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General Introduction

Background

Myoclonus-Dystonia (M-D) is a movement disorder characterized by myoclonic jerks and 

dystonic movements or postures. Abnormal movements most often affect the neck, 

trunk and the upper limbs. Alcohol alleviates the symptoms in most cases. Age of onset 

is usually in childhood or adolescence. Psychiatric symptoms are often associated to the 

motor symptoms. 1,2

M-D has already been described by Friedrich in 1881 as ‘paramyoclonus multiplex’ 3 but 

since then a large variety of terms has been used to describe the movement disorder: 

‘hereditary essential myoclonus’ 4,5, ‘essential familial myoclonus’ 6, ‘familial essential 

myoclonus’ 7,‘dominantly inherited myoclonic dystonia with dramatic response to alcohol’ 8, 

hereditary myoclonic dystonia 9, myoclonus-dystonia 10 and inherited myoclonus-dystonia 

syndrome 11. The hyphenated combination of the two terms ‘myoclonus’ and ‘dystonia’ 

with the specific order of presentation is now considered to be the appropriate term 

for M-D. M-D may occur sporadically or may be inherited autosomal dominantly with 

reduced penetrance.2 Although M-D is a predominantly myoclonic syndrome associated 

with often mild dystonia, M-D is classified as DYT11 among the hereditary forms of 

dystonia since the detection of the e-sarcoglycan (SGCE) gene in several M-D families.2

Phenotypical characteristics 

Phenotypic heterogeneity within and between families has been frequently observed. 

Differences in the affected body sites, the age of onset, the predominance of myoclonus 

or dystonia are often reported. 1 Unusual features have been described in selected 

families, including several forms of tremor 7,13 and mental retardation 14. The mechanism 

responsible for this heterogeneity remains to be elucidated. Psychiatric symptoms such as 

depression, anxiety, panic attacks, obsessive compulsive behavior and alcohol dependence 

are often accompanying the symptoms of myoclonus and dystonia. 1,15-17 It is unclear 

whether these psychiatric symptoms are co-segregating with the M-D genotype.

Genotypical characteristics

The SGCE gene on chromosome 7q

Linkage to chromosome 7q was observed in several M-D families in the late nineties. 
18 In 2001, the SGCE gene encoding the epsilon sarcoglycan protein was identified on 

chromosome 7q. 2 Subsequently, SGCE gene mutations have been identified in many 

individuals with familial M-D and occasionally in sporadic M-D cases.1 However, in only 

one third of the total number of genetically investigated M-D, a SGCE mutation can be 

demonstrated. This suggests genetic heterogeneity in M-D.19 Mutations in two other genes 

have been associated with M-D, i.e. a missense mutation in the dopamine receptor 2 gene 

in a single family 20 and an 18-bp deletion in the DYT1 gene 21, usually associated with 
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early onset primary torsion dystonia, in another single family. In both families, however, an 

additional mutation in the SGCE gene was subsequently identified. 22  A large Canadian 

M-D family shows linkage to chromosome 18p (DYT15), but the contribution of this locus 

to the genetic heterogeneity of M-D remains unclear until the gene is identified. 23 

Recently, exonic deletions , not detected with direct sequence analysis, have been 

identified in several M-D families, indicating that SGCE mutations may account for a 

larger amount of the genetic cases of M-D than was previously thought. 24-26

Reduced penetrance due to maternal imprinting

The reduced penetrance in DYT11 positive M-D patients is due to the mechanism of 

maternal imprinting. 27,28 This implies that when inheriting the mutation from your mother 

the mutated maternal allele is silenced and the wild-type paternal allele is expressed 

leading to clinically unaffected mutation carriers (MC). Silencing of the mutated maternal 

allele is probably due to differential methylation of CpG nucleotides which have been 

demonstrated in the SGCE gene. 27 In the M-D families described up to date, about 

90% of the affected family members inherited the mutation from their father whereas 

unaffected family members inherited the mutation from their mother. 1 Apparently, in a 

small proportion of family members inheriting the mutation from their mother an escape 

from maternal imprinting is responsible for the presence of symptoms. The underlying 

mechanism for the loss of imprinting is unclear.

Function of the SGCE protein

SGCE is a member of the sarcoglycan family, transmembrane proteins that are part of 

the dystrophin-associated glycoprotein complex. 29 This complex links the cytoskeleton to 

the extracellular matrix in skeletal and cardiac muscle. α-,β-,γ- and δ -sarcoglycan are only 

expressed in muscles and mutations in α-,β-,γ- and δ -sarcoglycan cause different forms 

of autosomal recessive limb girdle muscular dystrophies. However, e-sarcoglycan is widely 

expressed in the membrane of different tissues including the brain. SGCE is found in 

neurons of the cerebral cortex, basal ganglia, cerebellum, hypocampus and the olfactory 

bulb but the molecular function of the protein in neurons is still elusive. 2,29

Mutations in the SGCE gene are thought to result in loss of function of the SGCE protein. 

This loss of function may be either due to the mechanism of nonsense mediated decay 

which is a mRNA surveillance mechanism that detects premature stopcodons on mutant 

mRNA and prevents expression of a truncated protein. Lack of expression of the SGCE 

protein is then believed to be the disease causing mechanism. 1 Recently, torsin A, 

mutated in DYT1 dystonia, has been implicated in promoting degradation of intracellular 

mutant SGCE by the proteasome, suggesting a different disease causing mechanism. 30

12



Pathophysiology

To date, it is unclear how changes in SGCE protein function cause the M-D phenotype. The 

myoclonus in M-D is considered to be from subcortical origin due to the lack of stimulus-

sensitivity of the myoclonus and the absence of giant somato-sensory evoked potentials. 
1 It has been shown that basal ganglia (subcortical) dysfunction leading to disorganized 

cortical sensory-motor integration is responsible for different types of dystonia. 31

M-D patients with a mutation in the SGCE gene form a very homogenous group of 

patients with clinical symptoms of both myoclonus and dystonia and may be used as 

a human model to study the pathophysiology of a broader spectrum of myoclonic and 

dystonic disorders.

Therapy

Pharmacological therapy such as benzodiazepines, antiepileptic drugs and anticholinergics 

is often uneffective. Alcohol often induces a dramatic relief of the symptoms of myoclonus 

and dystonia  but due to the risk of addiction to alcohol, this appears an unacceptable 

“treatment” option. Trihexiphenydyl may improve the dystonia whereas clonazepam is 

sometimes effective to treat the myoclonus in M-D. 1 Motor symptoms in some patients 

are severe and may lead to considerable disability. In selected patients deep brain 

stimulation of the internal globus pallidus or the ventral intermediate thalamic nucleus 

has shown to substantially improve the motor symptoms. 32-35 The effect of deep brain 

stimulation on the frequently associated psychiatric symptoms is unknown.

Aims and outline of this thesis

The aims of this thesis were three-fold:

To study the phenotypic spectrum (motor and psychiatric symptoms) and phenotype-

genotype correlation in M-D.

To investigate the pathophysiological mechanisms of DYT11 positive M-D patients with 

functional studies.

To study the effect of deep brain stimulation on the motor and psychiatric symptoms in 

medication-refractory DYT11 positive M-D patients.

Outline of this thesis:

Two Dutch M-D pedigrees with unusual clinical characteristics expanding the phenotypic 

spectrum of M-D are described in chapter 2 and 3. In chapter 4, we studied thirty-one 

unrelated patients with a typical M-D phenotype to identify clinical factors differentiating 

M-D patients with and without a mutation in the SGCE gene. In chapter 5, the results of 

a psychopathological study of the M-D family described in chapter 3 are presented. 
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To investigate the pathophysiological mechanism of M-D three functional studies were 

performed in DYT11 MC. In chapter 6 and 7, we describe the results of coherence 

analysis of simultaneously recorded electroencephalogram (EEG) and electromyogram 

(EMG), EMG-EMG coherence analysis and coherence analysis of local field potential (LFP) 

activity of the internal globus pallidus (GPi) and EMG activity. The results of  a funtional 

magnetic resonance imaging (fMRI) study are presented in chapter 8. 

Chapter 9 describes the effect of bilateral internal globus pallidus stimulation on the 

motor and psychiatric symptoms in four medication-refractory DYT11 mutation carriers.

The results of the different studies are discussed in chapter 10 and suggestions for 

future research are proposed.
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Abstract

A five-generation Dutch family with inherited myoclonus–dystonia (M-D) is described. 

Genetic analysis revealed a novel truncating mutation within the e-sarcoglycan gene 

(SGCE). In three of five gene carriers, epilepsy and/or EEG abnormalities were associated 

with the symptoms of myoclonus and dystonia. The genetic and clinical heterogeneity of 

M-D is extended. EEG changes and epilepsy should not be considered exclusion criteria 

for the clinical diagnosis of M-D.
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Introduction

Myoclonus–dystonia (M-D) is a rare movement disorder with myoclonus and mild 

dystonia. Alcohol often dramatically alleviates the symptoms. Other neurologic deficits 

are absent, and the EEG is normal. The clinical criteria for M-D have recently been revised. 
1,2 The mode of inheritance is autosomal dominant with variable severity and incomplete 

penetrance. A major locus for M-D on chromosome 7q21-q31 has been reported in 

several families. Until now, sequence analysis of genes at this locus identified eight 

loss-of-function mutations in the e-sarcoglycan gene (SCGE). 3,4  In two families, the 

dopamine D2-receptor gene (DRD2) on chromosome 11q has been implicated, 3,5 and 

in another family, a novel mutation in the DYT1 gene has been described.6 In two of 

these three families, an additional mutation of the SCGE gene has been isolated. 3,7 

Recently, a new locus was mapped on chromosome 18p11. 8 These findings suggest 

genetic heterogeneity in M-D. Here we present a Dutch family with M-D with a novel 

mutation in the SCGE gene and previously undescribed associated epilepsy.

Patients and methods

Patients

A detailed clinical description of this Dutch pedigree has been reported by Doheny et al. 

as Family 3. 3 All participating family members gave informed consent. History was taken, 

and neurologic examination, brain MRI scan, and EEG were performed. 

Marker analysis

A venous blood sample was drawn and DNA extracted following standard methods. 

Genotyping of the SGCE and DRD2 regions was performed according to published PCR 

protocols (Research Genetics, Huntsville, AL; www.resgen.com) using an automated 

sequencing machine (LI-COR, Lincoln,NE). The following markers were used for haplotype 

analysis: D7S2204–4.48 -D7S2212–5.38 - D7S2410–4.05 - D7S646 - 0.0 - D7S657–1.06 

- D7S1820–2.67 - D7S2482 - 0.53 - D7S821–4.80 - D7S1799 (chromosome7) and D11S 

(chromosome 11) (map order according to the Genetic Location Database [http://cedar.

genetics.soton.ac.uk/public_html/ldb.html] and distances taken from the Marshfield 

Clinics Database [http://research.marshfieldclinic.org/genetics/]).

Linkage analysis

We conducted two-point and multipoint linkage analyses using the VITESSE program, 

assuming autosomal dominant inheritance of a rare allele (frequency=0.0001) with 

reduced penetrance. We used an ‘affected-only’ model, in which only those with features 

of definite myoclonus, definite dystonia, or both were considered affected.
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Mutation screening

Denaturing high-performance liquid chromatography (DHPLC) analysis was performed for 

all 12 exons of the SGCE gene. DHPLC analysis was performed using the Transgenomic 

WAVE DNA fragment analysis system. Elution gradients and analysis temperatures for each 

exon were predicted based on the target sequence using the Transgenomic WAVEMaker 

software. PCR products were eluted from a DNASep analytical column (Transgenomic) 

with a binary gradient of 0.1 M triethylammonium acetate (TEAA) and 0.1 M TEAA/25% 

acetonitrile at a flow rate of 0.9 mL/min. Direct cycle sequencing of exon 7 of the SGCE 

gene was performed with the primers 5’-aagaatgctttagtgtatccag-

3’ (exon 7 forward) and 5’-ttgttatcttagcaggatctc-3’ (exon 7 reverse) on an automated 

sequencing machine (LI-COR) in all available family members.

Figure 1. Pedigree of the Dutch family with myoclonus–dystonia is shown. Filled symbols indicate 
clinically affected individuals; open symbols indicate unaffected individuals. Haplotypes are 
presented. Black dots indicate DNA is available and white rhomboids indicate EEG abnormalities 
and/or epilepsy history. The gray shaded boxes indicate the mutated allele, and the arrow indicates 
the mutation. The pedigree numbers in bold indicate that patients underwent clinical examination. 
The black dot in V:2 means mutation carrier,clinically not affected.
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Results

The pedigree consists of 22 family members (4 married in spouses) spanning five 

generations (figure 1). 

Neurologic examination was performed on individuals IV:3, IV:4, IV:7, IV:8, V:1, V2, and 

V3. Individual III:3 was interviewed by telephone. Individuals IV:3, IV:4, IV:8, V:1 (figure 

2), and V3 underwent a MRI and EEG. Five living individuals and three deceased individuals 

with clinical M-D were identified. Blood samples were obtained for DNA analysis from 

nine family members: four clinically affected and five clinically unaffected individuals (one 

Figure 2. EEG findings of the index patient (V:1): a short run of sharp-wave slow-wave complexes 
starting at the left frontotemporal region (Fp1-F7/T3-T5) but also clearly visible on the right side 
(T4-6). The first 3 seconds of the depicted recording show a normal background pattern.

married in spouse). The table summarizes the clinical findings, epileptic features, EEG, 

and MRI findings of the individuals who underwent neurologic examination. Patients 

IV:4, IV:8, and V:1 had epileptic seizures. In all three, the epilepsy started prior to the use 

of medication. Patient IV:4 had his seizures during childhood and after the age of 15 for 

several years and was successfully treated with carbamazepine and clobazam. Patient 

IV:8 also noticed a positive effect of antiepileptic drugs on his attacks. The episodes 

of amnesia in Patient V:1 are suggestive of partial complex seizures. After taking a 

single dose of clonazepam 4 mg, he suddenly became uncontrollably aggressive and fell 

through a window. He had amnesia for this accident. The effect of other antiepileptic 

drugs remains unclear.
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Linkage analysis

Haplotype analysis was compatible with linkage to the SGCE region (lod score 0.91 at 

θ=0.0) and excluded the DRD2 region. This lod score value approaches the theoretical 

maximum score for a family of this size and structure. All affected individuals carry the 

complete D7S2212 to D7S821 haplotype. One individual, V:2, without clinical signs of 

M-D also carries the complete haplotype. 

Mutation screening

DHPLC analysis of the SGCE gene showed an altered pattern in exon 7. Sequence analysis 

of this exon revealed a 1-bp insertion (885Tins), resulting in frameshift and subsequent 

protein truncation at amino acid 297. This mutation was found in all carriers of the linked 

haplotype. Individual V:2 appeared to be an asymptomatic gene carrier.

Table Characteristics of examined individuals of the Dutch M-D pedigree 

N GS AgeE, y Age O,y MS Clinical signs of epilepsy EEG MRI

IV:3 - 49 – – None n n

IV:4 + 47 17 M of A and 
N, D of N

Episodes of reduced 
consciousness consisting 
of staring and lack of 
communication, lasting few 
seconds to several minutes, 
preceded by strange feeling 
in stomach

Slowing of activity 
in centrotemporal 
regions

n

IV:7 + 43 15 M of H, D 
of N and T

None ND ND

IV:8 + 39 15 M of H, D 
of N and T

Epilepsy starting with 
strange odor and followed 
by panic attack lasting 
several minutes; incidentally, 
evolvement to partial 
complex seizures with 
reduced consciousness; 
several times seizures showed 
secondary generalization

During antiepileptic 
treatment 
(carbamazepine and 
clobazam) revealed 
no epileptiform 
activity

n

V:1 + 23 17 M of F, N, 
S, and A, D 

of N, T

Episodes of amnesia several 
times a day lasting a few 
seconds

Short runs of sharp 
wave and slow wave 
complexes at both 
temporal sites, most 
pronounced on the 
left (figure 2)

n

V:2 + 21 No 
symptoms

None ND ND

V:3 - 19 No 
symptoms

None n n

N = pedigree number; GS = genetic status; AgeE = age at examination; AgeO = age at onset; MS = 
motor symptoms at examination; M = myoclonus; D = dystonia; A = arm; N = neck; H = head; F = face; 
S = shoulder; T = trunk; n = normal; ND = not done.
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Discussion

In this M-D family, the typical motor symptoms are accompanied by epilepsy. Epilepsy 

has not been reported in other M-D families and is considered an exclusion criterion for 

the clinical diagnosis. 1,2 The association appears valid, although the size of sampling is 

limited. The seizures were not drug induced as no temporal relationship to the epileptic 

features and the initiation of therapy for the motor symptoms was noted. The extreme 

response to 4 mg of clonazepam in Patient V:1 possibly reflects drug-induced worsening 

of epilepsy.

Review of the literature revealed two patients with sporadic M-D with epileptiform changes 

on EEG but no history of epileptic seizures. 9 No genetic defect has been described in 

these patients. Alcohol withdrawal seizures have been reported in M-D pedigrees 10 but 

were not the case in this family. The epilepsy in the Dutch family suggests temporal–

limbic origin. Interestingly, the feelings of panic during the seizures of Patient IV:8 have 

a strong similarity to the panic disorders described in several M-D families. 3 Genetic 

analysis revealed a 1-bp insertion (885Tins) in the SGCE gene that was not previously 

reported. The role of the SGCE gene is not clear, but broad expression of the message 

includes expression in the basal ganglia and cerebral cortex.4 Changes in the cerebral 

cortex are hypothesized to lead to cortical disturbances in the current M-D family.

The clinical features of this M-D pedigree with a novel SGCE mutation expand the clinical 

phenotype and suggest that epilepsy and EEG abnormalities should not be considered 

exclusion criteria for clinical diagnosis. As epilepsy has not been reported in other MD 

families and not all MD families have been genotyped for specific mutation, this may 

be an important issue in discussions of genotype–phenotype correlations as well as 

diagnostic–prognostic issues based on specific mutations.
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Abstract

We report a large myoclonus-dystonia (M-D) pedigree with a two-base pair deletion 

in Exon 5 of the epsilon-sarcoglycan gene. Three individuals had onset after age 40 

years. Distal myoclonus of the arms was present in all 20 symptomatic mutation carriers.  

These findings expand the known phenotype of M-D and require revision of the current 

diagnostic criteria. Five of 14 asymptomatic mutation carriers who inherited the mutation 

from their mother showed minimal axial dystonia, arguing against a maternal imprinting 

mechanism. 
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Introduction

Myoclonus-dystonia (M-D) is characterized by myoclonic jerks and dystonic movements 

or postures, which mainly affect the neck and proximal arms. Alcohol often alleviates 

the symptoms. Psychiatric disturbances are also associated with M-D.1 M-D follows a 

pattern of autosomal dominant inheritance and is frequently caused by mutations in the 

epsilon-saroglycan (SGCE) gene on chromosome 7q21 (DYT11).2 Penetrance is reduced 

upon maternal transmission due to a maternal imprinting mechanism resulting in paternal 

expression.3 

We report a large Dutch M-D family with a two base pair deletion in exon 5 of the SGCE 

gene, clinically originally described in 1974 as an ‘essential myoclonus’ family.4 This family 

exhibits clinical features that do not conform with the currently accepted M-D criteria.1

We performed complementary DNA (cDNA) analysis in peripheral blood leukocytes (PBLs) 

to study the parental expression pattern in six symptomatic (SMC) and two asymptomatic 

(AMC) mutation carriers. 

Methods

Patients

We studied a six-generation M-D Dutch family with 201 members (Fig.1). Eighty-four 

family members gave informed consent and underwent neurologic examination. Diagnosis 

of M-D was established according to the current clinical criteria.1 A clinical distinction 

was made between ‘symptomatic,’ defined as myoclonus or myoclonus and dystonia  by 

history and neurologic examination (‘definitely affected’) and ‘asymptomatic,’ defined as 

no motor complaints by history. The ‘asymptomatic’ family members were divided into 

‘unaffected,’ no abnormalities on examination, and  ‘possibly affected,’ slight dystonia 

on examination.

The severity of motor symptoms was assessed by using the motor part of the Burke-

Fahn-Marsden Dystonia Rating Scale (BFMDRS)5 and sections 2 and 4 of the Unified 

Myoclonus Rating Scale (UMRS)6. Two levels of severity were distinguished: ‘mild motor 

symptoms’ were defined as a score of 10 or less on both the BFMRS and the UMRS, and 

‘severe motor symptoms’ as a score above 10 on one of the two scales. 

Mutation analysis

Mutational analysis of the SGCE gene was performed in the index patient (IV:63) using 

sequence analysis of Exons 1 through 9, 11, and 12 and the respective exon-intron 

boundaries as previously described.3 
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Figure 1: Pedigree of the M-D family. Filled symbols indicate clinically affected individuals, and open 
symbols unaffected individuals. Mutation carriers without motor symptoms are marked with a black 
dot in the pedigree symbol, and ‘possibly affected’ mutation carriers are indicated with a question 
mark in the pedigree symbol. Pedigree numbers are placed below the pedigree symbol. The black 
arrow points to the index patient. The black asterisk shows that the patient was examined and that 
DNA was available. 
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Reverse transcriptase PCR and real-time PCR

To test for the parent-of origin-dependent expression pattern of SGCE at the cDNA level, 

RNA was isolated from PBLs in eight mutation carriers (6 SMCs: III:26, IV:1,70,76 and V:3,76 

and two AMCs: IV:115 and V:66) according to the PAXgene isolation protocol including an 

additional DNAse treatment. cDNA was generated by reverse-transcriptase PCR. 

Results

Clinical presentation

Twenty individuals were rated as symptomatic (‘definitely affected’) and 64 were rated 

as asymptomatic. A detailed clinical description is given in Table 1. In 18 symptomatic 

individuals, myoclonus was the only symptom at onset, whereas it was both myoclonus 

and dystonia in one (IV:64) and unknown in another (IV:80). On neurologic examination, 

all 20 symptomatic patients showed action-induced myoclonus of the hands (video 1, 

V:76). In nine of 20 of the patients myoclonus exclusively affected the hands,  and in a 

further six patients myoclonus was mild (video 2, III:10).

Dystonia developed approximately 10 years after disease onset in 19 of 20 symptomatic 

individuals. Of the 63 asymptomatic individuals, 5 displayed minimal cervical or cervical 

and truncal dystonia on neurologic examination and were classified as ‘possibly affected’ 

(table 1). 

Molecular findings

Sequence analysis of the SGCE gene revealed a two-base pair deletion in Exon 

5 (c.619_620delAG), resulting in a frame shift and premature protein truncation 

(p.Arg207GlyfsX215) in the index patient (IV:63, patient 1 7) and the 19 symptomatic 

relatives. The mutation was also detected in all 5 asymptomatic ‘possibly affected’ 

and in nine ‘unaffected’ family members (table 1). Pedigree analysis showed that all 

SMCs inherited the mutation from their father, whereas all AMCs received it from their 

mothers.

