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Tremor in neurodegenerative ataxias, Huntington disease and tic disorder
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Abstract

Introduction: Tremor is the most prevalent movement dis-
order, defined as rhythmic oscillations of a body part, caused
by alternating or synchronic contractions of agonistic or antag-
onistic muscles. The aim of the study was to assess prevalence
and to characterize parameters of tremor accompanying de-
generative ataxias, Huntington disease (HD) and tic disor-
ders in comparison with a control group.

Material and methods: Forty-three patients with degenera-
tive ataxias, 28 with HD and 26 with tic disorders together
with 51 healthy controls were included in the study. For each
participant, clinical and instrumental assessment (accelero-
meter, electromyography [EMG], graphic tablet) of hand
tremor was performed. Frequency and severity of tremor were
assessed in three positions: at rest (rest tremor), with hands
extended (postural tremor), during the ‘finger-to-nose’ test
and during Archimedes spiral drawing (kinetic tremor).
Based on the mass load test, the type of tremor was deter-
mined as essential tremor type or enhanced physiological
tremor type.

Results: The incidence of tremor in the accelerometry in pa-
tients with degenerative ataxia (50%) significantly differs from
controls (10%) (p = 0.001). The dominant tremor was pos-
tural, low-intense, with 7-Hz frequency, essential tremor
(23%) or other tremor type (23%), while enhanced physio-
logical tremor was the least frequent (2%). Tremor in patients
with HD and tic disorders was found in 10% and 20% of
patients, respectively, similarly to the control group. Tremor
was mild, postural and of essential tremor type, less frequently

Streszczenie

Wistep: Drzenie jest najcze$ciej wystepujacym ruchem mimo-
wolnym, definiowanym jako rytmiczne oscylacje czeSci ciata
spowodowane naprzemiennymi lub synchronicznymi skur-
czami migéni agonistycznych i antagonistycznych. Celem
badania byta ocena czestosci wystepowania i charakterystyka
parametréw drzenia wystepujacego w ataksjach zwyrodnie-
niowych, chorobie Huntingtona (HD) oraz chorobie tiko-
wej w poréwnaniu z grupg kontrolng.

Materiat i metody: Do badania wlaczono 43 chorych z roz-
poznaniem ataksji zwyrodnieniowych, 28 z HD 1 26 z cho-
robg tikowg oraz 51 0séb z grupy kontrolnej. U kazdego
badanego obecnos¢ drzenia koniczyn gérnych okreslano kli-
nicznie i aparaturowo [akcelerometr, elektromiografia (EMG)
i tablet graficzny]. Czestotliwo$¢ 1 nasilenie drzenia badano
w 3 pozycjach: w spoczynku (drzenie spoczynkowe), przy
wyciagnietych przed siebie konczynach gérnych (drzenie
pozycyjne) oraz podczas proby , palec—nos” i rysowania spi-
rali Archimedesa (drzenie kinetyczne). Na podstawie testu
obcigzenia okreSlano takze rodzaj drzenia jako drzenie typu
drzenia samoistnego lub nasilonego drzenia fizjologicznego.
Wyniki: Obecno$¢ drzenia w ataksjach zwyrodnieniowych
w badaniu akcelerometrycznym stwierdzono u ok. 50% cho-
rych, co réznito si¢ znacznie od grupy kontrolnej (10%)
(» = 0,001). Dominowato drzenie pozycyjne o niewielkim
nasileniu i czgstotliwo$ci ok. 7 Hz, o typie najcz¢éciej drzenia
samoistnego (23%) 1 drzenia innego typu (23%), najrzadzie;
nasilonego drzenia fizjologicznego (2%). Obecno$¢ drzenia
w HD i chorobie tikowej stwierdzono odpowiednio u ok. 10%
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of enhanced physiological tremor type. No correlation bet-
ween severity of tremor and severity of disease was found.
Conclusions: The prevalence of tremor is considerably high-
er among patients with degenerative ataxias compared with
HD, tic disorder and the control group. The most common
type of tremor accompanying ataxias, HD and tic disorders
is essential tremor type.

Key words: degenerative ataxias, Huntington disease, tic dis-
orders, accompanying tremor.

