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OBJECTIVE: We present the results of the autopsy of a retired professional football
player that revealed neuropathological changes consistent with long-term repetitive
concussive brain injury. This case draws attention to the need for further studies in the
cohort of retired National Football League players to elucidate the neuropathological
sequelae of repeated mild traumatic brain injury in professional football.
METHODS: The patient’s premortem medical history included symptoms of cognitive
impairment, a mood disorder, and parkinsonian symptoms. There was no family
history of Alzheimer’s disease or any other head trauma outside football. A complete
autopsy with a comprehensive neuropathological examination was performed on the
retired National Football League player approximately 12 years after retirement. He
died suddenly as a result of coronary atherosclerotic disease. Studies included deter-
mination of apolipoprotein E genotype.
RESULTS: Autopsy confirmed the presence of coronary atherosclerotic disease with
dilated cardiomyopathy. The brain demonstrated no cortical atrophy, cortical contu-
sion, hemorrhage, or infarcts. The substantia nigra revealed mild pallor with mild
dropout of pigmented neurons. There was mild neuronal dropout in the frontal,
parietal, and temporal neocortex. Chronic traumatic encephalopathy was evident with
many diffuse amyloid plaques as well as sparse neurofibrillary tangles and �-positive
neuritic threads in neocortical areas. There were no neurofibrillary tangles or neuropil
threads in the hippocampus or entorhinal cortex. Lewy bodies were absent. The
apolipoprotein E genotype was E3/E3.
CONCLUSION: This case highlights potential long-term neurodegenerative outcomes in
retired professional National Football League players subjected to repeated mild traumatic
brain injury. The prevalence and pathoetiological mechanisms of these possible adverse
long-term outcomes and their relation to duration of years of playing football have not
been sufficiently studied. We recommend comprehensive clinical and forensic ap-
proaches to understand and further elucidate this emergent professional sport hazard.
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Several professional players of the Na-
tional Football League (NFL) have re-
tired prematurely because of postcon-

cussion syndrome (29), a possible outcome of
repeated concussion of the brain. The NFL
Committee on Mild Traumatic Brain Injury,
which was formed in 1994 to study this trend,
has replaced the terminology postconcussion
syndrome with mild traumatic brain injury
(MTBI). MTBI is defined as a “traumatically
induced alteration in brain function that is
manifested by a) alteration of awareness or

consciousness, including but not limited to
loss of consciousness, sensation of being
dazed or stunned, sensation of wooziness or
fogginess, seizure, or amnesic period; and b)
signs and symptoms commonly associated
with postconcussion syndrome, including
persistent headaches, vertigo, lightheaded-
ness, loss of balance, unsteadiness, syncope,
near-syncope, cognitive dysfunction, memory
disturbance, hearing loss, tinnitus, blurred vi-
sion, diplopia, visual loss, personality change,
drowsiness, lethargy, fatigue, and inability to
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perform usual daily activities” (29). In 1995, the committee
recommended that the NFL should fund independent scien-
tific research to understand the causes of MTBI and elucidate
ways of preventing MTBI. Despite this recommendation,
which was made many years ago, the possible long-term
cognitive and neurodegenerative sequelae of professional
football as well as the underlying histological changes and
pathobiological cascades associated with and likely induced
by the trauma of professional football are little understood.
This is especially true for the neuropathological changes, be-
cause no cases have come to autopsy.

We herein report the first documented case of long-term
neurodegenerative changes in a retired professional NFL
player consistent with chronic traumatic encephalopathy
(CTE). This case draws attention to a disease that remains
inadequately studied in the cohort of professional football
players, with unknown true prevalence rates. Although clini-
cal assessments can determine encephalopathy and dementia,
and new neuroimaging methods may aid in the detection of
amyloid plaques (23), autopsy examination is required to con-
firm the neuropathological basis of these changes. Autopsies
aimed at diagnosing long-term central nervous system (CNS)
sequelae of repeated brain concussions in NFL players are
virtually nonexistent. Our case represents an extremely rare
scenario whereby a complete autopsy was performed on a
retired NFL player with a comprehensive neuropathological
examination, which revealed changes consistent with CTE.

