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GUEST EDITORIAL

TACKLING CONCUSSIONS IN SPORTS

he safety of our players is animportant priority for all of

us in the National Football League (NFL). We have

taken many steps in recent years to enhance player
safety, including several rules changes aimed at reducing head
injuries.

In the early 1990s, as we looked more deeply into the
specific area of concussions, we realized that there were many
more questions than answers. In 1994, [ appointed an NFL
commiittee on mild traumatic brain injury with experts from
inside and outside our league. It consisted of NFL team
doctors and trainers, plus a neurologist, neurosurgeon,
neuropsychologist, biomechanical engineer, and
epidemiologist.

One of the key recommendations of the committee was
that the NFL should support independent scientific research to
foster better understanding of the causes, diagnosis, treatment,
and prevention of concussions. In response to this
recommendation, the NFL and NFL Charities funded
important research projects at leading universities
in the United States and Canada.

We are pleased that the resulting research is
already paying significant dividends. This
research has confirmed the value of the
safety-related rules changes that our
clubs approved several years ago.
The findings have been shared
with the NFL Players Association

Hall of Fame Center
Gearge Trafton
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and independent equipment testing groups and helmet
manufacturers, one of which, Riddell, has designed a new
helmet. The research has also contributed to advancing our
understanding of the science of concussions, which is a
concern for everyone involved in competitive sports and
recreational activities.

The accompanying article (1) confirms the groundbreaking
character of this research. We expect to publish further reports
and look forward to positive reactions from the medical and
scientific communities.

We salute our Mild Traumatic Brain Injury Comumittee for
its leadership and the individuals involved in this project who
put in so many hours of work. We are confident that this
important new information will continue to advance the cause
of improving the safety of professional and amateur athletes
on all levels.

Paul Tagliabue
Commissioner, National Football League
New York, New York

1. Pellman EJ, Viano DC, Tucker AM, Casson IR,
Waeckerle JF: Concussion in professional
football: Reconstruction of game impacts and
injuries. Neurosurgery 53:799-814, 2003.

Chicago Bears, ¢. 1927
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BACKGROUND ON THE NATIONAL FOOTBALL LEAGUE’S RESEARCH ON
CONCUSSION IN PROFESSIONAL FOOTBALL

L

New York Jets, I was responsible for the diagnosis and

treatment of concussions. I had been with the New York
Jets since 1987, having trained as an internist and
rheumatologist. Although published information existed, most
of what I—like other team physicians—knew about
concussions was from on-field anecdotes passed on from other
team physicians and athletic trainers who had been treating
professional football players for many years. During my years
of medical school, internal medicine training (including an
extra year as chief medical resident), and fellowship, from
1975 to 1986, 1 had never received a single lecture on
concussions. As I learned later, this was typical of physician
training for what was then an often underdiagnosed and little-
understood clinical condition.

Al Toon, a Pro Bowl receiver for the New York Jets, had
been with the team since 1985 after playing college football at
the University of Wisconsin. As a player for the New York
Jets, Mr. Toon was recognized as one of the finest receivers in
the National Football League (NFL}. From the beginning of his
professional career, Mr. Toon began to incur what we now
recognize as concussions. These “dings,” as they were referred
to then, were minor, often causing no more than mild
headaches and some dizziness. Unrecognized by everyone,
including myself, these concussions began o worsen in the
later years of his career. Mr. Toon began to experience severe
headaches, malaise, intolerance of loud noises, depression,
and emotional lability after what were viewed as mild,
inconsequential blows to the head. Mr. Toon was experiencing
what we now call postconcussion syndrome, which would
eventually lead to the premature retirement of this great
athlete in 1992. He was the first documented NFL player that
know of to retire as a result of this problem.

I n 1994, as the associate team physician and internist for the

Mr. Toon's retirement, which received some attention in
the public news media but none in the medical world, was
overshadowed by the injury to Dennis Byrd, a defensive
lineman who sustained a fracture of the cervical spine while
also playing for the Jets. It was not until the following year,
when another NFL player, Merrill Hoge, a player for the
Pittsburgh Steelers, was also forced to retire because of
postconcussion syndrome, that both medical personnel and
football executives took notice.

Shortly after the retirement of Mr. Hoge, NFL
Commissioner Paul Tagliabue began to inquire about this
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medical issue. On the basis of my experience with Mr. Toon, I
was invited to the Commissiqner’é office to offer my limited
insight into this problem. The Commissioner and I realized
that we had many more questions than answers. Was this a
new problem or just an often misdiagnosed or unrecognized
one? Was the premature retirement of these men a statistical
anomaly or the beginning of an epidemic? I was asked to
mount an efforf to answer these questions.

During my treatment of Mr. Toon, 1 quickly realized how
few experts and how little prospective, scientific medical
information were available regarding concussions. [ decided
that a novel approach would be necessary to gather
information, particularly for a professional sports league, and
with the encouragement and support of Commissioner
Tagliabue, in 1994 1 formed the NFL Committee on Mild
Traumatic Brain Injury. This Comunittee was composed of
experts from inside and outside the NFL, consisting of team
physicians, team athletic trainers, a team equipment manager,
a neurologist who had considerable previous clinical
experience with boxers, a neurosurgeon who had experience
in treating NASCAR drivers, a neuropsychologist who was a
pioneer in using neuropsychological testing to evaluate
athletes, a biomechanical engineer to help us understand
safety equipment, and an epidemiologist.

It became apparent to the Committee that there was no
single accepted definition of concussion and that, if we were
to begin asking questions regarding the problem, we would
need a single definition that would be used league-wide by
the medical staffs of all the teams. The first several months of
meetings were dedicated to defining concussion, or as we
quickly decided, the more academically appropriate term, mild
traumatic brain injury, which is more commonly referred to as
MTBIL After a great deal of discussion, we decided that our
definition would be broad, realizing that we would rather
overidentify injuries than potentially exclude milder ones. A
reportable MTBI was defined as a traumatically induced
alteration in brain function that is manifested by 1) alteration
of awareness or consciousness, including but not limited to
loss of consciousness, “ding,” sensation of being dazed or
stunned, sensation of “wooziness” or “fogginess,” seizure, or
amnesic period; and 2) signs and symptoms commonly
associated with postconcussion syndrome, including
persistent headaches, vertigo, light-headedness, loss of
balance, unsteadiness, syncope, near-syncope, cognitive
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dysfunction, memory disturbance, hearing loss, tinnitus,
blurred vision, diplopia, visual loss, personality change,
drowsiness, lethargy, fatigue, and inability to perform usual
daily activities.

Once there was agreement on the definition of MTBI, we
quickly realized that the first order of business was to gather
information, in the knowledge that this would need to be a
meticulous and lengthy process, and to educate and sensitize
the League’s medical and coaching staffs to this medical
problem. With the help of the epidemioclogist on the
Comumittee, we devised a questionnaire that team physicians
and trainers would be required to fill out after a player
sustained an MTBI. A memo was sent to the physicians,
athletic trainers, and team executives by the Commissioner
emphasizing the importance of this information and
mandating compliance in filling out these detailed forms.

After there was agreement on the form and a basis for
collecting MTBI data, the Committee decided to begin to
examine the available safety equipment. Many team
physicians had similar experiences with regard to the sales
personnel of helmet manufacturers, who made claims about
helmets and their potential to decrease the risk of MTBL
Players and medical staff were told to increase the air in the
inflatable bladders in the helmets or to change the type of
helmet to reduce the risk of MTBI. When manufacturers
were invited to present the scientific data to support these
claims, it became apparent to the Committee members that
these claims were not based on scientific data but rather
were “sales pitches” made by overzealous salespeople.

Contacts with representatives and biomechanical
engineers of the National Operating Committee on
Standards for Athletic Equipment additionally made it
obvious to the Committee that the testing methods
used to quantify football helmet head protection were
unable to predict the amount of protection afforded to
prevent MTBI. Furthermore, this lack of
understanding of the physics and biomechanics of the
injury was retarding helmet manufacturers from
making changes to helmets that could lead to greater
MTBI protection.

After lengthy discussion and many Committee
meetings, it was decided that the committee would
recommend to Commissioner Tagliabue that the NFL
should independently fund scientific research that
would enable scientists to better understand the
cause(s) of MTBI; that this research should be funded
to independent scientific researchers; and that the NFL
Mild Traumatic Brain Injury Committee should be
charged with oversight of the project. It was also
decided that all research results would be given to the
National Operating Committee on Standards for
Athletic Equipment, to helmet manufacturers, and to as
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many researchers and clinicians as possible in an attempt to

promote a better understanding of MTBI and methods that

might, directly and indirectly, prevent and treat these injuries.
+

From the current perspective, the enormous investment in
research on MTBI is paying dividends in an improved
understanding of the causes and prevention of the injury.
Although much more research’ is needed, the results of the
Committee’s research thus far will be presented as a series of
articles in NEURDSURGERY. The intention is now, as it was
originally, to contribute scientific articles on the NFL's
research on the biomechanics of concussion, the epidemiology
of the injury, its symptoms and treatment, neuropsychological
evaluations, and other aspects of MTBI. Thanks to the support
of the NFL, NFL Charities, owners, executives, team medical
staffs, players, and Committee members, the NFL's approach
to funding scientific research on the problem is a model for the
approach needed by other sport leagues when medical issues
of player health and safety emerge.

Elliot J. Pellman

Chairman, Mild Traumatic
Brain Injury Committee,
National Football League,
New York, New York

Steve Bagarus (Number 00)
of the Washington Redskins
and an unidentified pass

defender, c. 1945.
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n 1973, the National Operating Committee on Standards
for Athletic Equipment (NOCSAE) established standards
for the impact performance of football helmets (14). This
followed earlier work by Wayne State University Department
of Neurosurgery, which was contracted by NOCSAE in 1971
to develop voluntary standards for football helmets. Prelimi-
nary tests of representative football helmets on cadavers and
the Z-90 metal headform demonstrated that a more realistic
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head model was required before helmet performance could be
specified. Further research yielded an improved headform
made of synthetic materials, which approached human
cadaver performance and was rugged and reusable. The
NOCSAE standard limited the severity index (SI), which is
based on resultant head acceleration. All new football helmets
available for use in high school and college football were then
certified to the NOCSAE standard, and the wearing of such
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helmets was made mandatory for college players in 1978 and
for high school players in 1980. The certified helmets yielded
one-half the SI, compared with those before establishment of
the standard.

By 1980, significant reductions in injuries were observed
with the voluntary adoption of NOCSAE standards by helmet
manufacturers. In youth football, a 51% reduction in fatal head
injuries, a 35% reduction in concussions, and a 65% reduction
in cranial fractures were observed (15). Between 1981 and
1985, there were further reductions in fatal head injuries.
Although rule changes were also implemented, most of the
reductions were considered to be related to helmet design,
because neck injury rates increased, indicating that significant
head impacts were still occurring.

Hodgson and Thomas (16) reported on the performance of
pre- and poststandard helmets in NOCSAE tests; 84% of the
prestandard helmets exceeded a SI of 1450, whereas the post-
standard helmets exhibited an average SI of 1064. Mertz et al.
(26) converted the SI values to head injury risks and concluded
that the NOCSAE standard and helmet design changes had
reduced the risk of head injury from 55% to 12%. Cantu and
Mueller (6) recently summarized the reductions in fatal head
injury risks in football, and others have addressed the topic (3,
7, 28).

While continued improvements in the NOCSAE perfor-
mance of helmets were being made through the late 1980s and
1990s, attention focused on the incidences of concussions in
organized sports (42). Professional football had experienced
the retirement of key skill players after repeated concussions,
and the need for further improvements in the safety perfor-
mance of helmets was becoming apparent. Concussions were
observed to be associated with a range of symptoms and
variations in recovery (23). Some individuals experienced
postconcussion syndrome (5), and others experienced even
more serious consequences after repeated concussions (45).
An uncommon and controversial complication is the second-
impact syndrome, involving often-fatal cerebral edema after a
second or repeated concussion before the resolution of an
initial injury (40). This proposed entity has been linked to
boxing, ice hockey, and high school and college football but
not professional football. Some authors have questioned the
verifiability of this syndrome (25).

In 1994, the commissioner of the National Football League
(NFL) formed a commijttee on mild traumatic brain injuries
(MTBIs), in response to safety concerns regarding concussions
in professional football (37). The committee included repre-
sentatives from the NFL Team Physicians Society and the NFL
Athletic Trainers Society, NFL equipment managers, and sci-
entific experts in the areas of traumatic brain injury, basic
science research, and epidemiology. The mission of the com-
mittee was to scientifically investigate MTBIs (concussions) in
the NFL. ‘

For this research, a reportable MTBI was defined as a trau-
matically induced alteration in brain function manifested by
an alteration of awareness or consciousness, including but not
limited to a loss of consciousness, “ding,” sensation of being
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dazed or stunned, sensation of “wooziness” or “fogginess,”
seizure, or amnesic period, and by symptoms commonly as-
sociated with postconcussion syndrome, including persistent
headaches, vertigo, light-headedness, loss of balance, un-
steadiness, syncope, near-syncope, cognitive dysfunction,
memory disturbances, hearing loss, tinnitus, blurred vision,
diplopia, visual loss, personality change, drowsiness, lethargy,
fatigue, and inability to perform usual daily activities. This
definition of concussion, which was used by the MTBI com-
mittee, is consistent with that of the American Congtess of
Rehabilitation Medicine (2) and is a natural extension of a
much earlier definition by the Congress of Neurological Sur-
geons, which in 1966 defined concussion as “a clinical syn-
drome characterized by immediate transient impairment of
neural function such as alteration of consciousness, distur-
bance of vision, equilibrium, etc., due to mechanical forces”
(7a). At that time, concussion was generally thought to be fully
recoverable; however, investigators later reported the occus-
rence of permanent brain injury with MTBIs (18, 24, 39).

Between 1996 and 2001, MTBI cases in professional football
games were systematically recorded and data on the player,
the impact, the equipment worn, the initial and follow-up
treatments, and the return to play were tabulated. Cases in-
volving hospitalization were also recorded. Nearly 900 MTBI
cases have been recorded and will be reported in future arti-
cles. The subset of cases with multiple-video coverage of the
impact was evaluated in this study and was determined to be
a representative sample of the total group of cases.

The MTBI Comunittee planned to perform a series of re-
search projects aimed at defining the biomechanics of concus-
sive impacts in professional football. After consideration of
various alternatives, the effort focused on analyses of game
videos of concussions. Experts proposed that, with multiple
views of the impact and line markings on the field, the direc-
tion and speed of concussive impacts could be determined.
This allowed laboratory reconstructions (reenactments) of the
game impacts with the use of instrumented test dummies to
simulate the helmeted players, closely matching the situations
on the field. With transducers in the head of the dummy, the
translational and rotational accelerations of the head could be
determined in concussive and noninjurious impacts. This ar-
ticle discusses the results of the analyses of videotapes from
NFL games with significant head impacts and MTBIs and the
laboratory reconstructions of head biomechanical responses
related to concussion.

MATERIALS AND METHODS

Overall Process for Video Analyses and
Laboratory Reconstructions

When an MTBI occurred on the field during an NFL game,
it was evaluated by a physician and a trainer, who completed
forms describing the impact and injury. MTBIs were also
reported to Biokinetics and Associates, Ltd., the engineering
group contracted to analyze and reconstruct game impacts.

www.neurosurgery-online.com
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FIGURE 1. Video analysis of game impacts, deter- ¢
mining the velocity of helmet impact on the basis of two
camera views. A and B, impact sequence from two
views. C, camera locations and perspectives of the two
views of the game impact.

Network tapes of games were obtained
from the NFL and analyzed. In addition to
concussive impacts, other cases of signifi-
cant head impacts were selected for anal-
ysis; these cases were identified on NFL
films. Between 1996 and 2001, 182 cases
were recorded on videotape for analysis.
The initial analysis determined the helmet
location involved in each impact, classified
as the facemask region or the helmet shell.
Also, the striking object was classified as
the ground or another player’s helmet,
shoulder or arm, or leg, knee, or hip.

CAMERA 3

is 31° from sideline
and elevated 1.4°

CAMERA 2
is 57° from sideline
and elevated 3.5°

Biokinetics and Associates, Ltd., deter-
mined the feasibility of analysis and subsequent reconstruction
of the impact speed. This analysis involved determining the
three-dimensional impact velocity, orientations, and helmet ki-
nematics. At least two clear views were necessary for this anal-
ysis. For videos in which the three-dimensional impact velocity
could be analyzed, a laboratory model with crash dummies was
prepared for reenactment of the game impact. Helmets were
placed on the dummies in the laboratory reconstructions and the
velocity and orientation of impact were simulated, with the
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subsequent helmet kinematics. A number of significant impacts
in which MTBIs did not occur were also reconstructed, to estab-
lish injury risk functions for concussion. For this study, emphasis
was placed on helmet-to-helmet and helmet-to-ground impacts,
because the video views of other impacts were more obscured.

Video Analyses

The reconstruction of head impacts in professional football
was based on video recordings made by several broadcast cam-
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the reconstruction model. A
helmeted head/neck assem-
bly was guided in freefall
from a height sufficent to
achieve the same impact ve-
locity as that determined
from the vides analysis of
¢ the game impact. Impact was
against another helmeted
head/neck  assembly at-
tached to a freely suspended
anthropometric test device
torso or against a simulated
ground surface.

Acceleration was measured
in the dummy’s head. A point
in space is defined by its posi-
tion on three orthogonal axes.
The motion of the point is de-
fined by three orthogonal
components of velocity and
acceleration. The acceleration
is translational, although the
trajectory of the point can be
curvilinear. In head impacts,
the point selected for motion

FIGURE 2. Reconstruction of game impacts in laboratory tests with instrumented dummies. The upper torso of the struck
player was supported from below, and the striking player was simulated with the head and neck attached to a 25-kg drop
weight. Adjustments were made in the configuration to duplicate the helmet kinematics in a game impact.

eras during NFL games. A cinematographic analysis was devel-
oped to determine the speed at which the players were moving,
relative to each other, before colliding. The method computed the
two-dimensional relative velocity in the plane of one camera
view and combined it with the two-dimensional component
from another camera view to yield the relative velocity vector.
The method is illustrated diagrammatically in Figure 1, which
demonstrates the principle of reconstructing the three-
dimensional relative velocity of impact from two camera views.
Each video view must include sufficient line markings on the
field to allow determination of the camera angle and the distance
from the impact. This is essential to establish a scale factor and
thus determine distance and velocity. Details of the analytical
approach were described by Newman et al. (30, 31).

When video recordings were examined, the orientation and
distance of the cameras from the impact were not known. It
was necessary to develop a method to determine the camera
angles and evaluate the sequential motion of the players up to
helmet contact, to determine the impact velocity {32).

Laboratory Reconstruction Techniques

Laboratory reconstructions typically involved two Hybrid
III male anthropometric test devices (crash test dummies; First
Technology Safety Systems, Plymouth, MI). Figure 2 illustrates
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tracking is the head center of
gravity. As the head center
of gravity moves in space un-
der translational acceleration,
the head can also rotate about
the head center of gravity. This involves rotational acceleration,
and there are three orthogonal axes for rotational accelera-
tion and velocity. When the head is assumed to be rigid, as is the
case for the dummy, the three axes of translational and rotational
accelerations define the motion sequence of the impact.

Each headform was equipped with standard accelerometers at
the head center of gravity and nine linear accelerometers in a
so-called 3-2-2-2 configuration, for determination of rotational
acceleration (35). Processing of the nine signals determined the
complete three-dimensional motion of each head. Rotational ac-
celerations were computed from linear accelerations at various
sites on the headform. The equations used to calculate rotational
accelerations involved all nine accelerometers. The analysis is
valid for accelerometers coincident with the origin of the system
or coincident with one of the axes. Deviations from these posi-
tions were required for the headform configurations used in
these tests, and corrections for centripetal and Coriolis accelera-
tions were performed as described by DiMasi (8).

Two high-speed videos recorded head kinematics in the
reconstructions. The cameras were positioned just as in the
views from the game coverage. This allowed one-to-one com-
parisons of the game and reconstruction kinematics and facil-
itated fine adjustments in the impact orientation and align-
ment of the laboratory impact to closely match the helmet
kinematics in the game situation. Figure 3 presents an example

www.neurosurgery-online.com
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FIGURE 3. Comparison of the laboratory reconstruction (A) and game
impact (B) for a comcussion case. Helmet kinematics were refined in the

of the high-speed video from a laboratory reconstruction, with
a video view similar to that of the game impact causing
concussion. Details of this approach were described by New-
man et al. (30, 31).

Error Analyses

The Hybrid III dummy was developed for assessment of
injury risks in automotive crash tests (4). It typically does not
“wear” a helmet, although earlier studies used it for evalua-
tion of head and neck injury risks in football. Two categories
of potential error were investigated. The first involved error
sources specific to the use of crash test dummy instrumenta-
tion (accelerometers) and associated data-processing tech-
niques to determine the translational and rotational head ac-
celerations. The second involved the use of broadcast video
data and crash test dummies to replicate the complex head
impacts in whole-body collisions between football players.
Details of the validation studies and error analyses were de-
scribed by Newman et al. (32).

All acceleration measurements and processing techniques
were based on well-established Society of Automotive Engi-
neers practices and standards. Potential errors in the transla-
tional accelerations were attributable to electrical or mechan-
ical noise but did not exceed 2.2% for the three noise sources
investigated. Potential errors in the rotational accelerations
could be as high as 6.7%, because of error accumulation with
multiple linear acceleration measurements.

The accuracy of the video analysis method for determining
the camera angles and the players’ relative helmet velocities
was examined by analyzing staged events in which the values
of the computed parameters were compared with direct mea-
surements of the same parameters. Access to the stadium of an
NEL football team was obtained and a broadcast video crew
collected recordings of a series of events in which the relative

. NEUROSURGERY

laboratory test until they duplicated the game impact sequence.

velocities of two helmeted subjects could be directly
measured.

After positioning, the locations of the cameras required for
video analysis were surveyed in relation to a regulation foot-
ball field. This information was used to create a computer-
aided design representation of the field and camera orienta-
tions. A high end-zone camera and a high 50-yard-line camera
were selected for the analysis. With the computer-aided de-
sign representation, the angle of the camera line of sight,
relative to any point on the field, could be determined.

Three events at different locations on the field were video-
taped. The events involved helmeted subjects moving past
each other. Reproducible constant velocities were obtained by
having the subjects drive small utility vehicles. The speed of
these vehicles was measured directly. Tape switches were
placed on the ground with a known separation, and a stop-
watch was used to measure the time between activations of
the switches as the vehicles drove over them. The potential
error in the relative impact velocity between colliding heads
could be as high as 11.3% and was observed to be the largest
error source among the techniques used to reconstruct the
game impacts. However, this error is a theoretical maximum,
and precautions were taken to reduce potential errors during
the reconstructions.

The overall accuracy of the reconstruction method was deter-
mined by using four different staged impacts. The error for a
typical reconstruction was less than 15% of the peak values.
Despite the complexity of the complete reconstruction method,
including establishing impact locations, directions, and velocities
from 30-Hz video data, measuring translational accelerations of
crash test dummies representing the athletes in game impacts,
and processing the data with combinations of translational and
rotational head accelerations, the overall accuracy was well
within the generally accepted ranges of accuracy and reproduc-
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ibility for research of this type, and the error was much less than
the theoretical maximum (32).

Biomechanical Responses and Injury Risk Functions

The primary response of the head is the resultant transla-
tional acceleration of the head center of gravity. This acceler-
ation was determined from three orthogonal accelerations
measured in the dummy. Although translational acceleration
was measured in units of meters per second squared, it was
reported in grams, with the measured acceleration being nor-
malized to the acceleration of gravity (1 g = 9.8 m/s?). Inte-
gration of the resultant acceleration yielded the change in the
velocity of the head during impact.

Lissner et al. (21) developed the Wayne State University con-
cussion tolerance curve, relating the tolerable peak translational
acceleration of the head to pulse duration. The early work em-
phasized cranial fractures, because concussions occurred in 80%
of the clinical cases with fractures. The tolerance curve was
determined from cadaveric head drops onto a flat steel plate,
causing high-acceleration impacts of 1- to 6-millisecond duration
(Fig. 4). Animal experiments were conducted with dynamic pres-
sure on the brain causing injury (12). Similar tests in cadavers
established 6- to 10-millisecond acceleration tolerance levels. Tol-
erance to longer-duration accelerations was estimated from hu-
man volunteer test results reported by Stapp (41), which estab-
lished a 42-g asymptote. However, Patrick et al. (36) suggested a
higher asymptote of 80 g. Progress in understanding head injury
biomechanics since the 1960s has been sumunarized (19, 29, 44).

The NOCSAE football helmet standard (27) uses the result-
ant translational acceleration measured in a biofidelic head-
form placed in the helmet. The helmet is dropped onto a stiff
flat rubber pad from a height of 1.52 m (5 feet), yielding an
impact velocity of 5.47 m/s (12 miles/h). Several drops are
performed, with impact sites around the periphery and crown

400 - Pressure Estimates from Source of
| Loading 1 Volunteers Historic Human
350 | on Brain Tolerance Data
b
~ 300 |
=
2
E 250 4
©
< 200 - NFL Data
[x3 :
< 150 | S$1=1200
-
@ 100 4
a ;
50 - ‘ ’ a=72g
2 4 6 8 10 12 14 16 18 20

Time (ms)

FIGURE 4. Peak head acceleration (a) and impact duration for head inju-
ries. The historical data involve early biomechanical experiments on cra-
nial fractures, intracranial pressure loading, and estimates of longer-
duration exposures. NFL concussions provide unique biomechanical data.
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of the helmet. For each impact, the Sl is calculated by using the
method of Gadd (9),

T
i

SI = f a(tydt (1)

S
where a(t) is the resultant translational acceleration at the head
center of gravity and T is the duration of the acceleration
pulse. SI depends on the time history of the resultant transla-
tional acceleration. For the helmet to be acceptable, the SI at
each impact site cannot exceed 1200.

The National Highway Traffic Safety Administration uses a
variation of SI to assess head safety in car crashes. The head
injury criterion (HIC) has been in effect since 1975 and is a
variation of SI. It is determined as

2

HIC = {(t, - f1)[Ja(t)df/(tz = 1) ax (2)

i

where ¢, and ¢, are determined to give the maximal value for
the HIC function and a(t) is the resultant translational accel-
eration of the head center of gravity. In practice, a maximal
limit of T = t, — f; = 15 milliseconds was used.

The second type of biomechanical response of the head
involves rotational acceleration and velocity. Many research-
ers have speculated that rotational acceleration is a key re-
sponse associated with head injury (10, 13, 17, 34); therefore, it
was measured in the game impact reconstructions.

Concussion Risk Functions

Concussion risk functions were computed by using the logist
function in the Statistical Analysis System program (SAS Insti-
tute, Cary, NC). This function relates the probability of injury,
p(x), to a response parameter x on the basis of a statistical fit to the
sigmoidal function p(x) = [1 + exp(a — B%)] 7, where aand B are
parameters fit to the responses from the laboratory reconstruc-
tions of game impacts. The goodness-of-fit was quantified with
the —2 log-likelihood ratio parameter, P value, and correlation
coefficient (r).

Verification of MTBIs

The concussion cases reconstructed in the laboratory were
independently verified as MTBIs by two members of the MTBI
Committee (NFL team physicians) who reviewed the clinical
information. The clinical information reviewed originated from
three sources, i.e., team physician forms, athletic trainer forms,
and direct contact of the member of the MTBI Committee with
the medical staff for the injured player (independent
verification).
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Statistical Analyses

The significance of differences in responses for players
struck and concussed, compared with those not injured and
striking players, was determined by using the standard ¢ test,
assuming equal variance and a single-tail distribution. The ¢
test was performed by using the standard analysis package in
Excel (Microsoft, Seattle, WA). The regression analysis from
Excel was also used, which determined the average and 95%
confidence interval for a linear fit of response data.

RESULTS

Analyses of NFL Game Impacts

Table 1 presents the 182 cases of concussive and severe
helmet impacts in NFL games. The impact was indeterminate
in 8 cases, leaving 174 cases for analysis. Twenty-nine percent
of the head impacts invelved loading of the facemask, with the
remainder on the helmet shell. Sixty-one percent of the cases
involved impact by another player’s helmet, with 16% involv-
ing impact by the shoulder pads or arm. Ground impacts
occurred in 16% of the cases.

Table 2 presents the 31 impacts reconstructed in laboratory
tests with Hybrid III dummies. The categories of impact types
represent 78% of the video analysis cases. The cases were
limited to helmet or ground impacts, with a slightly greater
proportion of facemask impacts than occurred in the overall
video sample.

Figure 5 indicates the points of helmet contact in the recon-
structions for cases of concussion in NFL games. Figure 5A
indicates the locations for the struck players who were either
concussed or not, and Figure 5B indicates those for the striking
players. All of the impacts are shown on the right side of the
helmet to demonstrate the impacts, although the contacts oc-
curred on both sides of the helmet. More than one-half of these
impacts involved the facemask or the area where the facemask
is attached to the helmet shell for the struck player, whereas
virtually all impacts involved the front crown of the helmet for
the striking player.

CoNCUSSION IN PROFESSIONAL FOOTBALL

There were 25 concussions in the 31 videos analyzed for
closing speed at impact. On offense, six quarterbacks, five
wide receivers, three tight ends, one flanker, and one splitend
were involved in helmet impacts leading to concussion. As
these players focused on throwing or catching the ball, a
defensive player closed at an angle to tackle the player or
disrupt the play. On defense, two cornerbacks, two linemen,
and one linebacker were involved in high-speed collisions
during tackling. On special teams, one ball carrier and three
players from the kicking or receiving units were involved in
open field impacts. In some cases, players from the same team
inadvertently collided during-tackling; in other cases, there
was clear targeting of the struck player.

L‘aboratory Reconstructions of Game Impacts

Table 3 summarizes the results from 31 laboratory reconstruc-
tions of game impacts, including the biomechanical responses of
struck players who were concussed or not concussed and the
responses of striking players. Blank rows for the striking player
indicate that the reconstruction was of a ground impact, for
which there was only a struck player in the reconstruction. There
were 25 struck players who experienced concussions from hel-
met impacts and 6 who were struck but not injured. No striking
player experienced a concussion. In four cases, the struck player
fell to the turf; therefore, there was no striking player in the
reconstruction with a helmet impact to the ground. In all of those
cases, the player fully flexed his neck while falling backward, so
that the impact was on the back of the helmet, at a downward
angle of 30 degrees toward the neck.

The typical impact involved a player running toward an-
other player, who was generally unaware of the closing angle.
With concussion, the average impact speed was 9.3 = 1.9 m/s
(20.8 * 42 miles/h), as determined in video analyses of game
impacts. The striking player lined up his head, neck, and torso
and struck the other player. The strike was oblique on the
facemask or facemask attachment to the helmet, usually below
the head center of gravity, or on the side of the helmet, above
the head center of gravity. Because the struck player was
unaware, only his head was initially involved in the impact.

Foothall League games

Player struck

TABLE 1. Number of facemask or helmet impacts by striking object in 182 cases of significant head impact and concussion in National

No. impacted by

on the Helmet Ground Shoulder/arm Hip/knee/leg Torso Total
Facemask 45 1 3 1 1 51
Helmet 62 27 24 8 2 123
Subtotal 107 28 27 9 3 174
Indeterminate 8
Total 182
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TABLE 2. Number of facemask or helmet impacts in laboratory tests of game impacts and concussion biomechanics in professional

football
Player struck No. impacted by:

on the Helmet Ground Shoulder/arm Hip/knee/leg 7 Torso Total
Facemask 17 0 0 0 0 17
Helmet 10 4 0 0 ' 0 14
Total 27 4 0 0 :’ 0 31

A

STRUCK PLAYERS . |

FIGURE 5. Locations of initial helmet contacts for the struck players (including
both concussed and nonconcussed impacts and falls to the ground) (A} and
striking players (none of whom were concussed) (B). All of the strikes are shown
on the right side of the helmet to demonstrate the impacts, although the game
impacts occurred on both sides of the helmet.

Because this yielded a higher effective mass for the striking
player, more momentum was transferred to the struck player.
This caused a rapid change in head velocity of 7.2 * 1.8 m/s
(16.1 £ 4.0 miles/h), which was statistically greater {t = 2.9, P
< 0.005) than the 5.0 = 1.1 m/s (11.2 * 2.5 miles/h) for
uninjured struck players. The striking players experienced a
head velocity change of only 4.0 * 1.2 m/s (8.9 = 2.7 miles/h),
which was a reduction in head velocity from the initial strik-
ing speed. The peak head acceleration for concussed players
averaged 98 * 28 g, with 15-millisecond duration, and was
significantly greater than the 60 = 24 g for uninjured struck
players (t = 3.1, P < 0.005).

Figure 6 summarizes the peak biomechanical responses from
the reconstructed game impacts. The average values are pre-

806 | VOLUME 53 | NUMBER 4 | OCTOBER 2003

sented for struck concussed players, players struck without

~injury, and striking players. Concussion was primarily related

to translational head acceleration resulting from helmet im-
pacts to the facemask at an oblique or lateral angle, strikes by
other body regions (such as the shoulder pads or knee), and
falls to the back of the head. Concussion was strongly corre-
lated with SI (t = 3.0, P < 0.005), HIC (t = 3.2, P < 0.005), peak
translational acceleration, and head velocity change. There
was a lower correlation with peak rotational acceleration (f =
2.7, P < 0.01) and no correlation with peak rotational velocity.
The conventional measures of head injury risk, namely, Sl and
HIC, were effective in assessing coricussion risks. On the basis
of the responses measured, nominal tolerance levels for con-
cussion were SI of 300 and HIC of 250 for helmet impacts.

Table 4 surmunarizes the results of the logist analysis of injury risk
functions. The primary results are for the struck players, because
they experienced nominally similar impacts. Results are also given
for all players involved, mixing the striking players, who typically
struck the other player with the crown of the helmet, with players
struck on the facemask, side, or back. Because concussion risk may
depend on impact orientation, the mixture of loading orientations is
presented only for completeness. The strongest correlations with
concussion involved HIC and SI, followed by head velocity change
and translational acceleration.

Figure 7 presents the average head translational and rota-
tional acceleration time histories for concussed players, play-
ers struck without injury, and striking players. These findings
demonstrate the 15-millisecond duration of impact and typical
levels causing concussion. A 2-g trigger was used to establish
time 0 in the helmet impacts. The peak in the average time
history was lower than the maximal values in Table 3 because
of differences in the timing of peak values. However, there
was considerable similarity among the responses within each
group and between the responses for nonconcussed struck
and striking players.

Figure 8A presents the head velocity change versus peak
translational acceleration for concussed and nonconcussed
struck players and striking players. Head velocity changes
increase with translational acceleration, and there was good
delineation from impacts without concussion for impacts of
more than 7 m/s and 90 g. On the basis of velocity changes,
energy fransfer to the head was calculated by assuming a
Hybrid Il head mass of 4.55 kg. Concussion occurred with an
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TABLE 3. Peak biomechanical responses for struck and striking players in 31 National Football League game impact reconstructions®
Struck players Striking players
Peak Peak Peak Peak Peak , Peak Peak Peak
Case Velacity translational  velocity  rotational  rotational translational  velocity  rofational rotatignal
MTBI St HIC MTBI St HIC
(m/s) acceleration  change  acceleration  velocity acceleration  change acceleration velocity
(@ (m/s) (rad/s?) (r/s) ¢l (m/s) (rad/sh) (t/s}
7 Yes 6.9 120 a3 61 4.6 6266 28.1 No 65 51 50 ¢ 2.2 2832 9.8
9 Yes 103 843 600 134 10.1 7428 27.4 No 275 217 " 79 2.3 6719 18.7
38 Yes 9.5 736 554 118 9.7 9678 50.8 No 157 127 60 : 4.0 5205 28.2
39 Yes 109 656 522 129 8.4 5921 36.1 No 60 43 .»44 2.3 4487 104
57 Yes 8.8 253 206 77 6.0 6514 37.0 No 48 38 32 4.1 4151 332
67 Yes 8.1 756 632 135 8.0 5957 13.8
69 Yes 10.3 177 153 61 5.0 4381 19.9 No 55 50 38 31 2620 23.0
71 Yes 103 658 510 123 7.3 5400 35.0 No 512 434 102 6.6 5541 32.4
77 Yes 9.9 226 185 80 5.2 5148 36.4 No 65 53 35 4.2 2714 255
B84 Yes 9.4 276 222 82 6.3 9193 80.9 No 96 78 45 4.4 3169 26.5
92 Yes 11.1 630 508 107 10.0 6878 44,2 No 204 164 60 5.6 6070 43.0
98 Yes 9.6 351 301 9 6.2 7548 43.4 No 241 187 84 4.8 4487 385
113 Yes 7.0 163 140 59 5.1 3965 128 No 101 75 61 3.7 3700 31.2
118 Yes 10.7 492 378 101 9.6 7017 42.9 Nao 122 73 56 3.7 3687 23.4
123 Yes 6.3 866 736 121 8.3 4727 303
124 Yes 114 380 282 81 7.5 7138 34.8 No 105 73 56 31 4086 16.1
125 Yes 11.7 817 633 113 9.1 7716 63.3 No 132 111 47 4‘“2 3366 28.1
133 Yes 6.0 648 557 113 8.4 5012 16.0
138 Yes 100 751 566 138 8.6 7540 41.0 No 230 179 81 3.8 5005 293
148 Yes 6.6 117 99 48 5 3476 238 No 47 37 33 3.9 2466 26.5
155 Yes 9.1 418 4 100 6.6 6940 37.0 No 76 61 45 4.2 4217 295
157 Yes 108 545 472 103 8.1 6750 335 No 215 180 79 5.0 4662 15.7
162 Yes 5.5 94 77 52 4.2 2615 18.4 No 34 30 29 3.2 1672 17.2
164 Yes 10.8 451 370 124 6.0 9590 26.6 No 243 202 89 5:1 6136 30.8
181 Yes 11.7 423 382 93 7.1 8011 36.5 No 402 333 85 7.3 6613 55.8
Concussed
Average 9.3 474 381 98 7.2 6432 34.8
SO 1.9 252 197 28 1.8 1813 15.2
48 No 9.7 155 130 57 4.7 5617 42 .4 No 44 37 32 3.2 2939 28.0
59 No 53 205 138 82 5.6 5387 269 Nog 32 26 32 2.3 1087 131
142 Na 31 12 9 19 29 1170 7.4
154 No 6.6 136 114 53 5.1 4167 24.0 No 35 31 29 3t 3159 231
175 No 9.6 158 128 62 5.6 3555 39.2 No 81 62 47 3.9 2535 19.3
182 No 8.1 256 208 85 59 5512 17.8 No 272 213 87 4.7 3200 27.2
No injury
Average 7.0 154 121 60 5.0 4235 26.3 146 117 56 4.0 3983 26.1
5D 2.6 82 64 24 11 1716 13.1 121 101 22 1.2 1402 10.0
¢ statistic 2.45 3.04 316 3.10 2.91 2.69 1.26 6.05 6.14 6.03 7.56 5.47 2.46
P value 0.0104 0.0025 0.0018 0.00215 0.0034 0.0059 0.1089 9.0E-08 65E~08  9.9£-08 4.0e~-10  7.1E-07  0.0088
4 MTBI, mild traumatic brain injury; SI, severity index; HIC, head injury criterion; SD, standard deviation.
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FIGURE 6. Peak values (average * 1 standard deviation) of key biome-
chanical responises in the reconstruction of game impacts, including the
translational and rotational (Rot.) acceleration (Accel) and velocity (Vel.)
and functions used to assess injury risks. ¥, P < 0.001; *¥, P < 0.005; ~,
P < 0.01, significant differences from concussed players.

average of 118 J (66184 ] for +1 standard deviation in velocity
change). For players hit but not concussed, the average energy
was 57 | (35-85 J for *1 standard deviation in velocity
change). Figure 8B presents the peak rotational velocity versus
the rotational acceleration of the head. There was more over-
lap in the peak values for the concussed and nonconcussed
players, but concussions regularly occurred at more than 7000
radians/s”. There was no correlation with rotational velocity.

Figure 9 demonstrates the strong correlation between the
peak translational and rotational accelerations in the recon-
structed game impacts. Regression analysis of all impact data
yielded an average slope of 47.7 radians/s*/g (95% confidence
interval, 36.8-58.6 radians/s%/g; t = 3.45, P < 0.001) and an
intercept of 1515 radians/s* (95% confidence interval, 636-
2394 radians/s%; t = 8.78, P < 0.0001; model fit, r = 0.76, F =
77.2, P < 0.0001). Because the strongest correlation of concus-
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sion was with translational acceleration, that was considered
the primary response for assessment of helmet performance,
with rotational acceleration closely tracking in proportion to
translational acceleration.

Verification of MTBIs

The clinical data for the laboratory reconstructions of concus-
sion were independently reviewed. Of the 25 reconstructed cases
of MTBI, 23 were judged to be definite cases of MTBL Physician
data forms were the source of clinical information for 18 cases of
MTBL Athletic trainer-generated information was the source of
clinical information for two cases, and independent verification
was accomplished for three cases of concussion. The physician
reviewers judged two cases with laboratory reconstructions to be
probable cases of MTBI, on the basis of a thorough review of the
clinical information available.

Detailed clinical information was available for review for 21
of 25 reconstructed cases. Memory problems (12 of 21 cases)
and cranial nerve symptoms (12 of 21 cases) were the most
common symptoms in the reconstructed MTBI cases. Dizzi-
ness was the most common nonspecific complaint (9 of 21
cases). The next most common symptoms were headaches (9
of 21 cases), abnormal immediate recall (8 of 21 cases), and
nonspecific cognition problems/complaints (8 of 21 cases). A
number of less common symptoms were also observed, and
most players exhibited multiple symptoms.

]

DISCUSSION

A striking observation from this study is that concussion in
NFL football involves an average impact velocity of 9.3 m/s
{20.8 miles/h), head velocity change of 7.2 m/s (16.1 miles/h),
head acceleration of 98 g, and duration of 15 milliseconds.
These are exceptionally high velocities and accelerations and
long duration. Because the mass of the Hybrid IIl head is 4.55
kg, the average peak force acting on the head is 4.4 = 1.2 kN
(980 = 280 1b) with concussion. This is within the experimental
range for cranial fractures with short-duration impacts by
rigid structures (1). The helmet shell and padding are func-
tioning well in distributing the load and lowering the risks for
more serious brain injuries and cranial fractures with impacts
in NFL games.

The NFL concussion data are plotted in Figure 4, demon-
strating the relationship of those data to the existing body of
biomechanical data on human tolerance to head impacts. The
NFL data are unique and represent new scientific information
on human tolerance. Automotive crashes typically involve
impact durations of less than 6 milliseconds for head impacts
with vehicle rails, pillars, and structures. Head impacts into
airbags with seat belt restraints have durations of more than
40 milliseconds. The NFL results establish new information on
tolerances in the 15-millisecond range, where there has been a
virtual absence of scientific data on human tolerance. Histor-
ically, the acceleration tolerance for 15-millisecond head im-
pacts has been estimated to be 42 to 80 g, on the basis of
extrapolations from studies with military volunteers. The NFL
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TABLE 4. Injury risk functions and statistical fits from reconstruction of helmet impacts in professional football®

HIC Sl Translational Rotational Velocity Rotational
acceleration acceleration change velocity
i
Striking and struck players
o 2.7335 2.7366 4.8971 4.9391 7.2886 2.0220
.
8 0.0114 0.0092 0.0606 0.0009 1.2809 0.0582
-2LLR 47.8 48.1 50.9 54 .4 41.4 72.7
R correlation 0.75 0.75 0.72 0.68 0.80 0.38
P value 0.0002 0.0002 0.0001 0.0001 0.0001 0.0220
Struck players only
a 1.5861 1.4094 2.9223 2.3441 4.8341 0.0868
B 0.0146 0.0109 0.0559 0.0007 1.0568 0.0501
~2LLR 19.2 19.8 21.9 238 21.7 28.6
R correfation 0.70 0.68 0.62 0.56 0.63 0.31
P value 0.054 0.052 0.025 0.031 0.037 0.210
2 HIC, head injury criterion; Si, severity index; LLR, log-likelihood ratio.
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FIGURE 7. Head translational (A) and rotational (B} accelerations (aver-
age [Avg] * standard deviation [sd]) for concussed and nonconcussed

reconstruction data suggest a value of 70 to 75 g for concussion
in padded impacts, which is at the high end of the earlier
tolerance ranges but is consistent with the Wayne State Uni-
versity concussion tolerance curve (21).

NEUROSURGERY

struck players and striking players, as determined from reconstructed
game tmpacts.

MTBIs involve translational and rotational head accelera-
tions. The two accelerations are inextricably coupled by the
vector of impact, head-neck anatomic features, and musculo-
skeletal structures. Although concussion exhibited the stron-
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velocity change (Delta V) (A) and peak rotational acceleration and rota-
tional velocity (B) for helmet tmpacts with concussion (@) and without
concussion (O} of struck players and without concussion of striking play-
ers (55). AlS, Abbreviated Injury Scale.

gest correlation with translational acceleration, there is a
strong possibility of significant effects of rotational accelera-
tion on injury occurrence. This study cannot determine the
underlying cause of concussion, except to demonstrate the
stronger correlation of MTBIs with translational acceleration.

There has been much speculation that head injuries and
concussion are related to rotational acceleration of the head.
The helmet impacts demonstrated a strong correlation of con-
cussion with translational acceleration, indicating that trans-
lational acceleration should be the primary measure for as-
sessment of the performance of helmet protection systems.
Moreover, Figure 9 demonstrates the relationship between
peak translational and rotational accelerations in the recon-
structed game impacts. These findings indicate that efforts to
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FIGURE 9. Correlation between the peak translational and rotational
accelerations in helmet impacts for concussed (@) and nonconcussed (O)
players in professional football.

reduce the peak translational acceleration, SI, or HIC involve
proportional reductions in the rotational responses.

A conclusion of these studies is that the current NOCSAE SI
and the more widely accepted HIC are adequate perforimance
measures for helmet standards and that the added complexity
of measuring rotational acceleration may not be needed for the
first implementation of improved or supplemental NOCSAE
helmet standards. However, measurement of rotational accel-
eration is encouraged for experimental research on concussion
and helmet development, until there is a better understanding
of the underlying biomechanical causes of concussion.

