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Abstract

Introduction and objective. Botulinum toxin (BoNT) has been used in medicine for many years. BoNT, prevents acetylcholine
from being released into synapses, causing flaccid muscles paralysis. The article reviews the current knowledge of botulinum
toxin application in the treatment of neurological diseases, focusing on therapeutic efficacy and side-effects. The aim of
the review is to analyze the largest possible number of neurological conditions in which the application of botulinum toxin
was considered.
Materials and method. A literature review of the last 10 years was conducted using the key words: ‘botulinum toxin
neurology’ in the PubMed database, with the search criteria: clinical trials, free full text in English, research on humans. 2,581
manuscripts were found. After initial analysis, 188 publications were selected for further elaboration. Finally, 61 compatible
publications were identified and included in the review. 
Abbreviated description of the state of knowledge. In the treatment of Tourette’s syndrome with BoNT, despite the
reduction in tics frequency, patients did not report any benefits. There are promising reports on the reduction of the
intensity of neuropathic pain and neuralgia in trigeminal neuralgia after the use of BoNT-A. Improvement in rest tremor
has been seen in patients with Parkinson’s disease. Administration of BoNT-A among patients with bruxism was associated
with improved sleep quality and reduction of the symptoms intensity. Research confirms the effectiveness of using BoNT
in the treatment of bothersome symptoms occurring in migraine, drooling, cervical dystonia and neurogenic bladder. 
Conclusions. Although the use of BoNT in neurological diseases is widely studied and used, the appropriate administration
technique and safety of use are worth further research.
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INTRODUCTION
Since the approval of botulinum toxin (BoNT, BT) by the US
Food and Drug Administration (FDA) in 1979 for human
research, it started becoming more and more widely used
in clinical medicine [1]. BoNT drugs are ‘biological drugs’
because their main ingredient is the botulinum neurotoxin
(BNT) protein; moreover, they contain complexing proteins
(CP) and auxiliary substances [2]. Botulinum neurotoxins
(BTN) are proteins produced by neurotoxic strains of
anaerobic bacteria and bacteria of the genus Clostridium.
BTNs prevent the release of acetylcholine at the cholinergic
ends of the peripheral nerves of the skeletal and autonomic
nervous system, weakening the neuromuscular junction,
causing flaccid paralysis [2, 3]. Of the eight toxin subtypes (AH), only toxins A and B are FDA approved for therapeutic use
and used in motor disorders. BT drugs used in the treatment
are onabotulinumtoxinA (Botox), abobotulinumtoxinA
(Dysport), incobotulinumtoxinA (Xeomin) and
RimabotulinumtoxinB (Myobloc or NeuroBloc), unavailable
in Poland. BT is widely used in neurology with an average
duration of BT treatment of three months [4]. The first uses
of BT in neurology were eyelid spasms, cervical dystonia
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and spasticity [1]; however, evidence-based information
on optimal dosing for clinical use is limited. The exact
amount of BoNT doses, the method and frequency of their
administration, depending on the severity of symptoms
in a given neurological disease, can improve the quality of
life for many people worldwide. This review is an attempt
to systematize information on the effectiveness and safety
of the botulinum toxin used inthe treatment of common
neurological diseases
MATERIALS AND METHOD
A literature review of the last 10 years was carried out using
the key words: ‘botulinum toxin neurology’ in the PubMed
database, and using the search criteria: clinical trials, free
full text in english, research on humans. Due to the large
amount of literature, the aim of the review was to collect and
present the current knowledge on the wide use of botulinum
toxin in neurology, paying attention to therapeutic efficacy
and side-ffects.
RESULTS
2,581 manuscripts were found. After initial analysis, 188
publications were selected for further elaboration, and finally,
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Figure 1. Flow chart of the search for articles for inclusion in the review

61 compatible publications were identified and consulted to
compile the review. 127 Manuscripts were rejected due to:
poor quality of data, vague patients selection, poor quality
of statistical analysis, uncertain results. Results of the search
are summarized in Figure 1.
