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ABSTRACT: Numerous brain imaging studies
have demonstrated structural changes in the basal gan-
glia, thalamus, sensorimotor cortex, and cerebellum
across different forms of primary dystonia. However, our
understanding of brain abnormalities contributing to the
clinically well-described phenomenon of task specificity in
dystonia remained limited. We used high-resolution mag-
netic resonance imaging (MRI) with voxel-based mor-
phometry and diffusion weighted imaging with tract-based
spatial statistics of fractional anisotropy to examine gray
and white matter organization in two task-specific dysto-
nia forms, writer’s cramp and laryngeal dystonia, and two
non–task-specific dystonia forms, cervical dystonia and
blepharospasm. A direct comparison between both dysto-
nia forms indicated that characteristic gray matter volu-
metric changes in task-specific dystonia involve the brain
regions responsible for sensorimotor control during writing
and speaking, such as primary somatosensory cortex,
middle frontal gyrus, superior/inferior temporal gyrus, mid-
dle/posterior cingulate cortex, and occipital cortex as well

as the striatum and cerebellum (lobules VI-VIIa). These
gray matter changes were accompanied by white matter
abnormalities in the premotor cortex, middle/inferior frontal
gyrus, genu of the corpus callosum, anterior limb/genu of
the internal capsule, and putamen. Conversely, gray mat-
ter volumetric changes in the non–task-specific group
were limited to the left cerebellum (lobule VIIa) only,
whereas white matter alterations were found to underlie
the primary sensorimotor cortex, inferior parietal lobule,
and middle cingulate gyrus. Distinct microstructural pat-
terns in task-specific and non–task-specific dystonias
may represent neuroimaging markers and provide evi-
dence that these two dystonia subclasses likely follow
divergent pathophysiological mechanisms precipitated by
different triggers. VC 2014 International Parkinson and
Movement Disorder Society
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Task specificity in primary focal dystonia is a clini-
cally well-described but poorly understood phenom-
enon. Although brain abnormalities in the basal

ganglia, sensorimotor cortex, and cerebellum are
identified across different forms of dystonia,1-3 specific
alterations in these brain regions that may differentiate
between task-specific (TSD) and non–task-specific
(NTSD) dystonias are unknown.

Generally, in patients with task-specific focal hand
dystonia, writer’s cramp, changes in gray matter vol-
ume (GMV) are reported in the hand region of the
sensorimotor cortex, putamen, thalamus, and cerebel-
lum,4-7 with white matter integrity changes in the pos-
terior limb of the internal capsule and adjacent
structures.8 In another form of TSD, laryngeal dysto-
nia or spasmodic dysphonia, we recently identified
decreased white matter integrity in the genu of the
internal capsule as well as increased GMV in the
laryngeal sensorimotor cortex, inferior frontal, supe-
rior/middle temporal, and supramarginal gyri,
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putamen, and cerebellum.9,10 In NTSD forms, such as
cervical dystonia, increased GMV has been found in
the motor cortex, globus pallidus, and cerebellum,11

whereas white matter abnormalities were identified in
the genu and body of the corpus callosum and the
basal ganglia.12 In addition, a recent study found
reduced basal ganglia GMV in the unaffected familial
relatives of patients with cervical dystonia.13 Studies
in patients with non–task-specific blepharospasm
reported GMV increases in the putamen14,15 and
reductions in the inferior parietal lobule15 as well as
reduced left corticobulbar tract volume and connectiv-
ity.16 Although, collectively, these studies are high-
lighting the basal ganglia, sensorimotor cortex, and
cerebellum as the main brain regions altered across
different forms of dystonia, the lack of knowledge
about the disorder-specific changes in patients with
TSD and NTSD limits our understanding of the patho-
physiology of these disorders and, consequently, our
ability to identify their neuroimaging biomarkers.

