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The authors recruited 100 active and former
National Football League players, representing 27
teams and all positions. Players underwent a
clinical history, brain SPECT imaging, qEEG,
and multiple neuropsychological measures,
including MicroCog. Relative to a healthy-com-
parison group, players showed global decreased
perfusion, especially in the prefrontal, temporal,
parietal, and occipital lobes, and cerebellar
regions. Quantitative EEG findings were consis-
tent, showing elevated slow waves in the frontal
and temporal regions. Significant decreases from
normal values were found in most neuropsycho-
logical tests. This is the first large-scale brain-
imaging study to demonstrate significant differ-
ences consistent with a chronic brain trauma
pattern in professional football players.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2011; 23:98–106)

There has been considerable controversy about the
impact of playing American professional football

on long-term brain function.1 At the end of 2009, the
controversy was significantly fueled by a study spon-
sored by the National Football League (NFL), which
found that retired players age 30–49 receive a demen-
tia-related diagnosis at a rate of 1.9%, or 20 times the
rate of age-matched populations, and 6.1% of players
over the age of 50 receive a dementia-related diagnosis,
representing five times the national average of 1.2%.2

To date, there have been no published functional
brain-imaging studies on active or retired NFL players,
even though brain injuries are common, and their inci-
dence has been associated with mild cognitive impair-
ment3 and depression.4

Studying the brain function in a large group of living
players is important to better understand whether there
are widespread persistent negative brain effects from
playing professional football and, if so, to evaluate the
potential for rehabilitation. Both brain single photon
emission computed tomography (SPECT) imaging5 and
quantitative EEG (qEEG) have substantial data for eval-
uating traumatic brain injury (TBI).6 Brain SPECT has
been shown to be more sensitive than standard CT or
MRI7,8 in evaluating TBI.

Our a priori hypothesis was that, relative to a matched
healthy-comparison group, active and retired NFL
players as a group would exhibit significant decreases
in regional cerebral blood flow (rCBF) in the frontal,
temporal, and occipital lobe regions of the brain, con-
sistent with previous brain trauma, and this would re-
sult in compromised neuropsychological functioning.

METHOD

We recruited 100 active and retired NFL players, rep-
resenting 27 teams and all positions (see Table 1 for
summary). Players were recruited from retired NFL
Players Association meetings and by participants in-
forming other players about the study. Each player met
our inclusion criteria of being on an active NFL roster
for a minimum of 3 years. We excluded any subjects
who could not cease taking psychoactive medications
(recreational or otherwise) for an appropriate washout
period before scanning was done. All participants re-
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ceived an explanation of the research study and gave
written informed consent in accordance with an insti-
tutional review board-approved protocol.

Each participant was interviewed by a physician and
completed a detailed history, including a 315-question
DSM-IV-driven questionnaire to assess overall general
and mental health. Waist and height sizes were ob-
tained on all participants, and waist-to-height ratios
were calculated. Brain concussion and loss-of-con-
sciousness data were acquired from each player. Sub-
jects were asked to recall the number of concussions
they had experienced throughout their lifetime, includ-
ing those obtained while playing high school, college,
and professional football. We used the Centers for Dis-
ease Control and Prevention (CDC) definition9 of con-
cussions: “conditions of temporarily altered mental sta-
tus as a result of head trauma” that may or may not
involve a loss of consciousness. Understanding that

self-report data, especially from many years past, is
potentially unreliable, players were also asked about
periods where they experienced a distinct loss of con-
sciousness. Past medical records were not available for
this study, which is a limitation. Many subjects played
in an era of football where concussions were not taken
as seriously as they are today.