Ommaya (33) and Goldsmith and Ommaya (11) proposed

concussion tolerance criteria based on peak rotational acceler-

ation and head velocity. The criteria are demonstrated in
Figure 8B. Although Ommaya indicated that the criteria were
“highly speculative,” on the basis of scaled primate data, the
criteria are widely reported. The NFL data demonstrate toler-
able exposures well beyond the proposed limits. The 4500
radians/s* limit is for Abbreviated Injury Scale 5 brain inju-
ries, whereas the NFL exposures demonstrate both concussed
and nonconcussed players above the proposed life-
threatening injury limit. NFL impacts typically exceed 7000
radians/s? for concussion. Pincemaille et al. (38) demonstrated
tolerable impacts with rotational acceleration of 13,600
radians /s and velocity of 48 radians/s among volunteer box-
ers. The NFL helmet impacts do not approach the level of
13,600 radians/s”. They also do not approach the level of
16,000 radians/s” proposed by Margulies et al. (22) for severe
diffuse axonal injury, although even that level seems conser-
vative on the basis of the NFL concussion data.
Experimental animal models used to study head injuries
typically involve much lower velocities and higher accelera-
tions than those experienced by the helmeted players in pro-
fessional football (20). It is important that the average biome-
chanics of the head be replicated in animal models used to
study brain injuries and treatments for concussion. Some tests
have demonstrated that brain tissue injury depends on the
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strain rate and the product of strain and strain rate (43). This
indicates the importance of high impact velocities and large
velocity changes for the neurophysiological effects of concus-
sion. New experimental models are needed to investigate
MTBI brain responses, treatment, and prevention. Such mod-
els should simulate the scaled responses for concussion in
NFL football, which involve high impact velocities, large head
velocity changes, high acceleration, and long duration, with-
out cranial fractures.

Finally, new helmet designs and tests are needed to im-
prove the protection of players against concussion. Because it
has been proposed that human tolerance is lower after re-
peated concussions, vulnerable players might want to seek out
helmets with the greatest protection. Furthermore, game rules
must be strictly enforced for targeted head impacts of unsus-
pecting players, to reduce the number of injuries occurring on
the field. The use of publicized fines for obvious cases is
another way to increase attention on NFL adherence to the
rules.

There are some limitations of this study. For the reconstructed
cases, there were clear views of the head impact in various
sequences from the game video and a firm diagnosis of concus-
sion. This diagnosis was established after play and was verified
with follow-up medical testing and treatment of the player. Ev-
ery effort was made to ensure proper identification of the play,
player, and injury. However, concussion Cases 148 and 162 in-
volved unusually low-severity blows to the head. Each step in
the analysis was checked for those cases, and each was deter-
mined to accurately depict the impact.

Every effort was made to ensure accuracy in determining
the impact velocity and head kinematics from the various
video views and in reconstructing game impacts with hel-
meted Hybrid Il dummies. However, the helmet coupling to
the Hybrid III head is a factor. In the testing, the vinyl skin of
the head was covered with a nylon stocking, to ensure some
sliding between the helmet liner and the head. The motion
sequences of the laboratory simulations and the actual game
impacts indicated that close agreement was achieved, but
there are many factors in the game situations that cannot be
replicated with laboratory tests using crash dummies.

For example, the Hybrid III mid-sized male dummy was
used. This dummy is lighter than the typical NFL player. Also,
the facemask impacts involved the chin strap as a load path to
the head. In the laboratory tests, there was evidence of strain
in the adjustment buckles, but the dummy has a fixed jaw.
There may be compliance differences between a player wear-
ing a mouthguard and the duminy. However, these effects are
considered to be second-order influences on the head
responses.

With the careful validation of each step in the methods used
(32), there is assurance of accurate replication of the biome-
chanijcal responses associated with concussion in NFL football.
These results provide a basis for new helimet evaluation meth-
ods, new helmet designs, and future approaches for prevent-
ing concussions in football. Another limitation of the study is
that only a minority of the total number of concussions that
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occurred during the study years were analyzed with video
analyses and laboratory reconstructions. However, the data
provide a statistically relevant understanding of the circum-

stances associated with concussion in the NFL.
i
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COMMENTS

his research effort represents the most sophisticated attempt

at analysis of the mechanisms involved in concussion in
professional football to date. With the support of the National
Football League (NFL} and the NFL Players Association, the
authors’ goal was to define the biomechanics of concussive im-
pacts in professional football. Through the use of game video
footage of actual cerebral concussions in NFL players, they bio-
mechanically evaluated the three-dimensional impact velocities,
orientation, and helmet kinematics and then took the additional
step of reconstructing the game impact in the laboratory with
crash dummies. By use of cinematographic analysis, the speed,
direction, and velocity at which the players were moving relative
to each other before colliding were determined. Of 382 cases
studied, only 31 were available for complete analysis and labo-
ratory reconstruction.

Some of the observations are not surprising. Sixty-one per-
cent of the concussions occurred from helmet-to-helmet im-
pact, 16% from ground impact, and 16% from shoulder pads
or arms. An observation not previously reported, however, is
that the primary cause of concussion involved translational
head acceleration forces from helmet impact to the facemask at
an oblique to lateral angle. Current National Operating Com-
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mittee on Standards for Athletic Equipment (NOCSAE) stan-
dards for evaluating football helmets, however, measure pri-
marily impacts to the periphery and crown of the helmet. Also
of interest is the calculation that a concussion in NFL football
involves an average impact velocity of 20.8 miles per hour
(mph), a change in head velocity of 16.1 mph, and 98 g head
acceleration of 15-millisecond duration. With these exception-
ally high parameters, it is apparent that the existing helmet,
shell, and padding are effective in the distribution of load and
obviate more serious brain and cranial injuries. Another im-
portant contribution is the new scientific information the au-
thors gleaned on human tolerance. The data accumulated by
Gurdjian et al. (1) in the 1960s with regard to head impacts in
cadavers and the work of Ommaya (2) on the biomechanics of
head injury, as well as others, are significantly extended by the
data accumulated in this study.

Although this study was limited to professional football
players, the data certainly may be extrapolated to the more
than 1.3 million students who participate annually in high
school and college football in the United States. The call for
new helmet designs to further improve the protection of play-
ers, now based on sound biomechanical data, is extremely
important. Efforts have already been made by one major hel-
met manufacturer to redesign the helmet to diminish direct
impact to the facemask and subsequent translational forces.
Evaluation of the effectiveness of this endeavor is currently
under way. Perhaps of greatest importance is the fact that the
NFL and the NFL Players Association fully appreciate the
impact of concussion not only on the sport but on the players
themselves and have committed major resources to study the
problem and limit the serious consequences of traumatic brain
injury that, at times, is not “minimal.” The authors and the
engineers involved have provided a sophisticated analysis
and presentation.

Joseph C. Maroon
Mark R. Lovell
Michael W. Collins
Pittsburgh, Pennsylvania

1. Gurdjian ES, Lissner HR, Evans FG, Patrick LM, Hardy WG: Intracranial
pressure and acceleration accompanying head impacts in human cadavers.
Surg Gynecol Obstet 113:185-190, 1961.

2. Ommaya AK: Biomechanics of head injury: Experimental aspects, in Nahum
AM, Melvin J (eds): The Biomechanics of Trauwma. East Norwalk, Prentice-Hall,
1985, pp 245-270.

U sing both game video analysis and reconstruction of con-
cussive events in a biomechanical laboratory with crash
test dummies, Pellman et al. provide a unique and highly
detailed look at the biomechanics of concussion in profes-
sional football players. As the authors show, concussive im-
pacts occurred with an average impact velocity of 21 mph and
head acceleration of 16 mph and correlated most strongly with
translational acceleration. Also important was the finding that
the majority of concussions occurred from strikes on the hel-
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met facemask or on the side or back of the helmet, whereas
strikes to nonconcussed players made impact on the front
crown of the helmet. It may be hoped that this detailed as-
sessment of concussion in NFL players and the ongoing efforts
of the NFL Mild Traumatic Brain/Injury Committee will lead
to helmet design modifications and rule changes that further
reduce the frequency and severity of these debilitating high-
velocity injuries. ¢

¥ Daniel F. Kelly
Los Angeles, California

Although sports-related brain injuries frequently take place in
very public arenas, their low rate of occurrence during a
given game makes it difficult to study them in a scientific man-
ner. Moreover, the emphasis during games is, quite understand-
ably, on competition and on winning. Conducting randomized,
prospective, double-blind studies is not practical in such a
setting.

This fascinating report takes advantage of the fact that trau-
matic brain injuries sustained during professional football games
are usually captured by video cameras located at different posi-
tions around the field. Cinematographic analysis of the same
event filmed from different vantage points allowed the authors
to calculate such parameters as head velocity at impact and
rotational and translational head acceleration. Impacts that re-
sulted in a mild traumatic brain injury were compared with other
significant head impacts that did not produce brain injury. A
subset of these events was reconstructed in a laboratory that used
crash test dummies equipped with helmets containing multiple
accelerometers. The authors found that concussion sustained
during professional football games is characterized by head im-
pact of relatively high duration, velocity, and acceleration. A
significantly more rapid change in head velocity during impact
was seen in concussed players as opposed to uninjured players,
and peak head acceleration was also significantly higher in con-
cussed players. Concussion was related primarily to translational
acceleration, especially from impacts to the facemask, side, and
back of the helmet.

Although it is reassuring that the authors’ results fall within
the same broad ranges as biomechanical data reported in other
studies, some important discrepancies between this and pre-
vious work are of interest. For example, the strong association
of concussion with translational head acceleration but not
with rotational head acceleration is surprising. It would be
interesting to establish whether other investigators can pro-
vide independent corroboration of these results. Alternatively,
an inability to demonstrate a relationship between concussion
and rotational acceleration may be attributable to limitations
of the authors” methodology, some of which they discuss in
detail in this article.

Pellman et al. have provided data that may offer improved
helmet design for American football players, and they contrib-
ute interesting information to the existing body of knowledge
about the biomechanics of concussion. Perhaps this method-
ology could be expanded to increase the safety of a great many
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other athletic and recreational pursuits in which the partici-
pant is subjected to an increased risk of brain injury.

Alex B. Valadka
Houston, Texas

his is the first of several articles to be published in Neurosur-

gery regarding the epidemiology and biomechanics of con-
cussion during the period 1996 to 2001 in NFL games. Pellman
and his colleagues have provided a unique prospective study of
concussion in our most popular televised professional sport.

Although this article addresses only 31 of 787 game-related
concussions because of the requirements of two camera angles
and yard markers so as to calculate collision speeds and
forces, subsequent articles confirm that players at highest risk,
i.e., quarterbacks, wide receivers, and defensive backs, are not
unique to this open-field study.

Furthermore, although this article presents the most exten-
sive study to date on the biomechanics of athletic concussion
in football, the earpieces of race car drivers” helmets are now
custom-fitted with accelerometers that are providing real-time
acceleration forces imparted to the head as opposed to calcu-
lated forces imparted to the helmet. It is expected that data
from the use of such earpiece accelerometers in football and
other collision sports, such as boxing, ice hockey, and lacrosse,
will soon become available. Again, I highly recomumend this
article and commend both Pellman and his collaborators for
this exciting, innovative, unique study and the NFL for fund-
ing this research on a topic very critical to its athletes.

Robert C. Cantu
Concord, Massachusetts

he NFL Mild Traumatic Brain Injury Committee and the

authors have performed a novel and important work. In 31
instances of on-field concussions, reconstruction of the impacts
and forces involved could be determined from analysis of mul-
tiple game videotapes. Subsequent reconstruction in laboratory
experiments allowed correlation between the findings on the
game tapes and application in a test dummy model.

Although Schneider, Torg, and a few others have previously
analyzed game films or videotapes for information concerning
the mechanism of action of head and spinal injuries in football,
none of these reports have provided the degree of detail with
regard to the various viewing angles, allowing determination of
velocity and directional vectors. In addition, a laboratory recon-
struction with numerous data points is unprecedented in such a
study of neurclogical injury. This study documents not only the
changes in head velocity in concussed players but also the fact
that concussion was most often related to translational head
acceleration occurring at an oblique to lateral angle on the face-
mask or the side of the helmet or to falls on the back of the
helmet. Although the authors acknowledge that the test manne-
quin method may have certain shortcomings—data collection
was performed by use of accelerometers; the torso alone may not
be representative of the entire weight and inertia of a moving
human body; and the broadcast video may not accurately depict
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the entire data set involved in a complex collision—this work
nevertheless represents our most detailed information to date.

A limitation of this study is that only a minority of the overall
number of concussions during the study period were analyzed by
this method, thus introducing a péssible selection bias, which the
authors admit and, we may hope, have mitigated by choesing a
representative sample of concussed players. Further study should
focus on correlating the clinical picture and experience of these
players with the biomechanical aspects of these injuries. This re-
search adds a great deal of new information regarding the velocity
and acceleration forces in athletic mild traumatic head injury, hu-
man tolerance, and measures of future performance standards for
helmet protection systems. It also reinforces the need for rules en-
forcement on the field by officials to limit or protect the unaware
player against a targeted head collision. We eagerly await further
study from this research group concerning their findings with sub-
sequent analysis of their data and game material.

Julian E. Bailes
Morgantown, West Virginia

his article represents an important addition to the litera-

ture regarding closed-head trauma and concussive injury.
It has been appropriately submitted to a neurosurgical peer
audience for review. From the early work initiated by NOC-
SAE at Wayne State University to the subsequent integral
contributions by Hodgson (1, 2), the establishment of quanti-
tative analysis of headgear has resulted in significant reduc-
tions of head injuries to athletes participating in “America’s
sport.” This is even more important given the potential that
both single and repeated concussive injuries may be associ-
ated with permanent compromise (3).

The contribution of variants of linear, ahgular, and rota-
tional acceleration as opposed to velocity in head injury can-
not be overstated. The integration of novel models to supplant
those initially devised by NOCSAE must occur so as to pro-
mote safety through a more complete understanding of the
biophysics of football-related head injury.

I am not certain that the actual correlation of videotapes
documenting the injury and the extent of injury is of signifi-
cance. In my previous experience while associated with the
football program at the University of Southern California,
such video is interesting when one tries to make such corre-
lations, yet it does not contribute to management in the short
term. In addition, an important corollary of preventing such
injuries must flow to participants at all levels of play, most of
whom are not under the scrutiny of videotape.

Michael L. Levy
San Diego, California

1. Hadgson VR: National Operating Commitiee on Standards for Athletic Equipment
football helmet certification program. Med Sci Sports 7:225-232, 1975.

2. Hodgson VR: Reducing Serious Injury in Sports. Interscholastic Athletic Asso-
ciation, 1980, vol 17, no. 2.

3. Jane JA, Steward O, Gennarelli T: Axonal degeneration induced by experi-
mental noninvasive minor head injury. ] Neurosurg 62:96-100, 1985,
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(NFL) formed a Committee on Mild Traumatic Brain Inju-

ries (MTBI) in response to safety concerns regarding con-
cussion in professional football (9). After a number of years of
multifaceted research on concussion biomechanics, injury ep-
idemiology, neuropsychological testing, brain response mod-
eling, and treatment, the Committee has started publishing its
scientific findings.

The first published study involved the initial findings on
concussion biomechanics in professional football (10). It ana-
lyzed game video of concussion and severe head impacts and
selectively reconstructed impacts with Hybrid III dummies to
measure head accelerations with concussion. The work
showed a considerable severity of concussion impacts in NFL
football, with an average 9.3-m/s (20.8-mph) impact velocity,
7.2-m/s (16.1-mph) change in head velocity (head AV), 98 g
head acceleration, and 15-ms duration. The peak force of
concussion averaged 4.4 * 1.2 kN (980 % 280 Ib) on the head.

The findings of the first study are extended by further
analysis of the laboratory reconstruction data and the video
database of severe helmet impacts in NFL games from 1996 to
2001. The game video showed impact locations on the helmet,
which were classified by dividing the helmet into four quad-
rants from a top view. Data from left-side impacts were re-
flected to the right side of the helmet for analysis. This used
45-degree quadrant angles from the front (0 degrees eyes
forward) to the rear (180 degrees). From the side, the helmet
was divided into four equal levels above and three below the
head center of gravity (CG).

The purpose of classifying the initial helmet contacts was to
determine whether impact clusters could be defined for the
most typical conditions causing concussion. This would allow
the determination of average responses for the most important
clusters and refine the understanding of typical conditions
causing concussion in NFL players. By adding biomechanical
response data, the picture of helmet impacts would be further
clarified.

The aim of this work was to define conditions representing
the majority of concussion in professional football so that
current helmet performance can be assessed and efforts taken
to reduce risks of concussion in game impacts. This would
motivate improvements in helmet performance for the critical
impact conditions, help the National Operating Committee on
Standards for Athletic Equipment (NOCSAE) establish new
standards to evaluate helmets, and improve the safety of
professional football players and others.

| n 1994, the Commissioner of the National Football League

MATERIALS AND METHODS

Overall Process

An earlier article (10) defined the research methods for
obtaining and evaluating game video of concussion with hel-
met impacts in professional football. Briefly, network tape was
obtained of games from 1996 to 2001 that included impacts
causing concussion and other severe impacts. In all, 182 cases
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were available for analysis of the location of initial helmet
contact. The helmet was divided into the facemask region and
the helmet shell. The striking object was classified as the
ground or another player’s helmet; shoulder or arm; leg, knee,
or hip; or torso. '

Biokinetics and Associates, Ltd., reconstructed the impact
speed for 31 cases using at least two clear video views of the
collision. Laboratory tests were then set up to reconstruct or
reenact the game impacts with crash dumimies and measure
head responses. The reconstructions emphasized helmet-to-
helmet and helmet-to-ground impacts, because the video of
other impacts proved to be more obscured from clear view.

~Video Analysis

A cinematographic analysis method was developed to de-
termine the actual speed at which the players were moving
before colliding (5, 6). It computed the two-dimensional ve-
locity in the plane of one camera and combined it with the
two-dimensional component from another camera view to
yield the relative velocity vector. An error analysis of the
method found a worst-case inaccuracy of 15% in determining
impact velocity (7). Because the nominal error was much less
and efforts were taken to reduce or eliminate the worst-case
conditions, the method was considered satisfactory.

In this study, the location of initial head contact was cate-
gorized. Figure 1 shows the top and side views of the helmet.
With eyes forward being the 0-degree reference, four quad-
rants from front to back of the helmet were defined, with
left-side impacts reflected to the right side. The categories
included 0 to 45, 45 to 90, 90 to 135, and 135 to 180 degrees.
From a side view, the helmet was divided into seven equal
levels. There were four levels above the head CG, +Q1 to
+Q4, with each being one-quarter the distance from the head
CG to the top of helmet. There were three equal levels below
the head CG, —Q1 to —Q3.

Helmet contact of the struck player was categorized by
impact quadrant and level for helmet contacts. The source of
contact by quadrant included ground impacts and strikes by
another player's helmet; shoulder pads or arm; or knee, hip, or
leg. A second analysis tabulated the impact level on the helmet
to determine clusters with the greatest number of severe im-
pacts grouped by quadrant and level. Similar definitions were
used for the striking players. The head CG is 20 mm (0.79 inch)
above the center of the ears, or just above the eyes. The initial
location of the helmet impact was classified for each struck
player. Eight cases were indeterminate, leaving 174 cases for
this analysis. Although there was an attempt to include video
analysis of all positions involving severe head impact, the
available video coverage emphasizes plays around the ball
and key skill positions of quarterback, ball carrier, receivers,
and secondary. There is less clear video coverage of linemen,
which introduces some selection bias. However, the speed of
impacts is greatest in open-field tackling and blocking, where
the more severe impacts often occur and video coverage is
good.
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FIGURE 1. Chart showing quadrants of impact from the top view and
levels from the side of the helmet used to categorize NFL impacts from
video analysis. Also shown are the results of impact Condifion A with
nine front-quadrant impacts on the facemask, with the average and *1 5D
in orientation and direction of maximum head acceleration of the struck

player.

Laboratory Reconstruction Techniques

Reconstruction of game impacts typically involved two Hy-
brid III anthropometric test devices (crash test dummies). The
techniques and error analysis for these methods have been
published (7, 10). Briefly, the helmeted head and neck of a
dummy were guided in free fall from a height sufficient to
match the velocity determined from video analysis of the
game impact. Another helmeted dummy was _freely sus-
pended to simulate the striking player, or ground from the
injury site was used.

Two high-speed videos recorded head kinematics in the
reconstruction. The cameras were positioned identically to the
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views from the game video to allow a one-to-one comparison.
This allowed a fine tuning of the impact orientation and
alignment between the laboratory kinematics and game situ-
ation. Bach Hybrid III head was equipped with standard
triaxial accelerometers to record the translational acceleration
of the head CG. Nine additional linear accelerometers were set
up in the so-called “3-2-2-2 configuration” (8) in the dummy
head to determine three-dimensional rotational acceleration
using a correction for centripetal and Coriolis accelerations (1).

For analysis and clustering, all impacts were reflected to the
right side of the helmet to determine average and *+1 standard
deviation (SD) in responses. Impacts in each quadrant were
averaged as a function of time using a 2 g trigger to establish.
time zero for each test. Thirty-one cases were reconstructed in
laboratory tests with helmeted Hybrid III dummies. Head
translational and rotational accelerations were averaged, and
+1 standard deviation was computed, for the four quadrants
(0-45, 45-90, 90-135, and 135-180 degrees) involving con-
cussed and nonconcussed players.

The average vector of maximum head acceleration (impact
force) was also determined for each quadrant of helmet impact
for the concussed and nonconcussed players. This is a three-
dimensional vector with components angled from front to
back and top to bottom of the helmet. This vector defines the
peak head response, impact force, and neck loading. The
information completes the definition of impacts associated
with concussion in NFL games according to the quadrants
from facemask to back of the helmet and impact speed, head
AV, and acceleration response. Preliminary analysis of the
data showed this to be the most representative way to cluster
the impacts for future standards and testing of helmets.

Biomechanical Responses and Injury Risk Functions

The primary response of the head is the resultant transla-
tional acceleration of the head CG. Integration of the resultant
acceleration gave the AV, NOCSAE (4) uses the Severity Index
(SI) to determine safety performance. It is calculated as
follows:

;
Sl = j a()*dt (1)

where a(f) is the resultant translational acceleration at the head
CG, and T is the duration of the acceleration pulse (2). The
National Highway Traffic Safety Administration uses a vari-
ation of Sl to assess head safety in car crashes. The head injury
criterion (HIC) has been in effect since 1975 and is determined
as follows:

HIC = {(t, - t)[ j za(f)dt/m = 1)1 e (2)

i

where t; and t, are determined to give the maximum value to
the HIC function, and a(t) is the resultant translational accel-
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eration of the head CG. In practice, a maximum limit of T = £,
— t; = 15 ms is used.

The second type of head biomechanical response is rota-
tional acceleration and velocity, which may be a factor in head
injury and concussion. These responses are calculated about
the head CG.

Clinical Aspects of MTBI

The previous article (10) discussed the verification of con-
cussion for the reconstructed cases from NFL games. In this
study, the signs and symptoms of the concussed players were
grouped into five categories, including general symptoms,
cranial nerve symptoms, memory problems, cognition prob-
lems, and somatic complaints. All of the commonly accepted
symptoms and signs of cerebral concussion were included.
These were somewhat arbitrarily divided into the above five
categories to assist in data analysis and presentation. No sen-
sory or motor abnormalities were reported in any player. The
only cerebellar abnormality reported was nystagmus in a few
cases, The 33 possible recorded symptoms were evaluated by
impact type to determine injury patterns.

Statistical Analyses

The significance of differences in responses for players
struck and concussed was determined from those not injured
and from the striking players by use of the standard t test
assuming unequal variance and a single-sided tail distribu-
tion. The t test was performed with the standard analysis
package in Excel (Microsoft, Seattle, WA). The proportion of
symptoms was calculated with standard deviations to com-
pare differences by impact orientation.

LocaTioN AND DirecTiON OF HELMET IMPACTS

RESULTS

Analysis of NFL Game Impacts

Table 1 shows the 182 cases of’severe helmet impact in NFL
games. In 8 cases, the impact was indeterminate, leaving 174
cases for analysis. Twenty-nine percent (51 of 174) of the
impacts involved loading of the facemask, with the remainder
on the helmet shell. All facemask impacts fell into the front
two quadrants, with 67% (34 of 51) in 0 to 45 degrees. For
impacts of the helmet shell, 22% (27 of 123) involved the
ground, with the remainder the other player’s helmet (50%);
shoulder pad or arm (20%); or hip, knee, or leg (7%). In the
total sample, 61% (107 of 174) of the impacts involved the
other player’s helmet.

Table 2 shows the impacts by quadrant and level on the
struck player’s helmet. Of the facemask impacts, 76% (39 of 51)
were to levels —Q1 to —Q3, which are below the head CG. In
contrast, 79% (49 of 62) of impacts by a helmet and 89% (54 of
61) of impacts by other body regions or ground involved
loading of the shell at levels +Q2 to +Q4, above the head CG.
This indicates an upward shift in impact height from the
facerask to the rear of the helmet. Table 3 shows the impacts
by quadrant and level for the striking player’s helmet. There
were 107 impacts involving the helmet of the striking player:
57% (61 of 107) involved the +Q4 and 21% (23 of 107) the +Q3
levels, the top portions of the helmet; 48% (51 of 107) of the
strikes involved the 0- to 45-degree and 30% (32 of 107) the 45-
to 90-degree quadrants.

On the basis of the video analysis and clustering, the ma-
jority of helmet impacts to the struck player in NFL games
involved four conditions (quadrants). These were defined as

TABLE 1. Number of facemask or helmet impacts by quadrant and striking object for 182 cases of significant head impact and
concussion in National Football League games
Impacted by:
Struck players - Total
Helmet Ground Shoulder, arm Hip, knee, leg Torso
Facemask impacts
0-45 degrees 31 0 2 0 1 34
45-90 degrees 14 1 1 1 0 17
Subtotal 45 1 3 1 1 51
Helmet shell impacts
0-45 degrees 8 1 4 0 2 15
45-90 degrees 23 4 7 4 0 38
90-135 degrees 22 4 7 1 0 34
135-180 degrees 9 18 6 3 0 36
Subtotal 62 27 24 8 2 123
Total 107 28 27 9 3 174
Indeterminate 8
Total 182
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TABLE 2. Number of facemask or helmet impacts by quadrant and
level of initial contact of the struck player in National Football
League games

Impact height

Struck players Total
~Q3 ~Q2 -Q1 +Q1 +Q2 +Q3 +Q4
Facemask impacts
By helmet
0-45 degrees 14 2 10 2 3 0 0 31
45-90 degrees 0 4 4 6 0 0 14
Subtotal 14 6 14 8 3 3} 0 45
By other
0-45 degrees 2 1 0 0 0 0 0 3
45-90 degrees 0 1 1 1 0 0 0 3
Subtotal 2 2 1 1 0 0 0 6
Helmet shell impacts
By helmet
0-45 degrees 0 0 0 0 3 5 0 .8
45-90 degrees 2 1 0 0 6 12 223
90~135 degrees 0 i 2 4 6 3 6 22
135-180 degrees 0 1 0 2 4 1 1 9
Subtotal 2 3 2 6 19 21 9 62
By other
0-45 degrees Q 1 4y 0 1 3 2 7
45-90 degrees 0 0 0 0 2 10 3 15
90-135 degrees 0 0 0 0 7 2 3 12
135-180 degrees 0 0 0 6 15 3 3 27
Subtotal 0 1 0 6 25 18 11 61
Total 18 12 1721 47 39 20 174
Indeterminate 8
Total 182

Conditions A to D, based on the initial quadrant of helmet
contact. The nominal range in impact level {or height) was as
follows: A, 0- to 45-degree quadrant, —Q3 to —QI level on
facemask and +Q2 to +Q3 on helmet shell; B, 45- to 90-degree
quadrant, —Q2 to +Q1 level on facemask and +Q2 to +Q3 on

TABLE 3. Number of facemask ar helmet impacts by quadrant and
level of initial contact by 107 striking players in National Football
League games

impact height

Striking players Tolal
-Q3 ~Q2 —-Q1 +Q1 +Q2 +Q3 +Q4

Facemask impacts

0-45 degrees 0 0 0 1 5 4 14 24
45-90 degrees 0 -0 0 0 0 1 8
90-135 degrees 0 0 0 1 1 0 4 6
135-180 degrees O 0 0 1 (VI 7
Subtotal 0 0 "0 3 7 5 30 45
Helmet shell impacts
0-45 degrees 1 0 1 1 3 16 27
45-90 degrees 0 2 0 3 0o 12 24
90-135 degrees 0 1 0 1 0 1 3 6
135-180 degrees 0 0 0 0 0 0 5 5
Subtotal 1 3 1 5 3 18 31 62
Total 1 3 1 8 10 23 61 107

helmet shell; C, 90- to 135-degree quadrant, +Q1 to +Q4
levels; and D, 135- to 180-degree quadrant, +Q1 to +Q4 levels.
There were two conditions, E and F, defining the quadrant
and level of impact by striking players: E, 0- to 45-degree
quadrant, +Q2 to +Q4 levels; and F, 45- to 90-degree quad-
rant, +Q3 to +Q4 levels.

Laboratory Reconstruction of Game Impacts

There were 31 impacts reconstructed by laboratory testing
with Hybrid Il dummdes; 25 cases involved concussion. Table
4 shows the type of concussion cases reconstructed. They were
limited to helmet or ground impacts, with a higher proportion
of facemask impacts than occurred in the overall video sam-
ple. They represented 78% (135 of 174) of the video analysis
cases.

Table 5 summarizes the average and =1 5D responses from the
laboratory reconstruction of game impacts by impact Conditions

TABLE 4. Type of reconstructed cases of concussion in professional football
tmpacted by:
Struck players Total
Helmet Ground Shoulder, arm Hip, knee, leg Torso
Facemask impacts
0-45 degrees 8 0 0 0 8
45-90 degrees 6 0 0 0 0 6
Helmet shell impacts
0-45 degrees 1 0 0 0 0 1
45-90 degrees 4 0 0 0 0 4
90-135 degrees 3 1 0 0 0 4
135-180 degrees 0 2 Q [\ ¢ 2
Total 22 3 0 0 0 25
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TABLE 5. Peak biomechanical responses from reconstruction of 31 helmet impacts involving 25 cases of cencussion®

Translational acceleration Rotational Resultant divection Helmet contact
Veloci AV
Case (m/s)ty (mss) Uinear Linear Linear Resultant 5! HIC  accel  velocity Fr;))nt to yp + .4 Side view
x(@® y@@ z( g (rad/s?) (r/s) (d:gc)‘;‘: down (deg) Top view median®
25 Concussed struck players
A Condition 36% ¢
Average 9.8 6.6 ~50.9 53.9 -73 78.5 311 257 6120 357 48.8 —5.4 R 0-45 -Qtto +Q2
5D 1.8 1.6 25.6 15.7 7.0 18.1 154 129 1964 194 18.0 5.2
B Condition 40%
Average 9.6 7.6 ~-27.6 1001 -10.7 107.6 558 431 6730 389 726 ~6.1 R 45-90 ~Q1to +Q3
S0 1.7 1.9 19.6 27.8 14.7 26.1 260 188 1854 12.2 12.1 8.0
C Condition 16%
Average 9.2 7.2 8.2 1013 -2538 106.8 489 401 7173 28.2 96.5 -12.4 R 90-135 +Q1t0+Q3
SO 2.0 2.4 93 32.3 22.5 32.7 276 23 1656 12.5 8.8 1.7
D Condition 8%
Average 6.1 8.4 96.1 413 -524 117.1 757 644 4870 232 156.7 —26.7 R 135180 +Q21t0+Q3
S0 0.2 0.1 8.6 1.1 4.0 5.7 154 122 202 10.1 13 36
6 Nonconcussed struck players
A Condition
Average 8.6 5.1 -33.9 44.6 0.7 57.5 150 123 4446 35.2 53.4 4.5 RO-45 -1
5D 1.8 Q.5 13.0 5.2 8.2 4.1 12 8 1059 9.8 13.6 7.9
C Condition
Average 5.5 4.8 11.8 55.8 ~1.4 61.9 158 118 4023 17.4 117.0 -6.9 R90-135
SD 2.5 1.7 19.4 42.6 8.0 37.3 129 101 2472 9.8 37.5 14.2
27 Nonconcussed striking players
£ Condition 59%
Average 8.9 3.7 -27.9 23.6 -209 48.3 112 S0 3470 22.8 35.5 ~27.4 RO~-45 +Q2 to +Q4
SD 2.0 1.1 234 163 16.2 21.8 123 104 1113 7.6 22.4 18.4
£ Condition 30%
Average 10.2 4.4 -1.9 109 235 70.4 211 1637 4629 296 57.6 —22.3 R 45-90 +Q3 o +Q4
SD 1.2 1.6 34.7 61.7 17.7 20.8 117 96 1651 12.7 288 21.7
Other conditions 11%
Average 9.2 4.4 11.7 327 =375 60.1 154 122 4992 34.4 102.0 —40.4 R 90-180 +Q3 to +Q4
SD 2.1 1.0 315 18.5 13.0 0.6 52 45 1199 8.3 51.3 18.1

2 S1, severity index; HIC, head injury criterion; SO, standard deviation.
5 The average was determined from the absolute value of the y acceleration.
 The vector is adjusted ta the cight side of the helmet for analysis of averages.

€ This shows the typical levels of the impacts evaluated.

9 The impacts are reflected to the right side for analysis but occurred on both sides of the helmet.

A to F. The components of the peak resultant translational accel-
eration are given, and the full data are given in the Appendix
(Tables A1 and A2). Twenty-five struck players experienced con-
cussion, and 6 were struck hard but experienced no injury. The
biomechanical responses from the striking players are also
shown. None of the 27 striking players were concussed. In four
cases, the struck player fell to the turf, so there was no striking
player in the reconstruction of the helmet impacts to ground. In
all of these cases, the player flexed his neck while falling back-
ward, so the impact was high on the helmet, because the angle of
fall and shoulder pads prevented a lower level of impact.
Figure 2 shows selected peak impact and biomechanical
responses with +1 5D for struck players in Conditions A to D
and striking players in Conditions E and F and other. The

NEUROSURGERY

facemask impacts in Condition A involve the highest average
impact velocity but the lowest AV with concussion. In con-
trast, falls to the back of the helmet (Condition D) involve the
lowest impact speed but the highest AV. This is a result of the
closing velocity coming from only one player, and the AV is
increased by rebound off the ground. The lowest resultant
head acceleration with concussion occurred with the facemask
impacts and the highest with falls to the back, followed by the
side, of the helmet. Condition A was statistically lower than
other concussion conditions (f = 2.90, P < 0.005). Falls to
ground resulted in the lowest rotational accelerations and
velocities, which were statistically similar for all conditions.
For the striking players (Conditions E and F), the impact
speeds were as high as for the struck players, but the AV and
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FIGURE 2. Bar graphs showing peak impact velocity (top left), head acceleration (top right), severity index
(bottom left), and head AV (bottom right) for the four conditions of concussive impact and nonconcussive
impact, including the two conditions for the striking players. The height of each bar is the average, and the ver-

tical line shows the +1 SD.

peak resultant accelerations were lower than for concussion
cases (t = 2.85, P < 0.05). The effective mass of the striking
player is much greater than that of the struck player. The
impact level is near the top of the helmet, because the striking
player lowers his head to drive through the other player. In
these cases, the striking player aligns his head, neck, and torso
to impact the head of the other player. This gives more effec-
tive mass and energy transfer to the struck player, whose head
" and neck initially react to the loading. The rotational acceler-
ations and velocities were statistically similar to those of con-
cussed players.

The direction of maximum head acceleration (and impact
force by multiplying head mass and acceleration} was sum-
marized by the average and 1 5D for the vector from front to
back of the helmet (related to the quadrant in the top view,
with 0 degrees being eyes forward) and the angle of impact
with respect to an upward or downward angle on the neck.
Although impact Condition A involves the 0- to 45-degree
quadrant helmet contact, the orientation of the maximum head
acceleration (force on the head) is at 48.8 * 18.0 degrees. Figure
1 shows the eight concussion and one nonconcussion impacts
for Condition A and the average head acceleration vector from
the top and side view of the helmet. At peak head acceleration,
the vector is outside the initial contact in the 0- to 45-degree
quadrant. As force builds up on the facemask, the head rotates
counterclockwise in the direction of the impact vector. This
increases the lateral component of maximum acceleration and
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Struck Players

Struck Pt Striking Pi . S
ruck Flayers  Sirking Flayers  yides a further definition for

Conditions A to D based on the
quadrant and nominal level (or
height) of helmet contact and
nominal orientation of maxi-
mum head acceleration (force)
from the reconstructed cases: A, 0- to 45-degree quadrant,
—Q3 to +Q3 level, peak force 49 = 18 degrees from front and
horizontal 9.8 m/s impact velocity, 6.6 m/s AV, and 79 g; B,
45- to 90-degree quadrant, —Q2 to +Q3 level, peak force 73 *
12 degrees and horizontal 9.6 m/s impact velocity, 7.6 m/s
AV, and 108 g; C, 90- to 135-degree quadrant, +Q1 to +Q4
level, peak force 97 * 9 degrees and 12 degrees downward 9.2
m/s impact velocity, 7.2 m/s AV, and 107 g; and D, 135- to
180-degree quadrant, +Q1 to +Q4 level, peak force 157 + 1
degrees and 27 degrees downward 6.1 m/s impact velocity,
84 m/s AV, and 117 g.

There are two conditions, E and F, defining the striking
players by quadrant, level (or height), and orientation of max-
imum head acceleration: E, 0- to 45-degree quadrant, +Q2 to
+Q4 level, peak force 36 + 22 degrees and 27 degrees down-
ward 8.9 m/s impact velocity, 3.7 m/s AV, and 48 g; and F, 45-
to 90-degree quadrant, +Q3 to +Q4 level, peak force 58 * 29
degrees and 22 degrees downward 10.2 m/s impact velocity,
44 m/s AV, and 70 g.

Figure 3 shows the average and =1 SD head translational
acceleration time history for concussed players, those struck
without injury, and striking players. Figure 4 shows the rota-
tional acceleration time histories. Not all conditions are shown
because of a lack of sufficient response data. The responses
demonstrate the 15-ms duration of impact and typical levels
causing concussion, which are rather similar in response
among the concussed players, except for somewhat lower
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headache (43%), immediate recall

Non-Concussed problems (38%), retrograde am-
nesia (33%), and difficulty with

A Condition information processing (29%).

L~ There were fewer cases of neck

pain, fatigue, photophobia, and
. antegrade amnesia. There was no
== statistical difference between the
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Time (ms) ) for facemask {Condition A) and
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. impacts. One player was hospi-

talized (Patient 135) with symp-

€ Condition toms of dizziness, fatigue, neck

pain, and somatic complaints.
Two other players had 10 and 11
symptoms, respectively. One
player experienced seizure.
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DISCUSSION

The MTBI Committee is un-
aware of any study identifying
the location and direction of hel-
met impacts associated with con-
cussion in professional football.
Also, the laboratory reconstruc-
tion of game impacts provides

C Condition

unique biomechanical data on
head responses associated with
concussion. Although the 31 lab-
oratory reconstructions may
seem a small number, they con-
tain a very large amount of data
for impact biomechanics research
and represent a substantial effort
to carefully match field condi-
tions involving concussion. B
The response data are clus-
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FIGURE 3. Graphs showing average and *=1 SD in translational acceleration of the head for warious impact

conditions for concussed and nonconcussed players.

values for Condition A. The peak average response in the time
histories is lower than that of the individual impacts in Table 5
because of differences in timing of peak values.

MTB! Symptoms by Impact Condition

Table 6 shows the signs and symptoms for the 25 concussed
players, which were grouped by impact condition and category
of injury. In four cases, no detailed information was available. On
average, a concussed player exhibited 3.6 * 2.7 signs and symp-
toms, with a slightly higher number for facemask and back-of-
helmet impacts. The highest incidences were dizziness (43%),

NEUROSURGERY

tered by quadrant from front to
back of the helmet. This study
shows the importance of face-
mask impacts at an oblique an-
gle, with the majority of con-
tacts below the head CG. Players seem to be aware of a
pending impact when the closing angle is within *30 degrees
and take action to avoid significant helmet impacts. Qutside
the area of sight, the facemask impacts can be severe when the
struck player is unaware of the closing speed. The facemask
impacts involve the highest impact velocity, lowest AV, and
lowest acceleration associated with concussion.

Impacts to the facemask generally twist the head while accel-
erating it. This increases the lateral component of acceleration,
The cambination of kinematics and shifting vector of acceleration
may be a factor influencing concussion tolerance. Obviously, the
facemask, chin strap, brow, and side padding all contribute to the

Time {ms}
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1qnm (m:f B ensured over a segment of the hel-
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are high in professional football.

This study defined biomechanical

£ Condition responses for the various impact

conditions. They show a substan-
tial severity of impact speed and
head response with concussion
impacts.
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FIGURE 4. Graphs showing average and x1 5D in votational acceleration of the head for various impact condi-

tions for concussed and nonconcussed players.

head loading. They are also the means to reduce risks in this
exposure. Further study is needed on energy-absorbing designs
to reduce concussion risks with oblique facemask impacts. The
role of the chin strap and mouth guard in load transfer and
concussion risks is unknown.

Because impacts occur on the helmet shell and toward the back
two quadrants, they are primarily at levels +Q2 to +Q3, with some
at +Q4 at a downward angle compressing the neck. Falls to the
ground involve the highest AV and most severe head responses
because of rebound from the ground. Obviously, the compliance of
the turf is a factor, as well as the interaction between the helmet and
ground. It seems that higher energy absorption may be needed for
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Table 6 was an attempt to link
impact conditions with the initial
clinical signs and symptoms of
concussion. The small sample size
for each impact condition and the
extremely variable clinical nature
of MIBI makes this tenuous on the basis of the information thus far
accumulated. It would be of interest to associate certain impact
locations with specific combinations of signs and symptoms. It
would also be useful to link certain impact locations and conditions
with severity of MTBL This type of information would be useful for
future helmet design changes. Also, with reference to Table 6, the
one case of seizure is uncommon with concussion (3).

The video analysis in Table 3 reveals that striking players use the
top portion of the helmet (+Q2 to +Q4) when impacting the con-
cussed player. These impact conditions approach, and probably
include, the act of spearing. Spearing was banned in competitive
football many years ago to decrease the risk of severe cervical spine

Time (ms})
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TABLE 6. Signs and symptoms from players concussed in professional football and impacts reconstructed in laboratory tests
impact condition
4 Total %
A B8 C D

Reported cases 7 9 3 2 21 100%

No information 2 1 ] 0 ' 4

General symptoms 5 6 1 1 13 62%
Headaches 5 3 0 1 9 3%
Neck pain 1 3 0 0 4 19%
Nausea 1 1 0 0 2 10%
Syncope 0 0 1 0 1 5%
Vomiting 0 0 0 0 0 0%
Back pain ¢} 0 0 0 ol 0%
Seizures 0 1 0 0 1 5%

Cranial nerve symptoms 5 4 1 2 12 57 %
Dizziness 4 3 1 1 9 43%
Blurred vision 1 0 0 0 1 5%
Vertigo 0 1 0 0 1 5%
Photophobia 2 2 0 0 4 19%
Tinnitus 0 0 0 1 1 5%
Diplopia 0 0 0 0 0 0%
Nystagmus 0 0 0 0 0 0%
Pupil response 0 1 0 0 1 5%
Pupil size 0 0 0 0 0 0%
Hearing loss 0 0 ¢ 0 0 0%

Memory problems 4 5 1 2 12 57%
Retrograde amnesia, delayed 2 2 1 2 7 3%
Information processing 1 3 1 1 6 29%
Attention problems 0 2 0 0 2 10%
Antegrade amnesia delayed 3 0 1 0 4 19%

Cognition problems 3 3 1 1 8 38%
Immediate recall 3 3 1 1 8 38%
Not oriented to time 1 1 1 0 3 14%
Not oriented to place 0 1 0 0 1 5%
Not oriented to person 0 0 0 0 Q 0%

Somatic complaints 4 1 1 0 6 29%
Fatigue 3 1 0 0 4 19%
Anxiety 0 o 0 i 1 5%
Personality change 2 0 0 1 3 14%
Ireitability 0 0 1 0 1 5%
Sleep disturbance 1 0 0 0 1 5%
Loss of appetite 0 0 0 0 0 0%
Depression 0 0 o 0 0 0%
Loss of libido 0 0 0 0 Q 0%

No. of symptoms 30 28 8 9 75

No. of symptoms/player 4.3 3.1 2.7 4.5 3.6

injury. This raises the question of whether the rate of MTBI would
be affected by continuing to reinforce proper tackling techniques,
which emphasize the “face-up” position of the tackler.