The aim of this comparative study was to examine
gray and white matter alterations in patients with two
forms of TSD (writer’s cramp and laryngeal dystonia)
and two forms of NTSD (cervical dystonia and ble-
pharospasm), using high-resolution magnetic resonance
imaging (MRI) with voxel-based morphometry (VBM)
and diffusion weighted imaging with tract-based spatial
statistics. We hypothesized that abnormalities in TSD
would affect the focal segments of brain circuits, which
are critical for planning and execution of highly learned
tasks in humans, such as writing and speaking, respec-
tively, whereas brain changes in NTSD patients would
be more uniform and symmetrically involving both
hemispheres. We also expected that abnormalities in
the basal ganglia and cerebellum would represent com-
mon changes across different types of dystonia, both
with and without task specificity.

Materials and Methods

Participants

We recruited 45 patients with focal dystonias, who
had been diagnosed with TSD (12 writer’s cramp and
12 laryngeal dystonia) or NTSD (11 cervical dystonia
and 10 blepharospasm) as well as 24 healthy controls.
The NTSD patients did not show preferential specific-
ity to different tasks at the time of the recruitment,
thus validating their dystonia type as NTSD. No sta-
tistical differences were seen in age and sex between
either the patient groups or each patient group and
controls (all P> 0.15) (Table 1). The participants had
no neurological (except focal dystonia in the patient
group), psychiatric, or laryngeal problems based on
history or physical and neurological examinations. All
participants were right-handed and fully symptomatic
at the time of study participation. Those who received

botulinum toxin treatment were recruited at the end
of their treatment cycle, at least 3 months postinjec-
tion. The mean duration of the disorder was
16.5 6 12.9 years in writer’s cramp, 10.2 6 6.3 years
in laryngeal dystonia, 12.3 6 8.9 years in cervical dys-
tonia, and 7.3 6 4.5 years in blepharospasm. Duration
of the disorder was not significantly different between
the patient groups (all P>0.05). Clinical neuroradio-
logical evaluation of MRI in all subjects showed nor-
mal brain structure without any gross abnormalities.

All participants provided written informed consent,
which was approved by the Institutional Review
Board of the Icahn School of Medicine at Mount
Sinai.

Image Acquisition

High-resolution T1-weighted images were acquired
on a 3T Phillips scanner equipped with an eight-
channel receive-only coil using a three-dimensional
magnetization prepared rapid acquisition gradient
echo (MPRAGE) sequence with TI 5 450 ms; TE 5 2.9
ms; flip angle 5 10 degrees; FOV 5 240 mm;
matrix 5 256 3 256 mm; 172 contiguous axial slices;
slice thickness 5 0.9 mm. Diffusion-weighted images
were acquired using a single-shot spin-echo echo-
planar imaging sequence with paired gradient pulses
positioned 180� around the refocusing pulse for diffu-
sion weighting (TR 5 13 000 ms, FOV 5 240 mm;
matrix 5 96 3 96 mm zero-filled to 256 3 256 mm;
54 contiguous axial slices with slice thickness of
2.4 mm). Diffusion was measured along 33 noncollin-
ear directions with a b-factor of 1,000 s/mm2. One
reference image was acquired with no diffusion gra-
dients applied (b0 scan).

Voxel Based Morphometry

Using SPM8 software with VBM8 toolbox, raw
images were bias corrected for MRI inhomogeneities
and noise, tissue-classified, co-registered, and normal-
ized to a standard Montreal Neurological Institute
(MNI) space using DARTEL (diffeomorphic anatomi-
cal registration using exponentiated lie algebra).17 Tis-
sue probability maps were warped onto the image
nonlinearly, allowing for tissue segmentation. Jacobian
determinants were used to modulate GMV through
multiplication of nonlinear components derived during
normalization to preserve tissue volume after warping.
The spatially normalized images were smoothed with
an isotropic 8-mm Gaussian kernel.

