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Background: Cervical dystonia is the most common form of focal dystonia and

is themost studied neurological condition in patients receiving botulinum toxin.

In clinical trials of botulinum toxin, there is a placebo response, but this has not

been studied systematically.

Objectives: A systematic review and meta-analysis were conducted to assess

and compare the peak and duration of placebo response in people with cervical

dystonia receiving botulinum toxin in randomized, blinded controlled

clinical trials.

Methods: Three databases (Embase, PubMed, Scopus) and two trial registers

(Cochrane CENTRAL and Cochrane Movement Disorders Trials Register) were

searched by a biomedical librarian in May 2022 and September 2023.

Covidence was used for screening titles and abstracts and full text. Two

authors independently screened each record and collected data from the

included articles. Microsoft Excel was used for data collection. The

Cochrane Collaboration’s Risk of Bias tool in randomized trials was used by

two authors for each included study. A third author resolved conflicts during

screening and discrepancies during data collection and risk of bias assessment.

We conducted a random-effects meta-analysis of the mean reduction in the

TWSTRS total score at 4weeks post injection, to assess the clinical change in the

placebo arm overall and by TWSTRS pain, severity, and disability scales.

Results: Twelve studies, with moderate overall risk of bias, that included

2,145 participants with 580 randomized to placebo, were included in the

systematic review. Clinical changes in the placebo arm were mild with a

mean reduction of Toronto Western Spasmodic Torticollis Rating Scale

(TWSTRS) total score of 3.5 [95% confidence interval (CI): 2.6–4.4] 4 weeks

post injection. TWSTRS pain score at week four was 0.9 (95% CI: 0.6 - 1.1; I2 =

59%). TWSTRS severity score at week four was 1.7 (95% CI: 1.3–2.0; I2 = 63%).

TWSTRS disability score at week four was 0.7 (95% CI: 0.3–1.0; I2 = 63%).
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Duration of benefit ranged from 45.1 to 76.3 days with a mean duration of

57.6 days. Dropouts in patients randomized to placebo were due to lack of

efficacy, pain, neck weakness, fatigue, and tiredness.

Conclusion: This information on placebo response will be useful in estimating

sample size and interpreting participant benefit in future interventional studies

of cervical dystonia.
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Introduction

Cervical dystonia (CD) is the most common form of focal

dystonia in adults. It is defined by the involuntary contraction of

muscles in the head and neck that result in abnormal movements

and postures. It may be classified as either isolated or combined

with other neurological disorders and predominantly affects

women in the 4th to 5th decades of life. It is associated with

significant disease morbidity, including pain, physical disability,

impaired employment, depression, and social isolation [1]. Disease

burden of CD is often defined by TWSTRS (Toronto Western

Spasmodic Torticollis Rating Scale), which includes a total sum in

addition to scores assessing pain, disability and severity [2, 3].

A well-defined treatment modality for CD is botulinum toxin

injection. Both botulinum toxin types A and B have been

extensively investigated for utility in CD patients and are

currently the first-line therapeutic modalities for CD [4–6].

However, toxin injections are costly, and treatment usually

requires four procedures per year. In addition, there is a

significant proportion of patients who discontinue therapy,

most commonly for poor response, adverse events, remission,

relocation, inconvenience, and cost [7]. Because of the potency of

these agents some have postulated a nocebo response, or negative

response to treatment, as a reason for discontinuing participation

[8]. There is a need for new treatments or the development of

toxins with a longer duration of benefit.

Placebo response to botulinum toxin injections has not been

previously defined in the literature, although Cochrane reviews of

toxin efficacy comparing active and placebo arms are available [9,

10]. The objective of this systematic review is to define the

placebo response of botulinum toxin injections by comparing

the TWSTRS scores, including pain, severity total and scores,

between study and placebo arms to determine if placebo

injections affect patient perceptions of disease burden. Having

good information about placebo response in these patients will be

valuable in designing future clinical trials.

