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Abstract

Sport-related concussion remains an area of high concern for contact sport athletes and their families, as well as for
the medical and scientific communities. The National Football League (NFL), along with the NFL Players Association
and experts in the field, has developed protocols for the detection and management of sport-related concussions. This
article reviews the NFL’s most recent concussion protocol including preseason education and baseline testing for players,
concussion surveillance by gameday medical teams and neurotrauma consultants and athletic trainers, gameday concussion

protocol and procedures, and return to participation guidelines.
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Introduction

Sport-related concussion (SRC) continues to attract both
media and scientific attention [22]. The burden of SRC,
coupled with continued public interest, has led professional
sports organizations to develop concussion guidelines and
management protocols for the detection and treatment of
concussive injuries in their players. The National Football
League (NFL), in collaboration with the National Football
League Players Association (NFLPA) and under the aus-
pices of the NFL’s Head, Neck and Spine (HN&S)
Committee and the NFLPA’s Mackey White Committee,
published a concussion protocol in 2013 [26], followed by
various revisions [9]. This protocol is reviewed at least
annually, and the most up-to-date version is posted on the
NFL website [25]. This article reviews the NFL’s current
concussion protocol, describes NFL and NFLPA efforts to
reduce concussion and manage this injury among NFL
players, and offers strategies for concussion detection and
management applicable to all levels of play in American
football.

The HN&S Committee’s Concussion
Protocol

Offseason and Preseason Activities

In the NFL, efforts at concussion mitigation begin in the
offseason with player education on (1) the signs and symp-
toms of concussion, (2) the specifics of the NFL protocol
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(including education on the roles of various medical per-
sonnel involved in the detection and management of con-
cussive injury), and (3) the importance of reporting any
indication of concussion, including those observed in other
players. Every team’s medical staff performs annual pre-
season physical examinations on all players, including
review of pertinent neurologic issues and details and out-
comes of all prior concussions.

A club-designated neuropsychologist consultant (NPC)
assists in conducting preseason baseline neurocognitive
testing on all players at least once every 3 years. This may
consist of a computerized neurocognitive test (eg, the
immediate post-concussion assessment and cognitive test-
ing [ImPACT]), specific traditional paper and pencil neuro-
cognitive tests (NFL Paper and Pencil Battery), or a
combination of these. Every 2 years, players also undergo
baselinetesting withthe NFL’s Locker Room Comprehensive
Concussion Assessment, based on the Sport Concussion
Assessment Tool (SCAT) [6]. The SCAT is a standardized
evaluation developed by the International Consensus
Conference on Concussion in Sport that combines “red
flags” (eg, deteriorating level of consciousness, double
vision, severe or increasing headache) and observable con-
cussion signs (eg, disorientation or confusion), the Glasgow
Coma Scale, Maddocks’ questions (orientation questions
specific to sport), a symptom checklist, a cognitive screen-
ing, and a neurologic examination (including a cervical
spine evaluation, oculomotor testing, pupillary exam, fin-
ger-to-nose test, tandem gait, and a standardized balance
assessment [modified Balance Error Scoring System]) [6].
All preseason baseline test results are uploaded into a
league-wide electronic medical record system.

The Game Day Concussion Surveillance Team

The NFL’s HN&S Committee has made specific efforts to
identify players with concussion quickly and accurately at
the time of injury and remove them from play to mitigate
further injury. Concussion identification in this hyperacute
phase is often challenging due to the heterogeneity of pre-
sentations, the possibility of delayed symptom onset, a lack
of validated biomarkers, under-reporting or lack of aware-
ness of relevant symptoms, and the fact that routine imag-
ing is typically normal [13]. Also, the NFL sideline
environment, as in other professional sports, can pose logis-
tical challenges to identifying concussed players: crowded
sidelines, rapid speed of play, injuries away from the ball,
and player pileups can hinder observations by medical staff.
For this reason, it has been important to recruit and train
experts at identifying concussive injury behavior and posi-
tion them strategically on and around the field of play. Even
when one of these professionals observes a visible sign of
concussion [31], these findings are limited in sensitivity
(73% of concussed individuals having any one sign) and

specificity (65% of non-concussed individuals having any
one sign) [8]. This emphasizes the importance of the rapid
synthesis of available data about the player, the mechanism
of suspected injury, and the examination findings into an
informed return-to-play or remove-from-play decision.

