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A combined clinical and neurophysiological approach to the
study of patients with tremor

Peter Bain

The accurate diagnosis of tremor is of fundamental
importance to both patients and clinicians because
assessment of prognosis and treatment selection depend
on tremor type. Furthermore, appropriate classification is
vital to the success of therapeutic trials and genetic, fam-
ily and epidemiological studies. The purpose of this edi-
torial is to review the current clinical classifications of
tremor and outline the contribution of neurophysiologi-
cal studies to this field.

Tremor classification
There are 2 classification systems in use. The first is
based on the state of activity of a tremulous limb and the
second on the aetiology of the underlying disease.

A) CLASSIFICATION BY STATE OF ACTIVITY
The following terminology was agreed upon by an ad hoc
committee of the International Tremor Foundation,
Tremor Investigation Group (TRIG), for classification by
state of activity.'
1) "Rest" tremor: tremor which is present when a limb is
fully supported against gravity and the relevant muscles
are not voluntarily activated.
2) "Action" tremor: tremor occurring during any volun-
tary muscle contraction which includes postural, kinetic,
isometric and task specific tremors.
3) "Postural" tremor: tremor apparent during the volun-
tary maintenance of a particular posture which is
opposed by the force of gravity.
4) "Kinetic" tremor: tremor evident during any type of
movement.
5) "Intention" or "terminal" tremor: the pronounced
exacerbation of kinetic tremor towards the end of a goal
directed movement.
6) "Task specific" tremor: tremor which only occurs to
any significant extent during the performance of highly
skilled activities such as writing, playing a musical instru-
ment or using a jeweller's screwdriver. The tasks affected
are usually those which require a high degree of precision
and practice and take several years to acquire.
7) "Isometric" tremor: tremor which occurs when a vol-
untary muscle contraction is opposed by a rigid station-
ary object.

B) CLASSIFICATION BY AETIOLOGY
Physiological and enhanced physiological tremor
A fine action tremor is present in everyone's limbs. The
tremor becomes more pronounced during periods of

muscular fatigue, fear or excitement and is the result of
numerous factors including the heart beat, low pass filter-
ing properties of striated muscle, motor neuron firing and
synchronisation by spindle feedback.2 Tremor amplitude
can be modulated by temperature and supraspinal influ-
ences, such as vision, and also by drugs that interact with
fl-receptors.24 f-receptor agonists such as adrenaline and
salbutamol enhance physiological tremor whilst non
selective fl-blockers (for example, propranolol) and fl-2
antagonists are more effective at preventing this than fl-1
antagonists (for example, atenolol). Consequently these
actions are believed to be mediated via peripheral fl-2
receptors.2

Parkinson's disease
A "pill rolling" rest tremor is said to be characteristic of
the disease but postural tremor is present in most cases
and is symptomatic in about 60% of patients. In 10-20%
of cases a rest component never in fact appears.56 Indeed,
Gordon Holmes has questioned whether the hands are
ever truly relaxed during Parkinsonian tremor.

Typically the tremor of Parkinson's disease is asym-
metrical, at least initially, and affects an upper limb
before involving the ipsilateral leg after a period of about
two years. This hemi-tremulous state may remain for sev-
eral years before the contralateral limbs become involved,
although this is by no means always the case and occa-
sionally this sequence is delayed or tremor first appears in
the legs. The disease may also produce tremor of the lips,
tongue or jaw but it rarely causes significant head or
vocal tremor.5 Cogwheeling is nothing more than tremor
which is palpable on passive manipulation of a limb.67
Eventually the associated signs of axial rigidity, a stooped
festinant gait, poor arm swing, bradykinesia, a tendency
to fall, drooling, a monotonous voice, blank facies, a
reduced blink rate and difficulty initiating movements
makes the diagnosis obvious.8 However, tremor is the
presenting complaint in about 60-70% of cases and may
remain the solitary manifestation of the condition for sev-
eral years (benign tremulous Parkinson's disease).
Diagnosis and classification of these patients is then diffi-
cult. The disease normally presents in the sixth or sev-
enth decade, although it can develop at a much younger
age.9 Levodopa and anti-cholinergic drugs provide the
first line of treatment.5

