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Botulinum neurotoxins (BoNTs) are used to achieve therapeutic benefit in focal dystonia. An expert panel
recently reviewed published evidence on the efficacy of BoNTs for the treatment of focal dystonias and
produced recommendations for clinical practice. Another panel reviewed the clinimetric properties of
rating scales for dystonia and produced recommendations for current usage and future directions.
Considering that the strength of evidence derives not only from the quality of the study design, but also
from usage of validated outcome measures, we combined the information provided by these two recent
reviews and assessed the appropriateness of the rating instruments used in clinical trials on BoNT
treatment in focal dystonia.

Data sources included all the publications on BoNT treatment for focal dystonias reviewed by the
recent evidence-based analysis. We reviewed all rating instruments used to assess primary and sec-
ondary outcome following BoNT treatment. The publications were allocated into five topics according to
the focal dystonia type reviewed in the meta-analysis: blepharospasm, oromandibular dystonia, cervical
dystonia, upper limb dystonia, and laryngeal dystonia. For each topic, papers were divided, according to
the terminology used in the meta-analysis, into placebo-controlled, active comparator and methodo-
logical or uncontrolled. For each topic we identified the rating tools used in each study class and an-
notated which were the mostly used in each focal dystonia type. Outcome measures included tools
related to motor and non-motor features, such as pain and depression, and functional as well as health-
related quality of life features. Patient- and investigator-reported outcomes were also included. Rating
instruments were classified as recommended, suggested, listed or not included, based on recommen-
dations produced by the rating scale task force. Both primary and secondary outcome measures were
assessed. As a final step we compared current practice, as summarized by the meta-analysis, with the
recommendations of the rating scales panel.

For blepharospasm, three placebo-controlled trials used suggested scales, one active-comparator study
used a recommended scale and three active-comparator studies used suggested scales. For oro-
mandibular dystonia, one placebo-controlled study used a suggested scale. For cervical dystonia, six
placebo-controlled trials used a recommended scale, four active-comparator trials used a recommended
scale and one active-comparator study used a suggested scale. For upper limb and laryngeal dystonia, no
trial used validated instruments.

Appropriately designed studies should be based on recommended rating instruments. Therapeutic trials
not using clinimetrically tested rating measures do not provide sufficient information on efficacy of BONT
treatment, even if the study design is robust. Further research is needed to develop and validate new tools
to assess all types of focal dystonia and to apply them in prospective placebo-controlled clinical trials.

© 2015 Elsevier Ltd. All rights reserved.

Abbreviations: BoNTs, botulinum neurotoxins; DBS, deep brain stimulation;
MOS, medical outcomes study; SF-36, short form 36 questionnaire; TWSTRS, Tor-

1. Introduction

onto western spasmodic torticollis rating scale; VAS, visual analog scale.
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Treatment possibilities for dystonia have greatly expanded in
recent years after the introduction of botulinum neurotoxins
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(BoNTs) and functional surgery (Jinnah and Factor, 2015). BoNTSs are
considered the treatment of choice for most focal and segmental
dystonias. Pallidal deep brain stimulation (DBS) is considered a
good option, particularly for isolated generalized or cervical dys-
tonia, after medication or BoNT have failed (Albanese et al., 2015).

Adequate tools need are determinant to rate improvement or
deterioration after treatment. The evaluation of dystonia requires
validated rating scales that take into account its dynamic condition,
changes in severity depending on the posture assumed and
voluntary action (e.g., task specificity) (Albanese et al., 2011). The
variable nature of dystonia makes the development of rating scales
with robust clinimetric properties a key issue.

Many scales to rate dystonia have been used in published trials,
although they have been validated only in few cases. The clini-
metric properties of rating scales for dystonia have been recently
reviewed to produce recommendations for clinical usage and
future directions (Albanese et al., 2013). Six rating scales haves been
recommended, meaning that they have been applied to patients
with dystonia, have been used by other groups outside the original
developers and have been clinimetrically confirmed. They rate
blepharospasm, cervical dystonia and laryngeal dystonia; by
contrast, no recommended scales are available for other focal
dystonias.

The efficacy of BoNT for the treatment of dystonia has been
recently reassessed (Hallett et al., 2013). This evidence-based re-
view ranked the clinical trials of BoNT treatment for dystonia in
placebo-controlled, active-controlled and methodological or un-
controlled studies. The quality of a study design is considered a
strong indicator of external validity of the collected data, but
measurement tools are also an important variable for robustness of
the collected data as they contribute significantly to objective
outcome assessment, a fundamental feature of high quality clinical
trials (Gross and Johnston, 2009).

We reviewed the primary and secondary outcome measures
implemented by the recently reviewed studies (Hallett et al., 2013)
and verified whether they corresponded with recommendations
set forth by the rating scales task force (Albanese et al., 2013).
Implementation of recommended rating instruments by high
quality studies would provide the strongest possible evidence of
efficacy of BoNTs in focal dystonias. By contrast, implementation of
non-recommended rating tools would weaken even studies with a
methodologically strong design.

2. Materials and methods

We analyzed all the studies reviewed by Hallett and colleagues
(Hallett et al., 2013) for primary and secondary outcome rating
measures of efficacy of BoNT treatment. The publications were
allocated into five topics according to the type of focal dystonia
addressed in the meta-analysis: blepharospasm, oromandibular
dystonia, cervical dystonia, upper limb dystonia, and laryngeal
dystonia. For each topic, papers were divided, according to the
meta-analysis terminology, into placebo-controlled, active
comparator and methodological or uncontrolled. For each topic we
identified the rating instruments used in each study class and an-
notated which were the mostly used for each specific dystonia type.

The scales recommended by the task force are: the Blepharo-
spasm Disability Index, the Cervical dystonia Impact Scale, the
Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS), the
Craniocervical Dystonia Questionnaire (blepharospasm and cervi-
cal dystonia), the Voice Handicap Index and the Vocal Performance
Questionnaire (laryngeal dystonia). The suggested rating scales are:
the Jankovic Rating Scale (blepharospasm), the Blepharospasm
Disability Scale, the Functional Disability Questionnaire (cervical
dystonia), the Tsui Scale (cervical dystonia), the Body Concept Scale

(cervical dystonia), the Oromandibular Dystonia Questionnaire, the
Unified Spasmodic Dysphonia Rating Scale, the Voice Handicap
Index 10, the Voice-Related Quality of Life Scale, the Arm Dystonia
Disability Scale, the Tubiana-Chamagne Score (task-specific dysto-
nia), the Writer's Cramp Rating Scale, the Global Dystonia Rating
Scale and the Unified Dystonia Rating Scale (generalized dystonia).
Other scales were either listed or not included in the recommen-
dation (Albanese et al., 2013).

From the studies reviewed, all outcome rating measures were
identified as potential measures of efficacy for each focal dystonia
considered. Outcome measures could include tools related to motor
function, non-motor features (such as pain and depression), or
functional as well as health-related quality of life features. Patient
and investigator reported outcomes were included. Both primary
and secondary outcome measures were included in the analysis.
Studies not allowing a full analysis of the outcome measures used
or not using a rating instrument to evaluate BoNT efficacy were
excluded.

