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Electrophysiological studies in eight patients with severe motor system abnordescribed both before and after the start of chronic electrical stimulation of the
anterior cerebellum. With stimulation, at least one of following changes was found in seven
of these eight patients: reversal of abdominal F amplitude ratios (flexor/extensor muscles),
decreased prominence of F responses, and loss of H reflexes in at least one muscle other than
the soleus. These changes indicate that cerebellar stimulation can affect the excitability of segmental motoneurone pools. Although clinical changes, particularly decrease in tone, were
observed in all the patients with stimulation, the complexity of trying to relate the physiological
findings to functional improvement is emphasised.
SUM MARY
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Chronic electrical stimulation of the anterior
cerebellum has been reported to reduce rigidity
in patients with motor system disorders (Cooper
et al., 1973). The theoretical justification for this
procedure stems partially from the observation
that decerebrate rigidity in animals decreases with
repeated surface electrical stimulation of the
paleocerebellum (Sherrington, 1898; Dow and
Moruzzi, 1958).
It is difficult to evaluate a procedure such as
chronic cerebellar stimulation. The patients
chosen are invariably diverse. Definition of specific
clinical criteria for following these severely affected individuals is not easy, especially when
trying to monitor the effect of treatment. Clinically testable physiological variables could be helpful both for establishing if the procedure was
indeed producing a physiological change and for
defining the nature of such an effect. Previous
work (Upton and Cooper, 1976) has suggested
that such an approach can be useful. In this report
we discuss evidence of changes in segmental
motoneurone pools with cerebellar stimulation and
its clinical significance.
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Methods

Eight patients with severe motor system deficits
selected for treatment with chronic electrical
stimulation of the cerebellum were chosen from
a large group of patients (primarily with a diagnosis of "cerebral palsy") because of their severe
motor involvement, relatively normal intellectual
function, and lack of improvement with standard
treatments.
Some of the clinical characteristics of these
patients are shown in Table 1: all were examined
personally by the authors. Tone was defined as
resistance to passive movement. The abnormal
movements listed were those that could be readily
discerned clinically. All but one of these patients
would meet the criteria for a diagnosis of "cerebral palsy"-that is, motor abnormalities which
could be related to problems either at birth or
during the neonatal period. One of the patients
(AB) suffered midbrain trauma in an automobile
accident two years before this study. The patients
had an extensive evaluation both before and after
surgery. Electrodes were placed anteriorly over
the cerebellar surface through small suboccipital
craniotomies. The electrode wires were connected
to subcutaneous receivers. Stimulus parameters
could be controlled externally using an adjustable
transmitter. More detailed discussions of some
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Table 1 Clinical characteristics of patients studied
Age Antecedent
(yr) history

Tone

30 neonatal
jaundice
2 (AB) 16 automobile
accident
3 (MM) 16 premature
4 (CC) 11 premature
5 (CE)
6 premature
6 (FB) 22 neonatal
hypoxia
7 (PP) 30 neonatal
hypoxia
8 (BS) 24 neonatal

inc

Patient

Babinski Phasic
stretch

Movement
abnormality

reflexes
1 (MJ)

hypoxia

no

±N

athetosis

inc*

yes*

inc*

dysmetria

inc

±
l
±
yes

inc
N
inc
± inc

athetosis

inc

±

N to dec

dysmetria

-inc

no

inc

athetosis
dysmetria

inc

inc
± inc

N=normal; inc=increased; dec=decreased; ±= equivocal finding,
* = left side only.

