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Abstract

Background: Dystonias are hyperkinetic movement disorders characterized by involuntary muscle contractions resulting in abnormal torsional movements and

postures. Recent neuroimaging studies in idiopathic craniocervical dystonia (CCD) have uncovered the involvement of multiple areas, including cortical ones. Our

goal was to evaluate white matter (WM) microstructure in subjects with CCD using diffusion tensor imaging (DTI) analysis.

Methods: We compared 40 patients with 40 healthy controls. Patients were then divided into subgroups: cervical dystonia, blepharospasm, blepharospasm +

oromandibular dystonia, blepharospasm + oromandibular dystonia + cervical dystonia, using tract-based spatial statistics. We performed a region of interest-based

analysis and tractography as confirmatory tests.

Results: There was no significant difference in the mean fractional anisotropy (FA) and mean diffusivity (MD) between the groups in any analysis.

Discussion: The lack of DTI changes in CCD suggests that the WM tracts are not primarily affected.
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Citation: Pinheiro GLS, Guimarães RP, Piovesana LG, et al. White matter microstructure in idiopathic craniocervical dystonia. Tremor Other Hyperkinet Mov

2015; 5. doi: 10.7916/D86972H6

* To whom correspondence should be addressed. E-mail: anelyssa@gmail.com

Editor: Elan D. Louis, Yale University, USA

Received: February 4, 2015 Accepted: April 28, 2015 Published: May 28, 2015

Copyright: ’ 2015 Pinheiro et al. This is an open-access article distributed under the terms of the Creative Commons Attribution–Noncommercial–No Derivatives License, which

permits the user to copy, distribute, and transmit the work provided that the original author(s) and source are credited; that no commercial use is made of the work; and that the work is not

altered or transformed.

Funding: This work was supported by FAPESP (São Paulo Research Foundation) grant number 2010/11085-9 and CNPq (National Council for Scientific and Technological

Development) grant number 131400/2013.

Financial disclosures: None.

Conflict of interest: The authors report no conflict of interest.

Introduction

Dystonias are hyperkinetic movement disorders characterized by

involuntary muscle contractions that result in abnormal torsional

movements and postures. Dystonia is often initiated or exacerbated by

voluntary action and associated with excess muscle activation.1

Blepharospasm (BSP) and cervical dystonia (CD) are the most

common forms of adult-onset dystonia; the term craniocervical

dystonia (CCD) encompasses all of those forms occurring either in

isolation or in combination.1–3

Diffusion tensor imaging (DTI) works on the measurement of trends

in random motion of water molecules in a given medium. This

technique allows for the visualization of microstructures and quantifies

water diffusion in tissues noninvasively. It is based on the theory that

the water found in the tissues exhibits properties of anisotropic

diffusion.4 DTI provides information about the random displacement

and passive diffusion of water molecules on the directionality and

integrity of fibers. It can demonstrate neuronal loss through a decrease

in diffusion anisotropy, shown by lower values of fractional anisotropy

(FA) and higher values of mean diffusivity (MD). FA quantifies the

preferred direction of diffusion of water molecules through white

matter (WM) tracts, and MD represents the magnitude of the

diffusion.5–7 DTI also allows for the visualization of neural projections

in the central nervous system.8 The tract-based spatial statistics (TBSS)

technique performs whole-brain analysis by measuring changes in

water molecules in tissues and enables DTI sequence parameters to be

compared using statistical analysis.9,10

Previous DTI studies in CCD produced conflicting results. In CD,

DTI documented changes mainly in the circuit involving the cortex,
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thalamus, basal ganglia, and cerebellum.8,11–14 In turn, patients with

BSP and blepharospasm + oromandibular dystonia (BOM) showed

alterations in the cerebellum, parietal lobe, lentiform nucleus, thalamus,

and insula.15 There has never been a dedicated study of the WM in

CCD; hence we performed DTI aiming to analyze the microstructure of

WM in patients with CCD compared to healthy controls (HC).

Methods

Subjects

The Institutional Review Board of the University Hospital approved

the study and all subjects signed an informed consent prior to

participation in any study-related procedure. Patients were consecu-

tively recruited from March 2010 until November 2013, at the

Outpatient Movement Disorders Clinic, the Dystonia Clinic, and the

Neurogenetics Service at the University of Campinas University

Hospital.

A total of 108 patients were screened. 40 subjects presented

idiopathic CCD were included: 5 subjects with isolated BSP

(61.8¡10.3 years old), 9 with BOM (68.5¡5.0 years-old), 8 with

BOM and CD (63.1¡11.1), and 18 subjects with isolated CD

(52.8¡12.2). All subjects underwent a detailed review of their clinical

history, family history, and treatment. A movement disorders specialist

performed a neurological examination and assessed subjects on the

Marsden–Fahn Scale.16 The exclusion criteria were the presence of

neurological abnormalities other than tremor; dystonia located in

segments other than the craniocervical region; presence of significant

clinical comorbidities; history of exposure to medications known to

induce dystonia; abnormalities at neuroimaging; and known etiology

of the dystonia syndrome. We excluded 68 patients with idiopathic or

genetic dystonia presenting in sites other than the craniocervical area,

or with secondary dystonia.

