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ABSTRACT

Musician’s dystonia (MD) is a focal adult-onset dystonia most commonly involving the hand.
It has much greater relative prevalence than non-musician’s focal hand dystonias, exhibits task
specificity at the level of specific musical passages, and is a particularly difficult form of dystonia
to treat. For most MD patients, the diagnosis confirms the end of their music performance
careers. Research on treatments and pathophysiology is contingent upon measures of motor
function abnormalities. In this review, we comprehensively survey the literature to identify the
rating scales used in MD and the distribution of their use. We also summarize the extent to which
the scales have been evaluated for their clinical utility, including reliability, validity, sensitivity,
specificity to MD, and practicality for a clinical setting. Out of 135 publications, almost half (62)
included no quantitative measures of motor function. The remaining 73 studies used a variety of
choices from among 10 major rating scales. Most used subjective scales involving either patient
or clinician ratings. Only 25% (18) of the studies used objective scales. None of the scales has
been completely and rigorously evaluated for clinical utility. Whether studies involved treatments
or pathophysiologic assays, there was a heterogeneous choice of rating scales used with no clear
standard. As a result, the collective interpretive value of those studies is limited because the
results are confounded by measurement effects. We suggest that the development and wide-
spread adoption of a new clinically useful rating scale is critical for accelerating basic and clinical
research in MD. Neurology! 2013;81:1–10

GLOSSARY
ADDS5 Arm Dystonia Disability Scale; DES5Dystonia Evaluation Scale; FAM5 Frequency of Abnormal Movements scale;
FHD5 focal hand dystonia; FM5 Fahn-Marsden scale; GDS5Global Dystonia Rating Scale; IOI5 interonset interval;MD5
musician’s dystonia; MIDI 5 Musical Instrument Digital Interface; sdIOI 5 SD of interonset intervals; TCS 5 Tubiana and
Chamagne Scale; TRE 5 Test Repertoire Evaluation; UDRS 5 Unified Dystonia Rating Scale; VAS 5 visual analog scale.

Musician’s dystonia (MD) is a focal task-specific movement disorder involving impaired vol-
untary motor control during extensively trained movements while a musician is playing the
instrument.1 It has been documented for almost every instrument and in several body regions,
including the embouchure.2 Yet the overwhelming majority of patients with MD have focal
hand dystonia (FHD). MD is often described in conjunction with the writer’s cramp form of
FHD, and therefore sometimes is referred to as “musician’s cramp.”However, the term “cramp”
can be misleading as MD rarely involves pain or the maximum intensity contractions associated
with cramps.3,4 MD is the most common movement disorder affecting musicians.5 Although
prevalence estimates for FHD vary widely, depending on the study and geographic scope,6

approximately 1% of musicians develop FHD, a rate about 10 times greater than for nonmusicians.7

MD is usually associated with loss of fine control and coordination, most commonly in het-
erogeneous subsets of digits 2–5.5,8–10 The relative amount of excessive finger flexion or exten-
sion,8,11 as well as which hand is affected, depends on the type of instrument.8 Among the focal
dystonias, MD exhibits some of the most exquisite task specificity. In many cases, symptoms
appear only while playing the instrument and only in specific passages of specific pieces.12
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Symptoms are most likely to occur during per-
formance of rapid, alternating, descending, or
ascending patterns.

Disease onset usually occurs at the peak of
careers.11,13 Among performance-related med-
ical problems in professional musicians, MD is
the most likely to lead to long-term disability,
with up to 62% of affected patients unable to
continue their performance careers.14 The
clinical management of MD has not improved
much over the past 2 decades.15 It remains one
of the primary challenges in musician’s medi-
cine16–18 and is a particularly difficult form
of dystonia to treat.5,16 Anticholinergics are
frequently not helpful. Botulinum toxin injec-
tions exhibit some efficacy but also several lim-
iting adverse side effects,5,8,19 particularly when
lateral finger movements are an important part
of the motor repertoire. In cases of comorbid
ulnar neuropathy, surgical release procedures
have shown mixed efficacy for the dystonia
symptoms.10,20 Many types of physical therapy
have been tried. Although considered useful
by some,21 they usually require months or even
years22 of therapy, attain varied levels of com-
pliance, and exhibit benefits that are mixed and
sometimes transient. Most patients are unable
to achieve premorbid levels of ability.8,11

The whole spectrum of research on
MD—from basic pathophysiology to clinical
management—depends critically on our abil-
ity to measure the symptoms. Based on the
Dystonia Study Group23 guidelines tailored
for musician’s dystonia,24,25 a clinically useful
rating scale for MD should be 1) reliable and
valid, 2) sensitive to change, 3) specifically
designed to measure MD, and 4) practical in
a clinical setting. If rating scales have insuffi-
cient clinical utility, and different studies use
different measures, it brings into question the
informative value of those studies. The aim of
the present study was to comprehensively
review rating scales and their use in studies
of MD. In 2007, Spector and Brandfon-
brener25 published an insightful review of
MD rating scales with inclusion criteria based
on literature search key words, interventional
outcome evaluation, and a minimum of 50%
of the subjects identified as having a diagnosis
of primary MD. That review was based on 7
articles. We used considerably less restrictive

inclusion criteria in the present review cover-
ing 135 articles on MD. We characterized the
scales and their clinimetric evaluation and
assessed the distribution of their use in the lit-
erature, including studies involving various
treatment approaches and pathophysiologic
assays. We did not include disability or quality-
of-life measures but instead focused only on
scales that provide a measure of functional motor
impairment.

METHODS We searched for (dystonia or dystonic syndrome
or dystonic disorder) and (music or musician) in Medline, Web
of Science, PubMed, CINAHL, and Cochrane, including only
English-language articles and excluding meeting abstracts. The
resulting 239 articles were further subdivided into 3 mutually
exclusive groups: studies involving an experimental component
(135), reviews/overviews/editorials with no experimental compo-
nent (66), and other, including studies with no patients with MD
(38). Proceeding with only the experimental articles, we further
divided them into 2 categories of functional motor assessments:
qualitative and quantitative, the latter defined as a study with at
least some quantitative functional motor assessments. Among
the studies involving quantitative measures, we also identified
the rating scales used, the types of treatments involved, and any
assays of pathophysiology. We refer to scales by their individual
names, except in some cases of coherent classes of such measures,
such as visual analog scale (VAS) or kinematics. Spector and
Brandfonbrener’s25 previous review of MD rating scales distin-
guished between rating scales vs automated methods. We treat
the latter as an instance of the former.