As part of detection and diagnostic efforts, in 2011, the
NFL positioned an athletic trainer (AT) spotter in the video
booth [17] and added a second spotter the following year.
The role of the AT spotter is to identify injuries, some that
may have gone undetected by sideline medical staff, and to
assist in describing the mechanism of injury and observed
injury behavior. Athletic trainer spotters watch the game
via an Injury Video Replay System (IVRS), which pro-
vides multiple views of each play from cameras positioned
throughout the stadium. With the assistance of an IVRS
operator, the AT spotter can review plays multiple times, at
slower speeds, and from various camera angles. The AT
spotter may activate the concussion protocol by alerting
team medical staff of observed mechanisms of injury and
injury behavior indicative of a possible head or neck injury.
Once a potential injury is identified, the game video in
which the injury occurred is “tagged” with an electronic
label. Sideline medical personnel have dedicated video
monitors (and IVRS operators) that are used to review
injury video as part of their comprehensive evaluation of
the athlete. The tagged injury video is replayed by the
IVRS operator for the sideline medical personnel and is
also saved for post-game review. Radio communication
between AT spotters and sideline medical staff facilitates
initiation and completion of evaluations. Athletic trainer
spotters also can call a “medical timeout” if they observe
that game play is about to continue and a player has yet to
receive medical attention. An AT spotter must meet the fol-
lowing criteria: (1) be a certified AT, (2) have a 4-year
undergraduate degree, (3) have a minimum of 10 years of
athletic training experience, (4) have significant college or
professional sports experience, (5) have not been employed
by an NFL team for at least 5 years, and (6) cannot cover
any games involving a team with which they were previ-
ously employed [17].

To augment the expertise of the AT spotter, the
Unaffiliated Neurotrauma Consultant (UNC) program was
initiated with a pilot program in 2012 to improve injury
detection by stationing concussion experts on each sideline
[18]. Unaffiliated Neurotrauma Consultants are experts in
traumatic brain and spinal cord injury, defined by demon-
strated experience with neurotrauma and the following
qualifications: (1) board certified or board eligible physi-
cian in neurology, neurologic surgery, emergency medicine,
physical medicine, and rehabilitation or (2) any primary
care Certificate of Added Qualification sports medicine cer-
tified. Unaffiliated Neurotrauma Consultants must have
documented independence from any NFL team and must be
locally credentialed at the American College of Surgeons
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level I or II trauma center which is specifically designated
by the stadium [11]. In 2017, UNCs began to undergo addi-
tional NFL-specific training which is now annual.
Unaffiliated Neurotrauma Consultants are selected jointly
by the NFL and NFLPA and are regularly evaluated with at
least annual reviews. Unaffiliated Neurotrauma Consultants
assist with identifying mechanisms of injury and injury
behavior and are present for every neurologic evaluation
conducted during a game. Ultimately, the team physician
makes final game day return-to-play decisions [9,25].
Unaffiliated Neurotrauma Consultants, team physicians,
team ATs, and AT spotters communicate via radio through-
out the game and work in close partnership throughout eval-
uations. The success of the UNC program has led to the
addition of a third UNC who is co-located in the booth with
the AT spotters.

Game Day Concussion Protocols and Procedures

Game day begins with a medical huddle 60 minutes before
kickoff (the “60-Minute Medical Meeting”) that includes
the medical staff from both teams, game officials, UNCs,
all medical emergency response personnel including para-
medics, ambulance personnel, other medical staff, and the
radio communications team. During this meeting, all medi-
cal staff are introduced to each other and review their roles
and the established emergency action plan including iden-
tification of the designated trauma center. Prior to kickoff,
1 UNC is assigned to each team and 1 is assigned to the
spotter booth. After the 60-Minute Medical Meeting, UNCs
meet individually with the team medical staff they have
been assigned to so that any logistical or player-specific
concerns can be addressed.

