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Modulation of postural tremors at the wrist by
supramaximal electrical median nerve shocks in
essential tremor, Parkinson's disease and normal
subjects mimicking tremor

T C Britton, P D Thompson, B L Day, J C Rothwell, L J Findley, C D Marsden

Abstract
The response ofpostural wrist tremors to
supramaximal median nerve stimulation
was examined in patients with hereditary
essential tremor (n = 10) and Parkin-
son's disease (n = 9), and in normal sub-
jects mimicking wrist tremor (n = 8).
The average frequency of on-going
tremor was the same in all three groups.
Supramaximal peripheral nerve shocks
inhibited and then synchronised the
rhythmic electromyographic (EMG)
activity of all types of tremor. The dura-
tion of inhibition ranged from 90 to
21Oms, varying inversely with the fre-
quency of on-going tremor. There was no
significant difference in mean duration
of inhibition or in the timing of the first
peak after stimulation on the average
rectified EMG records between the three
groups. The degree to which supramaxi-
mal peripheral nerve shocks could mod-
ulate the timing of rhythmic EMG bursts
in the forearm flexor muscles was also
quantified by deriving a resetting index.
No significant difference in mean reset-
ting index of the three groups was found.
These results suggest that such studies
cannot be used to differentiate between
the common causes of postural wrist
tremors.

(7 Neurol Neurosurg Psychiatry 1993;56:1085-1089)

MRC Human
Movement and
Balance Unit,
Institute ofNeurology,
Queen Square,
London WC1N 3BG,
UK
T C Britton
P D Thompson
B L Day
J C Rothwell
L J Findley
C D Marsden
Correspondence to:
Professor Marsden, Institute
of Neurology, Queen
Square, London WC1N
3BG, UK.
Received 24 March 1992
and in final revised form
23 December 1992.
Accepted 14 January 1993

Examination of the period of inhibition of
rhythmic EMG following supramaximal elec-
trical peripheral nerve stimulation has been
suggested as a means of distinguishing low
frequency essential tremor from Parkinsonian
postural tremor.' Supramaximal electrical
peripheral nerve stimulation inhibits rhythmic
EMG activity in Parkinsonian rest tremor for
a period of around 200 ms, but in essential
tremor rhythmic EMG activity is only inhibi-
ted for a period of about lOOms.' The tech-
nique would be of major clinical value if it
could reliably distinguish between essential
tremor and Parkinsonian tremor.
The finding of differences in the response

of essential and Parkinsonian postural
tremors to similar stimuli would also provide
evidence of differences in the physiological
mechanisms underlying each tremor. Until
now, no behavioural differences between
essential tremor and Parkinsonian postural
tremor have been reported. Both types of
tremor have similar frequencies2 which are

not affected by inertial loading of the limb.'

In a previous study,4 we found that both types
of tremor were similarly modulated by brief
mechanical perturbations when due allow-
ance was made for ongoing tremor amplitude
and perturbation size.
We set out to investigate the effect of

supramaximal peripheral nerve shocks on
postural tremors. To make the study as prac-
tical as possible, we ensured that all wrist
tremors were studied under identical condi-
tions. In addition to measuring the period of
inhibition of rhythmic EMG produced by
supramaximal median nerve stimulation, we
also measured the degree to which the timing
of subsequent EMG bursts were influenced
by calculating a "resetting index".5

Methods
Patients and subjects
Ten patients (mean age 56 years; range 30 to
76 years) with hereditary essential tremor
(postural tremor most marked or only present
in the upper limbs, with a positive family his-
tory of a similar disorder in at least 2 consec-
utive generations) and nine patients (mean
age 57 years; range 34 to 73 years) with
Parkinson's disease (defined as an akinetic
rigid syndrome of asymmetric onset and
responsive to levodopa) and tremor were
studied with local ethical committee
approval. All of these patients had taken part
in our previous study.4 Patients with essential
tremor had tremor in the outstretched arms
but no tremor at rest. The four patients with
essential tremor who were taking beta-block-
ers were asked to stop their drugs for three
days before the study. All the patients with
Parkinson's disease had tremor at rest and a
slightly faster tremor of the outstretched
arms. Anti-Parkinsonian medications were
not stopped.

