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Abstract: BackgroundBackground: Dystonia is often associated with damage to basal ganglia (BG), but neuropathological
assessments of these cases are infrequent.
MethodsMethods: A brain was assessed with possible post-traumatic focal dystonia that appeared after an accident
occurred during childhood.
ResultsResults: Tau pathology was found within putamen and globus pallidus of the right hemisphere, and chronic
traumatic encephalopathy (CTE) was observed in the cortex of the left hemisphere. No diffuse axonal injury
(DAI), β-amyloid, ubiquitin, p62, or pTDP43 pathology was found.
ConclusionsConclusions: Post-traumatic dystonia could be associated with post-traumatic tau pathology formation. However,
more cases are necessary to establish causality. The tau lesions found in the BG of this patient did not fit within
CTE criteria. We hypothesize that due to the anatomo-histological characteristics of the BG, tau pathology asso-
ciated with brain traumas produce histopathological patterns different from sulcal-tau pathology, which is the
only tau pathology distribution currently accepted as pathognomonic of CTE.

Introduction
Dystonia represents the third most common movement disorder
after essential tremor (ET) and Parkinson’s disease (PD).1,2 While
numerous genetic causes of dystonia have been identified,3 post-
traumatic dystonia has also been reported.4–7 Dystonia can be
classified on different diagnostic axes8 and it is recognized as a
disorder consisting of both motor and non-motor compo-
nents.9,10 The clinical involvement of different parts of the body
and the complex phenomenology of the dystonic movements
depend on the specific somatotopic-anatomical localization of
those abnormally activated or damaged neurocircuits localized in
different anatomical regions along the loops of highly intercon-
nected neuroanatomical circuits, such as the basal ganglia
(BG).11–13 Little is known about the specific neuropathologic

features of genetically based,14,15 idiopathic, or post-traumatic
dystonia.16–23 However, different neurophysiologic and func-
tional neuroimaging techniques have confirmed, among other
regions,24 the abnormal involvement of the BG, specifically of
the globus pallidus (GP) and putamen (Pu) in different types of
dystonia.25–27 While genetic discoveries and neurophysiological
imaging methods have certainly increased our knowledge on
various pathophysiological and neuroanatomical aspects of dysto-
nia, neuropathological investigations of this complex disorder are
not common, precluding the possibility to pathologically confirm
most of the findings observed in vivo in either genetic, idiopathic
as well as post-traumatic cases.

We report a detailed neuropathologic assessment of the brain
of a patient with a history of possible post-traumatic focal dysto-
nia that appeared after a head trauma that occurred at age 12.
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Material and Methods
Clinical History
The patient (male, Caucasian) died at 78 years after developing
septic shock and respiratory failure of unknown causes. Medical
records reported three episodes of falls with consequent facial
bruises and balance instability during the week before death asso-
ciated with episodes of bright red blood per rectum. A full-body
autopsy was performed to verify the final cause of death. No
family history of dystonia, movement disorders, other neurologi-
cal or psychiatric diseases, drug abuse, smoking, or alcoholism
was reported.

Medical records reported a possible child-onset post-traumatic
focal dystonia of the left hand associated with a tremor of the
right hand. A diagnosis of possible post-traumatic dystonia was
described as occurring after a bicycle/motor vehicle head trauma
at the age of 12 (1935). No loss of consciousness (LOC) or hos-
pitalization was reported. Although skull fracture was reported,
no radiological findings were available (x-rays and other imaging
methods were not available at the time). While the exact interval
of time between head trauma and manifestation of dystonia was
not reported, medical records (and as per his wife’s recent confir-
mation) referred to a diagnosis of post-traumatic focal dystonia
since childhood as consequent of the bicycle/motor vehicle acci-
dent. Different physicians repeatedly confirmed the diagnosis of a

possible childhood-onset post-traumatic dystonia during the fol-
lowing years. No diagnosis about the specific type of tremor was
reported; however, the wife confirmed that the dystonic disorder
and tremor appeared a few weeks after the bike accident and
remained stable across the patient’s entire life. Since the accident,
the patient was able to control his hand tremor (but not the dys-
tonia) by taking low daily doses of diazepam.

For more detail on the neuropathology assessment, as well as
histology and immunohistochemistry methods, see Supporting
Text S1.

