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1. An animal model for the study of cerebellar
intention
tremor was produced
by implanting
cryoprobe sheaths alongside the dentate and interpositus
nuclei of the cerebellum
in three
Cc>bris monkeys. These monkeys were trained to
make fast flexion and extension elbow movements by moving a handle in a horizontal arc and
to resist perturbations
applied to the handle as it
was held within target regions.
2. Cooling
through
both sheaths simultaneously (to 10°C sheath reference temperature)
resulted in a 3- to ~-HZ tremor in the ipsilateral
forelimb, which was especially evident during
rapid movements
and following
perturbations
applied to the handle.
3. The character of the tremor was altered by
mechanical loads applied to the limb: the frequency was increased by addition of spring stiffness and by an increase in constant torque and
decreased by addition of mass. The amplitude of
the tremor was decreased by an increase in
viscous resistance. In addition, randomly timed
perturbations
applied
to the forearm resynchronized the phase of the tremor.
4. The frequency of the tremor was also dependent on the position of the forelimb, being
higher in flexion than in extension.
5. During
cerebellar
nuclear
cooling
the
EM G responses to limb perturbations
sometimes showed an increase in the segmental response (20 ms), while later responses (35400
ms), which may reflect activity in suprasegmental pathways, exhibited little change. There was
no apparent relationship
between changes in
these early EM G responses and the tendency
toward oscillation.
6. The fact that changes in the mechanical
state of the limb can affect the character of cerebellar intention
tremor supports the view that
this tremor originates from instability in one or
more reflex pathways. However, the lack of increase of the late EM G responses during cerebellar cooling suggests that the tremor is not due
simply to an increase in gain in these reflex
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pathways, as tested by sudden limb perturbations.
An alternative
possibility,
whereby
changes in the characteristics
of reflex pathways
could produce cerebellar
intention
tremor, is
discussed.
INTRODUCTION

The function of reflex loops in motor control
has frequently been compared to the operation
of a servomechanism.
In this mechanism, commands are generated on the basis of a comparison of actual performance
as determined
by
feedback from the periphery,
with some internally generated measure of desired performance.
The advantage of a servomechanism
is a rapid
and automatic
response to errors in performance. The disadvantage of a servo is that once
the commands are locked into this system a malfunction in the feedback signal will automatically
generate incorrect
commands,
which in some
cases will result in uncontrollable
oscillations.
One of the first reflex loops to be considered as a
servomechanism
was the spinal stretch reflex.
This loop provides a rapid response to muscle
stretch; however, inappropriate
feedback in the
loop has been suggested to cause physiological
tremor (16, 19).
Recently, evidence has been found for the
participation
of longer suprasegmental
loops in
motor responses to sudden limb perturbations
(8, 11, 27, 29), and it has been suggested that
excessive gain in these loops may be the cause of
pathological tremors such as cerebellar intention
tremor (28). The possibility to test this suggestion in an animal model arose from the finding
that cerebellar tremor of humans could be produced in the monkey by lesions of (7, 12) or by
cooling (9, 22) cerebellar nuclei. If tremor is due
to instability in reflex loops, then changes at the
periphery will, by means of feedback, affect the
character of the tremor. This has been investigated in the present experiments by studying the
effects of changes in the mechanical state of the
forelimb on cerebellar tremor produced by cooling the cerebellar nuclei in monkeys. Such experiments have revealed that changes in the mechanical load affect the frequency and amplitude
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of the oscillations and that perturbations
applied
to the limb resynchronize
the phase of the tremor. However, analysis of EMG responses following sudden limb perturbations
suggests that
cerebellar intention tremor cannot be explained
by excessive gain in long-loop reflexes.
METHODS