aspects of the evaluation given to these patients
as well as of the procedure for electrode implantation and subsequent stimulation are available
elsewhere (Penn and Etzel, 1977; Penn et al.,
1978).
The F responses or H reflexes or both were obtained in a standardised fashion from flexor and
extensor muscles in the lower extremities. Surface electrodes were used. In all eight patients, recordings were made from the bellies of the medial
aspect of the soleus (MS) and tibialis anterior (TA)
muscles with the electrodes separated by 50 mm.
The active electrodes were proximal and placed
halfway between the mid-popliteal crease and the
medial malleolus for the MS, and halfway between the tibial tubercle and the ankle joint for
the TA. In six of the patients, similar studies were
performed on the abductor hallucis (AH), and in
five of these on the extensor digitorum (EDB) as
well. Recordings were made from these muscles in
the standard belly-tendon manner. Stimuli were
given to the peroneal nerve at the ankle and
fibular head as well as to the posterior tibial nerve
in the region of the medial malleolus and the
popliteal fossa when recording from the EDB, TA,
AH, and MS muscles respectively. Stimulus duration could be varied from 0.05 to 1 ms and
stimulus amplitude to a maximum of 300 volts
(TECA NS6).
The stimuli were administered using a 30 mm
fixed mount bipolar electrode (TECA 6030-1). For
F responses, the stimulating cathode was distal,
the frequency 0.5 Hz, and the stimulus duration
as short as possible combined with a stimulus
voltage adequate to produce a direct motor (M)
response 25% supramaximal. When studying H
reflexes, the stimulating cathode was proximal,
the stimulus frequency 0.2 Hz (allowing adequate
recovery time between stimuli), and the stimulus
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duration 1 ms (in order to activate selectively
the larger afferent fibres) (Hugon, 1973). The
stimulus intensity was submaximal for the M
response with the voltage adjusted so as to produce a maximal H reflex. Criteria for distinguishing H and F waves have been published (Shahani
and Young, 1976). During the studies, the patients
were supine and as relaxed as possible. Data were
analysed only if the baseline activity was such that
it would not interfere with seeing the low amplitude F responses, that is, only if there was little if
any extraneous muscle activity.
The F amplitudes were measured peak-to-peak,
and average F amplitudes were calculated if at
least five measurable responses were obtained from
a particular muscle. Ratios for average F amplitudes divided by maximal evoked motor response
(average F/maximal M) ranged from 0.9 to 10%.
If the data were available, average F amplitude
flexor/extensor (Fl/Ex) ratios were determined
for muscles acting at a common joint, that is,
TA/MS or EDB/AH. Normally, the prominence
of F responses is less in physiological flexor than
in extensor muscles (Fisher, 1978). This is true
for both F persistence (that is, the fraction of
discernible F responses found after a series of
supramaximal stimuli), and for average F amplitude. An average F amplitude Fl/Ex ratio of 1.5
or greater was at least 50% higher than that found
in normal subjects and was considered abnormal.
The electrophysiological techniques used in this
study are, of course, routine procedures and well
tolerated. All the patients were examined as part
of the routine protocol used in patients treated
with chronic cerebellar stimulation.

Results
Table 2 shows the main physiological changes
associated with cerebellar stimulation. All patients
were studied within seven to 16 days after surgery,
and no sooner than two and no later than seven
days after cerebellar stimulation was begun.
In two patients (cases 1 and 2), significant reversals were found in F response amplitude Fl/
Ex ratios recording from the TA and MS muscles.
Recordings from the EDB and AH muscles were
not obtained in these patients. In both patients,
the TA/MS ratios on the left were 1.9 before
stimulation. After the start of right cerebellar
stimulation, the comparable ratio in case 1 was
0.17 (Figure) while in case 2 too few F responses
could be obtained from the TA for measurement. F persistence was 0.10 compared to 1.00
prestimulation.
In case 3, abnormal FI/Ex ratios were found
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Table 2 Summary of electrophysiological changes with cerebellar stimulation
F amplitude Fl/Ex ratios**

H reflexes present*

Patient

Before

After

Before

After

L-TA/MS 1.90
L-TA/MS 1.90
L-TA/MS 2.24; R-TA/MS 2.05

L-TA/MS 0.17
(1)
L-TA/MS ? ;R-TA/MS 0.95
R-EDB/AH (2)

l(MJ)
2(AB+)
3 (MM)

-

L-TA,AH; R-AH

L-TA,AH; R-AH

4 (CC)
5 (CE)
6 (FB)

L-TA,AH; R-TA,AH
L-TA,AH; R-AH
L-AH

L-AH
-

7(PP)

-

8 (BS+)

-

R-EDB/AH 3.00
(3)
_

R =right; L= left; TA= tibialis anterior; MS= soleus (medial part); EDB = extensor digitorum brevis; AH abductor hallucis.;
=only TA and MS muscles studied;
* =H reflexes present MS all patients before and after stimulation;
**=initial FI/Ex ratios greater than 1.5.
(1) persistence L-TA less than 10 %; (2) persistence R-EDB less than 10 %; (3) only H reflexes obtained before stimulation.