During the game, if a player reports symptoms, exhibits
signs, has brachial plexus or cervical root neuropraxia (also
referred to as a “stinger” or “burner”), or is identified by
others (club ATs, AT spotters, club physicians, coaches,
teammates, referees, booth UNC, or sideline UNCs) as hav-
ing any issue of concern for concussive injury, that player is
immediately removed from competition and undergoes
evaluation before returning to competition [25]. Medical
staff follow the Concussion Game Day Checklist (Fig. 1), a
standardized, stepwise examination protocol to aid in medi-
cal decision-making. Initial concussion screening is typi-
cally conducted in a blue sideline tent allowing for privacy
and isolation of the athlete from distractions that could hin-
der the examination. Upon this initial screening, the event
history is reviewed (with video analysis from the booth
UNC and AT spotters) for “no-go signs” including loss of
consciousness, seizure or posturing, ataxia, confusion, and
amnesia. If any of these signs is present, the player is taken
to the locker room for more detailed evaluation and is not
permitted to return to that game [25].

In the absence of no-go signs, the checklist is continued
and the player is prompted to describe details of the sus-
pected injury and any symptoms. The Maddocks questions,
5 game-specific orientation questions, have been shown to
be more sensitive and specific than standard orientation
questions [21]. A neurologic examination is performed,
with attention to the cervical spine, speech, gait, coordina-
tion, balance, eye movements, and pupils. The sideline
UNC and team physician also review video of the play
using the IVRS cart on each sideline. If the assessment is
normal and concussion is not suspected, the team physician
may clear the player to return to the game [25].

For suspected concussion or any concerning sign or
symptom discovered in the sideline tent evaluation, the ath-
lete is then taken to the locker room for the NFL’s Locker
Room Comprehensive Concussion Assessment [9,25]. This
assessment involves a more detailed evaluation including
the SCAT; the results can be compared with an athlete’s pre-
season baseline SCAT results. The Madden rule states that
any player diagnosed with a concussion must be removed
from play, is escorted to and monitored in the locker room,
and cannot return to competition on the same day (and not
until after medical clearance).

Athletes not diagnosed with concussion and allowed to
return to the game are re-evaluated periodically and
screened for delayed-onset symptoms. They are reassessed
before leaving the stadium and again the following day
with, at a minimum, a focused neurologic exam and symp-
tom checklist. If either of these is abnormal, a more thor-
ough evaluation is performed, including the full NFL
Locker Room Comprehensive Concussion Assessment.

Return-to-Participation

The NFL has a structured 5-phase concussion return-to-
participation (RTP) protocol that must be completed in
sequential order (Fig. 2). The RTP protocol is based on up-
to-date scientific data and recommendations from the
Consensus Statement on Concussion in Sport and is
reviewed and changed as needed [23] (This article precedes
the publication of recommendations from the Sixth
International Consensus Conference on Concussion in
Sport held in Amsterdam in October 2022. Those recom-
mendations may lead to a review and modification of the
NFL protocol.). Throughout the stepwise RTP process, ath-
letes are observed for signs and symptoms of concussion at
progressively more intense levels of physical activity. There
is no set timeline for RTP in the NFL, and there is no man-
date for amounts of time between different phases, allowing
players to progress at their own speed. A recent study of
concussions in the NFL indicated that the RTP process
requires a median of 9 days (a mean of 15 days), a metric
that has remained stable over 6 years [19].
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CONCUSSION GAME
DAY CHECKLIST

Player receives Player exhibits or reports ATC, booth ATC, team physician,
impact to the head symptoms or signs suggestive of NFL official, coach, teammate or
a concussion or stinger UNC initiates protocol

Player is immediately removed to sideline or stabhilized on field, as needed.

SIDELINE SURVEY

Remove helmet. Team Physician and UNC perform sideline survey:

»  No-Go
»  History of Event

- S »  Concussion Signs/Symptoms
\ \\i”(/ ) »  Maddock's Questions

LOC (including Impact
Seizure and/or
"fencing posture”)

»  Video Review
If normal sideline

survey and "henign’ »  Focused Neurological Exam:

video, player may - Cervical Spine Exam (including range of motion- pain) Ataxia
RETURN TO PLAY. ) Confusion
Evaluation of Speech
Amnesia
Observation of Gait
If observed at any point,
- Eye Movements and Pupillary Exam NO RETURN TO PLAY
If any elements are positive, inconclusive or suspicious of concussion,
player is escorted to locker room.
° During above checklist,
LOCKER ROOM EXAM if player demonstrates
Team Physician/ UNC/ ATC OR progressive/worsening
Team Physician/ UNC perform locker room exam: G SeTE,
NO RETURN TO PLAY
»  Complete NFL SCAT
m »  Complete Neurological Exam
\/@