To examine structural brain differences in relation
to clinical phenomenology (TSD vs. NTSD) and esti-
mate the main effect, one-way analysis of variance
(ANOVA) with one factor (GMV) and three levels
(controls, TSD, NTSD) was carried out at an family-
wise error (FWE)-corrected P�0.05. The FWE rate
was determined using Monte Carlo simulations,18,19
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which resulted in identification of a minimum cluster
size of 528 mm3 at a voxelwise threshold of 0.001.

The follow-up post hoc two-sample t tests with age,
sex, total intracranial volume, and duration of the dis-
order as nuisance covariates were performed to deter-
mine statistical differences of GMV changes between
TSD/NTSD and controls as well as between TSD and
NTSD directly. The severity of disorder was not
included as a covariate because these data were not
available in all patients. The overall statistical signifi-
cance for between-group comparisons was set at a cor-
rected P� 0.016 to account for multiple group
comparisons. In addition, voxelwise correction for
multiple comparisons was achieved by applying FWE
correction to each comparison separately, using Monte
Carlo simulations (minimum cluster size, 150 mm3;
voxelwise threshold, 0.01).

Diffusion Weighted Imaging

Using FSL software, images were brain extracted
and corrected for movement artifacts and eddy current
distortions. The fractional anisotropy (FA) maps were
calculated and registered to a standard MNI space
using nonlinear registration. Following the creation of
a mean FA skeleton and registration of each individual
FA map to the skeleton, whole-brain voxelwise statis-
tical analyses were conducted using tract-based spatial
statistics (TBSS).20 One-way ANOVA with one factor
(white matter skeleton) and three levels (controls,
TSD, NTSD) was used to estimate the main effect at
an FWE-corrected P� 0.05 (Monte Carlo simulations:
voxelwise threshold, 0.001; minimum cluster size,
50 mm3). The follow-up post hoc two-sample t tests
with age, sex, and disorder duration examined differ-
ences in TSD/NTSD versus controls and TSD versus
NTSD at a threshold-free cluster enhancement
(TFCE)-corrected P�0.016.21

In addition, we examined the statistical dependence
of VBM/TBSS measures with disorder duration in TSD

and NTSD using voxelwise Spearman’s rank correla-
tion coefficients at an FWE-corrected P�0.05 (voxel-
wise threshold 0.001, minimum cluster size 18 mm3).

Results

Voxel-Based Morphometry

Initial ANOVA between all groups found a signifi-
cant main effect of GMV changes in the left anterior
dorsal putamen, caudate nucleus, and ventral striatum
(FWE-corrected P�0.05). (Fig. 1A, Table 2).

Compared with healthy controls, NTSD showed
increased GMV in the left primary sensorimotor cor-
tex, middle temporal gyrus, thalamus, and bilateral
cerebellum (lobule VIIa), whereas reduced GMV was
found in the right middle frontal gyrus, inferior tem-
poral gyrus, and occipital cortex as well as anterior
dorsal putamen and ventral striatum bilaterally at a
corrected P� 0.016 (Fig. 1B, Table 2). The TSD
patients, compared with controls, demonstrated
increased GMV in the left premotor cortex, inferior
parietal lobule, cuneus, cerebellum (lobules VI and
VIIa); right primary sensorimotor cortex, superior
temporal gyrus, supramarginal gyrus; bilateral opercu-
lum/insula, and middle/inferior temporal gyrus at a
corrected P� 0.016 (Fig. 1C, Table 2).

A direct comparison of TSD with NTSD showed
GMV changes in the bilateral middle frontal gyrus,
middle/posterior cingulate cortex, inferior temporal
gyrus, anterior dorsal putamen and caudate nucleus,
ventral striatum, cerebellum (lobules VI-VIIa); right
primary somatosensory cortex, superior temporal
gyrus, and occipital cortex in TSD. Gray matter differ-
ences in the left cerebellum (lobule VIIa) were specific
to NTSD (Fig. 1D, Table 2).

