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Essential tremor (ET) is the most common adult
movement disorder. From clinical experience and
epidemiological studies, we know that it follows an
autosomal dominant type of inheritance in the major-
ity of patients.1,2 Twin studies clearly confirm the
importance of genetic factors in the etiology of ET.3,4

Although this has stimulated a number of genetic
studies, different loci have been identified in linkage
analyses, and genome-wide association studies have
identified genetic risk factors,5,6 the responsible genes
remain elusive.7,8 These are highly desirable, because
the effects of currently used drugs are unsatisfactory
in a large number of patients, especially those in the
advanced stages of disease.9

A large-scale oscillating central nervous system net-
work generating the peripheral tremor has emerged
from a number of recent studies. The basis of these
studies has been the detection of electroencephalogram
(EEG) or magnetoencephalogram (MEG) correlates
that are coherent with the tremor oscillations in ET,10

and it also is well established that this coherence
reflects an involvement of cortical motor areas11 among
other network components.12 Whereas, in healthy indi-
viduals, the dominant frequency at which the EEG or
MEG exhibit coherent activity is in the (upper) a and
lower b (8–30 Hz) range,13,14 and the dominant
coupling frequency in ET is the tremor frequency (3–11
Hz). Taking the available evidence together, we
hypothesize that an alteration in corticomuscular
coupling maybe present in asymptomatic relatives.

Patients and Methods
Participants

We contacted all 121 patients from our database
with definite ET who were living in Kiel or within the
surrounding area (< 50 km). In the next step, we con-
tacted 37 relatives from 32 families who were inter-
ested in the study. Finally, 37 first-degree relatives
(children) of patients with ET were selected from our
data base for the study. Each of the affected index
patients had been examined by a movement disorder
specialist (D.L.), and ET was diagnosed according to
the criteria of Bain et al.15 The mean age (6 standard
deviation [SD]) of ET relatives (25 females and 12
males) was 41.8 6 12.9 years. On average, individuals
in the control group (23 women and 14 men) were
aged 42.7 6 12.4 years. All individuals were right-
handed except for 1 of the ET relatives. Both groups
were neurologically examined, and a careful medical
and family history was taken by two movement disor-
der specialists (D.L., J. R.). There were no signs of
any neurological disease in either group; in particular,
there was no hint at a pathological tremor in a struc-
tured examination according to the Fahn-Tolosa-
Marin tremor scale.16
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Data Acquisition

In all ET relatives and controls, a 64-channel EEG
was recorded in parallel with a surface EMG from the
first dorsal interosseus (FDI) and forearm extensor
muscles in 3 different activation conditions: (1) bilat-
eral holding of the hands against gravity (all ET rela-
tives and controls); (2) isometric contraction of FDI at
medium strength while gently holding a light weight
tape role (30 g) between index finger and thumb on
both sides (all ET relatives and controls); and (3) slow
(0.2–0.5 Hz) flexion-extension movements of both
hands, with ET relatives watching and following the
examiner performing these slow movements at the
desired speed (subgroup of 25 ET relatives and
matched controls).

All recordings were done with a Neuroscan 64-
channel EEG system at a sampling rate of 1 kHz. A
linked mastoid reference was used, and the EEG sig-
nals were band pass-filtered between 0.1 Hz and 100
Hz in parallel surface EMG from extensors and FDI
were recorded, depending on the condition. The EMG
signal was band-pass filtered between 30 Hz and 500
Hz. Recording length was restricted to 97,000 data
points (97 seconds) in all recordings.

Data Analysis

Current source densities were calculated for each
EEG electrode using the Hjorth transformation.17

EMG data were full-wave rectified.
Power spectra of the Hjorth-transformed EEG signal

recorded from C, FC and CP electrodes in the 3 para-
median rows (2, 4, and 6 for the right hemisphere and
1, 3, and 5 for the left hemisphere) and the rectified
surface EMG were calculated, and the coherence with
contralateral Hjorth-transformed EEG signals was
computed. Coherence spectra were calculated using
the Welch-periodogram method with disjoint segments
as described by Halliday et al.18 The confidence limit
that indicated the significance of the coherence at a
particular frequency was calculated at a 100% a as
follows: 1 2(1 2 a)1(M 2 1), where a is set to 0.99, so
the confidence limit is 1 2 0.011/(M 2 1).18,19 The confi-
dence intervals were estimated for the coherence, and
the value was 0.0511 for all controls and ET relatives
because of the standard data length of 97,000 data
points used for the analysis. Maximal EEG-EMG co-
herence in the contralateral electrode array described
above was calculated, and its frequency was read out.
The signals were prewhitened (amplitude equalized at
all frequencies) and normalized before estimating the
pooled spectra.20 Coherence spectra were pooled21

group wise for each side and recording condition
separately for ET relatives and controls.

The mean amplitude of the rectified EMG was
calculated for the 97,000 data points (root-mean-
square amplitude). For all comparisons between the 2

cohorts, a nonparametric independent samples Mann-
Whitney test was performed.

