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Introduction

Despite the manifold uses of and large body of literature 
regarding botulinum toxin [9, 20], there are still ques-
tions regarding the clinical substitution of one formula-
tion for another, and comparisons of their efficacies, 
side-effects and cost-effectiveness. The clinical litera-
ture on dose-equivalence ratios is inconsistent, and of-
ten marred by small sample sizes and preconceived as-

sumptions. As a result, for example, dose-equivalence 
ratios for Dysport®:Botox® ranging from 1:1 to 6:1 are 
advocated; this is clearly an unacceptable margin of er-
ror. Sampaio et al. [16] applied Cochrane criteria to 
head-to-head studies investigating dose-equivalence ra-
tios for these two formulations in patients with a single 
focal dystonia. They found only four randomized con-
trolled trials, which tested only two fixed conversion fac-
tors (3:1 and/or 4:1 for Dysport:Botox), that met their 
criteria for evidence-based medicine. The data from 
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■ Abstract  Despite extensive clin-
ical experience and published data 
regarding botulinum toxin, ques-
tions remain about the clinical sub-
stitution of one botulinum toxin 
formulation for another. In the case 
of Dysport® and Botox®, dose-
equivalence ratios ranging from 1:1 
to 6:1 (Dysport:Botox) have been 
advocated. This dose-ranging, elec-
troneurographic study investigated 
the dose equivalence, diffusion 
characteristics (spread) and safety 
of these two type-A toxins in 79 
volunteers. Dysport and Botox 
caused significant and similar re-
ductions in compound muscle ac-
tion potential (CMAP) amplitude 
in the target muscle (extensor digi-
torum brevis, EDB) 2 weeks after 
injection, with effects persisting to 

the 12-week timepoint. For both 
products, the reduction in ampli-
tude was increased with increasing 
doses and with increasing concen-
tration. The effects of toxin on 
neighbouring muscles were much 
smaller and of a shorter duration 
than those on the target muscle, 
implying a modest spread of toxin. 
Unlike the target muscle, the effects 
were greater with the higher vol-
ume, suggesting this volume led to 
greater diffusion from the EDB. No 
adverse events were reported. Sta-
tistical modelling with CMAP am-
plitude data from the target muscle 
gave a bioequivalence of 1.57 units 
of Dysport:1 unit of Botox (95 % 
CI: 0.77–3.20 units). The data indi-
cate that a dose-equivalence ratio 
of 3:1 was within the statistical er-
ror limits, but ratios over 3:1 are 
too high.

■ Key words  botulinum toxin · 
Dysport · Botox · dose equivalence · 
randomized controlled trial
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these trials strongly suggested that 4:1 ‘is not the ratio 
that guarantees bioequivalence in terms of clinical effi-
cacy, duration of effect, or frequency of adverse reac-
tions’. At a dose ratio of 3:1, Dysport had a stronger 
clinical effect than Botox (greater response, longer dura-
tion of effect and increased risk of side-effects). The au-
thors of one of these trials [14] and the author of a com-
mentary relating to it [13] both noted that the data seem 
to suggest a conversion factor lower than 3:1 would be 
more appropriate. Clearly, further investigation is war-
ranted, especially as ratios of 3:1, and sometimes more, 
are employed in clinical practice [11].

This dose-ranging, electroneurographic (ENG) study 
was designed to investigate the dose equivalence, diffu-
sion characteristics (spread) and safety of Dysport and 
Botox in healthy volunteers. The target muscle in this 
study, the extensor digitorum brevis (EDB), was chosen 
for its accessibility and because weakening this muscle 
has no impact on the daily life of participants. The model 
also generates more precise comparative data than clin-
ical studies do. This is because a clinical effect (nearly 
complete paralysis of a target muscle) requires toxin 
doses in the range where dose–response curves reach a 
plateau (i.e. where large variations in dose produce little 
difference in effect), whereas this model allows investi-
gators to measure dose effects in the steep section of a 
dose–response curve, where the effect changes rapidly 
with dose. ENG methods are well suited to the detection 
of such subtle, and potentially subclinical, changes in the 
muscle studied. 