Results
Upon microscopic evaluation of all available brain regions, arter-
iolosclerosis and signs of focal chronic ischemia were observed in
the nucleus accumbens and the insular and cerebellar (vermis)
cortex of the right hemisphere. An area of tissue rarefaction as per
an old ischemic lesion in the Pu and GP area was also observed
(Fig. 1A,B,C). Perl’s stain (Fig. 1C) demonstrated iron deposition
in the lenticular region as per a previous cerebrovascular accident.
All examined brain regions were negative for all considered anti-
bodies except for pTau-positive lesions in neurons (pTau-
neurofibrillary tangles [pTau-NFTs] and pTau-neurites) and glial
cells (pTau-positive astroglial pathology), iba-1 positive activated
microglia and GFAP-positive reactive astrocytes confined to the

FIG. 1. The figure shows histological sections from the right Putamen (Pu) - Globus Pallidus external (GPe) area of a patient with possible
child-onset post-traumatic focal dystonia. Part A, B, and C are images of three consecutive sections respectively stained with hematoxylin
and Eosin (HE), Luxol Fast Blue (LFB), and iron stain (Perl’s stain). Note: the presence of iron (hemosiderin) deposition (blue spots, part C)
in the lenticular region of the right BG of this patient.
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area between inferomedial of the Pu and inferolateral border of
the GPe of the right hemisphere (Fig. 2). Moreover, focal GFAP-
astrogliosis was observed in the nucleus accumbens region and
cerebellar (vermis) cortex, both lesions compatible with previous
ischemic events (Fig. 3). In the left hemisphere, pTau-NFTs and
pTau-neurites were found in the olfactory tract, hypothalamus,
nucleus accumbens, hippocampus, entorhinal cortex, primary
somatosensory cortex and somatosensory association cortex
(BA3,1,2,5), and orbitofrontal cortex (BA11/12). pTau lesions in
almost all examined regions were typical of AD-like pathology
(with a possible diagnosis of primary age-related tauopathy
[PART]),28 while only the pTau lesion in the orbitofrontal cortex
(BA11/12) was pathognomonic for CTE (Fig. 4). Furthermore,
reactive gliosis and myelin loss was observed in the left cerebellar
hemisphere (Fig. 5).

No β-amyloid pathology or other types of pathology
(e.g., intraneuronal inclusions positive for ubiq, p62, or pTDP43)
was found in any examined region of both hemispheres. Corpora
amylacea (CA) were observed across almost all examined regions
of the brain.

Discussion
This neuropathologic investigation represented a rare opportu-
nity to assess the brain of a patient with a history of possible

post-traumatic child-onset focal dystonia and tremor. The neu-
ropathological assessment showed focal positivity for pTau-
NFTs/neurites and pTau-glial cells localized in the right BG at
the junction between Pu and GPe. By contrast, on the left
hemisphere, tau pathology was sufficient for a diagnosis of
PART due to the age of the patient and the absence of a clini-
cal diagnosis of MCI or AD. Also, an isolate CTE29,30 lesion in
the left orbital-frontal cortex was also found. Intriguingly,
while pTau pathology in the left orbitofrontal cortex corre-
sponded to a pathognomonic CTE lesion, pTau pathology in
the right BG did not fit with the current definition of CTE.31

The pTau pathology observed across all different areas of the
left hemisphere (a marked pTau pathology asymmetry was
observed between left vs. right hemisphere) was typical of AD
pathology (pTau pathology spread at the deeper cortical
layers). By contrast, the distribution of pTau pathology lesions
in the neurons and glial cells of right BG in such a focal form
in one hemisphere only (the right) and the CTE lesion (pTau
pathology spread at the most superficial cortical layers) in the
left orbitofrontal cortex are not typical of AD pathology and
are not related to aging.

We hypothesize that the pTau lesions observed in the BG
of the right cerebral hemisphere of this patient with a history
of a single TBI and possible consequent TBI-related clinical
manifestation as a focal dystonic phenomenon could exem-
plify a new and specific histological distribution pattern of

FIG. 2. The figure (Part A) shows a section stained with AT8 antibody (anti-phosphorylated-tau antibody) of the right Putamen (Pu)-Globus
Pallidus external (GPe) area of a patient with possible child-onset post-traumatic focal dystonia. (Part B). Top and bottom images show
neuronal- and glia-tau lesions respectively at a higher progressive magnification (20x, 40x objectives).

