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ABSTRACT: The Movement Disorder Society
established a task force to review rating scales for the
assessment of tremor. Screening instruments used in
identifying patients with tremor were also reviewed.
Seven tremor severity scales, six activities of daily living
(ADL)/disability scales, four quality-of-life scales, and
five screening instruments were identified by searching
PubMed.gov. The availability, use, acceptability, reliabil-
ity, validity, and sensitivity to change were reviewed for
each scale; and each scale was classified as recom-
mended, suggested or listed based on whether 3, 2, or
1 of the following criteria were met: (1) used in the
assessment of tremor (yes/no), (2) used in published
studies by people other than the developers (yes/no),
and (3) successful clinimetric testing (yes/no). Five
tremor severity scales (the Fahn-Tolosa-Marin Tremor
Rating Scale, the Bain and Findley Clinical Tremor Rat-
ing Scale, the Bain and Findley Spirography Scale, the
Washington Heights-Inwood Genetic Study of Essential

~

Tremor Rating Scale, and the Tremor Research Group
Essential Tremor Rating Assessment Scale), one ADL/
disability scale (the Bain and Findley Tremor ADL
Scale), one quality-of-life scale (the Quality of Life in
Essential Tremor Questionnaire), and one screening
instrument (the Washington Heights-Inwood Genetic
Study of Essential Tremor Rating Scale, version 1) are
recommended using these criteria. However, all scales
need a more comprehensive analysis of sensitivity to
change in order to judge their utility in clinical trials and
individual patient assessments. The task force recom-
mends that further work with existing recommended
scales be performed as opposed to the development of
new tremor scales. © 2013 International Parkinson and
Movement Disorder Society
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Tremor is the most common movement disorder in
adults, and essential tremor (ET) is the most common
cause of tremor; however, before 1993, there were no
tremor rating scales with documented reliability and
validity.? Since then, many investigators have
addressed the need for validated tremor scales. The
Movement Disorder Society (MDS) Committee on
Rating Scales in Movement Disorders asked one of us
(R.J.E.) to form and lead a task force for this review
of tremor scales.

Materials and Methods

Selection of Scales

Rating scales were considered if they were designed
specifically for the assessment of tremor amplitude or
the impact of tremor on activities of daily living
(ADL) and quality of life. We did not review scales
that included tremor in a broader assessment of Par-
kinson disease, dystonia, or ataxia. Screening instru-
ments used in identifying patients with tremor were
also reviewed, and we reviewed scales that were not
designed specifically for tremor if they had been used
repeatedly in the assessment of tremor by more than
one group of investigators.

Medline on PubMed.gov was searched in February
2012 using Boolean expressions consisting of tremor
AND each of the following: measurement, treatment,
scale, rating, quality of life, quantification, disability,
handicap, sensitivity, reliability, and validity. The titles
and abstracts of references retrieved by this search
were screened for relevance, and potentially relevant
articles and references cited in those articles were
reviewed. Only scales described completely in the liter-
ature were considered. We did not include volumetric®
or timed* measures of tremor, which are not true rat-
ing scales, and we did not include scales requiring lar-
yngoscopy’ or other sophisticated instrumentation.

Method of Review

An evaluation form was developed by the Task
Force, according to published MDS guidelines,® to
facilitate the consistent, structured, comprehensive
review of all scales (see online Appendix 1). This form
addressed the content, availability, use, acceptability,
reliability, validity, and sensitivity to change; and it
concluded with an overall impression. All members
used this form to evaluate the Fahn-Tolosa-Marin
Tremor Rating Scale” to test the appropriateness of
the form. Subsequently, the chair and one or two
other members of the Task Force completed the form
for each scale. These evaluations were summarized
(see online Appendix 2) and circulated to all Task
Force members for final review.

