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INTRODUCTION
Approximately 20 years have passed since Botox was approved 
by the United States Food and Drug Administration for the 
treatment of neurological diseases [1], and its treatment range 

has expanded beyond neuromuscular diseases to also encom-
pass aesthetic procedures, pain conditions, and sphincter-relat-
ed disorders. Theoretically, botulinum toxins (BoNTs) weaken 
skeletal muscles by presynaptic blockade of the exocytosis of 
acetylcholine (ACh)-containing vesicles in the neuromuscular 
junction and eliminate facial wrinkles. In addition to the elimi-
nation of facial wrinkles, the cosmetic uses of botulinum toxin 
type A (BoNT-A) include contouring of the lower face, neck-
line, and lower leg. It is also used to treat local hyperhidrosis of 
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the axilla, forehead, palm, and scalp. Moreover, it is used for the 
management of gummy smile, facial asymmetry, and skin reju-
venation. Recently, novel attempts have been made to contour 
the lower face by using BoNTs to cause atrophy of the salivary 
glands. The various clinical therapeutic effects of BoNTs arise 
from simply blocking the secretion of ACh, which is the most 
broadly used neurotransmitter in the somatic nervous system, 
preganglionic and postganglionic fibers of parasympathetic 
nerves, and preganglionic fibers and some postganglionic fibers 
of sympathetic nerves. ACh is also used as a neurotransmitter 
instead of norepinephrine in some postganglionic fibers of 
sympathetic nerves involved in secretions from sweat glands. 
Some postganglionic fibers of parasympathetic nerves are in-
volved in secretions from the salivary glands. ACh plays a dual 
role, acting directly on the target organ and modulating neuro-
active amino acids, and this dual role has led to an expansion of 
its clinical indications. For instance, it is used to prevent chronic 
migraine [2,3] and treat neuralgia or peripheral neuropathic 
pain [4]. Although the current theoretical basis is insufficient, 
there are certain medical conditions for which BoNT-A treat-
ment, such as mesobotox, is effective [5]. However, the theoreti-
cal basis can be deduced through an anatomical and pathologi-
cal analysis of the disease and consideration of the relevant 
mechanism of action of BoNT-A. 

A comprehensive understanding of cholinergic nervous sys-
tem-related aesthetic indications of BoNT-A, in combination 
with associated physiological factors and conditions such as 
dosing, volume and dilution, distribution characteristics, and 
injection techniques influencing the efficacy of BoNT-A, can 
promote more sophisticated treatment techniques and manage-
ment policies to obtain the best efficacy while minimizing side 
effects, thereby helping to expand the new advanced clinical in-
dications for the cosmetic use of BoNT-A. 

BOTULINUM NEUROTOXIN: A 
MIRACLE POISON 
BoNT-A inhibits the secretion of the neurotransmitter ACh at 
cholinergic nerve endings in the peripheral nervous system 
(PNS).

A cholinergic neuron is a nerve cell that mainly uses the neu-
rotransmitter ACh to send its messages to target organs. The 
development of a BoNT-A treatment, the first microbial toxin 
treatment used in humans, began with the pathophysiological 
hypothesis that toxins extracted from spoiled sausage interfere 
with signaling in the motor nervous system in a book published 
by Justinus Wurst Kerner in 1822 [6]. Then, Burgen et al. [7] 
found that BoNT interferes with muscle nerve transmission in 

1949. In 1954, Brooks [8] published a paper stating that the in-
jection of BoNT into a hyperactive muscle prevents ACh re-
lease from motor nerve endings. These hypothesis-confirma-
tion studies were published over a period of roughly 100 years. 
Thereafter, another 30 years passed before BoNT was devel-
oped as a human treatment, when Scott [9] published a paper 
on the results of using Oculinum, a commercial product of 
BoNT-A, in 1980. In 1989, BoNT-A was approved for the non-
surgical correction of strabismus, blepharospasm, hemifacial 
spasm, and Meige syndrome in adults. Shortly thereafter, Aller-
gan bought Scott Company and renamed the toxin. Botox was 
born [10].

In 1987, the ophthalmologist Jean Carruthers discovered the 
effect of Botox on facial rhytides when a patient she treated for 
blepharospasm requested to have her forehead injected because 
of the improvement she observed in her periorbital region. 
Eventually, in 1992, Alastair Carruthers (her spouse, a derma-
tologist) published a paper reporting that Botox injection re-
moved glabellar wrinkles, which became the legendary begin-
ning of cosmetic treatment using BoNTs [11]. Similarly, in 
2000, the Korean plastic surgeon KY Ahn published the first 
paper in Asia on the long-term follow-up effect of Botox injec-
tions for the treatment of crows’ feet and forehead wrinkles to-
gether with MY Park (his spouse, a neurologist) [12]. It has 
now become the most common cosmetic procedure in the 
United States [13]. 

