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Abstract

Tremor disorder is the most common movement disorder encountered in neurology and general practitioner’s
clinic. The misdiagnosis of a tremor syndrome is prevalent, leading to erroneous reporting and treatment of
this condition. This is our endeavor to give a simplified approach to outline Tremor disorders by reviewing the
published literature on it. We searched Electronic databases MEDLINE/PubMed, Google Scholar, Cochrane library
and ScopeMed with Mesh (Medical Subject Headings) terms “Tremor”, “Clinical features”, “Pathophysiology” and
“treatment” from earliest possible date. Articles in any language especially those published in recent years were
given preference. Tremor is classified into rest tremor and action tremor based on its presence on a different
position of body parts. Action tremor is further categorized into postural, kinetic and intentional tremor. Resting
tremor is classically seen in Parkinson’s disease. Essential tremor is the most common cause of postural tremor.
Electromyography and accelerometer though helpful are complex tools to diagnose the tremor disorder. Tremor
disorders should be approached systematically. We should proceed from the classification of tremor based on its
presence in a different position of body parts. We need to corroborate clinical history, examination findings, and
appropriate investigation report to reach the final etiological diagnosis of the tremor disorder.
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Introduction

Tremor is a rhythmical, involuntary oscillatory movement of a
body part produced mostly by alternating contractions of reciprocally
innervated muscles [1]. It is the most common type of movement
disorder encountered in the movement disorder clinic [2]. The tremor
syndrome may vary from an enhanced normal physiological response
to the presenting manifestation of an underlying severe neurological
disorder, like Parkinson’s disease, stroke and others - the list of which
is exhaustive.

Tremor disorder may result in diverse and disparate effects on
patients. It impacts on several domains of quality of life, from physical
to psychosocial, in a large proportion of patients [3]. Thus, we should
have sound knowledge on tremor syndrome and lower threshold to
offer treatment to decrease an under-recognized impact of tremor on
the quality of life [4].

The misdiagnosis of tremor syndromes is common and often
underestimated problem which can cause misleading results in clinical
trials [5]. At the level of clinical practice, misdiagnosis may lead to
suboptimal treatment, poor response to treatment and dissatisfaction
to the patient. The contributing factors of this problem are limited
literature, confusing approach and inadequate diagnostic tools to
distinguish different tremor syndromes and find out its etiologies [6].
This review is our endeavor to outline the simplified approach to tremor
disorders.

Methods

We extensively searched Electronic databases MEDLINE/Pub Med,
Google Scholar, IMSEAR(Index Medicus for South-East Asia Region)
and ScopeMed searched with Mesh (Medical Subject Headings) terms
“tremor”, “clinical features”, “path physiology” and “treatment” from
earliest possible date. Articles in any language especially those published

in recent years were given preference.
Epidemiology

Essential tremor (ET) is the most prevalent movement disorders,

which present as an abnormal tremor in humans [7]. The incidence
of ET rises with age [8,9]. The prevalence of essential tremor was 14%
whereas Parkinson’s disease was 3% among elderly population of the
community [10]. Wenning et al. in a Bruneck study cohort reported the
prevalence of tremor among the population of 50-89 years age group
was 14.5% [11]. Literature regarding the prevalence of other types of
tremor syndromes is limited.

Classification

Tremor is a manifestation of the various diseases. We should have
sound knowledge on clinical features and examination findings to
diagnose the exact etiology of the tremor. A simplified approach to
Tremor disorders is shown in Figure 1, where Tremor is classified on
the basis of the position of the body parts at which it is present [1,12].

Tremor
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Rest tremor

Action tremor
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Figure 1: Classification of tremor based on the position of body parts at which
it present.
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Phenomenological classification of tremor syndrome

Resting tremor: Resting tremor is evident when our body parts are
relaxed and completely supported against gravity (e.g. with the hands
in the lap). It is present during sitting, lying down, and relaxed position.
It attenuates when the body part is in the movement while doing
activities. Classically it is seen in the Parkinson’s disease; however, it
may be a manifestation of a severe essential tremor, Wilsons disease
and rubral tremor.

