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Abstract

Objective: To study cerebral activation patterns with functional magnetic resonance 

imaging (fMRI) in the autosomal dominantly inherited movement disorder Myoclonus-

Dystonia (M-D).

Methods: Nine symptomatic (SMC), 8 asymptomatic (AMC) DYT11 mutation carriers, 

and 11 control subjects were studied in a 3.0 Tesla MRI. A motor task and the serial 

reaction time task (SRT) were performed in a block design. 

Results: In SMC significant hyperresponsiveness in contralateral inferior parietal cortical 

areas, ipsilateral premotor and motor cortex, and ipsilateral cerebellum as well as 

hyporesponsiveness in contralateral insula and anterior cingulate cortex were observed 

during the motor task compared to healthy controls. AMC showed similar but less 

pronounced abnormalities. During the SRT hyperresponsiveness was detected in the right 

putamen and caudate nucleus in SMC and AMC compared to controls. 

Conclusions: The cortical and subcortical activation patterns in SMC and AMC during 

both tasks point to a disorganised sensorimotor integration in DYT11. The observed 

abnormalities in AMC are not consistent with a maternal imprinting mechanism and 

suggest the involvement of additional genetic or environmental factors in the phenotypic 

expression of M-D.
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Introduction

Myoclonus-Dystonia is a movement disorder clinically characterized by myoclonic jerks 

and dystonic postures or movements of the upper body, often combined with psychiatric 

symptoms such as depressed mood or anxiety. 1 It usually becomes clinically manifest 

within the first two decades and is often responsive to alcohol. M-D is autosomal 

dominantly inherited and is frequently caused by mutations in the epsilon-sarcoglycan 

gene (SGCE) on chromosome 7q21 (DYT11). 2,3 The function of this protein remains 

elusive. Penetrance of M-D is highly dependent on the parental origin of the disease 

allele, assumed to result from maternal imprinting. 4 A  new M-D locus has been recently 

mapped to chromosome 18p11 in one family. 5 Furthermore, single mutations in the 

dopamine D2 receptor (DRD2) and DYT1 genes have been described in combination with 

SGCE mutations in two M-D families. 6 In many patients with the M-D phenotype the 

known DYT11 mutations are lacking, suggesting the involvement from other genes or 

environmental factors. 7 

The pathophysiology of M-D is largely elusive. M-D is considered as a dystonia-plus 

syndrome, and in dystonia dysfunction of the basal ganglia is thought to play a major 

role. 8,9 Neuronal models of dystonia have postulated hyperactivity of the direct putamen-

pallidal pathway with reduced inhibitory output of the internal segment of the globus 

pallidus (GPi), with subsequently increased thalamic input to the (pre-)motor cortex, 

resulting in excessive motor cortex excitation. 9 On the other hand, abnormalities of 

sensory input processing in dystonic patients have been reported and are reflected by the 

‘geste antagonistique’. 10 Several observations strongly support the idea that sensorimotor 

integration is impaired in dystonia. 8,11  Myoclonus, the main symptom in most M-D 

patients, is also likely to be of subcortical origin, i.e. basal ganglia, because of the lack of 

stimulus-sensitivity and the absence of giant somato-sensory evoked potentials. 3 

Functional imaging studies using positron emission tomography (PET) and functional 

magnetic resonance imaging (fMRI) have been previously performed in primary torsion 

dystonia 12-15,  focal hand dystonia and writer’s cramp 16-20 , orofacial 21, and laryngeal 

dystonia 22. Conflicting results with respect to activation patterns of different cortical 

and basal ganglia structures have been reported, although all of these studies agree on 

dysfunction of the striato-pallido-thalamo-cortical circuit in dystonia.  

Functional imaging studies in (subcortical) myoclonus and DYT11 mutation carriers are 

very limited; a single 5-year old M-D patient showed a deficient motor network when 

performing a drawing and hand ‘snapping’ task during an fMRI study. 23 

The aim of the present fMRI study was to investigate the neural substrate of M-D in 

symptomatic (SMC) and asymptomatic (AMC) DYT11 mutation carriers as compared 
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to controls. To this end, subjects performed a motor task and the Serial Reaction 

Time (SRT), an implicit learning task known to result in activation of striatal structures 

during functional MR imaging. 24,25  Based on current neuronal models of myoclonus 

and dystonia, we hypothesised that SMC patients would exhibit abnormal activation 

patterns in basal ganglia and cortical sensorimotor areas compared with healthy controls. 

