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Abstract
Background: The literature on botulinum neurotoxin type A (BoNT-A) is extensive, 
often contradictory, and confounded by a competitive market of products and re-
search attempting to distinguish brand individuality.
Methods: A comprehensive review of literature on the principles of BoNT-A in aes-
thetics as well as clinical examples.
Results: In 2017, the Eight Key Clinical Postulates were formulated as a guide for the 
aesthetic practitioner in understanding BoNT-A pharmacodynamics and to compare 
different toxins. These are now updated to include (a) All type A toxins act identi-
cally; (b) The mathematical relationship between toxin and receptor is the basis of ef-
ficacy, and clinical efficacy is influenced by molecular potency and patient attributes 
including muscle mass, gender, age, and ethnicity; (c) Efficacy, onset, and duration 
are functions of “molecular potency” defined as the number of active 150 kDa mol-
ecules available for binding; (d) “Molecular potency” is difficult to objectively quan-
tify for commercially available toxins; (e) Up to a point, increased molecular potency 
decreases time to onset and increases duration of effect, and the “Molecular Potency 
Quotient” is a construct for comparing molecular potency commercial cost; (f) The 
area of effect of a toxin injection is dependent upon molecular potency, diffusion 
(passive), and spread (active); (g) Differing reconstitution volumes; and (h) Increased 
number of injection sites can affect spread, onset, and duration of effect.
Conclusions: The principles of BoNT-A use in aesthetics are complex yet understand-
able as outlined in the framework of the updated Eight Key Clinical Postulates and 
serves as a useful tool for providing the most effective treatment and interpreting 
research on present and future toxin formulations.
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1  | INTRODUC TION

The injection of botulinum neurotoxin type A (BoNT-A) has a myriad 
of clinical indications and is one of the most common procedures 
in aesthetics.1 As such, staying abreast of the latest research and 
discoveries, understanding the clinical science and pharmacodynam-
ics, and being aware of the myths and misconceptions in BoNT-A 
use are vital for all practitioners. In doing so, clinicians will be better 
prepared to assess the properties of the neurotoxins they are admin-
istering so they can optimize patient care and make well-informed 
decisions as new products enter the market.

The United States currently has Food and Drug Administration 
(FDA) approval for 4 commercially available brands of BoNT-A: 
onabotulinumtoxinA (OnabotulinumtoxinA, Botox), abobotuli-
numtoxinA (AbobotulinumtoxinA, Dysport), incobotulinumtoxinA 
(IncobotulinumtoxinA, Xeomin), and the recently approved (Feb 
2019) prabotulinumtoxinA (PrabotulinumtoxinA, Jeuveau), with 
several more currently undergoing clinical trials including daxibot-
ulinumtoxinA (DAXI) and nivobotulinumtoxinA (NIVO, marketed as 
Innotox in South Korea).2-4 Outside the United States, these same 
toxins are sold under different names such as Vistabel (Botox/
OnabotulinumtoxinA), Azzalure (Dysport/AbobotulinumtoxinA), 
Bocouture (Xeomin/IncobotulinumtoxinA), and Nabota (Jeuveau/
PrabotulinumtoxinA). Additionally, other BoNT-A preparations exist 
outside the United States such as Neuronox and Botulax in South 
Korea, Relatox in Russia, and Chinatox/CBTX-A in China, which is 
also marketed under a variety of names in different countries includ-
ing Prosigne, Lantox, Liftox, and Redux.5-7

Decades of research have supported the safe and efficacious use 
of BoNT-A for the treatment of facial wrinkles.8,9 Each commercial 
brand of BoNT-A markets extensively to claim differences in effi-
cacy, speed of onset, duration of effect, and “diffusion” characteris-
tics; however, clinical trials have produced varied data about these 
defining differences.8,9 Studies frequently lack the power or appro-
priate design to support claims in product individuality, and many 
differences that are found can be attributed to differences in dosing. 
In particular, data have been mixed regarding the equivalence and 
interconversion of dosing units between products, the relevance 
of unique manufacturing and storage processes, the impact of re-
constitution volume, local spread, and diffusion. These claims can 
influence both consumers and practitioners yet are challenging to 
delineate and reconcile. Indeed, even though recent trials seem to 
indicate that there may be some potential advantages of some tox-
ins over others on critical clinical attributes such as onset and du-
ration of effect, these may be just delineating differences in toxin 
potency.8,9

The principles of BoNT-A use are defined by what we called the 
“Eight Key Clinical Postulates” and can be used as a practitioner's tool 
in interpreting and analyzing current and novel BoNT-A literature for 
the purpose of making the most informed clinical decisions in their 
practice.8 The following serves as an extensive review, expansion, 
and update of these postulates, incorporating new literature, novel 
toxins, and addendums to the foundations of BoNT-A mechanics.

Additionally, we introduce the Molecular Potency Quotient as a 
new concept with which to evaluate and compare the “cost (in dol-
lars) for a given clinical effect” of different commercially available 
toxins. Given that each manufacturer has its own proprietary “units” 
of measurement, comparing the potency of the toxins is difficult and 
often confusing both for providers and patients. While the potency 
itself is an important characteristic to define, more useful to actual 
clinical practice is the ratio of potency to cost. The maximum clini-
cal effect of a toxin for facial aesthetic use is the “frozen” look with 
a higher degree of frozenness correlating with a greater duration 
of effect, but many patients desire a lesser level of paralysis that 
minimizes wrinkles and lines while still maintaining some natural 
movement. The number of units required to reach the desired end-
point divided by the cost per unit defines the “Molecular Potency 
Quotient.”

2  | POSTUL ATE I

All type a toxins act identically.

2.1 | Molecular structure and mechanism of action

While differences exist in manufacturing and formulation, all 
BoNT-A products share an identical mechanism of action: caus-
ing muscular weakness and paralysis by preventing acetylcholine 
(ACh) release into the synaptic cleft at nerve endings within striated 
muscle, smooth muscle, and autonomic exocrine glands. Botulinum 
neurotoxin is produced by Clostridium botulinum, a gram-positive, 
spore-forming, anaerobic bacterium.10 Currently, 7 major serotypes 
(A-G) and over 40 subtypes (distinguished by numbers) are recog-
nized with a hybrid serotype (H/HA/FA) described in 2013 and a 
new gene-sequence-only serotype (X) in 2017, although A1 is the 
only serotype approved by the FDA for aesthetic use.11-13 Botulinum 
neurotoxins are made by the producing bacteria as a complex of 
various proteins. The pharmacologically active toxin is a 150 kilo-
dalton (kDa) protein consisting of a 100 kDa heavy chain (HC) and a 
50 kDa light chain (LC) connected via a single disulfide bond.14 For 
some commercially available toxins, the core neurotoxin protein is 
noncovalently associated with a group of neurotoxin-associated 
complexing proteins (NAPs) which are a combination of several he-
magglutinin proteins and one nonhemagglutinin protein that act in 
concert, when the toxin is injected, to shield the toxin from unfa-
vorable conditions such as stomach acid when ingested as part of 
spoiled food, a normal habitat of C botulinum.

The manufacturing of commercial BoNT-A is similar but unique 
to each product (see Table 1). Unlike chemically synthesized drugs 
produced through a specific set of controllable chemical reac-
tions, botulinum toxins are proteins produced by living strains of 
Clostridium bacteria. The toxin proteins are hundreds or thousands 
of times larger in size than most synthetic drugs and undergo twist-
ing and folding in specific ways to produce the secondary and 
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tertiary structures that allow for their clinical effect and specific-
ity.15,16 All FDA-approved BoNT-As are produced by the Hall strain 
of Clostridium botulinum, but from there each manufacturer takes 
similar but different steps to purify and prepare the toxin for clin-
ical use. OnabotulinumtoxinA (Botox/Vistabel) consists of uniform 
900  kDa toxin complexes while IncobotulinumtoxinA (Xeomin/
Bocouture) undergoes purification to isolate the 150  kDa free 
toxin.14,17 AbobotulinumtoxinA (Dysport/Azzalure) has a complex 
size of ~500 kDa but has not been precisely disclosed by the man-
ufacturer.15,16 The newest FDA-approved BoNT-A formulation, 
PrabotulinumtoxinA (Jeuveau) also has 900  kDa complexes.14,18 
DaxibotulinumtoxinA (DAXI) consists of 150 kDa toxin formulated 
with a stabilizing excipient peptide.3 The diluents used in each com-
pany's manufacturing process differ from saline to human serum al-
bumin to a gelatin phosphate buffer. The excipients used also vary 
including sodium chloride, lactose, sucrose, and differing volumes of 
human serum albumin. Finally, the methods used for finishing and 
drying the toxin include vacuum drying for OnabotulinumtoxinA and 
PrabotulinumtoxinA, freeze-drying for AbobotulinumtoxinA, and ly-
ophilized drying for IncobotulinumtoxinA. Included in this process 
is each manufacturer's own assessment of potency based on LD50 
mouse toxicity assays as there is no standardized assay as of yet.15,16