In addition, all subjects had a negative molecular test for DYT1 and

DYT6 mutations.

We included 40 age- and sex-matched HC without a family history

of dystonia and with a normal neurological examination. For each

subject the same control was used for the total group analyses and the

subgroup analyses (Table 1).

Since previous studies found differences as low as 0.016 in FA values

to be significant,17 we hypothesized a standard deviation of the

difference of 0.03. For a sample of 40 subjects, the expected Statistical

Power for those parameters would be 90%.

Magnetic resonance imaging (MRI) acquisition. Patients underwent

magnetic resonance imaging (MRI) examination at the peak of action

of the botulinum toxin (BoNT) to decrease the chance of motion

artefacts.

The MRI protocol was as follows. Images were acquired in a 3T

Intera Achieva-PHILIPSH (Best, The Netherlands) scanner, release

2.6.1.0, according to the following parameters:

N Diffusion tensor images with 32 gradient directions: 2 mm thick,

repetition time (TR) 8,500, echo time (TE), 60; b-factor, 1,000;

matrix, 2566256, and ‘‘field of view’’ (FOV) 2566256 mm;

N T1-weighted images with isotropic voxels of 1 mm, acquired in the

sagittal plane (1 mm thick, flip angle 8 ,̊ TR 7.1, TE 3.2, matrix

2406240, and FOV 2406240 mm).

Table 1. Demographic Information

Dystonia (N) Sex

(Men%)

Groups Mean Age¡SD Mean Disease Duration

(y)¡SD

Mean use of BoNT

(y)¡SD

TOTAL (40) 30% HC 56.0¡15.0 – –

P 59.5¡12.3 13.6¡6.9 9.5¡6.5

CD (18) 33,3% HC 53.1¡12.7 – –

P 52.8¡12.2 15.4¡6.3 10¡6.0

BSP (5) 40% HC 60.8¡10.1 – –

P 61.8¡10.3 10.6¡5.8 6.8¡4.1

BOM (9) 22,2% HC 68.6¡3.8 – –

P 68.5¡5.0 13¡8.2 10¡8.0

BOM+CD (8) 25% HC 63.0¡11.3 – –

P 63.1¡11.1 11.3¡6.0 9.1¡6.4

Abbreviations: BOM, Blepharospasm + Oromandibular; BOM+CD, Blepharospasm + Oromandibular Dystonia + Cervical Dystonia; BoNT, Botulinum Toxin; BSP,

Blepharospasm; CD, Cervical Dystonia; HC, Healthy Controls; P, Patients; SD, Standard Deviation; y, Years.
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DTI analysis

TBSS. We compared all 40 patients with HC and then performed a

subgroup analysis, based on dystonia body distribution.

Images were corrected for eddy currents using the eddycorrect tool

from Oxford centre for Functional Magnetic Resonance Imaging of

the Brain (FMRIB)’s Diffusion Toolbox (FDT) (http://www.fmrib.ox.

ac.uk/fsl/), which is part of the Functional Magnetic Resonance

Imaging of the Brain Software Library (FSL) software, version 4.1.4.

We obtained maps of FA using FDT. Voxelwise statistical analysis of

the DTI data was carried out using TBSS. In summary, FA images

were created by fitting a tensor model to the raw diffusion data using

FDT, and then brain-extracted using the Brain Extraction Tool (BET).

All FA data were aligned into a common space with the nonlinear

registration tool (FNIRT), which uses a b-spline representation of the

registration warp field. Following this, the mean FA image was created

and thinned to generate a mean FA skeleton, which represents the

center of all tracts common to the group. Each subject’s aligned FA

data were then projected into this skeleton and the resulting data fed

into the voxelwise cross-subject statistics.9,18 We performed a paired T-

test to compare patients and HC, and the level of significance was set

at 0.05. We performed an analysis using FSL randomise 10,000

permutations.9

Region of interest (ROI). We used ROI analysis19,20 to confirm or

refute our findings. This is based on obtaining the average FA values of

all WM voxels. The DTI and the structural T1 weighted images (WI)

of all patients were visually checked to find acquisition artefacts. The

tensor calculation was performed with Explore DTI (A. Leemans,

University Medical Center, Utrecht, The Netherlands) software.21 For

each subject, a native space FA map, a B0 map and an SPM8 (Statistical

Parametric Mapping 8) deformation field file (native space–MNI) were

created. The SPM8 new segment protocol was applied to the T1, aiming

to generate normalized (MNI 152 (Montreal Neurological Institute -

152) WM probabilistic maps. The SPM8 deformation field and

co-registration pipelines were used to match the WM maps with the

native space DTI images. The resultant WM image of each subject was

used to mask the FA maps and to calculate the average FA value of the

total consistent WM area. Statistical analysis was performed via a paired

T-test, first at the whole-group level and then at subgroup level,

comparing the group of patients with HC.

