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Abstract

Introduction: Recent studies systematically show that there is scientific evidence on the efficacy of botulinum toxin type A (BTX-A) and B (BTX-B) in the treatment
of myofascial pain related to masticatory muscles and consequent tension headache. However, more accurate and quantitative studies and forms of evaluation are
needed for a definitive response on the efficacy and safety of this treatment.

Objective: to present and discuss, based on the main literary findings, the influence of the use of botulinum toxin on the reduction of orofacial pain and tension
headache, in order to better understand the mechanisms of action and the real efficacy of this treatment.

Methods: Following the criteria of literary search with the use of the Mesh Terms that were cited in the item below on “Search strategies”, the total of 76 papers that
were submitted to the eligibility analysis were collated and, after that, 22 studies were selected, following the rules of systematic review-PRISMA. In general, as an
example, the search strategy in MEDLINE / Pubmed, Web of Science, ScienceDirect Journals (Elsevier), Scopus (Elsevier), OneFile (Gale).

Major findings: BTX-B and BTX-A are associated with inhibition of the release of neuropeptides responsible for neurotransmission and / or peripheral and central
sensitization of the pain pathway, as well as the reduction of the stimulated release of the peptide related to the calcitonin gene in cultures of trigeminal ganglion
neurons. Furthermore, prior and subcutaneous administration of BTX-B-A in the rat paw allowed a significant reduction of the inflammatory pain induced. In

addition, reduced activity of the dorsal horn neurons of the spinal cord was also observed.

Conclusion: Based on the literature findings, botulinum toxin type A or B therapy has been shown to be safe and effective in chronic pain disorders.

Introduction

Recent studies systematically show that there is scientific evidence
on the efficacy of botulinum toxin type A (BTX-A) and B (BTX-B) in
the treatment of myofascial pain related to masticatory muscles and
consequent tension headache [1-4]. Research on the use of botulinum
toxin for myofascial pain is contributing to improve treatments to
date for this clinical condition [2]. Myofascial pain is due to regional
neuromuscular alteration characterized by the presence of muscular
contracture and consequently pain in the musculature of the face [5-8].
On the other hand, myofascial pain, when present for a prolonged time,
is the etiological factor responsible for the onset of headaches, tension-
type headache [9,10].

For the treatment of this syndrome there are several therapeutic
procedures that most often act as controllers of painful symptomatology,
without, however, effectively treating the cause [11]. However, a greater
number of studies and precise and quantitative evaluation methods for
a definitive answer on the efficacy and safety of this treatment [11,12].

In this context, one of the highlighted therapies is the application
of botulinum toxin to contraction muscles [11]. The side effects of
botulinum toxin as a treatment for tension headache and myofascial
pain syndrome were studied. In view of the obtained results, it was
verified that botulinum toxin does not constitute a therapy that
effectively treats headache, only controls for a determined time; it was
also observed to cause side effects, such as hyperactivity and muscular
pain, due to the overload imposed on the other chewing muscles [11].
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As an explanation of the above, botulinum toxins are highly specific
proteases cleaving presynaptic Soluble NSF Attachment proteins
(SNARE) proteins involved in the exocytosis process of synaptic vesicles
at the nerve terminals [11]. Thus, the destruction of these presynaptic
proteins is the basis for the action of these toxins on the release of
neurotransmitters [13,14].

In this sense, botulinum toxin B (BTX-B) is a neurotoxin that has
high affinity for cholinergic synapses, causing a block in the release
of acetylcholine from these nerve terminals without altering the
neural conduction of electrical signals or the synthesis and storage of
acetylcholine [1,2,15-17]. The muscular injection of BTX-B causes partial
chemical denervation and decrease of the contracture, without causing
complete paralysis. The local intramuscular application of a selected
dilution of BTX-B is followed by rapid diffusion into the interstitial space,
finding the motor nerve endings of the skeletal muscles [18].

The aim of this study was to present and discuss the influence of
botulinum toxin use on the reduction of orofacial pain and tension
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headache, based on the main literary findings, in order to better
understand the mechanisms of action and the real efficacy of this
treatment.

Methods
Study design

Following the criteria of literary search with the use of the Mesh
Terms that were cited in the item below on “Search strategies”, a total
of 76 papers that were submitted to the eligibility analysis were collated
and, after that, 22 studies were selected, following the rules of systematic
review-PRISMA (Transparent reporting of systematic reviews and
meta-analyses-http://www.prisma-statement.org/).

Sources of information

The review protocol was based on the criteria of literary search
with the use of mesh terms in the main databases such as Pubmed,
Medline, Bireme, EBSCO, Scielo, etc. All references are registered in
EndNote by the site: http://www.myendnoteweb.com/EndNoteWeb.
html?cat=myrefs&.

Search strategy

In general, as an example, the search strategy in MEDLINE /
Pubmed, Web Of Science, ScienceDirect Journals (Elsevier), Scopus
(Elsevier), OneFile (Gale) followed the following steps: - search for
mesh terms: myofascial pain, botulinum toxin, botulinum toxin type A,
botulinum toxin type B, tension headache, use of the bouleanos “and”
between mesh terms and “or” among historical findings.