The literature distribution is depicted in figure 1A. The num-
ber of articles published in each of the 5-year periods from 1981
to 2010 (figure 1B) increased monotonically for the experimental
and review groups, with the exception of a notable drop from
2001–2005 to 2006–2010 for the experimental group. Of the
experimental articles, almost half (46%) used only qualitative
motor function assessments, with the remaining (54%) using at
least some form of quantitative assessment (figure 1C). Both
categories of publications showed monotonic increases in each
of the 5-year periods from 1981 to 2005, then a decrease in
2006 to 2010. The studies involving only qualitative motor assess-
ments include patient- and clinician-rated observational evaluations.
In every case, by definition of our inclusion criteria, they included
the motor assessment implicit in a clinical diagnosis of MD. Other
qualitative assessments were binary descriptions of whether or not
patients improved or were able to perform again, as well as more
elaborate phenotypic characterizations. The remainder of the analy-
sis focused solely on the quantitative motor function assessments
used in MD, hereafter called rating scales (or simply scales).

RESULTS The rating scales and their clinical evaluation.

The complete list of rating scales, terse descriptions, and
the extent to which their clinical utility has been evalu-
ated with patients with MD is summarized in table 1.
Given the exquisite task specificity often seen in MD,
whether or not scales have been evaluated for construct
validity has been subdivided into 2 main features:
whether or not the musical instrument is used, and
whether or not a symptom-evoking musical passage is
used. Not all of the scales have been evaluated for
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intrarater and interrater reliability with patients with
MD, and most of those that have were evaluated in
only one study.24 Under sensitivity, we conservatively
listed studies that involved a treatment, even if statistical
sensitivity analysis was not a focus of the study. The
efficiency aspect of clinical utility takes into account
whether or not the scales require use of the musical
instrument and other equipment such as video or
motion capture recording.

The scales were divided into 3 mutually exclusive
types: subjective by patient, subjective by clinician,
and objective. The subjective, patient-rated scales
included the VAS and the Dystonia Evaluation Scale
(DES). Several versions of VAS have been used in
MD, usually including ranges of 2100 to 100 when
rating musical performance improvement while per-
forming short symptom-evoking pieces,43 but also
ranges of 1 to 10,44 and 0 to 6 and 23 to 3 after
translating patient perceptions of impairment and
change in performance, respectively.26 The DES27,28

is a rating of performance during movement exercises
and symptom-evoking passages on an ordinal scale.
Other studies using unspecified scales include

continuous patient ratings of performance as a percent-
age of premorbid ability3,33,45,46 and ordinal scales
involving questionnaires of treatment response,47

amount of weakness post botulinum toxin injections,48

and performance abilities before and after treatments.46

The subjective, clinician-rated type of scales com-
prised 6 named rating scales. For the sake of brevity,
we include here only brief descriptions of each scale.
More detailed information can be found in appendi-
ces e-1 to e-4 on the Neurology® Web site at www.
neurology.org, in the original references, and for the
Global Dystonia Rating Scale (GDS), UnifiedDystonia
Rating Scale (UDRS), and Fahn-Marsden (FM) scale,
at the Movement Disorder Virtual University Web site
at www.mdvu.org/library/ratingscales/dystonia/. The
FM scale30,31,37 was designed primarily for generalized
dystonia. The movement component covers 7 body
regions, including the arms. For each region, the score
is a product of 2 ordinal factors: symptom frequency
and severity. The scale has nothing specific to digits.
To be more sensitive to focal dystonias of the arm,
Fahn developed the Arm Dystonia Disability Scale
(ADDS).31 It elaborates the FM scale with ordinal

Figure 1 Summary of musician’s dystonia literature and categories of functional motor assessments

(A) Distribution of literature search results. “Reviews” consists of reviews, perspectives, overviews, and pedagogical material. “Other” consists of experi-
mental studies involving no patients with musician’s dystonia. (B) Temporal distribution of experimental and review publication dates, by half-decades. (C)
Among the experimental studies, proportion using qualitative only vs quantitative categories of motor function assessment. (D) Temporal distribution of
quantitative and qualitative experimental study publication dates, by half-decades.
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scoring of motor function difficulty separately in each
of 7 specific activities using the arm, one of which is
playing a musical instrument (see appendix e-1).

The Tubiana and Chamagne Scale (TCS)4,16 is
specific to music performance, but not specific to
the hand. It is an ordinal scale of musical capabilities
(see appendix e-2). The GDS is usually attributed to
the Dystonia Study Group.37 As with the FM scale,
its original application was for a large variety of dys-
tonias, including generalized and segmental forms of
the disease. It uses a Likert-type scale for severity.
Ratings are made for individual body areas, one of
which is the hand and distal arm.

Spector and Brandfonbrener24,25 developed the
Frequency of Abnormal Movements scale (FAM),
motivated by the observation by Candia et al.28 of

common patterns of flexion and extension. Based
on video-recorded performance, individual digits ex-
hibiting abnormal flexion, extension, or adduction
are first identified by observation, then quantified
in terms of symptom frequency by scoring the whole
video. In an adaptation of the FAM, Berque et al.35

have patients perform easy- and medium-difficulty
pieces, and multiplied single protracted abnormal
digit movements by their duration.

de Lisle and colleagues38,39 developed and used a
collection of scales: Test Repertoire Evaluation (TRE),
Visual Evaluation Rating, Scale Quality Evaluation Rat-
ing, and Dystonic Hand Identification Evaluation (see
appendix e-3).

Our strict definition of objective scales as only those
in which human judgment is not central to the scoring

Table 1 Musician’s dystonia rating scales

Type/scale Origin Descriptiona

Clinical utility

Validity Reliability Sensitivity Efficiency

Instrument Passageb Convergentc Intrarater Interrater
Pre/post
treatment

Required
resources

Subjective,
patient-rated

VAS Continuous, 2100:1100%, hand
unusable to healthy

X X 26

DES 199927 0:4, Worst symptoms to healthy X X i 28, 29

Subjective,
clinician-rated

FM 198530 Includes arm, product of 0:4
severity, 0:4 provoking

ii 24 24 24, 26

ADDS 198931 0:3, Scaled with other ADLs 0%
to 100% healthy

X iii 24, 32 24, 32 22, 24,32–35

TCS 199316 0:5, Unable to play to conference
performance

X X 32 32 22, 26, 29, 32,
33, 35, 36

Inst

GDS 200337 Includes distal arm/hand, 0:10,
healthy to severe

UDRS 200337 Like GDS, but 0:4, separate for
severity, duration

FAM 200524 Abnormal digit movements (rate,
or % of time)