Three Cebra monkeys (M28L, M26L, M24L)
were trained to rotate a freely moving handle,
pivoted at the elbow, in a horizontal
arc. The
instructions
to the monkeys were first, to move
the handle on a visual command from one target
position to another and, second, to resist a torque perturbation
applied at random times to the
handle while the handle was held stationary
specwithin a target
region. Unless otherwise
ified, perturbations
consisted of a torque
pulse,
10 ms duration and 300-g magnitude,
as measured at the end of the 10.5cm handle. The
position of the handle was indicated to the monkey as either being in or out of target by sound
and light cues. The width of the target region
was adjusted between 10 and 30” to accommodate the extent of tremor oscillations.
The handle, which the animals were trained to
rotate, constituted
primarily
an inertial load.
This was altered in the experiments
by adding
2) constant torque through the torque motor, 2)
viscosity by means of velocity feedback through
the torque motor, 3) spring stiffness by feedback of position, and 4) greater inertia by the
addition of mass to the handle. Details of the
torque motor through which these loads were
applied have been described previously
(4).
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Iw26L and M24L, cooling the medial probe may
have affected transmission
in the fastigial and
lateral vestibular nuclei.
To confirm that the effects of cooling described in RESULTS
were due to a reversible lesion of the nuclei and not of the overlying cerebellar tissue, tests were performed in which the
cooling probe was withdrawn
approximately
5
mm within the implanted sheath while a constant
cooling rate was maintained.
During this procedure the temperature
of the probe sheath at the
approximate
location of the nuclei returned to
33OC, and the EMG responses and the movement parameters were equivalent to those obtained under control conditions W
As part of other experiments
(23) a metal
chamber was implanted over the forearm area of
the precentral gyrus for single-unit recording of
extracellular
activity, and concentric stimulating
electrodes for antidromic
identification
of corticofugal neurons were implanted in the right cerebral peduncles.

Data acquisition and analysis
Three parameters were monitored:
2) handle
position by means of a thin-film potentiometer,
2) handle velocity by means of electronic differentiation of position, and 3) EM G activity by
means of a pair of Teflon-coated
wires inserted
into the muscle during each experiment.
The
EMG data was amplified, filtered (bandwidth,
30-300 Hz), and full-wave rectified. The three
parameters were then digitized on-line (sampling
rate, 1,000 Hz) by a PDP- 12 digital computer.
Block averaging the data in 5-ms bins resulted in
digital integration
of the EMG.
The velocity
data was subsequently
digitally differentiated
to
provide acceleration.
The data were stored in
digital form on magnetic tape for later off-line
analysis.
Fourier analysis was performed,
off-line, on
selected segments of data by means of an IBM
subroutine.
The real and imaginary
values of
each frequency component were obtained. Subsequently, an average of each component
was
calculated for repetitive trials. From this averthe averaged magnitude
and
aged transform,
phase were calculated ( 18).

Two cryoprobe sheaths (1.3 mm in diameter)
were implanted stereotaxically
under pentobarbital anesthesia (35 mg/kg ip), one lateral to the
dentate nucleus and the other through the region
of the interpositus
nucleus ipsilateral
to the
forearm tested. These will be referred to as the
lateral and medial probe sheath, respectively.
Temperatures
referred to in this paper are those
of the outside of the probe sheath, measured by
a thermocouple,
4 mm from the sheath tip.
Histological
confirmation
of sheath positions
was obtained after sacrificing the animal by in- RESULTS
traperitoneal
injection of Nembutal and perfusGeneral effects of cooling
ing with 10% formalin. Figure 1 shows the locacere
bellar mclei
tion of the sheaths and the extent of the estiAfter implantation
of the cryoprobe sheaths,
mated 20°C isotherms (6). the temperature
at
which synaptic transmission is first impaired (2, one lateral and one medial to the dentate nucleus
(Fig. 1). no deficit was observed in any of the
5). The isotherms indicate that when the lateral
sheath was cooled to 10°C the lateral portion of three monkeys during such tasks as moving
about the cage or feeding. Limbs on both sides
the dentate nucleus was affected in all three
monkeys. Cooling the medial sheath to IO°C af- appeared to be used with equal dexterity and
fected the medial portion of the dentate and a without signs of tremor. The general effects of
major part of the interpositus.
In addition,
in cooling the medial and lateral probes to 10°C
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FIG. 1. Positions of medial and lateral cooling probe sheaths in M24L, M28L, and M26L. Frontal sections
are shown for each monkey at 20, 40, 60, and 80% of the rostra]-caudal extent of the dentate nucleus.
Dotted
lines are estimated isotherms for tissue temperature of 20°C when sheath reference temperature was 10°C.
Midline is at the left border of each section. D, dentate nucleus (cross hatched); IP, interpositus nucleus (vertical
hatching); F, fastigial nucleus (horizontal hatching); LV, lateral vestibular nucleus (unshaded); P, sheath probe
position (black).