Furthermore, based on the maternal imprinting mechanism, we hypothesized that AMC 

would not show these abnormalities. 

Subjects and Methods

Subjects

We studied 9 right-handed SMC, ( M/F:6/3, mean age: 43years, range: 19-64) , 8 right-

handed AMC (M/F:0/8, mean age: 53 years, range: 35-65 ), and 12 (one left-handed) 

controls (M/F:7/5, mean age: 45 years, range: 23-71). The control group were age and 

gender matched to the MC group. The AMC were not matched with controls, but no  age 

difference exists between the three groups (p = 0.325, Kruskall Wallis test). Seven of the 

9 SMC have been recently described as part of a large Dutch M-D family 26 (genotype, 

619-620del AG). In six of these SMC, the myoclonus was only distally located on 

neurological examination. All AMC inherited the mutation from their mother (genotype, 

all 619-620del AG) and considered themselves unaffected. They were therefore classified 

as asymptomatic. At neurological examination, four out of eight AMC showed subtle 

signs of axial dystonia (Table 1). 

Eight SMC patients inherited the mutation from their father, the ninth case was a ‘de 

novo’ mutation (patient 7). Psychiatric history was positive in seven out of nine SMC 

(Table 1) and in four out of eight AMC. SMC were clinically scored using the Burke-

Fahn-Marsden dystonia rating scale (BFMDRS) 27 and the Unified Myoclonus rating scale 

(UMRS) 28. The clinical characteristics of SMC and AMC are summarized in Table 1. 

Informed consent was obtained in all subjects and the study was approved by the local 

medical ethics committee. 

Methods

Task paradigms
Subjects undertook a motor task with three different active conditions in a pseudo-

random block-design and performed the SRT. 

Motor task

The motor task consisted of three active movements: 1) finger-tapping at a rate of 2 

Hz, 2) continuous extension of the arm and hand at an elevation of 20 degrees and 3) 

continuous dorsiflexion of the wrist at a 90 degree angle (maximal dorsiflexion) , with the 
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arm at rest at the scanner table. All mentioned movements were performed in the right 

upper extremity. Finger-tapping is a widely used active motor condition in fMRI studies. 

The other two active conditions were chosen to study BOLD activation patterns during 

isometric contractions. Before scanning, subjects were carefully instructed to practice the 

task outside the scanner to ascertain that the task was performed correctly. This practice 

session was carefully monitored and subjects were visually monitored during scanning to 

check accurate performance of the task. Each task epoch lasted 18s and was preceded 

by a 16s rest block. Each movement was performed 6 times in a pseudorandom order. 

Serial Reaction Time

The SRT involves the presentation of an asterisk, appearing serially in each of four boxes 

arranged horizontally. Subjects were instructed to press the corresponding button on two 

response keypads with the second and third finger of both hands. For each trial asterisks 

were programmed to appear in one of the boxes for a fixed duration (1.0s), followed by 

a fixed period in which no asterisk appeared (0.2s), followed by an asterisk appearing 

in one of the three other boxes, and so on. Reaction time and the correctness of the 

response were measured for each trial. Two conditions were performed: a “sequence” 