As a final step we compared the current practice, as evidenced
by the meta-analysis with the recommendations set forth by the
rating scale task force.

3. Results

The meta-analysis included a total of 42 clinical trials: twenty
placebo-controlled, ten active comparator, and twelve methodo-
logical or uncontrolled studies (Hallett et al., 2013). Three studies
that used neurophysiological parameters as efficacy measures were
excluded (Chen et al., 1999; Contarino et al., 2007; Molloy et al.,
2002). All the reviewed studies referred to focal dystonias: ten
dealt with blepharospasm, two with oromandibular dystonia,
thirteen with cervical dystonia, six with limb dystonia, and nine
with laryngeal dystonia.

3.1. Blepharospasm

The efficacy of BoNT for the treatment of blepharospasm was
evaluated in ten clinical trials, including four placebo-controlled
(Girlanda et al., 1996; Jankovic et al., 2011; Jankovic and Orman,
1987; Truong et al., 2008), five active comparator (Nussgens and
Roggenkamper, 1997; Ochudlo et al., 2007; Roggenkamper et al.,
2006; Sampaio et al., 1997; Wabbels et al., 2011) and one meth-
odological study (Boyle et al., 2009).

These trials used fourteen efficacy assessments, including five
rating scales for motor features, eight rating scales for non-motor
and disability features of blepharospasm, and one scale that eval-
uated motor and functional status altogether. Table 1 provides a
detailed description of assessment tools used as primary and sec-
ondary outcome measures. The following motor rating scales were
used: Jankovic rating scale (Jankovic and Orman, 1987) (five clinical
trials); motor subscales of the blepharospasm rating and disability
scales (Lindeboom et al., 1995) (three trials), and a modified version
in one trial (Truong et al., 2008); video rating of dystonia severity
on a global scale in one trial (Jankovic and Orman, 1987); the
Unified dystonia rating scale (Comella et al., 2003) in one trial; and
duration of treatment effect in two trials (Nussgens and
Roggenkamper, 1997). The following non-motor and disability
scales were used: disability subscale of the blepharospasm rating
and disability scale (Lindeboom et al., 1995) in one trial, and a
modified version in another trial (Truong et al., 2008); disability
subscale of the Fahn-Marsden dystonia rating scale (Burke et al.,
1985) in one trial; a subjective disability analog scale in one trial
(Jankovic and Orman, 1987); the blepharospasm disability index
(Jankovic et al., 2009) in three trials; a modified version of the
patient evaluation of global response scale (Roggenkamper et al.,



E Del Sorbo, A. Albanese / Toxicon 107 (2015) 89—97

Table 1
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Rating scales used as outcome measures in studies of BONT treatment for blepharospasm. The number of studies is reported for each study type and outcome measure.

Type of clinical trials (number) Placebo-controlled studies (4)

Active comparator studies (5)

Methodological uncontrolled

studies (1)
Type of efficacy measure Primary Secondary Primary Secondary Primary Secondary
Motor rating
Jankovic rating scale 3 1 1
(Girlanda et al., 1996; (Roggenkamper et al., (Wabbels et al.,
Jankovic et al., 2011; 2006) 2011)
Jankovic and Orman, 1987)
Blepharosmasm rating and dysability scales
Severity rating sub-scale 1 1 1
(Jankovic and Orman, 1987) (Truong et al., (Sampaio et al., 1997)
2008)
Frequency of involuntary movement 1* 1
sub-scale (Truong et al.,  (Sampaio et al., 1997)
2008)
Video-rating of dystonia severityona 1
global scale (Jankovic and Orman, 1987)
Unified dystonia rating scale 1
(Ochudlo et al., 2007)
Duration of treatment effect 1 1
(Nussgens and (Roggenkamper et al.,
Roggenkamper, 1997) 2006)
Non-motor and functional rating
Blepharosmasm rating and dysability 1* 1
scales (Blepharospasm disability sub- (Truong et al., 2008) (Sampaio et al., 1997)
scale)
Fahn-Marsden dystonia rating scale 1
(Jankovic and Orman, 1987)
Disability scale 1
(Jankovic and Orman, 1987)
Blepharospasm disability index 1 1 1
(Jankovic et al., (Wabbels et al., 2011) (Roggenkamper et al.,
2011) 2006)
Patient evaluation of global response 1* 1*
scale (Jankovic et al., (Roggenkamper et al.,
2011) 2006)
Short form 36 questionnaire 1
(Ochudlo et al., 2007)
Montgomery-Asberg depression rating 1
scale (Ochudlo et al., 2007)
Pain, bruising and redness rating scale 1
(Boyle et al.,
2009)

Motor, non-motor and functional rating
Patient global assessment scale

1
(Wabbels et al., 2011)

Abbreviations: *, modified version of the scale.

2006) in two trials; the short form 36 questionnaire (Jenkinson
et al,, 1993) in one trial; the Montgomery-Asberg depression rat-
ing scale (Montgomery and Asberg, 1979) in one trial; the pain,
bruising and redness rating scale in one trial (Boyle et al., 2009).
The patient global assessment scale (Brin et al., 1995) was used in
one trial to assess both motor and disability features.

The most used scales in the reviewed BoNT trials were the
Jankovic rating scale for motor features, the blepharospasm rating
and disability scales and the blepharospasm disability index for
non-motor and disability features. The Jankovic rating scale was
rated as suggested by the MDS task force that recommended the
Blepharospasm Disability Index (Albanese et al., 2013). The Bleph-
arospasm Disability Index was used as a secondary measure in one
controlled trial (Jankovic et al., 2011), as a primary efficacy measure
in one active comparator trial (Wabbels et al., 2011) and as a sec-
ondary efficacy measure in another active comparator trial
(Roggenkamper et al., 2006). The other recommended scale for
rating blepharospasm and cervical dystonia, the Craniocervical
Dystonia Questionnaire (Muller et al., 2004), was not used in any of
the clinical trials reviewed.

3.2. Oromandibular dystonia

The efficacy of BoNT in the treatment of oromandibular dystonia
was evaluated in two placebo-controlled trials (Jankovic and
Orman, 1987; Lee et al., 2010).

Six efficacy rating measures were used in these trials, including
four rating scales to assess motor features and two scales for rating
non-motor and disability features of dystonia. Table 2 provides a
detailed description of assessment tools used as primary and sec-
ondary outcome measures. The following motor rating scales were
used: the Jankovic rating scale; the motor subscale of the blepha-
rospasm rating and disability scales; a video rating of dystonia
severity on a global scale; the bruxism symptom questionnaire (Lee
et al., 2010). The following non-motor and disability scales were
used: the disability subscale of the Fahn-Marsden dystonia rating
scale; a subjective disability analog scale (Jankovic and Orman,
1987).

There was no recommended scale for oromandibular dystonia
and one suggested scale (the oromandibular dystonia question-
naire (Merz et al., 2010)) that was not used in any of the clinical
trials reviewed.
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Table 2

Rating scales used as outcome measures in studies of BoNT treatment for oromandibular dystonia. The number of studies is reported for each study type and outcome measure.

