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Abstract. There is tremendous recent interest in chronic traumatic encephalopathy (CTE) in former collision sport athletes,
civilians, and military veterans. This critical review places important recent research results into a historical context. In
2015, preliminary consensus criteria were developed for defining the neuropathology of CTE, which substantially narrowed
the pathology previously reported to be characteristic. There are no agreed upon clinical criteria for diagnosis, although
sets of criteria have been proposed for research purposes. A prevailing theory is that CTE is an inexorably progressive
neurodegenerative disease within the molecular classification of the tauopathies. However, historical and recent evidence
suggests that CTE, as it is presented in the literature, might not be pathologically or clinically progressive in a substantial
percentage of people. At present, it is not known whether the emergence, course, or severity of clinical symptoms can be
predicted by specific combinations of neuropathologies, thresholds for accumulation of pathology, or regional distributions
of pathologies. More research is needed to determine the extent to which the neuropathology ascribed to long-term effects of
neurotrauma is static, progressive, or both. Disambiguating the pathology from the broad array of clinical features that have
been reported in recent studies might facilitate and accelerate research—and improve understanding of CTE.
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INTRODUCTION
Chronic traumatic encephalopathy (CTE) has been
recognized, but not well studied, for more than
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and Rehabilitation, 79/96 Thirteenth Street, Charlestown Navy
Yard, Charlestown 02129, MA, USA. E-mail: giverson@mgh.
harvard.edu.

80 years, and the large majority of publications in the
past century are case studies [1–6]. CTE was initially
conceptualized as a neurological disorder affecting
boxers who had tremendous exposure to neurotrauma
[1, 2]. Martland [1] described the clinical features as
mostly including gait disturbance, dysarthria, tremor,
and cognitive impairment. In the 1930s, the syndrome
was referred to as traumatic encephalopathy [7]
and dementia pugilistica [8]. In the late 1940s,
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Critchley referred to it as CTE [9] and in 1957 he
referred to it as chronic progressive (italics added)
traumatic encephalopathy [10]. In 1969, the first and
only large clinical study of chronic neurotrauma in
boxers was published by Roberts as a book. He
selected an age-stratified random sample of 250
retired boxers from a cohort of 16,781, located and
clinically examined 224, and identified 17% as having the syndrome (i.e., 11% as having a mild form
of the syndrome and 6% as having severe traumatic
encephalopathy). Omalu and colleagues published
the first description of CTE in a retired National
Football League (NFL) player in 2005 [11], with
additional case studies published in 2006 [12] and
2010 [13]. In 2009, McKee and colleagues described
three additional cases, one retired football player and
two boxers, within their review of 48 known cases in
the world literature [14].
Omalu and colleagues introduced four neuropathological “phenotypes” in 2011 [15], and McKee
and colleagues introduced four neuropathological
“stages” of CTE in 2013 [16]. These descriptions
of phenotypes and stages vary in the diversity and
severity of neuropathology. These phenotypes and
stages largely underlie the theory and assumption that
the pathology and clinical features are progressive.
Moreover, the stages vary as a function of age—and
Stage III and IV cases often have co-morbid neurodegenerative diseases [16].
In Roberts’ large study of boxers in the 1960s, he
reported that most with the syndrome had a static
course, there were anecdotal cases of improvement
after retirement from boxing, and a small subgroup appeared to have a progressive course greater
than expected from aging [2]. Decades later, Jordan
echoed the conclusions of Roberts and noted that
it was unclear whether worsening of chronic brain
injury in boxers reflected a progressive neurodegenerative disease, the aging process superimposed on a
fixed neurological injury, or both [17]. In contrast, in
recent years CTE has been described definitively as
a delayed-onset and progressive neurodegenerative
disease, with symptoms appearing “in midlife” [18,
19] or decades after exposure [14, 15, 18–24].
To date, however, there are no prospective, longitudinal, or epidemiological studies that support
the theory that CTE pathology is progressive in a
manner similar to canonical neurodegenerative diseases such as Alzheimer’s disease (AD), Parkinson’s
disease (PD), or amyotrophic lateral sclerosis (ALS).
Adding further complexity to theories relating to the
natural history of CTE, Omalu [22] has asserted that

CTE can begin immediately, days, weeks, months,
years, or decades after exposure to neurotrauma,
and he states that a single injury of any severity
[23] or repetitive subconcussive blows can cause
CTE [13]. The confident assertions of causation by
some researchers stand in juxtaposition with the fact
that the etiologies of much better characterized sporadic neurodegenerative diseases, each of which is
inexorably progressive, are mostly unknown. This
article discusses the complexity of the current conceptualization of CTE pathology and clinical features
attributed to that pathology.

