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perspectives

Essential tremor (ET) is a chronic brain disease 
whose most recognizable feature is a 4-12 Hz kinet-
ic tremor (i.e., tremor occurring during volitional 
movement) of the arms; head tremor may also oc-
cur [1]. The disease is present in 4.0% of individuals 
who are ≥ 40 years of age [2], and perhaps as many 
as 20% of the oldest old (age ≥ 95 years) [3]. The 
incidence increases with age [4,5]. Hence, as the 
population ages, the number of people with ET is 
expected to rise markedly. Although the condition 
is sometimes labeled ‘benign’, this term is mislead-
ing. The tremor is usually progressive [6], producing 
disabilities with basic daily activities such as eating, 
writing, body care, and driving [7]. 

Studies that explore the pathological anatomy 
and improve our understanding of the pathophysi-
ology of ET are critically important as there is no 
cure for ET and first-line medications, of which 
there are only two, are estimated to be ineffec-
tive in as many as 50% of patients [8,9]. There is 
a wealth of clinical data that suggests that ET is a 
disorder of cerebellar dysfunction. Intention (i.e., 
‘cerebellar’) tremor of the hands (in addition to the 
more typical kinetic tremor of ET) occurs in ap-
proximately 44% of ET patients [10] and, in 10% 
of ET patients, intention tremor also involves the 
head [11]. Cerebellar-like problems, with abnor-
malities in tandem gait and balance, have been re-
peatedly described in ET patients [12-14], and ET 
patients with intention tremor may also have other 
cerebellar signs (e.g., disdiadochokinesia) [15]. 
Eye movement abnormalities, indicating cerebel-
lar dysfunction, have been described in ET; these 
include an impaired smooth pursuit initiation and 
pathological suppression of the vestibulo-ocular 
reflex time constant by head tilts [16]. Unilateral 
cerebellar stroke has been reported to abruptly ter-
minate ipsilateral arm tremor in ET [17] and cer-
ebellar outflow (dentato-rubro-thalamic) pathways 
are the target of deep brain stimulation surgery, 
which is effective in treating ET [18,19]. Numerous 
neuroimaging studies have provided evidence that 
the cerebellum is functionally, as well as structur-

ally, not normal in ET. These studies have used a 
variety of techniques including functional mag-
netic resonance imaging [20], positron emission 
tomography [21,22], magnetic resonance spectro-
scopic imaging [23,24], diffusion-tensor imaging 
[25], and voxel-based morphometry [26]. 

These clinical and neuroimaging data, which all 
implicate a disorder of the cerebellum, are consis-
tent with findings from more recent postmortem 
studies, which will be reviewed below. Historically, 
the first published ET autopsy was in 1903 [27]. 
Over the next 100 year period, only 15 additional 
postmortem examinations were published [28] and, 
in many of these, the clinical diagnosis was ambigu-
ous (e.g., patients had chorea or other atypical fea-
tures) [28]. In 2004, a study of 14 additional brains 
was published [29]; however that study, along with 
earlier studies did not quantify cerebellar pathology 
(numbers of torpedoes or Purkinje cells) or include 
control brains for comparison. Although in four 
cases in this earlier literature, qualitative remarks 
about ‘mild’ to ‘marked’ Purkinje cell loss were 
made, there were no control brains for compari-
son, so this statement was difficult to interpret [28]. 
Since 2004, results from two larger case-control se-
ries have been published. The first series is from the 
Essential Tremor Centralized Brain Repository at 
Columbia University [30-35]; data on 33 ET brains 
have been reported. In that series, there are degen-
erative changes in all brains studied to date [28,31]. 
While a modest proportion (approximately 25%) 
of brains exhibited an abundance of Lewy bodies, 
mainly confined to the locus ceruleus, the large ma-
jority of brains exhibited clear structural changes 
in the cerebellum [28,31]. These changes have been 
of several types. First, there is a 6-7 fold increase 
in the number of torpedoes in the ET brains com-
pared to age-matched control brains [28,31,34]. 
Torpedoes are swellings of the proximal portion 
of the Purkinje cell axon and they are thought to 
represent a cellular response to injury. On elec-
tron microscopy, these fusiform swellings consist 
of massive accumulations of disoriented neuro-

Essential tremor:  
a disorder of cerebellar degeneration?