CHOLINERGIC NERVOUS SYSTEM
The nervous system of our body is largely divided into the cen-
tral nervous system (CNS) and the PNS. The CNS consists of 
the brain and spinal cord, and the PNS is divided into the so-
matic nervous system and the autonomic nervous system 
(ANS). The peripheral somatic nervous system can be divided 
into cranial nerves (CNs), motor nerves, and sensory nerves, 
and causes muscles to move according to stimuli received from 
the CNS or transmits the stimuli felt by the sensory organs to 
the CNS. The ANS, which is responsible for involuntary func-
tions, such as digestion, breathing, heart beating, and sweat se-
cretion, can be divided into sympathetic nerves and parasym-
pathetic nerves. The sympathetic and parasympathetic nerves 
maintain a balance so that the homeostasis of various organs is 
not biased to one side. The somatic nervous system, pregangli-
onic and postganglionic fibers of parasympathetic nerves, and 
preganglionic fibers and some postganglionic fibers of sympa-
thetic nerves contain cholinergic neurons. Cholinergic neurons 
mainly use ACh as a neurotransmitter to send messages. ACh 
is the most broadly used neurotransmitter, and functions in 



https://doi.org/10.7181/acfs.2021.00003

3

both the CNS and the PNS. In the CNS, cholinergic projections 
from the basal forebrain to the cerebral cortex and hippocam-
pus support the cognitive functions of those target areas. In the 
PNS, ACh activates skeletal muscles in the somatic nervous 
system, and ACh is also a major neurotransmitter in the ANS. 
Projections from the CNS to the autonomic ganglia use ACh as 
a neurotransmitter to excite ganglionic neurons. In parasympa-
thetic nervous system output connections, the projections from 
ganglionic neurons to target organs also release ACh, but act on 
muscarinic receptors and induce vasodilation. In the sympa-
thetic nervous system, the output connections mainly release 
noradrenaline, although ACh is released at a few points, such as 
the sudomotor innervation of the sweat glands. Some postgan-
glionic fibers of parasympathetic nerves are involved in secre-
tions from the salivary glands [14]. 

Advances in understanding postsynaptic receptors have re-
cently increased at a rapid pace, owing largely to studies of the 
ACh receptor (AChR) at the motor endplate. The endplate 
AChR belongs to a large superfamily of neurotransmitter re-
ceptors, called Cys-loop receptors, and has served as an exem-
plar receptor for probing fundamental structures and mecha-
nisms that underlie fast synaptic transmission in the CNS and 
PNS [15]. Recent studies have provided an increasingly detailed 
picture of the structure of the AChR and the symphony of mo-
lecular motions that underpin its remarkably fast and efficient 
chemo-electrical transduction. 

Acetylcholine, a neuro-modulatory neurotransmitter
ACh is composed of an ester of acetic acid and choline, and is 
synthesized from choline and acetyl-CoA by choline acetyl-
transferase in cholinergic neurons. When nervous stimuli reach 
the cholinergic nerve ending, ACh is secreted and neurotrans-
mission occurs. ACh is the chemical that motor neurons of the 
nervous system release to activate muscles. It is also a neu-
rotransmitter in the ANS, both as an internal transmitter for 
the sympathetic nervous system and as the final product re-
leased by the parasympathetic nervous system, where it serves 
as the primary neurotransmitter.

Structure and action mechanism of BoNT-A
BoNT-A is produced by Clostridium botulinum, a Gram-posi-
tive, rod-shaped anaerobic bacterium and has a molecular 
weight (MW) of about 150 kDa, which is composed of single-
chained polypeptides. It consists of a heavy chain (Hc) of 100 
kDa and a light chain (Lc) of 50 kDa, and these two chains are 
connected by a disulfide bond. According to the serotype, BoNT 
can be divided into seven serotypes: BoNT A, B, C(1, 2), D, E, F, 
and G [16]. The human nervous system is susceptible to five 

