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INTRODUCTION

Background: An estimated 30-50% of essential tremor (ET) diagnoses are incorrect, and
the true diagnosis in those patients is often Parkinson’s disease (PD) or other tremor dis-
orders. There are general statements about the tremor in these ET and PD, but published
data on the more subtle characteristics of tremor are surprisingly limited. Postural tremor
may occur in both disorders, adding to the difficulty. There are several anecdotal impres-
sions regarding specific features of postural tremor in ET vs. PD, including joint distribution
(e.g., phalanges, metacarpal-phalangeal joints, wrist), tremor directionality (e.g., flexion-
extension vs. pronation-supination), and presence of intention tremor. However, there is
little data to support these impressions.

Methods: In this cross-sectional study, 100 patients (ET, 50 PD) underwent detailed
videotaped neurological examinations. Arm tremor was rated by a movement disorder
neurologist who assessed severity and directionality across multiple joints.

Results: During sustained arm extension, ET patients exhibited more wrist than
metacarpal-phalangeal and phalangeal joint tremor than did PD patients (p <0.001), and
more wrist flexion-extension tremor than wrist pronation-supination tremor (p < 0.001).
During the fingernose-finger maneuver, intention tremor was present in approximately one
in four (28%) ET patients vs. virtually none (4%) of the Parkinson's patients (p < 0.001).

Conclusions: We evaluated the location, severity, and directionality of postural tremor in
ET and PD, and the presence of intention tremor, observing several clinical differences.
We hope that detailed phenomenological data on tremor in ET and PD will help practicing
physicians delineate the two diseases.
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with PD. However, published data on the more clinically subtle

The phenomenology of tremor is complex and the diagnosis of
the variety of tremor disorders can be difficult. Even in the case of
essential tremor (ET), often considered a clinically bland disorder,
the diagnosis can be surprisingly challenging. By several estimates,
as many as 30-50% of ET diagnoses are incorrect, with the true
diagnosis in those cases often being Parkinson’s disease (PD), dys-
tonia, and other tremor disorders (Schrag et al., 2000; Jain et al.,
2006). Considering the prevalence of these two diseases, [among
patients 65 years of age and older, 4.6% are estimated to have ET
(Louis and Ferreira, 2010) and 1.6% to have PD (Wright et al.,
2010)], that makes for an important area of diagnostic misclas-
sification. Detailed knowledge of tremor characteristics has the
potential to improve the diagnostic landscape.

There are general statements about the tremor in these two dis-
orders such as the association of kinetic tremor (tremor that occurs
during voluntary movements) with ET and rest tremor (tremor
that occurs while the limb is at rest and supported against gravity)

characteristics of tremor in ET and PD are surprisingly limited.
While a number of studies have characterized the general bodily
regions (arms, legs, head) in which ET patients tend to have tremor,
they have not assessed the distribution of tremor across specific
joints [e.g., phalanges, metacarpal-phalangeal (MCP) joints, wrist]
or tremor directionality (e.g., flexion-extension vs. pronation-
supination), nor did they compare their findings to PD patients
(Hornabrook and Nagurney, 1976; Lou and Jankovic, 1991; Louis
et al., 2000). Postural tremor (tremor while voluntarily maintain-
ing a position against gravity) occurs commonly in both disorders,
and can involve different joints in the arm. Yet studies of ET and
PD have not looked more finely at postural tremor across these
joints.

There are several anecdotal impressions about postural tremor
in ET vs. PD (Thenganatt and Louis, 2012), but to our knowl-
edge, no published data exist to support these impressions. First,
postural tremor in ET can involve oscillations around several
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proximal joints, including the shoulder, elbow, and especially the
wrist, whereas in PD, the more distal structures (i.e., the MCP and
phalangeal joints) are more typically involved. Second, postural
tremor in ET typically produces wrist flexion-extension, while in
PD there is often a component of wrist pronation-supination.
Third, during arm extension, a flexion-extension tremor of the
thumb is seen more typically in PD than ET, especially when
the other fingers are not exhibiting tremor. One final clinical
impression is that intention tremor (tremor that worsens with
goal-directed movements), which often occurs in ET (Louis et al.,
2009), does not occur in patients with PD. Our goals, in this
study of 50 ET and 50 PD patients, were, first, to formally test
whether clinical data support these four anecdotal impressions,
and, second, to provide clinicians with phenomenological data
of a more subtle nature on the tremor of ET and PD. Our hope
is that these observations may enhance the precision of tremor
examinations and help avoid the need for more expensive or inva-
sive testing, such as DaTscan. We used clinical metrics rather than
computerized tremor analysis because our goal was to generate
data on clinical phenomenology that might be useful to prac-
ticing clinicians during the course of their routine neurological
examinations.

