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Abstract
Background—Essential Tremor (ET) is among the most prevalent neurological disorders.
Growing clinical and neuro-imaging evidence implicates cerebellar dysfunction in the
pathogenesis of ET and emerging postmortem studies have identified structural changes in the
cerebellum, particularly in Purkinje cells. In this study we systematically quantified focal Purkinje
cell dendritic swellings (DS) in 20 ET vs. 19 control brains.

Methods—In each brain, a standard parasagittal neocerebellar tissue block was harvested. DS
were quantified in one 7-μm thick section stained with Luxol Fast Blue/Hematoxylin and Eosin
(LH&E) and one section stained with Bielschowsky method.

Results—The number of DS were higher in cases than controls by LH&E (1.50 ± 1.79 vs. 0.05 ±
0.23, p = 0.002) and Bielschowsky methods (2.70 ± 3.10 vs. 0.37 ± 0.50, p = 0.002). The number
of DS was correlated with the number of torpedoes, and marginally inversely correlated with the
number of Purkinje cells.

Discussion—The current study documents and quantifies an additional structural abnormality in
the ET cerebellum, adding to the growing list of such changes in this disease. The mechanisms
that underlie this and other structural changes observed in ET are currently unknown, and they
deserve additional exploration.
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Introduction
Essential Tremor (ET) is widely acknowledged to be one of the most prevalent neurological
disorders in adults [1]. Aside from a variety of tremors, patients may experience difficulty
with gait and balance as well as cognitive impairment [2,3]. There is growing clinical and
neuro-imaging evidence implicating cerebellar dysfunction in the pathogenesis of ET [4–7].
Furthermore, an emergence of postmortem studies in recent years has elucidated detectable
structural changes in the brains of patients with ET. Most of these changes involve the
cerebellum, which is essential for the coordination of fine motor movements [8]. These
changes include Purkinje cell loss and increased numbers of heterotopic Purkinje cells; the
occurrence of torpedoes, which are six to seven times more abundant in ET than control
brains; and the appearance of an unusually dense basket cell axonal plexus [9–11].

In our postmortem studies of the ET cerebellum, we have recently observed some focal
swellings in the dendritic processes of Purkinje cells, but no quantitative case-control
analysis has been performed until now. One of the most defining characteristics of Purkinje
cells is their large and elaborate dendritic arbor, through which they receive most of their
synaptic information from climbing and parallel fibers. Interference with this input could
directly affect cerebellar function. In this study, we systematically quantified focal dendritic
swellings (DS) in Purkinje cells in ET patients vs. age-matched controls.

Methods
The study was conducted at the Essential Tremor Centralized Brain Repository (ETCBR) of
the New York Brain Bank (NYBB) at Columbia University Medical Center. The 39 brains
included 20 ET cases and 19 available non-diseased controls who were frequency- rather
than individually-matched based on age. All ET cases were diagnosed by their treating
neurologist and the ET diagnosis was confirmed using ETCBR criteria by a second
neurologist specializing in movement disorders (E.D.L.) [9].

During life, demographic and clinical data were collected through a series of semi-structured
questionnaires. Heavy ethanol use was defined previously as consumption of an average of
four or more standard drinks (15 ml of absolute ethanol) per day for a man, or three or more
per day for a woman, at any point in their lives [12]. Data on lifetime exposure to
medications known to cause cerebellar damage (e.g., lithium, diphenylhydantoin) were
collected. Most ET cases also underwent a standardized videotaped neurological
examination, which included an assessment of postural tremor (sustained arm extension),
five tests of kinetic tremor (pouring, drinking, using spoon, finger-nose-finger maneuver,
and drawing spirals), and head and voice tremor. Each of these six tests of postural and
kinetic tremor was performed with each arm (twelve tests total). Videotaped action tremor
was rated by a senior neurologist specializing in movement disorders (E.D.L.) during each
test using a scale from 0 (no tremor) to 3 (large amplitude tremor) [13], resulting in a total
tremor score (range = 0 – 36).

Age-matched control brains were normal elderly control subjects from the NYBB, derived
from the Alzheimer’s Disease Research Center and the Washington Heights Inwood
Columbia Aging Project; they were free of clinical diagnoses of Alzheimer’s disease (AD),
ET, or Parkinson’s disease (PD) and without neuropathological diagnoses of
neurodegenerative disease. By design, none of the case or control brains had brainstem or
cortical Lewy bodies. The NYBB operates under approval of the IRB of Columbia
University Medical Center.

