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Summary. During stereotactic operations brain potentials were recorded from 
the zona incerta of Parkinsonian patients. When the patient performed a rapid 

contralateral  elbow flexion in response to a light signal, a slow positive or 
positive-negative EEG potential preceded the EMG activation by 30-130 ms 
(average 60ms) and extended into the biceps activation phase. It was not 
evoked by the light flash alone or by rapid passive flcxion. The potential may be 
interpreted as a correlate of movement-related activity of cerebellothalamic 
pathways mediating command signals for rapid arm movements. In support of 
this assumption, a marked delay of contralateral biceps activation followed 
coagulation of the recording site. 

Key words: Slow potentials - Human subthalamus - Cerebellothalamic connec- 
tion - Rapid arm movements - Dely after coagulation 

Zusammenfassung. Wfihrend stereotaktischer Operationen wurde in der Zona 
incerta yon Parkinson-Patienten am Zielpunkt der Koagulation das EEG ab- 
geleitet. Wenn der Patient spontan oder auf Lichtsignal hin eine rasche 
Beugung des kontralateralen Ellbogengelenkes ausfiihrte, liel3 sich in der 
Subthalamus-Ableitung ein langsames positives oder positiv-negatives Poten- 
tial registrieren. Dieses begann 30-130 ms (Durchschnitt 60 ms) vor der EMG- 
Aktivierung des Bizeps und erreichte sein Maximum am Ende der initialen 
Bizeps-Aktivierung. Das Lichtsignal allein, ipsilaterale aktive oder kontra- 
laterale passive Beugung konnten das Potential nicht erzeugen. Das Potential 
wird als Korrelat eines Startsignals fiir rasche Armbewegungen in cerebello- 
thalamischen Bahnen gedeutet. Eine deutliche Verz6gerung des Beginns der 
kontralateralen Bizepsaktivierung nach Koagulation des Ableitortes stiitzt 
diese Hypothese. 

Schliisselwiirter: Langsame Potentiale - Subthalarnus - Kleinhirn-Thalamus- 
Verbindung - Rasche Armbewegung - Verz/Sgerung nach Koagulation - 
Mensch 
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Introduction 

Par t ic ipa t ion  of  the cerebel lum in in i t ia t ion of  r ap id  movements  has been 
suggested by von Bra i tenberg  (1961) and K o r n h u b e r  (1971) and  exper imenta l ly  
demons t r a t ed  in the monkey  by M e y e r - L o h m a n n  et al. (1977). The aim of  the 
present  s tudy was to record  correlates  of  movement  tha t  precede act ivi ty  in 
den ta to tha lmic  pa thways  in the h u m a n  tha lamus  at s tereotact ic  target  sites used 
for the rel ief  of  Pa rk inson ian  t r emor  (Hass ler  et al. 1970). Fu r the r  in format ion  on 
the funct ional  significance of  these pa thways  was expec t ed  by invest igat ing the 
effects of  coagu la t ion  of  the target  area  on rap id  a rm flexions. The results suggest 
that  ce rebe l lo tha lamic  act ivi ty is re la ted  to c o m m a n d  signals of  r ap id  a rm move-  

ments.  

Methods 

Thalamic slow potentials were recorded by an eight-contact straight macroelectrode (contacts 
with 2 mm separation). Both bipolar and reference recordings were made with a conventional 

Fig. 1A and B. Subthalmic potentials related to contralateral elbow flexion. A Single records of 
EEG potentials (a) preceding contralateral biceps activation (b) associated with light triggered 
(light signal: upper trace) rapid elbow flexions. Reference recording from human zona incerta 
with 1-s time constant. Positivity upward. B Summated subthalamic EEG and EMG potentials 
(contralateral biceps) associated with rapid elbow flexion of the same patient. Summation of 
32 single reactions. The avarager was triggered by a light signal at the beginning of the traces. 
Recording as in 1A 
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Fig. 2A and B. Timing of subthalamic motor potentials and EMG activation. A Distribution of 
time intervals between onset of the subthalamic movement related potential and onset of contra- 
lateral signal triggered biceps activation. Sample: 100 single reactions (as shown in Fig. 1A) 
obtained from 6 patients. B Distribution of the delay of the onset of contralateral (related 
to the side of stereotactic lesions) biceps EMG activations associated with bilateral signal 
triggered rapid elbow flexions. Stippled area: before coagulation. Vertical bars: after coagulation 
of the zona incerta. Each distribution is based on 100 values obtained from 6 patients before 
and after the stereotactic operation 

EEG apparatus with a time constant of 0.5 or 1 s and an upper frequency cut of 70 c/s. Patients 
were instructed to rapidly flex the right or left elbow in response to a light signal. EMG signals of 
biceps and triceps muscles were recorded with surface electrodes, amplified by EEG amplifiers, 
and displayed with the thalamic EEG on a storage oscilloscope whose sweep was triggered by the 
light signals. Signals were also stored on magnetic tape for further analysis. EEG potential 
changes and EMG responses were photographed from the oscilloscope or summated antero- 
gradely (trigger: light signal) or retrogradely (trigger signal: EMG activation). The recording site 
was the zona incerta, the subthalamic target area of coagulation for relief of Parkinsonian tremor 
(Mundinger 1965) (Fig. 5). 

EMG reactions associated with signal-triggered flexions were recorded several times before 
and after the coagulation to determine latencies of EMG activations or suppressions. 