Table 1: Clinical findings of the mutation carriers 
* Late age at onset, BFMDRS=Burke-Fahn-Marsden Dystonia Rating Scale, UMRS=Unified Myoclonus 
Rating Scale, M=myoclonus, D=dystonia; fa=father, mo=mother, S=symptomatic, A=asymptomatic, 
m=mild motor symptoms, s=severe motor symptoms; Pa=Possibly affected, Ua=unaffected. H=head, 
C=cervical, PA= proximal arm, DA=distal arm, L=leg, T=trunk, Sp=speech, Sw=swallowing, le=left, 
ri=right, nc= no complaints, na=not applicable.
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Table E-1: Clinical findings of the mutation carriers

N Age at 
onset

Type of 
inheritance

Age at 
exam

Sympt at 
onset

Site at 
onset

Sites affected 
by M

Sites affected 
by D

Alcohol 
response

Psychiatric 
symptoms

Clinical 
Status

BFMDRS UMRS

III:10 75* Fa 90 M C le+ri DA+H C ? - S (m) 2 10

III:26 60* Fa 89 M le+ri PA+DA le+ri DA+PA+H C ? - S (s) 4 50

IV:1 5 Fa 62 M PA+L le+ri DA C + - S (m) 3 8

IV:5 - Mo 51 - nc - C+T na + A (Pa) (m) 8 0

IV:26 - Mo 48 - nc - - na - A (Ua) 0 0

IV:32 18 Fa 55 M le+ri PA le+ ri DA+H C ? + S(s) 2 22

IV:34 child Fa 52 M H+C le+ri DA+H C+ri DA + + S(s) 12 29

IV:51 43* Fa 53 M ri PA+C le DA C + + S(m) 2 4

IV:63 5 Fa 45 M L le+ri DA+H+T ri A+leL+C+T + + S(s) 20 15

IV:64 5 Fa 45 M+D T le+ri DA+T riA+C+T + + S(s) 14 12

IV:70 child Fa 57 M le+ri PA le+ri DA+ le+ri PA+H Sp+Sw+C + + S(s) 9 26

IV:76 child Fa 50 M le+ri DA +H le+ri DA - + + S(m) 0 4

IV:78 25 Fa 59 M DA le+ri DA C+T + + S(s) 16 4

IV:80 ? Fa 58 ? ? le+ri DA C+T + - S(m) 10 2

IV:86 6 Fa 54 M le+ri DA+H+T le+ri DA+PA+H+T C+T + + S(s) 10 43

IV:90 child Fa 52 M le+ri PA le+ri DA C+T + + S(s) 12 8

IV:98 - Mo 63 - nc - C+T na - A (Pa) (m) 6 0

IV:102 - Mo 60 - nc - - na + A (Ua) 0 0

IV:105 - Mo 58 - nc - - na + A (Ua) 0 0

IV:115 - Mo 49 - nc - C+T na + A (Pa) (m) 6 0

IV:117 - Mo 46 - nc - - na - A (Ua) 0 0

V:3 6 Fa 31 M ri PA+H le+ri DA C + - S(m) 2 4

V:18 9 Fa 17 M le PA+T le+ri DA C ? + S(m) 2 6

V:31 - Mo 27 - nc - - na + A (Ua) 0 0

V:46 child Fa 29 M ri PA+C le+ri DA+ ri L C + + S(s) 4 16

V:66 - Mo 33 - nc - - na - A (Ua) 0 0

V:68 - Mo 29 - nc - - na - A (Ua) 0 0

V:76 2 Fa 31 M le+ri DA le+ri DA+ le+ri PA C + + S(s) 2 28

V:79 child Fa 32 M le+ri DA le+ri DA C - - S(m) 2 4

V:100 - Mo 34 - nc - - na - A (Ua) 0 0

V:101 - Mo 34 - nc - C+T na - A (Pa) (m) 6 0 

V:110 - Mo 28 - nc - C na + A (Pa) (m) 2 0

V:113 - Mo 19 - nc - - na + A (Ua) 0 0

VI:12 4 Fa 6 M ri DA le+ri DA+ le+ri PA+H C+T ? - S(s) 6 21

32



Table E-1: Clinical findings of the mutation carriers

N Age at 
onset

Type of 
inheritance

Age at 
exam

Sympt at 
onset

Site at 
onset

Sites affected 
by M

Sites affected 
by D

Alcohol 
response

Psychiatric 
symptoms

Clinical 
Status

BFMDRS UMRS

III:10 75* Fa 90 M C le+ri DA+H C ? - S (m) 2 10

III:26 60* Fa 89 M le+ri PA+DA le+ri DA+PA+H C ? - S (s) 4 50

IV:1 5 Fa 62 M PA+L le+ri DA C + - S (m) 3 8

IV:5 - Mo 51 - nc - C+T na + A (Pa) (m) 8 0

IV:26 - Mo 48 - nc - - na - A (Ua) 0 0

IV:32 18 Fa 55 M le+ri PA le+ ri DA+H C ? + S(s) 2 22

IV:34 child Fa 52 M H+C le+ri DA+H C+ri DA + + S(s) 12 29

IV:51 43* Fa 53 M ri PA+C le DA C + + S(m) 2 4

IV:63 5 Fa 45 M L le+ri DA+H+T ri A+leL+C+T + + S(s) 20 15

IV:64 5 Fa 45 M+D T le+ri DA+T riA+C+T + + S(s) 14 12

IV:70 child Fa 57 M le+ri PA le+ri DA+ le+ri PA+H Sp+Sw+C + + S(s) 9 26

IV:76 child Fa 50 M le+ri DA +H le+ri DA - + + S(m) 0 4

IV:78 25 Fa 59 M DA le+ri DA C+T + + S(s) 16 4

IV:80 ? Fa 58 ? ? le+ri DA C+T + - S(m) 10 2

IV:86 6 Fa 54 M le+ri DA+H+T le+ri DA+PA+H+T C+T + + S(s) 10 43

IV:90 child Fa 52 M le+ri PA le+ri DA C+T + + S(s) 12 8

IV:98 - Mo 63 - nc - C+T na - A (Pa) (m) 6 0

IV:102 - Mo 60 - nc - - na + A (Ua) 0 0

IV:105 - Mo 58 - nc - - na + A (Ua) 0 0

IV:115 - Mo 49 - nc - C+T na + A (Pa) (m) 6 0

IV:117 - Mo 46 - nc - - na - A (Ua) 0 0

V:3 6 Fa 31 M ri PA+H le+ri DA C + - S(m) 2 4

V:18 9 Fa 17 M le PA+T le+ri DA C ? + S(m) 2 6

V:31 - Mo 27 - nc - - na + A (Ua) 0 0

V:46 child Fa 29 M ri PA+C le+ri DA+ ri L C + + S(s) 4 16

V:66 - Mo 33 - nc - - na - A (Ua) 0 0

V:68 - Mo 29 - nc - - na - A (Ua) 0 0

V:76 2 Fa 31 M le+ri DA le+ri DA+ le+ri PA C + + S(s) 2 28

V:79 child Fa 32 M le+ri DA le+ri DA C - - S(m) 2 4

V:100 - Mo 34 - nc - - na - A (Ua) 0 0

V:101 - Mo 34 - nc - C+T na - A (Pa) (m) 6 0 

V:110 - Mo 28 - nc - C na + A (Pa) (m) 2 0

V:113 - Mo 19 - nc - - na + A (Ua) 0 0

VI:12 4 Fa 6 M ri DA le+ri DA+ le+ri PA+H C+T ? - S(s) 6 21
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Reverse transcriptase PCR and real-time PCR

When inherited from the mother, the mutation was found to be heterozygous at the 

genomic DNA level, whereas we only detected expression of the wild type (paternal) 

allele in the corresponding cDNA in the AMC (Fig. E-1, panel A and B, IV:115 and V:66). In 

contrast, when the mutant allele was inherited from the father, a heterozygous mutation 

was seen both in genomic DNA and in cDNA (Fig. E-1, panel C, V:3) 

Discussion

The main new clinical findings in this Dutch M-D family include distally located myoclonus 

of the arms and age at onset up to 75 years. 

The current clinical criteria state that myoclonus mainly affects the proximal parts of the 

upper limbs 1, but distal myoclonus was detected in all 20 SMCs. In 6 of them, slight jerky 

movements of the fingers were the only signs of myoclonus. In the literature, descriptions 

Figure E-1: Confirmation of maternal imprinting by sequence analysis of  both genomic (gDNA) and 
cDNA sequence of exon 5 of SGCE. Panel A and B show maternal imprinting and inheritance of the 
healthy paternal allele (IV:115 and V:66), which is demonstrated by a normal sequence in the cDNA 
of exon 5 of SGCE. Panel C represents the maternal imprinting and inheritance of the affected 
paternal allele (V:1) which results in a 2 bp deletion in both the genomic and cDNA sequence 
of exon 5 of SGCE. The substracted sequence (Sub) represents the subtraction of the affected  
sequence from a normal sequence which more clearly demonstrates the  deletion in the sequence.

gDNA

cDNA

Sub

B C

gDNA

cDNA

Sub

A

gDNA

cDNA

Sub
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are limited and do not distinguish between proximal and distal myoclonus of the arms.1 

Hence, (subtle) jerky finger movements may be important when considering a diagnosis 

of M-D. The distal myoclonus might be genotype-specific. However, we suspect that it 

may be a common feature of the M-D phenotype as it was present in 6 of 7 genetically 

proven unrelated M-D patients at our center.7

The severity of M-D is usually mild and the use of the BFMDRS and the UMRS to quantify 

the myoclonus and dystonia severity seems of limited value. The development of a M-D-

specific rating scale for clinical evaluation seems warranted.

The age at onset in three SMC was later than the 0.5-38 years described in other genetically 

proven M-D patients.1 We suggest, in contrast to a previous article 8, that SGCE mutation 

analysis should be considered in patients with adult-onset cervical dystonia combined 

with myoclonus, especially in those with a positive family history.

All SMCs inherited the SGCE mutation from their father, in line with maternal imprinting 

and paternal expression. Most of the SGCE mutations associated with M-D result in mutant 

messenger RNA (mRNA) with a premature stop codon likely to be subject to nonsense 

mediated decay.9 This strongly suggests that lack of SGCE expression is the disease-causing 

mechanism. Eight of the 20 mutation carriers who inherited the mutation from their father 

were only mildly affected. All but one were older than 30 years when neurologically 

examined. The apparent inconsistency of heterozygous expression when the paternal allele 

is mutated can be explained by decreased stability of the mRNA derived from the mutated 

paternal allele. Because of the low SGCE mRNA levels in these patients, both the paternal 

and the maternal allele are detected. The mild M-D phenotype in SMCs can theoretically be 

explained by rescue of SGCE mRNA expression from the maternal allele. 

All ‘unaffected’ and five ‘possibly affected’ AMCs inherited the mutation on their 

maternal allele, which was not detected as being expressed in PBLs, presumably because 

of imprinting, as we demonstrated at the cDNA level. To date, it remains unclear which 

mechanisms are responsible for the ‘possibly affected’ phenotype. A possible explanation 

may be a different level of imprinting in brain and PBLs, as has been previously suggested 

in mice.10 Alternatively, mechanisms other than the low levels of wild type SGCE mRNA, 

i.e., alternatively spliced mutant transcripts, might be involved in M-D pathogenesis. In this 

case, a dominant negatively acting SGCE mRNA expressed from the maternal allele may 

be implicated in the pathogenesis of M-D. Relaxation of imprinting of a mutant maternal 

allele could then explain the mild phenotype. However, there are no experimental data to 

support this hypothesis. Further genetic studies of SGCE mutation carriers are needed to 

elucidate the differences in phenotypic expression and their molecular basis in M-D. 
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Abstract

The e-sarcoglycan (SGCE) gene is an important cause of myoclonus-dystonia (M-D), 

although the majority of cases with an M-D phenotype test negative. 

Seven of 31 patients with the M-D phenotype carried a mutation in the SGCE gene. 

Positive family history and truncal myoclonus were independent prognostic factors. Early 

disease onset, onset with both myoclonus and dystonia, and axial dystonia were detected 

signifantly more often in the mutation carriers.
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Introduction

The recently revised diagnostic criteria for M-D include: 1) Onset of myoclonus usually in 

the first or second decade of life; mild dystonic features are observed in some affecteds 

in addition to myoclonus and may rarely be the only manifestation of the disorder; 2) 

Males and females equally affected; 3) A benign course, often variable but compatible 

with an active life of normal span; 4) Autosomal-dominant mode of inheritance with 

variable severity, and incomplete penetrance; 5) Absence of dementia, gross ataxia, and 

other neurological deficits; 6) Normal EEG, SSEP and neuroimaging studies. Optional 

diagnostic criteria are a positive response of symptoms (particularly of the myoclonus) to 

alcohol and various personality disorders and psychiatric disturbances.1

Linkage analysis mapped a gene for M-D to chromosome 7q21-q31 (DYT11) 2 that was 

identified to be the e-sarcoglycan (SGCE)3. Mutations in the SGCE gene have been 

reported in a number of families worldwide. (E-table)

E-table The table shows a summary of the clinical features of published cases of families with the 
M-D phenotype and an SGCE mutation. 

Reference Families 
(numbers)

Patients 
(numbers)

Onset <20 
years

Truncal 
myoclonus

Axial 
dystonia

Family 
history

1 9 24 24 19 5 24

2 3 26 26 12 7 26

3 2 9 9 1 0 9

4 3 22 22 0 0 22

5 1 7 7 0 3 7

6 2 11 11 0 1 11

7 4 6 5 1 0 6

Total (patients) 20 105 104 33 16 105

Penetrance of SGCE mutations is reduced in mutation carriers who inherit the mutation 

from their mother due to maternal imprinting.4 In two single M-D families, the dopamine 

D2 receptor gene (DRD2) on chromosome 11q, and a novel mutation in the DYT1 gene have 

been implicated. In both of these families, however, an additional mutation in the SGCE 

gene has been described.5 Conversely, mutations in SGCE are absent in a considerable 

proportion of clinically typical, familial cases, suggesting genetic heterogeneity of the 

disorder.6,7 Supporting this notion, a new M-D locus has been mapped to chromosome 

18p11 (DYT15) in one pedigree.8 Little is known about the phenotypic differences 

between SGCE mutation-positive and -negative cases. We studied 31 unrelated patients 

with a typical M-D phenotype to identify clinical factors differentiating M-D patients with 

and without a mutation in the SGCE gene.
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Methods

Thirty-one patients (28 consecutive cases from our own outpatient clinic in Amsterdam 

and three patients referred from another hospital) with an M-D phenotype were included 

in the study between January 2000 and June 2004. After obtaining informed consent, 

patients underwent a standardized interview and neurological examination (MT, EF, JDS). 

Laboratory findings including copper and ceruloplasmin and an MRI were normal. The 

diagnosis of M-D was made according to the established clinical criteria.1 

To detect mutations in the SGCE gene, all twelve exons and respective exon-intron 

boundaries were sequenced using published primers.4

Clinical and genetic characteristics of the patients were summarized using descriptive 

statistics. The association between patient characteristics (disease onset, family history, 

site of myoclonus and dystonia, alcohol sensitivity and psychiatric symptoms) and 

mutation profile was univariately analysed using the X2 test (or the Fisher’s Exact test 

when appropriate). Multivariate logistic regression (with forward selection procedure) 

was performed to identify patient characteristics that independently predict the patient’s 

mutation status. Effect sizes were expressed as odds ratios (OR). The goodness-of-fit of 

the model was assessed using the Hosmer-Lemeshow test. 

Table 1. Genetic characteristics of SGCE mutation-positive patients.

Case SGCE mutation Protein Exon

1 c.619-20delAG p.R207fsX215 5

2 c.179A>C* p.H60P 2

3 c.856C>T p.Q286X 7

4 c.304C>T p.R102X 3

5 c.808T>C p.W270R 6

6 IVS7+2C>T diff. splicing intron

7 c.885insT p.Q286fsX297 7

* de novo mutation.  SGCE=epsilon-sarcoglycan gene

Results

Seven of the 31 index cases carried a mutation in the SGCE gene (table 1). Patients 4 

(Family C, II.1)9 and 6  (V.1)10 were the index patients in Dutch pedigrees that had been 

previously described. In Case 2 (Family A, II.1) 9, a de novo mutation was detected. 

Clinical comparisons between the mutation-positive and -negative cases revealed that 

more mutation-positive patients (7/7) had a disease onset before age 20 years compared 

to the mutation-negative group (10/24, Fisher’s Exact Test: p<0.01) (table 2 and 3)

Mutation carriers first presented mostly with a combination of both myoclonus and 

dystonia, whereas mutation-negative patients started with either myoclonus or dystonia 

42



(6/7 vs 9/24 without mutation; p=0.04).  Family history of  both myoclonus and dystonia 

was positive more frequently in the mutation carriers (5/7 vs. 4/24 without mutation; 

p=0.01). Family history of either myoclonus, dystonia or both was seen more often in the 

mutation-positive patients (6/7 vs. 9/24; p=0.04).  In terms of specific clinical features, 

both truncal myoclonus (6/7 vs 5/24; p<0.01) and axial dystonia (4/7 vs. 3/24, p=0.03) 

were seen more often in the mutation-positive patients.

No significant differences could be demonstrated between the two groups regarding 

alcohol sensitivity and psychiatric symptoms. Multivariate logistic regression showed 

that family history for myoclonus and dystonia (OR=14, p=0.04) and truncal myoclonus 

(OR=25.1, p=0.02) were independent prognostic factors for the presence of a positive 

mutation (Hosmer-Lemeshow test, p=0.77). 

In the families of the seven index patients, we identified 33 manifesting mutation-positive 

family members who underwent a standardized interview and neurological examination 

(MT, EF, JDS). Of these family members, nine (27.3%) showed myoclonus of the trunk, 

and 14 (42.4%) had axial dystonia. In 19 patients (57.6%), at least one of these two 

symptoms was present. Family members of the nine mutation-negative patients with a 

positive history for myoclonus and dystonia were not investigated as most of them were 

deceased before the onset of the study. 

Discussion

Seven different SGCE mutations were detected in 31 Dutch index cases with an M-D 

phenotype. Features significantly associated with the presence of an SGCE mutation were 

onset in the first two decades of life, onset with myoclonus and dystonia, and a positive 

Table 2. Characteristics of SGCE mutation-positive patients.

Case Sex/
age 
(yrs)

Age of 
onset
(yrs)

Starting 
symptom & 
distribution

Distribution 
of 
myoclonus

Distribution 
of 
dystonia

Alcohol 
sensitivity 

Family 
history

1 M/47 8 M:UL,LL D:A T, UL, LL A, LL yes pos: M & D

2 M/19 7 M:C,T,UL D:C C, T, UL C yes neg

3 F/43 16 M:C D:C C, UL, LL C, A, UL no pos: M & D 

4 M/47 11 M:C D:C C,T,UL, LL C unknown pos: M

5 F/27 10 M:C D:C C, T Cr, C yes pos: M & D

6 F/39 1 M:T,UL,LL D:C T, UL, LL C,UL,LL,A yes pos: M & D

7 M/27 17 M:C D:C C,T,UL,LL C,A yes pos: M & D

M = myoclonus, D = dystonia, A = axial, C = cervical, Cr = cranial, T = trunk, UL = upper limbs, LL = lower 
limbs
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family history. In addition, we demonstrated truncal myoclonus and axial dystonia as 

significant clinical symptoms pointing towards a mutation in the SGCE gene. 

Consistent with the literature, we also found a high frequency (57.6%) of at least one of 

these two symptoms among the manifesting, mutation-positive family members of our 

index patients.

Currently, 24 different families have been described in detail with a total of 105 affected 

patients (Appendix (E)A-1). All of these showed a positive family history and all but one an 

Table 3. Characteristics of SGCE mutation-negative patients. 

Case Sex/
age 
(yrs)

Age of 
onset 
(yrs)

Starting 
symptom & 
distribution

Distribution 
of myoclonus

Distribution 
of dystonia

Alcohol 
sensitivity

Family 
history

1 F/53 45 M:UL C, T, UL, LL Cr no pos: M

2 F/36 25 M:C  D:C C C unknown neg

3 M/56 14 M:C  D:C C C yes neg

4 F/33 21 M:C  D:C C C yes neg

5 F/40 21 M:UL C, UL, LL C, UL unknown neg

6 M/30 27 M:UL, LL T, UL, LL Cr, Wc unknown pos: D

7 F/57 37 D:C C C yes pos: M & D

8 F/38 0 M:UL C, UL Cr, C, UL yes pos: M & D

9 F/78 40 M:C  D:C C, UL C no neg

10 F/42 1 D:C C, UL, LL Cr,C, UL, LL yes pos: M & D

11 F/44 12 M:C C C yes pos: M

12 F/73 65 M:UL D:UL C, UL, LL Cr, C, UL, LL unknown neg

13 M/26 22 M:C C, UL C no neg

14 F/60 8 M:C,UL C,T, UL C, A, UL no neg

15 M/37 27 M:C C C unknown neg

16 F/37 30 M:C D:LL C A, UL, LL yes neg

17 F/69 35 M:C C,UL C no neg

18 F/40 14 M:C,UL C,UL C yes pos: M

19 F/35 12 M:C  D:C C,T A,C, UL no pos: M & D

20 F/16 9 M:C  D:C C,UL UL unknown neg

21 M/47 8 M:C,UL,LL C, UL, LL C yes neg

22 F/79 72 M:C  D:C C,UL C, Cr no neg

23 M/53 13 M:UL,C,T T,UL,LL C no pos: M

24 M/56 22 M:UL C,UL C yes neg

M = myoclonus, D = dystonia, A = axial, C = cervical, Cr = cranial, T = trunk, UL = upper limbs, LL = 
lower limbs, Wc = writer’s cramp 
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age of onset below 20 years.  Forty-six mutation-positive patients (43.8%) showed at least 

one of the two characteristics (truncal myoclonus and axial dystonia). Thirty-three (31.4%) 

showed truncal myoclonus, and axial dystonia was present in sixteen (15.2%) others. 

Myoclonus of the upper part of the body is emphasized in the literature and in the 

official criteria of M-D but is of limited value in predicting a mutation in the SGCE gene 

in patients with an M-D phenotype. Alcohol sensitivity, a suggestive but not obligatory 

criterion for the diagnosis, was not significantly different between the mutation-positive 

and -negative groups. However, in seven cases, the effect of alcohol remained unknown, 

thus limiting the statistical analysis. The occurrence of psychiatric symptoms did not 

discriminate between the two groups. However, psychiatric complaints were obtained by 

history only, and therefore, no definite conclusions can be drawn. 

Although there is considerable overlap in the clinical picture between carriers and non-

carriers of SGCE mutations and no single distinguishing factor could be detected, we 

identified several clinical “red flags” that may point towards the presence of an SGCE 

mutation. Our findings will have implications on patient selection for the laborious and 

expensive mutational testing of the SGCE gene. At present, the mutational status does 

not influence the choice of current treatment options for M-D. However, it has major 

implications on genetic counselling of these patients since penetrance of SGCE mutations 

is highly dependent on the imprinting status of the mutated allele and therefore, it 

is possible to predict the affected status of a SGCE mutation carrier with about 90% 

certainty.1,10 
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Abstract

Background: Myoclonus-Dystonia (M-D) is a movement disorder frequently caused 

by mutations in the epsilon-sarcoglycan gene (SGCE, DYT11). In several M-D families, 

psychiatric symptoms accompanying the motor symptoms have been reported, but a 

shared genetic etiology remains unclear.

Objective: To assess neuropsychological functioning and psychopathology in DYT11 

mutation carriers (MC) and their family members using standardized neuropsychological 

and psychiatric measures.

Methods: Cognitive and behavioural characteristics of 27 DYT11 MC (14 symptomatic 

and 13 asymptomatic) and 42 control subjects within one Dutch M-D family were studied. 

Neuropsychological tests encompassed memory, language, mental speed, concentration, 

visuospatial function and executive functions. Psychiatric assessment addressed 

qualitative (according to DSM-IV criteria) as well as quantitative measures of depression, 

anxiety, panic attacks and obsessive-compulsive disorder (OCD), using self administered 

and interview based scales. 

Results: No differences were observed on tests of cognitive functioning between DYT11 

MC and controls. The frequency of DSM-IV diagnoses was higher in the symptomatic 

DYT11 MC than in controls. The symptomatic DYT11 MC showed more depressive and 

anxiety symptoms, including panic attacks but no increase in OCD compared to controls. 

No differences were found between asymptomatic DYT11 MC and controls on any of the 

psychopathological tests.