X X iv 24, 32,
35

24 24, 32, 35 Inst 1 video

TRE, etc. 200638 1:5, Low to high musical
performance characteristics

X X 38, 39 Inst

Objective

Kinematics 1999d Digit displacement, velocity,
acceleration metrics

e i NA 28, 40 Inst 1f

MIDI-based Scale
Analysis

200434 Velocity, duration, interonset
intervals during scales

X v 34 NA 26, 34, 41, 42 Inst 1 MIDI

Abbreviations: ADDS 5 Arm Dystonia Disability Scale; ADL 5 activities of daily living; DDD 5 Dexterity Displacement Device; DES 5 Dystonia Evaluation
Scale; FAM5 Frequency of Abnormal Movements scale; FM5 Fahn-Marsden scale; GDS5 Global Dystonia Rating Scale; Inst5 instrument; MIDI5Musical
Instrument Digital Interface; NA5 not applicable; TCS5 Tubiana and Chamagne Scale; TRE5 Test Repertoire Evaluation; UDRS5 Unified Dystonia Rating
Scale; VAS 5 visual analog scale.
a Numerical ranges refer to ordinal scales, unless specified otherwise.
bAmenable to use during symptom-evoking part of specific musical composition.
cConvergent validity tests: i DES 1 kinematics (with Dexterity Displacement Device [DDD])28; ii FM 1 FAM24; iii ADDS 1 FAM,24 ADDS 1 MIDI-based Scale
Analysis34; iv FAM 1 FM,24 FAM 1 ADDS24; v MIDI-based Scale Analysis 1 ADDS.34
dDDD27 and 3D motion capture on flute.40
e Instrument used in some cases.
f DDD or motion capture.
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meant that there were only 2 scales of this type: kine-
matics and Musical Instrument Digital Interface
(MIDI)–based Scale Analysis. There are a number of
ways in which one can measure the positions and rela-
tive rotations of digit segments over time to get kine-
matic measures such as velocity and acceleration. Candia
and colleagues developed a Dexterity Displacement
Device27,28,49,50 to measure velocity profiles of digit dis-
placement during metronome-paced movements of
2 fingers on a device that looks like 2 keys on a key-
board. They then evaluated movement smoothness with
the ratio of spectral power in frequency bands near vs
outside of the metronome frequency. Several others
have used kinematic analysis without defining scales
per se, including mean maximum acceleration from fin-
gertip markers on flutists,40 and joint angle dynamics
from a large array of markers on hands, arm, trunk,
and head on various instrumentalists.51

In 2004, Jabusch et al.34 initiated the use of MIDI-
based Scale Analysis for evaluating pianists with MD.
Patients play 10–15 iterations of 2 octaves of the C
major scale in ulnar and radial directions mezzo forte

legato style at a tempo of 8 notes per second. Key press
velocity and timing are recorded through a standard
MIDI interface. Velocity serves as a proxy for loudness,
and key press and release timing provide measures of
tone durations, overlaps, and interonset intervals
(IOIs). The SD of IOIs (sdIOI) was used to quantify
the temporal evenness with which the scales were per-
formed. Because sdIOI provided excellent discrimina-
tion between patients with MD and controls, it has
become the primary outcome measure in subsequent
studies using MIDI-based Scale Analysis.52–54

Rating scale use. The distribution of rating scale use in
theMD literature is shown in figure 2.Most studies use
one rating scale (52/73), with a minority using 3 or 4
scales (7/73). Figure 2B shows the number of studies
using each type of scale. Few studies use more than one
type of scale, and only one study26 uses all 3 types.
There is a broad distribution of use of the individual
scales (figure 2C). The ADDS is the most common
choice. For both the subjective, patient-rated and sub-
jective, clinician-rated types of scales, the other category

Figure 2 Rating scale use within musician’s dystonia literature

Within experimental studies using quantitative motor function assessments, (A) histogram of number of scales used in each study, (B) number of studies
using each type of scale (subjective by patient, subjective by clinician, objective, or combinations thereof), and (C) number of studies using each scale,
grouped by type.
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dominates, suggesting that the distribution depicted
actually understates the heterogeneous use of scales in
MD. Of the studies using quantitative scales, only
26% used an objective scale, or just over 10% of all
the experimental studies surveyed.

Among the 61 studies identifying some form of
treatment, 15 (25%) included only qualitative assess-
ments and 46 (75%) included quantitative assessments.
Among 68 studies involving pathophysiologic assays,
32 (47%) included only qualitative assessments and
36 (53%) included quantitative assessments. Table 2
shows the rating scales used across studies involving
treatment, including, e.g., trihexyphenidyl, botulinum
toxin injections, and various physical therapy and trans-
cranial stimulation protocols.

A similar table (appendix e-6) shows the rating
scales used across studies involving pathophysiologic
assays, including, e.g., somatosensory function, tempo-
ral discrimination thresholds, voxel-based morphome-
try, fMRI, EMG, EEG, evoked potentials/fields,
transcranial magnetic stimulation, nerve conduction
velocity, and genetics. Complete bibliographies for both
tables are provided in appendices e-5 and e-7.

DISCUSSION Quantitative motor function measures in

MD. We comprehensively reviewed the use of rating
scales in studies of MD, characterizing the scales,
their clinimetric evaluation, and the distribution of
their use in the MD literature. MD is an area of grow-
ing interest in movement disorders, as evidenced by
the rapidly growing number of publications over
the past few decades. Curiously, however, the ratio
of publications reporting experimental results to non-
experimental (e.g., review) publications decreased in
the last decade. In fact, in the period 2006–2010,
there were more reviews of MD published than exper-
imental reports. The reason for this is unclear. It may
be a natural compensatory response to an experimental
literature using an increasingly fractionated collection of
motor function measures. Furthermore, almost half
of all published experimental studies have used only
qualitative assessments. In the past decade, the ratio
of quantitative to qualitative motor assessments has
increased. However, these actually underreport the
amount of qualitative assessment of MD, because we
placed studies using both qualitative and quantita-
tive assessments of motor function under the quan-
titative category. Among the quantitative motor
function assessments used in MD studies (table 1
and figure 2C), we describe 12 that we termed scales.
However, 2 of these are collections of either patient- or
clinician-rated subjective ratings, not named as scales
per se. Thus the actual number of distinct quantitative
motor function assessments used in MD is actually
considerably higher, on the order of 20.

Clinical utility.None of the scales has been completely
and rigorously evaluated for MD with respect to the
Dystonia Study Group’s guidelines for a maximally
useful rating scale,25 i.e., reliable and valid, sensitive to
change, practical in a clinical setting, and specifically
tailored to MD. Many of the scales rely on inherently
subjective human evaluation, use ordinal ratings, and
lack digit-level specificity. As a result, they suffer from
interrater variability, lack the sensitivity needed to
compare treatments with roughly similar efficacy,
and cannot represent the usually digit-specific nature
of MD symptoms. Some of the initial dystonia rating
scales were designed for generalized dystonia or focal
forms other than MD. They commonly represent
global impressions, based on clinical observation
but not tailored to task-specific motor impairments.
The FM scale, UDRS, and GDS are meant to cover
the various somatotopic distributions of a wide vari-
ety of focal and generalized dystonias and are not
specific to MD. In the case of the FM scale, abnormal
arm motor function would be diluted in the overall
score by normal function in each of 6 other body
regions. Analogously for the ADDS score, hand
motor function abnormalities limited to musical per-
formance are diluted by normal hand function in
each of 6 other activities. Also, as with other ordinal
scales, treatment outcomes measured with ADDS
have to be interpreted with caution, because, for
example, an incremental improvement from marked
to minor could be viewed as a 33% improvement.
Despite the marked task specificity in MD, only the
TCS, FAM, and TRE scales incorporate a symptom-
evoking performance element, and only a few studies
use these scales.

