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Preface

The following Special Issue covers a wide range of topics, including neurological conditions

such as oromandibular dystonia, pain-related disorders such as myofascial pain, primary

headache, trigeminal or post-herpetic neuralgia, diseases of the temporomandibular joint such as

temporomandibular joint disorder and bruxism, sialorrhea, and also cosmetic applications. The

approved indications for botulinum toxin injections for each condition may vary between countries.

To be officially approved for a certain indication, evidence from well-designed, randomized,

controlled trials with larger sample sizes and longer follow-up periods is essential. To facilitate the

use of botulinum toxin widely and routinely by general practitioners a guideline for safe and effective

treatment must be established. In addition, differential diagnosis is important for neurological

diseases, and collaboration between neurological and dental experts is advisable. Since dental

professionals are specialists in the stomatognathic system, they may have the skills to diagnose and

provide more accurate injections to target the muscles of interest in the oral region than medical

professionals. Effective and safe botulinum toxin therapy requires a multidisciplinary team approach.

We hope that botulinum therapy will become effective and safe for the treatment of various oral

diseases more widely and that it will enable the treatment of many patients.

Kazuya Yoshida and Merete Bakke

Editors
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Botulinum neurotoxin (BoNT) is the exotoxin of Clostridium botulinum, a Gram-positive,
spore-forming bacterium. Kerner was the first to describe botulism [1] and Van Ermengem
isolated the microorganism Bacillus Botulinus [2] but it was not until 1979 that Scott was able
to make the first use of BoNT therapeutically for strabismus via injection to the extraocular
muscles [3]. The clinical applications of BoNT have since dramatically expanded to treat
ophthalmic, neurological, gastrointestinal, urological, orthopedic, dermatological, dental,
secretory, painful, and other diseases [4,5]. Moreover, applications to the orofacial region
have gained particular attention [6], targeting disorders such as oromandibular dystonia
(OMD), hemifacial spasm, facial synkinesis, orolingual dyskinesia, functional dystonia,
hemimasticatory spasms, trigeminal neuralgia, orofacial pain, temporomandibular dis-
orders, temporomandibular joint dislocation, bruxism, palatal tremor, hypersalivation,
spasmodic dysphonia, essential voice tremor, first-bite syndrome, and Frey syndrome [6].
In most cases the temporal and the masseter muscles are injected bilaterally as standard;
however, treatment effects may be hampered as dystonia, spasms, and dyskinesia with
involuntary jaw and tongue movements may be misdiagnosed due to the complexity of
muscle activity and the involvement of several small muscles [7].

This Special Issue is focused on the use of BoNT in the orofacial region, from a dental
perspective. Five papers reported on pain-related disorders, with three of these focusing
on myofascial pain [Contributions 1–3], one on trigeminal or post-herpetic neuralgia
[Contribution 4], and one on primary headache [Contribution 5]. Another four papers
focused on OMD or neurological conditions [Contributions 6–8], and we also have a
narrative review on the cosmetic applications of BoNT [Contribution 9].

BoNT alleviates muscle tension and pain, which is why the masticatory muscle pain
associated with temporomandibular disorders or bruxism seems to be the area of greatest
interest among dentists and oral surgeons [8]. De la Torre Canales et al. [Contribution 1]
conducted a randomized controlled trial on BoNT-A and its effects on mandibular range
of motion (pain-free, maximum unassisted and assisted mouth opening, and right and
left lateral mandibular movements) and muscle tenderness in 80 patients with persistent
myofascial pain. The patients were randomly divided into four groups (n = 20): three
BoNT-A groups with different doses and a saline solution control group. The examination
was performed blindly and according to the RDC/TMD classification [9]. After 28 and
180 days of treatment, compared with the control group palpation pain over the masseter
and temporalis muscles were significantly reduced in all three BoNT-A groups regardless
of dose. They concluded that BoNT-A improved mandibular range of motion and muscle
tenderness in patients with persistent myofascial pain and that the effect was dosage
independent. De la Torre Canales et al. [Contribution 2] also assessed the long-term effects
of BoNT-A for 72 months in terms of subjective pain (VAS), pain sensibility (PPT), and
muscle thickness (ultrasonography) in 14 patients with the same malady. They concluded
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that a single injection of BoNT-A provided long-term pain reduction in patients with
persistent myofascial pain, and a reversibility of the negative effect on masticatory muscle
thickness. Sitnikova et al. [Contribution 3] conducted a randomized clinical trial of BoNT
injection in 57 patients with myalgia, myofascial pain, or headache attributable according
to the Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) and considered
the degree and duration of the impairment of muscle performance after BoNT injection.
The patients were randomly divided into two groups: one of which received BoNT-A first
(n = 28) while the other received saline first (n = 29), with a cross-over timetabled in week
16, and a total follow-up period of 32 weeks. In total, 50 units were used in each patient
with 2/3 bilaterally in the masseter and 1/3 in the temporalis. A significant reduction in
electromyographic activity was observed up to week 18 (p ≤ 0.001), with full recovery at
week 33. A significant reduction in the maximum bite force was observed up to week 11
(p ≤ 0.005), with full recovery at week 25. They conclude that muscle function recovery
occurred within 33 weeks after BoNT-A, and thus considered that to be the period after
which reinjections would be safe. The management of neuropathic pain is also challenging,
and patients with the condition are often under the care of a dentist or an oral surgeon.
Val et al. [Contribution 4] provided a systematic review regarding the clinical application
of BoNT in managing neuropathic pain in the orofacial region, in which they analyzed
five randomized clinical trials on classical trigeminal neuralgia, and one trial on post-
herpetic neuralgia. The review concluded that the evidence supports the efficacy of BoNT
injections for orofacial neuropathic pain management and the authors suggested that study
protocols should be improved by considering patient selection, phenotyping, injection
techniques, dosing, intervals between doses, etc. Moreover, an increased homogeneity
among the research protocols is required to provide a protocol for the tailored use of BoNT
for different orofacial neuropathic pain conditions.

Primary headaches, otherwise termed idiopathic headaches, are a large group of dis-
eases, the etiology of the primary headache is unclear, and it is not a symptom of another
known disease. The most common of these are migraines, tension-type headaches, and
cluster headaches. Kępczyńska and Domitrz conducted a narrative review on the use of
BoNT in chronic migraine and other primary headaches [Contribution 5], finding that
BoNT is effective in pain control through its interaction with the soluble NSF attachment
protein receptor complex, which inhibits the release of neurotransmitters, such as glutamate,
substance P, and calcitonin gene-related peptide. BoNT-A is effective not only in reducing
headache frequency and pain intensity, but also in improving other parameters including
sufferers’ quality of life. They emphasize that many patients with these headaches seek
dental care because orofacial pain is a common symptom; hence, an orofacial pain special-
ist should know about the diagnostic criteria for various types of headaches. Likewise,
headache physicians should be aware of the semiologic aspects of orofacial pain.

Involuntary movements, such as dystonia, were the main target diseases when BoNT
was first applied clinically [4,5]. OMD is a focal dystonia involving the masticatory, lingual,
and/or muscles in the stomatognathic system [6], and symptoms related to OMD include
masticatory disturbances, limited mouth opening, muscle pain, dysphagia, dysarthria,
esthetic problems, and temporomandibular joint dislocation [6,10]. Bakke [Contribution 6]
provided a review that introduced BoNT as a medical treatment for conditions of the orofa-
cial region and focused on OMD and sialorrhea after supplementary training and according
to the national guidelines, as these are relevant to dentists and also emphasized the need
for interdisciplinary collaboration between dentists, neurologists and/or otologists for
precise diagnostics and treatment. To achieve the best results and minimize or prevent
side effects, standard doses should be used. Moreover, guidance on BoNT injections with
electromyography or ultrasonography should be considered and regular and standardized
treatments and controls should be investigated in future [Contribution 6]. The symptoms
of OMD, such as jaw closing, jaw opening, and tongue dystonia, vary considerably ac-
cording to the subtypes. In a follow-up questionnaire 8–10 years after the start of repeated
BoNT treatment, which was answered by 14 persons with OMD, nine were still being
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treated with BoNT injections 3–4 times per year as monotherapy or combined with oral
medication [7]. The most often reported dystonic symptoms were jaw closing and opening,
as well as munching and chewing movements. In particular, eating and mental stress were
reported to increase the dystonic activity, and sleep, relaxation, and quietness to decrease
it. Most of the respondents felt that the BoNT treatment relieved their symptoms and the
change of score a VAS scale for OMD symptoms was significant, with a reduction of 16%,
either as an effect of the repeated BoNT injections or due to the time course [7]. Yoshida
[Contribution 7] evaluated 408 patients [jaw closing dystonia, n = 223; tongue (lingual) dys-
tonia, n = 86; jaw opening dystonia, n = 50; jaw deviation dystonia, n = 23; jaw protrusion
dystonia, n = 13; and lip (labial) dystonia, n = 13] at baseline and after the end of BoNT
therapy or in a stable status. All examiner-rated subscales (severity, disability, and pain)
and patient-rated questionnaire scores (general, eating, speech, cosmetic, social/family
life, sleep, annoyance, mood, and psychosocial function) were significantly lower at the
endpoint than at baseline (p < 0.001). BoNT injection positively impacted the health-related
quality of life, and the rating scale could evaluate both motor phenomena and non-motor
symptoms when properly diagnosed and administered precisely. The rating scale can be
used to comprehensively evaluate both therapeutic effects and health-related quality of
life. Bilateral brain stimulation has been applied for the treatment of OMD, yet, for some
patients, the symptoms do not improve sufficiently and additional BoNT injections may
be required.

In clinical dentistry or oral surgery, we often encounter patients with orolingual
dyskinesia or tardive syndrome. Skarmeta et al. [Contribution 8] reported a rare case
with Trazodone, a (tetracyclic antidepressant)-induced OMD. Early identification and
assessment of tardive symptoms are imperative for successful treatment, and Trazodone
should be prescribed with caution in patients taking other medications with the potential
to cause tardive syndromes. Preventing and identifying the onset of tardive syndromes is
of paramount importance, and the authors suggested that clinicians should balance the
risk/benefit ratio before prescribing drugs that can potentially produce tardive symptoms.

The cosmetic use of BoNT in clinical practice is significant. It is an important and
interesting field for many clinicians and patients and there has been a global rise in the
demand for non-invasive procedures to help patients rejuvenate their appearance. BoNT
is now the most performed esthetic procedure in the world and various types of BoNT
with different properties have become available. Hong provided an excellent practical
illustrative guide and reference for BoNT applications in the orofacial area including safe
injection areas and effective doses [Contribution 9]. To ensure safety and effectiveness,
appropriate guidelines on the use of BoNT injections for the treatment of dynamic rhytides
and hypertrophic structure is warranted.

This Special Issue is representative of dental professionals who use BoNT injections
worldwide, with contributors who are specialists in the relevant fields, producing papers
that examined the treatment’s effectiveness and safety. However, the approved indications
for BoNT injections may vary between countries and, to be officially approved for a certain
indication, evidence from well-designed, randomized, controlled trials with larger sample
sizes and longer follow-up periods are essential. If the number of experts in each country is
limited, international collaborative research may be necessary. To facilitate the use of BoNT
widely and routinely by general practitioners guidelines for safe and effective treatment
must be established.

BoNT is very expensive, meaning that there is a possibility that some clinicians will
overlook conventional treatment methods and use BoNT instead for profit. Consequently,
the medical costs may skyrocket. Therefore, supplementary training or some kind of
qualification should be the basic requirement for using BoNT therapeutically. In addition,
differential diagnosis is important for neurological diseases, such as OMD, and collabo-
ration between neurological and dental experts is advisable [Contributions 5–7]. Since
dental professionals are specialists of the stomatognathic system, they, rather than medical
professionals, may have the skills to provide more accurate injections to target the mus-
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cles of interest in the oral region. Ultimately, effective and safe BoNT therapy requires a
multidisciplinary team approach.

Author Contributions: K.Y. and M.B. wrote and revised the manuscript. All authors have read and
agreed to the published version of the manuscript.
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Abstract: This study assessed the long-term effects of botulinum toxin type A (BoNT-A) in subjective
pain, pain sensibility, and muscle thickness in persistent myofascial temporomandibular-disorder pain
(MFP-TMD) patients. Fourteen female subjects with persistent MFP received BoNT-A treatment with
different doses (10U-25U for temporalis muscle and 30U-75U for masseter muscle). The treatment
was injected bilaterally in the masseter and anterior temporalis muscles in a single session. Clinical
measurements included: self-perceived pain (VAS), pain sensibility (PPT), and muscles thickness
(ultrasonography). Follow-up occurred 1, 3, 6, and 72 months after treatment for VAS and PPT
and 1, 3, and 72 months for ultrasonography. For statistical analysis, the Friedman test with the
Bonferroni test for multiple comparisons as a post hoc test was used for non-parametric repeated
measures comparisons among the evaluation times. A 5% probability level was considered significant
in all tests. VAS values presented a significant decrease throughout the study (p < 0.05). Regarding
PPT values, a significant increase was found when comparing baseline data with post-treatment
follow-ups (p < 0.05), and even though a significant decrease was found in muscle thickness when
baseline values were compared with the 1- and 3-months assessments, no differences were found
when compared with the 72 months follow-up (p > 0.05). A single injection of BoNT-A presents
long-term effects in reducing pain in persistent MFP-TMD patients, and a reversibility of adverse
effects on masticatory-muscle thickness.

Keywords: botulinum toxin type A; myofascial pain; temporomandibular disorders; muscle thickness

Key Contribution: A single injection of BoNT-A could be considered a safe and effective treatment for
persistent MFP patients since it has long-term beneficial therapeutic effects and presents a reversibility
of adverse effects in masticatory muscles.

1. Introduction

Myofascial pain (MFP) has been related to affect up to 95% of patients with chronic
pain [1] and is reported by 45% of those with temporomandibular disorders (TMD) [2].
This condition is characterized by local and referred pain, muscle stiffness, and sensory
changes, with a multifactorial etiology.
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Considering its high prevalence and chronicity, multidisciplinary approaches have
been suggested for treatment. Although non-invasive conservative treatments should
be considered as the first-choice intervention [3], dealing with chronic pain conditions
demands investigating new modalities to reduce symptomatology and provide quality of
life. Therefore, botulinum toxin type A (BoNT-A) was introduced to be used in a variety
of chronic pain conditions due to its antinociceptive effect, being reported to suppress
neurotransmitters secretion, thereby decreasing peripheral and central sensitization [4,5].

Several studies have reported the positive effects of BoNT-A in pain syndromes [6],
such as neuropathic pain [7], chronic migraine [8,9], trigeminal neuralgia [10], chronic
back pain [11], chronic pelvic pain [12], and chronic myofascial pain in TMD patients [13].
Considering its use for TMD management, our/a previous study [13] has shown reduction
in patient-reported pain and pain sensitivity, demonstrating BoNT-A’s positive effect for this
condition. However, adverse effects were also reported, for example, worsened masticatory
performance, decreased muscle thickness, and reduction in mandibular bone volume [13].
Such outcomes are mainly related to muscle paralysis, which led to changes in muscle and
bone morphologies, that could, ultimately, impair daily activities.

However, studies evaluating improvements and adverse effects after BoNT-A’s appli-
cations in muscle pain conditions are limited to short-term follow-ups, which jeopardize
findings regarding effectiveness [13]. In addition, no study has assessed if the reported
adverse effects produced by BoNT-A are permanent or reversible. Therefore, the present
study aimed to investigate the long-term effects of one single injection of BoNT-A on masti-
catory muscles, after 6 years, in patients with persistent MFP-TMD. The null hypothesis is
that after all these years, no beneficial or negative effects should be found, with patients
presenting pain scores and muscle thickness resembling the initial appointment.

2. Results

From the initial 60 patients treated with BoNT-A, 14 individuals (23%) returned for
the 6-year assessment (Figure 1). Even though some investigators assessing the outcomes
after 6 years of follow-up were different from the original study, interclass correlation
(ICC) showed an excellent inter-rater reliability for all variables (0.912 for subjective pain
intensity; 0.910 for pressure-pain threshold; and 0.915 for muscle thickness) [13].

Figure 1. Flow diagram of patient’s recruitment.
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2.1. Self-Perceived Pain: Visual Analog Scale (VAS)

Compared to the baseline data, a significant decrease of subjective pain was already
found one month after treatment (p < 0.001). This pain reduction was maintained in subse-
quent examinations, with no significant differences until the 6-year evaluation (p > 0.05)
(Table 1).

Table 1. Median, minimum, and maximum values for subjective pain intensity (mm) in 14 patients
with temporomandibular-disorder myofascial pain before and at different time-points after a single-
injection of botulinum toxin.

Time

Baseline 1 Month 3 Months 6 Months 6 Years

Median 7.85 1.15 * 0.00 * 0.00 * 0.30*
Minimum 5.90 0.00 0.00 0.00 0.00
Maximum 10.00 7.10 5.60 6.60 8.10

* Significant difference compared to baseline (p < 0.05; Friedman test with Bonferroni test for multiple comparisons
as posthoc test).

2.2. Pain Sensitivity: Pressure-Pain Threshold (PPT)

In the PPT evaluation for both muscles, there was no difference between the baseline
data and the one-month evaluation (p > 0.05). However, after three months there was a sig-
nificant increase in PPT’s values compared with the baseline and the one-month assessment
period (p < 0.001) (Table 2). This significant difference remained until the last evaluation
period, with no significant difference between the last three periods of assessment.

Table 2. Median, minimum, and maximum values for pressure-pain threshold (Kg/f) in 14 patients
with temporomandibular-disorder myofascial pain before and at different time-points after a single-
injection of botulinum toxin.

Time

Baseline 1 Month 3 Months 6 Months 6 Years

A
nt

er
io

r
Te

m
po

ra
lis Median 0.51 0.89 1.02 * 1.22 * 1.18 *

Minimum 0.30 0.26 0.32 0.45 0.56
Maximum 0.75 1.44 1.62 1.62 2.05

M
as

se
te

r Median 0.45 0.85 0.95 * 1.07 * 1.03 *
Minimum 0.26 0.29 0.32 0.44 0.53
Maximum 0.79 1.42 1.54 1.28 2.03

* Significant difference compared to baseline (p < 0.05; Friedman test with Bonferroni test for multiple comparisons
as posthoc test).

2.3. Ultrasound Imaging

Masseters and anterior temporalis muscles thickness during maximum volunteer
contraction decreased after BoNT-A application, even after the first month (p < 0.001).
Although this reduction remained after 3 months, at the 6-year period it was not possible
to observe any statistically significant difference from the baseline (Table 3).
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Table 3. Median, minimum, and maximum values for muscle thickness (mm) in 14 patients with
temporomandibular-disorder myofascial pain before and at different time-points after a single-session
treatment with botulinum toxin.

Time

Baseline 1 Month 3 Months 6 Years

A
nt

er
io

r
Te

m
po

ra
lis

Median 2.02 1.30 * 1.38 * 2.15
Minimum 0.80 0.80 0.90 1.30
Maximum 1.70 3.20 2.40 3.40

M
as

se
te

r Median 12.52 10.42 * 11.37 * 13.20
Minimum 9.95 7.60 8.95 12.00
Maximum 12.35 12.70 12.45 15.60

* Significant difference compared to baseline (p < 0.05; Friedman test with Bonferroni test for multiple comparisons
as posthoc test).

3. Discussion

To the best of the authors’ knowledge, this is the first clinical trial to demonstrate
the improvement of pain features and the reversibility of masticatory muscles adverse
effects, after a 6-year follow-up of a single injection of BoNT-A regardless of dosage, in
persistent MFP TMD patients. The results showed that BoNT-A produced a significant
reduction in subjective pain after the first month of evaluation, which remained until the
6-year evaluation. Likewise, BoNT-A increased PPT values of masticatory muscles since
the third month of assessment, which lasted up to the 6-year follow-up. Conversely, even
though BoNT-A decreased muscle thickness (an adverse effect) in the first two periods of
evaluation, after 6 years there was masticatory-muscle thickness recovery.

The positive effects of BoNT-A in a variety of chronic pain conditions [5] have been
reported by some well-designed clinical trials [7,8,10]. In addition, in vivo and in vitro stud-
ies have reported that the antinociceptive effect of BoNT-A is mainly related to a peripheral
and central decrease of neurotransmitters such as glutamate, substance P, and calcitonin-
gene-related peptide (CGRP) [14–16], and by its axonal transport to sensory regions of
the trigeminal ganglion [17,18], the modulation of the spinal opioidergic or GABA-ergic
system [19,20], and the prevention of microglia activation [21,22]. However, despite the
fact that several clinical trials [23–28] have assessed BoNT-A efficacy for myofascial pain
relief, its efficacy has not yet been established. Methodological shortcomings may explain
the conflicting results.

Our findings showed that a single injection of BoNT-A, regardless of the dose, already
produced a significant improvement in terms of subjective pain after one month of evalua-
tion and was sustained until the 6-year evaluation. Our findings are in line with reports
demonstrating a decrease in subjective pain after BoNT-A injection in samples with the
same characteristics as ours after 4 [26] and 6 [28] months of follow-up. Additionally, our
study found that PPT values significantly increased after 3 months of assessment and that
this effect was maintained until the 6-year follow-up. Likewise, previous studies [23,26,29]
have shown that BoNT-A was able to diminish muscle tenderness to palpation when
compared to the placebo over 3 to 6 months. On the other hand, a doble-blind crossover
study [24] including the same population characteristics as ours showed that while BoNT-
A achieved a clinically significant reduction in subjective pain (i.e., 30% less pain), no
differences were found when compared with the placebo group after three months of
evaluation of subjective pain intensity and PPT assessment. Perhaps the differences in
the methodology, such as treating just one muscle group (masseter), may have influenced
the results.

Moreover, one question remains unclear about the BoNT-A analgesic mechanism of
action: is it predominantly peripheric or central? There is plenty of literature about the
analgesic peripheral effects of BoNT-A [5]; however, the evidence and research about BoNT-
A analgesic effects are increasing, leading to the proposal of new pathways that BoNT-A can
use in order to reach the central nervous system. In animals, it was demonstrated that BoNT-
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A inhibits central nociceptor transduction and central neurotransmitter release [21,30]. In
fact, a clinical trial involving neuropathic pain patients (chronic pain condition) showed
pain improvement after BoNT-A injections, although the quantity of the neurotransmitter in
the biopsies of painful regions remained high. Based on these results, the authors proposed
that the analgesic effect of BoNT-A is mainly related to the central mechanisms of pain
transmission, at least in chronic pain conditions. Since MFP is also considered a chronic
condition, this hypothesis could also be applied to our positive results. Notwithstanding, it
is also known that persistent MFP-TMD patients present a deficit in pain modulation [31].
Considering that BoNT-A modulates the opioidergic and GABA-ergic systems [19,20], its
effects on pain modulation could also explain the long-term effects presented in our study,
corroborating the later hypothesis.

BoNT-A treatment is considered generally safe because the doses used for pain condi-
tions are far from the lethal doses. In addition, a systematic review [27] reported that this
treatment is generally tolerated since self-reported minor adverse effects (e.g., short-term
facial weakness, pain at the injection site, transient edema, and minimum discomfort during
chewing) that resolved spontaneously were the most prevalent. However, the authors [27]
also concluded that none of the included studies aimed to assess objectively adverse effects
on muscle and bone tissue. Notwithstanding, in the last few years some clinical and experi-
mental [27,32,33] studies have reported “severe” adverse effects of BoNT-A, which include
masticatory muscle atrophy and the loss of mandibular bone volume. Our study confirmed
literature findings since a significant reduction in masticatory muscle thickness was found
after 1 and 3 months of injection, independent of dosage.

The reduction in muscle thickness is part of a series of events produced when BoNT-A
is injected. First, a muscle paralysis is caused by a neural denervation that lasts for at least
three months [34], during which new nerve fibers are produced to innervate the muscular
portion that was paralyzed; however, it was demonstrated that these new motor fibers do
not have enough potency to innervate the muscle effectively. Then, the lack of sufficient
innervation causes structural changes in masticatory muscles, including the diminution of
the quantity of muscle fibers [32], changes in the quality of remnant muscle fibers [32], the
reduction in muscle-fiber size [33], the replacement of contractile tissue with fat [35], and
an increase in the mRNA expression of muscle-atrophy markers [33]. Finally, as a result
of all of the structural changes after BoNT-A injection, a decrease in muscle thickness is
produced. Nevertheless, our study found that the decrease in muscle thickness seems to be
reversable since significant muscle thickness recovery was found in masseter and anterior
temporalis muscles after the 6-year follow-up, showing no differences with baseline data.
This finding allows us to suggest that the recovery of masticatory-muscle thickness is not
related to the units of BoNT-A injected, but it could be related to the number of times that
BoNT-A is injected, as concluded by Rauso et al. (2022) [36]. A prospective interventional
trial of patients receiving a protocol of three repeated cycles of 30U (considered in our study
as low dosage) of BoNT-A for masseter hypertrophy for 6 months demonstrated a dramatic
reduction in muscle thickness (42.52%) after a follow-up of 35 weeks, which was sustained
after a 4-year follow-up [37]. This result supports the cumulative adverse effect of repeated
cycles of low doses of BoNT-A on muscle thickness, which could be considered irreversible.

Although our results demonstrated positive effects of a single injection of BoNT-A
regardless of the dose, caution is suggested when judging the present findings since some
limitations should be mentioned. The present study was performed on a convenience
population, without sex comparison. Additionally, although the rate of patients who
returned to the 6-year follow-up could be considered acceptable (23%), a larger sample
size is required for future studies. Additionally, it cannot be excluded that factors such
as the placebo effect, the natural evolution of the disease (myofascial TMD pain), and the
regression toward the mean may also partially explain treatment outcomes. However, it is
important to mention that the study population was composed of persistent MFP TMD
patients that had suffered for at least 6 months [13], and that BoNT-A was the only treatment
that produced a significant improvement in their perceived pain. Moreover, it should be

10



Toxins 2022, 14, 741

considered that patients could have received other treatments during the last 6 years; in
fact, most of them reported that only self-care strategies to control pain (thermotheraphy
and massage in the painful area) were used. Additionally, the risk of sample bias cannot be
excluded, i.e., that the study population was mainly composed of patients that experienced
significant positive effects after the BoNT-A injections performed in our previous study, a
fact that certainly could have influenced the favorable effects reported in the present study.
We recommend assessing the reversibility of adverse effects on bone tissues after a single
injection of BoNT-A since it is related to changes in muscle tissues. Finally, future studies
should assess the clinically meaningful adverse effects on muscle and bone tissue arising
from multiple applications of BoNT-A, and especially their reversibility.

4. Conclusions

Based on the results and limitations of this study, and considering the possible placebo
effects on pain variable, it can be concluded that:

A single injection of BoNT-A, regardless of dosage, could present long-term effects in
reducing pain in persistent MFP TMD patients, that did not achieve significant pain relief
using conservative therapies.

There is a reversibility of adverse effects on masticatory-muscle thickness after a single
injection of BoNT-A, which may be related to the number of times that the toxin is injected
and not to the doses.

5. Methods

5.1. Subjects

The present clinical trial reports the 6-year follow-up results of a previous study [13]
performed with 100 persistent MFP-TMD female subjects. The former study included
BoNT-A injection, oral appliance (positive control), and saline solution (placebo) groups,
and assessed outcomes before treatment and after 1, 3, and 6 months. Participants were
recruited from women seeking TMD treatment at the TMD Clinic of Piracicaba Dental
School, University of Campinas, São Paulo, Brazil. Patients were diagnosed according
to the Portuguese version of the Research Diagnostic Criteria for Temporomandibular
Disorders [38] by two calibrated researchers not involved in any other processes of the
study (kappa coefficient = 0.80). The study was approved by the Research Ethics Committee
of Piracicaba Dental School (CAAE # 22953113.8.0000.5418-Date: 4 February 2014) and the
Brazilian Registry of Clinical Trials (ReBEC RBR-2d4vvv). All subjects were informed about
the research purposes and provided written informed consent to participate in this clinical
trial. Inclusion and exclusion criteria have been previously detailed [13].

Therefore, subjects included in the present study were a convenience sample of the
study of De la Torre Canales et al. (2020) [13], which assessed the efficacy and adverse
effects of different doses of BoNT-A up to six months of follow-up. Since the primary
objective of this study was to assess the reversibility of adverse effects, the positive (splint)
and negative (saline solution) control groups were not included, due to the absence of
statistically significance differences in the previous one [13]. Therefore, only participants
assigned to the BoNT-A groups (n = 60) were contacted. The patients were recruited via
telephone for the 6-year assessment.

5.2. Treatments

BoNT-A (100 U; Botox, Allergan, Irvine, California, CA, USA) was reconstituted using
non-preserved sterile saline solution 0.9%. Bilateral intramuscular injections were per-
formed using a 1 mL syringe with a 30-gauge and 13 mm needle. For each masseter muscle,
doses from 30U to 75U were distributed in five sites 5 mm apart from each other and were
injected in the inferior part of the muscle (on mandibular angle) after functional test (teeth
clenching). For each anterior temporalis muscle, doses from 10U to 25U were distributed in
five sites 5 mm apart from each other, which were determined according to the functional
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test considering the most prominent part, which had to be 1 cm external to the eyebrow.
Injections were performed by a calibrated researcher during a single appointment.

6. Primary Outcomes

6.1. Self-Perceived Pain: Visual Analog Scale

A visual analogue scale (VAS) [39] is a 100 mm horizontal line, anchored by the words
“no pain” at the left end and “worst pain imaginable” at the right end. Participants were
instructed to mark a line at any point representing the level of their current, worst, and
average pain of the last month. Mean values were used for statistical analyses.

6.2. Pain sensitivity: Pressure-Pain Threshold

Pressure-pain thresholds (PPT) [40] was measured using a digital algometer (model
DDK- 20, Kratos®, Cotia, São Paulo, Brazil). The algometer has a 1-cm2 flat circular-shaped
tip at one end, which was used to apply pressure to the most prominent part (determined
with functional test) of the relaxed masseter and anterior temporalis muscles. The device
was positioned perpendicularly to the muscles and applied with increasing and constant
pressure of approximately 0.5 kgf/cm2 by a new single calibrated operator (Kappa = 0.89),
which was blind for the injected groups. Patients were asked to press a button at the very
beginning of pain sensation. The procedure was fully explained to each patient before the
examination, and it was emphasized that the purpose of the study was to measure the PPT
and not pain tolerance. PPT measurement sites were aligned with BoNT-A injections sites.
The PPT was determined as the arithmetic mean of three measurements.

7. Secondary Outcome

7.1. Ultrasound Imaging

The thickness of both masseters and anterior temporalis muscles during maximum
voluntary contraction (MVC) was calculated using real-time ultrasound imaging (UI;
SSA-780 A-APLIO Mx, 38 mm/7-18 MHz; Toshiba Medical SystemCo., Tokyo, Japan).
A different calibrated operator performed the 6-year measurement. The patients were
placed in a supine position at a height that ergonomically favored the examination. Muscle
thickness was measured directly on the instrument’s screen, with an accuracy of 0.01 mm
according to the most voluminous part of the muscle in the screen image. UI values were
determined as the arithmetic mean of three measurements [41].

7.2. Data Evaluation and Statistical Analyses

Subjective pain intensity (VAS) and PPT were assessed at five-time points: before
treatment (baseline) and at one, three, and six months, as well as six years after treatment.
Data from muscle thickness, measured with ultrasound imaging, were assessed at four-time
points: before treatment (baseline), one and three months after treatment, and six years after
treatment. The inter-rater reliability was assessed by the Intraclass correlation coefficient
(ICC). The Kolmogorov–Smirnov test demonstrated no normal distribution. Then, the
Friedman test with the Bonferroni test for multiple comparisons as a posthoc test was
used for non-parametric repeated measures comparisons among the evaluation times. All
data were analyzed using SPSS Statistics 25.0 software (IBM®, New York, NY, USA). A 5%
probability level was considered significant in all tests.

Author Contributions: Conceptualization, G.D.l.T.C., M.B.C.-S., R.L.P., O.M.C.d.F. and C.M.R.-B.;
data curation, G.D.l.T.C., M.B.C.-S., R.L.P., O.M.C.d.F. and B.B.d.S.N.; formal analysis, R.L.P., C.M.R.-
B., P.C.R.C. and M.E.; funding acquisition, G.D.l.T.C. and C.M.R.-B.; investigation, G.D.l.T.C., M.B.C.-S.
and O.M.C.d.F.; methodology, G.D.l.T.C., M.B.C.-S., R.L.P., O.M.C.d.F., B.B.d.S.N., M.E., P.C.R.C. and
C.M.R.-B.; project administration, G.D.l.T.C., M.E., P.C.R.C. and C.M.R.-B.; writing—original draft,
G.D.l.T.C., M.B.C.-S., R.L.P. and B.B.d.S.N.; and writing—review and editing, G.D.l.T.C., M.B.C.-S.,
R.L.P., O.M.C.d.F., B.B.d.S.N., M.E., P.C.R.C. and C.M.R.-B. All authors have read and agreed to the
published version of the manuscript.

12



Toxins 2022, 14, 741

Funding: This study was financed by the Sao Paulo Research Foundation (FAPESP)—Brazil (grant
number 2014/15863-7).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of Piracicaba Dental School—
University of Campinas (CAAE # 22953113.8.0000.5418—Date: 4 February 2014).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available in this article.

Acknowledgments: We acknowledge the Coordenação de Aperfeiçoamento de Pessoal de Nível
Superior—Brasil (CAPES) Finance Code 001 for the Ph.D. scholarship of R. Lorenzi Poluha, the
Sao Paulo Research Foundation (FAPESP)—Brazil for the Post-Doctoral scholarship of G. De la
Torre Canales (process 2017/21674-0), and the Ph.D. scholarship of M. B. Câmara-Souza (process
2017/23429-3).

Conflicts of Interest: The funding sources were not involved in the study design; the collection,
analysis, or interpretation of data; the decision to publish; or the preparation of the manuscript. The
authors declare no conflict of interest.

References

1. Nasirzadeh, Y.; Ahmed, S.; Monteiro, S.; Grosman-Rimon, L.; Srbely, J.; Kumbhare, D. A survey of healthcare practitioners on
myofascial pain criteria. Pain Pract. 2018, 18, 631–640. [CrossRef]

2. Manfredini, D.; Ahlberg, J.; Winocur, E.; Guarda-Nardini, L.; Lobbezoo, F. Correlation of RDC/TMD axis I diagnoses and axis II
pain-related disability. A multicenter study. Clin. Oral Investig. 2011, 15, 749–756. [CrossRef]

3. Reid, K.; Greene, C. Diagnosis and treatment of temporomandibular disorders: An ethical analysis of current practices. J. Oral
Rehabil. 2013, 40, 546–561. [CrossRef] [PubMed]

4. Arezzo, J.C. Possible mechanisms for the effects of botulinum toxin on pain. Clin. J. Pain 2002, 18, S125–S132. [CrossRef]
5. Matak, I.; Bölcskei, K.; Bach-Rojecky, L.; Helyes, Z. Mechanisms of botulinum toxin type A action on pain. Toxins 2019, 11, 459.

[CrossRef] [PubMed]
6. Safarpour, Y.; Jabbari, B. Botulinum toxin treatment of pain syndromes–an evidence based review. Toxicon 2018, 147, 120–128.