Complexes of BoNT-A are most stable at pH values of 6.25 and 
below. At the more neutral pH levels which normally occur during 
reconstitution, the complexing proteins dissociate prior to injec-
tion or to reaching target neuronal cells. Studies on the dissociation 
of 150  kDa BoNT-A from the attached NAPs have demonstrated 
that commercial preparations of BoNT-A contain virtually no com-
plexed neurotoxin after reconstitution. The process of dissociation 
is pH-dependent and may also be salinity-dependent.10,19 After 
reconstitution with sterile buffered saline, one study showed that 
product vials contained uncomplexed neurotoxin concentrations of 
89% in OnabotulinumtoxinA and 100% in AbobotulinumtoxinA and 
IncobotulinumtoxinA.10 Furthermore, any complexed toxin would 
quickly be released into free form upon injection into the target tis-
sue where physiologic pH conditions favor dissociation even more.10 
While the vast majority of literature suggests that the 150  kDa 
BoNT-A protein remains largely disassociated with NAPs at physio-
logic pH, it should be noted some studies suggest that dissociation 
may occur even prior to or shortly after injection and not necessarily 
dependent on the presence of a neutral pH alone.10,20,21

It has been the established hypothesis that the NAPs appear 
to play no role in the actual mechanism of action as all neurotoxin 
is in free form upon injection, and diffusion characteristics among 
all BoNT-A products into the same muscle type and at comparable 
doses have not shown any significant differences.10,22 However, in 
1999, Cai et al published the first paper demonstrating an improve-
ment in efficacy of BoNT-A when complexed with NAPs.23 Prior to 
this, NAPs were only suggested to play a limited role in protecting 
neurotoxin from gastrointestinal acidity and proteases and in the 
external environment. The mechanism by which these APs were 
suggested to enhance BoNT-A activity was by enhancing its zinc-de-
pendent endopeptidase activity via reduction of the disulfide bond TA
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that links the heavy and lights chains.23,24 This was exemplified in a 
2004 study by Sharma and Singh who isolated one of the NAP com-
ponents, specifically hemagglutinin-33 (Hn-33).24 Addition of Hn-33 
separately to nonreduced BoNT-A enhanced its endopeptidase ac-
tivity 13-fold.24 More recent literature suggests that Hn-33 may also 
enhance presentation of neurotoxin at the receptor site and facili-
tates internalization.25

After injection and dissociation of the 150 kDa neurotoxin from 
the NAPs, the C-terminal end of the 100 kDa heavy chain binds first 
to complex polysialic gangliosides that are abundantly present on 
the exterior surface of neuronal membranes. This is facilitated by 
the bipolar nature of the toxin wherein the abundance of positively 
charged amino acids near the binding site orient it with the nega-
tively charged gangliosides.26 The toxin molecules accumulate until 
it binds to exposed glycoprotein 2 (SV2), a protein found in the neu-
rons of vertebrates. The heavy chain then binds to SV2 at two loca-
tions: a peptide moiety on the fourth luminal domain (SV2-L4) and 
a recently discovered N-linked glycan on the same domain. These 
binding points anchor and pull the toxin into the synaptic vesicle as 
it is endocytosed into the neuron.27-29 This process has been shown 
to take approximately 5-10 minutes via in vitro studies.30

Inside the motor neuron, within the acidic environment of the 
endosome, the N-terminal portion of the heavy chain inserts into 
the vesicle membrane creating channels that allow the 50 kDa light 
chain to translocate toward the cytosolic side where the disulfide 
bond is enzymatically cleaved by thioreductase, releasing the light 
chain fully into the cytosol.31,32 The light chain then moves across 
the cytosol and binds to a member of the SNARE protein complex, 
specifically SNAP-25 (synaptosomal membrane-associated protein, 
25 kDa). As a zinc-dependent metalloproteinase enzyme, the light 
chain cleaves SNAP-25 which prevents ACh-containing synaptic 
vesicles from being able to fuse with the presynaptic membrane. 
This critical step results in blockage of ACh release into the neu-
romuscular junction (NMJ), thereby preventing muscle contraction. 
The light chain has been detected in the cytosol of rat neurons for 
as long as 10 months.33 This chemodenervation is the mechanism 
by which all type A toxins function. In contrast, other serotypes of 
botulinum toxin enter the neuron via a set of membrane receptors 
called synaptotagmins and target different SNARE proteins such as 
VAMP (synaptobrevin) and syntaxin to cause chemodenervation.34 
Research involving the use of recombinant and chimeric toxins (eg, 
part A toxin and part B toxin) to improve clinical efficacy is ongoing.35

The amount of active 50  kDa light chain domain in the motor 
neuron defines toxin longevity by cleaving SNAP-25 and allowing 
toxin to persist intracellularly in neuronal cells. A number of studies 
have been undertaken to determine the cause of BoNT-A’s unique 
longevity among the serotypes, particularly as compared to the very 
short-lived BoNT-E. Immunofluorescence techniques have demon-
strated that the light chain of BoNT-A largely localizes along the in-
side of the plasma membrane after cleavage from the heavy chain, 
whereas the light chain of BoNT-E is seen distributed throughout 
the cytosol.36 Similarly, BoNT-A3, a subtype with shorter duration of 
action than A1, localizes throughout the cytosol.33 This localization 

along the plasma membrane is hypothesized to be a contributing fac-
tor to duration of action where it may be less exposed to degradation 
by proteases leading to greater stability. The specific cause or causes 
of the stabilization and localization of A1 are not entirely clear, but 
several hypotheses include reduced susceptibility to the ubiquitina-
tion pathway via recruitment of deubiquitinating enzymes, tyrosine 
phosphorylation, interaction with septins on the cytoskeleton, and, 
notably, the presence of a dileucine motif near the C terminus which, 
when mutated, results in significant loss of longevity of action.37-41 
The BoNT-A light chain continues to exert its lytic effects upon 
newly generated SNAP-25 throughout the LC’s lengthy half-life of 
several months, but once it is ultimately degraded inhibition of ACh 
release resolves very rapidly.33,42,43

The binding of BoNT-A to neurons and internalization appears to 
be irreversible and almost permanent, but the invoked muscle paral-
ysis is only temporary. The onset of paralysis is typically seen within 
48 hours, but has been documented clinically in as early as 6 hours, 
specifically among patients treated with AbobotulinumtoxinA to the 
frontalis muscle.44,45 Time to toxin onset of action is highly influ-
enced by muscle anatomy and thickness as well as localization of 
injection, particularly if it is injected in the middle of a muscle fiber 
as this is where the motor endplates are typically concentrated.46 
When toxin is injected into a muscle, it first resides in extracellu-
lar space until it is taken up by nerve terminal end plates.46 Thus, 
injecting more centrally to the muscle body should yield an earlier 
clinical result; however, fibers are organized differently among dif-
ferent muscles.46 This is where a clinician's anatomical knowledge 
may guide injection location selection for a more efficacious effect. 
In order to confirm the ideal location for injection, electromyogra-
phy (EMG) has proven useful in demonstrating a higher intensity of 
endplate spikes to indicate the most efficacious location for toxin 
injection.46

Glycosylation patterns may play a role in time to onset, and these 
vary (genetically) among individuals.13,47 The same dose of BoNT-A 
in one individual may exert a different time to achieve a clinical ef-
fect in another individual as different amounts of bound toxin may 
correspond to different numbers of light chains that enter the cy-
tosol of nerve terminals.47 Evidence for the relevance of glycosyla-
tion in influencing the onset of action is seen when comparing the 
difference in N-glycans between vertebrates and invertebrates, as 
invertebrates lack sensitivity to BoNTs.48

Muscle recovery is the least understood part of the process but 
appears to occur as ongoing cellular turnover at the NMJ restores 
contractile function which begins returning after several weeks 
and gradually reaches pretreatment strength in approximately 
4-6  months. Recovery of neuromuscular transmission involves re-
placement of the lysed proteins and proliferation of motor axon 
sprouts to form new synaptic contacts at the motor endplate. There 
is some evidence that repeated injections of BoNT-A may result in 
slower functional recovery and persistent structural abnormalities 
of motor innervation in spite of normal function.30,49-51

While the binding of BoNT-A to the nerve is irreversible, the par-
alytic effect is temporary as motor axon sprouts form and cellular 
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turnover in the original nerve terminal gradually allows for acetyl-
choline release.49,50 Imaging after injection has shown a toxin distri-
bution pattern along the long axis of muscle fibers and present for 
a period of about 12 hours. In mouse models, this pattern does not 
seem to differ regardless of the marketed brand of BoNT-A used, 
given that similar volumes of injection were administered.49

The process of recovery is divided into an aneural and neural 
stage.52 The aneural stage begins from administration of BoNT-A 
and ends 2-3 weeks after injection. During this stage, nAChR genes 
are upregulated and postsynaptic end plates begin to form, injected 
muscles attain peak atrophy, and nerve axon sprouting begins which 
plays a key role in recovery of paralyzed motor end plates.52 IGF-1 
signaling has been shown to be central to this recovery process. In a 
study of 56 rats injected with BoNT-A to the gastrocnemius muscles, 
key molecules and genes targeted by the IGF-1 signaling pathway 
and involved in NMJ stabilization, remodeling, and myogenesis were 
shown to be either upregulated or downregulated after a period of 
seven days.52 Myogenic regulatory factor (MRF) proteins are acti-
vated by IGF-1 in order to upregulate nAChR genes.52

