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Abstract

Introduction

Our goal was to investigate the cortical thickness and subcortical volume in subjects with

craniocervical dystonia and its subgroups.

Methods

We studied 49 subjects, 17 with cervical dystonia, 18 with blepharospasm or oromandibular

dystonia, and 79 healthy controls. We performed a whole group analysis, followed by a sub-

group analysis. We used Freesurfer software to measure cortical thickness, subcortical vol-

ume and to perform a primary exploratory analysis in the craniocervical dystonia group,

complemented by a region of interest analysis. We also performed a secondary analysis,

with data generated from Freesurfer for subgroups, corrected by false discovery rate. We

then performed an exploratory generalized linear model with significant areas for the previ-

ous steps using clinical features as independent variables.

Results

The primary exploratory analysis demonstrated atrophy in visual processing regions in cra-

niocervical dystonia. The secondary analysis demonstrated atrophy in motor, sensory, and

visual regions in blepharospasm or oromandibular dystonia, as well as in limbic regions in

cervical dystonia. Cervical dystonia patients also had greater cortical thickness than blepha-

rospasm or oromandibular dystonia patients in frontal pole and medial orbitofrontal regions.

Finally, we observed an association between precuneus, age of onset of dystonia and age

at the MRI exam, in craniocervical dystonia; between motor and limbic regions and age at

the exam, clinical score and time on botulinum toxin in cervical dystonia and sensory regions

and age of onset and time on botulinum toxin in blepharospasm or oromandibular dystonia.
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Conclusions

We detected involvement of visual processing regions in craniocervical dystonia, and a pat-

tern of involvement in cervical dystonia and blepharospasm or oromandibular dystonia,

including motor, sensory and limbic areas. We also showed an association of cortical thick-

ness atrophy and younger onset age, older age at the MRI exam, higher clinical score and

an uncertain association with longer time on botulinum toxin.

Introduction

Dystonia is characterized by sustained or intermittent muscle contractions leading to abnor-

mal movements, postures, or both. The movements are frequently initiated or worsened by

voluntary action. They are typically patterned, twisting, and may be associated with tremor

[1]. Craniocervical dystonia (CCD) comprises cervical dystonia (CD), blepharospasm (BSP),

oromandibular (ORO), lingual and laryngeal (Lar) dystonia, isolated or associated [2]. Primar-

ily thought of as a mainly basal ganglia circuits disorder, recent studies suggest the involve-

ment of additional brain circuits and regions, in a wider network concept for dystonia [3, 4].

The physiopathology of dystonia is unclear. Despite some clinical particularities in different

subtypes of CCD [2], some common features in dystonia’s cortical alterations [5] and genetics

[6] have suggested a common physiopathology for its clinical subtypes.

Previous studies using voxel based morphometry (VBM) (see Table 1), have reported

inconsistent patterns of morphologic changes. [5, 7–15] For instance, while older studies dem-

onstrated increased [5, 8–11] or decreased [5, 7] grey matter (GM) in the basal ganglia, more

recent ones [12–15] found no alterations in these regions. Previously we assessed CCD patients

using VBM [14, 16], showing GM increase in the anterior cerebellum and brainstem (pons),

along with GM decrease in the posterior lobe of cerebellum [16]. A whole brain analysis con-

firmed atrophy in the supplementary motor area [8, 11], premotor cortex [7, 8], precentral

gyrus [7, 11, 12, 15], inferior parietal gyrus [9], superior temporal gyrus [5, 12], visual cortex

[8], anterior cingulate [15], precuneus, middle temporal gyrus [11] and cerebellum [14]. We

showed neither atrophy nor increase in GM in the basal ganglia [14].

Freesurfer (FS) is software that performs an automatic segmentation of the cerebral cortex

and subcortical structures, generating measures such as area, volume and cortical thickness. FS

has good validation and accuracy in neurological disorders [18, 19] and has better sensitivity

than VBM, when applied to cortical thickness [20].

Our primary goal was to investigate the differences in cortical thickness and subcortical vol-

ume between patients with CCD and controls, and to investigate possible relationships

between these regions and clinical variables, such as age of onset, clinical score on the Fahn-

Marsden scale (FMS) and time of treatment with botulinum toxin (BoNT). Our secondary

goal was to determine if there were different patterns of cerebral involvement within sub-

groups of our sample, cervical dystonia isolated (CD), blepharospasm or oromandibular dysto-

nia, isolated or combined (B&O). Both goals were successfully accomplished.

Methods

Subjects

This was a cross-sectional study conducted at the Movement Disorders and the Dystonia Out-

patient Clinics and the Neuroimaging Laboratory at the University of Campinas (UNICAMP).

The Ethics Committee of the School of Medical Sciences of the University of Campinas
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approved the study under the number 161/2010 and all subjects signed an informed consent

prior to study entry, in accordance with the Declaration of Helsinki.

We recruited subjects consecutively at the Movement Disorders and the Dystonia Outpa-

tient Clinics. The inclusion criteria were: a clinical diagnosis of dystonia, with or without

tremor, and an otherwise normal neurological examination; no history of use of medications

known to cause dystonia; a magnetic resonance image (MRI) without significant abnormali-

ties; and the ability to provide informed consent. The exclusion criteria were history of alco-

holism, abnormal neurological exam, other neurological disorder, secondary dystonia. We

Table 1. Literature review on previous study findings using voxel-based morphometry analysis in CCD.