This study has for the first time delineated the locations and
directions of helmet impacts causing most concussions in profes-

NEURGSURGERY

sional football. Together with impact speed and change in head
velocity, these results define the biomechanical factors associated
with concussion in the NFL. The results should spur improvements
in protective equipment and ultimately lead to increased safety for
all football players.
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APPENDIX
TABLE AT. Impact location and reconstruction results for the struck players?
Translational acceleration Rotational Resultant direction , Facemask Helmet contact
elocity AV
Case V(m/s)y (m/s) Linear Linear Linear Resultant 5! HIC Accel Velocity Frt(’)ntklo Up + . o
@ vy z(@ (® (rad/s?)  (r/s) (d:gc)2f down (deg) Facemask Top view Side view
25 Concussed struck players
A Condition 36% ; )
113 7.0 51 -12.8 -551 ~153 58.6 163 140 3965 12.8 77.0 -15.1 - N L0-45 +Q2
84 9.4 63 —645 -49.1 ~11.6 819 276 222 9193 80.9 37.3 -8.1 Y L 0-45 +Q2
148 6.6 51 ~285 -384 -2.8 47.9 117 99 3476 239 53.4 ~3.4 Y L 0-45 +Q1
157 10.8 8.1 —634 784 -18.8 1026 545 472 6750 33.5 51.0 ~10.6 Y R0O-45 +Q1
69 10.3 50 -362 48.6 —2.7 60.7 177 153 4381 19.9 533 -2.5 Y R0-45 —Q1
118 10.7 96 =-93.6 365 -50 1006 492 378 7017 42.9 21.3 -2.8 Y R 0~45 -=Q1
124 11.4 7.5 =728 354 -9.6 81.5 380 282 7138 34.8 259 —-6.7 Y R 0-45 -Q1
181 7 7.1 —-650 659 -5.6 92.8 423 382 8011 36.5 45.4 ~3.4 Y R 0-45 -1
77 9.9 52 —21.5 77.2 5.6 80.3 226 1B5 5148 364 74.4 4.0 Y RO-45 —Q2
Average 9.8 6.6 —50.9 53.9 ~7.3 78.5 311 257 6120 35.7 48.8 -5.4
SD 1.8 1.6 25.6 15.7 7.0 18.1 154 129 1964 19.4 18.0 5.2
8 Condition 40%
135 10.0 8.6 225 1295 -413 137.8 751 566 7540 41.0 99.8 —17.4 N R 45-90 +Q4
9 10.3 10.1 =243 —130.2 -21.9 1343 848 600 7428 27.4 79.4 -9.4 N L 45-90 +Q3
162 5.5 42 =284 39.7 -18.2 52.1 94 77 2615 18.4 54.4 —20.4 N R 45-90 +Q3
98 9.6 6.2 —388 -—-81.4 -121 91.0 351 301 7548 43.4 64.5 -7.6 N L 45-90 +Q2
71 10.3 7.3 —425 1141 ~20.5 1235 658 510 5400 35.0 69.6 -9.6 Y R 45-90 +Q1
38 9.5 9.7 -20.0 ~1164 -94 118.5 736 554 9678 50.8 §0.3 —4.5 Y L 45-90 —Q1
57 8.8 6.0 —296 -713 -09 77.2 253 206 6514 370 67.4 -0.7 Y L 45-90 -Q1
125 11.7 9.1 =574 -97.1 8.1 113.1 817 633 7716 63.3 59.4 4.1 Y L 45-90 -Q1
155 9.1 6.6 —276 -964 2.1 100.3 418 341 6940 37.0 74.0 1.2 Y L 45-90 ~Q1
39 10.9 84 -294 1251 75 128.7 656 522 5921 36.1 76.8 33 Y R 45-90 -Q2
Average 9.6 7.6. —27.6 100.1 -—-10.7 107.6 558 431 6730 38.9 72.6 —6.1
SD 1.7 1.9 19.6 278 14.7 26.1 260 188 1854 122 121 8.0
C Condition 16%
92 11.1 10.0 4.8 -97.0 —459 107.4 630 508 6878 442 92.8 —=25.3 N L 90-135 +Q4
164 10.8 6.0 10.1 —122.2 —16.4 123.7 451 370 9590 26.6 94.7 7.6 N L 90-135 +Q2
67 8.1 8.0 —2.1 128.6 -425 1354 756 632 5957 13.8 89.1 -18.3 N R90-135 +Q2
7 6.9 4.6 20.0 57.4 1.5 60.8 120 93 6266 28.1 109.2 1.4 N R 90-135 +Q1
Average 9.2 7.2 8.2 1013 —25.8 106.8 489 401 7173 282 96.5 —-12.4
SO 2.0 2.4 9.3 323 225 32.7 276 231 1656 12.5 8.8 1.7
D Condition 8%
133 6.0 8.4 90.0 406 —552 1131 648 557 5012 16.0 155.7 -29.2 N R 135-180 +Q2
123 6.3 83 1022 42.1 —49.6 1211 866 730 4727 303 157.6 —24.2 N R 135-180 +Q3
Average 6.1 8.4 96.1 413 =524 117.1 757 644 4870 232 156.7 =26.7
So 0.2 0.1 8.6 14 4.0 5.7 154 122 202 101 1.3 3.6
6 Nonconcussed struck players
A Condition
154 6.6 5.1 =212 49.0 1.6 534 136 114 4167 24.0 66.5 1.7 Y R0-45 ~Q1
175 9.6 56 —-472 388 8.4 61.7 158 125 3555 39.2 39.5 7.8 Y L0-45 -~
48 9.7 47 —~332 ~461 -79 57.3 155 130 5617 42.4 54.2 -7.9 Y LO~45 -Q1
Average 8.6 5.1 -339 44.6 0.7 57.5 150 123 4440 35.2 53.4 0.5
SD 1.8 0.5 13.0 52 8.2 4.1 12 8 1059 9.8 13.6 7.9
C Condition
182 8.1 5.9 28.7 ~792 7.6 84.6 256 208 5512 17.8 109.9 5.2 N L 90-135 -Q1
59 5.3 56 —94 816 -47 82.3 205 138 5387 26.9 83.4 -3.3 N R 90-135 +Q2
142 31 29 16.1 =067 -7.2 18.8 12 9 1170 7.4 1575 ~22.6 N L 90-135 +Q4
Average 5.5 4.8 11.8 558 -14 61.9 158 118 4023 17.4 117.0 —-6.9
N 2.5 17 19.4 42.6 8.0 373 129 101 2472 9.8 37.5 14.2
? 51, severity index; HIC, head injury criterion; 50, standard deviation; N, no; Y, yes.
Y The average was determined from the absolute value of the y acceleration.
¢ The vector is adjusted to the right side of the helmet for analysis of averages.
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TABLE A2, Impact location and reconstruction results for the striking players?
Translational acceleration Rotational Resultant direction Helmet contact
Case Velocity AV . . . S HIC . Front to ;
(m/s)  (m/s) Linear Linear Linear Resultant Accel  Velocity back Up + i . L
x@® y@* z@ ® (rad/s®)  (r/s) (dz(;)f down (deg) Facemask Top view  Side view

E Condition 59%
71 10.3 6.6 —767 671 ~—105 1024 512 434 5541 32.4 41.2 -5.9 ‘ N R0O-45 +Q2
57 8.8 41 -13.8 230 ~-18.0 32.3 48 38 4151 332 58.9 ~33.9 N R(O-45 +Q3
77 9.9 42 -19.7 288 1.4 34.9 65 53 2714 255 55.7 23 N RO-45 +Q3
154 6.6 3.1 —~246 109 ~11.1 29.1 35 31 3159 23.1 23.9 -22.3 N RO-45 +Q3
7 6.9 22 -289 221 -340 49.8 65 51 2832 9.8 37.4 —431 N L0-45 +Q4
59 5.3 23 -21.1 =28 =239 32.0 32 26 2087 13.1 7.6 ~48.2 N L0-45 +Q4
135 10.0 3.8 -—465 -308 -61.2 82.8 230 179 5005 29.3 335 —47.6 N L0-45 +Q4
39 10.9 23 -159 -12 -409 43.9 60 43 4487 10.4 4.4 ~68.7 N R0O-45 +Q4
48 9.7 32 =239 191 -80 316 44 37 2939 28.0 38.6 ~14.6 N RO-45 +Q4
118 10.7 37 -541 =112 =54 55.5 122 73 3687 23.4 11.6 -5.6 N RO-45 +Q4
125 1.7 4.2 18,1 357 =237 465 132 111 3366 28.1 26.9 ~30.6 N RO-45 +Q4
148 6.6 39 -11.7 287 ~114d 328 47 37 2466 265 67.8 -19.7 N RO-45 +Q4
155 9.1 42 -286 305 -—151 44.5 76 61 4217 29.5 46.9 -19.9 N R0O-45 +Q4
157 10.8 50 —66.2 18.7 385 789 215 180 4662 15.7 15.7 ~29.2 N RO-45 +Q4
162 5.5 3.2 =261 75 -9.6 28.8 34 30 1672 17.2 16.1 -19.5 N R(-45 +Q4
175 9.6 3.9 ~-6.2 396 -251 47.3 81 62 2535 19.3 81.1 -32.0 N R(O-45 +Q4
Average 8.9 37 =279 236 -209 483 112 90 3470 22.8 35.5 ~27.4
SD 2.0 1.1 234 163 162 21.8 123 104 1113 7.6 22.4 18.4

F Condition 30%
98 9.6 4.8 229 775 -24.0 843 241 187 4487 38.5 16.5 —16.5 N L 45-90 +Q4
181 1.7 7.3 25.7 =793 -~153 84.8 402 333 6613 55.8 18.0 -10.4 N L 45-90 +Q4
9 10.3 23 -204 516 ~567 79.4 275 217 6719 18.7 68.4 —45.6 N R 45-90 +Q4
69 103 3.1 -0.5 184 -33.0 37.8 55 50 2620 23.0 88.6 —60.8 N R 45-90 +Q4
84 9.4 4.4 -19.2 404 6.3 45.2 96 78 3169 265 64.6 8.0 N R 45-90 +Q4
124 11.4 31 492 -8.8 ~243 55.6 105 73 4086 16.1 79.9 ~26.0 N R 45-90 +Q4
164 10.8 5.1 =102 865 ~16.6 88.7 243 202 6136 30.8 83.3 -10.8 N R 45-90 +Q4
182 8.1 47 —62.8 558 —24.0 87.4 272 213 3206 27.2 41.6 ~16.0 N R 45-90 +Q3
Average 10.2 4.4 -1.9 109 -235 704 211 169 4629 29.6 57.6 —22.3
S 1.2 1.6 34.7 61.7 17.7 20.8 117 96 1651 12.7 28.8 21.7

Other conditions 11%
92 1.1 56 -17.5 232 =521 59.7 204 164 6070 43.8 53.0 -60.9 N R 90-135 +Q4
113 7.0 37 74 540 ~27.1 609 101 75 3700 31.2 97.8 ~26.4 N R 90-135 +Q3
38 2.5 4.0 45.2 208 -333 59.9 157 127 5205 28.2 155.2 -33.8 N L 135-180 +Q4
Average 9.2 4.4 117 327 375 60.1 154 122 4992 34.4 102.0 ~40.4
SO 2.1 1.0 315 185 13.0 0.6 52 45 1199 8.3 51.3 18.1

? Twenty-seven noaconcussed striking players. Si, severity index; HIC, head injury criterion; SD, standard deviation; N, no; Y, yes.

" The average was determined from the absolute value of the y acceleration.

 The vector is adjusted (o the right side of the helmet for analysis of averages.
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COMMENTS

t is difficult to solve a problem if we cannot even define

what the problem is. Sports-related brain injuries receive a
great deal of attention that frequently fuels demands for better
equipment or for changes in rules, but lack of hard data about
the nature of these injuries means that attempts at reform
amount to little more than stumbling around in the dark. In
this article, Pellman et al. continue their series of reports
analyzing concussion in players on professional American
football teams. This unique study has made significant strides
toward identifying factors associated with football-related
concussion so that modifications in equipment and changes in
rules can now proceed on a more rational basis.

Alex B. Valadka
Houston, Texas

lt is said that the role of a physician is threefold: the firstis to
prevent disease; if that be impossible, to cure it; and if that
also be impossible, to relieve pain. In the second of a three-part
series by members of the National Football League (NFL)
Committee on Mild Traumatic Brain Injuries (MTBI), the au-
thors extend their analysis of previously reported laboratory
reconstruction data and use a sophisticated video database
acquired from NFL game footage during a 5-year period to
define the conditions of impact to the helmet that result in the
majority of concussions in professional football. Their specific
purpose in this analysis is to assess current helmet perfor-
mance in an effort to reduce or prevent injuries to the brain in
the high-speed-collision sport of football.

This sophisticated acquisition of high-speed video impact data
and subsequent biomechanical derivation of impact velocity,
change in head velocity, and acceleration forces is the first of its
kind to be correlated with the direction of helmet impact leading
to cerebral concussion in football. After culling 182 game im-
pacts, the authors concluded that the most likely scenario for a
cerebral concussion was a helmet impact to the facemask in the
0- to 45-degree position. Their graphs clearly show that this
impact results in the greatest peak impact velocity and transla-
tional and rotational acceleration, as compared with noncon-
cussed helmet impacts. As one might believe intuitively and now
is confirmed biomechanically, impacts to the facemask essen-
tially twist the head while rapidly accelerating it. Thus, the
authors conclude that these movements and forces significantly
influence concussion tolerance. Their attempt to link impact con-
ditions with the symptoms and signs of concussion was limited
by the relatively small sample size.

Significant potential areas of investigation for preventing
MTBI in football include the following: 1) the application of
improved energy-absorbing materials in helmet construction
and in the padding and facemask design; 2) reevaluation of
National Operating Committee on Standards for Athletic
Equipment (NOCSAE) standards for performance require-
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ments of helmets; 3) rigid enforcement of already outlawed
spearing techniques; and 4) continued improvement in the
energy absorption properties of the various playing surfaces.

Both the leadership of the NFL and the members of the
MTBI Committee are to be commended on their efforts to
prevent head injuries not only in the NFL but also in the more
than 1.2 million high school and college players as well who
will be the beneficiaries of this research.

Joseph C. Maroon
Pittsburgh, Pennsylvania

ellman et al. follow with the second in a series of reports

based on analysis of network videotape evidence related to
concussion in NFL players. This study focuses on factors such
as the velocity, vectors of acceleration, location of head (hel-
met) impacts, source of contact, and other parameters. Labo-
ratory analysis using anthropometric mannequins was used to
reconstruct the forces involved in impacts and the resultant
head responses. Although one may debate the methodology
and classification of symptoms in their definitions, it is diffi-
cult not to be impressed with the quality of documentation of
concussive forces, locations, vectors, and players’ responses
and the authors’ subsequent attempts at analysis.

In addition to representing a novel approach to the study of
biomechanical and force characteristics of MTBI, this research
elucidates several new and important facts concerning such
injuries in athletic endeavors. First, there was documentation
that a higher head acceleration was present in concussed
players and that the majority sustain impacts to the helmet
shell. Players who were approached and struck at an acute
angle, unaware of the closing speed of their opponents, who
were outside of their peripheral vision, sustained severe im-
pacts to the facemask area. This research thus establishes the
fact that the helmet shell and facemask impart different force
vectors to the head of the athlete sustaining the blow. It
affirms that translational acceleration is the most important
feature of athletic concussion in football. The fact that impacts
with opponents and with the ground each have characteristic
locations may also assist researchers and helmet manufactur-
ers to improve design in the future.

We await further data from the Committee’s investigation
that may help us in correlating type and area of impact and the
resultant symptoms, severity of MTBI, and possible preven-
tive measures through equipment or rule changes. In having
access to unprecedented multiangle video documentation of
the physics of concussion in football, the authors have ushered
in a new era in the study and analysis of the many nuances of
these high-speed bodily collisions. To paraphrase Richard
Schneider, they are studying by darkroom analysis of an im-
portant laboratory for head injury, the football field.

Julian E. Bailes
Morgantown, West Virginia
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By further painstakingly analyzing the biomechanics of hel-

met impacts in NFL players, Pellman et al. have shown
that concussions occur with several predominant helmet im-
pact patterns related to whether’the concussed player is struck
in the facemask or on the helmet shell. This analysis points
toward several areas of the helmet architecture, including the
facemask, chin strap, and padding, in which design modifica-
tions could potentially reduce‘the risk of concussion. Given
the nature of the game and the ever-increasing size and
strength of the players, reducing the risk of concussion in
these human projectiles by effective helmet modifications will
certainly be a challenge. The NFL. MTBI Comumittee is to be
commended for their effort.

Daniel F. Kelly
Los Angeles, California

his article represents an important step in the right direc-

tion with regard to enabling the neurosurgical readership
to better identify those factors related to concussive injury in
sport. With the resources of the NFL, important studies such
as this could be of significant benefit in preventing further
injury at all levels of play. The authors have reported the
locations and directions of helmet impact that are most likely
to result in concussion in addition to the potential relationship
of impact speed and changes in head velocity.

Using game video analysis and laboratory reconstruction,
the authors were able to record helmet impact by quadrant in
96% of injuries evaluated. The importance of such an analysis
is to potentially evaluate and modify the NOCSAE standards
on the basis of a game-oriented or clinical interface. An addi-
tional point of interest was the grouping of signs and symp-
toms into five categories on the basis of their experience with
head injury. Of interest is that cranial nerve function was
included, whereas motor, sensory, and cerebellar function
were not. Although surprising, this methodology was based
on a consensus of experience that allowed the authors to
separate the most salient variables into five groupings. In
retrospect, their groupings assisted in data analysis and pre-
sentation and were found to be appropriate.

Interesting points concern the relationship of injury to the
potential speed of injury. This is supported by the fact that
with higher closing speeds in the open field, one tends to see
an increased rate of injury. Although the video resources
available tend to evaluate play at the line of scriminage less
than in the open field or respective backfields, the authors
have supported the contention that linemen sustain fewer
concussive injuries than other players.

Future goals include evaluating the relationships between
helmet impact location and injury. I anticipate that with con-
tinued accumulation of data, modification of the current
NOCSAE standards will be forthcoming.

Michael L. Levy
San Diego, California
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CONCUSSION IN PROFESSIONAL FOOTBALL:
EPIDEMIOLOGICAL FEATURES OF GAME INJURIES AND
ReviEw OF THE LITERATURE—PART 3

ild traumatic brain injury (MTBI) or
concussion has been defined as a trau-
matically induced alteration in neural
function, which may or may not involve loss of
consciousness (8, 39). For the purposes of this
study, a broad but specific definition of concus-
sion was adopted, as stated below.
MTBI is a major public health problem in the
United States, with an estimated annual inci-
dence of 160 to 375 cases/100,000 persons (23).

vere reported;
g to player game

Ue‘;a‘mé :T,he :
-positions),

The Centers for Disease Control and Prevention
(4) estimated that the number of MTBIs has
reached 300,000 cases/yr in all sports. Mild head
injury has received a great deal of publicity in
recent years because of its prevalence in many
sports with contact or the potential for collisions;
it has become a major issue in athletics. Powell
and Barber-Foss (39) estimated that 3.9 to 7.7%
of high school and college athletes sustain
MTBIs each year, in all sports.
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At the professional level, publicity has increased attention
regarding MTBIs, because of repeated concussions among a
number of high-profile professional football players. Until
recently, however, little was known regarding the long-term
sequelae of MTBIs. Although research has been conducted
and progress has been made, some research has involved
anecdotally based information and there have been few scien-
tific data available regarding the symptoms of MTBI (concus-
sion) among professional football players. There is also a
paucity of epidemiological information available regarding
the natural history of concussion in this population.

This article is the result of a multiyear effort by the National
Football League (NFL) to address the deficiencies in our
knowledge regarding concussion. The specific purpose is to
analyze patterns of concussions and trends with a special
epidemiological database, in the hope of identifying the most
vulnerable positions and most frequent symptoms. The re-
search efforts are ultimately aimed at improving the safety of
football for players at all levels (professional, college, high
school, and pee-wee), the safety of other contact sports for all
participants, and the general public safety during nonathletic
endeavors that place individuals at risk of head injury.

In 1994, the NFL formed the MTBI Comunittee in response to
safety concerns regarding head injuries. Background informa-
tion on the committee was reported by Pellman (36). The
comumittee consisted of medical and scientific experts in the
areas of traumatic brain injury, basic science research, and
epidemiology. The mission of the committee was to scientifi-
cally investigate the subject of MTBIs in the NFL. The com-
mittee examined the existing literature and spent time inter-
viewing a variety of experts to identify what was known and
accepted regarding the natural history of MTBIs and to deter-
mine what areas required additional research. Committee
members were on-field physicians and athletic trainers with
experience recognizing and treating MTBIs.

After an initial review, the committee identified two areas
that required attention. First, there was a strong need to be
able to monitor the frequency of MTBIs in the NFL and to
more specifically identify the clinical symptoms associated
with concussions. Second, the MTBI Committee undertook a
series of research projects aimed at defining concussion bio-
mechanics in professional football. On the basis of analyses of
game videos of MTBIs and laboratory reconstructions of the
impacts with instrumented test dummies, the biomechanical
features of concussions were determined for professional
players. Those findings included the acceleration severity of
the injuries (38) and the location and direction of the impacts
(37). This article discusses the epidemiological features of
MTBI in professional football and combines those data with
the clinical symptoms present at the time of injury.

The NFL has collected epidemiological data on player inju-
ries since 1980. The data included “concussions,” regardless of
time lost from participation. The committee analyzed those
data and identified a need to collect clinically oriented infor-
mation regarding head injuries among the league's players. In
addition to the data being recorded by the NFL Injury Sur-

8 | VOLUME 54 | NUMBER 1 | JANUARY 2004

veillance System, the specific clinical symptoms evident at the
time of injury needed to be documented.

Information regarding the circumstances at the time of in-
jury and the clinical nature of the injury was also essential for
determining the natural history of MTBIs. The committee
agreed that data on the diagnosis and management of MTBIs
should be recorded by the team physicians, with a standard-
ized form. The program began with the 1995 NFL season and
has continued in the suBsequent years.

At the beginning of the project in 1995, the committee
recognized a need to develop an all-inclusive definition of
MTBI, so that all of the team physicians and athletic trainers
could easily recognize the symptoms of reportable injuries. It

“was understood that any player with a recognized symptom

of head injury, no matter how minor, should be included in
the study. In the initial year of the project, a reportable MTBI
was characterized by an “altered mental state regardless of
duration and/or altered memory, regardless of duration or
content, that resulted from trauma and occurred in an NFL
practice or game.” Feedback from physicians and the commit-
tee’s analysis of the project data during the first year of the
project resulted in the development and modification of report
forms and enhancement of the definition of reportable MTBIs.

The definition introduced by the committee in 1996 and
used for the remainder of the study was as follows. A report-
able MTBI was defined as a traumatically induced alteration in
brain function, manifested by 1) alteration of awareness or
consciousness, including but not limited to being dinged,
dazed, stunned, woozy, foggy, or amnesic or, less commonly,
being rendered unconscious or experiencing seizures, and 2)
signs and symptoms commonly associated with postconcus-
sion syndrome, including persistent headaches, vertigo, light-
headedness, loss of balance, unsteadiness, syncope, near-
syncope, cognitive dysfunction, memory disturbances,
hearing loss, tinnitus, blurred vision, diplopia, visual loss,
personality changes, drowsiness, lethargy, fatigue, and inabil-
ity to perform usual daily activities. The definition of concus-
sion used by the MTBI Committee was a natural extension of
a much earlier definition proposed by the Ad Hoc Committee
to Study Head Injury Nomenclature of the Congress of Neu-
rological Surgeons, which in 1966 defined concussion as “a
clinical syndrome characterized by immediate transient im-
pairment of neural function such as alteration of conscious-
ness, disturbance of vision, equilibrium, etc., due to mechan-
ical forces” (8a).

PATIENTS AND METHODS

Data Collection

Since 1980, the NFL Injury Surveillance System has pro-
vided a mechanism for athletic trainers and team physicians to
record data on injured players and circumstances surrounding
injuries. The system requires that each team record data on all
concussions that occur, regardless of the amount of time lost to
participation because of the injury. The recorded data include
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the player time lost, the player position, the activity of the
player at the time of the injury, and the nature of the activities
of the team. For the current research project, the data set was
modified to include the equipment being worn, the mecha-
nism of injury (e.g., head-to-head impact), the facemask, the
chin strap, the type of mouthpiece (if worn), and the approx-
imate location of the impact on the helmet.

In addition to data recorded by the athletic trainers, the
committee devised a simple form regarding observed and
reported symptoms for the individual team physicians to com-
plete when they evaluated, in initial and follow-up visits,
players who had sustained MTBIs. Players’ names were not
included on the forms, to maintain confidentiality. The players
were identified with the last six digits of their Social Security
numbers; with this coding system, it was possible to merge the
NFL Injury Surveillance System data with data on the clinical
evaluations of injuries.

Symptoms

MTBI is a clinical syndrome that may present with a wide
range of symptoms, many of which are rather nonspecific and
can be associated with other clinical diagnoses. The categories
in Table 1 represent groupings of 34 of the most common
symptoms of concussion, including unconsciousness. The list
was developed by MTBI Committee members who are NFL
team physicians, as well as MTBI Committee consultants with
special expertise in the fields of sport neuropsychology and

TABLE 1. Signs and symptoms recorded on the mild traumatic
brain injury form?

General symptoms Memory problems

Headaches RGA delayed

Neck pain information-processing problems
Nausea Attentiorlw pr?/blems

Syncope AGA delaye

Vomlt/ng Cognitive problems

Back pain Immediate recall

Seizures

Not oriented with respect to time
Not oriented with respect to place

Cranial nerve symptoms ) '
yme Not oriented with respect to persons

Dizziness

B(urfed viston Somatic complaints
Vertigo Fatigue
Photophobia Anxiety

Tinnitus Personality changes
Diplopia Irritability
Nystagmus Sleep disturbances
Pupil response Loss of appetite
Pupil size Depression

Hearing loss Loss of libido

Loss of consciousness

* RCA, retrograde amnesia; AGA, anterograde amnesia.
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sport neurology. Symptoms of concussion were grouped into
six categories, as follows: 1) general symptoms, 2) cranial
nerve symptoms, 3) memory problems, 4) cognitive problems,
5) somatic complaints, and 6) unconsciousness. These symp-
toms are consistent with findings previously noted after trau-
matic brain injury (3, 14, 20, 21, 28, 33, 41, 45).

Players spontaneously reported many of the symptoms, but
the complete symptom complex, including mental status (ret-
rograde amnesia, anterograde amnesia, and problems with
information processing, attention, and immediate recall), was
assessed with physician questions. The committee did not
distribute uniform testing instruments to the team physicians
and instead left the assessment of these symptoms to the
discretion of individual team physicians.

Efforts to Improve Compliance

The NFL, through the commissioner, strongly encouraged
all team physicians to complete and return the project’s forms
whenever they examined players with head injuries. The
project was designed to record information regarding the
injuries. The initial form contained questions regarding the
initial symptoms of the MTBI the physical examination find-
ings, the initial treatment, the tests ordered, and the disposi-
tion regarding the return to play. Physicians completed
follow-up forms that documented the symptoms noted, the
tests ordered and their results, and the time before return to
full participation. Physicians used their own evaluation pro-
cedures to treat the injuries. The committee had neither the
authority nor the inclination to impose outside medical
decision-making on the medical staffs of the individual teams.
The individual team physicians were to complete the initial
and follow-up forms on the basis of their clinical findings.

To improve compliance, the forms were designed for ease of
completion and the data were limited to the points that would
provide the strongest and most consistent information on
MTBL After being completed, the data forms were sent to the
NFL epidemiologist and entered into a database with a
blinded coding system, to maintain the anonymity of the
players. When an initial evaluation form was submitted but
the follow-up forms were not, committee members contacted
the team athletic trainers and doctors directly, to remind them
to submit the follow-up forms.

In biannual meetings, the committee monitored the data
and discussed the findings. Approximately 1.5 to 2 years after
the initiation of the project, the forms were modified according
to the findings of the analysis. For example, Glasgow Coma
Scale scores were removed after the first year and data on loss
of consciousness were added. Before the 1999 season, the
forms were modified again, to remove fields that were deter-
mined to be of little value in the analysis. For example, the
physical examination fields were modified so that the physi-
cians could better describe their findings. To enhance other
aspects of the committee’s work, the identification and dates
of neuropsychological tests were included on the physician’s
form.
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Educational symposia based on the medical literature and
the clinical backgrounds of comunitiee members were held
throughout the NFL, to increase awareness of the implications
of even the mildest MTBIs and to promote compliance, to
ensure the longevity of players’ careers. With promulgation of
the definition throughout the NFL, the committee considered
it more likely that all players with MTBIs would be included
in the data collection efforts. The committee held numerous
educational symposia on MTBI for medical personnel for all
NFL teams, thus increasing awareness of MTBI and compli-
ance with the study of MTBIL

Final MTBI Epidemiological Form

After a review of the data from the 1995 season, the record-
ing forms were modified to improve clarity and the definition
of a reportable event was extended. Because of these signifi-
cant changes in the program, the 1995 data were considered
pilot data and were not included in the analysis. With the
specific limitations of the data, the project has complete injury
data, initial clinical evaluation data, and follow-up evaluation
data for 787 MTBIs that occurred in preseason, regular, or
playoff games during the six professional football seasons
from 1996 to 2001. There were 100 additional MTBI cases from
practice sessions, which are included in the database but are
not analyzed here because the risks are being considered
according to player position and play type in games. Further-
more, unconsciousness data were not initially collected and,
when such data were added to the standardized form, there
were cases in which no determination was made by the pre-
siding physician. Determinations were made in 623 cases.

Quality Assurances

The clinical evaluation forms were designed to include an
initial evaluation form, to be completed at the time of injury,
and a follow-up evaluation form, to be completed each time
the physician evaluated the player until his return to full
participation. The data forms were sent to the NFL epidemi-
ologist and enfered into the database. The MTBI evaluation
forms were logged in and scanned into a database file with a
commercial software program (Teleforms, Cardiff, CA). Dur-
ing the data logging, the individual forms were manually
reviewed. Each form was scanned into a temporary database
and verified before it was entered into the final database.
Fields that were incomplete or inconsistent triggered a
follow-up contact with the team athletic trainer or physician
for data verification. When the MTBI evaluation data were
merged with the injury surveillance data, the data were again
reviewed and verified. The final database includes informa-
tion from the initial and follow-up evaluation forms submitted
by the team physicians.

Data Analyses

This analysis involved data on MTBIs that occurred during
games in the 1996 to 2001 NFL seasons. The data reflect only
injuries that occurred during preseason, regular, or playoff
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games. The elimination of injuries that occurred during prac-
tice sessions allowed the analysis to focus on NFL games and
the activities of the players at the time of injury. It also allowed
a calculation of risks on the basis of player positions.

Each MTBI was analyzed as an independent event, as a first
step toward understanding concussions. Summary measures
are reported with 95% confidence intervals. Nonoverlapping
intervals may be interpreted as significantly different at « =
0.05. Exploratory analyses were performed to determine fac-
tors associated with concussion outcomes (i.e., number of days
out of play and hospitalization). Factors associated with the
number of days out of play were identified with nonparamet-
ric analyses (Spearman correlation, Mann-Whitney test, and
Kruskal-Wallis test), because of the highly skewed distribu-

" tion. For multivariate analyses, both multiple regression and

logistic regression were used with stepwise selection of vari-
ables that were significant at & = 0.10 in the bivarijate analysis.
Factors associated with hospitalization were identified with x*
tests for bivariate analysis and logistic regression for multi-
variate analysis. Only variables that were significant at a =
0.10 were used in the logistic regression.

Injury rates per 100 game-positions were calculated to pro-
vide information on the risk of injury among the position
categories. The denominator for these rates reflects the num-
ber of standard position players multiplied by the number of
team-games (3826 team-games) during the study period. For
example, there is one quarterback position for each team in
each game (game-position exposure = 1 X 3826). For the
offensive line, there are five positions (one center, two guards,
and two tackles) per team (game-position exposure = 5 X
3826). Injury rates per 1000 plays were also calculated for
rushing, passing, kickoff, and punt plays, on the basis of the
number of plays in the NFL for the study period (34). When
type-of-play data were considered, proportions for the various
types were based on regular-season games (16 games), be-
cause the NFL tracks the number of rushing, passing, kickoff,
and punt plays. This allowed a comparison of the relative risks
of injury for the four most common types of plays in the NFL.

RESULTS

Concussion in the NFL

During the 1996 to 2001 NFL seasons, there were 787 re-
ported cases of MTBI in 3826 team-games (1913 games). This
total included all preseason, regular-season, and playoff
game-related concussions. Concussions occurred with an av-
erage incidence of 131.2 * 26.8 concussions/yr and a rate of
0.41 concussion/game.

Table 2 presents the incidence of concussions according to
player position in professional football. As a group, the offen-
sive team experienced the highest frequency of concussions in
the NFL. Individually, the position group most often associ-
ated with concussion was the defensive secondary (18.2%),
followed by the kicking unit (16.6%) and the wide receivers
(11.9%). When the injury rates per 100 game-positions were
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TABLE 2. Incidence of mild traumatic brain injury according to player position in National Football League games

Position No. of cases Incidence (%) Ng;)giiiiz:\?e Risk per 100 game-positions”
1]
High risk
Offensive
Quarterback 62 7.9 3826 . 1.62(1.22-2.02)
Wide receiver 94 11.9 7652 1.23 (0.98-1.48)
Tight end 36 46 3826 0.94 (0.63-1.25)
Running back 69 8.8 7652 0.90(0.69-1.11)
Defensive
Secondary 143 18.2 15,304 0.93 (0.78-1.08)
Moderate risk
Offensive
Offensive line 56 7.1 19,130 0.29 (0.21-0.37)
Defensive
Linebacker 52 6.6 11,478 0.45 (0.33-0.57)
Defensive line 67 8.5 15,304 0.44 (0.34--0.54)
Special team
Return ball carrier 22 2.8 3826 0.58 (0.34-0.82)
Kick unit 131 16.6 38,260 0.34 (0.28-0.40)
Low risk
Special team
Punter 7 0.9 3826 0.18 {(0.05-0.31)
Return unit 33 4.2 38,260 0.09 (0.06-0.12)
Kicker, FGA 1 0.1 3826 0.03 (—0.02-0.08)
Kicker, PAT 1 0.1 3826 0.03 (—0.02-0.08)
Holder 1 0.1 3826 0.03 (—0.02-0.08)
Unknown/undesignated 12 1.5
Total 787 100 8.08

there is some overlap of confidence intervals.

2 Risk per 100 game-positions is the number of concussions divided by the number of times the position was played during the observed period of 3826 games,
multiplied by 100. Values in parentheses are 95% confidence intervals. FGA, field goal attempt; PAT, point after touchdown. Risk strata are approximate, because

adjusted for the number of persons in each position group, the
relative risk of concussion was highest for quarterbacks (1.62
concussions /100 game-positions), followed by wide receivers
(1.23 concussions/100 game-positions), tight ends (0.94
concussion/100 game-positions), and defensive secondaries
(0.93 concussion/100 game-positions). The positions at low
risk were punter, return unit, kicker, and holder. When the
quarterback, running backs, wide receivers, and defensive
secondary were grouped as “backs” and the offensive and
defensive linemen were grouped as “linemen,” the backs dem-
onstrated nearly 3 times the relative risk of concussion.

Table 3 presents the types of plays in which concussions
occurred. The highest frequency of injury was in passing plays
(35.8%), followed by rushing plays (31.3%), kickoffs (15.9%),
and punts (9.5%). Table 4 indicates that, when the injury rates
per 1000 plays in regular-season games were considered, the
relative risk of concussion in kickoff plays (9.29 concussions/
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1000 plays} was more than 4 times the risks in rushing and
passing plays and 2.5 times the risk in punt plays (3.86
concussions /1000 plays). Kickoffs and punts were associated
with significantly higher injury rates than were rushing or
passing plays.

Whereas Tables 3 and 4 summarize team activities at the
time of the concussion, Figure 1 indicates the player activities
during injury. The highest injury frequency was noted for
players who were tackling (31.9%) or being tackled (28.6%).
When data were combined, concussions were more often as-
sociated with tackles (60.5%) than with blocks (29.5%).

Figure 2 presents the percentages of concussions associated
with different objects delivering the blow, from the epidemi-
ological sample. The majority of concussions involved a strike
by another player’s helmet (67.7%). The remainder involved
impact with the ground (11.4%) or impact by other body
regions of a striking player (20.9%).
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TABLE 3. Types of play for concussed players in National
Football League games

Team activity No. of cases Incidence (%)?
Passing 282 35.8(32.5-39.1)
Rushing 246 31.3(28.1-34.5)
Kickoff 125 15.9 (13.3-18.5)
Punt 75 9.5 (7.5-11.5)
Unknown 47 6.0 (4.3-7.7)
Change of possession 9 1.1(0.4-1.8)
Field goal attempt 2 0.3 (—0.1-0.7)
Point after touchdown 1 0.1(-0.1-0.3}
Total 787 100
2 Values in parentheses are 95% confidence intervals.

Table 5 summarizes the symptoms for concussed players in
the 1996 to 2001 seasons. The median number of symptoms
recorded for a concussion was 2 (range, 0-12). The three most
common symptoms were headaches (55.0%), dizziness
(41.8%), and blurred vision (16.3%). The least common symp-
toms were somatic complaints. There was considerable over-
lap between symptoms related to cognitive and memory prob-
lems, with 21.2% of the concussed players demonstrating both
cognitive and memory problems. Qverall, 45.9% of the con-
cussed players experienced either cognitive or memory prob-
lems or both. No sensory or motor abnormalities were re-
ported for any player, and nystagmus was the only cerebellar
abnormality.

Table 6 summarizes the initial medical actions performed
after injury. Only 16.1% of the players returned immediately
to the game, including players who were evaluated on the
field and returned to play and players who withdrew from the
game for a few plays and then returned to play. The rest of the
players rested for an extended period of time and returned in
the same game (35.6%) or were removed from play and did
not return to the game (44.0%). Nineteen players (2.4%) were
removed from the game and hospitalized. Further analysis of
data for the nonhospitalized players revealed strong associa-
tions between the presence and number of each symptom
category and the action taken. Logistic regression was used to
identify independent associations between the presence of
categories, the number of symptoms, and the action taken. The
model identified three variables as being independently asso-
ciated with the action taken. The factors initially associated
with resting of a player included the number of symptoms,
any general symptom, any memory problem, any cognitive
problem, and any somatic complaint. The multivariate logistic
regression analysis identified the number of symptoms (odds
ratio [OR] = 1.32 for each additional symptom), any memory
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problem (OR = 2.09), and any cognitive problem (OR = 3.41)
as independent risk factors for resting of a nonhospitalized
player.

Figure 3 presents the percentages of players returning to
practice and games as a functioh of days lost after concussion
in NFL games. Ninety-two percent of concussed players ex-
perienced =6 days lost and 97% experienced <9 days lost after
MTBIs; 56.5% of concussed players experienced no days out of
play. However, during the study period, 7% of concussed
players experienced =7 days and 1.8% experienced >14 days
out of play. Loss of consciousness occurred in 58 of 623 re-
ported MTBI cases (9.3%) and involved more lost days, with
69% of players experiencing <6 days lost and 88% experienc-
ing =9 days lost. Concussed players who sustained uncon-

- sciousness averaged 5.0 * 7.5 lost days, which was 2.6 times

longer than the time for players with MTBIs without loss of
consciousness (1.9 = 5.3 d).

Factors initially associated with increased days out of play
included the number of symptoms, any general symptom, any
memory problem, any cognitive problem, and any somatic
complaint. The position played, type of play, action, or object
of impact was not associated with days out of play. Although
the results of the multivariate regression model suggested that
only the number of symptoms was associated with an in-
creased number of days out of play [F(1,785) = 4627, P <
0.001}, the analysis comparing any days missed with no days
missed identified the number of symptoms (OR = 1.22 for
each additional symptom), any general symptom (OR = 1.62),
any somatic symptom (OR = 1.63), and any cognitive problem
(OR = 2.35) as independent risk factors.

Comparison with the Video Analysis Cases

Figure 2 also indicates the percentages of concussions asso-
ciated with different objects delivering the blow in the 182
video analysis cases reported by Pellman et al. (37, 38). The
comparison demonstrated almost identical distributions of
objects delivering the blow, except for a lower incidence of
impacts by the knee. There was greater involvement of quar-
terbacks, flankers, and split ends in the video cases, which is
related to the greater chances of multiple video views of those
players in game coverage. In addition, a greater proportion of
video cases involved hospitalization.

DISCUSSION

This study is unique in many ways. Data were prospec-
tively collected during a 6-year period, and a broad definition
of MTBI was used. The pilot epidemiological work in the 1995
season helped refine the methods, and further efforts were
taken to maximize the consistency and accuracy of MTBI
reporting for this population. The study used a standardized
reporting form to improve the team-to-team consistency of
findings. The committee monitored the results reported with
these standardized forms and adjusted the forms as needed to
improve data collection. All subjects were evaluated by phy-
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TABLE 4. Injuries according to type of play for concussed players during regular-season National Football League games

Team éctivity No. of cases Incidence (%) Nao. of plays Risk per 1000 plays”
Kickoff 109 18.2 11,738 ' 9.29 (7.55-11.03)
Punt 57 9.5 14,767 3.86 (2.86-4.86)
Rushing 183 30.5 81,692 ‘ 2.24 (1.92-2.56)
Passing 206 343 96,447 2.14 (1.85~2.43)
Other 45 7.5
Subtotal 600 72.3
Pre- or postseason 187
Total 787
“Risk per 1000 plays is the number of injuries during an activity divided by the number of times the activity was performed, multiplied by 1000. Values in
parentheses are 95% confidence intervals.
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FIGURE 1. Numbers of concussions associated with tackling, blocking,
and other activities in NFL plays.

sicians and underwent follow-up physician evaluations until
they returned to play. The forms were completed by physi-
cians; therefore, there is increased confidence in the medical
validity and reliability of the information collected. In addi-
tion, all patients underwent certified athletic trainer evalua-
tions, and follow-up reports were included in the results. The
report forms were completed contemporaneously with the
examinations and were therefore not subject to the vagaries of
recall at a later date.

As with any research project that includes epidemiological
data from multiple recording sites, there are specific limita-
tions to the data. Numerous individual team physicians eval-
uated the injured players and completed the data collection
forms. Whenever there are multiple data recording sites and
multiple data recorders, the question of interobserver reliabil-
ity must be addressed. The documentation process was de-
signed prospectively and included specific criteria for the
inclusion of an MTBI, to minimize the effect of interobserver
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FIGURE 2. Impacts from various objects associated with concussions in

NFL games.

reliability. With these procedures in place, the overall effect of
the diversity of the physicians and recording conditions for
each team is not known. Despite efforts to ensure a standard-
ized definition of MTBI and to increase the team physicians’
and athletic trainers” knowledge of MTBI, it remains unclear
whether the project identified all cases of MTBI during the
study period. The well-known reluctance of professional ath-
letes to report their injuries to medical personnel might have
prevented the reporting of some MTBI cases.

Every player in the NFL was a potential subject for the
study. Every player with a reported MTBI was evaluated and
underwent follow-up evaluations if unable to return to play
on the day of the injury. None of the players with MTBIs in the
study was lost to follow-up monitoring. Another factor that
makes this study unique is the fact that the number of players
exposed to head injury during the 6-year period is known;
therefore, relative risks could be determined according to
player positions. There are no other studies with precise ex-
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TABLE 5. Initial symptoms for concussed players in National Football League games®

Unconsciousness (623 reported cases)

Symptoms No, of cases Incidence (%)’
General symptoms (median, 1; range, 0-5) 487 ‘ 61.9 (58.5-65.3)
Headaches 433 55.0(51.5-58.5)
Neck pain 99 12.6 (10.3-14.9)
Nausea 62 . 7.9 {6.0-9.8)
Syncope 13 ‘ 1.7 {0.8-2.6)
Vomiting ’ 1.1(0.4-1.8)
Back pain 3 : 0.4 (0.0-0.8)
Seizures 1 : 0.1 (-0.1-0.3)
Cranial nerve symptoms (median, 1; range, 0-4) 416 52.9 (49.4-56.4)
Dizziness 329 41.8 (38.4-45.2)
B/urred vision 128 16.3 (13.7-18.9)
Vertigo 31 3925-53)
Photophobia 32 4.1(2.7-5.5)
Tinnitus 21 2.7 (1.6-3.8)
Diplopia 16 2.0 (1.0-3.0)
Nystagmus 8 1.003-1.7)
Pupil response 5 0.6 (0.1-1.7)
Pupil size 0 0.0 (0.0-0.0)
Hearing loss 0 0.0 (0.0-0.0)
Memory problems (median, 0; range, 0-4) 311 39.5 (36.1-42.9)
RGA delayed 142 18.0 (15.3-20.7)
Information-processing problems 138 17.5(14.8-20.2)
Attention problems 102 v 13.0(10.7-15.3)
AGA delayed 74 9.4 (7.4-11.4)
Cognitive problems (median, 0; range, 0-4) 217 27.6 {(24.5-30.7)
Immediate recall 201 25.5(22.5-28.5)
Not oriented with respect to time 63 8.0(6.1-9.9)
Not oriented with respect to place 40 5.1(3.6-6.6)
Not oriented with respect to persons 23 2.9(1.7-4.1)
Somatic complaints (median, 0; range, 0-4) 158 20.1(17.3-22.9)
Fatigue 71 9.0 (7.0-11.0)
Anxiety 41 5.2 (3.6-6.8)
Personality changes 39 5.0 (3.5-6.5)
Irritability 25 3.2(2.0-4.4)
Sleep disturbances 6 0.8 (0.2-1.4)
Loss of appetite 2 0.3 (~0.1-0.7)
Depression 1 0.1 (~0.1-0.3)
Loss of libido 0 0.0 (0.0-0.0)
Total (median, 2; range, 012} 2158
58 9.3(7.0-11.6)

? Values in parentheses are 95% confidence intervals. RGA, retrograde amnesia; AGA, anterograde amnesia.

posure data. The importance of the exposure data is that they
enable the calculation of MTBI incidences in this population.
The incidence data are not based on estimates or extrapola-
tions, as in previous reports of incidences of MTBI, cerebral
concussion, or serious head injury.
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Because case management was not mandated by the com-
mittee, the medical course of the subjects reflects the true
natural history of MTBIs among professional football players
during this 6-year period. These epidemiological data and the
report of the natural history of MTBIs among professional
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TABLE 6. Initial actions taken by team physicians for
concussed players in National Football League games

Action taken No. of cases Incidence (%)?
Removed from play 346 44,0 (40.5-47.5)
Rested and returned 280 35.6(32.3-38.9)
Returned immediately 127 16.1(13.5-18.7)
Hospitalized 19 2.4(1.3-3.5)
Unknown 15 1.9(0.9-2.9)
Total 787 100
#Values in parentheses are 95% confidence intervals.

football players can serve as baseline findings for future mon-
itoring. Because the monitoring of MTBIs will continue for the
foreseeable future, future trends in MTBI incidence and sever-
ity in the NFL will be determined. This continuing effort will
permit a study of the effects of newer protective equipment,
rule changes, and perhaps even new medical treatments for
head injuries on the incidence and severity of MTBIs. Such
information should be of great value to professionals and
students involved in brain injury. The applicability of these
findings to athletes playing football at other levels (college,

high school, or pee-wee), athletes participating in other con-

"tact sports, and/or the general population might be ques-
tioned. Certainly the players in this study are in a unique
situation. They are highly trained, highly motivated, highly
skilled athletes in excellent physical condition. They play with
the best protective equipment available, which is maintained
in the most efficient professional manner possible. They have
the best training staff available to them on a daily basis.
High-quality, personalized, medical care is also available. The
players are monitored on a daily basis by athletic trainers and
physicians who know them personally. However, despite
these unique conditions, the players sustained MTBIs that
seemed to be generally similar to the MTBls experienced by
other athletes and by the general population. This suggests
that many of these findings are applicable to other athletes
and the general population.

There have been previous attempts to study the epidemio-
logical features of MTBI in the general population, among
football players, and among other athletes. A brief review of
those previous studies indicates the unique nature of this
study. There have been many studies of head injury inci-
dences in the general population (14). Those studies all
yielded estimates of incidences, because the data were retro-
spectively collected from reviews of hospital records or insur-
ance records; the values were then extrapolated to approxi-
mate incidences in the entire population. Such reported
annual incidences of mild head injuries ranged from 131
cases/100,000 population to 511 cases/100,000 population.
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None of those studies relied on data collected from treating
physicians, and none presented detailed physical findings.

There have been numerous aftempts to epidemiologically
study traumatic brain injury among football players.
Gerberich et al. (16) reported on the incidence of football
concussions in high schools in Minnesota. The data were
collected with questionnaires sent to high school coaches and
players. There were no physician reports. The data were all
collected retrospectively. Torg et al. (43, 44) reported on the
National Football Head and Neck Injury Registry. The criteria
for inclusion in the registry were not those of MTBIL The
criteria designated serious injuries involving hospitalization,
surgery, paralysis, or death. Data collection was clearly retro-
spective, from reports completed by high school principals,
athletic trainers, and members of the American College of
Sports Medicine at the end of each season. Information was
also collected by a news-clipping service. The later years of the
study reportedly used prospective data collection, but most of
the data collection was still performed at the end of the season,
with forms completed by the persons noted above, and the
inclusion criteria still designated only serious brain injuries.
Torg et al. (44) mentioned earlier work by Schneider (41a),
who collected cases of intracranial hemorrhage, not MTBI,
among high school and college football players between 1959
and 1963. There were no detailed reports from physicians.
There were no reports of symptoms of MTBI, and obviously
the criterion of intracranial hemorrhage is not indicative of
MTBL

Powell and Barber-Foss (39) reported on brain injuries
among high school athletes, in a prospective study. The data
were provided by athletic trainers who volunteered for the
study. A standardized reporting form was used. Of the ath-
letic trainers who volunteered, a fraction were selected to
participate in the study, on the basis of representation of high
schools of different sizes and geographical distribution
throughout the United States. Reportable injuries included
those that caused the cessation of customary participation in
the current session of play. This criterion is somewhat broad
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and clearly includes many cases of MTBL The reports were
based on evaluations by athletic trainers, not physicians. An
important strength of the study by Powell and Barber-Foss
(39) was that incidents that occurred during practice and those
that occurred during games were included. There was no
report of clinical symptoms experienced by the players in the
study. The total number of high school players in the United
States was estimated from various sources; therefore, the in-
cidence of traumatic brain injury could only be estimated from
the data in the study.