Materials and methods

■ Study population

Male and female volunteers aged 18–60 years were included in the 
study. Individuals were excluded if they had a history of alcohol or 
drug abuse, or if they had associated serious diseases, particularly of 
the heart, liver, kidneys, or systemic diseases, malignant diseases or 
serious infections. Volunteers with immune or coagulation disorders 
were also excluded from the study. Women who were pregnant, lactat-
ing or of childbearing age without adequate contraceptive protection 
were not eligible for inclusion. Other exclusion criteria included: in-
gestion of prohibited or undocumented concomitant medication; 
artificial heart valves or prior damage to heart valves; ongoing or re-
cent (during the past 3 months) participation in a clinical study; si-
multaneous participation in another clinical trial; pretreatment with 
botulinum toxin type A; known allergy or antibodies to botulinum 
toxin type A.

■ Study design

This was a randomized, double-blind, prospective, dose-ranging 
study of Dysport and Botox. The study was of 12 weeks’ duration and 
was conducted in two university hospitals in Germany. Volunteers 
were randomly assigned to one of 18 treatment groups that differed 
in terms of dose (number of units per injection; five doses in total) 
and concentration (high or low) of toxin received (see Study treat-
ments and Fig. 1), and into which foot Dysport and Botox were in-

jected. A randomization list of permuted blocks was used to ensure 
balance among treatment groups and prepare numbered sealed enve-
lopes containing treatment instructions. One individual in each cen-
tre, who was not otherwise involved in performing the study, pre-
pared the injection solutions and assigned volunteers to treatment by 
consecutively drawing the envelopes. 
 The study was conducted according to the principles of the Dec-
laration of Helsinki (1996 amendment), Good Clinical Practice and 
German Drug Law (AMG). The protocol was approved by the local 
independent ethics committees and all volunteers were required to 
provide written informed consent before inclusion in the study.

■ Study treatments

Vials of Dysport (500 Dysport U; Ipsen Biopharm, Wrexham, UK) and 
Botox (100 Botox U; Allergan, Irvine, CA, USA) were reconstituted 
and diluted in 0.9 % saline to provide solutions of two concentrations: 
50 and 100 units/mL. All volunteers received an injection, adminis-
tered under electromyographic control using a 27 G needle, of Dys-
port into the EDB of one foot and an injection of Botox into the EDB 
of the other foot according to the randomization schedule. Five doses 
(four doses at two different concentrations and one dose at one con-
centration for each product) were given as described in Table 1. Doses 
and concentrations were chosen based on previous trials in the same 
setting [21, 22]. The doses used were expected to cause a weakening 
of the target muscle (EDB), but no functional impairment of either it 
or the neighbouring muscles. Because the effect of a unit of Botox was 
expected to be greater than that of a unit of Dysport, the highest dose 
(20 units) was given only for Dysport and the lowest dose (1.25 units) 
given only for Botox (Table 1). 
 As the solutions for injection did not differ in appearance or 
odour, the investigator administering treatment was blinded to con-
centration and toxin formulation but not, however, to injection vol-
ume.

■ Assessments and outcome measures

ENG examinations, performed according to standard methodology 
[10], were used to assess the effects of dose and concentration on the 
target (EDB) and two neighbouring muscles (abductor hallucis [AH] 
and abductor digiti minimi [ADM]). Examinations were performed 
(using surface electrodes) during the screening period before the day 
of the injection, immediately preceding treatment on the day of the 
injection (baseline), and then 2 and 12 weeks (± 3 days) after treat-
ment. At each time point, the peroneal (for the EDB) and tibial nerves 
(for the AH and ADM) were supramaximally stimulated at the level of 
the ankle joint; recordings were then taken from the EDB, AH and 
ADM. The stimulation distance depended on the size of the foot, but 
it was kept constant for each volunteer for the duration of the study. 
Base-to-peak compound muscle action potential (CMAP) amplitude, 
the primary efficacy parameter, was measured at each time point and 
for each muscle. 
 Other parameters measured were the duration and area of the 
CMAP and the distal motor latency (DML; the conduction time be-
tween the differential stimulating and recording electrodes). The re-
sults for these parameters are not shown as they were either similar 
to those for CMAP amplitude, albeit with more ‘noise’ (CMAP dura-
tion and area), or they showed no meaningful or consistent changes 
(DML). Sural and peroneal neurography was carried out at screening 
to exclude polyneuropathy; these examinations showed that nerve 
conduction velocities were normal in all volunteers. 
 Any adverse events were classified according to the guidelines of 
Good Clinical Practice, graded for severity and recorded by the inves-
tigators at each of the last three visits. 
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■ Statistical methods