Introduction

Tremor is the most common involuntary movement,
defined as the occurrence of involuntary rhythmic oscil-
lation of body parts due to alternating or synchronous
contractions of agonist and antagonist muscles [1].
Tremor can be the major sign of movement disorder,
as seen in essential tremor; it can also be one of several
major signs, as in Parkinson disease, or may occur only
in some cases of specific disorders, e.g. in Wilson dis-
ease. Tremor can also occur as a sign of damage within
the central or peripheral nervous system (symptomatic
tremor) of various aetiologies (stroke, multiple sclero-
sis, trauma, tumour or neuropathy). Tremor also occurs
in advanced stages of multiple neurodegenerative dis-
orders, including Alzheimer disease, Kennedy disease
and restless legs syndrome [2]. Additionally, it can be
occasionally observed in congenital myoclonus, heredi-
tary neuropathy [3], Huntington disease (HD), espe-
cially in Westphal variant [4,5], and in tic disorder [6].

Intentional tremor is one of the predominant signs
in spinocerebellar ataxias (SCAs), and other types of
tremor (rest or postural tremor) are involved in the cli-
nical picture of particular SCA types, e.g. in SCA-2, 3,
6,7,8and 12 [7-10].

In contrast to pathological tremor, which is a sign of
a neurological or systemic disorder, the physiological
tremor occurring in normal people is a distinct aetio-
logical category worth considering in the differential
diagnosis. The latter is tremor with a small amplitude
(usually invisible during routine observation) and rela-
tively high frequency (8-12 Hz), which is typically high-
er distally and lower proximally. Physiological tremor
can be exacerbated due to various factors, both endoge-
nous (e.g. hypoglycaemia, thyrotoxicosis, hypothermia)
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120% chorych, podobnie jak w grupie kontrolnej. Wyste-
pujace drzenie bylo niewielkie, gléwnie pozycyjne i o typie
drzenia samoistnego, rzadziej nasilonego drzenia fizjolo-
gicznego. W zadnej badanej grupie chorych nie stwierdzo-
no zalezno$ci miedzy nasileniem drzenia a nasileniem obja-
wéw choroby podstawowe;.

Whioski: Czgsto$¢ wystepowania drzenia w ataksjach zwy-
rodnieniowych jest znaczaco wigksza w poréwnaniu z osoba-
mi z HD, choroba tikowa i grupa kontrolng. Najczestszym
typem drzenia towarzyszacego ataksjom, HD i chorobie tiko-
wej jest drzenie o typie drzenia samoistnego.

Stowa kluczowe: ataksje zwyrodnieniowe, choroba Hun-
tingtona, tiki, towarzyszace drzenie.

and exogenous (stress, fatigue, tremorogenic medica-
tions, e.g. lithium, tricyclic antidepressants, neurolep-
tics, caffeine or valproic acid, as well as specific toxins,
e.g. mercury, lead or arsenic), and then it is termed en-
hanced physiological tremor (EPT).

Studies that address the prevalence of EPT in healt-
hy subjects are scarce and their reports are occasionally
contradictory due to various methods of tremor recording
and divergent age of the studied populations. The preva-
lence of EPT among healthy subjects reached 10-30% in
several studies [11-14].

The co-occurrence of divergent involuntary move-
ments in one disorder is a typical feature of patients with
movement disorders. In HD for example, dystonic mo-
vements, as well as motor/vocal tics or myoclonus, are
observed in addition to the chorea. Equally rich is the
phenomenology of involuntary movements in neurode-
generative ataxias, where cerebellar ataxia is not uncom-
monly accompanied with dystonia, parkinsonian features,
myoclonus or chorea. Thus, the determination of the
prevalence of tremor, the most common involuntary
movements, in disorders that do not exhibit tremor as
a major feature seems to be an interesting question.

The aim of the study was to assess prevalence and to
characterize parameters of tremor accompanying degen-
erative ataxias, HD and tic disorders in comparison with
the control group.

Material and methods

Participation in this study was offered to all patients
diagnosed with neurodegenerative ataxia, HD or tic dis-
order, who were treated either in an out-patient clinic or
in the Department of Neurology of the University Hos-
pital in Krakow between 2005 and 2009.
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Inclusion criteria consisted of age between 18 and 85
and the diagnosis of one of the above-mentioned disor-
ders. Neurodegenerative ataxias were diagnosed accord-
ing to the clinical picture, magnetic resonance imaging
(MRI), and (in some patients) according to the results
of genetic testing for SCA1 and SCA2. Huntington dis-
ease was diagnosed clinically and confirmed by the gene-
tic testing; tic disorder was diagnosed clinically.

