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ABSTRACT

Aim of the study. Botulinum neurotoxin type-A (BoNT/A) injections are the established treatment in cervical dystonia (CD). But
clinical practice regarding the choice of muscles into which injections are made varies between centres. Until now, there have
been no dose-per-muscle recommendations based on ‘searching the dose’ clinical trial data.

Clinical rationale for study. We therefore examined the dosages under real world conditions at seven international movement
disorders centres, using an identical clinical approach.

Results. We examined 305 patients with CD (55.6 + 13.2 years, 204 female). The most commonly injected muscles were the
splenius capitis (84.9%), sternocleidomastoid (80.3%), trapezius (59.7%), levator scapulae (49.8%), semispinalis capitis (39%),
and obliquus capitis inferior (36.7%). The mean total dose per treatment session with aboBoNT/A was 652.5 (SD = 285.5), with
onaBoNT/A it was 159.5 (SD = 62.4), and with incoBoNT/A it was 173.4 (SD = 99.2) units. The doses injected into each muscle
in the ona- or incoBoNT/A groups were between 19.7 and 48.2 units, with the highest dose for the splenius capitis with 49.2
+ 26.0 units. The doses in the aboBoNT/A group were between 69.6 and 146.4 units, and the highest dose being injected into
the splenius capitis (139.6 + 80.7 units).

Conclusions and clinical implications. In clinical trials the doses per muscle are based on an arbitrary decision. In our study, the
doses were lower than in other studies, which may be due to the number of muscles per session, the use of ultrasound guidance
(and therefore more precise injections), as well as the use of the Col-Cap concept. Our results exemplify everyday practice, and
may help as the basis for recommendations and further investigations.
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Introduction

The choice of muscles for injections in cervical dystonia
(CD) varies between centres, and is based both on different
concepts and on personal experience. There are no generally
accepted dose recommendations based on dose-finding stud-
ies. However, a few studies have shown the dose per muscle
used in a randomised and open (observational) manner
[1-3]. In the summary of products characteristics (SPC) of all
botulinum neurotoxin-A products (BoNT/A) there are only
indicated maximal recommended doses. For some products,
specific muscles are mentioned but without specified dose
recommendations (SPC Botox’, SPC Dysport®, SPC Xeomin®).
Therefore, the standard dose recommendations are mostly
based on pivotal clinical trials and personal experience [4, 5].
The majority of studies in CD were performed many years
ago. In 2009, a new concept (the Col-Cap) was introduced,
expanding not only the number of CD patterns, but also the
number of muscles to be injected [6, 7].

The aim of our study was to look for effective doses per
muscle used in everyday clinical practice in different centres
using a similar treatment regime. As a data basis for further
studies, we therefore analysed pooled data on usually-chosen
dosages per muscle in a larger collective study in previously
injected patients with established muscle patterns.

Materials and methods

Between 1 January and 30 June 2019, we examined retro-
spectively in seven centres specialized in movement disorders,
311 consecutive patients with CD, who were being already suc-
cessfully treated (with a moderate or good response clinically
determined by patient and physician) for at least three times.
Consecutive patients were included if they had idiopathic
CD, with pronounced symptoms interfering with their daily
activities, and who had been admitted at least three months
after their previous BONT/A treatment, the effect of which had
worn off. Six patients were excluded from our study because of
incomplete data, thus resulting in a sample size n = 305. The
centres involved were: Besancon (France), Copenhagen (Den-
mark), Gdansk (Poland), Lille (France), New Delhi (India),
Poznan (Poland), and Wolfach (Germany). All investigators
were specialists in movement disorders with long-term
experience with BONT/A treatment in CD (at least 15 years
each). All injections were performed by investigators trained
in the use of ultrasonography guidance (US). The therapeutic
approach (treatment regime) across all centres was uniform
and based on the Col-Cap concept [6]. BONT/A was diluted ac-
cording to the SPC recommendations: ona- and incoBoNT/A
vials containing 100 units were reconstituted with 2ml, and
aboBoNT/A vials with 300 and 500 units with 1.5 ml and
2.5 ml of 0.9% NaCl respectively.