If abnormal, NO RETURN TO PLAY:

If normal assessment,
player may » Player stays in locker room

RETURN TO PLAY. » Periodic evaluation by medical team

»  Follow-up neurological exam

Revised October 2022

Fig. I. The NFL’s Concussion Game Day Checklist. NFL National Football League, UNC unaffiliated neurotrauma consultant, SCAT
Sport Concussion Assessment Tool, ATC Athletic Trainer Certified, LOC loss of consciousness.
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RETURN-TO-PARTICIPATION
PROTOCOL

SYMPTOM LIMITED ACTIVITY

all as tolerated.

AEROBIC EXERCISE

Under direct oversight of the team's medical staff, the player should begin graduated
cardiovascular exercise and may also engage in dynamic stretching and balance training.
Neurocognitive and balance testing can be administered after completion of Phase Two and
the results should be interpreted as back to baseline.

FOOTBALL-SPECIFIC EXERCISE

ongoing and careful monitoring.

CLUB-BASED NON-CONTACT TRAINING DRILLS

The player continues cardiovascular, strength and balance training, team-based sports-specific
exercise, and participates in non-contact football activities (e.g. throwing, catching, running, and
other position-specific activities). Neurocognitive and balance testing should be completed no
later than the end of Phase Four with the results interpreted as back to baseline.

FULL FOOTBALL ACTIVITY / CLEARANCE

participate in his Club's next practice or game.

R\

NFLPA

The player is prescribed rest, limiting or, if necessary, avoiding activities (both physical and
cognitive) which increase or aggravate symptoms. Under athletic training staff supervision,
limited stretching and balance training can be introduced, progressing to light aerobic exercise,

The player continues with supervised cardiovascular exercises that are increased and may
mimic sport-specific activities, and supervised strength training is introduced. The player is
allowed to practice with the teamin sport-specific exercise for 30 minutes or less with

Upon clearance by the Club physician for full foothall activity involving contact, the player
must be examined by the Independent Neurological Consultant (INC) assigned to his Club. If the
INC concurs with the Club physician that the player's concussion has resolved, he may

Revised July 2020

Fig. 2. The NFL’s return-to-participation protocol. NFL National Football League, ATC Athletic Trainer Certified, LOC loss of

consciousness.
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An athlete is monitored by a medical team member at
each step of the RTP protocol. An independent neurologic
consultant (INC), a credentialed physician with neurologic
expertise, must confirm the team physician’s decision to
clear the player from the concussion prior to full RTP. The
INC may be consulted as needed to monitor the athlete’s
recovery. In addition, the athlete must undergo repeat neu-
rocognitive testing and a face-to-face clinical interview
with the Club NPC (no earlier than completion of Phase 2
and no later than Phase 4). Post-injury neurocognitive test-
ing typically includes the NFL paper and pencil battery of
neurocognitive tests and computerized ImPACT testing.
Athletes must demonstrate a return to their preseason neu-
rocognitive baseline before exposure to football contact
activities, unless the club physician determines there is a
non—concussion-related cause.

Once the athlete demonstrates the ability to engage in all
non-contact football activities without exacerbation of
symptoms, the club physician may clear the player for full
football activity involving contact in practice. If that is tol-
erated without signs or symptoms and the club physician
concludes the player’s concussion has resolved, he or she
may clear the player to return to full participation. Upon
clearance by the club physician, the player must be exam-
ined by the INC; if the INC confirms the club physician’s
conclusion that the player’s concussion has resolved, the
player is considered cleared.

Concussion Reduction Efforts in the
NFL

The NFL recorded 1302 concussions between 2015 and
2019. There was a statistically significant 23% decrease in
game-related concussions between the 2015-2017 seasons
and the 2018-2019 seasons [20]. This reduction may be
attributed in part to the following factors.

Rule Changes

Within the NFL, concussion risk is the greatest in games
[16], during kickoffs and punts [16], while tackling or being
tackled [20], and among certain positions (cornerbacks, line-
men, and tight ends) [16,20]. These data have led to rule
changes targeting higher-risk plays in an effort to reduce the
likelihood of concussion. Since 2002, over 50 evidence-
based safety-related rule changes have been implemented
[27], including alterations in the structure of the kickoff play,
elimination of blind-side blocks, use of the helmet during
play, and expansion of defenseless player protection.