Mean, standard deviation and the percentage change compared with 
the baseline value were calculated for each dose, concentration and 
time point for the CMAP amplitude data. All data were tested for nor-
mal distribution using the Kolmogorov–Smirnov test. To determine 
whether any changes of the measured and calculated parameters oc-
curred within data for each product, normally distributed data were 
tested using the t-test for paired samples and data not normally dis-

tributed were tested with the Wilcoxon test. The t-test for unrelated 
samples was used to identify any differences in data between prod-
ucts. The correlation coefficient according to Spearman was used to 
compare CMAP amplitudes.
 Dose-equivalence ratios were explored using dose–effect curves 
and likelihood ratios. Dose–effect curves were prepared for each 
product at each concentration (high or low) using the values obtained 
2 weeks after injection, expressed as a percentage of the initial value. 
A non-linear dose–effect relationship was assumed as a hypothesis. 
The parameters of the corresponding curves were determined using 
regression analysis and were then compared with each other. Likeli-
hood ratios, which describe the evidence provided by the data against 
a particular claim, were calculated against the belief that the dose-
equivalence factor (DEQF) = 2 (2 units of Dysport:1 unit of Botox).

Results

■ Study design and population

The study was carried out between November 2002 and 
April 2003. In all, 84 volunteers were screened, of whom 
79 were randomly assigned to and completed treatment 
(Fig. 1); data from all 79 volunteers were included in all 
analyses. A total of 54 (68.4 %) volunteers were women, 

Screened (n = 84)

Randomized and received treatment (n = 79)

Number of 
volunteers Number 

of units
Dysport injection

Dysport injection

4 20.0 High
High

High

High

High
Low

Low

Low

Low

High
Low

Low

Low

Low
High

High

High

Low

Low
High

High

High

High
Low

Low

Low

Low

2.5
2.5
5.0
5.0
7.5
7.5

10.0
10.0

2.5
2.5
5.0
5.0
7.5
7.5

10.0
10.0
1.25

Low = (50 U/mL); high = (100 U/mL)

Completed the trial (n = 79)

High
Low

Low

Low

Low
High

High

High

High

2.5
2.5
5.0
5.0
7.5
7.5

10.0
10.0
20.0

1.25
2.5
2.5
5.0
5.0
7.5
7.5

10.0
10.0

4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
4
4

Botox injection

Botox injection

Concentration Number 
of units

Concentration
Left foot Right foot

Three volunteers not injected
(physician’s decision)

One volunteer excluded (17 years of age)

One volunteer withdrew consent

Fig. 1  The flow of volunteers through the study

Table 1  Schedule of doses, concentrations and injection volumes

Dose
(units)

Injection volume (mL)

Dysport Botox 

50 units/mL 100 units/mL 50 units/mL 100 units/mL

 1.25 – – 0.025 mL –

 2.5 0.05 mL 0.025 mL 0.05 mL 0.025 mL

 5.0 0.1 mL 0.05 mL 0.1 mL 0.05 mL

 7.5 0.15 mL 0.075 mL 0.15 mL 0.075 mL

10.0 0.2 mL 0.1 mL 0.2 mL 0.1 mL

20.0 – 0.2 mL – –
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78 (98.7 %) were Caucasian and the mean (SD, range) 
age of the group was 26.2 (5.2, 18–49) years. The only 
prior diseases experienced by more than one volunteer 
were allergy (22 volunteers, 27.8 %) and asthma (3 vol-
unteers, 3.8 %); none of the diseases was considered to 
affect study measures. Ten volunteers were taking con-
comitant medications (three were taking asthma and 
three taking contraceptive medications; one volunteer 
was taking iodine, one an antidepressant, one medica-
tion for neurodermatitis and one medication for bowel 
inflammation).

