after that game. Post-season concussions were not assessed to maintain
equal exposure for all potential participants as less than half of the teams qualify for the playofts.
If a player experienced more than one reported concussion during the season, only the first
concussion was utilized in the analysis. If a player experienced multiple concussions across

multiple seasons, then the first concussion within each season was used.

Specifically, each week during the regular season each NFL team is required to provide a
publicly available injury report and the research team reviewed these reports on the NFL.com
website. For the purpose of this study, “injury” was defined as appearing on an injury report
independent of participation in a game. The rationale for this decision was the game day active
roster (46 players) is smaller than the team’s overall roster (53 players) and therefore a player on
the injury list could be withheld from the game either due to injury or to “coaches’ decision” and
no reliable metric is available to differentiate. An additional rationale for this approach is that
players may experience an injury which does not limit game participation. Consistent with the
preponderance of findings to date, this study focused exclusively on subsequent lower extremity
MSK (foot, ankle, leg, knee, or hip) injuries and did not include trunk, spine, upper extremity,
neck or head injuries. The MSK injuries were tracked from the time of return to play from the
concussion to the end of the season for both groups (e.g., if the concussion occurred in week 5
and the player returned in week 6, both players, CONC and matched control, were tracked from

week 6 through week 17).
Statistical Analysis

Descriptive statistics were reported for all groups and all variables and were classified as
categorical (injured or not injured). Participants were classified as injured if they appeared on

the injury list at any time following the concussion return to participation for either group.
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To address the odds of post-concussion MSK injury, a chi-square analysis was performed
to compare the expected vs observed frequency of reported injury in the CONC and Control
groups. Secondly, a Cox proportional hazard model was used to determine the risk of sustaining

a lower extremity MSK injury after the initial concussion time point.
Results

Over the three years of the study, there were 397 concussions reported during the NFL
regular season between weeks 1 and 16. From these, 75 were excluded either due to being a
regular season-ending concussion (N=41) or they were a subsequent concussion in the same
season (N=34) leaving a total of 322 concussions for analysis. All 322 CONC participants were
successfully matched. (Table 1) The concussions typically occurred around mid-season (mean:

week 9.2; median: week 10) leaving 6 — 7 games of exposure. [Table 1 near here]

In the CONC group, there were 69 MSK injuries (21.4%) in the remainder of the season
and the Control group had 85 injuries (26.4%). There was no significant relationship (p=0.166)
identified in the Chi-Square analysis and the Risk Ratio was 0.90 (95% CI: 0.69 — 1.19) for a

subsequent MSK in the CONC group.

There was no difference in time to event in the Cox Proportional model for subsequent

MSK injury between the two groups (p=0.123). (Figure 1) [Figure 1 near here]

Discussion

An elevated risk of post-concussion MSK injury has been routinely identified in a diverse
sample of athletes including collegiate football players.[10, 11] Herein, we evaluated the odds of

post-concussion MSK injury, as defined by appearing on the injury report, in NFL football
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players by utilizing publicly available injury reports over three seasons. The primary finding of
this study was no elevated risk of post-concussion MSK identified in professional football
players. This finding stood in contrast to our hypothesis and prior studies and raises interesting

questions as to why NFL players would have different outcomes than previously reported.

The results of this study further the mixed findings identified in professional athletic
league studies and stand in contrast to amateur sports findings despite both the NFL and NCAA
having similar formal concussion management policies. Herein, no elevated risk of post-
concussion MSK injury was identified (Risk Ratio: 0.90) which is consistent with Jildeh who
found an non-significant decreased odds (Odds Ratio: 0.57) in NFL offensive skill players in the
90 days following a concussion.[40] In this study, the concussions occurred around midseason
(median: week 10) which yielded less than 90 days of exposure time, on average, for a
subsequent injury to occur. Conversely, Wittrup identified an elevated rate of MSK injury
(2.35x) when comparing concussed players to non-injured players, but not previously injured
players.[37] However, Wittrup had a longer exposure window of at least 8 weeks following the
concussion and most players in this study (63.0% [203/322]) had less than 8 weeks of post-
concussion exposure. The exposure issue may be critical as an exclusively college football player
study found no elevated risk prior to 12 months, but a 3.2x elevated risk beyond 12 months.[20]
This would be difficult to replicate in the NFL given the considerable roster turnover which
occurs annually. After retirement, NFL players did demonstrate a dose-response whereby those
with more career concussions had higher rates of “serious” injuries[39] and later life
osteoarthritis[42] suggesting longer temporal windows need to be investigated. These NFL
findings are similar to a professional ice hockey study which failed to find an elevated post-

concussion MSK injury risk,[38] however elevated rates of post-concussion MSK injuries have
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been identified in both professional soccer/futball and rugby.[31, 32] In professional soccer, the
hazard ratio increased over time following the concussion (4.1x for >6 months as opposed to
1.6x for <3 months).[31] In professional rugby, Cross followed the players for two years;
however substantial groups differences were present within 50 days following the
concussion.[32] Taken together, future research on professional sports injury risk needs to
consider longer exposure windows despite the inherent challenge of considerable annual roster

turnover.