Essential tremor
The following clinical criteria are used to make the diag-
nosis of definite essential tremor.'
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a) Inclusion criteria:
1) The presence of visible and persistent postural tremor
involving the hands or forearms which may or may not be
accompanied by kinetic tremor. The postural upper limb
tremor can be asymmetric and tremor may affect other
parts of the body.
2) A prolonged duration of tremor (more than five
years).
b) Exclusion criteria:
1) The presence of other abnormal neurological signs
with the exception of cogwheeling (palpable tremor on
passive movement of the limbs) and Froment's sign.'0
2) The existence of causes of enhanced physiological
tremor (for example, hyperthyroidism).
3) Concurrent or recent exposure to tremorgenic drugs
or the presence of a drug withdrawal state.
4) A history of neurological trauma in the three months
preceding the reported onset of tremor.
5) Clinical evidence for a psychogenic origin of tremor.
6) Tremor of sudden onset.

Essential tremor has been classified as hereditary or
sporadic and has an overall population prevalence of
between 0-31 and 1-7%."1 12 The hereditary form is inher-
ited via a completely penetrant autosomal dominant
gene.'3 The age of onset is bimodally distributed with a
median age of about 15 years.'3 14 Disability begins in the
second decade and increases with age and tremor dura-
tion.'3 15 The sexes are affected with equal frequency and
severity. The upper limbs are affected first, usually in a
symmetrical way. Tremor can then spread to affect the
legs, head, facial muscles, voice and tongue."3 About 50%
of affected individuals respond to alcohol whilst others
(even from within the same family) do not."3 Those
tremors that are suppressed by two units of alcohol
invariably rebound, about 3-4 hours later, in an exacer-
bated form.'3 16 In controlled trials propranalol and primi-
done have been shown to provide a partial reduction
of tremor amplitude but disability remains and patients
are often troubled by side effects.'7 18 The weight of cur-
rent evidence is against a possible association with
Parkinson's disease and, although this matter is still
debated, patients with hereditary essential tremor should
normally be told that they do not have an increased risk
of Parkinson's disease.9--21 However, familial cases of
essential tremor may be unusually sensitive to anti-
dopaminergic drugs (for example, prochlorperazine or
haloperidol)."
The assumption that sporadic and hereditary cases are

the same entity has grown up in the literature without
ever being formally studied. Task specific tremor and iso-
lated tremors of the voice, tongue, facial muscles, head
and legs have all been documented as part of the clinical
spectrum of "essential tremor".'6 22-26 However, essential
tremor may not be the appropriate label for these disor-
ders and their true aetiologies have yet to be deter-
mined."3
The most difficult patients to classify are those with

action tremors in which no associated features can be dis-
covered. These patients are usually said to have essential
tremor which is not necessarily correct. In addition, there
is the practical and awkward problem of distinguishing
between an enhanced physiological tremor and the early
stages of a pathological one (such as, the onset of heredi-
tary essential tremor in a young person)." ,Currently
there is no accepted way of making this distinction.

Dystonic tremor
Dystonic tremor occurs on action and can be broadly
divided into 3 categories:
1) A postural tremor which is apparent in the out-

stretched arms and is clinically indistinguishable from
enhanced physiological or essential tremor. This type of
tremor is often associated with spasmodic torticollis but
may occur as the sole manifestation of hereditary torsion
dystonia.27
2) A jerky irregular action tremor intermingled with sus-
tained muscular spasms that can last several seconds.28
This type of tremor is often very disabling and can affect
the muscles of the neck (tremulous spasmodic torticol-
lis), face (orofacial dyskinesia), trunk and limbs.
3) A task specific movement disorder in which tremu-
lousness and jerky spasms develop concurrently during
the performance of highly skilled acts. The most com-
mon examples are tremulous writer's and typist's cramps
and musician's incoordination syndrome.2930
A combination of tremor and dystonia should prompt

the clinician to investigate whether or not the dystonia is
primary (idiopathic or hereditary) or secondary (sympto-
matic) as these are managed differently."'2