STATE OF KNOWLEDGE
History of botulinum. BoNT has its origins dating back to
1895 when it was discovered by the Belgian bacteriologist
van Ermengem. The bacterium (Clostridium botulinum)
produces a protein that may be the strongest neurotoxin
known to date. In the 1920s, Sommer isolated BoNT
type A (BoNT-A) in a purified form and in 1946, Schantz
isolated the toxin in a crystalline form. In 1950, Brooks
showed that the toxin blocks the release of acetylcholine in
motor neurons, causing the muscles to relax. The earliest
clinical applications were described by Scott et al. in 1977,

and concerned the possibility of non-surgical treatment of
strabismus in primates. The first publication concerning the
use of botulinum toxin on humans as a therapeutic agent took
place in 1980 [5]. In 2000, the Food and Drug Administration
(FDA) approved Botox for the treatment of cervical dystonia
in adults to alleviate abnormal head posture and neck pain
associated with this condition. In 2004, it was approved
for the treatment of severe primary axillary hyperhidrosis
which did not respond adequately to topical medications [6].
Over the years, BoNT was increasing used in more and more
disease entities, especially in the treatment of migraine and
neurodegenerative diseases.
Mechanism of action of botulinum toxin. BT acts on nerve
endings by cleaving and inactivating proteins of the SNARE
complex, leading to an inhibition of conduction in nerve
synapses. All BoNT serotypes share the same structure and
function, consisting of a light chain (LC, ~ 50 kDa) and a
heavy chain (HC, ~ 100 kDa) linked by a disulfide bond. HC
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contains two domains: the C-terminal HC domain mediates
binding to receptors and the N-terminal HN domain mediates
the movement of the LC chain across endosomal membranes.
LC acts like a protease on neurons. The BoNT-A, C and E
proteins operate at different sites on the SNAP-25 peripheral
membrane proteins. The BoNT-B, D, F and G proteins
function at different sites on the homologous membrane
proteins of the synaptic vesicle VAMP 1, 2 and 3. BoNT-C
also cleaves membrane protein syntaxin 1. Cleavage of any
of the three neuronal SNARE proteins blocks the fusion of
synaptic vesicles with plasma membranes, thus preventing
the release of neurotransmitters from neurons [7, 8, 9].
Use of ultrasound (ultrasonography) and electromyography
(EMG) in the supply of botulinum toxin. The toxin is
administered intramuscularly. Additional application of
ultrasound (USG) or electromyography (EMG) allows for
precise definition of the injection site [4]. Both USG and
ES are effective methods of BoNT-A injection [10]. The
use of ultrasound for the BoNT-A supply, compared to the
conventional method, enables a more precise administration
of the agent, thus giving better clinical results [11, 12]. The
study by M. Porta indicated that the use of ultrasound while
administering BoNT to the salivary glands increases the
safety of a given method of treating drooling [12].
Use of botulinum toxin in the treatment of selected
neurological diseases. BoNT is known to be the most
dangerous bioterrorism agent. Despite its harmfulness, it is
used in the treatment of an increasing number of diseases, and
studies to confirm its effectiveness and safety are constantly
ongoing. The review discusses the use of BoNT in combating
the symptoms of many neurological diseases: stroke, multiple
sclerosis, Parkinson’s disease, dystonia, nervous tics, essential
tremor, bruxism, over-active bladder, drooling, migraine,
neuropathic pain, trismus, mild primary spasm eyelids, and
hyperhidrosis. There are also reports on the effectiveness of
BoNT in the treatment Huntington’s disease and cerebral
palsy [13, 14].