The final recommendations were based on three cri-
teria, which were used in previous MDS reviews® of

this type: (1) used in the assessment of tremor (yes/
no), (2) used in published studies by individuals other
than the developers (yes/no), and (3) successful clini-
metric testing (yes/no). Clinimetric testing was consid-
ered successful if it has been demonstrated that a scale
was reliable, valid, and sensitive to change. Scales
were classified as recommended, suggested, or listed,
respectively, based on whether 3, 2, or 1 criterion
were met.

Successful clinimetric testing was defined as follows.
For reliability, we required high test-retest reliability
for self-administered scales and questionnaires, and we
required high test-retest reliability or inter-rater reli-
ability for observer-rated scales. Internal consistency
testing was considered desirable for all scales. For
validity, good face or content validity and high corre-
lations with other measures of tremor (convergent
validity) were required. For sensitivity to change
(responsiveness), the detection of change in at least
one clinical trial was required, and good test-retest
reliability was desirable.®’

Results

Seventeen scales (Table 1) and five screening instru-
ments were selected for review. Most were designed
for ET or cerebellar intention tremor. Recommended
scales are reviewed here, and reviews of suggested and
listed scales are available online in Appendix 3.

Tremor Severity Scales
The Fahn-Tolosa-Marin Tremor Rating Scale

The Fahn-Tolosa-Marin scale was first published in
1988'% and was later revised in 1993.7 This scale con-
tains sections for assessing rest, postural and kinetic/
intention tremor amplitude in specific anatomic loca-
tions (part A); tremor in writing, drawing, and pour-
ing (part B); activities of daily living (part C); and
global assessments by the patient and examiner, with
each item rated on a scale from 0 to 4. The main dif-
ferences in the initial and revised versions of this scale
are (1) the assessment of orthostatic tremor (tremor in
trunk and lower limbs when standing), (2) an item
assessing the impact of tremor on social activities, and
(3) the definition of severe extremity tremor as being
>4 cm rather than >2 cm.

Clinimetric properties. For the first version of the
scale, the scores of two raters for 10 patients corre-
lated highly for part A (p=0.93), part B (p=0.94),
part C (p=0.99), the total score (p=0.97), and
global assessment by the examiner (p=0.99).” Two
experienced raters using the revised scale in a study of
15 patients with ET had a test-retest reliability (intra-
class correlation [ICC]) of 0.859 for the total score
and ICCs of 0.882, 0.825, and 0.671 for parts A, B,
and C, respectively.'! In patients with ET and multiple
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TABLE 1. Overview of the scales assessed and their classification

Clinimetric Testing

Applied
Applied Beyond Original Sensitivity to Scale

Scale in Tremor Developers Reliability Validity Change Designation®
Tremor severity scales

Fahn-Tolosa-Marin Tremor Rating Scale X X X X X Recommended

Bain and Findley Clinical Tremor Rating Scale X X X X X Recommended

Bain and Findley Spirography Scale X X X X X Recommended

WHIGET Tremor Rating Scale, version 2 X X X X X Recommended

TETRAS X X X X X Recommended

Bain and Findley handwriting scale?® X X X X Suggested

Matsumoto Clinical Tremor Rating Scale*° X X X X Suggested
Disability and ADL scales

Bain and Findley Tremor ADL Scale X X X X X Recommended

TADLS®2 X X X X Suggested

CADET®! X X X Listed

WHIGET Performance-Based Test of Function in X X Listed

Essential Tremor®2

Bain and Findley Handicap Scale® X Listed

Glass scale® X X X Listed

ETEA% X X X Listed
Quality-of-life scales

QUEST X X X X X Recommended

MOS Short-Form Health Survey (SF-36)°° X X X X Suggested

QaLs®® X Listed

@For reviews of suggested and listed scales, see online Appendix 3.