MATERIALS AND METHODS

Beginning in March 2012 and ending in July 2012, ET and PD
patients >18 years of age were enrolled prospectively and con-
secutively from the clinical practices of three movement disorder
neurologists (Roy N. Alcalay, Oren A. Levy, Elan D. Louis) at the
time of regularly scheduled outpatient visits. The initial diag-
nosis of ET was based on the presence of moderate or greater
amplitude kinetic tremor in the arms or head in the absence
of another known cause (e.g., medications, PD, dystonia); this
diagnosis was reconfirmed in each case using published diag-
nostic criteria (Louis et al., 1997). The PD diagnosis was based
on the presence of two or more cardinal features of parkin-
sonism in the absence of other possible causes (e.g., medica-
tion, atypical parkinsonian syndromes). There were five refusals.
Patients were not permitted to enroll if they had simultane-
ous diagnoses of ET and PD. Each enrollee signed a Columbia
University Medical Center (CUMC) Institutional Review Board
consent form.

Patients completed semi-structured demographic and clini-
cal questionnaires designed for this study and then underwent
a videotaped Unified Parkinson’s disease Rating Scale (UPDRS)
assessment (Fahn and Elton, 1987) and videotaped assessments
of tremor, including postural tremor (straight-arm extension and
winged arm extension) and the finger-nose-finger maneuver (10
repetitions per arm). The camera was positioned so that all
joints of the upper limbs were visible. Each patient also drew
an Archimedes spiral (an exercise that tests for kinetic tremor)
with each hand. Patients with a history of deep brain stimulation
surgery were asked to turn their stimulators off prior to the start
of the videotaped assessments.

Videotaped examinations were reviewed by a senior neurol-
ogist specializing in movement disorders (Elan D. Louis) who
rated the severity of kinetic tremor and postural tremor (overall
and at individual joints) using the Washington Heights-Inwood

Genetic Study of Essential Tremor (WHIGET) rating scale (pos-
sible scores=0, 0.5, 1, 1.5, 2, or 3) (Louis et al., 1997). In each
upper limb joint, postural tremor was rated in each possible direc-
tion. For example, at the wrist joint, tremor was rated separately
in three directions (flexion-extension, adduction-abduction, and
pronation-supination), while at the MCP joint, tremor was rated
separately in two directions. For the overall presence or absence
of tremor, we used both a liberal definition of “present” (any
WHIGET score > 0.5) and a conservative definition of “present”
(any WHIGET score > 1). The use of a liberal definition, in partic-
ular, allowed for greater precision in measurement. Re-emergent
tremor (i.e., latently emerging postural tremor) was also assessed.
As in previous studies, intention tremor [i.e., tremor that occurs
with goal-directed movement (finger-nose-finger movement) and
worsens when approaching the target] was rated as a 0 (absent),
0.5 (probable), 1 (definite), and patients with definite intention
tremor in at least one arm or probable intention tremor in both
arms were considered to have intention tremor (Louis et al., 2009).
The severity of rest tremor was rated with the UPDRS (ratings from
0 to 4) (Louis et al., 2009). Hoehn and Yahr scores (Goetz et al.,
2004) were assigned to PD patients.

Pre-study sample size calculations indicated that 50 ET and
50 PD patients would be sufficient (i.e., >90% power) to achieve
statistical significance for each of our main comparisons, assum-
ing two sided tests with alpha=0.05. Statistical analyses were
performed in SPSS (version 19; Chicago, IL, USA). We used chi-
square tests (x2) to assess categorical data and non-parametric
(Mann—Whitney) tests to analyze ordinal data.

To formally test whether the four clinical anecdotal impres-
sions were correct, we calculated several indices. The first
clinical impression involved the issue of proximal vs. dis-
tal postural tremor, which we assessed in several overlapping
ways. First, to compare the prevalence of isolated proximal
(shoulder + elbow + wrist) postural tremor and isolated distal
[MCP + phalanges (including thumb)] postural tremor, we deter-
mined the number of patients in which proximal postural tremor
was present in the absence of distal postural tremor, and vice versa.
For completeness, both liberal (tremor score > 0.5) and conserv-
ative (tremor score > 1) thresholds of tremor presence were used.
Second, to determine the relative severity of overall proximal vs.
overall distal postural tremors, we calculated a “proximal — distal
postural tremor” index (see footnote g in Table 2). Third, we sub-
tracted the highest WHIGET postural tremor score in the MCP
joint from the highest WHIGET postural tremor score in the wrist
(wrist — MCP postural tremor, see footnote h in Table 2).