Methods

A protocol was written a priori using the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses Protocols

(PRISMA-P), and the PRISMA Checklist was used for

reporting the completed review.

Eligibility criteria

Studies included peer-reviewed, double-blinded, randomized

placebo-controlled trials that investigated the use of botulinum

toxin injections in patients previously diagnosed with isolated

CD of unknown cause. All studies had to include TWSTRS as an

outcome reported either as TWSTRS total mean data at baseline

and week 4 or the change in TWSTRS total mean data between

baseline and week 4. Studies were excluded if they were not in

English, were published prior to 1977, or included patients under

the age of 18. No restrictions were placed on patient

demographics, prior exposure to botulinum toxin injections,

or study setting.

Information sources and search strategy

A biomedical librarian (AAL) searched three databases:

Embase (Elsevier), PubMed (US National Library of

Medicine), and Scopus (Elsevier), and two trial registers:

Cochrane Library: CENTRAL (Wiley & Sons) and Cochrane

Movement Disorders Trials Register (Wiley & Sons) in May

2022 and September 2023. A combination of keywords and

controlled vocabulary terms (i.e., EMTREE for Embase and

MeSH for PubMed and Cochrane CENTRAL) were used for

each concept of interest (i.e., cervical dystonia, botulinum toxin,

and clinical trial). The search terms were reviewed by the team

and feedback provided. All searches were run prior to January

2024 [11–19], but later two clinical trial summaries were found in

clinicaltrials.gov [20, 21] and the publications were added to the

original search [22]. Additionally search strategies were used to

exclude animal studies and specific publication types as specified

in the exclusion criteria [23].

The results of the searches were exported to EndNote 20

(Clarivate Analytics) and duplicate records identified. The

unique records were exported by the biomedical librarian into

Covidence (Veritas Health Innovation) which was used

for screening.
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Selection process

The unique records from the database searches were screened

at two stages using Covidence. First, two authors (CE, TC)

independently screened each record title and abstract using

the predefined eligibility criteria. Second, the full texts of

those articles included after stage one were retrieved and

uploaded into Covidence. Then two authors (CE, TC)

independently screened each record using the same eligibility

criteria. At both stages, a different third review author (MS)

resolved any disagreements or conflicts.

Before commencing the title and abstract screening

process, a pilot of 25 records randomly selected by the

biomedical librarian was conducted with the review team.

Then for the articles included for full text review, those were

also screened by the same individuals using the same process

and eligibility criteria. As necessary, the eligibility criteria

were revised to reflect clarifications and questions addressed

during the pilot.

Data collection process and data items

For each included article, data collection was performed

independently by two review authors (MS, EW) utilizing a

standardized data collection spreadsheet in Microsoft Excel

(Microsoft Corporation). All data collected were reviewed by a

separate third reviewer to resolve discrepancies and errors (HR).

The data items collected were: demographics (participant

mean age, gender, and race), study duration, study sponsor,

number of participants, type of botulinum toxin used, dose of

botulinum toxin, TWSTRS scores including total mean, subtype

(pain, severity, and disability) mean, and/or total change in mean

at baseline and week 4, and Visual Analog Scale (VAS) pain mean

or mean change at baseline and week 4. If additional data were

required, requests were made to study sponsors or senior authors

via email.

Study risk of bias assessment

To assess the risk of bias for each included study, two authors

independently used the specified checklist. A separate third

author reviewed the results and resolved disagreements

between the two authors; if needed, consensus discussion was

used with the two authors who completed the assessment. Risk of

bias was assessed with the Cochrane Collaboration tool for

assessing the risk of bias [21].

The following domains were assessed for possible bias:

random sequence generation, allocation concealment, blinding

of participants and personnel, blinding of outcome assessment,

selective reporting, incomplete outcome data, for-profit bias, and

enriched population bias. To evaluate reporting bias, we assessed

whether the study protocol was published before patient

recruitment, selective reporting of outcomes, and possible

presence of small sample bias. The risk of bias for each

domain was classified as high, low, or unclear, and the overall

assessment for the individual study as high or low.