CASE REPORT

Premortem History

Our patient was a 50-year-old professional football player
who died approximately 12 years after retirement from the
NFL. He began playing football in high school and played for
3 years in college, where he was a team’s most valuable player
and a multiyear starter as a lineman in a Division I college.
Drafted into the NFL at the age of 22 years, he played in 245
games in the NFL during 17 seasons. For 10 of those years, he
played 177 consecutive games, principally as an offensive
linesman. He was in the starting lineup in 150 consecutive
games and played in 19 playoff games (15). After his retire-
ment, he presented with a medical history that included atrial
fibrillation and coronary atherosclerotic disease, which were
treated with intraluminal stenting. Telephone interviews of
surviving family members revealed a neuropsychiatric history
that resembled a dysthymic disorder according to the criteria
of the Diagnostic and Statistical Manual of Mental Disorders, 4th
edition (2). Other medical history included a deficit in memory
and judgment as well as parkinsonian symptoms. He died
suddenly from clinically documented myocardial infarction.
There was no known history of brain trauma outside profes-
sional football.

Autopsy Findings

General

External examination revealed the body of an adult Cauca-
sian man who weighed 244 lb and measured 69 inches (body
mass index, 36 kg/m2 [Class II obesity]). There was no exter-
nal evidence of recent trauma. The pericardium revealed dif-
fuse fibrocalcific and adhesive pericardioepicarditis. The car-
diovascular system revealed dilated cardiomyopathy with
severe cardiomegaly (855 g), severe bilateral atrioventricular
dilation; biventricular hypertrophy; and patchy subendocar-
dial, endocardial, and valvular fibrosis. There was evidence of
cardiogenic shock with centrilobular hepatocellular coagula-
tive necrosis. There was chronic sinusoidal hepatic congestion
with trabecular atrophy. There was severe atherosclerosis of
the proximal and distal right coronary artery and the left
anterior descending coronary artery, with approximately 95%
multifocal intraluminal occlusion. The proximal left circum-
flex coronary artery revealed moderate atherosclerosis with 50
to 75% focal intraluminal occlusion. A metal intraluminal
surgical stent was identified in the proximal right coronary
artery. The myocardium revealed moderate interstitial and
perivascular fibrosis. The respiratory system revealed moder-
ate acute pulmonary edema and congestion with patchy,
acute, and terminal bronchopneumonia.

Gross CNS Findings

The dura mater and dural sinuses appeared unremarkable.
The formalin-fixed whole brain weighed 1565 g, whereas the
cerebellum and brainstem weighed 220 g. The leptomeninges
were unremarkable. There was no cerebral atrophy. There
were no cortical contusions, infarcts, or hemorrhages. There
was moderate cerebral edema but no evidence of uncal or
cerebellar tonsillar herniation. The cerebral blood vessels and
circle of Willis revealed focal mild eccentric atherosclerosis of
the left vertebral artery without aneurysms or other anoma-
lies. The cranial nerves were normal.

Coronal sections of the cerebral hemispheres revealed no
significant gross pathological changes of the cortex, white
matter, or deep gray structures. The ventricles were not en-
larged, and there was no atrophy of the hippocampi or the
corpus callosum. The amygdala and piriform cortex demon-
strated no atrophy. The mamillary bodies and hypothalamus
appeared unremarkable.

The midbrain, pons, and medulla oblongata were grossly
unremarkable, except for the pigmentation of the substantia
nigra, which was attenuated for age, but the locus ceruleus
appeared adequately pigmented. There were no infarcts in the
cerebellum. There was mild atrophy of the anterior superior
vermis. The dentate nucleus appeared normal. The pituitary
gland and spinal cord were unremarkable.

CNS Histomorphology

Primary hematoxylin and eosin stains were performed on
all tissue sections. After they were reviewed, a panel of spe-
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cialized histochemical and immunohistochemical stains was
applied. These specialized stains included �-amyloid protein
(Beta-A4; Dako, Carpinteria, CA), neurofilament (Dako),
�-synuclein (Zymed Laboratories, South San Francisco, CA),
and �-protein (Dako) immunostains as well as Bielschowsky’s
silver impregnation histochemical stains.