Eight hospital and laboratory personnel
(mean age 35 years; range 31 to 39 years)
without tremor or a family history of tremor
were asked to mimic tremor by rapidly flexing
and extending their wrists. The frequency of
movement chosen by each subject ranged
from 5-5 to 6-5 Hz.

Recording
Patients and subjects were seated comfortably
and their semipronated arms placed in a
manipulandum of low inertia coupled to a
torque motor (Printed Motors type G12M4-
H). The forearm and hand were secured to
restrict movement to the wrist in a horizontal
plane. The position of the manipulandum was
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displayed as a vertical bar on the lower half of
an oscilloscope screen placed in front of the
patient or subject: instructions were given to
keep this vertical bar under a second station-
ary vertical bar in the centre of the screen.
The apparatus was arranged so that when the
two vertical bars were in line the wrist was in
approximately 15 degrees of flexion, a posi-
tion which was generally found to be optimal
for bringing out wrist tremor in patients.
Specific instructions were given to both
patients and normal subjects that they should
not react to the peripheral nerve stimuli.
The median nerve was stimulated at the

elbow using 0-5ms square-wave electrical
pulses of sufficient intensity to produce a
maximal EMG response in the forearm flexor
muscles. Fifty stimuli were given randomly at
5 to 8 second intervals, while a constant
background torque of 0-38Nm was main-
tained against the forearm flexor muscles to
bring out the tremor.

Wrist position and velocity, derived by
electrical differentiation of the position trace,
were recorded 2 seconds before and 2 sec-
onds after the peripheral nerve shock. EMG
recordings were taken from flexor carpi radi-
alis using Ag/AgCl electrodes taped 3 to 4
centimetres apart over the muscle and then
amplified and processed (Digitimer D160;
bandpass filtering between 80Hz and
2.5kHz). EMG signals were subsequently
full-wave rectified and smoothed (time con-
stant lOms). All channels were collected by a
CED 1401 D/A converter at a sampling rate
of 150Hz per channel before being stored on
floppy disc by an IBM compatible personal
computer for later analysis.

Analysis
A resetting index was derived by a method
similar to that of Lee and Stein.5 Each trial
was reviewed, the flexor EMG signal being
subjected to multiple 3-point digital smooth-
ing before being displayed on the computer
screen. When clearly defined EMG bursts
could be identified before and after the
peripheral nerve shock, the timing of the
peaks of the 5 bursts before and 5 bursts after
the shock were measured by visual inspection
using a cursor.
From the timing of the peaks of the 5

bursts before the peripheral nerve shock, the
average period between bursts was calculated
for each trial. The timing of the peripheral
nerve shock relative to the timing of the last
EMG burst before the peripheral nerve shock
was then expressed as a proportion of the
average cycle length. Predicted timings for
the subsequent 5 EMG bursts (had there not
been a peripheral nerve shock) were calcu-
lated based on the timing of the last EMG
burst before the peripheral nerve shock and
on the average cycle length, from which the
difference between the actual timings could
be calculated. A graph was then plotted of
timing of the peripheral nerve shock in the
on-going tremor cycle against the actual
minus expected timing of the subsequent 5
EMG bursts. For each EMG burst after the

peripheral nerve shock, a linear regression
line was derived. The slope of the lines gives
an indication of the resetting that has
occurred; a slope of 0 implies no resetting,
whereas a slope of 1 implies complete reset-
ting.5 The resetting index (RI) was calculated
by taking the average slope of the regression
lines calculated for the first five EMG bursts
following the peripheral nerve shock.
The average cycle length before the periph-