Exclusion criteria applied to patients comprised a his-
tory of alcohol abuse, diagnosis of schizophrenia, depres-
sion, dementia or other severe psychiatric disorders, as
well as thyrotoxicosis; coexistence of severe systemic or
metabolic disorders leading to organ failure, history of
drug or heavy metal toxicity, exposure to toxins; malig-
nancies or autoimmune disorders, posttraumatic or other
lesions that would preclude assessment of tremor, as well
as acute infectious disease.

Exclusion criteria pertinent to control subjects con-
sisted of a history of neurological disorder(s) or the pres-
ence of their symptoms in the neurological examination.

The protocol of the study was approved by the local
bioethical committee; all subjects signed their informed
consent to participate in the study.

Fach patient or healthy participant was subjected to
a detailed interview, neurological examination and the
assessment of tremor. The interview included demo-
graphic data (age and level of education), past and cur-
rent illnesses (including diabetes mellitus, arterial hyper-
tension, ischaemic heart disease, hypercholesterolaemia,
liver or renal disease, malignancies), medications and
their adverse effects, exposure to toxins, smoking and
genetic susceptibility (family history of neurodegenera-
tive disorders or tremor). The detailed interview also
included data related to the disease of interest, e.g. age
at onset of symptoms, the course of the disease, and local-
ization of symptoms; those data were used to establish
the form of the disease.

Besides the standard neurological examination, the
following scales were used to assess the severity of move-
ment disorders: (a) International Cooperative Ataxia
Rating Scale (ICARS) to assess the severity of ataxia
(score range: 0-76); (b) Unified Huntington’s Disease
Rating Scale (UHDRS) (motor part, score range: 0-60)
to assess the severity of chorea; (¢) Quantified Staging
of Functional Capacities in Huntington’s Disease
(QSFCHD) to assess the level of dysfunction in that
disease (score range: 0-13), and (d) Tourette Syndrome
Global Scale (T'SGS) to assess the severity of tic disor-
der (score range: 0-20/50).

234

Clinical and instrumental assessment of upper limb
tremor was performed consecutively in both hands using
instruments (accelerometer, EMG, graphic tablet) and
appropriate software analysing tremor in the Tremor
Assessment Laboratory of the Department of Neuro-
logy, Jagiellonian University College of Medicine in
Krakow.

The severity of tremor was assessed with the Simple
Tremor Severity Scale (grade 0-4). The presence and
severity of rest tremor were assessed with the observa-
tion of the hand placed comfortably on the thighs of the
subject in a sitting position; postural tremor was assessed
in the upper limb outstretched in front of the subject
and kinetic tremor was evaluated during a ‘finger-nose’
manoeuvre and while drawing an Archimedes spiral.
The frequency of tremor (in Hz) was assessed accord-
ing to the results of accelerometric testing, and the sever-
ity of tremor was evaluated according to the recordings
made using a graphic tablet, as the tremor severity index
on a 0-10 scale. Based on the study with an accelerom-
eter, three types of tremor were also discerned: EPT
type, essential tremor type (EI-T’), and tremor of anoth-
er type. Enhanced physiological tremor and ET-T tre-
mor were diagnosed if one peak only predominated in
the tremor frequency spectrum. In case of a greater
number of peaks or if the predominant peak could not
be identified, tremor of other type was diagnosed. Phy-
siological tremor was differentiated from ET-T tremor
by the assessment of the tremor frequency with an ac-
celerometer and simultaneous EMG recording in the
outstretched hand before and after the load with a 500-g
weight mounted at the level of the wrist. Physiological
type of tremor was diagnosed if the frequency of tremor
in the loaded hand decreased by more than 1 Hz, and
ET-T tremor was diagnosed if no difference in frequency
was noted or if the decrease in tremor frequency was
smaller than 1 Hz [15].

Synchronicity of tremor was analysed with the obser-
vation of 10-second EMG recording from agonist and
antagonist muscles of the forearm. Asynchronicity of ago-
nist and antagonist muscle contractions responsible for
the tremor of the hand was diagnosed in case of the
marked shift of the bioelectrical activity registered in ago-
nist muscles in relation to the same bioelectric activity of
the antagonist muscles in more than 90% of recorded
cycles of bioelectric activity of the studied muscles.