Type of clinical trials (number)

Placebo-controlled (2)

Active comparator (0) Methodological uncontrolled (0)

Type of efficacy measure Primary Secondary Primary Secondary Primary Secondary
Motor rating
Jankovic rating scale 1

(Jankovic and Orman, 1987)

Blepharosmasm rating and dysability scales (Severity rating sub-scale) 1

(Jankovic and Orman, 1987)

Video-rating of dystonia severity on a global scale 1

(Jankovic and Orman, 1987)

Bruxism symptom questionnaire 1

(Lee et al., 2010)

Non-motor and disability rating
Fahn-Marsden dystonia rating scale 1

(Jankovic and Orman, 1987)

Disability scale 1

(Jankovic and Orman, 1987)

3.3. Cervical dystonia

The efficacy of BoNT for the treatment of cervical dystonia was
evaluated in thirteen clinical trials, including eight placebo-
controlled studies, one of which is unpublished (Brashear et al.,
1999; Brin et al., 1999; Comella et al., 2011; Lew et al.,, 1997;
Poewe et al, 1998; Truong et al., 2005, 2010), and five active
comparator studies (Benecke et al, 2005; Brans et al., 1996;
Comella et al, 2005; Odergren et al, 1998; Pappert and
Germanson, 2008).

Eleven efficacy rating measures were used, including four rating
scales to assess motor features, six scales for rating non-motor and
disability features of dystonia, and one scale to assess motor, non-
motor and disability features altogether. Table 3 provides a
detailed description of assessment tools used as primary and sec-
ondary outcome measures. The following motor rating scales were
used: TWSTRS severity scale (Consky et al., 1990) in six trials; the
original Tsui scale (Tsui et al., 1986) in two trials, and the modified
version in one trial (Poewe et al., 1998); visual analog scale for
symptom severity in six trials; investigator and patient global
assessment scales in six trials. The following non-motor and
disability scales were used: TWSTRS-disability scale in six trials;
TWSTRS-pain scale in seven trials; visual analog scale for pain in
nine trials; sickness impact profile (de Bruin et al., 1992) in one
trial; short-form 36 questionnaire in one trial; medical outcomes
study short-form general health scale (Stewart et al., 1988) in one
trial. The TWSTRS total score was used to assess motor, non-motor
and disability features altogether in eight trials.

The most used scales in the reviewed BoNT trials were the
TWSTRS and a visual analog scale for pain. The TWSTRS was rated
as recommended, while the visual analog scale lacked criteria for
inclusion. The TWSTRS total score was used as primary measure in
six placebo controlled (Brashear et al., 1999; Brin et al., 1999;
Comella et al., 2011; Lew et al., 1997; Truong et al., 2005, 2010)
and two active comparator studies (Comella et al., 2005; Pappert
and Germanson, 2008). The TWSTRS motor score was used as
primary measure in one placebo controlled study (Benecke et al.,
2005), and as secondary measure in three placebo-controlled
(Comella et al., 2011; Lew et al., 1997; Truong et al., 2010) and
three active comparator studies (Benecke et al., 2005; Comella
et al, 2005; Pappert and Germanson, 2008). The TWSTRS
disability score was used as primary measure in one active-
comparator study (Brans et al., 1996), and as secondary measure
in three placebo-controlled (Comella et al., 2011; Lew et al., 1997;
Truong et al., 2010) and two active comparator studies (Comella

et al.,, 2005; Pappert and Germanson, 2008). The TWSTRS pain
score was used as secondary measure in three placebo-controlled
(Comella et al., 2011; Lew et al., 1997; Truong et al., 2010) and in
four active comparator studies (Benecke et al., 2005; Brans et al.,
1996; Comella et al., 2005; Pappert and Germanson, 2008).

The other recommended scale for cervical dystonia (the Cervical
Dystonia Impact Scale: CDIP-58 (Cano et al., 2004)) was not used in
the clinical trials reviewed.

3.4. Upper limb dystonia

The efficacy of BoNT for the treatment of upper limb dystonia
was evaluated in six clinical trials, including four placebo-
controlled studies (Cole et al., 1995; Kruisdijk et al., 2007; Tsui
et al., 1993; Yoshimura et al., 1992) and two methodological or
uncontrolled studies (Chen et al., 1999; Geenen et al., 1996).

Ten efficacy-rating measures were used, including nine to assess
motor features and one for rating non-motor and disability features
of dystonia. Table 4 provides a detailed description of the scales
used as primary and secondary outcome measures. The following
motor rating instruments were used: patient's choice to continue
treatment in one trial (Kruisdijk et al., 2007); visual analog scale for
symptom severity in three trials; a symptom severity scale devel-
oped for carpal tunnel syndrome (Atroshi et al., 1997) in one trial;
the writer's cramp rating scale (Wissel et al., 1996) in one trial;
writing speed (Chen et al., 1999) in two trials; custom patient-based
ratings in five trials (Chen et al., 1999; Cole et al., 1995; Geenen
et al, 1996; Tsui et al., 1993; Yoshimura et al., 1992); custom
investigator-based ratings (Chen et al., 1999; Cole et al., 1995;
Yoshimura et al., 1992) in three trials; objective writing measure-
ments (Tsui et al., 1993) in one trial; manual muscle testing scale in
one trial (Cole et al., 1995). A functional scale developed for carpal
tunnel syndrome (Atroshi et al., 1997) was used in one trial.

The most used outcome measures in the reviewed trials were
visual analog scales and patient and investigator rating measures to
quantify symptom severity. The task force did not include such
measures, as they did not fulfill inclusion criteria. Conversely, the
task force rated the Arm dystonia disability scale and the Writer's
cramp rating scale (Fahn, 1989) as suggested for upper limb dys-
tonia: the Writer's cramp rating scale was used as secondary effi-
cacy measure in one placebo-controlled trial (Kruisdijk et al., 2007),
whereas the Arm dystonia disability scale was not used in any of
the reviewed trials.
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Rating scales used as outcome measures in studies of BoNT treatment for cervical dystonia. The number of studies is reported for each study type and outcome measure.