eral nerve shock and the average length of
each of the first four cycles following the
shock were calculated for each individual.
The ongoing tremor frequency ranged from
4-1 to 7 6Hz (mean 5 6Hz) for the essential
tremor group and 4-3 to 6 2Hz (mean 5 2Hz)
for the Parkinson's disease group. The fre-
quency of tremor mimicked by normal sub-
jects ranged from 5*5 to 6 5Hz (mean 6Hz).
Mean tremor amplitude was calculated by
using a computer to find the positions of
maximum wrist flexion and extension in the
last complete cycle before each median nerve
stimulus. Mean amplitude of tremor in the
essential tremor group varied between 1
degree and 11 degrees (mean 3 degrees), in
the Parkinson's disease group between 1
degree and 46 degrees (mean 8 degrees) and
in normal subjects mimicking tremor between
2 degrees and 20 degrees (mean 10 degrees).

Statistical comparison of group data was
performed with one-way analysis of variance.
Correlation was performed using linear
regression analysis. Regression lines were
compared by analysis of covariance.
Significance was judged at a 5% level.

Average rectifiedEMG traces
The rectified forearm flexor EMG of each
trial was averaged by computer. Because
peripheral nerve shocks were given at random
times within the tremor cycle, this has the
effect of "averaging out" the EMG bursts
preceding the peripheral nerve shocks and the
average rectified EMG trace in the period
before the peripheral nerve shocks is therefore
approximately level. The variable amount of
noise in the average rectified EMG traces
before the median nerve shock (see fig 1) is
attributable to different patterns of rhythmic
EMG activity associated with tremor in dif-
ferent individuals. Some individuals had large
amplitude, discrete EMG bursts separated by
clear silence, whereas others had smaller,
more diffuse EMG bursts with some back-
ground EMG activity occurring between
bursts. Large, discrete EMG patterns were
associated with more noise in the average
rectified EMG traces, while smaller and less
discrete EMG patterns were associated with
less noise.

If peripheral nerve shocks have no effect on
the tremor, there would be a level trace in the
period after the peripheral nerve shock as
well. However, if the EMG activity in the
forearm muscle is modulated in a consistent
manner (for example, phase reset) by the
peripheral nerve shock, then the average rec-
tified EMG trace in the period after the
peripheral nerve shock will show such modu-
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Figure 1 Effect ofsupramaximal electrical stimulation of the median nerve at the elbow
on the postural wrist tremor offour representative patients with essential tremor (left
panel), four representative patients with Parkinsonian tremor (centre panel) andfour
representative normal subjects mimicking tremor (right panel). Each trace is the average of
50 epochs of rectifiedforearm flexorEMG recordedfor 0-5 seconds before and I second
after the delivery ofa supramaximal electrical stimulus to the median nerve at the elbow.
The directEMG response is concealed within the stimulus artefact and is then followed by
a period during which EMG activity is suppressed, before phasic EMG modulation
appears time-locked to the nerve shock. This phasic EMG modulation has a periodicity
which is similar to that of the preceding tremor in each case and reflects the degree to which
the timing of rhythmic EMG bursts in theforearm flexor muscles has been influenced by
the nerve shock. There is no consistent difference in the behaviour of tremors of different
origins to nerve stimulation. To bring out the wrist tremor in patients with essential tremor,
a background torque of 0-38Nm was applied in such a direction as to extend the wrist: a
similar torque was applied when studying the effect ofmedian nerve stimulation on the
wrist tremors ofpatients with Parkinson's disease and ofnormal subjects imitating tremor.

lation. Modulation of the average rectified
EMG trace usually does not last more than a

few "cycles" (see figure 1). Although there
are several explanations for the reduction in
amplitude of the modulations with time fol-
lowing the stimulus,4 the effect can largely be
accounted for by the inherent variability of
tremors, particularly rapid small amplitude
essential tremors.
The duration of inhibition of rhythmic

EMG produced by median nerve stimulation
was measured by visual inspection of the
average rectified EMG traces and was taken
as the period between the stimulus and the
onset.of the first peak in the average rectified
EMG trace. As such, this period also includes
the direct EMG response produced by the
median nerve stimulus. The onset of the first
peak was usually well defined, but where it
was not clear, the onset of the first peak was

determined by extrapolation of the slope of
the first peak (at 50% peak size) back to a line
representing the average height (above the
baseline) of the rectified EMG trace during
the preceding period of EMG suppression.
The latency of the first peak in the average
rectified EMG trace following median nerve

stimulation was measured by visual inspec-
tion using a cursor.