Table 1 : Clinical characteristics of  SMC and AMC 

subject number age (years) Gender BFMDRS / 
UMRS

Psychiatric 
symptoms

Type of 
inheritance

1   SMC 22 F 2 / 28  Depr Fa

2   SMC 64 M 3 / 8 - Fa

3   SMC 52 M 0 / 4 Anx Fa

4   SMC 40 F 22/80  Depr, Anx Fa

5   SMC 55 M 2 / 4 Anx Fa

6   SMC 48 M 14/12 Depr, Anx, OCD Fa

7   SMC 19 M 10/48 Depr, Anx, OCD ‘de novo’

8   SMC 55 M 10/43 OCD Fa

9   SMC 34 F 2/3 - Fa

10 AMC 60 F 6 / 0 Depr, Anx Mo

11 AMC 35 M 0 / 0 - Mo

12 AMC 53 F 8 / 0 Anx Mo

13 AMC 48 F 0 / 0 - Mo

14 AMC 51 M 0 / 0 - Mo

15 AMC 65 F 6 / 0 - Mo

16 AMC 62 F 0 / 0 Depr Mo

17 AMC 50 F 6 / 0 Depr, Anx Mo

SMC: symptomatic DYT11 mutation carrier; AMC: asymptomatic DYT11 mutation carrier, BFMDRS: 
Burke Fahn Marsden Dystonia Rating Scale, UMRS: Unified Myoclonus Rating Scale, Depr: depression; 
Anx: anxiety disorder; OCD: obsessive compulsive disorder; Fa: father; Mo: mother
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and “random” condition, while the subjects were unaware of these conditions. In the 

“sequence” condition, stimuli followed a repeating pattern of 12 stimuli.  Before and after 

each “sequence” condition, a “random” condition of stimuli was given, consisting of 23 

randomly appearing asterisks. The “sequence” condition was run six times, the “random” 

condition seven times. Before the experiment, subjects were allowed two trial runs. 

Functional Magnetic Resonance Imaging Scanning
Imaging was performed using a 3.0 T Philips Intera scanner with a SENSE head coil. 

Stimuli were generated using a Pentium PC running the ePrime (http://www.pstnet.com/

products/e-prime/) software package and projected on a screen in front of the scanner 

table. The projected image was seen through a mirror positioned above the subject’s 

head. Two magnet-compatible boxes with response keys were used in the SRT paradigm. 

The subject’s head was immobilised using foam pads to reduce subject motion and 

earplugs were used to reduce scanner noise. 

Axial multislice T2* weighted images were obtained with a gradient-echo planar 

imaging (EPI) sequence; TE=30ms, TR=2011ms, 64x64 matrix, 35 slices, 3x3 mm in-plane 

resolution, slice thickness 3mm with a 1mm interslice gap, covering the entire brain. 

A session consisted of two EPI sub-sessions (one for the motor paradigm and one for 

the SRT paradigm), followed by a T1-weighted structural 3D inversion-recovery MR scan 

(0.78x0.78x2mm resolution).

Statistical analysis
Imaging data was analysed using SPM2 (Wellcome Department of Cognitive Neurology, 

(http://www.fil.ion.ucl.ac.uk/spm). Spatially, images were realigned, normalised into the 

standard space of the MNI-152 brain and smoothed with an 8-mm Gaussian kernel. The 

data was corrected for differences in slice-timing, high-pass filtered and analysed in the 

context of the General Linear Model. Boxcar regressors, convolved with the canonical 

haemodynamic response function (HRF), were used to model the response during the 

tasks of the motor and the SRT paradigm.

For each task, linear contrasts of parameter estimates were computed for main effects 

of task versus baseline for each subject. The resulting contrast images were subsequently 

used for a second-level analysis and main effects for task load were assessed across 

groups, as well as interactions between groups. Main effects across groups are reported 

at p<0.05, corrected for multiple comparisons using the False Discovery Rate method 
29, with a cluster size restriction of 10 voxels. Interaction effects were calculated as T 

contrasts between all three groups and are reported at p<0.001 uncorrected, masked 

with the appropriate main effect at p<0.001. 
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Results

The clinical characteristics of the SMC and AMC are summarized in Table 1. 

Motor task 

All subjects were able to perform the tasks correctly during the practice outside the 

scanner. During hand movements, no movements of the contralateral limb were observed. 

The presence of proximal myoclonus could not be visually checked during scanning. Mild 

infrequent distal myoclonus was noted during the three activity blocks. 

Imaging data

One DYT11 MC (nr 7) data set was discarded from further analysis due to excessive head 

movement during scanning.

Finger-tapping 
Main effects across groups: Bilateral, predominantly right-sided cerebellar, visual cortex, 

and parietal activation as well as bilateral sensory and motor cortex activation was 

detected. (Fig. 1)

Interaction effects between groups are summarized in Table 2. 