The neural stage begins 4-6  weeks postinjection and is char-
acterized by gradual re-innervation and myogenesis of the skeletal 
muscle. Motor neurons are re-innervated and nAChR clusters and 
NMJs begin to reform. Myogenin, an MRF that persists particularly 
longer than other MRFs, has been proposed to mediate myogenesis 
and muscle regeneration. This stage ends approximately 3-6 months 
after BoNT-A administration resulting in NMJ stabilization, regener-
ation, and eventually complete muscle functional recovery.52

2.2 | Modifying factors in onset and efficacy

The onset of partial paralysis typically occurs within the first 
48 hours after injection of BoNT-A (and as early as 6 hours) and com-
monly lasts 3-5 months depending on dose, technique, area treated, 
and patient demographics.45 On a molecular level, the time required 
to elicit an effect on muscle is determined by the time needed to suf-
ficiently cleave the target SNARE proteins in order to interfere with 
synaptic release.28,46 Nonmolecular factors may play a role in uptake 
and onset including temperature and activity. For example, cooling 
has been shown to slow toxin uptake while purposeful contractions 
of injected muscle have been shown to decrease time to onset, likely 
due to increased numbers of exocytosed synaptic vesicles providing 
more opportunities for toxin binding to SV2.28,46 As toxins are zinc-
dependent proteases, it has been shown that zinc supplementation 
may shorten onset as well.46 The average onset is typically faster 
among toxin-naive patients compared with non-naive patients.

The sites with the shortest time to onset of effect with 
AbobotulinumtoxinA have consistently been shown to be in the 
areas of the forehead and around the eyes.53 AbobotulinumtoxinA 
has shown a median onset of effect of 2-4  days for glabel-
lar, forehead, and lateral canthal lines.54-56 Response rates of 
AbobotulinumtoxinA by day 7 have shown to vary between 57% 
and 83% as measured on a 0-3 point scale among subjects and 

investigators.54,55 As much as 61% of subjects still show some mea-
sure of continued response up to 6 months postinjection before re-
lapsing, although the clinical effect is minimal at that point.49,57 In 
general, similar time to onset and response rates have been demon-
strated among OnabotulinumtoxinA, IncobotulinumtoxinA, and 
AbobotulinumtoxinA, although one study did demonstrate slightly 
quicker time to onset for AbobotulinumtoxinA.54,55,58

2.3 | Future toxin developments

The future of botulinum toxin in medicine looks promising as new 
variants are developed with unique attributes and targets. For exam-
ple, hybrid LC-HC toxins involving subtypes A1 and A3 were demon-
strated to have different potencies than either pure toxin subtype, 
although neither hybrid was better than pure A1 toxin (A1 is the only 
FDA-approved subtype for aesthetics currently).33 Relatedly, the 
joining of the LC domain of BoNT-D with interleukin-1 ligand for tar-
geted inhibition of inflammatory cytokine release from macrophages 
shows potential as a future treatment for rheumatoid arthritis.59

A new BoNT-A called DaxibotulinumtoxinA (DAXI, Revance) 
is expected to come to market in late 2020. It uses the same A1 
toxin subtype as OnabotulinumtoxinA, AbobotulinumtoxinA, 
IncobotulinumtoxinA, and PrabotulinumtoxinA but adds a peptide 
excipient (RTP004) that binds to the neurotoxin in order to stabi-
lize and prevent aggregation of the toxin in solution.3 The peptide 
is made up of two protein transduction domains consisting of a ly-
sine chain that provides a strong electrostatic bond for the novel 
toxin to bind.3,60 The end result is more “active” toxin available for 
binding upon injection and thus a higher molecular potency. 3 The 
peptide-toxin interaction has the added advantage in that the final 
product can be formulated without human serum albumin and is 
stable at room temperature before reconstitution.3 During clinical 
trials, the average duration of effect of DAXI was in the 24-28 week 
range, significantly longer than the 12-16 weeks typically seen with 
BoNT-A products.3,61

3  | POSTUL ATE I I

The mathematical relationship between toxin and receptor is the 
basis of efficacy, and clinical efficacy is influenced by molecular 
potency and patient attributes including muscle mass, gender, age, 
and ethnicity.

3.1 | Kinetics

The clinical effects of botulinum toxin are dependent on the ki-
netic relationship between the toxin and its receptor, as reflected 
in a mathematical ligand-receptor binding model. While there is still 
much to be learned about the molecular biology of botulinum toxin, 
the molecule clearly exhibits a classic pharmacokinetic relationship 
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with its targeted receptors. As previously described, the mechanism 
of action of BoNT-A has multiple steps. Figure 1 demonstrates this 
in pharmacokinetic terms. The rate and degree of reaction are de-
pendent on both the concentration of toxin and the density of the 
receptors.

As stated in Postulate I, all type A toxins act identically. However, 
clinical differences arise due to extrinsic and intrinsic factors such 
as variance in molecular potency of the toxin (defined here as the 
number of active 150 kDa molecules available for binding), the dis-
tribution in tissue, and receptor density, which varies based on mus-
cle type, muscle mass, gender, age, and other genetic features.8 This 
relationship between the number of active 150 kDa molecules and 
their corresponding receptors determines the ultimate clinical effect 
of BoNT-A as described below.

In this model (Figure 1), BoNT-A is in equilibrium between a bulk 
state (toxin + NAPs, prior to reconstitution), free state (toxin, not yet 
bound to receptor, nonaggregated and available to bind), bound state 
(interacting with receptor), trans-state (intermediate form between 
bound and active state), and lytic (biologically active) state. The 
rate-limiting step in this process is the binding of the heavy chain to 
its corresponding receptors at the presynaptic interface. Thus, given 
that the free form is the only active component of BoNT-A, it follows 
that the potency of the toxin is directly proportional to the absolute 
quantity of available, viable (active/nonaggregated) 150 kDa toxin 
proteins injected irrespective of the number of proprietary “units” 
used for each brand.62 If optimally distributed, the quantity of viable 
active form that is injected is what will determine the toxin's clinical 
effect.63

3.2 | Molecular potency

As noted, the molecular potency of a BoNT-A product is defined as 
the total number of active (ie, capable of binding) 150 kDa neuro-
toxin molecules present in the injected solution. In the mathematical 
ligand-receptor binding model (Figure  1), an increase in molecu-
lar potency will allow a greater number of receptors to be bound, 

moving the reaction equilibrium toward the final lytic state, thus in-
creasing the resultant clinical effects.

The molecular potency per unit of each BoNT-A formulation is 
not identical, and units are not interchangeable between brands. 
Each brand's units, short for mouse units, are based upon the 
LD50 of the toxin (the median lethal dose that causes death in 50% 
of mice injected in the abdomen) found during preclinical evalua-
tion.64 Few well-designed, controlled, randomized studies directly 
compare formulations of BoNT-A.65,66 Those that do attempt to 
compare brands have somewhat inconsistent and conflicting re-
sults, which may be due to a plethora of confounding variables that 
are difficult to control in addition to the lack of consensus regard-
ing dose unit conversion ratios upon which they are based.18,65-77 
Generally, IncobotulinumtoxinA and OnabotulinumtoxinA may 
have close to a 1:1 dose equivalence ratio, but some dispute this.78 
PrabotulinumtoxinA and OnabotulinumtoxinA may have a 1:1 or 
higher ratio.71,72 AbobotulinumtoxinA and OnabotulinumtoxinA 
seem to have a 2:1 or 2.5:1 equivalence ratio, although the vari-
ance of ratios used among studies ranges from 1.5:1 to 3:1.73-

77,79 The direct measurements of the quantity of the mean active 
150  kDa BoNT-A content for the FDA-approved glabella dosing 
have found that IncobotulinumtoxinA, OnabotulinumtoxinA, and 
AbobotulinumtoxinA have 80.6  pg/20 XU, 180.8  pg/20 BU and 
301.1 pg/50 DU respectively.80 Additionally, it has been hypothe-
sized to be due to the vacuum drying of OnabotulinumtoxinA may 
cause denaturation, aggregation, or otherwise inactivation of a por-
tion of the toxin.81

Furthermore, molecular potency can be confounded by differ-
ences in dilution solvents among products which may influence the 
availability and activity of the 150  kDa molecules. For example, 
AbobotulinumtoxinA is diluted in a phosphate buffer containing 
gelatin preservative while OnabotulinumtoxinA is diluted in simple 
saline solution.82 These differences may alter the active amount of 
150kDa molecules within each vial. As mentioned previously, the 
novel peptide excipient used in the upcoming toxin, DAXI, may work 
to prevent aggregation and thus allow for a greater amount of active 
toxin molecules thus increased molecular potency.

As noted, NAPs also may function as a secondary factor in in-
fluencing molecular potency, not only by preventing aggregation as 
in this example, but possibly by enhancing or interfering with heavy 
chain binding.