were examined while the animal attempted to
reach for a piece of apple and while the animal
executed

the paradigm.

In the former

case a

normal animal would grab the apple promptly,
even when it was moved about, and place it in
his mouth with no apparent difficulty. During
cooling, the animal frequently missed the apple,
especially if it was moved about, and the
forearm exhibited an irregular oscillation (ataxia)
when the animal attempted to place the apple in
his mouth. No oscillations were observed when
the arm was at rest at his side.

When

executing

the paradigm

under

control

conditions, the animal responded quickly to the
move instruction
and performed a rapid movement with little or no overshoot (Fig. 2). Simi-

larly, the response to an unexpected perturbation exhibited little or no oscillations. In the few

trials where oscillations occurred, these were of
a small amplitude,
quickly damped out, and at
5-7 Hz. On combined
cooling of the medial and
lateral probes, prominent oscillations
at 3-5 Hz
appeared both after the initiation
of a rapid
movement
and after a perturbation
(Fig. 2).
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FIG,
2. Effect of cooling cerebellar nuclei on oscillations that occur following arm movements and following
perturbations applied to the arm. Left column: position (upper of each pair) and acceleration (lower) traces of
individual trials in monkeys MBL, 4426~5, and M24L under control conditions (normal brain temperature). Right
column: position and acceleration records during cerebellar nuclei cooling produced by combined cooling
through medial and lateral cryoprobes (sheath reference temperatures, 1OOC). Extension and flexion target
position (20” width) are shown at the bottom right. 1M28L,: extension load pulse; M26L, M24L: Rexion load pulse;
m: move command; p: perturbation.

These oscillations
were more regular in appearance than during apple reaching when the
forearm was unsupported.
The magnitude of the
oscillations and the number of cycles varied between the three monkeys: M28L showed large
oscillations
which often continued as a tremor
for many seconds, M26L had moderate oscillations, and M24L had little or no oscillations.
Only M28L and MZL,
the animals which exhibited consistent oscillations,
were studied in detail.

Synchronizing effect of a torque
perturbation on tremor
Perturbations
applied to the limb during cerebellar nucIear cooling initiated oscillations of the
limb. These triggered oscillations always had the
same starting phase for perturbations
in the
same direction.
Randomly timed torque pulses
were also applied during ongoing oscillations,
such as those that occurred following a movement (Fig, 3). For reasons which will be dealt

with in the next section, only oscillations which
occurred at approximately
the same elbow angle
were included, On averaging the movements with
respect to the torque pulse (Fig. 3, bottom
trace), the averaged response
showed welldefined oscillations after the perturbation
of the
same frequency as the ongoing oscillations seen
in individual
trials both prior to and after the
perturbation.
No oscillations
were apparent in
the averaged response prior to the torque pulse,
confirming the fact that the perturbations
were
randomly timed. Thus, the perturbation
not only
triggered
oscillations
but also resynchronized
the phase of ongoing oscillations.
However,
from the individual
trials it can be seen that,
because of the small size of the torque pulse,
resynchronization
was not always complete. In
trace 3, the change in phase produced by the
perturbation
resulted in an oscillation which was
approximately
180’ out of phase with respect to
the average. In addition, perturbations
timed so
that they opposed the direction of a particular
movement cycle reduced the tremor amplitude
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FIG.
3. Resynchronizing
effect
of a randomly
timed flexion-Ioad
torque pulse on forearm
oscillations
occurring
during combined
cooling
of the medial and
lateral cryoprobes
( 10°C) (M28L,
513175). Upper
20
traces: individual
velocity
records.
Lower trace: average of the same 20 velocity
records.