Postural tremor: Postural tremor is conspicuous when limbs
are voluntary maintained in an anti-gravity position (e.g. arms
outstretched). It decreases when the body parts are supported. The
various conditions associated with Postural tremor are listed in Table 1.

Kinetic tremor: Kinetic tremor appears while making a voluntary
movement. It is appreciated during activities like eating, writing etc.
This tremor is of special concern as it can hamper the daily activities
of the patient. Essential tremor, Cerebellar tremor, dystonic tremor
and primary writing tremor are the common conditions where kinetic
tremor is seen. Kinetic tremor is further classified into a simple,
intentional and task-specific tremor.

Intention tremor: Intentional tremor commonly known as
cerebellar tremor is coarse tremor with a frequency of below 5 Hz,
appears when precision is required to touch a target [1]. It progressively
worsens during the movement and reaches its maximal intensity near
the target. The limb shakes side-to-side perpendicular to the line of
travel. Classically it is seen in Cerebellar disease of any etiology, where
it is associated with other cerebellar symptoms. However, one-third of
essential tremor had also intentional tremor [13].

Etiological classification of tremor syndrome

Essential tremor: Essential tremor is a bilateral, largely symmetric
postural or kinetic tremor involving hands and forearms that are visible
and persistent, and in which there is no other explanation for the
tremor. (1) About half of essential tremor patients had a positive family
history [14]. It may involve the voice, head and rarely the legs. The usual
frequency of Essential tremor usually is 5-10 Hz and it has no latency to
onset. Symptom severity often increases over time, but the progression
is very slow [15]. The majority of patients do not show accompanying
neurologic signs or symptoms, but occasionally instability or more
distinct cerebellar signs may be found during the examination,
especially in long-standing tremor [16]. This tremor aggravated with
stress and attenuated with intake of alcohol.

Parkinson’s disease tremor: In Parkinson’s disease, Hughes et al.
reported that seventy-five percent patient had rest tremor during the
course of the disease [17]. Parkinsonian rest tremor is characterized
by distal predominant, asymmetrical in onset, gradually progressive,
supination-pronation, pill rolling type of tremor [18]. It attenuates
during activities and sleep. It is associated with the tremor of lips,
jaw and lower limbs. Resting tremor of Parkinson’s disease is usually
combined with postural and kinetic tremor [1].

Drug-induced tremor: Drug-induced tremor is usually
symmetrical. It follows the temporal pattern with the initiation of drugs
and decreases with the cessation of culprit drug. It is the diagnosis of
exclusion and other causes of tremor should be ruled out [19]. Risk
factors for drug-induced tremor are advancing age, Poly-pharmacy,
underlying structural brain disease, anxious state and renal failure.

The etiology of tremor in a certain subset of cases could be attributed
to medications the individuals have been administered for certain

Enhanced Physiologic Tremor

Essential Tremor

Endocrine:Hypoglycemia, thyrotoxicosis, pheochromocytoma
Anxiety, Stress

Toxins: Alcohol withdrawal, mercury lead, arsenic

Dystonia

Table 1: Causes of postural tremor.

Class of medication Examples

Beta-adrenergic agonists | Terbutaline, adrenaline, salbutamol
Antidepressants Bupropion, lithium, tricyclic antidepressants,
Neuroleptics
Anticonvulsants
Dopamine agonists
Heavy metals

Xanthines or derivatives

Haloperidol

Sodium valproate, carbamazepine
Amphetamine

Mercury, lead, arsenic, bismuth
Coffee, tea, theophylline, cyclosporine
Anti-arrhythmics Amiodarone, verapamil
Endocrinologic agents Throxine, Corticosteroids

Dopamine antagonist Metoclopramide

Table 2: Drugs causing tremor.

underlying medical disorders as well. Hereby, in Table 2, we present a
list of a number of drugs notorious for causing tremors [12,20,21].