Three computerized neuropsychological tests were
given to each player. These tests included the MicroCog
Assessment of Cognitive Functioning,10 which contains
12 subtests that represent functioning in five core neu-
rocognitive domains, including attention/mental con-
trol, memory, reasoning, spatial processing and reac-
tion time. The Microcog Assessment of Cognitive
Functioning scores were compared with its own stan-
dardized sample (N�810), chosen to be representative
to the U.S. population of adults between the ages of 18
and 89 with regard to education, gender, and ethnicity.
Because our sample had a higher percentage of African
Americans (33%) than the 13% in the U.S. population,
further ethnic evaluations were performed on the Mi-
croCog. Participants also took the Conners’ Continuous
Performance Test II,11 which measures response inhibi-
tion and attention, and is a validated screening tool that
assigns a clinical probability of having attention-deficit
hyperactivity disorder (ADHD), based on its own large
normative and clinical sample database, which did not
show an effect of ethnicity.12 Participants were also
given the Mild Cognitive Impairment Screen,13 a
screening tool found to be reliable in distinguishing
mild cognitive impairment from normal.14 The effect of
ethnicity on this test has been studied and found to be
essentially zero.15

Each player underwent high-resolution brain SPECT
imaging and qEEG. For SPECT, we used already-ac-
quired right-handed men as a comparison group
(N�20; mean age�50.0, range�27–83, SD�16.1). The
ethnic makeup of the comparison group was Caucasian
(80%), Hispanic (10%), African American (5%), and
Asian (5%). The healthy-comparison subjects were
screened using clinical interviews, the same 315-ques-
tion DSM-IV-driven questionnaire used in this study,
which was also filled out by a significant-other, a Struc-
tured Clinical Interview for DSM-IV (SCID), the Beck
Depression Inventory, the Mild Cognitive Impairment
Screen, and the MMPI. All scores were in the normal
range. Healthy-comparison subjects also reported no
brain injuries or head trauma upon being asked repeat-
edly in multiple ways. They were not taking any med-

TABLE 1. Demographic Characteristics

Characteristic Mean

Age 57.27 (range 25–82)
[SD�12.37]

LOC Episodes 2.693

Characteristic n
Handedness 84 right, 16 left or

ambidextrous
Ethnicity

African American 33
Caucasian 60
Hispanic 1
Mixed 6

Positions (N�100)
Quarterback 5
Running back 9
Wide receivers 5
Tight ends 8
Offensive lineman 25
Defensive lineman 12
Linebackers 17
Defensive backs 19

Reported Episodes of LOC n
0 37
1 15
2 15
35 18
�5 14

Minimum/Maximum Episodes of Loss
of Consciousness

0/20

Diagnosed Depression (DSM-IV
Criteria) Currently or Under
Treatment for Depression

28

Waist-to-height ratio n
�53%; overweight or obese 48
�53%; normal weight 52

LOC: loss of consciousness. For number of concussions, four play-
ers report “multiple times” or “too many to count” but could not be
more specific.
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ications at the time of evaluation and had no medical
illnesses. As part of the SPECT procedure, the healthy-
comparison men also took a Conners’ Continuous Per-
formance test II. Only healthy comparison subjects who
scored in the normal range on the Conners’ test were
used for this study. Of note, we did not have a sufficient
number of African Americans in our Normal-Control
Subject database for comparison with the NFL players.
We added an additional analysis, comparing Caucasian
players with Caucasian comparison subjects to compen-
sate for this issue.

The qEEG data were compared against a nationally
published normative database.

SPECT Acquisition and Analysis
We used SPECT to measure rCBF in both players and
comparison subjects. Each participant received an age/
weight-appropriate dose of technetium-99m hexameth-
ylpropyleneamine oxime (HMPAO) intravenously. Par-
ticipants were injected in normal lighting while they
performed the Conners’ Continuous Performance test
II. The radiopharmaceutical was injected 3 minutes af-
ter starting the 15-minute test. All participants com-
pleted the task. The individuals were then scanned 30
minutes later using a high-resolution Picker Prism 3000
triple-headed gamma camera with fan beam collima-
tors, acquiring data in 128�128 matrices, yielding 120
images per scan with each image separated by 3° span-
ning 360°.

SPECT data were processed and attenuation correc-
tion performed using general linear (Chang) methods.
All images were reconstructed and resliced using an
oblique reformatting program, according to anterior–
posterior commissure line so final images were simi-
larly aligned for analysis.