toxin serotypes (BoNT-A, B, E, F, G) and unaffected by two 
(BoNT-C, D). Among those, BoNT-A is the most potent, but 
BoNT-A and BoNT-B are approved for clinical use only. The ac-
tion mechanism of BoNT-A is largely divided into four stages: 
(1) binding, (2) internalization, (3) disulfide reduction and trans-
location, and (4) inhibition of neuromuscular release (Fig. 1) 
[17]. Like most bacterial toxins, BoNT is internalized by recep-
tor-mediated endocytosis. In other words, BoNT is internalized 
through a receptor in the nerve ending of the cholinergic neu-
ron. To obtain chemical efficacy, the single disulfide bond be-
tween the Hc and Lc must be well maintained until the intracel-
lular internalization of BoNT-A. The C-terminal of the 100-
kDa Hc of BoNT-A enables BoNT-A to bind to the presynaptic 
cholinergic receptor, in a process called internalization. Once 
internalized, the disulfide bond that binds Hc and Lc is cleaved, 
and the reduced Lc is then transported across the vesicular 
membrane into the neuronal cytosol through the ATP-depen-
dent receptor-mediated endocytotic pathway, in a process 
known as translocation. Finally, the reduced Lc of BoNT-A can 
have an intracellular toxic moiety and eventually inhibits ACh 
exocytosis (inhibition of neuromuscular release) by blocking 
SNAP-25, a SNARE protein. The N-terminal of Lc is a zinc-de-
pendent protease that cleaves one or more of the SNARE com-
plexes [18]. Internalization is maximal (in vitro at least) after 
about 90 minutes at 22°C [19].

Because the disulfide bond is very weak [20], careful attention 
is required to obtain maximal efficacy at the same dose when 
saline reconstitution is used. When reconstituting BoNT-A 
with normal saline, one should not shake the vial vigorously. 
The disulfide bond is so fragile that even a massage immediate-
ly after injection should be avoided; it should also be noted that 
massage immediately after the procedure may sometimes cause 
bruising at the injection site as well. 

SNAREs complex, the membrane fusion proteins 
transport ACh vesicles from the cytosol to the synaptic 
cleft 

Normally, to release ACh from the presynaptic vesicle of the 
cholinergic nerve terminal, soluble NSF (N-ethylmaleimide-
sensitive factor) attachment protein receptor (SNARE) proteins 
are necessary. These are membrane fusion proteins where syn-
aptic vesicle release occurs. The SNARE complex consists of 
five vesicle conjugation factors that move ACh vesicles in the 
cytosol to the cytoplasmic membrane. In the SNARE complex, 
cytoplasmic proteins include α-SNAP (soluble N-ethylma-
leimide attachment protein), γ-SNAP (synaptosomal-associated 
protein), NSF (N-ethylmaleimide-sensitive fusion protein), and 
SNAP-25 (SNAP-25kDa); vesicle proteins include VAMP (vesi-
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cle-associated membrane protein)/synaptobrevin; and the tar-
get membrane protein is syntaxin. Among these proteins, the 
BoNT-A type inhibits the exocytosis of ACh by inactivating 
SNAP-25, one of several vesicle conjugation factors. In addition, 
BoNT-E and BoNT-C also inactivate SNAP-25; BoNT-B, 
BoNT-D, BoNT-F, and BoNT-G inactivate VAMP/synapto-
brevin, and BoNT-C also inactivates syntaxin, thereby interfer-
ing with the secretion of ACh from synaptic vesicles. When this 
transport is interrupted, the release of ACh from cholinergic 
nerve endings is blocked, resulting in muscle paresis or reduc-
tion of glandular secretions [21]. 

This denervation mechanism of BoNT-A is reversible. New 
axons sprout from the terminal axons of the unmyelinated mo-
tor nerve or from Ranvier’s nodes of myelinated motor nerves. 
Axonal arborization causes axon branching, leading to recovery 
of the function of the paralyzed muscle. However, it was origi-
nally believed that the cholinergic blockade of a specific nerve 
terminal was permanent and that reinnervation of the target tis-
sue was caused by axonal resprouting. However, animal data 
with BoNT-A has demonstrated that sprouting produces tem-
porary reinnervation only during the early recovery phase. Dur-
ing the late recovery phase, the sprouts retract and the original 
terminal becomes functional once again. After reinnervation is 
completed, the target tissue becomes fully functional [22].

THE CLASSIFICATION OF 
AESTHETIC INDICATIONS 
ACCORDING TO THE TARGETED 
NERVOUS SYSTEM 

Since Carruthers and Carruthers [11] published the world’s first 
paper on the effects of BoNT-A in the treatment of glabellar 
wrinkles in 1992, BoNT-A has been most widely used for cos-
metic purposes in various areas of the human body, such as fa-
cial wrinkle removal and lower face, calf, and neckline contour-
ing [13]. In addition, BoNT-A is used to treat focal hyperhidro-
sis in the axilla, forehead, hand, and scalp. It has recently been 
used for facial contouring that combined facial liposuction and 
facelift by using submandibular salivary gland atrophy as an ad-
verse effect of BoNT-A [23]. We classify these various cosmetic 
uses according to the involved nervous system to expand the 
therapeutic indications of BoNT by knowing basic anatomy. 