Neuropathic tremor: Neuropathic tremor is also known as
Essential Tremor-like. It is characterized by the postural or kinetic
distal predominant symmetrical tremor of [22]. It is manifested in
inherited or acquired large fiber predominant peripheral neuropathies.
Its frequency ranges from 2.8 Hz to 5.5 Hz [23]. Chronic inflammatory
demyelinating polyneuropathy may be associated with this tremor,
where it is associated with the IgG4 NF155 antibody [24]. The
development of these tremors occurs sub-acutely within weeks
to months. On neurologic examination, other signs of peripheral
neuropathy may be present. Serum electrophoresis, electrophysiological
studies, cerebrospinal fluid analysis and sometimes nerve biopsy, can
help us come to a diagnosis [25].

Dystonic tremor

Tremor is part and parcel of primary dystonia [26]. Dystonic
tremor is a focal, postural or kinetic tremor in an individual with
dystonia. This tremor may occur in the exact same part of the body as
the dystonia or in a different area altogether [27]. Both the frequency
and amplitude are often irregular and variable. Subtle symptoms, in
terms of mild blepharospasm, voice change of spasmodic dysphonia,
or slight torticollis, may be seen as important clues by the clinician.
Responsiveness to sensory tricks (gestures antagonistic ques) and
exhibition of null point (position of the body with no tremor) indicates
a dystonic tremor [28]. Task-specific tremor, such as tremor that only
occurs when writing (primary writing tremor) or when performing
other specific tasks, may be a form of dystonic tremor [29]. Botulinum
toxin injections can ameliorate dystonia and dystonic tremor and are
accepted as the treatment of choice [30].

Psychogenic tremor

Psychogenic tremor is characterized by its sudden onset and its
association with a stressful life event. It may manifest as a combination
of resting, postural, or intention tremors. It begins with the involvement
of arms which is followed by involvement of the head and the legs. It
shows a continuous or intermittent pattern with fluctuating frequency
and amplitude. The majority of the patients have a maximal disability
(46%) at its onset [31]. Although various criteria are proposed, the
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diagnosis can be obvious in patients with abrupt onset generalized
shaking [32,33]. Entrainment sign and the co-activation sign are
hallmarks to diagnose the psychogenic tremor [34]. Entrainment sign
requires the patient to maintain a tapping rhythm in an uninvolved
body part at a different frequency than the suspicious tremor which
automatically changes the frequency of involved part to the tapping
enforced frequency. Co-activation sign is the presence the increased
tone of the involved limb during its passive movement and decrease
of the tremor with the decrease in muscle tone. This tremor has
unpredictable course and usually attenuate with sedatives.

Orthostatic tremor

Orthostatic tremor is characterized by high frequency (13-18 Hz)
tremor occurring in the legs of a person when erect and causes postural
instability. Women are affected slightly more frequently, than men [35].
The mean age of onset of orthostatic tremor is the sixth decade. Most
cases are sporadic. The syndrome can be primary or secondary and may
be associated with a variety of disorders, most commonly Parkinsonism.
Postural and kinetic tremor is most common, characterized by
unsteadiness on standing. The symptoms improve markedly on sitting
or walking. At times, the urge to sit down or to move can be so strong
that patients often avoid situations where they have to stand still for a
period of time, such as when queuing.

The high tremor frequency leads to a partial fusion of the single
muscle contractions, and it can be easier to listen to the contractions
through a stethoscope applied to thigh or calf muscles. The sound
has been compared with that of a helicopter [36]. Treatment options
include clonazepam, primidone [37], gabapentin and benzodiazepines.

Clinical examination

We should perform a thorough clinical examination of the patients
with tremor disorder to find the subtle associated neurological findings.
Resting tremor should be observed when the patient’s affected body
parts aren’t voluntarily activated and when they are supported against
gravity. The most appropriate time is when the patient is concentrating
on other tasks, e.g. walking or during a conversation. The postural
tremor is examined asking the patient to hold the upper extremities
in an outstretched position. The amplitude of postural tremor can be
appreciated by putting a piece of paper on the outstretched hands [1].
Intention tremor, which is evident on “Goal-Directed Movements”
which increased in amplitude when the subject approaches a goal. It
can be elicited in goal-directed activities, such as finger-to-nose, heel to
shin, and toe-to-finger movements.