Differences in HMPAO uptake were analyzed us-
ing SPM8 software (Wellcome Department of Cogni-
tive Neurology, London) implemented on the Matlab
platform (MathWorks Inc., Sherborn, Mass., 2004).
Statistical parametric maps are spatially extended
statistical processes that are constructed to test hy-
potheses about regionally specific effects in neuroim-
aging data. Statistical parametric mapping combines
the general linear model and the theory of Gaussian
random fields to make statistical inferences about re-
gional effects.16 The images were spatially normal-
ized using a 12-parameter affine transformation, fol-
lowed by nonlinear deformations17 to minimize the
residual sum-of-squares between each scan, and a

reference or template image conforming to the stan-
dard space defined by the Montreal Neurological In-
stitute template. The original image matrix obtained
at 128�128�29 with voxel sizes of 2.16 mm�2.16
mm�6.48 mm were transformed and resliced to a
79�95�68 matrix with voxel sizes of 2 mm�2 mm�2
mm, consistent with the Montreal Neurological Insti-
tute template. Images were smoothed using an 8-mm
full width at half maximum isotropic Gaussian ker-
nel. The two-sample t-test design was used with anal-
ysis of covariance (ANCOVA) by subject regressors
to account for differences in subject-specific regional
response to changes in global cerebral blood flow
(CBF), with age as a covariate. To test our hypotheses
regarding regionally-specific condition effects, the es-
timates were compared using linear contrasts. The
resulting set of voxel values for each contrast repre-
sents a parametric mapping of the t-statistics, statis-
tical parametric map (t), which were transformed into
the unit normal distribution statistical parametric
map (z) and thresholded at t�8.85; p�0.0001, cor-
rected for multiple comparisons using the family-
wise error-rate correction in SPM8.

qEEG Acquisition and Analysis
Quantitative EEG is the measurement of electrical pat-
terns at the surface of the scalp, which reflect cortical
electrical activity. All of our measurements were ob-
tained with the subjects’ eyes closed and were sampled
at 200 Hz, using the international 10/20 system of elec-
trode placement and manual and automatic artifact re-
moval. Test–retest reliability was greater than 0.9 for all
participants.18 There are two categories of measurement
using qEEG: the first category involves amplitude or
power at different frequencies, including three-dimeni-
onal sources; the second category involves network
measures, such as conduction velocities (phase differ-
ences), coupling magnitudes (coherence) and thalamo-
cortical phase shifts and phase locks.19–22 Previous
qEEG studies have shown that network measures are
the most sensitive in the evaluation of mild-to-severe
TBI.23,24 Comparison with an age-matched qEEG nor-
mative database was used for the three-dimensional
source analyses, which were demographically bal-
anced, with 24.2% African American clinically healthy
subjects.25,26 The effect of ethnicity for qEEG was stud-
ied and found to be essentially zero.27 None of the
healthy-comparison subjects exhibited focal brain ab-
normalities, and all of the healthy-comparison subjects
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were without a history of neurological disorders, in-
cluding TBI.

RESULTS

See Table 1 for demographic characteristics, handed-
ness, positions played, reported number of loss of con-
sciousness data, incidence of depression, and waist/
height ratio. See Table 2 for neuropsychological test
results. The results of the MicroCog Assessment of Cog-
nitive Functioning revealed that players scored in the
bottom half of the percentile placements on all mea-
sures except spatial processing and reaction-time,
which were both in the top half of the percentile place-
ments. This was true for both Caucasian and African
American players, although African Americans scored
lower on all measures, as a group.

Figure 1 and Figure 2 show differences between NFL
players and the healthy-comparison subjects on SPECT,
using age as a nuisance covariate. No areas of increased
perfusion were seen. There were global decreases
across the whole brain, especially in the prefrontal, tem-
poral, parietal, and occipital lobes, anterior and poste-
rior cingulate gyrus, and cerebellum. The decreases
were significant at p�0.0001 (family-wise error cor-
rected for multiple comparisons). The Brodmann’s ar-

eas that showed these decreases are listed in Table 3.
When we felt Brodmann’s areas were insufficient, we
also used areas defined by the Automated Anatomical
Labeling Atlas.

Because African Americans were more numerous
in our sample than in the general population, and
also because our healthy-comparison group did not
have an adequate number of African American men,
we performed another analysis using only Caucasian
players (n�60) versus Caucasian comparison sub-
jects.16 The results were essentially the same, show-
ing global decreases at p�0.001, family-wise error,
and no increases.