Type of clinical trials
(number)

Placebo-controlled (8)

Active comparator (5)

Methodological
uncontrolled (0)

Type of efficacy measure Primary Secondary Primary Secondary Primary Secondary
TWSTRS total score 6 2
(Brashear et al., 1999; (Comella et al., 2005;
Brin et al., 1999; Pappert and Germanson, 2008)
Comella et al., 2011;
Lew et al., 1997;
Truong et al., 2005;
Truong et al., 2010)
Motor rating
TWSTRS-Severity 3 1 3

scale (Comella et al., 2011;
Lew et al., 1997;
Truong et al., 2010)
Tsui scale 1* 1
(Poewe et al., 1998)
VAS for symptom 5
severity (Brashear et al., 1999;

Brin et al., 1999;
Lew et al., 1997;
Truong et al., 2005;
Truong et al., 2010)
Global assessment 3
(Comella et al., 2011;
Poewe et al., 1998;
Truong et al., 2010)
Non-motor and
disability rating
TWSTRS-Disability scale 3 1
(Comella et al., 2011;
Lew et al.,, 1997;
Truong et al., 2010)
TWSTRS-Pain scale 3
(Comella et al., 2011;
Lew et al., 1997;
Truong et al., 2010)

VAS for pain 1 5
(Poewe et al., 1998) (Brashear et al., 1999;
Brin et al., 1999;
Lew et al., 1997;
Truong et al., 2005;
Truong et al., 2010)

Sickness impact profile 1
(Lew et al., 1997)
SF-36 1

(Truong et al., 2010)
MOS short-form
general health scale

(Benecke et al., 2005)

(Odergren et al., 1998)

(Brans et al., 1996)

(Benecke et al., 2005;

Comella et al., 2005;

Pappert and Germanson, 2008)
1

(Brans et al., 1996)

1

(Pappert and Germanson, 2008)

3

(Benecke et al., 2005;
Comella et al., 2005;
Odergren et al., 1998)

2
(Comella et al., 2005;
Pappert and Germanson, 2008)

4
(Benecke et al., 2005;

Brans et al., 1996;

Comella et al., 2005;

Pappert and Germanson, 2008)
3

(Benecke et al., 2005;
Odergren et al., 1998;

Pappert and Germanson, 2008)

1
(Brans et al., 1996)

Abbreviations: *, modified version of the scale; MOS, medical outcomes study; SF-36, short form 36 questionnaire; TWSTRS, Toronto western spasmodic torticollis rating scale;

VAS, visual analog scale.

3.5. Laryngeal dystonia

The efficacy of BoNT for the treatment of laryngeal dystonia was
evaluated in nine clinical trials, including one placebo-controlled
study (Troung et al., 1991) and eight methodological or uncon-
trolled studies (Adams et al., 1995; Adler et al., 2004; Bielamowicz
et al., 2001; Bielamowicz and Ludlow, 2000; Finnegan et al., 1999;
Ludlow et al., 1988; Warrick et al., 2000; Wong et al., 1995).

Eleven types of efficacy rating measures were used to assess
motor features of laryngeal dystonia. Non-motor and disability
features were not rated in these trials. Table 5 provides a detailed
description of the assessment tools used as primary and secondary
outcome measures. The following motor rating tools were used:
different sound spectrograms in two trials; different investigator-
designed speech rating scales in six trials; different types of
patient-rated speech scales in four trials; investigator-rating of
abduction impairment on trans-nasal optic fiber examinations in

one ftrial (Bielamowicz et al, 2001); voice breaks counts
(Bielamowicz et al., 2001) in two trials; investigator-rated visual
analog scales for assessing acoustic parameters and nasophar-
yngoscopic parameters were used in one trial each; a patient-rated
visual analog scale for speech symptoms was used in two trials;
acoustic and aerodynamic measures were used in four trials.

None of these measures met inclusion criteria of the rating scale
task force that conversely recommended the Voice handicap Index
and the Vocal performance questionnaire as generic voice scales
and suggested the Unified spasmodic dysphonia rating scale and
the voice related quality of life scale. These instruments were not
used in the reviewed studies.

4. Discussion

We analyzed all the rating instruments used by the studies
included in a recent meta-analysis on BoNT treatment for focal
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Rating scales used as outcome measures in studies of BoNT treatment for upper limb dystonia. The number of studies is reported for each study type and outcome measure.

Type of clinical trials (number)

Placebo-controlled (4)

Active comparator (0)

Methodological uncontrolled (2)

Type of efficacy measure Primary Secondary Primary Secondary Primary Secondary
Motor rating
Patient's choice to 1
continue treatment (Kruisdijk et al., 2007)
VAS for symptom severity 1 1 1
(Cole et al., 1995) (Kruisdijk et al., 2007) (Chen et al., 1999)

Symptom severity scale 1

(Kruisdijk et al., 2007)
Writer's cramp rating scale 1

(Kruisdijk et al., 2007)
Writing speed 1 1

(Kruisdijk et al., 2007) (Chen et al., 1999)
Patient rating 3 2

Videotape investigator
rating

Objective writing
measurements

Manual muscle testing
scale

Non-motor and disability
rating

Functional status scale

(Cole et al., 1995;

Tsui et al.,, 1993;
Yoshimura et al., 1992)
2

(Cole et al., 1995;
Yoshimura et al., 1992)
1

(Tsui et al., 1993)

1

(Cole et al., 1995)

1
(Kruisdijk et al., 2007)

(Chen et al., 1999;
Geenen et al., 1996)

1
(Chen et al., 1999)

dystonias and evaluated whether the measures implemented in
such studies tallied with recommendations provided by the task
force on dystonia rating scale (see Fig. 1). It emerged that the rating
scales recommended by the task force were only used in studies on
cervical dystonia and blepharospasm. For cervical dystonia, alone

Table 5

there was a robust fitting of a recommended scale (the TWSTRS
scale) with a placebo-controlled study design (six trials). The same
scale was used also in four active-comparator studies for cervical
dystonia. A less robust fitting was observed in blepharospams
studies, where three placebo-controlled trials used suggested

Rating scales used as outcome measures in studies of BoNT treatment for laryngeal dystonia. The number of studies is reported for each study type and outcome measure.

Type of clinical trials (number) Placebo-controlled (1)

Active comparator (0)

Methodological uncontrolled (8)

Type of efficacy measure Primary Secondary  Primary Secondary Primary Secondary
Motor rating
Sound spectrograms 1 1
ratings by investigator (Troung et al., 1991) (Ludlow et al., 1988)
Speech rating scales by 1 4 1
investigator (Troung et al., 1991) (Adams et al., 1995; (Adler et al., 2004)

Speech rating scales by patient 1
(Troung et al.,, 1991)

Voice analysis of acoustic 1

parameters (Troung et al.,, 1991)
Investigator rating of abduction

impairment on transnasal

fiberoptic examinations
Voice breaks counts

VAS for acoustic parameters
investigator-rated
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Fig. 1. The strength of studies reviewed is charted against the robustness of the rating
instruments adopted in the studies. Each bubble represents a focal dystonia type, with
size indicating the number of studies (blepharospasm: 9; oromandibular dystonia: 2;
cervical dystonia: 12; upper limb dystonia: 6; laryngeal dystonia: 9). The best com-
bination is provided by cervical dystonia, followed by blepharospasm. Oromandibular
dystonia has been the object of high quality trials that have used listed rating scales.
The combination is largely insufficient for upper limb and laryngeal dystonia although
the number of studies is appreciable.

scales and one active-comparator study used a recommended scale.
Furthermore, one placebo-controlled study on oromandibular
dystonia used a suggested scale. By contrast, the evidence collected
on upper limb and laryngeal dystonia was based on the use of non-
recommended outcome measures.