NEUROPATHOLOGY
In publications from 2005–2015, CTE has been
described as a progressive neurodegenerative disease
characterized by a broad and diverse range of both
macroscopic and microscopic neuropathology. The
gross neuropathology, described as “characteristic”
of CTE, includes 1) frontal and temporal atrophy,
thinning of the hypothalamic floor, shrinkage of the
mammillary bodies, pallor of the substantia nigra,
hippocampal sclerosis, and reduction in brain mass;
2) enlarged ventricles; and 3) cavum septum pellucidum with or without septal fenestrations [14,
24, 25]. Microscopic features described as characteristic have included 1) localized neuronal and
glial accumulations of phosphorylated tau (p-tau)
with varying microscopic morphologies, involving
perivascular areas of the cerebral cortex and sulcal
depths, and with a preference for neurons within
superficial cortical laminae; 2) multifocal axonal
varicosities involving deep cortex and subcortical
white matter; 3) variable and often absent amyloid␤ (A␤) deposits; and 4) TDP-43-positive inclusions
and neurites [14, 24, 25]. A variable distribution and
quantity of tau pathology, and the accumulation of
other altered proteins such as A␤, ␣-synuclein (␣S),
and transactive response DNA (TDP) binding protein 43-immunoreactivity, occurs with human aging
and other distinct diseases, and can also be found
in people who are cognitively normal [26]. Most
of the above-mentioned gross and microscopic features have not, as yet, been independently verified
as specific to CTE [27–30], and virtually all are
associated with aging, other neurological diseases,
or both.
Prior to 2015, there were no agreed upon neuropathological criteria for CTE, and the criteria put
forward by the two research groups in the US differed
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[15, 16]. To address this problem, a panel of seven
neuropathologists, convened by the National Institutes of Health (NIH), were provided 10 cases of
advanced CTE (two with Stage III and eight with
Stage IV pathology [16]) and 15 cases with primary
tau-related neurodegenerative diseases to examine
blindly [30]. The 10 cases of presumptive CTE were
former professional athletes, between the ages of
60 and 85, selected by researchers from Boston
University. The pathologists were provided a presumptive a priori definition of the neuropathology
of CTE from Boston University (see online supplementary material 1 in the original article). They then
examined the cases without access to demographic
information, clinical history, or gross neuropathologic data, and listed their diagnoses. They then met
in person to further refine their interpretations and
discuss the overall findings.
Through their work, preliminary consensus criteria for the neuropathology of CTE were developed
[30]. It should be noted that the panel did not fully
adopt the a priori neuropathological criteria (i.e.,
online supplementary material 1), but they did produce a set of criteria that were similar. They defined
a single “pathognomonic” criterion for CTE as an
accumulation of abnormal p-tau in neurons, astrocytes, and cell processes around small vessels in an
irregular pattern at the depths of the cortical sulci
[30]. This finding represents a distribution of p-tau
that is believed to differ from that seen in aging and
neurodegenerative diseases. The consensus report did
not indicate that p-tau increases quantitatively on
a whole brain level, greater than what would be
expected from aging, pre-clinical neurodegeneration,
or comorbid neurodegenerative disease. Rather, the
pathognomonic feature relates to specific distributions, not overall burden, of pathology.
They also identified supportive criteria as follows:
“(1) abnormal p-tau immunoreactive pretangles and
NFTs preferentially affecting superficial layers (layers II–III), in contrast to layers III and V as in AD; (2)
in the hippocampus, pretangles, NFTs or extracellular
tangles preferentially affecting CA2, and pretangles and prominent proximal dendritic swellings in
CA4. These regional p-tau pathologies differ from
the preferential involvement of CA1 and subiculum
found in AD; (3) abnormal p-tau immunoreactive
neuronal and astrocytic aggregates in subcortical
nuclei, including the mammillary bodies and other
hypothalamic nuclei, amygdala, nucleus accumbens,
thalamus, midbrain tegmentum, and isodendritic core
(nucleus basalis of Meynert, raphe nuclei, substantia
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nigra and locus coeruleus); (4) p-Tau immunoreactive
thorny astrocytes at the glial limitans most commonly
found in the subpial and periventricular regions;
and (5) p-Tau immunoreactive large grain-like and
dot-like structures (in addition to some threadlike
neurites)” [30]. Additional pathologies that were
considered supportive of the diagnosis were as follows: “(1) macroscopic features: disproportionate
dilatation of the third ventricle, septal abnormalities, mammillary body atrophy, and contusions or
other signs of previous traumatic injury; and (2)
TDP-43 immunoreactive neuronal cytoplasmic inclusions and dot-like structures in the hippocampus,
anteromedial temporal cortex and amygdala” [30].