Conclusions: Cognitive dysfunction nor OCD seem to be associated with the DYT11 

phenotype in this large Dutch pedigree. Depressive and anxiety symptoms are increased 

in symptomatic, but not in asymptomatic DYT11 MC. Future research has to determine 

whether the psychiatric symptoms are part of or secondary to the DYT11 phenotype.
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Introduction

Myoclonus-Dystonia (M-D) is a movement disorder characterized by myoclonic jerks and 

dystonic postures/movements that are often responsive to alcohol. M-D has an autosomal 

dominant inheritance pattern with reduced penetrance due to maternal imprinting and is 

frequently caused by mutations in the epsilon-sarcoglycan gene (SGCE) on chromosome 

7q21. 1,2 M-D has been classified as DYT11 among the hereditary forms of dystonia 

and is considered to be a dystonia-plus syndrome. 3 Phenotypic and genotypic has been 

demonstrated in M-D.4-7 

Cognitive function in M-D has been previously addressed in only one study showing 

impaired verbal learning and memory. 8 Psychiatric disorders have been frequently 

reported in several M-D families. 9-20  However, only three studies have systematically 

addressed the presence of psychiatric symptoms. 8,21,22 

In the present study, one single Dutch M-D family was studied using rigourous 

neuropsychological and psychiatric measures to confirm or refute the previously suggested 

association of psychopathology with the DYT11 genotype. A highly matched control 

group was used encompassing the DYT11 negative family members, and 4 married-

in spouses. The advantage of this control group over a case-control design is that the 

patients and controls share a similar social-economic and family background, and have 

genetic similarities. 

Methods

Patients

Sixty-nine subjects from one large Dutch M-D family with a two-base pair deletion in 

exon 5 (c.619_620delAG) which has recently been described 23 consented to participate 

in the study. Twenty-seven subjects were DYT11 mutation carriers (MC) and 42 subjects 

served as controls: 38 DYT11 negative family members and 4 married-in spouses. Clinical 

status was assessed by an independent movement disorder specialist (MT). Patients with 

clinical symptoms by history and neurological examination were defined as symptomatic 

MC (SMC) and as asymptomtic MC (AMC) when no clinical complaints of myoclonus 

or dystonia were reported.  The severity of motor symptoms in the DYT 11 MC group 

was assessed using the Burke-Fahn-Marsden dystonia rating scale (BFMDRS, Burke et al, 

1985) and a modified version of the Unified Myoclonus rating scale (UMRS, Frucht et al, 

2002). 25,26 The study was approved by the local ethics committee and all participating 

individuals gave written informed consent.
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Neuropsychological assessment

A trained neuropsychologist blinded for the DYT11 carrier status (but not for the 

movement disorder) and the relationship within the family of the subjects, performed the 

interviews and neuropsychological testing. 

The Dutch Adult Reading Test was used to test premorbid intelligence. 26 To evaluate 

global intelligence subtests of the Weschler Adult Intelligence Scale-version 3 (WAIS-III) 

(similarities and matrix reasoning) 27 and the subtest Spatial Reasoning of  the “Differentiële 

Aanleg Test”, a Dutch version of the Differential Aptitude Test (DAT) were administered. 
28 The WAIS-III letter-number sequencing 27, the Stroop Test (word and color conditions) 
29 and the Trailmaking Test (TMT) part A 30 were used to assess psychomotor speed and 

attention. Executive functioning was assessed using the short version of the Wisconsin 

Card Sorting Test (WCST) 31, the Stroop test (color-word condition) 29, the Trailmaking Test 

(TMT) part B 30. Language functioning was evaluated with a short version of the Boston 

Naming Test (BNT), phonemic fluency and category fluency (animals and occupations). 
32,33  Memory functions were evaluated using the Weschsler Memory Scale-version 3 

(WMS-III), immediate and delayed recognition of faces (visual memory) 27, the Rivermead 

Behavioural Memory Test (RBMT) 34, immediate and delayed story recall (logical memory) 

and the Rey Auditory Verbal Learning Test (RAVLT) 35, immediate and delayed recall of 

15 words (verbal memory). Reaction speed was assessed using the Vienna Test System 

(subtests S1 simple reaction speed, and S3, two-choice reaction speed). 36 To evaluate 

dysexecutive symptoms and cognitive functioning in daily life, the DEX questionnaire of 

the Behavioural Assessment of the Dysexecutive Syndrome 37 and the Cognitive Failure 

Questionnaire (CFQ) were administered. 38

Psychiatric assessment

Two trained neuropsychiatric test-technicians, blinded for the DYT11 carrier status (but 

not for the movement disorder) and the relationship within the family of the subjects, 

performed the interviews and testing.  All persons were administered the Structured 

Clinical Interview  (SCID-I) on DSM-IV diagnoses. 39 Quantitative ratings of anxiety 

(general anxiety, panic disorder and social phobia), obsessive compulsive symptoms 

and depression were taken. To assess general anxiety, the Beck’s  Anxiety Inventory 

(21 items self-report, scores per item between 0-4) was used. The Anxiety Scale (AS), 

(40 items self-report, scores per item between 0-3) was applied to assess panic severity. 
40 The Liebowitz Social Anxiety Scale (L-SAS) was performed to evaluate social anxiety 

symptoms (a 48 item interview containing 24 items to rate social anxiety and 24 items to 

rate avoidance behaviour, scores per item between 0-4). 41 OC symptoms were assessed 

using the Yale Brown Obsessive Compulsive Scale-severity (YBOCS-severity) (a 10 items 

interview, scores per item between 0-4) and the Yale Brown Obsessive Compulsive 

Scale-symptoms (self-report). To assess depressive symptoms, the Montgomery-Asberg 

Depression rating scale (MADRS) (a 10 items interview, scores per item between 0-6) 42,43 
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and the Beck Depression Inventory (BDI), (21 items self-report, scores per item between 

0-3) were applied. 44

Statistical analysis

Correlation between mutation carriers and controls in the pedigree

Except for the 4 spouses, all 27 DYT11 MC and 38 non-carriers were related to each 

other. Because family-relationships between the mutation carriers and controls may 

influence the testresults, correlation structures between these 65 family-members were 

tested on significance using the score-test developed by Houwing-Duistermaat et al 45.The 

correlation between two members i and j was assumed to be according to Wright’s kinship 

coefficient: 0.5d(ij), where d(ij) was the number of  meioses between members i and j. 

For all variables assessed, the score test was nonsignificant (p>0.43), and almost all 

correlations were estimated to be zero. Further statistical analysis was done with standard 

statistical methods while ignoring the family-relationships between mutation carriers and 

controls.

Neuropsychological data

We compared DYT11 MC with controls using multivariate analysis of covariance for each 

of the six cognitive domains, co-varying for age, sex, level of education and IQ where 

necessary. We seperately compared the symptomatic and the asymptomatic DYT11 MC 

with controls using the same analysis. 

Psychiatric data

We compared DYT11 SMC, DYT11 AMC and controls on all measures using the Kruskal-

Wallis test to detect differences between groups. Subsequently, we compared DYT11 

SMC with controls, DYT11 AMC with controls and DYT11 SMC and DYT11 AMC in a 

posthoc analysis using the Mann-Whitney U-test. Correlations between the presence of 

psychiatric symptoms and the severity of motor symptoms  in the DYT11 SMC were 

calculated using the Spearman’s rho two-tailed non parametic test.  

The data of the SCID were analysed using the Chi-square test. Alpha  ≤0.05 was considered 

statistically significant. We did not correct for multiple comparisons by adjusting the level 

of significance, since in these exploratory analyses we were more concerned about type 

II error (failing to detect a difference) than about type I error (detect a difference when 

there is actually not a difference).46
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Results

Demographic data

The demographic data of DYT 11 MC and controls are summarized in Table 1. Of the 27 

DYT11 MC, 14 were symptomatic (SMC) and 13 asymptomatic (AMC). The DYT11 AMC 

group considered themselves not affected, but in 5 of 13 DYT11 AMC subtle signs of 

axial dystonia were noticed at neurologic examination. These patients were previously 

described as ‘possibly affected’. 24 There were statistically significant differences between 

the DYT11 MC and control group with respect to sex (p=0.038) and age (p=0.012). 

Table 1. Demographic characteristics of DYT11 MC and controls

DYT 11 MC Controls

SMC AMC

Men/women 10/4 3/10 12/30

Age 48.5 (13.3) 42.6 (13.7) 38.0 (12.9)

Levels of education (ISCED) 3.4 (1.3) 4.7 (0.7) 4.6 (1.2)

DART-IQ 75.5 (8.4) 95.0 (11.0) 91.1 (13.0)

Severity of motor symptoms, 20.7 (4-53)  5.6 (2-8) -

BFMDRS+UMRS

Values are means (SD), except for severity of motor symptoms: values are means (range)
DYT11 MC= DYT 11 mutation carriers, S=symptomatic, A=asymptomactic, ISCED=International 
Standard Classification of Education, DART=Dutch Adult Reading Test, BFMDRS= Burke-Fahn-
Marsden Dystonia Rating Scale, UMRS= Unified Myoclonus Rating Scale.

Years of education and Mulder IQ did not differ between the two groups (p=0.09 and 

p=0.177). There were no significant differences between the DYT11 SMC and DYT11 

AMC with respect to age, sex and years of education (data not shown).

Neuropsychological assessment

Two DYT11 SMC were excluded from analysis because of pre-existing learning 

disorders. 

The results of the neuropsychological test scores for the DYT11 MC and controls are 

displayed in Table 2. Mancovas showed no significant differences between the 25 DYT11 

MC and 42 controls in any of the cognitive domains when covarying for sex and age. No 

significant differences could be demonstrated when comparing the 12 DYT11 SMC and 

the 13 DYT11 AMC (data not shown).

Psychiatric assessment

One of the 13 DYT11 AMC was not willing to participate in the psychopathological part 

of the study.
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Table 2. Results of neuropsychological assessment

DYT 11 MC
N=25

mean (SD)

Controls 
N=42

mean (SD)

p-value

Intelligence .553

WAIS III-similarities (ss) 7.88 (2.819) 8.74 (2.855) .982

WAIS-III matrix reasoning (ss) 9.42 (3.215) 9.81 (3.125) .652

DAT- forms S+T (st) 4.69 (1.644) 5.48 (1.798) .246

Psychomotor Speed and Attention .863

WAIS-III digit span (ss) 8.15 (3.120) 8.88 (2.643) .756

WAIS-III letter-number sequencing (ss) 8.68 2.996 9.27 2.259 .657

WAIS-substitution (T) 57.48 (12.684) 54.27 (12.758) .894

Stroop word (T) 44.31 (14.543) 45.90 (12.681) .624

Stroop color (T) 46.77 (12.101) 48.14 (9.506) .788

Trailmaking A (T) 45.31 (10.990) 49.26 (10.750) .310

Executive Functioning .869

WCST-short version (T) 42.84 (10.111) 42.07 (10.586) .359

Stroop color-word (T) 49.80 (10.809) 51.32 (10.458) .924

Trailmaking B (T) 47.96 (13.746) 51.34 (10.051) .584

Verbal fluency-phonemic (T) 47.65 (14.190) 48.17 (10.581) .319

Boston Naming-short version 25.308 (4.209) 26.143 (3.621) .701

animals (st) 4.88 (2.405) 4.69 (1.814) .174

occupations (st) 3.92 (1.853) 3.86 (1.802) .254

Memory .724

RBMT immediate recall (T) 46.96 (6.459) 47.33 (7.213) .509

RBMT delayed recall (T) 48.23 (7.596) 49.43 (6.105) .889

RAVLT immediate recall (T) 47.12 (12.763) 45.98 (11.942) .325

RAVLT delayed recall (T) 45.04 (15.434) 44.79 (12.534) .467

WMS-III faces immediate recall (T) 49.96 (8.632) 47.64 (6.540) .086

WMS-III faces delayed recall (T) 51.42 (6.081) 50.67 (9.106) .826

Reaction Speed .868

Vienna Test System-S1 reaction time (T) 52.32 (8.275) 51.24 (7.426) .157

Vienna Test System-S1 movement time (T) 49.96 (7.525) 51.00 (7.513) .551

Vienna Test System-S3 reaction time (T) 47.16 (11.971) 44.24 (7.674) .074

Vienna Test System-S3 movement time (T) 42.36 (7.302) 41.80 (8.004) .054

Mood and behaviour .356

DEX (raw scores) 18.69 (11.706) 15.02 (8.912) .150

CFQ (raw scores) 27.77 (12.555) 24.64 (11.331) .293

T = age corrected T-scores, i.e. population mean = 50, sd = 10, ss = age-corrected scaled score, i.e. 
population mean = 10, sd = 3, st = age-corrected stanine score, i.e. population mean = 5, sd = 2, 
p-value in bold= multivariate p, p-value=mancovas, DYT11 MC= DYT 11 mutation carriers, WAIS-
III= Weschler Adult Intelligence Scale-version 3, DAT= Differential Aptitude Test, WCST= Wisconsin 
Card Sorting Test, RBMT= Rivermead Behavioural Memory Test, RAVLT= Rey Auditory Verbal 
Learning Test, WMS-III= Weschsler Memory Scale-version 3, DEX= Questionnaire of the Behavioural 
Assessment of the Dysexecutive Syndrome, CFQ= Cognitive Failure Questionnaire.
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DYT11 MC showed significantly more DSM-IV diagnoses than controls: 11 out of 26 

DYT11 MC versus 6 out of 42 controls (SCID, χ2 =14.61 and p<0.001) (Table 3). In the 

DYT11 AMC group, one out of 12 had a DSM-IV diagnosis, i.e. OCD. None of the ‘possibly 

affected’ AMC had a DSM-IV diagnosis. In the DYT11 SMC group, ten out of 14 sMC 

had a DSM-IV diagnosis. Two out of these ten SMC had two and two had four DSM-IV 

diagnoses. Six SMC persons had one DSM-IV diagnosis.  

The results of the psychiatric interviews and the self-report questionnaires (including 

Cronbach’s alpha’s (internal consistency) of the scores) are summarized in Table 4. 

When correlating the presence of psychopathological symptoms with the severity of 

motor symptoms in DYT11 sMC, significant correlation was detected between the severity 

of myoclonus and dystonia (BFMDRS+UMRS) and the L-SAS anxiety score (Spearman’s 

rho= .606, p=.022), and the BDI depression score (Spearman’s rho=.745, p=.002). No 

Table 3. DSM-IV diagnoses in the DYT11 MC and control group obtained by the SCID

DYT11 MC (N=26) Controls (N=42)

SMC (N=14) AMC (N=12)

None 4 11 36

OCD 2 1 1

Depression 2 0 2

Panic Disorder 1 0 0

Social Phobia 5 0 3

Specific Phobia 3 0 2

Alcohol dependence 3 0 0

GAD 2 0 0

DYT11 MC= DYT 11 mutation carriers, S=symptomatic, A=asymptomactic, OCD= Obsessive 
Compulsive Disorder, GAD= Generalized Anxiety Disorder.

Table 4. Results of neuropsychiatric assessment

Quantitative 
rating lists

DYT11 SMC 
(N=14)

DYT11 AMC
(N=12)

Controls
(N=42)

DYT11 SMC 
vs. controls

DYT11 AMC 
vs. controls

YBOCS- severity (.96)* 0 (0-15)** 0 (0-14) 0 (0-11) .422*** .895

BAI (.90) 25 (21-45) 21 (21-35) 21.5 (21-46) .015 .646

L-SAS (.96) 58 (48-127)  48 (48-68) 53 (48-125) .105 .083

AS (.97) 4 (0-82) 0 (0-13) 1 (0-14) .025 .278

BDI (.87) 4.5 (0-30) 1 (0-21) 2 (0-18) .009 .717

MADRS (.93) 0 (0-22) 0 (0-20) 0 (0-23) .059 .745

*=Cronbach’s alpha, **=values are median (range), ***=p-values * , DYT11 MC= DYT 11 mutation 
carriers, S=symptomatic, A=asymptomactic, YBOCS= Yale Brown Obsessive Compulsive Scale, BAI= 
Beck’s Anxiety Inventory, L-SAS= Liebowitz Social Anxiety Scale, AS= Anxiety Scale, BDI= Beck’s 
Depression Inventory, MADRS= Montgomery-Asberg Depression Rating Scale.
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significant correlation between the BAI anxiety score (Spearman’s rho= .430, p=.125), the 

MADRS depression score (Spearman’s rho= .383, p=.177), the AS panic score (Spearman’s 

rho= .530, p=.051) and the severity of myoclonus and dystonia could be detected.

Discussion

In the present M-D study, normal cognitive but impaired emotional functioning was found 

in DYT 11 SMC compared to DYT11 AMC as well as their unaffected family members, 

using a standardized battery of tests on both qualitative and quantitative measures of 

cognition and psychopathology. Depressive symptoms, anxiety and panic attacks were 

more prevalent in DYT11 SMC. Contrary to previous reports, OC symptoms were not 

increased in DYT11 SMC compared to controls.

To date, little is known about the cognitive and emotional functioning of M-D patients and 

other types of myoclonus or dystonia. DYT11 MC in the present study performed similarly 

as controls on an extensive neuropsychological test battery. This is in contrast to a previous 

cognitive study showing impaired verbal learning in 11 out of 13 manifesting DYT11 MC 

from three M-D families. 8 However, in that study no definite conclusions could be drawn 

due to the small number of patients studied. Two other small reports have been published 

on cognitive dysfunction in M-D. 15,47 In one family with a severe M-D syndrome due to 

a novel truncating SGCE mutation, impaired cognitive function was described in eight 

family members but did not cosegregate with the DYT11 mutation. Therefore, cognitive 

dysfunction could not be considered as part of the DYT11 phenotype. 15 The other M-D 

report described a 32-month-old child with myoclonus, slight dysmorphic features and 

language delay. 47 Mutation analysis showed an interstitial deletion of chromosome 7q21 

completely removing the SGCE and surrounding genes. It was hypothesized that the non-

motor symptoms could be due to the absence of the neighbouring genes. 

Neuropsychological studies in patients with other types of subcortical myoclonus are not 

available. In other types of dystonia, no or only subtle changes in cognitive performance 

have been reported. 48-53 Balas and co-workers found larger retro-active interference in 

verbal memory in a homogeneous group of 28 DYT1 MC. 48 In a heterogeneous group of 

14 patients with primary dystonia, attention-shift deficits were demonstrated. 53 It should 

be noted that these cognitive deficits were subtle and other cognitive functions were 

normal. Based on the large current study in M-D and the aforementioned studies, one 

may conclude that in general cognitive function in dystonic patients is preserved. 

Detailed neuropsychiatric evaluation revealed that depression, anxiety, and panic attacks 

were more prevalent in DYT11 SMC compared to controls in the Dutch pedigree, 

whereas the DYT11 AMC did not differ from controls on any of the measurements taken. 
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Psychiatric symptoms have been reported in other M-D families. 9-20 However, in the 

majority of the reports on M-D, psychopathology has either not been assessed or in a 

non-standardized manner (Table 5). 

In a recently published study by Hess and coworkers, alcohol dependence was 

hypothesized to result from self-treatment of the M-D motor symptoms and not due to 

the gene defect, but OCD was considered to be a manifestation of the gene. 21 However, 

in the present Dutch M-D family OCD nor alcohol dependence were associated with the 

DYT11 carrier status. Hess and coworkers used the Composite International Diagnostic 

Interview (CIDI) to assess DSM-IV diagnoses. It is well-established that the CIDI, being an 

epidemiological instrument, has a lower threshold for psychopathology than the SCID, 

possibly leading to overdiagnoses in clinical samples. This might explain the differences 

in DSM-IV diagnoses of alcohol dependence between our study and the study by Hess 

et al. With respect to their finding of OC symptoms, we used the YBOCS to assess OC 

Table 5. Review of reports on Myoclonus-Dystonia and psychiatric symptoms

Patients DYT11 
genotype

DYT11 
phenotype

DYT11 MC with psychiatric symptoms

Familial Sporadic SMC AMC n Symptoms Assessment

Hess et al. 2007(21) 30 (5) + 20 10 OCD, A CIDI

Misbahuddin et al. 2006(16) 2 (1) + 2 D, one with suicide History

Tézenas et al., 2006(19) 38 (14) + 32 6 0 History

Asmus et al., 2005(10) 12 (2) + 8 2 sMC A CIDI

Riordan et al., 2004(17) 3 (1) + 3 3 sMC A History

Hedrich et al., 2004(13) 19 (4) + 6 13 3 sMC D History

Schüle et al., 2004(5) 6 (2) + 5 1 0 History

Valente et al., 2003(20) 6 (6) 10 - 10 2 mild D History

Marechal et al., 2003(15) 6 (1) + 6 3 sMC OCD, D with suicide DSM-IV 

Foncke et al., 2003(12) 5 (1) + 4 1 2 sMC D DIGS, YBOCS

Asmus et al., 2002(9) 24 (9) + 24 5 sMC D, P,agoraphobia History

Saunders-Pullman et al, 2002(22) 55 (3) + 16 11 OCD in 4 sMC and 1 aMC,
GAD in 6 sMC and 2 aMC,
MAD in 5 sMC and 2 aMC,
 A in 7 sMC

CIDI

Doheny et al., 2002(8) 24 (3) + 13 6 12 sMC, 5 aMC SA, An, P, Pe, OCD DIGS, YBOCS

Doheny et al., 2002(11) 6 (1) + 5 1 3 sMC D, An, P,A DIGS, YBOCS

Scheidtmann et al., 2000(18) 1 (1) + 1 P DSM-IV 

Klein et al., 1999 (14) 10 (1) + 8 2 5 sMC, 1aMC OCD, D,P,An History

*=familial patients, n (# families),**= sporadic, DYT11 MC= DYT11 mutation carriers, S=symptomatic, 
A=asymptomactic, nm= not mentioned, OCD= Obsessive Compulsive Disorder, A= alcoholdependence, 
D= depression, P= panic attacks, An= anxiety, GAD= generalized anxiety disorder, SA= substance 
abuse, Pe= personality disorder, CIDI= Composite International Diagnostic Interview, DIGS= Diagnostic 
Interview for Genetic Studies, YBOCS= Yale Brown Obsessive Compulsive Scale.
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symptoms, which is very sensitive to pick up OC symptomatology in addition to the DSM-

IV diagnosis of OCD. YBOCS symptoms and severity scores were extremely low in the 

present M-D family. Our findings are in line with the negative findings by Tezenas et al. 19 

Reports on the frequency of psychiatric symptoms in patients with other types of 

subcortical myoclonus are not available. Psychopathology has been described in different 

forms of primary dystonia 54-58,59,60 The question in all these studies, including the 

present study, remains whether psychopathology is primary or secondary to the motor 

symptoms. 