Analysis of tremor with the graphic tablet was per-
formed during Archimedes spiral drawing with an elec-
tronic pen according to the pattern provided on the
tablet. Lateral deviations from the spiral line in X and Y
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axes, as well as the pressure of the pen (Z axis), were
registered and analysed. Presence of upper limb tremor
was established according to the presence of the char-
acteristic peak dominant frequency of the spectrum. This
method enables the calculation of the dominant fre-
quency of tremor, amplitude of tremor and the coeffi-
cient of tremor intensity; it also provides the computer-
ized assessment of tremor severity on a 0-10 scale, where
10 indicates the greatest severity of tremor [16].

Quantitative tremor analysis with the accelerometer
enables the assessment of tremor in three-dimensional
space. This part of the study was performed using
a three-axial accelerometer (BIOPACK). The accele-
rometer was mounted to the proximal phalanx of the
third finger with a ‘velcro’ band. Registration of tremor
took 1.5 minutes. Presence of tremor was established
according to the occurrence of the characteristic peak
dominant frequency of the spectrum. This method was
used to assess frequency and severity of tremor.

For EMG testing, superficial electrodes were
mounted in standard leads over wrist flexors and exten-
sors (extensor carpi radialis brevis muscle and flexor
carpi radialis muscle) [17]. Registration of tremor took
1.5 minutes. The use of superficial EMG enabled the
assessment of synchronicity of the contractions within
two antagonist muscle groups, i.e. wrist flexors and
extensors. Visual assessment of 10-second EMG record-
ing was done independently by two investigators.

In all patients, laboratory studies were performed to
exclude other causes of tremor, such as haematological
and biochemical disturbances, hormonal disorders (thy-
roid hormones: TSH, T3, and T4) and ceruloplasmin

concentration.

Table 1. Characteristics of studied patients and controls

Tremor in neurodegenerative ataxias, Huntington disease and tic disorders

Statistical methods

Results were provided as means and standard devi-
ations for the given variable. The results were entered
into the database, and their analysis used the statistical
package SPSS. Statistical analysis involved Student
t-test for continuous variables and 2 test for categori-
cal variables. A p-value of less than 0.05 was considered
significant.

Results

The study included 43 patients with neurodegene-
rative ataxias, 28 patients with HD and 26 patients with
tic disorder (Table 1). There were 9 patients with genet-
ically confirmed SCA-1 and 3 patients with genetically
confirmed SCA-2 among 43 patients with neurodegen-
erative ataxia. One patient within the HD group was
diagnosed with Westphal variant.

Clinical assessment revealed the presence of tremor
in 16 (37.2%) patients with neurodegenerative ataxia, in
3 (12.5%) patients with tic disorder, in 2 (7.1%) patients
with HD and in none of the control subjects. The tremor
observed clinically was mild (rated as 1 point on the Sim-
ple Tremor Severity Scale) in 8 patients (18.6%) with
neurodegenerative ataxia, in 1 patient with HD and in
2 patients with tic disorder. Tremor of moderate intensi-
ty (2 points) was noted in 6 patients (14.0%) with neu-
rodegenerative ataxia, in 1 patient with HD and in
1 patient with tic disorder. Severe tremor (3 points) was
observed in 2 patients with neurodegenerative ataxia only.

Accelerometry enabled the registration of tremor in
22 (51.2%) patients with neurodegenerative ataxia and,

Diagnosis Neurodegenerative ataxias Huntington disease Tic disorder Control group
Number (women/men) 43 28 26 51

(20/23) (15/13) (8/18) (19/32)
Age [years]; 49 £ 11 47 £ 19 28 =7 55 +17
mean * SD (range) (29-67) (18-77) (19-39) (21-79)
Disease duration [years]; 6=*+9 g7 35§ -
mean * SD (range) (1-25) (1-30) (1-16)
Severity of symptoms ICARS UHDRS TSGS -
in particular scales 22 (9-44) 16 (6-28) 1.0
mean (range) QSFCHD (0.5-2.0)

8 (3-13)