Strength of evidence derives not only from the quality of a study
design, but also from usage of validated outcomes. Class I studies
are randomized trials of the intervention of interest with pre-
defined masked or objective outcome assessment in a representa-
tive population (Gross and Johnston, 2009). The methodology of
randomized clinical trials has been studied extensively, and
guidelines on performing and reporting of these trials are available.
The widely used CONSORT checklist requires clearly defined pri-
mary and secondary outcome measures, but does not consider
whether the rating tools are clinimetrically validated and recom-
mended (Moher et al., 2001). The study methodology is less well
formalized for observational studies that are considered to provide
weaker evidence. For the implementation of treatment strategies,
not only the type of study (randomized controlled or observational)
but also the methodological development of the rating instrument
should be considered.

Identification of a suitable measure of a clinical outcome for an
efficacy study is a process in which various aspects of the nature of
the disease or condition under study should be considered along
with sources of information by which the required evidence may be
feasibly and reliably obtained. The choice of an outcome measure
may follow directly from the expected biological mechanism of
action of the intervention under study and its impact on the specific
medical condition. In all the studies reviewed BoNT treatment was
considered to provide only a symptomatic relief of dystonia,
although — particularly when treatments are repeated — BoNT may
as well influence the pathophysiology of dystonia (Kanovsky and
Rosales, 2011).

The selection of clinical outcome measures may be challenging
when there are many clinical aspects that could be of interest, and a
single measure or scale may not adequately capture the perspective
of the clinician and patient. For example, in evaluating BoNT
treatment for patients with upper limb dystonia, writing speed,
rather that dystonia rating, was measured in two studies (Chen
et al, 1999; Kruisdijk et al, 2007). The clinical value of this

measure may be intuitive, although it is not necessarily an indicator
of dystonia improvement following treatment. In addition, we also
observed the implementation of many subjective clinical assess-
ments, particularly for rating upper limb and laryngeal dystonia,
which are a significant source of unwanted variability.

Precise and meaningful measures of improvement or deterio-
ration in symptoms are important in order to evaluate the patient's
disease state and the effects of a treatment. In order to be useful
rating instruments should meet rigorous scientific standards,
including clinimetric evaluations of reliability, validity, and
responsiveness (Aaronson et al., 2002). Reliability is an important
property of a rating scale, essential to establish that any changes
observed in patient groups are due to the treatment and not to
problems in the scale (Fitzpatrick et al., 1998). Validity is the extent
to which a scale measures what it intends to measure (Messick,
1995). Finally, if a scale is used to evaluate the effects of an inter-
vention (e.g., BONT treatment), responsiveness, i.e. the ability of a
measure to detect significant change over time, needs to be eval-
uated (Deyo et al., 1991). If appropriately designed studies do not
use adequate rating instruments, they fail to provide significant
information on efficacy of the treatment tested.

Assessment of dystonia is not easy. Rating scales developed for
different focal forms show remarkable differences. Recommended
scales are available for cervical dystonia, blepharospams and
laryngeal dystonia. By contrast, only suggested (not fully clini-
metrically validated) scales are available for oromandibular and
arm dystonia (Albanese et al., 2013). Additionally, the available
scales do not allow to assess all motor and non-motor (including
functional and patient-centered) features of focal dystonia, and no
adequate rating tools are available for lower limb and trunk dys-
tonia. This means that investigators need additional validated rat-
ing measures to assess all focal dystonia types. Future research will
need to develop and validate new tools to fill these needs. These
rating instruments should be developed and assessed before new
clinical trials are performed.

We discourage the observed practice to develop ad hoc rating
instruments, or variants of already developed scales, without
appropriate validation, as observed in a number of the studies
reviewed. For example, a variety of rating scales to assess speech
have been developed and used in clinical trials on laryngeal dys-
tonia. New trials should also address emerging treatment issues.
For example, in cervical dystonia there is adequate evidence of
BoNT efficacy, but new treatment possibilities (namely DBS) are
becoming available (Volkmann et al., 2014). Head-to-head trials
between BoNT and DBS are needed for cervical dystonia (Albanese,
2014).

Acknowledgments
This work was supported in part by COST Action BM1101 to AA.
Transparency document

Transparency document related to this article can be found
online at http://dx.doi.org/10.1016/j.toxicon.2015.09.010

References

Aaronson, N., Alonso, J., Burnam, A., Lohr, K.N., Patrick, D.L., Perrin, E., Stein, R.E.K.,
2002. Assessing health status and quality-of-life instruments: attributes and
review criteria. Qual. Life Res. 11, 193—205.

Adams, S.G., Hunt, EJ., Irish, J.C., Charles, D.A., Lang, A.E., Durkin, L.C., Wong, D.L.,
1995. Comparison of botulinum toxin injection procedures in adductor spas-
modic dysphonia. J. Otolaryngol. 24, 345—351.

Adler, C.H., Bansberg, S.F., Krein-Jones, K., Hentz, ]J.G., 2004. Safety and efficacy of
botulinum toxin type B (Myobloc) in adductor spasmodic dysphonia. Mov.
Disord. 19, 1075—1079.


http://dx.doi.org/10.1016/j.toxicon.2015.09.010
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref1
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref1
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref1
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref1
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref2
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref2
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref2
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref2
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref3
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref3
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref3
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref3

96 E. Del Sorbo, A. Albanese / Toxicon 107 (2015) 89—97

Albanese, A., 2014. Deep brain stimulation for cervical dystonia. Lancet Neurol. 13,
856—857.

Albanese, A., Asmus, F., Bhatia, K.P., Elia, A.E., Elibol, B., Filippini, G., Gasser, T.,
Krauss, J.K., Nardocci, N., Newton, A., Valls-Sole, J., 2011. EFNS guidelines on
diagnosis and treatment of primary dystonias. Eur. J. Neurol. 18, 5—18.

Albanese, A., Del Sorbo, F., Comella, C., Jinnah, H.A., Mink, J.W., Post, B., Vidailhet, M.,
Volkmann, J., Warner, T.T., Leentjens, A.F., Martinez-Martin, P., Stebbins, G.T.,
Goetz, C.G., Schrag, A., 2013. Dystonia rating scales: critique and recommen-
dations. Mov. Disord. 28, 874—883.

Albanese, A., Romito, L.M., Calandrella, D., 2015. Therapeutic advances in dystonia.
Mov. Disord. 30, 1547—1556.

Atroshi, 1., Breidenbach, W.C., McCabe, S.J., 1997. Assessment of the carpal tunnel
outcome instrument in patients with nerve-compression symptoms. J. Hand
Surg. Am. 22, 222—-227.

Benecke, R., Jost, W.H., Kanovsky, P., Ruzicka, E., Comes, G., Grafe, S., 2005. A new
botulinum toxin type A free of complexing proteins for treatment of cervical
dystonia. Neurology 64, 1949—1951.

Bielamowicz, S., Ludlow, C.L., 2000. Effects of botulinum toxin on pathophysiology
in spasmodic dysphonia. Ann. Otol. Rhinol. Laryngol. 109, 194—203.