First Authors

(year)

DYTsa p-value Decreased GMb Increased GM

Draganski

(2003) [8]

CDc <0.05

corrected

Rd caudal SMAe, R visual cortex, R dlPFCf R GPig, bilateral motor cortex, cerebellar

flocculus

Etgen (2006)

[9]

BSPh <0.001

uncorrected

Li inferior parietal lobule Bilateral putamen

Egger (2007)

[10]

CD <0.05

corrected

- Bilateral orbitofrontal cortex, R GPi,

medial frontal gyrus, L SMA and cingulate

gyrus

Obermann

(2007) [5]

BSP <0.05

corrected

Bilateral thalamus, putamen Bilateral caudate head, cerebellum

CD <0.05

corrected

Bilateral putamen, superior temporal lobule Bilateral caudate head, thalamus, L

posterior cerebellar lobe and superior

temporal lobule

Suzuki (2011)

[13]

BSP <0.05

corrected

- Bilateral sensorimotor cortices, L

cingulate

Martino (2011)

* [12]

BSP <0.05

corrected

L superior temporal gyrus R middle frontal gyrus

<0.001

uncorrected

R Uncus, R subgyral region, L postcentral and precentral gyrus Bilateral superior frontal gyrus, R middle

frontal gyrus, L anterior cingulated

Pantano

(2011) [7]

CD <0.05

corrected

Bilateral premotor and primary sensorimotor cortices, L caudate

head, putamen

-

Prell

(2013) [11]

CD <0.001

uncorrected

L precentral, SMA, medial temporal gyrus and R somatosensory

association cortex

L GPi, frontal eye field, R claustrum,

putamen and bilateral medial surface of

occipital lobe

Horovitz

(2012)* [15]

BSP <0.01

uncorrected

R orbitofrontal, L precentral, inferior frontal, R occipital cortex and

anterior cingulate gyrus.

L middle temporal, R postcentral, bilateral

precuneus

Piccinin

(2015)* [17]

CCDj <0.001

uncorrected

Cerebellar vermis, bilateral superior frontal gyrus, precuneus,

anterior cingulated, paracingulate, insular cortex, lingual gyrus and

calcarine fissure; L SMA, inferior frontal, inferior parietal, temporal

pole, supramarginal, rolandic operculum, hippocampus,

parahippocampal, middle occipital, cerebellar lobules IV/V, superior

and middle temporal gyri; R middle cingulate and precentral

-

aDYTs: dystonia subtypes
bGM: grey matter
cCD: cervical dystonia
dR: right
eSMA: supplementary motor area
fdlPFC: dorso lateral prefrontal cortex
gGPi: globus pallidus internum
hBSP: blepharospasm
iL: left
jCCD: craniocervical dystonia

*images acquired at 3T MRI machines; otherwise images were acquired in 1.5 MRI machines

https://doi.org/10.1371/journal.pone.0182735.t001
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thoroughly reviewed the clinical and family histories, performed a complete and detailed neu-

rological examination, including the FMS. Two Movement Disorders Neurologists examined

all study participants (LGP and AD).

Our sample consisted of 51 patients with CCD and 82 healthy controls gathered from the

same population base. Healthy controls had no history of neurological or psychiatric diseases,

a normal clinical and neurological examination and normal neuroimaging studies. We ex-

cluded images of 2 patients and 3 controls due to artifacts. From the 49 resultant CCD patients,

17 had CD and 18 B&O. Twenty-five individuals had focal dystonia (17 CD, 6 BSP, 2 ORO)

and 24 had segmental dystonia (1 BSP/CD, 10 BSP/ORO, 2 BSP/ORO/Lar, 8 BSP/CD/ORO, 1

CD/Lar, 1 ORO/CD, 1 ORO/Lar). All tested negative for DYT1 and DYT6, the most common

mutations in genetic-determined cases of dystonia [21].

Mean age of patients and control groups were 60.39±13.99 and 57.52±9.85 years, respec-

tively (p-value = 0.2129). Our gender distribution included 34 women (69.38%), and 15 men

(30.61%) in the CCD group, and 44 women (55.7%), and 35 men (44.3%) in the control group

(X2 = 2.3816, p = 0.123). Mean age of onset of dystonia syndrome was 51± 13.78 years and

mean FMS score was 5.94±3.28. Median time of BoNT treatment was of 2.5 years (minimum

of 0, maximum of 17), last injection at most 30 days prior to MRI scanning. All the subjects

who were evaluated in our previous studies [14, 16] were included in this one. Table 2 details

demographics of the studied population.

MRI acquisition

We acquired images in a 3T-Achieva-Intera magnetic resonance scanner–Philips, in a T1 volu-

metric sequence, according to the following parameters: isotropic voxels of 1mm3, acquired in

sagittal plane (1mm of thickness; flip angle: 8˚; repetition time: 7.1ms; echo time: 3.2ms;

matrix: 240x240; and field-of-view: 240x240 mm).

FS analyses

We used FreeSurfer software v.5.3 to obtain measurements according to the protocol sug-

gested by Fischl & Dale [22]. A correction for magnetic field inhomogeneity was performed.

Images were aligned to the Talairach and Tournoux atlas [23] and skull-stripped. Subse-

quently, voxels were labeled as grey matter (GM), white matter and cerebral spinal fluid. Tri-

angle meshes were then used to establish a pial surface and a white surface, which is the

interface between grey and white matter.[22] The shortest difference between these surfaces,

vertex by vertex, resulted in the measure of cortical thickness. For smoothing of surfaces, a

Table 2. Subjects demographics.

Subjects Demographics

CCD (n = 49) CD (n = 17) B&O (n = 18) Controls (n = 79)

Age (y) 60.39 ± 13.99* 52.06 ± 13.11** 63.83 ± 11.83*** 57.52 ± 9.85

Gender (male) 15 (30.61%) 7 (41.18%) 4 (22.22%) 35 (44.30%)

Age of onset (y) 51 ± 13.78 41 ± 13.39 56 ± 10.86

Score MF 5.94±3.28 3.44±0.25 5.61 ± 2.32

Mean Time on BoTN (y) 2.5 (0–17) 7 (0–17) 1(0–17)

Difference between mean ages of patients groups and controls

*(p = 0.2129) (ttest)

**(p = 0.1205)

***(p = 0.0468). y = years

https://doi.org/10.1371/journal.pone.0182735.t002
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Gaussian filter with 10 mm full width at half-maximum was used for all analyses. Additionally,

the calculations of estimated total intracranial volume [24] and subcortical structures volume

were performed [25]. We used an automatic General Linear Model (GLM) in Freesurfer’s

application QDEC (Query, Design, Estimate, Contrast) to determine regional variations of

cortical thickness between patients and controls. Since this was an exploratory analysis, we

used an uncorrected p-value to identify significant vertex-wise group clusters in CCD patients.