The consensus panel acknowledged the limitation of
using only “moderate to late stage” CTE to develop
the consensus criteria. Interestingly, the frequent comorbidities in advanced stage CTE might actually
hamper the interpretation compared to early stage
CTE, which should be more easily separated from
both age-related changes and other neurodegenerative diseases. The consensus panel did not adopt the
four neuropathological phenotypes [15] or stages of
CTE [16], and indicated that the preliminary criteria were a “first step along the path to standardizing
the neuropathology of CTE” [30]. Moreover, they
did not address whether CTE was a progressive neurodegenerative disease, or whether there were known
or predictable clinicopathologic correlations. Instead,
they examined whether CTE could be separated neuropathologically from other pathologies.

CTE-LIKE NEUROPATHOLOGY IN
AGING AND OTHER DISEASES
The consensus criteria for CTE [30] are mostly
similar to, but have some important differences from,
the neuropathological criteria described in papers
between 2005 and 2015. Many of the gross and microscopic neuropathological features described in past
studies were not included in the definition. Moreover,
the presumptive diagnostic criteria provided to the
panelists prior to the consensus conference were not
adopted in whole. For example, the first presumptive
criterion, “perivascular foci of p-tau immunoreactive neurofibrillary tangles (NFTs) and astrocytic
tangles (ATs) in the neocortex” (see online supplementary material 1) was not adopted—presumably
because this criterion is not unique to CTE. P-tau
in these regions has recently been described in the
postmortem brains of patients who had ALS [31],
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temporal lobe epilepsy [32], and multiple system
atrophy [33] but no known history of participation
in contact sports or neurotrauma. Gao and colleagues
recently described a case of a man with ALS and
no known history of neurotrauma who had CTE-like
pathology in both depths of sulci and perivascular
regions [34].
Perivascular, subpial, and periventricular p-tau
immunoreactive NFTs and astrocytic tangles in the
neocortex have been reported to be characteristic of
both primary age-related tauopathy (PART) [35] and
age-related tau astrogliopathy (ARTAG) [36]. PART
is characterized by neurofibrillary degeneration most
notable in medial temporal lobe, basal forebrain,
brainstem, olfactory bulb, and cortex, in association
with little or no amyloid-␤ accumulation—and PART
may or may not be associated with cognitive impairment. PART refers to neuronal tau pathology and
ARTAG is characterized by astrocytic tau pathology, although they are not mutually exclusive, and
appear to be more a manifestation of age than a
subtype of neurodegenerative disease. The authors
describing ARTAG appear to emphasize p-tau in
the sulcal depths as the most specific feature distinguishing CTE and ARTAG, stating “ARTAG has
features that overlap those of CTE, including the
accentuation of tau pathology around small cerebral
vessels and in subpial and periventricular areas. On
the other hand, tau pathology, including neuronal and
astroglial, in CTE is more abundant in the depths
of the cerebral sulci, especially in early stages, an
aspect that has not been reported in tau astrogliopathy in the aging brain.” This distinction was not made
prior to 2015, so in some past published cases PART
and ARTAG neuropathology was likely interpreted
as CTE-specific neuropathology. Historical cases of
dementia pugilistica are interesting in this regard,
in that the pathological descriptions in some cases
appear indistinguishable from PART [6], consistent
with Jordan’s hypothesis that dementia pugilistica
may in some cases represent the aging process superimposed on fixed structural pathology [17].
In a large-scale post-mortem study of CTE in
the United Kingdom, Ling and colleagues screened
268 cases and identified pathology consistent with
recent descriptions of CTE in 32 (11.9%) [37].
History of traumatic brain injury, with or without
loss of consciousness, was present in nearly all cases
(i.e., 93.8%). Only a minority, however, had known
participation in sports (34%), and 18.8% were military veterans. Remarkably, of those 32 cases, 13 were
women (40.6%). The majority of the screened cases

met neuropathological criteria for other neurodegenerative diseases, although some were control subjects.