Neuropathic tremor
Tremor is one of the manifestations of peripheral neu-
ropathy. It is observed in some patients with acute and
chronic idiopathic demyelinating, hereditary motor and
sensory and IgM paraproteinaemic neuropathies and less
often in the neuropathies associated with diabetes melli-
tus, diseases of the anterior horn cell, uraemia and por-
phyria."-'6 The reason for the occurrence of tremor in
some patients with these conditions but not others is not
understood. Characteristically an action tremor is pro-
duced which resembles essential tremor, although a "pill-
rolling" rest tremor, identical to that seen in Parkinson's
disease, has been reported in one patient with demyeli-
nating neuropathy.37 Symptomatic treatment with primi-
done, propranalol, benzodiazepines or baclofen is worth
attempting but the beneficial effect of these drugs is usu-
ally rather unimpressive. Treatment should be focused
on the underlying neuropathy.

Midbrain ("rubral") tremor
Midbrain lesions may produce tremor which is present at
rest, worse on posture and exacerbated further by move-
ment.'8 In practice this type of tremor is most commonly
seen in multiple sclerosis and brainstem vascular disease.
In one patient a "rubral" tremor, which resulted from an
arteriovenous malformation arising from the top of the
basilar artery and draining through the mid-brain via an
anomalous vein, could be suppressed by treatment with
levodopa.39

Lesions dorsal to the subthalamic nucleus in the pre-
rubral field (field H of Forel) can cause a contralateral
tremor which is conspicuous at rest and only slightly
diminished on posture and during movement (LJ
Findley, personal communication).

Cerebellar tremor
The intention component of kinetic tremor is considered
to be characteristic of cerebellar pathology, although it is
probable that lesions of the superior cerebellar-peduncle,
rather than the cerebellum itself, are responsible for this
symptom.38 Various types of postural tremor have also
been described including slow oscillations of the arms
about the shoulders, or legs about the hips.4' This type
of tremor is referred to as titubation when it affects the
head and trunk and it can be particularly striking when a
patient is standing. Cerebellar tremor is normally accom-
panied by disorders of ocular motility, especially nystag-
mus and dysmetria, and often by other signs, namely
incoordination, dysdiadokinesis, pendular reflexes and an
unsteady gait.
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Drug induced tremor
Numerous drugs are known to produce tremor in
humans.42 The two most common miscreants are prob-
ably alcohol (withdrawal or prolonged heavy ingestion)
and salbutamol. Both of these drugs can cause an action
tremor. Similarly insulin, by inducing hypoglycaemia,
can precipitate enhanced physiological tremor in diabetic
patients. An action tremor resembling enhanced physio-
logical tremor can also be produced by a variety of sub-
stances including adrenaline, amphetamine, lithium,
caffeine and steroids.43

In neurological and psychiatric practice iatrogenic
tremor is frequently seen and both drug induced
Parkinsonism and tremulous dyskinesias are common, as
are action tremors resulting from the use of tricyclic anti-
depressants.42 The anti-dopaminergic drugs used in the
treatment of vertigo, nausea, vomiting and schizophrenia
can all incite a rest tremor indistinguishable from that
seen in Parkinson's disease but more typically these drugs
cause a symmetrical action tremor.
The anticonvulsants phenytoin, phenobarbitone, car-

bamazepine and sodium valproate can all result in an
action tremor when administered in sufficiently high
doses for prolonged periods.42

Functional tremor
"Functional tremor" describes tremor which is produced
or exacerbated voluntarily or "subconsciously" by a
patient. It is difficult to find convincing examples of this
entity, especially as tremor behaviour is critically depen-
dent on the physiological state of a person, including
arousal and emotion. Furthermore, when patients with
incapacitating tremors are told that their symptoms are
"functional" they become quite understandably upset,
which in turn exacerbates tremor magnitude. Physicians
should appreciate this and be sympathetic. Some patients
do appear to put on a show, but even in these instances it
is worth remembering that the differentiation of a "func-
tional" tremor from an "organic" one is inevitably depen-
dent upon circumstantial evidence, as the hypothesis that
a particular tremor does not have a pathological basis
cannot be proven.