Finally, for toxins currently on the market, variability in potency 
of individual lots is allotted a range of +25% to −20% by the FDA for 
reasons noted above such as differences in storage and preparation 
of products and in the nature of specific LD50 bioassay used as well 
as to limit the number of mice required to conduct the assay.83

Molecular potency is the most objective way of comparing 
different commercially available toxins; however, only part of the 
overall equation that determines an individual patient's response to 
BoNT-A treatment. The muscles of facial expression vary greatly in 
size, mass, strength, and from individual to individual. High inter-pa-
tient variability in response to standardized injection amounts sup-
ports this premise and adds another layer of difficulty in designing 

F I G U R E  1   Ligand-receptor–binding model for toxin and its 
corresponding receptor. Bulk botulinum toxin is complexed with 
neurotoxin-associated complexing Proteins and formulated with 
human serum albumin in the vial before becoming free type A 
neurotoxin (150 kDa) in a neutral to basic environment, such 
as upon reconstitution. Following injection, the complex-free 
neurotoxin binds to 2 extraneuronal receptors, allowing bound 
neurotoxin to undergo endocytosis. The translocated neurotoxin 
is able to move intracellularly across the neuronal cytosol to the 
intracellular target, SNAP-25, inducing proteolysis. Proteolysis 
of SNAP-25 induces blockade of acetylcholine release into the 
postsynaptic neuromuscular junction, resulting in muscular 
paralysis. (Adapted from Simpson62 and Lebeda et al148)
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and interpreting strong clinical trials.84 The quantity and density of 
receptors to which the neurotoxin binds directly impact the rate-lim-
iting step, and patient factors such as gender, muscle mass, facial 
structure, age, and genetics all affect said receptors. Additionally, 
given the small size of most of the targeted facial muscles, injection 
techniques including location, angle, and concentration all play a role 
in influencing clinical effect.8

3.3 | Muscle mass

Most skeletal muscles originate from and insert onto bony struc-
tures and can be grossly visualized on the outer surface of the body 
due to their size and strength.85 In contrast, the muscles of facial 
expression have soft tissue attachments to skin.86 When the fa-
cial muscles are contracted, they pull on the overlying skin form-
ing dynamic wrinkles perpendicular to the direction of contraction. 
Furthermore, muscles of facial expression are difficult to demarcate 
precisely from surface anatomy due to their superficiality, intermin-
gled borders, and overlap.

The muscles of facial expression not only differ in size from 
other skeletal muscles of the body but also from one another. The 
procerus and corrugators involved in GL have considerably more 
bulk than the sheet-like orbicularis oculi involved in LCL, for exam-
ple. The frontalis is large and thin yet varies in contraction strength 
within and between individuals. Each muscle thus requires individ-
ualized dosing regimens to attain the desired reduction in rhytides 
while avoiding the undesired frozen look from overdosing. While 
OnabotulinumtoxinA, IncobotulinumtoxinA, AbobotulinumtoxinA, 
and PrabotulinumtoxinA are all FDA-approved for the treatment 
of glabellar lines (GL), only OnabotulinumtoxinA is thus far FDA-
approved for the treatment of lateral canthal lines (LCL) and fore-
head frontalis lines.2 Yet all are used off-label for reduction of lower 
facial wrinkles and even extending onto the neck and chest.87,88 The 
facial muscle mass also varies greatly between patients based on 
genetics, age, and sex.89 Correlatively, the number and density of 
NMJs available for BoNT-A to bind is distinct and different for each 
individual and directly affects the results of neurotoxin injection.

3.4 | Gender

As mentioned above, muscle mass varies greatly. Nowhere is this 
more evident than comparing the treatment of men and women. 
The number of men seeking BoNT-A has increased significantly in 
the past years.90 Although almost 20  years have passed since the 
FDA approved the aesthetic use of botulinum toxin, few stud-
ies have examined the role of gender in toxin dosing, efficacy, or 
safety. However, those that have been done have shown that men 
typically require higher doses to achieve the same clinical effect as 
women.54,90,91

Men have a significantly greater amount of skeletal muscle 
than women, including in the musculature of the face and also have 

greater facial movement and a thinner adipose layer, further con-
tributing to greater propensity to form more severe wrinkles. Men 
also have a greater density of vessels in facial skin and lower eye-
brow position along the orbital rim.91 These factors are theoretical 
risks for greater bruising and eyebrow ptosis, respectively. Of note, 
women exhibit more severe wrinkling in the perioral area than men. 
Studies have shown that men typically require more units for a given 
degree and duration of response. Again, this demonstrates that with 
larger muscle mass, the numbers and/or density of toxin receptors is 
likely to be greater. In order to bind to more receptors, more toxin is 
required. Men and women should not receive equal dosing in clinical 
practice, although more studies are needed to assess gender differ-
encing dosing efficacy and safety of BoNT-A.91

Studies have shown women to have shorter response times than 
men regardless of BoNT-A product, with women's response time 
ranging 2-4  days and men's ranging 2-5.92,93 This is likely due to 
greater muscle mass and a greater number of toxin receptors avail-
able for binding among the facial structures in men thus requiring 
larger dosing of toxin to attain the expected clinical effect. For ex-
ample, some men may require up to 80 U of OnabotulinumtoxinA for 
the glabellar area in order to elicit a response with a recommended 
starting dose of 40 U.94 This is in comparison to females who typi-
cally require 20-35 U. However, one study demonstrated that dura-
tion of effect among females ranged from 3 to 5 months compared 
with a range of 4-6 months for males.95 Until additional studies can 
delineate the cause, it is assumed this slight difference is due to ei-
ther small sample sizes or relatively higher dosing among males pos-
sibly caused by “overdosing” by practitioners who automatically give 
men larger doses knowing they often will need more toxin.

3.5 | Age

All brands of commercial BoNT-A in the United States are approved 
for adults generally aged 18 to 65 years. Patients older than 65 years 
are very commonly treated with BoNT-A, despite no true guidelines. 
Significant age-related changes occur at the neuromuscular junction. 
Aging results in a progressive loss of muscle mass and strength and 
a decline in neurophysiologic function.49,96,97 There is a gradual loss 
of motor neurons. If the motor neurons to a muscle become less ef-
ficient or even nonfunctional, the muscle fiber that they innervated 
becomes equally noncontributory to the dynamic movement of that 
muscle. Denervation by BoNT-A is followed by a steady recovery 
of the original NMJ as well as by the formation of functional nerve 
sprouts.49 In older patients, this compensatory process is consider-
ably slower. Therefore, there is a progressive decline in muscle mass 
and strength.

There are no adequate clinical trials to prove that elderly patients 
over 65 respond differently to BoNT-A than younger patients, al-
though, again, the data are very limited in this age group. Based on 
limited evidence and clinical experience, it is suspected that BoNT-A 
is not as effective at eliciting a clinical response among this age 
group. This is explained by thinner and less elastic skin, more muscle 
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atrophy, and the existence of static wrinkles due to gravity rather 
than dynamic wrinkles due to muscle contraction.98

Special considerations must also be made in the elderly. For in-
stance, injecting the frontalis muscle can cause excessive drooping 
of the forehead, eyebrows, and eyelids, which could compromise 
vision. Thinning skin might increase diffusion distance, possibly 
increasing the risks of complications like ptosis in patients receiv-
ing BoNT-A for GL. Like dosing throughout medicine, it is prudent 
to start with low BoNT-A doses. Begin with the lowest possible 
dose for elderly patients. Many are also at an increased risk of 
bruising due to thin skin and common concomitant blood thinning 
agents. Conservative dosing, low volume injections, and proper 
placement of injection are crucial to avoid the unwanted spread 
of toxin effect.99

3.6 | Skin type and ethnicity

Comparisons of aesthetic outcomes between different racial and 
ethnic groups following the use of BoNT-A have not been well docu-
mented in the literature. As patient populations become more di-
verse, variance in response to BoNT-A in different racial and ethnic 
groups should be recognized. With the paucity of studies, recom-
mendations based on racial differences are difficult.99,100 Genetic 
differences in the skin of different colors could correspond with ge-
netic differences in toxin receptor density and thus the response to 
BoNT-A may be different.

Patients with skin of color have differences in skin texture and 
elasticity as well as the content of subcutaneous fat. These differ-
ences often result in skin with less fine lines, wrinkles, and pho-
todamage compared to Caucasians. Asians generally have a thicker 
dermis, more collagen fiber, and a firmer attachment of the skin 
to underlying tissues resulting in fewer fine lines, wrinkles, and 
laxity.101-103

While Asian skin may have fewer fine lines and wrinkles, Asian 
populations have a greater incidence of masseter hypertrophy. 
Bilateral masseteric hypertrophy is common and thought to be due 
to bruxism, jaw clenching, and overactivity of the masseter muscle. 
This results in a square jaw and broad-looking face that is visually un-
appealing and masculinizing in women. Injection of BoNT-A into the 
masseters is an effective tool for lower facial contouring, produc-
ing an improvement in bruxism and reestablishment of the triangu-
lar-shaped face of youth. Some limitations in smiling and diminished 
chewing power are the most common complaints.104-106

Some studies have shown that there are differences in the re-
sponses to BoNT-A in different racial and ethnic groups. One study 
demonstrated that patients with skin of color exhibited a greater re-
sponse rate to AbobotulinumtoxinA at 30 days compared to white 
patients, showing that there are important practical considerations 
when treating patients with skin of color.100 Additionally, a consen-
sus on treating patients of Asian origin has recommended a more 
conservative approach to dosing in, for example, the treatment of 
GL and perioral area.100,107

4  | POSTUL ATE I I I

Efficacy, onset, and duration are functions of “molecular potency” 
defined as the number of active 150  kDa molecules available for 
binding.