Lack of standards in MD rating scale use. We are
unaware of any past efforts to unify or standardize
the various rating scales used for MD. Relatively newer
scales tend to be used repeatedly by the same group
and much less so, if at all, by other groups. Interest-
ingly, the UDRS, despite a name suggestive of stan-
dardization, has to our knowledge never been used
with MD. This lack of standards has been visible
before in meta-analyses of paramedical interventions
in MD,55 and is more comprehensively illustrated
in the present analysis. The remarkable sparsity evi-
dent in table 2 highlights the fact that not only do
most studies use only 1 or 2 rating scales, but also that
there is great diversity in the choice of rating scale.
This makes it difficult to dissociate treatment from
measurement effects.23,25 Furthermore, a conjunction
of table 1 (identifying the extent to which scales have
been evaluated for clinical utility) and table 2 (iden-
tifying which studies have used which scales) would
produce a dim picture of the clinical utility of the
studies listed in table 2. Thus it appears that research
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Table 2 Studies involving interventions for musician’s dystonia and associated rating scale usea

Study references Interventions

Subjective

ObjectivePatient Clinician

VAS DES Other FM ADDS TCS GDS UDRS FAM TRE, etc. Other Kinematics
MIDI-based
Scale Analysis

Ackermann 2005 MPPA PT X X

Altenmüller 2011 ISPS PT X

Berque 2010 MPPA PT X X X X

Buttkus 2010b Mov Disord tDCS X X X

Buttkus 2010a Mov Disord PT, tDCS X

Buttkus 2011 Restor Neurol
Neurosci

PT, tDCS X

Byl 1996 J Orthop Sports Phys
Ther

PT X

Byl 2000 J Hand Ther PT X

Byl 2003 APMR PT X

Byl 2009 J Hand Ther PT X

Candia 1999 Lancet PT X X

Candia 2002 APMR PT X X

Candia 2003 PNAS PT X X

Cole 1991 MPPA BTX X

Cole 1995 Mov Disord BTX X

de Lisle 2006 MPPA PT X X

de Lisle 2010 MPPA PT X

Hayes 1996 J Clin Neurosci BTX X

Jabusch 2004 Adv Neurol BTX X

Jabusch 2004b Mov Disord BTX X X

Jabusch 2004a Mov Disord THC X

Jabusch 2005 Mov Disord BTX, PT, Tri X

Jabusch 2011 ISPS BTX, PT, Tri X

Karp 1994 Neurol BTX X X

Kember 1997 Man Ther PT X

Lungu 2011 Mov Disord BTX X X

McKenzie 2009 J Hand Ther PT X

Pesenti 2004 Adv Neurol PT X

Priori 2001 Neurol PT X X X X

Rosenkranz 2005 Brain Vibration X

Rosenkranz 2008 Neurol Vibration X

Rosenkranz 2009 J Neurosci Vibration X X X X

Ross 1997 Muscle Nerve BTX X X

Rosset-Llobet 2011 MPPA PT X

Sakai 2006 MPPA PT X X X

Schabrun 2009 Cereb Cortex NAS X X X

Schuele 2004 Adv Neurol BTX, PT, Tri X

Schuele 2004 Mov Disord BTX, PT, Tri X

Schuele 2005 Neurol BTX X X

Spector 2005 MPPA PT X X X

Continued
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on treatments is aggressively proceeding without suf-
ficient standardized tests of the motor function meas-
ures on which they are based.25 Likewise, in research
on the pathophysiology of MD, the diversity (and in
some cases absence) of quantitative motor function
measures limits the inferences that can be made about
mechanisms of motor dysfunction. In the face of
what are often methodologically sophisticated patho-
physiology measures, this may at first seem paradox-
ical. Yet it may be that the very complexity of some
physiologic measures, often reflected in lengthy
Methods sections in those studies, has inadvertently
relegated motor function measures to a minority role.
Unfortunately, the insufficient attention to motor
function assessment severely limits the interpretive
value of the hard-won physiologic results. We view
the lack of a standard clinically useful rating scale as a
major strategic impediment to progress in MD research.

Recommendations. At present, we recommend using
the ADDS because it is the most widely used and
has been evaluated by multiple independent sources
for reliability. However, the hand assessment should
be reported separately. If centers have the expertise,
we recommend also using the FAM and, in cases
where the subjects’ symptoms are present on a key-
board and the center has MIDI-compatible equipment,
theMIDI-based Scale Analysis. Although the kinematic
approaches offer the hope of more sensitive measure-
ments, the nature of the current technology and staff
expertise required limit the ease with which they can be
practically used in the clinical setting. In the future, we
advocate development of a new rating scale that unifies
the various benefits of previous scales such as the
MIDI-based Scale Analysis and FAM. MIDI-based

Scale Analysis measures demonstrate high reliability
for patients and healthy controls.34 Although MIDI-
based Scale Analysis has thus far only been implemented
for pianists, with sufficient instrument-specific adapta-
tions, the standard MIDI on which it is based could
facilitate extension to other instruments, as has been
suggested before.5 Although the FAM is not as auto-
mated as MIDI-based analyses, it has 2 important fea-
tures absent in MIDI-based Scale Analysis. First, the
FAM was designed to be instrument-independent from
the outset,24 including use with the guitar.35,45 Second, it
is possible that patients will have developed compensa-
tory strategies that are not apparent in the key sequence,
force, and timing measures of MIDI-based Scale Anal-
ysis, yet represent improper fingering technique.11

A new rating scale for MD that is reliable, valid,
sensitive, and specific to MD is sorely needed.5,25 If
adopted as a standard, it would facilitate more objec-
tive and veridical evaluations of various treatments,
thereby providing a stronger measure of treatment
efficacy in pretreatment/posttreatment assessment
and more precise longitudinal assessment in natural
history studies. It would likewise help inform basic
research into the pathophysiology of MD, in which
interpreting physiologic findings has previously been
confounded by deficiencies in, and a lack of standards
among, our abilities to measure symptoms. The bet-
ter-informed basic research into mechanisms should,
in the long term, translate into new treatment strat-
egies for this most perplexing of movement disorders.