Patients were excluded if at least a moderate effect of
previous BoNT/A injections had not been obtained and if the

co-morbidities (e.g. severe depression) could influence the
overall subjective assessment of the results. Concomitant use
of neuroleptics was forbidden, and other causes of CD (sug-
gesting symptomatic or pseudodystonic origin) were excluded.

Results

305 patients with CD (mean age 55.6 £ 13.2 years, range
21-90, 204 female) were injected and assessed.

The most common primary form of CD in our group was
torticaput (49%) and the second most common was laterocaput
(16.7%). All other subtypes afflicted less than 10% of our study
population. Pure forms were observed in 16.3% of patients
only. Torticaput was combined in 46% with laterocaput, and
in 20.7% with retrocaput. Laterocaput was combined mainly
with torticaput (45.1%), laterocollis (33.2%) or retrocaput
(23.5%). Shift forms were found in 14.7%. On average, patients
had 2.51 (+ SD 1.09) subtypes each, and tremor was observed
in 55.6% [5, 8].

The most commonly injected muscles were the spleni-
us capitis (84.9%), sternocleidomastoid (80.3%), trapezius
(59.7%), levator scapulae (49.8%), semispinalis capitis (39%),
and obliquus capitis inferior (36.7%) respectively. 154 patients
received onabotulinumtoxinA (onaBoNT/A), 53 patients
incobotulinumtoxinA (incoBoNT/A), and 98 abobotulinum-
toxinA (aboBoNT/A). The mean total dose for a treatment
session with aboBoNT/A was 652.5 (SD = 285.5) units, for
ona- 159.5 (SD = 62.4) units, and for incoBoNT/A 173.4 (SD
=99.2) units respectively. The doses injected into each muscle
are set out in Table 1. The doses injected into each muscle
in the ona- or incoBoNT/A groups were between 19.7 and
49.2 units. The highest dose was injected into the splenius
capitis, 49.2 + 26.0 units, with the highest total dose per ses-
sion being 130 units. The lowest doses were chosen for both
semispinalis muscles.

The doses in the aboBoNT/A group were between 75.4 and
139.6 units (Tab. 1B). The highest dose was injected into the
splenius capitis with 139.6 + 80.7 units, with the highest dose
of 400 units total per session. The lowest doses were chosen
for semispinalis cervicis, longissimus (cervicis and/or capitis)
and medial scalene muscles.

Discussion

Although BoNT/A injections are the therapy of choice for
CD, the dose per muscle is an unresolved problem [7, 9]. Both
total dose per session and per muscle were pre-established at
study design in clinical trials and incorporated into published
recommendations [1, 2]. SPCs are mostly focused on maximal
total dose (SPC Botox*, SPC Dysport®, SPC Xeomin®). Recently
published versions of SPC do not include the specific doses per
muscle, and only aboBoNT/A SPC recommends for head tilt
150 units to sternocleidomatoid muscle (SCM) and 350 units
to splenius capitis (SC).
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Table 1A. Dose per muscle of abobotulinumtoxinA

Muscle SCM SM LS SsCap
Mean 117.9 87.5 1358 1114
SD 40.1 36.8 50.8 63.4
MAX 200 175 250 380
MIN 40 20 40 40

N 77 18 59 45
Proportion 78.6% 18.4% 60.2% 45.9%

All others: Mean = 87.3; SD = 54.6; MAX = 240; MIN = 30; N = 13; Proportion = 13.3%

Table 1B. Dose per muscle of inco-BoNT/A

Muscle SCM SM LS SsCap
Mean 347 288 39.0 30.7
SD 15.2 16.5 17.9 15.2
MAX 70 50 80 70
MIN 15 10 15 10
N 43 4 34 15
Proportion 81.1% 7.6% 64.2% 28.3%
All others: Mean = 23.3; SD = 15.3; MAX = 40; MIN = 10; N = 3; Proportion = 5.7%
Table 1C. Dose per muscle of ona-BoNT/A
Muscle SCM SM LS SsCap
Mean 40.8 243 32.8 19.7
SD 15.5 5.8 123 13.2
MAX 80 30 70 100
MIN 7.5 10 10 7.5
N 125 14 59 59
Proportion 81.2% 9.1% 38.3% 38.3%