Development and discussion
Mechanism of action - highlight

The specificity of BTX-B for cholinergic nerves in vivo is due to the
presence of specific receptors or acceptors in the motor nerve terminal
membrane [18]. Furthermore, it has been observed that BTX-B can
also inhibit norepinephrine exocytosis, its mechanism of action being
identical to that observed in cholinergic synapses with SNARE complex
cleavage [18-20]. However, in vivo, many nerve cells are deprived of the
extracellular receptors / acceptors, responsible for the internalization of
BTX-B, making it inefficient, since the only alternative entry route left
in the nerve terminal is via the non-specific pinocitotic pathway [18].

In this context, botulinum toxins B and A (BTX-BA) were associated
with the inhibition of the release of neuropeptides (glutamate, CGRP
and substance P) responsible for neurotransmission and / or peripheral
and central sensitization of the pain pathway, as well as the reduction of
stimulated release of the peptide related to the calcitonin gene (CGRP)
in cultures of trigeminal ganglion neurons [18,21]. Furthermore, prior
and subcutaneous administration of BTX-B-A in the rat paw allowed
a significant reduction of the inflammatory pain induced. In addition,
decreased activity of dorsal horn neurons of the spinal cord was also
observed [18,21].

In addition to potent inhibitor of acetylcholine release, BTX-B
may also have an inhibitory action on other neurotransmitters and
neuropeptides, with anti-inflammatory and analgesic action [3,4].
Despite this, studies are necessary to better understand the mechanisms
involved in the inhibitory action of BTX-B on the nocireceptor, but
it is hypothesized that BTX-B can interrupt four painful signs: 1)
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muscle spindle activity; 3) Retrograde neuronal flow to the CNS;
4) Inhibition of neuropeptide release by the nociceptor, both in the
peripheral tissue and in the central nervous system [4].

Thus, the inhibition of BTX-B release of acetylcholine occurs in
a multifactorial manner [5]. First, BTX-B binds to the presynaptic
membrane receptors of the motor nerve terminal irreversibly. This
specificity at the binding site guarantees BTX-B high selectivity for
cholinergic synapses. These presynaptic receptors are responsible for
endocytosis of the neurotoxin to the motor nerve terminal [5,6]. After
internalization of the molecule, it is separated into two polypeptide
chains by proteases present in the motor nerve terminal. The cleavage
of BTX-B is decisive for its activation. Thus, there are two fragments of
polypeptides: one heavy chain with 100 kD and the other with 50 kD
[6].

In this context, the percentage of cleavage is related to the serotype
[7]. Serotype A has the highest percentage of cleavage, often 90.0 to
95.0%, while serotype B is cleaved to a lesser extent, 70.0%. The light
chain is translocated through the endocytic vesicle membrane into the
cytosol and binds with high specificity to the SNARE protein complex.
The protein target also varies according to the BTX-B serotype [7].
Thus, the light chains of each of the seven serotypes cleave a distinct
peptide bond at one or more points of the SNARE proteins, and none of
the serotypes acts at the same site [7].

Thus, the obvious clinical action is dose-dependent weakness or
paralysis in skeletal muscle at motor nerve endings [8]. The first effect
on the musculature is on the function of the alpha motor neuron,
responsible for the stimulation of the muscle fibers themselves, but
BTX-B can also affect the gamma motor neurons that innervate the
muscle spindle [8]. Inhibition of the latter results in decreased muscle
tone, due to the consequent decrease of the afferent feedback on the
alpha motor neuron, originating from the muscle spindle [8].

Major literary findings

In a systematic review study with six literary studies, the primary
outcomes were initial and post-treatment pain intensity and patients
who reported pain relief of 50.0% or more after using BTX-A [1]. For
a dichotomous outcome of pain reduction of 50.0% or more, relative
risk (risk ratio) with 95% CI was reported. Statistical heterogeneity
was tested with the Cochran test for heterogeneity and quantified by
statistics. The results were combined using the random effects model
in the presence of statistical heterogeneity, otherwise, fixed-effect
model was used [1]. The effects of the interventions were presented
in three meta-analyzes. The mean difference in pooled posttreatment
pain scores (six studies) showed a reduction of -3.009 in EVA (95% CI
-4.566 to -1.453 p <0.001) with the use of BTX-A. The standardized
difference in mean post-treatment pain (six studies) was -0.918 (95%
CI -1.197 to -0.639 p <0.001) in favor of BTX-A. For the percentage
of patients with 50% pain reduction (three studies), the absolute risk
and relative risk difference (RR 2,892, 95% CI 1,726 to 4,848 p <0.001)
was calculated in favor of BTX-A. Therefore, the authors concluded that
there is moderate evidence on the efficacy of BTX-A in the treatment
of patients with trigeminal neuralgia and post-herpetic neuralgia [1].