The GMV in the right premotor cortex was nega-
tively correlated with TSD duration (rs 5 20.69) (Fig.
1E). No statistically significant relationships were
found between NTSD duration and GMV at an FWE-
corrected P� 0.05.

TABLE 1. Demographic and clinical data

Cervical

dystonia Blepharospasm

Laryngeal

dystonia

Writer’s

cramp Controls P-valuea

Number of subjects 11 10 12 12 24 N/A
Age (mean), [range] 57.28[29-77] 59.2[45-69] 54.75[44-66] 52.75[21-72] 52.13[38-71] All between-patient

P> 0.16; all patient–
control P> 0.05

Sex (female/male) 7/4 9/1 8/4 6/5 12/12 All between-patient
P> 0.15; all patient–
control P> 0.05

Disease duration (y)
mean6 standard
deviation

12.36 8.9 7.36 4.5 10.26 6.3 16.56 12.9 N/A All between-patient
P> 0.05

aComparisons were made between each patient group and controls as well as between the patient groups using two-sample t-test or Fisher’s exact test,
wherever appropriate. N/A, not applicable.

T A S K - S P E C I F I C B R A I N C H A N G E S I N F O C A L D Y S T O N I A

Movement Disorders, Vol. 29, No. 9, 2014 1143

 15318257, 2014, 9, D
ow

nloaded from
 https://m

ovem
entdisorders.onlinelibrary.w

iley.com
/doi/10.1002/m

ds.25934 by H
arvard U

niversity H
arvard L

ibrary, W
iley O

nline L
ibrary on [10/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Diffusion Weighted Imaging

Analysis of variance showed a significant main effect
for between-group differences in the white matter
underlying the bilateral middle frontal gyrus, primary
sensorimotor cortices, occipital cortex, genu, and sple-
nium of the corpus callosum, thalamus, midbrain/
pons, cerebellum (lobules VI/VIIa), as well as the left
operculum/insula, inferior parietal lobule/supramargi-
nal gyrus, and middle/inferior temporal gyrus at an
FWE-corrected P� 0.05 (Fig. 2A, Table 3).

Whole-brain analysis between NTSD and controls
showed reduced FA in the genu and body of the

corpus callosum, anterior limb/genu of the internal
capsule, and in the white matter skeleton underlying
the bilateral middle/inferior gyrus, right primary sen-
sorimotor cortex, and inferior temporal gyrus at a cor-
rected P� 0.016 (Fig. 2B, Table 3). In addition,
NTSD exhibited increased FA in the splenium of the
corpus callosum, bilateral cingulate gyrus, occipital
cortex, midbrain/pons, cerebellum (lobule VIIa), and
right ventral thalamus.

White matter changes were more localized in TSD
compared with controls and included sparse FA reduc-
tions in the bilateral middle frontal gyrus, right ante-
rior limb/genu of the internal capsule, and the left

FIG. 1. Gray matter volumetric abnormalities in TSD and NTSD. (A) Results of initial analysis of variance (ANOVA) comparing gray matter volume
(GMV) between TSD, NTSD, and healthy controls. (B) GMV differences between NTSD patients and healthy controls. (C) GMV differences between
TSD patients and healthy controls. (D) Direct comparison of GMV differences between TSD and NTSD groups. (E) Significant inverse correlation
between GMV (in liters) in the right premotor cortex and disorder duration (in years) in the TSD group. Brain abnormalities are shown on a series of
axial, sagittal, and coronal sections in the standard MNI space. The corresponding coordinates of peak changes are given in Table 1. The color bars
represent F score (A), t scores (B, C, D) and rs score (E), respectively. TSD, task-specific dystonia; NTSD, non–task-specific dystonia.
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genu of the corpus callosum at a corrected P�0.016.
Increased FA was found in the cerebellum (lobule IX)
(Fig. 2C, Table 3).