The rates of CTE pathology stratified by neurodegenerative diseases were as follows: progressive
supranuclear palsy = 24%, PD = 16%, AD = 10%,
corticobasal degeneration = 7.4%, frontotemporal
lobar degeneration = 4.2%, multiple system atrophy = 2%, and control subjects over the age of
60 = 12.8%. This study was completed before the
NIH consensus criteria were published, so it is possible that the rates would be different (i.e., lower)
if those criteria had been applied. It is not known
whether, or the extent to which, ARTAG and PART
pathology was conceptualized as CTE pathology in
that study. In another large-scale neuropathology
study [38], 21 of 66 former athletes (31.8%) had tau
pathology suggestive of CTE. In contrast, none of the
198 cases who were not former athletes showed CTE
pathology, including a subgroup of 33 cases who had
a history of a single traumatic brain injury. Nearly all
(95%; 20/21) of those with CTE pathology had primary neuropathological diagnoses of a neurodegenerative disease such as AD, frontotemporal dementia,
Lewy body disease, or ALS. Of the former boxers, 2
of 9 (22.2%) had CTE pathology and 16 of 43 former
football players (37.2%) had CTE pathology.
Koga and colleagues [33] examined 139 autopsyconfirmed cases of multiple system atrophy for
pathological evidence of CTE. Using the consensus
criteria, they identified CTE pathology in 8 cases
(6%). All were men, but only four had a history of
participation in sports (three in football and one in
basketball). The authors were careful to differentiate cases of ARTAG (10 cases) from CTE in this
study, and noted that ARTAG pathology in past studies might have been mistaken for CTE pathology. The
authors speculated that the CTE pathology could be
related to falls associated with having multiple system
atrophy—but there was no reported statistical association between falls and CTE pathology in that study.
In addition, the authors did not report other evidence
that might be associated with falls and neurotrauma,
such as structural pathology (e.g., contusions).
Noy and colleagues [39] examined 111 brains
in a routine neuropathology service in Canada for
the presence of CTE pathology. The subjects were
between the ages of 18 and 60, and they were
from a non-selected community-based neuropathology referral base. They set their cutoff age at 60
to reduce the confounding effects of aging and preclinical neurodegenerative diseases. They identified
CTE pathology, based on the staging system of
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McKee et al. [16], in 4.5% (three cases of Stage I
and two cases of Stage II). However, they made the
important observation that there is no lower bound for
classifying Stage I CTE pathology, so if they included
tiny amounts of pathology characteristic of Stage I, an
additional 34 cases were identified (30.6% of the sample). Therefore, of the total sample, 35.1% had some
degree of mild CTE pathology. Only one subject had
a history of sports participation, and there were three
women in the sample. Factors that were associated
with the presence of CTE pathology were age, history of traumatic brain injury, and substance abuse.
Some of the cases had no known history of traumatic
brain injury. There was no association between CTE
pathology and psychiatric illness in this sample.

NEURODEGENERATION SEPARATE
FROM CTE OR CO-OCCURRING WITH
CTE
If one examines the online supplementary material
that accompanied the study by McKee and colleagues that describes the stages of CTE [16], it is
apparent that some cases conceptualized as having
pure CTE also have other proteinopathies (e.g., nonspecific p-tau, amyloid-␤, ␣-synuclein, and TDP-43),
which raises the possibility of early or preclinical neurodegenerative disease distinct from the pathology
attributed to CTE. Therefore, “pure CTE” might be
a misnomer in some cases, especially for cases with
lesser amounts of region-specific p-tau who might
have some degree of PART or ARTAG pathology
that is separate from CTE. It is unknown if CTE
pathologic lesions begin as purely glial and then
progress to involving neurons. If so, ARTAG could
be a precursor lesion to CTE pathology in some
cases, or CTE pathology could mimic ARTAG in the
mildest examples. Without good experimental models, it is virtually impossible to know how pathology
progresses.