AUTHOR CONTRIBUTIONS
Dr. Peterson: study concept and design, acquisition of data, analysis and
interpretation, manuscript preparation and revision. Mr. Berque: study con-
cept and design, analysis and interpretation, critical revision of the manu-
script for important intellectual content. Dr. Jabusch: study concept and

Table 2 Continued

Study references Interventions

Subjective

ObjectivePatient Clinician

VAS DES Other FM ADDS TCS GDS UDRS FAM TRE, etc. Other Kinematics
MIDI-based
Scale Analysis

Stinear 2004 Hum Mov Sci rTMS X

Tamura 2009 Brain PAS X

Tan 1998 Singapore Med J BTX X

Taub 1999 J Rehabil Res Dev PT X X

Tubiana 2003 MPPA PT X

Turjanski 1996 Clin
Neuropharmacol

BTX X

Abbreviations: ADDS 5 Arm Dystonia Disability Scale; BTX 5 botulinum toxin; DES 5 Dystonia Evaluation Scale; FAM 5 Frequency of Abnormal Move-
ments scale; FM 5 Fahn-Marsden scale; GDS 5 Global Dystonia Rating Scale; MIDI 5 Musical Instrument Digital Interface; NAS 5 nonassociative stim-
ulation (with electrical stimulation); PAS 5 paired associative stimulation (with transcranial magnetic stimulation); PT5 physical therapies (broadly defined);
rTMS 5 repetitive transcranial magnetic stimulation; TCS 5 Tubiana and Chamagne Scale; tDCS 5 transcranial direct current stimulation; THC 5 tetra-
hydrocannabinol; TRE 5 Test Repertoire Evaluation; Tri 5 trihexyphenidyl; UDRS 5 Unified Dystonia Rating Scale; VAS 5 visual analog scale; vibration 5

muscle vibration.
a For full reference list, see supplemental data, appendix e-5.

8 Neurology 81 August 6, 2013

ª 2013 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



design, critical revision of the manuscript for important intellectual content.
Dr. Altenmüller: study concept and design, critical revision of the manuscript
for important intellectual content. Dr. Frucht: study concept and design,
critical revision of the manuscript for important intellectual content.

ACKNOWLEDGEMENT
The authors thank the Dystonia Medical Research Foundation (DMRF)
and the Musicians with Dystonia group for their continuing support of
MD research and advocacy and Karen Heskett, University of California
San Diego Biomedical Library, for help designing our literature search.
Preliminary results for this review were presented at the Musician’s Dys-
tonia Summit, New York, March 2012.

STUDY FUNDING
Funding for this study was provided by the NIH (5T32-MH020002),
NSF (Temporal Dynamics of Learning Center, SBE-0542013, and
Mind, Machines, Motor Control, EFRI-1137279), Benign Essential
Blepharospasm Research Foundation, Dystonia Medical Research Founda-
tion, the German Research Foundation (RA 940/121), and the Dystonia
Coalition (NS065701). The Dystonia Coalition is part of the NIH Rare
Diseases Clinical Research Network and has support from the NIH Office
of Rare Diseases Research and National Institute of Neurological Disorders
and Stroke.

DISCLOSURE
D. Peterson has received funding for travel from the Dystonia Medical
Research Foundation and research support from the Benign Essential
Blepharospasm Research Foundation, NIH (5T32-MH020002), NSF
(Temporal Dynamics of Learning Center, SBE-0542013, and Mind,
Machines, Motor Control, EFRI-1137279), and the Dystonia Coalition
(NS065701). P. Berque reports no disclosures. H.-C. Jabusch is head of
the Institute of Musicians’ Medicine at the Dresden University of Music
Carl Maria von Weber, Dresden, Germany, and is a full professor paid by
the Dresden University of Music Carl Maria von Weber. The Institute of
Musicians’ Medicine has received funding from a private donor without
ties to the medical field and with no economic interests that are in any
way related to the present study. Dr. Jabusch also contributed to a CME
course funded by Merz Pharma GmbH, Germany. E. Altenmüller is
chairman and full professor paid by the University of Music, Drama
and Media, Hannover, Germany. He serves on the editorial boards of
the following journals: Journal of Interdisciplinary Music Studies, Medical
Problems of Performing Artists, Musicae Scientiae, Music and Medicine. He
receives research grants from the German Research Foundation (Al 269/
5-3, Al 269/7-3), from the European Marie Curie Actions, from the
Lichtenberg Scholarship Program of Lower Saxony, and from the Dys-
tonia Medical Research Foundation. He receives royalties from the pub-
lication of the book Music, Motor Control and the Brain (Oxford
University Press, 2006). He received honoraria for teaching courses on
the application of botulinum toxin A by Allergan (Botox), Ipsen Pharma
(Dysport), and Desitin/Merz (Xeomin). S.J. Frucht has received funding
for travel or speaker honoraria from Jazz. Pharmaceuticals, Lundbeck,
Inc., and Merz Pharmaceuticals, LLC; receives publishing royalties for
Movement Disorders Emergencies: Diagnosis and Treatment (Humana
Press, 2005); and serves/has served as a consultant for UCB, Jazz Phar-
maceuticals, Merz Pharmaceuticals, LLC, GE Healthcare, and Allergan,
Inc. Go to Neurology.org for full disclosures.

Received December 14, 2012. Accepted in final form April 22, 2013.

REFERENCES
1. Altenmüller E, Baur V, Hofmann A, Lim VK, Jabusch HC.

Musician’s cramp as manifestation of maladaptive brain plas-
ticity: arguments from instrumental differences. Ann NY
Acad Sci 2012;1252:259–265.

2. Frucht SJ, Fahn S, Greene PE, et al. The natural history of
embouchure dystonia. Mov Disord 2001;16:899–906.

3. Pesenti A, Barbieri S, Priori A. Limb immobilization for

occupational dystonia: a possible alternative treatment for

selected patients. Adv Neurol 2004;94:247–254.
4. Tubiana R. Musician’s focal dystonia. In: Tubiana R,

Amadio PC, eds. Medical Problems of the Instrumentalist

Musician. London: Martin Dunitz; Distributed in the

U.S. by Blackwell Science; 2000:329–342.
5. Jankovic J, Ashoori A. Movement disorders in musicians.

Mov Disord 2008;23:1957–1965.
6. Torres-Russotto D, Perlmutter JS. Task-specific dystonias:

a review. Ann NY Acad Sci 2008;1142:179–199.
7. Altenmüller E. Focal dystonia: advances in brain imaging

and understanding of fine motor control in musicians.

Hand Clin 2003;19:523–538.
8. Frucht SJ. Focal task-specific dystonia of the musicians’

hand-a practical approach for the clinician. J Hand Ther

2009;22:136–142.
9. Jankovic J, Shale H. Dystonia in musicians. Semin Neurol

1989;9:131–135.
10. Charness ME, Ross MH, Shefner JM. Ulnar neuropathy

and dystonic flexion of the fourth and fifth digits: clinical

correlation in musicians. Muscle Nerve 1996;19:431–437.
11. Conti AM, Pullman S, Frucht SJ. The hand that has for-

gotten its cunning: lessons from musicians’ hand dystonia.