Results
1) Appearance of average rectifiedEMG traces
Supramaximal median nerve stimulation at

the elbow inhibited and then synchronised
the EMG bursts in the forearm flexor muscles
in all the individuals studied, irrespective of
tremor frequency or amplitude (fig 1). There
was no difference between essential tremor,
Parkinson's disease and mimicked tremor
groups in their susceptibility to modulation as
judged by the appearance of the average recti-
fied EMG traces.

2) Duration of inhibition of rhythmic EMG
activity
The duration of inhibition of rhytmic EMG
activity following supramaximal median nerve
stimulation varied between 90ms and 21Oms.
The mean duration of inhibition was similar
for the essential tremor (145ms), Parkinson's
disease (141ms) and mimicked tremor
(143ms) groups (ANOVA, F = 0 07, df = 2,
NS). Within each group, the duration of
inhibition of rhythmic EMG was found to
correlate significantly with the period of the
on-going tremor (fig 2; for essential tremor
group, linear correlation coefficient (Rval) =
0-81, p < 0-005; for Parkinson's disease
group, Rval = 0'69, p < 0-05; for mimicked
tremor group, Rval = 0-81, p < 0-005). There
was no significant difference in the slopes
(essential tremor vs Parkinsonian tremor, F =
0 45, df = 1,15, NS; essential tremor vs mim-
icked tremor, F = 0-004, df= 1,14, NS) or
elevations (essential tremor vs Parkinsonian
tremor, F = 2-07, df= 1,16, NS; essential
tremor vs mimicked tremor, F = 1-28, df =
1,15, NS) of the regression lines for each
group.

3) Resumption ofEMG activity
The latency of the first peak in the average
rectified EMG varied between 150ms and
270ms. The mean latency was similar for
essential tremor (198ms), Parkinson's disease
(193ms) and mimicked tremor (195ms)
groups (ANOVA, F = 0-06, df = 2, NS). For
individuals within each group the latency of
the first peak in the average rectified EMG
trace was found to correlate significantly with
the period of on = going tremor (fig 2; for
essential tremor group, linear correlation
coefficient (Rval) = 0-84, p < 0-005; for
Parkinson's disease group, Rval = 0-80, p <
0-02; for mimicked tremor group, Rval =
0 70, p < 0-05). There was no significant dif-
ference in the slopes (essential tremor vs
Parkinsonian tremor, F = 0-24, df= 1,15,
NS; essential tremor vs mimicked tremor, F
= 0-38, df = 1,14, NS) or elevations (essen-
tial tremor vs Parkinsonian tremor, F = 2-88,
df = 1,16, NS; essential tremor vs mimicked
tremor, F = 110, df= 1,15, NS) of the
regression lines for each group.

4) Resetting index
The calculated resetting index ranged from
0-66 to 0-99 for patients with essential
tremor, from 0-6 to 0 99 for patients with
Parkinson's disease and from 0-88 to 0 99 for
normal subjects mimicking tremor. There
was no significant difference between the
mean resetting indexes for the essential
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Figure 2 Left panel. Graph of the average tremor period preceding met
stimulation against the duration of inhibition of rhythmic EMGfor pati
tremor (+), patients with Parkinson's disease (0) and normal subjects X
(0). Right panel. Graph of average tremor period against the latency o)
the average rectifiedEMG trace following median nerve stimulation. Th
inhibition of rhythmic EMG and the latency of the first peak in the aver
traces correlated significantly with the preceding tremor periodfor each g

+ ence in tremor frequencies in the two patient
groups, taken in conjunction with our finding