The frontal, parietal, and temporal neocortex revealed nor-
mal laminar and columnar organization, with mild neuronal
dropout and astrogliosis. The penetrating parenchymal ves-
sels revealed patchy perivascular hemosiderin-laden macro-
phages in the Virchow-Robin spaces. There was moderate
cerebral edema. The centrum semiovale revealed no white
matter rarefaction or perivascular pallor but demonstrated
focal mural mineralization of deep penetrating blood vessels.
There was no periventricular leukomalacia, and the sub-
ependymal white matter was nongliotic. The basal ganglia
and subcortical white matter tracts were unremarkable. There
was mild to moderate neuronal dropout of the nigral pars
compacta and pars reticularis, accompanied by mild extran-
euronal pigment and astrogliosis. There were no Lewy bodies.
There was no mineralization of pallidal vessel walls. The
hippocampus revealed mild neuronal dropout of the pyrami-
dal neurons of Sommer’s sector (CA-1) without selective neu-
ronal necrosis. There were no Hirano bodies and no granulo-
vacuolar neuronal degeneration. The subiculum, entorhinal
cortex, and alveus were unremarkable, as were the amygdala
and basal nucleus of Meynert. There were no lesions in the
remaining brainstem structures. The cerebellar cortex revealed
mild neuronal dropout and Bergmann astrogliosis of the Pur-
kinje cell layer. This was accentuated in the superior anterior
vermis, which also revealed mild atrophy of the internal gran-
ule cell layer. The cerebellar white matter and dentate nucleus
were unremarkable. The adenohypophysis and neurohypoph-
ysis were normal. The cervical, thoracic, and lumbar segments
of the spinal medulla were normal and demonstrated no signs
of anterior horn cell dropout or degenerative changes.

Specialized Stains

The battery of immunohistochemical stains revealed fre-
quent diffuse extracellular amyloid plaques (Fig. 1A), sparse
�-positive neuritic threads (Fig. 1B), and sparse intraneuronal
band-shaped and flame-shaped neurofibrillary tangles (NFTs)
(Fig. 1C) in the frontal, temporal, parietal, occipital, and cin-
gulate cortex and the insula. Cortical Lewy bodies were ab-
sent. Many neocortical perikarya revealed diffuse cytoplasmic
immunopositivity for neurofilament protein. The hippocam-
pal formation was spared of these pathological changes; the
dentate gyrus, cornu ammonis, and subiculum demonstrated
no diffuse amyloid plaques (Fig. 1D), NFTs, neuritic threads,
or Lewy bodies. The subcortical nuclei and brainstem, includ-
ing the substantia nigra, contained no diffuse amyloid
plaques, NFTs, neuritic threads, or Lewy bodies. There was no
histological evidence of cerebral amyloid angiopathy.

Apolipoprotein E (�) Genotyping

Genomic deoxyribonucleic acid (DNA) was extracted from
25-mg formaldehyde-fixed brain tissue with the QIAamp
DNA Mini Kit (Qiagen, Valencia, CA) using the protocol for
isolation of genomic DNA from formaldehyde-fixed tissues.
Representative whole-genome amplification of the extracted
DNA was accomplished using the GenomiPhi DNA Amplifi-
cation Kit (Amersham Biosciences, Piscataway, NJ). Restric-
tion fragment length polymorphism analysis was completed
using previously published protocols (20). The genotype of the
sample was determined to be E3/E3 (Fig. 2).

DISCUSSION

Although head injury (repeated mild concussive brain in-
jury or a single episode of severe diffuse brain injury) may
increase the risk of sporadic Alzheimer’s disease (AD), (14, 25)
importantly, this case did not meet criteria for AD but met
criteria for CTE. Cortical amyloid plaques and NFTs were
unaccompanied by tangles in the entorhinal cortex or hip-
pocampus, which is the usual starting point for neuropatho-
logical changes of sporadic AD. The first neuropathological
report on the long-term effects of contact sport (boxing) was
written by Brandenburg and Hallervorden (8) in 1954, in a
51-year-old retired boxer who manifested delayed posttrau-
matic dementia with AD pathological changes. In 1973,