As previously described, all brains underwent a complete neuropathological assessment at
the NYBB [9]. All brains had standardized measurements of brain weight (grams),
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postmortem interval (PMI, hours between death and placement of brain in a cold room or
upon ice), Braak and Braak AD staging for neurofibrillary tangles [14, 15], Braak PD
staging [16], and Consortium to Establish a Registry for AD (CERAD) ratings for neuritic
plaques [17].

As described, a standard 3 × 20 × 25 mm parasagittal, formalin-fixed, tissue block was
harvested from the neocerebellum [18]; the block included the cerebellar cortex, white
matter and dentate nucleus. For the quantification of DS, in each ET case and control, two
sequential 7 μm thick paraffin sections were obtained. One of them was stained with Luxol
Fast Blue counterstained with Hematoxylin and Eosin (LH&E) and the other was stained
with a Bielschowsky silver method. As described in other publications [19–23], DS were
defined as rounded-to-ovoid masses in the molecular layer that were associated with
Purkinje cell dendritic processes; these swellings had a glassy eosinophilic appearance on
LH&E and were dark brown-to-black on Bielschowsky stain. DS were enumerated in each
slide, and the DS count represents the number of such swellings in the entire slide. The DS
counts were initially performed by a trained technician (M.Y.) and then confirmed by a
senior neuropathologist (P.L.F.); both were blinded to diagnosis, clinical information,
torpedo counts and Purkinje cell counts. In addition, a senior neuropathologist (P.L.F.) who
was blinded to all clinical information counted torpedoes throughout the entire LH&E and
Bielschowsky stained sections, and counted and averaged Purkinje cells in five 100x fields
(LH&E), as previously described [18]. As previously described [10], a semiquantitative
rating of the appearance of the basket cell plexus surrounding Purkinje cell bodies
throughout Bielschowsky preparations was carried out by a senior neuropathologist (P.L.F.)
who was blinded to all clinical information. The following scale was used: 0 (few, or no
discernible processes); 1 (sparse number of processes); 2 (moderate number of processes);
and 3 (dense tangle of processes). In some instances, the rater used intermediate values (0.5,
1.5, and 2.5).

All statistical analyses were performed in SPSS (version 18.0). The number of DS on LH&E
stained sections was not normally distributed (Kolmogorov-Smirnov test z = 2.32, p <
0.001) nor was the number of DS on Bielschowsky stained sections (Kolmogorov-Smirnov
test z = 2.08, p <0.001). Therefore, both means and medians were reported and non-
parametric test statistics were used when analyzing these variables.

In the planning phase of the study, the a priori power calculations indicated that a targeted
sample size of 20 ET cases and 20 controls would provide adequate power (86.9%) to detect
a case control difference of 50%, assuming alpha = 0.05 and that the controls had 1 ± 0.5 DS
per slide. A sample size of 19 in each group would provide 85.1% power, which was still
adequate to detect this difference.

Results
The 20 ET cases and 19 controls were similar in age and gender; they had similar brain
weights and CERAD plaque scores (Table 1). The PMI was shorter and Braak staging was
higher in ET cases than controls (Table 1). Tremor duration in ET cases (mean = 43.1 years)
ranged from 5 – 80 years (Table 1). All cases and controls had a Braak PD staging of 0.

DS were identifiable on both LH&E and Bielschowsky stained sections in the molecular
layer, above the Purkinje cell bodies and the basket cell axonal plexus formations (Figures 1
and 2). The number of DS were higher in cases than controls by LH&E (mean ± standard
deviation = 1.50 ± 1.79, median = 1.0, range = 0 – 6 in ET cases vs. 0.05 ± 0.23, 0, 0 – 1 in
controls)(Mann Whitney z = 3.63, p = 0.002) (Figure 3). Eight (40.0%) ET cases had 2 or
more DS by LH&E (i.e., they had a value that was higher than that seen in any of the
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controls). The number of DS were higher in cases than controls by Bielschowsky method
(mean ± standard deviation = 2.70 ± 3.10, median = 1.5, range = 0 – 10 in ET cases vs. 0.37
± 0.50, 0, 0 – 1 in controls)(Mann Whitney z = 3.21, p = 0.002) (Figure 4). Ten (50.0%) ET
cases had 2 or more DS by Bielschowsky method (i.e., they had a value that was higher than
that seen in any of the controls).