Abbreviations: WHIGET, Washington Heights-Inwood Genetic Study of Essential Tremor; TETRAS, Tremor Research Group Essential Tremor Rating Assess-
ment Scale; ADL, activities of daily living; TADLS, Tremor Activities of Daily Living Scale; CADET, Columbia University Assessment of Disability in Essential
Tremor; ETEA, Essential Tremor Embarrassment Assessment; QUEST, Quality of Life in Essential Tremor Questionnaire; MOS, Medical Outcomes Study; QLS,

Questions on Life Satisfaction.

sclerosis, intra-rater reliabilities (the same videotaped
examinations presented twice to the same raters) for
upper extremity items in parts A and B were good to
excellent, but inter-rater reliability can be fair to poor
for some items when examiners are not trained.!*!3
The scale has good face validity and correlates
strongly with transducer measures of tremor.'®! It
has been sensitive to change in treatment trials'''®1”
and in a longitudinal study of ET.'®

Strengths and weaknesses. This scale is well known
and has been used widely in clinical trials. It includes
both clinician-based and patient-based ratings as well as
disability aspects. The anchors for face, tongue, voice,
head, trunk, and orthostatic tremor are ambiguously
defined as none (0), slight (1), moderate (2), marked
(3), and severe (4). Raters must be trained to achieve
adequate reliability. The definition of severe extremity
tremor (>4 cm) could have a problematic ceiling effect
in a study of patients with advanced tremor, as in trials
of deep brain stimulation, and the instructions on where
the rater is to measure tremor (ie, index finger, great
toe) could be stated more clearly.

Conclusion. This scale fulfills criteria for a recom-
mended scale in the assessment of tremor severity,
because it has been used in multiple studies of tremor
and has demonstrated good overall clinimetric proper-
ties. However, good inter-rater reliability requires

training, and there is a potential ceiling effect for
upper extremity tremor.

Bain and Findley Clinical Tremor Rating Scale

In 1993, Bain and Findley introduced a battery of
tremor rating scales for assessing rest and postural and
kinetic/intention tremor severity in the head, voice,
and four limbs using ratings on a scale from 0 to
10.>® Most individuals cannot discriminate beyond 7
levels,"” so Bain and coworkers redefined 0 as no
tremor, 1 to 3 as mild tremor, 4 to 6 as moderate
tremor, 7 to 9 as severe tremor, and 10 as extremely
severe tremor, resulting in a S-level scale with interme-
diate gradations.**°

Clinimetric properties. Inter-rater reliability (x val-
ues) ranged from 0.55 to 0.81 for upper limb postural
tremor and from 0.58 to 0.84 for head tremor in
patients with ET and tremor associated with cervical
dystonia.” Intra-rater reliability for these two assess-
ments ranged from 0.62 to 0.85 and from 0.71 to
0.78, respectively. Reliability for kinetic (finger-nose)
tremor was less, and the reliability for voice tremor
was poor.” Similar reliability was observed for upper
extremity tremor in individuals with multiple sclero-
sis.”! For validity testing, the right upper extremity
postural tremor score correlated with accelerometry
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(r=10.655), an ADL scale (r=0.628), spiral ratings
(r=10.804), and handwriting ratings (r=0.762) in
patients with ET? and upper extremity postural
tremor in patients with multiple sclerosis correlated
with a finger-tapping task (r= —0.61), a pegboard
task (r=—0.62), and an ADL questionnaire
(r=0.58).>" In patients with Parkinson’s disease, the
ratings from 0 to 10 for rest tremor correlated well
(r=0.67) with rest tremor item 20 from the Unified
Parkinson Disease Rating Scale.** This scale was sensi-
tive to change in a trial of dopaminergic agonists for
Parkinson’s disease rest tremor’*** and in a trial of
stereotactic surgery for tremor in multiple sclerosis.”*

Strengths and weaknesses. This scale has been used
widely and can be done quickly at the bedside. No
cups, paper, pen, or other props are needed. However,
the scoring mild/moderate/severe is based on subjective
impressions. Only upper limb postural tremor and
head tremor have acceptable reliability, and there are
inconsistencies among raters on the definition and
interpretation of kinetic versus intention tremor.