Statistics. We performed two analyses: a primary analysis–total CCD patients versus con-

trols, and a secondary analysis–CD and B&O versus controls.

Besides vertex-wise comparisons, FreeSurfer generates cortical thickness and subcortical

volume measurements for parcellation [25, 26] based on an anatomical atlas [27]. Our primary

analysis, in CCD, included cortical thickness in a vertex-wise analysis and was already previ-

ously described. We also performed a region of interest (ROI) analysis with subcortical region

volumes for their presumed role in movement disorders, that were not contemplated in our

previous method, such as putamen, caudate, thalamus, pallidum and cerebellum for all groups.

We applied the FS—Desikan atlas [27] for the selected ROIs, then executed a GLM with age,

gender and estimated total intracranial volume as independent variables to evaluate for signifi-

cant differences in subcortical volumes between patients and controls for each region in CCD.

We applied the false discovery rate method (FDR) for correction, p<0.05. For this analysis, we

used Stata v 13.1.

Our secondary analysis also consisted in a ROI analysis, for cortical thickness and subcorti-

cal volumes, between CD, B&O and control groups. We executed a Kruskal-Wallis test, with

age, gender and estimated total intracranial volume as independent variables to evaluate for

significant differences in cortical thickness and subcortical volume between patient subgroups

among themselves and controls for each region, according to FS-Desikan atlas [27], also cor-

rected by FDR. Subsequently, we performed a Mann-Whitney test corrected by Bonferroni.

This analysis was performed in Partek v 6.6.

Clinical-anatomical correlations. We performed a GLM in which the dependent variable

was the region statistically different between patients and controls at the previous step. Inde-

pendent variables were age at the MRI exam, age of onset of dystonia, FMS and time on BoNT.

Two subjects of our original 49 patients sample were excluded due to missing clinical data.

This analysis included 47 subjects with CCD, 15 with CD and 18 with B&O. We used Stata

v13.1 for this analysis. We present an exploratory and a FDR corrected analysis.

Results

Exploratory primary vertex-wise analyses showed decreased cortical thickness (cortical atro-

phy) in the right precuneus and lateral occipital gyrus in CCD (Fig 1) (Table 3).

At our secondary ROIs analysis, we showed atrophy in left fusiform, inferior parietal, inferior

temporal, isthmus of cingulate, medial orbitofrontal, middle temporal, precentral, precuneus,

superior parietal, superior temporal, supramarginal gyri and right paracentral, precentral, supra-

marginal gyri in the comparison of CD and controls. We demonstrated cortical atrophy in left

posterior portion of the superior temporal sulcus, middle temporal gyrus, and right inferior tem-

poral, paracentral, precuneus, frontal pole and transverse temporal region, when comparing B&O

to controls. In the CD versus B&O analysis, we found higher cortical thickness in the CD group

in left medial orbitofrontal and right frontal pole (see Table 4 and Figs 2–4).

There were no significant differences in subcortical structure volumes between any of the

groups.

In CCD we observed that the greater the age at symptom onset, the higher the cortical

thickness in the right precuneus, and the older the subject at MRI exam, the smaller the

Exploratory structural assessment in craniocervical dystonia
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cortical thickness in the same area. In CD, we found that patients with higher scores in the

FMS and longer time receiving toxin treatments had reduced cortical thickness in the right

precentral gyrus and the older the patient at the MRI exam, the greater the atrophy in left isth-

mus of the cingulate gyrus. Additionally, in B&O, older subjects at symptom onset had greater

cortical thickness in the right inferior temporal gyrus and right precuneus. The longer time on

BoNT, the higher the cortical thickness in the left middle temporal and right inferior temporal

Fig 1. Exploratory analysis. Right and left hemispheres, lateral, medial, frontal, posterior, superior and

inferior views. Atrophic regions are marked in blue, regions with increased cortical thickness in red, colorbar

indicates p-value. In light grey shade, sulci, in dark grey shade, gyri. Significant different regions from the

control group: CCD: right precuneus and lateral occipital.

https://doi.org/10.1371/journal.pone.0182735.g001
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gyri. And finally, the older the patient at the time of MRI exam, the more severe the atrophy in

right inferior temporal gyrus. When comparing CD and B&O, we observed that the higher the

score on FMS, the smaller the cortical thickness in CD group in left medial orbitofrontal area

compared to B&O. None of these associations survived FDR correction. (Table 5)

Table 3. Primary exploratory analysis.

Cortical Area Cluster size (mm2) TalX TalY TalZ Patients±Sda mean (mm) Controls±Sd mean (mm) p-value

CCD

Right Lateral occipital 141.29 16.7 -98.0 -10.4 1.96±0.16 1.99 ±0.14 0.000

Right Precuneus 4.91 9.8 -56.5 15.5 2.11±0.16 2.19 ±0.12 0.001

Table 3 –Primary exploratory analysis, CCD group—atrophic cortical areas, clusters data, mean cortical thickness and statistical significance.
aSd: standard deviation TalX, TalY, TalZ: spatial coordinates of the clusters, axis x, y, z (height, width, depth

https://doi.org/10.1371/journal.pone.0182735.t003

Table 4. ROI analysis.