The second clinical impression involved the issue of flexion-
extension vs. pronation-supination tremor at the wrist during
arm extension. To assess this, we used the highest WHIGET
tremor scores, and calculated the difference between wrist flexion-
extension postural tremor and wrist pronation-supination pos-
tural tremor (wrist flexion/extension tremor — wrist prona-
tion/supination tremor).

The third clinical impression addressed thumb tremor. We
examined the prevalence of postural thumb tremor in the absence
of other postural tremor. For completeness, again, we used both
liberal (tremor score > 0.5) and conservative (tremor score > 1)
definitions of tremor presence.
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Our fourth clinical impression was that intention tremor is
present in ET but not PD. Other than the rating scale discussed
above, no additional indices were used in establishing the presence
of intention tremor.

As the study involved the testing of several a priori hypotheses
(i.e., four clinical impressions), correction for multiple compar-
isons was not required for these comparisons.

RESULTS

DEMOGRAPHIC AND CLINICAL CHARACTERISTICS

Essential tremor and PD patients were similar in age, gender,
education, handedness, caffeine intake, and use of medications
with potential tremor-inducing properties (Table 1). As expected,
ET patients had longer tremor duration and were less likely to
have undergone deep brain stimulation surgery than PD patients
(Table 1). ET patients also exhibited more severe tremor than
PD patients in their Archimedes spiral drawings (2.08 4= 0.69 vs.
0.98 £0.81, p < 0.001, Table 1).

CLINICAL IMPRESSION 1: PROXIMAL VS. DISTAL POSTURAL TREMOR
On arm extension, a higher proportion of ET than PD patients
had isolated proximal tremor (38 vs. 6%, p < 0.001 using the con-
servative definition) whereas a higher proportion of PD than ET
patients had isolated distal tremor [38 vs. 2%, p < 0.001, using a
conservative definition (Table 2C)]. There were similar differences
when isolated proximal and distal tremors were defined liberally
(Table 2C). Even when tremor was present in multiple joints, it was
more prominent in the proximal joints in ET patients compared
to PD patients (proximal — distal postural tremor =0.47 £ 1.35
in ET vs. —0.37 £ 0.81 in PD, p < 0.001, Table 2C). Furthermore,
relative to PD, tremor in ET involved the wrist more than dis-
tal hand joints (wrist — MCP postural tremor = 0.42 £ 0.83 in ET
vs. —0.2540.52 in PD, p < 0.001, Table 2C). When we excluded
28 PD patients who had taken carbidopa/levodopa within 4 h
of the clinical examination, the results were similar. Even when
we excluded 39 PD patients who had taken carbidopa/levodopa
within 12 h of the examination, the results were similar (Table 3).
We did not perform similar analyses that excluded ET patients
who had taken their medications on the day of testing, as there is
less of a clear acute timed effect of these medications on motor
state.

CLINICAL IMPRESSION 2: POSTURAL WRIST FLEXION-EXTENSION VS.
PRONATION-SUPINATION TREMOR

Ratings of wrist pronation-supination tremor were similar in
ET and PD patients in the straight-arm extension position
(0.2540.53 vs. 0.15£0.46, p = 0.29, Table 2A) and the winged
arm extension position (0.15%0.39 vs. 0.12+£0.40, p=0.56,
Table 2B). However, wrist flexion/extension tremor — wrist
pronation/supination tremor was 0.73 £ 0.93 in ET patients and
0.07£0.44 in PD patients (p <0.001, Table 2C). Even when
we excluded 39 PD patients who had taken carbidopa/levodopa
within 12h of the examination, the results were similar

(Table 3).

CLINICAL IMPRESSION 3: THUMB TREMOR
In winged arm extension, ET patients had more flexion-extension
tremor of the thumb than PD patients, but the two groups did not

differ with respect to flexion-extension tremor of the thumb dur-
ing straight-arm extension (Tables 2A,B); hence, overall, the two
groups were similar. The prevalence of isolated postural thumb
tremor was similarly low in ET and PD (Table 2C). When the
recent users of carbidopa/levodopa were excluded, results were
similar, as they were when we excluded 39 PD patients who
had taken carbidopa/levodopa within 12h of the examination
(Table 3).