FIGURE 1. A, �-amyloid immunostain of the neocortex (original magni-
fication, �200) showing frequent diffuse amyloid plaques. B, � immuno-
stain of the neocortex (original magnification, �200) showing sparse
NFTs and many �-positive neuritic threads. C, � immunostain (original
magnification, �400) showing an NFT in a neocortical neuron with
extending �-positive dendritic processes. D, �-amyloid immunostain (origi-
nal magnification, �100) of the Sommer’s sector (CA-1 region of the hip-
pocampus) showing no diffuse amyloid plaques.
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Corsellis et al. (8) described the neurohistological substrate of
CTE in the brains of 15 retired professional and amateur
boxers. These reports and other subsequent reports (12–14,
34–36, 39, 41) have described characteristic neuropathological
findings for CTE, especially in boxers, which comprise: 1)
sparse to many �-positive NFTs in the neocortex concentrated
around penetrating parenchymal vessels, 2) neocortical
�-immunopositive neurites in the neuropil (neuropil threads),
and 3) neocortical diffuse amyloid plaques with or without
neuritic plaques. Neocortical changes seem to spare the hip-
pocampus. The NFT distribution is notably different from that
observed in normal aging and AD, in which there is early
involvement of the entorhinal cortex and hippocampus with
later involvement of the neocortex in advanced stages. Other
reported delayed gross neuropathological changes in the
brains of retired boxers have included cerebral atrophy, cere-
bral amyloid angiopathy, communicating hydrocephalus, fen-
estrations of the septum pellucidum, cavum septi pellucidi,
cerebellar cortical atrophy, and degeneration of the substantia
nigra (8, 10, 12, 34, 38, 39, 41). After an extensive search of the
medical literature, we could not identify any study on the
neuropathological substrate of delayed neurodegeneration in
professional football players.

The pathological mechanisms for these delayed posttraumatic
changes are thought to be biochemical cascades that are induced
by cumulative effects of repeated low-grade concussive brain
injury, especially changes like hyperphosphorylation of neuronal
microtubule-associated protein and aberrant metabolism of amy-
loid precursor protein (13, 34, 38, 39). It has been suggested that
repeated axonal injury, vascular injury, and ischemia trigger a
cascade of molecular events involving derangement of neuronal
cytoskeletal metabolism and accumulation of abnormal cytoskel-
etal proteins; increased expression of amyloid precursor protein;
and a subsequent increase in the �-amyloid fragment, which is
deposited in amyloid plaques.

The sport of American football has a high probability of impact to
the head and concussion of the brain. There are up to 300,000 cases
per year of MTBI or brain concussion in contact sports in the United
States (29–32). There are approximately 0.41 concussions per NFL
game of American football: 67.7% of concussions involve impact by
another player’s helmet, 20.9% involve impact by other body re-
gions (e.g., a knee), and 11.4% involve impact on the ground (29, 31,
32, 40). It has been reported that 9.3% of the concussions involved
loss of consciousness and 2.4% of the concussions resulted in hos-
pitalization. Most (92%) of the players who sustain a concussion
return to practice in less than 7 days; fewer (69%) of the players who
experience loss of consciousness return to practice in less than 7
days. The relative risk of brain concussion in NFL players is asso-
ciated with player position. Although every player position is at risk
of brain concussion, quarterbacks, wide receivers, tight ends, and
defensive backs have the highest relative risks (1.62, 1.23, 0.94, and
0.93 concussions per 100 games, respectively) (30–32). The most
frequent position played by the patient was an offensive lineman. In
a 17-year career as an offensive lineman, he sustained numerous
episodes of mild traumatic and/or concussive brain injury, which is
supported by the histological evidence of remote hemorrhages into
the Virchow-Robin spaces of penetrating parenchymal vessels, with
multiple perivascular hemosiderin-laden macrophages. These his-
tological findings indicate microvascular injury that may be sus-
tained from repetitive concussive brain injury.

Concussions in professional football are related to transla-
tional acceleration-deceleration, with considerable head im-
pact velocity and velocity changes. The injury potential of
these transferring inertial forces is ameliorated by the use of
protective helmets. Since 1978, there has been a remarkable
reduction in fatal head injuries (51%), concussions (35%), and
cranial fractures (65%) in youth football, after the voluntary
adoption of set standards for protective helmet manufacturers
by the National Operating Committee on Standards for Ath-
letic Equipment (29, 31, 32). The NFL has aggressively pur-
sued the prevention of traumatic brain injury during play by
the modification of play and rules of play as well as the
introduction of improved standardized helmets, which have
generated a marked reduction in the incidence of fatal and
nonfatal head injuries (6). Although the technology and safety
of football helmets have advanced in the past decades, this
player’s career spanned earlier decades in which helmets were
not as protective as the ones in use today.