Cortical Area p-value Patients ± Sda mean (mm) Controls ± Sd mean (mm)

CD x Ctlb

Left Fusiform 0.004 2,56±0,21 2,64±0,16

Left Inferior parietal 0.001 2,15±0,15 2,20±0,12

Left Inferior temporal 0.003 2,59±0,19 2,63±0,16

Left Isthmus cingulate 0.011 2,41±0,28 2,46±0,22

Left Medial orbitofrontal 0.004 2,37±0,17 2,34±0,15

Left Middle temporal 0.000 2,55±0,20 2,66±0,16

Left Precentral 0.000 2,30±0,18 2,36±0,13

Left Precuneus 0.012 2,19±0,14 2,24±0,13

Left Superior parietal 0.010 1,94±0,16 1,96±0,11

Left Superior temporal 0.001 2,55±0,24 2,62±0,16

Left Supramarginal 0.001 2,28±0,14 2,32±0,11

Right Paracentral 0.002 2,14±0,15 2,23±0,13

Right Precentral 0.001 2,26±0,18 2,35±0,13

Right Supramarginal 0.011 2,26±0,17 2,33±0,13

B&O x Ctl p-value Patients ± Sd mean (mm) Controls ± Sd mean (mm)

Left Banksstsc 0.000 2,20±0,13 2,32±0,15

Left Middle temporal 0.015 2,52±0,12 2,66±0,16

Right Inferior temporal 0.003 2,59±0,15 2,71±0,15

Right Paracentral 0.006 2,13±0,15 2,23±0,13

Right Precentral 0.005 2,25±0,11 2,35±0,13

Right Precuneus 0.010 2,11±0,13 2,19±0,12

Right Frontal pole 0.001 2,58±0,20 2,61±0,21

Right Transverse temporal 0.005 2,08±0,20 2,17±0,22

CD x B&O p-value CD ± Sd mean (mm) B&O ± Sd mean (mm)

Left Medial orbitofrontal 0.014 2,37±0,17 2,20±0,14

Right Frontal pole 0.004 2,82±0,34 2,58±0,20

Table 4—ROI analyses, for CD and B&O groups. Mean cortical thickness, standard deviation, and p-values, indicating areas with decreased cortical

thickness. No significant results were detected in subcortical structures.
aSd: standard deviation
b Ctl: controls
cbankssts: posterior portion of the superior temporal sulcus

https://doi.org/10.1371/journal.pone.0182735.t004
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Discussion

This is the first study we are aware of to apply FS to CCD and to also investigate differences in

structural involvement in CD and B&O. We used this method because neuroimaging and his-

tological studies have validated FS measurements [18, 22], and FS has shown superior sensitiv-

ity in assessing cortical thickness when compared to VBM [20]. We found cortical atrophy in

visual processing regions in CCD. We found atrophy in visual, sensory and motor areas in

B&O and CD, the latter also showing cortical atrophy in a limbic area. We demonstrated a

decrease in cortical thickness related to ageing, a positive association between earlier age at

symptom onset and the severity of cortical atrophy, and a negative association between FMS

scores and cortical thickness. We also found a negative association between time on BoNT and

motor cortical thickness in CD and a positive association with temporal areas in B&O.

We confirmed atrophy in the precentral gyrus [7, 8, 11, 13–15], the superior temporal gyrus

[5, 12, 14], the SMA [8, 10, 11, 14], the supramarginal gyrus [11, 14], the middle temporal

gyrus [11, 14, 15], the inferior parietal gyrus [9, 11, 14], the precuneus [11, 14, 15], as demon-

strated in previous studies. We found no changes in GM in the basal ganglia. [12–15]

Dystonia probably results from a loss of inhibition and increased plasticity, leading to

abnormalities in sensorimotor integration and mal-adaptive plasticity [4, 28], affecting the

basal ganglia-thalamo-cortical circuit, and the cerebello-thalamo-cortical circuit [3]. Defects in

sensorimotor integration and alterations in neuropsychiatric features and sleep [29] have also

been reported in dystonia patients.

The precentral gyrus, SMA, prefrontal and premotor cortex, basal ganglia, thalamus and

cerebellum take part in the motor planning, control and execution of movement.[30] Patients

with dystonia have abnormalities in multiple parts of these circuits [7, 8, 10, 11, 13–15], and

increased connectivity in the executive control network [31].

There are also structural [5, 7, 11–13] and functional [29] abnormalities in multiple sensory

processing areas in dystonic patients. Sensory function is an important component in motor

execution. The sensorimotor network includes sensorimotor cortex, secondary somatosensory

cortex, postcentral gyrus, frontal and parietal regions, basal ganglia and cerebellum [32]. Possi-

ble clinical correlates of sensory involvement are the sensory tricks and the presence of

Fig 2. ROI subgroups analysis. Axial view of significant areas in the comparison of CD versus controls.

Areas described in Table 4. p-values in red scale colorbar, α = 0.017 (Bonferroni correction).

https://doi.org/10.1371/journal.pone.0182735.g002

Fig 3. ROI subgroups analysis. Axial view of significant areas in the comparison of B&O versus controls.

Areas described in Table 4. p-values in red scale colorbar, α = 0.017 (Bonferroni correction).

https://doi.org/10.1371/journal.pone.0182735.g003
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symptoms such as pain in CD, irritation or dry eyes in BSP [33]. Studies in focal dystonia dem-

onstrated abnormalities in cortical representation, increases in spatial and temporal discrimi-

nation thresholds in affected and unaffected parts, abnormal perception of movement, altered

cognitive representation of movement, impaired sensorimotor integration, abnormal connec-

tivity between sensory and frontal cortices, especially in the premotor and parietal regions

[32]. Although some widespread dysfunction in brain networks (in cortical and subcortical

regions) was demonstrated, the results are still contradictory, in regarding to increases or

decreases in connectivity between those regions.[32]

The primary visual network includes the occipital cortex, prefrontal cortex, premotor,

superior parietal lobule, middle and inferior temporal gyri. It is integrally involved in visual

Table 5. Clinical analysis.