+

supramaximal stimuli could not be obtained for
either the TA or EDB on the left. With and without cerebellar stimulation, H reflexes were present
in the left TA and both AH and MS muscles. By

A
TA

I

/)

Ms

N

I

I.-,

L
Figure Mean values for F persistence. Studies with
F persistence of zero are not included.

an

for the right TA/MS (2.05) and EDB/AH (3.0)
as well as the left TA/MS (2.24). The ratio for
the left EDB/AH was borderline (1.35). With
bilateral cerebellar stimulation, ratios within normal limits were found for both sets of muscles on
the right; unfortunately, adequate responses using

contrast, case 4 had H reflexes in all muscles
tested before cerebellar stimulation, that is, the
MS, TA, and AH muscles bilaterally (as well as
in both abductor pollicis brevis muscles stimulating the median nerves at the wrists). Two other
patients (Table 2), case 5 (bilateral stimulation)
and case 6 (right stimulation), had H reflexes in
fewer muscles after cerebellar stimulation than
before.
In case 7, F amplitude Fl/Ex ratios (TA/MS
and EDB/AH bilaterally) were within normal
limits, and H reflexes were found only in the MS
muscles. There was, however, a pattern of decreased prominence of F responses after cerebellar stimulation (left). F response perEistence
(10-15 stimuli) in both EDB muscles decreased
from about 0.50 to 0.00, and average F response
amplitudes decreased two to three times in all
muscles studied except for the right AH, that is,
both MS and the left AH (as well as both APB
muscles). No F responses were obtained in the
TA muscles with or without stimulation.
In the last patient, case 8, no significant change
was found before and after bilateral cerebellar
stimulation in F response persistence, amplitude,
Fl/Ex ratios, or average F/maximum M ratios
recording from the MS and TA muscles. H reflexes were present only in the MS muscles.
As indicated, four of the patients had bilateral
cerebellar stimulation while in four the initial
stimulation was unilateral (three right, one left).
Given the small number and diversity of the
patients in this study, it is not surprising that no
conclusions could be reached about differences
between these types of stimulation. The data indi-
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cate that unilateral stimulation can have at least occurs in abnormal states (Magladery et al., 1952;
contralateral electrophysiological effects. Abnor- French et al., 1961; Thorne, 1965) and has been
mal Fl/Ex ratios in AB and MJ were found to considered an "indication of chronic upper motobe within normal limits after contralateral stimula- neurone dysfunction" (Garcia-Mullin and Mayer,
tion. Clinically, this was associated with bilateral 1972). On the other hand, responses with the
decreases in tone.
characteristics of H reflexes may appear in a
The predominant clinical finding with cere- wider distribution in normal states with muscle
bellar stimulation was a decrease in tone. At the contraction (Hagbarth, 1962), and this may also
time of the post-stimulation electrophysiological alter the responses obtained with supramaximal
studies, at least some decrease in tone was noted stimulation (Upton et al., 1971). Little if any basein seven of the eight patients (all except case 7), line muscle activity was present in the data anaalthough this did not remain a consistent finding lysed so that it is unlikely that contraction of the
on follow-up in case 4. These changes were most muscle from which the responses were recorded
marked in case 1 and least in case 8. In only one was a major determinant in the results. Neverthepatient (case 5) was there a definite decrease in less, we have found in our laboratory (Garcia
phasic stretch reflexes, and even here these re- and Fisher, unpublished observations) that patflexes were still somewhat hyperactive. The evalu- terns of muscle activity such as contraction in
ation of myotatic reflexes, however, was obviously antagonistic muscles can alter both H reflexes and
made in the context of alterations of tone, and F responses. Even if this were present during some
right ankle clonus was found only after stimula- of the recordings in the patients reported here,
tion associated with a decrease in tone. As noted the results would still be valid. If one of the effects
in Table 1, only two of the eight patients had clear of cerebellar stimulation were to alter patterns of
Babinski responses. Further studies are, therefore, muscle contraction and this in turn affected H
needed to clarify the effect of cerebellar stimula- reflexes and F responses, this is precisely what we
tion on this response.
wish to measure.
A detailed clinical discussion of the patients
A more serious question is the specificity of the
studied in this report is planned. Subjectively, all physiological changes noted with cerebellar
eight patients felt that cerebellar stimulation was stimulation. That physiological effects can be