In the SMC group, significant cortical hyperresponsiveness of the contralateral parietal 

cortex (BA40) was detected as compared to the AMC and controls. In the SMC group, 

Figure 1: Main effects across groups during motor task corrected at 0,05; False Discovery Rate 
(FDR) with a voxel extent threshold of 10. A: fingertapping condition, B: extension of the hand, C: 
dorsiflexion of the wrist

significant hyperresponsiveness of the ipsilateral premotor (BA4) and motor (BA6) cortex 

and the ipsilateral cerebellum was seen as compared to controls (Figure 2). In the AMC 

group, significant hyperresponsiveness of the ipsilateral pre-motor and motor cortex 

(BA4/6) and the ipsilateral cerebellum was present compared to controls. Moreover, 

significant hyporesponsiveness of the contralateral insula was detected in the SMC group 
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Table 2: Motor task: MNI coordinates and Z values for areas with significant differences in 
activation.

Groups 
compared

Active condition Areas activated Brodmann
 area

MNI Z score

SMC > CO Fingertapping 
Extension

contralat. parietal (SII)
40 -36  -54  45

4.25

Dorsiflexion -39  -57  48 3.20

Fingertapping -36  -57  45 3.26

Extension ipsilateral premotor 6  39   -3    42 3.25

Fingertapping  24    6    63 3.78

Extension ipsilateral motor 4  51  -15   39 3.39

Fingertapping  57   -9    27 3.88

Extension ipsilateral cerebellum -  15   -81  33 3.75

Dorsiflexion  36   -51  42 3.62

Dorsiflexion ipsilateral precuneus 31  24   -72  27 3.36

Fingertapping contralat.  precuneus 31  0     -63  24 3.43

AMC > CO Extension ipsilateral premotor 6  24    -3   63 3.39

Fingertapping  3       9   51 3.97

Dorsiflexion ipsilateral cerebellum -  21   -81 -33 3.09

Fingertapping  30   -66   6 3.23

Extension ipsilateral motor 4  27   -30   66 3.10

Fingertapping  45     0    36 3.30

CO > SMC Extension contralateral  insula 13 -39   9     12 3.49

anterior cingulate 32 -21   36   24 3.41

SMC: symptomatic DYT11 mutation carrier; AMC: asymptomatic DYT11 mutation carrier, CO: 
controls, MNI: Montreal Neurological Institute coordinates

Figure 2: Motor condition: Fingertapping Left image: Contralateral parietal hyperresponsiveness 
(BA40), middle image: ipsilateral premotorcortex hyperresponsiveness (BA6), right image: ipsilateral 
cerebellar hyperresponsiveness in symptomatic DYT11 mutation carriers, compared to control 
subjects. 
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(BA13) as compared to controls. Plotting contrast estimates with 90% confidence intervals 

for the contralateral parietal cortex (BA40) and the ipsilateral cerebellum demonstrated 

that the level of activation in the AMC group falls in between the SMC and control 

group . (Fig. 5) A post hoc analysis comparing the SMC including the four AMC with 

mild dystonic symptoms to the control subjects demonstrated similar areas of hyper- and 

hyporesponsiveness.

Extension of the hand 
Main effects across groups: A similar but less pronounced result was found relative to the 

finger-tapping condition. The cerebellar activation was found to be exclusively ipsilateral 

at the chosen threshold . (Fig. 1)  

Interaction effects between groups (Table 2) 
In the SMC group, significant contralateral parietal hyperresponsiveness (BA40) was 

found compared to AMC and controls. Significant ipsilateral pre-motor and motor cortex 

hyperresponsiveness (BA4/6) and ipsilateral cerebellar activation was detected in SMC 

compared to controls.  

AMC showed ipsilateral  premotor and motor cortex hyperresponsiveness compared to 

controls. Hyporesponsiveness was demonstrated in the contralateral anterior cingulate 

cortex (BA32) in SMC compared to controls. 

Dorsiflexion of the wrist 
Main effects across groups: A similar but less pronounced result relative to finger-tapping 

(Fig. 1) was found in the dorsiflexion condition with predominantly ipsilateral cerebellar 

activation.

Interaction effects between groups (Table 2) 
In the SMC group, contralateral parietal cortex hyperresponsiveness (BA40) was seen 

when compared to AMC and controls, as in the two others tasks. When compared to 

controls, the precuneus demonstrated bilateral hyperresponsiveness (BA31) in SMC.  