The acute sequelae of brain injury in professional football
players have been elucidated and ameliorated, although there
is less information about the chronic long-term sequelae of
brain injury in retired football players. A variety of delayed
clinical outcomes have been studied by radiological and neu-
ropsychiatric testing, although without neuropathological
evaluation. Such studies have suggested long-term impaired
cognitive functioning (memory, planning, and visuopercep-
tual processing), electroencephalographic abnormalities, and
cerebral atrophy in professional boxers, soccer players, foot-
ball players, ice hockey players, karate players, lacrosse play-
ers, and rugby players (1, 3, 5, 7, 11, 22, 24, 33, 39, 42, 43).
Possible symptoms of CTE may include recurrent headaches,

FIGURE 2. Polyacrylamide gel electrophoresis showing DNA from dece-
dent’s brain under ultraviolet light. Lanes 1 and 2 contain duplicate sam-
ples of the DNA extracted from the brain sample amplified as described in
the text and digested with HhaI to reveal the restriction fragment length
polymorphism. Lane 3 is a sample known to be E2/E4 prepared in parallel
with the samples from Lanes 1 and 2. Lane 4 is a negative template con-
trol. Lane 5 contains a 50- to 2000 base-pair (bp) ladder.
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irritability, dizziness, lack of concentration, impaired memory,
and mental slowing; mood disorders, explosive behavior,
morbid jealousy, and pathological intoxication and paranoia;
tremor, dysarthria, and parkinsonian movement disorders (9,
18, 19, 26, 37). Postmortem telephone interviews of close fam-
ily members of the patient in this case indicated a long-
standing mood disorder that resembled a dysthymic disorder
according to the criteria of the Diagnostic and Statistical Manual
of Mental Disorders, 4th edition (2).

Apolipoprotein E (�) and CTE

We analyzed the apolipoprotein E (APOE) genotype of the pa-
tient in this case, because genotypic variation of APOE predisposes
to or mitigates the development of AD and posttraumatic AD-like
pathological changes (4, 16). The possession of the APOE4 allele by
professional football players and boxers has been associated with
chronic neurological deficits, lower scores in overall cognitive per-
formance, and lower scores in cognitive domains (17, 21). The three
APOE isoforms differ by only one or two amino acids but confer a
three- to ninefold increase in the risk for developing these diseases
(APOE4 � APOE3 � APOE2). Individuals who inherit one or two
copies of APOE4 have an earlier age of onset for late-onset and
sporadic AD and increased long-term sequelae of brain trauma (4).
The presence of the APOE4 allele does not confer absolute predis-
position to CTE and/or other sporadic or posttraumatic AD patho-
logical changes, and absence of the APOE4 allele does not confer
absolute protection from these diseases (4). Geddes et al. (12) re-
ported the E3/E3 APOE genotype in two patients with repetitive
head injury in contact sports who demonstrated neuronal cytoskel-
etal changes and CTE. The authors concluded that CTE can occur in
the absence of APOE4 (12, 13). Our finding of the E3/E3 APOE
genotype in our patient appears similar to the findings in the cases
reported by Geddes et al. (12, 13).

CONCLUSION

This case study by itself cannot confirm a causal link between
professional football and CTE. However, it indicates the need for
comprehensive cognitive and autopsy-based research on long-
term postneurotraumatic sequelae of professional American
football. Empirical, cognitive, and postmortem data on CTE are
currently unavailable in the population cohort of professional
NFL players. Our report therefore constitutes a forensic epide-
miological sentinel case that draws attention to a possibly more
prevalent yet unrecognized disease because of the rarity of CNS-
targeted autopsies in the cohort of retired NFL players.
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COMMENTS

This is the first publication of chronic traumatic encephalopathy (CTE)
in a retired National Football League (NFL) player. It should come as

no surprise, though, as a number of NFL players have had to retire from
sequelae of multiple mild traumatic brain injuries. It also is consistent
with the findings of studies of Kevin Guskiewicz, Julian Bailes, and
others at The Center for the Study of Retired Athletes at the University of
North Carolina. These researchers found retired NFL players with three
or more concussions had a fivefold prevalence toward mild cognitive
impairment and a threefold prevalence toward significant memory prob-
lems compared with retirees with no history of concussion. Hopefully, in
the years ahead, the center will be able to study these retirees so a better
idea of the incidence of CTE in former NFL players becomes known, as
well as how many years of participation may lead to this risk. I fully
support the conclusions of Omalu et al.

Robert C. Cantu
Concord, Massachusetts

In this case report of CTE in a retired NFL player, the authors provide an
in-depth description of the deceased player’s neuropathological findings.