(traces
6 and 14). This indicates that the force
present in the oscillating
limb and that of the
perturbation
summate to produce subsequent
oscillations.

Effect of forwrm ungk on
tremor characteristics
The averaged response in Fig. 3 shows a progressive decline in the magnitude of the oscillations which is not obvious in the individual
trials. This results from slight variations in the
frequency of the individual
trials. One factor
responsible
for this variation is forearm angle.
When oscillations,
which occurred when the
mean forearm position
was in flexion, were
compared to those in extension
(Fig. 4), the
former were found to be higher in frequency,
smaller in amplitude
(in degrees of arc), and
stabilized in a shorter time.

FIG. 4, Effect of arm position
on the frequency
of
cerebellar
tremor.
Oscillations
of the arm were produced by applying
flexion-load
torque pulses at time
zero to the stationary
limb during combined
cooling of
both
cryoprobes
(sheath
reference
temperatures,
IOOC). Single traces of handle position
are shown in
five different
positions,
three in flexion (upper records)
and two in extensions
(lower
records).
Moving
from
flexion to extension
produces
a progressive
decrease
in the frequency
of tremor
(the frequency
of the individual traces are shown on the right).
Zero-degrees
handle
position
(horizontal
straight
line) occurred
when the elbow was approximately
at right angles. F:
toward
flexion;
X: toward
extension.

To quantify the change in frequency, Fourier
analysis was performed on individual
segments
of data that followed a perturbation
(Fig. 5). The
position of the largest amplitude component on
the frequency axis corresponds to the dominant
frequency in the tremor record,

Effect of changes in me~hunkal load on
tremor ~haructeristics
If the oscillations that occur during cerebellar
cooling are the result of an unstable reflex loop,
then changes in the dynamics of any portion of
the loop should alter the character of the tremor.
To test this hypothesis, the mechanical characteristics of the handle which the animal rotated
were varied (Fig. 6). When additional mass was
attached to the handle to increase its inertia. the
frequency
of oscillations
following
a torque
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FIG.
5.
Magnitude of the frequency components of
handle velocity obtained during combined cooling of
the medial and lateral cryoprobes (10°C). A: average of
the Fourier transforms of 10 velocity records (2 s duration) following a torque-pulse perturbation in monkey
M28L. Vertical bars represent the averaged transform
when the mean forearm position was in extension (E).
The solid line envelope is for a mean flexion position
(F). B: the same for monkey M26L.

pulse decreased. When the load of the handle
behaved as a linear spring the frequency of osLittle change in the frecillation
increased.
quency was noted with the addition of viscous
resistance (friction).
However, in this case, the
amplitude
of the oscillation
was reduced. The
amplitude
of the oscillations
was also reduced
with the addition of inertia and generally increased with a spring load. Similar changes in
the frequency and amplitude were observed in
the oscillations
which were initiated during a
rapid voluntary movement and in the continuous
tremor seen in IM28L,.
Both Marsden et al. (21) and Newsom Davis
and Sears (25) have shown that the gain of reflex
loops is roughly proportional
to the initial or
mean force exerted by a muscle. To study the
effect of gain on cerebellar intention tremor, the
degree of tonic muscular activity was varied by
the addition of constant loads opposing flexion.
Increased
constant
loads increased
the frequency of oscillation
( Fig. 7). This increase in
frequency was usually accompanied
by a small
decrease in the amplitude of the oscillations.