When comparing NTSD and TSD directly, TSD-
specific differences in fiber tract integrity were found
in the bilateral middle/inferior frontal gyrus, genu of
the corpus callosum, and putamen, as well as in the
right premotor cortex and anterior limb/genu of the
internal capsule. The NTSD group demonstrated
changes in the white matter underlying the bilateral
middle cingulate gyrus, left primary sensorimotor cor-
tex, and left inferior parietal lobule at a corrected
P� 0.016 (Fig. 2D, Table 3).

No statistical differences were found between white
matter abnormalities and disorder duration in either
the TSD or the NTSD group.

Discussion

Our results are the first to describe differential brain
abnormalities in two classes of adult-onset primary
focal dystonia, TSD and NTSD, and thus address
potential microstructural alterations underlying the
task specificity in dystonia. A direct comparison
between the TSD and NTSD groups indicated TSD-
specific diffuse GMV changes in the brain regions con-
trolling different levels of sensorimotor processing,
such as the primary somatosensory, middle frontal,
superior/inferior temporal gyri, middle/posterior cingu-
late cortex, occipital cortex, striatum, and cerebellum
(lobules VI-VIIa). These GMV changes were accompa-
nied by fiber tract aberrations in the genu of the cor-
pus callosum and anterior limb/genu of the internal

TABLE 2. Gray matter changes between task-specific dystonia (TSD), non–task-specific dystonia (NTSD), and controls

Brain region F-score x,y,z

Initial ANOVA Left Striatum 14.37 23, 10, 214

GMV changes in NTSD/TSD vs. controls
Brain region T-score x,y,z

NTSD vs. Controls Left Primary sensorimotor cortex 3.82 233, 227, 48
Left Middle temporal gyrus 3.06 254, 241, 3
Left Thalamus 4.02 29, 226, 12
Left Cerebellum (lobule VIIa) 5.58 236, 269, 244
Right Cerebellum (lobule VIIa) 5.32 34, 271, 245
Right Middle frontal gyrus 24.88 39, 54, 25
Right Inferior temporal gyrus 24.71 60, 233, 223
Right Occipital cortex 24.20 4, 278, 10
Right Striatum 26.72 21, 12, 27
Left Striatum 25.26 221, 10, 26

TSD vs. Controls Left Premotor cortex 3.26 236, 214, 60
Left Inferior parietal lobule 2.77 251, 250, 38
Left Cuneus 4.32 218, 254, 27
Left Cerebellum (lobules VI and VIIa) 3.79 218, 280, 224
Right Primary sensorimotor Cortex 2.86 45, 224, 32
Right Superior temporal gyrus 4.53 48, 217, 10
Right Supramarginal gyrus 3.27 49, 227, 36
Left Operculum/insula 3.44 245, 29, 9
Right Operculum/insula 3.11 40, 5, 2
Left Middle temporal gyrus 3.55 250, 233, 214
Left Inferior temporal gyrus 4.13 247, 245, 37
Right Middle/inferior temporal gyrus 3.01 49, 247, 212

GMV changes in TSD vs. NTSD T2score x,y,z
TSD>NTSD Left Middle/inferior frontal gyrus 4.25 244, 31, 20

Right Middle frontal gyrus 6.42 39, 44, 16
Left Middle/posterior cingulate cortex 3.30 21, 230, 32
Right Middle/posterior cingulate cortex 4.57 4, 235, 36
Left Inferior temporal gyrus 4.71 257, 238, 219
Right Inferior temporal gyrus 5.34 57, 229, 221
Left Striatum 5.24 221, 10, 26
Right Striatum 3.86 23, 13, 25
Left Cerebellum (lobule VI2VIIa) 4.85 218, 271, 230
Right Cerebellum (lobule VI2VIIa) 4.39 16, 274, 229
Right Primary somatosensory cortex 3.94 58, 215, 27
Right Superior temporal gyrus 4.23 60, 21, 28
Right Occipital cortex 5.32 42, 278, 7