Mov Disord 2008;23:1398–1406.
12. Tubiana R. Musician’s focal dystonia. Hand Clin 2003;

19:303–308.
13. Schuele S, Lederman RJ. Long-term outcome of focal dys-

tonia in string instrumentalists. Mov Disord 2004;19:43–48.
14. Schuele SU, Lederman RJ. Occupational disorders in

instrumental musicians. Med Probl Perform Art 2004;

19:123–128.
15. Lederman RJ. Neuromuscular problems in musicians.

Neurologist 2002;8:163–174.
16. Tubiana R, Chamagne P. Medical professional problems

of the upper-limb on musicians. Bull Acad Natl Med

1993;177:203–216.
17. Rosset-Llobet J, Candia V, Molas SFI, Cubells D, Pascual-

Leone A. The challenge of diagnosing focal hand dystonia

in musicians. Eur J Neurol 2009;16:864–869.
18. Jabusch HC, Altenmüller E. Epidemiology, phenomenol-

ogy, and therapy of musician’s cramp. In: Altenmüller E,

Kesselring J, Wiesendanger M, eds. Music, Motor Control

and the Brain. Oxford: Oxford University Press; 2006:

265–282.
19. Zeuner KE, Molloy FM. Abnormal reorganization in focal

hand dystonia - sensory and motor training programs to

retrain cortical function. NeuroRehabilitation 2008;23:

43–53.
20. Lederman RJ. Neuromuscular and musculoskeletal prob-

lems in instrumental musicians. Muscle Nerve 2003;27:

549–561.
21. Lederman RJ. Embouchure problems in brass instrumen-

talists. Med Probl Perform Art 2001;16:53–57.
22. Sakai N. Slow down exercise for the treatment of focal

hand dystonia in pianists. Med Probl Perform Art 2006;

21:25–28.
23. Group DS. Rating scales for dystonia: assessment of reli-

ability of three scales. Adv Neurol 2004;94:329–336.
24. Spector JT, Brandfonbrener AG. A new method for quanti-

fication of musician’s dystonia: the frequency of abnormal

movements scale. Med Probl Perform Art 2005;20:157–162.

Neurology 81 August 6, 2013 9

ª 2013 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/


25. Spector JT, Brandfonbrener AG. Methods of evaluation of
musician’s dystonia: critique of measurement tools. Mov
Disord 2007;22:309–312.

26. Rosenkranz K, Butler K, Williamon A, Rothwell JC. Regain-
ing motor control in musician’s dystonia by restoring senso-
rimotor organization. J Neurosci 2009;29:14627–14636.

27. Candia V, Elbert T, Altenmüller E, Rau H, Schafer T,
Taub E. Constraint-induced movement therapy for focal
hand dystonia in musicians. Lancet 1999;353:42.

28. Candia V, Schafer T, Taub E, et al. Sensory motor retuning:
a behavioral treatment for focal hand dystonia of pianists and
guitarists. Arch Phys Med Rehabil 2002;83:1342–1348.

29. Ackermann BJ, Adams R. Finger movement discrimination
in focal hand dystonia: case study of a cellist. Med Probl
Perform Art 2005;20:77–81.

30. Burke RE, Fahn S, Marsden CD, Bressman SB,
Moskowitz C, Friedman J. Validity and reliability of a
rating-scale for the primary torsion dystonias. Neurology
1985;35:73–77.

31. Fahn S. Assessment of the primary dystonias. In: Munsat TL,
ed. Quantification of Neurologic Deficit. Oxford: Butter-
worths; 1989:241–270.

32. Berque P, Gray H, McFadyen A. A combination of
constraint-induced therapy and motor control retraining
in the treatment of focal hand dystonia in musicians: a
long-term follow-up study. Med Probl Perform Art 2013;
28:34–47.

33. Priori A, Pesenti A, Cappellari A, Scarlato G, Barbieri S.
Limb immobilization for the treatment of focal occupa-
tional dystonia. Neurology 2001;57:405–409.

34. Jabusch HC, Vauth H, Altenmüller E. Quantification of
focal dystonia in pianists using scale analysis. Mov Disord
2004;19:171–180.

35. Berque P, Gray H, Harkness C, McFadyen A. A combi-
nation of constraint-induced therapy and motor control
retraining in the treatment of focal hand dystonia in
musicians. Med Probl Perform Art 2010;25:149–161.

36. Tubiana R. Prolonged neuromuscular rehabilitation for
musician’s focal dystonia. Med Probl Perform Art 2003;
18:166–169.

37. Comella CL, Leurgans S, Wuu J, Stebbins GT, Chmura T.
Rating scales for dystonia: a multicenter assessment. Mov
Disord 2003;18:303–312.

38. de Lisle R, Speedy DB, Thompson JMD, Maurice DG.
Effects of pianism retraining on three pianists with focal
dystonia. Med Probl Perform Art 2006;21:105–111.

39. de Lisle R, Speedy DB, Thompson JMD. Pianism retrain-
ing via video conferencing as a means of assisting recovery
from focal dystonia a case study. Med Probl Perform Art
2010;25:126–129.

40. Jabusch HC, Altenmüller E. Three-dimensional move-
ment analysis as a promising tool for treatment evaluation
of musicians’ dystonia. Adv Neurol 2004;94:239–245.

41. Jabusch HC, Schneider U, Altenmüller E. Delta 9-
tetrahydrocannabinol improves motor control in a patient
with musician’s dystonia. Mov Disord 2004;19:990–991.

42. Buttkus F, Baur V, Jabusch HC, Paulus W, Nitsche MA,
Altenmüller E. Retraining and transcranial direct current
stimulation in musician’s dystonia: a case report. Mov
Disord 2010;25:1758–1760.

43. Pesenti A, Priori A, Scarlato G, Barbieri S. Transient
improvement induced by motor fatigue in focal occupa-
tional dystonia: the handgrip test. Mov Disord 2001;16:
1143–1147.

44. Cole R, Hallett M, Cohen LG. Double-blind trial of bot-
ulinum toxin for treatment of focal hand dystonia. Mov
Disord 1995;10:466–471.

45. Buttkus F, Weidenmüller M, Schneider S, et al. Failure
of cathodal direct current stimulation to improve fine
motor control in musician’s dystonia. Mov Disord 2010;25:
389–393.

46. Schuele S, Jabusch HC, Lederman RJ, Altenmüller E.
Botulinum toxin injections in the treatment of musician’s
dystonia. Neurology 2005;64:341–343.