The numbers of DS by LH&E and Bielschowsky method were not correlated with age or
brain weight (Spearman’s r, all p > 0.05) (Supplementary Figure 1), or with PMI (respective
Spearman’s r = −0.19, p = 0.26 and Spearman’s r = −0.20, p = 0.22), gender (Mann
Whitney p values = 0.83 and 0.59), CERAD plaque score (Kruskal Wallis p values = 0.35
and 0.31), or Braak AD stage (Kruskal Wallis p values = 0.08 and 0.44).

The numbers of DS by LH&E and Bielschowsky methods were highly correlated with one
another (Spearman’s r = 0.81, p < 0.001), especially in the ET cases (Spearman’s r = 0.86, p
< 0.001). The numbers of DS were correlated with the number torpedoes as well as the
extent of basket cell process hypertrophy; the number was marginally inversely correlated
with the number of Purkinje cells (Table 2). Analyses restricted to ET cases yielded similar
correlations, although statistical power was lower (Table 2). In ET cases, the number of DS
by LH&E and Bielschowsky methods were not correlated with tremor duration in years
(respective r values = −0.16 [p = 0.55] and −0.12 [p = 0.65]) (Supplementary Figure 2).

The ET cases had a mean total tremor score = 28.5 ± 4.8, 12 had head tremor, 10 had voice
tremor and 7 had both. Thirteen had used primidone, 19 had used propranolol and 15 had
used another ET medication. None reported a history of head trauma and none were heavy
consumers of ethanol or had been exposed to cerebellar toxic medications. ET cases with DS
counts of 0 – 1 did not differ from those with higher DS counts with respect to any clinical
variables (age, tremor duration, total tremor score, tremor distribution, all p > 0.05).

Discussion
The current study documents and quantifies an additional structural abnormality in the ET
cerebellum, adding to a growing list of such changes in this disease. Until very recently,
there had been few postmortem studies of ET, and its neuropathological substratum was
unknown [9]. Clinical and neuroimaging studies are now providing growing evidence of
cerebellar dysfunction in ET [4 – 6] and recent postmortem studies have demonstrated
structural changes in the cerebellum, with many of these changes involving the Purkinje
cells [8–11].

The present study has shown that DS occur in Purkinje cells of patients diagnosed with ET.
While the absolute number of such swellings was modest, in case-control comparisons, there
was a significant increase in the number of these DS in ET, both in LH&E stained sections
and Bielschowsky stained sections, indicating that a mild increased number of swellings
seems to be a feature of diseased brains relative to control brains. Until now, there had been
no published data on the DS or other dendritic abnormalities in ET. The presence of these
perturbations could have some physiological importance since climbing fibers and parallel
fibers have specific target sites on the Purkinje cell dendritic arbor.

We found that there was a correlation between the number of Purkinje cell DS and the
number of torpedoes as well as basket cell process hypertrophy. There was also a slight
inverse correlation between the number of DS and the number of Purkinje cells. These data
suggest that these postmortem structural changes may be connected, reflecting the same
underlying degenerative process involving the Purkinje cells and/or their microenvironment.
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Purkinje cell DS are not specific to ET and are found in other disorders with cerebellar
changes. Thus, they have been observed in a variety of other conditions. These include
Menkes disease [19], mucopolysaccharidoses types I, II, and III [20], and spinocerebellar
ataxia type 6 [21]. In very early postmortem studies, Uyematsu described focal DS in
Purkinje cells in individuals with “senile dementia” [22] and Friede saw abundant DS in
amaurotic idiocy and poliodystrophy [23].

This study has several strengths. It is the first systematic quantification of DS in the ET
cerebellum. Second, clinically well-characterized cases and controls were carefully age-
matched. Third, Purkinje cell DS were quantified in sections stained by two different
methods (LH&E and Bielschowsky).