NTSD> TSD Left Cerebellum (lobule VIIa) 3.39 238, 259, 244
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capsule as well as the white matter changes underlying
the premotor cortex, middle/inferior frontal, and infe-
rior temporal gyri. Conversely, NTSD-specific GMV
changes were limited to the left cerebellum (lobule
VIIa) only, with fiber tract abnormalities underlying
the primary sensorimotor, middle cingulate cortex and
inferior parietal lobe. The presence of two distinct
microstructural patterns in TSD and NTSD provides
evidence that these two dystonia subclasses likely fol-
low divergent pathophysiological mechanisms possibly
precipitated by different triggers. These findings also
point to multi-level, complex alterations of the senso-
rimotor integration and control for production of a
highly learned task, such as writing or speaking.

Common Changes in TSD and NTSD

Compared with healthy controls, both TSD and
NTSD groups showed similarly increased GMV in the
primary sensorimotor cortex (albeit right in TSD and

left in NTSD), which may relate to abnormalities of
the motor control leading to involuntary muscle
contractions. Another common feature shared by both
focal dystonia classes was the involvement of the cere-
bellum, which gives further credence, from a structural
perspective, to its role in dystonia pathophysiology.22-24

Specifically, gray matter changes in the cerebellar
lobules VI-VII were shared by both TSD and NTSD
when compared with controls. Importantly, the ana-
tomical/lobular location and laterality of these changes
(bilateral in TSD and left in NTSD) was different
between TSD and NTSD. Activation of the cerebellar
cortex and dentate nucleus has been postulated to be
important in consolidating learning.25 In particular,
efferent fibers from the lobules VI-VII project to the
association cortices, such as prefrontal, parietal and
superior temporal regions.26 Because the cerebello-
thalamo-cortical tract facilitates intracortical inhibi-
tion via the projections to interneurons in the sensori-
motor cortices,27 reduction in its fiber tract integrity

FIG. 2. White matter abnormalities in TSD and NTSD. (A) Initial analysis of variance (ANOVA) comparing fractional anisotropy (FA) as a measure of
white matter integrity and coherence between TSD, NTSD, and healthy controls. (B) Abnormal FA in the NTSD group compared with healthy
subjects. (C) Abnormal FA in the TSD group compared with healthy subjects. (D) Differences in FA between TSD and NTSD groups. Brain
abnormalities are shown on a series of axial, sagittal, and coronal sections in the standard MNI space. The corresponding coordinates of
peak changes are given in Table 2. The color bars represent F score (A) and t scores (B, C, D), respectively. TSD, task-specific dystonia; NTSD,
non–task-specific dystonia.
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TABLE 3. White matter changes between task-specific dystonia (TSD), non–task-specific dystonia (NTSD) and controls

Brain region F-score x,y,z

Initial ANOVA Left Middle frontal gyrus 15.65 225, 34, 2
Right Middle frontal gyrus 15.04 34, 36, 1
Left Primary sensorimotor cortex 17.66 224, 231, 47
Right Primary sensorimotor cortex 15.82 23, 232, 48
Left Occipital cortex 13.20 234, 273, 3
Right Occipital cortex 11.39 34, 271, 27
Left Corpus callosum (genu) 23.51 28, 29, 1
Right Corpus callosum (genu) 22.02 4, 26, 1
Left Corpus callosum (splenium) 23.30 24, 233, 20
Right Corpus callosum (splenium) 25.22 1, 239, 13
Left Thalamus 17.24 212, 26, 13
Right Thalamus 16.97 15, 215, 17

Midbrain/pons 13.79 24, 221, 28
Left Cerebellum (lobules VI/VIIa) 11.62 217, 257, 224
Right Cerebellum (lobules VI/VIIa) 11.26 14, 249, 225
Left Operculum/insula 13.11 227, 21, 28
Left Inferior parietal lobule/ supramarginal gyrus 12.97 242, 247, 31
Left Middle temporal gyrus 17.91 240, 244, 22
Left Inferior temporal gyrus 14.29 243, 27, 225