Stroke. The first randomized trials on the use of Botox in the
treatment of upper and lower limb spasticity were carried out
in 2000 [15]. The most common cause of spasticity, i.e. the state
of increased muscle tension accompanying paresis of the limbs,
excessive tendon reflexes and pathological symptoms, such as
Babinski’s reflex, is stroke [16]. According to Watkins et al.,
post-stroke spasticity occurs in about 27.3% cases in the upper
limbs, and in about 31.2% in the lower limbs [17]. BoNT-A
injections are a safe method of treatment in spasticity after
stroke, reducing the increased muscle tension and improving
the range of passive movements of the upper and lower limbs
[18, 19]. Not only spasticity after stroke, but also spasticity
after central nervous system injuries and in multiple sclerosis
(MS), having a similar pathomechanism, can be treated with
BoNT-A [18]. In a study by Gordon et al. for 42 weeks in four
treatment cycles, 111 patients who took onabotulinumtoxin
A showed a significant improvement in the reduction of
muscle tension assessed by the Spasticity Scale: Ashworth
Scale – Modified Ashworth Scale (MAS) [20]. In the studies
by Baricich et al. on 26 patients, a significant reduction in
muscle tone was observed in all cases, 30 and 90 days after
treatment [21]. In those two studies, functional improvements
were found, as assessed by the Disability Assessment Scale

(DAS) [20, 21]. In another study, after consecutive BoNT-A
treatment sessions, an extension of the intervals between
successive injections was observed even at a similar dose [22].
In the studies by Picelia et al. presenting data from the register
of 24 Italian centres dealing with neurorehabilitation, it was
found that the average dose of Botox was 316.7 ± 79.1 units
for the upper limb, and 327.8 ± 152.3 units concerning the
lower limb in the treatment of limb spasticity [23].
Multiple sclerosis. Not only post-stroke spasticity, but also
spasticity in multiple scerosis (MS) can be treated with
BoNT-A [18]. BoNT can alleviate symptoms of urinary
incontinence among patients with over-active bladder in MS
[24]. Swallowing disorders are a common complication of MS,
occurring in 30–40% of patients. The effectiveness of BoNT-A
in swallowing disorders in patients with MS has been studied.
After injection of BoNT-A under EMG control into the overactive laryngopharyngeal muscle conducted on 14 patients
with MS, swallowing improved [25]. Interesting results were
obtained by researchers in a double-blind, randomized trial
evaluating the effectiveness and safety of BoNT-A in reducing
tremor associated with MS. 23 patients were randomized into
BoNT-A and placebo groups, and tremor was assessed after
first administration and after six and 12 weeks of treatment
using the Bain scale, and evaluation based on writing and
drawing the Archimedes spiral. After six and 12 weeks, a
statistically significant (p = 0.0005; p = 0.0001) reduction
of tremor was noted among patients who received BoNT-A,
compared to the placebo group [26].
Parkinson’s disease. The underlying cause of Parkinson’s
disease (PD) is the degeneration of structures in the brain. The
atrophy of cells belonging to the dopaminergic system causes
symptoms such as slowness of movement (bradykinesia),
tremor at rest, muscle stiffness, disturbances in gait and
posture. Despite treatment and rehabilitation, the disease
progresses and patients face many difficulties in everyday
life. It is estimated that PD occurs in 0.15–0.3% of the general
population. It is a progressive disease in which the therapeutic
process is based on inhibiting its progress [27]. Due to muscle
dysfunction, patients often develop dystonia, which often
causes pain and restricts the range of motion.
One of the randomized, double-blind studies conducted
showed the effectiveness of BoNT-A in patients with toe
dystonia. The study included 45 patients with painful and
limiting movement, dystonic plantar flexion. BoNT-A in
an amount of 100 UI was injected twice, two months apart,
into the long flexor muscles and the short flexor muscles. An
improvement in the overall clinical impression was observed
in the test group, compared to the placebo group (p = 0.039).
Moreover, a significant reduction in pain and dystonia after
th injection of BoNT was noticed; however, no significant
differences were found in relation to the placebo group [28].