Results 

Movement-corre la ted positive or positive-negative potent ia l  changes were ob- 
tained in the zona incerta in six of eight Park insonian  patients. Onset of single slow 

potentials  preceded onset of contralateral  biceps act ivat ion by 30-130 ms (Figs. 1 
and  2). The peak latency (in relat ion to the c o m m a n d  signal) was 200-450 ms, and  
correlated well with maximal  biceps act ivat ion or with the end of the initial burst  of 
biceps high frequency discharge (Fig. 3). Ampli tudes  of single potentials  were 
20-100 pV. The potent ia l  was exclusively associated with active contralateral  arm 
movements .  Ipsilateral active or contralateral  passive arm flexion did not  evoke the 
potential .  The slow potent ial  preceded light-triggered and  spontaneous  arm 
flexions. The light signal alone evoked a rather  inconspicious and incons tant  
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Fig. 3. Correlation between the peak latency of thalamic motor potential and the end of EMG 
burst, which initiates rapid elbow flexion. Abscissa: End of initial biceps EMG discharge (in 
relation to the light signal). Ordinate." Peak latency of thalamic motor potential 

A B 

a 

b 

C 

d 

200 ms 

a 

b 

c 

d 

8 

b 

c 

d 

Fig. 4A and B. EMG recordings of ipsilateral (a, b) and contralateral (c, d) biceps (a, c) and 
triceps (b, d) activity, associated with rapid bilateral elbow flexions of the patient whose intra- 
operative records are shown in Fig. 1. A Before coagulation of the zona incerta. B 24h after 
stereotatic coagulation of the recording site of Fig. 1. There is a marked delay of the reactions 
of contralateral biceps and triceps 
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response of shorter poststimulus latency requiring summation of at least 100 
reactions for visualization. 

Electrical stimulation of the recording site elicited mostly high amplitude 12- 
14 s beta rhythms, with an occasional true augmenting response in frontocentral 
derivations of the scalp EEG. Stimulus-evoked gross motor  reactions, as observed 
with low frequency stimulation of the internal capsule, did not occur. 

After coagulation of the recording site, onset of contralateral biceps activation 
and triceps suppression were delayed in rapid bilateral elbow flexions (Figs. 2 
and 4B). (Ipsilateral reaction times remained unchanged from preoperative 
values.) The delay was usually maximal on postoperative day 1 and diminished 
during the first two postoperative weeks to smaller, albeit still abnormal  values. On 
clinical examination, 80%-100% relief of tremor, discrete hypotonia, and very 
slight bradydysdiadochokinesia of  the contralateral arm were observed. Signs of 
paresis, ataxia, or dysmetria were absent. 

D i s c u s s i o n  

In autopsy material from Parkinsonian patients with 100% tremor relief by stereo- 
tactic lesions in the region of the zona incerta, Hassler et al. (1970) have 

Cd 
Dsf 

Lpo 

Do 

P[ 

Ipm \ I 

Voe 

Pu i 

Pu m 

B 

Fig. 5. Sagittal section of the human thalamus 12mm lateral to the midline (modified from 
Van Buren and Borke 1972). The target region of coagulation corresponding to the recording 
sites of motor potentials is indicated by the cross hatched area 
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demonstrated that the stereotactic lesion interrupts dentatothalmic afferents to the 
v.o.p. (posterior basal part  of VL). It is therefore probable that the movement- 
correlated potential recorded from the same area, reflects movement-preceding 
and movement-associated activation of cerebellothalamic fibers and possibly also 
v.o.p, cells. Since the onset of the potential precedes limb displacement and gamma 
activation of muscle spindles, it cannot arise from adjacent sensory structures such 
as the VPL nucleus or the proprioceptive sensory pathway destined for v.i.m. 
(Oscarsson et al. 1966). The good re|ation between peak latency of the thalamic 
potential and the end of the first EMG burst, or the maximum of EMG activation, 
suggests a close relationship between movement-correlated neuronal activity in the 
subthalamus and E M G  activation. Our potential probably does not originate in 
the internal capsule, since electrical stimulation of the recording site did not 
produce gross, stimulus-evoked motor  reactions, but did produce EEG responses, 
which are regarded as a probable stimulation effect of thalamic input structures to 
motor  cortex. 

As is to be expected from an event reflecting input activity to the motor  cortex, 
the subthalamic movement-related potential shares common properties with the 
summated human EEG movement-related negative potential called motor  poten- 
tial (MP) by Deecke et al. (1969). According to these authors, the MP is maximal 
over the contralateral precentral motor  region, precedes finger movement by 60 ms 
and, as in the records of Gilden et al. (1965), reaches its peak slightly before 
maximal activation. From subcortical regions Haider et al. (1972) and McCallum 
et al. (1973) have also recorded slow potentials prior to movement.  These, however, 
could not be correlated with certain cerebellothalamic pathways. 

The delay of contralateral EMG activation subsequent to coagulation of the 
dentatothalmic pathways at the recording site in the human parallels the results 
obtained in the monkey by cooling the dentate nucleus (Meyer-Lohmann et al. 
1977). Together with Thach's  (1978) animal experimental evidence, our results 
provide further support  for the theory of Evarts and Thach (1969) and Kornhuber 
(1971) that cerebellar activity may precede and initiate that of motor  cortex in 
generation of rapid arm movements.  
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