The pathology oftremor
Standard neuropathological techniques have failed to
demonstrate any consistent physical or biochemical
changes in brains obtained from patients in whom essen-
tial tremor had been present.44 In primary dystonia no
consistent structural abnormality has been discovered,4546
although some dysfunction in the biochemistry of the
basal ganglia or brainstem is suspected.4748 In the sec-
ondary dystonias, particularly hemidystonia, structural
defects can be found in the contralateral basal ganglia but
tremor is frequently absent."'2 In Parkinson's disease it
has not as yet been possible to relate the known struc-
tural and biochemical changes to the specific symptom of
tremor.49
The disease processes affecting the midbrain or cere-

bellum are usually too diffuse to allow accurate localisa-
tion of a potentially causal defect. For example, which of
the many lesions in patients with multiple sclerosis are
inciting tremor? In those rare cases in which a small
focal haemorrhage or tumour within the midbrain or
brainstem appears to have induced tremor the possibility
that pressure effects have disabled surrounding structures
cannot be discounted. Similarly infarcts are often associ-
ated with widespread cerebro-vascular disease.

Neuropathology has, until now, contributed little to
tremor research.

Neurophysiological techniques used to differentiate
or study tremor
A) INDIRECT METHODS Peripheral nerve conduction studies
Measurement of peripheral nerve conduction velocities
might occasionally unmask an occult neuropathy in
patients presenting with action tremors. Typically fore-
arm motor nerve maximum conduction velocities are
reduced to between 10 and 30 metres per second in these
cases, but are normal in other types of tremor.'5

Simple voluntary movements
Recording the speed of simple voluntary movements pro-
vides a useful way of detecting or quantifying bradykine-
sia in a tremulous limb. However, there are
methodological problems caused by the fact that large
movements normally produce faster maximum speeds
than small ones. Because of this it is necessary to stan-
dardise the size and projection of movements by using
targets. In practice targets are set at a series of distances
and a graph of maximum velocity plotted against dis-
tance travelled. A further difficulty arises in patients with
tremors of large amplitude because the tremor displace-
ment is no longer a negligible proportion of the move-
ment distance. In spite of these drawbacks it has been
shown that patients with essential tremor perform simple
voluntary movements at normal velocities. Those with
neuropathic tremor appear to have normal maximum
speeds for the sizes of the actual movements performed
but in some cases. are hypometric, whilst patients with
Parkinsonism are usually slow (unpublished observa-
tions).

B) DIRECT METHODS
Accelerometry
Accelerometry was introduced by Agate et al in 1956 and
has subsequently been widely deployed. The results are
usually displayed as either power spectra, in which accel-
eration power (M/s2)2 of a tremor is plotted against fre-
quency (Hz), or as simple spectra (acceleration (M/s2)
against frequency (Hz)). Modern accelerometers have a
sensitivity of 0OO mV/cm/s2.

In 1904 Gordon Holmes suggested that the frequency
of a tremor was specific to its pathophysiological origin.'8
This view contains an element of truth in that specific
tremor frequencies are slightly more typical of certain
diseases than others. In practice, however, these frequen-
cies overlap making the differentiation of most tremors
on the basis of frequency impossible. Further complexity
arises because the frequency of a tremor often varies with
the site of measurement and type of action. Age is also a
complicating factor, for example the 8-12Hz component
of physiological tremor seen in the fingers of young
adults occurs at lower frequencies in children and the
elderly. Similarly the frequency of essential tremor
decreases with advancing age.50
The only tremor with a diagnostic frequency is pri-

mary orthostatic tremor. This is a rare condition in which
the patient's principal complaint is of unsteadiness on
standing rather than walking, resulting from tremor of
the lower limbs.5' In many instances the tremor is more
easily palpated than seen. It has a characteristic fre-
quency of between 14 and 18 Hz although episodes of
period doubling have been documented.52

Accelerometry has also been used for studying the
changes in tremor amplitude and frequency that occur
during different tasks. The amplitude of hereditary essen-
tial tremor was found to suppress during skilled tasks, for
example whilst holding a cup full of water and during a
joy-stick controlled tracking test, compared with a main-
tained posture. The coefficient of suppression (the extent
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to which a given tremor suppresses during tasks com-
pared to posture) is a critical factor in determining the
degree of disability."3