Conclusion. This scale fulfills criteria for a recom-
mended scale in the assessment of tremor severity in
the head and upper limbs, because it has been used in
several settings with adequate psychometric properties
demonstrated, but it can be difficult for raters who are
naive to tremor assessments and could be improved by
a video library that provides examples of different
tremor severities.

ELBLE

Bain and Findley spirography scale

Bain and Findley used ratings from 0 to 10 for the
assessment of Archimedes spirals,”? and illustrated
examples have been published.’

Clinimetric properties. Inter-rater reliability (x val-
ues) ranged from 0.56 to 0.9, and intra-rater reliability
ranged from 0.58 to 0.91 in patients with ET and
tremor associated with cervical dystonia.>** The inter-
rater ICC for seven raters of 54 spirals was 0.93 for
patients with ET.'’ Reliability was not as good in a
cohort of patients with multiple sclerosis.>’ The rat-
ings from 1 to 4 of the spiral scale are less reliable,
because it is difficult to distinguish mild tremor from
other irregularities in movement. According to Bain
and Findley,> 95% of normal controls had a score of
1 or lower; however, in a population-based screening
study, mean spiral scores of 2.3 and 3.7 were reported
in individuals with no tremor.”® This scale has a
potential ceiling effect in severely affected patients,
because a score of 10 is given when tremor
“completely disrupts an attempt to draw a spiral.”?

The spiral scale correlated well (r>0.8) with ET
that was quantified with a digitizing tablet and the
Fahn-Tolosa-Marin scale,® and it also correlated with
accelerometry (r=0.406), an ADL questionnaire
(r=0.659), RUE postural tremor rating (r=0.804),

and a handwriting scale (r=0.917).% This scale also
correlated well with an ADL questionnaire (r=0.77),
a finger-tapping task (r = —0.68), and a pegboard task
(r=—0.74) in patients with multiple sclerosis.>’ The
spiral scale was sensitive to change in a study of ste-
reotactic surgery for multiple sclerosis** and in studies
of ethanol for ET"***” and botulinum toxin for tremor
in multiple sclerosis.>

Strengths and weaknesses. Reliability is good if raters
are trained using the examples from the original publi-
cation,® and this measure of action tremor has good
face and construct validity. However, the ratings are
subjective, and there are some floor and ceiling effects.

Conclusion. This scale fulfills criteria for a recom-
mended scale in the assessment of tremor severity, but
its sensitivity at the lower and higher end is probably
limited.

Washington Heights-Inwood Genetic Study of
Essential Tremor Tremor Rating Scale

The original Washington Heights-Inwood Genetic
Study of Essential Tremor (WHIGET) Tremor Rating
Scale was developed for the purpose of distinguishing
abnormal upper extremity tremor from normal tremor
in population studies of ET.**?° This scale was later
revised so that kinetic tremor is rated from 0 to 4
instead of from 0 to 3, although postural tremor retains
a rating from 0 to 3.>° This was done “to broaden the
applicability of this scale to clinical trials.”3°

Clinimetric properties. Inter-rater and intra-rater
reliability (weighted ) of at least 0.97 was achieved
for version 2 using a teaching videotape.® The total
score on the original 0 to 3-point scale correlated
(r=0.57) with a tremor disability questionnaire®' and
with the WHIGET Performance-Based Test of Func-
tion in Essential Tremor (r = 0.71).3> Version 1 of this
scale was sensitive to progression in a longitudinal
study of ET.?? Version 2 was sensitive to change in a
study of sodium oxybate for ethanol-sensitive ET.**

Strengths and weaknesses. This scale is limited to
upper extremity tremor and was designed specifically
for the assessment of ET. A training video is required
to achieve high reliability.>® The instructions and
implements (ie, cups and spoon) in this scale require
clarification and standardization.