494 MOVEMENT DISORDERS CLINICAL PRACTICE 2018; 5(5): 492–498. doi: 10.1002/mdc3.12626

CLINICO-PATHOLOGICAL CASE TAU PATHOLOGY IN POST-TRAUMATIC DYSTONIA



FIG. 3. (A) Consecutive histological sections respectively immunostained for GFAP, iba-1 (to note the microglia activation as shown by the
black arrow), Ubiq, APP (negative), p62 (negative), and pTDP43 (negative) showing the same anatomical area (right Putamen (Pu)-Globus
Pallidus external (GPe). (B) The nucleus accumbens and cerebellar cortex (including vermis region) of the right hemisphere stained with
HE and GFAP. To note the distinct areas of focal neuroinflammation (GFAP positive) in both regions (black arrow).

FIG. 4. (A) pTau pathology (AT8 stain) pathognomonic of chronic traumatic encephalopathy (CTE) in the orbitofrontal frontal cortex of the
left hemisphere of a patient with a single TBI occurred during childhood. (B) Perivascular pTau pathology, part of CTE pathology. (C) pTau
pathology (AT8 stain) in the CA1 region of the left hippocampus typical of Alzheimer’s disease (AD) pathology. The patient was never
diagnosed with memory or other cognitive deficits until death. Based on the age of the patient, the presence of pTau pathology in the
hippocampus is compatible with a diagnosis primary age-related tauopathy (PART).
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post-traumatic pTau pathology due to the peculiar neuroana-
tomical characteristics of the BG. In fact, during human brain
maturation, there is no gyrification of the BG (a process char-
acteristic of the cerebral and cerebellar cortex during develop-
ment), so BG-pTau lesions cannot be histologically localized
in the cortical sulci, which are the only specific neurohistolo-
gical sites currently accepted to define a tau lesion as patho-
gnomonic of CTE. Moreover, CTE, as currently defined, is
usually associated with repetitive TBI32 (e.g., contact-sport
practice). However, it is under constant debate if CTE can
also be associated to a single TBI.33

In pathophysiologic terms, the specific anatomical localiza-
tion of pTau lesions (right Pu-GPe area) fit well with the clini-
cal manifestations of a focal dystonic phenomenon in the left
hand.34 The tremor, based on limited clinical description,
could only be hypothesized as a diagnosis of a cerebellar
tremor, possibly associated with neuroinflammatory phenom-
ena on the left cerebellar hemisphere. Furthermore, it is not
possible to exclude that a genetic predisposition (either for dys-
tonia or tremor or both) could have been associated with the
formation of pTau pathology in those same cerebral regions
associated with dystonia (e.g., BG). Importantly, we cannot
exclude that micro-cerebrovascular events linked to traumas
could trigger the formation of pTau pathology. Indeed, acute
and chronic brain ischemic phenomena have been showed to
lead to tau phosphorylation.35,36

Intriguingly, it seems that the pTau pathology in Pu and
GPe did not spread along any other neuroanatomical circuits of
the right hemisphere. In fact, the numerous other brain regions
of the right hemisphere were negative for pTau pathology,
including regions frequently associated with aging-related tau-
NFTs, such as entorhinal cortex or CA1 of the hippocampus
(usually found positive in PART, for example),28 which were
actually found to be positive in the opposite hemisphere (the
left). Moreover, the absence of α-syn lesions (e.g., Lewy bod-
ies), p62 and pTDP43 intraneuronal inclusions, CD68 intrapar-
enchymal macrophages activation, and APP-positive axonal
damage (i.e., axonal diffuse injury, DAI), excluded the co-
occurrence of other neurodegenerative processes, recent ische-
mic events, or acute TBI in the BG or other regions of the
brain.

Future studies need to confirm the possible association
between post-traumatic focal or segmental dystonia and accu-
mulation of neuronal and glial pTau pathology in those brain
regions particularly vulnerable to TBI, such as the BG, which
are part of complex somatotopically organized neuronal circuits
that can be differently affected across different types of move-
ment disorders. Future investigations should also consider the
specific physicomechanical forces and sequence of events occur-
ring in each type of TBI (e.g., impact-TBI vs. blast-TBI) as well
as their interactions with genetic and environmental modifying
factors.

FIG. 5. The figure shows reactive astrogliosis as evidenced by hematoxylin and eosin (HE; A and B) and GFAP (C) stain. Panel D shows
cerebellar myelin loss as evidenced by Luxol Fast Blue (LFB) stain.
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Supporting Text S1. This file describes the procedures per-
formed for the gross inspection of the brain and the methods
used of a detailed neuropathological and immunohistochemistry
assessment. Also included is a description of the procedures per-
formed for the micro sectioning of each tissue block dissected
from both the hemisphere of this brain and the type of anti-
bodies used for the assessment of this rare case of child-onset
post-traumatic focal dystonia.
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