Electromyogrqphic studies
a) Surface recordings
The electromyographic (EMG) activity accompanying
tremor may be recorded by pairs of silver/silver chloride
electrodes arranged over the muscles involved in generat-
ing tremor. Bursts of EMG activity separated by relative
silence occur in all types of pathological and enhanced
physiological tremor but not in normal, low amplitude,
physiological tremor.54 The relationship of the EMG
bursts in agonist/antagonist muscle pairs has been exten-
sively studied, but has proved to be unhelpful.
Alternating and co-contracting patterns of EMG activity
have been documented in most pathological types of
tremor.52 54-56 In addition the pattern may slip, over a
period of a few minutes, from co-contracting to alternat-
ing in the same agonist/antagonist muscle pair and in
some patients rhythmic activity is confined to the agonist
(anti-gravity) muscles alone.57 58 In IgM demyelinating
neuropathic tremor the 'mode locking' of the phases of
the EMG bursts in agonist and antagonist pairs is partic-
ularly lax. Furthermore, the frequency of the EMG
bursts in distal muscle groups can intermittently drop by
1-3 Hz below that in the proximal muscles.

b) Single motor unit studies
Single motor unit discharges can be recorded by inserting
concentric needle electrodes into the muscles involved in
tremor. This technique can determine the firing rate of
individual motor units, the synchronisation of units
within one muscle and the synchrony and coherence of
tremor in homologous muscle groups of the limbs.

In normal subjects a moderate tonic contraction pro-
duces motor unit discharge rates of about 10-15Hz. In
patients with Parkinson's disease or essential tremor the
motor units fire in bursts of up to 50Hz, which are
grouped into the active period of each tremor cycle. In
both essential tremor and Parkinson's disease there is
another tendency for discharges from separate motor
units to synchronise over a shorter time period. Single
motor unit studies have shown a difference in the recruit-
ment order of units within each tremor cycle in essential
tremor and Parkinson's disease. In essential tremor the
recruitment pattern is disrupted whereas in Parkinson's
disease it is normal.54 59

Knowledge of the processes that compel motor unit
discharges to become grouped into bursts is fundamental
to understanding tremor pathophysiology. Some insight
into this temporal restriction on motor unit firing has
been obtained from the application of non-linear dynam-
ics.60 In patients with essential tremor it has been shown
that as tremor severity increases attractor dimension
decreases (in simplified terms, as amplitude increases the
number of possible alternative stable solutions towards
which the system may tend becomes more limited). This
suggests that essential tremor results from a reduction in
the functional degrees of freedom within the involved
neural pathways.

Resetting tremor
Attempts have been made to differentiate tremors by
using various stimuli to alter the phase of ongoing tremor
activity relative to the tremor phase immediately before
the disturbance.259626' Initially developed as a method of
determining how susceptible a tremor generator is to
peripheral inputs (mechanical wrist perturbations or
median nerve shocks) the technique has stumbled on

methodological problems which have led to conflicting
reports. The problems have been adjusting stimulus size
to tremor amplitude and standardising the inertial and
stiffness characteristics of the apparatus. Even when these
have been addressed the technique appears to have little
discriminatory power.64

Stretch reflexes
Measurement of the forearm short and long latency
stretch reflexes has become a standard technique. The
wrist is placed in a manipulandum and the forearm
restrained. Surface EMG electrodes are placed over the
wrist flexors and the EMG activity recorded during pas-
sive wrist extension. The extension torques used have
varying magnitudes and are activated for about 200 milli-
seconds. These normally result in a biphasic EMG
response in the wrist flexors consisting of an initial short
latency reflex (the Ml component of the response) and a
long latency reflex (the M2 component). The EMG
records are amplified and rectified. The resultant ampli-
tudes, latencies and durations of the Ml and M2 compo-
nents are averaged and then measured for each torque.