Clarke (5) reported on the National Athletic Injury Report
System, which was established in 1975. This report system was
retrospective in nature. Concussion was defined as an incident
of disorientation caused by trauma that required cessation of
play. There were no reports of clinical symptoms. The reports
were not based on physician examinations. There have been
two reports of the incidence of concussions among Canadian
football and soccer players (9, 10). Both studies were based
solely on retrospective survey questionnaires completed by
the players themselves. There were no physician reports or
examinations. Both studies reported very high incidences of
concussion symptoms among the athletes.

There have been a few attempts to study brain injury in
other sports. Gerberich et al. (15) reported an epidemiological
study of high school hockey players in Minnesota during the
1982/1983 season. Only 12 high school teams participated.
The study was retrospective and was not based on physician
reports. There was no report of clinical symptoms observed
among the injured players. Boxers have also been studied on
a few occasions. Larsson et al. (25) examined 44 Swedish
amateur boxers before and after matches. The boxers under-
went neurological examinations, including brief bedside cog-
nitive testing. That was a very small study that did not estab-
lish the incidence of concussion in the population of boxers.
The report did not provide much detail regarding the clinical
symptoms that were observed for the participating boxers.

McCown (31) retrospectively analyzed results from New
York State Athletic Commission records on professional box-
ers who were examined between 1950 and 1958. The report
indicated that 11,103 boxers were examined, 325 boxers were
knocked out, 789 experienced technical knockouts, and 10
required hospitalization. The article included a few detailed
case reports of injured boxers but did not include any system-
atic review of symptoms observed among the boxers who
were evaluated. There was also no indication of the course of
the patients’ symptoms after knockouts or technical
knockouts.

Kaplan and Browder (22) evaluated 1043 professional box-
ers with electroencephalographic studies, ringside examina-
tions, and evaluations of fight films. The authors did not
specifically list the clinical findings, but they indicated that no
neurological abnormalities were noted during ringside assess-
ments or examinations in the training room after the fight,
even among the fighters who lost in knockouts. No additional
details regarding the clinical findings were provided.
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Enzenauer et al. (12) reported on the incidence of boxing
injuries in the United States Army between 1980 and 1985.
That report was based on a retrospective review of Army
hospital records. The only data available to the authors were
the diagnoses, lengths of stay,sand procedures performed.
There were no clinical details regarding the symptoms. Be-
cause the data were collected from hospital records, only more
serious head injuries were inclyded and the report undoubt-
edly did not detect most cases of MTBI among Army boxers.
Reviews of those earlier studies support the conclusion that
our study is unique. ‘

The results of this study help validate the information pre-
sented in the earlier study of the biomechanical features of
concussions determined with video analyses and laboratory

-reconstructions of selected NFL MTBIs and severe head im-

pacts (37, 38). One concern regarding the selection of the cases
for video analysis was that the cases might not have been
representative of most, if not all, concussions observed among
NFL players. The analytical method required multiple camera
angles and clear yard line and sideline markers for accurate
determination of impact conditions. Therefore, the cases ana-
lyzed with the video techniques tended to be those that oc-
curred in the open field. Such cases tended to involve impacts
between wide receivers and defensive backs, impacts between
wide receivers and the ground, players striking the quarter-
back, and special-team players running in the open field and
striking other players in kicking plays. This study indicates
that these are the same players who have the highest risk of
sustaining MTBIs among all NFL players. The data indicate
that quarterbacks, wide receivers, defensive backs, and
special-team players on kicking units are more likely to sus-
tain MTBIs than are players such as offensive and defensive
linemen. This indicates that the cases selected for video anal-
ysis in the earlier studies were representative of many, if not
all, NFL concussive events. Furthermore, comparison of the
symptoms indicated that the video sample was reasonably
representative.

Some of the results in this report can be understood in the
context of the biomechanical data determined in the earlier
studies (37, 38). The data indicate that quarterbacks have the
highest risk of MTBI among all NFL players. Quarterbacks are
representative of immobile or slowly moving players who are
struck at high velocity by other players, often in situations in
which the quarterback is unaware of the approaching player.
The biomechanical data indicate that, in such situations, the
high velocity of the striking player is transferred to the struck
player (the quarterback), causing large changes in velocity and
acceleration of the quarterback’s head.

Defensive backs and wide receivers are the next most likely
groups of NFL players to sustain clinical MTBIs. These players
are moving at high speeds. They are often struck by more than
one teammate or opposing player in high-velocity, high-
acceleration impacts during tackling or blocking. Wide receiv-
ers are often struck in midair and fall backward, landing with
the back of the helmet against the ground. As indicated by the
biomechanical data, these high-velocity impacts often produce
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head accelerations exceeding the tolerance levels and thus
frequently result in clinical MTBIs. Offensive and defensive
linemen have relatively lower risks of MTBI than do the
aforementioned players. Offensive and defensive linemen
tend to move at slower velocities for shorter distances; there-
fore, when they are struck in the head, the velocities and
accelerations are lower than those observed among quarter-
backs, wide receivers, and defensive backs. Because of these
lower-acceleration impacts, lineman are less likely to experi-
ence impacts exceeding the tolerance levels and are less likely
to sustain clinical MTBIs, except when they are running at full
speed during kickoffs and punts.

One of the results might seem inconsistent with the biome-
chanical data. These data indicate that tackling players are
somewhat more likely to sustain MTBIs than are players being
tackled. Our biomechanical data indicated that the striking
player does not sustain MTBI but the player being struck
sustains MTBI because of the velocity being transferred from
the striking player to the struck player. It might initially be
presumed that the tackling player is always the striking
player, but closer analysis indicates that this is often not the
case. The tackling player, especially a relatively smaller defen-
sive back, is often struck by a quickly moving, charging,
offensive ball carrier, who becomes the striking player al-
though he is being tackled. Therefore, the higher accelerations
and velocities are often transferred to the tackling player.
Furthermore, the tackling player is often struck by other tack-
ling players from his own team or by blocking players from
the opposing team during the act of tackling.

The tackler is usually focused on the ball carrier and often
does not see the blocking opponent or his teammate who is
also attempting to make a tackle. In these collisions, the tack-
ling player often experiences a high-velocity impact, sustain-
ing high accelerations to the head that result in concussion.
Therefore, even this apparent inconsistency can be understood
in terms of the biomechanical data presented by Pellman et al.
(37, 38).

As indicated in Table 5, the most common initial symptoms
for concussed players were headaches, dizziness, memory
problems, cognitive problems, and somatic complaints. Head-
aches were observed for 55.0% of concussed NFL players.
These results are consistent with the results observed in pre-
vious studies. Headaches occur among 30 to 90% of patients
after concussions (14, 33). In recent studies of MTBIs among
athletes, posttraumnatic headaches were noted in 40 to 86% of
cases (7, 18, 32). Our results were within that range and are
consistent with those findings.

Dizziness, including vertigo, was observed for 45.7% of the
NEFL players with concussions. Dizziness has been frequently
reported in studies of nonathletes with closed-head injuries.
One study demonstrated that 53% of nonathletes complained
of dizziness after mild head injuries (14, 27). Dizziness and
vertigo are usually indicative of vestibular system dysfunc-
tion. This dysfunction is often thought to be of peripheral
origin, but it is not clear whether some of the dizziness and
vertigo might be of central origin. Earlier reports suggested
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that mild head injuries could cause benign positional vertigo.
Nystagmus was infrequently noted among the NFL players.
On the basis of examinations of boxers in the ring immediately
after knockouts, nystagmus might be more frequently ob-
served among concussed NFL players. The low incidence of
nystagmus in this study could be related to the fact that very
few of the NFL players experienced loss of consciousness or
the fact that the players were nof examined immediately after
impact.

Blurred vision was observed for 16.3% of the study popu-
lation. A previous study demonstrated a 14% incidence of
blurred vision among nonathletes with concussions (33). Dou-
ble vision was observed for 2% of the concussed NFL players.
No additional details regarding the double vision were re-
corded in the survey, but double vision attributable to IVth
cranial nerve palsy is well known to occur after mild head
injury in the nonathlete population (24). Photophobia (sensi-
tivity to light) was observed for 4.1% of the NFL players with
concussions. In an earlier study, photophobia was observed
for 7.2% of nonathletes examined 14 days after mild head
injuries (14, 17). Photophobia may be part of a posttraumatic
migraine syndrome.

Memory and cognitive problems were observed for a total
of 45.9% of the NFL players after concussion. Memory prob-
lems were observed for 39.5% of the players and cognitive
problems for 27.6%. Other sources indicated that retrograde
amnesia is one of the most common forms of memory dys-
function with MTBI (27, 28, 30). Diagnostic approaches for
assessment of memory function and cognitive problems were
not uniform among the team physicians, which represents a
potential error in the accuracy of reporting of such signs. Of
the overall sample, 25.5% of players demonstrated difficulties
with immediate recall in the initial examination, 8.0% were
disoriented with respect to time, 5.1% were disoriented with
respect to place, and 2.9% were disoriented with respect to
person. Impairment of immediate recall was thus much more
frequent than disorientation among the NFL players. These
results confirm our clinical experience that it is not enough to
ask a concussed athlete what year, month, or day it is to
ascertain whether he is experiencing cognitive difficulties. It is
necessary to specifically test for immediate recall in the initial
patient examination after MTBI, to accurately assess the nature
and extent of the injury. This is an important message for
athletic trainers, sports medicine physicians, and others who
examine athletes on the sidelines after mild head injuries.
Team physicians were not given standardized questions or
formats for assessment of information-processing ability or
memory.

The 39.5% incidence of memory problems was approxi-
mately equally divided between retrograde amnesia,
information-processing problems, attention problems, and an-
terograde amnesia. These incidences are consistent with the
findings of previous studies of nonathletes and athletes after
concussions. In one study of nonathletes examined 4 weeks
after mild head injuries, 19% complained of memory losses
and 21% complained of concentration difficulties (14, 33).
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There is extensive literature on the neuropsychological se-
quelae of MTBIs among high school and college football play-
ers, as well as other athletes (6, 8, 11, 13, 14, 19, 46). Those
articles reported significant abnormalities on cognitive and
memory tests among concussed athletes. Our results are con-
sistent with those earlier reports.

Somatic complaints were observed for 20.1% of concussed
NFL players. The most common somatic complaints were
fatigue, anxiety, personality changes, irritability, and sleep
disturbances. These results are consistent with previous stud-
ies of symptoms noted after mild head injuries among non-
athletes. It has been reported that 50 to 84% of patients expe-
rience these types of symptoms after cerebral concussion (14,
40-42). Fatigue was noted for 29% of patients evaluated 4
weeks after mild head injuries (14, 33). Disrupted sleep pat-
terns have also been reported (14, 35). We are not aware of
studies of the incidences of somatic complaints among other
groups of athletes after mild head injuries. However, the MTBI
results are consistent with findings reported for the nonathlete
population, indicating the importance of inquiries about so-
matic complaints during evaluations of athletes after concus-
sions. Complaints of fatigue, anxiety, personality changes,
irritability, and sleep disturbances can be significantly dis-
abling to the patient and must be taken seriously by the
evaluating physician.

There have been a few studies of some symptoms after acute
head injuries among amateur and professional boxers. Kaplan
and Browder (22) reported normal neurological examination
results for boxers after knockouts but noted that the “loss of
awareness of one’s surroundings” was often observed for
fighters after concussions. Blonstein and Clarke (2) evaluated
29 amateur boxers who had been knocked out during the
1955/1956 boxing season in England. They did not report
specific values, but they indicated that amnesia was frequently
observed. Kaplan and Browder (22) and Blonstein and Clarke
(2) also performed electroencephalographic examinations of
fighters after cerebral concussion, but the comments regarding
those findings did not mention clinical symptoms. In another
report addressing head injuries in boxing, Winterstein (47)
reported that nearly one-half of the boxers he examined de-
scribed instances of anterograde amnesia. No additional de-
tails regarding the number of boxers examined or the nature
or extent of the evaluations were provided in that report. It
seems clear that the symptoms observed among concussed
NFL players were generally consistent with the symptoms
previously noted for athletes and nonathletes after MTBIs.
These findings for a group of professional athletes are cer-
tainly more detailed and comprehensive than those reported
in prior studies.

Only one NFL player experienced a seizure after MTBI. The
seizure occurred in the locker room approximately 30 minutes
after the injury and could therefore be classified as an early
posttraumatic seizure. The patient made a full recovery. Post-
traumatic seizures represent a rare occurrence in the general
population after MTBL They occur for 0.8 to 2.3% of patients
during the first 1 week after mild head injuries (1, 14, 26).
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For the great majority of concussed NFL players, MTBIs did
not cause prolonged disability or prolonged absence from
play. Figure 3 indicates that 56.5% of the players (445 players)
returned to play on the day of the injury and 97.1% (764
players) returned to play by day 9 after the injury. Only 23
players (2.9%) missed more than 9 days before returning to
play. This indicates that most MTBIs in the NFL are self-
limiting and players recover fully and spontaneously in a
short time. Table 6 indicates that more than one-half of the
concussed players returned to play during the same game,
either immediately (16.1%) or after a period of rest (35.6%).
Conversely, 44.0% did not return to the same game. The data
did not reveal some clinically pertinent information, such as
the number of players who returned to play with symptoms,
but they allowed an analysis of the types of symptoms that
were more likely to be associated with removal from play. The
multivariate logistic regression analysis of nonhospitalized
players identified the number of symptoms (OR = 1.32 for
each additional symptom), any memory problem (OR = 2.09),
and any cognitive problem (OR = 3.41) as independent risk
factors for resting of a player. The MTBI Committee did not
intend to interfere with clinical decision-making by the indi-
vidual medical staffs, and it must be assumed that there were
variations in the treatment of the injuries. Because a significant
percentage of players returned to play in the same game and
the overwhelming majority of players with concussions were
kept out of football-related activities for less than 1 week, it
can be concluded that MTBIs in professional football represent
mild injuries, in the context of the wide spectrum of diffuse
brain injuries. This suggests that MTBIs in the NFL represent
injuries in which symptoms resolve within a short time in the
vast majority of cases.

Only 9.3% of the NFL players in this study experienced loss
of consciousness as a result of severe concussive head impacts.
This small number is consistent with clinical experience indi-
cating that loss of consciousness is not a common occurrence
with football-related MTBIs. It is important for all physicians
who care for athletes with head injuries to know that most
concussions they treat are not associated with loss of con-
sciousness. Our data also demonstrated that concussed foot-
ball players who sustained a loss of consciousness returned to
play significantly later than did those who did not sustain a
loss of consciousness. There are a few possible explanations
for this finding. It could be that players who experience a loss
of consciousness exhibit more severe symptoms or different
patterns of symptoms than do those who do not lose con-
sciousness. Players who lose consciousness may exhibit more
abnormalities in examinations than do their counterparts who
do not lose consciousness. It also may take longer for the
symptoms of concussion to resolve among players who expe-
rience a loss of consciousness, compared with players who do
not sustain a loss of consciousness.

It is also possible that the symptom of loss of consciousness
itself is enough to make the treating physician more concerned
regarding the potential seriousness of the injury and thus
delay return to play longer, aithough the symptoms are not
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different from those for players who did not sustain a loss of
consciousness. The available data do not allow differentiation
between these possibilities. However, a more detailed analysis
of the subgroup of athletes who sustained a loss of conscious-
ness is planned for a subsequent report.

MTBIs are relatively common injuries sustained by profes-
sional football players in game situations. As expected, the
risk of injury is greatest for players whose positions more
frequently involve high-velocity impacts (wide receivers and
defensive backs). The data demonstrated that the quarterback
is the most at-risk position, after adjustment for the number of
positions on the field (Table 2). Rule changes have been imple-
mented in the past to help protect this position from the
potentially increased risk (e.g., pre- and post-throwing posi-
tions and blind-side impacts).

These data do not differentiate between initial and recurrent
concussions. Repeated concussions are of concern because of the
potential risks of chronic deficits and prolonged postconcussion
syndrome. NFL players have occasionally been forced to retire
because of prolonged postconcussion syndrome. However, most
players return to play very soon after concussion and long-term
sequelae after MTBI are quite rare in the NFL.

The results of a unique, prospective, 6-year study of the
epidemiological features, natural history, and clinical features
of MTBIs in professional football were presented. The results
were analyzed with respect to player position and type of
football activity (i.e., blocking, being blocked, tackling, or be-
ing tackled). Details of the clinical findings for MTBI were
reported for 787 cases, and an attempt was made to correlate
those findings with the biomechanical data gleaned from
video analyses and impact reconstructions of concussioris, as
previously presented by Pellman et al. (37, 38). These findings
should assist physicians in the diagnosis, treatment, and coun-
seling of patients who sustain MTBIs.
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COMMENTS

ln this article by Pellman et al,, the third in a series, the
authors detail the circumstances, causes, symptoms, and
outcomes of game-related concussions in National Football
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League (NFL) players during a 6-year period. The authors
found that quarterbacks, wide receivers, tight ends, and de-
fensive secondary positions had the highest relative risk for
concussion, and kickoffs and punt returns were the types of
play that carried the highest relative risk for concussion. Im-
portanily, they also showed that only 9% of concussed players
lost consciousness, emphasizing the fact that in the great ma-
jority of cases, concussion does not equate with unconscious-
ness. Instead, the most common signs and symptoms were
headache, dizziness, memory problems, and cognitive com-
plaints. The authors have provided a comprehensive and in-
depth analysis of this complex clinical problem. This work will
allow focus to be placed on the most vulnerable players in the
game to reduce the incidence and severity of concussion in
football players at all levels. Further study is warranted on the
long-term neurobehavioral effects of repeated concussions rel-
ative to concussion frequency, injury severity, and time inter-
val between concussions.

Daniel F. Kelly
Los Angeles, California

his article is the third in a series of research observations

supported by the NFL and performed through the NFL
Committee on Mild Traumatic Brain Injury (MTBI) in re-
sponse to safety concerns regarding head injuries in the NFL.
The present observations represent the institutionalization of
change in the former understanding of a concussion as an
episode associated with loss of consciousness to the currently
recognized definition as “an altered mental state regardless of
duration and/or altered memory, regardless of duration or
content that results from trauma.” The authors’ description
and categorization of symptoms and signs commonly associ-
ated with concussion clearly establish these as the hallmarks
in defining MTBI in sports.

During the 6-year study period, 3826 team games were
analyzed for the incidence and severity of MTBI by player
position. From preseason, regular, and playoff game-related
concussions, there were 787 reported cases of MTBL The inci-
dence was only 0.41 concussion per NFL game. This seem-
ingly low incidence perhaps highlights one of the few limita-
tions of the study: the known reluctance of some athletes to
report symptoms and signs. Also, with the numerous individ-
ual team physicians and trainers filling out the collection
forms, interobserver reliability and lack thereof remains a
question. In these incidents, 16.1% of players returned imme-
diately to the game, 35.6% returned later in the game, and 44%
were removed from further contact that day; 2.4% were sub-
sequently hospitalized.

As one would expect, the risk of injury is greatest for
players involved in high-velocity impacts, such as quarter-
backs, wide receivers, and defensive backs. Because of the
high vulnerability of quarterbacks, rule changes were imple-
mented to help protect against blind-side impacts and pre-
throwing and postthrowing positions.
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The great value in this study is the promulgation of a
standard definition, the delineation of players at greatest risk,
and the detailed analysis of symptoms and signs associated
with MTBL It is a prospective study that used a standardized
reporting form in which all subjects were evaluated by phy-
sicians, and there was 100% participation from all players in
the NFEL, with none lost to follow-up. The NFL and the mem-
bers of the MTBI Committee of the NEL are to be commended
for their concise and succinct summary of 5 years of work.

Joseph C. Maroon
Pittsburgh, Pennsylvania

ln their latest article investigating concussion during profes-
sional football games in the United States, Pellman et al.
change their focus from biomechanics to an analysis of the
positions most likely to sustain concussion and the most com-
mon signs and symptoms. The fact that quarterbacks were
found to have the highest relative risk of concussion should
come as no surprise to anyone who reads the sports pages
between August and January. However, the finding that is
perhaps most important for all practitioners (even those who
are not sports fans) is that fewer than 10% of all concussions
were complicated by loss of consciousness. It cannot be stated
often enough to the general public and even to other medical
practitioners that concussion can occur without loss of con-
sciousness and, in fact, does so quite frequently.

Fortunately, in the vast majority of cases, MTBI in football
_players seems to resolve quickly. Most players are able to return
Mo competition after a relatively brief period. The subset of pa-
"tients who sustain loss of consciousness may experience more

significant sequelae, and the authors report that they plan to
present a more detailed analysis of these athletes in a future
article. I look forward to reading that article. The authors also
state that they plan to investigate the effects of recurrent concus-
sions in players. Concerns about the effects of repeated concus-
sions seem to have played a role in the retirement of some of the
most prominent football players of recent years. The high visi-
bility and high stakes of such decisions guarantee that the pub-
lication of that article will also be eagerly awaited.

Alex B. Valadka
Houston, Texas

his article represents the third part of an informative series

regarding concussive injury in the NFL. A significant con-
tribution is the documentation that players in the NFL with
MTBI tend to return to play quickly without increasing the
chance for subsequent sequelae. This counters an existing
literature that tends to suggest that even minimally symptom-
atic players with MTBI have serious injuries. It is unfortunate
that, to date, only a few articles discussing MTBI in general
have been prospective in nature, especially given the burden
of a 3.9 to 7.7% rate of MTBI in high school and college athletes
each year in all sports. We agree that the use of standardized
criteria for recording variables related to the injury is a signif-
icant contribution, especially as determined by a small, select
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group of trajners and/or physicians. The realization that 182
severe game impacts were the result of spearing should sup-
port the need for a more aggressive stance on the part of the
NFL with regard to penalization of the offending player. The
authors will be pursuing repeat concussion in a future article,
given the significance of such injuries with regard to long-
term and even career-ending sequelae.

As with any study of this sort, a number of issues remain
problematic. Our experience has been that motivated players
will universally underrepresent their injuries, given the will to
return to play. Given the caliber and motivation of elite ath-
letes, there is little chance that this will change. Thus, criteria
to assess players with potential MTBI need to account for this
variable. Close relationships between the trainers, players, and
physicians are necessary to further reduce the impact of a
player minimizing his injuries. In addition, close adherence to
strict criteria of evaluation will further diminish such issues
with regard to return-to-play considerations.

Our greatest concern is that the physicians and trainers truly
represent the well-being and long-term health of the players,
as opposed to the specific ball club or the NFL. It is unusual
that neurosurgical coverage tends to be limited in the NFL,
especially given the significant knowledge base regarding
head injury that we harbor. In a recent Monday Night Football
game, Jeff Garcia (quarterback of the San Francisco 49ers)
probably sustained a concussion as the result of a open-field
tackle. Replay analysis represented the tackle itself and Gar-
cia’s hesitancy to leave the field. Without the benefit of per-
forming an examination of the player, any consideration of the
degree of his injury is only conjecture. Conversely, the visual
evidence was enough to suggest that he did receive a signif-
icant impact that was associated with a concussive injury. In
any case, the rapidity with which he returned to play was of
concern. It has been only a few years since Troy Aikman of the
Dallas Cowboys was rendered unconscious on the playing
field, only to return to play later in the game.

Burak Ozgur
Michael L. Levy
San Diego, California

he NFL's Committee on MTBI has analyzed clinical data

regarding what they believe is a comprehensive capture
mechanism of virtually all instances of concussion in the
league during the 1996 to 2001 football seasons. This study has
yielded information from 787 MTBIs that occurred throughout
the playing seasons in 1913 games and consisted of both initial
and follow-up evaluations. The findings included the fact that
although the positions most often associated with concussion
are the defensive secondary, followed by the kicking team
members and wide receivers, the quarterback position has the
highest relative risk for sustaining concussion. This confirms
our previous conviction that those involved in high-speed
collisions, that is, the quarterbacks, running backs, wide re-
ceivers, and defensive secondary players, are at greatest risk
for sustaining concussion. However, depending on size, ve-
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locity, and other factors, the tackler may not always be the one
imparting the greater force and may himself sustain the con-
cussion. In addition, the quarterback is often the victim of a
“blind-side” hit, being unaware of the closing angle, speed,
and presence of the tackler, and is often a stationary target
absorbing and not delivering a force vector to the opponent.
The findings also showed that most concussed football play-
ers had two symptoms, with headaches, dizziness, and
blurred vision being the most common. Either cognitive or
memory problems or both were seen in 46%, whereas, inter-
estingly, there was no documentation of motor or sensory
abnormalities in any players. It is also of interest to note that
only a minority (16.1%) of MTBI players returned to play
immediately within the same game, whereas 35.6% rested for
an extended period before returning to the same game, and
44% were removed for the remainder of that contest. Loss of
consciousness was present in 9.3%, and only 19 players (2.4%)
required hospitalization. The return to play was rapid, be-
cause 92% of concussed players had 6 or fewer days away
from play, and 97% were absent for fewer than 10 days.

96 | VOLUME 54 | NUMBER 1 | JANUARY 2004

This report contributes much to our understanding of the
incidence and characteristics of football-related MTBI, at least
at the highest level of competition. The methodology was
inclusive, allowing exposure and incidence to be determined
accurately, as well as presenting symptomatology. Although
there are some limitations to their data, as the authors admit,
this study involved examinations by physicians and good
follow-up information, including the athletes’ ability to return
to competition. It did not differentiate between initial and
multiple concussions. The large number of concussions in
highly skilled and conditioned athletes, the data related to
playing position, physical examination and presentation, and
completeness make this study unique. The findings also un-
derscore the importance of assessing memory by testing for

“immediate recall in the sideline evaluation. The authors have

presented a thorough study that documents many important
features of athletic MTBI at the professional level.

Julian E. Bailes
Morgantown, West Virginia
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CLINICAL STUDIES

CONCUSSION IN PROFESSIONAL FOOTBALL'

RePEAT INJURIES—PART 4

hysicians have been concerned for many

years about the possible deleterious ef-

fects of multiple concussions on the
brains of athletes. The areas of concern range
from chronic mild or moderate cognitive and
memory impairments to a full-blown chronic
encephalopathy syndrome and from an in-
creased risk of repeat concussion to prolonged
postconcussion syndrome and the rare but le-
thal so-called second-impact syndrome (SIS).
Martland (25) first described a syndrome of
chronic brain damage in boxers, presumably
related to multiple blows to the head.
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In 1945, Quigley expressed concern about
repeat head injuries in other sports by stating
that “three concussions in one season dictated
discontinuing participation in that sport” (41~
43). The influence of this statement persists to
the present time, as indicated by the recom-

mendations of concussion management
guidelines that players who sustain three con-
cussions in one seasor should be withdrawn
from play for the remainder of that season (1,
6,11, 37). In the 1970s and 1980s, a number of
articles raised the specter of the so-called SIS
and related it to “additive or compounding
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effects of minor impact injuries” (41). This rare syndrome has
been defined as occurring when “an athlete who has sustained
an initial head injury, most often a concussion, sustains a
second head injury before symptoms associated with the first
are fully cleared” (7).

The SIS has been characterized by rapid clinical deteriora-
tion resulting from cerebral hyperemia and an increase in
intracranial pressure, with a high rate of mortality, after a
second impact to a brain still symptomatic from an initial head
injury. The existence of SIS, as it has been described and
defined, has been questioned (28, 30). However, persistent
concerns about the SIS still influence the authors of current
guidelines, who recommend rigid time intervals that delay
return to play after many grades of concussion (1, 6, 11, 37).
Starting in the 1970s (17) and continuing in recent years,
numerous studies have documented the increased cognitive
impairments seen after repeat concussions compared with the
first injury (9, 18, 24, 45). These studies have prompted con-
cerns about more subtle chronic brain damage caused by
multiple concussions than that seen in the full-blown chronic
encephalopathy of boxers.

There have been numerous clinical studies defining and
describing the chronic encephalopathy of boxers (8, 31, 32, 39,
40). Clinical studies and relevant animal studies all indicate
that the pattern of chronic brain damage is a result of a large
number of subconcussive blows to the head over a relatively
long period of time (44). However, this injury has not been
observed in professional football.

In the past 10 years, a number of highly publicized retire-
ments of well-known professional athletes after they sustained
multiple concussions have raised the issue of prolonged or
persistent postconcussion syndrome occurring as a result of
multiple concussions (15). Over the years, there have also been
numerous reports indicating that players who sustain one
concussion are at significantly increased risk of sustaining a
repeat concussion as well as being more likely to sustain a
more serious injury as a result of the repeat concussion (6, 9,
16, 18).

In dealing with all of these appropriate concerns, treating
physicians until now have had to rely on personal experience,
anecdotal information, case reports, and studies of small num-
bers of players with repeat mild traumatic brain injury (MTBI)
to aid in their decision-making. The purpose of the present
study is to analyze in detail the results of a 6-year prospective
study of a relatively large number of repeat concussions in the
National Football League (NFL). It is hoped that this will help
the medical community to address its numerous concerns
regarding the effects of multiple concussions in athletes.

In 1994, the NFL formed the Comumittee on Mild Traumatic
Brain Injury in response to safety concerns regarding head
injurjes. Background on the committee has been provided by
Pellman (33). Its mission was to investigate MTBI in the NFL
by various scientific methods.

The MTBI Committee undertook a series of research
projects aimed at defining concussion biomechanics in profes-
sional football. On the basis of analysis of game video and
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laboratory reconstruction of severe impacts .using. instru-.
mented test dummies, the biomechanics of concussion has
been determined for professional players. This has included
data on the head acceleration of injury (36) and the location
and direction of impacts (35). '

The committee also determined a strong need to monitor
the frequency and to have physician evaluation of MTBI in the
NFL and at the same time to identify the clinical signs and
symptoms associated with concussion. The initial study fo-
cused on 787 concussions during regular-season NFL games
(34). It addressed the signs and symptoms of concussion and
determined the relative risk by player position. The present
study involved all 887 concussions reported over a period of 6
years from 1996 to 2001 in practice and all games. During this
period, 787 (89%) of 887 concussions occurred in regular-
season games. This study discusses repeat concussions in
professional football, including the clinical signs and symp-
toms, medical actions taken, and lost days with single and
repeat injury.

PATIENTS AND METHODS

The MTBI Committee devised a simple form for team phy-
sicians to complete on observed and reported signs and symp-
toms on initial and follow-up examinations whenever they
evaluated a player who sustained concussion. At the NFL
level, there is close cooperation between team physicians and
athletic trainers on player medical issues, and they worked
together to collect cases and data for this study. All players
were examined by team physicians, and all management de-
cisions were made by physicians. During the study period,
two teams were added to the NFL. This registry of concus-
sions involved MTBI data from 30 teams in the NFL. The
median number of concussions reported by the teams was 26
(range, 6-72) during the study period. Players’ names were
not included on the forms to maintain confidentiality. They
were identified by a six-digit number.

Operational Definitions

The definition introduced by the committee in 1996 and
used for the study is as follows. A reportable MTBI is a trau-
matically induced alteration in brain function, which is man-
ifested by alteration of awareness or consciousness, including
but not limited to being dinged, dazed, stunned, woozy,
foggy, amnesic, or, less commonly, rendered unconscious, or
even more rarely, experiencing seizure; or by signs and symp-
toms commonly associated with postconcussion syndrome,
including persistent headaches, vertigo, light-headedness, loss
of balance, unsteadiness, syncope, near-syncope, cognitive
dysfunction, memory disturbance, hearing loss, tinnitus,
blurred vision, diplopia, visual loss, personality change,
drowsiness, lethargy, fatigue, and inability to perform usual
daily activities.

The definition is a natural extension of a much earlier one
from the Ad Hoc Committee to Study Head Injury Nomen-
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clature of the Congress of Neurological Surgeons (12) and is
consistent with a more recent definition by the American
Congress of Rehabilitation Medicine (2).

Alteration of Awareness

There may be occasional difficulty in eliciting a history of
loss of consciousness or a transient alteration in awareness in
professional football players. Loss of consciousness may be
very short-lived (a few seconds or less) and thus may not be
directly witnessed by the athletic trainer or medical staff. In
addition, the player may not want to admit that such an event
occurred because of a concern that he may lose playing time,
although this tendency is waning with a loss of stigma asso-
ciated with MTBL Any player who met the all-inclusive crite-
ria as determined by the medical staff and athletic trainers was
included as an MTBI case.

Signs and Symptoms

MTBI is a clinical syndrome that may present with a broad
spectrum of signs and symptoms, many of which are nonspe-
cific and can be associated with other clinical diagnoses. The
MTBI Committee members who are team physicians in the
NFL, as well as MTBI Committee consultants with special
expertise in the fields of sport neuropsychology and sport
neurology, developed a list of the most comumon signs and
symptoms with concussion. They were grouped into six cate-
gories: 1) general symptoms, 2) somatic complaints, 3) cranial
nerve findings, 4) cognitive abnormalities, 5) memory prob-
lems, and 6) unconsciousness. The checklist was filled out for
each player with a concussion.

A purposely large and inclusive list was selected so as to
capture all of the possible clinical signs and symptoms with
MTBI in professional football players. The signs and symp-
toms that were recorded are consistent with previous medical
literature on the postconcussion syndrome and the symptoms
and signs seen after traumatic brain injury. Most of the items
are symptoms the player may complain of or the physician
may elicit by history. Some items are mental status findings
(retrograde amnesia, anterograde amnesia, or problems with
information processing, attention, and immediate recall). The
committee did not distribute uniform testing instruments to
the team physicians but rather left the assessment of these
parameters to the discretion of the individual team physicians.
The rationale for the various signs and symptoms can be
found in a report by Pellman et al. (34).

The form also contained questions about physical examina-
tion findings, initial management, tests ordered, and disposi-
tion regarding return to play as well as information on the
equipment worn, impact types, and conditions of the field and
play. A form was generated for each player’s MTBI, including
the initial evaluation and all subsequent follow-up visits until
the player was cleared for return to play. Team physicians and
their consultants used their own evaluation procedures to
manage the injury. The committee did not impose outside
medical decision-making on the medical staffs of the individ-
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ual teams. The individual team physicians were to complete
the initial and follow-up forms on the basis of their clinical
findings.

Return to Play ;

The following definitions apply to the return-to-play aspect
of the medical report.

* Return immediately: The player returns after an evaluation
by the team physician demonstrates that the player is asymp-
tomatic. The key here is that the player, because of his relative
position on the team, may not be called to action for several
minutes. For example, if the player was on the kickoff team
and sustained an MTBI, the physician would perform an
evaluation and determine that the player is ready to return,

' yet, depending on the game, it may be minutes or possibly an

hour or so before he actually gets back on the field.

‘ Rest and return: The player is evaluated, and it is deter-
mined that there should be some protracted time before a
decision is made to return. The key would be that the player
did eventually return to the same game or practice. An exam-
ple might be that the injury occurs in the last 5 minutes of the
second quarter. Because it is close to halftime, the decision to
return is not made until the third quarter.

‘ Removed from play: This means that the player was not
allowed to return to the game or session in which he was -
injured.

« Hospitalized: The player was admitted to the hospital; this is
generally is characterized as 18 hours or more of hospitaliza-
tion. This would mean that going to a local hospital for an
x-ray, head computed tomographic scan, or the like and then
going home would not be classified as “hospitalized.”

Days Out

The definition of days out is the time between the date of
injury and the date that the player was permitted to return to
full and unlimited participation (38). Full and unlimited partic-
ipation means that the player must be able to perform all the
activities of the session at the same intensity as his teammates.
If a player were in a practice session and was not allowed to
participate in contact drills, he would not be considered to be
returned to participation, because he was not able to perform
all of the activities expected of his teammates. In essence, this
tells us that on the date of return, the player was expected to
participate fully in all of the activities that were planned for
the team practice or game.

Efforts to Improve Compliance

The Commissioner of the NFL encouraged all team physi-
cians to complete and return forms whenever they examined
a player with a head injury. The project was designed to
record information about the injury. The forms were designed
for ease of completion, and the data were limited to those
points that would provide the most relevant information on
MTBI to improve compliance. The data forms were sent to the
NFL epidemiologist and entered into a database with a
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blinded coding to maintain anonymity of the players, When
an initial evaluation form was submitted but the follow-up
visit form was not, committee members contacted team ath-
letic trainers and doctors directly to remind them to submit
the follow-up forms. During biannual meetings, the commit-
tee monitored the data and discussed findings.

Quality Assurances

The MTBI evaluation forms were logged in by the commit-
tee’s epidemiologist and scanned into a database using a
commercial software program (Teleforms, Cardiff, CA). Dur-
ing the data logging, the individual forms were manually
reviewed. Each form was then scanned into a temporary da-
tabase and verified before being entered into the final data-
base. Any fields that were incomplete or inconsistent triggered
a follow-up contact with the team athletic trainer or physician
to verify the data. The final database includes information
from the initial and follow-up evaluation forms submitted by
team physicians.

Statistics

Descriptive statistics were used to characterize those play-
ers who had a single concussion and those who had repeated
concussions during the 6-year study. y* analyses were used to
compare the presence of individual signs and symptoms,
medical action, and management of those with repeat concus-
sions with those with a single concussion. ¢ tests were used to
compare the mean number of signs and symptoms for those
with single and repeated concussions.

QOdds ratios (ORs) with 95% confidence intervals (ClIs) were
used to summarize the magnitude of associations. Paired ¢
tests and the McNemar test were used to compare those same
items for players on their first and second concussions within
the 6-year study. Because the number of signs and symptoms
may accumulate in closely spaced injuries, the correlation
between the change in number of signs and symptoms and
time interval was calculated. A separate analysis was con-
ducted on the 51 players with three or more concussions. This
analysis included a review of their signs and symptoms for
each injury and days out. Differences between injuries for the
same player were evaluated with the McNemar test. The
results for the 15 players with four or more concussion (46
concussions) were summarized separately.

RESULTS

Repeat Concussion

Table 1 shows the prevalence of single and repeat concus-
sions during the 1996 to 2001 NFL seasons. There were 887
reported MTBI cases in practice and preseason, regular-
season, and postseason games. This involved 650 players, 160
(24.6%) of whom had repeat concussions. Fifty-one concussed
players (7.9%) experienced three or more injuries, and one
player had seven concussions during the study period.

NEUROSURGERY
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TABLE 1. Single and repeat concussions in the National
Football League, 1996-2001

No. qf No. of Percentage Tota!
concussions players , concussions
1 490 75.6% 490
2 109 ) 16.8% 218
3 36 5.6% 108
4 8 - 12% 32
5 4 0.6% 20
6 2 0.3% 12
7 1 0.2% 7
Total 650 100% 887

The median duration between the first and second concus-
sions was 374.5 days {range, 0-1693 d). Of those occurring
within a 90-day window (n = 38), the median was 315 days.
Of these 38 players, 36 received their injuries during regular
games in the same season. Only six concussions occurred
within 2 weeks of the initial injury.

Table 2 shows the prevalence of concussion by player position.
It includes the frequency of single and the first of repeat concus-
sions over six seasons. As a group,. the offensive team has a
slightly higher frequency of single and repeat concussions. Indi-
vidually, the position groups most often associated with the first
of repeat concussions are the defensive secondary (16.9%), kick
unit (16.3%), wide receivers (12.5%), and defensive line (10.0%).
The defensive secondary includes the safety and cornerbacks,
and wide receivers include flankers and split ends.

The ORs in Table 2 show that only two position groups have
statistically elevated odds of repeat concussions. Quarterbacks
(OR = 1.92; 95% CI, 0.99-3.74; P < 0.1) have higher odds of
repeat concussion, and the offensive line (OR = 0.54; 95% (I,
0.27-1.08; P < 0.1) has lower odds. Ball carriers on special
teams (OR = 2.08; 95% (I, 0.73-5.93) have the highest point
estimate of repeat injury, but the numbers are very small. The
other positions at elevated odds include tight ends (OR = 1.24;
95% CI, 0.58-2.64) and linebackers (OR = 1.22; 95% CI, 0.63-
2.38). There was no difference in proportion of injuries that
occurred in games versus practice across single concussions
{85.9%), first of repeat concussions (87.5%), and second of
repeat concussions (94.4%).

Table 3 summarizes the signs and symptoms for single and
repeat concussions during the 1996 to 2001 seasons. The pres-
ence of signs and symptoms for the 490 players with a single
concussion and 160 players with repeat injuries (on their first
injury) were compared by use of y* analysis. The prevalence of
signs and symptoms was similar for players experiencing one
concussion and the first of repeat concussions, except for a
higher prevalence of diplopia (P < 0.01) and lower prevalence
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TABLE 2. Incidence of single and first of repeat concussions in six National Football League seasons®
Single concussion First of n.apeat Odds 95% Three or anfe
concussions atic confidence concussions
No. % No. % interval ’ No. %
Offense
Wide receiver 57 8.6% 20 12.5% 1.08 0.63-1.87, 8 15.4%
Running back 42 8.6% 14 8.8% 1.02 0\254—1 .92 6 11.5%
Quarterback 25 5.1% 15 9.4% 1.920 0.99-3.74 5 9.6%
Offensive line 54 11.0% 10 6.3% 0.54 0.27-1.08 - 0
Tight end 25 5.1% 10 6.3% 1.24 0.58-2.64 4 7.7%
Subtotal 203 41.4% 69 43.1% 1.07 0.75-1.53 23 44.2%
Defense )
Secondary 80 16.3% 27 16.9% 1.04 0.64-1.67 6 11.5%
Defensive line 43 8.8% 16 10.0% 1.15 0.63-2.11 5 9.6%
Linebacker 33 6.7% 13 8.1% 1.22 0.63-2.38 5 9.6%
Subtotal 156 31.8% 56 35.0% 1.15 0.79-1.68 16 30.8%
Special team
Kick unit 92 18.8% 26 16.3% 0.84 0.52-1.35 8 15.4%
Return unit 18 3.7% 2 1.3% 0.33 0.08-1.44 1 1.9%
Return ball carrier 9 1.8% 6 3.8% 2.08 0.73-5.93 2 3.8%
Punter 8 1.6% 4] 0
Kicker, FGA 1 0.2% 0 0
Kicker, PAT 1 0.2% 0 0
Holder 1 0.2% 0~ Q
Subtotal 130 26.5% 34 21.3% 0.75 0.49-1.16 11 21.2%
Unknown 1 0.2% 1 0.6% 3.07 0.19-49.35 1 1.9%
Total 490 100% 160 100% 51 100%
“ FGA, field goal attempt; PAT, point after touchdown.
b p < 0.10 from x? analysis comparing positions having repeat versus single concussion versus all other positions.

of personality change (P < 0.01) in those who later incurred a
repeat concussion. ~

The prevalence of somatic complaints was higher at the
second concussion (P < 0.05) by use of an analysis that com-
pares the presence of signs and symptoms on the initial and
repeat concussions with the McNemar test. Loss of conscious-
ness for 1 minute or more ranged from six (1.2%) in the
single-concussion group to three (1.9%) in the initial and four
(2.5%) in the second concussion groups (P = not significant).
With a paired ¢ test, there was no statistical difference in the
mean number of signs and symptoms from the initial to the
repeat concussion. Likewise, there was no correlation between
the change in number of signs and symptoms and the time
interval between the initial and repeat concussions.

Table 4 summarizes the medical action taken after injury.
The most common action with the player who has a single
concussion is to remove him from play (50.4%), as it is with the
initial (45.6%) and repeat concussion (41.3%). Of the 36 players
with a second injury during regular games in the same season,
50% were removed from play.
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Table 5 shows the management of concussion. Overall,
97.4% of known cases of the players with repeat concussion
were managed with rest. This is slightly higher than 94.3% for
those with a single concussion. These frequencies are essen-
tially similar, because only a few players were given various
drug therapies or medical procedures, which were not further
defined in the medical form.

Figyre 1 shows days out from play after single and repeat con-
cussion. Of the concussed players, 91.9% returned to play within a
week. The proportions of players who were not cleared for play for
7 days or more were 7.8% (single injury), 5.0% (initial), and 10.0%
{repeat concussions). Of these players, 13.0% were out 7 days or
longer with three or more concussions. Not shown in Figure 1 is that
50% of the players with same-season regular-game second injury
were not cleared for play within 6 days.