Recently, a study of patients with primary torsion dystonia (DYT1 MC) revealed a higher 

rate of depression but no OCD in both DYT1 SMC and DYT1 AMC. 77,78 The authors 

suggested that psychopathology is part of the phenotype of DYT1 dystonia patients, 

because of the lack of correlation with the severity of dystonia in the manifesting DYT1 

MC and the higher rate of depression in the non manifesting DYT1 MC. Studies in cervical 

dystonia patients revealed a higher rate of depression, social phobia and panic attacks 

compared to patients with other chronic diseases. 55-57 The prevalence of psychiatric 

symptoms did not correlate with the severity of motor symptoms and sometimes 

Table 5. Review of reports on Myoclonus-Dystonia and psychiatric symptoms

Patients DYT11 
genotype

DYT11 
phenotype

DYT11 MC with psychiatric symptoms

Familial Sporadic SMC AMC n Symptoms Assessment

Hess et al. 2007(21) 30 (5) + 20 10 OCD, A CIDI

Misbahuddin et al. 2006(16) 2 (1) + 2 D, one with suicide History

Tézenas et al., 2006(19) 38 (14) + 32 6 0 History

Asmus et al., 2005(10) 12 (2) + 8 2 sMC A CIDI

Riordan et al., 2004(17) 3 (1) + 3 3 sMC A History

Hedrich et al., 2004(13) 19 (4) + 6 13 3 sMC D History

Schüle et al., 2004(5) 6 (2) + 5 1 0 History

Valente et al., 2003(20) 6 (6) 10 - 10 2 mild D History

Marechal et al., 2003(15) 6 (1) + 6 3 sMC OCD, D with suicide DSM-IV 

Foncke et al., 2003(12) 5 (1) + 4 1 2 sMC D DIGS, YBOCS

Asmus et al., 2002(9) 24 (9) + 24 5 sMC D, P,agoraphobia History

Saunders-Pullman et al, 2002(22) 55 (3) + 16 11 OCD in 4 sMC and 1 aMC,
GAD in 6 sMC and 2 aMC,
MAD in 5 sMC and 2 aMC,
 A in 7 sMC

CIDI

Doheny et al., 2002(8) 24 (3) + 13 6 12 sMC, 5 aMC SA, An, P, Pe, OCD DIGS, YBOCS

Doheny et al., 2002(11) 6 (1) + 5 1 3 sMC D, An, P,A DIGS, YBOCS

Scheidtmann et al., 2000(18) 1 (1) + 1 P DSM-IV 

Klein et al., 1999 (14) 10 (1) + 8 2 5 sMC, 1aMC OCD, D,P,An History

*=familial patients, n (# families),**= sporadic, DYT11 MC= DYT11 mutation carriers, S=symptomatic, 
A=asymptomactic, nm= not mentioned, OCD= Obsessive Compulsive Disorder, A= alcoholdependence, 
D= depression, P= panic attacks, An= anxiety, GAD= generalized anxiety disorder, SA= substance 
abuse, Pe= personality disorder, CIDI= Composite International Diagnostic Interview, DIGS= Diagnostic 
Interview for Genetic Studies, YBOCS= Yale Brown Obsessive Compulsive Scale.
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preceded the onset of motor symptoms, suggesting that psychopathology was not due 

to the burden of chronic debilitating motor symptoms. 50,55

However, in the current  study, the correlation between depression/ anxiety and the 

severity of motor symptoms of the SMC points towards psychopathology being secondary 

to the motor symptoms. Moreover, no psychopathology could be detected in the DYT11 

AMC, although an escape from maternal imprinting has been reported in several studies, 

including the presence of five “possibly affected” DYT11 MC in the present Dutch M-D 

family. 21,23 Therefore, when assuming that psychopathology is part of the DYT11 

phenotype, one would have expected to find psychiatric symptoms in at least more than 

one of the AMC. Saunders-Pullman and co-workers described two out of ten DYT11 

AMC with a major affective disorder and five out of ten with substance abuse. 21,22 In the 

3 M-D families studied by Doheny and coworkers, two out of the six DYT11 AMC were 

diagnosed with depression and 3 out of 6 suffered from substance abuse. 8 

Earlier age of onset of psychiatric symptoms than the M-D motor symptoms would 

suggest that psychiatric symptoms are an expression of the DYT11 genotype. In the 

present study, 10 of 14 SMC developped motor symptoms in childhood which makes it 

unlikely that psychiatric symptoms preceeded the motor symptoms. However, this has 

not been formal assessed. 

A possible limitation of the present study is the assessment of psychiatric symptoms in 

sMC with the same two-base pair deletion in exon 5 of the SGCE gene and the lack of 

a sex-and age matched control group. To date, it is unclear whether the presence of 

psychiatric symptoms may be due to specific sites of mutations in the epsilon-sarcoglycan 

gene. This could explain the different results in the studied M-D series up to date.

Because of the limited number of available psychopathological data in DYT11 sMC and 

especially DYT11 AMC and the lack of insight into the mechanism of escape from imprinting, 

it remains unclear whether psychopathology is cosegregating with the DYT11 gene. 

The conflicting results regarding the type of psychopathology (OCD, depression, anxiety) 

and the low prevalence of DYT11 MC stresses the importance of formal and uniform 

psychiatric assessment in additional M-D families. 
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Abstract

The pathophysiology of Myoclonus-Dystonia (M-D), an autosomal dominantly inherited 

movement disorder is largely unknown. In different forms of inherited dystonia abnormal 

intermuscular coherence is present.

The objective of this study was to investigate whether the myoclonic and dystonic features 

are the result of an abnormal common drive to the muscles in M-D. 

Coherence analysis was performed in 20 DYT11 mutation carriers (MC) and 13 healthy 

controls during resting condition and during weak isometric contraction of the arm and 

neck.

The EMG-EMG coherence analysis showed significantly increased intermuscular 3 to 10 

Hz coherence in 4 DYT11 MC with clinical pronounced (mobile and static) dystonia. This 

coherence was not present in DYT11 MC with mild (static) dystonia and/or predominating 

myoclonus.  

The EEG-EMG analysis showed significant coherence in the 15 to 30 Hz frequency band 

during weak isometric contraction of the arm in five healthy controls, but in none of the 

DYT11 MC.

The intermuscular coherence in the low frequency band in DYT11 MC with predominant 

dystonia is concordant with the previously described coherence in dystonia and suggests 

that the pathophysiology of M-D shares common pathophysiological features with 

dystonia. The absence of in the 15 to 30 Hz EEG-EMG coherence in DYT11 MC may 

reflect abnormal motor activation caused by an altered cortical drive because of the basal 

ganglia dysfunction.
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Introduction

Myoclonus-Dystonia (M-D), is an autosomal dominantly inherited movement disorder 

characterized by myoclonic jerks and dystonic postures/movements of the upper body, 

often combined with psychiatrical disorders. 1,2 M-D is frequently caused by mutations in 

the epsilon-sarcoglycan gene (SGCE) on chromosome 7q21. Penetrance of M-D is highly 

dependent on the parental origin of the disease allele, due to maternal imprinting. 3 The 

function of the SGCE protein is still elusive. 3 M-D is considered to be a dystonia-plus 

syndrome and is classified as DYT11 among the hereditary forms of dystonia although 

the dystonic features are usually mild or absent, while myoclonus is  very often the most 

prominent motor symptom. 4

In general, dystonia is thought to originate from basal ganglia dysfunction leading to 

changes in cortical inhibition. 5 The pathophysiology of  myoclonus in M-D is largely 

unknown, but the absence of giant somato-sensory evoked potentials suggests a 

subcortical origin. 1,2 The combination of dystonia and subcortical myoclonus leads to the 

assumption that M-D is primary due to dysfunction of the basal ganglia. 

Coherence analysis of EEG-EMG and EMG-EMG activity has been shown to be useful 

in detecting cortical and subcortical (basal ganglia) oscillatory drives to motor units. 6-8 

EEG-EMG coherence analysis in healthy controls has shown that motor units tend to 

synchronize their discharges during weak muscular activity due to a cortical drive of 15 

to 30 Hz. 7 To date, EEG-EMG coherence analysis has not been performed in dystonia 

patients. EMG-EMG in patients with different types of dystonia showed an abnormal low 

frequency (<10 Hz) drive. 9,10  Local field potential (LFP) of the Globus Pallidus combined 

with EMG showed that the GPi LFP power of this low frequency band correlated with 

the level of dystonic EMG activity in 10 dystonic (not M-D) patients. 11 In three M-D 

patients significant coherence in the same low frequency band was detected between 

the GPi and EMG activity of affected muscles, suggesting that abnormal 3 to 10 Hz GPi 

oscillatory activity may lead to an altered drive to dystonic muscles in M-D patients. 12,13

The aim of the present EMG-EMG and EEG-EMG analysis study was to investigate whether 

the previously described pathological intermuscular low frequency drive to muscles in 

dystonia is present in DYT11 mutation carriers (MC). 

Subjects and methods

Subjects

Twenty DYT11 MC (M/F all of 10, mean age of 47 years (range 18-70 years)) and 13 

healthy controls (M/F all of 7, mean age of 43 years (range 20-58 years)) were willing 
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to participate in the study. Seventeen DYT11 MC are part from a large Dutch M-D 

pedigree described in detail elsewhere (genotype 619_620delAG). 14 One sporadic 

DYT11 MC (genotype c.179 A>C, Case 19) and two DYT11 MC from a Belgian M-D 

pedigree (genotype IVS7+2 C>T, Cases 18 and 20), were also included in the study. 15 

Case 18 and 19 have been recently described in a GPi LFP study. 12 Thirteen healthy 

approximately age-and sex matched (to the symptomatic MC) controls were included. 

The clinical characteristics of the DYT11 MC are summarized in Table 1. DYT11 MC were 

scored clinically, using the Burke-Fahn-Marsden dystonia rating scale (BFMDRS, Burke et 

al.) 16 and a modified version of the Unified Myoclonus rating scale (UMRS, Frucht et al.). 
17 Mild dystonia was defined as a score of below 10 on the BFMDRS. Fifteen DYT11 MC 

were symptomatic: 4 had pronounced dystonia in combination with myoclonus, 10 had 

mild dystonia with or without myoclonus and one had myoclonus only. Five DYT11 MC 

were asymptomatic.
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Table 1: Clinical characteristics of the DYT11 MC 

Case Sex Age at 
onset

Age at 
exam

Type of 
inheritance

Type of 
dystonia

BFMDRS UMRS Medication

1 M 5 62 fa Posture 3 8

2 F - 51 mo Posture 8 0 trihex

3 M - 48 mo 0 0

4 F 18 55 fa Posture 2 22

5 M 5 45 fa Mobile 20 15 trihex,phb

6 M 5 45 fa Mobile 14 12 trihex,phb,clon

7 M child 50 fa 0 4

8 F - 63 mo Posture 6 0

9 F - 60 mo 0 0 venlafaxine

10 F - 58 mo 0 0

11 F - 49 mo Posture 6 0 venlafaxine

12 F - 46 mo 0 0

13 M 6 31 fa Posture 2 4

14 F 9 17 fa Posture 2 6

15 M Child 29 fa Posture 4 16

16 F 2 31 fa Posture 2 28 paroxetine

17 M - 34 mo Posture 6 0

18 F 3 39 fa Mobile 22 38 paroxetine

19 M 7 18 de novo Mobile 10 30 bot toxin

20 M - 70 ? 0 0

f=female, m=male, fa=father, mo=mother, BFMDRS=Burke-Fahn-Marsden Dystonia Rating 
Scale, UMRS=Unified Myoclonus Rating Scale, trihex=trihexiphenidyl, phb=phenobarbital, 
clon=clonazepam, bot toxin=botulinum toxin



Nine DYT11 MC inherited the mutation from their father and eight from their mother, 

while in one patient (Case 19) a ‘de novo’ mutation was detected. In 1 patient (Case 20), 

the type of inheritance was unknown. Standard surface EMG and EEG recordings were 

performed after informed consent had been obtained according to the declaration of 

Helsinki. The study was approved by the ethics committee of the AMC.

Methods-recordings 

Surface EMG and EEG were recorded with 9 mm diameter Ag/AgCl electrodes 

from seven muscles, i.e., sternocleidomastoid (SCM), splenius capitis (SPL), deltoid 

(DEL), biceps (BIC), extensor carpi radialis (ECR), flexor carpi radialis (FCR), abductor 

pollicis brevis (APB) and from seven EEG electrodes, positioned according to the 

10-20 system, which yielded six bipolar derivations at C3-F3, C3-Cz, C3-P3, C4-F4, 

C4-Cz, C4-P4. For the purpose of this study, only C3-F3 and C4-F4 were studied. In 

addition, the L and R midthoracal paraspinal muscles (PSP) and the rectus abdominis 

muscle (RECT) were recorded when dystonia was clinically present in the trunk.  

EMG electrodes were placed 2 to 3 cm apart on the muscle belly (except for intrinsic 

hand muscles where one electrode was sited over the metacarpo-phalangeal joint) with 

an impedance lower than 5 kOhm. All signals were continuously sampled at 1000 Hz 

and monitored on line using the Schwartzer 34 amplifier system (Schwartzer GmbH, 

Medical Diagnostic Equipment, Munich, Germany) and Brainlab software (OSG bvba, 

Rumst, Belgium). The EEG and EMG signals were analog filtered at 0.5 to 250 Hz (6 

dB/oct) and the ergometer and the accelerometer were analog filtered at 0 to 250 Hz 

(6 dB/oct). In general, the accelerometer was attached to the forehead and measured 

yaw movements. In specific conditions the accelerometer was attached to the body part 

with pronounced myoclonus and/or dystonia. Off-line EMG signals were digitally high 

pass filtered at 40 Hz (24 dB/oct) and subsequently full-wave rectified to determine the 

envelope of the discharge rate and to remove movement artifacts. 

Methods-Motor tasks

Patients were recorded while comfortably sitting upright in a bed, at rest and during weak 

(25% of maximal voluntary contraction) isometric contraction in two different conditions: 

rotation of the neck (NR) and extension of the wrist (WE). When the trunk was clinically 

affected, an additional trunk condition (TRU) was performed, consisting of standing 

position. An ergometer was used to monitor whether the contraction level of 25% of 

maximum force was maintained. After each recording of 60 seconds, subjects were 

allowed 30 seconds of rest. Total record length for each condition was 180 seconds.

Coherence analysis

The method of coherence analysis has been described in detail elsewhere and is based on 

methods outlined by Halliday and colleagues. 12,18
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Group analysis was performed by concatenating the records from each individual patient. 

Before concatenating, data were windowed (Hanning 10%) for each subject and the 

power was normalized by dividing the record of each subject by the mean power during 

this period. Subsequently coherence analysis was calculated from all the disjoint segments 

(2.048 sec) derived from the complete record. In this manner confidence limits were valid 

for the group. To correct for significant coherence arising from data dominated by one 

subject, we performed a nonparametric (Mann-Whitney U test) analysis. All individual 

EEG-EMG and EMG-EMG coherence spectra were tresholded at the 95% confidence 

level: 3 or more points above the level were given the value 1, less than 3 points above 

the level or those below the level were given the value 0. These binary spectra were 

summed across subjets.

Results

Clinical status 

The clinical characteristics of the 20 DYT11 MC are displayed in Table 1. At neurological 

examination, two types of dystonia could be distinguished: dystonic posturing (static 

dystonia) and dystonic movements (mobile dystonia). Ten DYT11 MC had mild dystonia 

with some dystonic posturing of the neck and/or trunk which was present in rest and 

did not change with action. Four DYT11 MC had pronounced dystonia with dystonic 

posturing of the neck, trunk and/or arms in rest, while dystonic movements were 

elicited by action. The dystonic movements consisted of tremor or semirhythmic jerks 

superimposed on the dystonic posturing. Myoclonus was characterized by intermittently 

occurring jerks during action. 

Representative examples of 1 second of high-pass filtered and rectified EMG tracings 

of two control subjects, a DYT11 MC with mild (static) dystonia and a DYT11 MC 

with pronounced (mobile and static) dystonia and the corresponding autospectra are 

presented in Figure 1. In Cases 5 and 6, rhythmic EMG activity was most pronounced in 

the trunk while standing (see for Case 5 bottom trace figure 1). Note that the frequency 

of the distinct peak in the EMG autospectrum corresponds with the frequency of the 

(semi)rhythmic EMG activity.

Table 2 shows which muscles are displaying (semi)rhythmic EMG activity in the four 

DYT11 MC with pronounced (mobile and static) dystonia during the weak isometric 

contraction conditions. The frequency of the (semi)rhythmic EMG activity was derived 

from the peak of the power spectrum of the EMG activity which ranged from 6 to 7 Hz 

in Case 5, from 4 to 9 Hz in Case 6 and from 4 to 8 Hz in Cases 18 and 19. 
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Figure 1; One second of high-pass filtered and rectified EMG tracings of two control subjects 
(A), a DYT11 MC with mild (static) dystonia (case 16) (B) and two DYT11 MC with pronounced 
(mobile and static) dystonia (case 5 and case 6) (C) are shown in the left column. The corresponding 
autospectra are displayed in the right column and are calculated across a time span of 180 seconds. 
(A) The splenius muscle (SPL), the biceps muscle (BIC) of control subject 1 (C1) and the paraspinal 
muscle (PSP) muscle of control subject 3 (C3) are recorded during the Neck Rotation (NR), the Wrist 
Extension (WE) and standing (TRUNK) condition respectively. No rhythmic activity in the EMG can 
be detected which is reflected by the absence of a distinct peak in the autospectra. (B) In the DYT11 
MC with mild dystonia (case 16), the EMG activity of the SPL during the NR condition and the BIC 
during the WE condition is not rhythmic. The corresponding autospectra show no distinct peak. 
(C) Rhythmic activity in the EMG of the SPL during the NR, the BIC during the WE and the PSP during 
the TRUNK condition in the DYT11 MC with pronounced dystonia (case 5 and 6) is observed which 
is reflected by the peak in the corresponding autospectra. Note that for the NR condition in case 6 
the peak frequency of head acceleration (shown in grey) is 4 Hz, whereas the EMG powerspectrum 
is double peaked (4 and 10 Hz) with the highest peak at 10 Hz. This is caused by the low-pass 
filtering effect of the viscosity of the head muscles and the weight of the head.



EMG-EMG coherence

Group analysis healthy controls
Group analysis of the healthy controls (n=13) showed no significant coherence between 

the arm muscles (DEL, BIC, ECR, FCR, APB), between the neck muscles (STER, SPLE) and 

between the arm and neck muscles during the resting condition, neither in the NR nor in 

the WE condition. 

Group analysis DYT11 MC
Group analysis of the DYT11 MC (n=20) showed no significant coherence between the 

neck muscles, between the arm muscles and between the arm and neck muscles during 

the resting condition, the NR nor the WE condition. 

Individual analysis of the DYT11 MC
In the nine DYT11 MC with mild dystonia, the DYT11 MC with only mild myoclonus, 

and in the five asymptomatic DYT11 MC, no significant intermuscular coherence was 

observed between the neck and the arm muscles during the resting condition, the NR 

and the WE condition.

In the four DYT11 MC with pronounced (mobile and static) dystonia, significant 

intermuscular coherence in the 3 to 10 Hz frequency band was present. Table 3 shows 

the results of the intermuscular coherence analysis for the resting condition and the NR, 

WE and TRUNK (Cases 5 and 6) conditions. Details of the coherence frequency with peak 

size and peak frequency between the neck, arm and trunk muscles are displayed. Note 

that significant intermuscular coherence is present in muscles that show (semi)rhythmic 

activity on EMG (Table 2). 

Figure 2 shows two representative examples of significant intermuscular coherence 

during the TRUNK condition for Cases 5 and 6. Note the significant coherence ranging 

from 3 to 10 Hz with a peak at 7 Hz, which 

is also visible in the autospectra.
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Table 2: Presence of (semi)rhythmic EMG activity in muscles

Condition NR Condition WE Condition Trunk

Case neck arm trunk neck arm trunk neck arm trunk 

5 + - + + + + + + +

6 -* -* -* -* + + +* + +

18 + + np + + np np np np

19 + - np + - np np np np

*=low power of EMG autospectrum, np=not performed, NR=Neck Rotation, WE= Wrist Extension



EEG-EMG coherence

Group analysis healthy controls
Group analysis of the healthy controls (n=13) showed during the resting condition no 

significant coherence between EEG (F3-C3, F4-C4) and neck muscles (STER,SPLE) and 

between (EEG) F3-C3 and the arm muscles (DEL, BIC, ECR, FCR, APB). 

During the NR condition no significant coherence between F4-C4 and the left SPLE 

muscle was detected. During the WE condition significant coherence between F3-C3 

and the ECR in the 15 to 30 Hz frequency band was observed. From the phase diagram 

a mean delay of fourteen ms between the F3-C3 and the ECR is calculated where cortex 

is leading muscle (Figure 3).
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Table 3: Significant intermuscular coherence in 4 M-D patients with pronounced dystonia

Significant 
coherence in  the 

3-10 Hz band

Peak size(mean) and peak frequency (Hz)

Case number 5 6 18 19 5 6 18 19

Condition NR

Neck-neck muscles - - + + - - 0.04 at 7.5 and 
10

0.15 at 5

neck-arm muscles - - + + - - 0.25 at 7.5 0.5 at 5

arm-arm muscles - - + - - - 0.075 at 7.5 -

Neck-trunk muscles + - np np 0.22 at 3 and 10 - np np

Arm-trunk muscles + - np np 0.07 at 6 - np np

Trunk-trunk muscles + - np np 0.15 at 5 and 9 - np np

Condition WE

Neck-neck muscles + - + + 0.07 at 8 - 0.05 at 7.5 0.18 at 6.5

neck-arm muscles + - + - 0.04 at 6 - 0.07 at 5 and 10 -

arm-arm muscles + + + - 0.15 at 7.5 0.11 at 8 0.05 at 5.5 -

Neck-trunk muscles + - np np 0.2 at 5 - np np

Arm-trunk muscles + + np np 0.85 at 9 0.12 at 8 np np

Trunk-trunk muscles + - np np 0.2 at 4 - np np

Condition Trunk

Neck-neck muscles + - np np 0.2 at 6.5 - np np

neck-arm muscles + + np np 0.1 at 6.5 0.1 at 6.5 np np

arm-arm muscles + + np np 0.05 at 6 0.1 at 6.5 np np

Neck-trunk muscles + + np np 0.2 at 3 and 6.5 0.3 at 6.5 np np

Arm-trunk muscles + + np np 0.15 at 6.5 0.11 at 6.5 np np

Trunk-trunk muscles + + np np 0.3 at 6.5 0.35 at 6.5 np np

NR=Neck Rotation, WE=Wirst Extension, np=not performed



Figure 2; Intermuscular coherence between the right sternocleidomastoïd muscle (SCM R) and the 
right paraspinal muscle (PSP R) during the TRUNK condition for two DYT11 MC with pronounced 
dystonia (case 5 (A) and case 6 (B)). Coherence ranging from 3 to 10 Hz with a peak around 7 Hz 
is seen in (A) and (B). The peak at 7 Hz is also visible in the autospectra of the STER R and the PSP 
R. The dashed line is the 95% confidence limit. The corresponding phase estimate is 48 ms in (A) 
and 60 ms in (B).
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Individual analysis healthy controls
During the resting condition, no significant coherence between EEG and neck muscles 

and between (EEG) F3-C3 and the arm muscles was detected in the individual control 

subjects. During the WE condition significant coherence between F3-C3 and the ECR in 

the 15 to 30 Hz frequency band was observed in 5 of the 13 control subjects.

Group analysis DYT11 MC
Group analysis of the DYT11 MC (n=20) showed no significant coherence between EEG 

and neck muscles and between F3-C3 and the arm muscles during the resting condition, 

the NR and the WE condition. 

Individual analysis of the DYT11 MC
Individual analysis of the symptomatic and the asymptomatic DYT11MC revealed no 

significant coherence between EEG and the neck muscles and between F3-C3 and the 

arm muscles during the resting condition, the NR and the WE condition.  In Cases 5 and 

6 no significant coherence was detected during the TRUNK condition between EEG and 

the neck,arm, and trunk muscles, respectively.
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Figure 3; Corticomuscular coherence between EEG (F3-C3) and the right extensor muscle (EXT 
R) for the control group (A) and the DYT11 MC group (B).  The control group shows coherence 
ranging from 15 to 30 Hz, with a peak around 20 Hz. The dashed line is the 95% confidence 
limit. The corresponding phase estimate shows a delay of 14 ms. (B) In the DYT11 MC group no 
corticomuscular coherence is observed.



Group analysis healthy controls vs. DYT11 MC
Analysis of the binary coherence spectra between F3-C3 and the ECR in the 15 to 30 Hz 

frequency band showed significant coherence in 5 of 13 controls and 0 of 20 DYT11 MC 

(p = 0.03).