CLINICAL IMPRESSION 4: INTENTION TREMOR

Intention tremor, assessed during the finger-nose-finger maneu-
ver, was present in 14 (28%) ET patients vs. only 2 (4%) PD
patients (p < 0.001). When we excluded 28 PD patients who had
taken levodopa within 4 h of the clinical examination, the results
were similar: 14 (28%) ET patients vs. 0 PD patients (x> = 5.96,
p=0.015).

SUPPLEMENTAL ANALYSES

Although a large proportion of our patient groups had symp-
toms of relatively long duration, 7 (14%) of our ET patients and
19 (38%) of our PD patients had symptoms of shorter duration
(i.e., <5vyears). In an analysis restricted to patients with symp-
toms <5 years duration, our primary analyses generated nearly all
of the same distinctions that were found in the analysis of the entire
cohort (Table 4). The only exception was wrist — MCP in straight-
arm extension, which was not significantly different between the
two groups (p=0.38).

Patients with a history of deep brain stimulation surgery were
asked to turn their stimulators off prior to the start of the video-
taped assessments. However, even when we excluded these five
PD patients, our primary analyses generated all of the same dis-
tinctions that were found in the analysis of the entire cohort
(Table 5).

Re-emergent tremor was only found in two PD patients. One
of these was not taking any PD medication and the other was tak-
ing amantadine and carbidoba/levodopa. Re-emergent tremor was
unrelated to medication use in PD; it was present in 1/39 (2.6%)
medicated PD patients and 1/11 (9.1%) unmedicated PD patients
(p=0.46).

DISCUSSION

Using a cross-sectional design, we evaluated the location, severity,
and directionality of postural tremor and the presence of inten-
tion tremor in ET and PD patients. Detailed knowledge of tremor
characteristics, especially with regard to postural tremor, has the
potential to improve the diagnostic landscape. We hope these data
on tremor phenomenology in ET and PD will help practicing
physicians better delineate the two diseases, especially in patients
with overlapping features.

Our data reveal, consistent with clinical impression 1, that
ET patients tend to manifest primarily proximal postural tremor
(especially at the wrist) while PD patients manifest a more
distal postural tremor. This finding may be expressed as sev-
eral simple formulas, such as proximal — distal and wrist —
MCP, both of which, according to our data, appear to have
utility in distinguishing the postural tremor of ET from that
of PD.
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Table 1 | Demographic and clinical characteristics of ET and PD patients.

ET patients (n=50) PD patients (n=50) Significance

Age (years) 63.6+15.3 68.0+10.5 t=1.67 p=0.10
Female gender 25 (50%) 20 (40%) x?=101, p=0.32
Education (years) 15.90+3.70 15.90+3.40 t=0.09, p=0.93
Right handed 43 (86%) 45 (90%) x?2=0.71, p=0.87
Duration of tremor symptoms (years) 21.10£15.00 9.00+6.60 t=5.21, p<0.001
Hoehn and yahr stage

lorll Not applicable 41 (82%) Not applicable

0 6 (12%)

IV orV 3 (6%)
Caffeine intake on day of examination 25 (50%) 27 (54%) ¥2=0.16, p=0.69
ET or PD medications