Three or More Concussions

Table 6 gives the signs and symptoms and days out for the
51 players experiencing three or more concussions in the
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TABLE 3. Signs and symptoms of single and repeat concussions in the National Football League (data on repeat concussions for first,
second, and third injury)?
Signs and symptoms Single concussion Repeat concufsions
(n = 490) First (n = 160) Second (n = 160) Third (n = 51)

General symptoms 65.1% 61.3% 65.0% 64.7%
Headaches 58.0% 56.3% 56.3%; 58.8%
Nausea 9.0% 11.9% . 6.9% 5.9%
Vomiting 2.4% 0.6% 0% :

Neck pain 12.9% 11.3% 14.0% - 15.7%
Back pain 0.6% ’

Syncope 1.4% 1.9% 1.9%

Seizures 0.6%

Somatic complaints 18.0% 18.8%" 27.5%" 17.6%
Irritability 2.2% 3.1% 5.0% . 2.0%
Anxiety 3.5% 5.6% 10.6% 5.9%
Depression 0.2% 1.3%

Personality change 5.7%" 1.9%° 6.9%" 2.0%
Fatigue 9.0% 8.8% 10.0% 7.8%
Sleep disturbance 1.0% 2.0%
Loss of libido

Loss of appetite 0.4%

Cranial nerve effects 50.8% 53.1% 60.0% 56.9%
Dizziness 42.9% 39.4% 44.4% 41.2%
Vertigo 3.7% 4.4% 3.1% 3.9%
Tinnitus 2.7% 1.9% 2.5% 5.9%
Nystagmus 0.8% 1.3% 1.3% 2.0%
Hearing loss
Diplopia 1.0%¢ 5.0%°¢ 2.5%

Photophobia 2.9% 4.4% 6.9% 3.9%
Blurred vision 13.9% 19.4% 18.8% 11.8%
Pupil response 0.6% 1.3%

Pupil size 0.2%

Cognition problems 26.7% 29.4% 27.5% 19.6%
Not oriented to person 2.9% 1.9% 3.8% 2.0%
Not oriented to place 5.5% 3.8% 6.9%

Not oriented to time 7.1% 7.5% 11.9% 2.0%
Immediate recall 24.3% 26.3% 26.3% 17.6%

Memory problems 37.8% 39.4% 41.9% 23.5%
Attention problems 13.5% 12.5% 15.6% 7.8%
Information processing 16.1% 16.3% 21.3% 5.9%
AGA delayed 9.8% 10.6% 9.4%

RGA delayed 17.1% 18.8% 17.5% 11.8%

Unconsciousness (>1 min) 6 3 4 0
All loss of consciousness 25 10 16 5
All reported as zero 154 55 64 15

Mean no. of signs and symptoms 2.7 2.8 3.1 2.2
Range 0-12 0-11 0-12 0-12

2 AGA, anterograde amnesia; RGA, retrograde amnesia. Comparisons were made between single concussion and first of repeat concussions using x? test or Fisher's

2x;c<t tgs(;sComparisons were made between first and second concussions of repeat concussions using the McNemar test.

cp<0.01
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TABLE 4. Action taken with players experiencing single and
repeat concussions in the National Football League®

Repeat concussion

Single
Action taken concussion First Second
(n=490)  ( =160) (n=160)
Return immediately 16.9% 15.6% 11.9%
Rest and return 29.6% 34.4% 40.6%
Removed from play 50.4% 45.6% 41.3%
Hospitalized 1.4% 1.3% 4.4%
Unknown 1.6% 31% 1.9%

# Comparison of single versus first of repeat concussions was not significant
by x* analysis.

TABLE 5. Management of players experiencing single and
repeat concussions in the National Foothall League®

Repeat concussion

Single
Management concussion First Second
(=490 (1 = 160) (n = 160)

Rest 88.2% 92.5% 94.4%
Prescription drug therapy 1.4% 1.3% 0.6%
Proprietary prescription 0.6% 0.6% 1.3%
Therapeutic modality 1.0% 3.1% 0.6%
Medical procedures 1.6%
Immobilization 0.6% 0.6%
Not recorded 6.5% 1.9% 3.1%

2 Comparison of single versus first of repeat concussions was not significant
by x* analysis.

6-year study period. The average duration between concus-
sions was 1.05 years for the first and second injuries and 1.20
years for the second and third injuries in the study period.
Overall, there was a slight decline in the number of signs and
symptoms with increasing number of concussions, but a very
similar pattern is seen for the first through third injuries. Only
one symptom/sign was significantly different between the
injuries. Players were more likely to be reported as having
blurred vision on their first concussion than on their third (P
< 0.05). The median number of days out is 0 days out for each
group. A review of medical action was made, and the propor-
tions of removed from play, rest and return, and hospitaliza-
tion were similar for the first through fourth concussions. On
average, 46% were rested and returned, 37% were removed
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FIGURE 1. Graph showing percentage of NFL players returning to prac-

tice and games after single (only one) and repeat concussions during the

6-year study period versus the days lost from full participation in practice

and games (note: the x-axis does not show equally spaced time intervals

past 13 d lost).

from play, 13% returned immediately, and 4% were
hospitalized.

DISCUSSION

In this article, the clinical picture of repeat MTBIs is de-
scribed in professional football players during a 6-year period
from 1996 to 2001. This is the first study that prospectively
collected clinical data from the treating physicians and athletic
trainers of such a large number of repeat concussion cases.
This report represents a comprehensive, detailed, scientifically
based attempt to provide the physician who treats athletes
with objective data on which to build evidence-based man-
agement and treatment plans, although care must be taken in
applying the information to other age groups and levels of
competition. Until recently, there had been few prospective
reports that attempted to look at the effects of repeat MTBIs in
athletes. With the increased use of standardized sideline as-
sessment tests and user-friendly neuropsychological tests at
the high school and collegiate levels, more evidence-based
studies are now appearing in the sports medicine literature
(18, 21, 27). These recent reports complement our study, al-
though there are differences in the approaches taken and the
findings. Before the general discussion of this study and its
implications are approached, limitations for the research are
described. This provides a framework within which to con-
sider the study of repeat concussions in the NFL.

Limitations

As with all research, there are limitations to this study. We
did not collect retrospective data on previous concussion his-
tory as part of this study. Some of the players may have had
previous concussions either in the NFL in the years before the
study began or during their playing careers in high school,
college, or other levels of football. It is also possible that some
of the players sustained cerebral concussions at earlier times in
their lives in nonfootball athletic or nonathletic endeavors.
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TABLE 6. Analysis of 51 players with three or more concussions in the 6-year National Football League study”
Repeat concussions
Signs and symptoms ; p
First (n = 51) Second (n = 51) Third (n = 51) Fourth {n = 15) Fifth+ (n = 11)
4

General symptoms 60.8% 66.7% 64.7% 66.7% 63.6%
Headaches 56.9% 58.8% 58.8% 60.0% 54.5%
Nausea 9.8% 5.9% 5.9% 6.7%

Vomiting 2.0% £ 6.7%

Neck pain 7.8% 9.8% 15.7% “ 13.3% 18.2%
Back pain 0.0%

Syncope 2.0%

Seizures ‘

Somatic complaints 11.8% 15.7% 17.6% 26.7% 273%
Irritability 3.9% 2.0% 2.0% 0.0% 9.1%
Anxiety 3.9% 3.9% 5.9% 6.7%

Depression

Personality change 2.0% 2.0% 2.0% 13.3%

Fatigue 2.0% 7.8% 7.8% 6.7% 18.2%
Sleep disturbance 2.0%

Loss of libido

Loss of appetite

Cranial nerve effects 54.9% 58.8% 56.9% 53.3% 63.6%
Dizziness 41.2% 39.2% 41.2% 26.7% 45.5%
Vertigo 5.9% 2.0% 3.9% 6.7%

Tinnitus 2.0% 5.9%

Nystagmus 2.0%

Hearing loss

Diplopia 3.9% 2.0% 6.7%

Photophobia 3.9% 9.8% 3.9% 6.7% " 9.1%
Blurred vision® 27.5% 21.6% 11.8% 26.7% 27.3%
Pupil response 6.7%

Pupil size

Cognition problems 27 5% 17.6% 19.6% 20.0% 18.2%

Not oriented to person 3.9% 2.0%

Not oriented to place 2.0% 7.8% 6.7%

Not oriented to time 7.8% 9.8% 2.0% 6.7%

{mmediate recall 25.5% 15.7% 17.6% 13.3% 18.2%

Memory problems 39.2% 25.5% 23.5% 26.7% 45.5%
Attention problems 11.8% 9.8% 7.8% 6.7% 9.1%
Information processing 11.8% 7.8% 5.9% 13.3% 27.3%
ACA delayed 2.0% 3.9%

RGA delayed 23.5% 13.7% 11.8% 13.3% 18.2%

Average no. of signs and symptoms 2.5 24 2.2 2.5 2.5
Range 0-8 0-12 0-~12 0-7 1-5

Unconsciousness {>1 min] 1 0
All loss of consciousness 3 6 2 1
All reported as zero 17 26 15 3 4

Days out average 1.0 09 4.9 3.2 2.3
Standard deviation 2.3 2.2 15.6 5.9 4.6
Range 0-9 0-12 0-98 0-22 0-15
% days = 0 or 1 78.4% 78.4% 64.7% 60.0% 63.6%
% days = 7+ 5.9% 2.0% 13.7% 13.3% 9.1%

¢ AGA, anterograde amnesia; RGA, retrograde amnesia.

b p < 0.001 for first versus third concussian by the McNemar test.
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Previous concussion history may affect our conclusions re-
garding repeat concussions, because a certain number of the
concussions that we labeled as initial concussions may in fact
have been repeat concussions for some individual players. In
this article, the “initial” MTBI does not necessarily mean “first
MTBL"” It means that the case represents the “initial” MTBI
during the study period. The same applies to repeat injuries
that occur during the study period.

The authors also realize that some MTBIs were not reported
by the affected player to team medical personnel and therefore
were not included in this database. Such unreported injuries
most likely were very mild in nature and associated with
rapid recovery to escape detection by very involved NFL
athletic trainers and physicians. In addition, although 160
(24.6%) of 650 repeat concussions reflects the proportion of
repeat injuries in this sample, the population of NFL players
changes year to year: new players enter the league, older
players leave the league, and we do not know what number of
players who constitute the 1996 population are still in the
league in subsequent years.

There was difficulty collecting data on loss of consciousness.
The initial data collection sheet did not ask for data regarding
loss of consciousness. Once this was corrected, we found that
many of the reports that were submitted did not answer the
question in the loss-of-consciousness part of the form; there-
fore, we do not have definitive loss-of-consciousness data on a
certain number of players. What has been reported are the
cases with a known time of unconsciousness and those cases
that reported a zero or no loss of consciousness. Interestingly,
there was a failure to find any relationship between loss of
consciousness and neuropsychological function in one study,
calling into question the assignment of primary importance to
loss of consciousness in grading severity of concussion (22).
The difference between the sum of these two numbers and the
overall size of the group is the unknown or indeterminate
cases.

It is also important to note that in a multisite study such as
this, there are numerous different examiners. In some cases,
different examiners from a given medical staff may evaluate
that team’s players. There was no uniform method of evalu-
ation of concussion in this study, which will give rise to
variability in assessments among the 30 teams and, on occa-
sion, within the same team. It must be emphasized that play-
ers were not cleared to return to play until they were asymp-
tomatic, with normal medical examinations, although some
players may return with headaches.

As noted previously, many of the players in the database
had neuropsychological testing at baseline and /or after MTBL
The results of these neuropsychological test batteries are not
currently in this database and therefore not part of this report.
It is possible that including the results of the neuropsycholog-
ical testing on the patients may add information on the cog-
nitive effects of repeat concussions. Return-to-play data were
collected on players with initial and repeat concussions. Al-
though the medical condition of the player certainly is the
most important factor in determining return to play by team
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physicians, there are many other factors that go into the deci-
sion of when the player should return to play. The importance
of the player to the team; the importance of the upcoming
game to the team; and pressure from owners, players and their
families, coaches, agents, and media certainly may influence
the final decision of when the 'player returns to play. The
authors believe, however, that the medical factors regarding
the patient’s recovery are and should be the overriding facts
that guide the team physicians’,decision-making on return to
play. Furthermore, our results apply to NFL-level players, and
extrapolation to younger athletes has not been demonstrated.
It is clear that differences may exist between MTBI in high
school and professional athletes.

Repeat Concussions

The present study found that 160 (24.6%) of 650 players
who sustained an MTBI in the NFL went on to sustain one or
more repeat MTBIs during a 6-year period. There were 490
players who sustained only one MTBI. The 160 players who
had a repeat MTBI represent only a small percentage (5.0%) of
the 3228 NFL players in regular-season games during the
6-year study. In addition, only 51 of the 160 players had a third
MTBI, 15 had four MTBIs, 7 were reported with five MTBIs, 3
with six MTBIs , and 1 with seven MTBIs. Overall, there were
397 repeat injuries of 160 players in practices and all games
during a period of 6 years. These results indicate that, despite
public and media perceptions, repeat MTBI affects only a
relatively small number of NFL players.

Nearly all of the NFL players had been evaluated before
their entrance into the league at the NFL Combine, which is a
predraft evaluation of 330 elite college athletes invited by the
32 NFL teams. The Combine is held every February in India-
napolis, and it is uncommon to see a prospective professional
player who had two or more concussions during his previous
high school and college experience. However, no effort was
made to capture the MTBI history of players involved in this
6-year NFL study.

One of the most frequently quoted articles in the older
literature is by Gerberich et al. (16). They used questionnaires
regarding head injuries mailed to coaches and players repre-
senting 103 high school football teams. This retrospective
study used no athletic trainer or physician reports and in-
cluded no detailed reports of signs and symptoms. The au-
thors found that players with a history of previous traumatic
loss of consciousness were 4 times more likely than those
without such a previous history to sustain a second MTBI with
loss of consciousness. Delaney et al. (13, 14) published the
results of two separate retrospective self-report questionnaires
based on Canadian professional football players and univer-
sity football and soccer players. They found that 69% of the
professionals and more than 80% of the college athletes who
sustained a concussion reported a second concussion as well.
They indicated that a history of previous concussion increased
the risk of sustaining another MTBI (13, 14). An attempt was
made to determine whether there was an increased risk of
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repeat concussion after an initial MTBI in the NFL, but that
aspect was not covered in this study. Numerous statistical
means of approaching the problem have been investigated,
but exposure data were not available to determine relative
risk. If we had used exposure data, we would have had to
limit the analysis to game injuries during the regular 16-game
season. This would miss the intervening MTBIs that occur in
practice and complicate the calculation.

Powell and Barber-Foss (38) reported data on the occurrence
of multiple MTBIs in high school athletes of both sexes com-
peting in football, wresting, basketball, baseball, softball, field
hockey, volleyball, and soccer. The data were collected pro-
spectively by athletic trainers over a 3-year period. There were
no reports of clinical signs and symptoms or return-to-play
data. A total of 92 players with more than one MTBI were
found, 65 of which occurred during football. Guskiewicz et al.
(19) surveyed athletic trainers at high school and college pro-
grams over three seasons. There was a total number of 17,549
players in these programs. They reported that 131 repeat
concussions occurred during the same season as the initial
concussion (881 initial concussions). Not all players were ex-
amined by physicians, and there were no detailed reports of
signs and symptoms. Only 69% of athletic trainers who were
initially asked to participate ultimately completed the study
(19). The very high incidence of repeat concussions in the
above studies is not consistent with the results of other stud-
ies, including the present one, which found that 24.6% of NFL
players (160 of 650 players) who sustained one MTBI later
sustained repeat MTBIs during a 6-year period (an average
annual incidence of 4.1%).

Some recent studies have used standardized concussion
tests and computerized neuropsychological tests. There have
been five reports of neuropsychological test results in athletes
with multiple cerebral concussions (9, 10, 23, 26, 45). In these
studies, the authors relied solely on the athletes” self-reports of
previous concussion history to determine their inclusion in the
study. The studies noted above did not report clinical signs
and symptoms, nor did they report physician findings. Four of
the studies found that athletes with a history of self-reported
previous concussions performed worse on postconcussion
neuropsychological testing than did their counterparts who
had not reported a history of previous concussions. One study
found no difference in the neuropsychological test results
between the two groups (23). The report did not contain more
detailed clinical information other than the results of these few
neuropsychological tests.

One recent study analyzed the results of a general health
questionnaire completed by 2488 retired NFL players (3). It
reported that 24% of former players had sustained three or
more concussions during their careers. The study was retro-
spective, relied completely on unverified self-reports, and did
not involve physician evaluations. The results of Bailes’ study
(3) are in marked contrast to the findings of the present study
that only 160 (5%) of 3228 NFL players in the league during
the 6-year study sustained multiple MTBIs. Although the
number of players entering and leaving the league compli-
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cates determination of a precise risk, this value gives a general
estimate over a recent 6-year period. The marked variability of
conclusions in the above-mentioned studies points to one of
the many strengths of this present study, in that the concus-
sion history was obtained fromd medical documentation of
prospective events, not from retrospective self-reports, in
which answers depend on how the questions are asked, the
context of the questioning, and the selective memory of the
athletes (30). .

Guskiewicz et al. (18) reported a prospective National Col-
legiate Athletic Association conctission study of 2905 football
players over three seasons, df whom 184 (6.3%) had a concus-
sion and 12 had a repeat concussion in the same season. The
data were collected from questionnaires filled out by athletic

 trainers. No reports from treating physicians were included in

the results. They concluded that there may be an increased
risk of repeat concussive injuries and there may be a slower
recovery of neurological function after repeat concussions in
those who have a history of previous concussions. The results
of this present NFL study do not support those conclusions.
There was concern that after a concussion, there may bea 7- to
10-day window of increased susceptibility to sustaining an-
other concussion. Again, the results of this present NFL study
do not support that conclusion. In fact, the present NFL study
found that the average time interval between MTBIs was 1
year and that relatively few repeat events occurred within the
first 10 days after injury. Also, although approximately one-
half of players went back to play during the same game/
session and approximately 90% returned within 1 week, re-
current injury caused by an increased vulnerability in the
immediate postconcussion period does not seem to be a factor
in our population.

Second-impact Syndrome

No cases of SIS were detected during the 6-year period of
this study in the NFL. One hundred sixty players sustained a
total of 397 repeat concussions, ranging from 2 to 7 per indi-
vidual. There were no deaths, prolonged comas, or any evi-
dence of diffuse cerebral edema in the patients. Furthermore,
there have been no case reports of SIS in the history of the
NFL, despite a relatively common occurrence of concussion
and the likelihood that some players may fail to report symp-
toms of MTBI and thus play despite being symptomatic with
MTBI. The anecdotal experience of team physicians is that,
occasionally, the medical staff does not learn about a player’s
concussion until after a game.

There are a number of possible explanations for the absence
of SIS in NFL players. Most obvious is the small sample size
versus the expected incidence rate. The incidence of SIS in
high school and college football is 1 to 2 per 1,500,000 players.
Thus, one would need 375 to 750 years to expect to see a case
of SIS, assuming 2000 players involved per year. In addition,
patients who are reported to have had SIS are usually adoles-
cents or young adults (5, 7, 29, 41). This implies that the brain
of a pediatric patient or adolescent may respond to head
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~-. acceleration differently from that of an adult. Cerebral edema
tafter brain injury in the pediatric population has been well
documented (4). The overwhelming majority of players in the
NFL are more than 22 years of age. Because SIS is thought to
be a very rare occurrence, our sample size of 397 repeat
concussions in 160 players may have been too small to detect
such a rare event. A number of the case reports of SIS docu-
ment autopsy findings showing cerebral contusions or small
subdural hematomas that have been deemed “insignificant”
(7, 41). Perhaps the phenomenon of SIS represents a compli-
cation of a focal brain injury more so than true concussion.
Fortunately, focal brain injury in the NFL seems to be exceed-
ingly rare. It is also possible that the results of the present
study demonstrate that SIS does not truly exist in this popu-
lation of players.

Concussion Management and Guidelines

Many of the currently promulgated guidelines for the man-
agement of sports-related concussion have established exclu-
sion periods for multiple reasons, one of which is the preven-
tion of SIS. This is based at least partially on the belief that
everyone with a symptomatic MTBI is at risk for developing
SIS (1). The absence of any cases of SIS in the NFL during this
6-year study period or in the history of the NFL suggests that
such arbitrary return-to-play guidelines may be too conserva-
tive for professional football.

Another often-expressed concern of the authors of concussion
.management guidelines is the occurrence of chronic brain dam-

ilage as a result of multiple head injuries (1). The chronic enceph-

alopathy of boxers is a well-accepted and documented clinical
and pathological syndrome (8, 31, 39, 40, 44). The clinical features
include a combination of cerebellar, extrapyramidal, and
pyramidal dysfunction, along with cognitive and personality
changes. This is accompanied by a well-defined neuropatholog-
ical picture. The full-blown clinical picture is present in approx-
imately 17% of retired boxers (39), but partial or more subtle
abnormalities are seen in a much higher percentage (8, 40). The
present study was admittedly not the best vehicle to search for
evidence of chronic encephalopathy in professional football play-
ers, but it is important to note that no signs or symptoms were
found of significant extrapyramidal, cerebellar, or pyramidal
dysfunction in NFL players with repeat concussions. This was
not a surprising result, because chronic traumatic encephalopa-
thy has been reported only in boxers and a few steeplechase
jockeys. We are not aware of any cases of this syndrome in
football players. Furthermore, numerous studies have shown
that the occurrence of chronic encephalopathy of boxers is re-
lated to length of career and number of professional bouts, not to
the number of knockouts (concussions) sustained (8, 31, 39, 40). It
is well accepted that chronic encephalopathy of boxers results
from the accumulation of damage from multiple subconcussive
blows to the head over a prolonged period of time, not the
number of concussions sustained (8, 31, 39, 40, 44).

There was no evidence of chronic encephalopathy in this
group of football players who had sustained a relatively small
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number of multiple concussions, although, with years of prac-
tice and play from high school, college, and professional play,
the length of participation in full-contact football is usually
more than 10 years in most professional athletes. The authors
realize that there have been a small number of NFL players
who have retired with prolonged or permanent postconcus-
sion syndrome. These players did not have evidence of pyra-
midal, extrapyramidal, or cerebellar dysfunction. They did not
have clinical dementia. They cleafly did not have chronic
encephalopathy such as that seen in boxers.

Our questions regarding management (Table 5) were broad
in nature and did not allow us to carefully determine specific
management strategies of the treating physician. It is still
noteworthy that only approximately 5% of players with a first
concussion or multiple concussions received therapeutic mo-
dalities, drug treatments, or medical procedures. It is possible
that managing physicians will provide more definite manage-
ment in the future because of the ever-expanding knowledge
on this subject and the availability of more sophisticated test-
ing modalities.

In analyzing these data, an attempt was made to determine
whether there were any features of a player’s initial concus-
sion that might indicate an increased risk of his going on to
sustain multiple MTBIs. There were no differences in manage-
ment, including time interval until return to play, between
those who did not have another MTBI and those who did.
Regarding clinical signs and symptoms, there were two sta-
tistically significant differences between the groups. Diplopia
was reported more often in players who later went on to
sustain a repeat MTBL Personality change was reported less
often in players who later went on to sustain a repeat MTBI. It
is uncertain how valuable these differences will be to physi-
cians who treat athletes with head injuries. Diplopia, for ex-
ample, was a very infrequent symptom in both groups and is
a well-known but infrequent occurrence after MTBI (20, 34). In
this setting, it is often related to IVth or VIth cranial nerve
dysfunction, but it may also be an indicator of transient brain-
stem or ocular muscle dysfunction. This could suggest in-
creased severity of injury and thus help explain an increased
risk of repeat MTBI. Diplopia was reported in 1% of the 490
players who had sustained only one concussion (5 players)
and 5% of the 160 players who subsequently sustained a
repeat MTBI (5 players). Of the 10 players who complained of
diplopia after an initial MTBI, 5 (50%) subsequently sustained
a repeat MTBL

These results raise the remote possibility that players with
diplopia after an MTBI may be at increased risk of sustaining
a subsequent MTBI, but the small number of players involved
suggests caution in accepting this finding. More likely, there
was another factor involved. Nine of the 18 cases with diplo-
pia occurred in the 1997 season in players from seven different
teams (1996, 2 cases; 1998, 1 case; 1999, 2 cases; 2000, 3 cases;
2001, 1 case). Because the cases are not evenly distributed in
time, there may have been some increased sensitization to
diplopia on the part of some physicians in 1997. Also, two
players accounted for four cases. In addition, it is difficult to
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understand why players with personality change were less
likely to sustain a repeat MTBL In view of the small number of
players involved, this association is probably clinically insig-
nificant. In considering these findings, it may be more impor-
tant for clinicians to note that none of the other signs and
symptoms evaluated in this study occurred at any signifi-
cantly different frequency between the two groups.

Neuropsychological Effects

There have been previous studies using neuropsychological
testing that demonstrate subtle cognitive, attention, and mem-
ory impairments that are more prominent in players with
‘multiple concussions than in those with only one concussion
(9, 10, 24, 26, 45). Although many of the players in our study
did undergo neuropsychological testing, these results are not
currently part of this study. However, the purely clinical
examinations did not find cognitive and memory impairments
with greater frequency in players who experienced repeat
versus single MTBIs (Table 3). In fact, the data show that
cognitive and memory problems were present almost equally
in players with more than three concussions compared with
their first and second concussions in the study period.

There may be a “practice effect” occurring. This is a well-
known phenomenon in neuropsychological testing whereby
subjects perform better on subsequent administrations of the
same tests because of learned responses rather than because of
any true improvement in their abilities. However, it has also
been reported that athletes with multiple concussions differ
from those with only one concussion specifically by not dem-
onstrating the practice effect on follow-up neuropsychological
testing (45). Another possible explanation could be that treat-
ing physicians did not aggressively test for cognitive and
memory impairments after the third concussion because they
thought it would be present as it had been in previous con-
cussions. If the examiner does not specifically pursue cogni-
tive and memory questioning, these signs will often be over-
looked. It may be that if the results of neuropsychological
testing were available on all of the players in our study, then
we would be able to confirm the findings of earlier studies that
players with multiple concussions perform worse on this type
of testing than their counterparts.

Three or More Concussions

Another part of the data analysis evaluated players who
sustained three or more concussions. Table 6 shows the signs
and symptoms of the earlier and later concussions of these 51
players. In this analysis, the player serves as his own control
for the history of successive concussions. With the fourth or
later concussion, there was a higher incidence of personality
change and fatigue, but the difference did not reach statistical
significance. The average numbers of signs and symptoms
were somewhat lower in the group with four or more MTBIs,
but again the difference did not reach statistical significance.
The incidence of loss of consciousness at the time of MTBI was
not different with successive concussions. The time intervals
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to return to play were not significantly different between the
two groups, although they were longer with repeat concussion
(Fig. 1). What is most striking to the authors is the marked
similarity of the signs and symptoms of each of the successive
MTBIs for these players, although there was a trend to more
days out based on the average and percentage of players out
7 days or longer with three or more concussions.

Overall, the signs and symptoms reported in our study were
very similar between players with single and multiple MTBIs
(Tables 3 and 6). The total number of symptoms per case was
essentially the same, except for a slight decrease in those with
three or more concussions.” There was a slightly increased
frequency of anxiety in‘the second MTBI compared with the
initial event. This may reflect the athlete’s appropriate con-
cerns regarding the effect of repeat injury on his health and
career, rather than being an indicator of cerebral damage.
Although there is a trend toward repeat injuries having more
time missed, the symptoms and signs of repeat injuries are so
similar to those of single injuries that the longer return to play
for repeat injuries may be a result of more conservative care by
the medical staff rather than more severe injury.

It is possible that more subtle abnormalities in personality
or behavior occurred after multiple MTBIs but that these were
too vague and nonspecific to be adequately recorded on the
standardized forms. Certainly, experienced athletic trainers
and team physicians often report that a post-MTBI athlete
“does not seem right,” even though by all accounts (clinical
examination, history, neuropsychological testing) he has re-
turned to normal (R Barnes, personal communication, 2003). It
is also the perception of some team physicians that less bio-
mechanical force is needed to cause the fourth to seventh
concussions in a small percentage of these players. This seems
to be supported by the game video, which shows lower colli-
sion velocities and less severe helmet impacts. However, a
thorough analysis of this possible effect has not been made. It
would be interesting to study the susceptibility to injury after
many concussions. Obviously, the time between injuries and
the cumulative effects are additional factors to consider.

Incidence of Repeat Concussion by Player Position

The present study found that ball return carriers, quarter-
backs, tight ends, and linebackers had a higher incidence of
repeat MTBIs than their counterparts (Tuble 2). The higher
incidence was statistically significant only for quarterbacks,
even though kick return ball carriers on special teams had the
highest OR of repeat MTBL Both of these positions are often
subjected to high acceleration from open-field or blindside
head impacts at high velocity. The positions at increased risk
of multiple MTBIs are the same ones that were found to have
increased risk of sustaining any MTBI in an earlier study in
this series (34). In recent years, the NFL has implemented and
reinforced several rule changes aimed at protecting players
from head injury. In addition, helmet manufacturers have
developed newer protective equipment that is now in use.
Future analysis of ongoing MTBI data may determine what, if
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any, effect these initiatives will have on the incidence of repeat
- MTBIs in the years to come.

CONCLUSION

This study presents an analysis of MTBI in professional
football with a focus on repeat injuries. Clinical data were
collected prospectively from treating physicians and athletic
trainers during a 6-year period. The results indicate that repeat
MTBIs were very similar to first MTBIs. The overall clinical
symptoms and signs were similar in both groups of players.
No cases of SIS and no evidence of chronic encephalopathy
were detected in the clinical evaluations. Players with multiple
MTBIs returned to play within intervals similar to those with
a single MTBI, and there were no differences in the manage-
ment of players with multiple MTBIs. Players with multiple
MTBIs did not sustain loss of consciousness at a frequency any
different from those with single concussions. There was no
evidence of increased severity of injury in multiple versus
single MTBI cases. The data also indicate that repeat MTBI
~occurred relatively infrequently during this 6-year period.
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. COMMENTS

ellman et al. have provided us with another analysis of the

data derived from the National Football League (NFL)
Mild Traumatic Brain Injury Committee study. In this report,
they have studied 160 repeat mild traumatic brain injuries
(MTBISs) out of an initial group of 887 concussions. These were
reported in practices and games for 650 players during the
1996-2001 football seasons. Their findings corroborated pre-
vious studies showing that players involved with high-speed
and often unsuspected collisions sustained concussions and
that repeat concussions occurred at a higher incidence in the
defensive secondary, special team tacklers, ball return special-
ists, quarterbacks, tight ends, and linebackers. The clinical

expression of repeat concussion was similar to that of players

with an initial or single MTBI except for a higher incidence of
somatic complaints. There were no findings indicating a dif-
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ference in the number of signs or symptoms between the
initial and repeat concussions. The vast majority (92%) of the
NFL players with MTBI returned to play within 1 week, and
the average duration between concussions was slightly greater
than 1 year. They found that 160 of 650 of their players (24.6%)
sustained one or more repeat concussions during the 6-year
period. This study used team physicians to complete an eval-
uation form on those players identified as having sustained an
MTBL

The limitations of this study include the fact that neuropsy-
chological evaluations were not included in the evaluation of
the patient or in reaching their management strategies or
conclusions. It has been well documented that the clinical
examination or reported neurological symptoms or signs are
not as sensitive as neuropsychological testing in a concussed
athlete. The latter has been shown to be sensitive to the pres-
ence of significant cognitive and mental processing deficits,
even in a reportedly asymptomatic football player with a
normal neurological examination. Also, the players’ concus-
sion histories were not known. The fact that they report a 5%
concussion rate does not indicate a true ongoing incidence,
because there is an annual turnover rate in team personnel.
The assessment of long-term consequences is likewise limited
in this brief follow-up in players who continue to be actively
used by the NFL. For several reasons, there may be disincen-
tives to report mild cognitive disturbance or symptoms, or it
may be too early for a chronic syndrome to have developed. 1
would urge caution in extrapolation of these data to include a
management scheme with rapid return of players at other
levels, as was their practice, in which approximately 60%
returned to play during the same game after sustaining MTBL
In regard to the lack of second-impact syndrome (5I5) in NFL
players, this probably reflects the fact that it is primarily a
phenomenon of younger contact athletes and a rare
occurrence.

Julian E. Bailes
Morgantown, West Virginia

ellman et al, working’ through the NFL Committee on

MTBI, with this article have made another significant con-
tribution to the medical literature dealing with repeat concus-
sions in athletes. Their data clearly show that special teams,
ball return athletes, and quarterbacks are the players most
vulnerable to repeat concussion, and single and repeat athletes
with concussion in more than 90% of the cases have a good
recovery and quick return to play.

Several other important observations are made, Under pro-
spective physician-reported circumstances, the actual incidence
of concussions in the NFL is surprisingly low: approximately 3%
per year. Furthermore, although repeat concussions occurred to
approximately one-quarter of the players who sustained an ini-
tial concussion, the interval for this second concussion was ap-
proximately 1 year.

The authors also emphasize that there were no cases of SIS
during the 6-year period of the study. Indeed, there has never
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been a case report of SIS in an NFL football player, although
this syndrome must be considered in any athlete with a cere-

* bral concussion. The fact that it is exceedingly rare, indeed

unreported, in the NFL also needs to be considered in the
judgment-making process.

The apprehension of chronic encephalopathy developing in
football players from multiple concussions is also somewhat
tempered by the fact that in the present study, there were no
athletes with documented extrapyramidal, cerebellar pyramidal,
or pyramidal dysfunction in players with repeat concussions.

Neuropsychological testing is now considered the most sen-
sitive means of assessing cognitive and memory function after
MTBL This form of testing is now available and is used by all
NFL teams in patients with cerebral concussion. This height-
ened awareness clearly is preventive in reducing serious se-
quelae from returning to play too soon. Using these tests, we
have discussed definite personality changes and cognitive
impairment in athletes with multiple concussions, but in most
of them, almost all symptoms and signs clear given an ade-
quate time with contact participation.

Although the authors well document concussions in the
NEFL, a note of caution must be made in extrapolating these
data to college and high school athletes. We have found, for
example, that high school athletes with three or more concus-
sions are nine times more likely to have a repeat concussion
and more significant abnormalities in the on-field presentation
compared with those athletes with no history of previous
concussion. This supports the increased vulnerability of the
brain to repeat concussive blows. In addition, we have found

' that high school athletes take longer to recover, as determined

' by neurocognitive testing, than college athletes, which sug-

gests that the “younger” brain may be even more vulnerable
to concussive brain injuries (1).

Pinally, the relatively low incidence of concussion in the
NFL may indicate a selective bias in that those athletes who
make it to that level are more resistant to concussive injuries
and those who are not have already been “weeded out” be-
cause of previous injuries. Overall, the authors have made
another significant contribution to the medical literature on
athletic concussive injuries.

Joseph C. Maroon
Pittsburgh, Pennsylvania

1. Field M, Collins MW, Lovell MR, Maroon JC: Does age play a role in recovery
from sports-related concussion? A comparison of high school and collegiate
athletes. J Pediatrics 12:546-554, 2003.

t first glance, the NFL experience with single and repeat
concussion (no difference) and management (more than
50% of players return to the same game, including more than
25% of those with loss of consciousness) seems to be at odds
with virtually all published guidelines and consensus state-
ments on managing concussion.
In truth, all those guidelines and consensus statements were
generated from data on high school and college athletes.
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Those in the NFL are not only the most skilled football players
but also probably the best physically and genetically equipped
to withstand the trauma of football, or they never would have
been accepted on an NFL team. Thus, these authors may be
studying unique individuals.

Other explanations can be found by reading and reflecting
carefully on the Limitations section of this article, which is
found at the beginning of the Discussion section. Because the
athletes’ previous concussion histoties were not obtained, we
really do not know how wmany concussions these athletes
received, and therefore, comparisons between first, second,
and third concussions in this study do not necessarily reflect
the athlete’s first, second, or third concussion. It can be argued
that this makes all comparisons suspect.

Another concern is this study, understandably, is a 6-year
window during which there was turnover of players; thus,
comments about not seeing SIS or traumatic encephalopathy
could reflect the limited period of exposure.

All of the above being said, I find that this article comes at
a most interesting time. In the past several years, multiple
articles have been published that place the incidence of con-
cussion, based on direct questioning of the athlete, to be 40 to
70% annually, not less than 10% as routinely reported by
trainers (Table CI) (2—4; Woronzoff, personal communication,

TABLE C1. Incidence: player survey data
Series (ref. no.) Level Incidence
Langburt et al., 2001 (4) High school 47.2%
Delaney et al.,, 2002 (3) College 70.2%
Delaney et al., 2000 (2) Canadian Football 47.8%
League

Woronzoff, 2001 College 61.2%
(personal communication)

2001). Thus, the incidence of concussion is clearly much higher
than that seen by the medical team on the sidelines, with most
athletes with minor concussions continuing to play. The fact
that the athletes questioned did not seem to have problems, as
evidenced by their behavior, suggests that further reflection
on the management of minor concussions might be appropri-
ate. This article also supports the concept that concussion
severity should be determined not on the day of injury but
rather only after concussion symptoms have cleared (1). I am
sure these findings will be deliberated at the second interna-
tional concussion conference in Prague in November 2004.

Robert C. Cantu
Concord, Massachusetts

1. Cantu RC: Concussion severity should not be determined until all post
concussion symptoms have abated. Lancet 3:437-438, 2004.
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2. Delaney JS, Lacroix VJ, Leclerc S, Johnston KM: Concussions during the 1997
Canadian Football League season. Clin J Sport Med 10:9-14, 2000.

3. Delaney 5, Lacroix V], Leclerc §, Johnston KM: Concussions among univer-
sity football and soccer players. Clin J Sport Med 12:331-338, 2002.

4. Langburt W, Akhthar N, O'Neill K, Lee JC: Incidence of concussion in high
school football players of Ohio and Pennsylvania. ] Child Neurol 16: 83-85,
2001

he authors have presented a 6-year surveillance program

that prospectively collects data describing the signs, symp-
toms, and outcome of repeat concussion in the American NFL.
This report addresses an important issue in contact sport that
is not restricted to American football.

The prospective collection of data is particularly useful, but
it is important to note that the definition of MTBI used in this
study is very broad and perhaps overinclusive of minor non-
specific clinical features. Nevertheless, the authors note that
the definition put forward by the MTBI Committee of the NFL
is an extension of the definition proposed by the ad hoc
committee established by the Congress of Neurological Sur-
geons in 1966 and is consistent with the definition proposed
by the American Congress of Rehabilitation Medicine. A more
strict definition commonly used by sports authorities in other
countries describes concussion as a period of definite alter-
ation in consciousness, with the severity being defined as the
length of posttraumatic amnesia.

It was of interest that only a relatively small percentage of
players in the NFL were reported to have sustairied an MTBI,
although 25% of those having an MTBI had repeat concussion,
with a rate of 26.6 per year. It is difficult to extrapolate these
data for other contact sports, but the other codes could well
take a lesson from the MTBI Committee and commence pro-
spective data collection.

A major concern has been whether multiple minor brain
injuries could lead to chronic brain damage characterized by
the chronic encephalopathy of boxers. It is well accepted that
the chronic encephalopathy of boxers does result from the
accumulation of damage from the multiple subconcussive
blows to the head over a period of time, and there have been
studies using neuropsychological testing that demonstrated
subtle cognitive and memory impairment in other sportsmen
who have sustained multiple concussions. Although the neu-
ropsychological assessment was not part of this present study,
the authors should be encouraged to continue with their pro-
spective collection of data and include the neuropsychological
evaluation in future reports.

A further contentious issue has been the timing of return to
play after a concussive injury. A particular concern has been
that too early a return to the sporting field renders the player
more vulnerable to a second concussive episode, with the
possible sequelae as mentioned, and also specifically the pos-
sibility of SIS. This has been described after a second impact to
the brain that is still symptomatic from the initial head injury
and is characterized by rapid clinical deterioration because of
cerebral hyperemia and an increase in intracranial pressure,
with a high rate of mortality. I have personally never seen
such a case, despite the relatively common occurrence of mild

NEUROSURGERY

RereaT CONCUSSION IN PROFESSIONAL Footsal

head injury and concussion in Australian Rules football an,
my association with junior football over a period of man
years.

The authors report a very rapid return to the sporting fiel
after an MTBL but the usual management protocol in Austra
lian sport, and specifically for Australian Rules football, dic
tates that a player should generally not resume full contac
sport for at least 1 week after the injury, and then only if he ¢
she is completely asymptomatic. The difference may be in th
definition of “concussion.”

Andrew H. Kaye
Melbourne, Australi

I want to preface my comments by saying that I have enjoye
reading the biomechanics studies from last year in Newuro
surgery by members of the NFL's MTBI Committee. Thi
group undertook a series of important research projects aimec
at gaining a better understanding of impact biomechanic
associated with concussive injuries in the NFL. These article
have made significant contributions to the literature on the
biomechanics of concussion in professional football, which ha:
laid the foundation for several new studies aimed at studying
impact biomechanics in football.

Unfortunately, the present article (Part 4) in this series o
studies on professional football players has several flaws witt
respect to the study design, data collection, and data analyses
Physicians and certified athletic trainers managing athletes
with concussion should be aware of the limitations of the
study, most of which are outlined by the authors, and be
aware that these limitations probably could have affected the
findings. Thus, the interpretation of the findings and conclu-
sions should be viewed with caution. There is a potentially
dangerous message sent through the authors’ conclusion: that
single and repeat concussions are managed conservatively
and most players return quickly to play.

The more important and more meaningful variables for
clinicians and researchers are symptom duration and symp-
tom severity. However, the authors collected data on how
many days physicians withheld players from competition
(“days lost”). They state in the article, “It must be emphasized
that players were not cleared to return to play until they were
asymptomatic, with normal medical examinations, although
some players may return with headaches.” My first concern is
that a headache is a postconcussive symptom, which means
that players in the NFL are cleared in some cases before they
are asymptomatic. The article therefore sends a message that if
is acceptable to return players while still symptomatic, whict
contradicts the literature published over the past 20 year:
suggesting that athletes be returned to play only after they ar¢
asymptomatic, and in some cases for 7 days.

Second, the analysis on days lost has a potentially ambigu
ous meaning, because although the authors provide a defini
tion of days lost, the reader in reality has no idea as to wha
days lost refers to. Without knowing whether the team phy
sician returned the player immediately upon becomin;
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CLINICAL STUDIES

CONCUSSION IN PROFESSIONAL FOOTBALL: INJURIES

INVOLVING 7 OR MORE DAYS OUT—PART 5

he great majority of athletes who sustain

concussion (mild traumatic brain injury

[MTBI]) make a relatively quick recovery
and return to play in a short period of time. How-
ever, a relatively small number of athletes develop
persistent postconcussion symptoms and are un-
able to return to play for an extended period. Of-
ten, the persistent postconcussion symptoms are
seen 1 or more weeks after the injury. The postcon-
cussion syndrome follows head injury that is usu-
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%

ally mild and consists of any combination of
symptoms and signs that occur after MTBI (19; see
also the Operational Definitions section of this
article).

Although physicians have known of postcon-
cussion symptoms for hundreds of years, the term
“postconcussion syndrome” was first coined in
1934 to describe the “subjective posttraumatic syn-
drome ... due directly to the blow on the head”
{45). Some authors have divided the postconcus-
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sion syndrome into an early and a late postconcussion syndrome
when it persists for more than 6 months (7, 19). However, it is not
exactly clear at what point in time the symptoms that characterize
cerebral concussion (MTBI) come to be those of postconcussion
syndrome. In other words, when does cerebral concussion end and
postconcussion syndrome begin? Very few data are available on the
evolution from head injury to postconcussion syndrome in athietes.
Detailed analysis of the cohort of athletes who are out 7 or more
(7+) days after MTBI can provide such data and help shed light on
the recovery from concussion in professional football players.

Opver the years, there have been numerous attempts to determine
the severity of concussion in athletes, These have generally ap-
peared in the form of guidelines for the evaluation and manage-
ment of MTBI (1, 4, 9, 11, 12, 31, 40). With the exception of a recent
revision of Cantu's earlier work (5), the symptoms for the grading of
concussion severity have relied on events immediately surrounding
the head impact to determine or predict the severity of injury. Their
focus has been on the presence or absence of loss of consciousness
after impact, the presence or absence of posttraumatic amnesia, and
the presence or absence of symptoms such as confusion, dizziness,
and headaches. These observations are made within a few minutes
of concussion to determine the grade or severity of the injury. The
MTBI Committee and many physicians who treat athletes with
concussion have been uncertain of these grading systems because
they often do not seem to correlate with the patients’ clinical course
after concussion in National Football League (NFL) players.

Clinicians, including the present authors, frequently_treat
athletes with a prolonged and/or severe postconcussion syn-
drome who by the grading criteria had only very mild con-
cussions and conversely, often treat patients who make a
complete, rapid recovery after experiencing what was
“graded” as a severe concussion. This raises questions about
the sensitivity and specificity of the grading criteria.

The purpose of this article js to compare the small group of NFL
players who do not return to play for 7+ days after an MTBI with
the majority of NFL players who do returmn within 7 days. By
analyzing this cohort with 7+ days out, the authors hope to deter-
mine the demographic and dlinical differences between the two
groups that might account for the extended period of missed play-
ing time. Such data may shed light on possible prognostic factors
that can aid treating physicians in the early evaluation of athletes
who sustain concussion. These data may also be useful in the
refinement of existing concussion grading and management criteria.

The 7-day dividing line between the groups does not reflect an
arbitrary distinction. Because NFL teams play games only once a
week, the players in this study cohort all missed at least one game.
NFL teams play only 16 games per season. Therefore, missing one
game implies a significant loss of playing time. Therefore, the study
cohort all had significant functional impairment secondary to MTBI,
although the recovery from many of the signs and symptoms may
have occurred a few days after concussion.

BACKGROUND

In 1994, the NFL formed the Committee on MTBI in response
to safety concerns regarding head injuries. Background on the
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committee has been provided by Pellman (35). Its mission was to
investigate MTBI in the NFL by various scientific methods.

The MTBI Committee undertook a series of research projects
aimed at defining concussion biomechanics in professional football.
On the basis of analysis of game yideo and laboratory reconstruc-
tion of severe impacts using instrumented test dummies, the bio-
mechanics of concussion has been determined for professional play-
ers. This has included data on the head acceleration of injury (38)
and the location and direction of impacts (39).

The committee also détermined a strong need to monitor the
frequency of MTBI in the NFL and at the same time to identify
the clinical signs and symptoms associated with concussion. The
initial study focused on the characteristics of 787 concussions
during regular-season NFL games, its signs and symptoms, and

. the relative risk by player position (36). A more recent study by

Pellman et al. (37) addressed 887 concussions occurring over a
period of 6 years, from 1996 to 2001, in practice and in all games.
It evaluated repeat concussions in professional football, includ-
ing the clinical signs and symptoms with repeat and multiple
(three or more) concussions. The second impact syndrome was
not found in this population.

PATIENTS AND METHODS

The MTBI Comumittee devised a simple form for team physicians
to complete on observed and reported signs and symptoms on
initial and follow-up examinations whenever they evaluated a
player who sustained concussion. At the NFL level, there is close
cooperation between team phiysicians and athletic trainers on player
medical issues, and they worked together to collect cases and data
for this study. All players were examined by team physicians, and
all management decisions were made by physicians. During the
study period, two teams were added to the NFL. This registry of
concussions involved MIBI data from 30 teams in the NFL. The
median number of concussions reported by the teams was 26
(range, 6-72) during the study period. Player’s names were not
included on the forms to maintain confidentiality. They were iden-
tified by a six-digit number.

Operational Definitions

The definition introduced by the committee in 1996 and
used for the study is as follows. A reportable MTBI is a
traumatically induced alteration in brain function, which is
manifested by 1) alteration of awareness or consciousness,
including but not limited to being dinged, dazed, stunned,
woozy, foggy, amnesic, or, less commonly, rendered uncon-
sciousness or, even more rarely, experiencing seizure; and 2)
signs and symptoms commonly associated with postconcus-
sion symptoms, including persistent headaches, vertigo, light-
headedness, loss of balance, unsteadiness, syncope, near-
syncope, cognitive dysfunction, memory disturbance, hearing
loss, tinnitus, blurred vision, diplopia, visual loss, personality
change, drowsiness, lethargy, fatigue, and inability to perform
usual daily activities. The definition is a natural extension of a
much earlier one from the Ad Hoc Committee to Study Head
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Injury Nomenclature of the Congress of Neurological Sur-
geons (13) and is consistent with a more recent definition by
the American Congress of Rehabilitation Medicine (2).

Alteration of Awareness

There is some difficulty in eliciting a history of loss of con-
sciousness or a transient alteration in awareness in professional
football players. MIBIs may be very short-lived and thus not
witnessed by the athletic trainer or medical staff. In addition, the
player may not want to admit that such an event occurred
because of a concern that he may lose playing time. Accordingly,
any player who met any of the above criteria as determined by
the athletic trainer or medical staff was included as an MTBL
Despite this, it is possible that a player could have sustained an
MTBI but not have been included because of a lack of coopera-
tion or a very transient and unrecognized episode.