Efficacy, onset, and duration are all functions within the mathe-
matical receptor binding model. Postulate I explains how all BoNT-A 
products have an identical mechanism of action. Postulate II delin-
eates the pharmacokinetic relationship of toxin and receptor in a 
classic ligand-receptor model as well as patient attributes. The end 
result of these processes is what is observed clinically as the toxin's 
efficacy as measured by onset and duration of effect. Differences in 
the pharmacodynamic relationship between toxin and receptor can 
cause differences in clinical efficacy.

All brands of BoNT-A are effective in partially paralyzing facial 
muscles to improve wrinkling. To obtain a competitive advantage in 
the commercial market, each brand markets to the public with claims 
of greater purity, convenience, or even efficacy over their peers on 
the shelf. Yet, these claims largely serve as marketing buzzwords 
rather than true indicators of differences between the toxins. In par-
ticular, there is no official definition of efficacy (which is probably 
defined as the cosmetic benefit) nor any validated scale for measur-
ing it, rather this is done in proxy based on validated wrinkle scales.

While the efficacy of a neurotoxin has no universal definition, 
it can be correlated on a molecular level to the amount of viable 
toxin available and by the percentage of neuromuscular junctions 
affected. Efficacy is proportional to the number of NMJs bound by 
active 150  kDa BoNT-A molecules. The more receptors bound by 
active toxin, the more internalization of the 150 kDa units and the 
stronger the clinical response will be. A highly efficacious neurotoxin 
will have a short onset and long duration of effect, both dependent 
on this ligand-receptor relationship. While both of these clinical ef-
fects are part of efficacy, the duration is also dependent on nerve 
terminal and synapse recovery times. Additionally, efficacy will vary 
based on quantity of toxin injected, treatment area, and degree of 
NMJ receptors available for binding and ultimately on the desired 
cosmetic benefit to the patient.

5  | POSTUL ATE IV

“Molecular potency” is difficult to objectively quantify for commercially 
available toxins.

Methods of comparison of molecular potency for commercially 
available toxins include comparing independent trial data; comparing 
different toxins in different subjects in a single trial (noninferiority); 
bilateral comparisons of different toxins in a single subject; and di-
rect measurement of toxin pg and activity. There have been a num-
ber of trials attempting to compare molecular potency among toxins; 
however, the data make it difficult to form absolute conclusions. The 
main reason for this is that the units of toxin products are propri-
etary measurements and dependent on the type of assay used. This 
makes every toxin unique and impossible to directly compare with 
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each other. In addition, the LD50 is manufacturer-dependent and 
based on mouse models rather than human ones and the amount 
of 150 kDa neurotoxin, availability, and activity vary from product 
to product.14 This further complicates direct methods of comparing 
potency among products. Keeping this in mind, the closest we can 
get to comparing potencies is by evaluating each toxin's clinical ef-
fect based on the FDA-approved units, which are still confounded 
by differences in test subjects despite rigorous inclusion and ex-
clusion criteria and rating scales that may not translate into actual 
clinical application. Each study also has its own unique endpoints. 
This makes comparing the efficacy of toxin brands incredibly diffi-
cult. The majority of BoNT-A comparison studies have been focused 
on AbobotulinumtoxinA vs OnabotulinumtoxinA and differ in their 
reports of efficacy, time of onset, and duration between the two.

Some of the most often quoted comparisons of commercial tox-
ins are onset, duration, and adverse events obtained in separate FDA 
approval trials.56,108,109 However, since different FDA trials use dif-
ferent protocols and efficacy scales and are performed by different 
investigators, it is impossible to use them as accurate comparators 
of molecular potencies. According to the FDA Guidance to Industry, 
assessment scales should also be ordinal, static, reproducible, and 
include only a limited number of distinct and clinically meaning-
ful categories, preferably with a photonumeric guide for patients 
and investigators.110 Common assessment tools such as the facial 
wrinkle scale and GL severity score are 4-point photonumeric or-
dinal scales that ranging from no wrinkling to severe wrinkling and 
have shown good inter- and intraobserver reproducibility.111,112 The 
5-point photonumeric scale developed by Caruthers and Carruthers 
is a good example. By including a midpoint, it allows for grading of a 
continuous process such as aging.113-115 Most FDA studies, however, 
use their own proprietary FDA-approved, validated scales that differ 
from manufacturer to manufacturer.

“Side-by-side” methods of comparing neurotoxins are much 
more accurate and have suggested differences in potency between 
BoNT-A products. In this scenario, one group of patients receives 
one particular toxin while another group receives another. In a 150-
day, multicenter, double-blind, single-dose (corresponding to FDA-
approved doses) noninferiority trial comparing PrabotulinumtoxinA 
to OnabotulinumtoxinA at the same 20U dose (approved dose for GL) 
and placebo, a 5:5:1 ratio of 540 patients were administered 0.1mL 
of the corresponding treatment to each of the 5 glabellar injection 
points. Although not quite reaching statistical significance, there was 
indication of increased duration of effect for PrabotulinumtoxinA.71

Other side-by-side trials have compared potency of 
OnabotulinumtoxinA and AbobotulinumtoxinA. The major-
ity of these trials are weak, present conflicting conclusions re-
garding potency, and often compare nonequivalent doses of 
drug. One study compared the FDA-approved doses of 20 U of 
OnabotulinumtoxinA with 50 U of AbobotulinumtoxinA (1:2.5 
dose ratio) and compared glabellar line severity at 12 and 16-week 
endpoints. Results showed a 1 point or greater grade improve-
ment in 77% and 53% of patients for weeks 12 and 16 respectively 
among OnabotulinumtoxinA-treated patients and 59% and 28% 

improvement in AbobotulinumtoxinA-treated patients.68 The study, 
however, enrolled only a small number of patients and included 
mostly younger patients that may require higher doses of drug due 
to stronger corrugators compared to older patients.68

Split-face studies seem to provide the most direct and accu-
rate method for clinically comparing toxin potency because they 
allow for patients to act as their own control, using reproducible, 
identical techniques and objective measurements. Recent studies 
have compared the effect of different BoNT-A products on fron-
talis muscle in a split-face design. In a randomized, double-blind 
trial of 20 female subjects, 5 units of AbobotulinumtoxinA and 2 
units of OnabotulinumtoxinA (reconstituted in identical 2.4 mL vol-
umes) were injected on contralateral sides of each frontalis mus-
cle. Results showed OnabotulinumtoxinA to have a median time to 
onset of effect of 3.8 days and AbobotulinumtoxinA to have a me-
dian time of onset of 1.8 days. OnabotulinumtoxinA also displayed 
a median duration of effect of 84 days while AbobotulinumtoxinA 
had a median duration of 104 days.44,55,116 This trial is a good ex-
ample of an attempt to quantify molecular potency through clinical 
measurement, and the differences in onset and duration are likely 
due to having larger quantities of active 150kDa neurotoxin mole-
cules in 50 units of AbobotulinumtoxinA compared with 20 units of 
OnabotulinumtoxinA. Additionally, split muscle studies such as this 
one are free of subject to subject differences in facial anatomy.

The frontalis model utilized by Nestor and Ablon has been 
demonstrated as an effective method in comparing differences in 
time to onset between BoNT-A formulations.44 While many patients 
report toxin effect as early as the first day of injection, prior studies 
often do not capture this data until at least 1 week or more postin-
jection. Nestor and Ablon incorporated a novel, more sensitive and 
objective assessment that captured the onset of effect as early as 
6  hours post–BoNT-A injection. They utilized a Frontalis Activity 
Measurement Standard (FMS) and 4-point Frontalis Rating Scale 
(FRS) to compare the onset of effect of AbobotulinumtoxinA to 
OnabotulinumtoxinA injected into contralateral sides of the frontalis 
muscle of the same patient. Among 20 subjects, the study demon-
strated that time to onset in fact is not equivalent among the differ-
ent brands of BoNT-A. Using a dose-unit ratio of 2.5:1 with identical 
injection volumes, onset of effect was measurable within the first 
18 hours in 90% of frontalis sides treated with AbobotulinumtoxinA 
but only 20% of sides treated with OnabotulinumtoxinA. At all time 
points, AbobotulinumtoxinA demonstrated significantly earlier 
onset than OnabotulinumtoxinA, as shown in Figure 2.44,116