Carbidopa/levodopa 0 (0%) 1(82%) 2.=69.49, p <0.001

Dopamine agonist 0(0%) 12 (24%) ¥2=13.64, p<0.001

Anticholinergic agent 0 (0%) 0 (0%) 2-0.00, p=1.00

Amantidine 0 (0%) 7 (14%) ¥2 =753, p=0.01

Propranolol 18 (36%) 0 (0%) ¥2=18.78, p < 0.001

Other beta-blocker 1(2%) 0(0%) ¥2=1.01, p=0.32

Primidone 12 (24%) 0 (0%) ¥2=13.64, p<0.001

Other ET medication 6 (12%) 0 (0%) ¥2=6.38, p=0.01
Tremorinducing medications

Antidepressant 6 (32%) 12 (24%) 2=0.79, p=0.33

Anti-anxiety 6 (12%) 10 (20%) ¥2=119, p=0.27

Lithium 1(2%) 1(2%) 2=0.00, p=1.00

Valproic acid 0(0%) 2 (4%) 2=2.04, p=0.15

Steroids (i.e., prednisone) 1(2%) 0 (0%) 2=204,p=0.15

Levothyroxine 9 (18%) 10 (20%) 2-0.07 p=0.80

Tacrolimus or cyclosporine 0 (0%) 0 (0%) 2-0.00, p=1.00

Theophylline 0 (0%) 0(0%) 2=0.00, p=1.00

Albuterol 2 (4%) 1(2%) 2=0.34, p=056
Botulinum toxin injections 0(0%) 2 (4%) 2-204,p=0.15
Deep brain stimulation surgery 0 (0%) 5 (10%) ¥2=5.26, p=0.02
Fingernose-finger maneuver

Kinetic tremor (present)? 50 (100%) 39 (78%) ¥2=12.36, p <0.001

Intention tremor (present) 14 (28%) 2 (4%) ¥2=10.71, p=0.001
Tremor rating on Archimedes spiral 2.08+0.69 0.98+0.81 MW =6.25, p <0.001
Rest tremor on examination

Arms (present) 3 (6%) 20 (40%) ¥x2=16.32, p <0.001

Legs (present) 0(0%) 6 (12%) 2-6.38, p=0.01

Face (present) 0 (0%) 7 (14%) ¥2=753, p=0.01
Postural head tremor (present) 22 (44%) 6 (12%) ¥x2=12.70, p <0.001
Facial hypomimia on examination® 0 (0%) 34 (68%) 2 =51.52, p <0.001
Limb bradykinesia on examination®© 0 (0%) 35 (70%) %2 =153.85, p < 0.001
UPDRS score on finger taps 0.16+0.37 1.964+0.70 MW =8.63, p < 0.001
Body bradykinesia on examination® 0 (0%) 20 (40%) ¥2=25.00, p <0.001
UPDRS score of rising from chair 0.00+£0.00 0.64+1.01 MW =2.32, p=0.02

t= Student’s t-test.
¥?2 = Chi-square test.
MW= Mann-Whitney test.

2Using a definition of present as a WHIGET score > 1.

bUsing a UDPRS score> 1.

cWhile the patient opens and closes either hand.
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Table 2 | Clinical examination data for ET and PD patients.

ET patients (n=50)

PD patients (n=50)

Significance

(A) Straight-arm extension?
Overall (all joints)
Shoulder
Flexion-extension
Adduction-abduction
Elbow
Wrist
Flexion-extension
Adduction-abduction
Pronation-supination
MCP joint
Flexion-extension
Adduction-abduction
Phalanges
Thumb
Flexion-extension
Adduction-abduction
Opposition
Thumb interphalangeal
Re-emergent tremor®
(B) Winged arm extension?
Overall (all joints)
Shoulder
Flexion-extension
Adduction-abduction
Elbow
Wrist
Flexion-extension
Adduction-abduction
Pronation-supination
MCP joint
Flexion-extension
Adduction-abduction
Phalanges
Thumb
Flexion-extension
Adduction-abduction
Opposition
Thumb interphalangeal
Re-emergent tremor®
(C) Isolated proximal tremor prevalence®d-¢
Liberal definition
Conservative definition
Isolated distal tremor prevalencetd
Liberal definition
Conservative definition
Proximal — distal postural tremor® 9
Wrist — MCP postural tremorh
Wrist flexion/extension tremor — wrist pronation/supination!

1.084+0.68

0.00+0.00
0.00+0.00
0.044+0.20

0.75+0.76
0.01+£0.07
0.254+0.53

0.561+0.561
0.06+0.19
0.00+0.00

0.12+£0.34
0.094+0.28
0.03+0.21
0.00+0.00
0(0%)

1.16+0.64

0.00+0.00
0.00+0.00
0.24+0.76

0.74+£0.52
0.01+0.07
0.15+0.39

0.34+0.47
0.02+0.14
0.00+0.00

0.17+£0.36
0.02+0.10
0.00+0.00
0.00+0.00
0(0%)

10 (20%)
19 (38%)

2 (4%)
1(2%)
0.47+1.35
0.4240.83
0.73+0.93

0.61+0.57

0.20£0.10
0.20£0.10
0.064+0.29

0.17+0.40
0.056+0.18
0.15+0.46

0.356+0.37
0.10+0.23
0.02+£0.10

0.09+0.24
0.09+0.24
0.06+0.30
0.02+0.10
1(2%)