Neurodegenerative diseases exist in “pure” forms,
but it is well understood that polypathology and disease comorbidities are common in those with AD,
Lewy body disease, cerebrovascular disease, and hippocampal sclerosis. It can be difficult to determine the
extent to which each pathological change contributed
to a given person’s clinical symptoms and course
without rigorous clinicopathologic correlation. Even
then, correlation between proteinopathy and clinical
signs can be limited [40]. It is now well established
that a large percentage of former athletes identified as
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having CTE neuropathology also have neuropathology associated with age related neurodegenerative
diseases such as AD, PD, Lewy body disease, hippocampal sclerosis, and ALS [14, 41–44] to the extent
that they meet full neuropathological criteria for
an alternative, well-characterized neurodegenerative
disease [16]. Often, however, whenever the pathology of CTE is identified, regardless of the amount,
the case is conceptualized as CTE, when in fact it
might be more appropriate to conceptualize the person as having another neurodegenerative disease with
small amounts of CTE neuropathology. A recent case
report emphasizes this problem [45]. In fact, in studies involving traditional brain banks, the majority of
people identified as having CTE pathology have only
mild forms of the pathology (e.g., Stage I or Stage II),
in association with a separate and primary relentlessly
progressive and fatal neurodegenerative disease
[33, 37, 38].

IS THE NEUROPATHOLOGY OF CTE
INEXORABLY PROGRESSIVE?
Researchers have not established that the neuropathology defining CTE is inexorably progressive.
In fact, some accumulating evidence is inconsistent
with the theory that CTE is a progressive neurodegenerative disease. It is well established that some people
who have large exposures to repetitive neurotrauma,
such as retired professional football players or boxers, had only Stage I or Stage II CTE at the time of
their deaths [16], and some of these individuals died
in their 80s. This suggests that the kinetics of p-tau
accumulation in some people is either non-existent
or limited. In the previously discussed large-scale
postmortem study of CTE in the United Kingdom,
Ling and colleagues screened 268 cases and identified pathology consistent with CTE in 11.9% [37].
All cases were considered Stage I or Stage II based on
the staging system of McKee and colleagues [16], and
their mean age of death was 81.0 years. The authors
assumed that most of the cases with CTE pathology
were likely to be clinically asymptomatic. Given the
limited pathology (Stage I or Stage II) late in life, a
progressive tauopathy, and associated psychiatric or
neurologic disease, appears unlikely in these cases.
In another study [38], 21 of 66 former athletes
(31.8%) had tau pathology suggestive of CTE. All
cases had a separate neurodegenerative disease. Of
the 21 cases of CTE pathology, 14 (66.7%) had Stage I
or II pathology based on the staging system of McKee
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and colleagues [16], suggesting that if the pathology
is progressive it had not progressed to a later stage in
most people, in the setting of a primary neurodegenerative disease with extensive proteinopathy that began
many years after athletic exposure (and possibly after
the deposition of p-tau in a CTE-like distribution).
Of the 7 with Stage I pathology, two died with ALS.
Of the 5 who did not have ALS, 4 were over the
age of 70 at the time of their death, suggesting that the
CTE pathology had not or had minimally progressed
over their adult lives. Moreover, if the CTE pathology
represented a separate progressive neurodegenerative
disease, it would be expected that former athletes with
CTE, compared to those without CTE, would have
earlier onset clinical features of disease and earlier
death. However, there were no differences between
groups in disease onset, disease duration, or age at
death [38].
As previously discussed, Koga and colleagues [33]
examined 139 cases of multiple system atrophy and
identified CTE pathology in 6%. They classified two
cases as Stage I, five as Stage II, and one as Stage III.
In the Canadian series of 111 brains from a community autopsy service [39], only 4.5% had Stage I or
Stage II CTE pathology, and there were no cases of
Stage III or IV pathology. Nearly one in three subjects
(30.6%), however, had a very small amount of p-tau
which was conceptualized as less than Stage I pathology. In summary, there is emerging evidence from
several research groups that CTE pathology might
not be inexorably progressive.

ARE THE CLINICAL FEATURES
KNOWN?