Discussion 

In the present study, EMG-EMG coherence analysis in DYT11 MC showed significant 

intermuscular coherence in the 3 to 10 Hz frequency band in DYT11 MC with clinical 

pronounced (mobile) dystonia, especially in the dystonic muscles exhibiting (semi-) rhythmic 

EMG activity with varying frequency. An abnormal low frequency (4-7 Hz) intermuscular 

drive has been previously described in the dystonic muscles from 7 of 8 patients studied 

with sporadic rotational cervical dystonia  and in the distal lower limb muscles from ten 

of 12 symptomatic DYT1 MC. 9,10 The phenotypes of the DYT11 MC with and without 

an abnormal low frequency drive in the current study were different. The patients with 

a significant intermuscular coherence showed dystonic movements superimposed on the 

dystonic posturing (mobile and static dystonia), which was reflected by (semi)rhythmic 

EMG activity in the affected muscles. This abnormal 3 to 10 Hz drive was not detected in 

DYT11 MC without or with mild (static) dystonia and/or predominating myoclonus. Thus, 

one may hypothesize that the observed 3 to 10 Hz drive give rise to mobile dystonia and 

not to dystonic posturing. Liu and coworkers reported significant coherence (range 3-7 

Hz) between GPi LFP activity and dystonic muscles restricted to patients with mobile 

dystonia. 19 The study of Grosse et al. also corroborate the hypothesis as the observed 

abnormal 4 to 7 Hz drive could  only be detected in 9 of the 10 symptomatic DYT1 MC 

with mobile dystonia, whereas it was not detected in patients with fixed or symptomatic 

dystonia. 9 One could consider that this low frequency drive is due to the making of 

slow movements and not related to the dystonia. However, in a previous intermuscular 

coherence study in cervical dystonia, detecting the same low frequency drive, only 3 of 

the 8 patients had a dystonic tremor of the head. 10 A low frequency drive (8-10 Hz) has 

been suggested to generate the pulsatile organization of voluntary movement in healthy 

controls, but the frequency detected in dystonia (3-10 Hz) appears to be lower than 

this band. 20,21 Further research is required to study whether the low frequency drive is 

associated with specific (mobile) components of dystonia or with specific components of 

dystonia or with specific components of normal muscle activity.  

In the EEG-EMG group analysis no significant coherence was detected in the DYT11 

MC in the 15-25 Hz band during weak sustained contractions of the arm muscles with 

the contralateral motor cortex. The absence of corticomuscular coherence in the beta 

band during the WE condition may indicate that this cortical drive in M-D is deranged. 
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Disappearance of  this 15-30 Hz band and replacement by new 10 Hz cortical discharge 

has been described in untreated Parkinson’s disease patients. 22 Levodopa therapy and 

subthalamic nucleus stimulation is able to restore the 15-30 Hz drive in PD patients leading 

to the assumption that the basal ganglia play an important role in the generation of the 

cortical drive to muscles. 22,23  No new (abnormal) drive could be detected in the EEG-

EMG coherence analysis in the DYT11 MC. However, significant coherence in the 3-15 Hz 

frequency band between GPi LFP activity and affected muscles has been observed in Cases 

18 and 19 of the DYT11 MC who received bilateral GPi stimulation because of medication 

refractory motor symptoms, suggesting the existence of an abnormal cerebro-muscular 

drive. The possibility that the absence of any cortico-muscular drive in M-D patients is 

due to a methodological problem cannot be ruled out because significant coherence 

in the 15 to 25 Hz band was only detected in 5 of the 13 healthy controls during weak 

isometric contraction of the arm muscles with the contralateral motor cortex. The level of 

isometric contraction (25% of maximal voluntary contraction) during the motor task with 

a subsequent lack of power in the autospectra, the type of EEG derivations (bipolar vs. 

source derivation) and the influence of medication must be considered. 24,25

Symptomatic DYT11 MC patients with predominantly myoclonus and mild dystonia did not 

show significant intermuscular coherence. Until now, EEG-EMG and EMG-EMG coherence 

studies in myoclonus are limited to cortical myoclonus. Increased corticomuscular coherence 

over a broad range of frequencies above 15 Hz has been described in patients with 

different types of cortical myoclonus. 26-31 The myoclonus in corticobasal degeneration 

(CBD)  consists of continuous short myoclonic bursts at an average frequency of 12 Hz 

with intermuscular coherence in the 15 Hz range and absent corticomuscular coherence, 

pointing to a subcortical origin of the myoclonus. 27. The action induced myoclonus in 

M-D patients consists of sporadic brief jerks making frequency analysis a less appropriate 

technique to study the pathophysiological mechanism and may explain the absence of 

significant coherence in the DYT11 MC with pronounced myoclonus.

In conclusion, the present coherence analysis study in 20 genetically proven M-D patients 

shows an abnormal intermuscular 3 to 10 Hz drive in four M-D patients with pronounced 

(mobile) dystonia . This is compatible with other types of dystonia and suggests that part 

of the M-D phenotype shares a common pathophysiological mechanism with dystonia. The 

normal cortical drive to the muscles in the beta band could not be detected in DYT11 MC. 

Functional studies focussing on the myoclonus of DYT11 MC with pronounced myoclonus 

are warranted to obtain more insight into the pathophysiology of this more common 

phenotype of M-D. 
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Abstract

The pathophysiology of Myoclonus-Dystonia (M-D), an autosomal dominantly inherited 

movement disorder characterized by myoclonic jerks and dystonic contractions, is largely 

unknown. In the present study, local field potential (LFP) activity in the globus pallidus 

internus (GPi) from two genetically proven M-D patients are investigated. Coherence 

analysis between GPi LFP activity and electromyographic muscle activity (EMG) and 

synchronization of GPi neuronal activity using Event Related Spectral Perturbation (ERSP) 

in a go no-go paradigm were studied. Significant increased coherence in the 3-15 Hz 

frequency band was detected between GPi LFP activity and several muscles with the 

LFP leading the muscles. The ERSP analysis revealed synchronization in the 3-15 Hz 

frequency band within the GPi before the imperative cue of the go no-go task, and 

desynchronization  in the same band after the cue. The LFP recordings of the GPi in M-D 

show that the low frequency band previously described in dystonia is also involved in the 

dystonia plus syndrome M-D. The 3-15 Hz synchronization in the go-no go paradigm has 

not been described previously and may point to the existence of (myoclonus)-dystonia 

specific oscillatory activity in the GPi.
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Introduction 

Myoclonus-Dystonia (M-D) is an autosomal dominantly inherited movement disorder 

with reduced penetrance and variable expression frequently caused by mutations in 

the epsilon sarcoglycan gene (SGCE, DYT 11). It is characterised by myoclonic jerks and 

dystonic contractions. M-D usually has a benign course without interfering with daily 

life, but some individuals are markedly impaired from myoclonus and/or dystonia. 1 The 

effect of pharmacological treatment, including clonazepam and trihexyphenidyl is often 

disappointing. Recently, deep brain stimulation (DBS) of the internal globus pallidus (GPi) has 

been reported to be beneficial and safe in several forms of dystonia. To date 8 genetically 

proven M-D patients were treated successfully by chronic stimulation of the GPi. 2-7 

The pathophysiology of M-D is largely unknown and neurophysiological studies 

investigating the involvement of the basal ganglia in M-D are limited. The lack of stimulus-

sensitivity of the myoclonus and the absence of giant somato-sensory evoked potentials 

suggests a subcortical origin of the myoclonus in M-D.

Stereotactic surgery enables us to study local field potential (LFP) activity of different 

basal ganglia (BG) nuclei, including the subthalamic nucleus (STN), the thalamus and 

the GPi. Oscillatory drives can be studied between the BG and (in)voluntary muscle 

activity. In one not genetically proven M-D patient, significant coherence in the 4-10 Hz 

frequency band has been detected between pallidal LFP activity and EMG activity during 

spontaneous dystonic and myoclonic movements. 3 In EMG-EMG coherence analysis the 

same frequency band was described in cervical and generalized dystonia patients. 8,9

The LFP recordings also enable us to study changes in power spectra in the BG during 

rest and related to motor activity. In patients with idiopathic focal or generalized dystonia 

changes in pallidal LFP spectral power during resting condition showed decreased power 

in the 11-30 Hz beta band and increased power in the 4-10 Hz alpha band. These spectra 

differed from untreated Parkinsonan patients. 10 Studies on motor control in patients 

with stereotactic surgery have been mainly focussed on the 8-30 HZ activity in the STN 

of Parkinsonian patients. 11,12 The low frequency oscillatory activity of GPi neurons in 

dystonic patients can be hypothesized to (de)synchronize during voluntary motor activity 

and to be involved in the generation of dystonia/and or myoclonus.

In the present study, we investigate the characteristics of LFP activity in the GPi from two 

genetically proven M-D patients, who underwent bilateral GPi stimulation because of 

medication refractory motor symptoms. Coherence analysis was performed between LFP 

and EMG activity during rest and during different motor tasks. In addition, synchronization 

of GPi neuronal activity using event related spectral perturbation (ERSP) in a go-no go 

paradigm was studied. 
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Methods

Patients and surgery

Patients

Two patients with genetically proven M-D were studied. The clinical characteristics are 

shown in table 1. A detailed description of the motor symptoms using the Burke-Fahn-

Marsden Dystonia Rating Scale motor part (BFMDRS-motor) 13  and a modification of the 

Unified Myoclonus Rating Scale (UMRSM) 14 before and six months after surgery is shown. 

Three weeks before surgery, patient two was injected with 400 IE of Botulinum Toxin 

type A (Dysport) in the neck muscles to perform surgery when the patient is awake.

Informed consent was obtained according to the declaration of Helsinki. The study was 

approved by the ethics committee of the Academic Medical Centre of Amsterdam. 

Surgery

The procedure for DBS is a one stage bilateral stereotactic approach using microrecording 

and macrostimulation. The intended coordinates at the tip of contact 0 were 21 mm 

lateral to the midplane of the third ventricle, 2 mm anterior to the midcommissural point 

and 5 mm below the AC-PC (anterior-posterior commissure) line. 15 The macroelectrode 

used was model 3387 (Medtronic Neurological Division, Mineapolis, MN, USA) with four 

platinum–iridium cylindrical surfaces (1.3 mm diameter and 1.5 mm length) and with 

an intercontact separation of 1.5 mm. Contact 0 was the most distal and contact 3 

was the most proximal. Fusion of the postoperative CT-scan and the preoperative MRI-

scan confirmed that the deepest electrode contact pair was in the GPi and the highest 

contact pair was in the GPe/putamen. Figure 1 shows the postoperative imaging of the 

electrode positions in patient two.
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Table 1: Clinical characteristics of the M-D patients

PATIENT 1 PATIENT 2

Sex F M

Age at onset 3 7

Age at surgery 39 18

SGCE-mutation exon 5 (IVS7+2C>T) (179 A>C His>Pro)

Medication at surgery Citalopram Dysport 400IE

Motor scores Pre- Post (6 mo) Pre Post (6 mo)

UMRS-rest   42 2 18 4

UMRS-action 38 8 30 3

BFMDRS-motor 22 9 10 4

Total motor score 102 19 58 11



Recordings (LFP and EMG)

Surface EMG was recorded with 9 mm diameter Ag/AgCl electrodes from eight muscles, 

i.e., sternocleidomastoid (SCM), splenius capitis (SPL), deltoid (DEL), biceps (BIC), extensor 

carpi radialis (ECR), flexor carpi radialis (FCR), abductor pollucis brevis (APB) and tibialis 

anterior (TIB). EMG electrodes were placed 2-3 cm apart on the muscle belly (except for 

intrinsic hand muscles where one electrode was sited over the metacarpo-phalangeal 

joint) with impedance lower than 5 kOhm. Bipolar deep brain activity was recorded from 

the adjacent four contacts of each macroelectrode (0–1, 2–3), yielding four local field 

potential (LFP) derivations, i.e., two at the right side LFP01R, LFP23R and two at the left 

side LFP01L, LFP23LL. Contact 0 and 1 are the deepest contacts and assumed to be at 

the GPi. Contact 2 and 3 are the highest contacts and assumed to be at the GPe and/

or putamen.  For the purpose of this study, the highest contacts were disregarded. All 

EEG and EMG signals were continuously sampled at 1000 Hz, analog filtered at 0.5 to 

500 Hz (12 dB/oct)  and monitored on line using a Schwartzer 34 EEG amplifier system 

(Schwartzer, GmbH, Medical Diagnostic Equipment, Munich, Germany) and Brainlab 

software (OSG bvba, Rumst, Belgium). In addition, four DC channels (DC-500 Hz; 12 

dB/oct) were sampled (1000 Hz) for the LED trigger, the flash stimulator trigger, the 

ergometer and the accelerometer output. Off-line EMG signals were digitally highpass-

filtered at 30 to 250 Hz (24 dB/oct) and subsequently full-wave rectified to determine the 
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Figure 1: CT-MRI fusion Fusion of 
the preoperative MRI scan and the 
postoperative CT scan     showing 
the localization of the DBS electrodes 
in the GPi of patient two. Axial MRI 
section 2 mm under AC-PC plane.



amplitude modulation of the discharge rate and to remove movement artefacts. LFP and 

EEG signals were digitally bandpass-filtered off-line at 0.5 to100 Hz (12 dB/oct). 

Paradigms

Motor tasks

Patients were recorded at rest and while maintaining extension of the wrist (WE). The 

degree of posturing was standardised by instructing the patient to exert 25% of maximal 

voluntary contraction. An ergometer was used to monitor whether the contraction level of 

25% of maximum force was maintained. Record lengths were 3 minutes per condition. 

Go-No-go task

Subjects performed a visual choice reaction task, while seated in front of and watching 

a green LED (diameter 0.5 degree) and a flash stimulator placed next to each other. The 

warning cue consisted of turning the green LED on. There was a fixed interval of 5000 ms 

between the warning cue and the imperative cue. The warning cue was not informative 

of the subsequent imperative cue. In the go-condition the LED was turned off, indicating 

the patient to make a short lasting extension movement of the right wrist. In the no-go 

condition, a flash light appeared simultaneous with turning the LED off, to indicate the 

patient not to move.  The 30 go or no-go trials were pseudo-randomized, with an equal 

amount of go and no-go trials and the inter-trial durations varied between 10 and 15 s 

to avoid anticipation and adaptation. Subjects were allowed a practice run of a few trials 

and understood the protocol prior to start. 

Analysis

Coherence analysis

Coherence analysis was performed off-line with MATLAB 7.1 (The Mathworks Inc, Natick, 

MA, USA) using the Neurospec scripts from DM Halliday (Division of Neuroscience and 

Biomathematical Systems, University of Glasgow, UK) and based on methods outlined 

by Halliday and colleagues. 16 The coherence was calculated between one of the 

LFP recordings and one of the high-pass filtered and rectified EMG recordings. Since 

recordings were made during the condition of rest or isometric contraction, LFP and 

EMG signals were assumed to be realisations of stationary zero mean time series. To 

avoid fatigue the total record of 180 sec duration was acquired in three sessions of 60 

sec. The statistical tool used for data analysis was the discrete Fourier transform (DFT). 

DFT coefficients were estimated by dividing the record of 180 sec duration into 90 non-

overlapping disjoint segments of equal duration of 2.048 seconds (segment power of 11, 

frequency resolution of 0.49 Hz). Spectra variance was estimated by averaging across 

these DFT segments. In the frequency domain estimates of the autospectrum of the LFP, 

fxx(λ) and EMG, f11(λ) and their cross-spectrum, fx1(λ) were constructed. The coherence 

|Rx1(λ)|2, the phase and cumulant density with 95% confidence limits between LFP and 

EMG activity were estimated. Phase was formally assessed only where coherence was 
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significant and extended over at least five data points. The constant time lag between 

the LFP and EMG is calculated from the slope of the phase estimate after a line had been 

fitted by linear regression, but only if a linear relationship accounted for >80% of the 

variance. In addition to the data points, at zero frequency either the point with 0, π or 

2π, etc, is included in the linear fit. This is based on the consideration that a constant 

delay in the frequency domain is associated with a linear phase increase as a function 

of frequency. Whether 0, π or 2π, etc, at 0 Hz is included in the linear fit through the 

phase data, depends on the amount of delay and therefore with the amount of 2π phase 

jumps. The time lag between two signals is also determined from the time value of the 

highest peak in the cumulative density plots.

ERSP Analysis

To visualize mean event-related changes in spectral power over time in a broad frequency 

range, baseline-normalized spectrograms or event related spectral perturbations (ERSP) 

were calculated using EEGLAB. 17,18 For this purpose the LFP and EMG signals were down-

sampled to 250 Hz. Subsequently, the ERSP was calculated by computation of the power 

spectrum over a sliding window of 1024 ms (256 samples) applied every 35 ms and then 

averaging across data trials. Short-time Fourier transforms was used. To visualize power 

changes across the frequency range from 0.2 to 79.8 Hz, the mean baseline log power 

spectrum was subtracted from each spectral estimate. Significance of deviations from 

baseline power was assessed using a bootstrap method. 17 Finally, after normalization of 

the signal amplitude by the mean absolute power of all trials for each patient, the ERSP’s 

of the patients were averaged. The envelope of the mean ERSP, indicating the low and 

high mean dB values, relative to baseline at each time in the epoch, were calculated and 

displayed in the figures.

Results

Clinical results

The improvement of motor symptoms six months postoperatively are summarized in 

table 1. A mean motor improvement of 81% of the sum of the BFMDRS-motor and the 

UMRSM 6 months postoperatively was noticed in both patients.

Coherence analysis between LFP and EMG activity 

In the resting condition, the full-wave rectified SCM EMG shows an ‘irregular’ rhythmic 

activity as reflected by the high power in the 3-10 frequency band in the autospectrum of 

the SCM muscle. This rhythm is less pronounced in the EMG activity of the TIB.

87

Lo
cal field

 p
o
ten

tials an
d
 o

scillato
ry activity o

f th
e in

tern
al G

lo
b
u
s Pallid

u
s in

 M
yo

clo
n
u
s-D

ysto
n
ia

C
 H

 A
 P T E R

   7



The autospectrum of the bilateral LFP activity shows a similar high power in the 3-15 Hz 

frequency band compared to the power in other frequency bands in the resting condition 

(Fig. 2). 

Patient 1  

A strong significant coherence between LFP01L and SPLR,SCM L,ECRR and TIBR EMG 

activity in the 3-15 Hz frequency band with three peaks at approximately 4.5, 7 and 13 

Hz in the resting condition was seen. Significant coherence in the 3-15 Hz frequency band 

has also been observed between LFP01L and SPLR,SCM L,ECRR and TIBR  EMG activity 

during the WE motor task. (Fig. 3) Comparable results of coherence have been obtained 

between the LFP01R activity and SPLR, SCM L,ECRR and TIBR  EMG activity.

The time lag between LFP and the EMG activity of four different muscles in the condition 

of rest and wrist extension was estimated from the phase and cumulant density plots and 

are listed in Fig. 3. Except for the ECR muscle, the time lags calculated from the phase 

and cumulative density plots are with a 95% confidence limit within the same range. 

Patient 2 

Similar results were found in patient 2. During the WE motor task a significant but weaker 

coherence compared to patient 1 was found between LFP01L and SPL R (0.1 between 3-7 

Hz) activity and LFP01L and SPL L (0.1 between 3-8 Hz) activity. During resting condition, 

no significant coherence was detected. Due to a large variance, time lags could not be 

reliably estimated from the phase and cumulative density plots. 

Figure 2: Raw signals of the recordings On the left, 5 seconds are shown of simultaneous 
recordings of the SCM muscle, the TIB muscle (full-wave rectified EMG) and the left and right pallidal 
LFP activity of the deepest contact pair of the DBS electrode (LFP01L, LFP01R) during rest in patient 
one. On the right the spectral distributions of the recordings are depicted. Note the ‘irregular’ 
rhythmic activity in the SCM muscle which is reflected by the high power in the 3-10 frequency band 
of the autospectrum. A similar high power is also visible in the autospectrum of the LFP’s.
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Figure 3: LFP-EMG Coherence Coherence plots of patient one (upper panel) between pallidal 
LFP01L activity and the SCM, SPL, ECR, TIB muscles during rest (REST) and voluntary isometric 
contraction at 25% of maximum dorsiflexion of the right wrist (WE). The horizontal dashed lines 
indicate the 95% confidence limit. 
Phase plots (middle panels) and cumulative density plots (lower panels) between the pallidal LFP01L 
activity and the SCM, SPL, ECR, TIB muscles during the two different conditions. The linear regression 
fits are shown in the phase plots and the listed time lags (and standard error of mean) are derived 
from the slope. In the cumulative density plots the horizontal dashed lines at the right side indicate 
the 95% confidence limit; the vertical bars indicate the largest peak of the curve. The time lags (and 
standard error of mean) of the peaks are listed. 
Note the significant coherence between LFP01L and SPLR,SCM L,ECRR and TIBR EMG activity in the 
3-15 Hz frequency band with three peaks at approximately 4.5, 7 and 13 Hz in rest and during the 
WE motor task. The time lags suggest that GPi leads all muscles.
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Event Related Spectral Perturbation 

Figure 4 shows shows the average of go trials in patient 1 and demonstrates that there 

is no increased EMG activity in the neck muscles prior to the imperative cue, which is also 

visible in the accelerometer signal. The results of the ERSP analysis are shown in figure 5. 

In order to enhance the statistical power the average of all trials from both patients are 

presented. Separate analysis of the patients revealed similar results.

Go trials

There is an increase of power in the low frequency band ranging from 3 to 15 Hz of the 

LFP about 2000 ms before the go cue in the LFP01. The increase of power in the 3-15 Hz 

band is maximal 300 ms before the mean RT and is more pronounced at the contralateral 

LFP01 (LFP01L) compared to the ipsilateral LFP01 (LFP01R)   activity. A decrease of power 

in the 3-15 Hz band starts approximately at the same time of the mean RT (400 ms) and 

reaches a minimum at 900 ms after the go cue. This decrease lasts up to 3000-4000 

ms after the go cue. In addition, a significant increase of power in the 25-35 Hz band is 

observed at about 1.5 seconds after the go cue at the LFP01L. Furthermore, in the 50-70 

Hz frequency band a small significant increase of power only in LFP01L activity at the time 

of the mean RT is visible. 

Figure 4. Raw EMG, acceleration, and LFP activity during the go trial The four upper traces 
show the EMG activity of the SCM, SPL, ECRR, ,and TIBR  2 seconds before the imperative cue (IC) 
and 3 seconds after the IC. The fifth trace shows the head acceleration (Accel) and the two bottom 
traces show the LFP activity of the left and right GPi. Note that the acceleration of the head due to 
a myoclonic jerk in the neck after the imperative cue is not visible in the GPi LFP activity.
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No Go trials

The same ERSP pattern in the 3-15 Hz band of the LFP01 activity is noticed during the 

no go trials, except that the decrease of power in the 3-15 Hz band after the no go cue 

is less pronounced. After the no go cue the increase of power in the 50-70 Hz is not 

recorded.