Signs and Symptoms

MTBI is a clinical syndrome that may present with a broad
spectrum of signs and symptoms, many of which are nonspecific
and can be associated with other clinical diagnoses. The MTBI
Comumittee members who are team physicians in the NFL, as well
as MTBI Committee consultants with special expertise in the fields
of sport neuropsychology and sport neurology, developed a list of
the most common signs and symptoms with concussion. They were
grouped into six categories: 1) general symptoms, 2) somatic ¢om-
plaints, 3) cranial nerve findings, 4) cognitive abnormalities, 5) mem-
ory problems, and 6) unconsciousness. The checklist was filled out
for each player with a concussion.

A purposely large and inclusive list was selected to capture all
of the possible clinical signs and symptoms with MTBI in pro-
fessional football players. The signs and symptoms that were
recorded are consistent with previous medical literature on the
postconcussion syndrome and the symptoms and signs seen
after traumatic brain injury. Most of the items are symptoms the
player may complain of or that the physician may elicit by
history. However, some items are mental status findings (retro-
grade amnesia, anterograde amnesia, and problems with infor-
mation processing, attention, and immediate recall). The commit-
tee did not distribute uniform testing instruments to the team
physicians but rather left the assessment of these parameters to
the discretion of the individual team physidians. The rationale for
the various signs and symptoms can be found in Pellman et al. (36).

The form contained questions about physical examination find-
ings, initial management, tests ordered, and disposition regarding
return fo play. A form was generated for each player's MTBI,
including the initial evaluation and all subsequent follow-up visits
until the player was cleared for return to play. The individual team
physicians were to complete the initial and follow-up forms on the
basis of their clinical findings. In the final analysis, the signs and
symptoms were designed to be interpreted by the physicians in the
context of the case. In a few cases, the initial examination form may
have been completed the next day, which would have allowed a
sleep disturbance finding on the form. Team physicians and their
consultants used their own evaluation procedures to manage the
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injury. The committee did not impose outside medical decision-
making on the medical staffs of the individual tearns. The individual
team physicians were to complete the initial and follow-up forms on
the basis of their clinical findings.

+

Return to Play

The following definitions apply to the return-to-play aspect of
the medical report. NFL team physicians clear a player for return
to play only after he becomes asymptomatic (with the exception
of a mild headache) and has a normal neurological examination.

Return immediately: The player returns after an evaluation by
the team physician demonstrates that the player is asymptom-
atic. The key here is that the player, because of his relative
position on the teamn, may not be called to action for several
minutes. For example, if the player was on the kickoff team
and sustained an MTBI, the physician would perform an
evaluation and determine that the player is ready to retumn,
yet, depending on the game, it may be minutes or possibly an
hour or so before he actually gets back on the field.

Rest and return: The player is evaluated, and it is determined that
there should be some protracted time before a decision is made to
return. The key would be that the player did eventually returm to the
same garme or practice. An example might be that the injury occurs
in the last 5 minutes of the second quarter. Because it is close to
halftime, the decision to return is not made unti] the third quarter.

Removed from play: This means that the player was not allowed
to return to the game or session in which he was injured.

Hospitalized: The player was admitted to the hospital, generally
characterized as more than 18 hours. This would mean that going to
a local hospital for an x-ray, head computed tomographic scan, etc.,
and then going home would not be dlassified as “hospitalized.”

Days Out

The definition of days out is the time between the date of injury
and the date that the player was permitted to return to full and
unlimited participation (41). Full and unlimited participation means
that the player must be able to perform all the activities of the
session at the same intensity as his teammates. If a player were in a
practice session and were not allowed to participate in contact drills,
he would not be considered to be returned to participation, because
he was rot able to perform all of the activities expected of his
teammates. In essence, this tells us that on the date of return, the
player was expected to participate fully in all of the activities that
were planned for the team practice or game.

Efforts to Improve Compliance

The Commissioner of the NFL encouraged all team physicians to
complete and return forms whenever they examined a player with
a head injury. The project was designed to record information about
the injury. The forms were designed for ease of completion, and the
data were limited to those points that would provide the most
relevant information on MTBI to improve compliance. The data
forms were sent to the NFL epidemiologist and entered into a
database with a blinded coding to maintain anonymity of the play-
ers. When an initial evaluation form was submitted but the
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follow-up visit form was not, committee members contacted team
athletic trainers and doctors directly to remind them to submit the
follow-up forms. During biannual meetings, the committee mori-
tored the data and discussed findings.

Quality Assurances

The MTBI evaluation forms were logged in by the committee’s
epidemiologist and scanned into a database by use of a commercial
software program (Teleforms, Cardiff, CA). During the data log-
ging, the individual forms were reviewed manually. Bach form was
then scanned into a temporary database and verified before being
entered into the final database. Any fields that were incomplete or
inconsistent triggered a follow-up contact with the team athletic
‘trainer or physician to verify the data. The final database includes
information from the initial and follow-up evaluation forms submit-
ted by team physicians.

Statistics

Descriptive statistics were used to characterize those players who
were out fewer than 7 (<7) days and those who were out 7+ days
from play during the 6 years of surveillance. x* and t tests were used
to compare the signs and symptoms, medical action, management,
and time loss to the team of those players who were out <7 days
and those who were out 7+ days from play. Combinations and
presence of signs and symptoms that might predict 7+ days out
were explored in multiple ways. The final screening was derived
from a multiple logistic regression model with forward conditional
selection using variables that were at least twice as common in those
7+ days out than in those with <7 days out. Cantu’s (5) suggestion
of 1 minute or more of unconsciousness was used to categorize loss
of consciousness for statistical analysis, because of many unknown,
missing, or indeterminate cases. Data are presented on all known
cases of loss of consciousness, those reported as zero (or no loss of
consciousness), and the unknown cases.

The median duration between the first concussion and con-
cussion in those with 7+ days out was more than 1 year. The
longest interval between the first concussion and concussion
in those with 7+ days out was 4.6 years, but seven players
experienced the second injury during the same week.

Signs and Symptoms from Initial and Follow-
up Examinations

The physicians were asked to record at least one follow-up per
case at the time of return to play. If a player did not return on the
same day, they were to complete a follow-up each time they
performed an evaluation until the player was cleared to return to
play. The follow-up examination dates and times were recorded
on the individual forms. All cases with 7+ days out were
searched for follow-up medical forms, and each was coded by
the order of occurrence using the date and time recorded by the
physicians. Using the onset time of the case, the initial examina-
tion date and time and each follow-up date and time were
calculated, along with the time between the initial examination
and the first follow-up, then the second, and so on. The median
and percentiles were determined. This information showed the
change in signs and symptoms during recovery.

NEURODSURGERY

Video of 182 NFL Game Impacts

Video of severe and concussive impacts in NFL games was
evaluated for impact types and locations by Pellman et al. (38, 39). In
a further analysis, it was possible tp use the date, team, and player
identifications to match cases with concussions in the MTBI data-
base. In all, 89 matches (49%) were made with verified concussions
and medical evaluations. There were 18 concussions with 7+ days
out caught on game video, typitally with multiple views of the
impact and with clear visual evidence of the injury; one case was
obscured from view. This allowed an analysis of the type of plays
and collisions associated with lengthy stays out from play. The
general characteristics of the impacts was observed and compared
with other concussion blows involving fewer days out. This in-

. cluded the type of play, tackle, and speed of impact.

RESULTS

Table 1 shows the number of days out from practice and
play in the NFL with single and repeat concussion. For this
study, the cases involving 7+ days out were investigated.
They represent 7.8% of single concussions, 10.0% of those with
a second injury, and 14.1% (P = 0.09) of players experiencing
the third to seventh concussion in the 6-year study period. On
average, concussions with 7+ days out represent 8.1% of all
MTBIs in the NFL, but it is an important group if there is a
way to differentiate the likelihood of having 7+ days out at
the time of the initial medical evaluation.

There were 72 cases with 7+ days out involving 68 players,
The average age of the players was 27.6 * 3.6 years, similar to
the average of players with 0, 1, 2, and 3 to 6 days out with
concussion. Of these injuries, 38 were single concussions in the
study period, 8 were the first of repeat concussion, 16 were the
second, 7 the third concussion, and so on in the study period.

The median duration between first injury and 7+ days out

was 364 days, and the median duration between last injury
and 7+ days out was 329 days, statistically similar.

Four players had two concussions with 7+ days out in the study
period. Two of these players had successive concussions in the same
season. For one player, it was the second and third concussions. The
third injury occurred 38 days after the second. The second injury
involved 13 days out, and the third, 32 days out. For the other
player, it was the first and second concussions. The second injury
occurred 40 days after the first, and each injury involved 9 days out.
Two players had concussions with 7+ days out in successive sea-
sons. For one player, it was the fourth and fifth concussions, involv-
ing 22 and 15 days out. That player had a sixth concussion, involv-
ing 6 days out in the study period. For the other player, it was the
first and third injuries, involving 9 and 46 days out. The intervening
concussion occurred 18 days before the third injury and involved 3
days out. The player with 98 days out with the third concussion had
experienced the second injury in the previous season, and that
injury involved 0 days out.

Table 2 shows the incidence of concussion by player position for
all concussed players in the six NFL seasons, There were 650 players
who experienced 887 concussions during the study period, and
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TABLE 1. Days out with single and repeat concussions in the National Football League, 1996-2001
Single Repeat concussions Total
Days out . 7 X
concusston st 2nd 3rd 4th 5th 6th 7th concussions
0 261 98 92 32 5 1 1 497
1 50 18 14 1 ¢ 85
2 82 21 20 8 2 1 v 135
3 34 8 11 53
4 9 4 4 1 , 18
5 1 ’ 6
6 11 3 3 2 1 1 21
7 8 8
8 8 1 1 10
9 8 6 10 3 1 28
10 3 1 4
11 2 2
12 1 1
13 2 2 1 5
15 1 1 2
16 2 2
17 1 1
18 2 2
20 1 1
22 1 1
33 1 1 2
41 1 1
46 1 1
98 1 1
No. of concussions 490 160 160 51 15 7 3 1 887
No. of 7+ days out 38 8 16 7 2 1 0 0 72
% 7+ days out 7.8% 5.0% 10.0% 13.7% 13.3% 14.3% 0.0% 0.0% 8.1%

their position for each concussion was counted in this analysis. The
left columns show the nunber of concussions by player position
with <7 and 7+ days out. As a group, spedial teams (29.2%) expe-
rienced fewer concussions with 7+ days out than the defensive
(34.7%) and offensive (36.1%) teams. Individually, the position
groups most often associated with 7+ days out are the defensive
secondary (23.6%), kick unit (19.4%), quarterbacks (12.5%), and
wide receivers (12.5%).

The fraction of players in a position with 7+ days out versus
all in that group was highest for the quarterback (14.8%), the
return unit on special teams (11.8%), the secondary (10.8%),
followed by the kick unit (10.4%) on special teams. Also in-
cluded is the odds ratio (OR) for those positions statistically
different for 7+ days out with concussion versus other posi-
tions on the team. Quarterbacks had the highest odds ratio
(OR = 2.1, P = 0.049) of 7+ days out with concussion, whereas
running backs had the lowest relative risk {OR = 0.13, P =
0.021). As a position group, special teams have a higher inci-
dence of 7+ days out (OR = 1.34, P = not significant [NS]).
The punter in the 7+ days out group sustained his injury
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during practice, early in the season. He had a “collision with
the ground” in some game-like scrimmage on Astroturf.

Table 3 shows the team activity associated with concussion
and the number of days out from the NFL. The highest inci-
dence of 7+ days out occurs in passing plays (36.1%), followed
by kickoffs (22.2%). The frequency of 7+ days out for concus-
sions in an activity category is also included. The highest
frequency of 7+ days out by activity versus all concussions is
in kickoffs (12.4%), runs inside tackle (8.6%), and passing
plays (8.5%). There was no statistical difference in team activ-
ity for comparison of <7 and 7+ days out (P = NS).

Table 4 summarizes the signs and symptoms of concussion
by days out during the 1996 to 2001 seasons. The players
experiencing 7+ days out have more signs and symptoms
than those with MTBIs involving fewer days out. The symp-
toms with the highest incidence are headaches (70.8%), dizzi-
ness (52.8%), immediate recall problems (44.4%), and delayed
retrograde amnesia (41.7%) with concussion having 7+ days
out. Many of the symptoms occur at a statistically higher rate.
On the basis of x* analysis, the symptoms most frequently
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TABLE 2. Incidence of concussions involving <7 and 7+ days out by player position in six National Football League seasons®
Days out
Player position Odds ratio® , 95% confidence interval
<7 7+ % 7+
Offense
Wide receiver 101 9 8.2% 1.01 . 0.49-2.09
Running back 77 1 1.3% 0.14¢ 0.02-0.99
Quarterback 52 9 14.8% 2.10¢ " 0.99-4.45
Offensive line 71 5 6.6% 0.78 0.31-2.00
Tight end 45 2 43% 0.49 0.12-2.06
Subtotal 346 26 7.0% 0.77 0.46-1.26
Defense ‘
Secondary 140 17 10.8% 1.49 0.84-2.65
Defensive line 73 6.4% 0.76 0.30-1.94
Linebacker 62 3 4.6% 0.53 0.16-1.73
Subtotal 275 25 8.3% 1.04 0.63-1.73
Special team
Kick unit 121 14 10.4% 1.38 0.75-2.56
Return unit 30 4 11.8% 1.54 0.53-4.50
Return ball carrier 20 2 9.1% 1.14 0.26-4.96
Punter 7 1 12.5% 1.63 0.20-13.40
Kicker, FGA 1 0 0.0% 0.00
Kicker, PAT 1 0 0.0% 0.00
Holder 1 0 0.0% 0.00
Undesignated 11 0 0.0% 0.00
Subtotal 192 21 9.9% 1.34 0.78-2.28
Unknown 2 0 0.0% 0.00
Total 815 72 8.1%
2FGA, field goal attempt; PAT, point after touchdown.
b Unit of observation is concussion. Also tested using unit of observation as the player, with virtually the same results.
€P= 0021, % = 5.36.
9P =0.049, ¥ = 3.87.

occurring with 7+ days out are not oriented to time (x* = 51.2,
P = 0.001), loss of consciousness >1 minute (y* = 33.5, P =
0.001), retrograde amnesia (x* = 33.2, P = 0.001), fatigue (x* =
28.1, P = 0.001), and the general category of cognition prob-
lems (}* = 21.7, P = 0.001). There was also a higher incidence
of problems with immediate recall (y* = 17.2, P = 0.001) and
the general category of memory problems (y* = 18.0, P =
0.001). On average, there were 4.64 signs and symptoms with
7+ days out compared with 2.58 for concussions with <7 days
out (t = 6.0, df = 77.7, P < 0.001).

For the <7 days out group, of 326 players with an entry
recorded at the time of concussion, there were 40 players who
experienced loss of consciousness. The other cases were listed
as indeterminate, unknown, or unrecorded. The duration of
unconsciousness ranged from 1 second to 15 minutes. Seven
players were unconscious 1 minute or more. For the 7+ days
out group, of 28 recorded cases, 19 players experienced loss of
consciousness. The duration of unconsciousness ranged from
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6 seconds to 22.5 minutes, and there were 7 cases with 1
minute or more of unconsciousness. Seven of the 19 players
with loss of consciousness were hospitalized, and the remain-
der were removed from play. Although the typical duration of
unconsciousness was less than 1 minute, the four longest
ranged from 3 minutes 20 seconds to 22.5 minutes, but inter-
estingly, none of these patients were hospitalized. The nine
hospitalized patients usually showed loss of consciousness
and many signs and symptoms; however, one player had only
two. It was his fourth concussion. On the basis of reported
cases, the rate of unconsciousness was 5.5 times greater in the
7+ days out group than in those out <7 days (P < 0.001).
Knowing which players will experience prolonged removal
from play would be valuable to team physicians and players.
The simple assumption that all players will return to play in
<7 days would miss all those players out 7+ days; that is, this
assumption has a sensitivity of 0%. To increase the sensitivity
of that estimate, signs and symptoms occurring at least twice
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TABLE 3. Team activity at time of injury and days out with concussion in the National Football League®
Days out
Team activity Total % <7 % 7+ % 7+ versus all
Q 1 2 3 4 5 6 7+ [

Passing 167 27 42 26 10 3 4 26 305 34.2% 36.1% 8.5%
Interception 5 0 0 1 0 1 3 0 10 1.2% , 0.0% 0.0%
Run inside tackle 88 15 23 5 1 1 6 13 152 17.1% 18.1% 8.6%
Run outside tackle 75 11 26 8 1 0 0 8 129 141.8% 11.1% 6.2%
Fumble 3 0 0 0 Q Q a Q 3 0.4% 0.0% 0.0%
Punt 40 9 15 6 1 0 1 5 77 8.8%- 6.9% 6.5%
Field goal attempt 1 1 0 0 0 0 0 0 2 0.2% 0.0% 0.0%
Point after touchdown 1 0 0 0 0 0 0 0 1 0.1% 0.0% 0.0%
Kickoff 71 12 19 5 2 1 3 16 129 13.9% 22.2% 12.4%
Other 28 5 5 2 3 0 2 1 46 5.5% 1.4% 2.2%
Unknown 18 5 5 0 0 0 2 3 33 3.7% 4.2% 91%
Total 497 85 135 53 18 6 21 72 887 815 72 8.1%
# P = not significant for comparison of <7 and 7+ on team activity.

as frequently in those players experiencing 7+ days out were
entered into a multivariate logistic regression with forward
selection to arrive at a parsimonious group of signs and symp-
toms. The presence of fatigue, photophobia not oriented to
time, or retrograde amnesia correctly identified 50 of the 72
players experiencing 7+ days out, for a sensitivity of 69%, and
correctly identified 599 of the 815 players who did not expe-
rience 7+ days out, for a specificity of 73%. Unfortunately, the
presence of any one of those signs and symptoms also iden-
tified 216 players who did not experience 7+ days out, for a
positive predictive value of 19%. Adding loss of consciousness
for 1 minute or more to the screening increased the sensitivity
to 72% but decreased the specificity.

Table 5 sumumarizes the medical action taken after concussion
by the number of days out. The majority of players with 7+ days
out with concussion are removed from the game (72.2%). The
next highest fraction is players who are hospitalized (12.5%).
Only 6.9% of the players who experienced 7+ days out returned
to the game immediately. In terms of percentage of players with
7+ days out versus those with <7 days out by action taken, a
higher fraction (45.0%) were hospitalized and removed from
play (12.6%). The differences in action taken are statistically
significant (x* = 68.03, df = 3, P < 0.0001 for comparison of <7
versus 7+ days out). For players who returned immediately or
rested and returned to the game, the median time was 15 min-
utes (mean, 30.1 min) for those out <7 days. For the 10 players
out 7+ days, it was not possible to determine the time to return
to the same game, but the median time to the next return to play
was 10 days (mean, 12.1 d).

Table 6 shows the management of players with concussion
by number of days out. The majority of players with concus-
sion (88.9%) are rested with 7+ days out, compared with
90.7% with <7.In terms of percentage of players with 7+ days
out versus fewer days by management, a greater fraction
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are given medical procedures (22.2%), immobilized (20.0%),
and given therapeutic procedures (18.2%) with 7+ days out.
Overall, the data show a conservative treatment of concussion.
There was no statistical difference in player management for
comparison of <7 and 7+ days out (P = NS).

Signs and Symptoms from Initial and Follow.
up Examinations

Figure 1 shows the time to initial and follow-up examinations for
the players with 7+ days out. The initial examination was typically
made within a couple of minutes for the majority of players. The
median first follow-up examination was within 19.3 hours (3.2 and
431 h were the 25th and 75th percentiles). Typically, the fourth
median follow-up examination was made in 4.7 days and the sev-
enth at 13 days for the most severely injured players.

Between the initial examination and first follow-up, most of
the signs and symptoms started to decrease, except for increases
in the general category of memory problems (24-39 cases with
problems), fatigue (17-22 cases), irritability (1-3 cases), and sleep
problems (34 cases). Curiously, the large increase in the general
category of memory problems was not seen in the specific symp-
toms of attention problems, retrograde amnesia, antegrade am-
nesia, and information processing, which decreased 30 to 60% by
the first follow-up examination.

By the fourth follow-up examination, all memory and cogni-
tion problems had cleared. However, the following signs and
symptoms were present in some players. Nine (17.7%) still
showed a general symptom, which was exclusively headaches.
EBight (18.2%) of the initial 44 players with cranial nerve symp-
toms remained. The two specific symptoms were dizziness in 5
(16.7%) and photophobia in 2 (25%) from the initial examination.
Somatic complaints remained in 4 players (16%), including 1
(14.3%} with personality change and another with fatigue. By the
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TABLE 4. Initial signs and symptoms of concussion by days out from the National Football League®
Comparison of <7

. Days out; no. of cases (n = 887) % <7 o7t 7+ injuries and 74
Signs and symptoms p versus all
o 1 2 3 4 5 6 7+ G OH Tt P
(497) (85) (135 (33) (8 (6 @1 (72 value X

General symptoms 281 56 106 37 16 5 15 55  63.3% 764%  9.6% 0.026 4.93
Headaches 243 52 95 34 15 4 15 51 56.2% 7Q.8% 10.0% 0.016 5.80
Nausea 32 7 18 7 2 1 5 6 8.8%  8.3% 7.7%

Vomiting 5 2 4 1 1 0 2 0 1.8%  0.0% '0.0%
Neck pain 44 8 33 5 3 2 7 14 12.5% 19.4% 12.0%
Back pain 0 0 0 0 0 0 0 0.4%  0.0% 0.0%
Syncope 1 0 1 0 0 1 1 1.5% 1.4% 7.7%
Seizures 0 0 0 0 1 0 0 0 0.1%  0.0% 0.0%

Somatic complaints 65 15 33 17 8 3 8 29 18.3% 40.3% 16.3% 0.001 19.95

Irritability 14 1 6 3 1 0 0 1 3.1% 1.4% 3.8%

Anxiety 17 6 12 2 3 0 0 7 4.9% 9.7% 14.9%

Depression 0 0 i 0 0 0 1 1 0.2% 1.4% 33.3%

Personality change 14 4 7 3 2 2 5 8 45% 11.1% 17.8% 0.015 5.93
Fatigue 26 5 11 11 4 2 3 19 7.6% 26.4% 23.5% 0.001 28.12
Sleep disturbance 1 1 1 0 0 0 0 3 0.4% 4.2% 50.0% 0.001 14.21
Loss of libido 0 0 0 0 0 0 0 0 0.0% 0.0% e

Loss of appetite 1 1 0 0 0 0 0 0 0.2% 0.0% 0.0%

Cranial nerve effects 258 47 70 31 6 3 9 50 52.0% 69.4% 10.5% 0.005 8.07

Dizziness 208 32 56 26 4 2 8 38 41.2% 52.8% 10.2%

Vertigo 13 3 10 1 0 1 0 5 3.4% 6.9% 15.2%

Tinnitus 11 1 5 1 0 0 1 4 2.3% 5.6% 17.4%

Nystagmus 2 4 0 1 0o 0 1 1 1.0% 14%  11.1%

Hearing loss 0 0 0 0 0 0 0 0 0.0%  0.0% -

Diplopia 11 0 1 2 0 1 0 3 1.8% 4.2% 16.7%

Photophobia 12 4 3 3 1 1 1 9 3.1%  12.5% 26.5% 0.001 14.34
Blurred vision 69 17 26 10 1 2 1 16 155% 22.2% 11.3%

Pupil response 3 1 0 1 1 0 0 0 0.7%  0.0% 0.0%

Pupil size 1 0 0 0 0 0 0 6] 0.1% 0.0% 0.0%

Cogpnition problems 83 23 50 24 11 3 7 36 24.7% 50.0% 15.2% 0.001 21.69
Not oriented to person 6 1 6 2 2 1 0 6 2.2%  8.3% 25.0% 0.002 9.43
Not oriented to place 11 3 12 5 2 2 0 10 4.3% 13.9% 22.2% 0.001 12.65
Not oriented to time 22 3 10 7 3 2 0 21 5.8% 29.2% 30.9% 0.001 51.17
Immediate recall 76 20 45 23 11 2 7 32 22.6% 44.4% 14.8% 0.001 17.17

Memory problems 144 32 60 32 11 2 " 44 35.8% 61.1% 13.1% 0.001 17.97
Attention problems 45 12 23 11 4 0 4 18 12.1% 25.0% 15.4% 0.002 9.54
Information processing 63 13 30 15 4 0 4 18 15.8% 25.0% 12.2% 0.045 4.03
AGA delayed 23 9 16 12 5 1 2 12 8.3% 16.7% 15.0% 0.018 5.59
RGA delayed 60 1 24 17 4 1 5 30 15.0% 41.7% 19.7% 0.001 33.21

Unconsciousness (=1 min) 0 0 3 1 2 1 0 7 1.7%  9.7% 50.0% 0.001 33.46
All loss of consciousness 14 6 9 6 3 2 0 19 4.9% 26.4% 32.2%

All reported as zero 193 27 38 12 7 2 7 9 362% 12.5%
Mean no. of symptoms 210 2.61 337 3.85 422 450 3.48 4.64 2.58 4.64 0.001 t=6.02,
df = 77.7,
P < 0.001

2 AGA, antegrade amnesia; RGA, retrograde amnesia.
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TABLE 5. Action taken with players experiencing concussion by days out from the National Football League®

Days out
Action taken Total % <7 % 7+ % 7+ versus all
0 1 2 3 4 5 6 7+ 4
Removed from play 137 55 95 37 14 4 18 52 412 44.2% 72.2% 12.6%
Rest and return 241 19 28 9 1 1 5 304 36.7% . 6.9% 1.6%
Hospitalized 1 1 2 3 1 1 2 9 20 1 L3 % 12.5% 45.0%
Return immediately 111 5 8 3 2 1 5 135 16.0% 6.9% 3.7%
Unknown 7 5 2 1 1 16 1.8% 1.4% 6.3%
Total 497 85 135 53 18 6 21 72 887 815 v 72 8.1%

?x* = 68.03, df = 3, P < 0.0001 for comparison of <7 versus 7+ days out on action taken.

seventh examination, only headaches remained to clear, because
all other signs and symptoms had returned to normal.

Video of 182 NFL Game Impacts

There were 18 concussions involving 7+ days out that were
caught on video and showed clear evidence of the collision.
They fell into three general types. The first type involved 6
helmet impacts (33.3%) on the facemask of the concussed
player in the 0- to 45-degree quadrant (see Pellman et al. [39]
for a description of the quadrant and level). The blows were
mostly low on the facemask (3 at —Q3 and 2 at —Q1), becatise
the player’s head was pushed up and backward. The second
type involved 6 helmet (33.3%) (4 cases) or shoulder pad (2
cases) impacts to the side of the helmet in the 45- to 135-degree
quadrants. These were usually high on the helmet (2 at +Q2
and 3 at +Q3) at a downward angle toward the neck. The
third type involved 6 impacts to the back of the helmet (135-
180 degrees) (33.3%) either from a fall to the ground (3 cases)
or helmet impact (3 cases). The majority (4 cases) of these
impacts were at level +Q2 on the back of the helmet. The
general characteristics of the impacts were observed and com-
pared with other concussion blows involving fewer days out.
This included the type of play, tackle, and speed of impact.

The review of 18 cases involving 7+ days out caught on
game video supports this point. Most of the cases involve
open-field impacts in which the players are running at high
speeds before the collision. The most severe impacts seem to
occur on kickoffs and passing plays, in which the offensive
and defensive players are running at full speed. In a few cases,
players from the same team converge on the ball carrier or
receiver, missing their target and colliding together. In others,
the colliston involves a targeted impact with players lowering
their helmets and driving through the other player, or the
player is thrown hard to the ground. In a few cases, the
collision involved a double impact, which may be a factor in
the severity of injury. These cases involved different directions
of loading in the collision sequence.

Two of the cases of 7+ days out caught on game video were
also reconstructed in the laboratory with crash test dummies.
They are cases 69 and 124 in Pellman et al. (38, 39) and
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involved very high impact speeds, 10.3 m/s (23.0 mph) and
114 m/s (25.5 mph), respectively. These speeds are in the
highest range of the collision severities for concussion in the
NFL, close to average plus 1 standard deviation in collision
speed. Pellman et al. (38) found that the average concussion
impact in the NFL was at 9.3 + 1.9 m/s (20.8 = 4.3 mph), so
the average plus 1 standard deviation is 11.2 m/s (25.0 mphy.
Interestingly, the two reconstructed cases did not produce the
highest head accelerations or velocity changes, even though
the collisions were in the upper extreme in impact severity.

DISCUSSION

The present study involved specifically a large cohort of
athletes with relatively extended return to play after MTBL
Data are presented on 72 cases involving 68 players in a 6-year
study. It must be emphasized that this represents only a small
percentage (8.1%) of all NFL MTBIs and an even smaller
percentage (2.1%) of the approximately 3200 players involved
in the NFL during the study years. However, this is a very
important group, which represents the most severely injured
of the NFL concussion cases.

Postconcussion Syndrome

Prolonged postconcussion syndrome has been reported in a
significant percentage of the general population of mild head
injury patients (30). The various symptoms that are part of the
postconcussion syndrome also persist in many of these patients.
There have been a number of previous studies in nonathletes on
the persistence of postconcussion symptoms for extended peri-
ods of time after mild head injury. Headaches have been re-
ported in between 36 and 71% of patients at 1 week, between 31
and 90% at 1 month, between 47 and 78% at 3 months, between
8 and 35% at 1 year, and in 24% of patients 4 years after head
injury (7, 14, 17, 19, 25, 34, 42-44). Dizziness is reported to occur
in 53% of patients in the first week and persists after 2 years in
18% of patients (7, 19, 25). Photophobia was reported in 7% of
patients 14 days after head injury (19, 22).

Psychological and somatic complaints such as personality
change, anxiety, irritability, and depression have been reported
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Days out

TABLE 6. Management of players experiencing concussion by days out from the National Football League®

Management Total % <7 % 7+ % 7+ versus all
0 1 2 3 4 6 7+ ! .
Immobilization 1 1 1 1 5 0.5% 1.4% 20.0%
Therapeutic modality 3 2 3 1 2 11 11%;¢ 2.8% 18.2%
Prescription drug therapy 5 2 1 1 1 10 , L1% 1.4% 10.0%
Proprietary drug therapy 4 2 1 7 0.7% 1.4% 14.3%
Rest 449 78 121 52 15 19 64 803 90.7% 88.9% 8.0%
Medical procedures 5 1 1 2 9 09% 2.8% 22.2%
Unknown 31 3 6 1 42 5.0% 1.4% 2.4%
Total 497 85 135 53 18 21 72 887 815 72 8.1%

4 P = not significant for comparison of <7 and 7+ days out on management.

2 | ne3 75" %tile ,‘A 1 60
18 I
w14 igp B
2 3
212 {36 w.
w : <]
210 ve 008
% 8“ “““ ""’:}:o il {i24 g
Q 6 o 25" %file 118
| v |

4 112
2| . 3 }‘6
0.5,, S ST S . — g )

initial 1st 2nd 3rd 4th 5th  6th  T7th  8th

FIGURE 1. Median time to initial and follow-up examinations for players
with 7+ days out based on 63 cases with at least a first follow-up exami-
nation (n = the number of patients with follow-up examinations).

in 51 to 84% of patients after 3 months and persist in 15 to 33%
at 1 year and 15% after 3 years (14, 19, 42—44). One study reported
persistent fatigue in 23% of patients 6 months after mild head
injury (19, 34). Disrupted sleep patterns have been found in 15%
of patients 6 weeks after injury (19, 44). Memory problems re-
portedly occur in 19% of patients at 1 month after head trauma,
59% at 3 months after injury, and 15% at 6 months after injury
(19, 34, 42, 44). Persistent cognitive impairments (impaired atten-
tion, slowed reaction times, and slowed processing speeds) have
been described in a significant percentage of patients 3 months
after MTBI (3, 15, 19, 24).

Another way to evaluate persistent postconcussion impair-
ments is by assessing ability to return to work after mild head
injury. There have been three prospective studies of time
interval to return to work after mild head injury (15, 19, 42).
All patients were hospitalized after their injury, so it is not
clear that these are truly representative of MTBI patients. One
study found that 57 to 100% had returned to work at 3 months.
A second study found that 20% had not returned to work at 2
months. The third study reported that 75% had not returned to
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work at 1 month, 37% had not returned at 6 months, and 20%
had not returned to work at 1 year after the injury.

A review of these previous studies suggests that there are
clearly a significant minority of general population patients
with persistent postconcussion syndrome after “mild head
injury.” However, there is a great deal of variability in the
actual percentages reported. This most likely reflects the vari-
ability of inclusion criteria, definitions of mild head injury,
means of data collection, and extent of neurological, neuro-
psychological, and radiological investigations of the patients.

The results of the present NFL study are very different from
those of the previously cited studies. Postconcussion symptoms
and signs resolved much more quickly in NFL players than in
nonathletes. Furthermore, only a very small percentage of NFL
players missed 7+ days, and even fewer were impaired for more
prolonged periods. After MTBI, a large percentage of NFL play-
ers recover fully within minutes to 1 hour. A smaller percentage
have persistent postconcussion symptoms for a period of hours
up to 2 days before becoming asymptomatic.

These athletes can be considered to be in the recovery phase
after MTBI with postconcussive symptoms but do not truly have
a postconcussion syndrome. These players return to practice
within a few days and play in the next week’s game. Only 8.1%
of the NFL players with concussions in this study had persistent
symptoms and/or signs for 3 to 5 days or longer after injury and
were out 7+ days (they missed at least one game). This small
group can truly be seen as experiencing a postconcussion syn-
drome. The great majority of these players (80.5%) become
asymptomatic in 7 to 11 days and return to play before the
second game after injury (14 d after injury). Thus, almost all the
NFL players who experience postconcussion syndrome recover
in less than 2 weeks. Only a very small number (19.5% of the 7+
days out group) have symptoms persisting for longer than 2
weeks and thus miss more than two games.

This study defines four groups of NFL MTBI patients, classi-
fied by time course of recovery (Table 7). The immediate recovery
group represents 56.0% of the NFL concussions and becomes
asymptomatic within minutes to 1 hour after MTBL They return
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to play on the day of the injury. The early recovery group is
35.9% of the cases and has postconcussive symptoms and signs
for between 1 hour and 2 days after injury before becoming
asymptomatic. These players return to play in <7 days. They do
not develop a postconcussion syndrome. The small number
(6.5%) of players who fall into the short-duration postconcussion
syndrome are symptomatic for 3 to 10 days before making a full
recovery and are kept out of play for more than 7 but fewer than
14 days (they miss only one game after injury). The extremely
small number (1.6%) of players who are symptomatic for more
than 10 days and thus miss two or more games after injury
constitute the prolonged postconcussion group.

There are multiple possible explanations for these differerices
between MTBI recovery in nonathletes and NFL players. Patients
more than 40 years old reportedly have a worse prognosis after
MTBI than younger patients (15, 19-21, 42). Because virtually all
NFL players in this study are under 40 years old (most are in
their 20s), one would expect an overall quicker recovery in the
NFL players. The cited studies on nonathletes with concussion
involved patients with multiple causes of injury and variable
definitions of concussions. In contrast, the present study in-
volved MTBI patients with specific, definite inclusion criteria and
known football-related causes only. The nature of the MTBI
injuries may also have been different.

One of the other processes that may account for some of these
differences between NFL players and the general population might
be deemed to be a type of artificial selection. Most NFL players have
been involved with organized football since junior or senior high
school and on through college. It is well known that MTBIs occur at
all these levels of the sport. For whatever reasons, certain individu-
als undoubtedly are more prone to MTBI than others. Some indi-
viduals are more prone to delayed or poor recovery after MTBL
These groups may overlap. It is likely that many of these individuals
will stop playing organized football before reaching the professional
level. They are “selected out” either of their own volition or because
their head injuries prevent them from continuing to participate in
the sport. As a result of this winnowing process, those players who
ultimately play in the NFL are probably less susceptible to MTBI
and prolonged postconcussion syndrome than the general
population.

Previous work from the present authors (38, 39) has docu-
mented that the accelerations and durations of impacts in NFL
head injuries are much different from those seen in automobile
accidents and other common causes of MTBIs in nonathletes. The

protective benefits of football helmets may also improve the
prognosis of MTBI in NFL players compared with the general
nonhelmeted population. The nature of the injured patients may
also play a significant role in improved prognosis. NFL players
are a highly conditioned, physically fit population accustomed to
playing with pain and highly motivated to return to play as soon
as possible. In these regards, they are much different from the
general population. In addition, NFL players receive a high level
of individualized medical care from the day they reach training
camp that is often not available to the general public. All of these
factors probably play a role in the differing clinical courses seen
in NFL versus nonathlete MTBI patients.

Previous studies on nonathletes have found that age is a sig-
nificant prognostic factor in MTBI patients (15, 19, 21, 42). The
evidence showed that patients more than 40 years old have an
increased risk of prolonged postconcussion symptoms and de-
layed return to work. The authors are unaware of any such data
in athletes. The results of this present study indicate that there is
no difference in median age between the groups with 7+ days
out and those with <7 days out. This demonstrates that within
the age groups of 20 to 40 years, age differences are not associ-

-ated with an alteration in prognosis after MTBL

Very few data are available regarding persistent postconcus-
sion symptoms in athletes after MTBI. There are a number of
studies reporting the results of neuropsychological testing for 7
to 10 days after injury (8, 9-11, 16, 18, 26, 27, 29). These generally
indicate that the neuropsychological test performance falls off
from baseline immediately after MIBI but almost always returns
to baseline by 7 to 10 days after injury. A 4-year prospective
study of football players at one university also recorded subjec-
tive symptoms of 200 players after MTBI (40). Memory distur-
bances were reported by 34% of players at 1 day, 27% at 5 days,
and 8% at 10 days. Complaints of dizziness were reported by
similar percentages of the players at similar time intervals.

Another recent study of 196 concussions in collegiate football
players collected data from questionnaires filled out by team athletic
trainers (23). This study reported that 167 players had headaches at
the time of injury, 149 (89%) had headaches at 3 hours, 110 (65.9%)
had headaches 1 day after injury, 41 (24.5%) had headaches 5 days
after injury, and 23 (13.8%) had headaches at Day 7. It was also
reported that 12.2% of the players did not achieve full symptom
resolution within 1 week. The same group also reported on recovery
time after concussion in collegiate football players (32). The study
reported the results on the basis of symptom checklists, standard-

TABLE 7. National Football League concussion recovery groups by signs and symptoms and return to play?

Prolonged postconcussion syndrome

Concussion recovery group Signs and symptoms Return to play % NFL MTBI
Immediate recovery <1h On the day of injury 56.0%
Early recovery 1h-2d 1-6 d out 35.9%
Short-duration postconcussion syndrome 3-10d 7-14 d out 6.5%

>10d >14 d out 1.6%

4 NFL, National Football League; MTBI, mild traumatic brain injury.
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ized concussion assessment scores, and results of standardized bal-
ance testing along with results of a neuropsychological test battery.
The study reported a pattern of more severe dysfunction in all
spheres immediately after injury, followed by a gradual improve-
ment over the next few days. Neuropsychological cognitive deficits
persisted up to Day 5 and usually resolved by Day 7. None of these
previous studies focused on the more severely injured of the MTBI
patients.

Game Video of Concussion Impacts

The present study found that players at certain positions
(quarterbacks, defensive backs, wide receivers, return team
players) have a higher incidence of delayed recovery com-
pared with other position players. Earlier studies from the
NFL MTBI Committee (36, 37) found that these same position
players were at increased risk of sustaining any concussion
and repeat concussions compared with players at other posi-
tions. Players at higher-risk positions are subjected to the
highest impact speeds and blindside hits, thus-accounting for
the increased risk of sustaining concussion.

Running backs have a statistically lower (OR = 0.14) incidence
of 7+ days out with concussion. There are several reasons why
they have a much lower rate of concussion causing 7+ days out.
In part, their running stance helps them avoid very high-speed
collisions when they are unprepared, their peripheral vision
allows them to make lateral movements avoiding direct impacts,
and their experience allows them to get ready for impacts by
aligning their head, neck, and torso to present a greater effective
mass when a head impact collision occurs. The opposite is true
with blindside impacts of the quarterback and some collisions of
the secondary and during kickoffs and punts.

These cases and the game video of the 7+ days out impacts
point to the possible need for special helmets for the most
vulnerable players and plays in the NFL and for testing the
performance of protection systems in up to 11.2-m/s (25.0-
mph) impacts. This is one way to address the risks of concus-
sion with prolonged recovery and the means to reduce con-
cussion risks in the most severe NFL collisions. High-speed
testing may lead to new innovations in helmet design.

Predictors of 7+ Days Out

Some previous studies have indicated that loss of conscious-
ness is correlated with severity of MTBI, whereas other studies
have disagreed with this position (14, 24, 28, 33). The results of
this present study indicate that loss of consciousness is a risk
factor for missing 7+ days after MTBI, although few players in
the 7+ days out group experienced loss of consciousness for 1
minute or more. This is the threshold suggested by Cantu (5).
Loss of consciousness occurs across all severities of concussion in
the NFL, so it is not, per se, a specific hallmark of the most
severely injured. The results of this study nevertheless support
those who believe that loss of consciousness is a factor that is
related to grading the severity of concussion.

There are multiple other factors that are of prognostic sig-
nificance; loss of consciousness alone is certainly not the only
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factor that determines prognosis. A number of researchers
have suggested that the presence and duration of posttrau-
matic amnesia is an even better predictor of prognosis after
MTBI than is loss of consciousness (6, 17, 19, 33, 34). The
present study found that the presence on initial evaluation of
retrograde amnesia, difficulties with immediate recall, and
memory problems in general were significantly correlated
with ultimate inclusion in the group of players who were out
7+ days. This certainly lends support to the notion that am-
nesia after MTBI has prognostic significance.

The present results also indicate that disorientation to time and
general cognitive difficulties are also correlated with inclusion in
the study cohort. Thus, it may be more accurate to state that the
presence of disorientation, amnesia, or other cognitive problems

‘after MTBI is very predictive of a more delayed recovery. In fact,

one could generalize even further and state that it is the absolute
number of postconcussion signs and symptoms reported on the
initial evaluation that are as important as specific signs and
symptoms in assessing prognosis. The present data showed a
highly statistically significant difference between the number of
signs and symptoms seen in the study group and in the players
who were out <7 days. On initial evaluation, the players who
ultimately would end up in the 7+ days out group had an
average of 4.64 signs and symptoms versus an average of 2.58
signs and symptoms in the players who would ultimately end up
in the <7 days out group. Players with more signs and symp-
toms presumably have more widespread central nervous system
dysfunction, which translates into a slower recovery.

The present study also indicates that hospitalizations after
injury and the removal from play after injury are statistically
associated with ultimately ending up in the group of players who
are out 7+ days. A very revealing finding is that only 6.9% of
players who eventually were out for 7+ days were allowed to
return to play on the day of the injury. This indicates that NFL
team physicians and athletic trainers are extremely effective in
screening out the most severely injured players on the sidelines
within a short period of time after injury. It is important to note
that team medical personnel were making these decisions on an
individual case-by-case basis without the imposition of any for-
mal management or evaluation guidelines. Team physicians
used their clinical judgment along with whatever ancillary test-
ing (neuropsychological testing, magnetic resonance imaging
scans, etc.) they deemed necessary to make these decisions. Many of
the NFL players included in this study had neuropsychological
testing, which will be reported later. Those results are consistent
with the dinically based findings presented in this article.

Players with repeat concussion were more likely to end up in the
study cohort than players with only a single concussion. Although
this could indicate a cumulative effect of previous injury, a previous
study (37) did not find evidence of such cumulative effects, It is
certainly possible that team physicians are more cautious in treating
patients with repeat injuries and are thus more likely to delay their
return fo play. The results of this present study indicate that having
a concussion that results in 7+ days out does not result in an
increased risk of sustaining a repeat injury after the player has
returned to play. Only 11 players who were out 7+ days went on to
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sustain a repeat concussion. However, 4 of them were out 7+ days
on the repeat concussion. Over the 6 years of this study, there were
152 players who sustained an MTBI, returned to play in <7 days,
and subsequently went on to sustain a repeat concussion at some
point. Of these players, 19 were out 7+ days after the repeat con-
cussion. These data would argue against there being any long-term
predisposition to repeat MTBI in players who experience delayed
recovery after a first MTBL However, there was one player who
sustained his fourth and fifth concussions in the 7+ days out group.

Headaches were seen more frequently in the study cohort than in
other players. However, because headache is such a common symp-
tom in both groups of MTBI patients, its presence alone does not
have prognostic significance to the clinician. Photophobia was noted
in a statistically significantly increased percentage of players in the
study cohort. It is well known that photophobia is frequently seen in
migraine-type headaches. It is likely that the photophobia seen in
these study patients was part of a postconcussion migraine-type
syndrome. The results suggest that players with postconcussion
migraine-type syndromes are at increased risk of experiencing de-
layed retumn to play. This is not surprising, given the well-known
propensity of migraine headaches to be debilitating and disabling to
victims in the nonathlete general population.

Sleep disturbance is also statistically correlated with delayed re-
turn to play. However, the very small absolute number of players
who experience this symptom suggests a very cautious approach to
its prognostic use. Fatigue is another symptom prominently associ-
ated with delayed return to play. Although it is by nature a non-
specific, vague complaint, the listlessness, tiredness, and lack of
© energy that are implied certainly represent a major challenge to
return to play in such a physical contact sport as professional foot-
ball. The data suggest that the presence of fatigue on initial evalua-
tion has prognostic significance that might be of value to treating
physicians. Itis interesting to note that fatigue was more commonly
noted on the first follow-up evaluation the day after injury than it
was on the initial evaluation. It should be noted that dizziness was
also seen freqﬁer\tly in players in the study cohort. However, it
is also seen frequently in players who return to play in <7 days and
therefore has no prognostic significance.

Follow-up Examinations

Analysis of the evaluation of signs and symptoms over time
reveals some interesting results. Especially notable is the in-
creased frequency of memory and cognitive impairments at
first follow-up (usually the day after the injury) compared
with the initial evaluation, usually on the day of the injury.
This may suggest that the MTBI sets off intracranial processes
that result in worsening cognitive functioning over the first 24
to 48 hours after injury. It is also of interest to note that these
clinical cognitive and memory impairments almost always
resolve over the next few days, suggesting that the intracranial
processes are self-limited and short-lived. These results also
confirm the clinical impression of team physicians and athletic
trainers that persistence of headaches is the most common
reason for extended delays in return to play.
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There are multiple factors that help determine return-to-play
decisions in this group of athletes. Most of the players who will
ultimately miss 7+ days are identified as having significant
MTBI shortly after the traumatic event. They have multiple
symptoms and signs at initial evaluation, especially signs of
cognitive and memory impairments. As a result, they are very
rarely allowed to return to the game on the day of injury. When
seen in the first follow-up evaluation the next day, most of these
players still have multiple symptoms and signs, with even more
frequent memory impairments and complaints of fatigue. Head-
aches and photophobia are often prominent as well. Over the
next few days, the signs and symptoms generally improve to a
point at which headaches alone are the most common isolated
residual symptom. Almost all the players are asymptomatic by 5
to 6 days after the injury.