Abnormalities in the stretch reflexes have been found
in Parkinson's disease, neuropathic, dystonic and essen-
tial tremor. In Parkinson's disease enhancement of the
size of long latency stretch reflex has been consistently
found in rigid patients but not tremulous ones and the
duration of this response is slightly prolonged.5465 In dys-
tonia the long latency stretch reflex has been reported to
be of normal amplitude and latency but prolonged in
duration compared with control subjects.66 Furthermore,
the stretch reflex responses "overflow" to muscles other
than those influenced by movement at the joint under
study.67 The forearm stretch reflexes in essential tremor
are of normal size, latency and duration but afterwards
rebound oscillations occur which are said to be under-
damped.54 These rebound oscillations were thought to be
characteristic of essential tremor but they have also been
observed in other types of action tremor. In patients with
IgM paraproteinaemic demyelinating neuropathic
tremor, the short and long latency stretch reflexes were
present but diminished in size and delayed.

Reciprocal inhibition of the forearm H-reflex
One of the manifestations of hereditary torsion dystonia
is lone postural tremor.276869 A problem arises in distin-
guishing these patients from those with essential tremor.
One possible way of doing this is to examine the effect of
radial nerve stimulation on the ipsilateral median nerve
H-reflex. In patients with dystonia there is a reduction in
the depth of the presynaptic phase of inhibition com-
pared with normal controls.70 This non-specific abnor-
mality has not been found in patients with essential or
primary writing tremor. Abnormalities in the H-reflex
recovery curve have also been described in idiopathic tor-
sion dystonia but not in essential tremor.7

Positron emission tomography
Positron emission tomography (PET) is being used in
tremor research in two separate ways. The first is as a
technique to measure the rate of F'8-dopa uptake by the
basal ganglia. Results have shown that in Parkinson's
disease the rate of F'8-dopa uptake by the putamen is
diminished and usually asymmetrical, whilst in essential
tremor it appears to be normal.727' Patients with "iso-
lated" leg tremor tend to show striatal F'8-dopa influx
constants more typical of Parkinson's disease than essen-
tial tremor.73 Second, by using 0"5 labelled CO2 it is pos-
sible to discover the changes in regional cerebral blood
flow (rCBF) which occur during involuntary tremor
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compared with a resting state or passively induced
tremor. These regional increases in CBF are believed to
be the result of locally enhanced neuronal activity.
Clearly, an active tremor generator or a neuronal network
involved in an oscillator loop would be expected to cause
focal increases in cerebral blood flow (rCBF) during
tremor. Initial work on patients with essential tremor and
neuropathic tremor has suggested that there is overactiv-
ity of the cerebellar circuitry whilst tremor is occurring
and even during rest in both groups of patients compared
with normal subjects.7s76 Whether this applies to other
forms of tremor remains to be seen. Studies using F18-2-
deoxyglucose on patients with essential tremor have been
reported to show medullary hypermetabolism which was
thought to be indicative of over activity of the inferior
olive.77 The results of future studies should be intriguing,
especially if the powers of resolution of PET can be
improved. In particular PET studies may help resolve a
fundamental question: are all tremors the expressions of
a single defective oscillator loop or generator, or do they
represent lesions in different tremorgenic systems?
Furthermore, if one system is responsible, do the differ-
ent causes of tremor produce lesions at different loci
within this system?

Conclusion
Both the aetiological and state of activity classifications
are widely used, often concurrently, but they have inher-
ent faults. The former assumes that the cause of tremor is
known, whereas often no conclusive diagnosis can be
made. The latter has practical drawbacks, in particular
the contradiction inherent in describing a tremulous limb
as "at rest" and the difficulty of differentiating the inten-
tion component of tremor from the other kinetic and
postural components.78

In a very limited number of tremulous patients neuro-
physiological techniques are of some help in making a
firm diagnosis, not least because they offer an opportu-
nity for more prolonged periods of observation than is
generally available in clinical practice. However, the tech-
niques themselves provide scant diagnostic power and
add little to the routine management of most patients. At
best these types of study uncover some of the subtler
abnormalities associated with different sorts of tremor.
Nevertheless, patients are invariably pleased to have had
their symptoms taken seriously because tremor can be a
severely incapacitating condition.

PETER BAIN
Department of Neurology,
Radcliffe Infirmary,
Woodstock Road,
Oxford OX2 6HE, UK
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