Effect of cowbellar cooling on
mush activity
When tremo r in t he monkey’s fore arm was
el icited by cere bellar cooling, rhyth mic burs ts of
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activity were observed in all the muscles involved in the movement,
i.e., those acting at
shoulder,
elbow, and wrist, and were of the
same frequency as oscillations in the movement,
This rhythmic activity was most distinct in muscles that acted about the elbow joint, The phase,
or timing, of the burst in the movement cycle
depended on muscle function, For example, the
peak of biceps activity preceded the peak of
acceleration
by 50-60 ms. This was the same
latency as in the control situation. indicating that
muscle activity is the driving force behind each
oscillation.
The activity of other synergists such
as brachioradialis
and pectoralis major were approximately
in phase with biceps activity, while
the activity of antagonist (e.g., triceps) was 180”
out of phase.
The fact that changes in the mechanical state
of the limb can affect the characteristics of tremor (shown in previous sections) suggests that
afferent feedback as part of reflex loops may be
the driving force for cerebellar tremor. If this is
the case, the next question to consider is: what
changes in these loops could cause oscillatory
behavior? One possibility is that cerebellar cooling produces changes in the gain of reflex loops.
Some measure of the efficacy or gain of reflex
loops can be obtained from the magnitude of the
reflex EMG responses, which are elicited by a
torque pulse perturbation,
Three peaks were observed in the EMG response of the stretched muscle in the first 100 ms
following the perturbation.
The latency of these
peaks, designated as MI, M2, and M3 (29), was
20, 40, and 75 ms, respectively,
in the present
experiments.
The magnitude of M3 was consistently smaller than that of either Ml or M2. In
M2&5, the monkey with the greatest tendency for
oscillations, cerebeliar cooling produced little effect on these early EMG responses (Fig. 8). In
over a dozen experiments,
the averaged M 1 response was either unaffected
or slightly increased, while the M2 and M3 responses were
either unaffected or slightly decreased. The effect of cooling on M26L, the monkey with moderate oscillations,
was a marked increase in M 1.
The EM G activity at 40 ms was often reduced
and a larger response was sometimes observed
starting at 60 ms. It is not possible to say whether
these later changes were the direct effect of cerebellar dysfunction or a result of the increased Ml
response. The only change observed in M24L,
the monkey with the least tendency for osciliation, was a slight increase in the size of the Ml
response. Thus, there appears to be no apparent
correlation between the magnitude of tremor and
changes in the early EMG responses (O-IO0 ms).
Changes, or lack of changes, observed in the
EM G responses with cerebellar cooling should
also be reflected in the position and acceleration
trajectories.
Since the muscles are acting mainly
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FIG.
6. Effect of inertial, elastic (spring), and viscous (friction) loads on the frequency and amplitude of the
forearm oscillations during cerebellar nuclear cooling (lateral and medial probes 1OOC). Left side: individual
traces of position following a torque-pulse perturbation at time zero, From top to bottom; normal load, added
inertia, added spring, and added friction. Right side: averaged magnitude of the frequency components obtained
by Fourier analysis from 10 corresponding velocity records synchronized to a torque pulse.
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FIG. 7. Effect of the magnitude of a constant external load on the frequency and amplitude of forearm
oscillations during cerebellar cooling (lateral and medial probes, WC). Left side: individual traces of position for
constant torque loads of 60, 100, and 150 g following a torque-pulse perturbation att time zero. Vertical
calibration: 20” of arc. Right side: averaged magnitude of the frequency components obtained by Fourier analysis
from 10 corresponding velocity records synchronized to the torque pulse.
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FIG.
8. Effect of cerebeI1ar
triceps following a torque-pulse
response of 20 trials. Thin line:
Dotted lines on position trace
artifact.

nuclear cooling on the position, acceleration, and EMG responses in biceps and
perturbation applied to the stationary limb. Each trace represents the averaged
control; thick line: cerebellar nuclear cooling (medial and lateral sheaths, 1OOC).
during cooling represent I SD. Initial peak on triceps traces is a movement