Tractography. We also performed tractography as a confirmatory

analysis, evaluating the total group only and extracting the FA/MD

values.

The tensor calculation of all DTI was carried out with

ExploreDTI21 and fiber tractography using a semiautomatic determi-

nistic methodology, briefly described below. ROIs to seed each tract

were manually drawn on a normalized template. This template was

created with non-diffusion weighted images of 10 local control subjects

(mean age533 years; age range522–47 years; 50% females) acquired

in the same MRI scanner, with the aim of improving anatomical

matching to the study sample. Sequentially, the method employs the

three-dimensional deformation field matrix of each subject to apply an

inverse normalization operation (SPM8-deformation field algorithm),

using the variants between native and standardized space to bring the

normalized ROIs to that subject-specific space. Finally, the adjusted

(native space) ROIs were used for the fiber tracking. Additionally,

three ROIs designed to divide the brain in three heights in the axial

plane were also transferred to each subject space. The resultant fiber

Table 2. Mean FA Values per Group in the Confirmatory Analysis

Dystonia Groups Mean FA¡SD P-Value

TOTAL HC 0.46¡0.003 0.18

P 0.47¡0.003

CD HC 0.47¡0.022 0.41

P 0.47¡0.020

BSP HC 0.46¡0.015 0.62

P 0.47¡0.025

BOM HC 0.45¡0.016 0.90

P 0.45¡0.018

BOM+CD HC 0.47¡0.032 0.24

P 0.45¡0.019

Abbreviations: BOM, Blepharospasm + Oromandibular; BOM+CD, Blepharospasm + Oromandibular Dystonia + Cervical Dystonia; BSP, Blepharospasm; CD, Cervical

Dystonia; FA, Fractional Anisotropy; HC, Healthy Controls; P, Patients; SD, Standard Deviation.
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tracts were divided into three different regions, allowing verification of

diffusion alterations along the fiber length.

We selected the pyramidal tract, due to previous findings of areas of

atrophy in the motor cortex.22 The tract was divided into inferior,

middle and superior regions, and the DTI data were acquired

bilaterally. We also selected other tracts with automatic segmentation

implemented in the Neuroimaging Laboratory for this analysis: the

body of the corpus callosum, brainstem, uncinate fasciculus, cingulum,

fornix, and inferior occipitofrontal fasciculus. Statistical analysis was

performed using a paired t-test, comparing the whole group of patients

to the paired control group.

Results

Based on TBSS, there was no significant difference in FA/MD

values between patients and HC, neither in the whole-group analysis

nor in the subgroup analysis. ROI analysis showed no difference

between FA values in either case (Table 2).

Tractography also revealed no changes in FA/MD in the total

group. However, in the left inferior pyramidal tract there was a

tendency of MD values to differ between groups (p 5 0.05) (Tables 3

and 4).

Discussion

We performed an exploratory study to evaluate the whole WM in

CCD compared to HC. We were aiming to uncover areas that might

be involved but have not yet been studied. We found no significant

difference between FA/MD values in any analysis.

There are few studies using DTI in CCD and the results have not

been consistent. We employed different software to confirm and

complement the results obtained with TBSS. First, we used TBSS, a

known method that performs a full analysis of the brain by measuring

water diffusion properties.9 Second, we performed an ROI-based

analysis, which uses well-established algorithms (ExploreDTI)21 to

obtain diffusion maps and an SPM8 new segment algorithm to isolate

a WM probabilistic map. Despite both analyses being conceptually

equivalent, the codes behind these techniques are completely

independent, strengthening our findings. Finally, we conducted a

tractography study on the whole group only and extracted FA/MD

values for the pyramidal tract, body of corpus callosum, brainstem,

uncinate fasciculus, cingulum, fornix, and inferior occipitofrontal

fasciculus, which also did not uncover any significant differences in FA

and MD values. Only the MD values in the inferior left pyramidal

tract tended to differ. However, considering the small absolute

difference in the values observed between the two groups and the

large number of comparisons made, we did not consider this a valid

result.