We also performed two additional analyses on our
data. First, we examined players who reported a high
number of loss-of-consciousness episodes (three or
more) versus players who reported no loss-of-con-
sciousness episodes. The total group size was 32 with
high loss-of-consciousness and 32 with no loss-of-con-
sciousness. The analysis yielded no significant differ-
ences with family-wise error, multiple-comparison cor-
rections. Without multiple comparisons corrections, at
p�0.01, there were several areas of increased activity in
the lateral prefrontal cortices and areas of decreased
perfusion in the temporal, parietal, and occipital lobes
in the high loss-of-consciousness group. In the second
additional analysis, we examined players who played a
high number of professional games (�200) versus those
who played a relatively low number of professional
games (�50). Twenty-six players in our study played 50
or fewer games, and 10 players played 200 or more
games. Again, no significant differences survived fam-
ily-wise error corrections for multiple comparisons, but
there were significant decreases in the 200�-games
group compared to the 50� group, without corrections,
for multiple comparisons at p�0.001 in the prefrontal
cortex, temporal, parietal, and occipital lobes and in the
cerebellum.

The qEEG findings were consistent with the SPECT
findings, and showed significantly elevated slow waves
in the bilateral temporal regions and bilateral frontal
lobes, and reduced power at the higher frequencies.
Because of the brain–bone interface, focal deviations
from healthy-comparison subjects in the frontal and
temporal lobes are a common qEEG finding in TBI pa-
tients.28,29 Also, changes in the conduction velocities
and network synchrony between different brain regions
were deviant from normal relative to a group of
healthy-comparison subjects. A more detailed analysis

TABLE 2. Neuropsychological Assessment Results of 97 Retired
Playersa

Conners’s Continuous Performance Test II (CCPT II)

50% greater chance of having
ADHD based on CCPT II

81

Mild Cognitive Impairment
Screen by Age-Group Abnormal/Total N %

75–82 4/4 100
65–74 8/22 36
50–65 6/52 12
25–49 1/22 4.5

MicroCog Percentile Scores Mean SD
General cognitive functioning 33.3 25.5
General cognitive proficiency 27.6 23.2
Processing speed 33.3 26.0
Processing accuracy 41.2 26.8
Attention 40.8 26.3
Reasoning 34.4 27.5
Memory 36.5 28.7
Spatial processing 68.0 21.9
Reaction time 70.2 24.5

aBecause of physical ailments or advanced dementia, three players
were unable to complete the tests. ADHD: attention-deficit hyperac-
tivity disorder.
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of qEEG connectivity measures is in preparation for a
future publication.

CONCLUSION

Omalu et al.30,31 and McKee et al.32 have reported find-
ing excess tau protein deposits at autopsy (called
chronic traumatic encephalopathy or CTE) in a number
of deceased retired professional football players. Ours
is the first study using multiple brain-imaging methods
and neuropsychological testing to demonstrate signifi-
cant brain abnormalities in a large group of living active
and retired professional football players.

On SPECT, significant decreases in regional cerebral
blood flow were seen across the whole brain, especially
in the prefrontal poles, temporal poles, occipital lobes,
anterior cingulate gyrus, and cerebellum. This pattern is
consistent with the lasting effects of TBI.33 We also
found significant decreases in the posterior cingulate
gyrus and hippocampus, areas implicated in demen-
tia.34

The Mild Cognitive Impairment Screen has been
found to be a reliable tool in distinguishing mild cog-
nitive impairment and dementia from normal, which is
an important issue in this population. In the general
population, the prevalence of mild cognitive impair-
ment or dementia under age 50 is typically small:

FIGURE 1. Examples of Representative Horizontal, Coronal, and Sagittal Slices, Showing Global Brain SPECT Decreases in NFL
Players Versus Healthy-Brain Subjects

Horizontal Slices (from superior to inferior)

Coronal Slices (from anterior to posterior) 

Sagittal Slices (from right to left)

025 038 047 053

063051037023

020 031 047 059

Light areas indicate decreased perfusion in the NFL players versus healthy-brain comparison subjects at p�0.0001, family-wise error. No
increases were seen.
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0.1%.35 In our sample, 4.5% of subjects in this age range
scored in the abnormal range on the Screen. The general
incidence of dementia between age 50 to 65 ranges from
0.3% to 2.2%; in our sample 12% in this age-group had
abnormal Screen studies. The general incidence of de-
mentia at age 65 is 2.2%, increasing to 6.5% at age 75. In
our sample, 36% of players in this age range had an
abnormal Screen study. Over age 74, 100% of players
had abnormal Screen scores.