Another study was carried out on 12 patients with dystonia
of the upper or lower extremities who were treated with
BoNT-A at an average dose of 241.66 UI. Significant pain
reduction was observed using the NRS Numerical Rating
Scale (NRS) within four weeks after injection (p = 0.033).
As in the previous study, no significant difference was found
compared to the placebo group (p = 0.70) [29]. A 3-year
randomized, double-blind study (2012–2015) by Mittal et al.,
which enrolled 30 patients with Parkinson’s Disease who
received injection of incobotulinumtoxin A (IncoA), showed
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significant improvement in resting tremor and a decrease
in tremor severity at four and eight weeks after injection.
Moreover, it was noted that muscle weakness was a rare
undesirable symptom [30].
Cervical dystonia. Dystonia is a neurological syndrome
characterized by sustained and often repeated involuntary
movements of the antagonist muscles. The etiology of dystonia
may be primary and of unknown cause, or secondary to
neurological diseases, medications or tumours [31]. In
cervical dystonia (CD), the most common form of primary
dystonia, changes mainly affect the neck muscles [32]. The
first-line treatment of CD is the injection of BoNT-A into
dystonic muscles [33]. A study by Huang et al. Showed a
significant reduction in muscle tension and improvement
in the quality of life after using BoNT-A injections under
ultrasound guidance [34]. Another analysis showed a greater
benefit from physical therapy in patients after previous
BoNT-A use [35]. BoNT is used as a first-line treatment for
CD, however, because many patients discontinue therapy,
new methods of optimizing CD treatment with the use of
BoNT-A are being sought [36, 37].
It is worth noting that the repeated application of BoNT
may cause changes in the muscle fibers, leading to a reduction
in muscle strength [38]. BoNT is also used as the first-line
drug in the treatment of facial dystonia [39].
Tourette’s syndrome. Tourette’s syndrome (or Gilles de
la Tourette’s syndrome) is defined as the presence of tics
in the form of involuntary movements, repeating words,
often obscene, and blinking eyelids. Although the disease
has a family background, the cause of Tourette’s syndrome
has yet to be understood. Treatment is mainly based on
psychotherapy and pharmacological treatment (dopamine
antagonists, L-receptor agonists). The side-effects of
pharmacological treatment contribute to the further search
for new therapeutic methods. Botulinum neurotoxin in the
treatment of tics inhibits neuromuscular transmission and
weakens hyperactive muscle fibers involved in the production
of involuntary movements. In addition to alleviating excessive
muscle activity, botulinum neurotoxin appears to reduce
sensation and pain associated with tics. Similar mechanisms
may underlie the therapeutic effect of BoNT injected into the
vocal cords, which reduce phonic tics [40]. However, research
into the effects of BoNT is limited because of the serious
side-effects due to the ability of botulin to block dopamine.
BoNT has proven appropriate, especially in patients with
focal and dystonic tics [41, 42].
A randomized, double-blind study of BoNT in the
treatment of motor tics showed a 39% reduction in tics per
minute using video recording after BoNT administration.
However, patients did not report an overall benefit from
treatment [43]. Kim et al. Described 21-year-old patient with
abnormal motor tics with hyperflexia and hyperextension of
the cervical spine for over 10 years. One of the treatments
was application of BoNT to the neck muscles along with
medications for tic disorders. However, neck movement
due to the tics disorder did not improve. Three days after
BoNT administration, the weakness of all limbs gradually
worsened. Finally, the patient underwent laminoplasty and
posterior fixation.
The small number of randomized results available and
the observed side-effects make it impossible to define a
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clearly positive treatment effect. Further research is needed
to confirm the safety and effectiveness of the BoNT in the
treatment of nervous tics, including Tourette’s syndrome [44].
Essential tremor. Essential tremor (ET) is one of the most
common symptoms of movement disorder, manifested by
trembling, and mainly affects hands, forearms and head.