[CrossRef]
7. Attal, N.; de Andrade, D.C.; Adam, F.; Ranoux, D.; Teixeira, M.J.; Galhardoni, R.; Raicher, I.; Üçeyler, N.; Sommer, C.;

Bouhassira, D. Safety and efficacy of repeated injections of botulinum toxin A in peripheral neuropathic pain (BOTNEP):
A randomised, double-blind, placebo-controlled trial. Lancet Neurol. 2016, 15, 555–565. [CrossRef]

8. Diener, H.; Dodick, D.; Aurora, S.; Turkel, C.; DeGryse, R.; Lipton, R.; Silberstein, S.; Brin, M. OnabotulinumtoxinA for treatment
of chronic migraine: Results from the double-blind, randomized, placebo-controlled phase of the PREEMPT 2 trial. Cephalalgia
2010, 30, 804–814. [CrossRef]

9. Luvisetto, S.; Gazerani, P.; Cianchetti, C.; Pavone, F. Botulinum toxin type a as a therapeutic agent against headache and related
disorders. Toxins 2015, 7, 3818–3844. [CrossRef]

10. Zhang, H.; Lian, Y.; Ma, Y.; Chen, Y.; He, C.; Xie, N.; Wu, C. Two doses of botulinum toxin type A for the treatment of trigeminal
neuralgia: Observation of therapeutic effect from a randomized, double-blind, placebo-controlled trial. J. Headache Pain 2014,
15, 65. [CrossRef]

11. Foster, L.; Clapp, L.; Erickson, M.; Jabbari, B. Botulinum toxin A and chronic low back pain: A randomized, double-blind study.
Neurology 2001, 56, 1290–1293. [CrossRef] [PubMed]

12. Chen, C.-L.; Meng, E. Can botulinum toxin A play a role in treatment of chronic pelvic pain syndrome in female patients?—Clinical
and animal evidence. Toxins 2020, 12, 110. [CrossRef] [PubMed]

13. De la Torre Canales, G.; Alvarez-Pinzon, N.; Muñoz-Lora, V.R.M.; Vieira Peroni, L.; Farias Gomes, A.; Sánchez-Ayala, A.;
Haiter-Neto, F.; Manfredini, D.; Rizzatti-Barbosa, C.M. Efficacy and safety of botulinum toxin type a on persistent myofascial
pain: A randomized clinical trial. Toxins 2020, 12, 395. [CrossRef]

14. Purkiss, J.; Welch, M.; Doward, S.; Foster, K. Capsaicin-stimulated release of substance P from cultured dorsal root ganglion
neurons: Involvement of two distinct mechanisms. Biochem. Pharmacol. 2000, 59, 1403–1406. [CrossRef]

15. Cui, M.; Khanijou, S.; Rubino, J.; Aoki, K.R. Subcutaneous administration of botulinum toxin A reduces formalin-induced pain.
Pain 2004, 107, 125–133. [CrossRef] [PubMed]

16. Lora, V.R.M.M.; Clemente-Napimoga, J.T.; Abdalla, H.B.; Macedo, C.G.; de la Torre Canales, G.; Barbosa, C.M.R. Botulinum
toxin type A reduces inflammatory hypernociception induced by arthritis in the temporomadibular joint of rats. Toxicon 2017,
129, 52–57. [CrossRef]
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Effects of Botulinum Toxin Therapy on Health-Related Quality
of Life Evaluated by the Oromandibular Dystonia Rating Scale

Kazuya Yoshida
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Abstract: Oromandibular dystonia (OMD) refers to a focal dystonia in the stomatognathic system.
Health-related quality of life (HRQoL) in isolated dystonia is associated with non-motor symptoms
such as depression, anxiety, and pain, as well as motor symptoms. To evaluate HRQoL in patients
with OMD, the therapeutic effects of botulinum neurotoxin (BoNT) therapy were assessed using
a recently developed and validated comprehensive measurement tool called the Oromandibular
Dystonia Rating Scale (OMDRS). Altogether, 408 patients (jaw closing dystonia, n = 223; tongue
(lingual) dystonia, n = 86; jaw opening dystonia, n = 50; jaw deviation dystonia, n = 23; jaw protrusion
dystonia, n = 13; and lip (labial) dystonia, n = 13) were evaluated at baseline and after the end of
BoNT therapy or in a stable status. The total OMDRS score reduced significantly from 149.1 to
57.6 (p < 0.001). Mean improvement was 63.1%. All examiner-rated subscales (severity, disability,
and pain) and patient-rated questionnaire scores (general, eating, speech, cosmetic, social/family life,
sleep, annoyance, mood, and psychosocial function) were significantly lower at the endpoint than at
baseline (p < 0.001). The BoNT injection had a highly positive impact on patient HRQoL, and the
OMDRS could evaluate both motor phenomena and non-motor symptoms.

Keywords: botulinum toxin therapy; oromandibular dystonia; botulinum neurotoxin; Oromandibu-
lar Dystonia Rating Scale (OMDRS); health-related quality of life; non-motor symptom; motor
symptom; jaw closing dystonia; tongue dystonia

Key Contribution: BoNT injection has a positive impact on patients with OMD. The OMDRS can be
sensitive and reflective of the comprehensive evaluation of both motor and non-motor symptoms in
patients with OMD as well as HRQoL and post-treatment changes with BoNT therapy.

1. Introduction

Dystonia is characterized by sustained or intermittent muscle contractions that cause
abnormal movements or postures [1]. Oromandibular dystonia (OMD) is a focal dystonia
involving the masticatory, lingual, and/or muscles in the stomatognathic system [2–14].
Based on the direction of abnormal dystonic movements, OMD is classified into six sub-
types: jaw closing, jaw opening, tongue (lingual), jaw deviation, jaw protrusion, and lip
(labial) dystonia [9,11–14]. Various combinations of these subtypes have been observed
in several cases. A previously reported estimated prevalence of OMD varied from 0.1 to
9.8 per 100,000 persons [11,15,16]. Symptoms related to OMD include masticatory distur-
bances, limited mouth opening, muscle pain, dysphagia, dysarthria, esthetic problems,
and temporomandibular joint dislocation [2–14]. Some patients exhibit life-threatening
features, such as upper airway obstruction due to temporomandibular joint dislocation
resulting from severe jaw opening dystonia [17,18] or aspiration pneumonia related to lin-
gual dystonia [19]. These symptoms can result in impaired activities of daily living, social
embarrassment, cosmetic disfigurement, absenteeism, unemployment, and a significant
impact on a patient’s overall HRQoL [9,13,14]. The symptoms and clinical features may
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be significantly more variable, critical, and complicated than those accompanied by other
focal dystonia, including cervical dystonia or blepharospasm [9]. In 2002, a clinical scoring
system for OMD according to subscores for pain, mastication, speech, and discomfort was
reported and evaluated in 44 patients with OMD before and after muscle afferent block ther-
apy [2,20]. In 2010, Merz et al. [21] developed and validated the Oromandibular Dystonia
Questionnaire (OMDQ-25). In 2019, an oromandibular dystonia screening questionnaire
was developed and validated for the differential diagnosis of OMD from other diseases
such as temporomandibular disorders, dyskinesia, and functional movement disorders [8].
In 2020, a comprehensive disease-specific Oromandibular Dystonia Rating Scale (OMDRS)
was developed and validated [9] (Figure S1). Although several measurement instruments
have been used to evaluate various types of dystonia, only a few have been assessed in the
clinimetric context [22,23].

Intramuscular injection of botulinum toxin (BoNT) has been successfully applied for
OMD as a standard treatment [3–7,10,12–14]. Some researchers have attempted to assess
the HRQoL in patients with OMD after BoNT therapy [24–27]. Unfortunately, the number
of participants was relatively low, and differences in OMD subtypes were not considered;
thus, the reliability remains uncertain. Apart from motor phenomena, there are other non-
motor symptoms such as depression, anxiety, sleep problems, and pain in many patients
with dystonia [28–32]. Non-motor symptoms are increasingly recognized as important
determinants of HRQoL in cervical dystonia [29–32]. The objective of the present study
was to evaluate post-treatment changes in BoNT therapy at the endpoint or in a stable
status, particularly in the HRQoL, in patients with OMD using the OMDRS.

2. Results

2.1. Demographic Data and Results of Treatment

The demographic characteristics of 408 patients (262 women, 146 men; mean age
52.0 ± 15.6 years (standard deviation [SD])) with OMD are summarized in Table 1. Women
(53.8 ± 15.9 years) were significantly (p < 0.005, unpaired t-test) older than men
(48.7 ± 14.4 years). One hundred sixty-eight patients (41.2%) had tardive dystonia. Seventy-
three patients (17.9%) had other types of dystonia such as cervical dystonia (10.5%) or
blepharospasm (6.1%) (Table 1). However, the symptoms of these types of dystonia were
very mild, and the chief complaints were symptoms associated with OMD.

Table 1. Demographic characteristics for each subtype of OMD.

Subtypes
Jaw

Closing
Tongue

Jaw
Opening

Jaw
Deviation

Jaw
Protrusion

Lip Total

No. of patients [N] 223 86 50 23 13 13 408

Age (years)
[mean (SD)] (range)

53.8 (15.6)
(18–95)

48.3 (14.3)
(24–86)

52.3 (18.1)
(19–86)

51.5 (15.7)
(26–81)

49.2 (11.4)
(21–63)

48.7 (11.8)
(37–68)

52.0 (15.6)
(18–95)

Sex (women, men)
[N (%)]

155 (69.5),
68(30.5)

51 (59.3),
35 (40.7)

26 (51.0),
24 (47.1)

14 (60.9),
9 (39.1)

7 (53.8),
6 (46.2)

10 (76.9),
3 (23.1)

262 (64.2),
146 (35.8)

Duration (months)
[mean (SD)] (range)

51.5 (64.6)
(1–276)

39.0 (68.5)
(1–180)

48.7 (91.5)
(1–180)

41.0 (52.3)
(2–228)

26.0 (22.1)
(3–60)

56.8 (47.3)
(4–156)

47.3 (67.3)
(1–276)

Tardive dystonia [N
(%)] 101 (45.3) 27 (31.4) 23 (45.1) 7 (30.4) 4 (28.6) 6 (46.2) 168 (41.2)

Other dystonia [N
(%)] 41 (18.4) 7 (8.1) 17 (34.0) 4 (17.4) 1 (7.7) 3 (23.1) 73 (17.9)

Cervical dystonia 28 (12.6) 1 (1.2) 9 (18.0) 2 (8.7) 1 (7.7) 2 (15.4) 43 (10.5)
Blepharospasm 16 (7.2) 2 (2.3) 4 (8.0) 2 (8.7) 0 1 (7.7) 25 (6.1)
Writer’s cramp 3 (1.3) 2 (2.3) 2 (4.0) 0 0 0 7 (1.7)

Upper limb dystonia 2 (0.9) 1 (1.2) 1 (2.0) 1 (4.3) 0 0 5 (1.2)
Lower limb dystonia 2 (0.9) 0 1 (2.0) 0 0 0 3 (0.7)

Spasmodic
dysphonia 1 (0.4) 0 1 (2.0) 0 0 1 (7.7) 3 (0.7)

Embouchure
dystonia 1 (0.4) 1 (1.2) 0 0 0 0 2 (0.5)

The main symptoms of the patients were masticatory disturbance (n = 146, 35.8%),
discomfort, cosmetic problems associated with involuntary movement (n = 123, 30.1%),
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pain (n = 78, 19.1%), dysarthria (n = 68, 16.7%), and dysphagia (n = 41, 10.0%). Evaluation
of the OMDRS revealed that such symptoms were more prevalent (cosmetic problem
(n = 314, 77.0%), masticatory disturbance (n = 267, 65.2%), dysarthria (n = 230, 56.4%), pain
(n = 199, 48.8%), and dysphagia (n = 159, 38.9%)).

The results of BoNT therapy are shown in Table 2. The mean number of BoNT injection
was 5.4 ± 5.0. The main target muscles were the masseter (86.1%), temporalis (49.3%), and
medial pterygoid muscles (17.5%) for jaw closing dystonia; the genioglossus and other
tongue muscles (100%) and lateral pterygoid muscle (22.1%) for tongue dystonia; the lateral
pterygoid muscle (96–100%) for jaw opening, jaw deviation, and jaw protrusion dystonia;
and the orbicularis oris (69.2%), risorius (61.5%), and mentalis muscles (38.5%) for lip
dystonia (Table 2). The mean number of injected muscles was 3.7 ± 2.0 (Table 2). There
were no significant differences in the mean number of injections or injected muscles among
the subtypes of OMD.

Table 2. Results of BoNT injection for each subtype of OMD.

Jaw Closing Tongue Jaw Opening Jaw Deviation
Jaw

Protrusion
Lip Total

No. of patients
[N] 223 86 50 23 13 13 408

No. of BoNT
injection

[mean (SD)],
(range)

4.7 (4.4)
(2–22)

6.4 (5.6)
(3–27)

6.1 (5.2)
(2–25)

6.4 (6.1)
(3–25)

4.2 (3.1)
(2–9)

5.8 (5.7)
(2–17)

5.4 (5.0)
(2–27)

No. of injected
muscles

[mean (SD)],
(range)

3.9 (1.9)
(1–12)

3.1 (1.8)
(2–12)

3.8 (2.2)
(2–10)

3.8 (2.4)
(1–6)

3.3 (1.7)
(2–6)

4.4 (1.9)
(1–8)

3.7 (2.0)
(1–12)

Target muscles
[N (%)]

Masseter:
192 (86.1)

Temporalis:
110 (49.3)
Medial

pterygoid:
39 (17.5)
Lateral

pterygoid:
26 (11.7)
Posterior

digastric: 10 (4.5)
Orbicularis oris:

8 (3.6)
Mentalis: 8 (3.6)
Genioglossus:

8 (3.6)
Sternocleidomastoid:

6 (2.7)
Risorius: 5 (2.2)

Zygomatic major
3 (1.3)

Others: 7 (3.1)

Genioglossus:
86 (100)
Lateral

pterygoid:
19 (22.1)
Masseter:
10 (11.6)
Medial

pterygoid:
3 (3.5)

Orbicularis oris 3
(3.5)

Temporalis:
2 (2.3)

Posterior
digastric: 2 (2.3)
Others: 3 (3.5)

Lateral
pterygoid:

48 (96)
Anterior

digastric: 10 (20)
Posterior

digastric: 8 (16)

Genioglossus:
7 (14)

Orbicularis oris
3 (6)

Sternocleidomastoid:
3 (6)

Platysma: 3 (6)
Mentalis: 2 (4)
Risorius: 1 (2)

Lateral
pterygoid:

23 (100)
Masseter: 7 (30.4)

Temporalis:
4 (17.4)

Risorius: 3 (13)
Posterior

digastric: 2 (9.5)
Others: 4 (13)

Lateral
pterygoid:

13 (100)
Masseter:

3 (23.1)
Temporalis:

3 (23.1)

Orbicularis
oris: 9 (69.2)

Risorius:
8 (61.5)

Mentalis:
5 (38.5)

Depressor
labii inferioris:

3 (23.1)
Masseter:

2 (15.4)
Others:
3 (23.1)

Masseter: 210 (51.5)
Lateral pterygoid:

129 (31.6)
Temporalis:
119 (29.2)

Genioglossus:
101 (24.8)

Medical pterygoid:
42 (10.3)

Orbicularis oris:
23 (5.6)

Posterior digastric:
22 (5.4)

Risorius: 17 (4.2)
Mentalis:

15 (3.7)Anterior
digastric:
10 (2.5)

Sternocleidomastoid:
9 (2.2)

Zygomatic major
3 (0.7)

Platysma: 3 (0.7)
Depressor labii
inferioris: 3 (0.7)
Others: 17 (4.2)

Improvement
(%)

[mean (SD)],
(range)

63.3 (16.2)
17.1–98.1

66.3 (20.8)
21.4–97.8

57.2 (23.1)
14.9–98.4

65.8 (19.2)
28.7–87.1

58.8 (17.5)
35.0–80.5

60.6 (15.1)
31.9–86.6

63.1 (18.6)
14.9–98.4

Partial responder
[N (%)] 3 (1.3) 4 (4.7) 6 (12.0) 1 (4.3) 0 0 14 (3.4)

Follow-up
(months)

[mean (SD)],
(range)

27.8 (22.9)
(12–98)

37.2 (29.3)
(12–87)

35.6 (27.9)
(12–74)

38.4 (34.9)
(12–78)

23.6 (17.9)
(12–32)

38.1 (37.1)
(12–62)

31.8 (28.8)
(12–87)

The mean improvement in the total OMDRS scores was 63.1 ± 18.6%. Fourteen
patients (jaw closing, n = 3; tongue, n = 4; jaw opening, n = 6; and jaw deviation, n = 1)
qualified as partial responders (<30% improvement in total OMDRS score). The proportion
of partial responders was significantly higher in jaw opening dystonia (6/50 patients) than
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in jaw closing dystonia (3/223 patients; p < 0.005, Fisher’s exact test). Ten (71.4%) of the
14 partial responders had tardive dystonia, and five patients had other dystonia (cervical
dystonia, n = 4 and blepharospasm, n = 1). The mean follow-up duration from the first
visit to the evaluation using the OMDRS for this study was 31.8 ± 28.8 months (Table 2).
There were no significant differences in the mean improvement and follow-up among the
subtypes of OMD.

Pain scores at baseline were significantly higher in women (10.5 ± 10.8) than in men
(6.9 ± 9.5; p < 0.005). Examiner-rated scores were also significantly higher in women
(27.0 ± 14.7) than in men (23.7 ± 12.7; p < 0.005). At the endpoint, women (3.9 ± 5.4)
showed significantly higher pain scores than men (2.0 ± 3.5; p < 0.005), and significantly
higher scores in sleep than men (2.7 ± 3.7 vs. 1.8 ± 2.5; p < 0.05).

The adverse effects were temporary regional weakness and tenderness at the injection
sites. Approximately 10% of patients with lingual dystonia had mild or transient difficulty
in swallowing. Adverse unfavorable events were transient and spontaneously disappeared
within 1–2 weeks. No other significant complications were noted.

2.2. OMDRS Scores at Baseline and Endpoint

The results of the OMDRS scores (Figure S1) at the baseline and endpoint are summa-
rized in Table 3. Examiner-rated subscales (severity, disability (activities of daily living),
and pain) were significantly higher in jaw closing dystonia (27.6 ± 14.3) than in tongue
dystonia (21.4 ± 12.3; p < 0.01) (Figure 1). Patient-rated questionnaire scores (general,
eating, speech, cosmetic, social/family life, sleep, annoyance, mood, and psychosocial
function) were significantly higher in jaw opening dystonia (144.1 ± 56.5) than in jaw
closing dystonia (115.9 ± 55.0; p < 0.01) (Figure 1). OMDRS scores were significantly higher
in jaw opening dystonia (170.5 ± 64.1) than in jaw closing dystonia (115.9 ± 62.4; p < 0.05)
(Figure 1). At the endpoint, patient-rated scores were significantly higher in jaw opening
dystonia (65.6 ± 41.8) than in jaw closing dystonia (42.1 ± 29.7; p < 0.05) (Figure 1).

Table 3. OMDRS scores at baseline and endpoint.

OMDRS Subscale
(Range)

Baseline Endpoint p-Value

Examiner-rated scale
[mean (SD)]

Severity (0–16) 7.5 (2.9) 3.3 (2.4) p < 0.001
Disability (0–30) 9.1 (5.6) 3.6 (3.9) p < 0.001

Pain (0–40) 9.3 (10.6) 3.2 (4.8) p < 0.001
Total examiner-rated

scores (0–86) 25.9 (14.1) 10.0 (9.1) p < 0.001

Patient-rated
questionnaire
[mean (SD)]

General (0–20) 14.2 (4.4) 5.7 (3.7) p < 0.001
Eating (0–28) 10.3 (7.7) 4.4 (4.6) p < 0.001
Speech (0–16) 8.0 (5.0) 3.3 (3.1) p < 0.001

Cosmetic (0–28) 12.8 (8.0) 4.6 (4.6) p < 0.001
Social/family life (0–20) 8.8 (5.7) 4.3 (4.1) p < 0.001

Sleep (0–16) 5.1 (5.3) 2.4 (3.2) p < 0.001
Annoyance (0–32) 16.2 (7.8) 7.8 (6.6) p < 0.001

Mood (0–28) 16.2 (7.8) 8.3 (6.4) p < 0.001
Psychosocial functioning

(0–40) 15.0 (10.5) 8.0 (7.5) p < 0.001

Total patient-rated
scores (0–228) 123.9 (53.2) 48.2 (34.8) p < 0.001

OMDRS (0–314) 148.9 (59.6) 57.6 (40.6) p < 0.001
Improvement, calculated as the rate of decrease in the total OMDRS score, was significantly correlated (r = 0.938;
p < 0.001) with subjective improvement. Post-treatment OMDRS scores showed a significant correlation (r = 0.231;
p < 0.005) with the number of injected muscles and were significantly negatively correlated (r = −0.302; p < 0.001)
with improvement in OMDRS scores.
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The total OMDRS score reduced significantly from 149.1 ± 71.3 to 57.6 ± 40.6
(p < 0.001) (Table 3). All examiner-rated subscales (severity, disability, and pain) and
patient-rated questionnaires (general, eating, speech, cosmetic, social/family life, sleep,
annoyance, mood, and psychosocial functioning) showed significantly lower scores after
BoNT therapy (p < 0.001) (Table 3).

Figure 1. Scores of examiner-rated scale and patient-rated questionnaire scores of each subtype of
OMD at baseline and endpoint. * p < 0.05, ** p < 0.01.

2.3. Differences in Subscales Scores of OMDRS among Subtypes of OMD

Scores of each subscale in each subtype of OMD are shown in Figure 2 (at baseline)
and Figure 3 (at the endpoint).

Figure 2. Scores of subscales of OMDRS in each subtype of OMD at baseline. * p < 0.05, *** p < 0.005,
**** p < 0.001.

At baseline, one-way analysis of variance revealed significant differences in disabil-
ity, pain, eating, speech, social/family life, and annoyance (Figure 2). The disability scores
of jaw opening dystonia (12.1 ± 7.1) were significantly higher than those of jaw closing
dystonia (8.8 ± 5.7; p < 0.005) and tongue dystonia (8.9 ± 4.3; p < 0.05). Pain scores of
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jaw closing dystonia (11.1 ± 10.7) were significantly higher than those of tongue dysto-
nia (5.5 ± 8.9; p < 0.001). The eating scores of tongue dystonia (7.3 ± 7.4) were signifi-
cantly lower than those of jaw opening dystonia (14.5 ± 7.5, p < 0.001) and jaw closing
dystonia (10.7 ± 7.4, p < 0.001), and the eating scores of jaw opening dystonia (14.5 ± 7.5)
were significantly higher than those of jaw closing dystonia (10.7 ± 7.4, p < 0.05). The
speech scores of tongue dystonia (11.1 ± 4.5) were significantly higher than those of jaw
closing dystonia (6.8 ± 4.7; p < 0.001). The social/family life scores of jaw opening dystonia
(11.3 ± 5.6) were significantly higher than those of jaw closing dystonia (7.8 ± 6.0;
p < 0.005). Annoyance scores of jaw opening (17.7 ± 11.2) were significantly higher than those
of jaw closing dystonia (13.8 ± 10.7; p < 0.05) and tongue dystonia (16.4 ± 9.4; p < 0.05).

Figure 3. Scores of subscales of OMDRS in each subtype of OMD at the endpoint. * p < 0.05,
*** p < 0.005, **** p < 0.001.

At the endpoint, one-way analysis of variance revealed significant differences in
disability, eating, speech, social/family life, and psychosocial functioning (Figure 3).

The disability scores of jaw opening dystonia (6.4 ± 6.4) were significantly higher than
those of jaw closing dystonia (3.1 ± 3.1, p < 0.001) and tongue dystonia (3.4 ± 3.8, p < 0.05).
The eating scores of jaw opening dystonia (8.0 ± 6.9) were significantly higher than those
of tongue dystonia (2.9 ± 4.4; p < 0.001) and jaw closing dystonia (4.3 ± 3.7; p < 0.001).
The speech scores of tongue dystonia (4.6 ± 3.7) were significantly higher than those of jaw
closing dystonia (2.7 ± 2.7; p < 0.005). Scores of social/family life of jaw opening dystonia
(6.2 ± 4.5) were significantly higher than those of jaw closing dystonia (3.4 ± 3.6; p < 0.05).
The psychosocial functioning scores of jaw opening (11.5 ± 8.2) were significantly higher than
those of jaw closing dystonia (6.6 ± 6.7; p < 0.05) and tongue dystonia (16.4 ± 9.4; p < 0.05).

2.4. Differences in OMDRS Scores between Idiopathic and Tardive Cases

The total OMDRS scores at baseline were significantly higher in patients with tar-
dive dystonia (172.1 ± 69.6) than in idiopathic patients (132.3 ± 54.1; p < 0.001, un-
paired t-test). The OMDRS scores at the endpoint also showed significant differences
(74.9 ± 41.4 vs. 46.8 ± 36.2, p < 0.005). The improvement was significantly lower in tardive
cases (58.7 ± 17.8%) than in idiopathic cases (65.9 ± 18.6%; p < 0.001). Subjective improve-
ment was also significantly lower in tardive patients (52.3 ± 18.8%) than in idiopathic
patients (67.6 ± 17.4%, p < 0.001). Improvements in patient-rated scores were significantly
lower in tardive patients (57.4 ± 17.8%) than in idiopathic patients (65.5 ± 19.1%, p < 0.001).
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Although improvement of examiner-rated score was lower in tardive cases (60.6 ± 20.1%)
than in idiopathic cases (64.6 ± 20.3%), it was not significant (p = 0.15).

Most scores of the subscales of the OMDRS were significantly higher (unpaired t-test)
in patients with tardive dystonia than in those with idiopathic dystonia (Figure 4). At
baseline, significant differences were observed in severity (7.9 ± 3.1 vs. 7.3 ± 2.8, p < 0.05),
disability (10.8 ± 5.7 vs. 7.9 ± 5.2, p < 0.001), general (15.1 ± 4.5 vs. 13.6 ± 4.2, p < 0.001),
eating (12.6 ± 7.3 vs. 8.6 ± 7.5, p < 0.001), social/family life (10.9 ± 5.8 vs. 7.2 ± 5.2,
p < 0.001), sleep (6.4 ± 5.5 vs. 4.1 ± 4.9, p < 0.001), annoyance (18.7 ± 7.7 vs. 14.6 ± 7.6,
p < 0.001), mood (± vs. ±, p < 0.001), and psychosocial functioning (19.0 ± 11.0 vs.
12.1 ± 9.1, p < 0.001) (Figure 4). At the endpoint, significant differences were observed
in disability (4.5 ± 3.8 vs. 3.1 ± 3.8, p < 0.01), general (6.5 ± 3.9 vs. 5.3 ± 3.5, p < 0.05),
social/family life (6.4 ± 4.3 vs. 2.9 ± 3.4, p < 0.001), sleep (3.7 ± 3.9 vs. 1.5 ± 2.5, p < 0.001),
annoyance (11.3 ± 6.8 vs. 5.6 ± 5.4, p < 0.001), mood (11.6 ± 6.7 vs. 6.3 ± 5.2, p < 0.001),
and psychosocial functioning (11.8 ± 7.8 vs. 5.6 ± 6.2, p < 0.001) (Figure 4).

Figure 4. Scores of subscales of OMDRS in idiopathic and tardive cases at baseline and endpoint.
* p < 0.05, ** p < 0.01, **** p < 0.001.

3. Discussion

This study is the first to report therapeutic effects and post-treatment changes in
HRQoL in patients with OMD after BoNT therapy using a comprehensive measurement
tool. Differences were compared among the six OMD subtypes in the present study. The
OMDRS precisely assessed motor and non-motor features after BoNT therapy, even for
each subtype of OMD. Jaw opening dystonia tended to be more severe in disability, eating,
and social family/life; jaw closing in pain; and tongue dystonia was severe in speech.

3.1. Rating Scales for OMD

Merz et al. [21] developed and validated the OMDQ-25, which consists of five sub-
scales (general, psychosocial, cosmesis, speech, and eating dysfunction). This scale was
the first measurement tool to assess the HRQoL in patients with OMD. However, the
Movement Disorders Society Task Force on dystonia rating scales did not recommend the
OMDQ-25 but merely suggested it because it was used only by the original developers
and not by other researchers [22]. Subsequently, the OMDQ-25 was applied in several
studies [9,33,34]. OMD symptoms exhibit extremely large individual differences among
patients. For instance, jaw closing, jaw opening, and tongue dystonia are completely
different in terms of clinical features, affected muscles with abnormal contracture, and
direction of abnormal movements. Therefore, the severity subscale should be examined
according to OMD subtype. However, if the items are negatively associated within a
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subscale, the subscale cannot reach sufficient internal consistency, as assessed by Cron-
bach’s alpha [35]. Therefore, in the OMDRS, only the severity subscale (four items) was
assigned five patterns according to the OMD subtype (jaw closing, tongue, jaw opening,
jaw deviation (protrusion), and lip dystonia) [9]. The OMDQ-25 is a concise, patient-rated
25-item questionnaire [21]. In contrast, the OMDRS includes a 15-item examiner-rated
scale and a 57-item patient-administered questionnaire to comprehensively assess the full
spectrum of OMD [9]. Significant correlations between the subscales of the OMDRS and
the Short Form-36 Health Survey were reported for several subscales (pain, general, eating,
social/family life, sleep, annoyance, and psychosocial functioning) [9]. The OMDRS can be
useful for more precise evaluation of disease severity and post-treatment changes in each
subtype for both clinical and research purposes.

The patient-administered rating scale, particularly the Cervical Dystonia Impact
Profile-58 [36], is more sensitive and reflective of HRQoL than the physician-administered
standard recommended measure of cervical dystonia severity in patients after BoNT in-
jection [30]. Four subscales (sleep, annoyance, mood, and psychosocial functioning), a
disease-specific questionnaire, and an examiner-rated scale were combined to construct the
OMDRS [9] (Figure S1). Therefore, the OMDRS can be sensitive and reflective of non-motor
symptoms and health-related quality of life in OMD, as can the Cervical Dystonia Impact
Profile-58 in cervical dystonia. Non-motor symptoms are highly prevalent in cervical dysto-
nia [29–32]. Non-motor symptoms are increasingly recognized as important determinants
of HRQoL in various movement disorders [28–32]. Motor improvement after BoNT therapy
for cervical dystonia did not correlate with non-motor changes [32]. In BoNT therapy for
OMD, special attention should be paid not only to the motor symptoms but also to the
non-motor symptoms in order to improve the patient’s HRQoL.

The chief complaints of the patients (masticatory disturbance, 35.8%; discomfort and
cosmetic problems associated with involuntary movement, 30.1%; pain, 19.1%; dysarthria,
16.7%; and dysphagia, 10.0%) were more prevalent (cosmetic problems, 77.0%; masticatory
disturbance, 65.2%; dysarthria, 56.4%; pain, 48.8%; and dysphagia, 38.9%) after evaluation
of OMDRS. The OMDRS could be used to evaluate very mild symptoms other than the
chief complaint in more detail.

3.2. Results of This Study

This study was based on real-world clinical results obtained by an OMD specialist.
The author has treated several thousands of patients with a variety of movement disorders
in the stomatognathic system over the past 30 years. Moreover, the author was able to
clinically and scientifically research movement disorders with many neurologists. In the
present study, the improvement evaluated by the reduction rate of OMDRS scores was
63.1% without significant adverse effects. Merz et al. [21] reported a reduction rate of
37.6%, Nastasi et al. [33] 15.4%, and Scorr et al. [34] 19.8%, as recalculated by the percentage
reduction of the OMDQ-25. The much higher success rate without complications in this
study than that of previous studies may be related to the following factors. First, oral
surgeons must be more familiar with masticatory and other muscles in the stomatognathic
system than neurologists, otorhinolaryngologists, and other medical professionals. A
complete understanding of the local anatomy of the stomatognathic system is a prerequisite
for target muscle selection and safe injection without complications [12–14,37]. The more
accurately BoNT is administered to the target muscles, the more likely is the improvement
in patient symptoms, and the lower the risk of complications [12–14,37]. Second, dental
problems such as temporomandibular disorders and bruxism were differentially diagnosed
and excluded from BoNT therapy by an expert oral surgeon. Third, patients who were
not indicated for BoNT injection, such as those with functional movement disorder [38]
or psychiatric disease, were excluded using a muscle afferent block (lidocaine injection)
before BoNT therapy [12–14,39].

Berardelli et al. [40] reported that dystonic movement in patients with cervical dystonia
evaluated using the Toronto Torticollis Rating Scale showed significant improvement after
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5 years of BoNT therapy (33.4 vs. 26.9). However, neuropsychiatric disorders did not
improve at all (65% vs. 64%). Widespread loss of inhibition and pathologically increased
plasticity appear to play important roles in the pathophysiology of primary dystonia [41].
Stamelou et al. [42] proposed that the non-motor symptoms of dystonia may be explained
by a common pathophysiological deficit that also underlies the motor features. Fifty-
one (57.3%) of eighty-nine consecutive patients with various forms of focal dystonia had
psychiatric disorders, which started on average 18.4 years before the onset of dystonia,
implying that psychiatric features were primary rather than consequences of the movement
disorder [43]. In this study, 41.2% of patients had tardive dystonia. Patients with tardive
dystonia showed significantly higher scores on the subscales of non-motor symptoms, such
as social/family life, sleep, annoyance, mood, and psychosocial functioning (Figure 4).
Additional psychiatric treatment may be necessary for patients with mental disorders. A
number of patients in the present study lost their jobs because of symptoms related to OMD.
However, several patients could return to work after BoNT therapy, and their quality of life
and mental status improved considerably.

Fourteen patients were partial responders (<30% improvement in the total OMDRS
score) in this study. Ten patients presented with tardive dystonia. Whether tardive dystonia
or primary non-response was the reason for the partial response remains unknown. How-
ever, improvement in the patient-rated score was significantly lower in tardive patients
(57.4 ± 17.8%) than in idiopathic patients (65.5 ± 19.1%, p < 0.001) in this study. More-
over, scores for non-motor symptoms (annoyance, mood, and psychosocial functioning)
were significantly (p < 0.001) higher in tardive cases than in idiopathic cases (Figure 4).
The differences might result in low improvement in the ten patients. The possibility of
non-responders was not confirmed in laboratory or clinical tests.

The rate of partial responders was significantly higher for jaw opening dystonia than
for jaw closing dystonia. A significantly lower effect of BoNT therapy in jaw opening
dystonia than in jaw closing dystonia has been reported [44]. This is considered to be
related to the difficulty of accurate injection into the jaw opening muscles (the lateral
pterygoid muscle and anterior belly of the digastric muscle) compared to that into the jaw
closing muscles (the masseter, temporalis, and medial pterygoid muscles). As the author
always injects BoNT under electromyographic (EMG) guidance, BoNT must be adminis-
tered precisely to the lateral pterygoid or digastric muscles. Moreover, the author used a
computer-aided design/computer-assisted manufacture-derived insertion guide into the
lateral pterygoid muscles for patients with jaw opening who responded insufficiently to
freehand insertion [37,45]. The lateral pterygoid is a muscle involved in mastication and
usually has two heads: the inferior (lower) and superior (upper) [46–48]. As the bilateral
inferior heads contract, the condyle is pulled forward and slightly downward. If the mus-
cle is activated only on one side, the inferior jaw rotates around a vertical axis that runs
through the contralateral condyle and is pulled medially to the contralateral side [46–48].
The superior and inferior heads are activated alternately during chewing, such that the
inferior head contracts during mouth opening, while the superior head relaxes [46–48].
Nevertheless, the number of lateral pterygoid muscle heads remains controversial. It is
commonly a two-headed muscle, but one-headed or three-headed muscles have also been
reported [46,49,50]. Detailed findings of the origins and insertions of an anatomical study
suggest that the lateral pterygoid muscle is a single muscle with no clear border, containing
fibers in various directions, indicating that a two-head muscle pattern would be indicated
by the differences in the convergences of the muscle fibers [49]. In contrast, a recent system-
atic review reported that the frequency of one-headed lateral pterygoid muscles ranged
from 7.7% to 26.7%, two-headed muscles from 61.4% to 91.1%, and three-headed muscles
from 4.0% to 35.0% [50]. The difference in efficacy of BoNT therapy between jaw closing
and jaw opening dystonia may be associated with the anatomical variability of the lateral
pterygoid muscle. However, further studies with larger sample sizes are warranted.