Results
The maximal EEG-EMG coherence and its

frequency were significantly higher in ET relatives
compared with controls when participants performed
a pinch grip and the FDI was recorded or when they
performed slow up-and-down movements with the
forearm extensors recorded. When the hand was only
held against gravity, there was no significant difference
in coherence strength or frequency between the 2
groups. This is displayed as pooled coherence spectra
with the significance level in Figure 1. It can be seen
that the main coherence in the pinch-grip task and the
slow hand movements was in the 10 to 20 Hz range
in controls and from 20 Hz to 30 Hz in the ET rela-
tives. In the hand-holding task, both groups had simi-
lar coherence, mainly around 20 Hz. It is evident that
both the maximal coherence and its frequency were
significantly higher (Mann-Whitney test; P<0.01) in
the ET relatives and for both sides. However, there
was some overlap between the 2 groups that was
more pronounced on the right side. Very similar and
also significant differences (Mann-Whitney test;
P< 0.01) could be observed for the slow up-and-down
movement paradigm, again more clearly on the left
than the right side. Table 1 summarizes the results
from the corticomuscular coherence analysis, display-
ing medians and ranges of maximal coherence and
coherence frequencies.

The EMG power maxima were distributed broadly
between 2 Hz and 30 Hz, and neither the frequency
of these maxima nor the total power (area under the
curve) in the 2 to 40 Hz range differed significantly
between the 2 groups in all conditions (Mann-Whitney
test; P>0.05). However, the root-mean-square mean
amplitude of the EMG was significantly greater
(Mann-Whitney-test; P< 0.05) in ET relatives than in
controls for all recordings because of higher power in
the higher EMG frequencies (100–250 Hz; Mann-
Whitney-test; P< 0.05). There were no significant cor-
relations between EMG amplitudes and coherence
strength or frequency (Spearman rank correlations).

Discussion
Our data demonstrate alterations in EEG-EMG cou-

pling during simple isometric and isotonic hand motor
tasks in asymptomatic first-degree relatives of patients
with ET. If we consider an autosomal dominant mode
of inheritance, then we would expect such an altera-
tion only in those 50% of the relatives who will go on
to develop ET in the future. We did not observe such
a bimodal distribution in our measures, but the
distributions were relatively broad with considerable

             

                                     

                    
  

            
          

    
                            

        
              

             
                  

          
      

                                           
                                         

        
     

                      
      

                                 
 

                                                     
 

           



overlaps between both groups, and the number of
participants in this pilot study was relatively small.

In manifest ET, there is corticomuscular coupling at
the lower tremor frequency in the 4-Hz to 11-Hz
band.10 Whereas the physiological coupling is in the
higher a and lower b band (10–30 Hz),13 it was sur-
prising to see that the ET-relatives did not have abnor-
mally low coupling frequencies that came closer to the
ET frequency range but abnormally high coupling
frequencies that were even further away from the ET
frequencies than in the controls. Thus, our findings do
not simply reflect subclinical tremor but may be due

to other physiological/pathophysiological processes (eg
compensatory mechanisms). However, this remains
very speculative, and the meaning of our present find-
ings in the context of ET pathophysiology and genetics
currently is not clear. This is a first pilot study in
looking at the difference in EMG and EEG-EMG co-
herence parameters between ET relatives and controls.
Because we did not have an estimate of the expected
effect size, we could not perform a meaningful power
analysis before the start of the study. Nevertheless, we
have to take into account that the lack of significant
differences for some of the EMG measures could be

FIG. 1. Pooled corticomuscular coherence spectra are illustrated. Grey lines indicate the pooled spectra for relatives with essential tremor (ET), black
lines indicate the pooled spectra for normal individuals, and dashed grey lines indicate the significance level. The upper traces show spectra for the
pinch grip tasks with coherence between contralateral electroencephalogram and electromyogram tremor bursts calculated with respect to the first
dorsal interosseus muscles on the (A) left side and (B) the right side. The lower graphs display the same measurements from the holding task for
the (C) left and (D) right forearm extensor muscles.

TABLE 1. Corticomuscular coherence

Maximum coherence: Median (range)

Coherence frequency: Median

(range), Hz

Measure ET NS P ET NS P

Pinch grip, n5 37
Left 0.11 (0.05–0.27) 0.07 (0.01–0.24) 0.0001 22 (12–40) 13 (2–27) 0.0002
Right 0.11 (0.03–0.26) 0.06 (0.02–0.14) 0.0002 22 (8–28) 14 (8–25) 0.0004

Slow move, n5 25
Left 0.11 (0.04–0.28) 0.07 (0.04–0.11) 0.0004 22 (9–38) 13 (2–28) 0.0003
Right 0.11 (0.05–0.21) 0.07 (0.05–0.15) 0.0006 22 (13–32) 15 (6–25) 0.008

Hold, n5 37
Left 0.06 (0.02–0.22) 0.06 (0.03–0.34) 0.84 24 (7–35) 21 (9–33) 0.21
Right 0.05 (0.02–0.24) 0.05 (0.02–0.33) 0.95 23 (9–35) 21 (11–34) 0.45

ET, essential tremor; NS, normal subjects.

                                    

                                     

                    
  

            
          

    
                            

        
              

             
                  

          
      

                                           
                                         

        
     

                      
      

                                 
 

                                                     
 

           



caused by the limited number of individuals in this
study.

In conclusion, our study demonstrates an easily
measurable subclinical alteration of corticomuscular
interaction in as yet unaffected relatives of ET
patients. The next step will be to use these measures
in larger cohorts and to follow these patients long-
term to determine whether such physiological meas-
ures could be useful as presymptomatic markers of
ET.
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