The FMS has been an effective scale for comparing different 
toxin products in split-face studies.44,116 It allows for direct bilateral 
comparison of different products, dosing, and technique on a single 
patient through objective quantification of changes in muscle activity 
because it requires investigators to measure differences in frontalis 
height at rest and maximum elevation.44,116 The other advantage is 
that it allows for measurement of field of effect without having to use 
the Minor's test, a conventional assessment technique that compares 
degree of anhidrosis among products.44,116,117 The FMS assessment 
includes a series of photographs using the same camera settings and 
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lighting conditions with a rest period of 1 minute between photo-
graphs. The onset of action using this scale has been detected as early 
as 6 hours after injection. The FMS was utilized in a split-face com-
parison of AbobotulinumtoxinA vs OnabotulinumtoxinA and allowed 
for precise and accurate comparison of 2 different BoNT-A prod-
ucts not previously reported in the literature, as seen in Figure 3.55 
Others confirm this observation of the difference in molecular po-
tency of AbobotulinumtoxinA compared to OnabotulinumtoxinA in 
regard to time of onset. One study, using dose ratios of 2.5:1 and 3:1 
(AbobotulinumtoxinA:OnabotulinumtoxinA) and a generally higher 
dose of AbobotulinumtoxinA than OnabotulinumtoxinA, found a 
mean difference in glabellar lines (GL) of 0.52  days (P  <  .0001).89 
In this study, patients treated with AbobotulinumtoxinA reported 
noticeable differences in glabellar lines on Day 1 more frequently 
than patients treated with OnabotulinumtoxinA (28% vs 17%, re-
spectively). The onset of effect on lateral canthal lines (LCL) was 
also shorter among AbobotulinumtoxinA-treated patients com-
pared to OnabotulinumtoxinA by a mean of 0.33 days (P = .0025). 
Duration of effect on GL and LCL was also shown to be superior 
among patients treated with AbobotulinumtoxinA rather than 
OnabotulinumtoxinA, with a larger proportion of patients retaining 
a response by 4 and 5 months. These results accounted for higher 
satisfaction rates among patients treated with AbobotulinumtoxinA 
vs OnabotulinumtoxinA.

Finally, a direct molecular method of comparison is another 
way in which discrepancies between toxin potencies among 

manufacturers have been highlighted. One study compared the 
quantity and light chain (LC) activity of BoNT-A in three commercial 
BoNT-A products (Dysport; Botox; Xeomin). Direct measurements 
of the quantity of the mean active 150 kDa BoNT-A content for the 
FDA-approved glabella dosing have found that IncobotulinumtoxinA, 
OnabotulinumtoxinA, and AbobotulinumtoxinA have 80.6  pg/20 
XU, 180.8 pg/20 BU and 301.1 pg/50 DU, respectively. These were 
measured with ELISA and activity measured by EndoPep assays 
which demonstrated equivalent light chain activity per nanogram of 
neurotoxin among all three products. Differences in treatment du-
ration of action may, therefore, be due to differences in the actual 
quantity of neurotoxin molecules injected rather than the LD50 de-
termined potency of the toxin.57

5.1 | Subjective scales

While objective scales have aided in determining efficacy, subjec-
tive scales such as the subjective global assessment and FACE-Q 
validated, patient-reported outcome questionnaire have been 
useful in assessing patient satisfaction as well.111,118 These scales 
have been useful in identifying an improvement in patient-re-
ported outcomes as dosing recommendations have changed.51 In 
the past, the aim of BoNT-A administration was to achieve total 
muscle immobilization. This, however, compromised facial expres-
siveness as seen in subjective scales. Since then, ideal dosing has 

F I G U R E  2   Percentage of 
subjects exhibiting partial efficacy 
from AbobotulinumtoxinA/
OnabotulinumtoxinA at various time 
points.44 ABO, abobotulinumtoxinA; FMS, 
Frontalis activity Measurement Standard; 
ONA, onabotulinumtoxinA

F I G U R E  3   Measurement of frontalis height and wrinkle severity using the Frontalis activity Measurement Standard at baseline (left 
image) and 2 d following injection (right image). AbobotulinumtoxinA was injected into the patient's left frontalis (right side of images). 
OnabotulinumtoxinA was injected into the right frontalis (left side of image)55
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decreased to provide patients with a more natural and balanced 
look while still diminishing unwanted lines.119 BoNT-A treatment 
has also been associated with improvement in depression in de-
pressed patients.120-122 Subjective evaluations have therefore 
become increasingly important to achieve because patient satis-
faction influences treatment choice but do not give an accurate 
representation of molecular potency.

5.2 | Comparing duration of effect

The duration of effect is probably the most important metric of mo-
lecular potency although it comes with the caveat that increased 
duration is directly associated with a more frozen appearance. The 
frontalis model was again used in a second study which utilized 
both the FMS and an additional standard Frontalis Rating Scale 
(FRS) which quantified degree of clinical effect or level of “frozen” 
appearance on a scale of partial, full, to complete efficacy. Still, the 
FMS proved to be more sensitive in measuring effect and was able 
to detect changes in appearance earlier than the FRS. In correla-
tion with the prior study, AbobotulinumtoxinA appeared to show 
greater molecular potency at FDA-approved toxin ratios (50 units 
of AbobotulinumtoxinA and 20 units of OnabotulinumtoxinA) to 
OnabotulinumtoxinA in terms of maintaining duration of all de-
grees of efficacy among a higher proportion of frontalis sides 
(Table 2).116

6  | POSTUL ATE V

Up to a point, increased molecular potency decreases time to 
onset and increases duration of effect and the “Molecular Potency 
Quotient” is a construct for comparing molecular potency commer-
cial toxin cost.

As discussed in Postulate III, efficacy is dependent on percent 
and degree of NMJs bound by active neurotoxin ligand. This, in turn, 
accounts for the degree of paralysis enacted by a toxin on muscles. 
Increased molecular potency can decrease the time to onset and 
lengthen the duration of effect. On a molecular scale, the duration 
is proportional to the time for nerve terminals and synaptic contacts 
to return to baseline upon initial binding of neurotoxin to the recep-
tor. Onset and duration are only a function of a toxin's molecular 

potency to the point of total saturation of NMJs. Any number of 
BoNT-A molecules past the point of saturation will then be unbound 
and clinically useless. Higher molecular potency may increase the 
number of adverse events (AEs), but this is typically dependent 
upon the technique of injection. Limitations of studies such as this 
are their small “n” values and the fact that their results may not be 
generalizable due to differences in volume and dose administered 
among practicing clinicians.49

There is some evidence that repeated BoNT-A injections may 
cause persistent structural abnormalities of innervation and slower 
functional recovery over time.49,123 In a study of 19 females given 
BoNT-A injections every 6, 9, or 12 weeks to the glabella for 2 years, 
all showed a significant decrease in electromyographic activity of the 
corrugator muscle 48 weeks post-treatment.123 In mouse models, re-
covery of neuromuscular junctions (NMJs) showed a 1.83-2.5 times 
slower recovery when given 2-3 treatments of BoNT-A over a period 
of 3-4  months versus a single injection.49 Muscle atrophy has also 
been suggested as a mechanism for a long term paralytic effect of 
BoNT-A on facial musculature, but the research is sparse and weak.

6.1 | New toxins may have a higher 
molecular potency

New toxins to the market may present with a higher molecular 
potency. One such toxin expected to come to market in 2020 is 
daxibotulinumtoxinA (DAXI) (Revance). The drug has a peptide ex-
cipient used to stabilize the toxin and prevent aggregation and sur-
face adsorption in order to increase the proportion of active toxin 
molecules available for binding. The high potency of this toxin was 
demonstrated in the Phase 3 SAKURA and Phase 2 BELMONT 
trials—multicenter, randomized studies in which daxibotulinum-
toxinA injection showed a significantly more effective response 
than placebo on glabellar line severity for a median duration of 
response of 24  weeks.3 DAXI was also shown to elicit a greater 
response rate and significantly longer duration of action on glabel-
lar frown lines than OnabotulinumtoxinA.61,124 When compared to 
20U doses of DAXI, 40U and 60U of the toxin were shown to have 
equal efficacy.61 DAXI has also been shown to be generally safe 
and well-tolerated with the most common adverse events being a 
headache in 5.9%-7.0% of subjects and injection site pain in 2.4%-
5.0% of patients.3,124

TA B L E  2   Median duration of partial, full, and complete efficacy (in days) after frontalis treatment with AbobotulinumtoxinA or 
OnabotulinumtoxinA.116

Measurement Efficacy AbobotulinumtoxinA OnabotulinumtoxinA Significance

FRS Partial 160 145 Not significant

Full 119 77 P = .003

Complete 63 44 P = .01

FMS Partial 105 99 P = .006

Full 103 87 P = .003

Complete 72 56 P = .01
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6.2 | Current comparisons of potency

The current general consensus is that different toxins do exhibit 
l differences in overall potency despite the lack of consistency in 
dosing and assessment measurements. Current research sug-
gests that for the approved dosing, AbobotulinumtoxinA has a 
molecular potency that exceeds that of both OnabotulinumtoxinA 
and IncobotulinumtoxinA due to its shorter time to onset and 
greater duration of effect on GL in clinical trials. A 50-unit dose of 
AbobotulinumtoxinA elicited an onset of effect at 2-4 days in large 
populations, a median of 2.5  days, with some patients noting an 
effect in as little as 24  hours.54,89,125,126 AbobotulinumtoxinA has 
shown the greatest efficacy however, in treating forehead and LCL. 
One study showed an onset of effect in just 24 hours with 100% of 
patients reporting improvement in 5 days.89 Another study showed 
an onset after 2 days with full activity by Day 6.127 Using the FMS 
frontalis model the median time to onset was 12-18 hours; however, 
some patients exhibited an onset of effect after just 6 hours.44,116

6.3 | The Molecular Potency Quotient as a 
construct for comparing molecular potency

While prior studies have revealed some of the influences and limita-
tions on our ability to accurately determine toxin potency, they have 
also demonstrated the principles derived from Postulates I and V: 
that all type A toxins have the same mechanism of action, and clinical 
effect is directly proportional to the amount of molecular potency 
“units,” injected.128 This is based on the observed clinical effect and 
is not to be confused with the attempted quantification of molecular 
potency via the number of labeled units per nanogram of.80,129,130 
Putting the molecular potency into context for useful interpretation 
then is a simple matter of dividing the potency by the cost. We call 
this concept the Molecular Potency Quotient (MPQ), the formula of 
which is illustrated in Figure 4.