Post-treatment OMDRS scores were significantly correlated with the number of in-
jected muscles and significantly negatively correlated with improvement. In other words,
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the more affected the muscles, the less effective the BoNT therapy for OMD. As there was
no correlation between the degree of improvement and disease duration, it is unlikely that
only the exacerbation or expansion of symptoms due to long-term disease duration affected
the improvement. Whether the relatively reduced dose of BoNT due to the increased
number of muscles affected this improvement was not determined. Therefore, further
research is necessary.

3.3. Treatment Modalities of OMD

A recent study reported the crude prevalence of OMD to be 9.8 per 100,000, suggest-
ing that OMD may have an equal or even higher prevalence than cervical dystonia or
blepharospasm [11]. Patients with OMD were referred to dentists (70%) or oral surgeons
(60%) [51]. However, approximately 90% of patients had not been diagnosed with OMD,
and the vast majority of patients had been diagnosed with temporomandibular disorders,
bruxism, or psychiatric diseases [11,51]. OMD has been recognized as a rare disease by
many neurologists; however, in reality, cases are incorrectly diagnosed [13,14].

OMD has been regarded as the most challenging dystonia for neurologists [52]. How-
ever, it can be part of the clinical spectrum of various neurological diseases, including
Parkinson’s disease, Wilson’s disease, ischemic or hemorrhagic stroke, tumors, infarction,
and brain injury [53]. If such diseases have already been diagnosed and treated, OMD
must be addressed simultaneously by the attending physicians. Likewise, collaboration
with a psychiatrist is required for the treatment of tardive or functional (psychogenic) dys-
tonia [13,14]. Neurological knowledge and experience are indispensable in the diagnosis
of neurological diseases. Dental knowledge and experience are required for differential
diagnosis of dental and oral conditions. Since dentists and oral surgeons are specialists of
the stomatognathic system, they are likely to perform more skillful and accurate injections
into the muscles in the oral region than medical professionals [13,14]. Collaboration with
medical and dental professionals is important for diagnosis and treatment.

Treatment of OMD must be multimodal and highly individualized for each patient.
Treatment options are oral medication [53,54], BoNT [3–7,12–14,55–59], muscle afferent
block [2,20,60], occlusal splint [61,62], and surgical procedure (coronoidotomy) [63–65].
BoNT therapy, namely, chemodenervation with BoNT, is considered the first-line treat-
ment for OMD [6,13,14]. A complete understanding of the local anatomy of the muscles,
nerves, and other tissues and accurate injection procedures are prerequisites for BoNT
therapy of OMD [13,14,39]. It is important to differentially diagnose the indications for
BoNT injections. If an adequate dose of BoNT can be correctly administered to the affected
muscles, the symptoms will improve. Previously reported adverse effects of BoNT include
temporary regional weakness, tenderness or pain at the injection site, minor discomfort
during chewing, asymmetric smiles, muscle atrophy, paresthesia, and difficulty in swallow-
ing [4,56,58,59]. The majority of these side effects are thought to be related to the injection
technique and are avoided by accurate knowledge of the local anatomy, precise injection
procedures, and optimal dose of BoNT [13,14].

The author created websites for involuntary movements, which seem to have received
considerable attention from many patients with OMD [51]. A large number of patients
worldwide wish to visit our department for treatment of OMD; however, only a few can
actually visit because of very high costs, including airfare [51]. Furthermore, overseas
travel was prohibited due to coronavirus disease 2019 restrictions, making it impossible
for patients from abroad to receive medical examinations. A computer-aided design and
manufacturing process was used to develop a needle guide to reliably administer BoNT
to the inferior head of the lateral pterygoid muscle [45]. Computed tomography scans
with a plaster cast model of the maxilla data can be transmitted over the Internet from
anywhere in the world. Telemedicine for OMD using digital technology in the era of
coronavirus disease 2019, computer-aided design, and manufacturing of needle guides for
lateral pterygoid muscle injection can be applied in response to the demands of overseas
patients with OMD [13,14,45].
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3.4. Limitations and Strengths

The present study had some limitations that should be considered. An obvious limi-
tation of this retrospective study was its open-label design without a placebo-controlled
group. It is likely that the placebo effect influenced the results of this study, particularly
some subscales, such as annoyance, mood, and psychosocial functioning. Another weak-
ness of this study was the lack of assessment of depression or anxiety using a dedicated
rating scale or specialized examination. Further randomized controlled studies evaluating
the mental status in greater detail are necessary.

A strength of this study was that all patients were diagnosed, treated, and evaluated
by an OMD specialist to ensure the uniformity of the results. Therefore, inter-clinician
or inter-rater differences in diagnosis, treatment, and rating were minimal. Furthermore,
because the developers of the rating scale evaluated it themselves, the errors associated
with the evaluation or rating might be minimal. Another strength of this study was the
number of participants. Approximately 100 patients with various movement disorders
of the stomatognathic system visit our department every week. The author launched
a website for involuntary movements for both patients and healthcare workers (https:
//sites.google.com/site/oromandibulardystoniaenglish/, accessed on 1 August 2022) in
2011 [54]. The website has 20 versions in 20 languages. This site has been accessed tens
of millions of times, worldwide. Many patients who had already abandoned treatment
or further consultation visited our department from all over Japan and abroad [51]. In
addition, the author has published many scientific papers and lectures on OMD, not only
in neurological but also in dental or maxillofacial surgical societies and patient associations.
Efforts to raise awareness about OMD have resulted in an increasing number of referrals
from neurologists, neurosurgeons, dentists, oral surgeons, and otorhinolaryngologists.

3.5. Future Directions

BoNT injections have been commonly used for OMD. However, the available evidence
is insufficient. An early double-blind, placebo-controlled study of BoNT treatment for
cranial–cervical dystonia in 10 patients with oromandibular–cervical dystonia [55] was
published, and a recent pilot single-blind study evaluated BoNT dosing and efficacy in
18 patients with OMD [34]. Unfortunately, the small number of patients, low improvement,
and high frequency of side effects in these studies might limit the conclusions of BoNT
therapy for OMD as an effective treatment choice. However, most other studies on BoNT
therapy for OMD were based on retrospective chart reviews. Meanwhile, randomized
controlled trials have already been reported for bruxism or temporomandibular disorders,
which have symptoms similar to jaw closing dystonia and involuntary jaw closing [66–68].
This is likely because bruxism and temporal disorders have a higher prevalence than OMD
and there are many more clinicians and researchers. In future, randomized controlled trials
with a higher level of evidence should be conducted for OMD.

Although BoNT is frequently used for treatment in many countries, it has not been
officially approved for OMD treatment. Well-designed, randomized, controlled trials with
larger sample sizes and longer follow-up periods are required to determine the therapeutic
efficacy, optimal dose, duration of effect, adverse effects, brand-specific differences, and def-
inite indications, and to establish a protocol for BoNT therapy [13]. However, the presence
of disabilities in patients with OMD places constraints on the traditional placebo–control
trial design [34]. The apparent lack of effect in the control group may have led to substantial
dropouts and compromised the reliability of the statistical analyses. Patients seeking OMD
specialists visit from very long distances with very high expectations, making the formation
of a control group ethically difficult [13]. However, such randomized controlled studies
are indispensable for the official approval of BoNT and evidence-based medicine. The au-
thor, along with neurologists specializing in dystonia, is currently planning a randomized,
double-blind, placebo-controlled study of BoNT therapy for OMD to seek official approval
for BoNT in Japan. We hope to report on evidence-based data in the near future.
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A common treatment strategy for dystonia concentrates only on physical symptoms.
Nevertheless, HRQoL in isolated dystonia is strongly related to non-motor symptoms and
less associated with motor symptoms [31]. Very little attention has been paid to non-motor
symptoms in patients with OMD. Comprehensive treatment for OMD should address both
physical and mental aspects. Some patients with OMD may require additional mental
health care. For this purpose, collaboration with psychiatrists may be necessary, indicating
the importance of dental and medical multidisciplinary team approaches.

4. Conclusions

BoNT therapy is very effective and safe for OMD when properly diagnosed and
administered precisely. The OMDRS can be used to comprehensively evaluate therapeutic
effects and HRQoL.

5. Materials and Methods

5.1. Participants

Four hundred and eight patients (262 women and 146 men; mean age, 52.0 ± 15.6 years)
with OMD, who visited our department from January 2016 to January 2021, were enrolled
in this retrospective study (Table 1). OMD was differentially diagnosed based on the
characteristic phenomenology of focal dystonia, such as stereotypy, task specificity, sensory
tricks, overflow phenomenon, morning benefit, co-contraction, and EMG findings, as
described in detail previously [8,9,11]. The main symptoms of the patients were masticatory
disturbance (n = 146, 35.8%), discomfort and cosmetic problems associated with involuntary
movement (n = 123, 30.1%), pain (n = 78, 19.1%), dysarthria (n = 68, 16.7%), and dysphagia
(n = 41, 10.0%).

The inclusion criteria were as follows: (1) age over 18 years, (2) ability to be evaluated
for OMDRS by interview or questionnaire, and (3) follow-up of 12 months or longer. The
exclusion criteria were as follows: (1) generalized, functional [38], or significant dystonia-
related neurological diseases in other body regions; (2) history of surgical procedures such
as coronoidotomy [63,64] or deep brain stimulation; (3) good response to other therapies
such as oral medicine, mouthpiece (sensory trick splint) [61], or muscle afferent block
therapy [2,20]; (4) overseas resident, for whom regular follow-up and evaluation were
not possible; and (5) common BoNT contraindications such as systemic neuromuscular
junction disorders (myasthenia gravis, Lambert-Eaton syndrome, and amyotrophic lateral
sclerosis), current or possible pregnancy, and lactation.

The patients were divided into six groups according to the six subtypes of OMD (jaw
closing, tongue, jaw opening, jaw deviation, jaw protrusion, and lip dystonia) based on
the direction of abnormal jaw movements (Table 1). If two or more subtypes coexisted in a
patient, they were classified as having the most severe subtype [8,9,11].

Four hundred and eight patients with OMD were evaluated using the OMDRS
(Figure S1) at baseline and endpoint or in stable condition. The endpoint was the time
when the patient was satisfied with the therapeutic effect and BoNT therapy was completed.
This means that the symptoms had subsided, and the BoNT injection was discontinued.
Evaluation using the OMDRS was conducted one month after the last injection. In some
patients, the symptoms had subsided and were being followed-up, but when the effect of
BoNT wore off a little, they resumed injections. Patients in such stable condition on regular
or additional BoNT injections were assessed by OMDRS one month after the last injection.
Before the rating, the maximum occlusal force, maximum mouth opening, protrusion, and
lateral movements, as well as protrusion or deviation of the tongue or lip were measured
according to the subtype [9]. The maximum occlusal force was measured bilaterally on
the molars three times using an occlusal force meter (GM10; Nagano Keiki Co., Tokyo,
Japan) [9,39]. The patients were requested to speak or chew according to the video exami-
nation protocol, and the subsequent deviation was carefully rated. Regarding involuntary
mouth closing (clenching), the patients were asked to close the mouth maximally and
forcefully. Subsequently, the patients were asked the following question: “What is the
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percent force exerted when you close mouth involuntarily compared to the maximum bite
force you have just tried?” [9].

The patients were interviewed to rate the severity, disability, and pain subscales.
Questionnaires were then administered to the patients. The Japanese version of the OMDRS
was used for 405 Japanese patients, whereas three international patients completed the
English version of the OMDRS (Figure S1).

Improvement was calculated as the rate of decrease in the total OMDRS score. A
partial responder was defined as a patient with less than 30% improvement.

Patients received an explanation of the treatment plan and provided written informed
consent. This study was performed in accordance with the Declaration of Helsinki after
approval from the institutional review board and ethics committee of Kyoto Medical
Center (15-031).

5.2. BoNT Therapy

Before BoNT therapy was initiated, 3–5 mL of 0.5% lidocaine (Xylocaine; Sandoz K.K.
Tokyo, Japan) was injected into the muscles with dystonia contracture to rule out patients
whose symptoms were not caused by muscle tension [13,14,39]. Changes in involuntary
movements and other symptoms were carefully examined after the lidocaine injection. If
patients showed no changes in symptoms, other treatments were considered and no BoNT
injections were performed. If patients showed improvement in symptoms under the effects
of the local anesthetic, BoNT injections were administered [13,14].

BoNT injection methods have already been reported and discussed in detail for the
lateral pterygoid [13,14,18,37], medial pterygoid [13,14,37], and tongue muscles [13,14,19].
BoNT (onabotulinumtoxinA; BOTOX®; Allergan, Irvine, CA, USA, AbbVie, North Chicago,
IL, USA) was reconstituted with isotonic sodium chloride solution to reach a concentration
of 2.5–5 units/0.1 mL. A disposable hypodermic needle electrode (TECA MyoJect Luer Lock,
37 mm × 25 G, 50 mm × 25 G; Natus Manufacturing Limited, Galway Gort, Ireland) was
inserted into the target muscles. Correct placement of the needle electrode was confirmed
under EMG guidance using an EMG instrument (Neuropack n1, MEM-8301, Nihon Kohden,
Tokyo, Japan). After aspiration, BoNT was injected into the target muscles.

To prevent masticatory disturbance due to an excessively reduced bite force, the
maximum occlusal force was measured on the bilateral molars using an occlusal force
meter [13,14,39]. The muscles and doses of BoNT were individually determined for each
patient based on their symptoms or occlusal force. The injections were continued until
the patient was satisfied with the therapeutic effect and the injection was completed. The
injection interval was 3–6 months depending on the patient’s symptoms and requests.

5.3. Statistical Analysis

All statistical analyses were performed using the statistical software package, Sta-
tistical Package for the Social Sciences for Windows (version 24.0; SPSS Japan, Tokyo,
Japan). The null hypothesis was rejected at the 5% significance level (p < 0.05). Differences
among the six subtypes were statistically compared using one-way analysis of variance.
The Bonferroni method was used as a post hoc test when analysis of variance revealed
significant differences. Fisher’s exact test and unpaired t-tests were used to assess the
statistical significance of the differences in the distributions.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/toxins14100656/s1, Figure S1: Oromandibular Dystonia Rating
Scale (OMDRS).
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Abstract: Botulinum toxin type A (BoNT-A) is increasingly used in treating masticatory muscle pain
disorder; however, safe doses and reinjection intervals still need to be established. The purpose of this
randomized clinical trial was to evaluate the degree and duration of the impairment of masticatory
muscle performance. Fifty-seven subjects were randomly divided into two groups: one of which
received BoNT-A first (n = 28) while the other received saline first (n = 29), with the cross-over being
in week 16, and a total follow-up period of 32 weeks. A total dose of 50 U of BoNT-A was injected
in the masseter and temporal muscles bilaterally. Electromyographic (EMG) activity and bite forces
were assessed. A significant reduction in EMG activity was observed up to week 18 (p ≤ 001), with
total recovery at week 33. A significant reduction in maximum bite force was observed up to week
11 (p ≤ 005), with total recovery at week 25. In conclusion, when treating masticatory muscle pain
disorder with 50 U of BoNT-A, a reinjection interval of 33 weeks can be considered safe since the
recovery of muscle function occurs by that time.

Keywords: temporomandibular disorders; masticatory muscle disorder; myofascial pain; chronic
pain; botulinum toxin type A

Key Contribution: Masticatory muscle performance diminishes significantly after the injections of
50 U of botulinum toxin type A. The recovery occurs in 33 weeks.

1. Introduction

Masticatory muscle disorder is a common pain condition classified as temporo-
mandibular disorder (TMD) [1]. It can be subclassified into myalgia, myofascial pain,
and headache attributed to TMD. Noninvasive therapies, including behavior therapy, phar-
macotherapy, physical therapy, and occlusal appliances are effective in most cases. Still,
approximately 10% of TMD patients develop a disorder associated with chronic orofacial
pain [2,3]. For these patients, injections of botulinum toxin A (BoNT-A) have been suggested
as a treatment of choice given its relaxing and analgesic effect. The use of BoNT-A has
significantly increased over recent years. However, its safety when injected systematically
remains unclear.

Most of the studies concerning botulinum toxin for treating TMD concentrate on the
drug’s effect on pain findings [4–6]. Some temporary and mostly insignificant adverse
effects had been reported by the patients according to several studies, such as pain at
the injection site, bruising, muscle weakness, and undesirable muscle paralysis [7,8]. In
virtually all studies, they are reported as qualitative results, limited to self-reporting,
concern the single injection of the current study, and are caused by the puncture itself.
However, the objective evaluation of the drug’s effect on muscle and surrounding structures
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should also be taken into consideration since it is a toxin that causes muscle paralysis and
the accumulation of physiological changes due to systematic injections might lead to
unfavorable long-term side effects harming the masticatory system.

It is generally thought that muscle function is restored in 3 to 6 months after the
injections [9,10]. However, in studies where muscle functional effect was evaluated using
electromyography (EMG), the effect of the drug was present for up to 12 months [11]. The
studies evaluating bony changes corroborate the drug’s long-lasting hidden effect [12,13].
Permanent damage to neuromuscular function has also been considered [14]. The effect
is likely to be cumulative if the structures are not allowed to recover before the repeated
injections [15]. Thus, understanding the muscle recovery rate is important to establish safe
intervals for reinjections.

In this randomized controlled trial, the recovery of muscle function after a single
injection of 50 U of BoNT-A was quantitively evaluated. The parameters used in this
research are EMG and bite force.

2. Results

2.1. Patients

The process from patient recruitment to analysis is illustrated as a flow diagram
(Figure 1). Twenty-eight participants included in the analysis received BoNT-A first (the
BS group) and twenty-nine received saline first (the SB group). The demographic and
diagnostic characteristics of the subjects appear in Tables 1 and 2. Most patients were
female, (82.5%) with a mean age of 38.2 (range 22 to 64 years). Educational level was high,
with 26.3% having graduated from the university of applied science and 38.6% from the
university. The majority were employed.

Figure 1. CONSORT diagram for participant enrollment.
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Table 1. Patient sociodemographic characteristics.

Sociodemographic Characteristics % (n)

Gender
Male (age 33.8 ± 8.5 [22–51]) 17.5 (10)
Female (age 39.2 ± 10.5 [24–64]) 82.5 (47)
All (age 38.2 ± 10.4 [22–64]) 100.0 (57)

Education
High school 5.3 (3)
Vocational school 24.6 (14)
Polytechnic 26.3 (15)
University 38.6 (22)
Not reported 5.3 (3)

Occupation
Student 15.8 (9)
Employed (Entrepreneur) 75.4 (43)
Working at home 3.5 (2)
Not reported 5.3 (3)

Marital status
Married 35.1 (20)
Cohabiting 24.6 (14)
Divorced 15.8 (9)
Never married 19.3 (11)
Not reported 5.3 (3)

Table 2. Patient diagnostic characteristics.

Diagnostic Characteristics % (n)

DC/TMD diagnosis
Myalgia 46.4(52)
Myofascial pain with referral 18.8 (21)
Headache attributed to TMD 21.4 (24)
Arthralgia right 2.7 (3)
Arthralgia left 7.1 (8)
Other * 3.6 (4)

Pain chronicity
1 to <5 years 24.6 (14)
5 to <10 years 24.6 (14)
≥10 years 47.4 (27)
Not reported 3.5 (2)

Pain frequency
Persistent 40.4 (23)
Recurrent 54.4 (31)
One-time 1.8 (1)
Not reported 3.5 (2)

* According to the History questionnaire of the Research Diagnostic Criteria for Temporomandibular Disorders
patients have had pain in the face, jaw, temple, in front of the ear, or the ear in the past month. No TMD diagnosis
was obtained based on clinical examination.

Fifty-two patients (91.2%) were diagnosed with TMD-related myalgia, of which,
twenty-one (38.2% of all patients) were diagnosed with myofascial pain with a refer-
ral. Twenty-four patients (42.1%) had headaches attributed to TMD. Three patients were
diagnosed with right arthralgia and eight with left arthralgia. Almost half of the patients
(47.4%) had suffered from pain symptoms for at least ten years. Twenty-three patients
(40.4%) reported persistent pain symptoms and thirty-one (54.4%) reported recurrent
pain symptoms.

2.2. Electromyography (EMG)

The greatest decrease in EMG activity was observed two weeks after the BoNT-A
injections (Figure 2). The effect of the drug attenuated continuously up to week 32.
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(a) 

 
(b) 

Figure 2. Box plots of the average electromyography (EMG) values of the masseter muscle after
botulinum toxin and saline injections. The BS group (a) botulinum toxin injected at the baseline and
saline at the 16-week follow-up; the SB group (b) saline injected at the baseline and botulinum toxin
at the 16-week follow-up. The week calculated from the second injection is marked in brackets. For
each box plot, maximum and minimum, 25th and 75th percentiles, median (solid line inside the box),
mean (cross inside the box), and outliers (dots) are presented.
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The mean EMGmax values over time for the BS group were 222 mV (day 0), 62 mV
(week 2), 92 mV (week 11), 126 mV (week 16), 135 mV (week 18, i.e., 2 weeks after the
second injection), 191 mV (week 27, i.e., 11 weeks after the second injection), and 219 mV
(week 32, i.e., 16 weeks after the second injection) (Figure 2a). The mean EMGmax values
over time for the SB group were 155 mV (day 0), 158 mV (week 2), 170 mV (week 11),
195 mV (week 16), 65 mV (week 18, i.e., 2 weeks after the second injection), 93 mV (week 27,
i.e., 11 weeks after the second injection), and 112 mV (week 32, i.e., 16 weeks after the
second injection) (Figure 2b).

Comparing EMGmax values within the BS group between time-points showed a
highly significant decrease (p ≤ 0.001) in EMGmax values on follow-up weeks 2, 11, 16,
and 18 compared to the values before the BoNT-A injection (Table 3). EMGmax values
were decreased by 72% at the 2-week follow-up, 59% at the 11-week follow-up, 43% at the
16-week follow-up, 39% at the 18-week follow-up, 14% at the 27-week follow-up, and 1%
at the 32-week follow-up. The linearity was observed in the recovery of EMGmax values
and full recovery was expected by week 33 based on the forecast function (Figure 3a).

Table 3. Comparison of EMGmax and maximum bite force values within one group between time-
points. BS group: botulinum toxin injected at the baseline and saline at the 16-week follow-up;
SB group: saline injected at the baseline and botulinum toxin at the 16-week follow-up. The week
calculated from the second injection is marked in brackets.

p Values *

Time Range (Weeks)

0–2 0–11 0–16 0–18 (2) 0–27 (11) 0–32 (16)

EMG BS group 0.000 0.000 0.000 0.001 0.122 0.994
EMG SB group 0.582 0.079 0.005 <0.001 <0.001 <0.001
FORCE BS group <0.001 0.002 0.167 0.109 0.838 0.885
FORCE SB group 0.084 0.922 0.945 <0.001 0.025 0.520

* Wilcoxon Sign Rank exact test.

 
(a) 

Figure 3. Cont.
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(b) 

Figure 3. Regression lines for EMG (a) and bite force (b) mean values after botulinum toxin injection.
BS group: botulinum toxin injected at the baseline and saline at the 16-week follow-up.

Comparing the EMGmax values within the SB group between time-points showed an
increase in EMGmax after saline injection (Figure 2b). The difference was highly significant
at the 16-week follow-up compared to the baseline (p0–16 = 0.005) (Table 3). The increase in
EMGmax values was also noticeable at the 11-week follow-up, even though statistically
non-significant (p0–11 = 0.079). A highly significant decrease (p ≤ 0.001) in EMGmax values
was observed after the second injection in follow-up weeks 18, 27, and 32 (i.e., 2, 11, and 16
after the BoNT-A injection). This is consistent with the findings of the BS group.

There were no great differences in EMGrest values over time either in the BS or SB
groups; the values ranged from 38 mV to 41 mV.

2.3. Bite Force

Regarding bite force, the average decrease of 114 N was achieved with 50 U of BoNT-A.
As with the EMG, the lowest value was obtained two weeks after the drug injection. The
effect of the drug attenuates continuously up to week 27 (Figure 4).

The mean maximum bite force values over time for the BS group were 517 N (day 0),
403 N (week 2), 459 N (week 11), 477 N (week 16), 490 N (week 18, i.e., 2 weeks after the
second injection), 535 N (27 weeks, i.e., 11 weeks after the second injection), and 536 N
(32 weeks, i.e., 16 weeks after the second injection) (Figure 4a). The mean maximum bite
force values over time for the SB group were 497 N (day 0), 508 N (week 2), 478 N (week 11),
486 N (week 16), 399 N (week 18, i.e., 2 weeks after the second injection), 427 N (27 weeks,
i.e., 11 weeks after the second injection), and 453 N (32 weeks, i.e., 16 weeks after the
second injection) (Figure 4b).

Comparing the maximum bite force values within the BS group between time-points
showed a significant decrease at the 2 (p0–2 ≤ 0.001) and 11 week (p0–11 = 0.002) follow-up
compared to baseline (Table 3). Bite force values were decreased by 22% at the 2-week
follow-up, 11% at the 11-week follow-up, 8% at the 16-week follow-up, and 5% at the
18-week follow-up. Compared to the baseline, 3% higher values at the 27-week follow-up
and 4% at the 32-week follow-up were observed (Figure 4a). As with EMGmax values, the
linearity was observed in the recovery of bite force and full recovery occurred at 25 weeks
after BoNT-A injections based on the forecast function (Figure 3b).
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(a) 

(b) 

Figure 4. Box plots of bite force values after botulinum toxin and saline injections. BS group
(a) botulinum toxin injected at the baseline and saline at the 16-week follow-up; SB group (b) saline
injected at the baseline and botulinum toxin at the 16-week follow-up. The week calculated from
the second injection is marked in brackets. For each box plot, maximum and minimum, 25th and
75th percentiles, median (solid line inside the box), mean (cross inside the box), and outliers (dots)
are presented.

37



Toxins 2022, 14, 545

When maximum bite force values were compared within the SB group, no significant
changes in values were observed after the saline injection. However, a significant decrease
in bite force was noticed 2 weeks and 11 weeks after the BoNT-A injections (p0–18 ≤ 0.001
and p0–27 = 0.025) (Table 3).

2.4. Harm

A total of 3 patients out of 59 reported harm after the BoNT-A injections. One patient
reported smile asymmetry ten days after the injections, indicating that mimic muscles
might have been involved. The recovery occurred within eight weeks. One patient reported
the onset of migraine a few days after the BoNT-A injections and another reported tinnitus
and pain symptoms in both ears, with the symptoms being gone at two weeks’ follow-up.

3. Discussion

BoNT-A has gained a lot of interest in treating masticatory muscle pain conditions.
Along with its analgesic effect, BoNT-A also causes structural and functional changes in
muscle tissue, which are considered adverse reactions [7]. There are only a few studies
evaluating the recovery of muscle along with pain symptoms [16–18]. EMG and bite force
are both important parameters in evaluating masticatory muscle performance and the
measurement methods are reliable, convenient, and safe. In addition, decreased EMG
implies that neuromuscular junctions have not been restored, which directly reflects BoNT-
A’s denervation effect [14]. Our study showed that the recovery of EMG occurs by 33 weeks
and bite-force by 25 weeks after a moderate dose of BoNT-A.

The present study supports previous findings concerning the significant decrease in
EMG values after BoNT-A injections. However, the recovery course and time differ slightly.
In our study, the maximum decrease of 72% of EMG of the masseter muscle was observed
two weeks after the injection of 16.7 U into the masseter muscle and a significant reduction
was still present 18 weeks later. The effect of BoNT-A was also noticeable 27 weeks after the
injections with a total recovery taking 33 weeks. De la Torre Canales et al. reported about
an 80% decrease in EMG values 28 days after the injections of 30 U of BoNT-A, with a total
recovery after 180 days [16]. Compared to our study, the recovery of EMG was achieved
earlier with a bigger dose. Kurtoglu et al. reported significantly lower EMG activity on day
14, but not on day 28 after the injection of 30 U of BoNT-A [18]. Such a rapid recovery is
somewhat at odds with our findings.

Interestingly, EMGmax values increased slightly after saline injections in the SB group.
In this blinded research setting, the subject might test the effect of the treatment by testing
their muscle function, which might further increase the tonus of the jaw-closing muscles.
This effect of the intervention itself is clinically not significant. However, this finding might
indicate that EMG values would still be decreased 33 weeks after the drug injection when
the effect of the intervention itself is eliminated.

Regarding maximum bite force, a 22% reduction was observed in our study two weeks
after the total dose of 50 U was injected into the masseter and temporal muscles bilaterally.
The values were still lower 18 weeks after the drug injections, but the difference was not
significant, and total recovery was achieved by 25 weeks. No significant changes in bite
force were noticed after saline injections. This means that the finding of this study is due to
the drug itself and not to the placebo or intervention. In a previous study using 100 U for
the masseter muscles (50 U each), bite force decreased approximately 40% three months
after the injections, and the values were still decreased by approximately 35% six months
after the treatment [19]. Jadhau et al. also reported the lowest decrease three months
after injections with 100 U of BoNT-A, the values being still lower six months later [20].
Combining these results with ours might suggest that the decreased bite force, as well
as recovery rate, are dose-dependent. In a study using 42 U for the masseter muscles
(21 U each) a decrease of approximately 50% was observed 10 days after the injections, with
a significant reduction still present 20 weeks after the treatment [21]. Obviously, as with
EMG activity, BoNT-A injection decreases bite force according to any research. However,
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the differences in the injection areas, doses, and timing of follow-up visits mean that the
results are not directly comparable.

It is known that decreased muscle-derived force and muscle activity cause bone
loss [22]. Changes in bone volume and density are also reported in studies that evaluate the
effect of BoNT-A injections [12,23]. The decreased values of EMG and bite force reported in
this study may predict the presence of latent adverse effects beyond the injected muscle.
Alongside the mechanical theory, biochemical interactions between muscle and bone tissue
have recently been the subject of interest [24]. The masticatory system, which is made up
of bones, joints, ligaments, teeth, and muscles, is a highly refined unit. There is complex
molecular crosstalk between components and altering the function of one component
may lead to the malfunction of another component. The biomechanical and biochemical
interactions are particularly important in the development phase of masticatory structures,
meaning that the injections are contraindicated in growing individuals.

In our study, most patients were female (82.5%), which is partly explained by the fact
that TMD is more prevalent in women than in men [25,26]. Of the sixty-six randomized
patients, nine dropped out during the study. An interesting fact is that all those who left
the study voluntarily received saline first and did not wait for the BoNT-A injection. This
might be explained by patients’ expectations of a quick fix when seeking medical help
and not deriving benefit from the placebo. The high education level of the subjects of our
research might reflect the patient’s financial situation and thus the possibility of applying
for private dental care. However, the results of the previous studies regarding associations
between TMD and education level are not conclusive [27,28].

The randomization, blinding, and placebo control used in our study are gold standards
to evaluate the effects of medical intervention. To reduce the heterogeneity of the subjects
included in the study, a standardized examination protocol of TMD-patients (DC/TMD),
as well as history and anamnesis questionnaires, were used. However, because of the
randomization, the differences in the initial scores between groups could not be avoided.
In this research, the initial EMGmax values were higher in the BS group than in the SB
group, which, however, has no influence when the values are compared within one group.

The results reported herein should be considered in light of some limitations. First, the
recovery rate reported based on the BS group findings only might be influenced by the
saline injections that were performed at the 16-week follow-up. However, changes caused
by saline compared to changes caused by BoNT-A, were rather insignificant, as was seen
in the SB group. Second, the decreased muscle activity and bite force hardly reflect the
beneficial gain of the treatment. The analgesic effect of BoNT-A is thought to be the main
mechanism of action when treating pain conditions and is independent of its neuromuscular
effect [17]. Masticatory muscle pain is related more to patient psychological status than
muscle activity [29]. There is also evidence that occlusal forces do not correlate with
TMD symptoms [30]. The findings of this research do not give information on BoNT-A
indications when treating pain symptoms. While the decision to inject is always made
according to the symptoms and diagnosis, there is still no consensus on the indications
and dose appropriateness. Earlier studies, with doses ranging from 80 to 200 U, proved
that BoNT-A’s pain-relieving effect can last up to 4–6 months [5,6,16]. Up to six months
of analgesic effect from BoNT-A had also been observed in the treatment of trigeminal
neuralgia [31]. De Lima et al. studied the effect of 20 U on TMD pain findings, concluding
that a low dose can be effective for controlling chronic pain, but this outcome was short-
lived, with pain scores reaching the baseline within 30 days [32]. Whether a total dose
of 50 U can be an optimal one with acceptable adverse effects in relation to therapeutic
benefit remains a subject of interest. Third, even though BoNT-A injections impair skeletal
muscle function, the clinical importance of this is still unclear. Side effects should be
evaluated after multiple treatments with longer follow-up periods. So far, low doses of
BoNT-A are suggested to be safer because the degree and duration of the adverse effects
are dose-dependent [16]. In addition, according to some studies, bigger doses are not likely
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to bring more therapeutic benefits when treating pain conditions [16,33]. In further clinical
trials, the beneficial effect of a moderate dose of BoNT-A, such as 50 U, should be evaluated.

4. Conclusions

We conclude that the recovery of muscle function occurs 33 weeks after the injection
of 50 U of BoNT-A when treating masticatory muscle pain disorder. Thus, that period can
be considered safe for reinjections. Further studies should evaluate the effect of this dose of
the drug on pain findings and its ratio to adverse effects.

5. Materials and Methods

5.1. Patients

Voluntary subjects from several mainly private dental practices were recruited be-
tween May 2019 and April 2021. Patients could sign up for the study based on their own
assessment of the need for treatment of orofacial pain, regardless of whether the condition
had previously been treated conservatively or not. They were subsequently screened for
specific inclusion and exclusion criteria. The total number of participants included in the
study was 57, predominantly female. The inclusion criteria were age > 18, diagnosis of
myalgia, myofascial pain, or headache attributable to TMD according to Diagnostic Criteria
for Temporomandibular Disorders (DC/TMD) with persistent or bothersome recurrent
pain for at least a year and present during the past month. The history questionnaire of the
Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) was used to
evaluate pain chronicity and frequency. Most of the patients had undergone conservative
TMD treatment such as an occlusal splint or physiotherapy but without complete relief
of symptoms. Exclusion criteria for the study were the following: previous injections of
BoNT-A for the treatment of TMD, arthrosis, arthritis, neuromuscular pathologies, major
psychiatric disorders, pregnancy, and lactation. After the end of the study, the patient’s
treatment was continued in accordance with Finnish Current Care Guidelines for TMD [34].