Another 2018 study has shown that the central antinociceptive
effect of BTX- A in the sciatic region also involves the endogenous opioid
system [2]. Thus, the influence of the central acting opioid antagonist
naltrexone (2 mg / kg) versus peripheral action methylnaltrexone
(2 mg / kg) on BTX-A (5 U / kg) was investigated in the orofacial
formalin test, the antinociceptive effect of morphine (6 mg / kg) and
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the effect on neurogenic dural inflammation (DNI). DNI was assessed
by extravasation of Evans blue plasma proteins. As a result, naltrexone
abolished the effect of BTX-A on the extravasation of pain and dural
plasma protein, whereas peripheral-acting methylnaltrexone did not
alter the effect of BTX-A on pain or its effect on dura mater leakage [2].
Naltrexone also abolished the antinociceptive and anti-inflammatory
effects of morphine. However, methylnaltrexone decreased the
antinociceptive effect of morphine only partially in the second phase
of the test and had no significant effect on the morphine-mediated
reduction in DNI. Morphine acts on pain in the trigeminal region both
peripherally and centrally, while the effect on dural plasma protein
extravasation appears to be only centrally mediated. However, the
interaction of BTX-A with the endogenous opioid system, with the
consequent inhibition of nociceptive transmission, as well as DNI,
occurs mainly at the center [2].

In this scenario, however, conventional treatments of myofascial
pain syndrome are often unsatisfactory, with episodes persisting for at
least one year, leading to nephropathies [3]. With BTX-B, in a single
application, benefits can be obtained for one to three months when
accompanied by adequate physiotherapy without the side effect of
impaired renal function [3].

In a comparative study between dry needling, local anesthetic
(lidocaine) in local injection and low doses of BTX-B in the treatment
of trigger points in the myofascial pain syndrome, there was an increase
in the range of movements in the cervical musculature in the three
groups. As for pain, fatigue and disability for work, measured by the
Visual Analogue Scale (VAS), there was an important decrease in the
injection group with lidocaine and BTX-B, and the same result was not
observed with dry needling [16].

However, lidocaine was shown to be more effective than BTX-B
when compared to dry needling. Sensations such as fatigue, muscle pain
and headache may be referred after BTX-B-A injection. However, these
side effects last a few days. In addition, in TMD (temporomandibular
disorder), caused by chronic myofascial pain,

BTX-B-A is clinically indicated. Myofascial pain results from
hyperactivity of the masticatory musculature and hypermobility
of the condyle and may radiate to the region of the affected muscle.
Thus, muscles that close the mandible (masseter, temporal and medial
pterygoid) and those that protrude the mandible (lateral pterygoid) are
affected [16].

In a prospective, placebo-controlled study, 90 patients with TMD
were previously treated with conservative treatment (myo-relaxant
plaque and physiotherapy with relaxing techniques and massage)
for a minimum of three and a maximum of 34 months [14]. Sixty of
these patients received BTX-B-A 35UI and 30 received NaCl solution
(0.9% saline solution) in masseter, temporal and pterygoid lateral
muscles via the oral route (77.0%). Some muscles were approached
by the extra oral route as temporal and masseter (23.0%). Injections
were given in the most painful regions of the muscle. The dilution of
BTX-B-A was done with 0.7 mL of 0.9% physiological solution. Both
the placebo (physiological) solution and the BTX-B-A solution were
injected into the muscles bilaterally. Patients were asked to suspend
other treatments for their pain seven days before the first injection [14].
The results showed improvement in 55 patients (91%) in the BTX-B-A
group with a decrease of 3.2 points in the visual analogue scale (VAS).
In the placebo group, the local pain improvement was only 0.4 points in
the VAS. Patients with more severe pain (VAS greater than 6.5) showed
significant improvement [14].
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In this sense, the dose of BTX-B-A used was relatively low,
particularly in the study by Silberstein et al. (2006) [17] with 25 TU
of BTX-B-A. The variation of results in clinical studies with BTX-
B-A could have several origins, such as patient selection, protocol of
injections and dose variation used, concomitant use of prophylactic
medication for headache. More frequent adverse effects, possible to
occur are muscle weakness, cervical stiffness, cervical pain, and this
occurrence is approximately 3.0% [17]. Positive results in headache
treatment may appear 90 days after application [17].

BTX-B-A is effective in the prophylaxis of various types of headache,
including migraine. Thus, headaches with muscle disorders respond to
treatment with BTX-B-A, including cervicogenic headache and chronic
headache associated with a whiplike cervical lesion [13]. In Migraine,
the mechanism of action of BTX-B-A is believed to be by relaxing the
muscles infiltrated by BTX-B-A and also, consequently, decreasing the
pressure on the roots of the trigeminal nerve [13].

Conclusion

Based on the literary findings, therapy with botulinum toxin type A
or B has been shown to be safe and effective in chronic pain disorders.
Also, there was reduction of adjuvant medications and time of action,
lasting from three to four months per dose.
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