SRT

Behavioural data 
These are listed in Table 3 and illustrated in Fig. 6.

The learning effect, defined as the difference of the mean reaction time during the 

random condition minus the mean reaction time during the sequence condition, was 

present across all subjects (p< 0.0033, t=3.41). There were no differences in learning 

effect between groups (p< 0.2553, F=1.49)
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With respect to mean reaction times, controls were faster than both SMC (p<0.033, 

t=2.37) and AMC (p<0.0297, t=2.42), while these latter two groups showed no difference 

(p<0.47, t=0.073). Furthermore, SMC and AMC made more mistakes than controls 

(p<0.0478, t=2.227).

Imaging data 
Datasets from one patient (nr 1) and one control subject were discarded due to excessive 

head movement; two additional patient datasets, incomplete due to technical difficulties, 

were also discarded (nr 4 and 8). 

Main effects across groups: When contrasting sequence vs. random, activation in the 

right striatal structures (putamen and caudate), right temporal and frontal areas was 

observed . (Fig. 3) Interaction effects between groups  are displayed in Table 4. SMC 

showed significant hyperresponsiveness in the right temporal lobe (BA20) and left 

Table 3: Serial Reaction Time task: behavioural data

SMC AMC CO

Reaction Time 556 (33) 552 (30) 452 (28)

Number of errors 107 (80) 45 (28) 31 (28)

% errors 18 (5) 8 (5) 5 (5)

SMC: symptomatic DYT11 mutation carrier; AMC: asymptomatic DYT11 mutation carrier, CO: 
contrls. The reaction time is given in ms with the standard deviation between brackets, The standard 
deviation of the number of errors is also given between brackets, as is the standard deviation of the 
percentage of errors.

Figure 3: The Serial Reaction 
Time task Main effects across 
all groups at an uncorrected level 
of p 0.001, false discovery rate = 
0.172, voxel extent threshold = 0
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dorsolateral prefrontal cortex (BA10) compared to AMC and controls. At a slightly lower 

threshold (p< 0.0011), right putamen was found as well. Thresholded at p< 0.001, 

significant hyporesponsiveness was seen in the left gyrus cinguli (BA31) in MC .(Fig. 4) 

The right putamen, caudate nucleus, premotor cortex (BA6) and bilateral temporal lobe 

showed significant hyperresponsiveness in the AMC when compared with controls. Plots 

of effects sizes for right putamen and frontal activation showed that the AMC resembled 

SMC rather than controls .(Fig. 5) 

Table 4: Serial Reaction Time task: MNI coordinates and Z values for areas with significant differences 
in activation.

Groups Areas activated Brodmann area MNI Z values

SMC > CO Right putamen - 18    15     0 3.08*

DLPFC 10 -21    57   24 3.44

Right temporal 20 63   -45  -15 3.70

Left superior temporal gyrus 22 - 54  -15    3 3.78

AMC> CO Right putamen - 18      18  -3 3.55

Right caudate nucleus - -9     -12   30 3.30

CO > SMC Right premotor cortex 6 57     -6    27 3.23

Right temporal 37 63    -42    -3 3.17

Left temporal 22 -54   -15    3 3.48

Left cingulate gyrus 31 -18   -42   45 3.29

SMC: symptomatic DYT11 mutation carrier; AMC: asymptomatic DYT11 mutation carrier, CO: 
controls, CSF: cerebrospinal fluid. MNI: Montreal Neurological Institute coordinates (* run at p 
0.0011)

Figure 4: Serial Reaction Time task Left image: putaminal hyperresponsiveness (thresholded at p 
0.0011), middle image: left dorsolateral prefrontal cortex (BA10), right image: right temporal cortex 
(BA20) in symptomatic DYT11 mutation carriers, compared to control subjects. 
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Figure 5: Contrast estimates with 90% confidence intervals upper left: contralateral BA40 during 
fingertapping; upper right: ipsilateral cerebellum during fingertapping. Lower left: right putamen 
during Serial Reaction Time; lower right: dorsolateral prefrontal cortex during Serial Reaction Time. 