5.2. Experimental Protocol

This study was conducted as a crossover trial. Participants were randomly divided into
two groups following simple randomization procedures: one which received BoNT-A first
(the BS group) and the other which received saline first (the SB group). The second injection
was performed after the washout period of 4 months (Figure 1). The patients were told they
would receive both saline and BoNT-A once, but the order of the injections was unknown
to them and the examiners. A random number table was used to allocate the participants.
Randomization was performed by an investigator with no clinical involvement in the trial.
Insulin syringes were filled either with BoNT-A dissolved in saline or saline only. The
examiners received filled syringes marked with the code only. All syringes were similar in
appearance. The codes of the substance injected were decoded and the data collected was
analyzed using the patient’s ID once the clinical part of the research was over.

Three examiners enrolled the participants and assigned them to interventions. The
same examiners conducted the clinical part of the study including injections, patient
examination, and measurements. The examiners were taught the injection techniques
by a maxillofacial surgeon experienced in injections. In accordance with the DC/TMD
guidelines, the competence of the examiners is level two, which includes a two-day course
on the use of the DC/TMD examination protocol. They were also instructed in using
the EMG and bite force measurement devices by a person who used them in previous
research [35,36].

The study lasted for 8 months for each subject and included seven follow-up visits.
There were 28 patients in the BS group and 29 in the SB group (Figure 1). Follow-ups
were performed at 2, 11, and 16 weeks after the first injection and the second injection,
respectively (i.e., 18, 27, and 32 weeks after the first injection). EMG activity and bite force
measurements were evaluated at baseline and each follow-up.
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5.3. Injections

The injections were performed according to the techniques reported in previous re-
search [13,37]. Each patient received a once-off treatment of 50 units of BoNT-A (Xeomin®,
supplied by Merz Pharmaceuticals GmbH, Frankfurt, Germany). The powder was dis-
solved in 1.5 mL of sterile saline water. In total, 2/3 of the dose was injected into the
bilateral masseter muscle (16.7 units each) and 1/3 into the bilateral temporalis muscle
(8.3 units each). Three injections located 1–1.5 cm apart were applied along the inferior bor-
der of the masseter, and two injections located 2 cm apart were applied along the anterior
part of the temporalis. In the placebo group, 1.5 mL of saline was injected.

5.4. Treatment Outcomes

EMG and bite force measurements were performed with equipment that demonstrated
reliability and repeatability in previous studies [35–37]. The examination was conducted in
the same space and under the same conditions. Patients were in a sitting position, with the
head supported and the Frankfort level parallel to the floor. On the intervention days, the
measurements had been performed before the injections.

EMG parameters were assessed using a portable EMG device (ME 6000 recorder, Mega
Electronics, Kuopio, Finland). The surface electrodes were positioned according to the
anatomical landmarks on the masseter muscles. Inter-electrode distance recommendations
of 30 mm were observed. The ground electrodes were placed on the chin. All electrode
sites were cleaned by swabbing with 96% alcohol. For the analysis, the averaged EMG
spectrum area data values calculated from a 2 s period were used.

Bite force was recorded with a device based on a quartz force transducer as a sensor.
The sensor was built inside the 10 mm thick steel housing which was inserted along the
dental arch so that the sensor was in the first molar region on the right site. To protect the
teeth, the housing was covered with 2-mm-thick rubber plates on both sites. The maximal
bite force value (N) could be seen on the screen of the bite force recorder.

Bilateral masseter muscle EMG activities and bite force were assessed in two serial
recordings. A series of recordings consisted of a 30 s long exercise so that once every
10 s the patient should bite hard for 5 s following a 5 s relaxation. The total time of the
recordings was 60 s with a few minutes break between the series. The patient was able to
view the timing of the task on a computer screen. The EMGrest value used in the analysis
was picked from the beginning of the recording. The EMGmax value used in the analysis
was picked from the middle of the first series. The average of three maximal bite force
measurements during a 60 s recording was calculated and used in the analysis.

5.5. Statistical Analysis

Parameters for power sample size estimation were determined by the authors as
follows: test power 0.90 with a 0.05 significance level and effect size of 0.4. Considering
these parameters, the appropriate sample size would have been 15 subjects. Other analyses
of the research material and 50% dropout risk were also taken into account. Under these
circumstances, the authors decided to recruit 120 subjects for the study in the first place.
In the data used in this study, the observed test power was 1.0 with a significance level of
<0.001 and an effect size of 0.51.

Mean values of EMG and bite force were calculated for each follow-up time.
p-values were calculated for dependent mean variables using the Wilcoxon signed-rank
test. Analyses were performed using SPSS version 28.0 (SPSS Inc., Chicago, IL, USA) and
Office 365 Excel software 2108 (Microsoft Inc., Redmond, WA, USA).
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Abstract: This study assessed the effects of botulinum toxin type A (BoNT-A) in mandibular range
of motion and muscle tenderness to palpation in persistent myofascial pain (MFP) patients (ReBEC
RBR-2d4vvv). Eighty consecutive female subjects with persistent MFP, were randomly divided
into four groups (n = 20): three BoNT-A groups with different doses and a saline solution group
(placebo control group). Treatments were injected bilaterally in the masseter and anterior temporalis
muscle in a single session. Clinical measurements of mandibular movements included: pain-free
opening, maximum unassisted and assisted opening, and right and left lateral excursions. Palpation
tests were performed bilaterally in the masseter and temporalis muscle. Follow-up occurred 28
and 180 days after treatment. For the statistical analysis the Mann–Whitney U-test with Bonferroni
correction was used for groups comparisons. Regardless of dose, all parameters of mandibular
range of motion significantly improved after 180 days in all BoNT-A groups, compared with the
control group. Palpation pain over the masseter and temporalis muscles were significantly reduced
in all BoNT-A groups regardless of dose, compared with the control group, after 28 and 180 days
of treatment. Independent of doses, BoNT-A improved mandibular range of motion and muscle
tenderness to palpation in persistent MFP patients.

Keywords: botulinum toxin type A; myofascial pain; temporomandibular disorders

Key Contribution: Botulinum toxin could be a therapeutic option for patients that do not get
substantial relieve from common-conservative treatments. Its beneficial effects on muscle pain and
mandibular movements are not doses dependent.

1. Introduction

Temporomandibular disorders (TMDs) are a heterogeneous group of conditions that
affect the masticatory muscles, temporomandibular joint, and associated structures [1].
Myofascial pain (MFP) is one of the most observed TMDs diagnoses, affecting 38% to 75%
of the Caucasian population and around 30% of the Asiatic population, and represents 45%
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of subject with TMD [2]. This condition is defined as a regional muscle pain associated with
tenderness to palpation [3] and is most prevalent in young and middle-aged adults (mean
age of 30–40 years) and with a higher prevalence in females [2]. The clinical presentation of
MFP includes pain referral, tenderness, or pain at the site of palpation, and restriction in
the range of motion.

The Research Diagnostic Criteria for TMD (RDC/TMD) [3] and its updated version
the Diagnostic Criteria for TMD (DC/TMD) [4] are the most used instruments for TMD
diagnoses. They are constituted by a dual-axis system: Axis I, based on the medical history
of clinical conditions and Axis II which focuses on pain related disability and psychosocial
status assessment [5]. The Axis I protocol is a standardized series of diagnostic tests based
on clinical signs and symptoms relying on the outcomes of palpation tests and mandibular
range of motion as important findings for diagnostic purposes [3]. Therefore, using the Axis
I clinical parameters to assess the outcomes of an MFP treatment in muscle sensitivity and
mandibular movements is extremely important in clinical practice and brings reliable data.

Considering the favorable course of TMDs including MFP [6], conservative and re-
versible treatments (e.g., occlusal splints, behavioral therapies, needling techniques, laser
therapy, pharmacotherapy, and physiotherapy) are preferable to more aggressive and ir-
reversible approaches in the initial treatment of MFP since they are effective in reducing
painful symptoms [7–10]. Notwithstanding, the complex etiopathogenesis of MFP [11]
make that the use of these conventional and minimally invasive therapies as first line treat-
ment is not enough in some cases [12]. Then, new treatment approaches such as botulinum
toxin type A (BoNT-A) are proposed with a promising potential to diminish pain [13]. In
addition, since the US-FDA approved BoNT-A as a treatment for many muscle and pain
disorders [14], animal studies have showed that BoNT-A have analgesic effects and inhibits
nociceptive mediators release (peripherally and centrally), a mechanism separate of its
neuromotor effect.

According to the American Academy of Neurology, BoNT-A is classified as a level
B treatment (possibly effective) for MFP [15]. However, literature is still not clear about
the efficacy of BoNT-A in the improvement of MFP, since well-designed clinical trials
presented opposite results when compared BoNT-A with a placebo, and not demonstrated
the superiority of BoNT-A over classic treatments like oral appliances [16]. Flaws like
the lack of standardized protocols of application and a proper methodological design,
contribute to this lack of consensus [16]. Additionally, even though BoNT-A treatment
is considered generally safe, a recent systematic review concluded that BoNTA injection
could results in mandibular bony change, which may hinder BoNT-A benefits [17].

Based on the conflicting results available on the use of BoNT-A for MFP, it is im-portant
to assess treatment effect on other parameters besides pain intensity in patients with MFP.
Especially since this toxin may have a use as an alternative in cases where the conventional
treatments fail. Thus, the aim of this randomized, placebo controlled clinical trial was to
demonstrate the efficacy of BoNT-A in the improvement of mandibular range of motion
and muscle sensibility to palpation in persistent MFP patients.

2. Results

2.1. Subjects

Eighty consecutive female subjects, who were diagnosed with MFP, according to
the Brazilian Portuguese version of the RDC/TMD [3] at the TMD Clinic of Piracicaba
Dental School, University of Campinas, São Paulo, Brazil, were included. Subjects were
assessed by two calibrated researchers not involved in any other process of the study
(kappa coefficient = 0.80 for RDC/TMD inter-examiner assessment).

2.2. Mandibular Motion

Considering the pain-free mouth opening, there was no difference between groups
at baseline and at the 28 days follow-up (p > 0.05), and no changes within groups during
the first month (p > 0.05) of follow-up (Table 1). However, at the 180-day evaluation, all

45



Toxins 2022, 14, 441

BoNT-A groups showed a significant improvement compared with the other evaluation
periods (p < 0.05). In contrast, a decrease in pain-free mouth opening was found in the SS
group. In the between group comparisons, all BoNT-A groups presented a greater increase
(p < 0.05) in pain-free mouth opening compared with the control group at the 180-day
evaluation (Table 1).

Table 1. Mean and standard deviation of pain-free opening (mm) in different evaluation periods.

Time

Baseline 28 Days 180 Days

Groups Mean SD Mean SD Mean SD

BoNTA-L 31.9 aB 8.7 33.6 aB 8.8 38.3 aA 7.5
BoNTA-M 32.4 aB 9.4 35.0 aB 7.7 40.7 aA 7.6
BoNTA-H 32.6 aB 8.9 35.0 aB 9.2 39.0 aA 8.1

SS 36.2 aB 6.1 37.6 aB 6.6 34.0 bA 9.0
Different letters (lowercase in vertical) represent significant difference (p ≤ 0.05) among groups. Different letters
(uppercase in horizontal) represent significant difference (p ≤ 0.05) among evaluation periods. BoNTA: botulinum
toxin type A; L: low; M: median; H: high; SS: saline solution; SD: standard deviation.

The same pattern was observed for maximum unassisted and assisted mouth opening
(Table 2). A significant improvement was found at the 180-day follow-up only in the
BoNT-A groups. Moreover, the groups showed higher unassisted and assisted mouth
opening in the BoNT-A groups compared with SS (p < 0.05) at the last follow-up (Table 2).

Table 2. Median, minimum, and maximum values for maximum unassisted and assisted opening in
different evaluation periods.

Time

Baseline 28 Days 180 Days

Groups Median Mn Mx Median Mn Mx Median Mn Mx

U
na

ss
is

te
d BoNTA-L 41.0 aB 28.0 59.0 42.0 aB 29.0 58.0 44.5 aA 31.0 60.0

BoNTA-M 43.0 aB 29.0 54.0 43.5 aB 30.0 52.0 45.0 aA 35.0 60.0
BoNTA-H 41.0 aB 26.0 50.0 43.0 aB 25.0 52.0 46.0 aA 23.0 55.0

SS 41.5 aB 35.0 55.0 42.0 aB 50.0 50.0 39.0 bB 20.0 45.0

A
ss

is
te

d BoNTA-L 43.0 aB 30.0 60.0 43.0 aB 31.0 58.0 47.0 aA 33.0 62.0
BoNTA-M 47.0 aB 30.0 57.0 45.5 aB 31.0 55.0 48.5 aA 35.0 61.0
BoNTA-H 44.0 aB 30.0 55.0 47.0 aB 30.0 53.0 50.0 aA 31.0 57.0

SS 42.5 aB 33.0 56.0 43.5 aB 34.0 51.0 41.5 bB 22.0 47.0

Different letters (lowercase in vertical) represent significant difference (p ≤ 0.05) among groups. Different letters
(uppercase in horizontal) represent significant difference (p ≤ 0.05) among evaluation periods. BoNTA: botulinum
toxin type A; L: low; M: median; H: high; SS: Saline Solution. Mn: minimum; Mx: maximum.

Regarding right and left lateral movements, no significant differences were found
in the group comparisons at baseline and after 28 days of treatment (p < 0.05). However,
in the 180-day evaluation the BoNT-A groups showed a significant increase in all lateral
movements (p < 0.05) without significant differences among them. In contrast, no significant
differences were found in the SS group in any period of evaluation. Furthermore, BoNT-A
groups showed higher values at the 180-day follow-up (p < 0.05) compared with the SS
group (Table 3).

2.3. Muscle Pain

Considering the mean of pain on palpation in masseter and temporalis muscles of both
sides (Tables 4 and 5), the BoNT-A groups reported significantly reduced pain sensbility
to palpation at the 28-day follow-up (p < 0.05). This significant improvement remained
until the 180-day evaluation (p < 0.05), but without differences between BoNT-A groups
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(p > 0.05). The SS group showed no significant differences in any period of assessment
(p > 0.05). Comparisons between BoNT-A and SS showed lower values for BoNT-A groups
at the 28- and 180-day follow-ups (p < 0.05).

Table 3. Median, minimum, and maximum values for right and left lateral movements in different
evaluation periods.

Time

Baseline 28 Days 180 Days

Groups Median Mn Mx Median Mn Mx Median Mn Mx

R
ig

ht

BoNTA-L 9.5 aA 2.0 15.0 9.0 aA 3.0 12.0 11.0 aB 6.0 13.0
BoNTA-M 9.0 aA 5.0 12.0 9.0 aA 6.0 14.0 10.0 aB 7.0 13.0
BoNTA-H 8.5 aA 4.0 14.0 9.5 aA 4.0 14.0 10.5 aB 5.0 15.0

SS 8.0 aA 3.0 11.0 8.5 aA 5.0 14.0 9.0 bA 5.0 12.0

Le
ft

BoNTA-L 8.0 aA 0.0 13.0 9.0 aA 4.0 13.0 9.5 aB 4.0 14.0
BoNTA-M 8.0 aA 2.0 12.0 9.0 aA 6.0 15.0 10.0 aB 8.0 15.0
BoNTA-H 9.5 aA 4.0 12.0 9.5 aA 4.0 15.0 10.0 aB 6.0 15.0

SS 8.0 aA 3.0 13.0 8.5 aA 5.0 15.0 8.5 bA 5.0 15.0

Different letters (lowercase in vertical) represent significant difference (p ≤ 0.05) among groups. Different letters
(uppercase in horizontal) represent significant difference (p ≤ 0.05) among evaluation periods. BoNTA: botulinum
toxin type A; L: low; M: median; H: high; SS: Saline Solution. Mn: minimum; Mx: maximum.

Table 4. Median, minimum, and maximum values for right and left masseter muscle in different
evaluation periods.

Time

Baseline 28 Days 180 Days

Groups Median Mn Mx Median Mn Mx Median Mn Mx

R
ig

ht

BoNTA-L 2.0 aA 0.0 3.0 1.0 bB 0.0 12.0 0.5 bB 0.0 2.0
BoNTA-M 1.0 aA 0.0 3.0 0.0 bB 0.0 14.0 0.0 bB 0.0 3.0
BoNTA-H 2.0 aA 0.0 3.0 0.5 bB 0.0 14.0 0.0 bB 0.0 3.0

SS 2.0 aA 1.0 3.0 2.0 aA 0.0 14.0 2.0 aA 0.0 3.0

Le
ft

BoNTA-L 1.5 aA 0.0 3.0 0.0 bB 0.0 2.0 0.5 bB 0.0 3.0
BoNTA-M 1.0 aA 0.0 3.0 0.0 bB 0.0 3.0 0.0 bB 0.0 3.0
BoNTA-H 2.0 aA 0.0 3.0 0.0 bB 0.0 3.0 0.0 bB 0.0 2.0

SS 1.0 aA 0.0 3.0 2.0 aA 0.0 3.0 2.0 aA 0.0 3.0

Different letters (lowercase in vertical) represent significant difference (p ≤ 0.05) among groups. Different letters
(uppercase in horizontal) represent significant difference (p ≤ 0.05) evaluation periods. BoNTA: botulinum toxin
type A; L: low; M: median; H: high; SS: Saline Solution. Mn: minimum; Mx: maximum.

Table 5. Median, minimum, and maximum values for right and left temporal muscle in different
evaluation periods.

Time

Baseline 28 Days 180 Days

Groups Median Mn Mx Median Mn Mx Median Mn Mx

R
ig

ht

BoNTA-L 2.5 aA 0.0 3.0 1.0 bB 0.0 2.0 0.0 aB 0.0 2.0
BoNTA-M 2.0 aA 0.0 3.0 1.0 bB 0.0 2.0 0.0 aB 0.0 2.0
BoNTA-H 2.0 aA 0.0 3.0 0.0 bB 0.0 3.0 0.5 aB 0.0 2.0

SS 2.0 aA 0.0 3.0 2.0 aA 0.0 3.0 2.0 bA 0.0 3.0

Le
ft

BoNTA-L 2.0 aA 0.0 3.0 1.0 bB 0.0 3.0 0.5 aB 0.0 2.0
BoNTA-M 1.5 aA 0.0 3.0 0.0 bB 0.0 3.0 0.0 aB 0.0 2.0
BoNTA-H 2.0 aA 0.0 3.0 0.5 bB 0.0 3.0 0.0 aB 0.0 2.0

SS 1.5 aA 0.0 3.0 1.0 bA 0.0 3.0 1.5 bA 0.0 3.0

Different letters (lowercase in vertical) represent significant difference (p ≤ 0.05) among groups. Different letters
(uppercase in horizontal) represent significant difference (p ≤ 0.05) evaluation periods. BoNTA: botulinum toxin
type A; L: low; M: median; H: high; SS: Saline Solution. Mn: minimum; Mx: maximum.

3. Discussion

To the best of our knowledge, this is the first randomized, placebo-controlled clinical
trial to demonstrate that independent of dosage, BoNT-A improves mandibular range of
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motion (pain-free opening of the mouth, maximum unassisted and assisted mouth opening,
and right and left lateral mandibular movements) and muscle sensibility to palpation
(in masseter and temporal muscles bilateral) in persistent MFP patients compared with
a placebo.

Restriction in mandibular range of motion is one of the most common clinical presen-
tations of MFP and usually it is used as a parameter to assess treatment efficacy. One of the
most relevant results from the present study was the improvement of mandibular range
of motion in persistent MFP patients treated with BoNT-A (Tables 1–3). After 180 days of
treatment, all BoNT-A groups showed a significant increase in pain-free mouth opening,
maximum unassisted and assisted mouth opening, and right and left lateral mandibular
movements. These results corroborate available literature that also presented a gain of
mandibular range of motion in MFP patients when treated with BoNT-A (100 to 150 U,
distributed among masseter, temporal, and medial pterygoid muscle bilateral) compared
with injections of saline solution and lidocaine [8,18]. However, since other studies such as
the one performed by Ernberg et al., 2011 [19] reported no significant changes for these pa-
rameters, no definitive conclusions can be made as to whether BoNT-A injections improve
mandibular range of motion. It is interesting to note that in the present study, the increase
in mandibular range of motion was not influenced by the BoNT-A doses; all groups treated
with BoNT-A had a greater increase compared with the control group. In fact, patients in
the control group, after 180 days of follow-up, showed decreased values of pain-free mouth
opening as well as unassisted and assisted mouth opening, demonstrating that SS was not
effective in ameliorating these parameters.

In the research field and in every day clinical practice it is more and more evident
that BoNT-A has an antinociceptive effect in muscle conditions [13,14,16]. Considering
the results of our study regarding pain sensibility on palpation in masseter and tempo-
ralis muscles, BoNT-A groups showed significantly reduced pain sensitivity to palpation
28 days after treatment and this improvement remained for 180 days after treatment. The
improvement in this pain parameter is in accordance with other studies where patients with
persistent MFP treated with BoNT-A, presented a significant reduction in different pain
measurements including the pain pressure threshold of the masticatory muscles [20–23].
Moreover, the fact that in our study, the positive effects of a single injection of BoNT-A in
the assessed variables lasted for 6 months, can clinically explain that the antinociceptive
effect of BoNT-A is independent of muscle paralysis which last for 3 to 4 months [24].

Taken together, the increased mandibular range of motion and the reduction in muscle
sensibility to palpation found in the present study after the BoNT-A treatment, warrants
some discussion. First, the improvement of all variables related to the mandibular range of
motion was significant only 180 days after treatment, while a significant improvement in
the muscle sensibility to palpation was observed already 28 days after treatment. These
findings are understandable since it is well-known that pain can restrict movements,
whether by kinesiophobia and/or muscle protective contraction [25–28]. Therefore, it is
expected that the mandibular range of motion only improves after a significant reduction of
muscle sensibility. If this study had a monthly follow-up of the variables, this relationship
would be better elucidated. Additionally, this reasoning also serves as an alert for the
importance of pain improvement as soon as possible in cases of MFP in order to obtain
a quicklier improvement in mandibular movements or a reduction in movement pain.
Second, even though in our study BoNT-A was only injected in the masseter and temporalis
muscles, a significant improvement in the assessed mandibular movements in which
other muscles such as medial and lateral pterygoid participate was also achieved. These
results demonstrate that by diminishing muscle pain, BoNT-A can perhaps reestablish the
equilibrium in masticatory musculature function [29,30].

Some animal and clinical studies have demonstrated that BoNT-A injections in mas-
ticatory muscles could produce adverse effects such as: alter masticatory performance,
in-duce muscle atrophy, and diminish mandibular bone volume [31]. In addition, these
ad-verse effects are proportional with the doses and number of applications of BoNT-A [31].
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Interestingly, the positive results found in the BoNT-A groups in our study, were not
ifluenced by the BoNT-A doses, showing that low doses were equally efficient as median
and higher doses in improving mandibular range of motion and muscle palpation pain in
patients with persistent MFP. These results are in line with our previous study comparing
BoNT-A doses [32] in which pain intensity and sensibility (pain pressure threshold) were
improved regardless of dosage. In addition, no adverse effects in muscle and bone tissue
with low doses of BoNT-A were found in that study. Notwithstanding, in our previous
study [32] a single injection of 50U and 70U and 20U and 25U in masseter and anterior
temporalis muscles respectively, produced a reduction in muscles thickness and a de-crease
in mandibular bone volume (coronoid process and mandibular head), showing that adverse
effects are doses dependent [32]. Therefore, it could be proposed that regardless of doses,
BoNT-A also diminish pain and improve mandibular movements [23] with low risks of
developing serious adverse effects when low doses are used.

Nevertheless, caution is suggested when judging the present findings, since this
investigation was performed on a restricted population (persistent MFP) and without
gender comparison. Future studies with larger samples, using even lower doses of BoNT-
A, com-paring its efficacy with other treatments are encouraged. Additionally, due to
BoNT-A potential to develop adverse effects, we recommend indicating this treatment
just in myofascial pain TMD patients who did not obtain a substantial pain relieve with
conservative treatments.

4. Conclusions

In view of the results and limitations of this study, it can be concluded that BoNT-
A, independent of dosage, improves mandibular range of motion (pain-free opening of
the mouth, maximum unassisted and assisted mouth opening, and right and left lateral
mandibular movements) and muscle pain to palpation of the masseter and temporal
muscles in persistent MFP patients compared with SS injections.

5. Methods

The present study was approved by the Research Ethics Committee of Piracicaba
Dental School (CAAE # 22953113.8.0000.5418-Date: 4 February 2014) and the Brazilian
Regis-try of Clinical Trials (ReBEC RBR-2d4vvv). Subjects were recruited at the TMD Clinic
of Piracicaba Dental School, University of Campinas, São Paulo, Brazil, from June 2014 to
May 2017. All subjects provided a written informed consent to participate in this clinical
trial This study was based on a secondary data analysis of our previous publication De la
Tor-re Canales et al., 2020 [29].

5.1. Inclusion Criteria

• Years of age: 18–45;
• A diagnosis of MFP according to the RDC/TMD classification [3]
• No significant pain relief after at least three months of previous treatment;
• A baseline pain intensity of at least 50 on a visual analogue scale (VAS: 0–100);
• Subjects were also included if they presented other non-painful TMD diagnoses

besides MFP.

5.2. Exclusion Criteria

• History of trauma in the face and neck area;
• Dental pain in the last 6 months;
• Systemic diseases (arthritis and arthrosis) and major psychiatric disorders;
• Current use of drugs acting on neuromuscular junctions;
• Contraindication or hypersensitivity to BoNT-A;
• Received anti-tetanus vaccine in the 3 months before the start of the clinical trial.

The sample was randomly divided into four equal groups (n = 20): BoNT-A low
(BoNTA-L/10 U in each temporalis and 30 U in each masseter), BoNT-A medium (BoNTA-M/20 U

49



Toxins 2022, 14, 441

in each temporalis and 50 U in each masseter), BoNT-A high (BoNTA-H/25 U in each
temporalis and 75 U in each masseter), and saline solution 0.9% ((SS) placebo control
group). To blind applications, each muscle received an injection containing 1 mL of the
correspondent reconstituted BoNT-A-L/M/H doses or SS by a clinician not involved in
the reconstitution process. Randomization was performed using a computer software
(Isfahan, Iran https://random-allocation-software.software.informer.com/2.0/ (accessed
on 15 November 2013) operated by a technician not involved in any other procedures in
the study.

5.3. Treatments

A counseling session was performed for all the included subjects at the first appoint-
ment by a single trained researcher. In brief, counseling consisted in educating the subjects
about the anatomic characteristics and physiology of the stomatognathic system and the
etiology, evolution, and prognosis of MFP, teaching self-care strategies for pain and to
control parafunctional habits and giving information about improvement of sleep and the
importance of dietary habits.

BoNT-A (100 U; Botox®, Allergan, Irvine, CA, USA) was reconstituted using non-
preserved sterile saline solution 0.9%. Doses of BoNT-A were based on a previous report [20,29].
Bilateral intramuscular injections were performed in the masseter and anterior temporalis
muscles using a 1-mL syringe with a 30-gauge needle by an investigator who was not
involved in the dilution process. Subjects were asked to first clench their teeth to delimit
the muscle area (masseter and anterior temporalis) and then relax the muscle whereafter a
total of five injections per muscle with a separation of 5 mm between them were applied.
Injections of BoNT-A or SS were performed during a single appointment. Participants and
investigators assessing the outcomes were masked to all treatment assignments.

5.4. RDC/TMD Axis I Assessment

Mandibular movements and muscle sensitivity to palpation were evaluated in accor-
dance with RDC/TMD-Axis I [3]. The RDC/TMD Axis I includes a clinical examination of
range of mandibular movements and pain upon movement, assessment of joint sounds,
and temporomandibular joint and muscle palpation. A diagnosis of MPF is based on
pain-free opening capacity (mm) and number of muscle sites painful to palpation. Par-
ticipants were evaluated while seated in a dental chair, in a room with adequate lighting.
Clinical measurements of the mandibular movements were made by using a digital caliper
rule (Mitutoyo 500- 144B—Suzano, São Paulo, Brazil), and included: pain-free opening,
maximum unassisted and assisted opening, and right and left lateral movements. Palpa-
tion tests were performed bilaterally to six different areas of the face and head (origin,
body, and insertion of masseter muscle and posterior, middle, and anterior temporalis
muscle; the arithmetic mean of the three evaluation points in each muscle was considered
for statistical analysis). Subjects’ pain while palpation was recorded on a 4-point ordinal
scale: 0 = no pain, 1 = mild pain, 2 = moderate pain, and 3 = severe pain.

5.5. Data Evaluation and Statistical Analyses

Data from mandibular movements and muscle tenderness to palpation were assessed
at three time points: before, and 28 as well as 180 days after treatment. All variables’
results were expressed as median, minimum, maximum, and means ± standard deviation
(SD) and were assessed for normal distribution with the Shapiro–Wilk test. There was
no normal distribution. Then, for non-parametric multiple comparison between groups
Mann–Whitney U-test with Bonferroni correction was used. All data were analyzed using
SPSS Statistics 25.0 software (IBM®, New York, NY, USA). A 5% probability level was
considered significant in all tests.
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Abstract: Botulinum toxin (BoNT) is an anaerobic rod-shaped-neurotoxin produced by Clostridium
botulinum, that has both therapeutic and lethal applications. BoNT injection is the most popular
cosmetic procedure worldwide with various applications. Patients with dynamic wrinkles in areas
such as the glabella, forehead, peri-orbital lines, nasal rhytides, and perioral rhytides are indicated.
Excessive contraction of muscles or hyperactivity of specific muscles such as bulky masseters, cobble
stone chins, gummy smiles, asymmetric smiles, and depressed mouth corners can achieve esthetic
results by targeting the precise muscles. Patients with hypertrophic submandibular glands and
parotid glands can also benefit esthetically. There are several FDA-approved BoNTs (obabotuli-
numtoxinA, abobotulinumtoxinA, incobotulinumtoxinA, letibotulinumtoxinA, prabotulinumtox-inA,
daxibotulinumtoxinA, rimbotulinumtoxinB) and novel BoNTs on the market. This paper is a narrative
review of the consensus statements of expert practitioners and various literature on the injection
points and techniques, highlighting both the Asian and Caucasian population separately. This paper
can serve as a practical illustrative guide and reference for optimal, safe injection areas and effective
doses for application of BoNT in the face and oral and maxillofacial area. The history of BoNT
indications, contraindications, and complications, and the merits of ultrasonography (US)-assisted
injections are also discussed.

Keywords: botulinum toxin; Botox; cosmetic treatment; esthetic treatment; maxillofacial; dentist;
injection; BoNT; non-invasive; face; wrinkles; aging; beauty; facial anatomy; toxin; rhytides

Key Contribution: This review focuses on esthetic procedures that both dentists and physicians can
perform in the oral and maxillofacial areas. The injection amount of BoNT, depth, and points of
forehead rhytides, glabella, crow’s feet, infraorbital rhytides, bunny lines, perioral rhytides, bulky
jaw, marionette lines, cobblestone chin, and gummy smile are discussed and animated in details
based on expert panel opinion summaries.

1. Introduction

Facial beauty, though slightly different in each ethnicity, tends to have a universal rule.
A balanced, symmetrical, oval face with harmonious features is perceived as attractive
and youthful [1–3]. Esthetic concerns are different by age groups with younger groups
focusing more on a smooth contour and volume reduction, while older groups focus on
wrinkles and improving volume loss [3]. Facial expression muscles are different from
other muscular parts of the body because they have soft tissue attachments to the skin
through the superficial musculoaponeurotic system, rather than to the bone [4]. Since
contracting superficial skin moves in coordination with the underlying muscles, dynamic
wrinkles perpendicular to the muscles develop [4,5]. These developed dynamic rhytides
lead to atrophy of the dermis and pleating in the skin, which may give an impression of an
angry, sad, or aging face. Botulinum neurotoxin (BoNT) can significantly soften dynamic
wrinkles and even provide a lifting effect [6,7]. BoNT injection is the most popular cosmetic
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procedure worldwide with various applications. It can treat not only facial wrinkles but also
a wide range of dermatologic, ophthalmologic, oral and maxillofacial, neurologic, urologic,
and gynecologic conditions [8–11]. The reversible characteristics and versatile applications
of BoNT make it widely preferable for both cosmetic and therapeutic treatment.

BoNT is a neurotoxin produced by the anaerobic rod-shaped bacterium Clostridium
botulinum, and has both medical and lethal applications [12]. It is the most potent biological
toxin known with an estimated lethal dose at 0.09 to 0.15 μg (IV or IM), 0.70 to 0.90 μg
(inhalation), and 70 μg (PO) [11,13]. C. botulinum produces seven BoNT serotypes (A, B,
C, D, E, F, G) [14,15]. An eighth serotype (X) was identified from C. botulinum strain 111
using bioinformatics techniques [15,16]. The most potent serotype is A, followed by B and
F [17,18]. BoNT serotypes A and B are the only ones that have been manufactured for
clinical use [7]. The effects of BoNT appear after approximately 2–3 days on rhytides and
3 weeks on larger muscles, and last between 3 and 6 months [19–21].

In 1829, a German medical officer and poet named Justinus Kerner (1786–1862) re-
ported lethal food poisoning due to rotten sausages (botulus, Latin for sausage). In 1897,
Emile von Ermengem investigated an outbreak of botulism due to raw ham in Belgium
and found spore-forming anaerobic bacteria, Bacillus botulinum [19]. The outbreak of World
War I and II weaponized BoNT by investigating the effect on muscle contraction [22]. In
1944, Edward Schantz cultured and isolated C. botulinum, and later in 1949, Arnold Burgen
discovered the mechanism of how BoNT works by blocking acetylcholine release from the
neuromuscular junction leading to muscular paralysis [11,23].

The first suggestion of using BoNT for therapeutic use was in 1973. An American
ophthalmologist Alan B. Scott published the results of strabismus treatment using BoNT
on monkeys. In 1977, he became the first person to use BoNT to treat blepharospasm
and strabismus, and later founded the company Oculinum [24]. In 1987, Carruthers and
Carruthers observed that BoNT treatment in patients with blepharospasm enhanced their
glabellar lines and reported its cosmetic effect [25]. Soon after the United States Food and
Drug Administration (FDA) approved BoNT in 1989, Oculinum was bought by Allergan
in 1991, and Botox® was manufactured. After this, the FDA has approved BoNT for
various cosmetic and non-cosmetic applications. Cosmetic applications for glabellar lines
in 2002, severe axillary hyperhidrosis in 2004, migraines in 2010, lateral canthal lines in
2013, forehead lines in 2017 and sialorrhea in 2018 [9,26].The purpose of this review is
to present an overview of BoNT and demonstrate the optimal, safe injection areas and
effective dose for application of BoNT in the oral and maxillofacial area. This practical
guideline depicts the anatomy of the facial muscles relative to the BoNT injection points
and includes a narrative literature review.

2. Materials and Methods

This review explores quantitative data using a systematic search on studies depicting
dose range and injection points from expert consensus opinions. A literature search was
conducted using MEDLINE and PubMed electronic databases for the period from January
2002 to December 2022. Manual study searches were also performed using the reference
list of articles included during the search process.

The inclusion criteria were as follows:

1. Studies in the English language;
2. Include dosage of BoNT and/or number of injection points;
3. Be performed in human adults with no diseases;
4. Given BoNT injection of the face for cosmetic or esthetic purpose;
5. The literature is limited to expert consensus.