In the CN or the peripheral motor nerve of the somatic ner-
vous system, BoNT-A is used for eliminating habitual or hyper-
active facial wrinkles by injecting it into the facial expression 
muscles that are supplied by the somatic motor nerve of the fa-
cial nerve (seventh CN) [11,12]. According to our clinical expe-
rience, long-term repeated injections of BoNT-A into slightly 

Fig. 1. Mechanism of action of botulinum toxin (a four-step process). Step 1: after botulinum toxin is activated by proteolytic cleavage of the 
polypeptide chain into a 100 kDa heavy chain (Hc) and a 50 kDa light chain (Lc), linked by a disulphide bond (S-S); the Hc domain of the tox-
in binds to the presynaptic plasma membrane of the motor axon terminal. Step 2: the toxin complex is then internalized by energy-dependent 
endocytosis. Step 3: the Lc, a zinc endopeptidase, is released into the cytoplasm. Step 4: the Lc cleaves various components of SNARE (indicated 
by vertical arrows), including SNAP 25 (botulinum toxin A), VAMP/synaptobrevin (botulinum toxin B), or syntaxin (botulinum toxin C), and 
thus prevents the fusion of the acetylcholine synaptic vesicle with the plasma membrane. This blocks the release of the neurotransmitter into 
the synaptic cleft, causing local chemodenervation. SNARE, soluble NSF (N-ethylmaleimide-sensitive factor) attachment protein receptor; 
SNAP, synaptosome associated protein; VAMP, vesicle-associated membrane protein; BTX, botulinum toxin. Reprinted from Jankovic. J Neu-
rol Neurosurg Psychiatry 2004;75:951-7 [17].
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larger muscles lead to muscular atrophy and volume loss 
around the injected muscle [24,25]. Facial expression muscles 
are thin and atrophy is difficult to notice, but atrophy is easily 
observed in rather thick muscles such as the masseter, trape-
zius, and calf muscles. Therefore, by using the concept of mus-
cle atrophy resulting from the side effects of BoNT-A treatment, 
noninvasive correction of pathological muscle hypertrophy and 
cosmetic contouring are possible. Specifically, these procedures 
include lower face contouring for masseter hypertrophy [24,25], 
via injection into the masseter innervated by the anterior divi-
sion of the mandibular division of the trigeminal nerve (fifth 
CN), and lower leg contouring by injection into the calf muscles 
[26], which are innervated by the tibial nerve, which eventually 
separates from the sciatic nerve. Slim and elegant neck and 
shoulder line contouring is being attempted by using motor 
function paralysis of the trapezius, which is supplied directly 
from the accessory nerve (11th CN) [27]. Two months after the 
injection of 10 points, a total of 50 U of BoNT-A into each side 
of the trapezius, the neck-shoulder angle widened from 116° to 
122° in our personal representative case of contouring the 
shoulder line.

Recently, the cosmetic use of salivary gland atrophy by para-
sympathetic nerve blocking has also been tried in combination 
with facial contouring procedures such as facelift or liposuction 
in Korea. These procedures include lower face or mandibular 
line contouring by BoNT injection into the parotid gland or 
submandibular gland. The parotid gland receives both sensory 
and autonomic innervation. The autonomic innervation con-
trols the rate of saliva production and is supplied by the glosso-
pharyngeal nerve (ninth CN). The glossopharyngeal nerve 
synapses with the otic ganglion, and then postganglionic para-
sympathetic fibers innervate the auriculotemporal nerve, a 
branch of the mandibular nerve. The submandibular glands re-
ceive their parasympathetic input via the chorda tympani 
nerve, which is a branch of the facial nerve (seventh CN) via 
the submandibular ganglion. The postganglionic fibers reach 
the submandibular gland and release ACh. The nerve function 
is a secretomotor capacity. The sudomotor nerve to the sweat 
glands is supplied by some postganglionic nerves of the sympa-
thetic nerve. The postganglionic neuron for sweat gland inner-
vation differs from other sympathetic postganglionic neurons 
in that it releases ACh to act on muscarinic receptors. It is used 
for the treatment of focal hyperhidrosis in the axilla, hand 
palm, forehead, and scalp by intradermal injection into the ec-
crine sweat gland in the dermis with BoNT-A. A gingival smile 
(or gummy smile) is due to an excessive vertical maxilla, hyper-
function of the lip elevator, and delayed passive eruption. Injec-
tion of only a small dose of BoNT-A (2.5 units per 0.1 mL on 