Synthesis methods and statistical analysis

For the systematic review, we present a narrative summary

and descriptive statistics for our findings. To analyze the clinical

change in the placebo arm, we conducted a random-effects meta-

analysis using Comprehensive Meta-Analysis version 4 [24]. A

random-effects statistical model was used to calculate the mean

reduction in the TWSTRS total score at 4 weeks post injection

and 95% confidence interval [95% CI]. A descriptive analysis of

the I2 statistic was performed to measure the degree of

heterogeneity present across multiple studies included in the

meta-analysis [25, 26]. Similar analyses were conducted to

analyze the mean reduction in the TWSTRS: pain, severity,

and disability scores.

Results

Study selection

The database searches resulted in 3,008 records of which

644 were duplicates and 2,364 were unique. Of these

2,364 records screened at title and abstract, 2,181 were

excluded and 19 proceeded to full text screening. Of the

19 screened at full text, 10 were excluded and 9 included as

represented in Figure 1. Two additional studies, that have not

been published, were discovered by searching the terms “cervical

dystonia” and “botulinum toxin” in the clinicaltrials.gov [20, 21]

database, and an additional study was published after the original

data searches [22] to reach a total of 12 studies for review.

Risk of bias in studies

Risk bias assessment is provided in Table 1. There were

5 instances in which allocation concealment could not be

determined [15, 17, 18, 20, 21]; in all other instances risk of

bias was scored as low.

Meta-analysis results

Randomization to placebo ranged from 14.6% to 47.4% with

a mean assignment of 31.7%. In general, dynamic of change in

placebo and active groups correlated within the scope of response

per protocol.

Dystonia Published by Frontiers03

Wetmore et al. 10.3389/dyst.2025.14297

http://clinicaltrials.gov
https://doi.org/10.3389/dyst.2025.14297


All TWSTRS subcomponent scores showed improvement at

4 weeks with the total score averaging a 3.5-point reduction.

Duration of benefit was tracked in five of the twelve studies,

ranging from 45 to 73 days with average duration of response of

56.7 days (Table 2).

Other outcome measures included: PSAC (1 study), C-PEGR

(1), CPGAC (2), C-VAS change (2), C-VAS pain (1), Pt GA-VAS

(2), PGA VAS (2). Except for the C-VAS change, all showed

some improvement at 4 weeks.

Discontinuations occurred in 8 of twelve studies and totaled

22 of 580 (3.8%) participants randomized to placebo [11–13,

16–18, 20]. Reasons for withdrawal, where stated, included lack

of efficacy (5), protocol violation (2), relocation (2), carcinoma,

withdrawal of consent and lost to follow up. The most common

adverse events include pain, bulbar disturbances, or

infection (Table 3).

Discussion

Summary of main results

This review included twelve randomized, parallel-designed

trials. These trials enrolled 2,145 participants with cervical

dystonia, with 580 randomized to placebo, 74% of whom had

been previously treated with botulinum toxin for this condition.

Clinical changes in the placebo arm were mild with a mean

reduction of TWSTRS total score of 3.5 at 4 weeks post injection.

Additionally, TWSTRS pain score at week four was 0.9, TWSTRS

severity score at week four was 1.7, and TWSTRS disability score

at week four was 0.7. Duration of benefit ranged from 45.1 to

76.3 days with a mean duration of 57.6 days. Dropouts in

participants randomized to placebo were lack of efficacy, pain,

neck weakness, fatigue, and tiredness.

FIGURE 1
PRISMA Flow Diagram.
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TABLE 1 Risk bias of all included studies.