0.55+0.60

0.01+0.07
0.01+0.07
0.08+0.23

0.17+0.42
0.01+0.07
0.124+0.40

0.394+0.46
0.07£0.25
0.01+0.07

0.02+0.10
0.03£0.12
0.01+0.07
0.024+0.10
2 (4%)

12%)
3 (6%)

25 (50%)

19 (38%)
—0.37+0.81
—0.25+0.52
0.07+£0.44

MW =3.59, p <0.001

MW =2.42, p=0.16
MW =2.42, p=0.16
MW =0.44, p=0.66

MW =4.35, p < 0.001
MW =138, p=0.17
MW =1.07 p=0.29

MW =147 p=0.14
MW =112, p=0.26
MW =142, p=0.16

MW =0.69, p=0.49
MW =0.27 p=0.79
MW =101 p=0.32
MW =142, p=0.16
x2=101, p=0.32

MW = 4.60, p < 0.001

MW =1.00, p=0.32
MW = 1.00, p=0.32
MW =0.12, p=0.90

MW =5.74, p < 0.001
MW =0.00, p=1.00
MW =0.59, p=0.56

MW =0.71, p=0.48
MW =1.65, p=0.10
MW = 1.00, p=0.32

MW =2.72, p=0.01
MW =0.46, p=0.65
MW = 1.00, p=0.32
MW =142, p=0.16
x2=2.04, p=0.15

¥x2=6.54, p=0.01
x2=13.11, p<0.001

x%2=24.56; p <0.001
¥x%=18.06; p <0.001
MW =4.73; p <0.001
MW =4.76; p <0.001
MW =4.81; p <0.001

(Continued)
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Table 2 | Continued

ET patients (n=50) PD patients (n =50) Significance

Isolated postural thumb tremor®!
0 (0%)
0 (0%)

0(0%)
2 (4%)

¥x2=0.00, p=1.00
¥2=2.04; p=0.15

Liberal definition
Conservative definition

MW= Mann-Whitney test.

%2 = Chi-square test.

SWHIGET tremor scores are shown for the more severely affected limb.

bDefined as an overall tremor score of 1 or higher that emerges 1 or more seconds after initiation of arm extension.

¢Defined liberally as a WHIGET score > 0.5, and conservatively as a WHIGET score > 1.

9The shoulder, elbow, and wrist were considered proximal, while the MCP joints and the phalanges (including the thumb joints) were considered distal.

¢Presence of proximal postural tremor in the absence of distal postural tremor.

"Presence of distal postural tremor in the absence of proximal postural tremor.

9Calculated as follows. The highest WHIGET postural tremor score in each joint (regardless of direction, hand, or postural position) was summed separately for proximal
vs. distal joints. The difference of these two sums was designated as “proximal — distal postural tremor.”

hCalculated as follows. The highest WHIGET postural tremor score in the wrist (regardless of direction, hand, or postural position) was determined. The highest
WHIGET postural tremor score in the MCP joint was also determined. The difference of these two values was designated as “wrist-MCP postural tremor.”

"To assess this, we used the highest WHIGET tremor scores, and calculated difference between wrist flexion-extension postural tremor and wrist pronation-supination
postural tremor (wrist flexion/extension tremor — wrist pronation/supination tremor).

/Presence of postural thumb tremor in the absence of all other postural tremor.

Table 3 | ET vs. PD - Main measures with patients removed who took carbidopa/levodopa within 12 h of exam.

ET patients (n =50) PD patients (n=11) Significance

Proximal — distal postural tremor@ 0.47 +£1.35 —0.32+0.25 MW =2.86, p=0.004
Straight wrist — MCP postural tremor 0.24+0.89 —-0.27+0.34 MW =2.06, p=0.04
Winged wrist — MCP postural tremor 0.40+0.73 —-0.14+£0.39 MW =2.46, p=0.01
Overall wrist — MCP postural tremor® 0.42+0.83 —0.27+0.83 MW =3.02, p=0.003
Wrist flexion/extension tremor — wrist pronation/supination® 0.73+0.93 0.00+0.39 MW =3.03, p=0.002
Isolated postural thumb tremord-e

Liberal definition 0(0%) 0(0%) x2=0.00, p=1.00

Conservative definition 0(0%) 0(0%) x%2=0.00, p=1.00
Intention tremor (present)’ 42 (84%) 2 (18%) x2=19.43, p <0.001

MW= Mann-Whitney test.

x? = Chi-square test.

aCalculated as follows. The highest WHIGET postural tremor score in each joint (regardless of direction, hand, or postural position) was summed separately for proximal
vs. distal joints. The difference of these two sums was designated as “proximal — distal postural tremor.”

bCalculated as follows. The highest WHIGET postural tremor score in the wrist (regardless of direction, hand, or postural position) was determined. The highest
WHIGET postural tremor score in the MCP joint was also determined. The difference of these two values was designated as “wrist — MCP postural tremor.”