There are three basic types of tremors: resting, postural and
kinetic. Epidemiological studies show that the incidence
of ET increases with age, with the disease occurring in
40/1,000 subjects after the age of 65 [45]. ET has an adverse
effect on daily functioning with patients experiencing
problems in performing daily activities. The treatment
includes primidone, propranolol and topiramate. The use
of botulinum toxin injections is of increasing interest [46].
Botulinum toxin A-haemagglutinin complex injections seems
to improve clinical condition by reducing the occurrence
of symptoms in the short term (up to 12 weeks) among
people with spontaneous hand tremor. On the other hand,
administered therapy is often associated with side-effects, of
whch a fairly common transient side-effect is a dose-related
feeling of weakness. There are no results of long-term therapy
in people with idiopathic hand tremor [47].
Bruxism. Bruxism is a pathological friction or grinding of
opposite rows of upper and lower molars. It occurs most
often at night (Sleep Bruxism – SB) and is classified as a
parasomnia. The treatment used so far, such as psychotherapy
or sedatives, often does not produce the expected effect.
Use of BoNT-A injection gives promising results and a
randomized, double-blind study conducted by Ondo et al.
show the effectiveness and safety of the BoNT-A in bruxism
treatment. Symptomatic patients were administered 200 U
BoNT-A (60 U to each masseter muscle and 40 U to each of
the temporal muscles), the effects were then assessed four to
eight weeks after the first injection. After administration of
BoNT-A, improvement in the quality and duration of sleep
were observed. Moreover, the overall clinical impression scale
measuring the severity of present CGI symptoms (p <0.05)
and visual analogue scale (VAS; p <0.05) showed promising
results in the test group. However, the authors emphasize
that there is a need for multicentre studies to confirm the
obtained study results [48].
In another study by Shim YJ., 30 patients were included
and divided into equal research and control groups. Control
subjects were injected with saline into both masseter muscles,
while the masseter muscles of the research group were
injected with BoNT-A. The effectiveness of the method was
monitored using audio-video-polysomnographic recordings
at four and 12 weeks after injection. Among 23 (study group
13) patients who completed the study, it was found that the
peak EMG amplitude during SB showed a significant time
and group interaction (p = 0.001). However, the injection
reduced peak EMG pulse amplitude during SB only in the
12-week treatment group (p <0.0001). A single injection
of BoNT-A did not reduce SB symptoms, but affected the
intensity of SB [49]. Another study showed a >10% decrease
in the range of mandibular movements and in the occlusal
force (BF%) compared to intial value after the administration
of BoNT-A 140 U to the masseter muscles and temples. After
15 days, the occlusal force decreased (p = 0.028). Occlusion
values also decreased after 15 days (p = 0.028), and after 90
days (p = 0.043) [50]. Satisfactory results were described in
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the article in which 24 patients were randomly divided into
three groups (n = 8). Treated by bilateral intramuscular
injections, a placebo group, and a non-infiltration group.
The effect of BoNT-A was assessed in the treatment of
myofascial pain at rest and during chewing, the power of
which was also assessed. Observations were made after one
week, three months and six months. Pain at rest decreased
among patients treated with BoNT-A. Significant change
in the maximum occlusion strength was observed in the
BoNT-A group compared to the other groups [51]. Some
studies have shown promising results indicating the need
for further research in this direction.
Urologic pathologic conditions. Over-active bladder (OAB)
is a syndrome consisting of at least one of four symptoms: urge
to urinate, urge urinary incontinence, frequent urination and
nocturia [52]. In August 2011, BoNT was finally approved by
the FDA for the treatment of adult patients with over-active
bladder urinary incontinence associated with conditions such
as spinal cord injury and MS. The FDA reports that BoNT-A
can alleviate the symptoms of urinary incontinence in patients
with an over-active bladder associated with a neurological
condition for up to 10 months [24]. A randomized study by
Amundsen et al. compared two treatments with 200 U IncoA
and the methods of sacral nerve neuromodulation (SNM) in
treatment-resistant patients – urgency urinary incontinency
(UUI). The results indicated that both treatments led to a
sustained and similar reduction in mean daily urination
over a 24-month period. Patients using BoNT-A showed a
greater likelihood of complete recovery from UUI in the
first six months, and higher satisfaction and acceptance
of treatment within 24 months. It was noted that in the
group using BoNT there was an increased risk of urinary
tract infections [53]. One of the largest studies conducted
by Reitz et al. demonstrated the safety and efficacy of 300 U
botulinum toxin injections on 261 patients with abnormal
detrusor and urinary bladder sphincter (neurogenic bladder)
innervation [54]. The available studies confirm an increase in
the efficiency of the bladder with the use of botulinum toxin.