Equipment Changes

Helmet design has been a focus of improved safety. In 2018,
many helmets that were determined to be under-performing

in laboratory tests were prohibited from on-field use [2].
These decisions were based on testing performed by biome-
chanical engineering experts contracted with the NFL and
NFLPA. Innovations in helmet design have also led to the
availability of position-specific helmets that account for the
unique location and speed of head impact for certain posi-
tions. A helmet specific to the offensive and defensive line
position was introduced for the 2021 season, and a quarter-
back-specific version has been introduced for the 2023 sea-
son. Another initiative involving the use of a soft-shell helmet
cover (a version of the Guardian Cap designed specifically
for NFL players) was required for certain positions during the
2022 preseason in an effort to reduce the force of head impact
for positions with historically higher numbers of concussions
[10]. It will be required for additional positions for the 2023
preseason, regular season, and post-season.

Beyond Professional Football:
Improving Football Safety at All Levels

Participation in youth, middle school, and high school sports
has been shown to have significant health, psychological,
and social benefits [7,32], all increasingly important as
young people face exceptional mental and physical health
challenges [14,15]. As with any activity, it is important to
weigh the benefits of sports participation against the risk of
potential injury, including concussion. Youth may be at
greater risk for concussion and prolonged recovery than pro-
fessional athletes due to a number of physical, developmen-
tal, and health-related factors [30], as well as varied access
to trained medical and sideline resources like ATs and physi-
cians. Consequently, effective, low-cost strategies to reduce
concussion risk for younger football players are important.

Many of the NFL initiatives used to prevent, identify,
and manage concussion can be adapted to younger football
players. Education of players, coaches, and parents is an
effective low- or no-cost mitigation strategy; basic and no-
cost concussion education is available for student-athletes,
parents, and coaches through the Centers for Disease
Control and Prevention [11]. A recent study indicated that
high school students who receive concussion education
express increased intentions to report symptoms and dem-
onstrate improved concussion knowledge [4].

Resources available for the public to aid in the identifi-
cation of concussion include the Concussion Recognition
Tool (CRT), which includes a list of red flags that warrant
emergency department evaluation, signs and symptoms of
concussion, and a brief cognitive exam [5]. The CRT was
designed to help guide people without medical training on
when an athlete should be removed from play or seek addi-
tional care. Continued discussion of the benefits of identifi-
cation and self-reporting of symptoms among young
athletes remains a key factor.
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The U.S.A. Football’s Heads Up program aims to refine
tackling and blocking techniques and has been shown to
result in lower concussion rates by up to 32% [29]. This
reinforces the important role that coaches have in injury
prevention and suggests that contact training and restric-
tions are major modifiable factors in concussion prevention
among youth and adolescents [28]. The benefits of adopting
this at youth levels can carry safe playing styles through
high school, collegiate, and professional football.

Similar to rule changes implemented in the NFL, leagues
may also consider implementing their own data-driven rule
changes to mitigate concussion risk based on their own
unique observations and needs. At the league and team lev-
els, decisions to limit or eliminate contact in practice can be
considered, as this approach has been shown to decrease
concussion incidence in the Ivy League [3].

Widespread recognition of the importance of ATs and the
benefit of their active role in player education, injury evalu-
ation, and partnership with physicians in the RTP process
could affect concussion recognition and management.
Athletic trainers are at the frontline of concussion care in
American high schools; however, as many as 34% of sec-
ondary schools do not have access to an AT and only 51%
of schools have a full-time AT [1]. Athletic trainers posi-
tively influence the care of concussed students [24], and
finding ways to fund AT access in all secondary schools
nationwide is imperative.

Other potentially useful, low-cost strategies include
adoption of baseline testing with computerized tests, which
can be helpful in RTP decision-making, especially when
access to a neuropsychologist is limited. Baseline testing
with other sport-specific tools (eg, SCAT) to assist in evalu-
ation also can be helpful.

In summary, nearly all professional sports organizations
have taken measures to reduce concussion risk and improve
outcomes for their athletes. The NFL has established a com-
prehensive approach to its concussion program, from pre-
vention through detection, management, and return, which
may provide useful strategies for other sporting leagues.
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