Figure 5: Event related spectral perturbation Event related spectral perturbation (ERSP) of 
the left pallidal LFP01L (left panels) and right pallidal LFP01R (right panels) activity with a correct 
response to the go cue (GO) and a correct response to the no go cue (NOGO). Trials of both 
patients are pooled. The vertical black bar indicates the moment of the imperative cue. The 
colored vertical bar next to the ERSP indicates the spectral power increase/decrease in dB (10log). 
The horizontal green and blue traces under the ERSP panel shows the envelope of the mean ERSP, 
indicating the low and high mean dB values, relative to baseline at each time in the epoch. The 
95% confidence limits are at +/- 2 dB. 
Note the increase of power in the 3 to 15 Hz frequency band of the LFP about 2000 msec before 
the go cue most pronounced in LFP01 with a maximal 300 msec before the mean RT. A decrease of 
power in the 3-15 Hz band starts approximately at the same time of the mean RT (400 msec) and 
reaches a minimum at 900 ms after the go cue. This decrease  lasts up to 3000-4000 ms after the go 
cue. Note a similar but less pronounced decrease of power in the 3-15 Hz band after the no go cue.
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Discussion

The main findings of this GPi LFP study in two genetically proven M-D patients with 

improvement of motor symptoms six months postoperatively include increased coherence 

between GPi LFP activity and muscles in the 3-15 Hz frequency band and synchronization 

of GPi neuronal activity in the 3-15 Hz frequency band before and desynchronization  

after the imperative cue in a go no-go motor paradigm. 

Motor improvement

The improvement of the motor symptoms in two genetically proven M-D patients six 

months postoperatively with 81% confirms previous GPi stimulation results in severe 

forms of M-D. 2-7 

Coherence analysis 

A significant increased coherence in the 3 to 15 Hz frequency band between the LFP’s 

of the internal pallidum and the muscles affected by myoclonus and dystonia during 

resting condition and extension of the right wrist was identified, where the LFP activity 

led the EMG activity. The overall coherence in patient two was weaker probably due to 

the botulinum toxin treatment three weeks before surgery. The coherence in the 3-15 

Hz band between pallidal LFP and EMG activity has been previously described by Liu 

et al. in a patient with the M-D phenotype during spontaneous dystonic and myoclonic 

movements. 3 The same pathological drive in the 4-7 Hz band was described in the 

muscle to muscle coherence in cervical dystonia and symptomatic DYT1 patients and 

indicates that these findings are a reflection of the pathological process occurring in 

dystonia. 8,9 

Event Related Spectral Perturbation

Study of the ERSP during the go-no go paradigm shows an increased synchronization 

in the 3-15 Hz band which is clearly visible at the time of the imperative cue and prior 

to movement. A desynchronization is seen after the onset of movement in the same 

3-15 Hz band which last several seconds. Mechanistic effects evoked by the increase of 

dystonic and myoclonic movements in the neck after the non predictive warning cue are 

unlikely to be responsible for the observed synchronizations since no EMG activity was 

observed in the neck muscles. In contrast to what previously has been described in the 

GPi (Cassidy) and STN (Kuhn) of PD patients, 11,19  no significant desynchronization of the 

beta-power after the warning cue or prior to movement could be demonstrated in our 

M-D patients. A reduced beta-power described in PD patients is not necessarily related to 

the parkinsonian state as the same movement-related suppression was also manifest in 

the striatum of healthy monkeys and in the putamen of candidates for epileptic surgery. 
20,21 Although there are no normal control studies in human, one could hypothesize that 

the absent desynchronization of the beta power in M-D may be considered abnormal 
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and that the 3-15 Hz frequency GPi oscillations are involved in the pathophysiology of 

(myoclonus)-dystonia.  Several observations support this hypothesis. Coherence analysis 

between the GPi and muscles showed strong coherence in our M-D patients in this 3-15 Hz 

frequency band. Furthermore, the relative increase in ‘resting’ pallidal LFP spectral power 

and the synchronization and desynchronization in the go no-go task were in the same 

frequency range. As a consequence, the improvement of motor symptoms after bilateral 

GPi stimulation in M-D could be induced by suppression of the abnormally increased 3-15 

Hz oscillatory synchrony. Suppression of synchronized oscillatory activity in GPi has been 

recently suggested as the therapeutic mechanism of GPi DBS  in dystonia. 22

Limitations of the study

First, the number of M-D patients (N=2) that were able to participate in the study is 

limited because of the low prevalence of the movement disorder and the usually benign 

course of the disease making the indication for stereotactic surgery rare. The amount of 

trials is limited because the recordings are made in recently operated patients. Secondly, 

although surgical coordinates, clinical improvement and postoperative imaging were 

consistent with the placement of the deepest electrode contact in the GPi and the 

highest contact in the GPe/putamen, one cannot be completely certain that one or more 

contacts lie in nearby structures as reported by others. 11,12 Thirdly, because of the lack 

of a control group, it is unclear whether the observed changes of LFP activity in the GPi 

reflect the pathophysiology of M-D. The observations that have been made in the GPi 

of humans with dystonia and in healthy Rhesus macaque supports the idea of looking 

to pathophysiological and not to physiological processes in the GPi of these two M-D 

patients. 23

Conclusion

The interpretation of the changes in the 3-15 Hz frequency band in relation to the original 

neuronal models of movement disorders is unclear. These models propose decreased 

discharge rates in the GPi of patients with hyperkinetic movement disorders. 24,25 However, 

the therapeutic mechanism of DBS is hypothesized to inhibit BG neuronal activity. 26 

Therefore, these models contradict the benefits from pallidotomy and pallidal DBS in pure 

dystonic as well as in M-D patients. Moreover, pallidal LFP activity in our M-D patients 

is increased rather than decreased in the 3-15 Hz frequency band. It appears that our 

observations are more in line with the current functional models in movement disorders 

incorporating changes in patterns of activation and the degree of synchronization of 

neuronal activity of the BG network. 26-28  Further studies of synchronized neuronal 

activity in the basal ganglia and coherence with muscle activity across different frequency 

bands in hypo- and hyperkinetic movement disorders are required to obtain a better 

93

Lo
cal field

 p
o
ten

tials an
d
 o

scillato
ry activity o

f th
e in

tern
al G

lo
b
u
s Pallid

u
s in

 M
yo

clo
n
u
s-D

ysto
n
ia

C
 H

 A
 P T E R

   7



understanding of the nature and pathophysiology of M-D and movement disorders in 

general.
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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

106



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 
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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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Abstract

Deep brain stimulation of the GPi is a good treatment option to reduce motor symptoms 

in medication refractory Myoclonus-Dystonia (M-D) patients. However, the effect of 

bilateral GPi stimulation on the commonly associated psychiatric symptoms has not been 

previously reported. 

Here, we report the results of bilateral GPi stimulation in four medication refractory 

M-D patients with psychiatric comorbidity. Motor symptoms improved dramatically in 

all four patients. Psychiatric symptoms worsened after surgery in tree out of four which 

prevented them from regaining a normal life. The lack of effect, or even deterioration 

of the psychiatric comorbidity in M-D patients with GPi stimulation should be taken into 

account when considering deep brain stimulation in M-D.
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Introduction 

Myoclonus-Dystonia (M-D) is a hyperkinetic movement disorder with an autosomal 

dominant inheritance pattern, characterized by myoclonus and/or dystonia often 

associated with psychiatric symptoms. The major gene involved is the epsilon-sarcoglycan 

gene (SGCE, DYT11), but genetic heterogeneity has been described. M-D shows reduced 

penetrance due to maternal imprinting. 1

Psychiatric symptoms such as depression, anxiety, panic disorder and obsessive-compulsive 

disorder (OCD) are considered to be part of the phenotypic spectrum of M-D. Studies 

have not been able to definitely rule out that the psychiatric symptoms are secondary to 

the chronically debilitating motor symptoms due to M-D, but current opion points toward 

part of the phenotypic spectrum. 2-5    

M-D usually has a benign course without interfering with daily life. Some individuals 

are markedly impaired by the motor symptoms leading to restrictions in the activities of 

daily living. The effect of pharmacological treatment on the symptoms of myoclonus and 

dystonia, including clonazepam and trihexyphenidyl is often disappointing. To date, eight 

M-D patients with medication-refractory motor symptoms successfully treated by deep 

brain stimulation have been described, seven of whom were treated by chronic stimulation 

of the GPi and one by thalamic stimulation. 6-11 Data of the pre- and postoperative 

psychiatric comorbidity in these M-D patients are not available.

In this paper, we describe four DYT11 positive M-D patients with preoperative psychiatric 

comorbidity who underwent bilateral GPi stimulation for intractable motor symptoms. 

Motor as well as psychiatric symptoms were assessed extensively preoperatively and 12 

months postoperatively.

Methods

Patients

Four DYT11 positive M-D patients were referred to the neurosurgical department of the 

Academic Medical Center between 2003 and 2007 because of medication refractory 

motor symptoms. Patient one (mutation in exon 5 (IVS7+2C>T)) and two (de novo 

mutation in exon 2 (c.179A>C)) have been previously described in a local field potential 

study. 12 Patient three is the index patient of a previously reported Dutch M-D pedigree 

with a mutation in exon 7 (c.885insT) 13 Patient four is the index patient of a recently 

described large Dutch M-D family with a mutation in exon 5 (619delAG). 14  Patient 

characteristics are shown in table 1. Informed consent was obtained according to the 

declaration of Helsinki. The study was approved by the ethics committee of our hospital. 

117

Bilateral G
Pi stim

ulation in M
-D

: effect of psychiatric com
orbidity on functional outcom

e
C

 H
 A

 P T E R
   9



Neurological and Psychiatric rating scales

Before and 12 months after surgery, motor symptoms were assessed using the Burke-

Fahn-Marsden Dystonia Rating Scale motor part (BFMDRS-motor) 15 and a modified 

version of the Unified Myoclonus Rating Scale (UMRSM). 16 Psychiatric diagnoses according 

to the DSM-IV axis 1 classification system were assessed using the Structured Clinical 

Interview on DSM-IV diagnoses (SCID-I) 17, or the Mini International Neuropsychiatric 

Interview (MINI) version 5.0.0 18 All psychiatric evaluations were performed by trained 

neuropsychologists. The evolution of the psychiatric history before and after surgery is 

described for each patient separately.

Surgery

The procedure for DBS is a one stage bilateral stereotactic approach using microrecording 

and macrostimulation. The intended coordinates of the posteroventrolateral GPi were 21 

mm lateral to the midplane of the third ventricle, 2 mm anterior to the midcommissural 

point and 5 mm below the AC-PC (anterior-posterior commissure) line. The electrodes 

used for implantation were model 3389 (Medtronic , Mineapolis, MN, USA) with four 

platinum–iridium cylindrical surfaces (1.3 mm diameter and 1.5 mm length) and with an 

intercontact separation of 0.5 mm. Postoperatively the lead position was determined by 

means of fusion of the postoperative CT-scan and the preoperative MRI-scan of the brain.

Results

Table 1 shows the severity of motor symptoms before and 12 months after surgery (9 

months for patient 4). A dramatic improvement could be noticed in all four M-D patients. 

In Table 2, DSM-IV diagnoses before and 12 months after surgery are displayed.

Patient 1

This 39 year old female patient developed myoclonic jerks at the age of 3 years 

which progressively worsened over the years. In her teens, dystonia accompanied the 

myoclonus.  Both myoclonus and dystonia responded extremely well to alcohol. She 

suffered from panic attacks, anxiety and recurrent depression. There was no progression 

of the clinical picture for several years, except for temporal deterioration during two 

depressive episodes. Five years before surgery she was referred to our centre because she 

experienced a considerable worsening of her motor symptoms. This worsening negatively 

influenced her performance at work (administrative job) and the housekeeping. At the 

time of evaluation, she was treated with citalopram for depression. Motor symptoms were 

refractory to several trials of medications, including trihexiphenidyl and clonazepam.

Preoperative psychiatric evaluation (SCID-I) revealed recurrent episodes of major 

depressive disorder, including a current moderately severe major depression, and a 
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generalized social phobia. The family history was negative for psychiatric disorders. The 

degree of psychiatric comorbidity was not considered as a contra-indication for surgery. 

Postoperatively, the motor improvement was dramatic, as reflected by the changes in 

the motor scores 12 months postoperatively (Table 1). However, psychiatric assessment 

12 months postoperatively (SCID-I) revealed persistence of the generalized social phobia 

despite the motor improvement obtained. Sixteen months postoperatively, she was 

admitted to the department of psychiatry at a Belgian hospital because of a severe 

depression with suicide ideations. Marital problems leading to a divorce were considered 

as precipitating factor. After 3 months of inpatient psychotherapy and treatment 

with citalopram and sertraline, she was dismissed in a “stable mental condition”. The 

motor symptoms were excellently controlled with bilateral monopolar stimulation at 

contactpoints 0 and 1 with frequency at 130 Hz, pulse with 60 microsec and intensity of 

Table 1. Patient characateristics and pre-and postoperative motor scores

Patient 1 Patient 2 Patient 3 Patient 4

Sex F M M M

Age at onset (yrs) 3 7 17 early childhood

Age at surgery (yrs) 39 18 30 49

SGCE-mutation exon 5  (IVS7+2C>T) exon 2  (c.179A>C) exon 7  (c.885insT) exon 5  (619delAG)

Medication at surgery Citalopram Dysport 400IE - -

Motor scores Pre Post Pre Post Pre Post Pre Post 

    UMRS-rest   42 2 18 4 17 0 4 1

    UMRS-action 38 8 30 3 13 8 43 4

    BFMDRS-motor 22 9 10 4 8 4 25.5 6

Total motor score 102 19 58 11 38 12 82.5 11

F=female, M=male, Yrs=years, Pre=preoperatively, Post=postoperatively , UMRS=Unified Myoclonus 
rating scale, BFMDRS-motor= Burke-Fahn-Marsden-Dystonia Rating Scale-motor part.

Table 2. DSM-IV diagnoses according to the SCID-1 (or MINI)

DSM-IV diagnoses preoperatively DSM-IV diagnoses postoperatively

Patient 1 depressive period in the past,current 
moderate depressive episode, current 
moderate generalized social phobia 

generalized social phobia

Patient 2 depressive period in the past, current 
depressive episode, severe social phobia, 
mild obsessive compulsive behavior, 
alcohol-and cannabis abuse, borderline 
personality traits

psychotic episodes due to schizo-affective 
disorder

Patient 3 recurrent depression in the past depressive episode 

Patient 4 Chronic depression, moderate generalized 
anxiety and social phobia, mild obsessive 
compulsive disorder

bipolar disorder with rapid cycling, 
obsessive compulsive disorder
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3.5 Volts bilaterally. Twenty-one months postoperatively, she was admitted to the AMC 

hospital because of worsening of the motor symptoms. Adjustment of the stimulation 

parameters by increasing the voltage with 0.5 V gave satisfactory results.

During this admission, repeated attacks of loss of consciousness did occur. Several of 

them were witnessed by a neurologist and definitely considered as psychogenic attacks. 

Confronting her with the presumed psychogenic nature of the attacks exacerbated a new 

depressive episode and the next day she did a suicide attempt taking a large amount of pain 

killers (ibuprofen). She was transferred to a psychiatric hospital where she was hospitalised 

for 3 months to treat the depression. During the next year, depressive symptoms decreased 

enabling a normalisation of the patient’s professional and private life. Currently, she is 

re-admitted to a psychiatric hospital because of a new depressive period.

Patient 2

This 18 year old man experienced writing difficulties at the age of seven years due to 

myoclonus of the upper limbs. With disease progression, myoclonus spread to the head 

and neck and dystonia of the neck was noticed. Alcohol improved both myoclonus and 

dystonia. Psychiatric history was positive for social isolation and two suicide attempts. 

Family history revealed that a maternal uncle had a “psychotic disorder” and his paternal 

grandfather was diagnosed with schizophrenia. His mother was suffering from alcohol 

dependence. Neither of these family members had a mutation in the SGCE gene. 

Treatment of the motor symptoms with clonazepam was not successful. Botulinum toxin 

for the neck dystonia gave some relief.

Preoperative psychiatric evaluation (SCID-I) revealed a major depressive episode, a severe 

generalized social phobia, mild obsessive compulsive disorder, alcohol- and cannabis 

abuse. Further, clinically borderline personality traits were established. Postoperatively, 

the motor improvement was dramatic as reflected by the changes in the motor scores 12 

months postoperatively (see table 1). However, six months postoperatively, the patient 

had to be admitted to the psychiatric emergency department because of psychotic 

decompensation with paranoid delusions, a manic episode with inflated self-esteem, 

delusions of grandiosity, and auditive and visual hallucinations. Two weeks before 

admission, stimulation parameters had been minimally adjusted: bilateral monopolar 

stimulation at contactpoint 1 with frequency at 130 Hz, pulsewith 90 microsec and 

intensity of 2.8 Volts was changed to an intensity of 3.0 V bilaterally. According to his 

mother, he had recently restarted taking cannabis and excessive amounts of alcohol a 

few weeks before admission. Switching off the neurostimulation for two weeks did not 

change the psychiatric symptoms but the motor symptoms re-emerged immediately. The 

psychotic symptoms did improve with olanzapine 20 mg daily and valproic acid 800 mg 

twice daily and the symptoms did not worsen after switching on the neurostimulation with 

similar stimulation parameters. It was concluded that the psychotic period was probably 

the first episode of a schizoaffective disorder. The following 15 months, his psychiatric 

condition remained stable with the chronic use of neuroleptics and a mood stabilizer. 
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Motor symptoms were excellently controlled. However, social and professional life was 

not easy. Excessive use of cannabis and failure of therapy compliance (he recently decided 

to stop taking any medication) prompted him into a new manic psychotic episode. He 

was again admitted to a closed unit of a psychiatric hospital where temporally separation 

was necessary.

No changes to the stimulation parameters had been made over the past period. 

Reintroducing valproic acid and clozapine was successful in controlling the mania and 

auditive hallucinations. This episode was considered as a second manic psychosis due 

to schizoaffective disorder. To date (twelve months after the second psychosis), motor 

symptoms as well as psychiatric symptoms are controlled, he is building up some social 

life and working in a sheltered work environment.

Patient 3 

This 30 year old man developed myoclonus of the neck, face and shoulders at the age of 

17. With disease progression dystonia of the neck and trunk was noticed. Since several 

years, he experienced difficulties with walking, although only sporadic myoclonus of the 

proximal leg could be detected at neurological examination. However, electromyography 

of the quadriceps muscles revealed pronounced myoclonic jerks during standing position 

and during walking a short distance. Chronic low back and neck pain superimposed on 

the motor symtoms prevented him to work. Treatment with trihexiphenidyl, clobazam, 

tramadol and Botulinum toxin injections were not effective. During childhood and 

adolescence he suffered from periods of amnesia that were considered to be partial 

complex seizures. After taking a single dose of clonazepam 4 mg, he suddenly became 

uncontrollably aggressive and fell through a window. He had amnesia for this accident. 

He injured his right hand and several years later he developed dystonia of the right hand. 

Psychiatric history was positive for recurrent major depressive episodes. Preoperative 

psychiatric evaluation (SCID-I) did not reveal other psychiatric diagnoses, especially no 

obsessive compulsive behaviour nor anxiety. There was no current depressive episode. 

Family history was positive for antisocial personality disorder of his younger brother 

(SGCE mutation carrier) and schizoaffective disorder of a paternal uncle (not genotyped). 

Postoperatively, myoclonus as well as dystonia improved significantly, including the 

myoclonus of the legs as reflected by the postoperative electromyographic findings. He 

experienced less pronounced walking difficulties. 

Psychiatric evaluation (SCID-I) 12 months postoperatively was unchanged. However, 

chronic pain and fatigue complaints did influence his tenacity during the activities of daily 

living. Adjustment of the stimulation parameters with an increase of 0.5 Volt bilateral 

(the current parameters are bilateral monopolar stimulation at contactpoint 2- left and 

3- right with 130 Hz, 90 microsec and 3.6 Volt left, 2.8 Volt right) did not influence these 

complaints. 
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Patient 4 

This 49 year old patient developed myoclonus of the leg in early childhood. Dystonia of 

the trunk had been noted in his teens. He was treated for recurrent depressive episodes 

and had suffered from alcohol abuse in the past. On neurological examination, rhythmic 

movements of the trunk were noted along with dystonia of the trunk and the feet and 

myoclonus of the hands, legs, and trunk. Despite treatment with a combination of 

trihexyphenidyl, clonazepam and botulinum toxin injections, motor symptoms remained 

very disabling in daily life.

Preoperative psychiatric evaluation (SCID-I) revealed a chronic major depressive disorder, 

moderately severe generalized anxiety disorder, generalized social phobia and a mild 

obsessive compulsive disorder. He was considered to be elegible for stereotactic surgery 

because of a stable psychiatric condition due to treatment with paroxetine. The family 

history reveals that a brother of his father has committed suicide when the patient was a 

child, and a granduncle from father’s side has been chronically admitted in a psychiatric 

hospital. Neither of these family members had a mutation in the SGCE gene.

Postoperatively, a dramatic improvement of the motor symptoms was noticed after 3 

weeks of active stimulation  with stimulation parameters at contactpoint 0- left and 

2- right (130 Hz, 60 microsec and 1.5 Volt bilaterally). Despite this motor improvement, 

he developed a new major depressive period 6 months postoperatively. This period 

was followed by a period with hypomanic thoughts and actions, such as imprudent car 

driving, spending excessive amounts of money, decreased sleep and irritability. Turning 

the stimulation off for 2 weeks did not influence the psychiatric picture.

Psychiatric evaluation (MINI) 9 months post-operatively revealed a bipolar disorder II with 

rapid cycling and an obsessive compulsive disorder. Switching off the stimulation for 2 

weeks and rechallenge with active stimulation did not change the psychiatric picture. 

He is currently being installed on lithiumcarbonate and receives cognitive behavioral 

therapy to help him control his impulsive behavior. According to the patient, the increase 

of psychiatric complaints is due to the death of his mother, with whom he lived together 

and controlled his spending behavior.

Discussion

The present study of four medication refractory DYT11 positive M-D patients confirms 

the previously reported positive effects of bilateral GPi stimulation on the symptoms of 

myoclonus and dystonia. Due to persisting or worsening of psychiatric illness, three out of 

four M-D patients were not able to take part in normal social life, limiting the favourable 

functional outcome after bilateral GPi stimulation in M-D.
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Psychiatric symptoms such as depression, anxiety disorder and OCD, are often accompanying 

the motor symptoms in M-D. 19 Thus, either the presence of preoperatively psychiatric 

comorbidity or the worsening of pre-existent psychiatric symptoms postoperatively, may 

be a rate-limiting factor with respect to the favorable outcome of DBS in M-D.

It has been suggested that psychopathology is co-segregating with the DYT11 mutation. 
3,20,21 However, conflicting results in the studies systematically addressing the presence 

of psychiatric symptoms in M-D, fail to determine whether the psychiatric symptoms are 

part of or secondary to the DYT11 phenotype. Nevertheless, it is important to integrate 

the psychiatric comorbidity into the decision making process of DBS in M-D patients. This 

may include rigorous treatment with psychopharmaca or behavioural therapy for a longer 

period preoperatively and intensive psychiatric follow-up postoperatively.

The persistence or worsening of psychiatric symptoms in three out of the four M-D 

patients despite a dramatic effect of GPi stimulation on the motor symptoms suggests 

that the psychiatric symptoms are not a consequence of the severity of motor symptoms. 

Moreover, one would expect that a dramatic improvement of the motor symptoms after 

bilateral GPi stimulation subsequently would lead to an improvement of the psychiatric 

symptoms. However, difficulties in coping with the new life and the disappearance of the 

“sick person” image may also contribute to persistence of psychiatric symptoms.

Of interest is the worsening of the psychiatric symptomatology after surgery, i.e. psychotic 

episodes in patient 2 and manic behavior in patient 4. One should consider the possibility 

of a stimulation-induced luxation of a preoperative stable psychiatric condition. However, 

it is unclear whether the natural course of the disease would have resulted in a similar 

psychiatric evolution. The positive family history for schizo-affective disorder and suicide 

in two out of the four M-D patients may point to a genetic susceptibility for psychiatric 

decompensation after DBS surgery. However, because not all family members with 

psychiatric disorders have been screened for a SGCE mutation, it is unclear whether the 

SGCE mutation itself is responsible for this genetic vulnerability or whether other genes 

or environmental factors are involved. 

