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Movement related desynchronisation pattern
preceding voluntary movement in untreated
Parkinson's disease

L Defebvre, J L Bourriez, A Destee, J D Guieu

Abstract
Objective-To study planning of move-
ment in Parkinson's disease.
Methods-The spatiotemporal pattern of
movement related desynchronisation
(MRD) preceding a self paced voluntary
wrist flexion was compared between two
groups of 10 untreated right and left
hemiparkinsonian patients receiving no
treatment and 10 control subjects. The
MRD was computed in the 9 to 11 Hz fre-
quency band from 11 source derivations
covering the frontocentral, central, and
parietocentral areas, during two succes-
sive left and right experimental condi-
tions.
Results-In the two patient groups the
desynchronisation appeared over the pri-
mary sensorimotor area contralateral to
the affected side with a shorter latency
(750 ms before movement onset for the
right hemiparkinsonian group and 875 ms
for the left hemparkinsonian group) than
in the control group (1750 ms), only when
the movements were performed with the
akinetic hand. For the non-affected hand,
the same latency as in the control group
was noted (1750 ms).
Conclusion-The delay of appearance of
MRD in Parkinson's disease confirmed
that the programming of movement is
affected, thus partially explaining akine-
sia.
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BP studies in Parkinson's disease are not uni-
form, as both clinical disability' and levodopa
treatment6 influence the size of the BP.
Movement related desynchronisation

(MRD), which corresponds to a short ampli-
tude attenuation of EEG intrinsic rhythms by
a self paced voluntary movement, was first
quantified in 1979.7 It can be used to study
cortical activation during the planning of
movement. In normal subjects MRD starts
over the contralateral primary sensorimotor
(PSM) area on average 1-7 seconds before
movement, with a bilateral pattern after onset
of movement.8 9 We recently performed simul-
taneous BP and MRD recordings during vol-
untary wrist flexion in patients with
Parkinson's disease treated with levodopa.9 A
delay in appearance of MRD over the PSM
area was noted in the Parkinson's disease
group compared with controls, mainly when
the movements were executed with the more
akinetic hand; by contrast there was no spa-
tiotemporal difference for the BP between
patients with Parkinson's disease and controls.
Therefore MRD analysis might give more pre-
cise information about the period of motor
preparation in Parkinson's disease.
The aim of this study was to compute MRD

during self paced voluntary wrist movement in
untreated hemiparkinsonian patients with left
or right akinesia, (1) to determine which MRD
pattern occurs at the first stage of the disease,
when the patients are receiving no treatment,
(2) to establish a possible correlation between
the MRD spatiotemporal distribution, espe-
cially the latency, and the side of extrapyrami-
dal symptoms.
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Akinesia is one of the most characteristic fea-
tures in Parkinson's disease. It corresponds to
an inability to initiate movement and has been
attributed to a perturbation in the program-
ming of movement.' The motor preparation
period can be measured from the
Bereitschaftspotential (BP), a slow cortical
potential which occurs bilaterally 10 to 1-5
seconds before unilateral movement.2 During
finger movements in patients with Parkinson's
disease, the decrease of BP amplitude, which
reflects in part the supplementary motor area

(SMA) activity, was considered to result from a
limitation of basal ganglia afferents.3 In the
same way, before a stepping movement the
absence of an increase in the BP might be
interpreted as a perturbation in the prepara-
tion and initiation of walking.4 The results of

Patients and methods
PATIENTS
Two groups of 10 right handed untreated
patients with a diagnosis of idiopathic
Parkinson's disease were studied. All the
patients were recruited in the department of
Neurology of Lille (France). They were rated
Hoehn and Yahr"° grade I or II. In the right
hemiparkinsonian (RHP) group (mean age
62-2 (SD 7-8) years), akinesia was localised on
the right side in eight patients and with a pro-
nounced predominance on this side in two
patients; in the left hemiparkinsonian (LHP)
group (mean age: 62-9, SD 8 1 years), akinesia
was localised on the left side in seven patients
and with a pronounced predominance on this
side in three patients. The mean disease dura-
tions were 1-5 (SD 1-0) years (RHP group)
and 1 9 (SD 1 2) years (LHP group). No
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patient had received antiparkinsonian treat-
ment. Their motor disability was evaluated on
the tnotor subscale of the unified Parkinson's
disease rating scale (UPDRS) .' The mean
scores were 23 (SD 15) (RHP group) and 18
(SD 14) (LHP group). The results were com-
pared with those obtained in 10 right handed
control subjects (mean age 64-5 (SD 5 8)
years), participants in a community project for
senior citizens.
The groups did not differ significantly in

age, disease duration, and UPDRS score. The
patients and normal subjects gave their
informed consent to this study, which was
approved by the local ethics committee.