■ ENG measurements 

Effects on CMAP amplitude in the target muscle (EDB) 

With data pooled for all doses and concentrations, the 
amplitude reductions at 2 and 12 weeks compared with 
baseline were similar for Dysport and Botox. At 2 weeks, 
geometric mean amplitudes were 50 % and 49 % of base-
line values for Dysport and Botox, respectively; at 12 
weeks, amplitudes were 58 % and 57 % of baseline  values, 
respectively. All reductions were significant (p < 0.001 in 
each case; Fig. 2 a and Table 2). The effect of increasing 
dose on amplitude is shown in Fig. 2 b and Table 2. Dou-
bling the dose had a significant effect on amplitude in 
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Fig. 2  Compound muscle action potential ampli-
tudes, expressed as a proportion of baseline values, 
2 and 12 weeks after treatment with Dysport® or 
Botox®. Data are geometric means ± 95 % CIs. a 
Overall effects (i. e. with data pooled for all doses 
and concentrations). *** p < 0.001 compared with 
baseline. b Effect of increasing dose for i) Dysport 
and ii) Botox

Table 2  Factors affecting the amplitude of the compound muscle action potential 
in the target muscle, the extensor digitorum brevis

Toxin
formulation

Geometric mean as a 
proportion of baseline 
values (%)

95 % CI P value

Overall* effect

  2 weeks Dysport 50 46–54 < 0.001

Botox 49 45–53 < 0.001

 12 weeks Dysport 58 46–54 < 0.001

Botox 57 52–63 < 0.001

Effect of doubling the dose 

  2 weeks Dysport 84 77–92 < 0.001

Botox 92 85–100 0.055

 12 weeks Dysport 85 78–93 0.001

Botox 89 81–98 0.017

Effect of doubling the concentration

  2 weeks Dysport 86 73–101 0.073

Botox 83 70–97 0.02

 12 weeks Dysport 84 71–100 0.049

Botox 79 66–95 0.011

* With data pooled for all doses and concentrations; significant p values are 
highlighted in bold
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three of four cases: the amplitude decreased by factors 
of 0.84, and 0.92 for Dysport and Botox, respectively, at 
2 weeks and by factors of 0.85 and 0.89, respectively, at 
12 weeks. Doubling the concentration also had a signifi-
cant effect on amplitude in three of four cases: the am-
plitude decreased by factors of 0.86 and 0.83 for Dysport 
and Botox, respectively, at 2 weeks and by factors of 0.84 
and 0.79, respectively, at 12 weeks (Table 2). 

As differences between products in the reduction in 
amplitude were not significant for either dose or con-
centration, data were pooled across products: CMAP 
amplitude decreased by a factor of 0.89 (95 % CI: 0.84–
0.95; p < 0.001) for each doubling in dose and by a factor 
of 0.87 (95 % CI: 0.76–0.98; p = 0.026) when the concen-
tration was doubled (50 U/mL versus 100 U/mL). 

Effects on CMAP amplitude in neighbouring muscles 
(AH and ADM)

As for the target muscle, reductions in CMAP amplitude 
were seen in the neighbouring muscles at week 2 (Ta-
ble 3). Unlike the target muscle, however, these reduc-
tions were smaller and there were no consistent effects 
at week 12.

The strongest, statistically significant effects were 
seen in the AH: 0.89 and 0.87 for Dysport and Botox, 
respectively, at week 2 (p≤0.001; Table 3). The effect of 
concentration could also be calculated in this muscle. 
For both products, the more dilute solution gave a stron-
ger effect in the AH (pooled data over all doses at two 
weeks; Table 3), in contrast to the target muscle, where a 

greater effect was seen with the higher concentration 
(Table 2). 

The reduction in CMAP amplitude was more variable 
in the ADM compared with the AH. The effect of concen-
tration could not be calculated but a reduction was seen 
in both muscles at week 2 (Table 3). The degree of reduc-
tion was not consistent in the two muscles: greater for 
Dysport in the ADM but greater for Botox in the AH. 
However, neither difference was statistically significant 
and these results are most probably due to the signal: 
noise limits of the method for these small effects.