All other: Mean = 22.5; SD = 16.1; MAX = 90; MIN = 7.5; N = 47; Proportion = 30.5%

SsCer SCap SCer ocCl Trap Long
102.1 139.6 754 117.3 1234 873
739 80.7 47.5 43.6 47.7 35.7
400 400 200 200 250 160
10 25 25 40 40 25
28 82 1" 44 74 15
28.6% 83.7% 11.2% 44.9% 75.5% 15.3%
SsCer SCap SCer ocCl Trap Long
313 36.8 65.0 317 330 27.0
14.3 21.2 49.5 209 133 10.6
50 100 100 90 60 40
10 10 30 5 10 10
8 43 2 23 35 10
15.1% 81.1% 3.8% 43.4% 66.0% 18.9%
SsCer SCap SCer ocCl Trap Long
18.0 49.2 133 206 29.2 20.5
85 26.0 48 1.4 13.2 9.9
40 130 20 50 100 40
5 10 5 7.5 10 5
37 134 9 45 73 27
24.0% 87.0% 5.8% 29.2% 47.4% 17.5%

SCM — sternocleidomastoideus; SM — scalenus muscles; LS — levator scapulae; SsCap — semispinalis capitis; SsCer — semispinalis cervicis; SCap — splenius capitis; SCer — splenius cervicis; OCl — obliquus

capitis inferior; Trap — trapezius; Long — longissimus; N — number of muscles injected

Regarding only the main double-blind, placebo-controlled,
randomised studies: in a majority of them the number of
injection sites per muscle and the volume/dose injected into
each muscle were determined at the discretion of the inves-
tigator [10-13].

In an early study by Poewe et al., aboBoNT/A was injected
into only two muscles: SCM and SC [total doses of 250, 500,
or 1,000 units divided among them and related to Toronto
Western Spasmodic Torticollis Score (TWSTRS) result] [14].

Another early study, by Wissel et al., specified the range of
doses per muscles of aboBoNT/A used: SCM: 100-200 units,
SC 250-350 units, trapezius (Trap) 100-200 units and levator
scapulae (LS) 100-200 units. The total maximum allowed dose
per patient was 500 units. This reflects only the methodology
of this trial, but does not show the actual dosages used per
muscle in clinical practice [15].

In a more recent study by Poewe et al., the authors listed
the injected muscles (LS, Trap, SCM, SC, scalene medius,
semispinalis capitis and longissimus), but did not reveal the
injected doses [16].

Figures regarding the dose per muscle in open label studies
(more closely resembling our group of patients) are also scarce.
Camargo et al. observed 28 patients with CD treated for seven
years with BONT/A and they reported doses consecutively in-
jected into each muscle: SCM 15-75 units, Trap 30-100 units,
SC 15-50 units, LS 15-50 units, and paravertebral muscles
15-50 units (doses were calculated for onaBoNT/A, but differ-
ent preparations were used over the course of the seven years).
This group was small (n = 28) and doses were not assigned to
a specific BONT/A product for the whole follow up [2].