Figure 6: Mean of the median reaction time during the SRT task Blocks 1,3,5,7,9,11,13 are 
random blocks, blocks 2,4,6,8,10,12 are ‘sequence’blocks. 
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To identify differences between the four AMC without myoclonus or dystonia and the 

four AMC with mild dystonic symptoms a fixed effects analysis was run in both groups. 

When the groups were compared with a two-sample T-test no differences in activation 

were found between these groups.

Discussion

To our knowledge, the present fMRI study is the first functional imaging study that 

has been performed in a group of DYT11 mutation carriers. Our aim was to visualise 

differences in cortical and basal ganglia response patterns between symptomatic and 

asymptomatic DYT11 mutation carriers and controls during the performance of a 

motor task and an implicit learning task (SRT) in order to gain more insight into the 

pathophysiology of M-D.

The motor task data in control subjects showed robust main effects in agreement with 

previous studies in normal controls. 30 The main findings of the motor task in SMC in 

this fMRI study include hyperresponsiveness in the ipsilateral pre-motor and motor 

cortex, the contralateral secondary sensory cortex, and the ipsilateral cerebellar cortex, 

with hyporesponsiveness in the anterior cingulate cortex and contralateral insula. The 

AMC showed comparable, albeit less pronounced hyperresponsiveness except for the 

contralateral secondary sensory cortex. These differences cannot be explained by age 

differences 31 as there were no significant differences in age between the groups. 

No significant differences in response patterns were seen in the basal ganglia during 

movement tasks between M-D patients and controls.

The hyperresponsiveness in M-D in the ipsilateral pre-motor (BA6) and motor cortex was 

observed during all active conditions versus rest and was most pronounced during the 

finger-tapping condition. The hyperresponsiveness of the BA6 in our study is consistent 

with the resting state findings in a PET study performed  in symptomatic DYT1 and 

DYT6 mutation carriers. 13 In dystonia, it has been hypothesised that overactivity of 

the pre-motor areas reflects cortical hyper-excitability of the motor planning areas with 

subsequent overactivity of the primary motor cortex during voluntary movements. 10 It 

should be noted however, that our results show predominantly ipsi- and not contralateral 

pre-motor and motor cortex hyperresponsiveness, suggesting ‘overflow’ of activity, due 

to decreased inter-hemispherical inhibition. 

The hyperresponsiveness of the contralateral inferior parietal cortex (BA40 or S-2) was 

only observed in MC DYT 11 carriers, in all three active motor conditions. This area was 

also found to exhibit hypermetabolism during rest in a PET study in symptomatic DYT1 
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and DYT6 mutation carriers. 13 The BA40 or S-II, also known as the parietal operculum 

receives projections from the temporal motor areas and is believed to be part of the 

supplementary sensory cortex. 32 This supports the hypothesis of defective sensorimotor 

integration in the pathophysiology of (myoclonus)-dystonia. 10 

The hyperresponsiveness of the ipsilateral cerebellum and the anterior cingulate cortex 

and hyporesponsiveness of the insula indicate abnormal activation in other parts of the 

motor circuitry in M-D. This is consistent with studies involving other types of inherited 

dystonia. 14,15 The bilateral precuneal hyperresponsiveness in patients during the wrist 

dorsiflexion task supports the hypothesis that the precuneus plays a role in movement 

preparation. 33 

Although subjects were carefully instructed how to perform the motor task, and were 

visually monitored while being in the scanner, a possible limitation of the present study is 

the lack of objective measurements of involuntary movement during scanning. Therefore, 

differences in motor task performance, or to the occurrence of involuntary movements 

may have contributed to the observed differences in activation patterns between SMC 

and controls. In future studies, EMG registrations during fMRI will allow to directly relate 

the BOLD signal to the involuntary movements, using the EMG signal as a tracer.

No differences in activation were found between the four AMC without signs of 

myoclonus or dystonia and the four AMC with mild dystonic symptoms when a fixed 

effects analysis was run in both groups. However, although it is unlikely that the AMC 

group effect is being driven by the four AMC with mild dystonic symptoms, both groups 

are too small to draw definite conclusions.   

Behavioral data demonstrated that DYT11 carriers performed the task slower and less 

accurate than controls, but priming effects (implicit learning) were similar across groups. 