The majority of the prior studies on post-concussion subsequent MSK injuries have
investigated collegiate athletic populations with the research team typically having access to the
medical records of the participants.[14-20] Professional sports leagues often lack transparency on
reporting injuries[33, 34] and it is plausible that injury reports are not accurate reflections, either
over or under-reporting, of actual injuries experienced by NFL players. For example, Tom Brady
was infamously listed as “probable — right shoulder” 116 times between 2000 and 2017 despite
never missing a game for a shoulder injury. Conversely, a review of ACL injuries in NFL players
found that publicly available data only identified 66% as compared to data reported to the private
NFL Injury Surveillance System.[33] Herein, the combined MSK injury rate was 23.9% which
below the internal NFL health record rate of ~41%, but this injury rate only reflects the time
from the concussion/matched on for the remainder of the season which likely explains the lower
rate.[12] It should be noted there was no a-priori reason to believe that these injury reporting
discrepancies would differ between players who did or didn’t previously experience a
concussion, nonetheless this limitation must be considered. Indeed, players who with higher
plays per game prior to their concussion had less time off prior to returning post-concussion

which would suggest higher and quicker in-game exposure.[43] Moving forward, more
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transparent injury reporting by professional sports league could facilitate both improved sports

injury research and sports health care at younger age levels.

The differences between professional and amateur post-concussion MSK injury outcomes
defies obvious neurophysiological explanation beyond the exposure issue. Previously, it was
argued that NFL players respond differently to concussion than amateur athletes and, if true,
could explain the lack of elevated risk in NFL football players; however, that previous report was
heavily criticized.[44] If persistent neurophysiological deficits are present in professional
athletes in collision sports, it is interesting to note that no performance differences from pre- vs
post-concussion have been identified despite analysis of diverse statistical metrics.[45-49] While
no single mechanism to explain the elevated rate of post-concussion MSK injury has been
identified, lingering neurophysiological deficits beyond clinical recovery has received the most
attention. Unfortunately the typical clinical concussion battery is not predictive of post-
concussion subsequent MSK injury.[17] Deficits in dual-task gait (completing a cognitive task
while walking) has been linked to elevated post-concussion MSK injury rates in both adolescent
collegiate student-athletes.[50-52] Another proposed mechanisms is an altered perception action
coupling which persists following a concussion.[53] An encouraging recent pilot study has
provided evidence that a neuromuscular training program may reduce the risk of post-concussion
MSK injury in adolescent athletes, although it is unknown how this would translate to collegiate

or professional athletes.[54]

The major limitation of this study was the utilization of public injury reports from the
NFL as opposed to the team specific health records; however, this data is generally not available
to external sources.[33, 34] Nevertheless, this approach has been recently utilized by researchers

examining professional sports injuries including concussions.[31, 32, 37, 40, 45-47]
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Additionally, beyond the exposure of weeks to months post-concussion, the specific within-game
exposure was not assessed and it’s possible that players had less on-field time in games or
practices thereby reducing their risk of injury. Similarly, the team’s status (e.g., playoff
contender) could have influenced coaches to increase or decrease a player’s on-field time which
could influence these results. The players history of prior concussion or MSK injuries prior the
season in question was not controlled for as availability of accurate data is limited (e.g., high
school or college injuries). Finally, player honesty in reporting injuries, either concussion or
MSK, is an inherent limitation of this research approach. Many of these limitations could be

addressed by increased transparency by professional sports leagues as related to injury.

Conclusion/Summary

In contrast to numerous findings in collegiate student-athletes, the NFL players in this
study between 2015 and2017 seasons did not have an elevated rate of same season post-
concussion MSK injury (Risk Ratio: 0.90). This finding continues the trend whereby
professional sports athletes may not have the same elevated risk as amateur athletes.[36-38] If
these findings persist in future studies, an understanding of the neurophysiological mechanisms
limiting the risk should receive further exploration to see if training programs could be adapted

to decrease MSK risk in amateur athletes.
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Figure 1. Cox Proportional Hazard Model. There was no difference between groups for post-
concussion MSK over time. The ‘Weeks Since Concussion” refers to the number of weeks
between the concussion or matched control participant and the subsequent LE MSK.
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NFL Season (Conc Week) CONC Control
2015  (9.17) 117 (36.3%) 117 (36.3%)
2016  (9.30) 90 (28.0%) 90 (28.0%)
2017 (9.19) 115 (35.7%) 115 (35.7%)

Player Positions

Offensive Line

57 (17.7%)

57 (17.7%)

Wide Receivers

39 (12.1%)

39 (12.1%)

Tight Ends 28 (8.7%) 28 (8.7%)
Running Backs 27 (8.4%) 27 (8.4%)
Quarterbacks 16 (5.0%) 16 (5.0%)
Total Offensive Players 167 (51.9%) 167 (51.9%)
Defensive Lineman 27 (8.4%) 27 (8.4%)

Linebackers

40 (12.4%)

40 (12.4%)

Defensive Backs

88 (27.3%)

88 (27.3%)

Total Defensive Players

155 (48.1%)

155 (48.1%)

Table 1. Participant Demographics. The CONC participants were matched by Control
participants within season by position. There was no difference between seasons for which week
the concussion occurred within.