■ Dose equivalence

Dose–response curves for 1–20 units of Dysport and Bo-
tox (Fig. 3) illustrate that there is an initial rapid decrease 
in CMAP amplitude with 1–6 units, although the rate of 
this decrease is lower at the higher concentration. The 
model predicted that, at the lower concentration of Bo-
tox, a mean decrease in amplitude to 73 % of the baseline 
value would be achieved with 1 unit of Botox. For a com-
parable effect, 1.57 units (95 % CI: 0.77–3.20) of Dysport 
would be required. Additional decreases in the ampli-
tude by a factor of 0.89 would occur by doubling the 
dose, and by a factor of 0.87 by doubling the concentra-
tion. 

Likelihood ratios calculated for various DEQFs rela-
tive to the belief that DEQF = 2 (2 units of Dysport:1 unit 
of Botox) are shown in Fig. 4. The maximum likelihood 
(1.245; peak of the curve in Fig. 4) relative to DEQF = 2 
was for DEQF = 1.57 (95 % CI: 1:0.77–1:3.20), that is, a 
dose-equivalence ratio of 1.57 units of Dysport:1 unit of 
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Table 3  Factors affecting the amplitude of the compound muscle action potential 
in the neighbouring muscles

Toxin
formulation

Geometric mean as a 
proportion of baseline 
values (%)

95 % CI P value

Abductor hallucis: overall* effect 

  2 weeks Dysport  89  83–95 0.001

Botox  87  82–94 < 0.001

 12 weeks Dysport 105  99–110 0.111

Botox 103  97–109 0.313

Abductor hallucis: effect of doubling the concentration

  2 weeks Dysport 117 102–134 0.022

Botox 110  96–126 0.180

 12 weeks Dysport 107  96–119 0.220

Botox 101  90–112 0.924

Abductor digiti minimi: overall* effect 

  2 weeks Dysport  81  72–91 < 0.001

Botox  93  84–102 0.105

 12 weeks Dysport 105  96–115 0.302

Botox 108  99–118 0.074

* With data pooled for all doses and concentrations; significant p values are 
highlighted in bold

Fig. 3  Calculated dose-response curves for Dysport® and Botox® at each of two 
concentrations. The curves are derived from data for the amplitude of the com-
pound muscle action potential 2 weeks after treatment. The horizontal lines are 
the equal response levels at these doses for high (lower line) and low (upper line) 
concentrations. The horizontal differences between the curves are used to calculate 
the dose equivalence factors (DEQFs) in Fig. 4. The DEQF for 10 units of Botox is 
indicated in this figure: it can be seen to be below 1.6 at both dilutions
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Botox. Importantly, the support for DEQF = 2 was 2 
(1/0.570), 4 (1/0.256), 22 (1/0.045) and 125 (1/0.008) 
times stronger than that for DEQF = 1, 3, 4 and 5, respec-
tively (corresponding to dose-equivalence ratios of 1:1, 
3:1, 4:1 and 5:1 of Dysport:Botox, respectively).

Further safety analyses within the dose-equivalence 
model revealed that the treatment effect was correlated 
with blood pressure: the additional amplitude reduction 
(0.89) associated with an increase in diastolic blood 
pressure by 10 mmHg was comparable with the effect of 
dose doubling. As no other study with any botulinum 
toxin has shown an effect of blood pressure or heart pa-
rameters, this finding is most likely to be a statistical 
artefact and is not discussed further.

■ Safety

No adverse events were reported throughout the course 
of the study.