each side) 3 mm lateral to the alar-fascial groove at the level of 
the nostril opening at the insertion of the levator labii superioris 
alaeque nasi muscle improved gummy smile in the gingival dis-
play [28]. This procedure is a simple and good example of ob-
taining a successful result and minimizing side effects by ana-
lyzing the dynamic physiology of upper lip anatomy. Another 
useful treatment example is that BoNT injections in the platys-
ma muscle will produce relaxation of the platysma bands, im-
prove the mandibular line, and lessen the marionette line by re-
ducing the tension of the platysma, together with the depressor 
auricular oris (DAO) muscle, which pulls the buccal commis-
sures laterally downward, and decrease the horizontal neck 
lines [29]. The main connections of the platysma muscle are (1) 
superior and medially, with the lateral part of the orbicularis 
oris muscle, and (2) medially in the mandibular region, the an-
terosuperior fibers blend with the posterior border of the DAO 
muscle. Therefore, would not these injections be killing two 
birds with one stone?

A systematic review and meta-analysis showed that injections 
of intralesional BoNT-A were more effective in the treatment of 
hypertrophic scars and keloids than injections of intralesional 
corticosteroid or placebo [30]. The proposed rationale for scar 
treatment using BoNT-A involves not only chemical immobili-
zation of the muscles around the scar, but also direct modula-
tion of the activity of fibroblasts by altering apoptotic, migrato-
ry, and fibrotic pathways. BoNT-A has the potential to reduce 
the tension produced during the wound healing process by 
paralyzing adjacent muscles. Moreover, BoNT-A can attenuate 
the inflammatory response related to cellular metabolic activity, 
which is believed to support scar hypertrophy. Several studies 
have demonstrated that BoNT-A plays the following roles in 
regulating fibroblast activity: (1) decreasing transforming 
growth factor-β1 and connective tissue growth factor, which 
inhibit fibroblast proliferation; (2) regulating the fibroblast cell 
cycle; and (3) preventing differentiation from fibroblasts to 
myofibroblasts. However, more evidence-based research is 
needed to elucidate the role of BoNTs in scar treatment or ke-
loid scar management protocols.

Finally, it is worthwhile to mention the use of microdroplets 
of BoNT-A, also called mesobotox or microbotox, which is the 
injection maneuver of multiple microinjections of a diluted 
BoNT-A into the dermis or interface between the dermis and 
the superficial layer of the facial muscles, glands, and skin 
structures. The mesobotox procedure is mesotherapy using 
BoNT as a mesoproduct [5,31]. This emerging technique is 
considered to be a possible approach for BoNT treatment for 
facial rejuvenation temporally. However, the scientific basis of 
mesobotox procedures for facial complexion improvement re-
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mains insufficient. The proposed hypotheses regarding the ef-
fects of mesobotox are mainly due to slight muscle paralysis re-
sulting in (1) a facial lifting effect by slight paralysis of the de-
pressor muscles (e.g., the platysma); (2) reducing wrinkles by 
mild paralysis of the facial expression muscles; and (3) smooth-
ing and tightening the skin texture by paralysis of arrector pili 
muscles to reduce pore size and inducing partial lymphatic 
drainage insufficiency to make the face look plump. In addi-
tion, inhibition of exocrine function results in (1) a clean face 
by reducing the acne and pore size due to decrease in sebum 
and sweat production by inhibition of ACh and substance P re-
lease; and (2) whitening of the face by inhibition of the release 
of parasympathetic-innervating perivascular neuropeptides, 
such as calcitonin gene-related peptide (a potent general arterial 
vasodilator) and vasoactive intestinal peptide, to reduce facial 
flushing. Although the mesobotox procedure is performed with 
the desire to have a well-hydrated, shiny appearance and 
younger face, there are limitations such as short effective dura-
tion and disadvantages in terms of immunological safety if the 
procedure is repeated within 3 months. Overall, more scientific 
evidence is needed. 

TARGETING THE 
NEUROMUSCULAR JUNCTION
The anatomy of the target organ is complex as the neighboring 
muscles are close to each other, interacting and interfacing at 
different levels and depths to execute heterogeneous functions. 
Knowledge of the relevant anatomy and the relationships of this 
three-dimensional anatomical configuration makes it possible 
to determine the exact muscle for injections to achieve success-
ful therapeutic outcomes without adverse effects. Once the 
muscle to inject is decided, the injection should be aimed at the 
motor endplate zones to obtain the maximal effect of BoNT-A 
in the target skeletal muscle. Because the location of the neuro-
muscular junction (found in motor endplates where many tox-
in receptors for internalization are scattered) is most highly 
concentrated in a band within the mid-belly of the muscle, in-
jections of botulinum neurotoxins are hypothesized to be more 
potent when specifically targeted toward the motor endplate 
zones [32]. Motor points (the area in which a minimal-intensi-
ty, short-duration electrical stimulus will cause a muscle con-
traction, usually corresponding anatomically to the location of 
the motor endplate zones) are probably reasonably close and 
may be a good alternative in some situations in which small 
motor nerve endings enter into a portion of the muscle rather 
than a motor endplate zone in which ACh is released. Clinical-
ly, such a motor endplate zone is in the area where strong mus-

cle tone is felt by palpation or the area where the muscle is hy-
pertrophied remarkably. 