Random
sequence
generation
(selection
bias)

Allocation
concealment
(selection
bias)

Blinding of
participants
and personnel
(performance

bias)

Blinding of
outcome
assessment
(detection

bias)

Objective
outcomes
blinding of
outcome
assessment
(detection

bias)

Incomplete
outcome
data

(attrition
bias)

Selective
reporting
(reporting

bias)

Enriched
population – preferential
enrolment of positive

responders

Enriched
population – exclusion
of poor responders

For-
profit
bias

Allergan
[21]

L U L L L L L L L L

Brashear
et al [11]

L L L L L L L L L L

Brin
et al [12]

L L L L L L L L L L

Comella
et al [22]

L L L L L L L L L L

Comella
et al [13]

L L L L L L L L L L

Esai [20] L U L L L L L L L L

Lew
et al [14]

L U L L L L L L L L

Lew
et al [15]

L L L L L L L L L L

Patel
et al [19]

L L L L L L L L L L

Poewe
et al [16]

L L L L L L L L L L

Truong
et al [18]

L U L L L L L L L L

Truong
et al [20]

L U L L L L L L L L

Overall L L L L L L L L L L

Footnote: L, low risk of bias; U, unknown risk of bias.
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Overall completeness and applicability
of evidence

All trials listed data to assess placebo response, using

TWSTRS and other outcomes. However, in some instances

cross-comparisons were limited, the confidence in overall

conclusions for under-reported outcomes. The participants did

not represent the overall population of people with cervical

dystonia and conclusions from these studies are most

pertinent to a predominantly white study population from

North America and Europe.

Quality of the evidence

Risk bias assessment found low or undetermined risk for all

studies and for all questions. Risk could not be determined for

five studies and only when assessing allocation concealment or

selection bias.

Implications for practice

This analysis suggests that a mild benefit is seen in

participants randomized to receive placebo botulinum toxin in

a clinical trial setting. The duration of benefit averaged almost

60 days. In a clinical setting, given that placebo injection of

botulinum toxin would not be considered, this mild benefit for

six to 10 weeks may represent the floor response from this

therapy. Patient reports of pain, fatigue or tiredness since a

prior injection may also suggest a need for a different

anatomic approach or dosage increase.

Implications for research

Placebo response is an important consideration when

designing randomized clinical trials for cervical dystonia,

whether this includes a focal injection of toxin or systemic

therapy. There is some variability in the trials reviewed for

TABLE 2 Placebo response outcome.

Study N
(total)

N
(placebo)

TWSTRS (total
score at 4 w)

TWSTRS (pain
score at 4 w)

TWSTRS
(disability score

at 4 w)

TWSTRS
(severity score

at 4 w)

Duration of
response (days)

Allergan
[21]

242 64 −5.6 (8.6) −1.3 (3.6) -- --

Brashear
et al [11]

109 36 −3.3 (11.7) −0.5 −1.6 −1.8 63 days

Brin
et al [12]

114 37 −2.0 (12.3) −0.1 (4.3) −0.8 (5.1) −1.1 (5.5) 52 days

Comella
et al [22]

301 46 −4.3 (1.82) −1.1 (0.6) −1 (0.66) −2 (0.8) --

Comella
et al [13]

243 74 −2.2 (7.3) −0.3 (3) 0 (3.4) −0.9 (4) --

Esai [20] 95 33 −3 (1.3) −0.8 (0.4) −0.6 ((0.7) −1.6 (0.6) --

Lew
et al [14]

122 30 −3.3 −1 −0.7 −1.6 45.1 d

Lew
et al [15]

134 45 −3 -- -- --

Patel
et al [19]

129 45 −2.5 (12.5) -- -- -- 52.3 days

Poewe
et al [16]

369 54 −3.4 −1.2 −0.8 −1.9 --

Truong
et al [18]

171 61 −6.7 −0.6 (4.9) −0.6 (11.4) −2.1 (4.8) 76.3 days

Truong
et al [20]

116 55 −3.8 (12.2) -- -- -- --

Total
[mean]
[95% CI]
[I2]

2,145 580 −3.5a (−4.4, −2.6)
66%

−0.9a (−1.1, −0.6)
59%

−0.7a (−1.0, −0.3)
63%

−1.7a (−2.0,-1.3)
63%

[57.6 days]

aRandom Effects Mean Reduction in TWSTR scores; -- data not available.