DATA ACQUISITION
The subject sat in a reclining comfortable arm-
chair with opened eyes, fixing vision on a point
directly in front. Their forearms were placed
on arm rests, each hand in a sheath, the wrists
straightened, and the fingers in the straight
resting position. The subject was asked to per-
form unilateral brisk self paced 450 wrist flexion
movements every 6 to 10 seconds, followed by
a slow return to the resting position and to
maintain the other hand at rest. The move-
ment amplitude was limited by two copper
abutments. A thin layer of copper situated on
the sheath created an electrical contact with
the first abutment and generated an impulse at
the onset of movement. For each subject, two
series of 100 movements were performed
using the right and then the left hand; the first
side was determined randomly. Electro-
myographic (EMG) activity was recorded
(bandpass filters: 5 Hz-1 kHz) with bipolar
Ag-AgCl surface electrodes placed over the
following muscles: left and right flexor carpi
radialis and extensor digitorum communis to
detect possible synkinesia of the resting hand.
Signals were rectified and lower pass filtered to
obtain the envelope of the signal. Latency
between onset of agonist treated EMG, aver-
aged over all trials, and movement onset,
determined by the electrical contact, was also
computed for each patient.

Electroencephalographic (EEG) activity
was recorded from scalp electrodes with a
common right mastoid reference, using 23

Figure 1 Position of
scalp electrodes for EEG
recording (common
reference: REF). The 11
framed electrodes (source
derivations) divided into
three groups (frontocentral,
central, and parietocentral)
are used to compute
desynchronisation.
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electrodes placed according to the interna-
tional 10-20 system (fig 1). Bandpass filters
were set at 0-5 Hz and 50 Hz. The signals
were sampled at 128 Hz. The desynchronisa-
tion phenomenon was analysed from the con-
tinuous acquisition of 23 EEG channels 4
seconds before to 0 5 seconds after onset of
movement. The MRD was computed using 11
source derivations'2 13 covering the frontocen-
tral (FC1, FCz, FC2), central (C3, Cl, Cz,
C2, C4), and parietocentral (CP1, CPz, CP2)
areas. The quantification ofMRD is based on
the averaging technique. Each 4-5 second arte-
fact free period of EEG was digitally bandpass
filtered in the 9 to 11 Hz frequency band. The
samples were squared and averaged over all
trials to obtain the mean power evolution. To
obtain a normalised measure of MRD the
power decrease was expressed as a percentage
of a reference power value computed within
the time interval from 3-5 seconds to 2-5 sec-
onds before wrist flexion. To reduce the vari-
ance, temporal resolution was reduced to
obtain one power value every 125 ms. Further
details about data processing are reported else-
where.8 9

Afterwards we compared for each group the
percentages of desynchronisation obtained at
one moment for one derivation to the zero
value, using a Wilcoxon test for matched sam-
ples (level of significance 1%). When this test
was significant, the mean % value obtained in
the group at this moment and for this localisa-
tion was retained to draw a spatiotemporal
map.
Two repeated measures analysis of variance

(ANOVA; controls/untreated RHP; controls/
untreated LHP) were also performed to evalu-
ate the effects of group (control, RHP, LHP),
side of movement (right, left), electrode loca-
tion (frontocentral, left central, vertex, right
central, parietocentral), time (17 epochs of
125 ms from 2 seconds before to 125 ms after
movement onset) on the % MRD values. A
5% level of significance was adopted.