SD — standard deviation, ICARS — International Cooperative Ataxia Rating Scale, UHDRS — Unified Huntington’s Disease Rating Scale, QSFCHD — Quantified Staging of Functional Capa-

cities in Huntington’s Disease, TSGS — Tourette Syndrome Global Scale
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Fig. 2. Prevalence of postural fremor within various frequency ranges in patients

with degenerative ataxias

Table 2. Prevalence and characteristics of tremor

similarly to the clinical assessment, postural tremor was
the most common one, followed by kinetic tremor and,
occasionally, rest tremor. Coexistence of postural and
kinetic tremor was noted in 5 patients; postural tremor
co-occurred with rest tremor in 2 patients. Figure 1
shows the relative distribution of various types of tremor
among patients with neurodegenerative ataxias.

Accelerometry revealed tremor in 3 patients with
HD (including postural tremor in 2 patients and rest
tremor in another 1), and in 5 patients with tic disorder
(including postural tremor in 4 patients and kinetic
tremor in another 1).

Postural tremor was registered with accelerometry
in § (9.8%) subjects within the control group; assess-
ment with the graphic tablet revealed postural tremor
in 4 (7.8%) controls (Table 2).

When types of upper limb tremor in neurodegener-
ative ataxias were analysed, E'T-T tremor was diagnosed
in 10 (23.3%) patients, EPT in 2 (4.7%) patients, and
tremor of the other type was found in 10 (23.3%)
patients. The prevalence of postural tremor within var-
ious frequency ranges is shown in Fig. 2, and the sever-
ity index of tremor as assessed instrumentally with the
graphic tablet is shown in Fig. 3. Among HD patients,
ET-T tremor was noted in 2 (7.1%) patients and EPT
was found in 1 (3.6%) patient. Among patients with tic

Prevalence of tremor and its characteristics Diagnosis Control group
Neurodegenerative Huntington Tic
ataxias disease disorder
Clinically, including: 16 (37.2%) 2(7.1%) 3(12.5%) 0
Postural tremor 10 (23.3%) 1(3.6%) 2(7.7%)
Kinetic tremor 5(11.6%) 0 1(3.9%)
Rest tremor 1(2.3%) 1(3.6%) 0
Accelerometrically, including: 22 (51.2%) 3(10.7%) 5(19.2%) 509.8%)
Postural tremor 15 (34.9%) 2(7.1%) 4 (15.4%) 509.8%)
Kinetic tremor 6(14.0%) 0 1(3.9%) 0
Rest tremor 1(2.3%) 1(3.5%) 0 0
Tremor frequency 7.4 Hz 7.6 Hz 7.9 Hz 9.8 Hz
As assessed with graphic tablet 25(58.1%) 2(7.1%) 5(19.2%) 4(7.8%)
Tremor intensity as assessed with 2.9(1-8) 2.0 (1-3) 2.1(1-5) 2.0 (1-3)
the graphic tablet; mean (range)
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disorders, ET-T tremor was noted in 2 (7.7%) patients
and EPT was found in 3 (11.5%) patients. Tremor of
EPT type was found in 80% of healthy subjects with
tremor and 20% had E'T-T tremor.

Tremor among patients with neurodegenerative atax-
ias was found more commonly than in controls (p =
= 0.001); it was particularly true for postural tremor
(» = 0.01) and E'T-T tremor (p = 0.01). Tremor among
HD patients or among patients with tic disorder was
not more common than in controls (p = 0.9 andp =
= 0.05, respectively).

Tremor with asynchronous contractions of agonist
and antagonist muscles was found in all patients with
HD or with tic disorder and in 90.1% of patients with
neurodegenerative ataxias. Neither severity of symptoms
in patients with neurodegenerative ataxias, tic disorders,
or HD, nor impairment due to HD correlated with the
severity of tremor (p > 0.05).

Discussion

This study is the first systematic assessment of preva-
lence, severity, types and forms of tremor using instru-
mental methods in neurodegenerative ataxias, HD and
tic disorder. The limited published data related to the tre-
mor in those conditions are derived mostly from case
reports [4,5,7,18].