Dystonia Published by Frontiers06

Wetmore et al. 10.3389/dyst.2025.14297

https://doi.org/10.3389/dyst.2025.14297


this analysis and how TWSTRS response was reported. Power

calculation parameters were stated specifically in three instances

and included a TWSTRS response of Placebo/Active of 4.0/

10.0 [13, 22], and 5.5/8.8 [14]. Others used difference in from

placebo to active arm response: 10.0. [18]; 5.5 (low dose), 8.8

(high dose) [15], 5.9 [16], and 9.0 [17]. In all but one, the

observed difference from placebo exceeded the

expected response.

The three trials assessing response to rimabotulinumtoxinB

used these criteria: The level of significance for the main effects

(i.e., center and treatment) was set at a 5 0.05, and the level of

significance for interactions was set at a 5.10 [14]. The reported

results found 3.3, 11.5, 12.6, 16.4 [14], 2.0, 11.1 [12] and 4.3,

9.3, 11.7 [11].

Differences between placebo and active responses using total

TWSTRS were less when randomization was at 2 active:

1 placebo with change ranging from 6.0–9.8. Studies with 1:

1 randomization ratio demonstrated a 8.1–1.9 and studies

with >2:1 range from 6.6–10.1.

All primary efficacy assessments were at 4 weeks and did not

include duration of response. Because of this a decline in benefit

using TWSTRS could not be provided. While this may not be

necessary in toxin evaluation, it may be more important in the

study of systemic treatments. Given one study reported a 76-day

response from placebo, a 12-week study period seems prudent.

Placebo response in medicine has been recognized for more

than 70 years [26]. Besides treatment type, such as medical

therapy or surgical outcome, it has also been linked to

medication adherence [27], religious practice [28] and

medication cost [29]. Neuroimaging study of subjects

randomized to placebo suggests that expectation of reward

increases dopamine release in the basal ganglia [30, 31]. There

may be differences in placebo response, based on the type of

intervention: oral medication, injected medication or surgical

intervention. In the setting of injection, it is also possible that an

intramuscular stimulation may be similar to “dry needling,” or

acupuncture [32, 33]. These interventions have not been utilized

in the setting of dystonia but are reported to improve pain in

other settings. This meta-analysis did not demonstrate any

response differences between pain, disability, severity or total

TWSTRS scores.

Conclusion

Botulinum toxin has been proven effective in treating cervical

dystonia and is now regarded as a first line therapy. Since the

approval of onabotulinumtoxinA for this indication, three

additional A-type toxins (incobotulinumtoxinA,

abobotulinumtoxinA, daxxybotulinumtoxinA) and one B-type

toxin (rimabotulinumtoxinB) have also been approved. In

double-blind placebo-controlled trials, a small benefit in the

TWSTRS total score 3.5 [95% (CI): 2.6–4.4] was seen at

4 weeks after placebo toxin injection. In designing future

therapeutic protocols, sample size determination may be

better informed using this 4-week baseline change as a

meaningful interval. However, the duration of response and

efficacy assessments should extend beyond 11 weeks.

TABLE 3 Participant discontinuation in placebo arm.

Study N Withdrew
N (%)

Adverse events

Lack of efficacy Pain Infection Dysphagia Other

Allergan [21] 64 5 27 9 21 10

Brashear et al [11] 36 2 2 17 10 2

Brin et al [12] 37 1 11 6 3 4

Comella et al [22] 46 2 3 1

Comella et al [13] 74 6 3 8 7 4

Esai [20] 33 0 2 8 1

Lew et al [14] 30 0 1

Lew et al [15] 45 0 11 1 1

Patel et al [19] 45 0 1

Poewe et al [16] 54 2 4 3 2

Truong et al [18] 61 3 2 5 5

Truong et al [20] 55 1 36 4 16 31

Total 580 22 7 119 38 63 55
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