Why, then, are the players in this group kept out of play for 7
or more days? First, they have missed practice all week long, and
most teams will not allow players who miss so many practices to
participate in a game. Second, most team physicians adopt a
cautious approach and want these players to practice for a few
days without a reemergence of symptoms before being allowed
to play in a game situation. Third, some of these players may
have had abnormalities on neuropsychological testing (not part
of the database for this article but certainly part of the database
available to the team physicians as part of their decision-making
process) that may suggest a delay in return to play.

Players with persistent signs and symptoms are not allowed
to return to play until they become asymptomatic. It seems
that of all the signs and symptoms, persistent headaches are
the most common reason for a delayed return to play. How-
ever, players who have had newly apparent cognitive and
memory impairments and/or fatigue at first follow-up visit
also account for a large number of the players in the study
cohort, even though these signs and symptoms resolve within
the next few days. Worsening of symptoms and signs over the
first day suggests that the affected players had sustained an
MTBI on the more severe end of the spectrum.

General Discussion

The results of the present analysis stand in contrast to those
presented in an earlier study of concussions in college football
players (23). The present study shows a statistically significant in-
crease in the absolute number of signs and symptoms as well as in
the frequency of many specific signs and symptoms, such as pho-
tophobia, fatigue, disorientation to time, anterograde amnesia, and
cognitive and memory impairments on initial evaluation in patients
who ultimately will miss 7+ days of play. The study of college
players reported that those with a “moderate to severe concussion”
had a lower frequency of all these symptoms compared with the
overall group of players with MTBI (23). There are a number of
plausible explanations for these different results. The two studies
used different means of collecting data. The college study collected
data on the symptoms from a standardized symptom checklist filled
out by the athletic trainer on the basis of the athletes’ self-rated
reports on the presence and severity of 17 symptoms.
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In contrast, the present NFL study collected data through
physician reports of their history and physical examination
findings on the athletes. Furthermore, the two studies differed
in the definition of moderate to severe concussion. The college
study classified players into this category by grading them
using criteria in one of the standardized grading scales. In
contrast, this present NFL study used the criteria of being held
out of play for 7+ days (a functional impairment) for inclusion
in the study group. The inadequacies of using standardized
scales to grade concussion severity are illustrated by the in-
ability to correlate patients’ clinical picture (at least their signs
and symptoms) with their group classification. Conversely,
the strength of using a functional approach to classifying
concussion is confirmed by the strong correlation with the
clinical picture seen in this present study.

The data presented in this article allow for the development of
profiles of two groups of concussed NFL patients. The first group is
the small minority of players who ultimately do not return to play
for 7+ days after injury. Members of this group are more likely to be
quarterbacks, defensive backs, wide receivers, and special teams
return players injured in high-speed, high-acceleration collisions
often occurring during passing plays or kick returns. They are more
likely to experience loss of consciousness as a result of the head
injury. The significance of their injuries is usually quickly recognized
on the field and sidelines by team physicians and athletic trainers,
who therefore only rarely allow them to return to play on the day of
the injury. They are more likely to be hospitalized on the day of the
injury. At the time of initial evaluation, these players complain of
and exhibit a multitude of postconcussion signs and symptoms and
have a significantly increased number of signs and symptoms com-
pared with the other group. They are likely to complain of migraine-
type headaches with photophobia, fatigue, and perhaps sleep dis-
tutbance. On initial examination, they are very likely to be
disoriented to time and to have retrograde amnesia, difficulties with
immediate recall, and overall difficulties with cognition and general
memory.

It must be emphasized that the cognitive and memory impair-
ments were noted on clinical mental status testing and that the
results of this study do not include results of neuropsychological
evaluations. The day after the injury, these players are more
likely to exhibit fatigue and overall memory disturbances. There
is no evidence, however, that when they do return to play, these
players are at increased risk of sustaining another MTBL The <7
days out group includes the large majority of NFL players who
return to play in less than 1 week after MTBI These players are
more likely to be running backs than players at other positions,
and, if not running backs, more likely to be linemen or lineback-
ers. Their injuries are more likely to occur on running plays with
presumably lower-speed and -acceleration impacts. They are less
likely to sustain loss of consciousness as a result of the injury.
They are much more likely to be cleared by medical personnel to
return to play on the same day of the injury. They are less likely
to be hospitalized on the day of the injury. On initial evaluation,
they exhibit a significantly lower total number of signs and
symptoms than their counterparts. Although they also fre-
quently complain of headaches, the headaches are more often
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norunigrainous in nature, without associated photophobia. These
players are much less likely to experience fatigue and sleep
disturbance. On examination, they are much less likely to exhibit
disorientation, difficulties with memory, or cognitive impair-
ments. The above information should be of great value to clini-
cians who treat athletes after MTBL By focusing on the factors
that distinguish between these two groups, physicians may be
able to make an accurate prognostic evaluation soon after MTBIL

Key symptoms and \'signs that team physicians should be aware
of include fatigue, photophobia,-disorientation to time, and retro-
grade amnesia. The presence of any one of these symptoms and
signs increases the risk of prolonged removal from play. Loss of
consciousness for 1 minute or more adds some additional predictive
power, but it occurred only rarely in the NFL and infrequently
(97%) in players out 7+ days. However, the slight increase in
sensifivity with it was offset by a decrease in specificity.

There are different ways to interpret these findings. Players
who miss 7+ days may do so because their MTBI was on the
more severe end of the spectrum of concussion. The recovery is
delayed because they sustained a more severe brain injury. The
statistically significantly increased absolute number of symptoms
and signs and the increased frequency of many specific postcon-
cussion symptoms and signs certainly support this position. The
fact that team medical personnel were able to quickly determine
that these players should not return to play on the day of the
injury again points to the increased severity of the injury. The
finding that certain player positions are predisposed to miss 7+
days and that these players’ positions are those most susceptible
to the highest-velocity acceleration impacts also supports the
view that these players sustained more severe MTBIs than their
counterparts. The data showing the time course for resolution of
symptoms also indicate that these players had symptoms for at
least 3 to 5 days after injury, which suggests that they could not
be allowed to return to play until at least 6 to 7 days.

However, some of the data are also consistent with a different
viewpoint, namely, that teamn physicians took an overly conserva-
tive and cautious approach to players who they thought were more
severely injured and thus were kept out longer even though some of
the players might have been able to return to play sooner. The data
on time course of resolution of symptoms argue somewhat against
this position. It is likely that there are elements of both of these
viewpoints at work in trying to correctly interpret the data from this
study and apply them to management of MTBIs.

In addition to the recorded signs and symptoms from the
database, physicians on the MTBI Committee have a consistent
impression of players who will experience a lengthy recovery.
These impressions appear on the first or second day after con-
cussion. Players who develop prolonged postconcussion syn-
drome often complain of “feeling hung over” and/or of trying to
“look out past a fog.” These feelings often linger after their other
complaints have abated. In other cases, the player reports a
feeling of fatigue, blurred vision, or dizziness, and the treating
physician notes a change in personality. Players often complain
of migraine-type symptoms, including pounding, throbbing
headaches with nausea and photophobia. These feelings are
common and tend to persist in players eventually out 7+ days. In
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other cases, the player complains of “just not feeling right,” not
feeling ready to work out or even practice with a no-contact shirt
on and “feeling queasy.” In some cases, conditioning exercises
increase the player’s symptoms. :

Concussion Evaluation and Management Guidelines

The results of this present study and previous studies from the
MTBI Comumittee (36, 37) prompted the authors to critically
analyze the widely promoted guidelines for the evaluation and
management of concussion in sport. It must be emphasized that
this critique arises from data obtained exclusively from profes-
sional football. This 6-year study indicates that no NFL player
experienced the second-impact syndrome or cumulative chronic
encephalopathy from repeat concussions. While the study did
not follow players who left the NFL, the experience of the au-
thors is that no NFL player has experienced these injuries. This
finding may lead to future research aimed at challenging two of
the expressed rationales for developing management guidelines
to prevent the second-impact syndrome and cumulative chronic
brain injury from repeat concussions.

The most widely used guidelines propose that concussion sever-
ity be graded by use of a limited number of criteria, such as presence

- or absence of loss of consciousness and posttraumatic amnesia at the

time of injury, presence or absence of confusion and other postcon-
cussion symptoms, and presence or-absence of mental status
changes very soon after injury (1, 9, 11, 12, 31, 40). The guidelines
then make clinical management recommendations on the basis of
the grade of concussion diagnosed by these criteria. The proponents
of these guidelines clearly believe that the grade of concussion
severity is linked to prognosis after MTBL They also assume that
delaying return to play for a prolonged time interval after injury can
somehow prevent or alter poor outcomes, repeat injury, or cata-
strophic brain injury. ;

The results of this NFL study confirm that loss of consciousness
and posttraumatic confusion and/or cognitive or memory impair-
ments are predictors of longer recovery after MTBI than a few days.
However, the data also reveal that there are other prognostic factors
of equal importance that are not included in the grading systems.
These include photophobia, fatigue, and increased absolute num-
bers of signs and symptoms. Furthermore, the grading systems do
not consider factors such as the position played by the injured
athlete and the type of play during which the injury occurred, both
of which have been demonstrated in this study to have prognostic
value. This NFL study also found that the presence of signs and
symptoms such as fatigue, sleep disturbance, irritability, and/or
cognitive or memory impairments on examination the day after
injury also has significant prognostic usefulness; yet, none of the
grading systems incorporate any results from examinations other
than on the day of injury. Although the grading systems use some
important prognostic findings, they are limited in their scope and
fail to incorporate a number of other factors that have been demon-
strated to be predictors of delayed recovery.

The present study also suggests that grading concussions im-
mediately after injury is prone to error. A number of players with
signs and symptoms suggesting a poor prognosis in fact recov-
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ered very quickly and returned to play on the day-of or within a
few days of injury. Conversely, there were two players with
minimal signs or symptoms suggesting good prognosis who
ultimately were kept out of play for 7+ days after MTBL None of
the prognostic factors or combination of factors uncovered by
this present analysis was 100% accurate in predicting delayed
recovery. The presence of any of the five signs or symptoms (loss
of consciousness for 1 min or more, fatigue, photophobia, not
orjented to time, or retrograde amnesia) correctly identified 72%
of the players with delayed recovery. However, it also identified
216 players who did not have a delayed recovery. Using these
signs and symptoms as a prognostic tool would mean that only
19% of those identified would actually have delayed recovery.
The authors believe that, if one insists on grading concussion
severity, the best way is retrospectively, on the basis of how long
it actually takes the player to become asymptomatic, with a
normal neurological examination.

It follows from this analysis that the current attempts to link
prospective concussion grading symptoms to arbitrary rigid man-
agement decisions are not consistent with the scientific data. For
example, current guidelines indicate that all players who sustain
loss of consciousness should be removed frbm play for at least 7
days. The present data show that although loss of conscibusness is
one factor related to prognosis, it is certainly not the only factor, and
most players have an early return to play with loss of consciousness.
Photophobia, fatigue, sleep disturbance, and cognitive and/or
memory impairments and/or disorientation have also been shown
to be predictors of delayed recovery. There were many players in
this NFL study who sustained an MTBI with loss of consciousness
and subsequently returned to play on the day of the injury or within
1 to 2 days after injury without any cases of adverse outcome.
Current guidelines also indicate that players who sustain three
MTBIs in a single season should be removed from play for the
remainder of that season. There were only two players who expe-
rienced three concussions in the same season, so this aspect of the
guidelines cannot be addressed with the NFL data.

The authors of the guidelines must believe that there is some
increased risk associated with three MTBIs in one season that
requires removal from play for the remainder of the season.
Certainly, it is reasonable for physicians to take a cautious ap-
proach to such clinical situdtions, but there are no data from any
of the NFL studies indicating that there is any difference between
a second MTBI and a third, or between three MTBIs in one
season and three MTBIs occurting over a few seasons. Thus,
there are no data to support that guideline recommendation.

One of the prominent guideélines (1) states that players who
have symptoms and/or signs for more than 15 minutes after
MTBI should be removed from further play that day and not be
allowed to return until at least the next game (7 d later in NFL
football). The 15-minute threshold guideline is inconsistent with
the results of the NFL study. Many players (35.9% of all NFL
MTBIs, Table 7) who were symptomatic shortly after injury made
full recoveries within 24 to 48 hours and returned to full practice
when they had recovered without incident. The-guideline rec-
ommendation is therefore inconsistent with the natural history of
MTBI in the NFL. The presence of multiple postconcussion
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symptoms and/or mental status changes and/or specific symp-
toms such as fatigue and photophobia at the time of initial
evaluation is linked to delayed return to play not because of the
imposition of arbitrary restrictions but rather because the athletes
who exhibit these signs and symptoms are more likely to have
persistent symptoms and signs for 3 to 5 days after injury.

It is apparent that the guidelines have strengths and weak-
nesses. Although their aim is to assist the treating physician in
making clinical management decisions on concussed athletes, the
rationale for their development seems not to be based on suffi-
cient scientific evidence about patient recovery and outcome. The
grading criteria and their linkage to management recommenda-
tions are not consistent with the current NFL data. The guide-
lines focus on some findings that are not clinically relevant and
ignore other factors that are. Most physicians would agree that
players should not return to play until they are asymptomatic,
with normal neurological and mental status examinations. There
is no evidence from the NFL data that keeping players out of
play for longer arbitrarily determined time periods results in any
improved outcomes. The only way to determine when injured
players are asymptomatic with normal clinical findings is for
physicians to do what they are trained to do: to take histories and
examine their patients as part of regular follow-up visits after
injury. One cannot make these determinations by relying solely
on rigid and possibly inappropriate guidelines for professional
football players. The currently available guidelines therefore
should not be used in the evaluation and management of MTBI
in professional football until a thorough refinement is made to
bring consistency with the NFL data. It is the recommendation of
the authors and the MTBI Committee that team physicians con-
tinue to manage their players on an individual case-by-case basis,
using their best clinical judgment based on the most relevant,
objective medical data obtained from this and other studies.

Limitations

These limitations follow those described in Pellman et al. (37).
The MTBI Committee did not collect retrospective data on previous
concussion history as part of the study. Some of the players may
have had previous concussions either in the NFL in the years before
the study began or during their playing careers in high school,
college, or other levels of football. It is also possible that some of the
players sustained cerebral concussions at earlier times in their lives
in nonfootball athletic or nonathletic endeavors. Previous concus-
sion history may affect our conclusions regarding repeat concus-
sions because a certain number of the concussions that we labeled as
initial concussions may in fact have been repeat concussions for
some players.

The authors also realize that some MTBIs were not reported by
the affected player to team medical personnel and therefore were
not included in this database. Such unreported injuries most
likely were very mild in nature and associated with rapid recov-
ery to escape detection by very involved NFL athletic trainers
and physicians. There was also difficulty collecting data on loss
of consciousness. The initial data collection sheet did not ask for
data regarding loss of consciousness. Once this was corrected, we
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found that many of the reports that were submitted did not
answer the questioni in the loss-of-consciousness part of the formy
therefore, we do not have definitive loss-of-consciousness data
on a certain number of players. What has been reported are the
cases with a known time of unconsciousness and those cases
reporting a zero or no loss of consciousness.

It is also important to note that in a multisite study such as
this, there are numerous diffefent examiners. In some cases,
different examiners froin a given medical staff may evaluate
that team’s players. There was no uniform method of evalu-
ation of concussion in this study, which will give rise to
variability in assessments among the 30 teams and, on occa-
sion, within the same team. It must be emphasized that play-
ers were not cleared to return to play until they were asymp-
tomatic, with normal medical examinations, and able to return
to full, unrestricted participation in a team practice or game.

. There were some players who returned with headaches.

Many of the players in the database had neuropsychological
testing at baseline and /or after MTBI. The results of the neu-
ropsychological test batteries are not in this database and
therefore not part of this study. It is possible that including the
results of the neuropsychological testing on the players will
provide more information on the injury and recovery.

There are a number of possible explanations for the absence of
second-impact syndrome in NFL players. Most obvious is the
small sample size versus the expected incidence rate. The inci-
dence of second-impact syndrome in high school and college
football is 1 to 2 in 1,500,000 players. Thus, one would need 375
to 750 years to expect to see a case of second-impact syndrome,
assuming 2000 players involved per year.

Although the medical condition of the player is certainly the
most important factor in determining return to play by team
physicians, many other factors go into the decision of when the
player should return to play. The importance of the player to the
team; the importance of the upcoming game to the teamn; and
pressure from owners, players and their families, coaches,
agents, and media certainly may influence the final decision of
when the player returns to play. The authors believe, however,
that the medical factors regarding the patient’s recovery are and
should be the overriding facts that guide the team physicians’
decision-making on return to play. Furthermore, our results ap-
ply to NFL-level players, and extrapolation to younger athletes
has not been demonstrated. It is clear that differences may exist
between MTBI in high school and professional athletes.
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COMMENTS

n Part 5 of the National Football League (NFL) Committee on

Mild Traumatic Brain Injury (MTBI) study, the authors have
studied those players with greater injury and extended recovery
times lasting 7 days or more after the traumatic event. They
analyzed 72 concussions that represented 8.1% of athletes injured
in the NFL during the years 1996 to 2001. The data were collected
by team physicians who completed evaluation forms on the
injured players. Several interesting aspects emerged from the
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study. First, it affirms the widespread observation by previous
researchers that those players injured are usually involved with
high-speed collisions, such as defensive secondary, kicking unit,
quarterbacks, and wide receivers, These players had more signs
and symptoms compared with players who missed less playing
time, including the symptoms of headaches, dizziness, fatigue,
photophobia, and amnesia. Between the initial and subsequent
examinations, they found trends indicating diminishment in
symptoms with the exception of persistent memory disturbance,
fatigue, irritability, and insomnia. In their series, only one-fifth of
this prolonged-injury group required removal from participation
for more than 2 weeks. They thought that their players experi-
encing a lengthy recovery were often discermed early after their
brain injury with feelings of being “hung over,” also with fatigue,
blurred vision, dizziness, or a change in personality noted.
Although the above findings are noteworthy and of interest to
all those participating in the care of contact or collision athletes,
several aspects bear discussion. First, as the authors acknowl-
edge, this represents a group of highly conditioned, motivated,
financially incentivized, and skilled athletes. At this level of play,
they have most likely already undergone an intensive selection
process for various characteristics, some of them germane to the
phenomenon of MTBIL. This study does not use any ancillary
testing, whether it be routine neuroradiological studies, neuro-
psychological testing, balance testing, or formal neurological
evaluation. In addition, no studies of cerebral metabolism were
performed. Numerous researchers have previously demon-
strated that the reporting of symptoms and the clinical signs on
physical examination may not be reliable indicators of ongoing
cerebral metabolic function. Capturing the true incidence of
MTBI has always been and continues to be difficult in football
players. A recent study of professional athletes in the Canadian
Football League has shown that 45% sustained a concussion
during a single season, whereas only one of five (19%) realized

that cerebral injury had occurred (1). There is also evidence that

MTBI is more common in football than previously estimated,
with the incidence in high school athletes being reported to be as
high as 47% annually (3, 4). Another study in active professional
football players showed that those older players who possessed
the APOE4 allele had poorer performance on cognitive assess-
ment than players who did not have this allele or who were
younger with any genotype (2). Thus, MTBI is a complex clinical
issue in contact athletes that is still incompletely understood.

The authors state that their data refute two of the expressed
rationales for development of guidelines, that is, to prevent the
second-impact syndrome and to avoid cumulative brain injury from
repeat concussions. The former would not be expected in this age
group and in a relatively small number of exposures, and the latter
could not be assessed without long-term studies, including after
retirement. They go on to criticize currently accepted concussion
management guidelines that use only a limited number of criteria as
opposed to their series with findings of multiple symptoms in
concussed players with prolonged loss of playing time.

However, the conventional guidelines have been promoted in
great part for usefulness and brevity in the recognition and diagno-
sis of an athlete with MTBIL Certainly, no clinician would base the
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ultimate management solely on an initial examination and not con-
sider subsequent dlinical data relevant. Although the playing posi-
tion of the injured athlete is of interest, those regularly treating
patients with MTBIs do not consider the human brain to react,
recover, and have a propensity forcumulative effects on the basis of
playing position per se. Current management guidelines have
been developed on the basis of the largest number of exposed
athletes, developed primarily for the amateur or scholar contact
athlete, and therefore a more conservative position and manage-
ment scheme has always been known to be better for recovery of
cerebral function. If there is any doubt, most authorities and neuro-
logical specialists have not felt-a great rush to return a player several
days earlier to exposure to repetitive brain impacts. The authors
state that they cannot make dinical retumn-to-play decisions by
using rigid and possibly inappropriate guidelines in NFL players,
and current clinical guidelines should not be used in the evaluation
and management of MTBI in professional football. We eagerly await
results and publications of findings in their players, including long-
term outcomes, for further elucidation concerning proper head-
injury management.

Julian E. Bailes
Morgantown, West Virginia
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his is the fifth article emanating from the NFL Committee on
MTBI, which analyzed 887 concussions occurring during a
6-year period from 1996 to 2001 in practice and games in NFL
athletes. The purpose of this study is to compare and analyze
concussions in 68 players who did not return to play for 7+ days
after an MTBL
The wealth of data is analyzed and subsequently extrapo-
lated to management guidelines in the NFL. It is no surprise
that quarterbacks, defensive backs, and wide receivers have
the highest incidence of 7+ days out. Similarly, most concus-
sions occur among the defensive secondary, the kick units,
and then the quarterback, which appears to be the most sus-
ceptible position for MTBL The greatest incidence of concus-
sions occurred during passing plays. The most significant
symptoms include headache, dizziness, problems with imme-
diate recall, and retrograde amnesia. Headaches are the pri-
mary symptom resulting in delay of return greater than 7
days. The authors emphasize that fatigue, photophobia, dis-
orientation to time, and retrograde amnesia are the most fre-
quent symptoms and signs of a delayed nature.
Unfortunately, neuropsychological test data were not used
in this analysis, but the results confirm what previously has
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been documented by such tests: the great majority of athletes
with MTBI quickly recover from their symptoms. In fact, in
this study, athletes out for 7+ days included only 8% of all
MTBIs in the NFL. Furthermore, 80% of these athletes re-
turned to play within 14 days, so only 1.6% of concussions
resulted in a prolonged postconcussion syndrome.

Significant negative findings include the absence of any
identifiable cases of second-impact syndrome and also the
failure, in this study, to document cumulative brain damage
from multiple concussions. To further substantiate this latter
observation, I believe neuropsychological test data would
need to be included in future prospective studies.

Most pertinent is the authors’ discussion of existing man-
agement guidelines for MTBIL These have been promulgated
primarily to avoid repeat and/or cumulative chronic brain
damage from reinjury. Arbitrary criteria including loss of
consciousness, mental status changes, and various symptoms
associated with postconcussion syndrome are used. It is now
generally appreciated that loss of consciousness, previously
thought to be the most significant prognosticating factor of
subsequent brain injury, may have minimal long-term conse-
quences, and yet a seemingly minor head injury with associ-
ated photophobia, fatigue, and amnesia can lead to a pro-
longed postconcussion syndrome. The authors make four
points that support neuropsychological testing as the standard
of care to replace the guidelines presently being used: 1) none
of the grading systems incorporate any results from examina-
tions other than on the day of injury; 2) the present study
" suggests that grading concussions immediately after injury is
prone to error; 3) current attempts to link prospective concus-
sion grading systems to arbitrary rigid management decisions
are not consistent with the scientific data; and 4) the manage-
ment guidelines are too simplistic and too rigid for the NFL.
Serial neuropsychological testing is the only way, presently, to
immediately and longitudinally document the symptoms of
postconcussion syndrome, avoid grading concussions imme-
diately after injury, provide objective scientific data for man-
agement decisions, and avoid the simplicity and rigidity of
current guidelines. Indeed, the authors state that, “the cur-
rently available guidelines therefore should not be used in the
evaluation and management of MTBI in professional football
...." For this reason, the majority of NFL teams have evolved
to using neuropsychological test batteries as the primary in-
strument for making return-to-play decisions. The authors
have presented a superb prospective study, which brings new
information concerning MTBI in athletics.

Joseph C. Maroon
Pittsburgh, Pennsylvania

ith all contact sports, especially American football, we now
are recognizing MTBI as a serious phenomenon with poten-
tial long-term side effects to our athletes. The study by Pellman et al.
demonstrates the significance of these consequences to athletes who
sustain an MTBL The purpose of this study and its goals are well
stated. The data collected are excellent and need to be published.

1118 | VOLUME 55 | NUMBER 5 | NOVEMBER 2004

The authors’ points could be made with less peripheral text, but
otherwise it is extremely valuable information. Dr. Pellman, and the
NFL MTBI Committee collectively, are to be commended for
the work they have done and continyie to do. From these dats, we
can establish guidelines for returning our athletes safely after they
have sustained an MTBL It is imperative that this type of research
continue, for it directly affects how we can provide better care for

our athletes.
Y

Michael A. Colello
Head Athletic Trainer
Cleveland Browns
Cleveland, Ohio

oncussion management in sports is a hot topic right now.

The National Athletic Trainers Association will release a
position statement on concussion management in the summer
of 2005. At the recent PAC 10 Student Athlete Health Confer-
ence, the topic of computerized neuropsychological testing
was discussed. All 10 schools plan to use Immediate Post-
concussion Assessment and Cognitive Testing (ImPACT) or
Automated Neuropsychological Assessment Metrics (ANAM)
to assess baseline and evaluate postconcussion under their
protocol in the upcoming football season.

I appreciate that Neurosurgery has provided a forum to
evaluate and debate the series of NFL concussion articles. In
Part 5, Pellman et al. investigate and differentiate the con-
cussed athletes who were held out of participation for more
than 7 days versus those who returned in less than 7. days.
Although this particular study design was limited to NFL
players in a 6-year period, there were interesting findings with
regard to the most vulnerable positions, types of plays in
football, correlating symptoms, and how these concussions
were managed. The authors challenge concussion grading
scales and management recommendations.

In my experience at the University of Southern California,
we have a team approach to evaluation and management of
concussion. We use the Standard Assessment of Concussion
(SAC), the Balance Error Scoring System (BESS), the Post
Concussion Symptom Scale (PCSS), and ANAM for both base-
line and postconcussion evaluation. After injury, a sideline
evaluation is performed. Depending on the signs and symp-
toms and any change of direction in which the signs and
symptoms are heading, emergency medical services may be
used or an athlete may be admitted to the hospital for obser-
vation. Team physicians may order diagnostic studies to fur-
ther assess injury. Concussion grading scales and manage-
ment recommendations are merely reference guidelines.
Before we clear an athlete to return to play, even after he
becomes asymptomatic, we consider his physical stature and
style of play and discuss the importance of honesty in report-
ing symptoms. The “bottom line” is that, after all of the
baseline testing, sideline evaluation, postconcussion evalua-
tions, results from diagnostic studies, opinions from other
team physicians, staff athletic trainers, and coaches, and ref-
erences to acceptable medical guidelines are accounted for, the
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final decision rests with the clinical judgment of our team
neurosurgeon.

Russ Romano

Director of Sports Medicine, Head Athletic Trainer
University of Southern California

Los Angeles, California

s T commented in Part 4 of this series of articles, I believe

that the NFL's MTBI Committee’s original articles on
impact biomechanics and concussive injuries made significant
contributions to the literature on sport concussion. However,
I have some of the same concerns with the current article as I
had with Part 4. The current study (Part 5) on “Concussion in
Professional Football: Injuries Involving 7 or More Days Out”
is flawed with respect to the study design and the interpreta-
tion of the findings. Although the authors outline the study’s
limitations, they unfortunately make conclusions that are very
suspect given the potential impact of the limitations on the
findings.

The authors’ choice of “days lost” to categorize concussed
players, rather than symptom duration and symptom severity,
complicates the interpretation of the findings. This is espe-
cially problematic since the authors state in Part 4 that “play-
ers were not cleared to return to play until they were asymp-
tomatic, with normal medical examinations, although some
players may return with headaches,” and again, in Part 5, that
“NFL teéam physicians clear a player for return to play only
after he becomes asymptomatic (with the exception of a mild
headache) and has a normal neurological examination.” Send-
ing the message that it is acceptable to return players while
still symptomatic with a headache—regardless of whether or
not the clinician thinks the headache is related to the concus-
sion—is the wrong message to send. The authors’ findings do
not necessarily support their conclusions that “they [con-
cussed NFL players] recovered from symptoms and had a
consistent return to play in the NFL.”

The authors go on to state essentially that concussion grad-
ing scales and return-to-play guidelines are not useful to the
NFL team physician and that they should “not make these
determinations by relying solely on rigid and possibly inap-
propriate guidelines for professional football players.” I defi-
nitely agree with the authors’ opinion that more variables
should be considered than loss of consciousness and amnesia
and that each athlete should be evaluated and managed on an
individual basis. But I disagree with their accompanying opin-
ion that there is no difference between a first, second, and
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third concussion. This is where the concussion grading scales
become even more valuable.

First, there are sufficient data in the literature to support the
notion that athletes with repeat injuries respond differently
than those with initial injuries’and that previous concussive
injuries likely predispose players to future injuries (2-5). In-
terestingly, the authors of the current study did not even
factor concussion history (befere the study period) into their
analyses. Secondly, within-season repeat concussions have
been found to occur 75% of the time within 7 days of the first
injury (3). These findings would seem to lend some credence
to the proposed concussion guidelines that recommend a
7-day asymptomatic waiting period after an initial concussion.

Most people would agree that concussions should be man-
aged on an individual basis. However, to suggest that the
proposed concussion grading scales—especially those, such as
the revised Cantu guidelines (1), that consider symptom du-
ration—should be ignored is again sending the wrong mes-
sage. The professional football players in the present study are
not very different from the players studied at the collegiate
level. Is this not where they came from? Hopefully, future
NFL studies based on more comprehensive clinical evalua-
tions of symptom duration and neuropsychological function
will provide team physicians and athletic trainers with better
guidance for making return-to-play decisions. These studies
should consider both the acute and chronic effects of recurrent
concussion in NFL players.

Kevin M. Guskiewicz

Director, Sports Medicine Research Laboratory
University of North Carolina

Chapel Hill, North Carolina
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CLINICAL STUDIES

CONCUSSION IN PROFESSIONAL FOOTBALL:

NEUROPSYCHOLOGICAL TESTI

- @’%

ver the past decade, mild traumatic

brain injury (MTBI) has become a ma-

jor area of interest in sports medicine.
Interest in sports-related MTBI has led to pro-
grams aimed at improving both the diagnosis
and clinical management of athletes. As part of
this overall effort, neuropsychological testing is
being used to aid in the evaluation and manage-
ment of players with MTBI in the National Foot-
ball League (NFL). The development and use of
neuropsychological testing in the NFL has been
rapid and has contributed to the implementa-
tion of neuropsychological testing in other
professional sports, including ice hockey (25),
automobile racing (31), and Australian Rules

1290 | VOLUME 55 | NUMBER 6 | DECEMBER 2004

football (17). When used in concert with other
medical information, neuropsychological test
data contribute quantitative information regard-
ing neurocognitive processes, such as atten-
tional, memory, and cognitive processing speed.
Neuropsychological testing provides informa-
tion about changes in cognitive processes that
may be missed through sideline or on-field ex-
aminations of the athlete and also provides ob-
jective information regarding the recovery pro-
cess during the acute recovery period (15). The
testing process also compares the athlete’s per-
formance against established normative data
and the individual athlete’s preinjury level of
performance.
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The program developed for the NFL has influenced the
development of neuropsychological testing at the high school
(3, 14, 27) and college levels (10, 26, 30). In published studies
that have used the NFL test battery, Collins et al. (10) found
that mild cognitive impairment in a group of collegiate ath-
letes generally resolved within a week. More recently, McCrea
et al. (30) found neuropsychological deficits in college athletes
that were evident at 2 days after injury but dissipated within
7 days. Echemendia et al. (12) documented a decline in neu-
ropsychological functioning 2 hours after MTBI and 1 week
after injury. Working with high school athletes and using a
computer-based test battery, Lovell et al. (27, 28) have found
impairments in memory processes and elevated symptoms in
concussed athletes relative to baseline test results. These def-
icits resolved within 1 week of injury.

Recent neuropsychological studies of nonprofessional ath-
letes have demonstrated a strong relationship between on-
field markers of MTBI, such as amnesia and specific neuro-
psychological tests of memory administered days after injury.
Collins et al. (11) found that the presence of anterograde and
retrograde amnesia was linked to poor outcome as deter-
mined by neuropsychological testing and symptoms (using
the IMPACT computer-based neuropsychological test bat-
tery). Lovell et al. (27, 28) linked poor neurocognitive outcome
as measured by the ImPACT battery to on-field memory im-
pairment. Finally, McCrea et al. (30) found that on-field dis-
ruption of memory was related to severity of injury. The
association of on-field markers of memory dysfunction with
formal neuropsychological test results is predictable, because
MTBI is known to disrupt the memory system (40, 43, 45).
These initial studies emphasized the importance of conducting
a careful evaluation of the neurocognitive status of athletes
immediately after injury. However, no such study has been
completed with professional football players. This is an im-
portant issue, because NFL athletes represent a cohort dis-
tinctly different from high school and collegiate athletes in age
and skill level. Generalization from the results of studies with
younger athletes may lead to inaccurate and misleading ex-
pectations regarding the severity of injury and expected pat-
tern of recovery after MTBI in professional athletes.

In a series of additional studies of collegiate athletes, Lovell
and Collins (26) and Collins et al. (10) documented memory
impairment and a decline in speed of information processing
on the Symbol Digit Modalities and Trail Making Tests, which
resolved within 5 to 7 days after injury. Working with profes-
sional rugby athletes in Australia, Hinton-Bayre et al. (17)
found deficits in speed of information processing, with a
return to baseline levels of performance within 1 to 2 weeks of
injury. More recently, Field et al. (14) have documented im-
pairments in memory processes in high school and collegiate
athletes with MTBIs using the Hopkins Verbal Learning Test
(HVLT) and the Brief Visuospatial Memory Test-Revised
(BVMT-R).

The issue of whether or not the effects of sports-related
MTBIs are cumulative has also been an important and highly
controversial area of study. Some authors have suggested that
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multiple MTBIs result in discernible decrements on neuropsy-
chological testing in high school (11) and collegiate athletes
(10, 16). Other studies have not supported this finding (12).
This issue has yet to be investigated with neuropsychological
testing in professional football athletes.

This article describes the neuropsychology program in the
NFL from 1996 to 2001. It also investigates neuropsychological
test performance during the initial follow-up "evaluation
within several days of concussion. The article addresses the
following questions. 1) Do professional football players dis-
play neuropsychological dysfunction in the days after their
injury? 2) Is neuropsychological dysfunction related to on-
field diagnosis of injury by team medical staff? 3) Do athletes
with three or more MTBIs in the study period display greater
neuropsychological dysfunction than professional football
athletes who have not had three or more MTBIs? and 4) Do
athletes who miss 7 or more (7+) days after MTBI perform
more poorly on neuropsychological testing than those who
return to play earlier?

THE USE OF NEUROPSYCHOLOGICAL
TESTING IN PROFESSIONAL FOOTBALL:
HISTORICAL ROOTS

The use of neuropsychological assessment procedures in
sport is a recent phenomenon. The first large-scale study of
MTBI in football players was performed at the college level
and involved the cooperative efforts of the University of Vir-
ginia, the Ivy League schools, and the University of Pittsburgh
(4). The University of Virginia study was conceptualized pri-
marily as a research study, and data were not initially used to
make clinical return-to-play decisions (4). However, these ef-
forts helped to establish a model for neuropsychological as-
sessment that was later adapted for clinical use.

In an effort to improve the overall care of professional
football athletes, a neuropsychological evaluation program
was instituted by the Pittsburgh Steelers in the early 1990s
with the active participation of the Steelers management and
medical/athletic training staff (23, 24, 29). This represented the
first clinically oriented project in a professional sport to use
neuropsychological testing to assist team medical personnel in
making return-to-play decisions after concussion. The Steel-
ers’ program involved the baseline evaluation of each athlete
before the season. This provided a basis for comparisons when
an injury occurred during the season. Testing was then re-
peated within 24 to 48 hours after head injury and again
before the player’s return to contact.

During the 1993 to 1994 seasons, the Steelers project in-
volved the baseline evaluation of approximately 60 NFL ath-
letes who volunteered to undergo preseason testing. The ini-
tial two seasons used neuropsychological testing to assist in
determining player readiness to return to play after concus-
sion. Postinjury neuropsychological testing results were com-
pared with preseason baseline results, and this information, in
addition to player symptoms, was used by the team medical
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staff to make return-to-play decisions. The project expanded
to other athletes on the Steelers’ roster after the 1994 season,
and testing was used effectively to evaluate a number of
injured athletes during that season.

In 1994, the NFL Committee on MTBI was created with the
support of the Commissioner, Paul Tagliabue. The committee
was formed and chaired by Dr. Elliot Pellman of the New York
Jets (32). The scientific activities of the NFL MTBI committee
have been described in publications by Pellman et al. (33,
35-37), and the committee has overseen multiple projects in
the NFL designed to better understand and manage concus-
sion. In addition to supporting the neuropsychology program
discussed in this article, the committee has spearheaded re-
search on the epidemiology of MTBI, the biomechanical forces
involved in concussion, and studies designed to evaluate cur-
rent helmet safety testing standards (36, 37). The most recent
studies involve the epidemiology of players with three or
more concussions and those out from play 7+ days (33-35).

GOALS OF THE NFL
NEUROPSYCHOLOGY PROGRAM

The NFL neuropsychological testing program was estab-
lished as a clinical research program with the goal of investi-
gating the use of neuropsychological testing in assisting team
physicians in the return-to-play decision. The program was
designed to assist in the gathering of neuropsychological out-
come data in the broader context of the MTBI committee’s
epidemiological and biomechanics projects. Initial funding for
the project was provided through a grant from NFL Charities
in 1995. Participation in the project has not been mandatory
but has been strongly encouraged throughout the league by
the MTBI committee, the NFL Injury Panel, and the Commis-
sioner’s office. Since the inception of the neuropsychological
testing program, participation has grown to include all NFL
teams.

PATIENTS AND METHODS

Data Collection and Analyses

All participating subjects in this study were NFL athletes
who underwent neuropsychological testing during the 1996 to
2001 seasons. Preseason normative data were collected on 655
NFL athletes. Although many participants in this study had
undergone preseason baseline testing before their injury, ath-
letes were also included who had completed only postinjury
evaluations. The overall sample of injured players who under-
went neuropsychological testing consisted of 143 athletes. This
sample represents 22% of the 650 NFL athletes who experi-
enced 887 concussions in the study period from 1996 to 2001
(33-35). Because participation in the neuropsychological study
was voluntary, not all athletes with MTBI completed neuro-
psychological testing.

Within the group of 143 athletes with completed neuropsy-
chological testing, four subsamples were subjected to statisti-
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cal analyses depending on the specific research question being
addressed and the availability of completed physician and
neuropsychological test data, as follows.

The postconcussion performance of NFL players was com-
pared with preseason baseline assessments in 95 athletes.

The neuropsychological test performance of a subsample of
athletes with and without documented on-field amnesia was
contrasted.

The potential role of multiple MTBIs on neuropsychological
test performance was examined through a preliminary study
in which a sample of injured NFL players, some of whom had
experienced more than three concussions, were compared
with a sample who had not experienced three concussions.

The neuropsychological test petformance of athletes who
lost 7+ days of playing time was compared with that of a
sample of players who had returned to play within the week.

Neuropsychological testing was completed by trained neu-
ropsychologists or by closely supervised psychology techni-
cians or interns. The administration and test procedures were
standardized and uniform from team to team. After data
collection by individual team neuropsychologists, the data
were stripped of identifying information in compliance with
Health Insurance Portability and Accountability Act standards
and stored at the University of Pittsburgh.

Procedures

The NFL neuropsychology program involves the participa-
tion of a network of neuropsychological consultants in each
NFL city. The consultants complete preseason baseline testing
and postinjury follow-up testing. Neuropsychological consult-
ants were selected for this program on the basis of their
expertise in dealing with MTBL All neuropsychological con-
sultants held Ph.D. degrees and were licensed in the state of
their practice.

Before each testing session, the athletes were given a brief
explanation of the purpose of neuropsychological testing. All
athletes volunteered for the project, and no player was re-
quired to participate. Participating players represented a rel-
atively homogeneous group. All were men 21 to 35 years old
involved in all offensive and defensive positions.

After neuropsychological testing of the player with a re-
ported concussion, the team physician discussed the results
with the club’s consulting neuropsychologist. The information
from the testing was used in conjunction with the player’s
clinical status to determine return to play. The team physician
has the ultimate responsibility for this decision. As mentioned
in previous articles by Pellman et al. (33-35), the Committee
on MTBI did not impose guidelines or recommendations on
the club’s medical staffs regarding concussion evaluation, test-
ing, treatment, or return-to-play criteria.

The NFL Test Battery

Table 1 lists the neuropsychological tests that were used for
this study. The test battery was based on those used with the
Pittsburgh Steelers (23) and by a limited number of teams
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Series) (ref. no.)

TABLE 1. National Football League neuropsychological test battery (1996-2001)°
Ability evaluated Test

Brandt, 1991 (7)
Brandt, 1991 (7)
Benedict, 1997 (5)
Benedict, 1997 (5)
Reitan, 1958 (38)
Smith, 1982 (41)
Word fluency, word retrieval

Benton and Hamsher, 1978 (6)

Wechsler, 1997 (44)

Memory for words (verbal memory), immediate recall
Delayed memary for words (20-min delay from presentation)
Memory for designs (visual memory)

Delayed memory for designs (20-min delay from presentation)

Visual scanning, mental flexibility

Attention span, forward and backward conditions

HVLT

Delayed recall from HVLT
BVMT-R

Delayed recall from BVMT-R
Trail Making Test

Symbol Digit Modalities
Controlled Oral Word Fluency

Digit Span

# HVLT, Hopkins Verbal Learning Test; BVMT-R, Brief Visuospatial Memory Test-Revised.

from 1993 to 1995. The battery was selected to assess the brain
processes most often affected by MTBIL Some of these tests
have been used with collegiate (4) and professional athletes
(23). More recently, the test battery has undergone revision to
include additional test instruments.

The NFL test battery evaluates multiple aspects of cognitive
functioning, while being relatively brief. The entire battery
takes approximately 30 minutes to administer. The battery is
i heavily oriented to the evaluation of attentional processes,
visual scanning, and information processing, although it also
evaluates visual memory, verbal memory, visual-motor coor-
dination, and speech fluency. Past research in neuropsychol-
ogy has identified these as the cognitive functions most likely
to be affected by MTBL For example, Barth et al. (4) described
mild deficits in psychomotor speed in a large sample of col-
legiate athletes, with the majority of these difficulties resolving
within 5 days of injury.

Each test in the NFL battery has been validated with brain-
injured patients and has been administered according to stan-
dardized instructions to avoid variation in test results across
testing sessions and teams. More details can be found in the
individual test manuals and the review by Lezak (22), which
includes supporting psychometric data. The tests are de-
scribed briefly as follows.

The HVLT (7) consists of a 12-word list that is presented to
the athlete on three consecutive trials. In its revised version,
the athlete is assessed for recall after each presentation and
again after a 20-minute delay period (maximum of 12 words).
The HVLT total score represents the total words produced
over the three trials (maximum of 36 words).

The BVMT-R (5) evaluates visual memory (e.g., memory for
designs) and involves the presentation of six abstract spatial
designs on three consecutive trials. As in the HVLT, the ath-
lete’s recall after each trial and his delayed recall are evalu-
ated. The total score represents the total number of design
elements recalled (maximum of 36), and the delayed recall
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condition represents the number of elements recalled after
approximately 20 minutes (maximum of 12). Both the HVLT
and the BVMT-R have six equivalent forms, which minimize
practice effects and makes them ideal for use with athletes
who are likely to undergo evaluation on multiple occasions
throughout the course of their careers. The BVMT-R was
added to the protocol in 1998 after its publication.

The Trail Making Test (38) consists of two parts and re-
quires the athlete to use spatial scanning, speed, and cognitive
flexibility skills. For this protocol, the time to complete Parts A
and B were analyzed, and a lower score reflects better (faster)
performance.

The Controlled Oral Word Association Test (COWAT) (6)
requires the athlete to recall as many words as possible that
begin with a given letter of the alphabet within a 60-second
time period. This is completed for three separate letters and
provides a measure of verbal fluency. A higher score reflects
better performance.

The Digit Span (44) subtest represents a test of attention
span in which the subject is required to repeat increasingly
longer strings of numbers in both forward and backward
order. A higher score represents better performance.

The Symbol Digit Modalities Test (SDMT) (41) requires the
player to use visual scanning and processing speed to match a
series of numbers and symbols while under time pressure. A
higher score reflects better performance.

Wherever possible, tests were used that had multiple forms
to avoid the improvement in test performance secondary to
practice effects. Practice effects represent improverments in test
performance as a result of previous exposure to the test and
may cloud the interpretation of the recovery process. Past
studies of athletes using tests that make up the NFL battery
have demonstrated that the Trail Making Test, the SDMT, and
the COWAT demonstrate significant practice effects. For in-
stance, Lovell and Collins {26) reported mean improvements
on the Trail Making Test, Part B, of 2 seconds in a sample of 40
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nonconcussed college football players tested at the beginning
and end of the season. Nearly identical scores were found for
the HVLT at preseason and postseason. Working with unin-
jured high school athletes, Barr (3) reported an improvement
of approximately 4 seconds on the Trail Making Test, Part B.
No significant change was found on the HVLT. Both of these
studies referenced above reported improvements of two
words across two administrations for the COWAT test. To
date, practice effects have not been studied in an NFL sample.
Unfortunately, acceptable equivalent forms of these tests did
not exist at the time of initiation of the study.

Timeline of the Neuropsychological Evaluations

After a reported MTBI, the initial neuropsychological eval-
uation of the athlete usually took place within 24 to 48 hours,
although this varied somewhat depending on the readiness of
the athlete to engage in cognitive exertion after injury. Even
when athletes denied initial symptoms, a neuropsychological
evaluation was recommended to evaluate subtle aspects of
cognitive functioning, such as information processing speed
and memory. If the athlete displayed cognitive deficits on
testing or continued to exhibit postconcussive symptoms, a
follow-up neuropsychological evaluation was recommended 5
to 7 days after injury. This time interval represents a useful
and practical time span and is consistent with brain metabo-
lism studies, which have demonstrated metabolic changes that
persist several days after injury in animals (19) and humans
(27).