Discussion

Dysport and Botox caused significant and similar reduc-
tions in CMAP amplitude in the target muscle (EDB) 2 
weeks after injection, with effects persisting at a slightly 
lower level to the 12-week time point. For both products, 
the reduction in amplitude was greater with increasing 
doses: for combined data for Dysport and Botox, each 
doubling of dose resulted in a reduction in amplitude by 
a factor of 0.89. Doubling the concentration (the same 
dose in half the injection volume) also resulted in sig-
nificantly greater effects on the muscle, with a reduction 
in amplitude by a factor of 0.87 calculated from com-
bined data for Dysport and Botox. Using the CMAP am-
plitude data from the target muscle, it was possible to 

predict that 1 unit of Botox was equivalent to 1.57 units 
of Dysport. As expected, the effects of toxin on the neigh-
bouring muscles were much less than those on the target 
muscle, implying a modest spread of toxin, and they had 
largely disappeared by the 12-week time point. Further-
more, as with the target muscle, the effects of Dysport 
and Botox were similar 

A key finding from this study is that the effects of 
Dysport and Botox were similar in the target muscle and 
in the neighbouring muscles. The effects of Botox and a 
complex-free botulinum toxin type A compound were 
also similar when tested head to head in a similar series 
of experiments conducted with the same model [23]. 
These results suggest that the complexing proteins do 
not play a major role in the diffusion of the toxin in the 
target muscle or to neighbouring muscles. This is not 
surprising as, at the pH of body tissues, the toxin com-
plex is known to dissociate to release the toxin mole-
cules, which then diffuse locally in the surrounding tis-
sues [7, 18]. Diffusion is a simple physical process that 
depends only on concentration (i.e. dose and injection 
volume) and would not be expected to differ among 
products. Suggestions to the contrary that are some-
times found in the clinical literature are based on the use 
of dose-conversion ratios that are too high. 

Interestingly, doubling the concentrations of Dysport 
and Botox had an effect on the neighbouring AH muscle 
that was opposite to that on the target muscle: the lower 
concentration resulted in a greater decrease in ampli-
tude than the higher concentration (same dose, half the 
volume). It is possible that the higher injection volume 
was too high for this particular (small) muscle and led 
to increased diffusion to neighbouring muscles.

Putting these findings in a clinical context, and 
 assuming CMAP amplitudes convert predictably into 
muscle paresis, the results of the present ENG study con-
firm that both dose and volume are important determi-
nants of the effects on the target muscle. It is well known 
that the effect of botulinum toxin changes with dose: a 
large number of randomized controlled trials across 
many indications have examined the clinical impact of 
different doses. As befits studies in patients, however, 
the doses employed were frequently high [15] and the 
ranges narrow and this has limited our full understand-
ing of the behaviour of the toxin and perhaps fuelled the 
division of opinion regarding the best manipulation of 
dose for optimal effect. The situation is complicated by 
an  underestimation of the effects of injection volume 
and dilution. Logic dictates that, for a given dose, there 
may be an optimum injection volume for each muscle 
depending on its size: at the optimum volume, spread is 
not so great as to affect adjacent muscles, nor is it so 
small that there is insufficient spread within the target 
muscle to bring about an acceptable clinical effect. It is 
perhaps not surprising that the literature is contradic-
tory regarding optimal treatments given the many indi-
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cations (and thus different target muscles), doses and 
volumes in clinical use. The choice of endpoint is also 
critical: the dose-dependence of the ENG measures em-
ployed in this study is clear and argues for the superior-
ity of the measures over the previously used clinical end-
points for teasing out the different effects of dose and 
volume. 

The problems in comparing the activities of Dysport 
and Botox, and thus developing dose-equivalence ratios, 
stem from the different mouse lethality assays used to 
define the units of potency. For the mouse assay used to 
standardize Dysport batches, the toxin is diluted in a 
phosphate buffer containing gelatine, which stabilizes 
the toxin at the low concentrations employed in the as-
say. The Botox assay, however, uses saline as the diluent, 
with a significant loss in potency [8, 19]. Thus, subject-
ing a batch of the Botox formulation to the Dysport as-
say yields a number of units considerably greater than 
the number of Botox units recorded on the label, and 
subjecting a Dysport batch to the Botox assay results in 
a number of units considerably fewer than on the label. 
The issue of concentration is also significant in terms 
of the ratio of the excipient human serum albumin 
(HSA) to toxin; this is lower in the Dysport formulation 
[2] compared with the Botox formulation [1]. HSA is 
added at the manufacturing stage to prevent the non-
specific binding of toxin to glass and plastic during re-
constitution and dilution. The loss of potency at the 
higher (i.e. non-clinical) dilutions used in the mouse as-
says is greater when no extra excipient (gelatine in the 
Dysport assay) is added [8, 19]. Solving the problems re-
sulting from the different measures of potency by using 
a single mouse lethality assay for all toxin formulations 
does not seem to be appropriate because of the differ-
ences in the HSA content. In fact, an extensive multicen-
tre international comparison of assays using three sam-
ples of toxin could not provide a single mouse potency 
ratio [19]. 