Exclusion criteria were as follows:

1. Studies using BoNT for other reasons than cosmetic/aesthetic: i.e., stroke, neurogenic,
bladder management, spasticity, sialorrhea, bruxism, strabismus, myofascial pain,
TMJ, or obesity;
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2. Studies using BoNT for cosmetic/aesthetic reasons in other parts of the body or
other reasons: i.e., skin texture, scar, androgenic alopecia, neck wrinkles, trapezius
hypertrophy, or calf hypertrophy;

3. Studies that investigated only a single muscle.

The search included the following keywords used in different combinations: “botox”,
“botulinum toxin”, “consensus”, “aesthetic”, “cosmetic”, “systematic review”, and “face”.
The term “botox consensus” retrieved 202 studies, “botulinum toxin” AND “consensus”
retrieved 315 studies. The search term “face botulinum toxin consensus” resulted in
56 studies, “esthetic botulinum toxin” AND “consensus” resulted in 54 articles, and “cos-
metic botulinum toxin consensus” resulted in 42 studies. The term “botox systematic
review” retrieved 421 articles.

3. Results

Titles and abstracts were screened, the eligibility criteria were applied, and full text
analysis was performed in relevant publications. Thirty-three full text articles were screened
for eligibility, of which six were excluded because of a lack of BoNT dosages and type of
paper. A total of 27 articles were included in the literature review. The injection dosage and
points proposed in this paper are based on the findings from such various reviews.

The BoNT dose and injection points from the views of expert opinions are summarized
in Tables 1–3. A total of 27 consensus articles were reviewed after retrieving the data
through a systematic search. Of the 27 studies, 4 were specified towards Asians, and
therefore organized into a separate table (Table 3) [27–30]. Of the 23 other studies, those
by Fagien et al. [31] and by Bertossi et al. [32] were each separately updated by the same
group and therefore were excluded from the summary. Carruthers et al. [33] updated their
consensus in 2008 and again in 2013 [34,35]. The initial 2004 consensus was grouped with
the 2008 consensus, but the 2013 consensus was summarized because of slightly different
parameters. Studies by Raspaldo et al. [36] and Gassia et al. [37] were identical to the
2010 consensus from Raspaldo et al. [38,39] and excluded from the summary tables. Most
of the studies used onabotulinumtoxinA units, but three studies using different units of
abobotulinumtoxinA were excluded from the review [40–42]. Three other studies using
different BoNTA were included. Studies by Sundaram et al. [28] and Yutskovskay et al. [43]
used incobotulinumtoxinA, while Ahn et al. [27] utilized Medytox. A total of 16 consensus
papers were summarized in this narrative review (Tables 1–3).

Table 1. Consensus recommendations using Botulinum toxin A for the cosmetic treatment of various
indications in the upper face.

Authors

Indication

Forehead Glabella Crow’s Feet Infraorbital Bunny Lines

Total Dose (U)
IP (n)

Total Dose (U)
IP (n)

Total Dose (U)
IP (n)

Total Dose (U)
IP (n)

Total Dose (U)
IP (n)

Dose per IP (U) Dose per IP (U) Dose per IP (U) Dose per IP (U) Dose per IP (U)

Carruthers et al., 2004, 2008 [33,34] F: 6–15
M: 6–15 4–8 F: 10–30

M: 20–40 5–7 F: 10–30
M: 20–30 2–5/side NR NR 2–5 1/side

Carruthers et al., 2013 [35] 5–15 4–10 F: 10–50
M: 20–60 5–7 10–30 2–5/side NR NR NR NR

Raspaldo et al., 2011 [38,39]
F: 10–20
M: 10–30 3–5

8–25
2–5

6–16/side
3–4/side

2–4
1–2/side

4–8
1/side

1–2 4–5 2–4 0.5–2 2–4

Maas et al., 2012 [44] 11.75
(range: 5–30) 6 20

(range: 12–25) 5 20
(range: 6–30) 3/side 4

(range: 1.5–8) 1/side 6
(range: 2–12) 1/side

Imhof et al., 2013 [45]
F: 8

M: 12 4–6
20

5
4–6

3/side
2

2/side
2

1/side
0.5–2 4 1–3 0.5 1

Lorenc et al., 2013 [46] F: 10–20
M: 20–40 4–6 20

(range: 10–40) 5 8–16/side 4/side 1
(range: 0.5–2.5) 1/side NR NR

Yuskovskaya et al., 2015 [43] 10–20
4–8

20
6

12/side
3/side NR NR

4–8
1/side2–4 2–5 4 2–4

Sundaram et al., 2016 [47,48]
8–25

4–8
12–40

3–7
6–15/side

1–5/side
0.5–2/side

1–3/side
4–8,10

2–32–4 2–4 1–4 0.5–2 2–4

De Maio et al., 2017 [49–51] NR 5–7 NR 5 NR 3/side NR 1/side
4–6

2 or 32

Kaminer et al., 2020 [52] F: 2–20
M: 4–30 2–12 F: 6–35

M: 8–40 3–8 6–20 2–6/side NR NR 2–10 1–2/side

Signorini et al., 2022 [53] 20
5–10

30
5–7

18
3/side

1–2
1/side

4–6
1/side2–4 6 6 0.5–1 2–3

U, unit; IP, injection point; n, number; F, female; M, male; NR, not reported; Up, upper lip; L, lower lip.
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Table 2. Consensus recommendations for patients using BoNT for the cosmetic treatment of various
indications in the lower face.

Authors

Indication

Perioral Gummy Smile Masseter Hypertrophy
Parotid Gland
Hypertrophy

DAO Cobble Stone Chin

Total Dose (U)
IP (n)

Total Dose (U)
IP (n)

Total Dose (U)
IP (n)

Total Dose (U)
IP (n)

Total Dose (U)
IP (n)

Total Dose (U)
IP (n)

Dose per IP (U) Dose per IP (U) Dose per IP (U) Dose per IP (U) Dose per IP (U) Dose per IP (U)

Carruthers et al., 2004,
2008 [33,34] 4–5 2–6 2–4 1/side 25–30/side NR NR NR 2–5 1/side 4–5 1–2

Carruthers et al.,
2013 [35] 4–6 2–6 NR NR NR NR NR NR

1–15
1/side 4–10 1–21–7.5

Raspaldo et al.,
2011 [38,39]

Up: 2–5
L: 2–5 Up: 2–4

L: 2–4
3–5/side

1/side
18–30/side 1–

5/side NR NR
2–5/side 1–

2/side
6–10

2
~1 1–2 6 1–2.5 3–5

Maas et al., 2012 [44] 5
(range: 2–12)

Up: 4
L: 2

5
(range: 2–10) 1/side 32.5

(range: 20–60) 3/side NR NR 6 (range: 2–10) 1/side 5 (range: 3–10) 2–3

Imhof et al., 2013 [45] 4 Up: 4
L: 2

NR NR
4–6

2 or 3 NR NR 1–3 1/side 6 (range: 2–8) 22

Lorenc et al., 2013 [46]
5

2 NR NR NR NR NR NR
5

1/side 4–5 22.5 2.5
Yuskovskaya et al.,

2015 [43]
Up: 4–6 Up: 4 NR NR

50
3/side NR NR

6
1/side

6
21–1.5 2 3 3

Sundaram et al.,
2016 [47,48]

1–5
2–5

1–4, 8
1–2/side

15–40 1–
5/side NR NR

2–4/side 1–
2/side

4–10
1–40.5–1 0.5–2 5–15 2 2–3

De Maio et al.,
2017 [49–51]

Up: 2–4
L: 2 U: 2–4

L: 2
6–10

3–5
6–24/side

3/side NR NR
4–8

1/side
4–8

1- 3
1 2 4–8 2–4 2.5

Kaminer et al., 2020 [52] 2–10 2–8 NR NR 5–35 2–
6/side NR NR 2–6 1–

2/side 2–10 1–4

Signorini et al., 2022 [53]
1–4 Up: 2–4 6–10

3
25–50/side 3–

5/side NR NR
4–8

1/side
8–10

1–20.5–1 2 5–10 or 7–22 2–4 4–10

U, unit; IP, injection point; n, number; F, female; M, male; NR, not reported; Up, upper lip; L, lower lip.

Table 3. Consensus recommendations for Asian patients using BoNT for the cosmetic treatment of
various indications.

Indication

Authors

Ahn et al., 2013 [27] Wu et al., 2016 [30] Sundaram et al., 2016 [28] Kapoor et al., 2017 [29]

Total Dose
(U)

Dose per IP
(U)

IP (n)
Total Dose

(U)
Dose per IP

(U)
IP (n)

Total Dose
(U)

Dose per IP
(U)

IP (n)
Total Dose

(U)
Dose per IP

(U)
IP (n)

Forehead
rhytides 6–13.5 1–1.5 6–9 5–12 1–4 NR

12–14
(range:
2–32)

0.1–5 12 F: 6–8
M: 10–12 NR 4–6

Glabella 8 4 3 12–20 NR 3–10
10–20

(range:
6–25)

2–4 3–5 16–20 NR 5–7

Crow’s feet 14 2–3 3/side 6–12/side 1–4 NR 6–9 (range:
4–16)/side 2–4 3–4/side 8–12/side NR 3–4/side

Infraorbital rhytides 1–2 0.5 2–4 4–6 NR NR 1–2 0.5–1 2–3/side n/a NR NR
Bunny lines 6 2 3 4–6 NR NR 3–4 0.5–5 2 2–4/side 1–2 2

Perioral rhytides 0.8–1.2 0.2–0.3 4 2–8 NR NR 2–3
(range: 1–8) 0.5–1 2–6 2–4 NR Up: 4

L: 2
Gummy smile 4–6 2–3 1/side 2–12 NR NR 2–4 1–2 2 2–3/side NR 2

Bulky jaw 24–30/side 8–10 3/side 40–80 NR NR 20–40 4–6 3–5/side 15–30/side NR 3/side
Parotid gland
hypertrophy NR NR NR NR NR NR 20–40/side 4–6 4–6 NR NR NR

DAO 6–10 3–5 1/side 4–6 NR NR 2–4/side 2–4 1/side 2–3/side NR 1/side

Cobblestone chin mild: 5
severe: 10 5 mild: 1

severe: 2 4–8 NR NR
8

(range:
2–16)

2–4 1–2/side 6–8 NR 1–2

U, unit; IP, injection points; n, number; F, female; M, male; NR, not reported; Up, upper lip; L, lower lip.

3.1. Cosmetic Indications and Contraindications

Elucidating the cosmetic indications and contraindications of BoNT is crucial to max-
imize patient satisfaction and minimize complications. Patients with dynamic wrinkles,
which are formed during facial expression are indicated [4]. Areas with dynamic motion
such as the glabella, forehead, peri-orbital lines, nasal rhytides, and perioral rhytides are
common injection areas [7,54,55]. Patients with static wrinkles that are present at rest can
also be candidates. However, the results are less dramatic and additional treatment sessions
or additional esthetic procedures, such as fillers, may be required to achieve ideal outcomes.
Excessive contraction of muscles or hyperactivity of specific muscles can also cause non-
cosmetic appearances. Patients with bulky masseters, cobble stone chins, gummy smiles,
asymmetric smiles, depressed mouth corners, brow ptosis, flaring nostrils, depressed nasal
tips, temporal hypertrophy, and trapezius hypertrophy can achieve esthetic results by
targeting the precise muscles [7,22]. Patients with hypertrophic submandibular glands and
parotid glands can also benefit esthetically in select cases [56].

Contraindications include immunocompromised patients with neuromuscular disor-
ders, such as myasthenia gravis and Lambert–Eaton syndrome; neurodegenerative diseases
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such as amyotrophic lateral sclerosis; and pregnancy and breast-feeding [4,19]. BoNT is
also contraindicated in patients with unrealistic expectations, body dysmorphic syndrome,
keloidal scarring, active dermatoses or infection in the treatment area, motor weakness in
the treatment area (Bell’s palsy), and allergic reactions to BoNT constituents (cow’s milk
protein allergy using abobotulinumtoxinA) [57]. Theoretical drug interactions between
BoNT and aminoglycoside antibiotics, quinidine, calcium channel blocker, magnesium
sulfate, succihylcholine, and polymyxin exist [22,58,59].

3.2. Cosmetically Used Botulinum Toxin Products

Currently, there are several popular FDA-approved (six BoNTA, one BoNTB) and non-
approved toxin products on the market (Table 4) [8,12,60,61]. BoNTs vary in composition,
complex size, molecular and chemical properties, supply form, and immunogenicity. Pure
BoNT is manufactured as 150 kDa proteins that bind in different quantities to neurotoxin-
associated complexing proteins (NAPs) to form high-molecular-weight progenitor com-
plexes [8,62]. Commercial BoNT products have different complements of NAPs, which lead
to the formation of various molecular weights and three-dimensional structures [62]. Ex-
cipients are added to ensure long-term storage and minimize inactive neurotoxins because
they might not interact with nerve cells but are recognized by the immune system [63].

Table 4. Summary of cosmetically used BoNT. The active substances, excipients, and stabilization
form per vial, and the commercial brand names are shown.

US FDA-Approved
Generic Name

Active
Substance

Excipient
Unit/
Vial

Stabilization
(form)

Commercial
Products

OnabotulinumtoxinA Complex
(900 kDa)

HSA 0.5 mg,
NaCl 0.9 mg 100 Vacuum-dried (P)

Botox®,
Botox Cosmetic®,

Vistabel®, Vistabex®

AbobotulinumtoxinA Complex
(500–900 kDa)

HSA 0.125 mg,
Lactose 2.5 mg 500 Lyophilized (P)

Dysport®,
Reloxin®,

Azzalure®

IncobotulinumtoxinA Complex-free (150 kDa)
HSA 1 mg,

Sucrose 4.7 mg
L-methionine (q.s.)

100 Lyophilized (P) Xeomin®

Bocouture®

LanbotulinumtoxinA Complex
(900 kDa)

Gelatin 5 mg, Dextran 25 mg,
Sucrose 25 mg 100 Lyophilized (P)

BTXA®,
Prosigne®,
Lantox®

LetibotulinumtoxinA Complex HSA 0.5 mgNaCl 0.9 mg 100 Lyophilized (P)
Botulax®,
Regenox®,
Zentox®

PrabotulinumtoxinA Complex
(900 kDa) HSA 0.5 mgNaCl 0.9 mg 100 Vacuum-dried (P) Nabota®, Jeuveau®,

Nuceiva®

N/A Complex
(940 kDa) HSA 0.5 mgNaCl 0.9 mg 100 Lyophilized (P) Meditoxin®,

Neuronox®

N/A Complex
(900 kDa) Gelatin 6 mg, Maltose 12 mg 100 Lyophilized (P) Relatox®

N/A Complex Polysorbate 25 L Innotox®

N/A Complex-free (150 KDa)
Polysorbate 20 (q.s.)

Sucrose 3 mg
NaCl 0.9 mg

100 Lyophilized (P) Coretox®

DaxibotulinumtoxinA Purified toxin
(150 kDa)

Peptide (RTP004)
Polysorbate 20 sugar 100 Lyophilized (P) DAXXIFY®

RimabotulinumtoxinB Complex (700 kDa)
HSA 0.5 mg

NaCl 5.844 mg
Sodium succinate 1.621 mg

5000 L Neurobloc®,
Myobloc®

HSA, Human Serum Albumin; NACL, sodium chloride; P, powder; L, liquid; q.s., quantum sufficit.

3.3. Facial Target Muscles and Injection Doses

Accurately administered injections and detailed knowledge of the anatomy to deter-
mine the correct depth and injection points are important factors for minimizing complica-
tions. The relevant anatomy including the muscles involved and amount of injection, is
shown in Table 5 [20,28,44,55,60]. Thorough comprehension of the facial musculature and
adjacent anatomy is essential before treatment initiation. Diffusion of BoNT differs accord-
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ing to the amount of mixed saline. However, in general, 1–5 mL of saline is mixed with
100 U of BoNTA, which results in diffusion distances 2.5–3 cm in diameter [4,20,64]. Before
injection, good lighting, marking injection points, prefilling syringes with the required
dose, and pre-photography are beneficial.

Table 5. Facial treatment areas in correlation with the target muscles, total amount of botulinum
toxin, and number of injection points.

Facial Treatment
Areas

Target Muscles Total Dose Dose per IP Number of IP

Forehead rhytides Frontalis 6–20 U 0.5–1 U 4–6/row
(2 rows)

Glabella
(Frown lines)

Corrugator supercilia,
Procerus,

Depressor supercilii
12–30 U 2–4 U 3–5

Crow’s feet
(Lateral canthal lines) Lateral orbicularis oculi 4–16 U/side 2–4 U 3–4/side

Infraorbital rhytides Orbicularis oculi 2–4 U 0.5–1 U 2–3/side

Bunny lines
(Nasal rhytides)

Nasalis (transverse)
Levator labii superioris

alaeque nasi
3–4 U 1.5–2 U 2

Perioral rhytides
(lipstick lines, smoker’s lines) Orbicularis oris 2–3 U 0.5 U 4–6

Gummy smile

Levator labii superioris,
Levator labii superioris

alaeque nasi,
Zygomaticus minor

2–6 U 1–2 U 1–2/side

Bulky jaw Masseter 15–30 U/side 5 U 3–5/side
Hypertrophic parotid gland Parotid gland 20–40 U 4–6 U 4–6/side

Drooping oral commissures (frown
lines, DAO) Depressor anguli oris 4–10 U 2–5 U 2

Cobblestone chin Mentalis 8–10 U 2–4 U 2
U, unit; IP, insertion point. Numbers in the table are adapted from consensus literature summarized in Tables 1–3.

3.4. Injection Techniques of BoNT in the Face

BoNT injection depth and amounts differ within each area of the face. Intramuscular
injections act on the neuromuscular end plate, leading to denervation of the muscles and
subsequent relaxation [19]. Injections can be subdermal in areas where the muscles are
very superficial, such as the orbicularis oculi and frontalis muscles. The maximum injection
dosage should be injected into the muscle origin, where action is the strongest. Muscles
with fibers inserted into the skin can be injected intradermally. Moreover, superficial fibers
can be targeted subdermally [4].

3.4.1. Forehead Frontalis

Contraction of the frontalis muscle leads to wrinkles on the forehead. This muscle is
the only elevator muscle of the upper face originating from the galeal aponeurotic and is
inserted into the subcutaneous level and deep dermis of the skin on the superciliary arch.
The forehead has high variability due to the diverse individualized animation patterns
during facial expressions. The key is to leave the forehead with little activity without
leaving a frozen look. Intracutaneous injection of 15–20 U should be targeted at least 1–2 cm
above (higher in aged individuals) the orbital rim to prevent brow ptosis (Figure 1). Lateral
injection points should extend 2 cm laterally from the eyebrow to minimize excessive lifting
of the eyebrow that may lead to a “samurai” or “Spock” look [19,56]. The lateral border of
the frontalis muscle is situated 1 cm lateral to the superior temporal crest, which is on the
same perpendicular plane as the lateral eyebrow tail [65]. When the BoNT injection point
is too medial, diffusion into the lateral portion of the frontalis muscle is difficult and may
cause such a look.
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Figure 1. Frontalis muscles. (A) Injection points (green dot), facial photographs (B) before injection,
(C) after injection. FM, frontalis muscle; OOc, orbicularis oculi; CSM, corrugator supercilia.

3.4.2. Glabella

Wrinkles in this area are formed by continuous action of the procerus and corrugator
supercilii muscles, which are brow depressors. They are formed as a result of frowning and
may exist as static vertical lines if left untreated in the dynamic state. The corrugator super-
cilii originates from the medial supraorbital ridge, thickening and thinning laterally [55].
The muscle lies below the frontalis muscle and injections should be intramuscular and
deep. The procerus muscle originates from the periosteum of the nasal bone and upper
lateral cartilages, and inserts into the glabellar skin and fibers of the frontalis muscle [56].

In total, 12 U to 20 U of BoNT should be injected into 3 to 5 points (Figure 2). Three
injection points are usually required in Asian women. Additionally, five-point injections are
helpful in men or patients with bulkier glabellas [28]. The injection point for the procerus
muscle should be marked at the intersection of the two lines drawn from the medial brow
to the contralateral medial canthus. Injection into the corrugator supercilia is deeper in
the medial part and slightly superficial on the lateral side. To avoid brow ptosis, injections
should not pass through the mid-pupillary line. Injections should be 1 cm superior to the
upper inner boundary of the orbital rim to minimize blepharoptosis. This occurs when toxin
spreads to the levator palpebrae superioris muscle, making apparent disfigurement and
movement of the eyes difficult. The needle should also point upward at a 30◦ angle [56,66].

 

Figure 2. Glabella injection points. FM, frontalis muscle; OOc, orbicularis oculi; CSM, corrugator
supercilia.

3.4.3. Lateral Canthal Lines (Crow’s Feet)

Crow’s feet are caused by contraction of the superficially situated orbicularis oculi
muscle. It is a sphincter muscle encircling the orbit and is divided into three portions:
palpebral, orbital, and lacrimal [33]. The muscle originates from the nasal part of the frontal
bone, the medial palpebral ligament, and the frontal process of the maxilla. The most
peripheral preorbital part causes protrusion of the eyebrow and voluntary eye closure
is the target of BoNT [67]. Wrinkles in this area can be seen starting in patients aged
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approximately 20–25 years old [19]. To minimize complications, 6 U to 12 U of BoNT per
side should be injected intracutaneously, producing a wheal (Figure 3). Three injections
should be targeted 1.5 cm lateral to the lateral canthus or 1 cm outside the bony orbital
wall to reduce the chances of diplopia, ectropion, and drooping of the lower eyelid [33]. To
prevent asymmetrical smiles, injections should not be targeted close to the inferior margin
of the zygoma. This area is susceptible to bruising due to the high vascularity [35,49].

 

Figure 3. Lateral canthal (A) injection points, (B) before injection, (C) after injection. FM, frontalis
muscle; OOc, orbicularis oculi; CSM, corrugator supercilia.

3.4.4. Infraorbital Rhytides

The palpebral part of the lower eyelid closes the eyelid and is subdivided into pre-
septal and pretarsal portions [49]. Subdermal injection of 2 U to 4 U of BoNT should be
administered into the junction of the pretarsal and preseptal portions of the orbicularic
oculi (Figure 4). To possess a “charming roll” in the pretarsal area, which makes the patient
appear youthful, injections should be distanced from the lower ciliary margin [28]. Medial
infraorbital BoNT injection doses should be minimal and injection delicate to prevent
lower eyelid edema [28]. Patients with a positive snap test, lower eyelid puffiness, and
previous lower lid blepharoplasty are not good candidates because scleral show may result
in complications [49].

 

Figure 4. Infraorbital rhytides injection points. OOc, orbicularis oculi; CSM, corrugator supercilia.

3.4.5. Bunny Lines

Bunny lines are created by contraction of the transverse nasalis muscle, which draws
the nose up and medially [50]. Other muscles such as the procerus, levator labii superioris
alaeque nasi (LLSAN), and medial fibers of the orbicularis oculi may also have minor
contributions. Intramuscular BoNT injections of 3 U to 4 U should be performed slightly
lateral to the mid nose bridge (Figure 5). A third medial injection on the bridge of the nose
can be performed in severe cases [50]. Injections that are too lateral or inferior may lead to
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lip drooping if BoNT is diffused into the levator labii superioris (LLS), levator anguli oris,
or LLSAN muscles [67].

 

Figure 5. Bunny lines (A) injection points, (B) before injection, (C) after injection. LLSAN, levator labii
superioris alaeque nasi; LLS, levator labii sup; Zmi, zygomaticus minor; CSM, corrugator supercilia.

3.4.6. Gummy Smile

A symmetrical smile with 1–2 mm gingival exposure is perceived as an esthetic
smile [68,69]. Gummy smile is defined as an excessive gingival display greater than 3 mm
when smiling. Mazzuco and Hexsel [70] further subclassified the gummy smile into four
types: anterior, posterior, mixed, and asymmetric. In moderate gummy smile, the LLSAN
elevates and everts the upper lip, while the depressor septi nasi muscle pulls the nasal tip
down. In severe gummy smile, the LLS and to a lesser extent the zygomaticus minor (ZMi)
also raise the upper lip. A single-point injection of 2 U on each side, 1 cm lateral to the
nostril ala, also known as the Yonsei point, can target these three muscles (Figure 6) [56,71].

 

Figure 6. Gummy smile (A) injection points, (B) before injection, (C) after injection. LLSAN, Levator
labii superioris alaeque nasi; LLS, Levator labii superioris; Zmi: zygomaticus minor; OOr: orbicularis
oris, DAO: depressor anguli oris.

3.4.7. Perioral Rhytides

Dynamic vertical rhytides in this area are due to sphincter action of the orbicular oris
muscle. The orbicularis oris originates from the modiolus, mandible, and the maxilla near
the incisor fossa and inserts into the skin of lips encircling the upper and lower lips [67].
The treatment of vertical perioral wrinkles requires patient to contract the lips. Depending
on anatomy, intracutaneous and intradermal injections can be administered. In total,
2–3 U of BoNT should be injected along the vermilion border (Figure 7). Flattening of the
vermilion border can be a secondary complication due to contraction of the orbicularis oris.
However, this can be easily corrected using dermal fillers. Since functional competency,
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facial asymmetry, lip depression, or lip elevation might occur, low doses of BoNT are
recommended [44].

 

Figure 7. Perioral rhytides injection points. OOR, orbicularis oris; DAO, depressor anguli oris; DLI,
depressor labii inferioris.

3.4.8. Masseter Hypertrophy

The masseter muscle is one of the four masticatory muscles that facilitates chewing
and causes mouth closing. It is a superficial quadrangular muscle that originates from
the zygomatic arch and attaches to the lateral border and the angle of the mandible [56].
Particularly in Asian women, a small oval face with a non-square angle and smooth jaw
contour is perceived as esthetically appealing. Since hypertrophy of the masseter leads
to a broad face, reduction in the muscle using BoNT has become a popular procedure in
Asian countries.

Injections need to be both deep and superficial to effectively reduce the large muscle
because a deep inferior tendon (DIT) can block diffusion into both levels, causing para-
doxical masseteric bulging [65]. Typically, 25 U to 30 U of BoNT can be injected on each
side of the masseter (Figure 8). Injection points can be modified in smaller muscles and
skinnier patients to minimize diffusion of the toxin anteriorly, which may leave a “sunken
cheek” appearance. Injection too anterior or superiorly can also cause “sunken cheek”.
Deeply injecting below a line drawn from the mouth corner to the tragus and at least 1 cm
away from the anterior border of the masseter muscle is advisable [72,73]. Injection into
the masseter can also reduce bruxism, clenching, and myofascial pain symptoms. However
excessive doses of BoNT may temporarily cause difficulty in chewing.

3.4.9. Parotid Gland Hypertrophy

The parotid gland is an inverted-pyramidal-shaped organ that lies on the posterior
border of the mandible angle [56,74]. Due to congenital, iatrogenic, or acquired conditions,
BoNT in the glands plays a role in the esthetically slimming volume of the hypertrophic
glands. BoNT can block not only the acetylcholine from binding in the neuromuscular
junction but also in the salivary gland [28,75]. Initially, BoNT was used to treat sialorrhea.
However, injection to reduce benign hypertrophy of the salivary glands has also been
reported [65]. When the mandibular contour is bulky and extends below the angle, parotid
gland hypertrophy could be suspected. Since the parotid gland lies superficial to the mas-
seter muscle, 20 U to 30 U of BoNT should be injected more superficially than the masseter
(Figure 9) [28]. Since the majority of salivary production comes from the submandibular
gland, high-dose injections simultaneously into both the parotid gland and submandibular
gland in patients may lead to severe dry mouth [56,76,77].
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Figure 8. Masseter (A) injection points, (B) before injection, (C) after injection. Zmi, zygomaticus
minor; ZMj, zygomaticus major; OOr, orbicularis oris; DAO, depressor anguli oris; DLI, depressor
labii inferioris.

 
Figure 9. Parotid gland injection points. Zmi, zygomaticus minor; ZMj, zygomaticus major; DAO,
depressor anguli oris.

3.4.10. Drooping Oral Commissures

The depressor anguli oris (DAO) muscle originates from the oblique line of the
mandible and inserts into the modiolus [4,66]. Excessive contraction of the depressor
anguli oris muscle pulls the mouth corners down creating a drooping and sad impression.
Subdermally or intradermally 4 U to 10 U of BoNT can be injected, 1 cm lateral and lower
to the mouth corner (Figure 10) [51]. In Asian patients, since the modiolus is situated in
a lower position than in Caucasians, injection can be even lower [56]. Injection into the
depressor labii inferior could cause difficulty in sipping water, while imprecise targeting of
the muscles can lead to an asymmetrical smile.
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Figure 10. Depressor anguli oris (DAO) (A) injection points, (B) before injection, (C) after injection.
OOr, orbicularis oris; DAO, depressor anguli oris; DLI, depressor labii inferioris.

3.4.11. Cobble Stone Chin

The mentalis muscle is a lower lip levator, which changes the chin texture when
hyperactivated. This muscle originates from the alveolar bone inferior to the lateral incisor
and attaches medially towards the skin, forming a dome-shaped chin [56]. A pebbled
or dimpled appearance of the chin can be treated with two injections, totaling 10 U into
the mentalis muscle (Figure 11). Injection too superiorly in proximity to the lower lip can
spread BoNT to the orbicularis oris, and too laterally to the DAO. BoNT diffusion into both
muscles may lead to ptosis or asymmetry of the lower lip [51]. It is important to remain at
least 1 cm below the mental sulcus to avoid oral incompetence [55].

 

Figure 11. Mentalis (A) injection points, (B) before injection, (C) after injection. OOr, orbicularis oris;
DAO, depressor anguli oris; DLI, depressor labii inferioris.

3.5. Ultrasonography (US)-Guided Botulinum Toxin Techniques

To maximize accuracy and minimize complications, US-guided treatments have been
actively utilized in minimally invasive esthetic treatments, such as BoNT, fillers, and
threads [65,78,79]. US is useful for distinguishing between anatomical structures such as
vessels, muscle, fat, bone, and glands [66]. Not only can anatomical landmarks be seen in
real time, but also injection needles and cannulas can be visualized during the procedures,
which make outcomes more predictable (Figure 12). Therapy can be reproducible, which
increases the efficacy and safety of esthetic treatments. Rather than injecting blindly into a
muscle or layer, BoNT can accurately target a selected area and thereby treat the asymmetry
in patients with crooked smiles or even deviated lower faces [80,81].
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Figure 12. Ultrasonography imaging with outline of the muscle (yellow dotted line) (A) masseter,
(B) masseter with needle tip (orange arrow).

3.6. Complications

BoNT is generally considered to have a wide safety margin in terms of risk. However,
since its use has become more common, various injection-related adverse effects (AE) have
arisen. Complications are usually technique-dependent, and their incidence decreases
as the injector becomes experienced [57]. Complications are the result of reactions to the
injection itself or due to the spread of BoNT to untargeted areas [57,82]. Injection-related
reactions, such as erythema, edema, and injection pain, are usually mild and temporary
and resolve within days. Bruising and ecchymosis are common but tend to take longer
to resolve. A recent systematic review reported complication rates in the upper face to be
16% [83]. Headaches and migraines were the most frequently reported AE and this may be
related to periosteal trauma or intramuscular hematoma formation during injection [83,84].
Anxiety, vasovagal episodes, paresthesia or dysesthesia, and allergic reactions should
also be closely monitored [4,57]. Undesired effects due to the distant spread of BoNT
include blepharoptosis, eyebrow ptosis, undesired eyebrow shape, unnatural face, eye
opening difficulty, and unsatisfactory results [73,85]. Temporary blepharoptosis is seen
in approximately 1–5% of patients [4]. Nasopharyngitis, sinusitis, blurred vision, upset
stomach, voice changes, restricted mouth opening, muscle atrophy, and stiffness were also
adverse events (AEs) encountered after injection [9,22,84].

The development of neutralizing antibodies is a crucial AE. BoNT may be regarded
as a foreign substance in the body that induces an immune response after repeated treat-
ment [86]. Therefore, to reduce antigen occurrence, a commercial product with a low risk
of antigenicity should be selected, such as that with fewer complex proteins. Another
way to minimize the risk of neutralizing antibody formation is to use the minimum dose
needed for effect, injected at least 3 months apart, and avoid booster injections within one
month [87,88].

4. Discussion

Several expert consensus statements have also been published from various parts of
the world including Europe, Pan-Asia, and the Americas [28,33–35,38,44–53]. The results
are shown in Tables 1–3 and in the supplementary table (Table S1). There are also numer-
ous systematic reviews related to dosing and effective injections of BoNT. A Cochrane
systematic review by Camargo et al. [54] in 2021 looked at 14,919 people (mostly women)
from 65 RCTs to see if BoNTA was safe and effective in facial wrinkles. Different types of
BoNT were compared with a placebo or each other in cases where glabellar lines, crow’s
feet, perioral lines, and forehead lines were treated. The study found that at 4 weeks after
injection, all types of BoNT reduced glabellar lines more than the placebo. Regarding safety,
ptosis was the only major AE reported and it was seen in fewer than 5% of the trials [54].
The dose range according to the facial region and BoNT brand was also investigated. The
dose for glabella lines using onabotulinumtoxinA was 8 U to 80 U, abobotulinumtoxinA
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was 20 U to 75 U, incobotulinumtoxinA was 20 U to 24 U, daxibotulinumtoxinA was 20 U
to 60 U, NewBoNTA (Medytox®, Prostigne®, Neuronox®) was 20 U, LiquidBoNTA was
20 U to 75 U, and prabotulinumtoxinA was 20 U to 60 U [89–91]. The dose for forehead
lines using onabotulinumtoxinA was 10 U to 48 U, and incobotulinumtoxinA was 10 U to
20 U [92,93]. For crow’s feet the dose using onabotulinumtoxinA was 7.5 U to 24 U, abobo-
tulinumtoxinA was 30 U, incobotulinumtoxinA was 7.5 U to 12 U, and Neuronox® was
24 U [90,94]. Perioral lines were treated with 7.5 U to 12 U of onabotulinumtoxinA [95,96].
The distribution of injection points for the glabellar lines were three to seven points. It
was four to eight for the forehead, three points for the crow’s feet, and four points for
the perioral lines. The dose and injection areas seem to differ for all types of BoNTAs for
each area. Some BoNTA types have similar efficacy, but some areas require more Units
for similar effect. Still, the data comparing different types of BoNT are limited, and with
the evolution of newer BoNT brands, further investigation is needed to find the accurate
efficacy and dose.

The injections points vary slightly between culture and ethnicity, and with sex. In
general, men need greater amounts of BoNT injection because they tend to have thicker
skin, more facial movement, and larger and stronger muscles [97]. Injection doses for the
masseter muscle are higher in the Asian population, and this may be due to slightly different
standards of beauty, with Asians preferring a slimmer jaw line [27]. Since most of the AEs
occur when higher doses have been injected, it is important to comprehend the adequate
technique [54,56]. One interesting finding is that parotid gland hypertrophy injections
for cosmetic reasons have only recently been reported in a consensus for Asians [28].
The treatment itself may be preferred in Asian countries where a bulky jaw is perceived
as less attractive, and this can be caused by either a hypertrophic masseter muscle or
hypertrophic parotid gland. The indications for BoNT are broadening in both esthetical
and therapeutical fields. This may be due to adjunctive tools, such as US, that help in
precise injection and monitoring of subsequent changes [65]. To date, BoNT has shown
promising treatment modalities in many fields, and further research will render more
accurate injection techniques and versatile applications.