beneficial. At least some clinical changes could demonstrated within this time framework is conbe defined in all the patients with stimulation. sistent with the observations of others (Upton and
What is most important here is that there was no Cooper, 1976; Penn et al., 1978). In a general
obvious relation in this series of patients between sense, the inhibitory effect of cerebellar stimulathe electrophysiological changes with cerebellar tion on H reflexes and the prominence of the F
stimulation and the degree of objective improve- response is also consistent with the previous reports
ment in functional capabilities. The most marked (Upton and Cooper, 1976). In the one patient in
functional improvement in fact has been found in this series with abnormal F response Fl/Ex ratios
case 8 who was able to walk using crutches only studied by other physiological tests, decreased coafter stimulation. It is this patient in whom no contraction was found in the TA and MS muscles
electrophysiological abnormalities were found at a time when the F amplitude ratios in these
before stimulation and in whom no changes could muscles were found to be within normal limits.
be defined after stimulation.
(Penn et al., 1978, Fig. 2). In other words, both
types of studies indicated a change in the relative
excitability of flexor and extensor motoneurone
Discussion
pools. Finally, the data are all consistent with cereThe electrophysiological changes found in these bellar stimulation affecting segmental motoeight patients after cerebellar stimulation can be neurone pools. As cerebellar stimulation clearly
summarised as follows: reversal of abnormal F can produce clinical changes, and indeed such
amplitude FI/Ex ratios (cases 1, 2, and 3); de- changes have been noted to progress for prolonged
creased presence of H reflexes in at least one periods (Cooper et al., 1976; Penn and Etzel,
muscle (cases 4, 5, and 6); and decreased promi- 1977; Penn et al., 1978), it seems reasonable to
nence of F responses (case 7).
believe that cerebellar stimulation does have
H reflexes are normally only obtained in a physiological correlations. It seems equally
limited number of muscles, particularly the tri- reasonable that at least some of these correlations
ceps surae in the lower extremity. Other than in would be manifest at the segmental level.
newborns and infants (Thomas and Lambert,
The data suggest that cerebellar stimulation has
1960). a more widcspread presence of H reflexes at least two separate physiological effects. In the
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one patient (case 3) with both diffuse H reflexes
and abnormal F amplitude FI/Ex ratios, cerebellar stimulation affected only the latter. The
changes in the F responses would be most consistent with direct alterations of motoneurone
excitability. Although this could also affect H
reflexes, there is evidence that the primary influence on these reflexes relates to presynaptic
inhibition. Vibratory inhibition of H reflexes is
probably presynaptic in origin (Gilles et al., 1969;
Barnes and Pompeiano, 1970 a,b); the more
restricted distribution of H reflexes with maturation may be due to similar mechanisms (Mayer
and Mosser, 1973); and H reflexes are readily
elicited at times when F response studies indicate
decreased motoneurone pool excitability-that is,
early after strokes (Fisher et al., 1975, 1976, 1978).
By analogy, the primary effect of cerebellar
stimulation on H reflexes may be presynaptic in
origin.
The major clinical effect of cerebellar stimulation was decrease in muscular tone. It is easy to
conceive how either a decrease in motoneurone
pool excitability or normalisation of the relationship between flexor and extensor motoneurone
pools could affect tone. At the same time, the
relation between the physiological changes and
the much more complicated but clinically more
important issue of functional improvement is not
obvious. The effects of cerebellar stimulation are
complex, involving not only physiological but also
chemical (Wood et al., 1977) parameters, and the
ultimate question is the summation of these effects
on integrated performance in a severely damaged
motor system. Nevertheless, it is interesting that
in the two patients with the most marked
functional improvement with cerebellar stimulation (cases 5 and 8), one had increased tone and
myotatic reflexes but little movement disorder
while the other had a prominent movement disorder with relatively little abnormality of tone and
reflexes. It may be that cerebellar stimulation
exerts its most significant therapeutic effect not in
"correcting" motor system abnormalities but in
producing a better balance between damaged and

relatively undamaged motor subsystems.
The technical assistance of Ms Barbara Karakusis
is acknowledged gratefully.
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