Observing a patient while drawing (e.g. Archimedes spirals) or
writing is often helpful: Action tremor is increased during writing or
drawing, and a task-specific tremor may become obvious. In Parkinson’s
disease, there is usually no tremor during writing, but other signs
can be seen, such as increasing micrographia and slow movements.
Archimedes spiral drawing is helpful to differentiate the essential
tremor from Parkinson’s disease tremor [37,38]. Pouring water from
one cup into other shows the degree of disability due to kinetic tremor
in a practical situation [21].

The important clues about an underlying neurologic disorder in
patients presenting with a tremor can be found during the examination
of the cranial nerves, speech, gait, balance, and muscle tone. On ocular
examination, the presence of nystagmus may suggest cerebellar disease
and Kayser-Fleischer rings are specific for impaired copper homeostasis.
Several movement disorders affect the fine-tuned movements of the
tongue, where possible abnormal findings include fasciculation or

slowness of tongue movements can be observed. Slow and irregular
speech with increased separation of syllables or explosive sounds may
indicate cerebellar dysarthria. Voice tremor can be appreciated in
Essential tremor [39]. On Gait examination, typical Parkinsonian slow
shuffling or wide-based ataxic cerebellar gait may be noted. Muscular
rigidity in combination with a tremor at rest is typical for Parkinson’s
disease, whereas spasticity may develop in Multiple sclerosis.

Electromyography

Electromyography (EMG) is a simple tool that can be useful for
the diagnosis of tremor syndrome [40]. Electromyography provides
additional useful information about the activity of muscles involved
in the generation of tremor. EMG activity may be recorded using
needle, wire electrodes, or more typically surface electrodes overlying
active muscles [41]. The EMG can provide information about motor
unit recruitment and synchronization [42,43]. It can also elucidate the
relationship between involved muscles and tremulous movements,
revealing whether antagonist muscles (such as flexors and extensors
of the wrist) are working at the same time or alternately to produce
tremor, which helps to differentiate dystonic tremor from other types of
tremor. To utilize the EMG most appropriately in tremor analysis, the
signal has to be processed by rectification and integration or smoothing
to place its frequency profile into the tremor range [42].

The objective and detailed findings of a tremor analysis test are
most helpful when the clinical picture is complicated or when clinical
signs are subtle [44]. EMG analysis may be required to differentiate
Parkinsonian tremor from essential tremor where than treatment of the
two entity is distinct. EMG analyze side-to-side frequency relationship,
EMG topography, reflex responses, tremor amplitude ratios during
different clinical tasks.

Accelerometer

It is the most common and gold standard method used to
electronically evaluate a tremor. A linear tri-axial accelerometer
measures frequency and magnitude of the oscillatory cycles of the
tremor. Its frequency represents the dominant frequency of the tremor.
The findings of accelerometer help us to differentiate Parkinson’s
disease tremor from essential tremor. The tremor frequency of below
5.5 Hz suggests Parkinson’s disease whereas the tremor frequency above
6 Hz suggest Essential tremor [45]. Though it is an objective measure
of frequency and amplitude of tremor, it is expensive, complex and
time-consuming. Most importantly, it does not measure the functional
disability resulting from the tremor. Joundi et al. [45] reported that
iPhone accelerometer is comparable to sophisticated EMG analysis and
may be useful in day to day clinical practice.

Future direction

This review highlight the need of future research to determine
utility of Archimedes spiral and the effectiveness of different mobile
based application, which is more practical even for resource limited
settings in diagnosis tremor syndrome.

Conclusion

Tremor disorders should be approached systematically. The tremor
should be initially classified into rest or action tremor. Reversible and
benign condition like enhanced physiological tremor should be ruled
out first by taking detail history regarding the stress, caffeine use, drugs
intake etc. Though the essential tremor is the most common movement
disorder in general population, other organic cause of tremors like
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Parkinson’s disease, Wilson disease, or vascular disease should be
excluded first before reaching to diagnosis of essential tremor. We
should perform detail neurological examination to find out the subtle
associated findings. Drawing Archimedes spiral is a cost-effective and
can differentiate the different tremor syndrome. Accelerometer and
Electromyography are complex, time-consuming and expensive thus
relying on their report for tremor diagnosis seems impracticable in day
to day clinical practice.
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