*+ that the duration of inhibition depends on the
° 0 o frequency of ongoing tremor might con-

0 * + tribute to the differences in the duration of
inhibition of rhythmic EMG between the two
groups observed by Bathien et al.' Second,
these authors concentrated on the resting
tremor of Parkinson's disease and the (pre-
sumably) postural tremor of essential tremor;
in the present study both groups were exam-
ined under identical conditions (while main-

175 250 taining a posture). These methodological
differences may be crucially important since

before stimulus (ms) isometric voluntary contraction is known to
reduce the duration of EMG suppression.'

ents with essential Lastly, Bathien et al studied rhythmic EMG
imitating tremor bursts in the forearm extensor muscles and
f the first peak in stimulated the radial nerve, whereas we stud-
ie duration of ied forearm flexor muscle EMG and stimu-
rage rectified EMG lated the median nerve, but it seems unlikely

that this could provide a full explanation for
the difference in results.

tremor (mean resetting index = 0O92),
Parkinson's disease (0 89) or mimicked
tremor (095) groups (ANOVA, F = 0-76, df
= 2, NS). The resetting index did not corre-

late with either tremor amplitude or tremor
frequency in any group.

Discussion
The main conclusion of this study is that the
forearm EMG activity associated with the
postural wrist tremors of essential tremor and
Parkinson's disease and even the forearm
EMG activity associated with wrist tremors
mimicked by normal subjects is similarly
modulated by supramaximal median nerve

stimulation at the elbow. No difference in the
behaviour of essential and Parkinsonian
tremors to supramaximal nerve shocks was

observed. We could not therefore confirm the
previous suggestion that the technique might
be useful in distinguishing low frequency
essential tremor from postural Parkinsonian
tremors.

Previous studies
This study has confirmed that postural
tremors of the arm, whether essential' or

Parkinsonian tremors 67 can be modulated by
supramaximal nerve stimulation. However,
whereas Bathien et al found that the dura-
tion of inhibition of rhythmic EMG following
the nerve shock depended on the type of
tremor, we found that the duration of inhibi-
tion of rhythmic EMG varied inversely with
the frequency of on-going tremor. There are

several possible explanations for this. First,
we studied tremors of similar frequencies
(mean essential tremor frequency = 5 6Hz;
mean Parkinsonian tremor frequency =
5-2Hz) whereas the mean frequencies in the
two groups of Bathien and colleagues' study
were significantly different (mean essential
tremor frequency = 9Hz; mean Parkinsonian
tremor frequency = 5 4Hz; Student's un-

paired t test, t = 4-8, p < 0-0001). This differ-

Physiological mechanisms
What physiological mechanisms underlie the
inhibition of rhythmic EMG produced by
supramaximal peripheral nerve shocks?
Hufschmidt6 and later McLellan8 found that
the duration of inhibition of rhythmic EMG
activity produced by peripheral electrical
stimuli in patients with Parkinson's disease
could last up to 200ms with a mean of
1 34ms.8 Similar values were found in our

study. They suggested that the inhibition was

produced by a mechanism similar to that
responsible for the "silent period" in volun-
tary muscle activity that follows peripheral
nerve stimulation as described by Merton.9
Since this "silent period" usually has a dura-
tion of only 1 QOms, Hufschmidt6 and
McLellan8 proposed that the longer periods
of inhibition seen in their patients might be
due to an abnormality of autogenous motor
neuron inhibition in Parkinson's disease. The
present study questions this explanation since
periods of silence lasting longer than lOOms
following supramaximal peripheral nerve

stimulation were not limited to patients with
Parkinson's disease, but were also seen in
patients with essential tremor and in normal
subjects mimicking tremor. Periods of inhibi-
tion longer than the "silent period" therefore
were not specific to a disease, but appeared to
be related to the presence of (involuntary or

voluntary) oscillatory EMG activity. This
finding would favour the existence of an