The authors assert that the individual’s premortem cognitive decline, de-
pression, parkinsonian symptoms, and neuropathological findings were a
manifestation of traumatic encephalopathy resulting from his many years of
professional football. Although this is an interesting hypothesis and it is

likely he sustained several mild traumatic brain injuries over the course of
his NFL career, this assertion appears to be somewhat presumptuous be-
cause they are only reporting associated findings in a single individual. It is
notable that no mention is made of any concussions, mild or otherwise, in his
premortem history, and that he played predominantly as an offensive lines-
man which is one of the player positions associated with the lowest fre-
quency of concussion in the NFL. Additionally, this individual’s apolipopro-
tein E genotype was not E4 which has been more strongly associated with
the development of Alzheimer’s disease. Ideally, the causal link suggested
here between a career in professional football and CTE would result from
postmortem assessments of a group of similar individuals from the NFL
compared with another group of otherwise well-matched individuals whose
careers did not involve repetitive contact sports. I encourage the authors to
continue their investigations.

Daniel F. Kelly
Los Angeles, California

The authors provide a detailed analysis of the central nervous system
histopathology in an offensive lineman who played for 17 seasons in

the NFL and died from a myocardial infarction 12 years after retirement.
The autopsy findings were consistent with CTE. This article comple-
ments the series of articles by Pellman et al. that have previously ap-
peared in this journal regarding the neuropsychological abnormalities
suffered by NFL players, and provides an important anatomic underpin-
ning for those abnormalities. Unfortunately, Omalu et al. did not provide
specific information about the neuropsychological deficits experienced
by this athlete, other than to state that he met criteria for dysthymic
disorder, had deficits in memory and judgment, and had parkinsonian
symptoms. It is unlikely that detailed neuropsychological testing was
routinely performed during his career, so such data was probably not
available. The increasing use of detailed pre- and post-traumatic neuro-
psychological testing by the NFL and amateur football groups should
provide an invaluable database of information that will allow for clinical-
anatomic correlations not previously possible. Together with information
obtained from functional magnetic resonance imaging studies, this data
will significantly advance our understanding of the cellular and physio-
logic mechanisms of traumatic brain injury.

Donald W. Marion
Boston, Massachusetts

This article raises some interesting questions. However, in this case
report, the scientific validity of the putative association between

suspected repetitive mild traumatic brain injury in professional foot-
ball players and histological findings consistent with chronic neuro-
degenerative processes is, at the very least, questionable. This report
highlights the potential value of a prospectively administered data-
base that might include athletes’ medical histories and, when avail-
able, postmortem findings and results of cognitive testing. More abun-
dant and more rigorously collected data of this type might enable us
to provide better answers to the questions posed here.

Alex B. Valadka
Houston, Texas

Omalu et al. have added to our knowledge of neuropathological corre-
lates of sports-related head injury. They provide a detailed postmor-

tem analysis of a retired player who spent 17 years in the NFL. It is clear that
we are just beginning to understand the myriad of biomechanical, physio-
logical, neurogenetic, and neurocognitive sequelae of this condition. By
providing the first reported case of autopsy-confirmed traumatic encepha-
lopathy in a professional football player, these authors provide an initial
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window to structural changes of this condition. It is noted that the authors
indicate that the player’s encephalopathy occurred as a result of long-term
repetitive concussive brain injury. However, they did not indicate the fre-
quency of concussive events or the numbers of years over which concussive
events occurred. Because concussive events were not recorded systemati-
cally at the time of this player’s career, we cannot be sure that his encepha-
lopathy was caused by either repetitive or long-term events.

Kenneth C. Kutner
Neuropsychologist
Hackensack, New Jersey

Omalu et al. have reported a sentinel case of a 50-year-old retired
NFL player with 17 years experience as a professional football

player. It provides a glimpse, for the first time, into the gross and
microscopic pathological changes of this relatively young brain, which
had extensive exposure to repetitive head impacts in football. These
findings, which are not consistent with Alzheimer’s disease or aging, but
rather CTE, have been observed previously in autopsy material of retired
boxers. These consist predominantly of markers of neuronal and axonal
injury to the neocortex with relative sparing of the hippocampus, as well
as hemorrhagic markers in the Virchow Robin spaces.

Despite attempts to enact rule changes and to improve helmet design,
naturally there are still regular episodes of traumatic brain injury in
contact sports such as football. Irrespective of design modifications in the
football helmet, there still exists the regular occurrence of rapid
acceleration-deceleration mechanisms of brain injury which are difficult
to ameliorate or eliminate. In addition, recent reports have suggested that
the true incidence of concussion in football, recognized or subclinical in
nature, is higher than previously believed. Although earlier research has
shown that contact athletes may later develop mental and cognitive
impairment, this case report documents cerebral histopathological abnor-
malities and adds to our knowledge as we further study the long-term
consequences of repetitive traumatic brain injury.