Determination of abnormal test performance was made by
the individual team neuropsychologist and was based on a
comparison of postinjury test results with established norma-
tive data, which were provided to each team consultant by the
program director (MRL). Abnormal performance was defined
as performance that deviated negatively from the athlete’s
baseline performance. If baseline testing was not completed,
league-wide normative values were used to aid in interpreta-
tion. Clinical interpretations were made by team neuropsy-
chologists and not by the program director. If baseline testing
had been completed, the player’s preinjury performance was
used as the basis for comparison. Ultimately, return-to-play
decisions were made by team physicians after consultation
with the team’s athletic trainer, consulting neuropsychologist,
and other personnel.

Statistics

Because of limitations in sample sizes, analysis of variance
(ANOVA) models were performed using Statistica software
{42). No adjustments were made for multiple comparisons.

RESULTS

Normative Values for NFL Players Test Performance

Baseline neuropsychological test data were gathered to de-
termine average performance, or “norms,” for NEL athletes.
The data establish the normal range for performance in each
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test score in the battery and also provide the basis for com-
parisons if an athlete is injured during the season. Baseline
evaluations were conducted at preseason, before contact.
Table 2 summarizes the baseline performance of NFL ath-
letes. These results fall within expected limits for the general
population and are similar to data on collegiate athletes (10).

- Data were collected on up to 655 active NFL athletes, depend-

ing on the neuropsychological test. The NFL players have a
mean age of 25.4 years (range, 20~44 yr; median age, 24 yr).
The college data represent a sample of 386 collegiate athletes
with a mean age of 20.4 years (10).

Acute Effects of Concussion: Do Concussed Athletes
Display Abnormal Neuropsychological Test Results
Compared with Preseason Baseline Results?

The neuropsychological performance of a large sample of
NFL athletes who had experienced MTBI was compared with
the group’s baseline performance by use of a series of
repeated-measures ANOVAs. This addresses the question of
whether professional football players experienced measurable
neuropsychological decline after documented MTBL Athletes
completed neuropsychological testing an average of 1.4 days
after injury (range, 1-10 d; standard deviation, 1.29 d). The
average time from baseline to postinjury testing was 531 days
(range, 4-2190 d). This wide range in time between baseline
testing and postconcussion is characteristic of athletes and
reflects the uncertainty of when each injury will occur. Al-
though it is conceivable that an athlete tested days after injury

TABLE 2. Normative neuropsychological test data for
National Football League athletes?

Test No. Mean (SD) College sample
Hopkins VLT (Total) 653 26.0(3.9 24.6 (4.0)
Hopkins VLT (Delay) 630 9.02.1) 7.8 (2.0)
BVMT-R (Total)® 479 27.4(5.5)
BVMT-R (Delay)® 478 10.4(2.0)
Trail Making Test, Part 651 21.4(7.4) 21.0(5.9)
A
Trail Making Test, Part 654 55.6(17.1) 55.4(17.3)
B
COWAT 655 41.9(11.4) 37.5(9.3)
Symbol Digit Modalities 155 56.6 (8.4) 56.8 (8.9)
Test
Digit Span-Total 646  14.9 (4.0) 15.8 (3.9)
# VLT, Verbal Learning Test; BVMT-R, Brief Visuospatial Memory Test-
Revised; COWAT, Controlled Oral Word Association Test; SD, standard
deviation.
b The BVMT-R was not used in the study by Collins et al. (10).
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might demonstrate a larger practice effect, the number of
athletes who were retested within 2 weeks of baseline testing
was quite small (n = 4) and therefore is not likely to have had
a significant impact on the overall group data. Each neuro-
psychological test score was treated as a within-subjects factor.
This allowed analysis of changes on each score over time. Table
2 shows that most athletes had completed the HVLT, Trail
Making Test, and COWAT, whereas fewer had completed the
BVMT-R and SDMT because of changes in the test battery
during the course of the study.

Table 3 shows that athletes with MTBI did not perform
significantly more poorly on any of the individual tests that
make up the NFL battery. In fact, the only significant differ-
ences between baseline and postinjury performance were on
the Trail Making Test, Part A (F = 4.97, P < 0.03), the Digit
Span Forward test (F = 10.53, P < 0.001), and the SDMT (F =
8.13, P < 0.006). For these tests, the postinjury group per-
formed significantly better than the overall performance of the
group at baseline. However, these differences are in the “nor-
mal range,” on the basis of the NFL norms presented in Table
2. The differences are likely to reflect the influence of practice
effects on these tests, as have been documented by previous
studies using the NFL or similar test batteries (3, 10, 18, 26).
Practice effects refer to improvements in performance on neu-
ropsychological testing based on repeated exposure to a given
test. Practice effects vary widely, depending on the nature of
the test and whether or not alternative equivalent forms of the
test are used. For this study, alternative forms were used for
the memory tests (HVLT and BVMT-R), whereas no alterna-
tive forms were used for the Trail Making Test, SDMT, or
COWAT. Therefore, larger practice effects were expected for
the Trail Making test, the SDMT, and the COWAT compared
with the HVLT and the BVMT.

NEUROPSYCHOLOGICAL TESTING AFTER CONCUSSION

Does Postinjury Neuropsychological Dysfunction Relate
to On-field Memory Dysfunction?

Next, a series of analyses was completed to evaluate the
relationship between neuropsychological testing within days
of injury and on-field memory dysfunction. Athletes were
evaluated by the team medical staff after injury, and the
results were reported on a standard NFL physician form (33).

Athletes were selected according to the following criteria: 1)
completion of postinjury neuropsychological testing before
return to play and 2) a completed physician evaluation detail-
ing the on-field sequelae of the concussion. Athletes who did
not have completed physician data were excluded from the
analysis. A series of one-way ANOVAs was completed, with
the individual neuropsychological tests representing the de-
pendent variables and the absence or presence of on-field
memory dysfunction as the independent variable. Follow-up
evaluations were completed an average of 1.3 days after injury
(range, 1-9 d), with 90% of the athletes being evaluated 1 day
after injury. The diagnosis of on-field memory dysfunction
was determined by team physicians (33, 35). There was no
significant difference between the memory dysfunction and
no memory dysfunction groups with regard to whether or not
they were rendered unconscious (¥* = 0.008, P = 0.926).

Table 4 shows that athletes who were diagnosed as having
mefmory dysfunction after injury perform more poorly on
memory tests than injured athletes who did not display on-
field memory dysfunction. For example, the on-field memory
dysfunction group performed significantly more poorly on
immediate memory (F = 6.1, P < 0.02) and delayed memory
(F = 54, P < 0.03) aspects of the BVMT-R. In addition, the
on-field memory dysfunction group also displayed relatively
poorer performance on immediate memory and delayed

TABLE 3. Baseline and postinjury test performance for National Football League concussions in 1996-2001°

Test N Baseline Follow-up F P
HVLT (Total) 95 25.8 (4.4) 26.6 {4.6) F =297 (P <0.10)
HVLT (Delay) 95 8.8 (2.2) 8.7 (2.4) F=0.02(P<0.89
BVMT-R (Total) 47 29.0 4.3) 28.7 (6.8) F=014(P<071)
BVMT-R (Delay) 47 11.1(1.3) 10.8(1.7) F=070(P<041)
Trail Making Test, Part A 93 21.2(8.4) 18.9 (6.2) F=497 (P<0.03
Trail Making Test, Part B 89 52.8 (14.3) 51.9(30.3) F=0.09 (P <0.80)
COWAT 90 39.9(9.7) 41.1 (10.1) F= 142 (P<0.23)
SDMT-Total 59 59.2(9.1) 62.2(11.4) F= 8.1 (P < 0.006)
Digit Span-Forward 87 9.8 2.3) 10.6 2.4) F =105 (P < 0.001)
Digit Span-Backward 87 7.9(2.8) 8.0(2.5) F=10.71(P<0.40)
@ HVLT, Hopkins Verbal Learning Test; BVMT-R, Brief Visuospatial Memory Test-Revised; COWAT, Controlled Oral Word Association Test; SDMT, Symbol Digit
Modalities Test.
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TABLE 4. Neuropsychological test performance at follow-up for athletes with and without on-field memory dysfunction®

Test dyshaneton N dystanction N Fp
HVLT (Total) 25.7 (5.0 35 27.2(4.4) 25 F=152(P<0.25
HVLT (Delay) 8.5(2.6) 35 9.4 (2.1 24 F=170(P<0.20)
BVMT-R (Total) 24.6 (6.8) 27 29.5(.7) 17 F=6.1(P<0.02)
BVMT-R (Delay) 9.4 (2.2) 24 10.9 (1.6) 14 F=54(P<0.03)
Trail Making Test, Part A 193 (7.1) 35 18.9 (6.6) 24 F=0.04(P<0.85
Trail Making Test, Part B 47.6 (13.3) 35 44.6 (21.4) 24 F =048 (P<0.50)
COWAT 43.0 (10.7) 35 43.0 (10.6) 24 F = 0.0001 (P <0.99)
SDMT-Total 60.9 (9.5) 31 60.8 (6.9) 23 F=0.52(P<049)
Digit Span-Forward 10.6 (2.5) 33 10.0 (3.2) 24 F = 0.49 (P < 0.50)
Digit Span-Backward 8.4 (2.5) 33 7.7 3.1 24 F=0.77(P<0.39
# HVLT, Hopkins Verbal Learning Test; BVMT-R, Brief Visuospatial Memory Test-Revised; COWAT, Controlled Oral Word Association Test; SDMT, Symbol Digit
Modalities Test.

memory components of the HVLT, although this did not reach
statistical significance. Differences in test performance seem to
be specific to memory and not, more generally, to cognitive
dysfunction, because test performance on speed tests such as
the SDMT and the Trail Making Test were nearly identical for
both groups.

Effect of Multiple MTBIs on Neuropsychological
Testing: Are There Cumulative Effects of Injury in
Professional Football Athletes?

Two subject groups were formed to investigate the potential
cumulative effect of multiple MTBIs on neuropsychological
test performance. One group consisted of athletes with a his-
tory of three or more MTBIs during the course of the study,
and the other was made up of athletes who had fewer than
three concussions. All athletes underwent neuropsychological
testing within 2 days of their third injury (mean, 1.04 d; range,
1-2 d). A series of ANOVAs was completed with individual
neuropsychological testing scores as dependent variables and
multiple concussion status as independent variables. Multiple
ANOVAs were completed because not all of the athletes had
completed all of the tests that made up the test battery because
of changes in test procedures over the course of the neuropsy-
chological testing program.

Table 5 shows that the two groups did not differ on any of
the neuropsychological tests in the battery. Players with three
or more concussions did not display statistically significant
differences on the 10 individual scores that made up the
neuropsychological test battery. It should be noted that the
completion of multiple ANOVASs created an increased poten-
tial for finding significant differences between groups. How-
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ever, despite the use of this very liberal research design, no
such differences were found between groups.

Do Athletes Who Miss 7+ Days after MTBI Perform
More Poorly on Neuropsychological Testing?

Next, the neuropsychological test performance of a group of
athletes who missed 7+ days after MTBI was compared with
that of an MTBI group who returned to play within a week of
injury. This particular group had undergone previous study
(34, 36, 37). The 7+ days out group was evaluated neuropsy-
chologically relatively soon after injury (an average of 2.2 d
after injury; range, 1-9 d). Group performance was analyzed
statistically via multiple ANOVAs, with the individual neu-
ropsychological measures gathered after the injury represent-
ing the dependent variables. Neuropsychological test results
from the BVMT delayed memory data were not sufficient to
allow meaningful statistical analysis. Consistent with our
analysis of the cumulative effects of injury, the use of multiple
ANOVAs served to increase the risk of finding significant
differences in test performance between groups.

Table 6 shows that the 7+ days out group did not perform
more pootly on any of the neuropsychological test measures
compared with athletes who had been returned to play with-
out missing 7 days. None of the group differences reached
statistical significance. In addition, the mean values for all of
the scores were comparable to NFL normative values pre-
sented in Table 2 and to age expectations for a large sample of
collegiate athletes who had been tested by the NFL test
battery.

Figure 1 shows the means and standard deviations in
BVMT-R (Total) neuropsychological test scores for various
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TABLE 5. Neuropsycholegical test performance at follow-up for athletes with and without a history of three or more concussions from

1996 to 2001*
Baseline for

Three or fewer

Three or more

Test concussed group concussions concussions N F P
HVLT (Total 25.8 (4.4) 95 26.9 (4.7) 49 27.2 (5.0 20 F=0.74 (P <0.40)
HVLT (Delay) "8.8(2.2) 95 9.0(2.4) 49 9.6 2.5) 21 F=0.093 (P<0.80)
BVMT-R (Total) 29.0 (4.3) 47 26.7 (7.2) 36 27.9(.9) 17 F=029(P<0.59
BVMT-R (Delay) 11.1(1.3) 47 10.1 2.1) 30 10.3 (1.9) 15 F = 0.040 (P < 0.84)
Trail Making Test, Part A 21.2 (8.4) 93 19.5 (6.7) 49 17.6 (7.8) 20 F=1.03(P<0.32)
Trail Making Test, Part B 52.8 (14.3) 89 46.4 (12.8) 49 44.7 (23.0) 20 F=0.16 (P<0.70)
COWAT 39.9(9.7) 90 41.9 (8.7) 49 46.2 (13.5) 20 F=25(P<0.13)
SDMT-Total 59.2 (9.1) 59 61.5 (11.5) 28 65.5 (8.2) 12 F=121(P<0.28)
Digit Span-Forward 9.82.3) 87 10.6 2.1) 49 10.6 (3.6) 20 F = 0.0001 (P <0.98)
Digit Span-Backward 7.9(2.8) 87 8.2 (2.5) 47 8.5 (3.2) 20 F= 0‘136 (P<0.72)

Modalities Test.

2 HVLT, Hopkins Verbal Learning Test; BVMT-R, Brief Visuospatial Memory Test-Revised; COWAT, Controlled Oral Word Association Test; SDMT, Symbol Digit

after concussion?

TABLE 6. Neuropsychological test performance at follow-up for athletes who missed 7 or more days of practice/playing

Test <7 Days Out N 7+ Days Out N F P
HVLT (Total) 26.3 (4.8) 74 28.34.7) 17 F=26(P<011)
HVLT (Delay) 8.8 (2.4) 73 9.6 (2.0) 17 F=19(P<0.18)
BVMT-R (Total) 27.4 (6.6} 54 26.3 (6.4) 15 F=0.32(P<0.60)
Trail Making Test, Part A 19.3 (6.9) 73 17.0 (4.2) 17 F=13(P<026)
Trail Making Test, Part B 48.2 (16.5) 73 49.6 (20.7) 17 F=0.09 (P<0.76)
COWAT 41.2 (10.9) 72 44.3 (8.4) 18 F=11(<0.33)
SDMT-Total 61.5(11.5) 28 65.5(8.2) 12 F=121(P<0.28)
Digit Span-Forward 10.2 (2.6) 71 11.4 (2.5) 17 F=25(P<0.12)
Digit Span-Backward 7.7 (2.6) 71 8.8 (2.6) 17 F=23(P<0.14

Modalities Test.

# HVLT, Hopkins Verbal Learning Test; BVMT-R, Brief Visuospatial Memory Test-Revised; COWAT, Controlled Oral Word Association Test; SDMT, Symbol Digit

groups of NFL players for the purposes of comparison. The
baseline scores are compared with those of players with mem-
ory problems, three or more concussions, and 7+ days out
from play. Only the memory problem group showed a signif-
icant difference from the comparison group; however, the
differences are subtle when the standard deviations are con-
sidered. Also shown are data from a sample of high school
olayers (14) and college players at Penn State University (un-
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published data; 12) showing scores similar to those in the
professional players.

DISCUSSION

This study represents the first on neuropsychological function
of NFL athletes in the United States. Numerous studies have
been published on the neurocognitive recovery of high school (3,
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FIGURE 1. Graph showing average and standard deviation in BVMT-R
(Total) neuropsychological test scores for NFL baselines, players with
memory problems, three or more concussions, and out 7+ days from play.
Also shown are data in the first two columns from a sample of high school
players (from, Field M, Collins MW, Lovell MR, Maroon J: Does age
play a role in recovery from sports-related concussion? A comparison of
high school and college athletes. | Pediatr 142:546-553, 2003 [14]) and
college players at Pennsylvania State University (unpublished data; and
from, Echemendia R, Putukian M, Mackin S, Julian L, Shoss N: Neuro-
psychological test performance prior to and following sports related mild
traumatic brain injury. Clin | Sports Med 11:23-31, 2001 [12]).

27, 28) and collegiate (10, 26, 30) athletes. The NFL neuropsycho-
logical test battery has been used extensively over the past de-
cade both in and outside of the NFL. In addition to gaining
general acceptance by NFL team medical staff and athletic train-
ers, neuropsychological testing has also been well accepted by
the athletes. There is currently general agreement that neuropsy-
chological testing provides quantitative information regarding
recovery from injury, thereby improving the evaluation and
management of MTBIs in athletes (2). More specifically, neuro-
psychological testing may provide diagnostic information re-
garding subtle disruptions of cognitive processes such as atten-
tion, memory, and speed that may not be detected by a cursory
sideline evaluation.

On-field Cognitive Impairment

This study supports previous research that has shown that
on-field signs of cognitive impairment, such as amnesia, are
useful in determining the severity of brain injury (13, 27, 28).
Consistent with studies of high school and collegiate athletes,
professional athletes who were diagnosed by team physicians
as having impaired memory function after concussion per-
formed significantly more poorly on memory testing, while
displaying generally intact performance on other measures
requiring cognitive speed. These findings suggest that neuro-
psychological testing in combination with other diagnostic
information helps track recovery from MTBI in professional
football players. The results of this study also suggest that
team physician diagnosis of “memory impairment” on the
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sideline has predictive value. Athletes who display on-field
memory impairment have measurable memory impairment
within 1 to 2 days after injury. Neuropsychological testing
evaluates disruptions in cognitive processes such as attention,
memory, and cognitive speed and adds quantitative informa-
tion for the evaluation and management of concussion.

This suggests that only those players identified as having
cognitive and memory disturbances are likely to have neuropsy-
chological test impairments on follow-up testing. Athletes with
no clinical cognitive and memory impairments on physician
examination did not, as a group, have more subtle changes in
cognitive processes that were missed on sideline clinical exami-
nation. This suggests that the on-field evaluation used by NFL
team physicians is effective with regard to the identification of
cognitive and memory impairments immediately after injury.
The authors attribute this success to the training and knowledge
of the NFL team physicians and the thorough nature of the
league’s injury documentation process. Furthermore, it must be
pointed out that even the players with on-field memory impair-
ments and neuropsychological test memory impairments 1 to 2
days later went on to make rapid, complete recoveries.

NFL Athletes Recover Quickly from Concussion

The finding of no overall significant neuropsychological
testing differences between a group of injured NFL athletes
who had previously undergone baseline neuropsychological
testing suggests that NFL athletes with MTBIs recover quickly
after injury. In contrast to previous studies that have sug-
gested cognitive difficulties lasting 1 week or more, NFL ath-
letes demonstrated generally intact performance within sev-
eral days relative to baseline performance levels. There are a
number of potential hypotheses for the apparent difference
between professional and amateur athletes.

First, athletes selected for inclusion in this study were diag-
nosed as having experienced concussion based on multiple di-
agnostic criteria that were not limited to on-field neurocognitive
dysfunction. In other words, a number of athletes in the sample
did not necessarily demonstrate amnesia, confusion, or disorien-
tation but rather noncognitive difficulties such as headache, nau-
sea, or balance dysfunction. Within the population of NFL player
injuries from which this sample was drawn (n = 887), approxi-
mately 50% did not have memory or other cognitive findings on
the field (33). Therefore, it is not surprising that a significant
number of injured athletes would not display signs of cognitive
impairment days after concussion. Studies on high school and
collegiate athletes have relied heavily on on-field amnesia
and/or confusion, which is more predictive of neuropsycholog-
ical sequelae. Lovell et al. (28) found group differences between
baseline and postinjury performance in high school athletes who
had a large proportion of on-field amnesia or confusion.

Second, recently published evidence suggests that there
may be a recovery gradient, with younger athletes (high
school age and below) displaying more pronounced injury
and longer recovery times than older athletes (college age and
above). Several lines of evidence support this hypothesis. Chil-

www.neurosurgery-online.com



dren are known to exhibit more diffuse and prolonged cere-
bral swelling than adults (1, 21), and the majority of fatal brain
injuries in contact sports have occurred in children below the
age of 18 years (8). There is also evidence from animal research
suggesting that the immature brain may be more sensitive to
the negative effects of glutamate-mediated N-methyl
D-aspartate than the brains of older animals. This has been
hypothesized to play a role in the detrimental effects of exci-
tatory amino acids after brain injury. Finally, recent clinical
data have documented neuropsychological deficits lasting
days after injury and a differing rate of recovery depending on
the age of the athlete (14). A sample of collegiate athletes
improved more rapidly on standardized tests of memory com-
pared with a group of high school athletes with MTBI. The
authors suggest that neurodevelopmental differences between
older and younger subjects play a role in the recovery differ-
ences between the groups.

Finally, there may be a different tolerance for concussion
between professional and nonprofessional athletes. The level
of conditioning and skill necessary for success in the NFL may
result in an overall sample pool of athletes who are less prone
to injury than younger and less talented or well-conditioned
individuals. There may be a “natural selection” process in
professional football whereby athletes who are easily injured
do not successfully rise through the ranks of high school to
collegiate football to the NFL without resilience to cerebral
concussion. This hypothesis is supported, albeit indirectly, by
current NFL data suggesting that a relative minority of ath-
letes develop postconcussion syndrome (34, 35).

Relevance to Previous NFL Concussion Studies

In previous articles, the authors have presented the results of
clinical evaluations in professional football players after MTBI
(33-35). Those studies demonstrated that NFL players, as a
group, made relatively quick recoveries after cerebral concus-
sion. As a group, players who sustained multiple MTBIs fared no
differently from those with single injuries. Analysis of the group
of players with the most prolonged recoveries after MTBI re-
vealed no evidence of permanent brain dysfunction or other
long-term effects on the basis of clinical examination. One pos-
sible limitation of those earlier studies was the absence of any
neuropsychological test results from the database and its subse-
quent analysis. This article presents the neuropsychological test-
ing results that were not included in those earlier articles.

The issue of the potential cumulative effects of sports-
related MTBI has been a particularly controversial one, and
many studies have offered different views on the significance
of multiple injuries. This study did not find a pattern of poorer
neuropsychological test scores in a group of professional ath-
letes who were followed up closely for 6 years. The interpre-
tation of these findings is complicated and may relate to a
variety of factors, including potential differences in response
to MTBI between professional and younger athletes as well as
the general resiliency of highly conditioned athletes who have
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largely escaped serious consequences of brain injury through-
out their high school, college, and professional careers.

As a group, NFL athletes who were held from play 7+ days did
not display poorer neuropsychological performance than a group
who returned within a week. Although based on a somewhat
limited sample size, the results suggest that these athletes did not
display significant cognitive impairment at the time of their postin-
jury follow-up evaluation within days of injury. Athletes are held
from participation by a number of factors, which include both
medical and nonmedical considerations. As suggested by Pellman
et al. (34), it is possible that athletes who made up this group were
treated more conservatively relative to other athletes. The over-
representation of “skill position” players such as quarterbacks may
also help explain why these athletes were held out of competition
for more than one game. However, the 7+ days out group repre-
sented the most severely injured players on the basis of signs and
symptoms (34). It is noteworthy that they had normal neuropsycho-
logical test performance and medical evaluation of cognitive and
memory function within several days of injury.

The neuropsychological testing results presented here corrob-
orate earlier purely clinical reports. As noted previously, the
athletes who were held out of play for 7+ days displayed neu-
ropsychological test performances equivalent to those of the
group who returned to play in less than 1 week. This supports
the findings of Pellman et al. (34) that even those players in the
more seriously injured group in terms of number of signs and
symptoms made good recoveries, apparently without discernible
residual neurocognitive effects. Furthermore, the neuropsycho-
logical test performances did not differ between the group with
three or more concussions and the group with fewer than three
concussions. The strong correlation between the results of clinical
and neuropsychological evaluations also provides supportive
evidence for the position that there is no evidence in this study of
widespread permanent or cumulative effects of single or multi-
ple MTBIs in professional football players.

In other words, the results of this present study support the
authors’ previous work, which indicated that there was no evidence
of worsening injury or chronic cumulative effects of multiple MTBIs
in NFL players. Critics might contend that the specific neuropsy-
chological test battery used in this study was not sensitive enough to
detect chronic brain injury. However, the evidence suggests other-
wise. Similar (frequently the same) neuropsychological test batteries
were used to detect chronic brain dysfunction in retired boxers (9,
39). In both studies, neuropsychological tests uncovered evidence of
cognitive and memory impairments, which were much more wide-
spread than was suspected from purely clinical evaluations. Thus,
the failure to find abnormalities in NFL athletes even after multiple
and/or more serious MTBIs is not suggestive of a cumulative effect
of injuries in NFL players.

Critics might also suggest that the paper-and-pencil neuro-
psychological test battery used in this present study was not
sensitive enough to detect subtle cognitive and memory im-
pairments. However, similar test batteries have been used in
numerous studies of high school and college players and have
been found to be sensitive to cognitive dysfunction (3, 10-12,
14, 16, 26, 30). The authors’ interpretation of the present re-
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sults, which found a strong relationship between on-field
signs and symptoms and neuropsychological test results,
would be that a thorough clinical, mental status examination
of the players after MTBI by a well-trained physician is per-
haps more sensitive than had previously been thought. There-
fore, the thorough on-field evaluation of signs and symptoms
is encouraged in all concussed athletes.

Importance of Clinical Evaluation by Team Physicians
and Role of Neuropsychological Testing

The standard practice of NFL team physicians is to perform
thorough, not cursory, sideline evaluations. This explains the
strong correlation between on-field clinical findings and neu-
ropsychological test results reported in this article. Given the
established league-wide neuropsychological database, the test
performance of the injured athlete can be compared with
appropriate league standards, or ideally, the athlete’s perfor-
mance can be compared with his preinjury baseline levels of
performance. In addition, given the tendency for some athletes
to underreport symptoms in an effort to hasten their return to
play (27), neuropsychological testing provides performance-
based indicators of recovery that help ensure resolution of
cognitive difficulties before return to play.

This study points out the overriding importance of the clinical
evaluation by the team physician in determining the appropriate
management of athletes who sustain MTBL Had the team physi-
cians relied solely on the neuropsychological test results in making
their decisions, many of these more severely injured players would
have returned to play sooner than was warranted by the clinical
picture. Furthermore, of the 32 signs and symptoms of MTBI that
were evaluated by NFL team physicians (33), Table 7 shows that at
most 13 (most likely only 8) are evaluated by neuropsychological
testing. Therefore, if one relies solely on neuropsychological testing
when managing MTBI, then one will almost certainly overlook
more than half of the signs and symptoms that may occur. It clearly
follows from the above that neuropsychological testing alone cannot
be relied on, in and of itself, to make return-to-play decisions. The
authors strongly caution against the growing trend of substituting
neuropsychological testing for decision making based on physician
evaluations in the treatment of sporis-related MTBL

As has been noted, all NFL teams use neuropsychological
testing in the evaluation of concussion. The extent of testing
varies greatly among teams. Likewise, the role of testing in the
management of MTBI may differ. The data from earlier reports
(33-35) reinforce that the vast majority of concussions in NFL
players are mild, with little time lost from play. The neuropsy-
chological data corroborate the rapid clinical recovery made by
the players in routine cases. In these instances, the testing would
seem to play a minor role, serving to confirm neuropsychological
test recovery that correlates with the rapid clinical recovery.

In general, team physicians find neuropsychological testing
most helpful in the management of more severe concussions. In
cases of prolonged postconcussion symptoms, neuropsycholog-
ical testing may help to “objectify” the neurocognitive changes
after injury, allow monitoring of the recovery process, and assist
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TABLE 7. Signs and symptoms of concussion® and whether
neuropsychological testing can evaluate changes

Evaluated by

Si .
igns and symptoms neuropsychological testing

General symptoms

Headaches No
Neck pain No
Nausea No
Syncope No
Vomiting No
Back pain No
Seizures No

Cranial nerve symptoms

Dizziness No
Blurred vision No
Vertigo No
Photophobia No
Tinnitus No
Diplopia No
Nystagamus No
Pupil response No
Pupil size No
Hearing loss No

Memory problems

Retrograde amnesia, delayed Yes
Information processing problems Yes
Attention problems Yes
Anterograde amnesia, delayed Yes

Cognition problems

Immediate recall Yes
Not oriented to time Yes
Not oriented to place Yes
Not oriented to persons Yes

Somatic complaints

Fatigue Possibly
Anxiety Possibly
Personality change Possibly
Irritability Possibly
Sleep disturbance No
Loss of appetite No
Depression Possibly
Loss of libido No

Loss of consciousness No

2 From, Pellman et al. (33).

the medical team and player regarding return-to-play decisions.
NFL team physicians are relying on neuropsychological testing
as a corroborative diagnostic modality when trying to quantify
whether injury results in cognitive dysfunction. As refinements
in testing are made, the role of testing in the evaluation and
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management of concussions in NFL players is likely to evolve
and remain a diagnostic tool for team physicians.

Neuropsychological tests represent one tool that can be used to
assist treating physicians when diagnosing and managing cere-
bral concussion. It should be used in conjunction with the clinical
evaluation, brain imaging, and other diagnostic studies, where
appropriate. However, neuropsychological testing should not be
used alone to determine diagnosis or make management deci-
sions such as return to play. In addition to having diagnostic
value, the quantitative nature of the results of neuropsychologi-
cal testing is often reassuring to injured players and their treating
physicians and offers an objective means of tracking recovery.
The present study has clearly indicated that the results of neu-
ropsychological testing are strongly correlated with the results of
clinical mental status testing on the sideline by the team physi-
cian. This does not, however, minimize the usefulness of such
testing. The usefulness of neuropsychological testing can be ex-
plained best in parallel to the clinical neurological examination
{excluding mental status). The clinical neurological examination
is almost always normal after MTBL The examining physician
expects the neurological examination to be normal in these ath-
letes. The normal neurological examination is reassuring to the
physician that their diagnosis is correct.

If the neurological examination is abnormal, this raises a red
flag for the treating physician and alerts him or her to the pos-
sibility that some other process may be going on. Even though
the neurological examination is almost always normal in the
setting of MTBI, no one is suggesting that the neurological ex-
amination is unnecessary or should be discarded. Similarly, the
neuropsychological test results most often correlate with the
clinical evaluation findings and almost always confirm the clin-
ical evaluation findings after MTBI in the NFL. When the neu-
ropsychological test results confirm the clinical examination, this
is reassuring to the treating physician that his or her diagnosis is
correct. In the rare instances in which the neuropsychological test
results do not correlate with and/or confirm the clinical findings,
this should also serve as a red flag warning to the treating
physician to reevaluate the situation to be certain that no other
abnormal processes are occurring. Thus, neuropsychological test-
ing should be a part of the evaluation of athletes after MTBL

On the basis of the results of this study, the MTBI Commitiee
makes the following recomumendations regarding the proper role of
neuropsychological testing in the NFL. Neuropsychological testing
is a tool that can assist the physician in evaluating and managing
MTBL It is definitely not to be used in isolation and cannot and
should not be used to replace the clinical judgment of the treating
physician in the diagnosis and management of MTBL The main
value of neuropsychological testing in this setting is its ability to
confirm and corroborate the results of the clinical and mental status
evaluation. Just as a normal clinical neurological examination (ex-
duding mental status) helps confirm the diagnosis of MTBI, so
neuropsychological test results consistent with the dlinical findings
help confirm the clinical impression regarding the presence or ab-
sence of cognitive and/or memory impairments.

Similarly, just as the occasional focal abnormality on the neu-
rological examination alerts the physician to the possibility of a
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more serious underlying intracranial pathological condition, so
the occasional neuropsychological test result that is incongruous
with the clinical findings should alert the physician to investigate
further. Neuropsychological testing is also useful because it pro-
vides quantifiable results regarding neurocognitive processes.
These “objective” data can help both physicians and athletes
realize the validity and the organic basis of cognitive and mem-
ory dysfunction after MTBL It is also sometimes easier to track
recovery using such quantifiable results as those of purely clin-
ical examinations. The Committee believes that neuropsycholog-
ical testing can be of value for the treating physician when used
in the appropriate manner outlined above.

The Neuropsychological Test Battery

It is apparent that some of the tests in the NFL test battery
are more effective in discriminating NFL concussions than
others. This is similar to what has been found in other studies
using the NFL test battery on collegiate and high school player
samples (10, 26, 30). Future studies in the NFL will continue to
implement tests that reflect the “state of the art” and have high
sensitivity in detecting subtle brain injuries. As this refinement
occurs, there will be attention to using tests with more reli-
ability and fewer practice effects.

Although regarded as being sensitive to MTBI, tests such as the
Trail Making and the Symbol Digit Modalities may eventually be
replaced by tests that are less contaminated by practice effects when
used on multiple occasions. Specifically, tests should be used that
have high sensitivity to subtle deviations in neurocognitive pro-
cesses, while also being reliable across multiple evaluation sessions.
As Figure 1 demonstrates, efforts are needed to reduce the normal
deviation in responses for baseline evaluations and injured players
to better differentiate the effects of injury. The goal of developing
increasingly reliable and sensitive neuropsychological tests has been
the impetus for the development of computer-based testing proto-
cols over the past 5 years.

Transition to Computer-based
Neuropsychological Testing

Although the program described in this article represents
the standard for neuropsychological testing within the NFL
during 1996 to 2001, many professional football teams are
currently transitioning to a computer-based neuropsycholog-
ical testing protocol. Approximately two-thirds of NFL teams
are now using computer-based testing. Computer-based neu-
ropsychological testing has become increasingly popular, for
several reasons. First, computer-based testing evaluates many
athletes with limited manpower (29). This has increased the
participation in baseline testing throughout the league. Be-
cause the number of athletes evaluated depends only on the
number of computers available, teams can potentially com-
plete baseline testing during a 1-day session. Second, com-
puter testing provides a more effective evaluation of certain
neurocognitive areas, such as reaction time, which can be
measured to within 0.01 second. In addition, the computer
ensures uniformity of administration across teams and elimi-
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nates differences in administration because of human error or
differences in administrator style. There is also some evidence
that computer testing may be less subject to the vagaries of
practice effects than standard pen-and-paper testing (20).

Limitations of the Study

This research is an observational study of NFL players within
the context of six seasons. The neuropsychology program was
designed to operate with minimum disruption to the NFL teams
and athletes. The study relied on a convenience sample of injured
athletes without assurance that the sample is representative of
the overall population of injured NFL athletes from 1996 to 2001.
Furthermore, because this study was initiated with only a few
participating teams in 1996 and the use of neuropsychological
testing became more accepted toward the end of the study pe-
riod, the overall number of participating athletes is relatively
small compared with the 650 injured athletes that made up the
MTBI sample (33). This somewhat limited sample size led to the
use of completion of multiple individual ANOV As rather than a
more elegant multiple ANOVA design that is usually preferable
in studies with multiple dependent variables.

Currently, all NFL teams are using neuropsychological testing,
but not all use it in the same manner. Some teams perform baseline
testing on all players, whereas others select baseline tests to be
performed on players in higher-risk positions or players who have
a history of previous concussion in high school and/or college. As
a result, the overall number of NFL players participating in the
neuropsychological testing program is much higher at present than
it was during the early years of this study. The lack of completed
baseline assessments in all athletes resulted in smaller sample sizes,
which limits the statistical power of some of the analyses completed
in this study. The authors expect that future studies on this much
larger database will yield more information on the neurocognitive
recovery process after concussion.

All neuropsychological testing was conducted by trained neuro-
psychology personnel using standardized administration protocols
and test scoring rules. Test results are thought to accurately reflect
the athlete’s level of performance on any given test. However, as is
true of any study involving multiple personnel, it is possible that
scores may have differed somewhat from team fo team, thereby
resulting in a variation in test scores. The future use of computer-
based neuropsychological protocols should minimize this factor.
Along similar lines, the diagnosis of injury on the field was based on
the clinical judgment of the team medical staff and did not neces-
sarily involve the use of standardized on-field mental status exam-
inations. Therefore, the diagnosis of memory impairment or other
cognitive difficulties may have varied from team to team.

Another potential limitation of this study is the lack of
established exact standards for the determination of abnormal
test performance. If preseason baseline testing had been com-
pleted on a particular player, abnormal performance was de-
termined by comparison of the athlete’s postinjury score to
this baseline. If the score was poorer than baseline levels, the
score was determined to be “abnormal.” If a preinjury baseline
test battery had not been completed, the athlete’s score was
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compared with existing norms. Although this represented the
standard for analysis of neuropsychological test scores in the
NFL in the 1990s, more recently, Reliable Change Index (RCI)
scores have evolved to provide a more objective determination
of abnormal performance (3, 20). RCIs are based on the test-
retest reliability of the particular test and adjust for practice
effects. RCIs provide confidence intervals for determining
whether or not a test score is reliably different from baseline.
RClIs have not been calculated for professional football ath-
letes, although they do exist for high school (3, 20) and pro-
fessional rugby athletes (18). As the NFL neuropsychology
program develops, the implementation of RCIs of other sta-
tistical standards will aid in future clinical interpretations.
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COMMENTS

his study by Pellman et al. analyzes the neuropsychological

testing profile of 143 National Football League (NFL) players
who experienced concussions, out of a total of 650 athletes. An
additional analysis was performed on four subgroups consisting of
the postconcussion performance compared with preseason baseline
assessments in 95 athletes. They assessed the neuropsychological
test performance of 70 athletes in relation to the presence of on-field
amnesia, the potential role of multiple concussions on neuropsycho-
logical test performance in 70 athletes, and the neuropsychological
testing profile of 18 players who lost 1 week or more of playing time
compared with 71 who returned to play within the same week.
Their findings showed that the presence of cognitive and memory
abnormalities correlate with neuropsychological test impairment,
although they point out the limitations of neuropsychological test-
ing. This includes particularly the lack of established standards, the
use of neuropsychological testing being uniform among all teams
and neuropsychologists, and the occurrence of practice effects. Neu-
ropsychological testing has been established as a very valuable
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ancillary test to help objectify the extent of injury and recovery in
athletic mild traumatic brain injury (MTBI). The authors postulate
an interesting hypothesis that the younger athletes sustain more
serious MTBIs; however, I do not believe that this has yet been
proved. In addition, I do not believe that this study, with correlation
between dlinical and neuropsychological evaluation, proves that
there are no widespread permanent or cumulative effects of single
or multiple MTBI in NFL players. I think that it is premature to
conclude that there are no long-term consequences of MTBI in
football while players are still active, for many reasons. Further
studies using neuropsychological testing, balance testing, neuroim-
aging, metabolic studies, functional magnetic resonance imaging, or
other ancillary objective measures will be welcome as we attempt to
understand this phenomenon further.

Julian E. Bailes
Morgantown, West Virginia

ln this sixth in a series of articles on MTBI in NFL players,
neuropsychological data from concussed players were ana-
lyzed. The sample included 143 athletes, representing 22% of
650 players who experienced 887 concussions during six sea-
sons. Although the majority of players showed rapid recovery
after concussion, a subset with on-field memory disturbance
showed persistent memory problems within 2 days of the
concussive event. The authors conclude that MTBI is associ-
ated with a rapid return to normal functioning in the great
majority of players. The findings are somewhat surprising, but
at first glance, they seem encouraging for the athletes in terms
of short-term neuropsychological risk from concussion. How-
ever, these results should be interpreted with caution. Further
follow-up of players sustaining MTBI is needed to better de-
termine the cumulative effect of multiple concussions. In ad-
dition, it would be important to better identify specific players
at risk or particular injury mechanisms that result in more
severe concussions with on-field memory loss. Finally, as the
authors acknowledge, a major shortcoming of this study is
that a relatively small sample size of concussed athletes, only
22%, actually underwent neuropsychological testing, and par-
ticipation was voluntary. Why did 78% of concussed players
choose not to participate? This study design creates potential
for significant sampling bias. The authors are encouraged to
continue and expand this important work to better character-
ize the short- and long-term consequences of MTBI in profes-
sional athletes.

Daniel F. Kelly
Los Angeles, California

his study addresses important questions and uses a highly
interesting group of subjects; in short, it is an irresistible
read. It also is ambitious, because studies based on an absence
of findings (“absence of proof is proof of absence”) are inher-
ently difficult and controversial.
An article’s experimental sample defines the outer bound-
aries of what that article can find, conclude, and recommend.
It is perplexing that the authors chose to include athletes 1 to
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10 days after injury in their MTBI group. As the authors note
in the introduction of the article, previous studies with the
same test battery have found recovery “within a week.” The
authors’ choice to include subjects more than 7 days after
injury, therefore, increases the likelihood that their experimen-
tal group will contain subjects who have already recovered.
This would dilute the overall cognitive symptoms of the ex-
perimental group and increase the variability within it, both of
which make it more difficult to obtain statistically significant
findings.

Most of the conclusions and recommendations of this article
are based on statistical analyses in which no differences were
found. Therefore, methodological choices that decrease the
likelihood of obtaining statistically significant differences are
worrisome. In the present study, they also are perplexing. As
the authors note, the MTBI group’s range of days after injury
was 1 to 10, with a mean of 1.40 days and a standard deviation
of 1.29 days. This indicates that, even if the experimental
sample had been defined to include subjects as far as 2 stan-
dard deviations from the mean, most subjects would have
been 4 days or less after injury, and that subjects at the 10-day
end of the range almost certainly are outliers. The authors’
data thus demonstrate that they had a large corpus of subjects
within 4 days after injury. Why not use this group? Or why
not apply their own understanding of the literature and use a
group 7 days or less after injury? The authors’ choice to dilute
their experimental sample by including outliers weakens the
impact of their findings, conclusions, and recommendations.

The authors possess a remarkable data set. My strongest
impression after reading the article was that the data set was
so important that it deserved additional analysis and that a
good place to start would be to remove the outliers and see the
results.

Joseph Bleiberg
Neuropsychologist
Washington, District of Columbia

his article provides a review of the use of neuropsycholog-

ical testing in the NFL from the inception of the program in
the mid 1990s to the present time. This is an important article,
because the NFL's neuropsychological testing program has
become an important model for the neuropsychological as-
sessment of athletes in sports.

Overall, the article is very well written, provides an excellent
review of research in the area, and makes an important contri-
bution to the literature. In addition, the article provides norma-
tive values that have never before been published. This will
provide useful data for the interpretation of neuropsychological
test results in professional football players and may also help in
the interpretation of emerging data in other professional athletes
(e.g., ice hockey, rugby, and automobile racing). The article also
presents new data from subsamples of injured NFL athletes to
investigate the following research questions. 1) Do concussed
NFL athletes display abnormal test results when tested days after
injury? 2) Does postinjury neuropsychological dysfunction relate
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to on-field memory dysfunction? 3) Is there evidence of the
cumulative effect of injury in professional athletes? and 4) Do
athletes who miss 7+ days after MTBI perform more poorly on
testing? These are all extremely interesting questions that have
been addressed to some extent by previous articles in younger
athletes. However, this is the first article to attempt to address
these issues in a group of professional athletes.

The strength of this article is its ambitious attempt to address
multiple aspects of the concussion issue. To answer these re-
search questions, the article provides analyses of several different
subsamples of athletes. Although some of these groups are quite
large (e.g., the baseline group of more than 600 athletes) and
provide a very sound statistical foundation for analysis of the
data, the analyses of the 3+ concussions and 7+ days concussion
groups are based on relatively small sample sizes. Therefore,
although extremely interesting and worthy of discussion, the
conclusions based on these analyses should be tempered some-
what, particularly in the Discussion section. For example, the
authors seem to imply that the data reported in this article
unequivocally indicate that there is diminished risk of long-term
injury in professional athletes relative to younger players. Al-
though this may turn out to be true in the long run, this study, in
and of itself, does not allow a strong conclusion regarding this
issue. Clearly, further research is needed in this area. It is specif-
ically recommended that the statement that there are no wide-
spread permanent or cumulative effects of single or multiple
MTBIs in professional football players be softened somewhat. -

The article makes the important point that neuropsychological
testing, at least in its present form, does not detect all postconcussive
symptoms, particularly those that may be noncerebral or vestibular
in nature. This point is often overlooked. The best approach to
concussion diagnosis and treatment dearly should involve attention
to both neuropsychological and non-neuropsychological signs and
symptoms. However, the authors seem to suggest that the role of
neuropsychological testing is “minor.” Such a strong statement does
not seem to be justified. Regarding this point, it is important to note
that this present study uses “traditional” testing procedures rather
than computer-based tests that have demonstrated increased sensi-
tivity to concussion. Therefore, any broad generalizations regarding
the limitations of this particular neuropsychological test battery do
not seem to be warranted. This point should be clearly made within
the article.

The comparison of test results on the basis of different samples
of athletes (e.g., high school, college, professional) is particularly
interesting. This represents the first “cross-sample” comparison
of test results across professional and amateur ranks. However,
Figure 1 could be more clearly labeled so that it is clear that
Columns 4 to 8 represent NFL athletes.

Overall, this article presents very interesting new data that
will enhance the overall understanding of concussion. The
authors have drafted an ambitious article.

Joseph C. Maroon
Pittsburgh, Pennsylvania
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he NFL’s MTBI Committee began the neuropsychological

testing program several years ago, and we can only hope
that the league and the players” union will find a way to
mandate (sooner, rather than later) the program for all players
in the league. My understanding is that while nearly all teams
“participate” in the program, not all players on every team
choose to participate. This is one of the obvious problems with
the most recent article by Pellman et al. It is unfortunate that
only 22% of the concussed players (16% of the overall concus-
sions sustained) are represented because of incomplete data.
In fairness to the authors, it is challenging to capture data on
these injured players at consistent time points. Still, the study
is based on only a small subsample of players who experi-
enced MTBI and agreed to participate in the neuropsycholog-
ical testing program. The reader is left wondering about those
concussed players who chose not to participate in the neuro-
psychological testing program. Could there be players with
three or more concussions who were experiencing cognitive
difficulties and whose outcomes would have changed the
findings if included in the data analyses? Thus, a major limi-
tation of the study is that it could involve a biased sample.

In addition to the sampling issues, the authors have overinter-
preted some of their findings. Given the methods and statistical
design used, it is difficult to understand how they can comment
that “the strong correlation between the results of clinical and
neuropsychological evaluations also provides supportive evi-
dence for the position that there is no evidence in this study of
widespread permanent or cumulative effects of single or multi-
ple MTBIs in professional football players.” They only studied
the acute neuropsychological effects of single and repeat cuncus-
sion, and the data presented tell us nothing about potential
“permanent” or long-term complications. The authors cannot
assume that there could not be chronic effects, especially since
they have only looked at a brief window of time.

The authors use of the word “preliminary” at one point
within the text of the article was appropriate, because—at the
very best—it is a preliminary study. “Preliminary” should
have been used in the title and abstract as well. I think that
future studies on this topic will capture a clearer picture of
what is really occurring, given that there is now more wide-
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