Bielamowicz, S., Squire, S., Bidus, K., Ludlow, C.L., 2001. Assessment of posterior
cricoarytenoid botulinum toxin injections in patients with abductor spasmodic
dysphonia. Ann. Otol. Rhinol. Laryngol. 110, 406—412.

Boyle, M.H., McGwin Jr., G., Flanagan, C.E., Vicinanzo, M.G., Long, J.A., 2009. High
versus low concentration botulinum toxin A for benign essential blepharo-
spasm: does dilution make a difference? Ophthal. Plast. Reconstr. Surg. 25,
81-84.

Brans, J.W.,, Lindeboom, R., Snoek, J.W., Zwarts, M.J., van Weerden, T.W., Brunt, E.R.,
van Hilten, J.J., van der Kamp, W., Prins, M.H., Speelman, ].D., 1996. Botulinum
toxin versus trihexyphenidyl in cervical dystonia: a prospective, randomized,
double-blind controlled trial. Neurology 46, 1066—1072.

Brashear, A., Lew, M.F,, Dykstra, D.D., Comella, C.L., Factor, S.A., Rodnitzky, R.L,
Trosch, R, Singer, C., Brin, M.F,, Murray, ].J., Wallace, ].D., Willmer-Hulme, A.,
Koller, M., 1999. Safety and efficacy of NeuroBloc (botulinum toxin type B) in
type A-responsive cervical dystonia. Neurology 53, 1439—1446.

Brin, MLE, Jankovic, J., Comella, C., Blitzer, A., Tsui, J.K., Pullman, S.L., 1995. Treatment
of dystonia using botulinum toxin. In: Kurlan, R. (Ed.), Treatment of Movement
Disorders. Lippincott, New York, pp. 183—246.

Brin, M.E, Lew, M.E, Adler, C.H., Comella, C.L., Factor, S.A., Jankovic, ]., O'Brien, C.,
Murray, J.J., Wallace, J.D., Willmer-Hulme, A., Koller, M., 1999. Safety and efficacy
of NeuroBloc (botulinum toxin type B) in type A-resistant cervical dystonia.
Neurology 53, 1431-1438.

Burke, R.E., Fahn, S., Marsden, C.D., Bressman, S.B., Moskowitz, C., Friedman, J., 1985.
Validity and reliability of a rating scale for the primary torsion dystonias.
Neurology 35, 73—-77.

Cano, SJ., Warner, T.T,, Linacre, J.M., Bhatia, K.P., Thompson, AJ]., Fitzpatrick, R.,
Hobart, ].C., 2004. Capturing the true burden of dystonia on patients: the Cer-
vical Dystonia Impact Profile (CDIP-58). Neurology 63, 1629—1633.

Chen, R,, Karp, B.I, Goldstein, S.R., Bara-Jimenez, W., Yaseen, Z., Hallett, M., 1999.
Effect of muscle activity immediately after botulinum toxin injection for
writer's cramp. Mov. Disord. 14, 307—312.

Cole, R., Hallett, M., Cohen, L.G., 1995. Double-blind trial of botulinum toxin for
treatment of focal hand dystonia. Mov. Disord. 10, 466—471.

Comella, C.L., Jankovic, J., Shannon, K.M., Tsui, J., Swenson, M., Leurgans, S., Fan, W.,
2005. Comparison of botulinum toxin serotypes A and B for the treatment of
cervical dystonia. Neurology 65, 1423—1429.

Comella, C.L.,, Jankovic, ]., Truong, D.D., Hanschmann, A., Grafe, S., 2011. Efficacy and
safety of incobotulinumtoxinA (NT 201, XEOMIN®, botulinum neurotoxin type
A, without accessory proteins) in patients with cervical dystonia. J. Neurol. Sci.
308, 103—109.

Comella, C.L, Leurgans, S., Wuy, J., Stebbins, G.T., Chmura, T., 2003. Rating scales for
dystonia: a multicenter assessment. Mov. Disord. 18, 303—312.

Consky, E., Basinski, A., Belle, L., Ranawaya, R., Lang, A., 1990. The Toronto Western
Spasmodic Torticollis Rating Scale (TWSTRS): assessment of validity and inter-
rater reliability. Neurology 40 (Suppl. 1), 445.

Contarino, M.F, Kruisdijk, J.J., Koster, L., Ongerboer de Visser, B.W., Speelman, ].D.,
Koelman, J.H., 2007. Sensory integration in writer's cramp: comparison with
controls and evaluation of botulinum toxin effect. Clin. Neurophysiol. 118,
2195—2206.

de Bruin, A.F,, de Witte, L.P.,, Stevens, F,, Diederiks, ].P., 1992. Sickness impact profile:
the state of the art of a generic functional status measure. Soc. Sci. Med. 35,
1003—-1014.

Deyo, R.A., Diehr, P,, Patrick, D.L., 1991. Reproducibility and responsiveness of health
status measures. Statistics and strategies for evaluation. Control Clin. Trials 12
(Suppl. 1), 1425—158S.

Fahn, S., 1989. Assessment of the primary dystonias. In: Munsat, T. (Ed.), The
Quantification of Neurological Deficit. Butterworths, Boston, pp. 241-270.
Finnegan, E.M., Luschei, E.S., Gordon, ].D., Barkmeier, J.M., Hoffman, H.T., 1999.
Increased stability of airflow following botulinum toxin injection. Laryngoscope

109, 1300—1306.

Fitzpatrick, R., Davey, C., Buxton, M.J.,, Jones, D.R., 1998. Evaluating patient-based
outcome measures for use in clinical trials. Health Technol. Assess. 2, 1-74.
Geenen, C., Consky, E., Ashby, P, 1996. Localizing muscles for botulinum toxin

treatment of focal hand dystonia. Can. J. Neurol. Sci. 23, 194—-197.

Girlanda, P., Quartarone, A., Sinicropi, S., Nicolosi, C., Messina, C., 1996. Unilateral

injection of botulinum toxin in blepharospasm: single fiber electromyography

and blink reflex study. Mov. Disord. 11, 27—31.

Gross, R.A., Johnston, K.C., 2009. Levels of evidence: taking neurology to the next
level. Neurology 72, 8—10.

Hallett, M., Albanese, A., Dressler, D., Segal, K.R.,, Simpson, D.M., Truong, D.,
Jankovic, ], 2013. Evidence-based review and assessment of botulinum
neurotoxin for the treatment of movement disorders. Toxicon 67, 94—114.

Jankovic, J., Comella, C., Hanschmann, A., Grafe, S., 2011. Efficacy and safety of
incobotulinumtoxinA (NT 201, Xeomin) in the treatment of blepharospasm-a
randomized trial. Mov. Disord. 26, 1521-1528.

Jankovic, J., Kenney, C., Grafe, S., Goertelmeyer, R., Comes, G., 2009. Relationship
between various clinical outcome assessments in patients with blepharospasm.
Mov. Disord. 24, 407—413.

Jankovic, J., Orman, J., 1987. Botulinum A toxin for cranial-cervical dystonia: a
double-blind, placebo-controlled study. Neurology 37, 616—623.