We have documented from postmortem studies that structural changes in the Purkinje cell
are linked to ET. In the present study, we sought to quantify focal DS, a previously un-
quantified Purkinje cell abnormality, in ET and normal control cerebellar sections. We
found that there is a significant increase in the number of DS in ET versus controls and a
correlative relationship between DS and other changes of the Purkinje cells. The
mechanisms that underlie this and other structural changes observed in ET are currently
unknown, and they deserve additional exploration.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Dendritic swelling (arrow) in an ET case on LH&E-stained cerebellar cortical section (400×
magnification).
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Figure 2.
Dendritic swelling (arrow) in an ET case on Bielschowsky-stained cerebellar cortical section
(400× magnification). The swelling is in the molecular layer, above the Purkinje cell body
and the basket cell axonal plexus. Basket cell axonal plexus density = 3.
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Figure 3.
Number of dendritic swellings quantified in LH&E stained sections in ET cases vs. controls.
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Figure 4.
Number of dendritic swellings quantified in Bielschowsky stained sections in ET cases vs.
controls.
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Table 1

Clinical Characteristics of 20 ET Cases and 19 Controls

ET Cases Controls Significance

Age (years) 81.8 ± 7.7 79.4 ± 9.8 p = 0.40 a

Female gender 13 (65.0%) 9 (47.4%) p = 0.27 b

Tremor duration (years) 43.1 ± 23.2 Not applicable Not applicable

Postmortem interval (hours) 3.4 ± 3.1 7.7 ± 7.5 p = 0.03 a

Brain weight (grams) 1245.7 ± 136.5 1243.7 ± 122.2 p = 0.40 a

CERAD plaque score p = 0.43 b

 0 10 (50.0%) 13 (68.4%)

 A 7 (35.0%) 5 (26.3%)

 B 3 (15.0%) 1 (5.3%)

 C 0 (0.0%) 0 (0.0%)

Braak AD stage p = 0.02 b

 0 1 (5.0%) 6 (31.6%)

 1 7 (35.0%) 7 (36.8%)

 2 6 (30.0%) 6 (31.6%)

 3 6 (30.0%) 0 (0.0%)

 4 0 (0.0%) 0 (0.0%)

 5 0 (0.0%) 0 (0.0%)

 6 0 (0.0%) 0 (0.0%)

Torpedo count (LH&E) 14.5 ± 14.2 3.0 ± 3.7 p = 0.002 a

Torpedo count (Bielschowsky) 29.3 ± 31.3 6.4 ± 10.4 p = 0.005 a

Purkinje cell count (LH&E) 36.1 ± 8.8 45.5 ± 13.9 p = 0.03 a

Basket cell axonal plexus density 2.2 ± 0.7 1.4 ± 0.6 p = 0.003 c

All values are mean ± standard deviation or number (percentage).

a
Student’s t test,

b
Chi-square or Fisher’s Exact test,

c
Mann-Whitney test
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Table 2

Correlations Between Dendritic Swellings and (1) Other Cerebellar Features and (2) Braak AD Stage

Dendritic swellings by LH&E Dendritic swellings by Bielschowsky method

Analyses Including All ET Cases and Controls

Torpedo count (LH&E) r = 0.63, p< 0.001 r = 0.59, p< 0.001

Torpedo count (Bielschowsky) r = 0.57, p < 0.001 r = 0.55, p < 0.001

Purkinje cell count (LH&E) r = −0.28, p = 0.11 r = −0.30, p = 0.09

Basket cell axonal plexus density r = 0.45, p = 0.007 r = 0.58, p < 0.001

Braak AD stage

 0 0.14 ± 0.38 [0, 0 – 1] 0.43 ± 0.79 [0, 0 – 2]

 1 1.43 ± 1.99 [0.5, 0 – 6] 2.50 ± 3.55 [1, 0 – 10]

 2 0.17 ± 0.39 [0, 0 – 1] 0.92 ± 0.90 [1, 0 – 3]

 3 1.33 ± 1.63 [1, 0 – 4] 2.00 ± 2.70 [1, 0 – 1]

Analyses Restricted to ET Cases

Torpedo count (LH&E) r = 0.58, p = 0.008 r = 0.61, p = 0.005

Torpedo count (Bielschowsky) r = 0.48, p = 0.03 r = 0.60, p = 0.005

Purkinje cell count (LH&E) r = −0.13, p = 0.59 r = −0.18, p = 0.47

Basket cell axonal plexus density r = 0.32, p = 0.21 r = 0.47, p < 0.059

All r values are Spearman’s r.

For the Braak AD stage, the values are mean ± standard deviation [median, minimum -maximum].

Eur J Neurol. Author manuscript; available in PMC 2013 April 1.