Results
Figures 2, 3, and 4 show the spatiotemporal
maps in the 9-11 Hz frequency band. Time in
seconds is expressed on the horizontal axis
(time interval of 125 ms), 2 seconds before
and 0-5 seconds after the onset of movement
(time 0) determined by the electrical contact.
Mean latency of agonist EMG onset is also
specified on each map (the table summarises
the values for each group). In the control
group, with right as well as left wrist flexion,
desynchronisation began 1750 ms before
onset of movement . The MRD was localised
over the contralateral PSM (C2 and C4 for the
left flexion, Cl and C3 for the right flexion)
with a bilateral central pattern, which
appeared when the movement was executed.
Desynchronisation was also found over the
parietocentral zone for the two experimental
conditions with a contralateral predominance
before movement and a bilateral pattern after
onset of movement, whereas no desynchroni-
sation over the frontocentral area was noted.
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Figure 2 Spatiotemporal
maps ofMRD (9-11 Hz)
in the control group (10
subjects). Right wrist
flexion (top) and left wrist
flexion (bottom). Time in
seconds is expressed on the
horizontal axis (time
interval of 125 ms), two
seconds before and 0 5
seconds after the movement
onset (time 0). Agonist
EMG onset is indicated by
a vertical arrow (mean
value for each group is
specified in the table).
Locations of source
derivations are noted in
three groups on the vertical
axis: frontocentral (FCI,
FCz, FC2), central (C3,
Cl, Cz, C2, C4), and
parietocentral (CP1, CPz,
CP2). The mean % MRD
is expressed with grey
colour coding. As stressed
in the text, only the
significant values of %
MRD (P<001) were used
to draw the map.
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For the two untreated groups the contralat-
eral and ipsilateral distributions differed from
the control group. As in controls MRD
appeared also over the contralateral PSM and

Mean (SD) latency between agonist EMG onset and
movement onset (time 0) defined by the first electrical
contact, in the control and the untreated RHP and LHP
groups

Rightflexion (ms) Leftflexion (ms)

Controls 88 (27) 84 (14)
Untreated 160 (60) 134 (50)
RHP (z= -276,P<001) (z =-241,P<005)
Untreated 126 (22) 138 (43)
LHP (z = -2-54, P < 0-05) (z = -284, P < 0-01)

Significant differences are between each Parkinson's disease
group and controls (Mann-Whitney test).

the parietocentral area but the latency was

shorter when the movement was executed with
the akinetic hand (RHP: 750 ms, LHP: 875
ms) and normal (1750 ms) with the other
hand. Distribution ofMRD over the ipsilateral
sensorimotor area appeared earlier, 250 to 750
ms before movement. The MRD was also
noted over the frontocentral area in the two
experimental conditions in the LHP group.

Analysis of variance, showing significant
main effect of time (RHP: F (16, 576) =

15-54, P < 0-01; LHP: F (16, 576) = 12-95,
P < 0 01), electrode position (LHP: F (4, 576)
= 9 94, P<0 01; LHP: F (4, 576) = 4 74,
P < 0 01), and flexion by electrode interaction
(RHP: F (4, 576) = 9-26, P < 0-01; LHP: F
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Figure 3 Spatiotemporal
maps ofMRD (9-11 Hz)
in the untreated RHP
group (10 patients). Same
legend asfig 2.
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(4, 576 ) = 16-2, P < 0-01) confirmed these
patterns. A significant flexion by group inter-
action (RHP: F (1, 576) = 4-96, P < 0-05;
LHP: F (1, 576) = 6-51, P < 0-05) suggested
that the side of movement affected MRD
results for both untreated groups, compared
with controls.

For each experimental condition and for
each untreated group, no synkinesia on the
other forearm was recorded with EMG. The
table gives the mean latency of agonist EMG
onset. For each group there was no difference
between the right and left movements,
whereas for the two untreated Parkinson's dis-
ease groups mean latencies of agonist EMG
were significantly different from controls.