CCD x Ctla

Cortical Area Clinical Variable p-value FDRb Coefficient 95%CIc

Right precuneus Age at MRId 0.009 0.072 -0.010 -0.0178, -0.0025

Right precuneus Age of onset 0.023 0.092 0.009 0.0012, 0.0169

CD x Ctl

Cortical Area Clinical Variable p-value FDR Coefficient 95%CI

Left Isthmus cingulate Age at MRI 0.015 0.390 -0.032 -0.0574, -0.0062

Right Precentral Score FMSe 0.038 0.439 -0.310 -0.6026, -0.0173

Right Precentral Time BoNTf 0.024 0.416 -0.020 -0.0387, -0.0027

B&O x Ctl

Cortical Area Clinical Variable p-value FDR Coefficient 95%CI

Left Middle temporal Time BoNT 0.039 0.405 0.015 0.0008, 0.0297

Right Inferior temporal Age at MRI 0.004 0.208 -0.015 -0.0252, -0.0048

Right Inferior temporal Age of onset 0.000 0.000 0.019 0.0083, 0.0296

Right Inferior temporal Time BoNT 0.025 0.371 0.016 0.0021, 0.0313

Right Precuneus Age of onset 0.031 0.403 0.012 0.0011, 0.0234

CD x B&O

Cortical Area Clinical Variable p-value FDR Coefficient 95%CI

Left Medial orbitofrontal Score FMS 0.045 0.425 -0.033 -0.0648, -0.0007

Table 5 –Clinical anlysis. Cortical areas and clinical variable related, exploratory data and correction by FDR.
aCtl: control group
bMRI: magnetic resonance image
cFDR: false discovery rate
dCI: confidence interval
eFMS: Fanh-Marsden scale
fBoNT: botulinum toxin

https://doi.org/10.1371/journal.pone.0182735.t005

Fig 4. ROI subgroups analysis. Axial view of significant areas in the comparison of CD versus B&O. Areas

described in Table 4. p-values in red scale colorbar, α = 0.017 (Bonferroni correction).

https://doi.org/10.1371/journal.pone.0182735.g004
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perception, the processing of spatial information regarding spatial cognition, and sensorimo-

tor integration, for visual input related to movement planning and control.[31] Besides senso-

rimotor impairment, dystonia patients also have a reduced connectivity among visual areas

and worse performance in visual perception and visuospatial tasks [31]. The cingulate cortex is

part of the limbic circuit, which is related to psychiatric conditions, attention processing and

emotions [34]. Depression, anxiety, pain, and sleep disorders have an increased prevalence in

dystonia patients, particularly in CD [29].

We observed no differences in subcortical GM structures, such as the basal ganglia, thala-

mus and cerebellum. Recent studies [12–15] also failed to demonstrate structural basal ganglia

involvement, while older ones reported conflicting results [5, 7–11]. The basal ganglia and the

thalamus are probably affected functionally rather than structurally. FS has good accuracy and

reproducibility in assessing cortical and subcortical structures [18, 19, 22], with good correla-

tions between its cortical thickness and measures obtained manually by experienced anato-

mists [19, 22]. Some studies [3, 5, 14] have demonstrated structural involvement of specific

cerebellum regions. FS cerebellum segmentation evaluates grey and white matter in the left

and right hemispheres [25], with no account of subdivisions or the vermis.

Clinical-morphological associations have not been widely observed in dystonia [7, 12].

Some studies suggest that focal brain atrophy is worse in subjects with earlier disease onset,

longer disease duration, higher disability, as measured by clinical scales scores and duration of

BoNT treatment [9, 13, 14]. It is unclear if this association is related to treatment itself, since

BoNT has been shown to alter neuromodulation [31], or whether it simply reflects a longer

disease duration. Conversely, other results show symptom progression correlating with

increased GM volume in some regions [11, 14]. Early onset age is usually associated with more

severe cases of dystonia [1], possibly justifying therefore, greater cortical atrophy in such

patients. Age and age of onset are not correlated in dystonia, only the latter being used for cur-

rent classification purposes [1]. Cortical atrophy has also been demonstrated with normal age-

ing, as we observed in some regions, such as precuneus, isthmus of the cingulate and inferior

temporal gyrus [35]. These results, however, were exploratory, possibly due to a discrete asso-

ciation between variables, since by the high number of comparisons, p-values did not sustain

FDR correction.

We found similarities and differences in the pattern of atrophy between CD and B&O. Dif-

ferences between CCD and subgroups (CD and B&O) would be expected, since the whole

group also included subjects with other subtypes of dystonia or more complex presentations.

CD demonstrated decreased GM, especially in the sensorimotor and visual processing areas,

such as B&O. The common involvement of sensorimotor and visual areas in both subgroups

reinforces the hypothesis of a common pathway in the development of dystonias [5, 6], while

the differences in cerebral involvement observed may provide the physiopathological basis for

the different clinical presentations. CD is the most common form of dystonia, usually presents

around the fifth decade of life, and may be accompanied by pain and show periods of remis-

sion, usually transitory. BSP usually presents by the fifth to seventh decade of life, has sensory

tricks and has an association with ocular symptoms, functional blinding and other neurologi-

cal conditions (with a high level of limitation and comorbidities), commonly progressing to

Meige’s syndrome (BSP associated with ORO). ORO may have a spontaneous start, be trig-

gered by actions such as eating or speaking and is frequently associated with BSP.[2]

Limitations of this study were the small size and heterogeneity of our sample, as well as the

small size of our subgroups. However, we included a group of subjects not yet investigated,

such as those with ORO and segmental dystonias. We also did not take into consideration the

laterality of the symptom presentation and dominance, especially in those with cervical dysto-

nia. Yet, to address laterality in CCD is a difficult task, since most patients show a complex
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range of movements in CD, bilateral involvement in BSP and laryngeal dystonia, and a com-

plex pattern of muscle involvement in ORO.

Conclusion

FS demonstrated the involvement of areas involved in visual processing in CCD. There were

similarities and differences in the pattern of involvement in CD and B&O, which may rein-

force the hypothesis of a common physiopathology and also explain some of the clinical differ-

ences between them.

Acknowledgments

We thank Dr JH Friedman for kindly reviewing this manuscript and for his invaluable

comments.

Author Contributions

Conceptualization: Larissa Vilany, Fernando Cendes, Anelyssa D’Abreu.

Data curation: Larissa Vilany, Anelyssa D’Abreu.