Our study showed that upper limb tremor was sig-
nificantly more common in patients with neurodegen-
erative ataxias only when compared with controls. Clin-
ical assessment revealed presence of tremor in about 40%
of those patients, and instrumental methods showed
tremor in more than 50% of patients. This figure is con-
sistent with most data found in the literature. Schols
et al. [9] found postural and kinetic tremor in 50% out
of 11 patients with SCA-2, Ruiz ez al. [8] registered po -
stural tremor in 9 out of 23 patients with various types
of SCA, and O’Hearn e a/. [7] noted tremor in all
10 patients with SCA-12. Prevalence of upper limb
tremor among patients with HD recorded in our study,
both clinically and instrumentally, reached about 10%
of studied patients and did not differ from the preva-
lence of tremor among controls. No study has been per-
formed so far to assess the prevalence of tremor among
patients with HD. Similarly, the prevalence of upper
limb tremor among patients with tic disorder did not
differ from that of controls, which is in agreement with
the few available data. Two studies have been reported
so far that addressed the prevalence of tremor in patients
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Fig. 3. Severity index of tremor assessed instrumentally with the graphic tablet
in patients with degenerative ataxias

with tic disorder. Mejia and Jankovic [6] found ET-T
tremor in 10.9% of 155 patients with tics. In the second
study, Kulisevsky ez a/. [18] evaluated four patients with
Tourette syndrome and found bilateral postural upper
limb tremor with variable rhythm, frequency and ampli-
tude in two patients and rest tremor resembling parkin-
sonian tremor in two other patients.

The results of our study show that in most cases of
neurodegenerative ataxias postural tremor was present,
while kinetic tremor was far less frequent and rest tremor
was only noted sporadically, which is confirmed in the
previous reports on the common prevalence of postural
and kinetic tremor in SCA [7-9]. In some types of SCA,
e.g. SCA-3, postural tremor was seen less frequently; i.e.
in 8% of 80 patients. Rest tremor was noted rarely as
well, i.e. in 6% of patients with SCA-3 and SCA-6 [9],
but in as many as 3 out of 7 patients with SCA-2 [10].
Among patients with HD or with tic disorder, postural
tremor was predominant but its prevalence was not dif-
ferent from that seen in controls.

The study reported here is the first one to analyse
the prevalence of various types of tremor, such as ET-T
or EPT in neurodegenerative ataxias, HD and tic dis-
order; therefore, no data from previous studies are avail-
able in the literature. Tremor observed in neurodegene-
rative ataxias, HD and tic disorder was the coincidence
of those diseases and ET or EPT, which are common
in the population but do not bother patients because of
mild severity.

Papers published so far and related to the co-occur-
rence of tremor in movement disorders deal with Parkin-
son disease, dystonia and hemifacial spasm; postural
tremor was predominant in those diseases and featured
the characteristics of EPT or ET [18-27]. Our find-
ings confirmed those results, showing the predominance
of tremor of ET-T or EPT over tremor of another type.
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The common occurrence of ET-T tremor in neurode-
generative ataxias and in HD could also be explained
by the coexistence of ET as an independent disorder.
The prevalence of ET ranges from 0.4 to 4% in the gen-
eral population [28,29], although it may reach 5.5%
among people aged at least 40 [30] or even 14% after
the age of 65 [30]. ET is common in Parkinson disease
[19,20,23,27,31], dystonia [23], hereditary myoclonus
and neuropathy [3], orthostatic tremor [34] or in other
genetically determined diseases, e.g. Kennedy disease or
restless legs syndrome [2]. Similarly, some members of
families affected with ET were found to have typical ET)
while in other members dystonia, parkinsonism or a com-
bination of those three diseases was noted [25,35]. Ac-
cording to the analysis performed among 678 patients
diagnosed with ET] coexistent Parkinson disease was
found in 6.1%, dystonia in 6.9%, and myoclonus in
1.8% [36]. Yet other authors report that the postural
tremor occurring in patients with Parkinson disease
might be EPT [26].