However, since motor endplate zones do not necessarily coin-
cide with the motor points, there is some difficulty in clinical 
practice. Electromyography, or electrical stimulation, and ultra-
sound guidance is required for localization of these zones. Mo-
tor endplates are not randomly scattered throughout skeletal 
muscle, but occur in groups or bands in most cases. The distri-
bution of these locations is relatively well described in humans 
and coincides with motor point maps. The use of electromyog-
raphy to localize BoNT-A injections at (or very near to) motor 
endplate zones potentiate the paralytic effects of BoNT-A. Fur-
thermore, the most effective paralysis with minimal side effects 
might be obtained by multiple injections subdividing the whole 
amount of BoNT-A along the motor endplates’ bend, rather 
than a single bolus injection in the target muscle, by lessening 
the spread of toxin into neighboring muscles through the fascia. 
These factors are especially important when performing a pro-
cedure to create smooth lines and contours without impairing 
the inherent function of the muscles, such as in the lower face 
or calf muscle.

FACTORS INFLUENCING EFFICACY 
AND SAFETY 
Diffusion, spread, and migration of BoNT-A
Besides accurate selection and identification of intended tar-
gets, the local and systemic distribution of BoNT-A has a sig-
nificant impact on efficacy and safety. The following concepts 
should be carefully distinguished: (1) diffusion refers to a more 
microscopic phenomenon in which a soluble molecule is dis-
persed by passive transport beyond its original injection site; (2) 
spread refers to physical movement of the toxin from one site to 
another, and it depends on many variables related to the injec-
tion technique, volume, needle size, and other physical factors; 
(3) migration refers to spread to distant sites, and can occur ei-
ther via nerves (neuroaxonal transport) or by blood (hematog-
enous transport); and (4) volume and dilution [33]. These con-
cepts are very important in neurotoxin treatment because they 
are largely responsible for significant side effects. As an extreme 
example, patients with neuromuscular disorders (e.g., myasthe-
nia gravis, amyotrophic lateral sclerosis) or incapacitated pa-
tients (e.g., cerebrovascular accident) who are injected with a 
large amount of BoNT-A may experience further compromise 
of their respiratory function as a result of the spread of the bio-
logical activity of BoNT-A from the injection site into the respi-
ratory muscles.

Hypothetically, diffusion of the neurotoxin into adjacent tis-
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sues may be slower for a high-molecular-weight complex than 
for a lower-molecular-weight complex or free neurotoxin. 
However, this possibility is unclear because the degree of diffu-
sion of three different commercial preparations of BoNT-A, 
onabotulinumtoxinA (Botox; 900 kDa MW), abobotulinum-
toxinA (Dysport; 500–900 kDa MW), and incobotulinumtoxi-
nA (Xeomin; 150 kDa MW) was similar in a mouse study [34]. 
Those researchers found that the highest level of neural cell ad-
hesion molecule (N-CAM) expression (which has been used as 
an index of diffusion because it can be detected in regenerated 
adult muscle in BoNT-A treated muscles) was found in the in-
jection site, whereas only a limited amount of N-CAM expres-
sion is found in adjacent muscles. However, another study us-
ing RT002 (composed of a 150kDa purified BoNT-A) showed 
significantly less diffusion, 58%–100% longer lasting muscle 
force generation inhibition, and 100%–126% longer duration of 
the therapeutic effect in RT002, while causing an equivalent or 
lesser degree of systemic side effects in mice compared with 
onabotulinumtoxinA (Botox) [35]. Thus, additional research is 
needed on product-specific differences.

The spread of BoNT-A is most likely caused by the diffusion 
of unbound toxin through the extracellular space, driven by the 
concentration gradient and the dynamics of the injection. 
Dose-dependent and passive kinetic dispersion of the toxin 
away from the injection site in a gradient-dependent manner 
may play a role in toxin spread. Borodic et al. [36] reported that 
BoNT-A diffused up to 45 mm from the site of a single injec-
tion (10 U/0.1 mL injected into the rabbit longissimus dorsi). 
Although at lower doses (1 U/0.1 mL), the collapse of the diffu-
sion gradient occurred over a 15-mm to 30-mm segment of 
muscle, at higher doses (5–10 U/0.1 mL) diffusion of the 
BoNT-A effect occurred throughout the entire muscle with no 
apparent endpoint. 