Jenkinson, C., Wright, L., Coulter, A., 1993. The SF 36 health survey questionnaire....if
used within its limits. BM] 307, 449.

Jinnah, H.A,, Factor, S.A., 2015. Diagnosis and treatment of dystonia. Neurol. Clin. 33,
77-100.

Kanovsky, P.,, Rosales, R.L., 2011. Debunking the pathophysiological puzzle of dys-
tonia—with special reference to botulinum toxin therapy. Parkinsonism. Relat.
Disord. 17 (Suppl. 1), S11-S14.

Kruisdijk, ]J., Koelman, J.H., Ongerboer de Visser, B.W., De Haan, RJ., Speelman, ].D.,
2007. Botulinum toxin for writer's cramp: a randomised, placebo-controlled
trial and 1-year follow-up. J. Neurol. Neurosurg. Psychiatry 78, 264—270.

Lee, S.J., McCall Jr., W.D., Kim, Y.K., Chung, S.C., Chung, ].W., 2010. Effect of botulinum
toxin injection on nocturnal bruxism: a randomized controlled trial. Am. J. Phys.
Med. Rehabil. 89, 16—23.

Lew, M.F, Adornato, B.T., Duane, D.D., Dykstra, D.D., Factor, S.A., Massey, J.M.,
Brin, MLE, Jankovic, J., Rodnitzky, R.L., Singer, C., Swenson, M.R., Tarsy, D.,
Murray, J.J., Koller, M., Wallace, ].D., 1997. Botulinum toxin type B: a double-
blind, placebo-controlled, safety and efficacy study in cervical dystonia.
Neurology 49, 701-707.

Lindeboom, R., De Haan, R., Aramideh, M., Speelman, ].D., 1995. The blepharospasm
disability scale: an instrument for the assessment of functional health in
blepharospasm. Mov. Disord. 10, 444—449.

Ludlow, C.L, Naunton, R.F, Sedory, S.E., Schulz, G.M., Hallett, M., 1988. Effects of
botulinum toxin injections on speech in adductor spasmodic dysphonia.
Neurology 38, 1220—1225.

Merz, R.L, Deakin, J., Hawthorne, M.R., 2010. Oromandibular dystonia questionnaire
(OMDQ-25): a valid and reliable instrument for measuring health-related
quality of life. Clin. Otolaryngol. 35, 390—396.

Messick, S., 1995. Validation of inferences from persons' responses and perfor-
mances as scientific enquiry into score meaning. Am. Psychol. 50, 741-749.
Mobher, D., Schulz, K.F,, Altman, D., 2001. The CONSORT statement: revised recom-
mendations for improving the quality of reports of parallel-group randomized

trials. JAMA 285, 1987—1991.

Molloy, EM., Shill, H.A., Kaelin-Lang, A., Karp, B.I, 2002. Accuracy of muscle local-
ization without EMG: implications for treatment of limb dystonia. Neurology
58, 805—807.

Montgomery, S.A., Asberg, M., 1979. A new depression scale designed to be sensitive
to change. Br. J. Psychiatry 134, 382—389.

Muller, ., Wissel, ., Kemmler, G., Voller, B., Bodner, T., Schneider, A., Wenning, G.K.,
Poewe, W., 2004. Craniocervical dystonia questionnaire (CDQ-24): develop-
ment and validation of a disease-specific quality of life instrument. J. Neurol.
Neurosurg. Psychiatry 75, 749—753.

Nussgens, Z., Roggenkamper, P., 1997. Comparison of two botulinum-toxin prepa-
rations in the treatment of essential blepharospasm. Graefes Arch. Clin. Exp.
Ophthalmol. 235, 197—199.

Ochudlo, S., Bryniarski, P., Opala, G., 2007. Botulinum toxin improves the quality of
life and reduces the intensification of depressive symptoms in patients with
blepharospasm. Parkinsonism. Relat. Disord. 13, 505—508.

Odergren, T., Hjaltason, H., Kaakkola, S., Solders, G., Hanko, J., Fehling, C.,
Marttila, RJ., Lundh, H., Gedin, S., Westergren, I, Richardson, A., Dott, C.,
Cohen, H., 1998. A double blind, randomised, parallel group study to investigate
the dose equivalence of Dysport and Botox in the treatment of cervical dystonia.
J. Neurol. Neurosurg. Psychiatry 64, 6—12.

Pappert, E.J., Germanson, T., 2008. Botulinum toxin type B vs. type A in toxin-naive
patients with cervical dystonia: randomized, double-blind, noninferiority trial.
Mov. Disord. 23, 510—517.

Poewe, W., Deuschl, G., Nebe, A., Feifel, E., Wissel, ]., Benecke, R., Kessler, KR.,
Ceballos-Baumann, A.O., Ohly, A, Oertel, W., Kunig, G., 1998. What is the
optimal dose of botulinum toxin A in the treatment of cervical dystonia? Re-
sults of a double blind, placebo controlled, dose ranging study using Dysport.
German Dystonia Study Group. J. Neurol. Neurosurg. Psychiatry 64, 13—17.

Roggenkamper, P., Jost, W.H., Bihari, K., Comes, G., Grafe, S., 2006. Efficacy and safety
of a new botulinum toxin type A free of complexing proteins in the treatment of
blepharospasm. J. Neural Transm. 113, 303—312.

Sampaio, C., Ferreira, J.J., Simoes, F., Rosas, M.J., Magalhaes, M., Correia, A.P., Bastos-
Lima, A., Martins, R., Castro-Caldas, A., 1997. DYSBOT: a single-blind, random-
ized parallel study to determine whether any differences can be detected in the
efficacy and tolerability of two formulations of botulinum toxin type A—Dysport
and Botox—assuming a ratio of 4:1. Mov. Disord. 12, 1013—1018.

Stewart, A.L, Hays, RD., Ware Jr., J.E., 1988. The MOS short-form general health
survey. Reliability and validity in a patient population. Med. Care 26, 724—735.

Troung, D.D., Rontal, M., Rolnick, M., Aronson, A.E., Mistura, K., 1991. Double-blind