47. Jabusch HC, Zschucke D, Schmidt A, Schuele S,
Altenmüller E. Focal dystonia in musicians: treatment
strategies and long-term outcome in 144 patients. Mov
Disord 2005;20:1623–1626.

48. Lungu C, Karp BI, Alter K, Zolbrod R, Hallett M. Long-
term follow-up of botulinum toxin therapy for focal hand
dystonia: outcome at 10 years or more. Mov Disord 2011;
26:750–753.

49. Candia V, Wienbruch C, Elbert T, Rockstroh B, Ray W.
Effective behavioral treatment of focal hand dystonia in
musicians alters somatosensory cortical organization. Proc
Natl Acad Sci USA 2003;100:7942–7946.

50. Taub E, Uswatte G, Pidikiti R. Constraint-induced move-
ment therapy: a new family of techniques with broad appli-
cation to physical rehabilitation: a clinical review. J Rehabil
Res Dev 1999;36:237–251.

51. Ferrarin M, Rabuffetti M, Ramella M, Osio M, Mailland E,
Converti RM. Does instrumented movement analysis alter,
objectively confirm, or not affect clinical decision-making in
musicians with focal dystonia? Med Probl Perform Art 2008;
23:99–106.

52. Granert O, Peller M, Jabusch HC, Altenmüller E,
Siebner HR. Sensorimotor skills and focal dystonia are
linked to putaminal grey-matter volume in pianists.
J Neurol Neurosurg Psychiatry 2011;82:1225–1231.

53. Jabusch HC, Alpers H, Kopiez R, Vauth H, Altenmüller E.
The influence of practice on the development of motor skills
in pianists: a longitudinal study in a selected motor task. Hum
Mov Sci 2009;28:74–84.

54. Ruiz MH, Strubing F, Jabusch HC, Altenmüller E. EEG
oscillatory patterns are associated with error prediction
during music performance and are altered in musician’s
dystonia. Neuroimage 2011;55:1791–1803.

55. Delnooz CCS, Horstink MWIM, Tijssen MA, van de
Warrenburg BPC. Paramedical treatment in primary dys-
tonia: a systematic review. Mov Disord 2009;24:2187–
2198.

10 Neurology 81 August 6, 2013

ª 2013 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



Appendix e-1:  Arm Dystonia Disability Scale (ADDS) 
 
 
 
The Arm Dystonia Disability Scale (ADDS) is designed to quantify disability on a scale 
of 0-100%, with 100% indicating no disability.  It is calculated as follows [Adapted, with 
permission, from Fahn1, Appendix 19-E, “A Scale for Assessing Arm Dystonia”]: 
 

100% = Unaware of any difficulty 
95% = Aware of some finger, hand, or arm movements; some annoyance but no 

limitations of activities 
90% = Socially affected, but otherwise completely independent and no limitation 

of activities because of arm dystonia 
 
If there are limitations of functional activities, the following section is completed.  For 
each activity in the list below, score the difficulty of performing it as follows: 
 

Score Difficulty of performing 
0 None (or not applicable, i.e. patient does not perform activity)  
1 Mild  
2 Moderate 
3 Marked 

 
Score Activity 

 Writing  
 Playing a musical instrument 
 Buttoning 
 Handling utensils and feeding 
 Hygiene (e.g. shaving, brushing teeth) 
 Grasping objects 
 Housework or outside job (note 1) 
 TOTAL 

 
Then the final score is reduced by this amount proportional to the maximum possible, 
i.e.: 
 
Final score = 90% - [90% x (total score / 21)] 
 
 
Notes 
 

(1) In the original Fahn chapter, the performance difficulty options for this activity are listed as 
“uncomfortable but no limitation”, “difficulty working because of arm dystonia”, and “not able to 
work because of arm dystonia” instead of “mild”, “moderate”, and “marked”, respectively.  Also, 
the score options are listed as “1”, “2”, and “2”, which we suspect may have been a typographical 
error. 

 



ADDS usage notes 
 
Variations 
 
Walter et al.2 use slight variations on the wording for three of the seven tasks: 
 

“eating” (instead of "handling utensils and feeding") 
“shaving/teeth brushing” (instead of "hygiene (eg. shaving, brushing teeth)") 
“gardening” (instead of "housework or outside job") 

 
Score conventions 
 
In some uses of the ADDS2-8, the scores are given not in the canonical 0-100% ability 
range, but in a 0-3 range. 
 
Scale nomenclature 
 
In some studies that appear to be using the ADDS, the scale is not referred to as such, 
but instead it is variously referred to as: 
 

"Fahn Arm Dystonia Scale" Stinear 2004 EBR9 
"Fahn dystonia disability scale" Garraux 2004 Ann Neurol10 
"Fahn dystonia scale" Zeuner 2005 Mov Dis11 
"severity from Fahn" Lim 2003 Mov Dis12 
“severity scale” Wu 2010 JNNP13 
“Global Disability Score” Schmidt 2006 Neurol7 

 
We suspect that, at least in some cases, the variability in scale nomenclature arises 
because the Fahn chapter1 from the Munsat 1989 book serves as a classic reference 
not only for the ADDS but also for the Fahn-Marsden (FM) scale. 
 
Scale administration 
 
In the original description of the ADDS1, it indicates that “the patients should check the 
(activities) that apply”.  This is consistent with the original description of the FM scale14, 
which served as the basis for the ADDS.  Thus it appears that the ADDS was originally 
intended to be patient-rated, and this appears to be the case for at least some MD 
studies using the ADDS2, 15, 16.  However, several MD studies report a clinician-rated 
use of the ADDS3-5, 17, 18, and the distinction remains vague in many MD studies6, 7, 9, 10, 

12, 13, 19, 20.  We suspect that the ambiguity in how the ADDS is administered arises at 
least partly because, in some cases, the data is acquired by clinicians asking the 
patients verbally. 
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Appendix e-2:  Tubiana and Chamagne Scale (TCS) 
 
The Tubiana and Chamagne Scale (TCS) was originally described in French1 and is 
referred to in the chapter on Musician’s focal dystonia in Tubiana’s 2000 English-
language book2. It is used to rate musical capability, agnostic to the instrument and 
peripheral apparatus that is affected but alluding to focal hand dystonia (see description 
for Score = 2).  Because the original setting emphasized therapeutic intervention, the 
“Score” is sometimes referred to as “Stage”. The most commonly used2-6 version is 
given below: 
 

Score Music performance capability 
0 Unable to play (note 1)  
1 Plays several notes but stops because of blockage or lack of facility 
2 Plays short sequences without rapidity and with unsteady fingering 
3 Plays easy pieces but is unable to perform more technically challenging 

pieces 
4 Plays almost normally; difficult passages are avoided for fear of motor 

problems 
5 Returns to concert performances 

 
 
[Adapted, with permission, from Table 2 in Tubiana3] 
 
Notes 
 

(1) Although not included in the Table 2 in Tubiana3, Tubiana hints at including this element by 
referring to the scale as a 6-point scale, and it is included in other studies4-8, including their own9. 