5. Concluding Remarks

There has been a global rise in the demand for non-invasive procedures to help patients
rejuvenate and appear youthful. BoNT is now the most performed esthetic procedure in
the world with various types of BoNT that have different properties out in the market.
More practitioners are using BoNT and demand appropriate guidelines so that injections
using BoNT can be performed safely and effectively for the treatment of dynamic rhytides
and hypertrophic structures. This paper is a narrative review of the consensus statements
of expert practitioners and the various literature on the injection points and techniques,
highlighting both the Asian and Caucasian population separately. This paper can serve as
a practical illustrative guide and reference for optimal, safe injection areas and effective
doses for application of BoNT in the face and oral and maxillofacial area. One limitation
of this study was that a single author extracted the data and a systematic meta-analysis
was not performed, and therefore the risk of bias was not investigated. Larger consensus
statements and dose-ranging systematic studies comparing female to male, Caucasian to
Asian, and younger to older patients should be conducted in the future.
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Abbreviations

AE Adverse effects
BoNT Botulinum toxin
CSM Corrugator supercilia muscle
DAO Depressor anguli oris
DLI Depressor labii inferioris
FM Frontalis muscle
HAS Human Serum Albumin
IM Intramuscularly
U International Unit
IV Intravenously
L Liquid
LLS Levator labii superioris
LLSAN Levator labii superioris alaeque nasi
NACL Sodium chloride
NAPs Neurotoxin-associated complexing proteins
OOc Orbicularis oculi
OOr Orbicularis oris
P Powder
PO Orally
q.s. Quantum sufficit
US Ultrasonography
Zmi Zygomaticus minor
ZMj Zygomaticus major
IP Injection points
n Number
F Female
M Male
Up Upper
L Lower
NR Not reported
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Abstract: Oromandibular dystonia (OMD) induces severe motor impairments, such as masticatory
disturbances, dysphagia, and dysarthria, resulting in a serious decline in quality of life. Non-invasive
brain-imaging techniques such as electroencephalography (EEG) and magnetoencephalography
(MEG) are powerful approaches that can elucidate human cortical activity with high temporal
resolution. Previous studies with EEG and MEG have revealed that movements in the stomatognathic
system are regulated by the bilateral central cortex. Recently, in addition to the standard therapy of
botulinum neurotoxin (BoNT) injection into the affected muscles, bilateral deep brain stimulation
(DBS) has been applied for the treatment of OMD. However, some patients’ OMD symptoms do
not improve sufficiently after DBS, and they require additional BoNT therapy. In this review, we
provide an overview of the unique central spatiotemporal processing mechanisms in these regions
in the bilateral cortex using EEG and MEG, as they relate to the sensorimotor functions of the
stomatognathic system. Increased knowledge regarding the neurophysiological underpinnings of the
stomatognathic system will improve our understanding of OMD and other movement disorders, as
well as aid the development of potential novel approaches such as combination treatment with BoNT
injection and DBS or non-invasive cortical current stimulation therapies.

Keywords: oromandibular dystonia; botulinum neurotoxin; stomatognathic function; deep brain
stimulation; sensorimotor function; magnetoencephalography; electroencephalography; motor func-
tion; globus pallidus

Key Contribution: The uncertain effects of deep brain stimulation (DBS) on oromandibular dys-
tonia may, in part, be explained by the unique characteristics of the bilateral central regulation of
sensorimotor functions in the stomatognathic system. An improved understanding of the central
mechanisms related to stomatognathic functions will promote the development of new approaches,
such as combination treatment with botulinum neurotoxin injection and DBS or non-invasive cortical
current stimulation therapies.

1. Introduction

The stomatognathic system is an anatomic and functional unit comprising the mandible,
maxilla, dental arches, teeth, temporomandibular joint, masticatory muscles, surround-
ing nerves and vessels, and salivary glands. The stomatognathic system plays important
roles in a variety of critical motor functions, including mastication, swallowing, speech
production, and respiration. Focal dystonia in the stomatognathic system induces severe
motor dysfunction that negatively affects quality of life via factors such as masticatory
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disturbances, limited mouth opening, dysphagia, and dysarthria caused by involuntary
movements in the stomatognathic system [1–3].

Dystonia is characterized by sustained or intermittent muscle contractions that pro-
duce involuntary, unwanted, and often repetitive movements, postural changes, or both [4].
Focal dystonia includes blepharospasm (eyelids), cervical dystonia (neck), writer’s cramp,
musician’s cramp (hand and arm), and oromandibular dystonia (OMD) [5]. OMD is a
focal type of dystonia that involves the masticatory, lower facial, lingual, or orbicularis
oris muscles [1–3,6]. Clinically, OMD presents as dystonia during jaw opening or closing,
jaw deviation, jaw protrusion, lingual dystonia, lip dystonia, or a combination of these
abnormal movements [7].

When OMD occurs in conjunction with blepharospasm, it is usually referred to as
Meige syndrome. Meige syndrome, which was first described by Henri Meige in 1910, is
cranial dystonia characterized by the combination of upper and lower cranial involvement
and including blepharospasm and OMD [8]. In Meige’s syndrome, there is progressive
worsening of blepharospasm with the spread of symptoms to involve the oromandibular,
cervical, and limb muscles; however, the symptoms spread earliest and greatest in the
oromandibular muscles [9–11].

A recent multicenter study conducted among Institutions across seven countries found
that OMD had a prevalence of 8.7% among all types of focal dystonia, making it one of
the less prevalent subtypes of this neurological disorder [12]. The overall prevalence of
primary dystonia was calculated as 16.4 per 100,000 cases in a meta-analysis [13], and that
of OMD was estimated at 6.8 per 100,000 cases [14]. Another study reported an estimated
OMD prevalence rate of 0.33 per 100,000 cases [15]. However, most of the studies evaluated
relatively few patients with OMD. A recent epidemiologic study of 144 patients with OMD
reported an estimated prevalence of 9.8 per 100,000 cases, suggesting that OMD is as
common as cervical dystonia or blepharospasm [16].

Botulinum neurotoxin (BoNT) injection represents a standard therapy for focal dys-
tonia, including cases of OMD [3,17]. BoNT is injected into the target muscles exhibiting
disordered movements where it blocks acetylcholine release at the neuromuscular junction
(NMJ). Proper muscle identification, dose selection, and management of patient expecta-
tions are required to ensure that BoNT injection is both safe and effective in patients with
OMD [3], since stomatognathic functions are performed by various bilateral muscles in
the stomatognathic system that differ in size and tension. Moreover, since each muscle of
the stomatognathic system is controlled by the bilateral cortex through the corticobulbar
tract and certain cranial nerves (CNs (CN V, VII, X, XII)), identifying the neurophysiolog-
ical and neuroanatomical basis of sensorimotor functions in the stomatognathic system
remains essential.

In addition to BoNT injection, deep brain stimulation (DBS) represents an optional
therapy for focal dystonia in the limbs [18]. The main target of conventional DBS is
the internal segment of the unilateral globus pallidus (GPi). DBS of the unilateral GPi
improves symptoms of disordered movement on the contralateral side, based on the
principle that unilateral movements in the limbs are regulated by the contralateral sides of
the central regions via the corticospinal tract (Figure 1). However, the application of DBS
for OMD has been limited, and evidence regarding its clinical utility in these patients is
still considered preliminary.

Several case reports from the past two decades have described the use of DBS of the
bilateral Gpi for the treatment of lingual dystonia [19–22]. This bilateral approach is based
on the neurophysiological principle that tongue movements are regulated by the bilateral
central regions through the corticobulbar tract, which differs from the contralateral regula-
tion of the limbs (Figure 1). The uncertain effects of DBS on OMD may, in part, be explained
by the unique characteristics of the bilateral central regulation of sensorimotor functions in
the stomatognathic system. To establish effective treatments targeting the central regions,
including DBS, further research is required to elucidate the neurophysiological basis and
central mechanisms related to stomatognathic functions.
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Figure 1. Corticospinal tract and corticobulbar tract. M1: primary motor cortex, Rt: right, Lt: left.

Recent advances in non-invasive electromagnetic physiological techniques, such as
electroencephalography (EEG) and magnetoencephalography (MEG), have enabled the in-
vestigation of cortical mechanisms in humans with high temporal resolution. In particular,
MEG is advantageous owing to its high spatial resolution given that the magnetic perme-
ability of biological tissues is nearly identical to that of empty space; thus, the magnetic
field is not distorted by the scalp or skull [23].

In this review, we present an overview of the unique central mechanisms of bilat-
eral spatiotemporal processing associated with the sensorimotor functions of the stom-
atognathic system. These mechanisms have been demonstrated in MEG/EEG studies
using multiple parameters for analysis, including somatosensory evoked fields/potentials
(SEFs/SEPs), movement-related cortical fields/potentials (MRCFs/MRCPs), and cortico-
muscular/cortico-kinematic coherence (CMC/CKC). We also discuss the pathophysiolog-
ical characteristics of typical cases of hand dystonia, such as writer’s cramp and OMD,
as demonstrated using EEG and MEG. Finally, we identify current problems and future
directions in OMD treatment.

2. Neural Pathways from the Primary Motor Cortex (M1) to Stomatognathic Systems

In the human primary motor cortex (M1), the cortical representations of various body
parts are organized in the form of the “classical homunculus” [24]. In general, the ho-
munculus resembles an upside-down map of each body part, in which the stomatognathic
systems are closer to the lateral sulcus than the upper and lower extremities. The area of
the M1 that represents the stomatognathic system is widely distributed relative to its actual
size in the body [24], suggesting a rich innervation of these areas.

Anatomically, each muscle of the stomatognathic system receives innervation from
the bilateral M1 through the corticobulbar tract, which terminates in motor neurons within
the CN nuclei (Figure 1). In contrast, the muscles of the upper and lower limbs are
predominantly innervated by the contralateral cortex through the corticospinal tract, which
terminates in motor neurons within the spinal cord (Figure 1). Indeed, a previous study in
patients with epilepsy showed that direct unilateral cortical stimulation of the M1 areas
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for the oral and upper limb muscles induced bilateral oral movements but unilateral limb
movements [24].

The stomatognathic system is composed of various muscles, including the tongue
muscles, orbicularis oris, and masticatory muscles responsible for jaw closing (masseter,
temporalis, and medial pterygoid) and opening (inferior head of lateral pterygoid, an-
terior belly of digastric, geniohyoid, and mylohyoid). All the muscles of the tongue are
innervated by the hypoglossal nerve (CN XII), except for the palatoglossal muscles, which
are innervated by the vagus nerve (CN X). Masticatory muscles are innervated by the
trigeminal nerve (CN V), except for the posterior bellies of the digastric muscles, which are
innervated by the facial nerve (CN VII). The orbicularis oris muscle is innervated by the
facial nerve (CN VII).

Moreover, bilateral innervation contributes to somatosensory sensations in the stom-
atognathic system. Somatosensory information from the tongue is transmitted by the
mandibular branch of the trigeminal nerve (CN V) (anterior two-thirds of the tongue),
glossopharyngeal nerve (CN IX) (posterior one-third of the tongue), and vagus nerve
(posterior part of the tongue root) (CN X). Somatosensory information from the soft palate,
teeth, gingiva, face, and lips is transmitted by the mandibular or maxillary branches of the
trigeminal nerve (CN V). Proprioceptive sensations from the tongue muscle are transmitted
by the hypoglossal nerve (CN XII) and its rich innervation of the related muscle spindles.
Proprioceptive sensations from the masticatory muscles are mainly transmitted by the
trigeminal nerve (CN V) for jaw-closing muscles, as the jaw-closing muscles have many
more muscle spindles than the jaw-opening muscles [25].

3. Bilateral Brain Activation Related to Stomatognathic Functions

A previous study involving non-invasive, whole-head MEG successfully identified the
classical homunculus in the primary somatosensory cortex following tactile stimulation of
multiple points on the human body [26]. Cortical representations of oromandibular areas
are widely distributed in the primary sensorimotor cortex relative to their actual size in the
human body [26]. In this section, we describe in detail the unique central mechanisms of
bilateral spatiotemporal information processing involved in the sensorimotor functions of
the stomatognathic system, as demonstrated using MEG/EEG.

3.1. Movement-Related Cortical Fields and Potentials

In early studies, researchers observed slowly increasing cortical fields over the con-
tralateral hemisphere before the onset of voluntary unilateral movements of a finger, which
they termed MRCFs [27,28]. Cheyne et al. [29] first reported MRCFs associated with repet-
itive tongue protrusion in a patient using a seven-channel MEG system to record from
the left hemisphere. Nakasato et al. [30] demonstrated whole-head MRCFs for tongue
protrusion in five healthy volunteers, using a trigger signal that was detected when the
tip of the tongue reached the anterior region of the palate. They reported that the peak
magnitude of the MRCFs was derived from the areas of the bilateral M1 region representing
the tongue. A recent MEG study investigated the characteristics of bilateral MRCFs before
and after voluntary self-paced tongue movements, using surface electromyography (EMG)
from the tongue [31]. As reported in previous MRCF studies of finger movement [27,28,32],
three components were detected in response to tongue movement: the readiness field (RF),
motor field (MF), and movement-evoked field (MEF). Slowly increasing RF components
were observed bilaterally before the onset of movement, peaking in MFs around the onset
of movement. The MF component appeared after the pre-movement RF component and
originated from part of the primary motor area (M1) representing the tongue. The MEF
component, which appears after movement onset and originates from the bilateral primary
somatosensory area (S1), may reflect proprioceptive feedback from the tongue during vol-
untary tongue movement. These results suggest that the bilateral M1 and S1 are involved
in the preparation and execution of tongue movements [31].
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MRCPs are slowly increasing cortical shifts in negative potentials that occur prior to
voluntary movements, as demonstrated using EEG [33]. In an EEG study of MRCPs related
to jaw movement, a previous study [33] reported a slowly increasing negative potential
originating 1.5–2 s before EMG onset, known as the Bereitschaftspotential (BP) [34,35]. The
BP, also called the readiness potential, is a measure of brain activity in the motor cortex
and supplementary motor area leading up to voluntary muscle movement. The maximum
BP occurred over the vertex region, and the negative slope (NS’) occurred approximately
300–700 ms before EMG onset. The authors reported that BP/NS’ amplitudes at the onset
of movement differed significantly among open, closed, and lateral movements. The
MRCPs at mouth opening and closing were symmetrically distributed, whereas those
at lateral movements were predominant over the hemisphere ipsilateral to the direction
of movement.

In an MEG study of jaw movement in five healthy volunteers [36], RFs were observed
bilaterally, starting around 860 and 600 ms prior to the onset of masseter and digastric
EMGs, respectively, and gradually increasing in magnitude until peaking within 100 ms
before EMG onset. In all participants, the equivalent current dipoles generating the RFs
accompanying jaw-opening movements were located in the bilateral M1 areas representing
the jaw. These results suggest that MRCF/MRCP recordings provide a means for exploring
the spatiotemporal characteristics of the sensorimotor cortex before and after voluntary
movements in the stomatognathic system.

3.2. Cortico-Muscular Coherence and Cortico-Kinematic Coherence during Voluntary Movements

CMC analyses can aid in evaluating oscillatory functional connections between the
motor cortex and corresponding peripheral muscles during sustained muscle contrac-
tion [37,38]. The CMC in the β-frequency band (β-CMC) during the sustained unilateral
movements of a finger mainly represents the descending motor commands from the M1
to the contralateral finger muscle through corticospinal pathways [38]. In our previous
MEG study [39], the CMC of the tongue was detected at two different frequency bands
(the β-band and a low-frequency band at 2–10 Hz) over both hemispheres for each side of
the tongue during isometric tongue protrusion [39,40]. The β-CMC for the tongue mainly
reflects the descending motor commands from each side of the M1 to both sides of the
tongue, with contralateral dominance through hypoglossal motoneuron pools (Figure 2).
Moreover, the somatotopic organization of the tongue and finger regions in the M1 al-
lows for differentiation of the cortical source locations of the β-CMC for the tongue and
finger [39]. In contrast to β-CMC, CMC in the low-frequency band (low-CMC) reflects
oscillatory coupling related to proprioceptive feedback from the tongue muscles to the
bilateral S1 [40]. This pattern of central regulation with oscillatory activity in two frequency
bands is a unique characteristic of stomatognathic functions, since a stable low-CMC is not
detected during finger movements.

CKC methods are used to quantify the coupling between MEG signals and finger
kinematics, which are measured using an accelerometer during repetitive, rhythmic, or
voluntary finger movements [41]. A recent MEG study has demonstrated that CKC data
mainly reflect proprioceptive sensory feedback from the peripheral muscles to S1 [42].
However, applying conventional CKC to stomatognathic systems is difficult, as magnetic
accelerometer devices can easily produce excessive magnetic artefacts due to the short
distance between the brain and stomatognathic systems. To overcome this limitation, a
recent MEG study successfully utilized a deep-learning-assisted motion capture system, in
which the CKC was detected during rhythmic tongue movements at the frequency peaks
of movement or its harmonics, based on signals in the bilateral primary sensorimotor
cortex representing the tongue regions [43]. This combination of CKC and deep learning-
assisted motion capture has the advantage of being noise-, movement-, and risk-free,
particularly in the oral regions, because recording devices are not placed in the orofacial
region. As the tongue muscles and those responsible for closing the jaw are rich in muscle
spindles [25], the CKC approach may help to reveal the central proprioceptive mechanisms
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of the stomatognathic system and the pathophysiology of OMD involving impairments in
proprioceptive pathways.

Figure 2. Bilateral functional connections between the cortex and tongue identified using cortico-
muscular coherence analysis. The figure shows contralateral (left hemispheric) dominance of the
functional connection between the cortex and right side of the tongue.

3.3. Somatosensory-Evoked Fields and Potentials

Since the first reports of SEFs induced by trigeminal nerve stimulation in the early
1980s [44] and 1990s [45], many MEG studies have sought to assess SEF characteristics in
the tongue [45–48], lips [49,50], palate [51,52], teeth [44], gingiva [49], and lower face [53].

Following tongue stimulation, the initial SEF components occur over the bilateral
hemispheres at 19 ms with electrical stimulation [47] and 15 ms with tactile stimulation [48],
with an anterior current orientation. These timings are consistent with a SEP latency of 16
ms following electrical stimulation of the lip via chronically implanted subdural electrodes
over the lower perirolandic area in patients undergoing epilepsy surgery [54]. However, the
initial component of trigeminal SEF/SEP is not detected stably due to the low amplitude of
this component and is easily masked by excessive stimulation artefacts. Thus, in clinical
settings, a prominent component with a large amplitude at a middle latency ranging from
25 ms to 80 ms, with a posterior current orientation, is often adopted [45,46,49,52,53,55].
Indeed, Previous studies reported that the middle-latency component of the trigeminal SEF
can be used to evaluate sensory disturbances of the tongue and lip caused by injury to the
trigeminal nerve during dental surgery [50,56,57]. Source localization studies involving
MEG with high spatial resolution have revealed that the initial and middle-latency compo-
nents of SEFs stimulated in the stomatognathic system are derived from the bilateral S1,
specifically, the posterior bank of the central sulcus [46–50]. This neurophysiological finding
is consistent with the anatomical principle that the unilateral lingual nerve innervating the
anterior part of the tongue projects to both sides of area 3b in S1 via the trigeminothalamic
tract, with contralateral dominance.

4. Oromandibular Dystonia

4.1. Pathophysiology of OMD

Although the pathogenesis of primary dystonia is still a matter of debate, several
probable explanations have been proposed, including basal ganglia dysfunction, hyperex-
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citability of motor neurons, loss of inhibition, aberrant dopamine signaling, monoaminergic
dysfunction, abnormal plasticity, and abnormal sensory function [58–61]. Most previous
EEG studies of focal dystonia in humans have focused on cortical sensorimotor dysfunction,
especially of the primary sensorimotor cortex and premotor areas, in cases affecting the
hand (e.g., writer’s cramp) [59].

MRCPs associated with hand movements consisted of at least two slow negative
shifts. The early component is the BP, which is maximal at the vertex and symmetrically
distributed over the scalp, whereas the latter component is called NS’, which is largest in
the central area contralateral to the hand movement [62]. The BP represents the activation
of supplementary motor areas (SMAs), while NS’ reflects activities in both the SMA and
M1 [63–65]. However, the precise anatomical representations of the BP and NS’ remain
controversial.

Several EEG studies have reported abnormalities in MRCPs in patients with focal
dystonia [66–68]. Reductions in both NS’ and BP gradients have been observed in patients
with symptomatic dystonia caused by lesions in the basal ganglia and anterior thalamus.
Furthermore, reductions in NS’ amplitude over the contralateral central region have been
observed in patients with writer’s cramp [66,67]. These results suggest impaired activa-
tion of the sensorimotor cortex contralateral to the affected hand immediately before a
voluntary movement. One study also reported abnormalities in the cortical preparatory
processes for voluntary muscle relaxation or motor inhibition in patients with focal hand
dystonia [68]. The BP associated with voluntary muscle relaxation was reduced over the
central region of the affected hemisphere in patients with focal hand dystonia, suggesting
impaired activation of the inhibitory motor systems in the contralateral cortex in these
patients [68]. Moreover, a functional magnetic resonance imaging (fMRI) study reported
smaller activation volumes in the SMA proper and primary sensorimotor cortex during
voluntary muscle contraction and relaxation of the affected (right) hand in patients with
writer’s cramp than in healthy volunteers [69]. Disturbances in sensorimotor integration
have also been documented as a task-specific decrease in the amplitude of contingent
negative variation [70,71], abnormal pre-movement gating of somatosensory input [72],
and abnormal CMC with MEG [73]. Other studies using paired-pulse transcranial magnetic
stimulation have reported impairments in short-interval intracortical inhibition [74] and
surround inhibition [75]. Somatotopic disorganization of the fingers has also been observed
in the S1 contralateral to the affected hand [76]. These findings collectively demonstrate
that focal dystonia of the hand involves impaired cortical inhibition in M1, abnormal
sensorimotor integration, and disorganization of S1 [69,70].

A few EEG studies have also investigated the pathological characteristics of OMD.
A study compared MRCPs associated with mandibular movements in six patients with
OMD and eight healthy controls [35]. In the patient group, MRCP amplitudes over the
central and parietal areas for mouth opening and lateral movements were significantly
reduced compared to those observed in the control group. Moreover, in controls, the
MRCPs at mouth opening and closing were symmetrically distributed, whereas those
at lateral movements were predominant over the hemisphere ipsilateral to the direction
of movement. This laterality was lost in the patient group. These results suggest that
OMD is associated with bilateral impairments in cortical preparatory processing during
jaw movement. A few studies have also investigated OMD pathology using fMRI and
positron emission tomography. One fMRI study reported reduced activation of the primary
sensorimotor cortex and premotor/sensory association cortices during vocalization in
patients with laryngeal dystonia [77]. Analogous to the motor dysfunction observed
in patients with dystonia, reduced primary somatosensory activity has previously been
demonstrated [78,79], supporting the conceptualization of dystonia as a partial sensory
disorder [80,81].
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4.2. Treatment Options for OMD

BoNT injection represents the standard therapy for patients with focal dystonia such
as blepharospasm, cervical dystonia, and OMD [82–84]. When the target muscles, doses,
and patient expectations are appropriately managed, BoNT injection is a safe and effec-
tive approach for the treatment of OMD [3]. Some studies reported the effectiveness
of ultrasound-guided injections in facial muscles to avoid injuring the neural vascular
structures during botulinum toxin injection [85,86].

BoNT is a microbial protein that exists in seven serotypes, designated A through G.
Its ability to block acetylcholine release at the NMJ accounts for its therapeutic effects in
various movement disorders associated with increased muscle tone or muscle overactivity.
BoNT wields these effects by entering nerve endings at the NMJ and cleaving soluble
N-ethylmaleimide-sensitive factor-attachment protein receptors, thereby preventing the
vesicular release of acetylcholine from the synaptic terminal and producing the effects of
muscle relaxation and flaccid paralysis [87,88].

In addition to the effect on the peripheral nervous system, BoNT may also indirectly
influence the functional organization of the central nervous system associated with altered
peripheral inputs [89,90]. Moreover, the central effect of BoNT injection is not limited to the
cortical and subcortical regions of the treated muscles but extends beyond the neural circuits
for the control of the affected body parts [89,91,92]. Further studies with non-invasive
brain-imaging techniques, including MEG and EEG, may help to reveal the bilateral cortical
areas affected by therapy with BoNT injection in patients with OMD.

Other treatments for focal dystonia include invasive approaches, such as DBS, tar-
geting central regions [93–95]. When symptoms cannot be adequately managed through
medication and rehabilitation, DBS is typically employed as a surgical intervention to
treat movement disorders. The main DBS target for dystonia treatment is the internal
segment of the GPi [96], which has proven efficacious in the treatment of generalized,
segmental, and cervical dystonia [97–99]. Although evidence concerning the efficacy of
DBS for other dystonia subtypes remains scarce, DBS targeting the GPi has demonstrated
continued efficacy in patients with Meige syndrome [94,100–102]. A recent meta-analysis
showed that DBS may be useful for treating refractory Meige syndrome [103]. However,
other studies have demonstrated that in some patients with craniocervical and craniofacial
segmental dystonia, DBS is ineffective for improving stomatognathic functions such as
speech and swallowing but is effective for improving blepharospasm [95,104,105]. A recent
study of DBS in 18 patients with dystonia related to KMT2B mutations reported that the
greatest improvements in motor function were observed in patients with trunk and cervical
dystonia, with less clinical impact observed in patients with laryngeal dystonia [106].

Currently, only three published case reports have discussed bilateral GPi-DBS for OMD,
all of which were categorized as lingual dystonia. Chung et al. [20] and Asahi et al. [22]
reported symptomatic improvements in lingual dystonia following bilateral GPi-DBS in
two cases and one case, respectively. In patients with OMD, the unique neuroanatomical
characteristics of bilateral innervation in each side of the stomatognathic system may
complicate the application of conventional DBS compared to that in patients with focal
dystonia of the limbs, as previous studies have reported that sufficient effects are sometimes
difficult to obtain with interventions targeting the unilateral hemisphere. As contralateral
dominance is involved in the control of voluntary movement in the stomatognathic system,
it may be beneficial for future research to explore the most effective stimulation parameters
for bilateral DBS targeting the GPi in patients with OMD. However, some patients’ OMD
symptoms do not improve sufficiently even after DBS, and they require additional BoNT
therapy. A highly individualized injection technique has been developed for lingual
dystonia according to the direction of deviation [107]. An improved understanding of the
central and peripheral mechanisms related to stomatognathic functions may promote the
development of new treatments for OMD, such as the combination of BoNT injection into
the affected muscles as peripheral therapy and DBS as central therapy.
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Several authors have also discussed the use of unique oral appliances (e.g., oral splints)
for OMD treatment [108–113]. Previous research has shown that performing certain sensory
tricks (e.g., pressing the teeth or lips with the fingers; placing cigarettes, chewing gum,
or other objects in the mouth; singing; and humming) may benefit a third of patients
with OMD [109,114,115]. Oral appliances may be particularly useful in cases where they
successfully mimic the patient’s sensory tricks [109,114], as treatment responses in such
patients may be linked to sensory tricks perceived by the brain to be beneficial. Although
the precise mechanism underlying this phenomenon remains unknown, the beneficial effect
of splint use on OMD may be related to the modulation of hyperactive dystonic networks by
altered proprioceptive feedback and antagonist activation [114]. MEG recordings with CKC
and low-CMC analyses are useful for evaluating proprioceptive feedback from muscles
to the cortex during voluntary movements in the stomatognathic system (see Section 3.2).
These approaches may aid in revealing the effects of oral appliance therapy on abnormal
cortical activity related to proprioceptive feedback in patients with OMD.

5. Future Directions

BoNT injection is the standard peripheral therapy for patients with OMD. In addition,
central therapies such as bilateral DBS can be applied, providing substantial relief in patients
with disordered movements. However, the introduction of stimulating electrodes deep
in the brain carries significant risks, including the risk of hemorrhage [116]. Beyond DBS,
recent studies have highlighted the potential of non-invasive cortical current stimulation
therapies such as transcranial direct current stimulation (tDCS) [117,118] and transcranial
alternating-current stimulation (tACS) [119] for patients with limb movement disorders,
although their effectiveness and mechanisms of action are still unclear [120–122]. For
example, a previous study successfully reported the non-invasive application of tACS over
the M1 [119], which induced phase cancellation of the resting tremor rhythm in the upper
limbs of healthy volunteers. In the future, applying tACS over the bilateral M1 in the
stomatognathic system may aid in the treatment of OMD given the bilateral cortical control
of this system. Indeed, in our previous study, tDCS of the bilateral M1 area representing the
tongue region significantly increased the excitability of this region and improved tongue
motor functions compared to the application of tDCS to the unilateral M1 of the tongue
region in healthy volunteers [123].

6. Conclusions

In this review, we provide an overview of the unique central spatiotemporal process-
ing mechanisms in the stomatognathic system. The uncertain effects of DBS on OMD
may, in part, be explained by the unique characteristics of the bilateral central regula-
tion of sensorimotor functions in the stomatognathic system. Further exploration of the
neurophysiological underpinnings of stomatognathic functions will lead to an improved
understanding of the etiology of OMD and may lead to innovative approaches for future
symptomatic and disease-modifying treatments.

7. Methods

This literature review was conducted based on the comprehensive analysis of electronic
medical literature databases (PubMed, Scopus, EMBASE, and Google scholar) prior to
1 September 2022. Search keywords included oromandibular dystonia, orofacial dystonia,
mandibular dystonia, jaw dystonia, lingual dystonia, Meige syndrome, botulinum toxin,
botulinum toxin therapy, deep brain stimulation, transcranial direct current stimulation
(tDCS), and transcranial alternating-current stimulation (tACS) for Sections 1, 4 and 5 of
the manuscript. We also searched the terms trigeminal nerve, lingual nerve, tongue, palate,
face, lip, oromandibular, stomatognathic system, sensory disturbance, sensory abnormality,
electroencephalography (EEG), and magnetoencephalography (MEG) for Sections 1–3 and
Section 5. Each search result was independently reviewed for eligibility by the author
(H.M.). No restriction was placed with respect to the original text language.
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Abstract: The review is an introduction to medical, non-cosmetic treatments with botulinum neurotoxin
(BoNT) in the orofacial region. It focuses on the current most common, best-documented and safest
indications of interest for dentists in terms of dystonia and sialorrhea. These conditions are recommended
to start with and suitable to gain better skill and experience with BoNT. The introduction also stresses
the importance of correct diagnostics based on interdisciplinary cooperation, precise targeting of the
injections, measurements of treatment effect, and control of the oral health with regard to side effects.

Keywords: botulinum toxin; movement disorders; oromandibular dystonia; sialorrhea

Key Contribution: Injections with botulinum toxin guided by electromyography and ultrasonography
is a safe, effective, and reversible treatment for orofacial muscle disorders and drooling problems. An
interdisciplinary approach and regular control of the oral health are advised.

1. Effects of Botulinum Toxin

Botulinum toxin (BoNT) is an extremely toxic substance. The neurotoxin is produced
by the bacterium Clostridium botulinum under low-oxygen conditions. BoNT is often
foodborne, and in the wild, it typically grows in contaminated and improperly stored or
poorly prepared foods. In the middle of the last century, it was discovered that even a
small dose of BoNT injected intramuscularly could paralyze muscle function locally for
several months. Thereafter, the use of BoNT was started for medical purposes, initially to
alleviate strabismus and blepharospasms. The use of BoNT has increased significantly since
then, not least due to the increasing cosmetic use for wrinkles. In addition to treatment of
skeletal muscles, BoNT is used for autonomic disorders [1,2]. Pain treatment has also been
initiated, investigated, and performed, especially in relation to neuropathic pain, headaches
and migraines [3–5]. Contraindications to BoNT use include a known allergy to BoNT,
active inflammation or infection at the proposed injection site, pregnancy, breast-feeding,
or chronic degenerative neuromuscular disorders [6].

The background for the therapeutic effects of peripherally administered BoNT on
muscle activity and secretion is a prolonged inhibition of the release of the neurotransmitter
acetylcholine, an effect that reduces the signal from the nervous system to skeletal muscles
and glands. The activity of intrafusal muscle fibers is also inhibited, leading to reduced
afferent input from muscle spindles to the central nervous system and thereby contributing
to the therapeutic effect [3]. The link between BoNT and pain relief was initially thought
to correlate only with its effect on reduced muscle activity in cases with over contraction,
cramps or contractures. However, the analgesia provided by BoNT injections occurs before
the inhibition of muscle activity, lasts longer than muscle weakness, and has an effect on
the nociceptor system [7].

Besides acetylcholine, other chemical messengers may be affected in the injected area,
such as glutamate, norepinephrine, serotonin, substance P, calcitonin gene-related peptide
and adenosine triphosphate, which may contribute to an antinociceptive effect [3–5]. Ret-
rograde axonal transport may also be involved in the therapeutic effects [8]. It has also
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been suggested that the BoNT action on pain is dominantly a central effect [9]. However,
evidence of an effect by BoNT is still lacking for most pain conditions. Thus in randomized
and blinded studies on persistent myofascial temporomandibular disorders; the effect varies
from non-existing, uncertain and similar to the effect of conservative treatment with an oral
appliance [10–12].

Dentists and dental surgeons have more knowledge than most other health profes-
sionals do on anatomy, function, diagnosis and treatment in the orofacial area. Therefore, it
seems justified that they use treatment with medical BoNT in this region. However, further
skill enhancement to apply BoNT is needed, as well as an interdisciplinary collaboration.
Plenty of reports on the use of BoNT in the orofacial area have been published, but at
present, quality literature is scarce [13]. However, there are common, safe and generally
accepted indications for medical, non-cosmetic treatment with BoNT as shown in Table 1 [2].
In the future, BoNT may also have a role as a supplementary treatment option for condi-
tions in general dentistry where conventional therapy is not always effective, for example,
trismus, hypermobility, bruxism and painful masticatory hypertrophy [14–18]. Especially
treatment of excessive bruxism may be relevant [19].

Table 1. Common indications for medical BoNT in the orofacial area [2].

Area Diagnosis Description

Hemifacial spasm Irregular, involuntary muscle contractions on one side
of the face

Face
Frey’s syndrome (gustatory sweating) Sweating on the cheek area resulting from damage to

or near the parotid gland

Oromandibular dystonia Involuntary tension or spasm with abnormal
movements of the jaw and mouthMouth and jaws

Hypersalivation/sialorrhea Drooling caused by increased saliva secretion and/or
reduced swallowing function

In several countries, treatment with BoNT is limited to a few medical specialties or
generally not allowed for dentists, but the interest is still growing. The present overview
is intended for dentists as an inspiration to start using these treatments, and it focuses
on the effect on orofacial muscle and salivary gland function, which may be the safest to
start with.

2. Oromandibular Dystonia (OMD) and Other Movement Disorders in the
Oromandibular Area

OMD is a focal movement disorder in the jaw, tongue and mouth, e.g., in the form of
involuntary jaw opening and closing, chewing movements and involuntary mouth and
tongue movements. It can also present itself as repeated small, but tiring contractions of
the jaw muscles during “resting” posture (Figure 1). Accordingly, OMD may inhibit or
repress facial expression as well as chewing, swallowing and speech function. When the
OMD occurs together with blepharospasm (abnormal contraction of the eyelid muscles),
the term Meige’s syndrome is often used. The dystonia may be idiopathic, i.e., without any
identifiable cause, caused by damage or degeneration of the brain or exposure to particular
drugs (tardive).