Imaging data revealed increased activity (sequence vs. random) in various cortical and 

subcortical regions, including right-sided putamen and dorsolateral prefrontal cortex in 

SMC, and to a lesser extent also in AMC, as compared to controls. The dorsolateral 

prefrontal cortex (BA10) is associated with ‘higher order’ cognitive processing. 34 The 

hyperresponsiveness in this area in SMC compared to AMC and control subjects could 

be a compensatory mechanism and point to explicit, effortful learning instead of implicit 

learning.

The observed putaminal hyperresponsiveness in SMC as compared to controls has not 

been previously reported in dystonia, but is in agreement with the hypothesis of putamen-

pallidal pathway hyperactivity in dystonia. Interestingly, abnormal striatal responsiveness 

during performance of the SRT has also been observed in obsessive-compulsive disorder.34 

OCD has long been associated with striatal-prefrontal dysfunction, both at rest and 

during activation paradigms. 35 Three out of nine SMC in the present study reported 

110



OCD symptoms, an association previously documented in the literature. 36 However, in 

a functional imaging study on OCD, decreased rather than increased striatal activity was 

found 24, although these findings were not corroborated in a recent study from this group 

in a larger OCD sample.26 Whereas the SRT findings point to shared pathophysiological 

mechanisms in SMC and OCD, it is unlikely that the observed abnormalities in M-D are 

the result of co-morbid OCD, given that only a minority of our SMC patients, and none of 

the AMC reported OCD symptoms.  

Although the areas of abnormal activity identified in the current fMRI study are 

consistent with previous findings in other forms of inherited dystonia 12,13, data has been 

inconsistent with regard to the direction of these abnormalities. In patients with primary 

torsion dystonia finger-tapping decreased, and not increased sensorimotor activity was 

detected in an fMRI study. 14,15 Other genotype specific differences include regional 

metabolism differences during resting condition in a PET study between DYT1 and DYT6 

carriers. 13 Sporadic, mainly focal, forms of dystonia also seem to have their own specific 

patterns of activation. In writer’s cramp patients increased sensorimotor response was 

detected with finger-tapping, compatible with M-D. 18,20 In orofacial dystonia, activation 

studies perfoming a whistling task found deficient motor and enhanced somatosensory 

activation, while a study in laryngeal dystonia performing a vocal motor task found 

reduced sensorimotor activation. 21,22 Taken together, these findings suggest that brain 

areas involved in dystonia are comparable for all dystonic patients, but that the hyper- 

and hyporesponsiveness patterns are pheno- and genotype specific. On the other hand, 

these inconsistencies may be explained by a number of methodological differences 

across studies, including patient selection criteria, imaging modality (PET vs. fMRI), 

and differences in task paradigms. To resolve this issue, future studies should aim at 

comparing various diagnostic groups within a single study, using a comprehensive set of 

scanner tasks.

The AMC in the current study show similar, less pronounced, abnormalities compared 

to the SMC. This is consistent with other forms of inherited dystonia, DYT1 and  DYT6, 

implicating that functional changes of cortical and subcortical structures are trait features 

irrespective of the penetrance of the disorder. 12,13 This hypothesis has received support 

from a PET study which reported decreased striatal dopamine-2 receptor binding in both 

SMC and AMC DYT1 carriers. 12 However, it should be noted that the maternal imprinting 

mechanism is responsible for the reduced penetrance in M-D, but is not responsible 

for reduced penetrance in DYT1 and DYT6 mutation carriers. The fMRI results in the 

current study contradict the mechanism of maternal imprinting in M-D, which implies to 

induce only abnormalities in the DYT11 mutation carriers inheriting the mutated allele 

from their father, as only wild type paternal allele was detectable in cDNA in peripheral 

leucocytes. 26,37 Four out of eight of our AMC did show mild axial dystonia and other M-D 

patients inheriting the phenotype from their mother have been occasionally described. 
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38  The present study provides evidence for the presence of functional abnormalities 

in AMC which may lead to a mild phenotype or the susceptibility to develop M-D in 

patients inheriting the mutation from their mother. It seems likely that other genetic or 

environmental factors besides the DYT11 mutation play a role in developing M-D. 
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