 
 
TCS usage notes 
 
Variations 
 
In some studies, investigators have used variations on the descriptions of the music 
performance capabilities in the TCS [Lie-Nemeth 2006 Phys Med Rehabil Clin N Am; 
Rosenkranz 2009 J Neurosci]: 
 

Score Music performance capability 
0 Unable to play 
1 Plays several notes but stops because of blockage or lack of facility 
2 Plays short sequences without rapidity and with unsteady fingering 
3 Plays easy pieces with restriction. Rapid sequences stir up motor problems 
4 Nearly normal playing but avoids technically difficult passages for fear of motor 

problems 
5 Normal playing, returns to concert performances 

 
 



Even the original authors use a slight variation of their canonical descriptions of the 
performance capabilities in one publication [Tubiana 2003 MPPA]: 
 

Score Music performance capability 
0 Unable to produce several notes 
1 Several notes, then blockage 
2 Short sequences with unsteady fingering 
3 Cannot execute certain elements 
4 Plays without normal speed 
5 Return to concert performance 
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Appendix e-3:  de Lisle’s Rating Scales for Dystonia Severity 
 
 
De Lisle1 developed a collection of scales designed for use by independent raters 
based on audio and video recordings of the subject.  The independent rater is blinded to 
subject identity and whether the recording was pre- or post-treatment.  The subscales 
include the Scale Quality Evaluation rating (SQE), Test Repertoire Evaluation (TRE), 
Visual Evaluation Rating (VER), and Dystonic Hand Identification Evaluation (DHIE). 
Repertoire segments that evoke symptoms are used for the TRE.  The TRE score is 
based on auditory features of the performance and the VER score on visual features.  
The DHIE is simply a binary judgement by the blinded rater as to whether or not a given 
recording was played with the dystonic hand. The first three subscales are given in 
tabular form below: 
 

Scale Quality Evaluation (SQE) 
Score Description 

1 Scale very uneven in tone and rhythm 
2 Scale almost rhythmically accurate but tone not even 
3 Scale rhythmically accurate but not quite even in tone 
4 Scale rhythmically accurate and even in tone 

 
Test Repertoire Evaluation (TRE) 
Score Description 

1 Blockage evident and playing rhythmically and/or tonally inaccurate 
2 Playing restricted in tempo and/or rhythmic inaccuracies or unsteady 

fingering 
3 Playing rhythmically accurate but not full tempo 
4 Playing in required tempo, even in tone and rhythm but 

without freedom of expression 
5 Playing even in tone and rhythm and showed freedom of 

expression 
 

Visual Evaluation Rating (VER) 
Score Description 

1 Severe problems passing from one note to the next 
2 Involuntary movements visible 
3 Hand noticeably stiff and cramped 
4 Hand adjusted to alignment with the keys 
5 Hand appeared relaxed and able to move with ease 

 
[Adapted, with permission, from Table 1 in de Lisle et al.1] 
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Appendix e-4:  Other subjective scales 
 
 
Other "subjective, clinician-rated" scales that have been used in musician’s dystonia: 
 

1. Haslinger's scale for embouchure dystonia1, in which dystonia and buzzing 
scores are calculated on 1-5 ordinal scale,  

 
2. a Writer's Cramp Rating Scale (WCRS)2 including 2- and 3-level ordinal scales 

for symptom onset latency, tremor, and speed during writing,  
 

3. a large array of sensorimotor measures including elements of the Sensory 
Integration and Praxis Test3, varying slightly in composition from one study to the 
next, by Byl and colleagues (see e.g. Byl et al.4), 

 
4. biomechanical measures such as range of motion5-8, 

 
5. muscle strength, and 

 
6. speed, whether used explicitly as a measure9, 10 or used implicitly during a 

physical therapeutic approach known as slow down exercises11, 12. 
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Ackermann 2005 MPPA somato   X       X               
Bara-Jimenez 1998 Ann Neurol SEP       X                   
Berque 2010 MPPA somato         X X     X   X     
Blood 2004 Ann Neurol fMRI     X                     
Byl 1996 J Back Musculoskelet Rehabil somato                     X     
Byl 1996 J Orthop Sports Phys Ther somato                     X     
Byl 2000 J Hand Ther somato                     X     
Byl 2003 APMR somato, MSI                     X     
Byl 2009 J Hand Ther somato                     X     
Candia 2003 PNAS MSI   X                   X   
Dolberg 2011 Clin Neurophysiol somato, SEF                     X     
Ferrarin 2008 MPPA EMG                       X   
Garraux 2004 Ann Neurol VBM         X                 
Granert 2011 JNNP VBM                         X 
Haslinger 2010 Neurol fMRI                     X     
Kadota 2010 J Neurol fMRI             X             
Lim 2003 J Psychophysiol EEG         X                 
Lim 2003 Mov Disord temp disc         X                 
Lim 2005 Ann NYAS AEP         X                 
McKenzie 2003 Am J Phys Med Rehabil somato, MSI                     X     
McKenzie 2009 J Hand Ther somato                     X     
Merriman 1986 MPPA EMG, NCV                     X     
Rosenkranz 2005 Brain ICF, SICI       X                   
Rosenkranz 2008 Neurol SICI       X                   
Rosenkranz 2009 J Neurosci SICI X     X   X             X 
Ruiz 2009 HBM EMG, MRCP                         X 
Ruiz 2011 Neuroimage EEG                         X 
Schabrun 2009 Cereb Cortex MEP         X           X X   
Schmidt 2006 Neurol genetics       X X                 
Schuele 2004 Mov Disord EMG, NCV     X                     
Stinear 2004 EBR EMG         X                 
Stinear 2004 Hum Mov Sci SICI, SP         X                 
Strubing 2012 Ann NYAS EEG                         X 
Tamura 2009 Brain SEP         X                 
Walter 2012 Neurodegener Dis TCS         X                 
Wu 2010 JNNP fMRI         X                 
	  
Abbreviations: AEP = auditory evoked potential; EEG = electroencephalography; EMG = electromyography; fMRI = functional magnetic 
resonance imaging; ICF = intracortical facilitation; MEP = motor evoked potential; MRCP = motor-related cortical potential; MSI = 
magnetic source imaging; NCV = nerve conduction velocity; SEF = somatosensory evoked field; SEP = somatosensory evoked potential;  
SICI = short-latency intracortical inhibition; somato = somatosensory functions; SP = silent period; TCS = transcranial sonography; temp 
disc = temporal discrimination, including temporal discrimination threshold (TDT); VBM = voxel-based morphometry [See Table 1 for 
scale abbreviations.] For full reference list, see Supplemental Data, Appendix e-6.	  
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