Julian E. Bailes
Morgantown, West Virginia

This article raises controversial questions concerning the potential risk
of CTE in retired NFL players. The authors provide detailed and

compelling neuropathological evidence supporting the presence of CTE
in this particular case, but there is no documentation of concussion
history during the athlete’s sports career. As the authors openly note, this
is a single case report and does not establish an empirically substantiated
causal relation between participation in professional football and the
development of CTE, even if previous concussion history had been
recorded in this case. Clearly, further investigation with multiple subjects
and a controlled experimental design is needed.

By reporting their case, the authors lay a solid groundwork for pursuing
further neuropathology studies in professional football players. Based on the
potential association between CTE and boxing, it is certainly conceivable that
there is a link between the activities inherent in professional football and
CTE. However, the rate at which a typical player sustains head injuries and
the severity of those injuries are important factors that may differentially
affect the likelihood of developing CTE. Thus, it will be important to note not
only the length of career and the number of athlete exposures, but to also
include reliable concussion history data in future studies. Empirical studies
that include this information would portray a more complete picture of the
risks of professional football, contribute knowledge of the possible etiologic
factors of CTE, and convey precautionary measures, if needed, to minimize
its occurrence.

The postmortem finding of CTE in a retired football player raises

the possibility that some of the cognitive, emotional, and neurological
symptoms observed in retired NFL athletes may be manifestations of
disease processes other than Alzheimer’s disease, which has been
more extensively documented in recent literature. The relation of CTE,
Alzheimer’s disease, and the Apolipoprotein E genotype in retired
athletes is also fuel for future research. Although this article raises
more questions than it answers, it provides a foundation indicating
that these questions are important and worth pursuing.

Joseph Bleiberg
Neuropsychologist
Washington, District of Columbia

This article represents the first documented case of long-term neurode-
generative changes in a retired professional NFL player. The case report

describes the comprehensive autopsy and laboratory findings of a retired
professional football player showing neuropathological changes consistent
with long-term repetitive concussive brain injury. The report states that the
deceased athlete “sustained numerous episodes of mild traumatic and con-
cussive brain injury . . .” during his 17-year career as an offensive lineman.
Although the report does not indicate an approximate number of suspected
concussions, we are left to assume that it was well above the average of two
concussions reported to the Center for the Study of Retired Athletes by
retired NFL players with an average of 6.5 years in the league (1). Given that
the deceased athlete played approximately three times longer than the re-
tired NFL players in that study, we might predict that he experienced at least
six concussions, and probably many more subconcussive impacts to the
head during his professional football career.

The authors indicate that the deceased player demonstrated long-
standing mood disorders that resembled a dysthymic disorder. This report
parallels findings from the Center for the Study of Retired Athletes which
suggest there is an association between recurrent concussions sustained
during the professional playing years, and the likelihood of being diagnosed
with clinical depression (1). As the authors state, the case study by itself
cannot confirm a causal link between professional football and chronic
neurodegenerative diseases such as CTE, however, it indicates the need for
a more comprehensive study of both active and retired professional football
players.

Furthermore, this case report calls to team physicians and athletic
trainers for improved injury surveillance of concussions and other
brain related traumas so future studies may be able to better under-
stand the relationship between these injuries and the neurodegenera-
tive changes described. For years there has been speculation of an
increased risk for late life cognitive impairment in athletes with a
history of multiple concussions. While this well written case report
provides a good starting point for answering these important ques-
tions, future prospective studies implementing genetic testing, more
rigorous diagnostic criteria, historical documentation, and extensive
serial evaluations (e.g., neuropsychological testing and functional
neuroimaging) will be necessary to clarify the direct or mitigating
effects of head trauma on lifetime risk of such neurological disorders.
The authors should be commended for providing the medical com-
munity with a very interesting paper that will make significant con-
tributions to the literature on the topic of sport-related concussion and
neurodegenerative disease, and will likely serve as an impetus for
future study in this area.

Kevin M. Guskiewicz
Chapel Hill, North Carolina

1. http://www.csra.unc.edu/statistics.htm. Accessed June 13, 2005.
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