OMD reduces the quality of life and may cause weight loss, social isolation and
depression in patients [14]. Surprisingly, the dystonic muscle activity and the often very
strong contractions rarely cause muscle pain, although there may be a feeling of general
fatigue. However, when jaw openers are involved, overload and habitual dislocations
of the temporomandibular joints may occur, just as the OMD in the jaw closer muscles
may traumatize the lips, cheek, tongue and alveolar processes. In addition, the repeated
involuntary movements of the mouth and jaws will typically result in severe attrition and
damage to the dentition, denture adaptation problems and alveolar atrophy [20]. Therefore,
some patients may experience some improvement with the use of oral appliances [21].
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Figure 1. Repeated small but tiring dystonic activity in the jaw muscles during “resting” posture
recorded with electromyography and surface electrodes in a female patient with oromandibular
dystonia. Marked, synchronous bursts of activity in the anterior temporal (Temp. Ant. R. and L.)
and masseter muscles (Mass. R. and L.) with a duration of 0.3–0.5 s, continuous elevated activity
in the temporal muscles (Temp. Ant. R. and L.), and little dystonic activity in digastric muscles
(Digas. R. and L.).

It may be difficult to recognize OMD, and often patients become misdiagnosed and
mistreated, partly due to an overlap between the working areas for dentists and medi-
cal specialists and insufficient cooperation [22]. Thus, OMD may also be confused with
bruxism. Table 2 illustrates the similarities and differences, and differential diagnoses
require neurological, odontological, and anatomical knowledge [22]. There are also other
neurological disorders manifesting itself in the orofacial area besides OMD. They are tremor,
spasms, cramps or contractures that may arise from disturbances within the nervous sys-
tems such as Parkinson’s disease (PD) and cerebral palsy (CP), and palliative interventions
are indicated to prevent bite wounds in tongue, lips and cheeks in retarded, handicapped
or hypermobile persons.

There is no definitive cure for OMD. Currently, BoNT injections are regarded as the
treatment of choice for OMD, and there is solid evidence that it is a safe and effective
treatment, e.g., [23]. Thus, surveys and meta-analyses of clinical findings have shown that
BoNT injections are efficacious in reducing dystonic movements of patients with OMD
when properly administered by experienced clinicians [24,25]. The treatment effect with
BoNT is temporary. However, with the correct doses and proper identification and treat-
ment of the dystonic muscles, the latency for the full effect after injection of BoNT is about
a week, and the effect is optimal within the first 1.5–2 months [2]. Since neuromuscular
transmission regenerates slowly, muscle function is restored and the effect ceases after
3–6 months. Therefore, BoNT treatments are typically repeated three to four times per year.
Most patients feel significant improvement from the treatment, although they still feel some
functional limitations, typically regarding jaw mobility and communication [19]. In the
oromandibular region with small muscle groups, vital functions, and delicate anatomical
structures, precise injection of the BoNT is crucial [2]. Diffusion at the injection site and
spread to unintended areas may lead to significant although short-lasting discomfort. In
general, jaw-closing dystonia responds the most robustly while jaw-opening dystonia is
more complex to inject, but clinical experience is consistent with benefit [26].
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Table 2. Comparison between oromandibular dystonia (OMD) and bruxism [21].

OMD
(ICD-11: 8A02—Dystonic

Disorders)

Bruxism
(ICD-11:

13DA0E.7—Dentofacial
Anomalies)

Main responsible discipline Neurology Dentistry
Clinical characteristics Awake state Mainly during sleep

Pain
No or only modest tenderness,

but fatigue during the day
and in the evening

Pain or tenderness of the
masticatory muscles and
tension headaches, often

worst in the morning
and on awakening

Dental attrition and trauma
Marked or pathological tooth wear

Tooth infractions and fractures
Wear or damage to dental restorations

Provoking factors Idiopathic or caused by brain
damage or drug treatment

Uncertain or physiological
and psychosocial factors

Aggravating factors Psychological stress

Primary treatment BoNT and drug treatment Flat plane stabilizing
bite splint

Additional treatment Flat plane stabilizing
bite splint BoNT

3. Injections of BoNT in the Oromandibular Muscles

Conventional BoNT formulations used in the orofacial area are primarily Botox (on-
abotulinumtoxinA) and Xenon (incobotulinumtoxinA) and eventually also Dysport (abobo-
tulinumtoxinA) and Myobloc/Neurobloc (botulinumtoxinB). Unlike for other drugs, there
is no direct correlation between the dosage units for the various compositions of BoNT,
and the formulations are not identical or equivalent for all types [27]. The suggestion of
recommended doses for the muscles is shown in Table 3 [2]. However, it is advisable to start
with a low dose when treating a muscle in a patient for the first time. In addition, when
treating the digastric muscle (anterior belly), the patient should be informed that BoNT
injections may cause temporary swallowing difficulties. The treatment is usually repeated
3–4 times per year. Thorough controls are needed so doses and targets can be adjusted
if necessary. Controls should also include subjective evaluation on visual analog scales
and questionnaires on chewing efficiency and other oral functions to assess the severity
of the condition [19]. Note also that repeated BoNT treatment for years may cause bite
force as well as muscle atrophy and possibly bone loss [28,29]. See the short-term effect
of standard treatment on muscle activity, bite force in a patient with OMD, and marked
attrition (Figure 2).

Table 3. Oromandibular muscles, their maximal activation, and recommended doses of BoNT type A
(Botox and Xeomin). Units (IU) are shown for one muscle in one side and for the orbicularis oris
muscle for each side of the upper and lower part of the lip. Note that the total dose in one session
should not exceed 400 IU [2].

Oromandibular Muscles
Maximal Voluntary

Contraction
Units of Botox or Xeomin per

Muscle and Side

Temporalis
Masseter

Medial pterygoid
Jaw closing—strong biting 10–45 IU

Digastricus venter anterior Jaw opening—full
mouth opening 5–10 IU

Lateral pterygoid Jaw opening—side movement
and protrusion 10–45 IU

Orbicularis oris Lip pursing 5–10 IU
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Figure 2. The effect of BoNT-A treatment in a male with jaw-closing dystonia. Bilateral treatment
in the anterior temporal and masseter muscles (20–40 IU per muscle as single injections with EMG
guidance) on maximal bite force (measured with a unilateral force transducer in the molar region)
and the average level of maximal voluntary contraction during biting in the intercuspal position
(measured with surface electrodes over the muscles). Values initially before start of first treatment
(Before BoNT) and average results (Mean ± SD after 1, 2, and 3 months) from a total of 15 recording
sessions (3–4 times per year through 15 years). Note, the marked reduction in values after start of
treatment, and also the increase again from 1 month to 2 and 3 months after (muscle function is
expected to be restored and the effect ceased after 3–6 months).

Given the potential adverse event of dysphagia and other side effects, one should be
cautious while delivering injections. Therefore, many studies employ and recommend
electromyography (EMG) or eventually ultrasonographic guidance for muscle targeting.
The importance of correct identification and targeting of the affected muscles is the same
whether the condition is due to OMD, or contractures, tremor, spasms or cramps. If one
is unfamiliar with the possible injection site in these muscles, the procedure becomes
easier after checking the locations and the anatomic details of the targeted muscles, and
if possible to palpate them during maximal voluntary contraction (see Table 3). Standard
disinfection procedures are applied for injection through the skin. The BoNT is best and
most safely injected using a cannulated electrode for EMG guidance [2] and reconfirmation
of dystonic activity [30]. It is stated that from the point of injection the BoNT diffuses
1 to 1.5 cm [31]. The reported number of injection sites may vary from one to five sites per
muscle, e.g., [30,31]. For small muscles, a bolus injection will do nicely [31]. Few injection
sites also means less superficial reddening and pain of the skin in relation to the treatment.
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Before administration, the correct placement of the cannulated needle electrode can be
confirmed by the presence of an interference pattern during maximal effort of the muscle
and the dystonia by involuntary activity during rest. Without such precautions, the BoNT
may be misplaced and treatment intended for masseter may give dryness of the mouth
because of the close relation to the parotid gland.

The site for the percutaneous injections are for the masseter the lower half of the
superficial part, for the temporalis muscle the anterior voluminous part, for the medial
(internal) pterygoid muscle on the medial side of the ramus just above its fusion with the
sling with the masseter, and for the digastric muscle the anterior belly. With respect to the
orbicularis oris muscles, the injection is in the protruding parts but just above (upper lip)
and below (lower lip) the carmine red margin of the lip. The lateral (external) pterygoid is
best approached intraorally to have direct access for palpation and injection. The direction
of the needle insertion is posteriorly and slightly laterally in parallel with the buccal surfaces
of the maxillary molars.

4. Saliva Secretion and Sialorrhea

Under normal physiological conditions, saliva secretion amounts to about 1–1.5 L
per day. There is higher secretion rates during chewing and with taste stimulation than at
rest [32] and people usually swallow the saliva unconsciously. The unstimulated, resting
secretion rate of whole saliva is 0.2–0.5 mL per min during wakefulness and practically
negligible during sleep. The most important salivary glands are the parotid and the
submandibular glands, which produce most of the saliva, e.g., [33]. These major glands
have different functional patterns. The saliva during stimulation is predominantly secreted
by the parotid glands situated in close relation and lateral to the masseter muscles. The
unstimulated saliva during rest is mainly produced by the submandibular glands at the
inner surface of the mandibular corpus.

Sialorrhea or drooling is characterized by the inability to control oral secretions,
resulting in excessive saliva in the oropharynx and unintentional loss of saliva from the
mouth. It takes place in the daytime outside meals, and is unusual in healthy subjects after
the age of 5 years. Sialorrhea is frequent in neurological patients and is considered a great
clinical and social handicap. It can be classified either as mainly anterior, i.e., over the lip
margin when insufficient closure causes overflow of saliva from the mouth, or posterior,
i.e., with aspiration, coughing and risk of lung inflammation [34]. Severe drooling may
also cause skin irritation around the mouth. A great number of napkins, bibs, scarfs,
handkerchiefs, and paper towels may be needed to wipe away saliva from the mouth and
chin and to keep the clothes dry. This effect of drooling is often associated with reduced
quality of life with discomfort, limitations in activities and social embarrassment.

Rather than regular hypersalivation (so-called primary sialorrhea), the accumulation
of saliva in the mouth is most often due to decreased swallowing function (secondary
sialorrhea), and may even be present with low salivary flow rates. Primary sialorrhea is
often related to gastroesophageal reflux, pregnancy, or develops as a side effect of phar-
macological treatment [2]. In contrast, neurodegenerative diseases, such as amyotrophic
lateral sclerosis and PD, often cause secondary sialorrhea as they affect the swallowing
centers in the medulla and pontine area, the motor neurons, or the cortical and subcortical
centers initiating or regulating swallowing.

5. Treatment of Sialorrhea with BoNT

Sialorrhea has previously been treated with methods that are either quite ineffective,
such as exercise or very invasive, such as surgery or radiation. In contrast, BoNT is now
a very promising and reversible treatment, but must be repeated at regular intervals.
By injections with Botox in each parotid (25–40 IU) and each submandibular (15–30 IU)
both drooling and flow can be reduced 2 weeks after treatment with maximal reductions
of 30–40% [33].
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Through intraglandular injection of BoNT into the larger salivary glands, a blockade
occurs in the neurogenic (parasympathetic) control of salivary secretion approximately at
one week post-injection, and persists 3–6 months, i.e., similar to the duration of the effect
of BoNT treatment in the muscles [3]. However, it is essential that the relevant glands are
targeted accurately. Although this may be achieved by using anatomical landmarks, the
use of ultrasonographic guidance seems preferable to increase the treatment safety. In the
hands of a trained injector, this technique is a quick and non-invasive imaging technique
to identify the correct site [35]. Before the treatment start, it is important to record the
frequency and extent of the drooling as well as the impact of the drooling problems. The pre-
and posttreatment assessment of drooling should include measurement of the unstimulated
salivary secretion rate together with a classification of drooling, e.g., by Thomas-Stonell
and Greenberg [36], for severity combined and frequency. The number of used bibs, paper
towels and handkerchiefs per day or week is good supplementary documentation of the
treatment effect.

A recent large prospective, randomized, double-blind, and placebo-controlled multi-
center study has clearly demonstrated that 100 IU Xeomin, i.e., each parotid gland 30 IU
and each submandibular gland 20 IU, is an effective and well-tolerated treatment of chronic
sialorrhea in adult patients [37]. There was a significant reduction in the unstimulated
salivary flow rate at week 4, which was also significant different compared with placebo.
In addition, the side effects were few, i.e., 3–5% dry mouth and 0–3% dysphagia (Table 4).

Table 4. Reports on BoNT treatments of chronic sialorrhea.

Authors Study Type Patients Glands (BoNT) Guidance

Jost, Friedman,
Michel et al.,

2019
[35]

Randomized,
placebo-controlled,

double-blind
study

Adults with PD,
parkinsonism, stroke,

or traumatic brain
injury

Parotid 30 IU bilaterally +
submandibular 20 IU

bilaterally
(all Xeomin)

All with
ultrasonic guidance

Ruiz-Roca,
Pons-Fuster and

Lopez-Jorne, 2019
[38]

Systematic review
of 21 studies Mainly elderly with PD

Most cases both parotid +
submandibular

(mainly BoNT-A,
no consensus on doses or

type of BoNT)

43% with ultrasonic
guidance, else

anatomical landmarks
or palpation

Hung, Liao, Lin
et al., 2021

[39]

Systematic review and
meta-analysis
of 21 studies

Children with CP

62% both parotid +
submandibular bilaterally
(90% Botox, no consensus
on doses, but should not

exceed 4 IU/kg)

81% with
ultrasonic guidance

In a systematic review on adults with PD all 21 studies showed a reduction in sialor-
rhea, but no consensus regarding the site of injection of the toxin (single or multiple points)
or toxin dose [39]. A similar review based on 21 studies in children with CP found likewise,
that BoNT-A injections (mainly with Botox and ultrasound) are a safe, reversible, effective
treatment for drooling in children, even if doses and target glands varied, except that the
total dosage should not exceed 4 IU/kg [40].

In the short term, the side effects from intraglandular BoNT injections were few in the
reports. However, changes in the salivary viscosity have been reported as the total protein
and amylase concentration generally increases with decreasing flow [33,41]. Thus, the saliva
changes from being mainly watery and clear to sticky and frothy. This may be important
over time, as saliva plays a significant role in keeping the relationship between the host
and oral microbiota in a symbiotic state 8n the mouth and as the natural balance of the oral
microbiome is often disturbed in conditions with salivary gland dysfunction, leading to
gingivitis, caries, and fungal infection [41]. Therefore, similar changes could be expected
with BoNT-treatment for many years, but there is currently insufficient evidence [42]. Only
small changes in the saliva have been found in patients successfully treated with BoNT
such as increased level of Lactobacilli and amylase [32,43]. However, because of the possible

92



Toxins 2022, 14, 667

risk in the long term patients with intraglandular BoNT injections should have regularly
dental control to prevent and treat possible oral side effects.

6. Conclusions

With their theoretical and practical background, dentists are able to carry out injections
with BoNT after supplementary training and according to the various national guidelines
and approvals. Several medical conditions in the oromandibular region may benefit from
such treatment. Presently, in the area of responsibility for dentists, the conditions are
primarily muscle disorders and drooling problems, in which the use of BoNT is safe,
effective, and reversible. These health disorders and problems are generally not associated
with pain, but with disabilities of oral function, embarrassment, and severely reduced
quality of life.

Interdisciplinary collaboration between dentists and neurologist and/or otologists is
important for precise diagnostics and treatment. As supplement to the clinical investigation
of the muscle disorders EMG recordings are relevant to assess more accurately, which
muscles are involved and which abnormalities are present. For sialorrhea, measurement
of the unstimulated secretion is relevant for the assessment of type and for later control.
To achieve the best results and minimize or prevent side effects, use standard doses, guid-
ance of the BoNT injections with EMG or ultrasonography, and regular and standardized
treatments and controls.
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BoNT botulinum toxin
Botox onabotulinumtoxinA
CP cerebral palsy
EMG electromyography
Myobloc/neurobloc botulinumtoxinB
OMD oromandibular disorders
Xenon incobotulinumtoxinA
PD Parkinson’s disease
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Abstract: Headaches are a very common condition that most people will experience many times
during their lives. This article presents the primary headaches, which are a large group of diseases
where the headache is not a symptom of another known disease. Tension-type headache affects
approximately 80% of the general population, and the prevalence of migraine is estimated at 10–12%.
Clinical data and experience to date have demonstrated that botulinum toxin may be an effective
prophylactic treatment for chronic headache types. It has been used in neurology for the treatment
of dystonia and blepharospasm. Now it has been approved to treat chronic migraine and has been
shown to confer significant benefit in refractory cases. Based on clinical experience botulinum toxin
has also been tried in other headache disorders. While it is intuitively attractive to think that due to
its effect on pain by sensory modulation, there may also be efficacy in its use in chronic tension-type
headache and cluster headache, so far, there is little evidence to support this. Botulinum toxin
is effective in pain control through its interaction with the SNARE complex, which inhibits the
release of neurotransmitters, such as glutamate, substance P and calcitonin gene-related peptide.
OnabotulinumtoxinA is effective not only in headache frequency and pain intensity but in other
parameters, including quality of life.

Keywords: chronic migraine; tension-type headache; cluster headache; onabotulinumtoxinA;
headaches; botulinum toxin

Key Contribution: This review highlights the role of botulinum toxin in the threatment of chronic
migraine and other primary headaches. Botulinum toxin is clinically used as an attractive alternative
for patients who do not respond to other drugs.

1. Introduction

Headaches are a very common condition that most people will experience many
times during their lives. The World Health Organization (WHO) estimated that almost
half of all adults will have experienced at least one headache within the last year. There
are several kinds of headaches caused by various factors such as our environment, the
medication we take and other causes. The International Classification of Headache
Disorders 3rd edition (ICHD-3) defines more than 150 different types of headaches, which
it divides into two main categories: primary and secondary [1]. The primary headaches,
otherwise named idiopathic, are a large group of diseases and syndromes in which the
etiology is unclear, and the headache is not a symptom of another known disease. The
most common of these are migraines, tension-type headaches and trigeminal autonomic
cephalalgias. On the other hand, secondary headaches may be a symptom of a serious
underlying medical condition [2].

Migraines are highly prevalent. As a chronic disease, it is the third most common
and the seventh most disabling illness globally in people under 50 years old [3]. Only
correct diagnosis and effective treatment positively affect a patient’s quality of life. Chronic
migraine (CM) is defined by the current ICHD- 3 as a headache occurring on ≥15 days
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per month for 3 months with features of migraine on ≥8 days/month and is a disabling
condition that effects 0.5% to 5% of the general population [1]. The progression of episodic
migraine to chronic migraine is a complex mechanism that is not fully understood. How-
ever, known modifiable risk factors for the progression include the frequency of headache
attacks, stressful life events and ineffective acute treatment [4].

There are many treatment options available to help manage the pain. Pharmacologic
management for primary headaches includes both: acute and prophylactic treatment
strategies. However, we often observe considerable side effects with these therapies, which,
unfortunately, limits their usefulness. In patients who take medications too often to treat
their headaches, MOH—Medication Overuse Headache—may occur. It is also known
as a rebound headache. These can cause migraine episodes to occur more frequently
and become more severe. Instead of alleviating symptoms, the medications increase the
intensity and frequency of headaches [5]. Migraines, if it is not effectively managed, can
lead to significant disability. The primary goals of migraine treatment include relieving the
pain, reducing headache frequency and preventing progression to chronic migraine.

Migraines are often refractory to medical therapy and may respond well to onabo-
tulinum toxin (ONABoNTA). ONA-BoNTA is used in neurology for the treatment of
dystonia and blepharospasm. Now ONA-BoNTA injections are approved for preventing
chronic migraines. The clinical efficacy of botulinum toxin serotype A has been shown
in two phase III, placebo-controlled trials (PREEMPT 1 and PREEMPT 2) [6,7]. Based on
the phase III program, the number of headache days per month was significantly lower.
Significant reductions in the frequency of headache days, headache episodes and triptane
use were observed. In summary, the authors noted that OnabotulinumtoxinA positively
influenced quality of life and had an acceptable safety profile.

2. Clinical History of Botulinum Toxin

BoNT is a neurotoxin produced by the bacteria Clostridium botulinum. This neuro-
toxin is responsible for botulism. It inhibits the release of the acetylcholine neurotrans-
mitter from axon endings at the neuromuscular junction. There are eight types of BoNT:
from A to H. Types A and B are used in headache treatment. The history of the botulinum
toxin is long and interesting. The beginning of the history of botulinum toxin began
in 1820 when Justinus Kerner published a description of botulism. In 1897, a group of
34 Belgian musicians consumed smoked ham and developed visual and gastrointestinal
symptoms characteristic of botulism. The remaining ham was sent to Professor van
Ermengem at the University of Ghent. He found the reason for those symptoms, an
agent named Bacillus botulinum, though the name was later changed to Clostridium
botulinum [8,9]. The clinical use of BoNT began when Dr. Alan Scott used the toxin
botulinum in strabismus. Next, the Food and Drug Administration (FDA) approved con-
ducting human research using the toxin for the treatment of strabismus. In 1989, the FDA
approved the use of the toxin for the treatment of blepharospasm and hemifacial spasm.
One year later, a facial plastic surgeon Dr. Binder observed that some patients who
were administered botulinum toxin for cosmetic purposes reported reduced headache
frequency. Prospective open-label observational studies confirmed the acceptable safety
and tolerability profile of ONA-BoNTA in chronic migraine prophylaxis [10]. In 2010,
ONA-BoNTA was reported as effective for the treatment of chronic migraine in the Phase
3 Research Evaluating Migraine Prophylaxis Therapy (PREEMPT) trials [6,7]. Next, it
was approved by the European Medicines Agency (EMA) and by the US Food and Drug
Administration (FDA) for the prophylaxis of chronic migraines. Its use was endorsed by
the National Institute for Health and Care Excellence (NICE) in 2012.
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3. Tension-Type Headache

Nowadays, ONA-BoNTA is only approved to treat CM. Moreover, it has effects on
pain by sensory modulation, therefore, it may also be effective for chronic tension-type
headache (CTTH). Tension-type headache (TTH) is another condition with a very high
socio-economic consequence. It affects approximately 80% of the general population.
The pain in TTH is usually bilateral and is not accompanied by other symptoms [1,11].
TTH affects the temporal and occipital region. CTTH is defined as the occurrence of
tension-type headaches at a frequency of ≥15 days per month. Tension-type headache
treatment should be multilevel. It often consists of taking pain medication, antide-
pressants, antiepileptics, acupuncture and attending behavioral therapy. The proposed
mechanism of the effect of BoNT in chronic tension-type headaches is the reduction in
pericranial muscle tension. It should be emphasized that according to ICHD-3 [1], TTH
is divided into two types: those with and those without increased pericranial tenderness
upon manual palpation. Not every case of TTH is associated with increased muscle
tension, and the name may also suggest “mental and emotional tension”. Pihut et al. [12]
suggested that TTH is, in many cases, related to excessive and long-lasting tension within
the muscles of the temporomandibular joint. After the injections of botulinum toxin
type A, the character of TTH changed, and its intensity decreased. Moreover, a decrease
in the daily number of hours and the monthly number of days was also observed [12].
However, there are also studies that do not support the assertion between the use of
BoNT and reduction in TTH pain [13–15]. To sum up, the currently available scientific
data on the efficacy of botulinum toxin in tension-type headaches is ambiguous. BoNT
as a potent muscle relaxant may be useful in the treatment of TTH, but these assump-
tions should be confirmed in large groups of TTH patients. In fact, the pathogenesis of
TTH as an idiopathic headache is not related to capillary muscle tone, but the pain is
receptor-based and central, although it is not fully understood. More positive results
will allow for such a course of action to be recommended. It is worth noting that there
are sometimes situations where patients who were initially diagnosed with TTH, after
careful history taking, will have the diagnosis adjusted to chronic migraine. BoNT in
that situation may be beneficial [16].

4. The Use of Botulinum Toxin for the Treatment of Cluster Headache

A cluster headache is a trigeminal autonomic cephalalgia characterized by an ex-
tremely painful, strictly unilateral, short-lasting headache attack accompanied by ip-
silateral autonomic symptoms. The severity of the disorder has major effects on the
patient’s quality of life. The most effective drugs to treat an acute cluster headache attack
include 100% oxygen inhalation and triptans sc [17,18]. The efficiency of botulinum
toxin in cluster headaches was only observed in some studies [19,20]. Botulinum toxin
was administered to the spheno-palatine ganglion and the number of cluster headache
attacks was significantly reduced [19]. Another pilot study by Crespi et al. suggested
that injection with BoNT to the otic ganglion did not reduce the number of attacks per
week 2 months after injection. Perhaps this injection location is not an important target
in the treatment of chronic cluster headaches [21]. The injection into the spheno-palatine
ganglion is a much more complex procedure than the procedure used for chronic mi-
graine. In practice, botulinum toxin is not used in the treatment of cluster headaches.
Further studies are warranted to establish the potential of this possible novel treatment
for cluster headaches.

5. Botulinum Toxin in the Management of Chronic Migraine

According to the ICHD-3, the diagnosis of chronic migraine was mentioned above.
Moreover, the diagnosis of chronic migraine is based on the patient’s history (including
a headache diary) and neurological examination. To rule out secondary causes for
headaches, magnetic resonance of the brain and lumbar puncture may be necessary.
The main goal in the treatment of chronic migraine is to reduce the impact of migraines
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on patients’ lives [22]. It is very important to keep migraine attacks as rare, short
and as least impairing as possible. There are two pillars for the treatment of chronic
migraine: treatment of acute attacks and prophylactic treatment. Due to the risk of MOH,
prophylactic treatment is important in this group of patients. The overuse of headache
medications can be a problem for patients with chronic headache disorders. One of
the substances approved by the United States Food and Drug Administration for the
treatment of CM, as mentioned before, is ONA-BoNTA [10,23].

Over the years, several studies failed to indicate the positive effects of BoNT on
episodic migraines [16,24]. For chronic migraines, the results were inconsistent. All patients
responded to the treatment of botulinum toxin type A, but this response was not superior
to the placebo [25,26].

A breakthrough in the use of ONA-BoNTA in the treatment of chronic migraine came in
2010. There were two studies: PREEMPT I and PREEMPT II (Phase III Research Evaluating
Migraine Prophylaxis Therapy), in which a total of 1384 patients were enrolled [6,7]. In
these two studies (PREEMPT I and II), all patients received a minimum intramuscular dose
of 155 units of ONA-BoNTA administered to 31 injection sites across seven head and neck
muscles using a fixed side. The minimum dose was 155 units, and the maximum dose
was 195 units. The main results from the PREEMPT clinical program have established that
ONA-BoNTA is a safe, well-tolerated and effective headache prophylactic treatment for
CM [6,7,27]. PREEMPT results support previous studies, which identified chronic migraine
patients as most likely to benefit from ONA-BoNTA treatment [25,26,28]. ONA-BoNTA
dosing for CM by muscle using the PRREMPT injection program is shown in Table 1. When
deciding on the dose and location of additional onabotulinumtoxin type A, the location of
the patient’s predominant pain and the severity is important.

Table 1. OnabotulinumtoxinA dosing in chronic migraine according to protocol PRREMPT [24].

Area of Injection Recommended Dose

Frontalis
Corrugator

Procerus
Occipitalis
Temporalis
Trapezius

Cervical paraspinal muscle group

20 units (4 sites)
10 units (2 sites)
5 units (1 site)

30 units (6 sites) + 10 units in 2 sites (follow the
pain areas—optional injections)

40 units (8 sites) + 10 units in 2 sites (follow the
pain areas—optional injections)

30 units (6 sites) + 20 units in 4 sites (follow the
pain areas—optional injections)

20 units (4 sites)
Summary: 155–195 units

Retreatment with botulinum toxin occurs at 12-week intervals. Meanwhile, patients
should keep a headache diary. It is recommended to repeat the injection every 12 months,
at least three times. Moreover, the patient should receive additional injections in areas
where, in particular, they have pain. This additional treatment strategy is called “Follow
the pain”, and it was also used by many of the PRREMPT testing sites before FDA
approval. Injection points of the botulinum toxin are presented in Figures 1–3, where
a patient with chronic migraine who was treated with botulinum toxin with a positive
therapeutic effect is shown.
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Figure 1. Frontalis and temporalis injections of botulinum toxin.

 
Figure 2. Posterior injections of botulinum toxin.
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Figure 3. Follow the pain injection sites.

6. Mode of Action of ONA-BoNTA

When onabotulinumtoxin type A is injected into the extracellular space, the heavy
chain of the toxin binds to receptors on the C-fiber nerve terminal. Then, ONA-BoNTA
is endocytosed and enters the nerve terminal enclosed in a vesicle. Next, botulinum
toxin uses its endopeptidase light chain to deactivate the synaptosomal protein known
as SNAP-25. This protein is located on the cell membrane, and its deactivation prevents
the release of acetylcholine. Moreover, CGRP calcitonin gene-related peptide and other
neuropeptides cannot be released [8,23,29,30]. The ability of ONA-BoNTA to block
CGRP is likely critical to its therapeutic role in migraines. More recent studies show
that botulinum toxin modifies the release of neurotransmitters that are relevant in the
transduction of pain (such as CGRP, substance P and glutamate) [8,30,31]. ONA-BoNTA
reduces the number of pain signals that reach the brain and consequently prevents the
activation and sensitization of central neurons [30].

7. Conclusions

This article presented the primary headaches, otherwise named idiopathic, which are
a large group of diseases. The etiology is unclear, and the headache is not a symptom of
another known disease. The most common of these are migraine, tension-type headache
and cluster headache. Many of these patients seek dental care because orofacial pain is
a common presenting symptom. It would be advisable for a specialist in orofacial pain
to know the criteria for the diagnosis of headaches and for headache physicians to know
the semiologic aspects of orofacial pain. It is, therefore, necessary to differentiate these
symptoms. Moreover, botulinum toxin would be helpful in treating bruxism or other
occlusal disorders. This problem may be covered in other articles and would be helpful,
especially in dental practice.

It has been well established that botulinum toxin may be an effective prophylactic
treatment for chronic headache types. Botulinum toxin serotype A was originally used in
neurology for the treatment of dystonia and blepharospasm. It is also widely used in the
treatment of the disease of the rumen and temples of the temporomandibular muscles, as
presented by Ferrillo M [32].

Currently, it is clinically used as an attractive alternative for patients with chronic
migraine who do not respond positively to other drugs. ONA-BoNTA is effective in CM, not
only in headache frequency and pain intensity but in other parameters, including quality
of life. Recent and future developments in other headache disorders are still discussed.
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However, the results of treatment are dependent on the dose, location of injection and the
number of cycles.
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Abstract: Background: The aim of this paper is to provide a systematic review of the literature
regarding the clinical use of botulinum toxin (BTX) to treat various orofacial neuropathic pain
disorders (NP). Methods: A comprehensive literature search was conducted using Medline, Web
of Science, and the Cochrane Library databases. Only randomized clinical trials (RCT) published
between 2003 and the end of June 2023, investigating the use of BTX to treat NP, were selected. PICO
guidelines were used to select and tabulate the articles. Results: A total of 6 RCTs were selected.
Five articles used BTX injections to treat classical trigeminal neuralgia, and one to treat post-herpetic
neuralgia. A total of 795 patients received BTX injections. The selected studies utilised different doses
and methods of injections and doses. All the selected studies concluded superiority of BTX injections
over placebo for reducing pain levels, and 5 out 6 of them highlighted an improvement in the patient’s
quality of life. Most of the studies reported transient and mild side effects. Conclusion: There is
evidence of the efficacy of BTX injections in orofacial pain management. However, improved study
protocols are required to provide direction for the clinical use of BTX to treat various orofacial
neuropathic pain disorders.

Keywords: botulinum toxin type A; orofacial neuropathic disorders; essential trigeminal neuralgia;
pain; quality of life

Key Contribution: BTX-A produces a reduction in pain levels and improvs quality of life of patients
suffering from essential trigeminal neuralgia.

1. Introduction

Pain is an unpleasant sensory and emotional experience associated with or resembling
that associated with actual or potential tissue damage [1]. Specifically, neuropathic pain
is caused by an injury or a disease of the somatosensory nervous system. Neuropathic
pain is divided into central (pain caused by a lesion or disease of the central somatosensory
nervous system) and peripheral (a disease or trauma of the peripheral somatosensory
nervous system) [2].

The appropriate management of neuropathic pain can be challenging and, as with
other chronic pain conditions, should be approached within a biopsychosocial framework.
Pharmacological management is considered a component within an overall approach to
improving patients’ quality of life and function [3]. Based on systematic reviews and
meta-analysis of randomized controlled clinical trials, a number of published guidelines
for pharmacological treatment of neuropathic pain are available [4].

Carbamazepine and oxcarbazepine are considered first line pharmacological treat-
ments for cranial nerve neuralgias. For other neuropathic pain disorders, to date, the
highest quality evidence exists for tricyclic antidepressants, pregabalin, gabapentin, and
serotonin and noradrenaline reuptake inhibitors. Tramadol, topical lidocaine, and topical
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capsaicin could be considered as second choices. Stronger opioids, including tapentadol,
could be considered third line but are generally not considered suitable for non-cancer pain.
It should be remembered that opioids and gabapentinoids have abuse potential [5].

The use of botulinum toxin type A (BTX) has gained increasing attention and impor-
tance in the management of peripheral neuropathic pain. Studies have demonstrated a
moderate efficacy with reduced side effects as compared to systemically administered med-
ication [6]. BTX is a neurotoxin derived from Clostridium botulinum and causes relaxation
of skeletal muscles by inhibiting the release of acetylcholine at neuromuscular junctions [7].
BTX also has been demonstrated to inhibit the release of substance P, glutamate, and
calcitonin gene-related peptide (CGRP) from sensory neurons [8]. This decreases pain
perception by inhibiting both peripheral and central nervous system pain pathways [9].
A systematic review [10] showed a significant benefit of BTX injections in patients af-
fected by neuropathic pain due to postherpetic neuralgia [11,12], spinal cord Injury [13,14],
peripheral nerve lesion [15], diabetic neuropathy [16–19], post-traumatic/postoperative
neuropathies [20], myofascial pain [21,22], and carpal tunnel syndrome [23]. Furthermore,
numerous papers have demonstrated that BTX intervenes on the modulation of pain per-
ception in the orofacial district [24–28]. Another study [29] highlighted the efficacy of BTX
in the treatment of a patients suffering from hemifacial spasms and trigeminal neuralgia.

Although numerous studies have been published evaluating the efficacy of BTX in the
management of various neuropathic pain disorders, there remains a paucity of publications
specifically addressing the use of BTX for the management of orofacial neuropathic pain
disorders, and any findings have not been systematically summarized. Within these
premises, the aim of this paper is to systematically review the scientific evidence regarding
the safety and efficacy of BTX in the management of orofacial neuropathic pain disorders
which have emerged from published randomized controlled trials.

2. Materials and Methods

2.1. Search Strategy and Criteria for Selecting Articles and Registration

A systematic review of the literature addressing the use of BTX in the management of
neuropathic pain affecting the orofacial area (NP) was carried out via a literature search of
the MedLine and ISI Web of Sciences databases and the Cochrane Library, following the
PRISMA guidelines [30]. Referenced studies within reviewed articles were also included if
they met our inclusion criteria. The Pub Med database search utilized a combination of
different search keywords (see Appendix A for details): botulinum toxin neuropathic pain,
botulinum toxin neuropathy, botulinum toxin neuralgia, botulinum toxin burning mouth,
botulinum toxin neurology, botulinum toxin glossopharyngeal neuralgia, botulinum toxin
trigeminal neuralgia, botulinum toxin auriculotemporal neuralgia, botulinum toxin posther-
petic, and botulinum toxin pain. This systematic review was registered, and the protocol is
available on the National Institute for Health Research International prospective register of
systematic reviews, PROSPERO, with the number CRD42023403119.