There are no agreed upon or validated clinical criteria for CTE, although proposed criteria have been
published by Jordan [46], Victoroff [47], and Montenigro and colleagues [21]. In the past, based on
studies in boxers with extensive neurotrauma exposure, slurred and dysarthric speech, gait problems,
Parkinsonism, cognitive impairment, and dementia
were considered clinical features [2, 48, 49]. Some
descriptions of historical cases also included psychiatric illnesses, severe substance abuse, and other
medical or neurological problems. Over the past
decade, the clinical features attributed to CTE have
been expanded greatly and include virtually any
mental health or neurological symptom or problem
present prior to death, such as 1) depression and anxiety [15, 16, 24]; 2) suicidality [16, 18–20, 22–24];

3) personality changes, anger control problems, and
violence [15, 16, 24]; 4) poor financial decisions,
financial problems, and bankruptcy [15]; 5) marital
problems, separation, and divorce [22]; 6) headaches
[14–16]; 7) generalized body aches and pain [15];
8) insomnia [22]; 9) Parkinsonism [11, 16, 24]; 10)
mild cognitive impairment (MCI) [15, 16, 24]; 11)
dementia [15, 16, 24]; and 12) motor neuron disease resembling ALS [43]. Although suicide is often
reported to be a clinical feature of CTE in case
studies and general review papers [13, 16, 18–20,
22–24], several reviews focused specifically on suicide [50–53],one retrospective historical case review
study [54], and one epidemiological study [55] have
concluded that there is minimal or no scientific evidence to support this assertion.
Many of the clinical symptoms that have been
attributed to CTE pathology are common in the
general population (e.g., depression, anxiety, anger,
financial problems, marital problems, headaches,
bodily pain, and insomnia). Of these, depression
is often ascribed to CTE pathology, or that CTE
pathology causes depression. Such an assertion
should be considered a hypothesis to be tested,
not an established clinicopathological correlation
or causal association. The theoretical mechanisms
by which heterogeneous psychological, functional,
and biochemical disturbances underlying depression relate directly to the accumulation of insoluble
post-translationally modified proteins have not been
discussed or resolved in prior studies. Further, a
correlation between CTE pathology and depression
has not been established. Moreover, in psychiatry
depression is conceptualized as heterogeneous, multifactorial in causation, and it is believed to arise
from the cumulative effects [56–58] of genetics
[59–62], adverse events in childhood [63–66], and
ongoing life stressors [67–70]. In the general population, depression is associated with a wide range of
health, mental health, and neurological conditions,
such as 1) chronic pain [71–75]; 2) headaches and
migraines [76–79]; 3) diabetes [80–82]; 4) low testosterone [83–85]; 5) cardiovascular, cerebrovascular,
and small vessel ischemic disease [86–92]; 6) PD
[93]; 7) MCI [94–96]; and 8) AD [97]. Therefore,
former athletes, military veterans, and civilians who
have neuropathology characteristic of CTE might
experience depression for a broad range of reasons,
similar to people in the general population who have
no history of athletic participation or military service.
Clearly, people with psychiatric, neurological, and
neurodegenerative diseases have the same symptoms
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and problems as those described in the CTE case studies. Moreover, if one assumes that CTE pathology
clinically manifests decades after exposure (something that has not been demonstrated by prospective
studies) the likelihood is maximized that any health,
psychiatric, or neurological condition that affects a
person’s brain and behavior could be erroneously
attributed in whole or part to the CTE pathology.
Simply put, if a former athlete developed depression in association with life stress, marital problems,
and chronic pain, that person could be incorrectly
assumed to be showing the clinical features of a “progressive neurodegenerative disease,” the diagnosis of
which could further exacerbate this psychiatric condition. The neuropathology consensus group convened
by the NIH noted that it is especially important to
understand that it is not yet possible to correlate
clinical symptoms or future brain health with the
signature pathologic feature of CTE [30]. Research
is needed to determine whether neurotrauma associated with athletic participation intrinsically causes
localized and variable deposits of post-translationally
modified and insoluble p-tau, and whether those protein deposits cause specific symptoms or syndromes,
such as depression.

ARE THE CLINICAL FEATURES
PROGRESSIVE?
In 1928, Martland reported that some cases remain
mild and do not progress, and other cases progress
to advanced Parkinsonism and dementia. Carroll, in
1936, described the punch-drunk syndrome as evolving during one’s boxing career, progressing for a
year or so after, and then becoming stationary. He
noted that some boxers, however, deteriorated and
needed to be institutionalized [98]. In contrast, in
1957 Critchley emphasized that the condition is gradually progressive [10]. Similarly, in 1963, Mawdsley
and Ferguson [4] reported 10 cases of boxers, some
of whom noticed the onset of neurological problems,
such as slowing down and have slurred speech, while
still actively fighting. Others noticed neurological
deterioration years after they retired. These cases had
a progressive course. In Roberts’ large-scale study of
more than 200 boxers in the 1960s, he reported that
most with the syndrome had a static course, there
were anecdotal cases of improvement after retirement from boxing, and a small subgroup appeared to
have a progressive course greater than expected from
aging [2]. Decades later, in 2000, Jordan reviewed
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the literature and reported that it was unclear whether
clinical worsening in boxers reflected a progressive
neurodegenerative disease, the aging process superimposed on a fixed neurological injury, or both [17].