White matter changes in NTSD/TSD vs. controls

T-score x,y,z

Decreased fractional anisotropy
NTSD vs. Controls Left Middle/inferior frontal gyri 27.46 231, 43, 22

Right Middle/inferior frontal gyri 25.41 31, 42, 22
Left Corpus callosum (genu/body) 27.95 216, 36, 0
Right Corpus callosum (genu/body) 27.24 13, 25, 18
Left Internal capsule (anterior limb/genu) 24.21 218, 16, 2
Right Internal capsule (anterior limb/genu) 25.54 11, 5, 25
Right Primary sensorimotor cortex 23.99 48, 2, 28
Right Inferior temporal gyrus 25.69 44, 1, 232

Increased fractional anisotropy
Corpus callosum (splenium) 4.82 0, 237, 17

Left Cingulate gyrus 7.38 29, 28, 33
Right Cingulate gyrus 4.62 9, 29, 34
Left Occipital cortex 5.72 224, 280, 4
Right Occipital cortex 6.40 37, 247, 1

Midbrain/pons 3.99 29, 228, 226
Left Cerebellum (lobule VIIa) 6.17 221, 268, 239
Right Cerebellum (lobule VIIa) 6.07 15, 274, 236
Right Ventral thalamus 5.22 3, 213, 3

Decreased fractional anisotropy
TSD vs. Controls Left Middle frontal gyrus 24.45 227, 42, 23

Right Middle frontal gyrus 23.04 33, 42, 22
Right Internal capsule (anterior limb/genu) 24.30 10, 5, 1
Left Corpus callosum (genu) 23.79 215, 37, 1

Increased fractional anisotropy
Left Cerebellum 3.97 29, 251, 230

White matter changes in TSD vs. NTSD

T-score x,y,z

TSD>NTSD Left Middle/inferior frontal gyrus 5.15 215, 34, 26
Right Middle/inferior frontal gyrus 5.92 23, 37, 23
Left Corpus callosum (genu) 5.42 26, 28, 5
Right Corpus callosum (genu) 5.37 13, 31, 8
Left Putamen 3.24 222, 25, 15

(Continued)
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has been shown to correlate with cortical activation
and hyperexcitability.28,29 Neuronal plastic changes
have also been associated with cerebellar input,30 rais-
ing the possibility of a morphometric relationship
between the cerebellum and sensorimotor cortex.
Whether this circuit causes excessive neuronal plastic-
ity or triggers the dystonic cascade is unknown, but
the presence of microstructural changes provides fur-
ther support to the possibility that the cerebello-
thalamo-cortical system is involved in dystonia as an
endophenotypic trait31,32 and likely plays an impor-
tant role in the generation of task-related behaviors.

The GMV decreases in the anterior dorsal putamen
and ventral striatum were observed in NTSD but not
TSD compared with controls possibly because of the
variability in striatal volumes and topographic loca-
tion of abnormalities among patients with writer’s
cramp and laryngeal dystonia, which may have
induced a cancellation effect during the aggregate
analysis. However, a direct comparison between
NTSD and TSD clearly revealed the striatal differences
between these groups in the anterior dorsal putamen
and caudate nucleus as well as ventral striatum. Our
findings are in line with the well-known predilection
for striatal lesions to trigger dystonia33,34 as well as
previous reports of striatal GMV changes in all four
focal dystonias investigated here.6,7,10,11,14,15,35-37 An
inverse correlation between symptom severity and
putamen volume in cervical dystonia also has been
described.36 In considering this, we postulate that,
from a microstructural aspect, the striato-pallido-
thalamo-cortical network may differentially change
based on the nature or extent of motor tasks. The
order of evolution of these changes and their relation-
ship to abnormal metabolic activity, aberrant cortical
inhibition and hyperexcitabilty, or neuroplastic
changes need to be investigated in future studies.