Conclusion. This scale fulfills criteria for a recom-
mended scale in the assessment of tremor severity.
Version 2 is more appropriate for the assessment of
tremor severity. However, validity testing was pub-
lished only for version 1, and data supporting the
validity of version 2 should be published.

Tremor Research Group Essential Tremor Rating
Assessment Scale

The Tremor Research Group Essential Tremor Rat-
ing Assessment Scale (TETRAS) has a 12-item ADL
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subscale with ratings from 0 to 4, and it contains a 9-
item performance subscale that rates action tremor in
the head, face, voice, limbs, and trunk from 0 to 4 in
half-point intervals. Head and limb tremor ratings are
defined by specific amplitude ranges in centimeters to
reduce experiential rating bias and uncertainty.

Clinimetric properties. Reliability testing has been
done only for the performance subscale.>® The inter-
rater and intra-rater ICCS for head and upper limb
tremor ranged from 0.86 to 0.96, respectively; and the
inter-rater and intra-rater ICCs for the total score
were 0.94 and 0.96, respectively, even for untrained
raters.>> The ICCs for voice, face, trunk, and leg were
less robust. TETRAS performance scores correlated
well with transducer measures of tremor’® and with
the TETRAS ADL subscale.’® Good test-retest reliabil-
ity and sensitivity to change have been demonstrated
for upper limb postural and kinetic ET.?”>*®

Strengths and weaknesses. TETRAS is a short, easy
to apply scale that was designed specifically for the
clinical assessment of ET. The performance subscale is
a highly reliable and valid assessment of action tremor
in the head and upper limbs.

Conclusion. This scale fulfills criteria for a recom-
mended scale in the assessment of tremor severity.
Assessment of test-retest reliability and sensitivity to
change is needed for the ADL subscale.

Disability and Activities of Daily Living Scales

Bain and Findley Tremor Activities of Daily Living
Scale

The original 25-item scale of Bain and Findley” was
reduced to a 20-item self-assessment ADL scale by
Lundervold and coworkers,®” and these are referred to
as the Bain Disability Scale* and the Tremor Disabil-
ity Scale (TREDS), respectively.>” Both mainly address
upper limb function.

Clinimetric properties. Reliability testing has been
performed on the 20-item version only. Mastumoto
and coworkers reported a test-retest Spearman correla-
tion of 0.99 in a cohort of multiple sclerosis
patients.*” Bain and Findley observed good correla-
tions with upper extremity tremor scores (r = 0.628),
spiral scores (r=0.659), and handwriting scores
(r=0.686) in patients with ET and cervical dystonia.?
In patients with multiple sclerosis, the ADL score cor-
related with upper extremity postural tremor scores
(r=0.59), spiral scores (r=0.77), and handwriting
scores (r =0.76).>! However, ADL scores did not cor-
relate significantly with the Matsumoto Clinical
Tremor Rating Scale but did correlate with quantita-
tive motion analysis (p =0.75) in patients with multi-
ple sclerosis.*® For ET patients, the 20-item version of
this scale correlated with the WHIGET Performance-
Based Test of Function in Essential Tremor
(r=0.74).>° The scale was moderately sensitive to the

[ TREMOR SCALES
effects of thalamotomy and thalamic deep brain stimu-
lation in patients with multiple sclerosis.”**"

Strengths and weaknesses. This ADL scale focusses
primarily on upper limb function. It has acceptable
reliability and validity. Sensitivity to change appears
to be modest, at least for tremor in multiple sclerosis.

Conclusion. This scale fulfills criteria for a recom-
mended scale in the assessment of ADL.

Quality-of-Life Scales
Quality of Life in Essential Tremor questionnaire

This quality-of-life questionnaire was designed spe-
cifically for ET.*!