On the Conners’ Continuous Performance Test II,
80% of the NFL group scored 50% or greater as hav-
ing “probable” ADHD. Imaging studies have shown
that an extensive brain network is activated during
this task, including frontal, temporal, and occipital
areas;36 all of these areas showed significant de-
creases on the SPECT scans. Some players did have
childhood histories consistent with ADHD, but at a
much lower level.

Depression is associated with lower brain perfusion,
especially in the prefrontal cortices, and the group of
NFL players showed a significantly higher incidence of
depression (28%) than is found in the general popula-
tion (9.5%).37 Depression has also been associated with
brain injury.38 Also, we found decreases in Brodmann’s
area 25, which has been reported in resistant depres-
sion39 and suicide.40 The qEEG findings showed focal
frontal and temporal lobe deviations involving brain
regions that are vulnerable to rapid acceleration/decel-
eration injuries.41,42

Other factors may be involved in these findings, includ-
ing past drug or alcohol abuse, depression, steroid abuse,
and brain injuries outside of the NFL, such as from high
school or college sports or motor vehicle accidents. Also, a
recent study showed that being overweight or obese is
associated with smaller brain volume.43 Forty-eight per-
cent of players had a waist-to-height ratio over 53%,
which is associated with increased cardiovascular disease
risk factors,44 as compared with 33% in the general adult
population.45

It is also known that African-Americans in the United
States suffer disproportionally from disorders such as
hypertension and diabetes, which are known to in-
crease risk for cardiovascular problems, including
strokes and vascular dementia. Since we had a high
African American population among our study subjects
and not an equivalent percentage of healthy-compari-
son subjects, we performed an additional SPECT anal-
ysis comparing Caucasian players with Caucasian
healthy subjects and found the same basic pattern seen
for the total group comparisons.

Also, our analysis comparing high versus low loss-
of-consciousness groups did not reveal further brain
decreases when subjected to multiple comparisons
corrections as hypothesized. One possible explana-
tion is that the decreased perfusion is a result of the
repetitive blows to the head, rather than single-epi-
sode traumas. Also, the lack of additional results in
our comparison of high versus low number of games
played suggests that by the time players enter into
professional football, where they have usually al-
ready played for 8 years or more at a high level, they
may have already experienced some problems in
function. Screening players upon entering the NFL
may be an important step to understanding this prob-
lem further.

There are a number of limitations to our study. The
sample may not be representative of all players, be-

FIGURE 2. 3D Surface Showing Global Brain SPECT Decreases
in NFL Players Versus Healthy Brain Subjects

Darker areas indicate decreased perfusion in the NFL players
versus healthy-brain subjects at p�0.0001, family-wise error. No
increases were seen.
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cause subjects needed to be able to travel to the study
location and have social contact that allowed them to
learn about and participate in the study. Players who
were homeless, had dementia, or were of low income
may have had a more difficult time participating. Also,
it is possible that players who were more concerned
about their memory or mood issues were more inclined
to volunteer. Also, we were unable to obtain the com-
plete medical records on many of our participants. The
information on concussions and loss of consciousness
was based on player or family recall, which may be
subject to error.

The results of this study suggest that playing profes-
sional football is associated with a significantly higher
risk for permanent brain damage. Further imaging
studies, particularly longitudinal in nature, and neuro-
psychological assessments using larger, randomly se-
lected groups, with ethnicity-matched normal subjects
is warranted, as well as studies to evaluate prevention
and rehabilitation strategies.