To assess this, we used the highest WHIGET tremor scores, and calculated difference between wrist flexion-extension postural tremor and wrist pronation-supination
postural tremor (wrist flexion/extension tremor — wrist pronation/supination tremor).

4Defined liberally as a WHIGET score> 0.5, and conservatively as a WHIGET score > 1.

¢Presence of postural thumb tremor in the absence of all other postural tremor.

"Using a definition of present as a WHIGET score> 1.

Our findings further suggest, as stated in clinical impres-
sion 2, that the relative contribution of wrist flexion-
extension vs. wrist pronation-supination tremors may be
useful in distinguishing ET from PD. Postural tremor in
ET typically produces more wrist flexion-extension than
wrist pronation-supination whereas this is not the case
in PD.

Overall, the data were not consistent with clinical impres-
sion 3. That is, postural flexion-extension tremor of the

thumb was not helpful in distinguishing ET from PD
cases. Isolated postural thumb tremor was uncommon in
both ET and PD, and thus not useful in distinguishing
the two.

It is worthwhile noting that, although a large percentage (78%)
of PD cases had kinetic tremor on the finger-nose-finger maneuver,
only 4% had intention tremor, compared to 28% of ET cases. None
of the PD cases fulfilled diagnostic criteria for ET. It is similarly
relevant that the tremor ratings on Archimedes spiral drawings
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Table 4 | ET vs. PD - Main measures using only patients with <5 years of symptoms.

ET patients (n=7) PD patients (n=19) Significance

Proximal — distal postural tremor? 0.29+4+0.99 —0.45+0.47 MW =243, p=0.015
Straight wrist — MCP postural tremor 0.21+0.99 —-0.24+0.31 MW =0.87 p=0.38
Winged wrist — MCP postural tremor 0.57+0.53 —-0.29+0.42 MW =3.19, p=0.001
Overall wrist — MCP postural tremor® 0.50+0.81 —0.24+0.29 MW =2.74, p=0.006
Wrist flexion/extension tremor — wrist pronation/supination® 0.86+0.38 0.00+0.17 MW =3.03, p=0.002
Isolated postural thumb tremord-e

Liberal definition 0(0%) 0(0%) ¥2=0.00, p=1.00

Conservative definition 0(0%) 0(0%) ¥%2=0.00, p=1.00
Intention tremor (present)f 5(71%) 3(16%) ¥2=5.05, p=0.02

MW= Mann-Whitney test.

x? = Chi-square test.

aCalculated as follows. The highest WHIGET postural tremor score in each joint (regardless of direction, hand, or postural position) was summed separately for proximal
vs. distal joints. The difference of these two sums was designated as “proximal — distal postural tremor.”

b Calculated as follows. The highest WHIGET postural tremor score in the wrist (regardless of direction, hand, or postural position) was determined. The highest
WHIGET postural tremor score in the MICP joint was also determined. The difference of these two values was designated as “wrist — MICP postural tremor.”

“To assess this, we used the highest WHIGET tremor scores, and calculated difference between wrist flexion-extension postural tremor and wrist pronation-supination
postural tremor (wrist flexion/extension tremor — wrist pronation/supination tremor).

9Defined liberally as a WHIGET score> 0.5, and conservatively as a WHIGET score > 1.

¢Presence of postural thumb tremor in the absence of all other postural tremor.

*Using a definition of present as a WHIGET score > 1.

Table 5 | ET vs. PD — Main measures with DBS patients excluded.