Careful control of the potentially confounding effects 
of concentration in the present study translates into a 
high level of confidence in the validity of the dose-equiv-
alence ratio produced (1.57 units of Dysport:1 unit of 
Botox). Furthermore, this ratio is similar to those re-
ported previously in the same setting [21, 22]. Compari-
sons with published data in other settings are difficult, 
as large well-controlled trials are few in number and 
have generally been conducted with higher ratios (i.e. 
3:1 and 4:1) [15, 16]. However, a stronger clinical effect 
with Dysport compared with Botox has been noted at a 
ratio of 3:1 (Dysport:Botox) [14], a ratio that lies on the 
outside of the confidence intervals (0.77:1–3.2:1) of this 
study, indicating borderline acceptability. This stronger 
effect led a number of authors to suggest that a lower 
ratio might be more appropriate [13–16]. More recently 
registered indications, such as glabella lines, also sug-
gest a lower ratio (registered dosages of 50 units of Dys-

port versus 20 units of Botox1 [3]). Elsewhere in the 
clinical literature, claims of bioequivalence for ratios of 
3:1 or above can be found [4, 6, 12, 17], but it should be 
noted that ratios of 4:1 and 5:1 are not based on con-
trolled clinical trials; they originally represented best 
estimates before differences in the sensitivities of the 
mouse assays used for Dysport and Botox were under-
stood [5]. Physicians are, therefore, possibly still tending 
to give higher doses of Dysport compared with Botox, 
based on the use of inappropriate conversion factors. 

The strength of the present study lies in the use of a 
human model with doses corresponding to the sections 
of the dose–response curves where effects change rap-
idly. This is in contrast to clinical studies, where a maxi-
mum response is needed and the doses employed cor-
respond to the plateaus of the dose–response curves. 
Also, in clinical studies, the majority of response param-
eters that can be measured are subjective to some de-
gree. While this model is thus inherently more accurate, 
direct extrapolation to the clinical setting must be con-
sidered with caution. Firstly, in this model, there was a 
clear effect of dilution (the 100 unit/mL solutions showed 
more effect and less spread than the more dilute 50 unit/
mL solutions) that may not translate directly to other 
muscles: optimal injection volumes may vary depending 
on muscle size and the configuration of the motor end 
plates. As there is virtually no quantitative data on this, 
it is important that injection volumes remain constant 
in comparative trials. Secondly, although more recent 
data support the conclusion that the ratio 3:1 may be too 
high, lower ratios have not been tested in head-to-head 
controlled trials. We would like to suggest that further 
investigation of lower (principally, 2:1) dose ratios is 
warranted. This is important because high ratios are still 
being used in the clinic [11], leading to the use of greater 
than necessary Dysport doses and increasing the risk of 
side-effects related to the spread of toxin as, whatever 
the dilution volume or product used, any excess toxin 
not bound to the synapses of the target muscle will have 
an effect on adjacent muscles. This further research 
needs to be in the form of high-quality randomized con-
trolled clinical trials. 

Conclusions

Dysport and Botox produced similar and long-lasting 
ENG effects in the EDB muscle of volunteers; these ef-
fects were more pronounced at higher doses and at the 
lower volume. The data suggest spread to neighbouring 
muscles was similar and modest for the two products 
but that effects were greater at the higher rather than the 
lower volume. A dose-equivalence ratio of 1.57:1 for 
Dysport:Botox was estimated using statistical model-

1 Presently registered dosages for the two products in Germany
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ling. A ratio of 3:1, which has been tested in controlled 
clinical trials is within the statistical error limits ob-
tained, but ratios over 3:1 are clearly too high.
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