The authors thank Anthony Davis, Marvin Smith, Reggie
Berry, Dave Pear, Robert Lee and all the retired players for
their assistance. Also, we are grateful to Christine Kraus,

TABLE 3. Significant Areas of Decreased Perfusion in NFL Players Versus Healthy Comparison Subjects*

Brodmann/AAL Areas Cluster Size Location Z

BA9/46 Dorsal Lateral PFC Lt 1414 �44 46 26 Inf
BA9/46 Dorsal Lateral PFC Rt 1019 50 28 18 7.81
BA10 Anterior PFC Lt 1211 �14 48 24 Inf
BA10 Anterior PFC Rt 1204 14 58 4 7.67
BA11/12 Orbital PFC Lt 384 �6 22 �28 Inf
BA11/12 Orbital PFC Rt 206 8 22 �28 Inf
BA44/45 Broca’s Area Lt 349 �54 4 18 Inf
BA44/45 Broca’s Area Rt 233 48 24 10 Inf
BA47 Inferior Frontal Gyrus Lt 333 �14 26 �20 Inf
BA47 Inferior Frontal Gyrus Rt 484 14 22 �30 Inf
BA24/32 Ant. Cingulate Lt 1099 �8 40 6 7.33
BA24/32 Ant. Cingulate Rt 983 10 44 12 7.60
BA25 Subgenual Cingulate Lt 115 �12 26 �20 7.70
BA25 Subgenual Cingulate Rt 100 12 22 �20 7.77
BA23/31 Posterior Cingulate Lt 301 �14 �54 12 6.73
BA23/31 Posterior Cingulate Rt 207 12 �50 24 7.01
BA13/14 Insular Cortex Lt 498 �40 16 8 6.65
BA13/14 Insular Cortex Rt 1114 26 22 �14 7.18
Lentiform Left 463 �22 4 12 6.26
Putamen Right 468 22 6 �12 6.17
Olfactory Cortex Left 184 �18 4 �18 6.65
Olfactory Cortex Right 204 10 18 �18 7.60
Amygdala Left 220 �20 �2 �26 7.67
Amygdala Right 244 32 2 �30 7.80
Hippocampus Left 321 �20 �4 �26 7.63
Hippocampus Right 350 26 �4 �28 7.09
BA34/35/36 Parahippocampal Lt 591 �20 �6 �30 7.80
BA34/35/36 Parahippocampal Rt 676 18 �8 �32 Inf
BA38 Temporal Pole Lt 1327 �44 8 �32 7.69
BA38 Temporal Pole Rt 1227 52 2 �18 Inf
BA20/21/22 Sup/Mid/Inf Temp Lt 4543 �56 �46 22 Inf
BA20/21/22 Sup/Mid/Inf Temp Rt 4376 60 �30 �10 Inf
BA37 Fusiform Gyrus Lt 1314 �40 �68 �18 6.96
BA37 Fusiform Gyrus Rt 1326 30 �66 �12 7.35
BA5/7 Parietal Lt 1373 �48 �54 36 Inf
BA5/7 Parietal Rt 282 50 �52 38 Inf
BA39/40 Angular/Supramarginal Lt 1902 �48 �56 32 Inf
BA39/40 Angular/Supramarginal Rt 1679 58 �32 32 7.69
BA17/18/19 Occipital Lobe Lt 1592 �36 �82 8 Inf
BA17/18/19 Occipital Lobe Rt 923 32 �82 16 6.83
Calcarine/Cuneus/Lingual Lt 1148 �14 �54 12 6.73
Calcarine/Cuneus/Lingual Rt 1546 20 �56 �4 7.44
Cerebellum Left 2820 �22 �34 �44 Inf
Cerebellum Right 3221 14 �42 �44 Inf

*SPM8. Corrected for multiple comparisons at p�0.0001.
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Ph.D., Steve Stockdale, Ph.D., William Shankle, M.D., and
Manuel Trujillo, M.D., for their consultation. This study
was approved and supervised by an institutional review
board.

Players were recruited with the help of the Los Angeles
Chapter of the Retired NFL Players Association, The Sum-
mit, and Dave Pear’s Blog. No author reports a conflict of
interest or financial disclosure.