Formal analysis: Larissa Vilany, Thiago J. R. de Rezende, Luiza G. Piovesana, Lidiane S. Cam-

pos, Paula C. de Azevedo, Fabio R. Torres, Marcondes C. França, Jr, Augusto C. Amato-

Filho, Iscia Lopes-Cendes, Anelyssa D’Abreu.

Funding acquisition: Larissa Vilany, Fernando Cendes, Anelyssa D’Abreu.

Investigation: Larissa Vilany, Luiza G. Piovesana, Lidiane S. Campos, Paula C. de Azevedo,

Fabio R. Torres, Anelyssa D’Abreu.

Methodology: Larissa Vilany, Thiago J. R. de Rezende, Fernando Cendes, Anelyssa D’Abreu.

Project administration: Larissa Vilany, Fernando Cendes, Anelyssa D’Abreu.

Resources: Larissa Vilany, Iscia Lopes-Cendes, Fernando Cendes, Anelyssa D’Abreu.

Software: Larissa Vilany, Thiago J. R. de Rezende, Marcondes C. França, Jr.

Supervision: Fernando Cendes, Anelyssa D’Abreu.

Validation: Larissa Vilany, Thiago J. R. de Rezende, Anelyssa D’Abreu.

Visualization: Larissa Vilany, Anelyssa D’Abreu.

Writing – original draft: Larissa Vilany, Anelyssa D’Abreu.

Writing – review & editing: Larissa Vilany, Thiago J. R. de Rezende, Luiza G. Piovesana,

Lidiane S. Campos, Paula C. de Azevedo, Fabio R. Torres, Marcondes C. França, Jr,

Augusto C. Amato-Filho, Iscia Lopes-Cendes, Fernando Cendes, Anelyssa D’Abreu.

References
1. Albanese A, Bhatia K, Bressman SB, Delong MR, Fahn S, Fung VS, et al. Phenomenology and classifi-

cation of dystonia: a consensus update. Mov Disord. 2013; 28(7):863–73. https://doi.org/10.1002/mds.

25475 PMID: 23649720; PubMed Central PMCID: PMCPMC3729880.

2. Colosimo C, Suppa A, Fabbrini G, Bologna M, Berardelli A. Craniocervical dystonia: clinical and patho-

physiological features. Eur J Neurol. 2010; 17 Suppl 1:15–21. https://doi.org/10.1111/j.1468-1331.

2010.03045.x PMID: 20590803.

3. Lehericy S, Tijssen MA, Vidailhet M, Kaji R, Meunier S. The anatomical basis of dystonia: current view

using neuroimaging. Mov Disord. 2013; 28(7):944–57. https://doi.org/10.1002/mds.25527 PMID:

23893451.

Exploratory structural assessment in craniocervical dystonia

PLOS ONE | https://doi.org/10.1371/journal.pone.0182735 August 22, 2017 11 / 13

https://doi.org/10.1002/mds.25475
https://doi.org/10.1002/mds.25475
http://www.ncbi.nlm.nih.gov/pubmed/23649720
https://doi.org/10.1111/j.1468-1331.2010.03045.x
https://doi.org/10.1111/j.1468-1331.2010.03045.x
http://www.ncbi.nlm.nih.gov/pubmed/20590803
https://doi.org/10.1002/mds.25527
http://www.ncbi.nlm.nih.gov/pubmed/23893451
https://doi.org/10.1371/journal.pone.0182735


4. Neychev VK, Gross RE, Lehericy S, Hess EJ, Jinnah HA. The functional neuroanatomy of dystonia.

Neurobiol Dis. 2011; 42(2):185–201. https://doi.org/10.1016/j.nbd.2011.01.026 PMID: 21303695;

PubMed Central PMCID: PMCPMC3478782.

5. Obermann M, Yaldizli O, De Greiff A, Lachenmayer ML, Buhl AR, Tumczak F, et al. Morphometric

changes of sensorimotor structures in focal dystonia. Mov Disord. 2007; 22(8):1117–23. https://doi.org/

10.1002/mds.21495 PMID: 17443700.

6. Defazio G, Berardelli A, Hallett M. Do primary adult-onset focal dystonias share aetiological factors?

Brain. 2007; 130(Pt 5):1183–93. https://doi.org/10.1093/brain/awl355 PMID: 17242025.

7. Pantano P, Totaro P, Fabbrini G, Raz E, Contessa GM, Tona F, et al. A transverse and longitudinal MR

imaging voxel-based morphometry study in patients with primary cervical dystonia. AJNR Am J Neuror-

adiol. 2011; 32(1):81–4. https://doi.org/10.3174/ajnr.A2242 PMID: 20947646.

8. Draganski B, Thun-Hohenstein C, Bogdahn U, Winkler J, May A. "Motor circuit" gray matter changes in

idiopathic cervical dystonia. Neurology. 2003; 61(9):1228–31. PMID: 14610125.

9. Etgen T, Muhlau M, Gaser C, Sander D. Bilateral grey-matter increase in the putamen in primary bleph-

arospasm. J Neurol Neurosurg Psychiatry. 2006; 77(9):1017–20. https://doi.org/10.1136/jnnp.2005.

087148 PMID: 16690695; PubMed Central PMCID: PMCPMC2077759.

10. Egger K, Mueller J, Schocke M, Brenneis C, Rinnerthaler M, Seppi K, et al. Voxel based morphometry

reveals specific gray matter changes in primary dystonia. Mov Disord. 2007; 22(11):1538–42. https://

doi.org/10.1002/mds.21619 PMID: 17588241.

11. Prell T, Peschel T, Kohler B, Bokemeyer MH, Dengler R, Gunther A, et al. Structural brain abnormalities

in cervical dystonia. BMC Neurosci. 2013; 14:123. https://doi.org/10.1186/1471-2202-14-123 PMID:

24131497; PubMed Central PMCID: PMCPMC3852757.