The delay in worsening of psychiatric symptoms after surgery while active stimulation was 

present and the persistence of symptoms after switching off the stimulation in patient 2 

and 4 argues against a stimulation-induced side-effect. 

Behavioural disturbances, including suicide have been reported after subthalamic 

nucleus (STN) or GPi stimulation in Parkinson’s disease and to a lesser extent in dystonia. 
22-26 Chronic stimulation of the STN seems to induce more behavioural complications 

compared to GPi stimulation in Parkinson’s disease. So far, it is unclear whether pre-

existent psychiatric comorbidity or unintended stimulation of nearby limbic structures are 

responsible for the psychiatric complications after DBS-surgery. 22

The experience with chronic stimulation of the GPi in other movement disorders with 

psychiatric comorbidity is limited. Deep brain stimulation for patients with Gilles de la 

Tourette syndrome (GTS) refractory to conventional therapy has focussed on the thalamus. 
27-30 Only three GTS patients were treated with bilateral GPi stimulation. 27,31,32 In one 
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patient, both GPi and thalamus were targeted. 27 Motor symptoms as well as behavioural 

symptoms significantly improved with both procedures. Remarkably, selectively stimulating 

the GPi in the patient with both GPi and thalamic stimulation worsened the symptoms 

of anxiety in contrast to the positive effect on anxiety when selectively stimulating the 

thalamus. 27 However, it should be mentioned that the anteromedial limbic part in this 

patient was targeted and not the “classic” posteroventrolateral motor part of the GPi 

used in  Parkinson’s disease and dystonia. These results are in contrast with the positive 

effect of GPi stimulation on the automutilating behavior in Lesch-Nyhan patients. 33-35 

In three out of the four Lesch-Nyhan patients, four electrodes were implanted with two 

electrodes in the posterior motor part and two electrodes in the anterior limbic part of 

the GPi.33,34 In the other patient, the GPi target was supposed to lie more anterior than 

the classic posteroventrolateral GPi target.35

These results indicate that stimulation of the GPi, known to take part in the limbic 

circuitry of the basal ganglia, may influence emotional processing due to functional 

changes induced by chronic stimulation of deranged neuronal circuits. Whether electrode 

localisation in the GPi plays a role in influencing behaviour remains to be elucidated. 

Motor symptoms but not psychiatric symptoms  were effectively controlled with 

stimulation of the motor part of the GPi in the four M-D patients. Based on the positive 

results of thalamic stimulation on both motor and behavioral symptoms in Tourette 

patients and the positive results of anterior GPi stimulation in Tourette and Lesh Nyhan 

patients, one may consider the thalamus or the anterior part of the GPi as preferable 

target in medication-refractory M-D patients, especially when psychiatric symptoms are 

associated. 

 

The present study stresses the importance of an extensive structured psychiatric evaluation 

preoperatively by trained psychiatrists or psychologists when considering patients with 

movement disorders and associated psychiatric disturbances for DBS. Future studies 

should address to which extent the psychiatric symptoms can be sufficiently treated 

preoperatively or whether psychiatric comorbidity should be considered as a relative 

contra-indication for DBS in M-D patients. 
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Discussion and summary

This chapter reviews the main findings of the clinical and pathophysiological studies 

on Myoclonus-Dystonia (M-D) described in the present thesis, places the results into a 

broader perspective of other performed research in this field, and gives suggestions for 

future research.

I. Introduction

Myoclonus-Dystonia (M-D) is a movement disorder characterized by myoclonic jerks and 

dystonic movements or postures, very often responsive to alcohol. The myoclonic jerks 

typical of M-D are brief lightning-like movements usually beginning and most affecting 

the neck, trunk and upper limbs. Approximately half of the M-D patients have focal 

or segmental dystonia usually presenting as cervical dystonia and/or writer’s cramp. 

Psychiatric symptoms are frequently associated to the motor symptoms. 1,2

Myoclonus-Dystonia is inherited in an autosomal dominant fashion with reduced 

penetrance and is caused by mutations in the SGCE gene. In only one third of the 

investigated M-D patients, a mutation in the SGCE gene has been detected suggesting 

genetic heterogeneity. 1,2 Reduced penetrance is explained by maternal imprinting of the 

SGCE gene, implying that clinically affected individuals inherit the mutation from their 

father. 3

The pathophysiology of M-D is elusive. The lack of stimulus-sensitivity of the myoclonus, 

the absence of a giant somato-sensory evoked potentials (SSEP) and the combination 

with dystonia, known to result from basal ganglia dysfunction, supports the hypothesis 

that M-D is a disorder of the basal ganglia. 1

II. Clinical studies 

During the phenotypical characterization of two Dutch M-D families (chapter 2-5) we 

recognized several unusual clinical features. This has led to the extension of the clinical 

spectrum of M-D and the modification of the original diagnostic criteria, i.e. epileptic 

seizures and EEG abnormalities are no longer exclusion criteria. Distal myoclonus in the 

arms appears to be rather frequent in contrast to the traditional description of mainly 

proximal symptoms, and age of onset is not always in the first or second decade. 1
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II.1 Motor symptoms

Epilepsy

Epileptic seizures were observed in three out of five affected DYT11 mutation carriers 

(MC) from the Dutch M-D family described in chapter 2. The presence of seizures could 

not be explained by alcohol withdrawal or the use of epileptogenic medication as 

described by others. 4

We were the first to report the possible association of seizures with the M-D phenotype.  
5 To date, another M-D family has been reported with at least two DYT11 mutation 

carriers with complex partial seizures. 6 However, due to the limited number of M-D 

families with epilepsy reported so far, we cannot exclude that the association of the M-D 

phenotype with epilepsy is a coincidence.

Distal myoclonus 

The definition of M-D states that myoclonus is mainly affecting the neck, trunk and 

proximal upper limbs. 1 Characterization of the motor symptoms in the large Dutch M-D 

family in chapter 3 revealed that slight jerky movements of the fingers in six of the 20 

DYT11 affected mutation carriers (MC) may be the only presentation of myoclonus in 

M-D. 7 One could argue that this finding is specific to the mutation found in this particular 

family. However, in six of the seven affected DYT11 mutation carriers (MC) identified at 

our centre with different SGCE mutations, distal upper limb myoclonus could be observed. 
8 Moreover, in the literature, very often no distinction has been made between proximal 

and distal upper limb myoclonus in other DYT11 positive M-D families which may lead to 

an underestimation of the prevalence of this feature. 1

Late age of onset

Three of the 20 affected DYT11 mutation carriers (MC) from the Dutch M-D family 

described in chapter 3 had an age of onset in (late) adulthood: 43, 60 and 75 years. This 

implies that, although age of onset is usually before the age of 20 years, older age at 

onset does not rule out the possibility to find a SGCE mutation especially when family 

history is positive. 

Possibly affected DYT11 mutation carriers

Fourteen of the 34 DYT11 mutation carriers (MC) of the Dutch M-D family described in 

chapter 3 inherited the mutation from their mother and were supposed to be asymptomatic 

DYT11 mutation carriers (MC) due to the mechanism of maternal imprinting. Remarkably, 

five DYT11 mutation carriers (MC) did not have complaints but showed subtle dystonia 

on neurologic examination. The detection of five ‘possibly affected’ mutation carriers 

(MC) inheriting the mutation from their mother is concordant with the reported 5-10% 

rate of maternally inherited SGCE mutations in literature 2,3,9,10 Escape from maternal 
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imprinting might explain the presence of motor symptoms in these individuals. However, 

the underlying mechanism for the loss of imprinting is unclear. Co-expression of the 

mutated and the wild-type allele was demonstrated by Müller et al. at the cDNA level in 

one affected DYT11 mutation carrier (MC) who inherited the mutation from her mother. 
10 However, the maternal allele was not expressed in peripheral blood leucocytes at 

the cDNA level in our patients and another patient reported in literature. 3,7 Another 

possible explanation is a different level of imprinting in brain compared to peripheral 

blood leucocytes (PBL) (imprinting mosaicism) as has been previously suggested in mice. 
11 Future research focussing on the imprinting patterns of the SGCE gene in different 

tissues, including human brain tissue, may elucidate the escape of imprinting mechanism 

in DYT11 mutation carriers (MC) inheriting the mutation from their mother.

II.2 Psychiatric symptoms

In several M-D families the presence of psychiatric symptoms was noticed, already before 

the detection of the SGCE gene 12-16 Until now, only 3 studies, including ours (chapter 5), 

have systematically addressed the psychiatric comorbidity in DYT11 proven M-D families. 
17-19 The three studies do agree on the association of psychiatric symptoms to the motor 

symptoms, but the results with respect to the type of psychopathology are conflicting. 

OCD and alcohol dependence, but not depression nor anxiety were more prevalent in 

the affected DYT11 mutation carrier (MC) group from Hess and co-workers, whereas in 

our study depression and anxiety, including panic attacks, but no alcohol dependence 

nor OCD were more prevalent in the affected DYT11 mutation carrier (MC) group. 17,18 

The presence of depression and anxiety in our study correlated with the severity of motor 

symptoms which might suggest that these psychiatric symptoms are secondary to the 

motor symptoms and not part of the M-D phenotype. On the contrary, one can also argue 

that a more severe motor phenotype comes with a more severe psychiatric phenotype. 

Psychiatric comorbidity worsened after a dramatic improvement of the motor symptoms 

induced by bilateral GPi stimulation in three out of four DYT11 mutation carriers (chapter 

9). When considering psychiatric symptoms being secondary to the motor symptoms, 

one would have expected at least an improvement of depressive and anxiety symptoms 

co-occuring with the dramatic improvement of myoclonus and dystonia. 

Psychiatric comorbidity is obvious in DYT11 mutation carriers (MC) but 

so far, it remains unclear whether psychiatric symptoms are part of the phenotypic 

spectrum of M-D or are secondary to the debilitating motor symptoms. Uniform 

standardized assessment of a larger number of symptomatic and asymptomatic DYT11 

mutation carriers (MC) may give more conclusive insights.

II.3 Phenotype-genotype correlation 

Mutations in the SGCE gene have been associated with familial M-D and to a lesser 

extent with sporadic M-D. However, a considerable amount of typical M-D patients do 

not carry mutations in the SGCE gene. 1 Because mutational testing of the SGCE gene is 
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expensive and laborious, several studies, including the study described in chapter 4, have 

addressed the question whether distinct phenotypic features may predict the presence or 

absence of a SGCE mutation in M-D patients. 8,20-23

Seven of 31 patients with the M-D phenotype in our study carried a mutation in the 

SGCE gene. Study of phenotypic differences among the SGCE gene positive and negative 

M-D patients revealed that age of onset in the first two decades of life, onset with 

a combination of myoclonus and dystonia, positive family history and the presence of 

truncal myoclonus and/or axial dystonia were significantly associated with the presence 

of a SGCE mutation. Myoclonus of the upper part of the body and alcohol sensitivity 

seems of limited value in predicting the SGCE mutation carrier status. 

Valente and coworkers found 6 SGCE mutations in a group of 58 patients of whom 

29 had a M-D phenotype (21 M-D and 8 essential myoclonus). 23 Five of the mutation 

positive patients had the M-D phenotype and one essential myoclonus. They concluded 

that young onset, predominant myoclonus of the upper body and alcohol sensitivity 

are helpful but not exclusive for the detection of SGCE positive M-D patients. However, 

statistical analysis has not been performed. 

Tezenas du Montcel and coworkers studied 76 patients of whom 54 patients with the 

M-D phenotype (49 M-D and 5 essential myoclonus). Sixteen out of the 54 patients (11 

M-D and 5 essential myoclonus) showed a mutation in the SGCE gene. 22 In this study 

young onset, the presence of lower limb dystonia and alcohol sensitivity but not the 

pattern of myoclonus and dystonia predicted the presence of SGCE mutations. 

The two described studies included also different types of myoclonic and dystonic 

syndromes to define the extent of the phenotypic spectrum of M-D: idiopathic 

generalized torsion dystonia, benign hereditary chorea and Ramsay-Hunt syndrome. No 

SGCE mutations were detected in those patients. 

Based on the results of the genotype-phenotype correlation studies, we may conclude 

that the phenotype associated with mutations in the SGCE gene is rather narrow and we 

propose to confine the SGCE screening to patients with the “classic” M-D phenotype, 

i.e. myoclonus consisting of brief, lightning-like movements and not myoclonus which 

is restricted to a body part affected by dystonia, i.e. jerky movements superimposed to 

the dystonia. In contrast to what has been previously suggested, we advise to perform 

mutational screening in patients with the “classic”phenotype, also with late age of onset, 

especially when family history is positive.

The detection of new genes will probably elucidate the large number of SGCE negative 

‘classic’ M-D patients.
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III. Pathophysiological studies

Functional studies have been used to study the involvement of different brain structures 

in dystonia and myoclonus. Coherence analysis is a useful tool to gain insight into the 

oscillatory coupling between brain and muscle and between muscles and gives insight in 

the time domain, while funtional magnetic resonance imaging (fMRI) is a technique to 

study differences in brain activitation patterns between patients and healthy controls and 

gives insight in the spatial domain.

III.1 EEG-EMG and EMG-EMG coherence analysis

A cortical drive to muscles in the 15-30 Hz frequency band is observed in healthy controls 

during weak isometric contraction. 24 This ‘physiological’ drive was absent in 20 studied 

DYT11 mutation carriers (MC) and suggests that the cortical drive to muscles in DYT11 

mutation carriers (MC) is deranged. With EMG-EMG coherence analysis, we investigated 

the presence of a ‘pathological’ (probably basal ganglia driven) drive to the muscles of 

DYT11 mutation carriers (MC). 

No significant intermuscular coherence could be detected in the group analysis of the 

20 DYT11 mutation carriers (MC). However, when analysing the individual data, we 

found an abnormal low frequency (3-10 Hz) drive in DYT11 mutation carriers (MC) with 

pronounced mobile dystonia, i.e. dystonic movements superimposed on the dystonic 

posturing. 25 (chapter 6) A similar low frequency drive has been described in cervical 

dystonia and DYT1 positive dystonia patients.26,27 These findings suggest that the 

detection of the low frequency drive is not specifically related to a phenotypic subtype of 

DYT11 mutation carriers (MC) but more likely to reflect a pathological drive to muscles 

affected by (mobile) dystonia. 

The technique of coherence analysis requires two stationary signals and is therefore not 

an appropriate neurophysiological technique to study the action induced brief myoclonic 

jerks in DYT11 mutation carriers (MC). This may explain that the detection of an abnormal 

low frequency drive was restricted to DYT11 mutation carriers (MC) with predominant 

(mobile) dystonia. 

III.2 GPi LFP-EMG coherence analysis

Increased coherence in the 3 to 15 Hz frequency band between internal Globus Pallidus 

(GPi) local field potential (LFP) activity and dystonic muscles in two DYT11 mutation 

carriers who underwent deep brain stimulation was detected. 28 (chapter 7) Taking the 

results of the intermuscular coherence study into account, it is likely that the increased GPi 

synchrony is associated with muscles exhibiting (mobile) dystonia and not with muscles 

affected by myoclonus. This is supported by similar significant coherence (range 3-7 Hz) 

between GPi LFP activity and dystonic muscles in patients with idiopathic dystonia. 29 
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Functioning of the basal ganglia circuitry is characterized by synchronization of 

oscillations across different populations of neurons. Event related synchronization and 

desynchronization studies investigate the increase or decrease of this oscillatory brain 

activity in relation to different motor tasks. Desynchronization in the beta band, i.e. a 

decrease in the synchronized oscillatory activity of basal ganglia structures in the beta 

band, is thought to be a physiological mechanism that facilitates movement. 30 Due to an 

increase of beta band synchrony in Parkinson’s disease in the resting state, the beta band 

desynchronization observed before movement cannot ‘break through’ and results in 

hypokinetic movements. 31,32 The observation of synchronization of GPi neuronal activity 

in the 3-15 Hz frequency band before movement in the two studied DYT11 mutation 

carriers (MC) may be interpreted in the same perspective: abnormal muscle activity is 

generated due to the increase in low frequency GPi oscillatory synchrony. 

It would be interesting to study temporal relationships between subcortical structures 

and muscles affected by myoclonus with a neurophysiological tool equivalent to the EEG 

back averaging technique. In this light, magneto-encephalography (MEG), which has a 

larger spatial resolution compared to EEG may be a good option.

III.3 Functional Magnetic Resonance Imaging

Functional magnetic resonance imaging (fMRI) may give insight in brain activity during (in)

voluntary movements. We performed a motor task which induces involuntary movements 

in movement disorders in an on/off fashion (blockdesign) and correlated this with brain 

activity in 17 DYT11 mutation carriers (MC) and 11 controls. In addition, we performed 

the serial reaction time task, an implicit learning task known to result in activation of 

striatal structures during fMRI. (chapter 8) 

We detected hyperactivity of the pre-motor (Brodmann Area 6) and motor cortex during 

the three motor tasks which may reflect hyperexcitability of the cortical motor planning 

areas. Remarkably, the hyperactivity was predominantly ipsi-and not contralateral 

suggesting ‘overflow’ of activity. Increased activity of basal ganglia structures could not 

be detected during the motor tasks, which is probably due to the choice of a non-complex 

motor task. Interestingly, we detected similar but less pronounced hyperactivity in all 

eight asymptomatic DYT11 mutation carriers (MC). The hyperactivity in asymptomatic 

DYT11 mutation carriers (MC) is suggesting that an escape of maternal imprinting may 

be not only expressed in the clinical presentation but may be restricted to subclinical 

functional changes in brain activity.

During the implicit learning task (SRT), hyperactivity in the dorsolateral prefrontal cortex 

(Brodmann Area 10) and the putamen was observed. The dorsolateral prefrontal cortex 

is associated with ‘higher order’ cognitive processing and points to explicit, effortful 

learning instead of implicit learning. 33

However, when performing different tasks in patients with M-D, the myoclonic and 

dystonic movements are not recorded and therefore, it may be difficult to make a 
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distinction between normal, compensatory and pathological brain activity. Recently, 

simultaneously recording of EMG activity during fMRI has become available which allows 

to measure the involuntary movement itself and to directly correlate this abnormal 

movement with brain activity. The comparison of this new fMRI technique in DYT11 

mutation carriers (MC) with the fMRI study we performed will confirm our findings or 

will lead to the conclusion that the observed hyperactivity in different brain regions is 

not related to myoclonus nor dystonia but only reflects differences in task performance 

between DYT11 mutation carriers (MC) and healthy controls.

IV. Therapy: Deep brain stimulation in medication-
refractory M-D patients

The natural course of M-D is usually benign. However, some patients are seriously impaired 

by the symptoms of myoclonus and dystonia leading to restrictions in the activities of 

daily living. Since medical treatment, including botulinum toxin, has proven to be very 

often ineffective, those M-D patients may benefit from deep brain stimulation. 1 Good 

improvement of the motor symptoms has been reported after stimulation of the GPi 

and the thalamus, but the effect on the psychiatric comorbidity has not been addressed. 
34,35 We studied the effect of bilateral GPi stimulation in four DYT11 mutation carriers 

with medication-refractory motor symptoms and associated psychopathology. (chapter 

9) Despite a dramatic improvement of the motor symptoms, patients were not able to 

take part in normal social life due to psychiatric deterioration.  This stresses the need for 

elaborate psychiatric support pre-and postoperatively. 

V. Suggestions for future research 

V.1 Genotypic and phenotypic heterogeneity of SGCE mutation carriers 

Mutations in the SGCE gene are detected in only a minority (30%) of ‘typical’ M-D cases. 

A challenge for future studies lies in the identification of ‘prognostic factors’ that will 

increase the sensitivity of detecting SGCE mutations. The detection of specific patterns 

of ‘brain dysfunction’ in functional studies could lead to the fine tuning of the presently 

available clinical prognostic factors. The identification of new genes related to the M-D 

phenotype is another challenge. This is of importance to improve genetic counseling. 

V.2 Functional studies

The functional studies we performed in the present thesis, have given more insight into 

the pathophysiology of myoclonus-dystonia (M-D). However, we came across several 
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methodological limitations. Future research should focus on the development of an 

appropriate technique to study the myoclonus in DYT11 mutation carriers (MC) which 

in turn may lead to the availability of a human model to study myoclonus of subcortical 

origin. 

In functional MRI studies, simultaneously recording of EMG activity has become recently 

available which allows to measure the involuntary movement itself (myoclonus and 

dystonia) and to directly correlate this abnormal movement with brain activity. 

Magneto-encephalography (MEG) has a larger spatial resolution compared to EEG. 

However, functional changes in subcortical structures can only be estimated by studying 

the cortical activities that might be influenced by the functional abnormalities of these 

subcortical structures, i.e. basal ganglia structures. A challenge for future research is the 

integration of the high spatial resolution fMRI and the high temporal resolution MEG 

with the goal to come to a multimodal neuroimaging tool with the capacitity to study 

functional changes in M-D and other movement disorders.

V.3 Deep brain stimulation in M-D

Psychiatric deterioration after bilateral (posteroventrolateral) GPi stimulation in 

medication-refractory M-D patients was observed in the present thesis. Based on the 

positive results of more anterior (than  ‘classic’) GPi stimulation and thalamic stimulation 

in other movement disorders with psychiatric comorbidity, it is of interest to study these 

other basal ganglia targets and to reconsider the (posteroventrolateral) GPi being the 

target of first choice.
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Summary

Myoclonus-Dystonia (M-D) is an autosomal dominant movement disorder characterized 

by myoclonic jerks and dystonic movements or postures. Genetic analysis revealed the 

SGCE gene (DYT11) as the major gene for M-D. Identification of SGCE mutations in Dutch 

familial and sporadic M-D patients enabled us to study the phenotypic heterogeneity in 

M-D. Furthermore, we performed different types of functional studies to unravel the 

pathophysiology of this movement disorder. Because dystonia is a heterogenous disease 

with varying etiology, previous functional studies in dystonia have been hampered by 

heterogenous groups of dystonic patients. DYT11 positive M-D patients are a homogenous 

patient group and this has given us the opportunity to study dystonia in a well-defined 

‘dystonia-plus’ syndrome. The myoclonus in M-D is considered to be of subcortical origin 

and may serve as a human model for subcortical myoclonus in future studies, especially 

since other types of subcortical myoclonus are rare.

In chapter 2 and 3 we describe the clinical characteristics of two Dutch DYT11 positive 

M-D families. This has led to the extension of the phenotypic spectrum of M-D. The 

presence of epileptic seizures in three out of five affected DYT11 mutation carriers of 

the Dutch family described in chapter 2 has changed the original diagnostic criteria, i.e. 

epileptic seizures and EEG abnormalities are no longer exclusion criteria for the clinical 

diagnosis of M-D. 

All 20 affected DYT11 mutation carriers of the large Dutch family studied in chapter 3 

displayed distal myoclonus in contrast to the ‘classical’ proximal upper limb myoclonus 

and late age of onset was observed in three affected DYT11 mutation carriers. This has 

strengthened the need to pay attention to the presence of subtle myoclonic jerks of 

the fingers in patients presenting with myoclonus and dystonia and may subsequently 

lead to the detection of a larger amount of DYT11 mutation carriers. Moreover, patients 

presenting with the “classic” M-D phenotype at older age should be tested for the DYT11 

mutation especially when family history is positive.

The detection of five ‘possibly’ affected DYT11 MC in the large Dutch M-D family implies 

an escape of maternal imprinting and is concordant with the reported 5-10% rate of 

maternally inherited SGCE mutations in literature.

However, the underlying mechanism for the loss of imprinting is unclear. Co-expression 

of the mutated and the wild-type allele may be a possible explanation. A different level of 

imprinting in brain compared to peripheral blood leucocytes (PBL) (imprinting mosaicism) 

as has been previously suggested in mice should also be considered. Future research 

should focus on the imprinting patterns of the SGCE gene in different tissues, including 

human brain tissue.
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Mutations in the SGCE gene have been associated with familial M-D and to a lesser 

extent with sporadic M-D. However, a considerable amount of typical M-D patients do 

not carry mutations in the SGCE gene. In chapter 4, we addressed the question whether 

distinct phenotypic features may predict the presence or absence of a SGCE mutation It 

is of particular interest as mutational testing is expensive and laborious. 