Sialorrhoea. Hypersialosis and drooling are associated
with many neurological disorders [55]. The symptoms are
especially relevant to patients with cerebral palsy, traumatic
encephalopathy, parkinson’s disease or amyotrophic lateral
sclerosis. It has been shown that the percutaneous injection
of BoNT-A into the salivary glands is an effective way of
removing excessive drooling associated with neurological
disorders [56, 57]. Available research results confirm the
effectiveness of BoNT-A injections in drooling reduction
[58, 59]. A double-blind randomized trial conducted by Jost
et al. showed reduction in unstimulated salivation after the
use of IncoA. 30 patients were included in the study, 19 of
whom developed hypersialosis after stroke. A statistically
significant difference (p = 0.004) occurred at week four after
administration of 100 U IncoA, compared to the placebo
group. The most common treatment-related adverse effects
were dry mouth and dysphagia [60].
Migraine. Chronic migraine (CM) is defined as a headache
occurring ≥ 15 days a month for > three months, which
can be characterized as migraine headache ≥ eight days a
month [61]. Inadequate CM control contributes to the search
for new therapeutic solutions. One of the promising ways

to control pain in CM is the use of BoNT-A. The action of
BoNT-A is focused mainly on the inflammatory mediators
releases inhibition and pain reduction from the trigeminal
and peripheral nerve endings, e.g. greater occipital spinal
nerve, which leads to central desensitization. BoNT-A is
given in cycles every 12 weeks. The effectiveness of therapy
should be assessed after at least three cycles of BoNT-A
administration [62]. However, due to the small number of
research results, BoNT-A has only been registered in the
treatment of chronic migraine in some countries, including:
USA, Italy and Poland [61–63].
The safety and efficacy of IncoA was assessed in a doubleblind, controlled phase III PREEMPT II trial with two
intramuscular injections every 12 weeks over a 24-week
trial period. IncoA administration statistically significantly
(p <0.001) reduced the frequency of headache days within 28
days from the completion of the injection from the baseline
value. In addition, also in the later period (up to 21–24 weeks)
after treatment, IncoA administration gave better results
than in the placebo group. The occurrence of only a few
adverse events with good effectiveness supports the use of
IncoA in prevention of headaches among people with chronic
migraine [64].
The efficacy, tolerability, and safety of IncoA in the
treatment of CM were also assessed in 108-week multicentre COMPEL study. There was a significant reduction in
the number of headache days over 28 days at all time points
(p <0.0001) [61].
An important clinical aspect of the BoNT-A use in CM
is the screening procedure, which includes an interview
analysis and physical examination. The qualification for
treatment is carried out by a neurologist. Its most important
part is confirmation of the diagnosis of chronic migraine [62].
Analgesic effect, neuropathic pain. Peripheral neuropathic
pain is a serious condition that affects patients with a variety
of medical conditions, but treatment options are limited.
A randomized, double-blind, placebo-controlled study
was conducted on 152 patients to evaluate the effectiveness
of BoNT-A injection in relieving neuropathic pain. After
an interval of 12 weeks, BoNT-A was administered twice
subcutaneously (up to 300 U) and placebo was administered
in the control group. 24 weeks after the first injection, the
mean weekly pain intensity was measured in both groups.