References

1. CNN: House Panel Considers Brain Injuries and NFL Players,
10/28/09. Available at http://cnn.com/2009/POLITICS/10/
28/judiciary.nfl/index.html

2. Weir DR, Jackson JS, Sonnega A: Study of Retired NFL Play-
ers. Institute for Social Research University of Michigan, Sept
10, 2009. Available at http://www.ns.umich.edu/Releases/
2009/Sep09/FinalReport.pdf

3. Guskiewicz KM, Marshall SW, Bailes J, et al: Association be-
tween recurrent concussion and late-life cognitive impairment
in retired professional football players. Neurosurgery 2005;
57:719–726; discussion 719–26

4. Guskiewicz KM, Marshall SW, Bailes J, et al: Recurrent con-
cussion and risk of depression in retired professional football
players. Med Sci Sports Exerc 2007 39:903–909

5. Dubroff JG, Newberg A: Neuroimaging of traumatic brain
injury. Semin Neurol 2008 28:548–557

6. Thatcher RW, North D, Curtin R, et al: An EEG severity index
of traumatic brain injury, J Neuropsychiatry Clin Neuro-
science 2001; 13:77–87

7. Nedd K, Sfakianakis G, Ganz W, et al: 99mTc-hmpao SPECT
of the brain in mild to moderate traumatic brain injury pa-
tients: compared with CT–a prospective study. Brain Inj 1993;
7:469–479

8. Bavetta S, Nimmon CC, White J, et al: A prospective study
comparing SPET with MRI and CT as prognostic indicators
following severe closed head injury. Nucl Med Commun 1994;
15:961–968

9. Centers for Disease Control and Prevention: Sports-Related
Recurrent Brain Injuries—United States. March 14, 1997.
Available at http://www.cdc.gov/mmwr/preview/
mmwrhtml/00046702.htm

10. MicroCog Assessment of Cognitive Functioning Windows
Edition 2004, Powell D, Kaplan E, Whitla D, Weintraub S,
Catlin R, Funkenstein H Pearson, San Antonio, Tx

11. Conners’ CPT II V. 5, Conners, K, MHS, Toronto, Canada
12. Conners CK, Epstein JN, Angold A, et al: Continuous perfor-

mance test performance in a normative epidemiological sam-
ple. J Abnorm Child Psychol 2003; 31:555–562

13. Medical Care Corporation: Mild Cognitive Impairment
Screen, Irvine, CA, 2007

14. Trenkle DL, Shankle WR, Azen SP: Detecting Cognitive Im-
pairment in Primary Care: Performance Assessment of Three
Screening Instruments. J Alzheimers Dis 2007; 11:323–335

15. Shankle WR, Mangrola T, Chan T, et al: Development and
validation of the Memory Performance Index: Reducing mea-
surement error in recall tests. Alzheimers Dement 2009; 5:295–
306

16. Friston KJ, Holmes AP, Worsley KJ, et al: Statistical parametric
maps in functional imaging: a general linear approach. Hum
Brain Mapp 1995; 2:189–210

17. Ashburner J, Friston KJ: Nolinear spatial normalization using
basis functions. Hum Brain Mapp 1999; 7:254–266

18. Ferguson GA: Statistical Analysis in Psychology and Educa-
tion, 4th ed. New York, McGraw-Hill, 1976

19. Nunez P, Srinivasan R: Electric Fields of the Brain. New York,
Oxford University Press, 1981

20. Boutros N, Thatcher RW, Galderisi S: Electrodiagnostic tech-
niques in neuropsychiatry, in The American Psychiatric Text-
book of Neuropsychiatry and Behavioral Neuroscience. Ed-
ited by Yudofsky S, Hales R. Washington, DC, American
Psychiatric Publishing, 2008

21. Thatcher RW, North D, Biver C: Self organized criticality and
the development of EEG phase reset. Hum Brain Mapp 2009;
30:553–574

22. Thatcher RW, North D, Biver C: Intelligence and EEG phase
reset: a two-compartmental model of phase shift and lock.
NeuroImage 2008; 42:1639–1653

23. Thatcher RW, Walker RA, Gerson I, et al: EEG discriminant
analyses of mild head trauma. Electroencephalogr Clin Neu-
rophysiol 1989; 73:94–106

24. Thatcher RW, Biver C, Camacho M, et al: Biophysical linkage
between MRI and EEG amplitude in traumatic brain injury.
NeuroImage 1998; 7:352–367

25. Thatcher RW, Walker RA, Biver CJ, et al: Quantitative EEG
normative databases: validation and clinical correlation,
J Neurotherapy 2003; 7:87–121