At present, it remains inconclusive as to whether the
neuropathology or the clinical features of CTE are
inexorably progressive. It also remains inconclusive
as to whether p-tau causes specific static or progressive clinical features.
LESSONS LEARNED FROM
ALZHEIMER’S DISEASE
Studies over the past 20 years have supported the
existence of pre-clinical burden of pathology in AD
[99–101], and in 2011 a working group published a
conceptual framework and operational research criteria for pre-clinical AD [102]. Nevertheless, after
decades of research, both the etiology and the
pathophysiologic sequence of AD remain uncertain
[102]—and it is well established that the pathological burden of diverse lesions and proteinopathies
can be substantial in people who are living independently and are clinically asymptomatic [103–107].
The inflection point or biochemical trigger that separates healthy aging from inexorable progressive
neurodegeneration is unknown. Indeed, the conversion from MCI to AD is difficult to predict, and some
patients with MCI improve [108]. Because there
is evidence that the pathophysiology of AD likely
begins many years before the emergence of clinical
symptoms or a syndrome such as MCI or dementia, and because the correlation between hallmark
lesions and the presence and severity of disease is
modest, some in the research community have determined that it is important to disambiguate AD into
AD-pathological processes and the clinical phases
of the disease, which can be termed AD-clinical
[102]. Similarly, it seems prudent to disambiguate
the neuropathology ascribed to CTE from the diverse
purported clinical features.
CONCLUSION
Between the late 1920s and 2009, the clinical features of CTE were described as mostly including
gait disturbance, dysarthria, tremor, and cognitive
impairment—including dementia. However, mild
forms of neuropsychiatric clinical presentations have
also been described. It has not been clear in the literature whether CTE is inexorably progressive. Many
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cases have been described as being static, not progressive. Moreover, it is now well-established that
the pathology of CTE is present in people with other
neurodegenerative diseases, such as AD, PD, and
multiple system atrophy, so the progression of clinical features in those cases is expected as a direct
result of those primary neurodegenerative diseases.
There are now several studies illustrating that CTE
neuropathology, at the time of death, is limited to
Stage I or less in many people [33, 37, 39], suggesting
that the kinetics of p-tau accumulation are limited—at
least in some people. Further research is needed
to determine whether some individuals exposed to
repetitive neurotrauma from athletic participation
suffer a unique progressive neurodegenerative process, rendered susceptible by the extent of exposure,
genetic predisposition, or other factors. At present,
there is an absence of scientific evidence to conclude
that all or nearly all people with CTE pathology have
a progressive neurodegenerative disease, and there is
some evidence to support the theory that CTE pathology might not be inexorably progressive. It is not
known whether the emergence, course, or severity
of clinical symptoms can be predicted by 1) specific combinations of neuropathologies (e.g., p-tau,
synaptic dysfunction, amyloid-␤, and neuronal loss),
2) thresholds for accumulation of pathology, or 3)
regional distributions of pathologies. In addition, factors relating to the resistance and resilience of the
human brain to damaging effects of repetitive mild
neurotrauma are not understood. When one considers, for example, the enormous neurotrauma exposure
of boxers in the early part of the 20th century, and
the fact that only 17% of those studied developed a
diagnosed neurological syndrome, the resilience and
plasticity of the human brain is likely remarkable.
Therefore, researchers and clinicians are encouraged
to be cautious when considering the clinical symptoms and psychosocial problems of former athletes,
civilians, and military veterans, and to be mindful
of potential iatrogenic effects of diagnosing a progressive neurodegenerative disease in someone with
a psychiatric illness due mostly or entirely to other
factors.
In conclusion, preliminary consensus-based neuropathological criteria for CTE were published in
2015 and research criteria for the clinical diagnosis
of CTE have been proposed. It has been stated definitively in recent years that CTE is a delayed-onset
progressive neurodegenerative disease, although
minimal scientific evidence to support this theory
is currently available. Some people with the neu-

ropathology of CTE do not appear to have clinical
signs or symptoms that are attributable to that pathology, and many do not appear to have a progressive
tauopathy. To advance science in this area, it seems
prudent to disambiguate the neuropathology of CTE
from the possible clinical features.
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