ET patients PD patients Significance

Proximal — distal postural tremor@ 0.47 +1.35 —0.33+0.83 MW =4.48, p < 0.001
Straight wrist — MCP postural tremor 0.24+0.89 —0.16+£0.42 MW =2.46, p=0.01
Winged wrist — MCP postural tremor 0.40+0.73 —0.18+0.53 MW =4.30, p <0.001
Overall wrist - MCP postural tremor? 0.42+0.83 —0.21+0.53 MW =4.41, p <0.001
Wrist flexion/extension tremor — wrist pronation/supination © 0.73+0.93 0.07+0.46 MW =4.64, p <0.001
Isolated postural thumb tremord-

Liberal definition 0(0%) 0(0%) x%2=0.00, p=1.00

Conservative definition 0 (0%) 0 (0%) x2=0.00, p=1.00
Intention tremor (present)f 42 (84 %) 12 (27%) ¥x2=231.74, p <0.001

MW= Mann-Whitney test.

x? = Chi-square test.

#Calculated as follows. The highest WHIGET postural tremor score in each joint (regardless of direction, hand, or postural position) was summed separately for proximal
vs. distal joints. The difference of these two sums was designated as “proximal — distal postural tremor.”

b Calculated as follows. The highest WHIGET postural tremor score in the wrist (regardless of direction, hand, or postural position) was determined. The highest
WHIGET postural tremor score in the MICP joint was also determined. The difference of these two values was designated as “wrist — MICP postural tremor.”

To assess this, we used the highest WHIGET tremor scores, and calculated difference between wrist flexion-extension postural tremor and wrist pronation-supination
postural tremor (wrist flexion/extension tremor — wrist pronation/supination tremor).

9Defined liberally as a WHIGET score> 0.5, and conservatively as a WHIGET score> 1.

¢Presence of postural thumb tremor in the absence of all other postural tremor.

fUsing a definition of present as a WHIGET score > 1.

were significantly higher in ET patients than in PD patients. These
observations may be of some diagnostic value.

A potential weakness of this study is the long symptom duration
of many of the enrollees, however, we were able to replicate our
main results in the ET and PD patients with short disease dura-
tion). Also,a comparison with other forms of tremor (e.g., dystonia
tremor) would have added additional comparisons of value.

The strength of this study was its focus on the specific direc-
tions and joint locations of tremor as well as the direct comparison
between ET and PD patients who were enrolled consecutively
and prospectively. Our results provide empirical support for
several clinical impressions, and may be of use in distinguish-
ing the tremor of ET from PD. We also propose simple met-
rics that can be used by neurologists (proximal — distal and
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wrist — MCP) in the clinical setting that may be useful in clar-
ifying the diagnosis. A weakness of this study was that, given
the presence of bradykinesia and other features of parkinson-
ism, it is impossible for the videotape reviewer to be blinded
to diagnosis in all cases. It is possible that, in some cases, the
reviewing neurologist was aware of the diagnosis. Future stud-
ies may attempt to include patients with dystonic and others
forms of tremor, as well as utilize a larger sample size to more
formally calculate the sensitivity and specificity of these clinical
findings in order to confirm their place in the diagnosis of ET
and PD.
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Postural and Intention Tremors in ET and Parkinson’s Disease.
Eliezer Sternberg, Roy Alcalay, Oren Levy, Elan Louis. figshare.

VIDEOTAPE LEGEND

1. Clinical Impression 1: Proximal (i.e., wrist) postural tremor
rather than distal (MCP + phalanges [including thumb])
postural tremor occurs in the left arm of this ET patient.

2. Clinical Impression 1: Proximal (i.e., wrist) postural tremor
rather than distal (MCP + phalanges [including thumb])
postural tremor occurs in the right arm of this ET patient.

3. Clinical Impression 1: Distal (esp. MCP) postural tremor
rather than proximal (i.e., wrist, elbow, shoulder) postural
tremor occurs in the left arm of this PD patient.

4. Clinical Impression 2: Postural tremor, as seen in the right arm
of this ET patient, typically produces wrist flexion-extension
rather than wrist pronation-supination.

5. Clinical Impression 2: Postural tremor, as seen in the right
arm of this ET patient, involves wrist flexion-extension.

6. Clinical Impression 2: Postural tremor, as seen in the right
arm of this PD patient, typically produces wrist pronation-
supination rather than flexion-extension.

7. Clinical Impression 2: Postural tremor, as seen in the right
arm of this PD patient, typically produces wrist pronation-
supination.

8. Clinical Impression 4: Intention tremor, which often occurs
in ET (see left arm), is rare in PD.

9. Clinical Impression 4: Intention tremor, which often occurs
in ET (see left arm), is rare in PD.

10. Clinical Impression 4: Intention tremor is not seen in this PD
patient.

11. Clinical Impression 4: Intention tremor is not seen in this PD
patient.
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