against the inertial
load of the forearm and
handle, the force generated by these muscles is
primarily related to handle acceleration.
The first
peak in the acceleration trace corresponds to the
external torque pulse applied to the handle. The
subsequent
deceleration
in part reflects the
Ml, M2, and M3 responses of the biceps and
its synergists.
During cerebellar
cooling little
change was observed in the shape of this deceleration except for a slightly larger initial decline in
M26L,
which reflected the increased
Ml response. In M28L, the acceleration
trace during
cerebellar cooling began to differ from the normal
response only at the second acceleration
peak
(Fig. 8). The 1arger acceleration
peak observed
during cerebellar cooling was reflected in an increased and prolonged triceps activity (100-200
ms). In this case, instead of terminating the return
trajectory in the target region, excess acceIeration initiated another cycle of oscillation,
In
M26L, in which the second cycle of oscillation

was greatly attenuated, only a smaller increase in
triceps activity (150-250 ms) was observed with
cerebellar cooling.
DISCUSSION

The 3- to ~-HZ forelimb tremor observed during simultaneous
cooling through sheaths located medial and lateral to the dentate nucleus
appears to be an exaggerated form of the oscillations previously observed in movements (6, 9,
22) and following torque pulses (22) during cooling of the lateral part of dentate nucleus. This
tremor is apparently the same as cerebellar intention tremor which occurs following lesions of
the cerebellar nuclei in humans ( 13, 14) and in
monkeys (7, 12). One of the characteristics
of
this cerebellar
intention tremor is that the affected limb has to be involved in goal-directed
behavior: for example, rapid repetition
of the
finger-to-nose
test in patients and reaching for
food in monkeys. Similarly, the tremor was evi-
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dent as monkeys made goal-directed
movements
such as moving a handle from target to target or
returning the handle to a target following a limb
perturbation.
in these handle movements
in
which arm displacement was largely restricted to
the elbow joint, the ataxia seen in reaching
movements was evident as rhythmic oscillations
of the limb. No tremor was seen when the monkey’s limb was at rest by his side.
What is the physiological
basis of tremors resulting from lesions in the central nervous
sytem? One view is that they arise from central
neural networks, which because of pathological
damage, behave as oscillators (I 7). Evidence in
support of this view is that a Parkinson-like tremor produced
by lesions of the ventromedial
tegmentum
of the brain stem and the lateral
cerebellar system is not abolished by extensive
dorsal rhizotomy (IS). However, in the case of
cerebellar intention tremor. the situation is not
clear. On the one hand, Denny-Brown
(10) reported that peripheral
deafferentation
abolished
cerebellar intention tremor. On the other hand,
Liu and Chambers
(20) concluded
that if a
cerebellar-lesioned,
deafferented
monkey was
forced to make goal-directed
movements, then a
tremor could be seen. However, inspection of
their figures leaves some doubt as to whether the
tremor of these monkeys had the same characteristics as cerebellar intention tremor seen in
monkeys with only cerebellar lesions.
An alternative view, though not mutually exclusive, is that cerebellar intention tremor results
from an inability to make appropriate
correctional movements following a movement error.
These inappropriate
corrections lead, in turn, to
further errors and thus. to a series of oscillations. This view implies: first, that there is a
central structure which provides a goal for the
movement and, second, that some feedback of
peripheral information
occurs on which to base
corrections. Although some authors (e.g., ref 12)
have argued that recognition
and correction
of
the error is voluntary in nature, an alternative
explanation is that corrections normally occur in
reflex fashion via a servo loop through motor
cortex or brain stem. Tremor may then result
when improper
corrections
in this servo loop
occur as a result of cerebellar lesions.
The dynamics of a feedback loop are determined by the dynamic nature of each component
in the loop (26). Thus, strong evidence in favor of
a servomechanism
for cerebellar tremor is that
changes in the tremor were observed with the
addition of external loads to the limb; for example, the addition
of mass decreased the fiequency, while the addition of spring stiffness increased frequency. 1 These effects were observed
It should be noted, however,
change in tremor
frequency
with