Our results may sound intriguing, but in light of the current

literature, they are not necessarily controversial. DTI changes have not

yet been observed in BSP compared to HC,11,12 but a recent study

including patients with BOM and BSP revealed FA reductions in the

left anterior lobe of the cerebellum and the right precuneus of the

parietal lobe, and increases in MD were detected in the right lentiform

nucleus, thalamus, and insula.15

In CD, while some studies showed increased FA in the putamen,

thalamus, brainstem, middle frontal and temporal gyrus, cingulate

Table 3. Tractography Results of Analysis Performed on the Total Group

Tract (Pyramidal) Group (N) Mean FA¡SD Mean MD¡SD p (FA) p (MD)

Left Inferior HC (36) 0.61¡0.024 0.00040¡0.000016 0.95 0.05

P (36) 0.61¡0.029 0.00039¡0.000013

Right Inferior HC (39) 0.61¡0.022 0.00039¡0.000015 0.22 0.92

P (39) 0.62¡0.031 0.00039¡0.000024

Left Middle HC (36) 0.49¡0.049 0.00040¡0.000017 0.24 0.60

P (36) 0.48¡0.065 0.00040¡0.000021

Right Middle HC (39) 0.49¡0.038 0.00042¡0.000020 0.83 0.10

P (39) 0.49¡0.069 0.00041¡0.000024

Left Superior HC (36) 0.61¡0.024 0.00045¡0.00002 0.27 0.77

P (36) 0.62¡0.029 0.00045¡0.000021

Right Superior HC (39) 0.62¡0.028 0.00045¡0.000022 0.93 0.89

P (39) 0.62¡0.030 0.00045¡0.000017

Abbreviations: FA, Fractional Anisotropy; HC, Healthy Controls; MD, Mean Diffusivity; P, Patients; SD, Standard Deviation.
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gyrus, medial lemniscus, and supplementary motor area, others

showed decreased FA in the putamen, corpus callosum, ansa

lenticularis, superior cerebellar peduncle, cerebellum, pre- and

postcentral gyrus, and prefrontal cortex.8,11–14

In an ROI-based approach, the authors described a WM

microstructural abnormality in dystonia patients, which was observed

before, but not after, BoNT treatment. They hypothesized that the

dynamic WM microstructure changes provided preliminary proof of

an activity-dependent brain WM plasticity.23 As mentioned previously,

our image acquisition took place 1–2 weeks after BoNT injections.

The reasons for the discrepancies between our own and previous

results are probably the small sample size in some of the studies8,13,23–25;

the use of an ROI-based8,11,13,14,23,24 rather than a whole-brain

approach, which enhances the possibility of finding statistical differences

but also increases the chance of a type II error; and the different software

used for imaging processing. Whole-brain analysis may not provide the

appropriate power to detect small differences, and the lack of difference

may just point towards a type II error. Future studies should concentrate

on WM tracts more relevant to dystonia pathophysiology such as those in

the cerebellum–thalamus–cortical circuits. Power might also have been

an issue in our subgroup analysis.

Our results suggest that there is no primary or major involvement of

the WM in CCD. Further studies should address functional abnormalities

in these areas, or more relevant pre-selected white matter tracts.
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Pinheiro GLS, Guimarães RP, Piovesana LG, et al. White Matter Microstructure

Tremor and Other Hyperkinetic Movements
http://www.tremorjournal.org

The Center for Digital Research and Scholarship
Columbia University Libraries/Information Services6

http://dx.doi.org/10.1016/j.neuroimage.2006.02.024
http://dx.doi.org/10.1007/s00429-0299-
http://dx.doi.org/10.1111/j.1468-1331.2007.02034.x
http://dx.doi.org/10.1111/j.14682010.03045.x
http://dx.doi.org/10.1111/j.14682010.03045.x
http://dx.doi.org/10.1371/journal.pone.0031654
http://dx.doi.org/10.1186/1471-2202-14-123 
http://dx.doi.org/10.1186/1471-2202-14-123 
http://dx.doi.org/10.1007/s00415-014-7359-y
http://dx.doi.org/10.1212/WNL.35.1.73
http://dx.doi.org/10.1111/epi.12871
http://dx.doi.org/10.1109/42.796284
http://dx.doi.org/10.1016/j.neulet.2007.07.042
http://dx.doi.org/10.1016/j.neulet.2007.07.042
http://dx.doi.org/10.1016/j.pscychresns.2008.09.005
http://dx.doi.org/10.3389/fneur.2014.00283
http://dx.doi.org/10.3389/fneur.2014.00283
http://dx.doi.org/10.1097/01.wnr.0000230500.03330.01
http://dx.doi.org/10.1097/01.wnr.0000230500.03330.01
http://dx.doi.org/10.1002/mds.21295
http://dx.doi.org/10.1002/mds.21806

	White Matter Microstructure in Idiopathic Craniocervical Dystonia
	Abstract
	Introduction
	Methods
	Table 1
	Table 2
	Results
	Discussion
	Table 3
	References
	Table 4


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