26. Thatcher RW, North D, Biver C: Evaluation and validity of a
LORETA normative EEG database. Clin EEG Neurosci 2005;
36:116–122

27. John ER Thatcher RW (eds): Functional Neuroscience, vol II:
Clinical Applications. New Jersey, Erlbaum Assoc, 1977

28. Thatcher RW, North D, Curtin R, et al: An EEG severity index
of traumatic brain injury, J Neuropsychiatry Clin Neurosci
2001; 13:77–87

29. Thatcher RW, Biver C, Camacho M, et al: Biophysical linkage
between MRI and EEG amplitude in traumatic brain injury.
NeuroImage 1998; 7:352–367

30. Omalu BI, DeKosky ST, Minster RL, et al: Chronic traumatic
encephalopathy in a national football league player. Neuro-
surgery 2005; 57:128–134

31. Omalu BI, Bailes J, Hammers JL, et al: Chronic traumatic
encephalopathy, suicides, and parasuicides in professional
American athletes: the role of the forensic pathologist. Am J
Forensic Med Pathol 2010; 31:130–132

32. McKee AC, Cantu RC, Nowinski CJ, et al: Chronic traumatic
encephalopathy in athletes: progressive tauopathy after repet-
itive head injury. J Neuropathol Exp Neurol 2009; 68:709–735

33. Abdel-Dayem HM, Abu-Judeh H, Kumar M, et al: SPECT
brain perfusion abnormalities in mild or moderate traumatic
brain injury. Clin Nucl Med 1998; 23:309–317

34. Alexander GE, Prohovnik I, Sackeim HA, et al: Cortical per-
fusion and gray matter weight in frontal lobe dementia. J Neu-
ropsychiatry Clin Neurosci 1995; 7:188–196

35. Weir DR, Jackson JS, Sonnega A: Study of Retired NFL Play-

AMEN et al.

J Neuropsychiatry Clin Neurosci 23:1, Winter 2011 http://neuro.psychiatryonline.org 105



ers. Institute for Social Research, University of Michigan, Sept
10, 2009. Available at http://www.ns.umich.edu/Releases/
2009/Sep09/FinalReport.pdf

36. Tana MG, Montin E, Cerutti S, et al: Exploring cortical atten-
tional system by using fMRI during a continuous performance
test. Comput Intell Neurosci. 2010:329213 (Epub)

37. Kessler RC, Chiu WT, Demler O, et al: Prevalence, severity,
and comorbidity of twelve-month DSM-IV disorders in the
national comorbidity survey replication (NCS-R). Arch Gen
Psychiatry 2005; 62:617–627

38. Jorge RE, Robinson RG, Moser D, et al: Major depression
following traumatic brain injury. Arch Gen Psychiatry 2004;
61:42–50

39. Mayberg HS, Brannan SK, Mahurin RK, et al: Fox part cingu-
late function in depression: a potential predictor of treatment
response. Neuroreport 1997; 8:1057–1061

40. Amen DG, Prunella JR, Fallon JH, et al: A comparative anal-

ysis of completed suicide using high resolution brain SPECT
imaging. J Neuropsychiatry Clin Neurosci 2009; 21:430–439

41. Ommaya AK: The mechanical properties of tissues of the ner-
vous system. J Biomech 1968; 2:1–12

42. Ommaya AK: Head injury mechanisms and the concept of
preventive management: a review and critical synthesis.
J Neurotrauma 1995; 12:527–546

43. Raji CA, Ho AJ, Parikshak NN, et al: Brain structure and
obesity. Hum Brain Mapp 2010; 31:353–364

44. Tucker AM, Vogel RA, Lincoln AE, et al: Prevalence of car-
diovascular disease risk factors among national football
league players. JAMA 2009; 301:2111–219

45. Centers for Disease Control and Prevention: Obesity: halting
the epidemic by making health easier: at a glance 2010. Avail-
able at http://www.cdc.gov/chronicdisease/resources/
publications/AAG/obesity.htm

PROFESSIONAL FOOTBALL AND LONG-TERM BRAIN FUNCTION

106 http://neuro.psychiatryonline.org J Neuropsychiatry Clin Neurosci 23:1, Winter 2011