Elan D. Louis

GH Sergievsky Center; and 
Department of Neurology; and 
Taub Institute for Research on 
Alzheimer’s Disease and the 
Aging Brain. College of Physicians 
and Surgeons. Columbia 
University.
Department of Epidemiology. 
Mailman School of Public Health. 
Columbia University. New York, 
NY, USA.

correspondence: 
Dr. Elan Louis. Unit 198. 
Neurological Institute. 710 West 
168th Street. New York, NY, 
10032, USA.

Fax: 
(212) 305-1304.

e-mail: 
EDL2@columbia.edu

Funding source: 
R01 NS039422 and R01 NS42859 
from the National Institutes 
of Health (Bethesda, MD); 
the Arlene Bronstein Essential 
Tremor Research Fund (Columbia 
University); the Parkinson’s 
Disease Foundation.

Accepted: 
26.05.09.

How to cite this article:
Louis ED. Essential tremor: 
a disorder of cerebellar 
degeneration? Rev Neurol 2010; 
50: 47-9.

Versión española disponible 
en www.neurologia.com

© 2010 revista de Neurología



48 www.neurologia.com Rev Neurol 2010; 50 (1): 47-49

E.D. Louis

filaments, displacing normal neuronal structures 
[35]. Torpedoes occur in degenerating Purkinje 
cells; they also may be a feature of Purkinje cell re-
covery in response to injury [35]. They have been 
described in disease processes characterized by de-
generation of cerebellar tissue, including cerebellar 
ataxias, cerebellar damage from mercury toxicity, 
and paraneoplastic cerebellar ataxia [34,35]. Along 
with this relative abundance of torpedoes, there is a 
modest yet significant reduction in the number of 
Purkinje cells in ET (approximately 40% reduction 
compared to age-matched control brains), indicat-
ing neuronal death [30,31]. In two brains, more 
extensive cerebellar destruction was described 
(marked changes in the dentate nucleus with neu-
ronal loss, microglial clusters and reduction in ef-
ferent fibers) [33]. Other changes in this series of 
brains were Purkinje cell heterotopias and Purkinje 
cell dendrite swellings [31], further structural in-
dications that the cerebellum is not normal in ET. 
In a second series, from Arizona [36], 24 ET brains 
were compared with control brains. Seven brains 
had evidence of cerebellar pathology (Purkinje cell 
loss, cerebellar cortical sclerosis, and proliferation 
of Bergmann glia), however, Purkinje cell number, 
along with torpedoes were not quantified in these 
or the remaining ET or control brains [36]. 

As noted above, structural changes have been 
noted in the brains of ET cases in more modern 
case-control series, with these changes seeming to 
be of a degenerative nature (e.g., Purkinje cell loss) 
[28]. In general, neurodegenerative diseases tradi-
tionally have been defined as diseases that begin in-
sidiously, pursue a gradually progressive course over 
many years, and are characterized by the selective 
involvement of anatomically and physiologically re-
lated systems of neurons due to intrinsic processes 
rather than an identifiable outside influence (e.g., 
vascular, auto-immune). Neuronal loss is also con-
sidered by many to be a prominent feature of these 
diseases [37]. Furthermore, their occurrence often 
increases markedly with advancing age. Many of 
these characteristics are features of ET. Indeed, the 
idea that ET could be neurodegenerative is not new. 
In 1948, Critchley and Greenfield wrote as follows: 
‘Although anatomical proof is as yet lacking, there 
are at least a number of clinical points to make 
question whether ET may not, at times any rate, 
represent an incomplete or a premature variant of 
one of the cerebellar atrophies’ [38]. With the past 
as a backdrop, it is hoped that in the coming years, 
our understanding of the pathological mechanisms 
that underlie this common neurological condition 
will continue to be elucidated through clinical stud-

ies as well as tissue-based studies. Work over the 
recent years suggests that these tissue-based stud-
ies should focus further attention on the degenera-
tive changes described thus far in the cerebellum. 
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