Commercial toxin physician costs vary and are dependent on 
many factors including manufacturer, tier level of purchases, and 
even free product. In addition, each patient places his/her own value 
on the cost-benefit ratio of treatment. Toxin dosing is based on the 
clinical anatomy as well as the needs and desires of the patient. What 
may be too expensive for the value-added of a BoNT-A treatment of 
one patient may not be expensive at all for the same value-added 
for another patient. As such, the MPQ acts as more of a construct 
to help clinicians estimate a cost-benefit ratio that may be useful in 
practical terms when selecting a commercially available BoNT-A.

Additionally, this formula helps to highlight the idea that an in-
crease in the molecular potency can be achieved by increasing the 

dose administered, leading to a shortened onset and enhanced du-
ration of effect. What is important to keep in mind is enhancing mo-
lecular potency will also heighten the clinically “frozen” appearance. 
Enhancing potency may also potentially increase the risk of adverse 
events such as brow and lid ptosis.

7  | POSTUL ATE VI

The area of effect of a toxin injection is dependent upon molecular po-
tency, diffusion (passive) and spread (active).

A neurotoxin's efficacy can in a way be viewed in terms of its 
area of clinical effect on the target tissue. The area of effect of a 
toxin can be likened to grains of sugar dispersing into an even mound 
when poured onto a tabletop. With a greater number of molecules of 
toxin present, its molecular potency, given that all other external and 
confounding variables being equal, will give a greater area of effect. 
In the case of sugar being poured onto a tabletop, the amount and 
type of sugar being poured will always result in a particular area of 
dispersion given that the external variables are always conserved (ie, 
tabletop texture, humidity, table tilt.) This concept is demonstrated 
in Figure 5.

The area of effect is dependent upon three variables: a toxin's 
molecular potency, its physical spread, and its diffusion. Historically, 
literature has often used the terms diffusion, spread, and area of ef-
fect interchangeably, but this is misleading and inaccurate. Diffusion 
(D) is a passive process which is identical for all the toxins, spread 
(S) is an active process related to injection site, technique, and mus-
cle activity, and molecular potency (MP) is a variable unique to each 
toxin and likely related to the quantity of active 150 kDa molecules 
present.131 The net product of these three components is the clinical 
area of effect (AoE). Expressed mathematically, diffusion multiplied 
by spread and molecular potency equals area of effect (Figure 6).

F I G U R E  4   Formula for molecular potency quotient

F I G U R E  5   Like toxin, sugar always disperses uniformly when 
poured onto a flat surface given that all external variables are 
conserved meaning that diffusion and spread are equal. As 
demonstrated in the above image, a larger number of molecules of 
sugar akin to increased molecular potency of toxin administered 
(left) will yield a greater area of effect than a smaller quantity of the 
same “toxin” administered (right)



     |  2797NESTOR et al.

Diffusion is the passive kinetic dispersion of toxin beyond its orig-
inal injection site and is independent of injection technique.132 This 
is identical among all brands of BoNT-A due to their shared 150 kDa 
core protein, and it is slow.10 There is no evidence to suggest that 
diffusion is influenced by differences in the molecular weight of 
toxin-NAP complexes, and all complexes dissociate entirely in the 
syringe or upon injection, regardless. Instead, diffusion depends on 
the number of toxin molecules injected and the local density of toxin 
receptors at NMJs.10,65,133

Diffusion is inversely proportional to the number of receptors 
at the injection site and directly proportional to the dose of toxin 
injected. In other words, the greater the number of local receptors 
present in the region of injection, the greater the capacity to adsorb 
a larger amount of BoNT-A molecules and to minimize their disper-
sion elsewhere. Once toxin is injected, it diffuses evenly out from 
the site. Again, this can be likened to pouring sugar out onto a ta-
bletop. The sugar falls at the same rate and distributes itself in an 
evenly circumferential mound, the edges of which are equally spaced 
from the center, but a whole package of sugar poured onto the table 
will make a much larger mess than just a handful of sugar, and sugar 
poured onto a wet table will not tumble as far as sugar poured onto 
a dry table. This is corroborated by a study measuring hyperhidrosis 
at several locations on the back after BoNT-A injections which found 
relatively smaller areas of effect (“diffusion halos” or the “Minor's 
test”) at the midline even when controlling for dose and depth of in-
jection.133 A higher quantity of toxin receptors there (a wet tabletop) 
would explain the decreased diffusion.

Spread is defined as the active physical distribution of toxin sus-
pension dependent on the site of injection (muscle mass), reconstitu-
tion volume, injection volume, depth, speed of injection, and needle 
gauge—all elements of injection technique. Factors that may influ-
ence neurotoxin spread and diffusion are listed in Table 3.17 A lower 

amount of spread is often more desirable for the purpose of accu-
racy and minimizing side effects in areas such as the glabella where 
many small muscles overlap, whereas a higher amount of spread 
may be desirable in areas such as the mid to upper forehead where 
a single, large muscle, the frontalis, controls expression. This is the 
reasoning behind advising patients to avoid lying flat or massaging 
or heating treatment areas postinjection—to prevent the excessive 
spread of toxin—although none of this is supported by randomized 
controlled trials.134

The manipulation of toxin dose and volume in both human and 
animal studies helps to further demonstrate the concept of toxin 
spread. Biopsies of rabbit muscle tissue have reported a gradient of 
BoNT-A ranging from 30 to 45 mm from injection site in the latis-
simus dorsi, depending on dose concentration.66 A lower concen-
tration of toxin (higher reconstitution volume) has been shown to 
result in a greater amount of spread and larger field of effect.66 This 
concept is discussed further in Postulate VII and may be used to a 
clinician's advantage, particularly when treating larger muscles, in 
which case the clinician may want to consider using higher dilution 
volumes for better efficacy.16 The spread has also been shown to 
decrease with time since injection.16

Multiple studies have measured side effect profiles in order to 
demonstrate differences in the area of effect (often called “diffu-
sion” or “diffusion halo” by authors) among BoNT-A products. For 
example, one study compared the effects of OnabotulinumtoxinA 
versus AbobotulinumtoxinA on blepharospasm among 212 patients. 
AbobotulinumtoxinA was associated with a significantly greater inci-
dence of ptosis compared to OnabotulinumtoxinA, suggesting a larger 
area of effect.135 Another study also showed a higher incidence of 
dysphagia among subjects administered AbobotulinumtoxinA rather 
than OnabotulinumtoxinA for cervical dystonia.136 Assuming diffu-
sion to be constant and spread to be equal, the variable contributing 

F I G U R E  6   Formula for calculating area of effect

TA B L E  3   Factors affecting neurotoxin spread and diffusion.17,134

Factor
Does it Affect 
Spread?

Does it Affect 
Diffusion?

Protein Composition No No

Molecular Size No No

Neurotoxin Potency No No

Local Receptor Density No Yes

Dose No Yes

Patient Factors (age, sex, 
weight, etc)

Yes No

Injection Technique (ie, 
reconstitution volume, 
number of injections)

Yes No

Neurotoxin Concentration Yes No

Anatomic Site Yes Yes F I G U R E  7   If diffusion and spread are equal, the difference in 
area of effect is due to molecular potency105

(A)

(B)
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to these differences is molecular potency. This is demonstrated pic-
torially in Figure 7. If diffusion and spread are equal the difference of 
area of effect is due to molecular potency.

8  | POSTUL ATE VII

Optimal reconstitution volume can improve toxin distribution and 
thereby improve onset, efficacy, and duration of effect.