The migration, which refers to the distal effects of BoNT that 
occur either via the nerves or by blood, is another emerging 
concept. BoNT can be transported to the cell soma and is re-
leased in intact form to second-order neurons via transcytosis. 
This cell-to-cell trafficking may allow BoNT undergoes antero-
grade and retrograde axonal transport to exert distant effects of 
toxin [37].

Although the action of BoNT in the PNS has been extensively 
documented, much less is known about the action of BoNT on 
the CNS. Although BoNT probably does not cross the blood-
brain barrier, the potential for CNS adverse effects should not be 
ignored in immunocompromised patients (BoNT-A, B, and E 
have been studied in the CNS). BoNT-A intramuscular injec-
tions have a dual effect, by directly or indirectly affecting the 
CNS as well as inducing paralysis of the corresponding muscle. 

As evidence, it is effective in the treatment of chronic migraine 
and neuropathic pain syndrome beyond muscular origin pain 
[2-4]. Unequivocal evidence has been found that BoNT-A un-
dergoes limited retrograde axonal transport. Studies in humans, 
nevertheless, support the idea that BoNT injected at therapeutic 
doses induces distal spinal and cortical effects. Peripherally, the 
injection of BoNT-A into a muscle reduces α-motoneuron activ-
ity in extrafusal muscle fibers. Muscle spindles are simultaneous-
ly inhibited by the toxin’s blockade of the γ-motoneuron control 
of intrafusal fibers and by its subsequent reduction of Ia afferent 
signaling, thereby reducing feedback to the α-motoneurons and 
other pathways to reduce muscle contraction [38]. The remote 
spread in which the effects of BoNT are observed at a consider-
able distance from the injection site cannot be fully explained 
by diffusion. Theoretically, these remote effects may depend ei-
ther on the direct action of the toxin transported via the hema-
togenous route or on retrograde axonal transport. Indirectly, 
the effects of BoNT on the CNS may occur due to central reor-
ganization [33].

In vitro studies have demonstrated that BoNT can affect the 
release of several neurotransmitters from the brain and spinal 
cord neurons. BoNT therapy also leads to altered afferent input 
to the CNS produced by the effect of muscle spindles. There-
fore, the proposed mechanism of prevention of chronic mi-
graine and neuropathic pain management by BoNT-A is de-
creasing sensitized nociception (1) by inhibiting glutamate re-
lease in peripheral tissues, (2) decreasing calcitonin gene-related 
peptide release in peripheral tissue, (3) decreasing transient re-
ceptor potential cation channel subfamily V member 1 traffick-
ing to the peripheral neuron cell membrane, and (4) decreasing 
substance P release in peripheral tissues [39]. Furthermore, 
some data have demonstrated bilateral antinociceptive effects 
of BoNT-A even after unilateral peripheral injection. 

Several pieces of evidence have demonstrated a dose-depen-
dent effect on neuromuscular transmission in distal muscles 
and the CNS, possibly owing to the hematogenous spread of 
BoNT-A through the bloodstream. Flu-like symptoms and 
three reported cases of encephalitis are a possible sign of hema-
togenous spread or systemic immune response. In addition, the 
locally injected intramuscular BoNT effect on the ANS accu-
mulates over time and leads to the development of increased 
residual urine volume and decreased heart rate variability in 
patients injected with therapeutic doses of BoNT-A and BoNT-
B. It has been found that the systemic spread of BoNT-B is 
higher and that autonomic adverse effects occur frequently, 
even when low or intermediate doses of this toxin are used [40]. 
The difference in the products’ properties also may affect their 
local migration from the target muscle area and potency char-
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acteristics, which, in turn, may influence their efficacy, safety 
profile, and antigenic potential.

It is considered to be more effective to inject one target muscle 
evenly with several divided injection points. Therefore, the con-
cept of toxin spreading is very important in BoNT-A injection 
technique, and the injection power and injection speed are also 
crucial factors. In other words, it could be said that the good 
skill in the toxin injection technique is achieved at the operator’s 
fingertips. A slower injection with the feeling that the toxin is 
injected and sprayed onto the motor points at many neuromus-
cular junction synaptic areas will reduce its spread to the sur-
rounding muscles and make the effect and effective duration 
stronger and longer, respectively. In addition, the fact that anti-
body formation to neurotoxins can be reduced by minimizing 
inactive toxins that do not internalize is considered to be as im-
portant as differences between-products. Furthermore, for bot-
ulinum injections, the depth of the injection pointer is deter-
mined according to the depth of the target tissue, and the dilu-
tion dose and the total injection dose are determined according 
to the size of the target tissue. The injection power and speed are 
important for accurate spread of the toxin to the target tissue.