Clinimetric properties. Although it was intended to
be “relatively brief,” in two studies, only about 40%
of individuals completed the questionnaire in its
entirety.*'** Test-retest reliability is adequate for the
Quality of Life in Essential Tremor (QUEST) question-
naire summary index (ICC = 0.77) but is lower for the
dimensions ~ work/finances and  hobbies/leisure
(ICC=0.60 and ICC =0.57, respectively). There were
modest correlations with self-ratings of tremor sever-
ity. ! In one deep brain stimulation study, a 30%
improvement in the QUEST was reported, whereas
there was no significant change in scores on the 36-
item Medical Outcomes Study short-form quality-of-
life measure (SF-36).*> QUEST was not sensitive to a
beneficial effect of botulinum toxin on upper limb
tremor in multiple sclerosis.*®

Strengths and weaknesses. QUEST is the first
quality-of-life questionnaire designed specifically for
ET. Compared with the SF-36, QUEST may be more
sensitive to change in clinical treatment trials, but
acceptability has been poor.

Conclusion. This scale fulfills criteria for a recom-
mended scale in the assessment of quality of life.
However, the issue of missing data should be

addressed.

Screening Instruments

The screening instruments reviewed are summarized
in Table 2. Reviews of the instruments that were clas-
sified as suggested or listed are contained in online
Appendix 3.

WHIGET Tremor Rating Scale, version 1

The original WHIGET Tremor Rating Scale was
developed for the purpose of identifying patients with
ET in population studies, and this version has inclu-
sion and exclusion criteria for distinguishing ET from
other forms of action tremor.**** Postural and kinetic
tremor are rated from 0 to 3 in a battery of motor
tasks. Diagnostic categories include possible, probable,
and definite ET based on increasingly stringent crite-
ria. The diagnosis of definite ET requires at least grade

Movement Disorders, Vol. 28, No. 13, 2013 1797



ELBLE ET AL. w

J

TABLE 2. Overview of the screening instruments assessed and their classification

Clinimetric Testing

Applied Beyond

Applied in Original Sensitivity and Scale
Screening Instrument Tremor Developers Reliability Validity Specificity Designation®
WHIGET Tremor Rating Scale, version 1 X X X X X Recommended
WHIGET Tremor Screening Questionnaire®” X X X X Suggested
Kiel tremor screening instrument?® X X X Listed
Louis spirography screening tool*® X Listed
Modified finger-nose-finger screening tool®® X X Listed

®For reviews of suggested and listed instruments, see online Appendix 3.

Abbreviations: WHIGET, Washington Heights-Inwood Genetic Study of Essential Tremor.

2 action tremor (a clearly oscillatory tremor of 1-cm
to 2-cm amplitude) in multiple tasks.

Clinimetric properties. In a cohort of 40 ET patients
and 60 controls, the inter-rater reliability (weighted )
for two neurologists was 0.85.** The total score corre-
lated (r=0.57) with a tremor disability question-
naire>’ and with the WHIGET Performance-Based
Test of Function in Essential Tremor (r =0.71).3% Dis-
agreement among raters is common in the diagnosis of
individuals with mild or questionably abnormal
tremor, but the ability to distinguish definite ET from
normal or questionably abnormal individuals is essen-
tially perfect.”®** This scale was sensitive to progres-
sion in a longitudinal study of ET.*3

Strengths and weaknesses. This scale was designed
specifically for population studies of ET. The stringent
diagnostic criteria for definite ET will exclude many
patients with mild disease.**** The published training
video for this scale is for version 2, not version 1.%°
The instructions and implements (ie, cups and spoon)
in this scale require clarification and standardization.

Conclusion. Version 1 of this scale fulfills criteria
for a recommended scale for screening individuals for
at least moderate ET.