http://refhub.elsevier.com/S0041-0101(15)30069-6/sref4
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref4
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref4
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref5
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref5
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref5
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref5
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref6
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref6
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref6
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref6
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref6
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref7
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref7
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref7
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref8
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref8
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref8
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref8
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref9
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref9
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref9
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref9
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref10
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref10
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref10
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref11
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref11
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref11
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref11
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref12
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref12
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref12
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref12
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref12
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref13
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref13
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref13
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref13
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref13
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref14
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref14
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref14
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref14
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref14
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref15
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref15
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref15
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref15
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref16
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref16
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref16
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref16
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref16
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref17
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref17
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref17
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref17
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref18
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref18
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref18
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref18
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref19
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref19
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref19
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref19
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref20
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref20
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref20
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref21
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref21
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref21
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref21
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref22
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref22
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref22
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref22
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref22
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref22
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref23
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref23
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref23
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref24
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref24
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref24
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref25
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref25
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref25
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref25
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref25
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref26
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref26
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref26
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref26
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref27
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref27
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref27
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref27
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref28
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref28
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref28
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref29
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref29
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref29
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref29
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref30
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref30
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref30
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref31
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref31
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref31
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref32
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref32
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref32
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref32
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref33
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref33
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref33
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref34
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref34
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref34
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref34
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref35
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref35
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref35
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref35
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref36
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref36
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref36
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref36
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref37
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref37
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref37
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref38
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref38
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref39
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref39
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref39
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref40
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref40
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref40
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref40
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref40
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref41
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref41
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref41
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref41
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref42
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref42
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref42
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref42
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref43
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref43
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref43
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref43
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref43
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref43
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref44
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref44
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref44
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref44
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref45
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref45
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref45
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref45
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref46
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref46
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref46
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref46
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref47
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref47
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref47
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref48
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref48
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref48
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref48
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref49
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref49
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref49
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref49
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref50
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref50
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref50
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref51
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref51
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref51
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref51
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref51
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref52
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref52
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref52
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref52
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref53
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref53
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref53
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref53
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref54
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref54
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref54
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref54
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref54
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref54
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref55
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref55
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref55
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref55
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref56
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref56
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref56
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref56
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref56
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref56
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref57
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref57
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref57
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref57
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref58
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref58
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref58
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref58
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref58
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref58
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref58
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref58
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref59
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref59
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref59
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref60

E Del Sorbo, A. Albanese / Toxicon 107 (2015) 89—97 97

controlled study of botulinum toxin in adductor spasmodic dysphonia. Laryn-
goscope 101, 630—634.

Truong, D., Brodsky, M., Lew, M., Brashear, A., Jankovic, J., Molho, E., Orlova, O.,
Timerbaeva, S., 2010. Long-term efficacy and safety of botulinum toxin type A
(Dysport) in cervical dystonia. Parkinsonism. Relat. Disord. 16, 316—323.

Truong, D., Comella, C., Fernandez, H.H., Ondo, W.G., 2008. Efficacy and safety of
purified botulinum toxin type A (Dysport) for the treatment of benign essential
blepharospasm: a randomized, placebo-controlled, phase II trial. Parkinsonism.
Relat. Disord. 14, 407—414.

Truong, D., Duane, D.D., Jankovic, ]., Singer, C., Seeberger, L.C., Comella, C.L.,
Lew, M.E, Rodnitzky, R.L., Danisi, FO., Sutton, J.P, Charles, P.D., Hauser, R.A.,
Sheean, G.L., 2005. Efficacy and safety of botulinum type A toxin (Dysport) in
cervical dystonia: results of the first US randomized, double-blind, placebo-
controlled study. Mov. Disord. 20, 783—791.

Tsui, J.K., Bhatt, M., Calne, S., Calne, D.B., 1993. Botulinum toxin in the treatment of
writer's cramp: a double-blind study. Neurology 43, 183—185.

Tsui, J.K,, Eisen, A, Stoessl, AJ., Calne, S., Calne, D.B., 1986. Double-blind study of
botulinum toxin in spasmodic torticollis. Lancet 2, 245—247.

Volkmann, J., Mueller, J., Deuschl, G., Kuhn, A.A., Krauss, ].K, Poewe, W.,
Timmermann, L., Falk, D., Kupsch, A., Kivi, A., Schneider, G.H., Schnitzler, A.,
Sudmeyer, M., Voges, ]., Wolters, A., Wittstock, M., Muller, J.U., Hering, S.,

Eisner, W., Vesper, ]., Prokop, T., Pinsker, M., Schrader, C., Kloss, M., Kiening, K.,
Boetzel, K., Mehrkens, ]., Skogseid, LM., Ramm-Pettersen, J., Kemmler, G.,
Bhatia, K.P,, Vitek, ].L., Benecke, R., 2014. Pallidal neurostimulation in patients
with medication-refractory cervical dystonia: a randomised, sham-controlled
trial. Lancet Neurol. 13, 875—884.

Wabbels, B., Reichel, G., Fulford-Smith, A., Wright, N., Roggenkamper, P., 2011.
Double-blind, randomised, parallel group pilot study comparing two botulinum
toxin type A products for the treatment of blepharospasm. J. Neural Transm.
118, 233-239.

Warrick, P, Dromey, C., Irish, ]J.C., Durkin, L., Pakiam, A., Lang, A., 2000 Aug. Botu-
linum toxin for essential tremor of the voice with multiple anatomical sites of
tremor: a crossover design study of unilateral versus bilateral injection.
Laryngoscope 110 (8), 1366—1374.

Wissel, J., Kabus, C., Wenzel, R., Klepsch, S., Schwarz, U., Nebe, A., Schelosky, L.,
Scholz, U., Poewe, W., 1996. Botulinum toxin in writer's cramp: objective
response evaluation in 31 patients. J. Neurol. Neurosurg. Psychiatry 61, 172—175.

Wong, D.L., Adams, S.G., Irish, ].C., Durkin, L.C., Hunt, E.J., Charlton, M.P,, 1995. Effect
of neuromuscular activity on the response to botulinum toxin injections in
spasmodic dysphonia. J. Otolaryngol. 24, 209—216.

Yoshimura, D.M., Aminoff, MJ., Olney, RK., 1992. Botulinum toxin therapy for limb
dystonias. Neurology 42, 627—630.


http://refhub.elsevier.com/S0041-0101(15)30069-6/sref60
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref60
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref60
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref61
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref61
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref61
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref61
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref62
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref62
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref62
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref62
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref62
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref63
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref63
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref63
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref63
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref63
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref63
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref64
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref64
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref64
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref65
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref65
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref65
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref66
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref66
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref66
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref66
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref66
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref66
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref66
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref66
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref66
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref67
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref67
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref67
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref67
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref67
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref68
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref68
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref68
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref68
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref68
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref69
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref69
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref69
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref69
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref70
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref70
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref70
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref70
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref71
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref71
http://refhub.elsevier.com/S0041-0101(15)30069-6/sref71

	Botulinum neurotoxins for the treatment of focal dystonias: Review of rating tools used in clinical trials
	1. Introduction
	2. Materials and methods
	3. Results
	3.1. Blepharospasm
	3.2. Oromandibular dystonia
	3.3. Cervical dystonia
	3.4. Upper limb dystonia
	3.5. Laryngeal dystonia

	4. Discussion
	Acknowledgments
	Transparency document
	References