that an absence of
the addition
of pe-
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in oscillations that were damped and in those that
continued undamped for many seconds. These
latter oscillations,
in particular,
could not have
been maintained by the mechanical characteristics of muscle and its load (28). Thus, cerebellar
tremor shows many similarities to physiological
tremor (cf. Figs. 3 and 4, ref 16). This similarity is
not surprising if it is assumed that both are reflex
driven.
What is the reflex loop that is involved in cerebellar tremor? Joyce and Rack ( 16) have demonstrated that instability
in the segmental stretch
reflex results in oscillations
of 8-12 Hz in the
forearm of man. Stein and Oguztiireli
(28), by
modeling this system, have found that when the
latency of the feedback pathway is increased to
one which allows feedback through the motor
cortex, the frequency of oscillations shifts from
8- 12 Hz to 4-6 Hz. Since the delay of the suprasegmental pathway, as measured by the latency
of M2 and M3 transients, appears to be shorter in
monkeys than in man (29), and since central delay
appears to be the most significant factor in determining
tremor
frequency
(28), the rapidly
damped oscillations
at 5-7 Hz observed in the
present control situation could correspond to oscillations arising from suprasegmental
pathways
such as one that projects through the motor cortex (1, 3, 8, 11, 22, 24, 29, 30). This is supported
by the observation that, in the control situation,
neurons of the motor cortex have cyclic activity
at this same frequency and have a phase appropriate to produce oscillations
in the limb ($). It
was subsequently
proposed (22) that the larger
and slower oscillations observed during cerebellar dysfunction resulted from inappropriate
feedback of corrections to the motor cortex.
How could cerebeIlar dysfunction render this
suprasegmental
loop unstable? One possibility is
excess loop gain. Joyce and Rack (16) have demonstrated that when the gain of the segmental
loop is increased by increasing the tonic background activity in the muscle, the amplitude of
physiological
tremor also increases. By modeling, Stein and Oguztiireli
(28) have suggested
that the stability of suprasegmental
loops can,
likewise, be degraded by an excess in loop gain.
Could cerebellar intention tremor be caused by
excess gain ‘.I This is unlikely for two reasons.
First, if one assumes that stable oscillations
at
5-7 Hz are suprasegmental
in origin, it is difficult
to postulate a mechanism whereby an increase in
ripheral loads does not necessarily
imply that the oscillations
are not reflex
mediated.
In fact, Joyce and
Rack (I@, in their study of physiological
tremor, demonstrated
that with very stiff springs, oscillations
in the
arm of some subjects
contained
two frequencies;
one
frequency
was largely
determined
by the mechanical
properties
of the arm and its imposed
load, and the
other was more dependent
on the latency of the stretch
reflex.
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gain in this path would reduce the frequency of
oscillations.
As noted in RESULTS,
increase in
gain by increasing tonic activity increases the
frequency of cerebellar intention tremor (Fig. 7)
as it does for physiological tremor (16). Second, if
the gain of suprasegmental
loops has increased,
one might expect to observe an increase in the
size of the M2 and M3 EM G transients, because
it has been suggested that responses at these
latencies correspond
to activity over suprasegmental pathways (I, 3, 8, 1 I, 29). In fact, our
experiments demonstrate no correlation between
changes in these responses and the amplitude of
tremor.
One further way in which instability in a reflex
loop can occur is if the reflex response is delayed
by an increase in phase lag (cf. ref 24). Such an
increase in phase lag could account for the decrease in frequency of oscillations from 5 to 7 Hz
in the normal monkey to 3-5 Hz with cerebellar
dysfunction.
An increase in phase lag would result if transmission
through the shortest su-
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prasegmental pathway was blocked by cerebellar
nuclear cooling and corrections
during cerebellar dysfunction were forced through a pathway
with a longer latency. However, if as suggested
above, the M2 and M3 EM G components
do
represent
reflex activity over suprasegmental
pathways,
then the failure to block these responses by cerebellar nuclear cooling would apparently rule out this hypothesis. Alternatively,
phase lag could arise if the phasic nature of the
feedback response over some range of frequenties was reduced by cerebellar
cooling. This
second suggestion can be tested by examining
quantitatively
the changes in the frequency content of the reflex responses with cerebellar cooling. It remains for further
experiments
and
analyses to test this possibility.
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