Prevalence of physiological tremor and its parame-
ters in the studied control group are consistent with the
few published studies related to the prevalence of phys-
iological tremor and EPT in healthy subjects. Enhanced
physiological tremor in our study was also identified in
HD and in tic disorder. Results of studies related to
physiological tremor are difficult to interpret because of
heterogeneous terminology applied in the literature and
due to various methods of registration, as well as because
of the various sensitivity of instruments. Some authors
[11,12,37] use the term ‘physiological tremor’ to des-
cribe the physiological occurrence of tremor in all sub-
jects, which is invisible with the naked eye, but can be
detected instrumentally. Those authors discern so-called
EPT, which is revealed by hormonal changes, hypogly-
caemia, stress, drugs and physical exercise. This tremor
lasts longer but disappears after removal of the trigger-
ing factors. Other authors [38,39] use the term ‘physio-
logical tremor’ to describe tremor which is invisible with
the naked eye but can periodically appear during move-
ments requiring unique precision. The last group com-
monly use this term to designate EPT. All authors agree,
however, that the tremor has high frequency (8-12 Hz)
and two tremor generators, the predominating periph-
eral and less active central one. The classification used
in the present paper complies with the terminology of
the first group of authors. Those studies confirmed the
possibility of detection of physiological tremor which
was not seen with the naked eye, and was identified with
the clinically available instruments (EMG and accele-
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rometry). Previous studies, including Polish ones, show-
ed that both accelerometry and EMG are methods that
enable differentiation between pathological and physio-
logical tremor, as well as the differentiation of particu-
lar types of pathological tremor [40,41]. Physiological
tremor was registered in several percent of controls, in
whom the severity of tremor did not reach the level of
clinical manifestation (i.e. EPT). Two studies among
large groups of healthy subjects, who were not exposed
to factors inducing EPT (i.e. tremorogenic medications,
drugs, tiredness, stress) assessed the prevalence of phy-
siological tremor. Both studies used similar instrumen-
tal methods of tremor registration. Elble [14] demon-
strated the presence of physiological tremor of upper
limbs in about 10% of 200 tested healthy individuals —
tremor with the frequency of 8-12 Hz was seen most
commonly, and among subjects older than 65, tremor
frequency of 6-8 Hz was often noted, which was diffi-
cult to differentiate from typical E'T. On the other hand,
Raethjen [13] studied 117 healthy subjects aged between
20 and 94 with an ac-celerometer and EMG and found
that the instruments registered postural tremor of upper
limbs with the frequency of 8-12 Hz, being physiologi-
cal tremor, in 30% of healthy individuals. Similar find-
ings in relation to the detection of physiological tremor in
about 30% of subjects were reported by Louis [11].

Differences in the percentage of subjects with detect-
ed physiological tremor between the group reported here
and studies by Raethjen [13] or Louis [11] could result
from the difference in sample size and the sensitivity of
instruments used.

In all groups of patients tremor had mild severity,
assessed clinically as 1 point on a 4-point scale or instru-
mentally as about 2 points on a 10-point scale. Similar
mild intensity of tremor associated with movement dis-
orders was reported elsewhere [24,28 42 43].

Such a common coincidence of tremor with other
movement disorders suggests that tremor is the most
common additional sign in those disorders. It does not
predominate in the clinical picture, as the mild severity
or limited distribution (mostly in upper limbs) does not
draw the attention of the physician or patient. Coexis-
tence of tremor can often be detected with instrumental
methods only. Mild severity of tremor, no impact on the
quality of life or patient’s activity result in neglect of that
symptom both by the physician and the patient. Ardu-
ousness or sometimes disability due to the chorea, cere-
bellar ataxia or tics prompts patients to neglect less severe
symptoms. It should be stressed that the instrumental
testing revealed tremor in many patients in our group
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in whom tremor was not visible in clinical assessment.
High sensitivity of instruments enabled us to detect
tremor with mild severity, at the phase in which it shows
up clinically only periodically (intermittent tremor) and
could pass unnoticed by the physician or patient during
the clinical examination, or tremor in the phase of inter-
nal tremor in which patients sense trembling invisible
in clinical examination.

Conclusions

1. Tremor as the concomitant symptom among patients
in the studied groups was much more common in
patients with neurodegenerative ataxia than in controls,
while its prevalence in patients with HD or with tic dis-
order was similar to that noted in healthy individuals.

2. Tremor in neurodegenerative ataxias has relatively
mild severity; it is predominantly postural tremor of
ET-T or other type of tremor. Essential tremor-like
tremor predominates also in HD while in tic disor-
der the postural tremor features the EPT type.

3. Severity of tremor among patients with neurodegen-
erative ataxias, HD or tic disorder is mild and it is
not related to the severity of the underlying disease.

4. Instrumental assessment of tremor enables the regis-
tration of tremor in an additional 10-20% of patients,
in whom tremor is clinically invisible.
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