Discussion

The MDS classifies a scale as recommended if the
scale has been applied to the targeted patient popula-
tion(s), there are published data on its use by individu-
als other than the developer(s) of the scale, and the
scale has been studied clinimetrically and has been
found valid, reliable, and sensitive to change. We
reviewed seven tremor severity scales, and five (Fahn-
Tolosa-Marin, Bain and Findley Clinical Tremor Rat-
ing Scale, Bain and Findley Spirography Scale, version
2 of the WHIGET Tremor Rating Scale, and TET-
RAS) are recommended on the basis of these criteria
(Table 1). Only one of six ADL/disability scales (Bain
and Findley Tremor ADL Scale) is recommended. The
Fahn-Tolosa-Marin Tremor Rating Scale and TETRAS

have ADL subscales that require additional clinimetric
study. One of four quality-of-life scales (QUEST) is
recommended. Excluding the second criterion (use by
individuals other than the developers) would change
the designation of only two scales, the Bain and Find-
ley handwriting scale and the Matsumoto Clinical
Tremor Rating Scale, and neither scale has been used
extensively by the original developers.

Only one of five screening instruments, version 1 of
the WHIGET Tremor Rating Scale, is recommended,
with the caveat that the true sensitivity and specificity
of this instrument are uncertain, because there is no
gold standard for distinguishing normal tremor from
abnormal tremor or for distinguishing ET from other
forms of action tremor.** The electrophysiologic
demonstration of abnormal motor unit entrainment
is not completely sensitive or specific in identifying
individuals with abnormal tremor; and tremor ampli-
tudes, measured with motion transducers, exhibit sig-
nificant overlap with control values due to natural
variability in tremor amplitude from one moment to
another.**~*8

Since 1993, considerable attention has been paid to
intra-rater and inter-rater reliability and to content
and construct validity of published tremor scales;
however, comparing scales on the basis of intra-rater
and inter-rater reliability is difficult, because different
statistical methods (k, weighted k, ICC, Spearman cor-
relation, etc.), patient populations, and examiners
have been used. Many scales have required training to
achieve high intra-rater and inter-rater reliability, but
little attention has been devoted to reliability and gen-
eralizability of the training methods used by the
developers.

Sensitivity to change (responsiveness) has received
relatively little attention in the development of all
tremor scales, but responsiveness is an essential issue
in comparing one scale with another.”*’ We consid-
ered that the requirement of being sensitive to change
was met if it had been demonstrated that a scale was
sensitive to the effects of a therapeutic intervention or
disease progression. However, no scale has been
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subjected to a full evaluation of sensitivity to change.
Test-retest reliability is lacking for many scales, and
estimates of minimum detectable change and mini-
mum clinically significant change are needed for all
tremor scales.

Test-retest reliability is the consistency of a measure
from one time to another and is influenced by variabili-
ty in rater performance and patient performance (eg, a
patient’s tremor). Test-retest reliability and intra-rater
reliability often are used interchangeably; however,
strictly speaking, intra-rater reliability is the consistency
of a rater in repeatedly measuring one instance of a
variable (eg, a video of a patient’s tremor).>® Thus, test-
retest reliability can be less than perfect even if intra-
rater reliability is perfect. Hence, measurements of
tremor with motion transducers will not have perfect
test-retest reliability, even though rater performance is
not an issue.’” Better test-retest reliability results in
greater statistical power (lower sample size requirement)
and in smaller standard error of measurement and mini-
mum detectable change.®” More estimates of test-retest
reliability and minimum detectable change’ are needed
for all tremor scales using patients with a full range of
tremor severity. Statistical power and minimum detecta-
ble change can vary, depending on the range of scores
at baseline,””>! and the responsiveness of rating scales
for a particular disorder can vary considerably, despite
comparable reliability.*’

Finally, we did not identify a need for the MDS to
sponsor the development of a new scale. However,
many of the existing scales are in need of additional
psychometric validation, with particular emphasis on
test-retest reliability and sensitivity to change. Further-
more, most of the scales have not been validated in
languages other than English or in pediatric popula-
tions, and the validity of existing scales for rare
tremor disorders (eg, Holmes tremor, orthostatic
tremor) is unknown. @
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