2.2. Inclusion Criteria

The inclusion criteria included randomized controlled clinical trials (RCTs) investigat-
ing the use of BTX to treat neuropathic pain in the orofacial region. In addition, studies had
to be written in English.

2.3. Exclusion Criteria

The following publications were omitted: non-randomized controlled trials, non-
controlled trials, systematic reviews or meta-analyses, non-systematic reviews, case reports,
studies not reporting the use of BTX in NP, studies reporting data from previous publica-
tions, opinion papers, letters to the editor, and articles published before year 2000.
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2.4. Selection of Participants

The participants included adults of both genders diagnosed with any type of neuro-
pathic disorders/neuralgia involving the orofacial area (trigeminal neuralgia/neuropathy,
auriculotemporal neuralgia/neuropathy, postherpetic neuralgia/neuropathy, nervus in-
termedius neuralgia/neuropathy, burning mouth syndrome, peripheral painful traumatic
trigeminal neuropathy, persistent idiopathic facial pain, and central post-stroke pain) who
have undergone treatment with BTX.

2.5. Methods

The review process initially addressed the titles and abstracts (TiAb screening) and
then the full-text papers. Two different reviewers (MV, DM) separately performed the
process and discussed the differences. The full text of the selected articles that met the
eligibility criteria were retrieved and reviewed in-depth by two reviewers (RD, LGN). In
each study, the following data were extracted: author (s), year of publication, study design,
sample size, gender and age of participants, follow-up period, outcome variables, and
results. A PICO-like [31] structured reading (i.e., BPˆ—patients/problem/population, BIˆ—
intervention, BCˆ—comparison and BOˆ—outcome) was adopted, if possible, based on the
following question: In patients with various NDs (P), do BTX injections (I), as compared
versus other treatments (C), reduced pain levels and improve function (O)? A descriptive
analysis was then conducted on the selected studies. As the timeline in which the articles
were selected was very wide, it was impossible to structure the review according to PICOT
(in which T stands for “time frame”).

2.6. Statistical Analysis

The intent was to perform a meta-analysis for this systematic review; however, due to
the marked heterogeneity of the studies, this proved impossible. A descriptive analysis of
the studies was performed.

2.7. Quality of RCT Selected

Grading of the level of evidence was based on the work of Sackett and colleagues and
is summarized in Figure 1 [32]. The Jadad score (Figure 2) was used to assess the quality of
the double blinding, randomization, and flow of patients. The scores ranged from 0 (bad)
to 5 (good). Based on these, the overall quality of the methods was assessed.

Figure 1. Grading of the level of evidence is based on the work of Sackett and colleagues.
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Figure 2. Jadad Scale.

2.8. Outcome

Primary Outcomes of the reviewed studies were:

• Pain levels were evaluated using a reliable, validated scale, like the visual analogue
scale (VAS);

• If a validated tool was available, health-related quality of life was assessed;
• The percentage of participants who experienced major adverse events were measured,

including life-threatening situations, hospitalization, or incidents that caused serious
disability or incapacity (e.g., infection, dysphagia);

• Participants with at least 1 adverse event (e.g., hypersensitivity reactions such as ana-
phylaxis, urticaria, soft tissue oedema, dyspnea, or allergic reaction) were evaluated.

Secondary Outcomes were:

• Function was assessed by a validated questionnaire;
• Utilisation of analgesic medication was assessed by type and dose used per day.

3. Results

A total of 795 papers were found. Six (n = 6) randomized clinical trials were selected
via the keywords searched (see Appendix A). The flowcharts of the article selection process
for all the search queries can be found in Figure 3. Due to the wide variability in the study
methods and the evaluation of results, a meta-analysis of findings could not be performed.
Furthermore, despite the search with specific keywords for orofacial neuropathic pain
disorders, the only RCTs that were found were for treatment with botulinum toxin for
classical trigeminal neuralgia [33–37] and post herpetic neuralgia [12]. Finally, the psycho-
logical aspect of pain perception holds significant value and can potentially impact the
study’s results, but none of the studies assessed the psychological condition in the patient’s
selection process.
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Figure 3. Flowchart that highlights the process of article selection.

3.1. Study Characteristics

Table 1 displays the characteristics of the included studies (published between 2003
and 2023).

They included a total of seven RCTs (n = 365 patients) of whom 226 were treated
with the injection of BTX. Males outnumbered females (M:F = 192:173). The mean age for
both case and control groups ranged between 46.4 (±7.7) and 77.73 (±8.41). There was no
significant difference between BTX-A and the control groups in terms of frequency of attacks
and pain severity before treatment. All selected studies had a placebo (saline injection)
control group with the exception of Zhang et al. (2017) [34]. Zhang et al. (2014) [33]
compared two groups of patients suffering from trigeminal neuralgia treated with different
doses of BTX (25 U BTX group and 75 U BTX group) against a placebo. A later study [34]
compared a single dose versus a repeat dose. The single dose group received a first dose
of 70–100 U with the second group receiving an initial dose of 50–70 units, which was
repeated two weeks later. Finally, Xiao et al. [12] was the only paper that compared BTX
with another injected medication (lidocaine) in addition to the placebo group.

3.2. Quality of RCTs Selected

Table 2 shows the Jadad score and the level of evidence of the six selected items. The
level of evidence is considered high, as all studies are randomized controlled trials (RCTs).
However, the study conducted by Zhang et al. (2017) [34], which involved 100 participants,
had low quality in terms of double blinding, randomization, and patient flow. On the other
hand, Shehata et al. [36], Wu et al. [38], and Xiao et al. [12] had good Jadad scores.

3.3. Types, Number of Administrations, Sites and Doses of Botulinum Toxin, and Side-Effects

All studies [12,33–37] evaluated the effectiveness of botulinum toxin type A, and
the sites of injection were selected on the basis of subjective pain perception and areas
demonstrating evidence of tactile allodynia. The amount of BTX-A injected, injection
technique, the site, and the number of injections varied between the studies. The amount of
BTX-A injected ranged from a minimum of 25 U to a maximum of 140 U) [34]. The number
of injection sites ranged from 8 [36] to 25 [33] depending on the width of the interested area.
In each study, the injections were performed at a distance of 10–15 mm from each other.
Most of the studies reported transient and mild side effects. The reported side effects were
facial asymmetry, weakness, hematoma, oedema at the site of injection, itching, and pain at
the site of injection [12,33,34,36,37]. Zuniga and colleagues noted that one participant in the
BTX group and five participants in the placebo group experienced hiccups or anaesthesia in
the affected area [35]. In addition, three individuals from the BTX group and three patients
from the placebo group exhibited a decrease in the corneal reflex.
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Table 2. Jadad score and the level of evidence of the 8 selected items.

Study Year Type of Study
Level of
Evidence

Jadad Score

Shehata [36] 2013 RCT double blind II 5

Wu [37] 2012 RCT double blind II 4

Xiao [12] 2010 RCT double blind II 4

Zhang [34] 2017 RCT I 2

Zhang [33] 2014 RCT double blind II 2

Zúñiga [35] 2013 RCT double blind II 3

3.4. Period of Follow-Up and Quality of Life and Pain Assessments

The longest period of follow-up was 6 months) [34] while the shortest follow-up time
was 8 weeks) [33]. There was lack of homogeneity in the choice of quality of life assessment
questionnaires in the various studies. Zhang et al. in 2014 [33] evaluated the overall
response to treatment based on the Patient Global Impression of Change (PGIC) scale but
did not evaluate the improvement in quality of life in his later study. Other quality of life
assessment strategies utilized were the [35] Short Form (36) (SF36) [35] and 10-point quality
of life (QoL) scale adopted from the American Chronic Pain Association [36],and sleeping
time (hours), daily activity, diet, and stance in a day [12].

3.5. Effect on Pain Reduction

All the studies selected [12,33–37] used the visual analogue scale (VAS) to evalu-
ate pain.

All studies included in the review demonstrated a statistically significant effect of
BTX injections reducing pain intensity compared to placebo. The onset of analgesic effects
averaged between 7 [12,33] and 15 [36,37] days, lasting up to 3 months [12,35]. Studies
comparing different doses of BTX failed to demonstrate a significant difference in pain
relief at higher doses. Table 3 summarizes the results obtained in pain management.

Table 3. Summary of the effect of BTX in pain management.

Study Year Results in Pain Management

Shehata [36] 2013

Pain reduction at the 12-week endpoint was significant in the BTX group (p < 0.0001). The
BTX-A group showed a decrease in VAS scores starting from week 2 and maintained it

throughout the follow-up period. Furthermore, a significant reduction in paroxysm frequency
was observed in the BTX-A group compared to the placebo group from week 2 onwards

(p < 0.0001).

Wu [37] 2012
At week 2, BTX-A showed a significant decrease in the average VAS scores compared to the
placebo. The results showed that BTX-A was significantly better than the placebo in reducing

the frequency of attacks. This effect was noticeable as early as the first week.

Xiao [12] 2010

The VAS pain scores decreased in all three groups at day 7 and 3 months after treatment
(p < 0.01). The group that received BTX-A had a greater decrease in VAS pain scores

compared to the lidocaine and placebo groups, which was more significant at day 7 and
3 months after treatment (p < 0.01). Out of the three groups tested, the BTX-A group had the
lowest percentage (21.1%) of subjects using opioids after treatment, compared to the lidocaine

(52.6%) and placebo (66.7%) groups. This difference was statistically significant (p < 0.01).

Zhang [34] 2017
The group that received a single dose of the drug had a noticeably longer effect time

(p = 0.032). The drug response rates between the single-dose and repeated-dose groups did
not show significant differences (p > 0.05).
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Table 3. Cont.

Study Year Results in Pain Management

Zhang [33] 2014

During the study, the groups that received doses of 25 U and 75 U experienced a significant
reduction in VAS scores compared to the placebo group as early as week 1. Throughout the
study, there was no significant difference in VAS scores between the 25 U and 75 U groups. At

week 8, the response rates for the 25 U group (70.4%) and 75 U group (86.2%) were
significantly higher than the response rate for the placebo group (32.1%). However, there was

no significant difference in response rates between the 25 U and 75 U groups.

Zúñiga [35] 2013
After three months of the injection, a noticeable contrast was detected in the average VAS
score between individuals who received BTX treatment and those who received placebo

treatment (VAS 4.75 vs. 6.94, respectively; t-test, p = 0.01).

3.6. Quality of Life

Most of all the selected works [12,33,34,36,37], despite using different methods, demon-
strated improved quality of life of for patients treated with BTX.

In the management of trigeminal neuralgia, Shehata et al. [36] showed a significant
decrease in the number of weekly rescue medications and an increase in the QoL functioning
scale following BTX injections. Two studies utilizing the PGIC found that patients who
received BTX had a “great improvement” or “very much improvement” in pain symptoms
compared with the placebo group (p < 0.01 in both studies). Moreover, Zhang et al.
(2014) [33] failed to find a significant difference between lower and higher BTX doses
(25 U and 75 U) in the improvement of PGIC scores (p > 0.05). However, using the SF36,
Zuniga et al. [35] failed to find an improvement in quality of life following BTX administration.

Xiao et al. [12] recorded sleep time (hours) to assess any improvement in the quality
of life of patients suffering from post-herpetic neuralgia. Over the course of three months
post-treatment, the amount of time each group slept consistently increased from day one
(p < 0.01). The amount of time spent sleeping was significantly increased with the use
of BTX-A if compared with the other two group (injected with lidocaine and placebo)
(p < 0.01).

4. Discussion

The treatment of neuropathies/neuralgias in the orofacial region represents a clinical
challenge for both patients and health care providers. Orally administered medications (and
in particular carbamazepine for trigeminal neuralgia) are considered the gold standard in
the treatment of NP; however, these medications can be poorly tolerated and associated with
severe side effects. Surgical therapies such as microvascular decompression are invasive
and with associated morbidity and even mortality. If an alternative, efficacious treatment
with reduced side effects could be established, the treating practitioner will have further
management options at their disposal. BTX seems to have these characteristics, and, since
2002 [29], it has been used successfully in the management of trigeminal neuralgia [8,9].
The ability of BTX in reducing pain perception in other orofacial pathologies has been
widely demonstrated [24–28].

Unfortunately, using our strict inclusion criteria to analyse the literature, only two
orofacial neuropathic pain conditions were identified: classical trigeminal neuralgia [33–37]
and post-herpetic neuralgia [12]. Publications addressing the use of BTX to treat other
likely orofacial neuropathic pain conditions such as burning mouth disorder, post traumatic
trigeminal neuropathic pain, persistent idiopathic facial, and dentoalveolar pain simply
failed to meet the criteria used for inclusion in this review. There is also low-quality
evidence for use of BTX injections to treat some conditions possibly related to trigeminal
neuralgia, such as SUNCT and SUNA. It is evident that additional research, beyond just
case reports, is necessary to establish high-quality evidence on the effectiveness of using
BTX to treat the aforementioned conditions, as such evidence is currently non-existent. The
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use of BTX in these situations is therefore lacking a solid scientific evidence base but could
be considered clinically on an ‘ad hoc’ basis perhaps where other treatments have failed.

The studies that were included had small sample sizes, with only three out of six
studies being carried out with more than 50 participants [12,33,34]. The high cost of
botulinum toxin and the fact that the management of neuropathic disorders with BTX is
“off-label” may explain the low number of studies and participants. All the studies stated
the diagnostic criteria used for the different disorders.

Furthermore, all patients in the selected studies had been treated with anti-epileptic
medications (usually carbamazepine or oxcarbazepine, with gabapentin being the next most
popular), which were all maintained during the studies. Details of the medications being
taken were provided in the studies. However, Xiao et al. [12] suspended all medications
and introduced transcutaneous electrical nerve stimulation (TENS) in the management of
pain during the trial.

The sites of BTX injections varied between the different articles, with some being
directly into trigger zones [33–37] and others within the affected dermatomes/oral mu-
cosa involved [12]. BTX was injected intradermally [33,34,37], submucosally [33,34] or
subcutaneously[12,35,36], but the depth of injection in millimetres was never stated.

The paper which compared single different dosages of BTX [33] and a second dose
two weeks later [34] found no statistical difference in VAS scores where a higher dose of
BTX was used. Higher doses were found to be safe.

All the studies demonstrated that BTX had a statistically significant efficacy in pain
management compared to placebo [12,33,35–37] and lidocaine [12]. Furthermore, all the
papers included in this review stated that the different indices for quality of life assessment
are significantly improved compared to placebo. Due to these findings and the fact that
each study utilised different dosages from very low (25 U [33]) to very high (140 U [34]),
it was not possible to identify a common or recommended protocol for the management
of orofacial neuralgia with botulinum toxin. It is unclear from the included studies which
patients may best benefit from using BTX injections. There is weak evidence that BTX
further reduces pain intensity when used as an adjunct to the commonly used anti-epileptic
drugs [39].

BTX could prove to be exceptionally beneficial for elderly patients who are unable
to bear the adverse effects of medication and may not be apt for, or apprehensive of,
severe complications from microvascular decompression surgery [38]. It may have use as a
“rescue” strategy for acute exacerbations of primary trigeminal neuralgia [40]. In doses of
100–300 U, there is evidence of BTX efficacy to treat localized peripheral neuropathic pain.
This may be particularly helpful for patients who exhibit allodynia, limited thermal deficit,
and have residual intraepidermal nerve fibres as determined by a skin punch biopsy [14,41].

The evidence from this systematic review suggests that botulinum toxin type A (BTX-
A), when compared to placebo, probably has a clinically significant benefit in the treatment
of the orofacial neuropathic pain disorders, trigeminal neuralgia, and post herpetic neu-
ralgia. The overall outcomes consistently favoured BTX-A compared with placebo across
studies, while also considering that systemic side effects were minimal and transient. It
should be noted that different diagnostic criteria were used for patient selection (tIHS [36],
ICHD-2 [33,34,37] and the classification of chronic pain [35]) and the differences between
the infiltration protocols do not make these studies directly comparable.

5. Conclusions

Previous reviews of the literature [24,42] have demonstrated evidence of the efficacy
of BTX injections in pain management. However, in order to provide a protocol for the
tailored use of BTX to treat different orofacial neuropathic pain conditions, improved
study protocols, e.g., patient selection, phenotyping, injection techniques, dosing, intervals
between doses, etc., and an increased homogeneity of research protocols are required.
Furthermore, studies utilizing BTX to treat other presumed orofacial neuropathic conditions
are required before recommendations for routine clinical use can be made.
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Appendix A

Full list of combination of keywords:
((“botulinum toxins”[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All

Fields]) OR “botulinum toxins”[All Fields] OR (“botulinum”[All Fields] AND “toxin”[All
Fields]) OR “botulinum toxin”[All Fields]) AND (“neuralgia”[MeSH Terms] OR “neural-
gia”[All Fields] OR (“neuropathic”[All Fields] AND “pain”[All Fields]) OR “neuropathic
pain”[All Fields])).

((“botulinum toxins”[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All
Fields]) OR “botulinum toxins”[All Fields] OR (“botulinum”[All Fields] AND “toxin”[All
Fields]) OR “botulinum toxin”[All Fields]) AND (“neuropathies”[All Fields] OR “neuropa-
thy”[All Fields])).

((“botulinum toxins”[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All
Fields]) OR “botulinum toxins”[All Fields] OR (“botulinum”[All Fields] AND “toxin”[All
Fields]) OR “botulinum toxin”[All Fields]) AND (“neuralgia”[MeSH Terms] OR “neural-
gia”[All Fields] OR “neuralgias”[All Fields]))

((“botulinum toxins”[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All
Fields]) OR “botulinum toxins”[All Fields] OR (“botulinum”[All Fields] AND “toxin”[All
Fields]) OR “botulinum toxin”[All Fields]) AND (“burning”[All Fields] OR “burns”[MeSH
Terms] OR “burns”[All Fields] OR “burned”[All Fields] OR “burnings”[All Fields]) AND
(“mouth”[MeSH Terms] OR “mouth”[All Fields] OR “mouths”[All Fields] OR “mouth
s”[All Fields] OR “mouthed”[All Fields] OR “mouthful”[All Fields] OR “mouthfuls”[All
Fields] OR “mouthing”[All Fields]) AND (“syndrom”[All Fields] OR “syndromal”[All
Fields] OR “syndromally”[All Fields] OR “syndrome”[MeSH Terms] OR “syndrome”[All
Fields] OR “syndromes”[All Fields] OR “syndrome s”[All Fields] OR “syndromic”[All
Fields] OR “syndroms”[All Fields]))

((“botulinum toxins”[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All
Fields]) OR “botulinum toxins”[All Fields] OR (“botulinum”[All Fields] AND “toxin”[All
Fields]) OR “botulinum toxin”[All Fields]) AND (“neurology”[MeSH Terms] OR “neurol-
ogy”[All Fields] OR “neurology s”[All Fields]))

((“botulinum toxins”[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All
Fields]) OR “botulinum toxins”[All Fields] OR (“botulinum”[All Fields] AND “toxin”[All
Fields]) OR “botulinum toxin”[All Fields]) AND “glossopharingeal”[All Fields] AND
(“neuralgia”[MeSH Terms] OR “neuralgia”[All Fields] OR “neuralgias”[All Fields]))

((“botulinum toxins”[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All
Fields]) OR “botulinum toxins”[All Fields] OR (“botulinum”[All Fields] AND “toxin”[All
Fields]) OR “botulinum toxin”[All Fields]) AND (“trigeminal neuralgia”[MeSH Terms]
OR (“trigeminal”[All Fields] AND “neuralgia”[All Fields]) OR “trigeminal neuralgia”[All
Fields]))

((“botulinum toxins”[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All
Fields]) OR “botulinum toxins”[All Fields] OR (“botulinum”[All Fields] AND “toxin”[All

113



Toxins 2023, 15, 541

Fields]) OR “botulinum toxin”[All Fields]) AND “auriculotemporal”[All Fields] AND
(“neuralgia”[MeSH Terms] OR “neuralgia”[All Fields] OR “neuralgias”[All Fields]))

((“botulinum toxins”[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All
Fields]) OR “botulinum toxins”[All Fields] OR (“botulinum”[All Fields] AND “toxin”[All
Fields]) OR “botulinum toxin”[All Fields]) AND “postherpetic”[All Fields])

((“botulinum toxins”[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All
Fields]) OR “botulinum toxins”[All Fields] OR (“botulinum”[All Fields] AND “toxin”[All
Fields]) OR “botulinum toxin”[All Fields]) AND (“pain”[MeSH Terms] OR “pain”[All
Fields]))

((“botulinum toxins”[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All
Fields]) OR “botulinum toxins”[All Fields] OR (“botulinum”[All Fields] AND “toxin”[All
Fields]) OR “botulinum toxin”[All Fields]) AND (“neuralgia”[MeSH Terms] OR “neural-
gia”[All Fields] OR (“neuropathic”[All Fields] AND “pain”[All Fields]) OR “neuropathic
pain”[All Fields]) AND “After”[All Fields] AND (“neck dissection”[MeSH Terms] OR
(“neck”[All Fields] AND “dissection”[All Fields]) OR “neck dissection”[All Fields]))

((“botulinum toxins”[MeSH Terms] OR (“botulinum”[All Fields] AND “toxins”[All
Fields]) OR “botulinum toxins”[All Fields] OR (“botulinum”[All Fields] AND “toxin”[All
Fields]) OR “botulinum toxin”[All Fields]) AND (“pain”[MeSH Terms] OR “pain”[All
Fields]) AND (“surgery”[MeSH Subheading] OR “surgery”[All Fields] OR “surgical proce-
dures, operative”[MeSH Terms] OR (“surgical”[All Fields] AND “procedures”[All Fields]
AND “operative”[All Fields]) OR “operative surgical procedures”[All Fields] OR “gen-
eral surgery”[MeSH Terms] OR (“general”[All Fields] AND “surgery”[All Fields]) OR
“general surgery”[All Fields] OR “surgery s”[All Fields] OR “surgerys”[All Fields] OR
“surgeries”[All Fields]))
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Abstract: Background: Tardive Oromandibular Dystonia is an iatrogenic drug-induced movement
form of extrapyramidal symptoms associated primarily with chronic consumption of dopamine
receptor blocking agents. Tardive symptoms attributable to selective serotonin reuptake inhibitors
antidepressants are far less prevalent. Clinical Case: The authors will present a clinical case and
management, from the dental specialist perspective, of a 55-year-old female patient who developed
tardive oromandibular dystonia induced by Trazodone prescribed for sleep insomnia. Conclusions:
Trazodone-induced oromandibular dystonia is extremely rare. Early identification and assessment
of tardive symptoms are imperative for successful treatment. Trazodone should be prescribed with
caution in patients taking other medications with the potential to cause tardive syndromes.

Keywords: oromandibular dystonia; tardive dystonia; trazodone; botulinum toxin

Key Contribution: The authors present a rare case of tardive oromandibular dystonia induced by
chronic consumption of Trazodone; demonstrating how the dental specialist can contribute to the
early recognition; assessment; and successful treatment.

1. Introduction

Oromandibular movement disorders (OMD) are a group of hyperkinetic motor disor-
ders which affect the muscles of mastication, the face, and the tongue. From an etiologic
standpoint, these disorders may be acquired, inherited, or idiopathic [1].

Acquired OMD can be attributed to perinatal brain injuries, infections, trauma, is-
chemic/hemorrhagic cerebrovascular accidents, arteriovenous malformations, toxicity, and
drugs [2].

Drug-induced OMD encompasses a wide variety of hyperkinetic and hypokinetic
extrapyramidal involuntary movements, manifesting in the form of dystonia, tremors,
stereotypy, tics, dyskinesia, or a combination of different types of abnormal movements [3].
The magnitude and complexity of these abnormal movements can vary from being almost
unnoticeable to producing complete social impairment.

The onset of these iatrogenic movement disorders has been primarily associated with
the consumption of dopamine receptor blocking agents (typical and atypical neuroleptics)
and other medications such as antidepressants (e.g., tricyclic antidepressants, selective
serotonin reuptake inhibitors, and selective norepinephrine serotonin reuptake inhibitors),
antiemetics, and other medications used in gastrointestinal disorders [4].

Since the motor response to the offending drug is highly variable among patients, it is
easier to categorize drug-induced OMD based on the temporal profile (i.e., the patient’s
exposure to the drug). Acute drug-induced OMD often occurs within hours or days after
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the exposure to the offending drug; in subacute drug-induced OMD, symptoms appear
more slowly within days or weeks after the exposure; and tardive OMD often refers to
chronic exposure to the drug, at least three months or one month in patients older than
60 years of age [3,5].

Diagnosis and recognition of these involuntary motor disorders can be elusive. In
this article, the authors will present a clinical case of tardive oromandibular dystonia
attributable to Trazodone prescription for sleep insomnia.

2. Clinical Case

A 55-year-old female patient was referred to the orofacial pain unit of the OPH clinic
for showing symptoms of temporomandibular joint arthralgia and osteoarthritis, orofacial
myofascial pain, and sleep bruxism. An experienced Orofacial Pain Specialist performed
a comprehensive clinical history and examination following the Diagnostic Criteria for
Temporomandibular Disorders (DC/TMD) protocol and the International Classification
of Orofacial Pain-1 (ICOP-1) criteria. At the moment of the examination, the patient was
taking 150 mg of Venlafaxine for major depressive disorder, 4 mg of Clonazepam for sleep
onset insomnia, and hormone replacement therapy for menopause.

Another major complaint of the patient was difficulty initiating and maintaining
sleep. Thus, an Epworth Sleepiness Scale and Insomnia Severity Index were performed to
complete the sleep evaluation. Due to the high scores presented by the patient and clinical
history consistent with chronic sleep insomnia, polysomnography (PSG) was requested
Even though the PSG revealed no sleep breathing disorders, the exam showed severe
modifications in the patient’s sleep architecture, a mild increase in the arousal index,
and low-frequency sleep bruxism. (Table 1) The PSG results led us to hypothesize that
the patient’s sleep architecture alterations were because of the chronic consumption of
benzodiazepines. Thus, the patient was derived to her treating psychiatrist to gradually
diminish and eliminate the intake of Clonazepam.

Table 1. REM sleep stages, Arousal Index, Sleep Bruxism Index.

Sleep Stages Arousal Index Sleep Bruxism Index

NREM1 (10.0%) 16.4 eps per hour 2.4 eps per hour
NREM2 (75.9%)
NREM3 (14.3%)

REM (0.0%)

During this time, the patient successfully underwent her osteoarthritis and orofacial
myofascial pain treatment. In addition, an upper oral occlusal splint was prescribed to
manage low-frequency sleep bruxism.

In order to manage sleep initiation and maintenance insomnia, the psychiatrist tapered
the dosage of Clonazepam and progressively replaced it with Trazodone until a target
dose of 100 mg was reached. Throughout this period, the patient did not experience any
extrapyramidal symptoms.

Almost three months later, after the end of the orofacial pain treatment, the patient
returned complaining of a sudden worsening of her awake bruxism. The patient presented
abrupt rhythmic involuntary muscle contractions, similar to jaw-closing and jaw-deviating
dystonic-like movements affecting the right side of her masticatory muscles. (See Figure 1,
and Supplemental Videos S1 and S2) The dystonic-like episodes were spontaneous or
triggered by everyday activities such as talking, chewing, and yawning. The severity of
these motor contractions tended to be exacerbated by emotional stress and nervousness
produced by these uncontrollable movements. During these episodes, some typical features
of oromandibular dystonia were noticed, such as some sensory tricks (gentle pressure
on the inferior incisors would milden the jaw-deviating dystonia as the placement of a
tongue depressor between the molars for jaw-closing dystonia), and phenomena (e.g.,
oromandibular dystonia overflowing the right eyelid, resulting in right blepharospasm).
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(a) (b) 

Figure 1. (a) Jaw-deviating and closing dystonia producing episodes of forceful clothing and protru-
sive movements; (b) Jaw-deviating dystonia to the left side producing forceful contractions of the
inferior head of the right lateral pterygoid muscle.

A video examination protocol suggested by Yoshida was carried out to assess the type
and magnitude of involuntary movements [6]. In addition, a complete haematological and
biochemical blood examination was required and all the parameters were within normal
range. Thus, both thyroid and parathyroid hormonal dysfunction were ruled out.

Since the literature indicates that Trazodone can induce extrapyramidal symptoms
and abnormal oromandibular movement disorders only start after the addition of this
medication. The authors, in agreement with her treating physician, suggested performing
a slow taper until complete discontinuation of Trazodone was achieved.

A progressive dose reduction of 25 mg of Trazodone was scheduled every two weeks.
In the meantime, an inferior occlusal splint was prescribed, considering that mild contact
in the inferior incisor tended to ease the intensity of the dystonic-like movements.

During the progressive discontinuation of Trazodone, the authors noticed an imme-
diate attenuation of the dystonic symptoms. However, only achieving a partial but clear
remission of them. No video protocol was recorded during the tampering of Trazodone.

Considering that the patient’s mental health status was stable, it was decided to take
a more conservative approach, only eliminating the most likely offending drug, namely,
Trazodone. Consequently, the authors maintained that Venlafaxine intake was unchanged in
order not to jeopardize the psychiatric treatment, and also closely monitored the evolution
of the clinical symptoms. Additionally, the authors indicated the administration of 25 units
of incobotulium toxin (Xeomin®, Merz, Germany) per masseter muscle, 20 units per
temporalis muscle, and 15 units were applied to the inferior head of the right lateral
pterygoid with electrical stimulation guidance (See anatomical landmarks in Figure 2).

During the two-week follow-up consultation, the authors could recognize a substantial
decrease in the magnitude and intensity of the oromandibular movement. Two months
and seven months after the discontinuation of the offending drug and botulinum toxin
application, the authors re-recorded Yoshida’s video protocol to carry out an objective
before and after comparison of the treatment results. See Table 2 for comparison prior to
and after the treatment.
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Figure 2. (a) Incobotulinum toxin injection sites for the masseter muscle; (b) Incobotulinum toxin
injection sites for the temporalis muscle. (c) Anatomic landmarks for extraoral injection with electrical
stimulation guidance to the inferior head of the right lateral pterygoid muscle.

Table 2. Yoshida’s Video examination Protocol for OMD.

Examination Protocol for OMD Prior Treatment *
Two-Month
Follow-Up *

Seven-Month
Follow-Up *

At rest (10 s) 4 0 0

Counting 1 to 10 out loud 2 0 0

Open/Close mouth (5 times) 2 0 0
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Table 2. Cont.

Examination Protocol for OMD Prior Treatment *
Two-Month
Follow-Up *

Seven-Month
Follow-Up *

Lateral Movements (5 times) 3 0 0

Jaw Protrusion (5 times) 5 0 0

Tongue Protrusion (hold for 5 s) 0 0 0

Hold a long vowel (5–10 s) 0 0 0

Read a Sentence 2 0 0

Gum chewing (30 s) 4 0 0
* Number of involuntary dystonic episodes triggered by different mandibular activities.

3. Discussion

Antidepressant Drug-induced extrapyramidal symptoms are considered a rare cluster
of severe adverse reactions which cause considerable morbidity and significantly impair
the quality of life [7].

Tardive syndromes are usually produced by chronic exposure to dopamine receptor
blocking agents (DRBA), such as typical and atypical antipsychotics. However, other
medications such as tricyclic antidepressants (TCAs), serotonin reuptake inhibitors antide-
pressants (SSRIs), and medications used for gastrointestinal disorders can also produce
extrapyramidal symptoms [3,4].

The plausible mechanisms involved in iatrogenic drug-induced movements disorders
are usually related to a drug-induced extended occupancy of dopamine D2 receptors,
which may be related to a hypothetical post-synaptic supersensitivity and upregulation
of dopamine receptors, resulting in the disinhibition of the globulus pallidum internus
and the subthalamic nucleus, which, in turn, can produce a wide variety of hyperkinetic
manifestations [3].

In particular, the theoretical link between SSRIs and the onset of tardive syndromes
may be related to the antagonism of 5HT2 receptors in the GABA-ergic interneurons
of the nigrostriatal pathway, which can lead to the suppression of the activity of these
dopaminergic neurons explaining the occurrence of hyperkinetic movement disorders. The
incidence of extrapyramidal movement disorders with these pharmacological compounds
is relatively low. In fact, the estimated risk of developing these disorders is lower than 1 in
1000 [8].

Trazodone is a triazolopyridine derivative from the serotonin 5HT2A and 5HT2c re-
ceptor antagonist and belongs to the reuptake inhibitors class of antidepressants, approved
for major depressive disorder. Additionally, it is commonly used as an off-label medication
to treat delirium and insomnia, because it displays a moderately potent antagonist effect
over alpha 1A and 2A adrenoreceptors and H1 histaminergic receptors, which is probably
related to its sedative effect [9,10].

Another plausible mechanism that may explain how Trazodone may trigger extrapyra-
midal symptoms is its inhibitory effect on T-type calcium channels, exerting a similar effect
in the subthalamic nucleus similar to other medications related to tardive syndromes such
as haloperidol and flunarizine [11,12].

To the authors’ knowledge, there is scarce literature reporting trazodone-induced
tardive symptoms. Furthermore, the authors only found a few reports of tardive dystonic
symptoms after chronic consumption of Trazadone [12,13].

Treatment recommendations in tardive syndromes often start with progressive tam-
pering with the offending drug. In fact, the sooner the causative drug is removed, the
likelier the tardive symptoms will be solved.

Pharmacological management often varies depending on the severity of the symptoms,
the type of drug inducing the symptoms (i.e., DRBAs, TCAs, SSRIs), and the chronicity
of intake.
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The most common therapeutic approach suggested in the literature, besides a pro-
gressive taper of the offending drug, is the use of Dopamine-depleting agents such as
Tetrabenazine and Reserpine; Antiparkinson agents such as Amantadine; GABA ago-
nists such as Clonazepam, Valproic Acid, and Baclofen; Anticholinergic agents such as
Trihexyphenidyl, and Chemodenervation with botulinum toxin [3].

In this clinical case, the oromandibular movement disorders were consistent with
tardive dystonia. Consequently, the authors chose the abovementioned treatment strat-
egy based on the phenomenology of tardive symptoms. In this clinical case, we per-
formed chemodenervation using botulinum toxin in the dystonic masticatory muscles [14],
installed a diurnal inferior oral appliance (to produce a sensory trick and protect the
oral structures) [15], and carried out a progressive reduction and removal of the offend-
ing drug. The treatment successfully achieved a complete attenuation of the abnormal
movement disorders.

4. Conclusions

Tardive syndromes may severely affect the quality of life and produce substantial
social impairment. Hence, treating tardive symptoms is complex, especially because
sometimes symptoms may be treated successfully. Thus, preventing and identifying the
onset of tardive syndromes is of paramount importance. Although the risk of producing
tardive syndrome induced by Trazodone is extremely low, clinicians should balance the
risk/benefit ratio before prescribing drugs that can potentially produce tardive symptoms.
Moreover, prescribing Trazodone for insomnia or delirium should be avoided completely
or done only when it is strictly necessary for patients with the chronic intake of other
drugs with the potential to induce tardive syndromes. The authors’ recommendation
to health professionals, based on this unusual clinical case, is to avoid drug-on-drug
interactions whenever possible and prefer medications that have less potential of producing
tardive syndromes.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/toxins14100680/s1, Video S1: Tardive Dystonia from a Sagital
Plane; Video S2: Tardive Dystonia from a frontal plane.
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