Bentivoglio et al. reported in a long term (at least six
consecutive injections) open study of aboBoNT/A in CD the
doses used for injected muscles: SCM, Trap, SM, SC, and LS.
Mean dose (and SD plus range) for each muscle were: 110.0 +
44.9 (40-200) units for SCM, 231.4 + 158.3 (60-500) units for
Trap, 74.8 £ 47.7 (40-180) units for SM, 157.1 £ 111.1 (60-400)
units for SC, and 118.7 + 57.9 (60-300) units for LS. Neverthe-
less, the authors used the standard CD classification (as used
in the pre-Col-Cap era). The most frequent dystonic patterns
identified were torticollis and laterocollis, accounting for
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Table 2. Comparison between doses recommended in position statement of group of experts (1, 7) and mean doses used in our study (shown in bold; we

selected more commonly used muscles)

Muscle ona/incoBoNT/A

aboBoNT/A

(units, range)

Sternocleidomastoid 20-50 40-120
Splenius capitis 40-100 100-350
Trapezius 25-100 60-300
Levator scapulae 20-100 60-200
Semispinalis capitis 20-100 60-300
Splenius cervicis 20-60 60-140
Semispinalis cervicis 20-60 60-140
Obliquus capitis 10-20 60-200

78.7% and 78.5% of all the treatments respectively, followed
by dystonic tremor (37.9%) and shoulder elevation (14.4%).
Mixed patterns were a combination of torticollis and latero-
collis (28.9%) and torticollis with dystonic tremor (5.6%) [1].

In our earlier publication regarding a cohort of 305 patients
with CD, we demonstrated that the most frequently injected
muscle was the SC (83%), followed by SCM (79.1%) and Trap
(58.5%). But less frequently injected muscles were also treated:
LS, semispinalis capitis (SScap), and OCI in 38.2%, 48.7% and
35.3% of patients respectively [17]. The most common pattern
of CD was torticaput (49%) followed by laterocaput (16.7%).
Pure forms were observed in 16.3% of patients only [5]. These
‘new’ muscles (i.e. those rarely included in clinical trials, such
as OCI) gained more awareness when the Col-Cap concept
was introduced by Reichel at al. [6]. The doses chosen in our
international cohort study are based on this relatively new
approach. To the best of our knowledge, this has not been
studied in such a large cohort previously.

The doses we used in our cohort are lower than in other
studies with aboBoNT/A [1, 14, 15]. This may indirectly reflect
the common use of US guidance in our practice which may
result in more precise injections and may lower the dose per
muscle. In all randomised and double-blind clinical stud-
ies published so far, US has not been used as the guidance
technique [10-13]. The doses per muscle are lower for some
muscles in our cohort compared to the recommendations of
experts [4] - see Table 2.

The ‘ideal’ dose per muscle remains unknown because it
has never been formally studied in a scientific manner. Nev-
ertheless, the dose per muscle (after proper identification of
dystonia pattern using the Col-Cap concept) could be crucial
to effective treatment.

Our study, featuring a large cohort of 305 patients, re-
flects real life practice in movement disorder clinics using
the same treatment regime across continents, and shows the
doses identified as being ‘effective’ (all patients were treated
previously with at least moderate/good response). It can po-
tentially help as an overview for injectors going into the field
of CD treatment.

(units, range)

onaBoNT/A incoBoNT/A aboBoNT/A
(units, SD) (units, SD) (units, SD)
40.8 (15.5) 34.7 (15.2) 117.9 (40.1)
49.2 (26.0) 36.8(21.2) 139.6 (80.7)
29.2(13.2) 33.0(13.3) 123.4 (47.7)
32.8(12.3) 39.0 (17.9) 135.8 (50.8)
19.7 (13.2) 30.7 (15.2) 111.4 (63.4)
13.3 (4.8) 65.0 (49.5) 75.4 (47.5)
18.0 (8.5) 31.3(14.3) 102.1(73.9)
20.6 (11.4) 31.7 (20.9) 117.3 (43.6)

We are aware that the use of ultrasound guidance is
not yet available at some centres, and that others use other
methods such as EMG guidance. Although this might in-
fluence the injection of some rare muscles, it should not
significantly impair the fundamental results and implica-
tions of our study.

Conclusions

Our study shows, for the first time, the doses per muscle
used in CD patients in real life practice using the Col-Cap
concept, including muscles not previously injected.

The doses per muscle were lower than in other studies,
which may be the result of both the Col-Cap concept and
the use of (presumably more precise) US-guided injections.
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