12. Martino D, Di Giorgio A, D’Ambrosio E, Popolizio T, Macerollo A, Livrea P, et al. Cortical gray matter

changes in primary blepharospasm: a voxel-based morphometry study. Mov Disord. 2011; 26

(10):1907–12. https://doi.org/10.1002/mds.23724 PMID: 21717508.

13. Suzuki Y, Kiyosawa M, Wakakura M, Mochizuki M, Ishii K. Gray matter density increase in the primary

sensorimotor cortex in long-term essential blepharospasm. Neuroimage. 2011; 56(1):1–7. https://doi.

org/10.1016/j.neuroimage.2011.01.081 PMID: 21310245.

14. Piccinin CC, Piovesana LG, Santos MC, Guimaraes RP, De Campos BM, Rezende TJ, et al. Diffuse

decreased gray matter in patients with idiopathic craniocervical dystonia: a voxel-based morphometry

study. Front Neurol. 2015; 5:283. https://doi.org/10.3389/fneur.2014.00283 PMID: 25620953; PubMed

Central PMCID: PMCPMC4288053.

15. Horovitz SG, Ford A, Najee-Ullah MA, Ostuni JL, Hallett M. Anatomical correlates of blepharospasm.

Transl Neurodegener. 2012; 1(1):12. https://doi.org/10.1186/2047-9158-1-12 PMID: 23210426;

PubMed Central PMCID: PMCPMC3514098.

16. Piccinin CC, Santos MC, Piovesana LG, Campos LS, Guimaraes RP, Campos BM, et al. Infratentorial

gray matter atrophy and excess in primary craniocervical dystonia. Parkinsonism Relat Disord. 2014;

20(2):198–203. https://doi.org/10.1016/j.parkreldis.2013.10.026 PMID: 24262871.

17. Piccinin CC, Santos MC, Piovesana LG, S. CL, Guimarães RP, Campos BM, et al. Diffuse decreased

gray matter in patients with idiopathic craniocervical dystonia: a vozel-based morphometry study. Front

Neurol. 2015; 5:283. https://doi.org/10.3389/fneur.2014.00283 PMID: 25620953

18. Cardinale F, Chinnici G, Bramerio M, Mai R, Sartori I, Cossu M, et al. Validation of FreeSurfer-estimated

brain cortical thickness: comparison with histologic measurements. Neuroinformatics. 2014; 12(4):535–

42. https://doi.org/10.1007/s12021-014-9229-2 PMID: 24789776.

19. Keller SS, Gerdes JS, Mohammadi S, Kellinghaus C, Kugel H, Deppe K, et al. Volume estimation of the

thalamus using freesurfer and stereology: consistency between methods. Neuroinformatics. 2012; 10

(4):341–50. https://doi.org/10.1007/s12021-012-9147-0 PMID: 22481382; PubMed Central PMCID:

PMCPMC3464372.

20. Diaz-de-Grenu LZ, Acosta-Cabronero J, Chong YF, Pereira JM, Sajjadi SA, Williams GB, et al. A brief

history of voxel-based grey matter analysis in Alzheimer’s disease. J Alzheimers Dis. 2014; 38(3):647–

59. https://doi.org/10.3233/JAD-130362 PMID: 24037033.

21. Lerner RP, Niethammer M, Eidelberg D. Understanding the anatomy of dystonia: determinants of pene-

trance and phenotype. Curr Neurol Neurosci Rep. 2013; 13(11):401. https://doi.org/10.1007/s11910-

013-0401-0 PMID: 24114145; PubMed Central PMCID: PMCPMC3883436.

22. Fischl B, Dale AM. Measuring the thickness of the human cerebral cortex from magnetic resonance

images. Proc Natl Acad Sci U S A. 2000; 97(20):11050–5. https://doi.org/10.1073/pnas.200033797

PMID: 10984517; PubMed Central PMCID: PMCPMC27146.

23. Tailrach J, Tournoux P. Co-planar stereotaxic atlas of the human brain. New York: Thieme; 1998.

Exploratory structural assessment in craniocervical dystonia

PLOS ONE | https://doi.org/10.1371/journal.pone.0182735 August 22, 2017 12 / 13

https://doi.org/10.1016/j.nbd.2011.01.026
http://www.ncbi.nlm.nih.gov/pubmed/21303695
https://doi.org/10.1002/mds.21495
https://doi.org/10.1002/mds.21495
http://www.ncbi.nlm.nih.gov/pubmed/17443700
https://doi.org/10.1093/brain/awl355
http://www.ncbi.nlm.nih.gov/pubmed/17242025
https://doi.org/10.3174/ajnr.A2242
http://www.ncbi.nlm.nih.gov/pubmed/20947646
http://www.ncbi.nlm.nih.gov/pubmed/14610125
https://doi.org/10.1136/jnnp.2005.087148
https://doi.org/10.1136/jnnp.2005.087148
http://www.ncbi.nlm.nih.gov/pubmed/16690695
https://doi.org/10.1002/mds.21619
https://doi.org/10.1002/mds.21619
http://www.ncbi.nlm.nih.gov/pubmed/17588241
https://doi.org/10.1186/1471-2202-14-123
http://www.ncbi.nlm.nih.gov/pubmed/24131497
https://doi.org/10.1002/mds.23724
http://www.ncbi.nlm.nih.gov/pubmed/21717508
https://doi.org/10.1016/j.neuroimage.2011.01.081
https://doi.org/10.1016/j.neuroimage.2011.01.081
http://www.ncbi.nlm.nih.gov/pubmed/21310245
https://doi.org/10.3389/fneur.2014.00283
http://www.ncbi.nlm.nih.gov/pubmed/25620953
https://doi.org/10.1186/2047-9158-1-12
http://www.ncbi.nlm.nih.gov/pubmed/23210426
https://doi.org/10.1016/j.parkreldis.2013.10.026
http://www.ncbi.nlm.nih.gov/pubmed/24262871
https://doi.org/10.3389/fneur.2014.00283
http://www.ncbi.nlm.nih.gov/pubmed/25620953
https://doi.org/10.1007/s12021-014-9229-2
http://www.ncbi.nlm.nih.gov/pubmed/24789776
https://doi.org/10.1007/s12021-012-9147-0
http://www.ncbi.nlm.nih.gov/pubmed/22481382
https://doi.org/10.3233/JAD-130362
http://www.ncbi.nlm.nih.gov/pubmed/24037033
https://doi.org/10.1007/s11910-013-0401-0
https://doi.org/10.1007/s11910-013-0401-0
http://www.ncbi.nlm.nih.gov/pubmed/24114145
https://doi.org/10.1073/pnas.200033797
http://www.ncbi.nlm.nih.gov/pubmed/10984517
https://doi.org/10.1371/journal.pone.0182735