Volume and dilution
In addition to the molecular size and the properties of the 
BoNT products, other factors such as volume and dilution in-
fluence the diffusion and spread of BoNT. The volume of solu-
tion used to inject equivalent units of BoNT also affects poten-
cy. However, there is little evidence that varying dilutions result 
in predictable diffusion, and whether the volume of dilution 
has clinically relevant implications for the potency of BoNT 
also has not yet been definitively proven.

The concept is generally accepted that the most effective pa-
ralysis can be obtained by delivering the toxin in highly-con-
centrated small volumes near the motor endplate region band 
of a muscle, and the effect is augmented by stretching exercises 
and electrical stimulation after BoNT-A injection. However, the 
size of the denervation field is mostly determined by the dose 
and volume in the targeted muscle. Therefore, injections divid-
ed into multiple points along the targeted muscle, rather than a 
single bolus injection, might contain biological activity within 
the targeted muscle. When a single bolus is injected into the 
center of the muscle, BoNT may spread beyond the boundaries 
of the intended muscle. A higher volume of lower-concentra-
tion BoNT-A results in greater diffusion and a larger affected 
area, with more spread of activity found in a human skin model. 

Other differences may be linked to serotype-specific variabili-
ty and organ-specific affinity. For example, BoNT-B seems to 
have more affinity for the autonomic system, as shown by its 

tendency to lead to less saliva production and greater constipa-
tion than BoNT-A [41]. 

Drugs and diseases
Several drugs that act on the neuromuscular junction interfere 
with or enhance the effectiveness of BoNT. BoNT use is contra-
indicated in patients with disorders of neuromuscular trans-
mission (e.g., myasthenia gravis, Lambert-Eaton syndrome) 
[42]. 

CONCLUSION
Cholinergic nervous system-based BoNT injections for aes-
thetic purposes yield cost-effective results, and opportunities 
exist to expand its treatment indications. BoNT acts on cholin-
ergic neurons—that is, it inhibits the secretion of the neu-
rotransmitter ACh from somatic and parasympathetic nerves, 
as well as some sympathetic nerves. In somatic nerves, the ef-
fects of muscle paralysis and atrophy by BoNT injections are 
used cosmetically to treat facial wrinkles with skin rejuvenation 
and to contour the lower face, calf, and neck-shoulder line. In 
the parasympathetic nervous system, BoNTs are also used to 
contour the lower face and mandibular lines by using atrophy 
of the salivary glands. BoNT is also used to treat local hyperhi-
drosis in the axilla, palm, forehead, and scalp by inhibiting the 
release of ACh from sudomotor nerves (cholinergic innerva-
tion of the sympathetic nervous system, prominent in sweat 
glands) in some sympathetic nerves. 

The clinical outcomes after BoNT injections depend not only 
on the skills of the injector, but also on the properties of com-
mercial products and their propensity to diffuse, spread, and 
migrate, including volume and dilution, which may affect po-
tency and systemic distribution to the CNS. For long-term safe-
ty in cosmetic uses of BoNT-A, care should be taken regarding 
denervation and atrophy of target organs caused by long-term 
repeated injections. For example, if prolonged atrophy of mas-
seter can cause compensatory hypertrophy of other adjacent 
muscles, it could lead to temporomandibular joint disorders. As 
salivary glands may atrophy with age, treatment should consid-
er functional aspects (i.e., digestion). A more thorough pre-ex-
amination considering these functional disturbances should be 
performed in each case. Furthermore, we should follow a treat-
ment policy because none of the possible signs of hematoge-
nous spread, a systemic immune response, or mild botulism af-
ter BoNT-A injection (usually dose-dependent) were noticed 
by patients or were clinically relevant. Flexible BoNT prepara-
tion for individual aesthetic purposes and accurate injection 
into the motor endplate of the target organ is the key to the 
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BoNT injection method. The force and speed of injection must 
be considered as well. 

Currently, cosmetic procedures such as mesobotox, which can 
apply for the Asian women whose aging related mid-face skin 
elasticity decreases [43], keloid or hypertrophic scar treatment, 
facial asymmetry correction in chronic facial palsy patients, 
and ptotic breast correction are being attempted with BoNT-A. 
However, further research is required to provide evidence sup-
porting these challenging procedures. 
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