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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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