24. Buckner RL, Head D, Parker J, Fotenos AF, Marcus D, Morris JC, et al. A unified approach for morpho-

metric and functional data analysis in young, old, and demented adults using automated atlas-based

head size normalization: reliability and validation against manual measurement of total intracranial vol-

ume. Neuroimage. 2004; 23(2):724–38. https://doi.org/10.1016/j.neuroimage.2004.06.018 PMID:

15488422.

25. Fischl B, Salat DH, Busa E, Albert M, Dieterich M, Haselgrove C, et al. Whole brain segmentation: auto-

mated labeling of neuroanatomical structures in the human brain. Neuron. 2002; 33(3):341–55. PMID:

11832223.

26. Fischl B, van der Kouwe A, Destrieux C, Halgren E, Segonne F, Salat DH, et al. Automatically parcellat-

ing the human cerebral cortex. Cereb Cortex. 2004; 14(1):11–22. PMID: 14654453.

27. Desikan RS, Segonne F, Fischl B, Quinn BT, Dickerson BC, Blacker D, et al. An automated labeling

system for subdividing the human cerebral cortex on MRI scans into gyral based regions of interest.

Neuroimage. 2006; 31(3):968–80. https://doi.org/10.1016/j.neuroimage.2006.01.021 PMID: 16530430.

28. Quartarone A, Rizzo V, Morgante F. Clinical features of dystonia: a pathophysiological revisitation. Curr

Opin Neurol. 2008; 21(4):484–90. https://doi.org/10.1097/WCO.0b013e328307bf07 PMID: 18607211.

29. Stamelou M, Edwards MJ, Hallett M, Bhatia KP. The non-motor syndrome of primary dystonia: clinical

and pathophysiological implications. Brain. 2012; 135(Pt 6):1668–81. https://doi.org/10.1093/brain/

awr224 PMID: 21933808; PubMed Central PMCID: PMCPMC3359748.

30. Donaldson I, Marsden CD, Schneider S, Bhatia K. Structure and function of the basal ganglia. Mars-

den’s Book of Movement Disorders. New York: Oxford University Press 2012. p. 3–136.

31. Delnooz CC, Pasman JW, Beckmann CF, van de Warrenburg BP. Task-free functional MRI in cervical

dystonia reveals multi-network changes that partially normalize with botulinum toxin. PLoS One. 2013;

8(5):e62877. https://doi.org/10.1371/journal.pone.0062877 PMID: 23650536; PubMed Central PMCID:

PMCPMC3641096.

32. Avanzino L, Tinazzi M, Ionta S, Fiorio M. Sensory-motor integration in focal dystonia. Neuropsycholo-

gia. 2015; 79(Pt B):288–300. https://doi.org/10.1016/j.neuropsychologia.2015.07.008 PMID:

26164472.

33. Abbruzzese G, Berardelli A. Sensorimotor integration in movement disorders. Mov Disord. 2003; 18

(3):231–40. https://doi.org/10.1002/mds.10327 PMID: 12621626.

34. Rajmohan V, Mohandas E. The limbic system. Indian J Psychiatry. 2007; 49(2):132–9. https://doi.org/

10.4103/0019-5545.33264 PMID: 20711399; PubMed Central PMCID: PMCPMC2917081.

35. Hutton C, Draganski B, Ashburner J, Weiskopf N. A comparison between voxel-based cortical thickness

and voxel-based morphometry in normal aging. Neuroimage. 2009; 48(2):371–80. https://doi.org/10.

1016/j.neuroimage.2009.06.043 PMID: 19559801; PubMed Central PMCID: PMCPMC2741580.

Exploratory structural assessment in craniocervical dystonia

PLOS ONE | https://doi.org/10.1371/journal.pone.0182735 August 22, 2017 13 / 13

https://doi.org/10.1016/j.neuroimage.2004.06.018
http://www.ncbi.nlm.nih.gov/pubmed/15488422
http://www.ncbi.nlm.nih.gov/pubmed/11832223
http://www.ncbi.nlm.nih.gov/pubmed/14654453
https://doi.org/10.1016/j.neuroimage.2006.01.021
http://www.ncbi.nlm.nih.gov/pubmed/16530430
https://doi.org/10.1097/WCO.0b013e328307bf07
http://www.ncbi.nlm.nih.gov/pubmed/18607211
https://doi.org/10.1093/brain/awr224
https://doi.org/10.1093/brain/awr224
http://www.ncbi.nlm.nih.gov/pubmed/21933808
https://doi.org/10.1371/journal.pone.0062877
http://www.ncbi.nlm.nih.gov/pubmed/23650536
https://doi.org/10.1016/j.neuropsychologia.2015.07.008
http://www.ncbi.nlm.nih.gov/pubmed/26164472
https://doi.org/10.1002/mds.10327
http://www.ncbi.nlm.nih.gov/pubmed/12621626
https://doi.org/10.4103/0019-5545.33264
https://doi.org/10.4103/0019-5545.33264
http://www.ncbi.nlm.nih.gov/pubmed/20711399
https://doi.org/10.1016/j.neuroimage.2009.06.043
https://doi.org/10.1016/j.neuroimage.2009.06.043
http://www.ncbi.nlm.nih.gov/pubmed/19559801
https://doi.org/10.1371/journal.pone.0182735