Twice administered BoNT-A significantly reduced the
intensity of peripheral neuropathic pain compared to placebo
(p <0.0001) [65].
Trigeminal neuralgia is a painful condition that
significantly worsens the quality of life and often leads to
difficulties in everyday functioning. In a study of the clinical
effects and safety of the BoNT-A in neuralgia alleviation
conducted on 87 patients with trigeminal neuralgia,
satisfactory results were achieved. Patients were assessed
one week before and eight weeks after BoNT-A injection.
After treatment, in addition to clinically significant pain
relief, better social and mental functioning and better sleep
quality were also achieved (p <0.01). However, physical fitness
did not improve significantly (p = 0.371) [66]. Another study
showed significant pain reduction 12 weeks after BoNT-A
administration (p <0.0001). This suggests that BoNT-A
may be a potentially effective therapeutic method in severe
cases of trigeminal neuralgia [67]. The presence of hallux
valgus is associated with pain and thus reduced efficiency.
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A randomized, double-blind, controlled trial evaluated the
effect of intramuscular administration of BoNT-A among 16
patients with hallux valgus. The assessments were made one,
two, three and six months after the intramuscular injection
of the foot. There was a greater improvement in pain scores
in the BoNT-A group than in the saline injection group (p
<0.001). The results of the study showed that BoNT-A could
be a potential aid in pain relief associated with hallux valgus
over a six-month period [68].
Neuropathic pain significantly worsens the quality of
life of people with spinal cord injury. The assessment of
the effectiveness of BoNT-A in neuropathic pain reduction
among 40 patients after spinal cord injury was undertaken
by Han et al. Researchers performed a single 200 U injection
under the skin, and then used the Visual Analog Scale (VAS)
to assess the pain level of patients after four and eight weeks,
respectively. After two months, 45% of BoNT-A recipients
reported a pain reduction of around 20% from baseline,
compared to 10% in the placebo group.
It is worth noting that pain relief among patients after
BoNT-A injection was not associated with deterioration of
sensory and motor functions below the level of spinal cord
injury. BoNT-A may constitute a new, promising therapeutic
path for patients with neuropathic pain and could potentially
improve their daily functioning [69].
Trismus. Trismus from the Greek word means ‘grinding’,
refers to limitation of the range of motion of the jaws. Trismus
usually originates from permanent tetanic contraction of the
masticatory muscles. Trismus refers to the limited opening
of the mouth regardless of etiology [70].
Temporomandibular disease (TMD). Characterized by pain
and disturbances in the joints and / or muscles with associated
structures. The symptoms include mainly: headaches, pain
in the face and neck, and limited opening of the mouth
[71]. The effectiveness of TMD treatment with botulinum
toxin or laser therapy is due to its muscle relaxant effect,
reducing pain and improving the balance of mandibular
functions. A randomized trial compared the use of lowlevel laser therapy with a power of 100 mW (wavelength:
830 nm) to the effectiveness of botulinum toxin. Patients
received 30 U of BoNT-A in the first session and 15 U after
15 days. The effectiveness of both methods was assessed
by measuring pain using a visual analog scale (VAS), and
measuring opening of the mouth with a digital caliper. The
treatments were effective in pain reduction; however, the
effect of the laser therapy was achieved faster than by the
use of BoNT-A. Both treatments showed no statistically
significant improvement in mouth opening [72].
In another study, BoNT-B was injected into the masseter
muscles of patients with spastic trismus. The procedure was
used on 11 patients with trismus caused by diseases (stroke,
hypoxic-ischemic encephalopathy or traumatic injury).
Mouth opening, salivation, and overall achievement of
the clinical goal were assessed. Three weeks after BoNT-B
injection, significantly larger mouth opening was observed
compared to placebo treatment (P <0.05). Apart from the
muscle paralyzing effect, the goal achievement scale showed
a clinical benefit for the BoNT-B group (p <0.01) [73].