Discussion
During a motor process, MRD can be consid-
ered as an indicator of cortical activation, with
a high time resolution and a specific spatial
representation over the cortical areas, obtained
by using source derivations.8 These features
make MRD suitable for studying the motor
preparation period preceding a voluntary
movement. According to the relations between
scalp electrodes and cortical areas, the PSM
cortex underlies the central derivations (C1,
C2 and C3, C4).'4 In the control group MRD
appeared over the contralateral PSM area,
almost two seconds before movement, with a
bilateral pattern after onset of movement (fig
2). The later bilateralisation ofMRD over the
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Figure 4 Spatiotemporal
maps ofMRD (9-11 Hz)
in the untreated LHP
group (10 patients). Same
legend as fig 2.
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central area, seen after the wrist flexion, con-

firms the double activation of the primary
motor cortex during a unilateral movement, as

has already been suggested by studies of
regional cerebral blood flow.'5 16

By contrast, the untreated parkinsonian
patients showed different spatial and temporal
MRD distribution. In both groups desynchro-
nisation appeared over the contralateral PSM
area with a shorter latency (figs 3 and 4), but
only when the movements were performed
with the akinetic side (RHP: 750 ms, LHP:
875 ms). The planning of movement is a com-

plex process that involves not only the PSM
area but also the SMA, premotor area, basal
ganglia, thalamus nuclei, and cerebellum.'7

The SMA receives some afferents of basal gan-

glia via the ventrolateral thalamic nuclei and
sends information to the primary cortex.'8 In
Parkinson's disease this cortical structure
receives less input from the basal ganglia, their
dysfunction resulting from a deficiency of
nigrostriatal dopamine. We suggested that this
deactivation process can explain that MRD
latency, which reflects onset of cortical activity
during the motor preparation period, was

reduced in both Parkinson's disease groups
when the movements were executed with the
akinetic hand. The delay in appearance of
MRD in Parkinson's disease could reflect the
time required to reach a threshold level of cor-

tical activity for execution of movement.
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Moreover, if the agonist EMG onset was
retained to define the movement onset, the
reduction in MRD latency noted in the two
untreated groups appeared still more pro-
nounced, whereas the difference between
EMG onset and movement onset, determined
by the electrical contact, was more important
in both groups than in controls (table). For the
other experimental condition (non-affected
hand) the same latency as in the control group
was noted (1750 ms before movement onset).
Thus MRD latency seems to be well corre-
lated with clinical symptoms, especially on the
side of akinesia. These results are in agree-
ment with those obtained in a group of 10
patients with Parkinson's disease (mean dis-
ease duration: 6-8 (SD 4d1) years, Hoehn and
Yahr grade I-III), receiving levodopa.9
Latency of MRD was reduced for the two con-
ditions (left and right wrist flexions) mainly for
right movements, the side more affected by
extrapyramidal symptoms. We consider that
the difference in latency seen in the untreated
Parkinson's disease groups reflects a lower
motor cortical excitability, as has already been
proved in human parkinsonism'9 and conse-
quently a delay of motor programming, in
agreement with the hypothesis of Marsden'
that in Parkinson's disease the programming
of movement would be affected, at least par-
tially explaining the mechanism of akinesia.

In the two untreated Parkinson's disease
groups, an ipsilateral pattern of the desynchro-
nisation over the central and parietocentral
areas was noted earlier than in the control
group for both conditions. This pattern could
suggest that other cortical areas might be acti-
vated to compensate for dysfunction of motor
preparation and increase the level of cortical
activity required to execute a movement. This
interpretation has also been suggested by Dick
et al in a BP study20: the reduction of the first
negative slope (NS 1) reflects poor cortical
activation of the system involving SMA and
basal ganglia, whereas the augmented negativ-
ity in the late phase of the BP (NS2) could
reflect compensatory activity of other cortical
areas involving the dorsolateral primary motor
area and visual sensory systems. This earlier
ipsilateral distribution could also be related to
imitation synkinesia of the other hand, but this
hypothesis is excluded, because no synkinesia
on the other forearm was recorded with EMG.
Our study indicates that MRD analysis is a

useful and simple method to observe the
changes in cortical activation during the motor
preparation period and to measure some
aspects of motor programming. The use of
source derivations gives a clear advantage for
the topographical analysis of MRD. A good

correlation was obtained between the latency
of MRD over the PSM area in both hemi-
parkinsonian groups and the side of akinesia.
Further studies after a few months of levodopa
treatment in untreated patients with
Parkinson's disease should specify the influ-
ence of levodopa on the evolution of the MRD
pattern, and may have important clinical
implications for the use ofMRD as an electro-
physiological marker of clinical symptoms in
Parkinson's disease.
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