Distinct Changes in TSD and NTSD

In contrast to NTSD, the comparison between TSD
and controls found wider-spread GMV abnormalities

involving the left premotor cortex and operculum/
insula. This may stem from the left hemispheric domi-
nance of sensorimotor planning of speech and writing
in right-handed individuals. In addition, a negative
correlation between symptom duration and right pre-
motor cortex GMV in TSD speaks to a cortical reor-
ganization of the contralateral motor circuitry and
possible “wearing off” of some aspects of motor
planning as the disorder persists. Gray matter volume
increases in the left inferior parietal cortex and right
supramarginal and superior temporal gyri may have
further impact on sensorimotor processing, such as
integration of spatial orientation and attention to
task-relevant cognitive, sensory and motor informa-
tion.38,39 The fiber tract abnormalities in the middle/
inferior frontal gyri, premotor cortex, corpus cal-
losum, and internal capsule in TSD appear to be tied
to the broader cortical changes found in this group.
Thus, the argument can be made that increased GMV
in these regions may reflect a primary pathophysiolog-
ical process specific to TSD.

The presence of increased GMV in the bilateral cere-
bellum and left thalamus as well as decreased GMV in
the occipital cortex was specific to NTSD but not TSD
when compared with controls. These changes have
been previously described in morphometric studies
involving separate blepharospasm and cervical dysto-
nia patients.11,16,35 However, the direct comparisons
between NTSD and TSD showed GMV abnormalities
in the left cerebellum only. Because all of the cortical
changes in the NTSD group failed to segregate out in
TSD versus NTSD comparisons, we suggest that lim-
ited cortical gray matter alterations may be a charac-
teristic feature of NTSD attributable in part to a lesser
requirement for higher sensorimotor and cognitive
control for task production as in the case of TSD.

Conversely, diffuse changes of axonal coherence
observed in NTSD, when compared with controls,
highlight a more epigenetic origin causing direct or
compensatory changes in the cortical, subcortical, and
cerebellar fiber tracts. Paradoxically, the between-
group comparisons indicated diffuse FA differences

TABLE 3. Continued

White matter changes in TSD vs. NTSD

T-score x,y,z

Right Putamen 3.86 23, 26, 14
Right Premotor cortex 4.17 45, 0, 28
Right Internal capsule (anterior limb/genu) 3.91 23, 24, 16

NTSD> TSD Left Middle cingulate cortex 4.58 210, 231, 32
Right Middle cingulate cortex 4.67 10, 228, 34
Left Primary sensorimotor cortex 4.38 237, 214, 31
Left Inferior parietal lobule 4.27 235, 243, 32
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specific to TSD compared with focal changes seen in
NTSD, further reflecting possible underlying inherent
differences in the nature of white matter abnormalities
among these dystonia subclasses.

Limitations

The number of subjects with each dystonia form
was relatively small. We previously showed that
increasing the number of subjects resulted in a wider
spread of GMV changes when pre-processing was held
constant.3 This was especially apparent in the cortical
regions. However, because the primary aim of this
study was to investigate the microstructural changes
between TSD and NTSD, the composite n for each
group was 24 and 23, respectively. Therefore, our
results lacking significance is unlikely.

As it is the case with neuroimaging studies in general,
our study did not allow for sorting out cause from conse-
quence in the pathophysiology of TSD and NTSD, because
these techniques are usually unable to directly differentiate
between primary and secondary brain changes. However,
our study is the first to examine the extent of brain differ-
ences between TSD and NTSD and by this adds valuable
information for future investigation, such as targeted eval-
uation of postmortem tissue from these patients and cross-
disciplinary studies to distinguish between the primary
and secondary causes of this disorder.

In summary, the current study provides new insights
into the structural brain changes in TSD and NTSD,
because it reveals the existence of unique microstruc-
tural phenotypes for both classes. Future studies will
need to elucidate the extent of relationships between
these changes and divergent pathophysiological trig-
gers in both TSD and NTSD.
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