The above studies show the effectiveness of BoNT in the
treatment of pain and in increasing mouth opening among
patients with trismus.
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Blepharospasm. Benign primary blepharospasm (BEB) is
a focal facial dystonia characterized by excessive blinking
and involuntary contraction of the eyelids, affecting
approximately 30/100,000 people. So far, no long-term,
effective method of treatment has been discovered. In most
cases, blepharospasm is an idiopathic disorder that usually
lasts a lifetime. The injection of BoNT-A is the cornerstone
in the management of patients with BEB due to its proven
safety and efficacy [74,75,76]. Repeated administration of
BoNT is usually required every three or four months. It is
worth noting that the subsequent injections are not always
as effective as the first [77].
In a study by Lee et al., The effectiveness of BoNT-A
injections were assessed over a period of five years in 268
patients diagnosed with spontaneous blepharospasm.
Treatment efficacy and dose of repeated injections were
assessed at 0.1 ± 0.5 U and 39.1 ± 4.0 U, respectively, with no
significant differences for repeated injections. The duration
of response was 5.9 ± 5.4 months, but decreased significantly
with consecutive injections (p <0.01). However, it is worth
noting that in the above study, the use of various preparations
of botulinum toxin was taken into account, which could
adversely affect the results [78].
Hyperhidrosis. Excessive sweating is a condition associated
with significant costs and social discomfort of the people
it affects. Topical treatment options are limited. The use of
BoNT-A has been approved by the FDA for focal axillary
hyperhidrosis that is unresponsive to topical treatment. [79].
The mechanism of action is based on blocking neuroglandular
conduction by inhibiting acetylcholine release from
cholinergic neurons that innervate sweat glands [80].
One of the studies confirming the effectiveness of BoNT-A
in hyperhidrosis is a 52-week multicentre, randomized trial
involving 332 patients. A significantly higher response rate
was observed in the BoNT-A group than in the placebo
group (p <0.001). Use of BoNT was well tolerated. There
were no significant differences in the frequency of adverse
effects between the BoNT group and the placebo group. After
injection, the effectiveness of BoNT has been reported up to
six or seven months [81].
The social discomfort associated with hyperhidrosis
makes it very important to assess patient satisfaction with
the treatment. In a multicentre randomized study of the
effectiveness of BoNT-A in bilateral axillary hyperhidrosis,
significantly greater satisfaction was observed after four
weeks in the group receiving BoNT than in the placebo
group (p <0.001) [82].
CONCLUSIONS
BoNT-A treatment is usually based on placing a perineural
block and relieving the symptoms of the disease. Use of
BoNT-A injections reduces symptoms among patients with
many neurological diseases. BoNT-A injections, reducing
increased muscle tension and improving the range of passive
limb movements, are used not only in spasticity after stroke,
but also after injuries of the central nervous system and
in MS. BoNT-A can also be used in Parkinson’s disease.
The first-line treatment of CD is the injection of BoNT-A
into the dystonic muscles. BoNT-A can also be used to
improve the quality of life among patients with nervous
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tics, ET, bruxism, hypersialosis and drooling. Numerous
studies confirm the effectiveness of botulinum toxin in the
treatment of neurogenic bladder. In some countries, a new
treatment for migraine employs BoNT-A. BoNT-A may
represent a promising therapeutic pathway for patients to
relieve neuropathic pain and improve their daily functioning.
Injections under ultrasound and possibly during EMG
contributes to increased safety and effectiveness of BoNT-A.
Although BoNT-A is successfully used in the treatment
and support of the treatment of certain neurological diseases,
it is also used in various fields of medicine, including
ophthalmology, plastic surgery, and especially aesthetic
medicine. There is a need for further multi-centre studies
to confirm the effectiveness of BoNT-A. Further research
could potentially make it possible to specify the injection site
and dose of botulinum toxin in a specific disease, as well as
improve the method, minimize side-effects and extend the
time without symptoms.
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