The effect of reconstitution volume on toxin spread underscores 
the importance of administration technique that is often underes-
timated. Reconstitution volumes too small do not allow for optimal 
spread, oversaturating a small anatomic area, while volumes too 
large may undersaturate a large anatomic area. A large reconstitu-
tion volume typically implies a large injection volume which naturally 
will affect a larger area of muscle. This is demonstrated in Figure 8. 
In a randomized, controlled study of 10 patients receiving BoNT-A 
injections in contralateral sides of the forehead, one side received 5 
U in a 0.25 mL saline solution and another received 5 U in a 0.05 mL 
saline solution (a fivefold difference). Results showed that injection 
of BoNT-A in the lower concentration (higher volume) formulation 
resulted in greater spread and a larger affected area.131

Clinicians each have their own “standard” method of reconsti-
tuting toxin formulations and injection techniques. Reconstitution 
volumes have been found to generally vary from 1 mL to 5 mL among 
providers.137 Muscle size and type are also significant considerations 
that influence a physician's decision in the amount of volume of 
BoNT-A they choose to inject to achieve the desired degree of ef-
fect. This amount varies and is subjective as current research does 

not provide any universally agreed-upon guidelines to suggest opti-
mal reconstitution volumes based on muscle type although numer-
ous guidelines for dosing based on muscle type do exist.17,87,88At this 
point, this can only be estimated based on clinical experience or ob-
served postinjection. In general, the optimal volume is one in which 
the desired effect is achieved without affecting adjacent muscles.138

Regardless of this variability and physician preference, manu-
facturers of BoNT-A preparations each provide their own instruc-
tions for reconstitution to ensure full potency of their products. 
AbobotulinumtoxinA and IncobotulinumtoxinA are supplied as 
freeze-dried powders while OnabotulinumtoxinA is supplied as a 
vacuum-dried powder, all of which must be reconstituted in nor-
mal saline (NS) prior to administration.63 OnabotulinumtoxinA and 
IncobotulinumtoxinA are to be reconstituted as 100 units with 2.5 
mL NS to produce 4 units per 0.1 mL and adding 3 mL NS to 300 
units of AbobotulinumtoxinA will produce 10 units per 0.1 mL.139-141

Although guidelines for BoNT-A reconstitution only include un-
preserved saline as a solvent, physicians often add preservatives 
such as benzyl alcohol for the purpose of providing mild analgesia. 
These preserved forms of saline have shown to improve patient 
comfort seemingly without compromising efficacy.142,143 Although 
studies have not shown any differences in efficacy or onset between 
BoNT-A reconstituted in NS versus preserved NS, the subjective 
scales that were used coupled with small numbers of patients stud-
ied make it difficult to conclusively determine how these prepara-
tions compare in regards to duration of effect.

9  | POSTUL ATE VII I

Increased numbers of injection sites can optimize toxin distribution and 
thereby improve onset, efficacy, and duration of effect.

Injection technique can be adjusted in ways to influence toxin 
efficacy. For example, microinjections to multiple areas can optimize 
toxin spread and distribution rather than one larger volume injec-
tion to a single or fewer areas.144 The goal of using this technique to 
achieve an ideal number of injections sites to allow for full saturation 
of heavy chain receptors without “wasted” toxin. The disadvantage 
of this technique is that the larger quantity of injections may lead 
to more discomfort among patients and more potential for bruising.

Lower doses over multiple injection points are desired for a 
more natural appearance of toxin effect among patients. Achieving 
this is often limited by the status quo of human freehand technique. 
Freehand is inaccurate in delivering precise, evenly dispersed, and 
equivalent amounts of neurotoxin. To achieve accuracy, physicians 
may often resort to using multiple syringes containing individual units 
or pause frequently during a procedure to take a moment to estimate 
the remaining volume in the syringe. Still, these techniques are burden-
some, inaccurate, often tend to waste product, and add an unneces-
sary amount of time to patient care and the workings of their practice.

One recent study presented a viable solution to this problem 
through an injection-assist device which achieved superior accu-
racy and precision of BoNT-A delivery over multiple injection sites 

F I G U R E  8   Difference in area of effect due to differing 
reconstitution volumes; 1.5cc (small blue circle) versus 2.5cc (large 
blue circle); baseline on the left, day 14 on the right116

(A)

(B)
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compared to freehand technique.145 The relative percentage differ-
ence from the expected dose value was measured to be about 1% for 
1- and 2-unit injections and less than 1% for 4-unit injections with 
the device.145 Freehand injection accuracy was often greater than 
10 times worse.145 There was also a significant reduction in prod-
uct waste.145 This study emphasizes the benefit of achieving mul-
tiple and effectively distributed BoNT-A injections. This concept is 
demonstrated in Figure 9.

A greater quantity of injection sites can benefit all tissue types; 
however, the technique would need to be modified based on mus-
cle type/density. Smaller, thicker muscles like the glabella may re-
quire precise, small-volume, high-concentration injections while thin, 
broad, and flat muscles like the frontalis or orbicularis oculi would 
benefit from more from widely spaced, high-volume injections. In a 
split-face study, the right frontalis was injected at two separate points 
with 12.5 units of AbobotulinumtoxinA of 0.1mL each while the left 
frontalis was injected at 5 separate points with 5 units of 0.04 mL 
each. In effect, both sides received the same total number (25 units) 
of AbobotulinumtoxinA however dispersed differently. The side with 
the higher frequency of injection points displayed a shorter onset and 

longer duration of effect.116 Figure 10 demonstrates the difference in 
longevity of effect based on number of injection points.

The relevance of evenly distributed, low-dose BoNT-A adminis-
tration for maximum benefit was demonstrated by Borodic et al who 
identified the pattern of toxin distribution postinjection in the lon-
gissimus dorsi of rabbits. The pattern showed that BoNT-A was dis-
tributed in a more linear fashion in injected muscle rather than in a 
remote muscle and that lower doses would not distribute to remote 
muscles. This further supports the concept that multiple, low-dose 
injection sites are ideal for achieving the greatest efficacy and mini-
mal side effects by preventing the unnecessary distribution of toxin 
to tissue beyond the injection site.146

10  | CONCLUSION

As clinicians, we strive to optimize patient care and offer the most 
efficacious treatments for patients. When selecting and administer-
ing a BoNT-A product, it is important to understand the variables 
that impact a toxin's clinical effect on the patient so that we may 
maximize clinical efficacy and minimize adverse events. The varia-
bles we have discussed include patient factors such as muscle mass, 
gender, age, and ethnicity as well as toxin factors such as reconsti-
tution volume, injection site, number of injections, injection speed, 
angle of injection, and importantly, molecular potency.

Though research has attempted to demonstrate differences in ef-
ficacy among the BoNT-A products based on inherent differences in 
the composition and pharmacological behaviors of the toxins them-
selves, support for these claims remains unconvincing. Additionally, 
clinical studies designed to compare the toxins between patients 
have produced a heterogeneous pool of results as controlling for the 
many variables is challenging. Rather, split-face, intra-patient studies 
provide the best data for comparing the toxins’ real-world clinical 
effects. Many more intra-patient studies are needed to further de-
lineate the three established toxins and compare the new ones on 
the market.F I G U R E  9   Difference in area of effect of 2 injection points 

versus 5 injection points116

F I G U R E  1 0   Difference in frontalis 
muscle elevation and longevity with 2 
injection points versus 5 injection points 
of AbobotulinumtoxinA. Five-point 
injection shows less mm of movement and 
thus greater efficacy at each time point 
vs. 2-point injection8
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Molecular potency we define as the number of active and available 
150 kDa units to be injected. It can be compared per FDA-approved 
dose or per toxin vial but it is taken a step further when putting it in 
terms of cost. Ultimately, we want a specific clinical effect and for 
that clinical effect for a given muscle group the cost is the differential 
factor for the commercially available toxins. While skill and manipula-
tion of the variables discussed above are critical to maximizing clinical 
efficacy, the value per cost of service for both the practitioner and 
patient may be just as important. Keeping this in mind, the MPQ may 
be a novel and relevant variable to consider when selecting a toxin 
to administer. The MPQ in turn benefits both the patient and practi-
tioner in aesthetic outcome and cost per service.

The key clinical postulates are a valuable guide in helping aes-
thetic practitioners select the most appropriate toxin and injection 
technique specific to a patient. To review, they emphasize that all type 
A toxins function identically on a molecular level to inhibit Ach release 
by targeting SNARE complexes at nerve terminals. While all toxins 
act through a ligand-receptor model, their molecular potencies are 
not identical. This has been a challenge to demonstrate with accuracy 
as most studies are typically confounded by differences in design, 
patient-specific factors, and each clinician's reconstitution methods. 
While direct, side-by-side, and other types of trials have attempted to 
compare toxin potency, split-face studies that utilize the FMS assess-
ment seem to provide the most accurate means of comparison. When 
comparing a toxin's efficacy or potency, we look at time to onset and 
longevity of effect, of which the mechanisms are still being brought to 
light. New toxins coming to market such as DAXI seem to have higher 
molecular potencies due to the addition of a novel peptide. Finally, the 
area of effect of a toxin is determined by diffusion (a passive process), 
which is the same for all toxins, and spread (an active process) which 
we control and, ultimately, with the others being equal, molecular 
potency. Spread itself will influence efficacy, onset, and duration of 
effect and can be maximized by optimizing reconstitution volume and 
increasing the number of injection sites.

As administrators of BoNT-A, it becomes our task to apply these 
postulates when administering current products on the market and 
interpreting research as new formulations emerge. In doing so, we 
become much more proficient in what is often our most valued ser-
vice to many patients and able to more effectively provide them the 
most optimal aesthetic outcomes.
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