Study of the phenotypic differences among the 7 SGCE gene positive and 24 negative 

M-D patients revealed that age of onset in the first two decades of life, onset with 

a combination of myoclonus and dystonia, positive family history and the presence of 

truncal myoclonus and/or axial dystonia were significantly associated with the presence 

of a SGCE mutation. Myoclonus of the upper part of the body and alcohol sensitivity 

seems of limited value in predicting the SGCE mutation carrier status. Taking the results of 

our study combined with two additional studies performed in this field, we conclude that 

the phenotypic spectrum of M-D is more narrow than previously thought and consists 

of myoclonus characterized by brief, lightning-like movements and not myoclonus which 

is restricted to a body part affected by dystonia, i.e. jerky movements superimposed on 

the dystonia. 

In chapter 5, we studied whether psychiatric symptoms are more prevalent in DYT11 

mutation carriers of the large Dutch M-D family described in chapter 3. Depression and 

anxiety but not OCD were more prevalent among the 26 DYT11 mutation carriers and 

might be considered part of the phenotypic spectrum of M-D. However, the presence of 

depression and anxiety correlated with the severity of motor symptoms in M-D patients 

suggesting that psychiatric symptoms are secondary to the chronic debilitating motor 

symptoms and not part of the M-D phenotype. Because of the limited sample size and 

the small number of other studies addressing this clinically important issue, definite 

conclusions cannot be drawn as to yet. Future studies should include larger numbers of 

DYT11 positive M-D patients and assess them with a uniform set of psychiatric tests.

Chapter 6, 7 and 8 provides the results of the functional studies we performed in 

DYT11 mutation carriers in order to gain more insight into the pathophysiology of this 

hyperkinetic movement disorder. 

Coherence analysis of EEG-EMG and EMG-EMG is a technique to study the oscillatory 

coupling between  brain activity and muscles in the time domain. (chapter 6). Deep brain 

stimulation of the basal ganglia is an effective therapy for different types of medication-

refractory movement disorders. This neurosurgical therapy enables us to study the 

oscillatory coupling between basal ganglia activity and muscles. (chapter 7) Functional 

magnetic resonance (fMRI) is a technique to measure brain activity in the spatial domain. 

Typically, brain activity in relation to a motor or cognitive task is compared between 

patients and healthy controls. (chapter 8)
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In chapter 6, we observed that the physiological 15-30 Hz cortical drive to isometrically 

contracting muscles in the 20 studied DYT11 mutation carriers (MC) is absent. 

Intermuscular coherence analysis showed an abnormal low frequency drive in the 3 

to 10(15) Hz frequency band in the DYT11 mutation carriers. This abnormal drive was 

only observed between the affected muscles in the four DYT11 mutation carriers with 

pronounced mobile dystonia, i.e. dystonic movements superimposed on the dystonic 

posturing. It was not observed in DYT11 mutation carriers with predominant myoclonus. 

A similar low frequency drive has been described in cervical dystonia and DYT1 positive 

dystonia patients. These findings suggest that the detection of the low frequency drive 

is not specifically related to a phenotypic subtype of DYT11 mutation carriers (MC) but 

more likely to reflect a pathological drive to muscles affected by (mobile) dystonia. On 

the other hand, we may conclude that coherence analysis, which requires two stationary 

signals, is not the appropriate technique to study the action induced brief myoclonic jerks 

in DYT11 mutation carriers. 

In Chapter 7 similar significant coherence (range 3-7 Hz) between GPi LFP activity and 

dystonic muscles was detected in two DYT11 mutation carriers who underwent deep 

brain stimulation because of medication-refractory motor symptoms. We also observed 

an increase of synchronization in the 3 to 15 Hz frequency band before movement.  

Similar to the increase of beta band (15-30 Hz) synchrony in the subthalamic nucleus in 

Parkinson’s disease, which is believed to result in hypokinetic movements, we hypothesize 

that the increase in low frequency GPi oscillatory synchrony generates abnormal, i.e. 

dystonic muscle activity.

Chapter 8 reports the results of a functional magnetic resonance imaging study that 

investigated the brain activity in 17 DYT11 mutation carriers compared to 11 controls. We 

showed hyperactivity of the ipsilateral more than the contralateral pre-motor and motor 

cortex during the performance of three motor tasks in the affected DYT11 mutation carriers 

which may reflect hyperactivity of the cortical motor planning areas and “overflow” of 

activity. During the performance of the serial reaction time task, an implicit learning task, 

hyperactivity of the dorsolateral prefrontal cortex was observed which points to effortful 

learning instead of implicit learning. However, it remains unclear whether the observed 

hyperactivity in different brain regions reflects normal, compensatory or pathological 

brain activity. Further studies using EMG in fMRI are required to study hyperkinetic 

movements in M-D.

In chapter 9 the results of bilateral internal globus pallidus stimulation are reported. Four 

patients with medication- refractory M-D symptoms improved dramatically with respect 

to the motor symptoms, but unfortunately psychiatric symptoms did not improve or even 

deteriorated. These results stress the importance to take the psychiatric co-morbidity into 
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account when considering DYT11 mutation carriers suitable candidates for deep brain 

stimulation. 

In chapter 10 the main findings of this thesis are discussed and related to recent 

important literature in this field. Suggestions for future research are also provided. We 

conclude that the clinical studies performed in the two Dutch M-D families have led to 

the extension of the phenotypic spectrum of DYT11 mutation carriers. Furthermore, the 

results of the functional studies have given more insight into the pathophysiology of 

(myoclonus)-dystonia. However, we are convinced that future research needs to focus on 

more appropriate techniques to study the subcortical myoclonus in M-D.   
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Samenvatting

Myoclonus-dystonie (M-D) is een bewegingsstoornis die autosomaal dominant wordt 

overgeërfd en gekenmerkt wordt door schokken en dystone bewegingen of houdingen. 

Genetisch onderzoek toonde aan dat mutaties in het epsilon-sarcoglycaangen (DYT11) 

een belangrijke rol spelen bij het ontstaan van deze ziekte. Bij slechts één derde van de 

patiënten met een M-D fenotype kan men een mutatie aantreffen. Dit laat genetische 

heterogeniteit veronderstellen. 

Fenotypische heterogeniteit is vaak beschreven binnen en tussen families.

De identificatie van mutaties in het epsilon-sarcoglycaangen in meerdere Nederlandse 

families en in sporadische vormen van M-D lieten ons toe de fenotypische heterogeniteit 

te bestuderen. Daarnaast hebben we verschillende types functionele onderzoeken verricht 

om meer inzicht te verwerven in de pathofysiologie van deze bewegingsstoornis. 

Functionele studies bij dystonie in het algemeen worden bemoeilijkt door het heterogene 

karakter van deze ziekte en de verschillende onderliggende oorzaken. DYT11-positieve 

M-D patiënten vormen daarentegen een homogene patiëntengroep die ons in staat stellen 

dystonie te bestuderen in een welomschreven “dystonie-plus” syndroom. Vermoedelijk 

is de myoclonus in M-D van subcorticale origine. Hierdoor kan M-D gebruikt worden als 

humaan model voor toekomstig onderzoek naar subcorticale vormen van myoclonus.

In hoofdstuk 2 en 3 beschrijven we de klinische kenmerken van twee Nederlandse 

DYT11-positieve M-D families. Dit leidde tot de uitbreiding van het fenotypische spectrum 

van M-D. 

De aanwezigheid van epileptische insulten in drie van de vijf aangedane DYT11 

mutatiedragers van de Nederlandse familie in hoofdstuk 2, heeft geleid tot de aanpassing 

van de originele diagnostische criteria. Epileptische insulten en afwijkingen op EEG zijn 

geen exclusiecriteria meer voor de klinische diagnose van M-D.

De 20 aangedane DYT11 mutatiedragers van de grote Nederlandse M-D familie waarvan 

sprake in hoofdstuk 3 lieten allen myoclonieën van de handen zien in tegenstelling tot de 

“klassiek” beschreven myoclonieën van de bovenarmen. Daarnaast is de beginleeftijd in 

drie aangedane DYT11 mutatiedragers laat. Daardoor is het belangrijk aandacht te hebben 

voor subtiele myoclonieën van de vingers bij patiënten met myoclonieën en dystonie. Op 

die manier kan er mogelijk een groter aantal DYT11 mutatiedragers gevonden worden. 

Daarenboven is het belangrijk om oudere patiënten met een “klassiek” M-D fenotype, te 

testen op een mutatie in het epsilon-sarcoglycaangen, vooral als er een positieve familie-

anamnese is.

Maternale imprinting is het mechanisme dat in M-D zorgt voor een verminderde 

penetrantie doordat het gemuteerde allel dat wordt overgeërfd via de moeder ingeprint 

wordt en hierdoor niet actief is. Het gezonde allel dat via de vader wordt overgeërfd komt 

tot expressie waardoor de ziekte, met name M-D niet tot uiting komt. De identificatie 
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van vijf “mogelijk” aangedane DYT11 mutatiedragers in de grote Nederlandse M-D 

familie die de mutatie via hun moeder overerfden duidt op het verlies van maternale 

imprinting. Dit blijkt in overeenstemming te zijn met  de 5-10% maternaal overgeërfde 

epsilon-sarcoglycaan mutaties die vermeld worden in de literatuur. Tot nog toe is het 

verantwoordelijke mechanisme voor dit verlies van imprinting niet duidelijk. Co-expressie 

van het gemuteerde en het wild-type allel is een mogelijke verklaring. Een verschil in 

de graad van imprinting tussen hersencellen en perifere witte bloedcellen (imprinting 

mosaïcisme) is een andere denkbare verklaring. Onderzoek bij muizen ging ook in die 

richting. Toekomstig onderzoek moet zich dus focussen op het patroon van imprinting in 

verschillende lichaamsweefsels, o.a. in humaan  hersenweefsel.

Mutaties in het epsilon-sarcoglycaangen zijn geassociëerd met familiale en in mindere 

mate sporadische vormen van M-D. Bij een behoorlijk aantal typische M-D patiënten 

kan men echter geen mutatie aantonen. In hoofdstuk 4, stelden we ons de vraag of 

specifieke fenotypische kenmerken de aan-of afwezigheid van een mutatie in het epsilon-

sarcoglycaangen kunnen voorspellen. Dit is heel belangrijk omdat mutatie-analyse duur 

en arbeidsintensief is. Uit de studie van de fenotypische verschillen tussen M-D patienten 

met (7) en zonder (24) een DYT11 mutatie, bleek dat een beginleeftijd in de eerste of 

tweede levensdecade en een combinatie van myoclonus en dystonie als eerste symptoom 

de aanwezigheid van een mutatie in het epsilon-sarcoglycaangen kan voorspellen. Een 

positieve familieanamnese en de aanwezigheid van myoclonieën en/of axiale dystonie van 

de romp zijn ook voorspellende factoren. Myoclonieën in het bovenste gedeelte van het 

lichaam en de respons op alcoholinname zijn daarentegen niet voorspellend. Samen met 

de resultaten van twee andere vergelijkbare studies, besluiten we dat het fenotypische 

spectrum van M-D nauwer is dan gedacht. De myoclonieën in M-D worden gekenmerkt 

door kortdurende, bliksemachtige schokken en beperken zich niet tot het lichaamsdeel 

aangedaan door dystonie zoals men ziet bij patiënten met cervicale dystonie (dystone 

schokken van de nek). 

In hoofdstuk 5, onderzochten we of psychiatrische symptomen vaker voorkomen 

in epsilon-sarcoglycaan mutatiedragers van de grote Nederlandse M-D familie die 

beschreven werd in hoofdstuk 3. Depressie en angst maar niet OCD kwamen vaker voor 

bij de 26 DYT11 mutatiedragers. Dit zou erop kunnen wijzen dat psychopathologie tot 

het fenotypische spectrum van M-D behoort. De correlatie tussen de aanwezigheid van 

psychiatrische symptomen en de ernst van de motorische symptomen laat ons echter 

vermoeden dat psychiatrische symptomen het gevolg kunnen zijn van de chronische 

invaliderende motorische symptomen en daardoor geen onderdeel uitmaken van het 

M-D fenotype. Het aantal onderzochte patiënten blijft klein in deze en andere studies die 

gelijkaardig onderzoek hebben verricht. Er kunnen dus nog geen definitieve conclusies 

getrokken worden. In de toekomst moeten grotere aantallen DYT11 mutatiedragers 

onderzocht worden die op een uniforme manier psychiatrisch getest worden.
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Hoofdstuk 6,7 en 8 beschrijven de resultaten van de functionele studies die we uitgevoerd 

hebben in DYT11 mutatiedragers. De bedoeling was meer inzicht te verwerven in de 

pathofysiologie van deze hyperkinetische bewegingsstoornis. 

Coherentie-analyse van EEG-EMG en EMG-EMG is een techniek om de oscillatoire 

koppeling tussen activiteit van hersenstructuren en spieren te beschrijven in het 

tijdsdomein. (hoofdstuk 6) Diepe hersenstimulatie van de basale kernen is een effectieve 

behandeling voor verschillende medicatie-resistente bewegingsstoornissen. Deze 

operatieve behandeling maakt het mogelijk om de oscillatoire koppeling tussen lokale 

activiteit van de basale kernen (local field potentials=LFP) en spieren te bestuderen. 

(hoofdstuk 7) Door middel van functionele magnetische resonantie imaging (fMRI) 

kan de activiteit van hersengebieden gemeten worden in het spatiële domein. Hierbij 

vergelijkt men gewoonlijk de hersenactiviteit in relatie tot een motorische of cognitieve 

taak tussen patiënten en gezonde controles. (hoofdstuk 8)

Intermusculaire coherentie-analyse in hoofdstuk 6 liet een abnormale laagfrequente 

“drive” (3 tot 10 (15) Hz) zien in DYT11 mutatiedragers. Deze abnormale “drive” werd 

alleen maar geobserveerd tussen de aangedane spieren van de vier DYT11 mutatiedragers 

met uitgesproken mobiele dystonie, d.w.z. dystone bewegingen gesuperponeerd op de 

dystone houdingen. DYT11 mutatiedragers met op de voorgrond staande myoclonieën 

en geringe dystonie lieten deze laagfrequente “drive” niet zien. Een gelijkaardige 

laagfrequente “drive” is beschreven bij patiënten met cervicale dystonie en DYT1 positieve 

dystoniepatiënten. Dit laat vermoeden dat de geobserveerde laagfrequente “drive” niet 

specifiek is voor DYT11 mutatiedragers, maar een meer algemene pathologische “drive” 

is voor spieren aangedaan door (mobiele) dystonie. Daarenboven kunnen we besluiten 

dat coherentie-analyse die twee stationaire signalen veronderstelt, niet een geijkte 

techniek is om de kortdurende actie-geïnduceerde schokken in DYT11 mutatiedragers te 

bestuderen. 

In Hoofdstuk 7 worden de local field potentials (LFP) van de interne Globus Pallidus (GPi) 

gemeten bij twee DYT11 mutatiedragers die behandeld werden met diepe hersenstimulatie 

vanwege medicatie-resistente symptomen. Ook hier zagen we significante coherentie in 

de lage frequentieband (3-7 Hz) tussen GPi LFP en dystone spieren. Er werd eveneens 

een toename van synchronisatie in de 3 tot 15 Hz frequentieband geobserveerd vòòr 

het uitvoeren van een beweging. Bij Parkinson patiënten wordt in de subthalamische 

nucleus toegenomen synchroniciteit in de beta band (15 tot 30 Hz) waargenomen vòòr 

het uitvoeren van een beweging. Deze toegenomen synchroniciteit lijkt verantwoordelijk 

te zijn voor de traagheid van beweging bij Parkinson patiënten. Naar analogie hiermee, 

formuleerden we de volgende hypothese: de toename in laagfrequente oscillatoire 

activiteit in de GPi genereert abnormale dystone spieractiviteit in M-D patiënten. 
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Hoofdstuk 8 beschrijft de resultaten van de fMRI studie die de hersenactiviteit van 

17 DYT11 mutatiedragers vergelijkt met 11 gezonde controles. We constateerden 

hyperactiviteit van de ipsilaterale, meer dan de contralaterale pre-motorische en 

motorische cortex bij de aangedane DYT11 mutatiedragers. Dit duidt op hyperactiviteit 

en ook overflow van activiteit in de corticale gebieden die instaan voor de planning van 

motorische handelingen. Tijdens het uitvoeren van de seriële reactietijd taak, een impliciete 

leertaak, observeerden we hyperactiviteit van de dorsolaterale prefrontale cortex. Dit 

duidt eerder op intensief dan impliciet leren. Het blijft echter moeilijk om te beoordelen 

of de hyperactiviteit die in verschillende hersengebieden waargenomen wordt bij DYT11 

mutatiedragers een uiting is van de daadwerkelijke bewegingsstoornis, i.e. dystonie en 

myoclonieën, of alleen te maken heeft met het op een andere manier uitvoeren van een 

motorische taak. Daarom is het belangrijk om bij toekomstig fMRI- onderzoek EMG te 

gebruiken bij het bestuderen van hyperkinetische bewegingsstoornissen.

In hoofdstuk 9 beschrijven we de resultaten van dubbelzijdige GPi stimulatie bij vier 

patiënten met medicatie-resistente M-D symptomen. Ondanks een uitgesproken 

verbetering van de motorische symptomen, was er geen verbetering en zelfs verslechtering 

van de geassociëerde psychiatrische symptomen. We concluderen dat het heel belangrijk 

is rekening te houden met de psychiatrische comorbiditeit bij het beoordelen van de 

indicatie voor diepe hersenstimulatie bij DYT11 mutatiedragers.

In hoofdstuk 10 worden de meest belangrijke bevindingen uit de voorafgaande 

hoofdstukken bediscussiëerd en gerelateerd aan recente belangrijke literatuur in dit 

onderzoeksveld. Suggesties voor toekomstig wetenschappelijk onderzoek worden gedaan. 

We concluderen dat de klinische studies in twee Nederlandse M-D families hebben geleid 

tot de uitbreiding van het fenotypische spectrum van DYT11 mutatiedragers. 

Daarnaast hebben de functionele studies meer inzicht verschaft in de pathofysiologie 

van (myoclonus)-dystonie. Toekomstig onderzoek zal zich focussen op het ontwikkelen 

van meer geschikte technieken om de subcorticale myoclonieën in M-D te kunnen 

bestuderen. 
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Graag wil ik iedereen bedanken die me geholpen en gesteund heeft bij het tot stand 

komen van dit proefschrift. Een aantal mensen in het bijzonder.

Allereerst dank aan de Nederlandse en Belgische M-D patiënten die bereid waren om 

heel wat kilometers af te leggen om deel te nemen aan een of meerdere onderzoeken in 

het AMC. Hiervoor was veel tijd en inzet nodig.

Jan Stam die mij tijdens mijn Belgische opleiding tot neuroloog aannam voor een jaar als 

AGNIO. Dit was het begin van de “Dutch experience”.  

Mijn promotor Rien Vermeulen die me ruimte heeft gegeven om dit onderzoek te doen.

Mijn copromotoren, Hans Speelman en Marina De Koning-Tijssen.

Hans, jij hebt me overtuigd om in het AMC te komen promoveren en de “Dutch experience” 

verder te zetten. We hebben samen de DYSPAS, een mooie RCT opgezet waarvan ik heel 

veel geleerd heb. Daarnaast heb ik mijn klinische kennis van bewegingsstoornissen en 

diepe hersenstimulatie door jou ontzettend uitgebreid. En niet te vergeten jouw “wijsheid 

des levens”.

Marina, jouw “hyperkinetisch” enthousiasme hebben me gedreven om ook in wat 

mindere periodes tijdens het promotietraject met nieuwe energie verder te “ploeteren”. 

Door jou kwam ik als alpha-type ook in contact met technische onderzoeken. Ik heb er 

veel van geleerd.

Het is ontzettend gezellig om nu een brug over de A2 te bouwen tussen de 

bewegingstoornissen van de VU en het AMC.

Alle mensen van het bewegingsstoornissenteam en het stereotaxieteam van het AMC, 

dank voor alle leuke momenten, ook tijdens de OK’s.

De dames van het onderzoeksbureau, in het bijzonder Anick Gorissen en Nadine Fleitour, 

die zorgden voor de strakke logistieke organisatie. Anick, het was ook vooral gezellig om 

te “brainstormen” over de nieuwste hippe tenten in Amsterdam.

Miranda Postma en Laura Daeter, dank voor het opvangen van de “gestimuleerde” 

dystoniepatiënten tijdens mijn afwezigheid. Veel succes met jullie nieuwe baan.

Lo Bour, met wie ik ondanks het af en toe optreden van enorme kortsluiting, heel prettig 

heb samengewerkt. Het heeft geleid tot een aantal mooie publicaties.
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Johan van der Meer en Thijs Boeree, de redders in nood voor PC-aangelegenheden.

Collega’s van het AMC en de VU, dank voor de wetenschappelijke en niet te vergeten de 

iets minder wetenschappelijke steun na een dag hard werken.  

Collega’s neurologen uit Brugge, merci voor de steun die ik van jullie mocht ontvangen 

voor de keuze in mijn carrière. Tijdens de korte periode die ik in Sint-Jan doorbracht, heb 

ik het zeer naar mijn zin gehad. 

Henk Berendse, mijn naaste collega in het VUmc, het blijft erg prettig om met jou samen 

te werken. We gaan samen iets moois maken van de afdeling bewegingsstoornissen in 

de VU.

Mignon Gerrits, Barbera van Harten en Richard Beukers, naast collega’s zijn jullie ook 

echt gezellig en we hebben de afgelopen jaren heel wat afgelachen.

Jeroen Leclercq, dank voor het ontwerpen van de omslag en ook alvast voor het 

fotograferen op 26 september.

Mijn paranimfen, Ingeborg van Meekeren en Evelien Lemstra,

allebei geboren in het Hoge Noorden en toch zo ontzettend “bourgondisch”. Het kon 

niet anders dan een enorme klik worden tussen ons.

Chris van der Linden,

jouw passie voor bewegingsstoornissen heeft ertoe bijgedragen dat ik aan dit 

promotietraject begon. Daarnaast hebben we ook een aantal jaren goed met elkaar 

vertoefd.

Lieve vrienden uit het verre Zuiden, 

de afgelopen jaren hebben jullie het moeten doen met blitzbezoeken van de vliegende 

Belgische. Het wordt tijd voor een leuk feestje. We gaan er “eentje pakken” in 

Amsterdam.

Lieve ouders, eindelijk is het zover, het boekje van jullie “enfant terrible” is af. Door jullie 

niet aflatende steun tijdens mijn bezoeken aan de thuishaven in goede en mindere goede 

stemming lijkt het allemaal te gaan lukken. Vader, jouw nuchtere benadering van het 

leven is een grote leidraad voor mij. Moeder, jouw warmte en opbeurende gesprekken 

waren hierbij onontbeerlijk en complementair. Zusje Ann, met je gezinnetje laat je me 

telkens opnieuw zien dat er ook nog iets anders is dan “wetenschap bedrijven”.
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de eerste 2 jaar op de afdeling Neurologie van het Sint-Jan Ziekenhuis in Brugge, waarna 
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de bewegingstoornissengroep van het Academisch Medisch Centrum van Amsterdam 

onder begeleiding van dr. J.D. Speelman en dr. M.A.J. De Koning-Tijssen wat geleid heeft 

tot het tot stand komen van dit proefschrift. Van november 2006 tot september 2007 
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