inhibitory mechanism common to all groups
rather than any disease-specific changes in
autogenous inhibition. The observation that
the duration of inhibition (9Oms to 210ms)
was variable and related to the frequency of
on-going tremor makes it unlikely that the
mechanism is the same as that responsible for
the "silent period" which has a relatively fixed
duration of around OOms.9
Why should the period of inhibition of

rhythmic EMG produced by a supramaximal
peripheral nerve shock be related to the on-

going tremor frequency? The simplest expla-
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nation is that the oscillator responsible for the
tremor has been "reset" to some fixed point
in its cycle by the peripheral nerve shocks,
irrespective of the time in the on-going cycle
when the shock is given. This results in sup-
pression of phasic drive to the muscles for a
period of just less than the cycle length of the
on-going tremor; following this period phasic
EMG activity then resumes, time-locked to
the stimulus. Analogous behaviour is exhib-
ited by cardiac pacemaker tissue depolarised
by external electrical shocks. Irrespective of
when external electrical shocks are given, the
cardiac pacemaker is reset, so that activity
resumes a) time-locked to the shocks and b)
after a period which is dependent upon the
length of the cardiac cycle. Whether tremors
are truly "reset" like cardiac pacemaker tissue
remains uncertain. Nevertheless, the findings
of our study do favour a close interaction
between supramaximal peripheral nerve
shocks and the oscillators responsible for
essential and Parkinsonian postural tremors
as well as any oscillatory mechanisms utilised
by normal subjects mimicking tremor.
Not all tremors, however, were equally sus-

ceptible to modulation by peripheral nerve
stimulation as judged by the individual reset-
ting indexes which ranged from 0-6 to 099.
The cause of this variability in susceptibility is
uncertain, but at least two factors are likely to
be of importance: the size of the stimulus'0
and its interaction with the oscillator(s)
responsible for the tremor." Studies on the
effect of wrist stretches on postural tremors
have shown that larger amplitude tremors
require larger wrist stretches to produce a
similar degree of modulation.412 The same
might be expected of electrical peripheral
nerve stimulation (that is, larger amplitude
tremors require larger stimuli), but the lack of
correlation between tremor amplitude (mea-
sured at the wrist) and the resetting index
found in this study does not support this
hypothesis and cannot account for the vari-
ability in resetting indexes.
The behaviour of a tremor following

peripheral nerve stimulation will also depend
upon the interaction of the stimulus with the
oscillators responsible for tremor. Further
consideration of this factor is limited by our
lack of knowledge about the location and
nature of the oscillator(s) responsible for
tremor. Several potential sites for tremor
oscillators have been proposed, including
peripheral reflex loops,"3 dentato-rubro-oli-
vary loops'4 and thalamocortical loops,'5 but
there is no evidence that any one of these
loops is wholly responsible for any individual
tremor. It seems more likely that tremors
depend on the interaction of many loops."
This view of tremor, as an emergent charac-
teristic of many interacting reflex loops, can
be compared with a system of linked, non-
linear oscillators," 16 the strength of the link-
age between each oscillator reflecting the
degree to which the different reflex loops
interact with each other. Although the mathe-
matical description of the behaviour of such a
model is highly complex," the model may

provide an explanation for the variability in
susceptibility of tremors to peripheral nerve
stimulation. The peripheral nerve shock
might "reset" some oscillators in the system,
partially influence others and not affect more
remote oscillators. Subsequent behaviour of
the tremor would then depend on the interac-
tion of all oscillators in the system including
those which had been "reset" and those
which had been unaffected by the stimulus.
Whether the tremor appeared "reset" would
be decided by the relative balance of reset
and unaffected oscillators (which in turn
would depend on the size of the stimulus) as
well as the strength of the linkage between
oscillators.

Conclusions
Postural wrist tremors of essential tremor and
Parkinson's disease as well as wrist tremors
mimicked by normal subjects behave in simi-
lar ways to supramaximal stimulation of the
median nerve at the elbow. The technique
therefore cannot be used to differentiate the
common causes of postural wrist tremors.
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